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':n::::.:, ~::~:·for Mushroom 1r-1., ... m=:::";::~<:J.J 
Litter and Poultry Slurry Samples over a 5-Y ear Period, 

1978-82 

T. R. Gormley and L. Staunton 
An Foras Taltlntais, Kinsea/y Research Centre, Malahide Road, Dub!in 5, Ireland 

Abstract 

. ) Data are presented on the analysis of mushroom compost, poultry deep litter and poultry 
slurry samples over the period 1978-82 .. There was no difference in the dry matter (DM) 
content of compost samples between years either at time offi!ling·orspawning, with mean 
values of 32 and 29%, respectively. The DM values were highest in the April-September 
period. Nitrogen (N) values were not different on an annual or quarterly basis, with means 
of 2.21 and 1.99%, on a DM basis, at spawning and filling respectively. Ammonia (NH3) 

content did vary from year to year ·and values were highest in the October-March period; 
mean values on a DM basis were 0.07 and 0.24 at spawning and filling, respectively. 

Results for 3 years on deep litter poultry manl\re showed no differences between years 
or quarters. Mean values for DM, N and NH3"were 55, 2.86 and 1.42%, respectively.Only a· 
small number of poultry slurry samples were tested and the results showed it to be a 
variable material. 

Introduction 
Good ~ompost is essential if growers are to 
obtain an economic yield of high-quality 
mushrooms; There are many different ways 
of making mushroom composts (1,2) and 
the procedures most used in Ireland have 
been described by MacCanna (3). Since 
1979 the mushroom industry in Ireland has 
expanqed rapidly. This has been based on 
mushroom production in plastic bags and 
tunnels and on the concept of central 
composters supplying spawned compost to 
many small "satellite" 'growers. While the 
use Of synthetic compost based on wheaten 
straw and poultry manure has increased 
sµbstantially, compost based on horse 
manure is still widely used. Bulk pasteuri-

IE3 

sers are also increasingly used for peak 
'heating (phase 2) and have resulietl in the 
production of a consistently more uniform 
compost. 

The making of a uniformly productive 
compost throughout, the year is a major 
problem for the composter. This difficulty 
is due to the variability of the raw materials 
but also to the vagaries of the weather, 
especially where there is no covered yard 
available for the preliminary composting 
(phase !). 

Testing of mushroom compost for dry 
matter (DM), ni!rogen (N) and ammonia 
(NH3) contents together with examination 
for the presence or, absence of eelworins-is 
an important procedure for establishing 
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and maintaining compost quality. It is also 
important for pinpointing situations which 
may adversely affect yield and quality of 
muShrooms. An analytical service embrac
ing the above tests has been carried out at 
Kinsealy Research Centre for the Irish 
mushroom industry for about 20 years. In 
the region of 15-40 samples from com
mercial growers are tested each week 
throughout the year; these samples com
prise mainly mushroom composts, before 
and after peak heating, with occasional 
samples of poultry deep litter and slurry. As 
a result, valuable information on the DM, 
N and NH3 contents of these materials is 
obtained on a continuous basis. It was 
decided to collate the results for a 5-year 
period (on a quarterly basis) together with 
the corresponding variance data. The objec
tive was to assess changes in composition at· 
different times of the year arid also from 
year to year and to estimate the variation in 
OM, N and NH 3 values. This collated 
information may be of interest to com
posters, growers and those involved in 
mushroom research. The data for deep 
litter poultry manure were collated for a 
3-year period only. 

Materials and Methods 
Commercial mushroom compost samples, 
both at fill and after spawning (ea 400 gin 
plastic bags) are received at the laborat6ry 
on Monday and Tuesday of each week. The 
samples are tested and the results returned 
not later than the following Friday. 

The system of analysis used is that 
outlined by O'Donoghue (4) with some 
modifications and is given below: 

% OM: A. sample (ea 100 g) of compost is 
driedin an oven overnight at 95°C and the 
% OM cakulated. · 

% N: The dried material from the OM 
estimation is ground on a Christy and 
Norris hammer mill to give a fine powder. 

A 0.53-g sample (equivalent to 0.5 g of 
dry material - oven dried material still 
contains about 6% moisture) is taken for a 
Kjeldahl determination; this uses 10 ml of 
18M sulphuric acid (H2S04), 50 mg of 
selenium (Se) and 3 ml of 100 vol hydrogen 
peroxide (H20,, 30%) and digestion time to 
dryness is 1.5 h. The residue is taken up in 
distilled water{SO ml) and a 10-ml aliquot is 
transferred to the centre chamber of a 
Markham still and made alkali.ne with 40% 
sodium hydroxide (NaOH). The sample is 
steam distilled and the NH3 absorbed in 
boric acid (H3B03) solution containing 
0.2% methyl red and 0.2% methylene blue 
in 95% ethanol (EtOH) as indicator. About 
50 ml of distillate are collected and titrated 
with standardised hydrochloric acid (HCI ). 
The % N results are expressed on a DM 
basis. 

