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SUMMARY

The changes of the concentration of iron in the growth substrates
and the sporophores of Agaricus bisporus (Iange) Pilat that occurred
during culture under standard commercial conditions, were observed
using atomic absorption spectrophotometry and iron-59 radiotracing
techniques.

The routes of translocation and sites of iron accumulation within
the sporophore were shown to alter during development and by the use
of novel, pelletised substrates the concentration of iron in the
mycelium of the substrates and in developing sporophores was observed
during culture. Findings indicated that the compost was the ma jor
source of iron and that the concentration of iron in the compost
mycelium varied cyclically in relation to thé periodic appearance of
sporophores. In the casing layer the mycelium is organised into
strands which are responsitle for the movement of iron from the
compost into developing sporophores.

A photograrhic technique for estimating spcrophere growth rates
showed that the accumulation of iron was not concomitant with SpPOro-
phore growth and this was attributable to a declining quantity of
avallable iron in the compost mycelium during sporophore growth.
Variations in the quantity of iron in sporophores resulted primarily
from differences in the quantity of water soluble iron in the compost
but, the productivity of the crop, the type of casing layer and
differences in watering also influenced sporophore composition.

Changes in the concentration of extractable iron in the compost
and casing layer throughout culture were related to mycelial activity
and to a lesser extent were influenced by watering and the bacterial
populations of the casing layer.

Thus, the findings of this study give some indication of the
relative importance that different cultural conditions exert over
sporophere composition together with demonstrations of the movement
of a single material within the sporophores and substrates during
the cultivation of Agaricus bisporus.
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INTRODUCTION

Edible mushrooms are usually considered in the U.K. for their value\

as a condiment and as, such, their potential nutritive value may be

of little significance. With increasing consumption and the trend

towards more vegetarian nutrition, however, it is increasingly

important to consider their/véer from a/nutfitional/standpoint.
Historically; varying 6pinibns'hQVe’béen"exbfésééa fegarding

the true nutritive value of edible/mushfooms:ffaﬁgiﬁg4from the‘

'vegetable beef steak' by some authors/tb:6fimin6r/nutritional

significance in the estimation of others., Since few definitiVe

studies conducted by competent nutritionists are available, liftle

is known about the true nutritive value of mushrooms. Most of the

data on the nutritional contribuﬁioﬁféf:@ﬁSEfééﬁé"fo:fhé human diet

have been derived from empifiééi deférﬁiﬁéfioﬁéjéf;musﬁfgbm composition,

and that is based almost exéiﬁSivelj’dn protein éoﬁfeﬁt/, The“information

on mushroom composition is at bést, diffiCulﬁ/tO'evaiﬁa%e in terms of

nutrition and minimal with respect to metals.

Tt is often impossible to compare results obtained by different

investigators working with the same species of mushroom since the
composition of a given species is affected by many variables. - These
Include; basic differences in strain characteristics, the complex and

on and

(R

variable nature of the growtﬁyéuﬁgt%atéé;Eiﬁé/ﬁethqaz6T4éultivat

the inherent inaccuracies of analytical methods. Additionally significant

compositional changes can occﬁfidﬁriﬂgftﬁéfgfbﬁthpaﬁd(&éﬁelopment of the

organism. It was on this premiSéwgﬁd,o ths/bééisfihat great compositional

variability exists in the published déﬁa,’tﬁét%é4thorough évaluation of\H ¥

the elemental\éoﬁpbéiﬁiOnﬁbf\Qéarious»biSpqrus should be undertaken.

Pure éul%uré Vegetativ@fgréwth stu ”have-been used to define'the .\




elemental requirement of this stage of growth. However, several
investigations have indicated the different nutritional requirements

of vegetative and reproductive growth. Thus, it is probably incorrect
to extrapolate such pure culture nutritional requirement studies to

the production of the sporophore crop. Additionally it has been
suggested that Inorganic and trace elements are unlikely to be limiting

factors in Agaricus bisporus nutrition, due to the relatively large

amounts of these elements present in the composts used in commercial
cultivation. It is, therefore, apparent that a full understanding of

the nutrition of Agaricus bisporus may only be gained through experi-

‘mental systems utilising substrates used in commercial cultivation.

Such studies have been restricted primarily because of the inherent
complexity and variability of the substrates, which are based on un-
sterile composted plant residues., Determinations of carbohydrate and
protein composition have generally failed to demonstrate clear trends

of compositional changes related either to sporophore development or
changes of cultural conditions. It was decided that the use of iron

as a tracing substance would permit investigations of the changes of
concentration of a single material in sporophores and substrates during
cultivation of the A. bisporus. Iron was chosen because it was known to
be present in sporophores at high concentfations in comparison with
other plant foods and mushrooms may, therefore, represent an important
source of iron in the vegetarian diet. The quantity of iron both in

the substrates and sporophores was of a sufficient level to facilitate
accurate determinations. In addition the radiocactive isotope, Iron-59,
has the necessary particle emission characteristics, particularly highly
active gamma radiation and a sufficiently long half-life to permit
experiments to be carried out over the long time-scales required for

the cultivation of Agaricus bisporus.

N




It was proposed that through the studyjofrthé“ﬁdyement of dron
within the substrates and the uptake of iron into the sporophore crop,

considerable information pertaining to the general in situ nutrition

of Agaricus bisporus would be obtained. Particular emphasis would be
placed on the determination of the relative importance.that various
environmental factors oontributezto the- compositional variability of
the sporophnores and  the ehanges of crop ebmpdsition assoéiated with

the growth and development of A. bisporus.







1,1 Background to the cultivation of Agaricus bisporus (Lange) Pilat,

The nutrients required for the growth and development of Agaricus
bisporus sporophores are provided in composts prepared from a mixture
of cereal straw and animal manure, During composting the ingredients
are subjected to a controlled thermophilic fermentation which includes
a pasteurisation procedure, It is a nutritionally balanced substrate

designed to favour the growth of Agaricus bisporus at the expense of

competing micro-organisms. All aspects of composting have recently
been reviewed by Hayes (1978),

In commercial practice, sufficient inoculwn of Agaricus bisporus

is provided to ensure the complete colonisation of the compost, at an
optimum temperature of 2400, within 14 days,

A casing layer of moist peat made al-:aline with chalk or limestone
is applied to the compost surface to a depth of four to six centimetres,
Comprehensiﬁe reviews of all aspects of casing materials are by
Hayes (1978), Steane (1979) and Yeo (1980). Mycelial growth into the
nutritionally poor casing layer is rapid and the surface is reached
after about seven days, The induction of sporophoxre formation in

Agaricus bisporus is brought about by lowering the temperature to

about 17OC and aerating in order to maintain a carbon dioxidé concen=
tration in the air of less than 015 percent, Under normal circum-
stances, the transition from the vegetative to the reproductive stage
of growth is completed within four days of the temperature and
ventilation adjustment,

Apart from the addition of water to maintain a moist casing
layer, the physical environment is not altered during cropping.
The crop is produced in "breaks" - a rhythmical appearance of
sporophores at intervals of’sevén to ten days., The number and total

weight of sporophores produced from a given culture declines in




successive breaks and in commerce only four to six breaks are
harvested. This decline has been associated with the depletion of
available nutrients in the compost and the accumulation of soluble

salts in the casing layer,

1.2 Growth Characteristics of Agaricus bisvorus.

1.201, Vegetative Growth,

An extensive mycelial network in the compost is a prerequisite

for the production of Agaricus bisporus sporaphores, The ramification

of hyphae throughout the nutrient rich substrate ensures the efficient
absorption of the nutrients made available by the activity of extra=-
cellular enzymes released from the mycelium,

The mycelial strand, has been described by Garrett (1954) as a
loose federation of hyphae increasing in thickness by accretion of
hyphae from the base, Hein (19%0a) observed that the strands of

Agaricus campestris began to develop from the inoculation point, but

only after most of the substrate had become colonised, Butler (1957)

studied the development of strands of Merulius lacrvmans on non-

nutrient substrateé° She observed that the growth of strands was
influenced by variations in the distance from the food base and that
strand development arose from a narrow region behind the advancing
mycelial margin, Watkinson (1971 and 1975) demonstrated that strand

induction in Serpula lacrimans was favoured by lower concentrations

of nutrients in the food base and observed the leakase of Carbon-14
containing substances from intact hyphae, which led to her suggestion
that these substances may play a part in strand initiation.

Weinhold (1965) showed that‘rhizomorpb production in Armillaria

mellea was induced by ethanol and related volatile compounds.




—

Mathew (1961) found that in Agaricus bisporus the development of

mycelial strands was inversely correlated with the concentration
of free nutrients in the food base and directly correlated with the
moisture content.e Hein (1930a) and¥Flegg (1962) also observed that
strand growth is more pronounced in composts and casings with a
high water content,

Long and Jacobs (1968) showed that the growth of hyphal strands

of Agaricus bisporus into casing material was a process requiring

carbon dioxide; the growth rate being proportional to the carbon
dioxide concentration of the surrounding air. Flegg (1962 énd 1967)
showed that the development of mycelial strands in the casing layer
was not dependent upon a well-established strand network in the
compost and that when the mycelial growth in casing layer was disturbed
a less dense network of strands formed., The earlier study of Garrett
(1954) had shown that the formation of new strands was inhibited by
the presence of older strands in the casing layer, Rasmussen (1959)
stated that the tendency of the mycelium in the casing layer to
re~anastomese was reduced once vegetative growth had given way to
reproductive growth. Thus, the conditions governing strand formation
have heen clarified by a number of studies,

In 1954 Garrett suggested that the strands of the cultivated
mushroom were an obvious means whereby nutrients are translocated,
from an old substrate, in the necessary concentration to provide
adequate inoculum potential, The pooling of nutrients fpom individual
hyphae enables the colonisation of more distant subsirates, Butler
(1958) showed that the diameter of originally wide strands diminished
as growth proceeded, possibly as a result of the utilization of
storage materials within the hyphae., Lambert (1962) noted that a

bundle of thick strands developed through an aperture between two
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separated sections of compost aﬁd concluded that the networks of
strands that developed were adapted to translocating nutrients,

The strands that develop in the substrates apparently function
as translocating structures between the mycelial network of the
compost and the developing reproductive structures at the surface

of the casin

162626 Reproductive Growth,.

Schwalb (1971) suggests that fructification in Schizophyllum
commune is a response to a slowdown in vegetative growth, However,
Tschierpe (1973) suggested that the slight inhibition of mycelial

growth observed in Agaricus bisvorus at the time of fructification,

was not the cause but, a consequence of the production of sporophores,
Flegg (1980) provided evidence to support this view because at
higher temperatures, and therefore, at a higher growih rate, he
found that greater numbers of 'initials' were produced.
The initial appearance of the reproductive structures of

Agaricus bisporus is the formation of small nodules at or near the
>3

casing surface., These 'initials', as identitied by Hein (1950a),
occur usually by tﬁe thickening of the lateral branches of mycelial
strands. The !primordium' represents a more advanced stage of
development, It is characterised by a constriction around the
equator, which gives a visible distdmstion between the parts that
are destined to become the stipe and the pileus of the mature
sporophore. Hein observed that more primordia form thanlactually
develop to maturity, Flegg (1980) reﬁorted that prior to the first
harvest, tﬁe number of 'initials' was at a maximum, The number
declined more or less steadily throughout cropping, and Flegg

inferred that the sporophores of successive breaks develop from




'Initials' formed prior to the harvest of the first flush,
Following a short pause, the phase of expansion and maturation
proceeds. Bonner et al. (1956) reviewed the early studies of

morphogenesis in Agaricus bisporus., As a result of their studies

they concluded that "All major problems of mapping out the overall
shape of the mushroom and the laying dowm of the majority of the
cells is done at a very early stage and that the subsequent increase
in size is merely the expansion of specific parts of this preformed
bud, which involves the sucking up of nutrient materials from the
soil mycelium,"

There is virtually no knowledge of the mechanisms controlling
the periodic production of sporophores, which appear successively
after increasing intervals of time, AThe decline in productivity of
cultures with time is thought to be the result of nutrient depletion
in the compost., In addition, the changes observed in the casing
layer, particularly the build up of salls and the reduction of water
retention capacity, may contribute to the decline in sporophore

formation,

1.3 The Nutrition of Agaricus bisporus,

Considering the vast amount of knowledge concerning the

production of the cultivated mushroom Azaricus bisporus it is

Burprising that so little is known of this organisms' requirement
for and utilization of nutrients. The numerous approaches that have

been adopted by researchers studying Agaricus bisvorus nutrition

were reviewed by Hayes (1978)

le3ele Pure Culture Studies

The complex nature of the growing media used in commerce imposes




major difficulties in defining the minimal nutritional requirements
for the growth and development of the sporophore. The most important
and comprehensive nutritional requirement studies are those of
Treschow (1944) and Bohus (1959)° However, these relate only to the
production of the mycelium in pure, submerged culture. In a limited
study of the trace element requirements Treschow found that iron was
essential for mycelial growth, It may be miisleading to extrapolate
the results of such studies even to the establishment of the

vegetative phase of growth quite apart from the production of

sporophores, A Petri-plate study by Hayes (1972) confirmed that
the requirements for vegetative growth and primordium formation are

different.

1.%3.26 Partially Sterile Cultures,

Bretzloff (196%) and Smith and Hayes (1972) devised similar
techniques in which nutrient media of known composition were applied

to inert carriers., After colonisation with Azaricus bisporus

mycelium an appropriate non-sterile casing material was applied,
Because of the requirement for complex nutrients and the nature of
the substrates, problems in defining precise nutrient requirements
were encountered. However, Smith and Hayes demonstrated that the
yvield of sporovhores produced was related to the concentration of
nutrients‘in the liquid medium., Z2retzloff found that a trace
element mixture gave slight increases in the yield and number of

sporophores produced,

le3e30 Changes of Commost Constituents,

The earlier works of Waksman and Burrows together with others

were reviewed by Gerrits et al, (1967), In most of these studies




the changes of carbon and nitrogen containing materials were analysed,

However, Bretzloff and Fleugel (1962) observed the changes of total

and ammonium acetate extractable P, K, Ca, Mg and Na. Gerrits et ale

(1967) showed that lignin is utilized during the mycelial colonization
of the compost, while during the production of sporophores cellulose
and pentosan were utilized. The enzyme studies of Turner (1974),

Wood (1977), Wood and Goodenough (1977) and Ciovannozzi-Sermanni
Ei_él°(1979 showed that there was a steady increase in extracellular
laccase (a lignin degrading enzyme) during mycelial colonization of
the compost. After sporophore initiation the level of laccase fell

and remained low throughout fruiting, Decline in the activity at

fruiting might be due to a cessation of laccase synthesis and Woods!
(1980) findings indicate that inactivation of the enzyme OCCUrs,
primarily by irreversible inhibition followed by protein degradétion.
Turner (1974) observed increased tyrosinase activity at the time of
the appearance of the reproductive pnase, particularly in the casing
soil, Tyrosinase (also a lignin degrading enzyme) may be inhibited

in the compost by the presence of phenolic products of laccase

activity, so that the decrease of laccase activity will allow the
observed increase of tyrosinase activity, Turner et al, (1975) and
Wood and Goodenough (1977) demonstrated that cellulose activity
increases at the time of fruiting, but Giovarmozzi-Sermanni et al.
(1979) found no such increase. Wood (1979) observed no marked changes
in the activity of a number of other enzymes,

The physiological roles of enzymes produced during mycelial
growth and sporophore production are difficult to interpret, but the

suggestion made by Gerrits et ale in 1967 is not contradicted by the

enzyme studies that have been done since then, He proposed that the

nutritional pattern of the mycelium undergoes a shift from the
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preferential utilization of lignin and protein polymers (which frees
high molecular weight carbohydrates) during mycelial growth to
cellulose and hemicellulose (required in the construction of large

sporophores) utilization when fruiting is initiated.

1o3e4e Nutrient Supplementation of Comvosts,

Applying nutrients to composts subsequent to spawning has been
used as a means of studying the nutrition of the crop, notably by
Schisler and co~workers at Pennsylvania State University. They and
other researchers observed the stimulating effect on yield given by
the addition of a range of vegetable materials and products, Adding
nutrients to the compost may benefit the mushroom either directly or
by stimulating the growth and activity of the microflora in the
substrate. Gerrits (1970) suggested that because of their relative
abundance in the compost, inorganic elements are unlikely to be

limiting in the nutrition of Agaricus bisporus. However, Stoller

(1954) suggested that a mixture of trace elements should be added

to synthetic composts.

