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Abstract: Among the factors which affect the mushroom yield, this investigation was aimed
to confim the relationship between nitrogen content of rice straw compost and crop yield,
residual ammonia content and yield. In this investigation the nitrogen content in dry weight
of compost ranged from 1.10 to 2.06% and the residual ammonia content between 0.01 and
0.8% at spawning according to the sources of organic or inorganic nitrogen and the formulas
of compost materials.

The results obtained are summarized as follows:

1. The relationship between nitrogen content of rice straw compost and mushroom yield was
represented by the formula: y=13.95+0.048(r=0. 68%%).

2. Nitrogen content and mushroom yield of compost supplemented with organic nitrogen
sources were increased as compared with control or inorganic treatments.

3. The relationship between the residual ammonia content and mushroom yield is represented
by the formula: y=0. 38086—0. 011948 +0.00012x%(r=—0.75**). In order to obtain high cropping
yield the residual ammonia content at spawning should be below 0.03% (expressed as nitrogen
content).

4. Application of ammonium sulfate increased the nitrogen content of compost slightly, but
the residual ammonia content was increased considerably and yield decreased. On the other
hand, the residual ammonia content of urea treatment was low and increased mushroom

yield remarkably.

Introduction
Commercial mushroom growing of Agaricus ars since 1940’s synthetic medium substitutes for
bisporus has been practised since 1700 using horse horre manure made from straw, hay, corn cobs
manure as the natural medium, but in recent ye- and other fibrous materials combined with org-
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anic and inorganic fertilizers have been used for
the cropping of the A. bisporus. From that tim-
e, much research on the role of nitrogen and
residual ammonia as a factor affecting mushroom
yields has been especially conducted. Some work-
ers found increases in yield with increased nitro-
g=n content, while others did not. k »

Edwards (1949) suggested that the increase of
nitrogen had a slight but not significant effect on
the number of mushrooms produced; it had more
effect on the average weight per mushroom
and hence on the total yield.

Early ‘50’s, Lambert (1950) had obtained line-
ar increase with addition of nitrogen. Especially
the addition of proteineous materials such as co-
ttonseed meal and brewer’s grain significantly
increased the yield of mushrooms.

Rasmussen(1963) reported 2.5%

spawning gave some increase with two extra

nitrogen at

days on the 16 days system.

Brezloff and Fluegel(1962) pointed out nitrogen
contents of the high vyielding composts were
always higher than those of the low-yielding
composts.

O’Donoghue(1965) at the Irish Agricultura-
Institute also found a highly significant correlat-
ion between nitrogen and yield for synthetic co-
mposts.

R.C. Ross(1968) also obtained relationship bet-
ween nitrogen and yield. On the other hand,
Fryer Bros(1955—56) found 1.85% of nitrogen
was sufficient, at spawning, for maximum crops
and no increase in yield was gained with extra
nitrogen.

Gerrits(1965) also reported equal yields were
obtained on composts with nitrogen varying from
1.6 to 2.7 percent and they stressed there was
no cor elation at all between the percentage of
nitrogen and the yield of mushroom, neither per
m? nor per kilogram dry matter of compost.

Schisler and Sinden(1960) found yield increase
resulted as the amount of nitrogen in the com-
post was increased up to about 3% of the finis_

hed compost at the time of mushroom spawning

however, at about the 3% level a sharp limit
to further increases in yield occurred.

Residual ammonia is well known to be. toxic
for the growth of mushroom mycelium and the
initiation of fruit bodies.

At Ireland Agricultural Institute it has been
recommended not to allow the residual ammonia
content of compost at spawning to exceed 0.025
percent expressed as nitrogen.

Sinden and Tschierpe(1962) also found a level
above 0.05% of volatile alkaline nitrogen to be
inhibitive to growing of mycelium; therefore, the
composting process must be regulated to produce
a minimal amount of ammonia content.

O’Donoghue (1965) found the relation between
the residual ammonia content(expressed as nitr-
ogen content) and crop yield was adversely sig-
nificant.

Rasmussen et al. used ammonium sulfate as an
inorganic source that produced a high nitrogen
content and a minimal amount of ammonia wh-

ich controlled the crop yields, but Gerrits et al.

used urea.
And in Europe where is a plentiful supply,
cottonseed meal, brewers grain, malt sprout,

dry blood, wool dust, sugar beet pulp, etc. are
used as organic sources. Furthermore, they also

prepare mushroom compost with horse manure

or wheat straw.

