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Abstract

A sheep was fed on N-labelled ryegrass hay during a period of 9 days in order to obtain *N-labelled manure.
After 9 days of feeding, the total N in faeces contained 3.70 atom % >N excess, which was equivalent to 82% of
the N enrichment of the hay N. The easily-decomposable fraction of the faecal N was less labelled (2.89 atom %
I5N excess) than the slowly-decomposable fraction. The >N enrichment of mineralized faecal N did not change
significantly during 32 weeks of incubation in sand. About 25% of the faecal N was water-soluble. This N had a
higher >N enrichment than the total faecal N, indicating that a part of the water-soluble N was indigestible feed N.
The faeces contained only small amounts of NH, -N, which had a '*N enrichment similar to the '*N enrichment
of N mineralized during incubation in sand. It is suggested that the labelled faccal N obtained after a few days
of feeding on labelled feed could be divided in two N pools: A decomposable N fraction (about 60%) with a
I5N enrichment similar to the enrichment of N mineralized in sand (2.89 + 0.09 atom % °N excess), and a very
slowly-decomposable N fraction (about 40%) with a >N enrichment similar to that of the feed (4.52 atom % >N
excess).

Introduction try manure by feeding a cock on '°N enriched barley
grain.

The aim of the present study was to evaluate the
homogeneity of "N enrichment of sheep faccal N. The

sheep was fed on '*N-enriched ryegrass hay for 9 days.

Due to the many processes involved in the turnover
and losses of manure N in soils (Castellanos and
Pratt, 1981; Thompson et al., 1987; van Faassen
and van Dijk, 1987), the plant-availability of nitro-
gen in animal manures is difficult to estimate. The
fate of animal manure nitrogen applied to soil may
be studied by using !’N-labelled manure. Differ-
ent methods have been used for labelling of animal
manures with >N. Herbst et al. (1987) and Vilsmey-
er and Gutzer (1990) labelled the NH; -N pool of
a cattle slurry by adding a small amount of high-
ly enriched NHI-N. Labelling the organic N fraction

Theoretical considerations

According to its origin, faecal N from ruminants may
be partitioned into the following fractions:

of manure homogeneously with >N is more difficult.
Rauhe et al. (1973) and Peschke (1982) fed cows on
15N-labelled plant material for a single day. Rauhe
and Bornhak (1970) used the excrements of a cow,
that had been given a feed containing >N labelled
urea. Kirchmann (1985) produced >N labelled poul-

a) indigestible feed N, of which the pool size is depen-
dent upon the nature of the feed;

b) microbial N from the rumen, contributing about
17% of faecal N, as estimated from Danfer (1990);

¢) nitrogen in digestive secretions, mucus and dead
cells from tissues in the digestive tract;
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d) nitrogen in living and dead microbes from the intes-
tine and the hind gut, contributing about 33% of
faecal N (Danfar, 1990).

During the initial days of feeding on *N-labelled
feed, °N in the faeces is diluted by unlabelled indi-
gestible feed N remaining in the digestive tract from
the period preceding >N feeding and by endogenous
N excreted to the digestive tract (Nolan, 1975). Subse-
quently, >N in faeces continues to be diluted by partly-
labelled endogenous N. Thus homogeneous labelling
of manure requires a long feeding period on °N-
labelled feed.

It is suggested that the faccal N fractions a, b, ¢
and d may be divided into two main N pools. Pool 1
consists of undigested feed N and similarly-enriched
microbial N from the rumen, after a few days of feeding
on labelled feed (even though there is some endoge-
nous secretion of N to the rumen (Nolan, 1975)). Pool
1 is considered to be relatively slowly-decomposable
in soil, because its components have passed the diges-
tive tract having been exposed to microbes, acids and
digestive enzymes in the animal without being assim-
ilated.

Pool 2 of the faecal N consists of N compounds
in living microbes, partly-decomposed microbial tis-
sues, digestive secretions and dead cells from tissues
in the digestive tract (Nolan, 1975). Consequently this
N pool is relatively more-decomposable in soil than
pool 1. Nitrogen in pool 2 is diluted by endogenous N
originating from the animal, and is consequently less
highly-labelled than the feed N.