1e3e5H6 Compogition of the crop

A number of researchers have attempted to relate the composition
of the sporophore to its nutritional requirement., This is considered
an acceptable method in défining the elemental requirement of the
crop. However, the substances detected in the sporophore are not
necessarily required, but may be the result of passive uptake of
other materials into the sporophore. In addition the majority of
researchers have studied organic substances that are metabolized
in the organism., These studies provide no information on the

essentiality of these nutrients or whether thev aremerely metabolic
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by-productss,

1e3.6e Mathematical Modelling,

Chanter and Thornley (1978) devised a mathematical model for the
mycelial growth and the initiation and growth of sporophores of a
mushroom crop. Several assumptions had to be made in order to
construct the model, the main assumption being that the initiation
and growth of sporophores are regulated by the density of a single
substance in the mycelium. They found that in its guelitative

behaviour, the model agreed reasonably well with real crop behaviour,

The nutrition of Agaricus bisporus is of fundamental importance

in the production of the crop. In his review, Flegg (1961a)
concluded that, "It is clear that further reseazch on all of the
major aspects of the compost is required, The greatest bar to
progress is our ignorance of the nutritional requirements of the

mushroom for fruiting." In another review of Agaricus bisporus

nutrition, Hayes (1975) concluded that, "despite our existing

knowledge of nutritional aspects concerning carbon and nitrogen

nutrition, there still remains a serious gap in our knowledge

relating to the mineral nutrition of Agaricus bisporus.”

1.4 Fructification of Agaricus bisvorus.

The application of a casing layer is obligatory to the
production of sporophores in the commercial cultivation of Agaricus
bisporus, In 1959 Tschierpe postulated that the function of the
casing was to produce a carbon dioxide gradient between the compost
and the'air. Tschierpe énd Sinden (1964) and Long and Jacobs (1968)

found that in normal casing layers maximum sporophore initiation occurs

between 0,0% and 0.1 percent carbon dioxide in the air. Mader
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(1943) concluded from his studies that an unsaturated hydrocarbon
and not carbon dioxide was responsible for the stimulation of
fructification when present in small amounts, yet at higher concen-
trations this volatile arrested sporophore growth, In the early
1950's Stoller (reiterated in Stoller, 1979) hypothesised the
existence of volatile substances, later named as quinones which are
produced from lignin breakdown in the compost, which inhibit
fructification, He surmised that the function of the casing layer
was to provide an alkaline oxygenated medium where these volatiles
were destroyed. A similar view was expressed by Schisler (1957),
who proposed the existence of a high mdecular weight hormone-like
substance cf low volatility produced by the compost mycelium, The
casing layer functions to inhibit the volatilisation and/or diffusion
of this substance sufficiently as to allow fructification. Lockérd
{1962 and 1967), Tschierpe and Sinden (1965) and Turner et al. (1975)
have identified several volatile metabolites produced by tne mycelium,
Turner et al, (1975) concluded that ethylene was the only gas showing
a pattern of production corresponding to cropping. Tschierpe and
Sinden (1965) could not detect any effect on fructification ox
strand formation when a number of the isolated volatiles were applied
to mushroom cultures,

sger (1961) using the 'Halbschalentest'. in which axenic compost
and sterile casing are placed in different halves of a divided
Petri-dish, showed that only unsterilised casing or autoclaved casing
inoculated with a suspension of a productive casing induced fructifi-
cation, Eger (1963) showed that the presence of too many bacteria
stop mycelial growth. She suggested that the initiation of
fructification may be corrected with this growth stoppage. Anumber

of studies (Urayama (1961 and 1967), Curto and Favelli (1972) and
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Margheri and Vassilacakis (1977)) have reported increases of yield
and initiation when a range of micro-organisms are applied to the
substrates,

Hayes et al, (1969) demonstrated that Pseudomonas putida and

Group IV Pseudomonads in peat based casing soils stimulated sporophore

initiation. Hume and Hayes (1972) and Arrold (1072) chowed th

agar media, the production of sporophore primordia was facilitated

by the interaction of-the mycelium with the bacterium Pseudomonas
putida, Park and Agnihotri (1969) showed that the initiation of
sporophores was triggered by the metabolites.of soil-~inhabiting
bacteria and that the ability to induce initiation véried considerably
within species and isolates of bacteria. Hayes and Nair (1976)

found that the numbers of Pseudomonads were greatly increased in

atmospheres enriched with ethanol, one of the volatiles found to be
emitted by the mycelium,

Eger (1972), Couvy (1974) and Cresswell and Hayes (1979) observed
that the greatest bacterial activity in casing soils occurs at about
the time of s¢porophore initiation, However, changes in the bacterial
population could not be related to any particular stage of growth

of Agaricus bisvorus,

The studies of Mader (1943) Eger (1972, in a review of her
earlier studies), Loug and Jacobs (1974), angeli=-Couvy (1975),
Peerally (1979) and Stoller (1979) showed that activated charcoal
appears to exert a similar influence to that of bacteria and permit
the formation of primordia., The results of these studies appear to
support the original pronosal of Mader (1945) that fructification
is controlled by the continuous removal of inhibitory metabolites

leaked or secreted from the hyphal tivs.
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Nair and Hayes (1975> established an interaction between the
degree of aeration of a casing soil and the activity of Pseudomonads
in the casing layer., In addition, higher yields of sporophores were
produced when high levels of Pseudomonads were found in the casing
soil. Nair et al, (1976) found that at lower levels of bicarbonate

in the casing layer, the numbers of Pseudomonads were greater and

there was a percentage increase in the numbers of bacteria capable

of reducing ferric ion., Hayes (1972) found that primordia form
sporadically on malt extract agar., He found that some metals, zinc,
tin and manganese, were inhibitory to ;ggzéfgg#é‘formation at one
part per million, but several iron-containing compounds stimulated
primordium formation at ten parts per million, When ferrous salts
were applied to the casing layer Hayés (1972), Kaul and Kachroo (1976)
and Anon (1974) found that the number of primordia and yields of
sporophores were increased. Hayes suggested that iron waé complexed

by the natural chelating agents of the organic matter in the casing

soll and that Pseudomonas putida or similar organisms function to

release iron for the purposes of growth associated with fructification,
Hayes (1974) furthgr postulated that the zones of differing aeration
in the casing layer may create conditions of oxygen stress under

which Pseudomonads might be expected to reduce iron, This may be of
significance as regards the relative location of sporophores within

the casing layer.

Using a strain of Agaricus bisporus that prcduced primordia on
malt agar Wood (1976) found that the number of primordia that
developed was regulated by the agar source, the pH, the carbohydrate
sources and the carbon dioxide concentration., He found that the
formation of primordia was not stimulated by the addition of live

suspensions or culture filtrates of Pseudomonas putida or other
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bacteria, iron salts or iron binding compounds.
Eger (1965 and 6), Rusmin and Leonard (1978) and Urayama (1971)

have all shown that extracts and pieces of tissue of Agaricus bisporus

stimulate initiation of basidiocarp formation in several basidiomycetes,
The stimulative factors are water soluble und heat stable, but show

no stimulative effect on the mycelium of Agaricus bisporus.

Hussain (Personal Communication) has obtained increased primor-

dium initiation of Agaricus bisporus on malt agar using a range of

phytohormones, Gibberelic acid was the most effective single hormone,
Both he and Giovannozzi-Sermanni et al, (1976) have shown a concomitant
rise in phytohormones and an increased bacterial population of the
casing layer and compost respectively at about the +time of initiation
of the sporophores. Stanek (1969, 1972 and 1974) showed that
thermophilic actinomycetes and cellulose decomposing thermotolerant

fungi and bacteria that grow in the vicinity of Agaricus bisporus

mycelium in the compost, produce polysaccharides apd vitamins which
stimulate the growth of the mycelium,

It is a long held view that the initiation of sporophcre
formation is a response to the extremes of nutritional status presented
by the compost and fhe casing layer but, there is surprisingly little
evidence that either supports or refutes this view, Using agar
media Couvy (1972) demonstrated the initiation of primordia on a
nutritionally 'poor' medium connected by mycelial strands to a 'rich'
medium Flegg (1958) added simple organic nutrients or compost to the
casing soil and obtained no detrimental effect on the yieid of
sporophores produced, although initiation was delayed, He suggested
that sporophore initiation was not related to a difference between
the nutritional status of the two substrates, Flegg (1979) showed

that when each half of a compost were cased at different times, the
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earlier-cased portion became more strongly colonised by mycelium
and produced more sporophores than the other half. He suggested
that this dominance was a result of the competition for available
nutrients between the mycelium in each half. Using sporophore
transplantation experiments Sinden et al, (1962) showed that maturing
primordia suppress the development and formation of other primordia,
They suggested that this inhibition is not primarily due to the
monopolisation of nutritional reserves, but is possibly a hormonal
action., They conclude that the initiation of fructification and the
growth of sporophores are two totally different phencmena governed
by different factors,.

Taking into account all knowledge of the formation of the
sporophore, we can construct an overall description of the processes
involved in and governing the initiation and gréwth of sporophorés,

The growth of the mycelium is erhanced by the optimum temperature
and high carbon dioxide concentration, This allows the build up of
nutrients within the mycelium., The change in environmental conditions,
by lowering the temperature and carbon dioxide concentration and
increasing the rate of evaporation allows initiation to occur. The
remceval of inhibiting substances and/or production of stimulants by
the bacterial population of the casing layer is also critical in the
initiation process. Initials in the most favourable positions
preferentially receive nutrients accumulated in the compost mycelium
and the croﬁ develops at the expense of these accumulated nutrients.
Once the sporophores are harvested the mycelium starts to accumulate
materials in readiness for the next break of sporophores, The time
taken for this build up of nutrients increases because the nutrients

become scarcer as they are removed from the compost by the crope.
Yy I I
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1.5 The Nutritional Basis of Fungal Morphogenesis

It is perhaps paradoxical that few morphogenic studies have been
on the basidiomycete sporophore even though it is the largest
regularly shaped fungus structure and many species have been induced
to fruit in the laboratory, although not all on synthetic media.

< BT 1
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(1951), Taber (1966) and Volz & Beneke (1969). The latter emphasised
the importance of the nutritional regulation of sporophore formation
and they concluded that in the majority of investigations the use of
randomly selected, complex media has confined our knowledge of the
nutritional requirements for fructification to a few species only.
Generally, the optimum concentration of the medium is almost

always lower for fructification than for vegetative growth., The
Y I3

perithecial initiation inGnomonia fructicola has been shown by

McOnie et ai. (1966) to ve dependent on glucose exhaustion and

Robert (1977) found that primordial initiation in Coprinus congregatus

occurred when glucose in the medium became depleted, vA recurrent
concept in the study of fruiting in fungi is to consider growth and
reproduction as opposing phenomena, one predominating at the expense
of the other, A speculation as to this role is as follows:
endogenous nutrients accumulate during primary growth this continues
until a critical exogenous nutrient becomes limiting, thereis then
"a cessation of primary growth., Secondary growth is then initiated
and proceeds along the line dictated by the genetic constitution.,
Endogenous nutrients, and perhaps some exogenous ones, are then
used in respiration and the synthesis of the secondary hyphae which
will make up the fruit body, If this hypothesis is correct, then
it should be possible to deﬁect changes in the content and extent

of growth of the primary mycelium.
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During the growth and ageing of the mycelium of Agaricus bisporus

Tsai et 21.(1974) observed decreases in the amounts of carbohydrate,

amino acid, RNA, DNA and proteins, However, this may be represent-
ative only of vegetative mycelia grown on agar media. In fungi that

do fruit in plate culture (Rhizoctonia solani and Sclerotium bataticola)

Molitoris_gﬁ_gl.(l969) found that the dry weight and content of
storage material of the mycelium increased with age, In Phallus
imnudicus‘Grainger (1962) showed that rhizomorphs of different diameter
were relatively uniform in chemical composition and that rhizomorphs
without a fructification attached, had appreciably higher contents

of total carbonydrate, fat, nitrogenous substances, ash and solids

than rhizomorphs of the same diameter attached to afructification.
From his observations in the field, Grainger suggested that a major
portion of the five grams dry weight involved in the average fructi-
fication is transferred from the rhizomorphs in about 24 hours, This
represents a considerable feat in nutrient transport,

The construction of a large sporophore clearly requires a
considerable reserve of material on which to draw during development,

As a consequence sporophores do not usually arise until a fairly

extensive vegetative mycelium has developed. Frequently sporophores
are found to be attached to the appropriate food bases by well
developed strands or rhizomorphs. In the plate culture of Coprinus
cinereus Madelin (1956 and 1960) has shown that hyphae immersed in

the agar swell and stain heavily with I/KI solutions ane sporophores
begin to develop, the swollen cells of the mycelium vacuolate and

lose their dense contents, He interprets this as suggestive evidence
for the storage of glycogen followed by its transfer to the sporophore,

1

He demonstrated a direct transfer of materials by following the changes

in dry weight, of the mycelium and sporophore over a 17~day period,
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during which a crop developed, deliquesced and a new crop began.,
During days 12-13 the increase in the sporophore wveight was almost

exactly equalled by a loss in the weight of vegetative mycelium,

This is in keeping with Bonner's observation that the linearity of
a dry weight/wet weight plot during the elongation of the Agaricus
bisporus sporophore, represents translocation both of water and
materials (Bonner et al., 1956),

Madelin also investigated the factors which governed distribution
of sporophore on a plate colony. He adopted a suggestion of Hein's

(1950b) concerning the abortion of sporophores in commercial mushrocm

beds, Namely that some primordia would be more favourably placed
than others, through slight differences in their times of initiation
for instance, to initiate a flow of nutrients in their direction and,
therefore, away from the other primordia. His fesults show cleérly
that material is drawn uniformly from all parts of the mycelium but,
only transported to certain sporophores., The distribution of the
maturing sporophores was affected by an unknown internal mechanisme

A study by Wessels (1965) of Schizophyllum commune is still the

most detailed biochemical investigation of sporophore morphogenesis
available, He found that the aggregation of hyphae to form initials
requires the availability of exogenous nutrients and that environ-
mental factors, particularly elevated temperatures and CO2 concen=
trations, have a profound influence on the formative process, The
growth of primordia is characterised by a thickening of the hyphal
walls by polysaccharide accumulation and is strictly dependent on
an external carbon source, The vegetative mycelium supplies the

nitrogenous compounds necessary for the growth of primordia., The

expanding pilei draw completely upon the stunted sporophores and

stroma for the supply of nutrients. Hydrolysis of cell wall R-glucans
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in these structures provides a low but continuous supply of glucose,
Wessels concluded that the whole morphogenetic system may be regarded
as a system in which particular structures areproduced in sequence,
each structure providing the substrate for the following. Thus, the
distinction between reserve and structural constituents has now
become rather meaningless,

Support for the results obtained by Wessels has been provided by

Kitamoto et al, (1974) with the organism Favolus arcularius, They

show that the sequence bf nutrient utilisation was the same in both
organisms., In addition, ﬁhey observed that the feeding of exogenous
nitrogen sources into the medium, prior to initiation, was inhibitory'
to the initiation and development of the sporophores.,

Vakita (1958) found that trehalose disappeared from the mycelium

of Flamnulina velutipes during fruit body growth., In Coprinus

congregatus, Robert (1977 a and b) found that the primardia developed
and the stipe expanded at the expense of carbohydrates accumilated
during vegetative growth., Pileus maturation then utilises carbohydrates
accunulated in the stipe, Trehalose has been shown to accumulate in

the stipe of Coprimus lagopus by Reo and Niederpruem (1969) Kitamoto

and Gruen (1976) showed that glycogen was the main storage carbohydrate
in the mycelium and that this is broken down during the growth of

larger fruitbodies of Flammulina velutives. Trehalose, arabitol and

mannitol were the low molecular weight carbohydrates translocated

into and stored in the basidiocarps. McLaughlin (1974) states that

it seems probable that much of the glycogen transported to the primordia
of Covrinus is not finally uilized until the differentiation of the

hymenium, Gruen and Wu (1972 a and b) with Flammulina velutipes

and Bret (1977) with Coprinus congregatus have shown that elongation

of the stipe is dependent on the presence of both the pileus and
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the vegetative mycelium throughout sporophore development,

Studies of changes in the composition, during morphogenesis,

of the cultivated mushroom have been hampered primarily because of the
inability to produce mature sporophores using agar culture methods.,
The majoritybof reports concern the changes of carbon and nitrogen
containing substances during the growth of a mushroom crop; but
several researchers have compared vegetative mycelium grown on agar
with compost grown sporophores,

Hammond and Nichols (1977) suggested that glucose, fructose,
trehalose and mannitol are all mobile in the sporophore, Glycogen