However, in Korea rice straw is mainly used
as compost material and the sources and prod-
uction of organic, inorganic nitrogen are limited;
therefore, it is necessary to confirm the relation-
ship between nitrogen content and yield, residual
ammonia content and yield, which is suitable in
our cropping conditions.

And so this experiment was aimed to clarify
how nitrogen and residual ammonia content of

rice straw compost affect mushroom yield.

Materials and Methods

The rice straws used as compost material
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were chopped into approximately 30cm. lengths.
Adding sufficients water, straws were piled up
densely for absorbing moisture into a stack of
1.8x1. 8x1.5m.

After two or three days stacking was perfor
med adding the organic sources such as poultry
manure, seasame meal, rice bran, etc.. At this
time considerable amounts of water was sprink-
led to wet the sources and dry parts of straws
At two or three days intervals the composts
were turned to promote aerobic fermentationl
Inorganic sources such as urea, ammonium su-
fate, etc. were added at stacking time and at
the first two turnings, gypsum was added at the
last turning.

After 25 day’s out-door composting for spring
cropping, 15 day’s for autumn cropping, the
shelves were uniformly filled with compost in
cropping house, as quickly as possible.

The peak-heating of compost was maintained
at 60°C for 6 hrs(for pasteurization) and prol.
onged fermentation for 8 days at about 50~55°C
with live or dry steam. During the periocd of
indoor fermentation the room was ventilated
with fresh air occasionally not to allow falling
the desired temperature and then the compost
was cooled down to 30°C by forced ventilation,
subsequently it was spawned at the rate of 3
Ibs/3.3m? of bed area.

After spawning, ’the temperature of compost
Wwas maintained about 25°C and relative humid-
ity of the growing room was about 95%. When
the compost was densely growned with mushroo-
m mycelium, two weeks after spawning, the beds-
were cased with mixed clay loam 75% plus hu-
mus soil 25% of pH 7.5—8.0.

During the cropping period, temperature of
the growing room was controlled 15 to 17°C.
Samples of compost for analysis were taken from
each treatment just before spawning. In order
to represent genuinely all the compost, the sam-
ples were collected from at least ten different
spots in several beds of same treatments, situat-

ed ‘at various heights. These samples were thor-

oughly mixed and placed in a plsatic bag. Ana-
lysis was performed for dry matter, total nitrogen
was determined by means of Kjeldahl method
and residual ammonia by MgO alalkaline aoatile
method.

Results and Discussion

1. Total nitrogen content and mushro-
om yields.

in this investigation the nitrogen content of
rice straw compost in dry weight ranged from
1.10% to 2.06% according to the sources of
organic, inorganic nitrogen and the formulas
of compost materials(Tab. 1.). In proportion to
the increase in nitrogen content of compost, cr-
opping vield also increased. This result was in
accordance with Fryer Bros(1956), Gerrit’s(1965)
findings, but the level of nitrogen percentage
which represents the limit of further mushroom
yield, 3% according to Schisler and Sinden(1962),
was not reached. The reason why nitrogen con-

ent of composts was not so high compared

Table 1. Effect of total nitrogen content

of compost on mushroom yield

Total nitrogen Mushroom yie| Number of
(%) 1d(gr/3. 3sq.m) treatments
1.10—1.30 23,997 3
1.31—1.60 32,370 14
1.61—1.90 35, 886 23
1.91—-2.06 38,734 i1

with those in urope is probably becaure organ-
¢ sources used i our experiments were low in
proteineous nitrogen.

Relationship between nitrogen conteni of com-
post and mushroom yield per 3.3m? of bed area
was a positive linear regression with correlation
coeffecient significant at the 1%, level(r=0.69%*)
as shown Fig. 1.

This is in accord with O’Donoghue(1965),
Brezloff and Fluegel(1962), R.C. Ross’»(1968)
regults, but differs from Fryer Bros(1936), Gerr-

its et al’s(1965) opinion which set a limit on
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§=8.955 14, 719x
r=0.63%*

Total nitrogzn content(%)
Fig. 1. Relationship between total nirtogen cont-

ent of compost and mushroom yield.