Materials and methods
Production of Y’ N-labelled sheep manure

Italian ryegrass (Lolium multiflorum L. cv. Ninak) was
grown in 20 L pots containing quartz sand. The pots
were irrigated automatically with a circulating nutri-
ent solution containing basic nutrients, which includ-
ed "N-labelled N fertilizer. Each pot was fertilized
with 2.0 g KNO3-N with 5.0 atom % >N excess. The
grass was cut and air-dried after 54 days, and another
2.0 g N-labelled KNO;-N and basic nutrients were
applied. The second cut was taken after 44 days. After
air-drying the two cuts were chopped into 2 cm lengths,
and mixed. Other pots were fertilized with KNO3 of
natural >N abundance for production of unlabelled

Table 1. Composition of a mixture of sheep
faeces collected 8 and 9 days after com-
mencement of feeding on 1*N-labelled hay

Content (% of DM)
Total N 3.08%
Total C 46%
NH;-N 0.036%
N03_ -N Not detectable

Water-soluble N 0.70%
Water-soluble C ~ 9.1%

hay. The ' N-labelled grass hay contained 2.17% total
N (in DM) and 4.523 atom % >N excess.

An adult castrated sheep was fed in sequence at
a rate of 950 g DM per day on Italian ryegrass hay
grown in the field, followed by unlabelled, pot-grown
hay for 7 days, ’N-labelled pot-grown hay for 9 days,
and finally unlabelled pot-grown hay for a 3 further
days. Faeces was quantitatively collected in plastic
bags attached to the sheep (urine was collected sep-
arately). The faeces was pooled and mixed after 24
hours collection, and frozen (—18°C). The composi-
tion of faeces collected on days 8 and 9 after starting
the 1°N feeding is shown in Table 1.

To estimate the content of indigestible feed N in
the faeces, a mobile nylon bag procedure was used
(Hvelplund, 1985). The feed was milled pass a 1 mm
sieve. One gram hay samples were sealed in nylon bags
(pore size 9 pm; dimensions 60 x 60 mm). Ten bags
were placed in the rumen of a fistulated dairy cow for
16 h and thereafter incubated in a pepsin-HCI solution
for 2 h at 37°C. Finally, all the bags were inserted into
the duodenum of the cow and recovered in the faeces.
After washing and drying, the nylon bag content was
analysed for total N and >N enrichment.

Experimental procedures

Incubation experiments were carried out to evaluate
the homogeneity of ’N-labelling of the sheep facces.

Experiment 1

Labelled faeces from different sampling days was incu-
bated in quartz sand in order to evaluate the >N enrich-
ment of mineralized N. Moist and homogenized faeces,
sampled on days 2, 5, 8 and 10 after commencement



of feeding on >N-labelled hay, and containing 10.0
mg N, were mixed with 50 g dry quartz sand in 250
mL bottles. The water content was adjusted to 55%
of the water-holding-capacity (WHC) of the sand, and
the bottles were loosely covered by lids of aluminium
foil in order to reduce losses of water and incubated
at 20°C. The moisture content was readjusted weekly.
After 21 and 84 days of incubation, three replicates
of the sand-faeces mixtures were extracted with 2 M
KCl (1:10) (Keeney and Nelson, 1982) and analysed
for NO; -N, NH{ -N and N enrichment of inorganic
N.

Experiment 2

In order to evaluate the enrichment of mineralized fae-
cal N during a longer period of decomposition, a mix-
ture of freeze-dried faeces sampled on days 8 and 9
was ground to pass a 2 mm sieve, mixed with quartz
sand (5 mg faecal N in 25 g sand) and incubated as in
Exp. 1. After 1, 2, 4, 8, 16 and 32 weeks of incubation
three replicates were extracted with 2 M KCl (1:10)
and extracts analysed as in Exp. 1.

Manure C mineralization rates were determined
from CO; evolution. Separate triplicates of the sand-
faeces mixture were placed in 2-L jars with a beaker
of 1 M KOH for absorption of CO; and a beaker of
water to maintain the water content in the sand-faeces
mixture. Samples of sand without manure were used as
blanks. The CO, absorbers were changed and analysed
after 1, 2, 4, 8, 16 and 32 weeks.