% NH3: A 20-g sample of the compost as 
received (i.e., wet) is chopped and placed in 
a wide-necked 500-ml round-bottom flask. 
Distilled water (200 ml) and boric acid 
buffer (80 ml, pH 10.3) are added and about 
10 ml of distillate are collected in a conical 
flask containing 25 ml of boric acid 
indicatorsolution. ThC indiCator solution is 
prepared by adding 20 ml of mixed indicator 
solution (see above) to 20 g ofH3B03 in 500 
ml of distilled water. The distillate is 
titra(ed with 0.05M H2S04and the %NH,is 
expressed on a OM basis. 

The procedure for testing poultry deep 
litter or slurry is the same as that used above 
for.mushroom compost with the exception 
of the NH3 determination where a .JO-g, 
rather than a 20-g, sample is taken. 
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Statistical analysis 
A total of 2,004 mushroom compost 
samples were tested over the 5-year period 
1978-82. The data were assembled on a 
quarterly .basis (Jan-Mar; Apr-June; July
Sept; Oct-Dec) for each year and were 
subjected to analysis of variance as 5 years 
x 4 quarters. The year by quarter interaction 
was used as the error term in both the yearly 
and quarterly effects. If the interaction is 
significant this will give an overestimate of 
the errorterm and the significance tests for 

. annual and quarterly effects will be con
servative. In the absence of a proper error 
term or a test for the presence of an 
-interaction, this procedure, while not ideal; 
offers some objectivity in · assessing the 
annual and quarterly effects. 

Results 

Dry matter content 
There were no differences in the mean DM 
content of composts either at spawning or 
fill over the 5-year period (Table 1). The 
variation .in DM co~tent within years was 
considerably lower in 1978, especially at 
time of spawning than in the other years as 
shown by the variance data. The D M values 
were higher in the AprilCSeptember period 
than at the other times of the year (Table I); 
the variance values, at spawning, followed 
the same pattern. Peak heating raised the 
DM content by about 3%. 

There were no significant differences in 
the DM content of deep litter samples; 
however, values frow only 3 seasons X 4 

TABLE I: Mean values for the-percentage dry matter content of mushroom compost on an annual and a 
quarterly basis. 

At spawning At fill 

No. of Dry matter No. of Dry matter 
Year samples (%) samples (%) 

1978' 369 3L6 (3.66)' 290 28.4 (3.48)' 
1979 250 31.0 (9.69) 208 28.4 (5.42) 
1980 355 32.5 (7.11) 243 29.6 (4.45) 
1981 416 32.0 (10.18) 247 28.8 (6.73) 
1982 614 32.2 ·(8.56) 236 28.6 (6.75) 

F-test NS NS 
SE ±0.34 ±0.39 

Quarter 
Jan-Marb 498 30.9 (6.49) 324 28.0 (4.75) 
Apr-June 408 32.5 (8.21) 285 29.3 (4.84) 
July-Sept 529 32.8 (9.97) 304 29.6 (5.98) 
Oct-Dec 569 ' 31.2 (6.91) 311 28.1 (5.58) 

F-test •• • 
SE ±0.30 ±0.34 

aData averaged over quarters 
bData averaged over years 
"Weighted averages of the variance 

\ 
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TABLE 2: Me<in values for the dry matter, nitrogen and ammonia contents of deep litter poultry manure On an 
annual and a quarterly basis 

Year 

1980b 
1981 
1982 
F-test 
SE 

Quarter 
. Jan-Mard 

Apr-June 
July-Sept 
Oct-Dec 
F-test 
SE 

•on a dry matter basis 

No.of 
samples 

51 
46 
65 

38 
48 
40 
36 

bData averaged over quarters 
"Weighted averages of the variance 
dData averaged over years 

Dry matter 
(%) 

56.5 (108.2)' 
56.7 (61.9) 
50.4 (82.0) 
NS 

±1.81 

49.6 (63.9) 
55.2 (95.3) 
58.9 (87.7) 
54.2 (88.5) 
NS 

±2.10 

quarters were tested (Table 2), resulting in 
high standard errors. There was an insuffi
cient number of samples in 1978 and 1979 
for inclusion in the statistical analysis. The 
variance values ranged widely from year to 
year but to a much lesser extent from 
quarter to quarter. The OM contents of 
poultry slurry samples varied considerably 
from period to period (Table 3). However, 
only a limited number of samples were 
tested. 