‘the nitrogen content affecting mushroom yields
Judging from these results, it is suggested that
forms of nitrogen are more important than its
-quantity; therefore, research is necessary on the
proteineous nitrogen and nitrogen-rich lignin-hu-
mus complex which directly nourish the growth
of mushroom mycelium and the development of

fruit bodies.

2. Residual ammonia content and
mushroom yield.

Relation between ammonia content(expressed
as nitrogen content) which is residual in composts

after composting process and mushroom yield

1100
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-0, 011943x +0. 000123
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Ammonia content of compost(ppm)
Fig. 2. Relationship between residual ammonia
content (expressed as nitrogen content) of compos;

and mushroom yield.

2

per 3.3m? of bed area was shown as Fig. 2.
The negative quadratic regression was signific-
ant and the correlation coefficlent was als> sig-
nificant at the 1% level. This result agrees with
O’ Donoghue’s(1965).

Ag the residual ammonia content increases it
tended to increase pH of compost and caused
contamination with Chatomium, Sepsdomium
Stysanus, etc., which iz harmful for growing of
mushroom mycelium. The injurious recidual
ammonia increased whan the level of nitrogen
supplementation was high, ammonium sulfate
was used as inorganic source and indoor fermen-
tation was performed with a high level of mo-
isture content of compost and - anaerobic condi’
tions. However, it was impossible to eliminate
the residual ammonia content completely, and
it seems that for high cropping, the residual
ammonia content at spawning should be below

0.03% (expressed as nitrogen content).

3. Organic sources, nitrogen content
and mushroom yield.

The effect of organic sources which controlled

fermenting conditions of microorganisms from

127 130

aput ppar

Wheat bran Sesame mesl  Pouluy menrs” No supplementation,

Fig. 3. Effect of supplementation of some orga-
nic nitrogen sources on increase of nitrogen
content in compost and mushroom yield.

[ Percent of total N, BBl Yield index
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the start of stacking is shown as Fig. 3.
Nitrogen contents with organic sources treat-
ments were all higher than those of control and
mushroom vyields were also remarkably higher.
In addition, fermentation temperature, which
were favourable for the preparation of mushro-
om compost were always higher than those of
control or inorganic sources treatemts. Especially
in the spring cropping period when the weather
was cold the organic sources treatment produced

highly effective results.

4. Inorganic sources, residual ammonia
content and mushroom yield.

With application of ammonium sulfate, nitrog-
en content was slightly increased over that of
urea, but there was considerably less conversion
into microbial nitrogen in the composts containing
ammonium sulfate and these had a very high
level of soluble nitrogen, 36% of the total nitro-
gen. These high soluble nitrogen level:, mainly
ammonia nitrogen, were assoclated with a lower
pH, suggesting that much of the added ammon-
ium sulfate remained unchanged in the compost.
Therefore, with the lack of the favourable nitr-
ogen content for mushroom growth and the
increase of residual ammonia content it would
be possible to eliminate the ammonia from the
compost with a prolonged peak-heating period,
but this would be a costly and in some cases
impractical method of increasing nitrogen conte-
nt. Consequently, these findings suggested that
ammonium sulfate is unsuitable as a supplement
for compost. However, Rasmussen et al. recom-
mended ammonium sulfate as an inorganic so
urce and he reported that when ammonium sul
fate was used together with calcium carbonate

considerably high yields were obtained.

Judging from the fact no increase in yield
could be cbtained by adding gypsum in combina-
tion with ammonium sulfate and calcium carbo-
nate, it is suggested that from the sulfate of
ammonium sulfate and the calcium of calcium
carbonate, gypsum was formed during the com-
posting process.

Because of this, the addition of calcium carb-
onate seems to be valuable. The other hand,
urea was rapidly broken into ammonia, which is
built partly into the microbial cell substances,
partly into the nitrogen-rich lignin-humus compl-
ex, whiles till another part volatilizes as ammonia.

Application of urea gave always lower residual
ammonia content than ammonium sulfate and
high yield were obtained from urea treatment as
shown Fig. 4. When using urea, there was con-
sistently an increase in yield with addition of

gypsum.

799 '

Amenoaiun

Fig. 4. Residual ammonia content in compost
supplemented with urea and ammonium sulfate,
andits effect on mushroom yield.

C Ammenia content of compost. BB Yield.
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