Experiment 3

In order to evaluate whether the enrichment of min-
eralized faecal N changed during incubation in soil,
the 13N-labelled facces used in experiment 2 was also
incubated in a sandy soil at 25°C. The soil contained
0.12% total N, 2.2% organic matter, 4.5% clay (< 0.002
mm), 4.2% silt (0.002-0.02), 19% fine sand (0.02-0.2
mm) and 70% coarse sand (0.2-2 mm), soil pH (H>0)
was 5.8. Dry faeces (103 ug N g~! soil) was mixed
with 50 g air-dried soil and water was added to 55%
of the WHC. The water content was adjusted weekly.
Control soil without facces was also incubated. After
2,7, 14, 28, 56, 84 and 112 days of incubation, 3 repli-
cates were extracted with 2 M KCl, and the extract was
analysed for NO; -N, NH; -N and !N enrichment of
inorganic N.
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Chemical analysis

Total N and C in faeces were determined by ele-
mental analysis using a Carlo Erba NA1500 N/C
analyzer according to Jensen (1991) after drying the
material at 80°C for 24 h. The >N enrichment was
determined on a mass spectrometer (Delta, Finni-
gan MAT) coupled on-line to the elemental analyzer
according to Jensen (1991). Ammonium-N and NO; -
N in centrifuged and filtered extracts were measured
on a Technicon Auto-Analyzer II using the sodium
salicylate-sodium nitroprusside-hypochlorite method
for NH; -N (Technicon, 1974), and the sulfanilamide-
naphthylethylenediamine method for NO; -N after
reducing nitrate to nitrite with hydrazine (Kamphake
et al., 1967).

Inorganic N in extracts was concentrated before SN
analysis using a diffusion procedure; N was diffused
as NH;3 to an acidified glass filter enclosed in poly-
tetrafluoroethylene (teflon) tape by adding MgO and
Devarda’s alloy to the solution (Sgrensen and Jensen,
1991).

The CO,-C absorbed in KOH was determined by
titration with 0.2 M HCI, after addition of BaCl, to
precipitate carbonate.

The water-soluble N in facces was extracted by
shaking one gram of freeze-dried sample in 20 mL
water for 15 minutes. The extract was centrifuged
(20000 g, 20 min, 4°C), and the supernatant was fil-
tered through a 0.22 pm filter, freeze-dried and anal-
ysed for total N and '°N.

All results are expressed on an oven-dry basis (soil
105°C, 24 h; faeces 80°C, 24 h).

Statistical analysis

Analysis of variance was carried out on data using the
SAS procedure GLM (SAS, 1989).

Results and discussion

The SN enrichment of faecal N from a sheep fed on
I5N-labelled hay (4.52 atom % PN excess), increased
with time reaching 3.70 atom % °N excess after 9 days
of feeding (Fig. 1). By the end of the allocated experi-
mental period for feeding on ’N-labelled hay, the ’'N
enrichment of faecal N continued to increase slightly.
Thus, a longer period of feeding on N hay would
probably have resulted in a higher >N enrichment of
the faecal N.
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Table 2. Atom % '°N excess in N fractions of sheep faeces after 2 to 10 days of feeding on N-labelled Italian
ryegrass hay and atom % !N excess of inorganic N after incubation of the faeces in quartz sand (Experiment 1)

Atom % SN excess of inorganic

Labelling period Atom % 5N excess at sampling N after incubation

(days) Total N NH;F-N Water-soluble N 21 days 84 days

2 1.14 1.07 1.77 (0.013)? 1.03 (0.09)  1.09 (0.002)
5 3.09 241 3.38 (0.046) 2.31(0.09) 2.36(0.02)
8 3.57 2.83 NDP 2.69(0.05) 2.74 (0.03)
10 370 2.96 3.83 (0.001) 2.77(0.08) 2.83(0.12)
8+9 355(0.005) 293(0.007) 394 (n=1) ND ND

2 standard deviation; standard deviation is not shown where n = 2.

b ND = not determined.

| 5N enrichment of hay

Atomn % 1SN excess in faeces N

/ End of feeding on "N hay
ow—sd— ‘ : —k ‘ ,

0 2 4 6 8 10 12 14
Days after start of feeding on'>N hay

16 18

Fig. 1. 15N enrichment of sheep faeces sampled during a period of
9 days of feeding on ’N-labelled ryegrass hay.

