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Summary-Emissions of methane from dung pats under field and laboratory conditions have been 
determined. A range of dung materials from cattle and sheep and from cattle with different background 
managements was used and results indicated that all acted as significant sources of CH. over a relatively 
short period, usually less than 10-15 days. The patterns of release were similar. although modified by 
environmental conditions. A strong exponential relationship was determined bctwcen total CHI released 
and the C-to-N status of the dung. i.e. a greater rate of releas with higher N status. Similar trends and 
patterns were displayed under controlled conditions. It was clear that the major effect came from dung 
itself with only a relatively small positive interaction when soil was present. Emission war stopped 
completely by a fumigation (chloroform)-evacuation procedure: evacuation alone ( i t .  with the sample 
under vacuum) changed the pattern of release and increased the total amounts emitted. Although the 
emissions of CHa from dung were significant, the amounts were small relative to the estimated total release 
from a complete livestock production system, i.c <O.Z% of the total CHI output from a dairy l am.  

INTRODUCTION 

Rising.atmospheric. concentrations of methane have 
been implicated as an important contributing factor 
to global warming and potential greenhouse effects 
(Rhode. 1990). Although the general perceptions of 
the extent of change in concentration of this trace gas 
and of the relative importance of various sources may 
be altering as new information becomes available, it 
is clear that agricultural production systems are one 
of the most important sources especially within 
temperate regions (Bouwman, 1990; Crutzen. 1991; 
IPPC. 1992; Moss, 1993). In the main, most of the 
CH, produced within agricultural systems comes 
from animal husbandry. A review (Willianis, 1993a). 
which provided an inventory for all known U.K. 
sources, showed that ca. 31% of the annual CH, 
output was derived from agriculture, most of which 
originated from animal production. 

The most potent source of CH, generation is the 
ruminant digestion system and substantial quantities 
of CHI are released. Recent estimates for U.K. dairy 
COWS indicated that 95 kg CH, are released each year 
by an adult productive dairy cow (Williams, 1993a). 
However. there are other components of livestock 
management which may contribute to the output of 
CH,. Thus at a total farm system level, calculations 
indicate that farm waste (both during storage and 
after application to the field), silage effluent and dirty 
water may all make a substantial contribution to net 
emission (Jarvis and Pain, 1994). A further com- 

'Author for correspondence. 

ponent has been an assumed contribution from the 
dung which is deposited whilst animals are grazing 
(Willjams, 1993a). 

Freshly voided dung has a considerable potential 
to  be a source of C K .  It carries an appropriate 
population of microorganisms (Dar and Tandon, 
1987). it is warm, moist and has a readily available 
substrate carbon supply: contact with soil may 
enhance the potential for CH, generation.& 
recently have measurements been made t m  
CH. emission from this source under fie1 d conditions 

illlams 1993b. Many budgeting estimates have 
t (W erefore been made on the basis that an arbitrary 
proportion of  the volatile solids of the dung will be 
converted to CH,. Until recently this had been 
assumed to be 10%. At this rate the contribution 
from dung dropped in the field was recently estimated 
to  be 20% of U.K. agriculture's contribution 
(Williams, 1993a). The assumption that 10% of 
volatile solids would be converted is now seen to be 
an over-estimate and Hashimoto and Steed (1993) 
have suggested that this should be reduced to 1% of 
the volatile solid content with therefore major effects 
on calculations of the potential release of CH, from 
this source. 

However, there is still little information upon 
which to base firm conclusions and decisions on 
source strength from dung. Our objective was 
therefore to determine CH, emissions from a number 
o f  faecal materials when these are dropped in the field 
using both field and laboratory-based experiments. 
The aim was not only to be better able to  describe and 
define a firmer basis upon which to make estimates 
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of  the effects at a national level, but also to follow 
patterns of release and possible mechanisms. 

MATERIALS AND METHODS 

Field studies 

The measurements undertaken in the field were on 
an area of permanent grassland on an inherently 
poorly drained soil of the Halstow series. All 
measurements were made using a static enclosure 
technique. Rectangular metal enclosure chambers, 
each o f  50 x 15 x 20 cm dimensions, and each with 
a removable airtight lid which could be clamped to 
the chamber, were used to enclose treated areas. 
During periods of measurement the chambers were 
inserted into the ground to a depth o f  2.5 cm. When 
the soil was dry, a narrow slit was cut into the turf 
to provide a lead into the soil, otherwise the chambers 
were pushed or hammered gently into the soil 10 
provide a good seal. Each chamber enclosed a single 
rectangular "dung pat" which had been applied by 
hand to the sward (cut to a height of 2 cm) l o  cover 
half o f  the enclosed area of 750 cm'. A total of I kg 
(wet wt) dung was applied in all treatments. The 
quantities of dung and areas covered were reduced 
proportionately in scale from that of normal dung 
pats deposited by adult cattle under grazing 
conditions. The pats were left exposed to the 