(Hammond & Nichols, 1976b) and Mannitol (Rast, 1965, McComnell and

Esselen, 1947 and Hammond aqd Nichols, 1976a) accumulate in the
sporophore, particularly the pileus,‘during growvth, 40% of the dry
weight of the mature sporophores is mannitol (Dutsch and Rast 1972)
formed almost exclusively from fructose (Dutsch and Rast, 1969 and
Hammond and Nichols, 1977). Trehalose (Rast, 1965) and Fructose
(Lin et al., 1975) are found at higher concentrations in small
mushrooms than in later stages, No major qualitative differences

were found by Byrne and Brennan (1975) between the lipids of

vegetative and reproductive growth; although Holtz and Schisler
(1971) observed the accumulation of free sterol in sporophores.,
Turchetto et al. (1977) found no differences of water and lipids
either amongst the different components of a mushroom sporophore or
successive stages of development, Paranjpe and Chen (1972) and
Paranjpe (1979) have shown that primordia contained greater amounts
of soluble proteins and phenolic substances than more mature
sporophores and mycelium and that more of these substances are
situated in the pileus than in the stipe., Haddad (1977), Maggioni

et al, (1968), Latche et al, (1975), Kissmeyer-Nielsen et al, (1966)
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and Hughes and Rhodes (1959) have studied the changes of a number of
substances, particularly nitrogenous substances and amino acids in

sporophores with respect to successive crops, A comparison between

the results show many inconsistences in the amino acid profiles and
generally no conclusions can be drawn about the changes observed,
Parrish gj_gl,(1976) observed a direct relationship between
fluctuation in yield and mannitol content of the sporophores, They
attribute this to changes in the metabolic activity of the organism,
Once formed the basidiomycete sporophore exhibits certain growth
phenomena indicative of a hormone (or some form of endogenous growth

regulator) - mediated response, The direction of sporophore growth

in Agaricus bisporus is influenced by a growth-promoting substance

according to Hagimoto and Konishi (1959) and Gruen (1965). They have
confirmed that the hymenium is the site of production of the gro&th
regulating substance(s) and from here they are translocated to the
pileus and stipe. Pegg (1975) has isolated Gibberelin - like
substances in the sporophore. Turner et _al, (1975) observed that in
contrast to other volatiles produced from mushroom beds, ethylene

(a phytohormone ) production appeared to be related to the reproductive

phase of the crop, Bursts‘of ethylene production have been shown

by Wood and Hammond (1977) and Ward et al.(1978) to be produced by

the mycelium, This production coincided with *the change of hymenial
colour from pink to brown at each break.. However, there is no evidence
of a regulatory role of ethylene in the growth or development of

Agaricus bisporus, Tschierpe (1959) and Turner (1977) have shown

that high concentrations of carbon dioxide allow elongation of the
stipe, whereas the expansion of the pileus and ripening of the hymenium

are favoured by the removal of carbon dioxide,
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Thus, a variety of ohanges'in carbohydrates, sterols, ilipids
and nitrogenous compounds may be associated with sporophore develop-
ment, but in the majority of cases they have not been related to any
specific morphogenetic process, That external physical forces play
a role in determining basidiomycete form is unquestionable but, just
how they interact with metabolic processes within the cell is

compietely unknown,

1,6 Translocation in the vegetative mveelium,

The most recent and comprehensive reviews of translocation in
fungi are those by Jennings (1976), Hill (1965), Burnett (1976) and
Wilcoxson and Sudia (1968), The latter list a large number of studies
which have demonstrated translocation in fungi, mostly using radio-
active substances, Almost without exception, the researchers merely
report that the fungi they have used, have the ability to translocate.
Petri-plate techniques of growing fungi have been used in the majority
of studies and because of the conditions of the environment, structure
of the substrate and the nutrient availability,it is questionable
if this system repfesents the conditions encountered in nature,

Read and Stribley (1975) suggest that of the many experimental methods
used, ﬁost prove to be reliable, although some earlier works may

have been demonstrating diffusion through the medium and capillary
movement between hyphae rather than translocation within hyphae,

Remarkably, the first study of any significance on fungal trans-
location was only reported by Schiitte in 1956, He divided fungi into
two groups, those capable of translocation and those incapable, on
the basis of their ability or inability to grow onto a deficient

mediume This pioneering study has been followed by many others,

2k



using essentially the same techﬁique but, with radiocactive materials
to detect translocationf Thrower and Thrower (1961), reported both
translocating and non-translocating fungi as well as species with

an indeterminate ability to translocate, When this work was repeated
using labelled nutrients they (Thrower and Thrower, 1968a) found that
translocation could occur through the mycelium of both colonizing ang
non-colonizing fungi, It is suggested that the movement of nutrients
is adaptive to some extent, because Bokhary and Cooke (1974) have
showm that labelled nutrients were moved more rapidly when the

mycelium of Phytophthora cactorum colenized a deficient mediun,

than when it colonized a nutrient medium,

The translocation of labelled glucose in the mycelium of

Rhizoctonia solani has been studied by Milne & Cooke (1969), They
demonstrated that the translocation occurs both %owards and away
from the hyphal tips, although it was less effective in ‘the latter
direction, Within 24 hours of application most of the Carbon-14
labelled glucose became metabolized to trehalose and then into a
soluble glucan, In their turn, these compounds became increasingly
converted to ethasolfinsoluble compounds which were presumably
storage or structural polysaccharides, The apical margin, the
younger part of the mycelium, was a persistent site of progressive
accumulation of these compounds, The studies by Smith (1966 and
1967) and Lewis and Harley (1965) of carbohydrate translocation in

the mycelium of Rhizopus repens and an ectotrophic beech mycorrhiza,

respectively, provided suggestive evidence that trehalose was the
form in which carbohydrates are translocated within the mycelium,
However, Bokhary and Cooke'(1974)showed that glucose was the mzjor

translocatory carbohydrate in Phytophthors cactorum,
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Monson and Sudia (1965> demonstrated that bidirectional trans-
location of Zn-65, S=3%5 and Sr-89 between the young and old parts of

an established mycelium occurs in Rhizoctonia solani. In more

extensive studies using Phosphorus-32, they showed clearly that young
byphal tips absorb and translocate more phosphorus than do the older
hyphae. Jn 1960 Lucas found that Phosphorus was not translocated

through an established mycelium of Rhizoous stolonifer, As the

result of a later study, Lyon and Lucas (1969) proposed that the
translocation of phosphorus is the result of the mycelial metabolism,
They also showed that phosphorus is translocated in the form of
orthophosphate, However, translocation and growth are not always
necessarily directly linked. Both Milne and Cooke (1969) and Bokhary
and Cooke (1974) have shown that the maximum translocation of
carbohydrates occurs at a lower temperature than is the optimum for
mycelial growth,

r

From their studies of Rhizoctonis solani, Littlefield et al,

(1965a) suggested that the amount of phosphorus - 32 translocated
was inversely proportional to the distance travelled from the source
and thus implying that transport is by diffusion., Support for the
view that translocation is a diffusive process has been claimed by
Cowan et al, (1972 a and b) who investigated the movement of

1

Potassium - 42 in the sporangiophores and mycelium of Phycomyces

blakesleeanus, In the mycelium, translocation towards the apex was

almost three times more rapid than in the opposite direction, whether
or not there was a difference in the external Potassium concentration
between the ends., They showed that their calculated values for the
inherent electrical potential gradients were plausible and hence

saw no reason to contemplate any motive force other than diffusion.

However, Jennings (1976) argued that very high concentration gradients
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would have to exist, to account for the movement of some materials

through the mycelium. Using data from Butler's (1957) experiments

and his own unpublished results of studies on Sermula lacrymans

& strands.  Jennings suggested that the existence of a pressure driven
bulk-flow system seems likely. Fruiting requires an ovbligatory large
volume of mycelium in whic!: the build-up of high concentrations of

materials could create sufficient pressure loading to drive the

system, The appearance of drops of liquid at the hyphal tips mnay
indicate the operation of this system,
Garrett (1956) proposed that hyphal aggregations, in the forms

of rhizomorphs and strands, are an advantage when attacking a new

substrate by permitting the fungus to translocate nutrients from a

food base on which it is established, *to the new substrate. Bokhary

and Cooke (1974) showed that the growth rate of the fungus across

)

a non-nutrient substrate is proportional to the size of the food
base, Garrett further suggested that the movement of substances
through rhizomorphs must be efficient because some have found to be
extremely long and to extend through environments not likely to

support fungus growth. Weigl and Ziegler (1960) found little or

no evidence of the uptake of Phosphorus - 32 by the strand hyphae

of Serpula lacrymans and from this they concluded that these organs

seem to be especially specialized for translocation, The translocation
of both Phosphorus - 32 and Carbon - 14 labelled compounds was
inhibited by low temperature and oxygen tension, thus providing
evidence that metabolic processes are involved, Watkinsén (1971)

also using Serpula lacrymans, was able to demonstrate the translocation

of Carbon -14 containing substances through strands between old and
new food bases, She also proposed that Carbon =14 containing

substances lost from intact hyphae were involved in the induction
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of strand formation. Both Lucas (1960) and Grossbard and Stranks
(1959) found that there was no appreciable exchange of FPhosphorus-32

and Cobalt-60, respectively, between the mycelium and the mediwm,

Schitte (1956) using fluorescein dye, demonstrated translocation in
the subterranean mycelia of fairy rings both towards and into the

sporophores of several species,

The ability of the mycelium of Agaricus bisporus to transport

materials large distances through a commercial bed has been demon-
strated by Lambert (196%) and Nielsen & Rasmussen (1963)s The latter
showed that sporophore yield could be correlated with the dry weight

of compost up to 1.8 metres in depth, These results indicate that

nutrients are transported through this depth of substrate,

1,7 Translocation into microscopic fruitine structures.

In 1959 Grossbard and Stranks and Abbot and Grove found that
Cobalt =60 and 2:3:5 - Triphenyl tetrazolium chloride respectively,
were translocated to and accumulated in sporangia. Later, Thrower

and Thrower (1968b), showed that markedly greater quantities of

labelled nutrients were present in reproductive structures than in
the vegetative mycelium of all fungi that they investigated., Melin
and Niléson (1958) discovered that the rate of transferrence of
nutritive elements from a mycorrhizal fungus to its' host was
affected by the rate of host transpiration. In an investigation of
the potassium translocation in sporangiophores of Phycomyces

blakeslceanus Cowan et al.(1972¢) found that the translocation of

Potassium -42 was against an internal potassium concentration

gradient and that the rate of accumulation was about ten times

greater than would be expected by diffusion alone, They discovered

that the concentration of potassium in the sporangiophores increased
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with evapotranspiration and Suggést that the evaporation pull caused
by these aerial structures can be a powerful factor in determining

the rates of translocation,.

1.8 Translocation in Sporophores,

Both Roberts (1950) and Schiltte (1956) used dyes to show that
some sporophores had distinct translocating zones. They showed that
the rate of translocation varied with the size and age of the
sporophores and the humidity ceonditions of the atmosphere, In young
fructifications-translocation took place in saturated air. Studies

of Lentinus tigrinus and Collybia velutipes by Littlefield (1966)

and Littlefield et al, (1963 and 1965) showed that as the Lentinus
Iigrinus sporophore expands, the path of translocation becomes
restricted to the morphologically specialized, central,.translocating
zone, This zone is also characterised by possessing a greater oxygen
consumpticn than the cells of the cortex. Translocation was shown

to be sensitiveito relative humidity, but not impeded by high relative
humidity. When the sporophores were killed, translocation ceased,

In Agaricus bisvorus Konishi (1967) autoradiographically, using

Carbon -14 labelled glycine and serine, showed that translocation
occurred both upwards and downwards in the sporopvhore, depending
where abouts the label was applied. Rast (1966) demonstrated that

the mannitol transport of the Agaricus bisporus sporophore proceeds

through two distinct routes, Two similar routes of phosphate
transport were observed by Kulaev et ale (1960) and Kritsky et al,
(1965a and 1965b). One route, characterized by a higher rate of
phosphate flow and mainly of acid soluble phosphorus compounds,

led from the stipe via the annulus to the pellicle of the pileus,
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The other route, of lower intensity and effected through orthophosvhate,

is from the stipe immediately to the hymenium,

Viral diseases of Agaricus bisporus appear to spread most
P

rapidly when the mycelium is actively growing and stop when the
substrate is fully colonized or when fruiting begins., The infectious
principle for the disease is in the living hyphae of the fungus and
can readily be transferred to healthy hyphae, Van Zaayen (1972)

observed virus particles in all tissues of the Azaricus bisoorus

sporophore and the presence of these particles in the dolipores
suggests cell to cell translocation. Last et~a1. (1967) demonstrated

that diseases caused by smaller virus particles spread more rapidly

than diseases due to larger particles.

1,9 Transpiration in Sporophores.

Plunkett (1958) revealed a striking relationship between trans-

location and growth in Polyporus brumalis, The promotion of pileus

formation by heightened evaporating conditions is shown to be

associated with enhanced translocation rates into the sporophore,

He was able to demonstrate a reasonably close correlation between
the observed rate of transpiration and the movement of dyes aﬁd dry
matter into the developing sporophore, Schiltte (1956) had also
noticed the effect of relative humidity on the translocation rates
of dyes. By applying Vaseline to the surface of the sporophéres he
calculated that thelymenial surfaces are responsible for about two
thirds of the water loss from the whole sporophore, Schlitte (1961)
also showed that the water losses from agaric fructifications were

crnsiderable, even when the atmosphere was saturated., Littlefield

et al, (1965b) found that up to ten times more phosphorus -~32 was

translocated by sporophores of Lentinus tisrinus in dry air than in

ZN0



water saturated air. Zoberi (1972) demonstrated that in a number of

agaric sporophores, transpiration was showm to decrease with increasing

atmospheric humidity, so that in nearly saturated air there is
virtually no transpiration, Using detached sporophores both Schiltte
(1961) and Zoberi (1972) found that uptake into the sporophore
proceeds as long as the sporophore is young and healthy, San Antonio
and Flegg (1964) obtained no evidence of a progressive decrease of
transpiration from rapidly growing and developing sporophores of

Agaricus bisporus, They found that under different conditions of

temperature and relative humidity, the transpiration per unit area

of the sporophore surface was equivalent to evaporation from a free-

water surface, There was no indication of a marked increase in
water loss at veil break, and they estimated that during development

up to the open-veil stage, the quantity of water transpired was equal

to half of the fresh weight of the spororhore. Moser (1962) observed

that increased transpiration rates were the result of increases in

the velocity of air currents to which the sporophores were subjected,
Although translocation does occur when transpiration is unlikely,

conditions that favour transpiration also favour translocation,

The transpiration stream may therefore, be an important translocatory
mechanism, Russell and Shorrocks (1959) have shown that in intact
plants the rate of ion transfer correlates with the rate of trans-

piration,

1,10 Metals in The Wild Basidiomycete Sporovhore

Relatively few studies have been made of the metallic composition
of basidiomycete sporophore tissue., In 1965 Sawada produced what is
likely to remain the most extensive study of the composition of wild

mushrooms, His analysis included fourteen mineral elements in a
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vast number of samples covering ‘a wide range of fungal species,
During the last decade Stark (1972), Einneri (1975), Allen and

Steinnes (1978), Vogt and Edmonds (1980) and Tyler (1980) have studied

the role of macrofungi in mineral element nutrient cycling, The
mycelia of these fungi are in extensive contact with the substrate,
this allows the nutrients released during the decomposition process,
to be efficiently absorbed by the fungal tissue. However, owing to
the difficulty of collecting vegetative mycelia from plant litter,
the relative importance of macrofungi in concentrating certain
nutrients can only be approximated by examining the nutrient

4.

immobilization patterns in the sporophores that are produced, It

cannot be presupposed that the metal concentration of the sporophore
is similar to that of the mycelium but, it is likely to indicate
the capacity of the mycelium to absorb metals from the substrate,

Stark (1972) showed that both rhizomorph and sporophore tissue

contain high concentrations of certain biologically important elements
and that these tissues possess a high degree of efficiency at holding
these elements against leaching, He also attributed great significance

to the fact that greatly differing tissues from grossly different

ecosystems, although extremely variable in elemental composition,
tended to have the same general concentrating and holding abilities,
Because of the variability observed in different studies few

general conclusions can be drawn for the accumulation of specific

metals in sporophores, However, it does appear that the bioconcentration
of one metal is often accompanied by a rather high level of one or
several more metals, Tyler (1980) in an analysis of 130 species of
basidiomycete sporophores found that iron was neither excluded nor
concentrated in any of these species, but members of the genus