The NH; -N in faeces constituted 1.2% of total N
(Table 1), and the '*N enrichment of NH; -N in the
faeces was lower than the enrichment of total N (Table
2). This indicates that a higher proportion of the NH‘T-
N was derived from endogenous unlabelled N, than
was that of the total N. The water-soluble N constitut-
ed 25% of the total N (Table 1), and the water-soluble
fraction had a higher >N enrichment than the total
N (Table 2), even though NHI-N and other soluble
endogenous compounds with a low enrichment were
probably included in the water-soluble N fraction. This
indicates that a high proportion of the water-soluble N
was derived from unassimilated feed N and rumen-
derived microbial N, both with a high >N enrich-
ment. The water-soluble N compounds with a high
enrichment were probably mainly included in colloids
and macromolecules, which could not be absorbed

in the digestive tract of the animal. Aoyama (1985)
also found membranous and filamentous material in
the water-soluble fraction of composts.

Experiment 1

After 21 days of incubation in quartz sand, 7-9% of
the organic N in the manure was mineralized (data not
shown). The >N enrichment of mineralized N was
significantly lower than that of faecal total N and close
to the enrichment of the faecal NHZ’ -N (Table 2). The
lower enrichment of mineralized N indicates that it
mainly originated from the partly-labelled N pool (pool
2), consisting of secretions, tissue cells and microbes
from the intestine and the hind gut. The 3N enrichment
of mineralized N after 84 days was not significantly
different from the mineralized N after 21 days. There
seemed to be no major mineralization from the water-
soluble N fraction, since the >N enrichment of the
mineralized N was much lower than the enrichment of
the water-soluble N.

The 3N enrichment of N mineralized from samples
of faeces excreted after 2 days feeding on labelled hay
was close to the enrichment of the total N of the faeces
(Table 2). The explanation may be that the main part
of the slowly-decomposable fraction of the faecal N
(pool 1) at the day 2 sampling was still unlabelled N,
originating from the preceding feeding period on unla-
belled hay. The >N enrichment of the water-soluble N
fraction was also higher than the >N enrichment of the
total N at this stage of the feeding period (Table 2).



Experiment 2

Labelled faeces from sampling days day 8 and 9 was
incubated in quartz sand for 32 weeks. The '*N enrich-
ment of released inorganic N did not change signifi-
cantly between week 1 and week 32, averaging 2.89
+ 0.09 atom % excess, compared to 3.52 atom % SN
excess in the faecal total N. After a few weeks incu-
bation inorganic N concentration decreased due to net
immobilization, since no losses of total N were detect-
ed (data not shown). The observed nearly-constant
enrichment of the inorganic N therefore represents that
of the manure N actively turning over during the peri-
od. After 16 weeks of incubation 20% of the faeces C
was recovered as CO,. The CO, evolution rate from
the manure in sand was about the half of that observed
from a similar manure in soil with a natural microbial
population (unpublished results).

Experiment 3

The microbial population in soils may be able to
decompose organic N compounds more efficiently than
the microbial population developed in quartz sand.
Therefore the labelled manure was also incubated in
a sandy soil, in which the immobilization of N was
expected to be small. The N enrichment of mineral-
ized N was assumed to be the same as in the quartz
sand incubation (viz. 2.89 atom % >N excess). After 7
days of incubation the soil contained 11 ug N g=! soil
as inorganic labelled N (Fig. 2) corresponding to 10%
mineralization of the labelled organic N. The mineral-
ization of labelled N continued through the incubation
period. After 112 days the soil contained 33 pg N
g~ ! soil as inorganic labelled N (Fig. 2) corresponding
to 32% mineralization of the labelled organic manure
N. There was a highly significant linear correlation,
between the net mineralization from manure N, cal-
culated by difference, and the recovery in the soil of
labelled inorganic N from the manure (Fig. 3). This
indicates that the manure N mineralized during incu-
bation was homogeneously labelled.