 atmosphere except during periods of measurement 
which was normally 30 min but ranged up lo 60 min. 
During each sampling day there were a number (up 
to 8) of sampling periods, and measurements were 
taken alternately from paired dung pats so that the 
effects of enclosure were minimized. Four replicate 
chambers were used for each experimental run and a 
fifth chamber was used to provide background 
measurements in the absence of excreta. 

During each sampling period of 30(+) min. the 
enclosure was placed over the pat and the lid clamped 
to the top. A sample o f the  head space was then taken 
after the defined enclosure period for analysis of CH, 
by removing a 10 ml sample with a syringe through 

a Suba seal fitted into the lid. The enclosure and 
were then removed, and the next sampling perid 
initiated on the paired treatment area. This procedure 
was repeated through the day and daily emision 
rates were then calculated from the mean over 
day. In the earlier experimental runs, the head space 
samples were injected into evacuated 13 ml "E~,,. 
lainer" tubes (Europa Scientific, Cheshire, U.K.) and 
stored for later analysis. Prior to analysis, sufficient 
He was added to each tube so that after withdrawal 
o f a  1 ml subsample. the gas in both tube and syringe 
remained at atmospheric pressure. The tubes were 
analysed as soon as possible. and a I ml subsample 
was analysed for CH, concentration with a g.c. (FID 
detector) against standards prepared in He. WheR 
analysis could not be undertaken rapidly, appropriate 
standards were stored in the same way as the sampln 
and a correction factor derived from any decay i n  
concentration was applied. Emissions were calculated 
throughout as Og CH, m-' min-'. During the later 
experiments head space samples were sealed within 
30 min of collection. Proving trials indicated that 
emissions from treatment areas were completed on 
most occasions after I O  days. Our measurement 
periods therefore extended, in the main, over 
10-15 day periods. Samples of each dung were taken 
at the start of each experiment, air dried at room 
temperature and analysed for total N and C contents 
(using an automated Dumas procedure on a 
Carlo-Erba NA 1500 analyser). 

There were five experimental runs using excrela 
from animals under a range of managements. On 
each occasion, dung was collected immediately afler 
excretion either (in the case of dairy cattle) while 
tethered at milking or in the grazed paddock. 
Sufficient dung was obtained for the experimental 
run, mixed and applied as described above within I h 
of collection. A range of different excretal types was 
examined from a wide range of animal types and 
background managements (Table 1). I n  the final field 
experiment, a s  well a s  dung, a sample of dairy COW 
urine was included as a treatment. In this Case. Urine 
was applied in the same volume-to-area ratio a5 

Table I. Expcrimcnial details and background characteristics of dung rrmplcr used to detcrminc CHI crnirrionr 

Expcrimcnel Dale of dung 
milcrial Animal i y p c  Animal diet rpplica~ion c (% dry matter) N 1 %  dry moiler1 Moistu*'A 

Dung charmetislics 

I. Dung Grazing dairy cows Grarr-clover 6 Scpi 18.6 2.5 84 

Gradng F' lYCI  Fertilized (N) grass 5 c€t 38.0 2.9 
2. Dung Grazing hcifm (i) Grari-clovcr I 0  SCPI 34.1 2.2 

+ CO"CE"ira1eP 
84 
82 
86 
80 
85 
82 
89 

(a< milking) 

39.5 1.9 
3. Dung Crazing beefrtccrs ( i )  Gmrr-clover 19 OCl 21.4 I .6 

29.6 I .6 
1.7 

4. Dune Hovrrd dairy cowur Silavc + conccntrrlci 4 Mas 41.9 2.5 

( i i )  Grsis-low N 

(ii) Fertilized (N) gri ls~ 
(iii) Unferiilizcd (N) grarr 15.7 

I 

75 
w 

CAI milking)' 
Hourcd rhccp Hay + c o n ~ ~ n l r i l l c ~  4 Mag lY.5 2.7 

5.  Dung Grazing dnirycour Fertilized g r m  I S  June 32.0 2.5 

88 + C o " c m l r a l e l  - Crwing (uplrndl cows Rough grazing (Dnrlmoor) I S  June 31.5 2.6 
- Urine Grazing dairy COW Fertilized grass 17 June - 
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CH. from dung pair 

occurs in typical urine patches in the field (Doak, 400 

1952) i.e. 3 I over an area of0.5 m'. Thus 450 ml were 
applied to cover the enclosed area of 0.075 m'. 
Enclosure and sampling procedures were as  before. 