Agaricus were frequently observed to contain higher than average
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concentrations of heavy metals, ‘Hinneri (1975) did not establish
any general trends in the mineral composition of sporophores when
comparing between juvenile and mature specimens, but in the genus
Agaricus young sporophores were found to contain more iron than older

ones, Allen and Steinnes (1978) noted that the concentration of

pot}
|~

trace elements were two %o three fol greater in the pileus than in

the stipe whereas, alkali metals and other elements were more evenly
distributed between thé two,

Recently, particular concern and attention has been given to the
concentrations of potentially toxic elements in the sporophores of
wild, edible fungi, Some fungi appear to be such efficient accumnulators
of heavy metals (particularly mercury, selenium, lead and cadmium)
that Stegnar et al. (1973), Rauter (1975) and Bnke et al. (1977)
have suggested that basidiomycete sporophores may be used as indicators
of environmental pollution, The concentration of radioactive isotopes
from the soil by wild, basidiomycete sporophores has been shown in
the studies of Pesek (1964), Rohleder (1967), Grueter (1971) ard
Johnson 33“2;0(197®° They found that isotopic accumulation depended
upon the isotope itself, the fungal species and soil type that the
organism was inhabiting. It is evident, from the reported studies
on the heavy metal content of many fungal species, that both the
cemposivion and accwmulating abilities of sporophiores are extremely
variable, Seeger (19763) obtained no clear demonstrations of any
geographic influence over the mercury composition of sporophore
tissue. Several studies (Seeger, 1976a, Stijve 1977, Seeger et al,
1976 and Seeger 1978a) provide evidence that species dependent
accumulation of Mercury, Selenium, Lead and Cadmium occurs in the
wildo Members of the Family Agaricaceae contain a higher than

average accumulation of these elements. Mercury (Seeger, 19768 and
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Stijve and Roschnik, 1977), selenium (Stijve, 1977) and cadmiwn
(Seeger, 1977) were found at higher concentrations in thehymenium and
pileus than in the tissues of the stipe, Seeger (1977) showed that
young sporophores contain a greater concentration of mercury than did
more mature specimens. A positive correlation between the mercury
concentration and protein content of sixteen species of edible mushrooms
was demonstrated by Aichberger (1977)0
The accumulation of metals into fungal sporophore tissue from the

scil varies over a wide range., Between 7 and 107 times the soil
concentration of mercury and selenium were found by Pallotti et al,
(1976), Stijve and Roschnik (1977) and Stijve and Cardinale (1977).
Seeger (1978b) obtained a 20 to 40 fold accumulation of potassium,
However, from these numerous studies, the concensus of opinion is

that the consumption of wild, edible mushrooms would not contribute

much to the heavy metal intake of the average person,

1.11 Uptake of Toxic Materials into Agaricus bisvorus.

In common with wild edible mushrooms, recent fears over the
accumulation of potentially harmful or toxic substances in Agaricus
bisporus has prompted a number of investigations into this afea of
study. Contamination of commercially produced sporophores in from
two potential sources; substances that are applied as crop protectants,
particularly insecticides and fungicides and substances that are
present in the substrates, particularly heavy metals,

Dutsch (1975) and Dutsch and Tschierpe (1974) found that the
systemic fungicide Benomyl is inactivated, mainly by absorption,
in casing soils with a high organic matter content. They also
demonstrated that there is a direct correlation between the biocactivity

of the fungicide and the concentration of the free active ingredient
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in the water phase of the oasing material, Jalali and Anderson
(1976) obtained no definite trends towards increasing or decreasing
Benomyl contamination of sporophores from harvest to harvest,
However, they did find that drenching with Benomyl solution resulted
in higher residues in the sporophores than when the Benomyl was mixed
with spawning materials. Xalberer and Vogel (1978) obtained a
correlation between the rate of the insecticide Carbofuran mixed
in casing soils and the quantity of residue detected in and on the
sporophores. The residues of a number of pesticides were observed
to decrease rapidly in successive sporophore 'breasks' by Dabrowski
and Czarnik (1976) and William and Martens (1967)o

Several German researchers have recently been experimenting
with the addition of municipal waste composts to the convential

horse manure compost used in Agaricus bisporus cultivation. The

addition of increasing quantities of municipal waste conmpost resulted
in a proportional incfease in the heavy metal (Cu, Zn, FPb, Cd and Hg)
content of the mixture and as shown by Hasuk (1975) and Domsch et al-
(1976), a dé/&onstrable increase in the content of these metals in

harvested sporophores. A small percentage of Agaricus bisporus

sporophores analysed by Frank et al. (1974) were found to exceed the
actionable level for mercury, Loughton and Frank (1974) showed that
the compost was the‘source of the ceontaminant., VWhen they applied
mercury salts to the compost the mercury concentrations of the
sporophores were in direct relationship to the amount of mercury
applied to the compost, Aichberger and Horak (1975) and Laub et al,
(1977) repeated this study using mercury and cadmium added to the
compost, They obtained similar results and in addition they found
that the concentration of both elements in pileus tissue is double

that of the stipe. Lai (1977) using Mercury -203 labelled compounds
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showed that the mycelium could aﬁsorb and accumulate these compounds,
The appearance of Mercury -203 in sporophores away from where the
isotope was applied to the casing, indicates that the mercuric
compounds could be transferred by the mycelium and/or move from the
casing soils to the non-treated area by watering. Autoradiographs
of whole sporophores showed that most of the radioactivity was
distributed in the pileus and hymenia,

The conoentrationé of lead (Leh, 1975) and mercury (Schelenz

and Diehl, 1974) in the sporophore were shown to increase as it

enlarged and matured,

1612 The RNutritionally important mineral elements contained in

Agaricus bisvorus,.

The nutritional value of mushrooms has long been a subject of
contention and debate, In their recent review of the nutritional
value of edible mushrooms, Crisan and Sands (1978) highlight a major
problem as the comparability of results obtained in numerous studies.
The production of the cultivated mushroom involves the control of
many environmental factors, but the composition of the sporopbore
is primarily governed by two factors which are largely beyond accurate

control; the substrates and the strain of Agaricus bisporus used.

Table 1, is a summary of the published evaluations of mineral

elements in Agaricus bisporussporophores, The earliest studies of

Heber}t and Hein (1909), Ramage (1950) are not included. The concen-
trations of the elements are all expressed as milligrams pexr kilogram
dry weight, It is evident that a considerable variation in the
sporophore mineral composition exists, However, generally the

researchers concluded that Agaricus bisporus, when compared with

other plant materials, is a good source of many trace elements in
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concentrations of the minerai elements occur in immature thgh\matu éj
sporophores and that these metals are more abundant in the pileus

than in the stipe tissue.




Table 1.1,

Concentrations of Mineral Elements in the Sporophores of Agaricus

bisporus, from published data.

Aluminium

Calcium

Cobalt
Cadmium
Mercury

TIron

Potassium

. Magnesium

Manganese
Molybdenum

Sodium

Phosphorus

Lead
Zinc

Copper

(Milligrams per Kilogram Dry Weight).

66(19) 3070(1)

230(3) 630(26) 700(11) 4360(1) 2903(6) 2750(18) 990(21)
880(12) 325(19) L4000(8) 2750(1k4)

0.1(16) 1(8)

0.25(24) 0.15(7) 0.45(15)

S /b A 6<n

1{24) 0.13(7) 1.3

2(3) 83(26) 88(11) 596(10) 19.5(5
110(12) 2920(19) 150(8) 110(1k)

L7620(3) 43130(26) 28500(11) 7732(6) L0500(22) 50000(5)
4L4000(18) Lhooo(1k) 53460(21) 35420(12) U7500(19) LL0O0O(8)

1350(26) L00(1) 1540(12) 1050(8)
70.4(10) 66(18) 8.8(21) 11(12) 29.7(19) 7(8)
3.52(12) 0.7(8)

1560(26) 1060(11) 24470(1) 6891 (6) 2200(18) 2200 (1kL)
660(21) 13%20(12) 1070(19) 1500(8)

14290(3) 12080(26) 7900(11) 15280(1) 1500(5) 1L4300(18)
14300(14) 12650(21) 11330(12) 21420(19) 12300(8)

9.2(2k4) 5.5(13) 0.7(7)
66.7(15) 30.8(18) 220(1k4) 30.8(21) 33(12) 6L.5(19) 60(8)

0.13(3) 30(7) 27(15) L4.3(9) 1.45(5) 71.5(18) 220(1k)
197(12) 128(19) 45(8)

2) 0.61(1

Traces of Titanium, Rubidium, Vanadium, Silver, Bromine, Nickel.

Source in Brackets.

1 Adriano and Cruz (19%3) 15 Meisch et al. (1977)
2  Aichberger (1977) 16 Mlodecki et al. (1965)
3 Altamura et al. (1967) 17 Pallotti et al. (1976)
4 Amer and Brisson (1973) 18 Randoin and Billaud (1956)
5  Anderson and Fellers (1942) 19 Sawada (1965)
6 Charlampowicz et al. (1973) 20  Schelenz and Diehl (1974)
7 Collet (1977) 21  Secchi (1966)
8 Delmas (1978) © 22  Seeger

9 Drbal et al. (1975a) 23  Stijve (1977)
10 Drbal et al. (1975b) 2l stijve and Besson  (1976)
11  F.A.O. (1972) 25  Stijve and Roschnik (1977)
12 Khor (1975) 26 Watt and Merril (1963)
13 Leh (1975) 27  Zohm and ILangenbein (1970)
14 Mallet (1959)
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2.1 Production of Agaricus bisporus in the Laboratory.

2.1.1 Growth Cabinets.

Two types of controlled environment growth cabinets were
used in this study, Plate 2.1 shows three of the larger cabinets
connected to a thermostatically controlled ventilation unit.
The humidity in these cabinets was controlled by heating cables
submerged in moist sand in the base. Thermostatically controlled
heating cables maintained the air temperature at the required
level., At full capacity eighteen square (17 x 17 x 13 centimetres)
polypropylene growing units could be accommodated in any one
experiment.

Experiments in which radioactive materials were used were

done in smaller cabinets. Four Humex 'Propatray!’ propagators
were Jjoined together to form a single chamber with a capaci£y
of sixty smaller (11 x 11 x 9.5 centimetres) polypropylene
growing units. These propagators, like the larger cabinets,
were thermostatically controlled with moist sand in the base
to maintain a high humidity. Ventilation was achieved by

opening the side doors of the propagators.

2.1.2 Compost.

Pasteurised compost was obtained from W. Darlington and
Sons Ltd., Angmering, Sussex. In this study a single white

strain (Darlington 649) of Agaricus bisporus was used. Grain

spawn was added to the compost at a rate of one percént by

welght. After mixing with spawn the compost was compressed
into the steam sterilised polypropylene growing units: one
kilogram in each of the large growing units and 500 grams in

each of the smaller units.
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2.1.3 Casing.
The casing soil was prepared from: medium grade sphagnunm
peat moss, Morden 'R' powdered chalk and water in the ratio of
8:1:8 by weight respectively. This casing material has a pH

of 7.k,

2.1.4 Conditions of Growth.

The pots of spawned compost were placed in the appropriate
cabinets, which were maintained at 2&00 and 90 percent relative
humidity until the compost was completely colonized or "run
through", usually after about fourteen days. PFreshly prepared
casing material was then applied to give an even layer 3.5
centimetres deep on the compost surface. The incubating conditions
were maintained for about another seven to ten days, by which time
the mycelium will just be visible at the casing layer surface.

The induction of sporophore formation was initiated by
decreasing the temperature to l?OC and the relative humidity to
75 percent and aerating.

These conditions were then maintained throughout the period

of cropping, usually from 21 days to about 60 days after the

application of the casing layer.

2.2 Analysis using Atomic Absorption Spectrophotometry.

2.2.1 Experimental Treatments.

Specific experimental details are outlined in later sections
but, generally the different treatments were restricted to the
addition of iron containing solutions to the compost. These iron
supplements were added on the day prior to the addition of the
casing layer. 25 millilitres of the appropriate iron containing

solution were applied to each kilogram of compost. Supplements

L1




were also added to the surface of the compost to obtain a "plus
compost" treatment or, injected half-way down the compost using
a six centimetre hypodermic needle to obtain a "minus compost™

treatment.

2.2.2 Collection and Preparation of Samples for Analysis.

The use of Atomic Absorption Spectrophotometry for the
determination of the concentration of iron in materials requires
that the sample under investigation should be brought down to a
solution either by extraction or digestion. It is important that
these solutions are prepared and stored in extremely clean equip-
ment and containers. Prior to use, all equipment was washed with
a phosphate-free detergent followed by several hot water rinses.
The containers were then filled With ten percent sulphuric acid
and left to stand for at least one hour. Finally they were rinsed
three times with glass distiiled and deionized water and allowed

to dry at room temperature.

2.2.2.1 Harvesting of Sporophores.

Sporophores appear at approximately weekly intervals, About
four of these "breaks" are produced in the culture systems used in
this study whereas, six or more breaks may be expected in the
commercial situation. It is Important, if direct comparisons
between yields are to be made, that all sporophores are harvested
at the same state of development. In common with commercial
practice the sporophores were harvested at the open cup stage of
development. A detailed description of the phases of development
is given in Appendix 3.3.2.1 and illustrated on Plate 3.3.2.1.
Sporophores were harvested firstly by twisting to break connection

of the mycelial strands and then pulling the sporophore away from
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the casing layer. Any adhering casing material was gently
brushed off and the base of the stipe to which casing material
is attached was cut off or "chogged". The individual fresh
weight and numbers of sporophores harvested from each growing

units were recorded daily during cropping.

2.2.2,2 Prying and Grinding of Sporophore Samples.

For storage and subsequent analysis the sporophores were
dried. Because of their high water content the sporophores were
initially dried at 5500 for 48 hours to prevent the exudation of
water droplets and hence the loss of water soluble materials from
the sporophore. The drying was then completed by increasing the
oven temperature to lOBOC for a further 24 hours. The individual
dry weights were then measured and the sporophores were immediately
ground and stored in a desiccator.

Dried sporophore tissue is brittle and non-fibrous and the
samples-were easily ground to a fine powder using a pestle and
mortar. The sporophores from each box and each break were ground

separately.

2.2.2.3 Digestion'of Sporophore Samples.

Allen et al, (1974) recommend mixed acid digestion fof bringing
the metals of‘foodstuffs into solution, by complete destruction of
the organic materials. 2.5 grams of the dried sporophore material
was introduced into each 100 millilitre capacity Kjeldahl flask.

10 millilitres of concentrated Analar Nitric acid was added to each

flask. The flasks were gently warmed until the frothing and evolu-

o
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tion of brown fumes ceased. One millilitre of concentrated Analar

Sulphuric acid and two millilitres of 60 percent Analar Perchloric
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acid were then added and the heat of the digestion racks increased.
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The digestion was continued for teﬁ minutes following the evolution
of white fumes. 20 millilitres of distilled water were then added
to each flask and boiled gently for ten minutes, so that all iron
was brought into solution., When cool the digests were diluted to
50 millilitres with distilled water. The Kjeldahl flasks were
rinsed three times with the water used to make up the volume. The

- solutions were stored in 60 millilitre capacity polythene hottles.

2.2,2.4  Collection of Substrate Samples,

At least three growing pots were sampled for each treatment
at each sampling time. The samples were taken by inverting the
growing units onto a clean surface. Th¢ substrates separate from
the polypropylene pots and could then be divided into three layers,
namely: the casing layer, the upper half of the compost and the
lower half of the compost. These entire substrate layers wére

then placed in different beakers.

2.2.2.5 Drying and Grinding of Substrate Samples.

According to Allen et al. (1974) it is preferable to extract
some soils in the fresh state and that mineral soils should be
dried at no more than 4°C and then passed through a two millimetre
sieve. Because of the nature of the substrates used in the cultiva-

tion of Agaricus bisporus the conditions of sample preparation and

extraction were altered in order to obtain consistent results.

Both the compost and the casing are extremely variable in composition
and it is difficult to obtain small, homogenous fresh samples.
Homogenous samples were prepared by drying and grinding the substrates.
Because of the high water and microbial content of the substrates it
was necessary to dry the materials at 5500 to prevent degradation

which may have occurred at lower temperatures.
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The dried samples were allowed to cool and then each sample
was ground in a hammer-mill. The ground samples were stored in

a desiccator prior to extraction.

2,2.,2,6 Extraction of Substrate Samples.

In this study two extraction techniques were used to deter-
mine the quantity of "soluble" and "available" iron in the sub-
strates. The method of extraction was the same in each case,
only the extractants were different.

A, Potassium pyrophosphate extraction.

"Available' iron was extracted using the method of Bascomb
(1968). 0.1 molar tetra-potassium pyrophosphate is a mild
extractant that displaces iron bgund to the adsorption sites of
organic complexes by supplying an excess of replacing ions.