Nitrogen pools in sheep faeces

Approximately 9.1% of the total N and 5.7% of the
labelled N from the hay was recovered in the nylon
bags after passage through the digestive system of a
cow. The apparent digestibility of the feed N (N in feed
minus N in sheep facces during 7 days) was determined
to be 64.7%. From the !N recovery in the mobile
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Fig. 2. Net mineralization of soil N (control soil), labelled faeces N
(103 ug N g~ soil) and faeces N (difference between experimental
and control soil) in an incubation experiment. The mean standard
deviations of inorganic N determinations were 0.9 in control soils,
1.1 in soils with manure and 0.5 in labelled N.
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Fig. 3. Linear relationship between net mineralization of faeces N

and accumulation of labelled inorganic N from sheep faeces from
day 8 and 9 (see Fig. 1) incubated in soil.

nylon bags and the apparent N digestibility, it can be
calculated that 16% of the faecal N was indigestible
feed N (% indigestible feed N in faecal N = fraction
of feed N recovered in nylon bags x 100/(total N in
faeces/total N in feed) = 0.0566 x 100/(1-0.647)).
This estimate is probably too low, because indigestible
water-soluble N is lost from the nylon bags.

Estimates of the true digestibility are often based on
the total N recovery in nylon bags (Hvelplund, 1985).
Using total N recovery in nylon bags it can be estimated
that 26% of the faecal N was indigestible feed N (0.091
x 100/(1-0.647)). Due to 1N leaching and accumu-
lation of '*N in the bags (which was also observed
by Varvikko and Vanhatalo, 1990), estimates based on
recovery of total N seem to be more realistic than esti-
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mates based on N recovery. Hence the size of pool
1 (indigestible feed N + microbial N from rumen) is
assumed to be 26% + 17% = 43% of the faecal N, of
which the 17% are residues of microbial N from the
rumen. The N enrichment in pool 1 is assumed to be
the same as for the feed.

The remaining 57% of the total faecal N is assumed
to be in pool 2. The relationship between N atom %
enrichments in faecal total N, of N in pool 1 and of N
in pool 2 can be expressed by:

Atom % >N enrichment in total N =
((atom % "N enrichment)poo1 1
X Npoot 1/total N)
+((atom % °N enrichment) o012
X Npoot 2/total N)

Solving this equation for (atom % N
enrichment)poo2, the atom % >N enrichment in pool
2 is found to be 2.82.

This estimate corroborates the view that N in pool
2 includes endogenous N originating from the animal.
Consequently, N in pool 2 is not labelled to the same
extent as N in pool 1 after 9 days feeding on ’N-
labelled ryegrass. The N enrichment of mineralized
N was 2.89 & 0.09 during the incubation period, show-
ing that pool 2 apparently is much more decomposable
than pool 1. Indeed, the mineralization of N from pool
1 was negligible during 32 weeks of incubation of fae-
ces in quartz sand.

Conclusions

Nitrogen mineralized from 'SN-labelled manure was
at constant >N enrichment during several months of
decomposition, despite being lower enriched than that
of the manure total N. Throughout the period of incuba-
tion there was no detectable mineralization from pool
1 of faecal N, which consisted of indigestible feed N
and microbial N from the rumen (assumed to have the
same SN enrichment as N in the feed). If the manure is
used in long-term decomposition experiments, the >N
enrichment of mineralized N will gradually increase,
due to mineralization from this slowly-decomposable
N pool. The recovery of organic >N gives only an
approximate measure of the actual recovery of manure
N.

The !’N-labelled manure can be a very useful tool
in >N balance studies of the fate of manure N in soil-
plant-atmosphere systems. It can also be used in stud-

ies of short-term gross mineralization of manure N. In
cross-labelling experiments it will be possible to dis-
tinguish between mineralized soil N, manure N and
immobilized N. However, it is important to consid-
er possible heterogeneous >N enrichment of faecal N
pools, and more work is needed to improve methods
for labelling ruminant manure with >N (Sgrensen et
al., 1994).
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