300 

Laboratory conrrolled-remperarure studies 

Two experiments were conducted. In  each case $ 
dung was incubated (either in the presence or  absence ?E 
of soil) in polyethylene storage containers, with < 
air-tight lids. The boxes had dimensions of 
15 x IS x 15 cm and each lid was fitted with a Suba a 
seal sampling port. In those treatments where soil was 

and placed into each box leaving a head space of 
I125 cm2. Grass was trimmed to soil level immedi- 
ately before the application of dung. In those 
treatments where soil was not used the boxes were 

present, intact turfs ( I  5 x I S  x I O  cm) were collected 100 

0 

I583 

i 

filled to  the same depth with dry sand. Within I h 
after collection dung was mixed and quickly applied 
directly onto the soil surface or  a plastic tray placed 
on the sand. In each case, 170 g samples of dung were 
formed into 9 cm dia pats (60 cm'), i.e. again in 
proportion to  the weight:surface area of pats 
deposited in the field by adult cattle. In both 
experiments the source of dung was dairy cows at  
milking (and maintained on a diet of grazed herbage 
plus concentrates). 

The experiments took place in a controlled 
temperature room at  16/17"C. Except for the periods 
when head space samples were taken, the boxes were 
left open with the lids resting on the tops. The boxes 
were sampled over a IC-I5 day period and each day 
a number of head space samples were taken whilst the 
boxes were sealed for timed periods of from 10 to 
30 min. Each box was opened for a comparable time 
10 the sampling period prior to  the next. Daily 
emission rates were then calculated from the mean 
value from a number (from 4 to 6 )  of samples taken 

0 1 2  3 4 5 6 7 8 0 IO 

DAYS AFTER ADDITION 

Fig. 1. Emission of methane from dairy cow (0)  and calf 
(+) dung and background soil (0) after deposition in the 
field in September. Standard errors greater than 

+_S pg CHI m-Imin-' shown as vertical bars. 

Efecr of euacuarion-f~mig~tion 

For this experiment dung was collected from dairy 
cows at milking as  before, mixed and divided into 
three equal parts for prior treatment before the 
incubation period. There were three treatments, the 
first o f  which was fumigation-dung was placed in a 
glass container inside a desiccator containing a small 
beaker of chloroform. The desiccator was then 
evacuated for 24 h at room temperature and then the 
vacuum was released and the chloroform removed. 
This was followed by repeated evacuations to remove 
residual chloroform. The procedure follows that used 
to  deactivate the microbial biomass in soils (Brookes 

during any one day. Head space samples were 
collected with a 10 ml syringe via the Suba Seal port 
and analysed by F I D  g.c. within 30 min. In each 
Werimenl, empty boxes, sealed Over the Same 
sampling period provided samples for background, 
control measurements. 

Eferr of soil type 

er ai., 1985). The second treatment was evacuation 
alone in which dung was treated in the same manner 
as in the first treatment except that no chloroform 
was present. The final portion of dung remained a t  
room temperature until application to the soil to  
provide a n  untreated dung sample. There were four 
replicate incubation boxes for each treatment. 

In the first incubation experiment the possible 
Interaction between dung addition and two distinct 
soil types was examined. The first soil (Halstow 
Series, i s .  that used in the field experiments) was a 
Poorly-drained, clay loam with a moisture content of 
47.7% at the start of the incubation. The second soil 
h m s g r o v e  Series) was a coarse sandy loam, a 
moderately-drained loosely-structured soil with an 
Initial moisture content of 16.9%. There were four 
'Wicate boxes of each soil treatment with or without 
dung applications and of dung alone in the absence 
Of soil. 