2.5 grams of dry, ground compost or casing were added to
each 100 millilitre capacity Erlenmeyer Flask. 50 millilitres
of 0.1 molar tetra-potassium pyrophosphate and 10 glass balls
were also added. The flasks were shaken for 6 hours at 100
revolutions per minute and 20°C in an humidified orbital incubator.
The substrate suspensions were then filtered (Whatman Number One)
into 60 millilitre capacity polythene bottles, in which the
samples were stored.

B. Water Extraction.

i
!
|
1
-
i
i
A
i
4l
|

'Soluble! iron was extracted using distilled water in place

of the potassium pyrophosphate.

2.2.75 Analysis of Samples Using Atomic Absorption Spectrophotometry.

The quantity of iron in the replicated sample solutions and
appropriate reagent controls was determined using a Perkin Elmer

model %06 Atomic Absorption Spectrophotometer. This has a working
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2.2

range, for iron, of 0-10 parts per‘million. Iron is measured at
an absorbance wavelength of éh8,5 nanometers and is not subject
to interference by other elements at this wavelength.

The spectrophotometer was set up for use by adjusting the
lamp alignment, burner height and flame temperature to obtain
maximum sensitivity. The machine was then calibrated relative
to a
would display a digital value of the concentration of iron in any
solution aspirated through the spectrophotometer flame, provided
that it was within the range of measurement. Pyrophosphate extracts
of the substrates required 25 fold dilution prior to measurement but,
the sporophore digests and water extracts of the substrates required
no dilution.

The concentrations of iron in the original dry samples were

calculated by subtracting the concentration of the reagent blank

from the determined sample solution concentration and then multi-
plying this result by the dilution factor:

50
Dry Sample Weight (G)

X The number of times diluted

S e T T R S

The results were expressed as the concentration of iron in

e

parts per million or milligrams per kilogram dry weight.

Studies using Iron=59 Isotope.

The isotope was obtained from The Radiochemical Centre,
Amersham. One millicurie of Iron-59 was supplied in one millilitre

of 0.1 molar hydrochloric acid. This quantity of isotope was found

P e A R S R R e R

spmm e

to be sufficient for the treatment of 50 small growing units.
Iron-59 is a powerful beta and gamma emitter and the appropriate

safety procedures were, therefore, strictly adhered to during the

e ::

handling of the isotope. Protective clothing was worn at all times
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and all operations involving the handling of the concentrated and
diluted isotope were perforﬁed in a fume-cupboard.

Glassware that was used in the drying and counting of samples
was thoroughly washed and then left to soak in a decontaminating
detergent solution for one week prior to re-washing and re-use.
Forceps used in the transference of samples were carefully washed
5 and fregucn

ment were made. All contaminated substances and materials were

disposed of in accordance with legal requirements.

-2.3.2 Experimental Treatments.

The isotope was diluted to 500 millilitres with distilled
water. The precise details of the experimental treatments are
given in Section 3 but, in each Study the same isotope concentra-
tion was applied. 10 millilitres of the isotope sqlution were

added to each growing unit using a syringe and needle.

2.3.3 Collection and Preparation of Samples for Analysis.

Iron-59 emits highly penetrating gamma radiation. The emana-
tions from the isotope contained in a sclid sample can be detected
and measured using a gamma counter. Using the I.C.N. Gammaset 500
gamma counter in the Department of Biological Sciences at Aston
University it was bossible to determine the isotope concentration
in solid samples to which the Iron-59 had been applied. Two basic
requirements had to be met in sample preparation. Firstly the
samples were dried and accurately weighed so that a precise isotope
concentration could be calculated. Secondly the detection well of
the Gammaset 500 was 4.8 centimetres deep, thus the sample in each

measuring tube did not exceed 3 centimetres in size.
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2.%5.5.1 Sporophores.
The sporophores, which Qere individually numbered, were
harvested and dried by the same methods detailed in Section 2.2.2.
Individual sporophores were inserted into separate, numbered,

glass sample tubes supplied with the gamma counter.

2.3.5.2 Substrates.
Entire growing units were sampled by inverting the pot onto
a clean surface, Four replicate samples were taken from each of
the four substrate layers: the casing layer, the top, middle and
bottom of the compost. The samples were removed from the substrate
layers using forceps. Each sample was inserted into a labelled,
weighed, glass sample tube, in which the sample was dried at lO5oC

for 48 hours prior to counting.

2.3. 4 Measurement of the isotope concentration using The Gamma

Counter,
The Gammaset 500 counter was equipped with plug-in modules
which automatically set the required measuring parameters for the

desired isotope. The gamma counter also had automatic sample

change and result print out.

The sa;ple tubes were loaded into cassettes which wefe loaded
into the autochanger. The appropriate mode (isotope) and a count-
ing time of one hour were selected and the couting was initiated.
Empty tubes were included frequently to monitor packground radiation.
Control samples, to which no isotope had been applied, were also
counted in order to ascertain the presence of natural radiolsotope
or contamination of samples.

The printed results gave the number of counts per hour of each

sample but, because of radiocactive decay any comparison of results

13




required that they should be'expreésed at a single standard time.
Each batch of isotope had an activity date at which time the iso-
tope had an activity of one millicurie. This activity date was
designated 'Zero' time. For every sample the number of hours
that had elapsed from zero time to when the sample was measured
were recorded. Using a modification of the radioactive decay
formula N+ = N,.e 7' each sample activity was expressed at the

standard 'Zero' time. The correction used was:

Corrected Count/Hour = (Sample Count Per Hour) - Control Count Fer Hour)

2'71828(*6.376692 X 10”LF x T)

where: T = The Elapsed time in hours from 'Zero' time.
-6.376692 x lO—LF = The Decay constant of Iron-59 (Hours).

The results were then expressed as the quantity of isotope

(Counts per hour per gram dry weight) in eath sample.

2,54 Statistical Analysis of Results.

2.h,1 Replication of Samples.

The number of replicate samples used in these studies depended

on the type of study under investigation. The replication of the

different studies is given in Section 3, The mean values and the
standard deviations of these means were calculated for the

replicated samples.

2.4.2 T-test.
The significance of any difference between the means of

different treatments was calculated using the t-test, where:
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t X = The Mean
e} - The Standard Deviation
n = The Number of Replicates

1 and 2 are the treatments to be compared.
The significance of a calculated value of t was gauged by
comparing it with values from a table of t for ny + n2 - 2 degrees
of Freedom.
A probability level of 0.05 is generally considered the
minimum probabilify at which two means can be considered significantly

different. Unless otherwise stated in the text, the significance of

the results was given at this level of probability.

2.4.3 Confidence Limits.

95% Confidence Limits together with the mean were plotted in
the Figures in Secltion 3 to give a visual impression of the varia-
bility of the results. The confidence limits of the means were

calculated using:

t XAZQY where t
n

n = The number of replicates

Value of t for n-1 Degrees of Freedom and a

Probability of 0.05 (= 95%)

o) The Standard Deviation.

The confidence limit value was then added to and subtracted from
the mean to give the upper and lower limits. G5% of samples taken

from that population would then lie within these limits. Normally

only the confidence limit value was included in the -tables.
However, in radiotracer studies the logarithms of the upper and

lower limits were included in the tables.
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2.h.h Correlation and Linear Regression.

The relationship between two variables was determined by
calculating the Correlation Coefficient between the two variables
using:

S (x-%) (y-F)
N (e -2 S - 7D)

The significance of the calculated values of r were gauged by

The Correlation Coefficient r

comparing them with values from a table of r using n-1 Degrees
of Freedom..

When two variables were connected in the form of a linear
relationship, the straight line best fitting this relationship
was calculated using a ILinear Regression procedure. A linear
equation is given by v = mx + b,Athe slope (m) and y intercept

(b) of this line can be calculated using:

xSy . Sw
,N .
(EZX)E ) é{\xg
n

b § - mx

Ml

The values of m and b then allow the plotting of a straight line
best fitting the data.
All statistical analysis in this study was done using a

Texas TI 51 IIT programmable caculator.
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3.1 FACTORS INFLUENCING THE CONCENTRATION OF IRON IN THE

SPOROPHORES OF AGARICUS BISPORUS.

35.1.1 Introduction.

There have been many studies which have demonstrated the
extreme variability of the composition of Agaric sporophores.
Many factors have been suggested which may contribute to the
observed variation but, the influence that different growing
conditions exert over the composition has received little
attention. However, from the information available it can be
expected that sporophore composition is dependent on the size
and number of individuals produced from a given substrate.

The objective of this section of the study was, therefore,
to quantify the iron composition of the sporophore and to deter-
mine the effect of strain, alternative casing media, watering
and supplementation of cultures with iron salts on.this composi-

tion.

5.1.2 Strains.

Many different strains of Agaricus bisporus are used in the
commercial cultivation of mushrooms. Four of the more commonly

used white strains 621, 735, 649 and IX10 were grown in accordance

with the methods outlined in Section 2.1. The iron composition of
the sporophores produced were determined according to the methods
given in Section 2.2 and are shown in Table 3.2,

Generally there were no significant differences between the
iron composition of the different strains (Table 3.1). However,

the sporophores from the second break of strain 735 contained a

significantly higher concentration of iron than did those of

strains 649 and IX10. In all strains the concentration of iron
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increased in successive breaks.

In the three strains; 735, 649 and LX10, similar yields were
obtained and in all three there were negative correlations (-0.9996,
-0.8351 and -0.843 respectively) between the dry weight yields and
sporophore iron composition in successive breaks. This was only
significant in strain 735. 1In strain 621, which produced only half
the yield of the other strains, there was a slightly significant
positive correlation of 0.9163 between the yield and sporophore
composition in successive breaks.

The quantity of iron taken up into the sporophores (Table 3.3)
of strain 621 increased in successive breaks but, in the other
strains the trend was towards decreasing iron uptake. The total
guantity of iron taken up was approximately equal in each strain,
including 621 which had a considerably lower total.yield than the
other three strains. In all strains there were positive correla-
tions between thé dry weight yields and the quantity of iron taken
up into the sporophores of different breaks. Strains 621 (0.991)
and LX10 (0.993) were significant at a probability of 0.0l and
Strains 735 (0.946) and 649 (0.940) were significant at a
probability level of 0.1,

These results show that the quantity of iron contained in
the sporcpheres of different strains in different breaks was
proportional to the yield produced in those breaks. There was,
however, no consistent relationship between the concentration of
iron and the yields of different.sporophore strains during culture.

Tn each of the strains the concentration of iron increased in

i
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%
!
B
|
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|

!
i
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successive breaks, probably indicating the increased availability

of iron during culture.
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TABRLE 3.1.  DRY WEIGHT YIFLPS OF DIFFERENT STRATNS.
(GRAMS PER KITOGRAM FRESH COMPOST.)

STRATN FIRST SECOND  THTRD TOTAL
RRFAK RRFAK RREAK

621 3,841 1050 6.814 1571

735 14.36 6.14,24 1.948 22.73

64,9 12.10 6.8L6 2.893 21,8l

IX 10 7.092 11.09 3,505 21,60

TABLE 3.2. CONCENTRATION OF IROY IN SPOROPHORES OF DIFFERENT
STRAINS. (MILLIGRAMS PER KILOGRAM DRY WEIGHT.)

STRAIN FIRST BREAK SECOND BREAK THIRD BREAK
621 3.0 (5.7823)  43.28& (13.07) 59.0 (20.08)
735 22,77 (17.21)  L7.81 (7.338)  57.4 (9.1€0)
61,9 20.47 (7.939) 21.13 (9.51 )  45.97 (8.79 )

X 10 27.85 (8.960) 28.06 (4.79 ) 37.23 (17.07)

Mean (Standard Deviation) of 3 Replicates.

TABLE 3.3. IRON CONTENT PER BREAK AVD TOTAL IRON CONTENT IN
'SPOROPHORES OF DIFFERENT STRAINS. (MICROGRAMS.)

STRAIN FIRST SECOND THIRD TOTAL
BREAK BREAK BREAK

621 115.2 175.3 4L02.0 692.5

735 413.2 307.1 111.8 832.1

649 2L7.8 144.7 133.0 525.5

IX 10 197.5 308.7 130.5 636.7
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3.1.3 Different Casing Materials.

In 1949 Courtieu suggested that the casing layer has a role
in sporophore nutrition because, he obtained slight correlations
between the levels of Calcium, Potassium and Phosphorus in the
casing and in the mushrooms derived from them. Rels-Koning (1950)
however, suggested that the casing layer provides no nutritive
elements. Ganney and Richardson (1973) observed extreme varia-
bility of the minerals contéined in twelve commercially used
casing mixtures and questioned i1f any importance could be attached
to the chemical make-up of the casing layer.

Hayes et al. (1979) describe the use of a waste product from
a pulp and paper mill as a casing material. The success of this
material, designated PMB, as a casing medium provided the basis
of a comparison between the iron composition of sporophores
cultured on dirferent casing solls. Wooden trays each containing
75 kilograms (dry weight) of compost were cased with the following
casing materials: |
1. Sphagnum Moss Peat Casing.

2. PMB Casing - 100% Paper Mill By-product.

3. PMB and Hérticultural Chipped Bark in a 1:1 mixtureﬂ

Ten open cup sporophores were harvested from each of four replicate
trays in the first, second and fifth breaks of the three different
casing treatments. Also forty large and forty smali sporophores
were taken from the different casing treatments in the second
break.

There were no significant differences between the yields
produced from the three different casing materials (Table 3.L4).

The concentrations of iron in sporophores cultured on

different casing layers are shown in Table 3.5. In the first
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TABLE 3.4.

FRESH WELIGHT YIELDS PRODUCED FROM DIFFERENT CASING

MATERIALS.  (KILOGRAMS PER TRAY).

CASING FIRST BREAK SECOND BREAK FIFTH BREAK
MATERIAL
FEAT 21.94 (5.921)  11.11 (4.153) 1.554 (0.769)
PMB 22.38 (2.90 ) 11.69 (1.239) 2.166 (0.988)
PMB+RARK 25.62 (1.707)  9.639 (1.438) 1.542 (1.134)
Means and (Standard Deviations) of 4 Replicates.
TABLE 3.5. CONCENTRATIONS OF IRON IN SPOROPHORES HARVESTED FROM
DIFFERENT CASING MATERIALS. (MILLIGRAMS PER KILOGRAM).
CASING FIRST BREAK SECOND BREAK FIFTH BREAK
MATERIAT Mean S.D n Mean S.D n Mean S.D n
PEAT  41.38 2.654L 5 41.20 10.45 30  34.80 4.324 4
PMB 31,01 5.492 5  4O0.44 11.42 31 L44.81 3.60 6
BARK + 34.50 L.567 5 28.88 7.448 28  53.73 13.48 6
PMB '
TABLE 3.6. CONCENTRATIONS OF IRON IN LARGE AND SMALL SECOND BREAK
SPOROPHORES HARVESTED FROM DIFFERENT CASING MATERIALS.
(MILLIGRAMS PER KILOGRAM DRY WEIGHT).
CASING SMALL SPORCPHORES LARGE SPOROPHORES
MATERIAL Mean S.D n Mean S.D n
PEAT L5.06  5.449 12 38.50 12.20 18
PMB 50.24, 10.26 13 37.60  8.709 18
PMB+BARK 32.52  7.222 14 25.24L  5.878 14
n = Number of Samples.
Mean = Mean of those samples.
S.D = Standard Deviation of those samples.
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break, sporophores harvested from the peat cased beds contained a
significantly greater concentration of iron than sporophores
derived from PMB cased beds. In the second break, the sporophores
produced from beds cased with the mixture of PMB and Bark contained
a significantly lower concentration of iron than sporophores from

the other treatments. Sporophores in the fifth break from the

peat casing contained significantly less iron than sporophores
from the casing mdterials containing PMB.
The earlier stages of sporophore development in each treatment

contained higher concentrations of iron (significant in the casing

mixtures containing PMB) than did more mature sporophores.

Although analysis of iron was only made on sporophores in

three out of the five breaks harvested, 1t would appear that

! similar total quantities of iron were taken up into the sporophores

of the different casing treatments. It is clear, however, that the
type of casging layer does influence the iron composition of the

sporophore,

3.1.4 Different Watering Regimes.

Numerous étudies have shown the effect of watering on the
production of the crop and it might be expected that different
rates of water application to the substrates would result in
changes of sporophore composition. However, Haddad (1977) found
that the carbohydrate, protein and lipid composition of sporophores
varied inconsistently with different watering regimeé.