Nitrogena Ammoniaa 
(%) (%) 

2.66 (0.488) 1.359 (0.108) 
2.83 (0.584) 1.231 (0.289) 
3.10 (0.526) 1.665 (0.196) 
NS NS 

±0.127 ±0.115 

2. 72 (0.392) • 1.528 (0.206) 
2. 78 (0.655) 1.304 (0.188) 
2.89 (0.572) 1;295 (0.168) 
3.06 (0.464) 1.547 (0.212) 
NS NS 

±0.146 ±0.133 

Nitrogen content 
The mean N content· of composts at 
spawning was higher in 1979 than in the 
other years (Table 4). Nitrogen values at 
filling were higher in 1978-80 than in 1981 
and 1982. The variance value for % N at 
time of spawning in 1978 was considerably 
lower than in the other years, as was the 
variation at time of fill in 1978 and 1981. 
Time of year did not influence % N values 
at spawning but values were higher at fill in 

TABLE 3: Mean values for the dry matter, nitrogen and am_monia contents of poultry slurry samples 

Year/quarter 

1980-Apr-Jurie 
-Oct-DeC 

1982-Jan-Mar 
-July-~ept 

•on a dry matter basis 
bVariance 

No. of 
samples 

3 
2 

10 
1 

Dry matter 
(%) 

20.6 
18.4 
28.2 (17.5)' 
29.5 

Nitrogen" 
(%) 

2.38 
2.55 
3.03 (1.04) 
2.44 

Ammonia a 

(%) 

3.88 
3.79 
3.13 (1.51) 
3.39 
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TABLE 4: Mean values• for the % nitroien content 
(dry matter basis) of mushroom compost on an 

annual and a quarterly basis. 

Year At spawning At fill 

1978 2.20 (0.018) 2.07 (0.028) 
1979 2.30 (0.053) 1.99 (0.053) 
1980 2.22 (0.042) 2.05 (0.039) 
1981 2.16 (0.039) 1.92 (0.024) 
1982 2.19"(0.058) 1.90 (0.055) 
F-test .. *** 
SE ±0.023 ±0.020 

Quarter 
Jan-March 2.22 (0.046) 1.96 (0.038) 
Apr-June 2.22 (0.035) 2.03 (0.038) 
July-s_ept 2.19 (0.049) 1.99 (0.036) . 
Oct-Dec 2.22 (0.041) 1.95 (0.042) 
F-test NS * 
SE ±0.020 ±0.018 

•Footnotes and number of samples tested are the 
same as for Table 1 

the second and third quarters. The variance 
values were relatively constant from quarter 
to quarter with the exception of the April
June period at spawning and the October
December period at filling. 

While there were no statistically signi
ficant differences there was a rising trend in 
% N values in poultry deep litter over the 
period 1980-82; variance values were rela
tively constant; %N values also tended to be 
higher in the fourth quarter '!!though the 
effect was not statistically significant. 
Variance values varied. considerably and 
were highest in the April,June and July
September periods {Tab!~ 2). The N content 
of poultry slurry samples was highest in 
1982; however, only a small number of 
samples were tested in the other years 
(Table 3). 

Ammonia content 
The mean NH3 <:ontent of compost a.t 
sp_awning was lowest in 1978; it increased 
from 1979 to 1981 and decreased again in 

· .. -..:.. 

1982. The mean NH3 value was much lower 
in 1978 at fill than in the other years (Table 
5). The variance for % NH3 at spawning 
was highest in 1981. Variance for% NH3 at 
fill was lower in 1978 and higher in 1982 
than in the other years. Peak heating 
reduced the NH3 content in the compost 
from a grand mean value (over 5 years) of 
0.24% to 0.07%. 

There were no statistically significant 
differences in NH 3 content of deep litter 
from year·to year or quarter to quarter; this 
lack of an effect may be due to the small 
number of degrees of freedom for the 
analysis of variance. The data suggest 
higherammonia contents in 1982 and in the 
Jan-March and October-December periods 
than at other times (Table· 2); The variance 
was lowest in 1980 and highest in 1981. 
Variance values were also different from 
quarter to quarter but the range between 
the highest and lowest value was less than 
from year to year. Mean values for NH3 in 
poultry slurry were in the range 3.13 to 

TABLE 5: Mean valuesafor the% ammonia content 
(dry matter basis) of mushroom compost on an· 

annual -and a quarterly basis. 