RFSULTS 

Field nteasuremeitrs 

Methane emission was always stimulated by the 
addition of dung (Figs 1-5). Typically, CH, emission 
rates were greatest immediately after application, and 
usually declined t o  background levels over the IO + 
day period. This was not always the case, especially 
in the first experiment where CH, emission from both 
dung types had not ceased by day 10 (Fig. I). The 
other major divergence from the general trend was in 
the experiment shown in Fig. 4 where there was no 
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0 1 2  3 4 5 8 7 e B 10 

DAYS AFTER ADDITION 

Fig. 2. Emissions of methanc from dung from hcifen 
grazing graswlover (+), or low-N grass (0) and 
background soil (0) aftcr depasition in the field in 
September. Standard errors greater than It 5 pg 

CHI m-* min-‘ shown as vertical ban. 

peak emission immediately after application, and 
rates were generally low and variable. The experimen- 
tal and .dung .handling .procedures for all field 
experiments were the same so this should not have 
influenced emission. The similarity in the pattern for 
the two dung types illustrated in Fig. 4 suggests that 
there may have been something particular to dung 

0 1 2  3 4 5 8 7 8 9 10 

DAYS AFTER ADDITION 

Fig. 3. Emissions of methane from dung from S L C C ~ B  grazing 
grass-clover (e), fertilized ( W )  or unfertilized (0) grass and 
hackeround soil ln, after deoositian in the field in Oclobcr 

100 

n - 
o i z 3 Q 5 6 7 e P 1 0 1 1 1 z 1 a  

Fig. 4. Emissions of methane from housed dairy cow (0) 
and sheep (A) dung and background soil (0) ann 
deposition in the field in May. Standard errors greater than 

+ 5  pg CHI m-‘ min-I shown as vertical ban. 

DAYS AFTER ADDITION 

from housed animals that influenced CH, generation. 
Interaction with current environmental facton 

would.also-have been important and no attempt wos 
made to standardize these. Because measurements 
were made over a long period, changes in moisture of 
temperature regimes would have been substantial. 
making comparisons between experiments difficull 

and i 
Standard errors greater than’+5 pg CH. m-: min-‘ shown 

as vertical bars. 

Fig. 5. Emissions of methane from dairy COW (0 )  nd 
suckler cow (0) dung, dairy cow urine ( C )  and backgrou 
soil (0) after deposition in the field in June. StandardcnO’ 
greater than + s  pg CHI m-?  min-I shownasvcrticalb* 
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Table 2. Total cmisiions of CH. from dung in field over mcBsumenl pricds (ea. 10 days*) 

Fzperimcnlal material Animal iyps Diet (mg CH. m-7 
1. Dung (Fig. I )  Dairy cow Grau-elovcr ( g r a d )  1701.. 

Calf + N grass (grad)  1655.. 

C K  emitted 

2. Dung (Fig. 2) Heifer Grarrelovsr (grad) I143 
Low N grass (grazed) 413 

3. Dung (Fig. 3) SICST Grarrilovsr ( g r a d )  406 
Low N grass (grazed) 503 
No N g n u  ( g d )  300 

4. Dum IFh. 4) Daiw cow Silage + concentrals (houd)  116 " .  - . 
Shcsb Hay+ conccntrals~ ( h o d )  598 

S. Dung or urine (Fig. 5 )  Dairy cow (dung) Fertilizd g m s  + urn~ntraler 2040 

Dairy cow (urine) Rough graring (upland) 0 
Suckler cow (dung) Rough g r e n g  (upland) 922 

detailed day-to-day measurement of environ- 
mental variables in soil, dung and atmosphere. 

1 Within experiments some marked differences between 
dung sources were evident on occasion. Thus in one 
erpcriment (Fig. I) emission rates were greater with 
dairy cow than with calf dung. The next experiment, 
using dung from heifers grazing grass-clover, had 
higher emission rates (P < 0.001) than that using 
dung from animals on a low-N input pasture (Fig. 2). 
In the case of dung from steers (Fig. 3) although 
initially a higher rate (P < 0.05) of CH, emission was 
recorded from material from animals on no fertilizer 
or clover N input, this difference did not persist. 
Initial emission rates were again higher (P c 0.01) 
lrom the intensivelymanaged animals in a compari- 
son between intensively managed dairy cows and 
extensive upland suckler cows. 

Total amounts (as interpolated from the measured 
values) of CH, emitted from dung ranged between 
116-2040 mg CH, m-' for dairy cows (Table 2); the 
overall mean for all cattle was 981 mg CH, m-'. This 
isequivalent to 73.6 mg CH, per dung pat (assuming 
an average area of 0.075 m1 in the field). There was 
no effect of urine on CH, emission (Fig. 5 ;  Table 2). ' 

hboralory studies 
It was clear from the experiments under controlled 

environment conditions that emission rates were 
O l  the same order as those found in the field and 
he same trends with time were displayed (Figs 6 
and 7). There was no effect of soil type (Fig. 6). 
Emission of CH, from dung on both soils followed 
wctly the same trends and over the 10 day period, 
1774 and 2577 mg CH, m-l dung were emitted on 
the poorly-drained (Halstow) and well-drained 

I (Brornsgrove) soils, respectively. There was no 
%nificant release of CH, from soils on their own 
without added dung. Dung in the absence of soil 

substantial amounts of CH, which followed 
!he same patterns as from dung in contact with soil. 
In total. there was an overall emission over the 10 day 
Wiod of 1839 mg CH, m-? from dung alone, i.e. 

of that emitted from the dung-soil combi- 
nations. 