It was the intention of this study to determine if any relation-

e

ship exists between; the rate of applying water, the yield and the

iron composition of the sporophores. Three watering regimes were

PR X &

used and in each the water was applied daily to the six replicate

57



growing boxes of each treatmént, In the Low Watering Regime

10 millilitres of water were applied to each box daily., This
quantity of water was sufficient to prevent the casing surface
from drying out. In the High Watering Regime 80 millilitres

were added to each box daily. In this treatment the casing layer
remained waterlogged for several hours following each application.
Forty millilitres per day were added to the boxes of the Medium
Watering Regime. .The Low and High treatments represented the
extremes of watering likely to be encountered in the commercial
situation.

The mean dally fresh weight yilelds and the pattern of croppiﬁg
of the three treatments are given in Table 3.7 and Figure 3.1. Low
watering produced a large (22.5) total number of sporophores each
of small (5.6g) average fresh weight. Whereas, in the high watering
regime, fewer sporophores (8.85) each with a much larger average
fresh weight (19.6g) were produced. The medium watering regime
represents an intermediate state between the extremes and produced
a mean of 14,67 sporophores each averaging lh.41l grams fresh weight.
The total fresh weight yield was adversely affected by the addition
of either too much or too little water to the casing layer, the
greatest yield was obtained in the medium watering regime.

Different watering regimes considerably altered the cropping
behaviour of the cultures. In the low watering regimes sporophores
were produced in definite breaks. However, with increasing addition
of water the sporophores were harvested more frequently.

The percentage dry weight of the sporophores from the treat-
ments are shown in Table %.9. The sporophores produced from the

low watering regime confained significantly more dry matter than
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FIGURE 3.1. DAILY FRESH WEIGHT YIELDS OF SPOROPHORES HARVESTED FROM

GROWING UNITS TREATED WITH LOW,MEDIUM AND HIGH WATERING
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TABLE 3.7. NUMBERS AND FRESH WEIGHT YIELDS OF SPOROPHORES HARVESTED
DAILY FROM GROWING UNTTS TREATED WITH LOW , MEDIUM, AND
HIGH WATERING REGIMES.
DAYS AFTER LOW WATERING  MEDIUM WATERING  HIGH WATERING
CASING No. Wt. No.  Wt. No.  Wt.
22 1.33  20.43 1.00 27.90
23 1.17 16.57 . 3.33  57.49 1.67  35.56
21, 3.83  38.40
25 1.00 10.47 0.67 9.85
26 0.17  1.32 0.17  0.78
30 0.5 14.11
31 0.17  7.18
32 2.5  2,.87 0.33  7.29
33 0.67 5.1,  0.33 5.82
34 1.17  18.46 0.67 11.04
35 : 1.00  6.40 0.17  0.30 0.17 6.23
36 0.5 5.70  0.67 10.61
37 0.83 11.78
4 0.67 7.20
43 t 3.50 15.13  0.83  14.66 0.50 3.78
47 5.00 15.74  2.17  23.29 0.33  7.21:
48 . 3.33  4.05 1.00  10.94 0.50 12.69
L9 0.17  0.35
52 0.17 4.6k
53 0.33 5.49
55 0.83 3.15 0.33 9.77
59 1.17 5.2,  0.50 6.29 0.17  7.68
TOTAL 22.5 126.0 14.67 211.4 8.85 173.6
No.= Mean number of sporophores per growing unit(é replicates).
Wt.= Mean fresh weight(grams) per growing unit (6 replicates).
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TABLE 3.8. DRY WEIGHT YIELDS OF SPOROPHORES PER BREAK FROM
GROWING UNITS TREATED WITH LOW,MEDIUM,AND HIGH
WATERING REGIMES. (GRaMS).

LOW WATERING MEDIUM WATERING HIGH WATERING

BREAK Mean S.D n Mean S.D n Mean S.D. n

FIRST 5.43  2.72 6 5.22 1.60 6  5.69 2.61 6 f%i
SECOND ~ 3.68 0.87 4  4L.k2 1.78 6  L.23 1.74, 6 "g;
THIRD  3.52 0.80 6 3.83 1.01 6 2.60 1.6 6 i

FOURTH 2.35 1.03 .2 1.79  0.47 4 3.32 017 2

[op
o~

TOTAL 12.19 3.9 14.66  4.27 13.63 5.05 6

TABLE 3.9. PERCENTAGE DRY WEIGHTS OF SPOROPHORES HARVESTED
FROMGROWING UNTTS TREATED WITH LOW,MEDIUM,AND HIGH
WATERING REGIMES.
LOW WATERING MEDIUM WATERING HIGH WATERING
BREAK  Mean S.D n  Mean S.D. n  Mean S.D n
FIRST  8.56 2.46 &  6.83 1.00 10 7.09 1.16 8

SECOND  8.59 2.1 6 6.9¢ 0.93 10 7.06 0.93 8

THIRD  41.14  4.25 7 7.69  2.00 9 7.62 1.23 9

FOURTH  9.20 0.87 2  7.61 0.88 L 8.70 2.48 2

TOTAL 9.41 3.05 23 7.10  1.43 33 7.38 1.23 27

n = Number of samples.

Mean = Mean of those samples.

i

S5.D Standard Deviation of those samples.
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those from the two other regimes, which were not significantly
different from each other.

The dry weight ylelds, both total and for separate breaks,
(Table 3.8) were very similar in each treatment. The differences
in fresh weight yield of the treatments can be attributed to the
water content of the sporophores.

The iron composition of sporophores are shown in Table 3.10,
In the first break, sporophores from the low watering treatment
contained a significantly lower concentration of iron than the
sporophores from the two other treatments. Sporophores from the
low watering regime contained significantly lower concentrations
of iron than those from the high watering treatment in the second
break and than those from the medium watering regime in the third
break. The quantity of iron taken up into the sporophores of each
break in the three treatments is given in Table 3.11. There was a
significant (P = b.l) correlation between the total amount of iron
taken up and the total yields, both fresh (0.926) and dry (0.937).
However, there was a highly significant (P = 0.001) negative
correlation (-0.999) between the total amount of iron taken up
in the three treatments and the overall percentage dry weight of
the sporophores in those treatments. This suggests that the amount
of iron contained in the sporophores was directly proportional o
the water content. Thus, probably indicating that iron was trans-
located into the sporophore in a water soluble form.. The total
quantity of iron contained in the sporophores was similar in the
high and.medium watering regimes but, appreciably lower in the
low watering treatment. Possibly a smaller quantity of water

(and substances dissolved in it) was available for sporophore

62




TABLE 3.10. CONCENTRATIONS OF IRON IN SPOROPHORES HARVESTED
FROM GROWING UNITS TREATED WITH LOW,MEDIUM,AND

HIGH WATERING REGIMES. (MG PER KG DRY WEIGHT).

IOW WATERING MEDIUM WATERING HIGH WATERING

BREAK Mean S.D n Mean S.D n Mean S.D n
FIRST 15.77 2.15 6  23.11  3.82 5 21.01 3.67 6
SECOND 21.35 2.56 2 20.59 8.02 L 29.63 3.91 5

THIRD 16.68 . 3.01 3 28.19  4.96 3 25.76 5.98 2

TABILE 3.11. IRON CONTENT PER BREAK AND TOTAL IRON CONTENT OF

OF SPOROPHORES HARVESTED FROM GROWING UNITS TREATED

WITH LOW,MEDIUM,AND HIGH WATERING REGIMES. (MICROGRAMS)

BREAK LOW WATERING MEDIUM WATERING HIGH WATERING
FIRST 85.60 120.49 119.55
SECOND 78.64 90.94 125.41
THIRD 58.78 107.96 66.96
TOTAL 223.02 319.39 311.92

n = Number of samples.

Mean = Mean of those samples.

S5.D Standard -Deviation of those samples.
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construction in the low watering treatment and therefore, the
sporophores contained less iron and other water soluble
substances.

The results of this study show that the number of sporophores
produced and the concentration of iron that they contain were

influenced by the rate at which water was applied to the casing

layer. The total amount of dry matter used in sporophore construc-
tion was independent of the quantity of water applied to the casing
layer but, the production of a maximum fresh yield required the
addition of some water to the culture. However, when applied in
excess, the water caused a slightly decreased fresh weight yield.
The quantity of iron in the sporophores was proportional to the

amount of water they contained.

*

J.1.5 Supplementation of the Compost with Inorganic Iron Salts.

Hayes (1972) and Kaul and Kachroo (1976) reported that in
some instances the addition of ferrous salts to the casing soil
increased the numbers of primordia and yields of A. bisporus.

Increased yields have frequently been observed when many different

organic materials are added to the compost but, there is no evidence
that these supplements directly cause changes in sporophore composi-
tién. However, the heavy metal content of sporophores has been
shown by several researchers to be directly proportional to the
quantity of heavy metal contaminants added to the compost.

The objective of this section of the study was, therefore,

to determine if the addition of iron containing salts to the

compost could significantly increase the quantity of iron

contained in the sporophores.
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3.1.5.1 Different Concentrations of Ferrous Sulphate.

Ferrous sulphate solutions were added to the compost in
accordance with the methods outlined in Section 2.2. Four
replicates were prepared for each of the 100, 200 and 300 parts
per million treatments and six replicates for the control. The

harvested sporophores were carefully dissected and divided into;

the stipe, the pileus and the hymenia. The results of iron
analysis in the pooled, replicate samples are given in Table 3.13,
There were no significant differences in the sporophore iron
composition, eilther between the different treatments or between

the different tissues. Overall the concentration of iron in the

different tissues was very similar. There were no significant

differences between the yields of the different treatments shown

in Table 3.12.

J.1.5.2 Ferrous Sulphate Applied to the Upper and Lower Compost.

25 ml of ferrous sulphate solution containing 200 milligrams
of iron were added to the compost surface or injected into the

compost to give the appropriate upper and lower supplementation

treatments. Eighteen replicate boxes were prepared in accordance
with the methods in sections 2.1 and 2.2 for each treatment and a
control.

Boxes were removed for substrate sampling 4, 13, 27 and 39
days after casing and thus the number of replicates decreased in

successive breaks but, sporophore samples were taken from a

minimum of six replicate boxes in the third break.

There were no significant differences between yields of the
three treatments in any of the breaks (Table 3.1L). There were

no significant differences of the concentration of iron in the
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sporophores, either between breaks or between treatments (Table
3.15). The concentration of ironvremained approximately constant
in all four breaks. The quantity of iron taken up 1lnto the sporo-
phores, shown iIn Table 3.16, was proportional to the yields and,

therefore, the overall quantity of iron taken up decreased in

quantity of iron taken up in the successive breaks were significant
in each of the treatments and overall. (Control 0.992, Plus
Compost 0.994, Minus Compost 0.958 and Overall 0.983).

Thus, supplementation of the upper or lower compost with
ferrous sulphate did not cause an iﬁcreased yield or concentration

of iron in the sporophores.

3.1.5.3 Different Inorganic Tron Salts.

In this study different iron containing salts were applied
at a rate of 200 parts per million to the compost surface of three
replicates boxes per treatment. Growing procedures and analytical
techniques were done in accordance with the methods outlined in
Sections 2.1 and 2.2.

There were no significant differences of either the dry
weight yields (Table 3.17) or the sporophore iron composition
(Table 3.18) between any of the treatments.

There were variable negative correlations between the sporo-
phore iron composition and the dry weight yields in the different
treatments (Table 3.20). Overall the negative correiation between
the two was significant at a probability of 0.01. This may
indicafe that a limited quantity of iron was available for uptake
into the sporophores and thus, the concentration of iron in those

sporophores was related to ‘the yield produced. High yields resulted
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in low iron concentrations in the sporophoré and vice versa.

In Table 3.19 it can be seen that overall, the amount of
iron taken up into the sporophores of each break decreased in
successive breaks. In three of the treatments there was a
significant correlation between the yields and iron content
and overall there was a significant relationship between yield
of sporophores and the quantity of iron they contained.

In common with 3.1.5.1 and 3.1.5.2, supplementation of the
compost with iron salts failed to cause significant changes in

sporopiiore iron composition.
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TABLE 3.12. FRESH WEIGHT YIELDS OF SPOROPHORES HARVESTED FROM
COPOSTS SUPPLEMENTED WITH DIFFERENT CONCENTRATIONS

OF FERROUS SULPHATE. (GRAMS PER KILOGRAM OF COMPOST).

FIRST BREAK SECOND BREAK TOTAL

TREATMENT Mean 5.D n Mean S5.D n Mean S5.D n

CONTROL 73.57  8.96 6 132.10 24.39 6  205.67 17.13 6
100 ppm 63.39 18.90 L4  110.29 44.96 L 173.68 51.33 |
200 ppm 8,.89 28.12 L4 108.55 21.86 L4 193.4, 31.92 4

=

300 ppm 71.82 20.05 L4 157.17 27.14 L4 228.99 32.34

TABLE 3.13. CONCENTRATIONS OF IRON IN DIFFERENT TISSUES OF

SPOROPHORES HARVESTED FROM COMPOSTS SUPPLEMENTED WITH
DIFFERENT CONCENTRATIONS OF FERROUS SULPHATE.

(MILLIGRAMS PER KILOGRAM DRY'WEIGﬁT).

STIPE PILEUS HYMENIUM
TREATMENT Mean S.D n Mean S.D n Mean S.D n

CONTROL L6.5 L7 6 51.5 4.4 5 62.8 27.3 5

100 ppm 57.6 11.7 2 8L .1 30.0 3 L5.2 6.8 L P OB
200 ppm L0 .1 3.1 L 36.6 2.8 L 50.8 12.1 L g g
300ppn  73.8 22.2 2 58.8 24k 4 66.5 26,k 3 S b
OVERALL 54.5 14.7 L 57.8 19.9 L 56.6 10.2 L
CONTROL L6.8 12.9 6 76.4 16.6 6 57 .4 8.9
100 ppm 59.2 25.0 3 61.9 21.0 3  63.9 6.5 2 E g
200 ppm 90.8 27.2 L 67.2 12.5 L 65.3 14.5 L 8 E
500 ppm  70.7 17.0 4 55.8 20.h 4 T.6 45.2 4 p K
OVERALL 66.9 18.7 4 65.3 8.7 L 6L.6 5.8 L

n = Number of samples.

Mean = Mean of those samples.

S.D = Standard Deviation of those samples.
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TABLE 3.14. DRY WEIGHT YIELDS OF SPOROPHORES HARVESTED FROM
COMPOSTS SUPPLEMENTED WITH FERROUS SULPHATE IN THE
UPPER OR IOWER LAYERS. (GRAMS PER KILOGRAM FRESH
WEIGHT OF COMPOST).

FIRST BREAK SECOND BREAK THIRD BREAK TFOURTH BREAK
TREATMENT Mean S.D 'n Mean S.D n Mean S.D n Mean S.D n
CONTROL  9.21 3.03 12 9.95 4.35 10 2.691.00 8 1.19 0.88 2
+ COMPOST 6.98 1.45 12 8.77 3.98 9 2.61 1.18 7 1.97 1
—~ COMPOST 7.96 1.18 12 10.6 2.69 10 3.25 1.07 6 1.46 1
OVERALL  8.05 2.33 36 9.81 3.67 29 2.82 1.06 21 1.81 1.35 4

TABLE 3.15. CONCENTRATIONS QF IRON IN SPOROPHORES HARVESTED
FROM COMPOSTS SUPPLEMENTED WITH FERROUS SULPHATE
IN THE UPPER OR LOWER LAYERS. (MILLIGRAMS PER
KILOGRAM DRY WEIGHT).

FIRST BREAK  SECOND BRE&K THIRD BREAK FOURTH BREAK
TREATMENT Mean S5.D- n Mean 3.0 n Mean S5.D n Mean S5.D n
CONTROL  52.31 25.25 12 52.66 35.83 10 64.00 41.52 8 53.41 3.75 2
+ COMPOST 49.58 23.17 12 47.38 31.24 11 48.59 8.29 7 63.45 1
~ COMPOST 66.92 68.87 12 50.32 34.67 10 43.74, 6.50 7 45.79 1
OVERALL ~ 56.27 43.81 36 50.03 32.80 31 51.81 25.86 22 5,.02 7.56 4

TABIE 3.16. IRON CONTENT PER BREAK AND TOTAL IRON CONTENT OF
SPOROPHORES HARVESTED FROM COMPOSTS SUPPLEMENTED
WITH FERROUS SULPHATE IN THE UPPER OR LOWER
IAYERS. (MICROGRAMS).

FIRST SECOND  THIRD FOURTH  TOTAL
TREATMENT  BREAK  BREAK  BREAK  BREAK  BREAK
CONTROL 480.9  454.2 148.2 100.6 1183.9
+ COMPOST  346.4 390.5 130.2 125.0 992.1
- COMPOST  532.9 515.9 145.8 66.9 1261.5
OVERALL 453.4  453.5  141.4 97.5  1145.8

n . = Number of samples.