Year At spawning At fill 

1978 0.060 (0.001) 0.160 (0.006) 
1979 0,071 (0.002) 0.226 (0.010) 
1980 0.080 (0.002) 0.292 (0.012) 
1981 0.085 (0.005) 0.256 (0.010) 
1982 0.070 (0.003) 0.277 (0.016) 
F-test * •• 
SE ±0.005 ±0.021 

Quarter 
Jan-M~rch 0.086 (0.003) 0.260 (0.010) 
Apr-June 0.066 (0.002) 0.235 (0.009) 
July-Sept 0.067 {0.003) 0.220-(0.011) 
Oct-Dec 0.073 (0.004) 0.254 (0.012) 
F-test • NS 
SE ±0.004 ±0.019 

8Footnotes and number of samples tested are the 
same as for Table 1 
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3.88%. The only variance value calculated, 
i.e., for January-March 1982, was high 
(Table 3). 

Discussion 
Dry matter contents at spawning of about 
34% and 32% in mushroom composts are 
recommended to Irish growers producing 
mushrooms in bags and trays, respectively. 
The mean OM data at spawning (Table I) 
agree closely with these and with mean 
values of28-32% reported by de Zalay (5). 
However, the values were slightly higher 
than those of 29 .4% and 29 .1 % reported at 
spawning from the Hauser test unit (6, 7); 
the variance for these samples at 5.3 and 7.1 
was intermediate to that found in the years 
1978-82 in the present study. The mean D M 
values were constant from· year to year; 
however, variance values ranged from 3.7 
to 10.2, i.e., in 1978, DM values.at spawning 
ranged from 37.3 to 25.9% and in 1981 
from 41.6 to 22.4% (based on means ±3 
standard deviations). The higher D M con
tent found in compost in the period April
September is dµe, presumably, to lower 
rainfall and higher ambient temperatures · 
prevailing during these months compared 
with the October-March period. 

The mean D M value for poultry deep 
litter samples was lower than that reported 
by Vedder (2); however, litter is a very 
variable material which varies not only 
from one poultry farm to another but also 
from batch to batch, as indicated by the 
very high variance values (Table 2). The 
OM contents tended to be lower in the 
October-March period. In contrast to deep 
litter, poultry slurry is a low DM material. 

The mean values for Nin the compost at 
spawning were close to the optimum value 
of 2'2% recommended to Irish growers. 
The data also agreed closely with results 
from the Hauser test unit (6, 7) (2.1%, 

variance 0.05; 2.4%, variance 0.05) and 
with values reported by Vedder (2) and 
de Zalay (5) but were higher than N values 
of 1.85% reported by Bretzloff and Fluegel 
(8). While the annual means (Table 4) were 
statistically different, the values were not 
greatly different in· practical terms. But 
1978 was outstanding in that the variance 
was considerably lower (at spawning) than 
in the other years, i.e., in 1978, N values 
ranged from 2.6 to 1.8% while in 1982 the 
corresponding values were 2.9 and 1.5% 

·(mean ±3 standard deviations). Seasonal 
variations . in N content of the composts 
were generally small. 

The deep litter poultry ·samples had 
higher mean N contents, and also a greater 
variation between them than the mushroom 
composts, again indicating that deep litter 
is a very variable material; similarly~ for 
poultry slurry. 

A low.(less than 0.15%) NH3 content in 
compost is desirable for spawn running and 
levels greater than 0.3% severely inhibit 
mycelial growth (9). The' term ammonia is 
used rather loosely and what is expressed as 
NH, may be more correctly described as 
volatile alkaline compounds. This applies 
especially iii composts containing poultry 
slurry and to a lesser extent poultry deep 
litter. Mean annual compost NH3 values at 
spawning were all below 0.1%; however, 
using the variance data (Table 5) shows that 
11,26, 33,.42 and 29% of the samples tested 
had NH3 values-greater than 0.1% at time 
of spawning in the years 1978-82, respec
tively. Corresponding percentages of 
samples with an NH3 content greater than 
0.15% were 0, 4, 6, 18 and 7%. These data 
suggest a reasonably, but not a completely, 
satisfactory situation in relation to compost 
NH, levels. The lower NH, content of 
composts in the Apri!CSeptember period 
may be linked with the lower DM valu«s 
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and reflect improved microbial activity 
under these conditions. 

These overall results show a reasonably 
satisfactory situation for mushroom_ com
post quality in Ireland which is reflected in 
the overall improved productivity of com
post in the past 5 years. The high degree of 
N variability in poultry litter demonstrates 
the necessity of continual analysis of 
batches. This of course presents practical 
problems for the composter because the 
delay caused by having to wait for analysis 
before using the deep litter upsets a tight 
schedule. It would be advisable for large
scale composters to have a rapid analytical 
service for poultry manure available. The 
low OM content of poultry slurry together 
with its great variability makes it unsuitable 
for use in mushroom composting. Proper 
mixing of a low-OM material w_ith straw or 
horse manure together with its tendency to 
produce a greasy (colloidal) type of compost 
pose practical problems. 
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