The longer preparative stages for the fumigation- 
evacuation experiment (Fig. 7) were probably 
responsible for the overall lower loss rates. The 
emission pattern with untreated dung (Fig. 7) was 
typical o f  those observed earlier and interpolation 
from the measured values indicated that 
447 mg CH, m-l dung were emitted. The chloroform 
treatment stopped CH, emission completely: there 
was no significant difference between this treatment 
and the background blank measurements. Evacua- 
tion alone had a marked effect on both the pattern 
and extent of emission. After evacuation. instead of 
an initial high emission rate on day I followed by a 
rapid decrease, the initial rate was much lower than 

p untreated dung, but also declined at a much slower 
rate and had not ceased by day 15. The overall effect 
of this was that 986 mg CH, m-l dung were released 

600 L , I 

400 

- 
'= 100 a 

I' 
7 
E 

0 

s. 
200 

100 

----.=e-..=* 

0 
0 i 2 3 4 6 e 7 II 0 10 

D A W  AFTER AOOITION 

Fig. 6. Emission of methane from dairy cow dung applied 
to poorly-drained (0)  or well-drained (V) soils, and from 
dung (e) and poorlydrained (0) or well-drained (V) soils 
alone. Background measurements shown as (0) and 
standard errors greater than i5 pg CH. m-z min-I shown 

81 vertical bars. . .  I .  

I '  
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DAYS AFTER ADDlTtON 

Fig. 7. Emissions 01 methane from dairy cow dung either 
untreated (0). evacuated ( W )  or fumigated and evacuated 
(*). Background measurement shown as (0) and standard 
errors greater than * 5  pg CH. m-' min-I shown as 

vertical bars. 

over 15 days from this treatment, i.e. 2.2 times more 
than from untreated dung. 

DISCUSSION 

I t  has been suggested that faeces have the potential 
for anaerobic production of CH, which if fully 
achieved would exceed the amounts of CH, emitted 
by the rumen by a factor of 2 (Johnson 6'1 01.. 1992). 
The present simple studies demonstrate that dung 
pats in the field under U.K. conditions d o  emit 
significant amounts of CH, which can be readily 
detected. The few other studies that have examined 
this aspect of the CH, cycle have provided similar 
evidence (Williams, 1993b; Lodman cf d.,  1993). 
Overall amounts emitted in our studies are compar- 
able to  those determined under very different 
environmental conditions. i.e. in field experiments 
in Australia (Williams. 1993b) and laboratory 
enclosures (Lodman el  d ,  1993) where humidity and 
drying out conditions were very different to those 
experienced in SW England. Our approach in the 
field. whilst introducing some effects during the short 
enclosure period, would have minimized these to a 
large extent so that variance from what would have 
occurred under natural conditions would not have 
been great. A good deal of variation between 
experiments and between dung types was demon- 
strated. This is not surprising. Methane production 
by dung pats has been shown to have a strong 
temperature dependence, although even at 6°C 
significant amounts of CH, can be released (Williams. 
1993b). Many factors will have contributed to the 

variation. Firstly. there will have been much 
interaction between ternperillure and moisture s t a l ~  
Methane production will only take place undo 
strictly anaerobic conditions (Tiedje P I  a[,,  1 9 ~ ) .  
High temperatures. whilst stimulating microbill 
activity and CHJ production would also ha,, 
stimulated crust formation on the pat and no( 
helped to maintain the anaerobic status o f t &  pat. but 
at  the same time changed the CH, exchsnk 
characteristics between the pat and the atmosphcrr, 
Rainfall would also have contributed to the anaerobic 
Status of the system. but may also have removed 
good many of the substrates for methanogenesis by 
washing them into the ground. The nature of our 
studies does not allow firm conclusions to be drawn 
about environmental effects and interactions other 
than to  indicate that these might be complex. 