Mean = Mean of those samples.

5.D Standard Deviation of those samples.
+ COMPOST = Ferrous sulphate applied to compost surface.
-~ COMPOST = Ferrous sulphate injected into compost.

!

il
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TABLE 3.17.

TREATMENTS

FERROUS
CHLORIDE

FERRIC
CHLORIDE

FERRIC
SULPHATE

FERRIC
NITRATE

FERROUS
SULPHATE

CONTEOL

TABLE 3.18.

TREATMENTS

FERROUS
CHLORIDE

FERRIC
CHLORIDE

FERRIC
SULPHATE

FERRIC
NITRATE

FERROUS
SULPHATE

CONTROL
OVERALL

DRY WEIGHT YIELDS OF SPOROPHORES HARVESTED FROM

COMPOSTS SUPPLEMENTED WITH DIFFERENT INORGANIC

IRON SALTS. (GRaAMS PER KILOGRAM FRESH WEIGHT OF

COMPOST) .
FIRST BREAK
5.36 (2.82)
8.73 (1.85)
8.71 (2.78)
8.46 (1.48)

6.70 (2.93)
9.93 (1.29)

SECOND BREAK

12.76 (1.51)
11.07 (1.05)
11.61 (1.99)

11.27 (0.73)

13.41 (0.51)

9.75 (1.59)

THIRD BREAK

2.98 (1.00)
3.76 (0.76)
3.54 (0.39)
3.88 (0.34)

3.59 (0.61)
Lokl (1.71)

21

23.

23.

23.

23.
2.

Means and (Standard Deviation) of 3 Replicates.

TOTAL

.10 (2.24)

56 (1.96)
86 (1.00)
54 (0.50)

70 (2.06)

12 (1.93)

CONCENTRATIONS OF IRON IN SPOROPHORES HARVESTED FROM
COMPOSTS - SUPPLEMENTED WITH DIFFERENT INORGANIC IRON

SALTS.

FIRST BREAK

76.22 (41.38)

107.3 (78.77)

85.06 (88.54)
111.3 (75.05)

99.74 (106.1)

42.77 (23.40)
87.07 (71.67)

SECOND BREAK

38.64 (7.61)
50.15 (30.39)
96.04 (113.3)
41.95 (6.39)

42.93 (23.40)

43.03 (10.62)
52.44 (49.77)

THIRD BREAK

136.0 (113.2)
75.62 (36.27)
124.8 (99.60)
75.84 (27.79)

67.50 (19.98)

163.8 (123.5)
103.6 (78.98)

(MILLIGRAMS PER KILOGRAM DRY WEIGHT) .

Means and (Standard Deviation) of 5 Replicates.
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TABLE 3.19. 1IRON CONTENT PER BREAK AND TOTAL IRON CONTENT OF
- SPOROPHORES HARVESTED FROM COMPOSTS SUPPLEMENTED

WITH DIFFERENT INORGANIC IRON SALTS. (MICROGRANS).
TREATMENT  FIRST BREAK  SECOND BREAK  THIRD BREAK TOTAL
ggig?a[ilg}a 4084 4L93.0 405.6 1307.0
ggigégnE 937.2 555.0 284.9 1777.1
ggigégTE 741 .1 1114.6 L42.0 2297.7
i??g}x% 942.1 4L72.8 288.4, 1703.3
gﬁ‘iﬁgﬁ% 668.4 575.6 2,2.2 1486.2
" CONTROL 4249 119.6 726.8 1571.3

OVERALL 687.0 (235.5) 605.1 (255.9) 1398.3 (178.4) 1690 (340.4)

Means and (Standard Deviations) of 6 replicates.

TABLE 3.20. CORRELATIONS BETWEEN DRY WEIGHT YIELDS AKD:
A .CONCENTRATION OF IRON IN SPOROPHORES AND
B.CONTENT OF IRON IN SPOROFPHORES.

TREATMENT - A B

FERROUS CHLORIDE - 0.913 . 0.979 ¥
FERRIC CHIORIDE - 0.253 0.590
FERRIC SULPHATE ~ 0.806 0.975 3~
FERRIC NITRATE - 0.360 0.403
FERROUS SULPATE - 0.608 0.389
CONTROL ~ 0.999%¥¥ - 0.999 k% ¥
OVERALL - 0.611 ¥¥ 0.478 ¥

Y Significant at probability of 0.05.
Y Significant at probability of 0.01.
***- Significant at probability of 0.001.
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SECTION 3.2 FACTORS INFLUENCING THE CONCENTRATION OF TRON IN THE

SUBSTRATES DURING THE CULTURE OF AGARICUS BISPORUS.

“3.2.1 Introduction.

During the growth and production of the Agaricus bisporus

crop, a loss of organic material occurs in the compost and results
in the accumulation of mineral elements. In addition the upward
diffusion of soluble salts from the compost results in the
accunulation of these salts in the casing layer.

The experiments in this section consider the quantitative
changes of iron that occur in the compost and casing substrates

during the culture of Agaricus bisporus and considers the influence

of a number of factors which may contribute to these changes.

3.2.2 Extractable Iron in the Substrates during Culture,

In this initial study the quantities of extractable iron in
the compost and casing were observed during the induction of
sporophore formation and cropping. Extraction with distilled
water was used to determine the quantity of freely available
iron. The extractant; tetra-potassium pyrophosphate was used
to estimate the amount of iron bound to the organic materials
of the substrates. Both extraction procedures were used in
accordance with the methods outlined in Section 2.2. The entire
casing layers, upper halves and lower halves of the compost were
sampled from six replicated growing units at 7, 14, 21, 28, 35
and 48 days after casing. The results of the extractions of
these substrate samples are given in Appendix 3.1 and are shown

in Figures 3.2 and 3.3.
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3,2.2,1 Water Extractable Iron (Figure 3.2).

Overall there was a slightly increased concentration of
water extractable iron in the casing layer with time. However,
there was a sharply increased quantity of water extractable iron
in the casing layer following the harvesting of the first break

sporophores. This then declined throughout cropping. It is

likely that harvesting of the sporophores caused considerable
damage to the mycelial strands in the casing layer and thus
allowed the leakage of materials into that substrate. Ppssibly
the observed increase of iron was not purely the result of iron

kiﬁtked from the disrupted mycelium but, was also caused by the
enhanced activity of bacteria utilising other substances leaked
into the casing layer.

Tn both the upper and lower compost samples, the gquantity
of water extractable iron decreased 1k days after casing, approx-
imately coinciding with the time of sporophore initiation. This
decrease may be associated with either, the increased uptake of
iron and other materials into the mycelium, in readiness for
sporophore production, or, a decreased mycelial activity in the
compost duriné the initiation of sporophores in the casing layer.
The concentration of water extractable iron then increased
steadily with time until day 35, Following this time water
extractable iron in the compost declined to the end of the
experiment, These changes may be the result of the mycelial
activity in the compost. During cropping this aoti&ity was
high but, between 35 and 48 days after casing the culture
ceased to produce sporophores probably indicating a decline

in mycelial activity.
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3.2.2.2  Pyrophosphate Extractable Iron (Figure 3.3).

The concentration of pyrophosphate extractable iron in the
casing layer increased at an approximately constant rate until
55 days after casing. There was ‘then a decline to the final
sample taken 48 days after the application of the casihg layer.
The increase ié possibly due to the upward diffusion of water
soluble iron which becomes bound to humic substances in the

casing layer, from which they are extracted by the pyrophosphate.

However, by day 48 a decreased mycelial activity in the compost
resulted in a smaller guantity of water soluble iron (Figure 3.2)
diffusing upward into the oésing. The iron present in the casing
may have become more firmly bound.and,Atherefore, not extractable
be pyrophosphate, resulting in the observed decline of pyrophos-
phate extractable iron. .
The pyrophosphate extracts of the compost samples contained

very variable concentrations of iron. In the lowér half of the
compost pyrophosphate extractable iron increased linearly with
time until day 35 after which there was a considerable increase.
However, in the upper compost the concentration of pyrophosphate
extractable iron declined until day 28. There then followed a
dramatic increase to the final sample, 48 days after casing.

| The changes in the concentration of water extractable iron
in the substrates that occurred in this study appear to be related
to the mycelial activity in the compost and casing layer. The
concentration of water extractable iron in the compést is of the
same order as the concentration of iron in the sporophores deter-
mined in Section }.1. These observations may be indicative of

the importance that soluble materials play in the nutrition of

the sporophore.
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3.2.9 Water Extractable Iron in Substrates Supplemented with

Ferrous Sulphate.

In an experiment described in Section 3.1.5.2, ferrous
‘sulphate was added to the upper and lower layers of the compost
to determine the effect on the concentration of iron in the
sporophore. In that same experiment, described here, the changes
of water extractable iron that occurred in the substrates during
culture were monitored.

Samples were taken from the casing layer, the upper half and
the lower half of thé compost 4, 13, 27, 39 and 55 days after

casing. Water extracts were prepared in accordance with the

methods given in Section 2.2 for the four replicates of each
sample., The concentrations of water extractable iron in the
samples were determined using Atomic Absorﬁtion Spectrophoté—
metry. The results are given in Appendix 3.2 and shown in
Figures 3.4 and 3.5.

Tn the casing layer (Figure 3.k4) similar changes in the
concentration of water extractable iron occurred in each of the
three treatments. There was a gradual increase between days 4
and 27, following which there was a greater increase up to day
%9 and a decrease to day 55. The concentration of water extract-
able iron in the casing layer of the control and “he treatment in
which iron was injected into the compost were very similar through-
out. However, when iron was applied to the compost .surface there

was initially more water extractable in the casing layer of this

treatment than the other two. There was also slightly more water

extractable iron présent in the casing layer of this treatment on

days 27 and 39 after casing.
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The concentrations of water extractable iron in the compost
are shown in Figure 3.5. 1In the control, the lower half of the
compost contained a consistently higher concentration of extract-
able iron than the upper half throughout the period of the study.
However, the addition of ferrous sulphate solution to the compost
surface increased the concentration of water extractavle iron in
the upper half of»the compost to the level where it was equivalent
to that in the lower half. Both halves then contained a similar
concentration of water extractable iron to that found in the lower
half of compost of the control.

When ferrous sulphate was injected into the compost, the
upper half of the compost was unaffected and the changes of water
extractable iron were the same as the upper compost of the control.
The concentration of water extractable iron in tbe lower half of
the combost increased linearly with time and at a greater rate
than in the upper compost until day 39 after which it decreased
slightly.

The overall pattern of changes of the water extractable iron
in the substrates of this study are similar to those observed in
the previous study (Section 3.2.2)., The addition of ferfous
sulphate solutions to the compost resulted in a small increased
guantity of water extractable iron in the vicinity of the applica-
tion of the supplement. This increase was approximately 5% of the
soluble iron added to the compost. Thus, a large proportion of
the soluble iron added to the compost was bound to the compost

and made insoluble.
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FIGURE 3.5. CONCENTRATIONS OF WATER EXTRACTABLE -TRON IN COMPOSTS OF
GROWING UNITS4SUPPLEMENTED WITH FERROUS SULPHATE IN THE
UPPER OR LOWER IAYERS COF THE COMPOST,DURING CULTURE.
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3.2.4 The Effect of Different Watering Regimes on the Concentration

of Water Extractable Tron in the Substrates.

To determine the effect of water applied to the casing layer
on the gquantity and movement of water extractable iron in the
casing and compost, substrate samples were taken from the growing
units used in the study of the effect of different watering regimes
on the iron composition of the sporophore. The details of the
experimental treatments and extraction procedures are given in
Sections 3.1.4 and 2.2, Six replicated samples were taken from

the casing layer and the upper and lower halves of the compost ;

in each of the three ftreatments at the conclusion of the experi-’
ment, 65 days after casing. The perceﬁtage dry weight and the
concentration of water extractable iron are given in Table 3.2.1.

There was a negative correlation (—0.925h which is sighificant
at a probability of 0.1) between the amount of water added to the
casing layer and the percentage dry weight of that substrate.

There were significant differences (at a probability of 0.05)
between the percentage dry weights of the casing layers from
the three different treatments.

Tn all three treatments, the upper half of the compost was
drier than the lower half but, this difference was only significant
in the lower watering regime. There were significant differences
of percentage dry weight in both the upper and lower halves of the
compost between the three treatments. Also, there were strong
negative correlations between the dry matter composition of both

the upper half (-0.9987, significant at a probability of 0.01) and

the lower half (-0.9878, significant at a probability of 0.02) of

the compost and the quantity of water added per day to the casing

layer.
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TABLE 3.21.

A.

PERCENTAGE
DRY
WEIGHT

B.

IRON
CONCENTEATION

Means and

A. PERCENTAGE DRY WEIGHTS AND B. CONCENTRATIONS
OF WATER EXTRACTABLE IRON (MILLIGRAMS PER
KILOGRAM DRY WEIGHT) IN THE SUBSTRATES SURJECTED
TO ILOW,MEDIUM AND HIGH WATERING REGIMES.

SUBSTRATE
SAMPLE REGTME
CASING 63.30 (95[p6>
UPPER - _
composT  45-62 (2.524)
LOWER
composy 4113 (1.977)
CASING 0.698 (0.278)
UPPER
compos 19126 (2.964)
LOWER

18.190 (4.346)

REGIME

32.14 (8.939)

37.32 (6.622)

32.82 (4.143)

0.745 (0.240)

23.45 (3.494)

17.78 (3.115)

LOW WATERING MEDIUM WATERING HIGH WATERING

REGIME

23.04 (1.421)
28.06 (5.295)

2641 (4.

0.659 (0.236)
20.30 (3.353)

22.56 (3.566)

(Standard Deviations) of 6 replicate samples.




There were no significént differences of the concentration
of water extractable iron in the casing layers of the three

watering treatments although, the medium regime casing contained

slightly more than the low regime, which in turn contained more

than the high watering regime.

More water extractable iron was found in the upper half of

the compost than in the lower half in both the low and medium
watering regimes but, this difference was significant only in
the medium treatment., At a higher rate of water application,

slightly more water extractable iron was present in the lower

half of the compost.

Significantly more water extractable iron was found in the
upper half of the medium treatment compost than in that of the
low'watering regime, The lower half of the compost in the ﬁigh
watering treatment contained significantly more water extractable
iron than the lower compost of the medium treatment.

These results show that increasing water application to the
casing layer increased the quantity of water extractable iron in
the compost, which with heavy watering, was washed down into the

lower layers of the substrate.

3.2.5 The Effect of Different Racterial Isolates on the Concentration

of Water Extractable Tron in the Substrates.

The presence of bacteria in the casing layer is obligatory for
the initiati on of sporophore formation. The involvément of bhacteria
in this phenomenon has received much attention but, their precise
role has so far escaped definition. It seems likely that they are
associated with the production of localised conditlons in the

casing layer essential to the iInitiation process. Hayes (1972)
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suggested that bacteria associated with fructification might act
by solubilizing iron, and other materials, in the casing layer
making them available. The objective of this study was, there-
fore, to determine the iron solubilizing ability of bacteria
isolated from the casing layer.

In an experiment by Cresswell, at the same time as these
studies, different bacterial isolates were being assessed for
their ability to initiate sporophore formation. A glass flask
culture system was used to prevent contamination of the substrates.
250 grams of sterilised compost in each flask were inoculated with

Agaricus bisporus. Following complete colonisation of the compost,

100 gram layers of sterilised PMB casing were added. The casing
layers of three replicate flasks were each inoculated with cultures
of a single specie of bacteria., Twelve different bacterial isolates
wére used and in addition three different controls were prepared.
The controls were: compost and casing containing normal bacterial
populations, normal compost with a sterilised casing, and sterilised

compost and casing. Agaricus bisporus was present in each of these

controls.,

Forty days after the application of the casing layers, at the
conclusion of the experiment, the compost and casing were removed
from each flask. Water extracts of samples were prepared in
accordance with the methods detailed in Section 2.2. The quantity
_of iron in the extracts was determined using atomic absorption
spectrophotometry, and the results of this analysis are shown
in Table 3.22.

In the compost extracts there were no significant differences

in the concentration of water extractable iron in any of the treat--
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TABLE 3.22.

CONCENTRATIONS OF WATER EXTRACTABLE IRON IN SUBTRATES
FOLLOWING THE ADDITION OF DIFFERENT BACTERIAL
ISOLATES TO THE CASING LAYER. (MILLIGRAMS PER
KILOGRAM DRY WEIGHT).