A good deal of variability in rates of emission wa, 
noted by Williams (1993b) with dung from similar 
animals and it was suggested that this mighl rcflml 
variation in the numbers of microorganisms prexnt 
which are responsible for generating CH,. This aspcci 
of variability will have influenced our studies. Dietary 
quality will have also influenced the nature 01 the 
materials being excreted. especially those wlsrik 
solids likely to form potential substrates for CH,. 
Differences in emission rates between grain and ha) 
fed animals were noted by Lodman el 01. (1993): over 
7.5 times more CH, kg-'  dung (dry matter basis) vas 
emitted when.animals were fed on.grain. There niuy 
have been substantial differences in dietary quality 
within the various animal groups that we invcsli. 
gated. Clearly the N status of the herbage dilTed 
between the dung samples used in the ficld 
experiment resulting in C-to-N ratios in the dung 
ranging from 12.8 to 21.0 (Table I ) .  It is interesting 
to  note that. across all dung types, and despite the 
probable interactions beween moisture, temperaturr 
and CH, generation. there was a strong relationship 
between C-to-N i n  the dung and total amounts Of 
CHI emitted, i.e. increasing CH, with lower C-to-N. 
The exponential relationship was best described by: 
In y=3.24 x 54.69, .~ ( I -  = 0.738). where .Y is the 
C-to-N ratio and 

If environmental constraints had been conslant. 
variation in the C-to-N properties of the dung 
would have accounted for an even greater proportion 
of the variability. Furthermore, both qUalitati'* 
and quantitative information of the volatile SO"? 

content within the dung may also be Useful ID 
providing a n  explantation for differences in CH. 
emissions. 

rcflT 
the changing degree ofaerobicity within the Pat: I) 

unlikely that substrates would have been @letd. 
Previous studies (Williams. 1993b) have shown lhnt 
under Australian conditions cattle dung Pats acted 
significant sources of CH, for up 10 3 days 
deposition in winter and up to 2 days in Summer,m 
fact that our dung p a t s  emitted for longer Penodc 

= [ig CH, m-'. 

The changing emission rate with time 
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rttlects the differences in moisture contents in the 
jjfferent systems. Holter (1991) has shown that 
,,isthane is present in detectable amounts within the 
i.,li phase of the dung itself for only 28 days and peak 
;,,lcentrations were observed between 8-10 days but 
i ) , s ~ ~  declined with an increased aerobicity after this 
t,,,lt. The manner in which the internal concen- 
Ir:iiions are transmilted to the exterior will depend 
l , p ~ n  environmental conditions and result in the 
rlpjcal decay patterns shown in our nieasurements. 

Interaction with soil appeared to be relatively 
,,liner. The laboratory incubation showed that the 
,l,.tjor direct source of CH, was the dung itself. Soils 

likely to have had large populations of potential 
,l,rthanogens. and deposition of dung would have 
,,,creased and maintained soil moisture status and 
provided additional mobile organic compounds. 
litPcts. however, were small, and likely to have 
rrwlted from the maintenance of a greater degree of 
.,noiic conditions within the dung when it was in 
iontact with the soil. Methane production was 
i~nipletely stopped when dung was treated with 
ihloroform treatment indicating that the microbial 
population contained within the dung was largely 
iqonsible for the measured CH,. The effect of 
:ucuation is of interest. The low rate of emission on 
,IJ? I probably results from a physical removal of 
( 'Ha  during the evacuation process. The reason for 
\u\tained rates over longer periods is not so clear. 
lhcse may have been the results of an increase in 

place udd; 
r 01.. l9$ 
g microm 
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md not 04 
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4, exchadgr 
atmosphM 
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ung pats act$! ' i . ,  

s i n  summer:? 
)r  longer peid 

1 
to  3 days +! ,/)  

180 days each year and defecate I I times (Marsh and 
Campling, 1970) each day; (ii) that dung pat size is 
0.075 and 0.05 m2 for adult cows and young cattle. 
respectively; and (iii) that, on average, 1486 and 
657 mg CH, m-2 are emitted from dung pats from 
cows and young cattle. respectively; then 30 kg CHI 
are released each year from this source. i.e. O.I2% of 
the estimated total farm output from all sources 
(rumen, slurry, dirty water, etc). On an individual 
adult cow basis, the annual emission rate of 0.22 kg 
is very much lower that the estimated output from the 
rumen of 105 kg CH, per animal in the farm study. 
The immediate eKects of this source within a farming 
system context are therefore relatively small. Never- 
theless, over a global scale dung excreted a t  grazing 
will have some significance and the mechanisms of, 
and controls over, release will be of some importance. 
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