BACTERIAL ISOLATE

TREATMENT COMPOST CA SING
FLAVOBACTERIUM 7 17.66  (4.585) 42.64 (2.896)
SERRATIA 51 18.62 (1.407) 42.31 (8.623)
BACILLUS 6L 19.51  (3.490) 60.27 (8.048)
ENTEROBACTER 10 20.39 (2.433) 37.38 (2.901)
AICALIGENES 21 17.62 (8.508) 36.06 (2.034)
ALCALIGENES 62 16.56 (7.103) 46.48 (3.350)
ALCALIGENES 81 17.47 (3.378) 59.51  (5.829)
PSEUDOMONAS 19 18.03 (4.212) 46.24  (7.291)
PSEUDOMONAS 27 14.19 (3.651) 47.89 (0.595)
PSEUDOMONAS 28 15.16 (3.283) 37.42 (7.626)
PSEUDOMONAS 7 18.29 (2.840) C27.69 (5.386)
PSEUDOMONAS 8l 18.77 (0.441) 32.14 (2.788)
CONTROLS
STERTLE CASING NORMAL COMPOST  16.01 (5.127) 39.46 (2.276)
NORMAL CASING AND COMPOST 18.99 (2.112) 48.47 (0.530)
STERILE CASING AND COMPOST 15.34  (b.AL7) 34.06 (3.615)

Means and (Standard Deviations) of 3 replicates.
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3.2.6

ments or controls. However; the concentration of water extract-
able iron in the compost of the controls increased slightly with
increasing bhacterial presence in the culture. The axenic control
contained less than the sterile casing control which, in turn,
contained less than the 'normal' control.

In the casing layer the concentration of water extractable
iron was considerably more variable between the different treat-
ments. In the controls, the casing layer from the "normal' culture
control contained significantly more water extractable iron than
the casing layers of the two other controls. The casing layer
overlying the normal compost contained slightly more water
extractable iron than the casing layer above the axenic compost.

Of the casing layers inoculated with different bacterial
cultures, six (isolate numbers; 7, 19, 27, 62, 64t and 81) contained
significantly more water extractable iron than the casing layer of
the axenic contrél. The casing layers of only five cultures (7, 10,
21, Tk and 84) contained significantly less lron than the casing
from the 'mormal' control.

Tt is clear that a range of different bacteria, isolated from
normal casing layers are capable of increasing the quantity of
water soluble iron in the casing layer and that the normal bacterial

populatiorns of the casing layer are performing this function.

The Concentration of Iron-59 in the Substrates and Sporophores

Following the Addition of Tsotope %o the Casing ILayer, the

Upper or the Lower Compost.

The mobility of ions in soils has frequently been studied using
tracing technigues. Only one study of this type has been directed

towards the substrates used in mushroom cultivation. Corin et al.
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(1954) found that 28 days after the addition of Phosphorus-32
labelled monosodium phosphate to the compost, 90 percent of
the Phosphorus-32 was recovered in the form of mineral phosphate
of which 70 percent was soluble in cold water. Thus, the phos-
phate was not substantially bound to the organic colloids of the
compost and was free to move in the substrates. Flegg (1961b)
and Yeo (1980) have shown the passive accumulation of soluble
salts in the casing layer and Fleckenstein and Grabbe (1979)
have shown the increased mobility of heavy metals with percolation
of the substrates. In this study, Iron-59 was applied at different
levels in the substrate in order to observe the movement of this
isotope within the substrates. Also the isotope content of the
sporophore was measured, so that the source of isotope uptake
could be determined.

The boxes were prepared in accordance with the methods
detailed in Section 2.1. The isotope solution was applied to
16 replicate boxes for each treatment and the.treatments were:
isotope applied to the casing surface, to the compost surface
and injected into the compost. Three replicate growing units
were sampled from each treatment 4, 13, 26, 34 and 52 days after
casing. Four samples were taken from each of four substrate
levels in each growing unit. Statistical analysis showed that
the variability of samples taken from one unit was as great as
the variability of samples taken from different growing units
within each treatment. The results given in Appendix 3.3 and
Figure 3.6, 3.7 and 3.8 are the means of twelve replicate

samples.
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3,2.6.1 Isotope in the Substrates.

Isotope applied to the Casing Surface (Figure 3.06)

Despite variability the concentration of isotope in the casing

layer remained approximately constant throughout the duration of
the study.

In the compost the isotope concentration appears to increase

slowly with time, probably as the result of the downward movement
of the isotope. The application of water may enhance the downward
percolation of isotope, because in the top of the compost an
increased isotope concentration coincided with the watering of the
casing layer which was required during the aeration of the boxes.
This increase of isotope concentration was observed to occur later
in the middle and bottom of the compost. This may be linked to the
time required for downward movement of water,

It would appear that the isotope becomes bound to the casing
layer because, thé concentration of isotope in the top of the
compost was only about 0,05 percent of that in the casing layer.
Thus, indicating the small downward percolation of what was
originally soluble iron-59.

Isotope Applied to the Compost Surface (Figure 3.7).

Again because of the variation of samples it is difficult to
interpret any changes of isotope concentration. However, in each

level of the substrate there was a gradual increased isotope

concentration with time. This may be the result of: - loss of dry
matter, diffusion or percolation.,- The isotope does appear to be

highly localised near to the point of application.
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Isotope Injected into the Compost (Figure 3.8).

In common with when the isotope was applied to the upper
layers of the substrate, the isotope was highly localised when
injected into the compost and again because of the variability

it 1s difficult to interpret any of the observed changes.

Sporophores (Table 3.23 and Figure 3.9).

It is likely that the content of iron in the sporophore is
dependent upon; the size of the sporophore, the yield of sporo-
phores produced from a.particular set of cultural conditions and
the concentration of iron in the subsirates. Using the data
obtained in this study the significance of various relationships
were tested using correlation coefficient calculations.

Table 3.24 shows the correlations in different treatments
and breaks between the dry weights and Iron-59 concentrations of
individual sporophores. When the isotope was applied to the
casing layer there were negative correlations in each break but,
only the second break was significant. The decreasing isotope
concentration in sporophores of increasing size may indicate that
a limited quantity of isotope was available for uptake into each
sporophore particularly when large numbers of sporophores were
produced. There were no significant correlations when the isotope
was applied to the compost surface. However, when the isotope was
injected into the compost, there were increasingly significant
correlations in the later breaks, between the size and isotope
content of sporophores. The increasing correlation with decreasing
sporophore number probably demonstrates that the quantity of isotope
availlable for uptake into the sporophore did not decrease with the

yield and thus, when few sporophores were produced the concentration
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of Iron-59 that each contained was proportional to its size.

The correlations between the dry weight yield and Iron-59

content of sporophores in each break are gilven in Table 3.25.

When the isotope was applied to the casing layer there was a

slight (but, not significant) negative correlation. Thus, the
content of iron in the sporophores increased despite the decreasing
yield in successive breaks. Possibly the increasing quantity of
available iron was the result of downward movement into the compost,
the substrate which supplies nutrients to the sporophore. The
application of Iron-59 to the compost resulted in significant
correlations between the decreasing dry weight yield per break

and the decreasing quantity of isotope contained in those sporo-
phores. This may show that Iron~59 is taken up from the compost

in direct proportion to other materials and therefore, that the
compost is the major source of nutrient supply, particularly the
upper half of the éompost.

To determine the existence of any correlations between the
concentrations of isotope in the sporophores and in the substrates
it was, firstly, necessary to estimate the concentrations of isotope
in different levels of the substrate at the times corresponding to
the harvest of the sporophores. These concentrations, together with
the correlation coefficients are given in Table 3.26. There were no
significant correlations between the concentration of isotope in the
casing layer and in the sporophores of any of the treatments. How-
ever, when the isotope was applied . to the casing layer the increasing
concentration of Iron-59 in the sporophores was positively correlated
with the increasing concentration of isotope in the compost (signifi-

cantly so in the middle compost). This shows that the compost is the
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source of nutrient supply. As more Iron-53 moves down into the
compost from the casing layer it becomes available for uptake

into the sporophores. When the isotope was added to the compost
there were negative correlations between the concentration of

iron in the upper compost and the sporophores. This may indicate
that the iron in the sporophores was removed from the upper compost
and, therefore, decreased concentrations of Iron-59 in the upper
compost are associated with the increased concentration of isotope
in the sporophores.

The results of this study show that Iron-59 added to the
substrates became highly localised where it was applied. Very
little movement of the isotope occurred between different levels
of the substrate, that which did was probably by percolation and
diffusion. The gquantity of isotope containéd in the sporopﬁores
was related to the yield and number of sporophores produced. The
findings also show that the isotope in sporophores was obtained
from the compost. The findings show that the ma jority of isotope
in the sporophores was taken up from the compost, although a

limited quantity was derived from the casing.
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FIGURE 3.6.
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FIGURE 3.7. CONCENTRATIONS OF IRON-59 IN DIFFERENT LEVELS OF THE

Counts Per Hour Per Gram Dry Weight
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SUBSTRATES FOLLOWING THE ADDITION OF ISOTOPE TO THE
UPPER COMPOST.
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FIGURE 3.8. CONCENTRATIONS OF IRON—.SQ IN DIFFERENT LEVELS OF THE
SUBSTRATES FOLLOWING THE ADDITION OF ISOTOPE TO THE
LOWER COMPOST.
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TABLE 3.23. DRY WEIGHT YIELDS AND QUANTITY OF IRON - 59 IN
SPOROPHORES HARVESTED FROM SUBSTRATES FOLLOWING
THE ADDITION OF ISOTOPE TO:

>

. THE CASING LAYER.
B. THE UPPER COMPOST.
C. THE LOWER COMPOST.

TRON - 59 CONCENTRATION MEAN DRY  TOTAL
Log Count/Hour/Gram Dry Weight WEIGHT IRON - 59

&
£

YIELD. CONTENT.

NUMBER OF ' 95% CONFIDENCE  Grams/ Log Counts
BREAK SPOROPHORES MEAN LIMITS Growing  /Hour/
UPPER LOWER Unit Growing Unit

1 L6 1.993 2.179 1.661 2.632 2.413

2 77 2.050 2.168 1.888 3.259 2. 56

3 10 2.348 2.73, 0 1.928 2.633

L 9 2.58L, 2.94L 0 1.496 2.759 -

1 42 2.680 2.747 2.600 2.876 3.139

2 49 2.77, 2.912 2.570 3.014 3.253

3 9 2.613 2.749 2.415 1.304 2.728

L, 3 2.558 2.943 0 0.678 2.389

1 L 2.689 2.773 2.58 2.300  3.050

2 15 2.878 2.991 2.725 1.937 3.165

3 8 2.620 2.795 2.320 0.914 2.581

L 1 2.828 - - 0.488 2.516
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FIGURE 3.9. CONCENTRATIONS OF IRON-59 IN SPOROPHORES OF DIFrgmgy
BREAKS FROM SUBSTRATES WHICH BAD ISOTOPE ADPED T
EITHER, THE CASING LAYER,THE UPPER,OR THE LOYER COuposy
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TABLE 3.24. CORRELATIONS BETWEEN INDIVIDUAL SPOROPHORE DRY WEIGHT
AND TRON - 59 CONCENTRATION.

ISOTOPE TO CASING ISOTOPE TO COMPOST ISCTOPE TNJECTED INTO

SURFACE _ COMPOST
BREAK r n r n r n
FIRST - 0.19, L6 - 0.040 38 0.229 4
SECOND - 0.338 77 0.270 L 0.610 15
THTRD + —~ 0.2A9 16 - 0.387 12 0.836 9

FOURTH

r = Correlation Coefficient.
n = Number of samples.

TABLE 2.25. CORRELATIONS BETWEEN DRY WEIGHT YIELD AND TOTAL IROH - 59
CONTENT OF SPOROPHORES PER BREAK.

ISOTOPE APPLIED ISOTOPE APPLIED" ISOTOPE INJECTED
TO CASING TO COMPOST INTO COMPOST
- 0.703 0.988 0.942

TABLE 3.26, CORRELATIONS BETWEEN THE CONCENTRATION OF IRON - 59
IN SPOROPHORES AND IN DIFFERENT LEVELS OF THE SUBSTRATES.

ISOTOPE CONCENTRATION

Log counts/Hour/Gram Dry Wt.
FIRST SECOND THIRD FOURTH CORRELATION

TREATMENT SAMPLE BREAK PBREAK BREAK BREAK COEFFICIENT
SPOROPHORE 1.993 2.050 2.348 2.584

ISOTOPE APPLIED TO CASING L.857 4.908 4.924 4.863 - 0.031

CASING SURFACE UPPER COMPOST 1.544 1.663 1.681 1.699 0.761
MIDDLE COMPOST 1.0 1,146 1.415 1.415 C.918
LOWER COMPOST 1.201 1.415 1.568 1.519 0.818
SPOROPHORE 2.680 2.774 2.613 2.559

ISOTOPE APPLIED TO CASING 3.763 3.903 4.0L1 4.0C0 - C.546

COMPOST SURFACE UPPER COMPOST  5.114 5.164 5.38C 5.423 - 0.883
MIDDLE COMPOST 2.756 2.602 2.447 2.477 C.577
LOWER COMPOST  1.362 1.362 1.342 1.415 0.143
SPOROPHORE 2,689 2,878 2.620 2.828

ISOTOPE INJECTED — CASING 1.204 1.301 1.54L 1.845 0.128

INTO COMPOST UPPER COMPOST  2.447 2.279 2.3hk2 2.342 - 0.924
MIDDIE COMPOST 4.857 4.863 5.061 5.255 0.045
LOWER COMPOST — 4.362 4.204 L.LLT 4 623 0.157



3.3 THE UPTAKE OF TRON INTO THE SPOROPHORE DURING GROWTH AND

DEVELOPMENT,

%.3.1 Introduction.

The growth of the Agaricus bisporus sporophore was shown by

Bonner et al. (1956) to be totally dependent on materials trans-
located from the subterranean mycelium. 'they also observed that
throughout development, the percentage dry weight of the sporophore
remained constant and from this concluded that water is taken up
only in proportion to these materials.

. Many studies since have shown that a large variety of substances
are translocated into the sporophore. However, the majority of these
materials were complex organic molecules and because of their involve-
ment in metabolic processes it was difficult to interpret the signifi-

cance of the uptake of these substances. In addition these studiles

showed that the metabolism of Agaricus bisporus chaﬁges during

development of the sporophores but, neither these changes of
metabolism nor the uptake of materials have been specifically
linked to growth or any developmental process.

The objective of this part of the study was, therefore, to
quantify growth of the sporophore and then to observe the changes
of iron that occur in the sporophore in assocation with growth

and development.

3.2.2 Growth of the Sporophore of Agaricus bisporus.

3.3.2.1 Introduction.

There is little published information on the growth rate of
the Agaric sporophore. In 1956 Flegz and Gandy and Bormer et al.

guantified the expansion and extension of the stipe and pileus
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during the development of the sporophore., In 1960 Cooke determined
sporophore growth over a period of eight days. He found that Sporo-
phore growth followed a sigmoidal curve and that from day 2 to day 5
the growth was linear at about 8.66 grams fresh weight per day.
Chanter and Cooke (1978) substantiated this growth pattern and
demonstrated a number of factors which may influence the sporophore
growth rate,

Flegg and Gandy (1956) observed a relationship between the
pileus diameter and the fresh weight of the sporophore. They
determined that the weight was proportional to the plleus diameter
cubed and that this relationship differs slightly for cups and
flats, (Flats: Diameter3 = 12.5 x Weight and Cups: Diameter3 =
7.5 x weight).

Growth rate is defined as the change in weight with time,
thus it was proposed that by using the relationship observed by
Flegg and Gandy it would be possible to calculate the weight and

thereby the growth rate of the sporophore as it increased in size.

3.3.2.2 The Relationship Between the Pileus Diameter and Weight of the

Sporophore.

Before any estimation of the growth rate could be madé the
precise relationship between the pileus diameter and weight of
the sporophore was defined. This was done by harvesting sporo-
phores of different sizes which were produced from 36 growing
pots prepared in accordance with the methods detailed in Section
2.1.

A total of 360 sporophores were harvested. The dry weight,
fresh weight, stage of maturity and pileus diameter were determined

for cach sporophore. The pileus diameter was measured using
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calipers, taking the mean of two readings at right angles to
each other. The stages of maturity are shown in Plate 3.1 and
the descriptive characteristics of each stage aré given in
Appendix 3.k,

The pileus diameter and dry weight of all sporophores
belonging to each stage of maturity were plotted to give a
curve for each of the stages. The curves for each stage are
shown in Figure 3.10. These curves correspond very closely to
those obtained by Flegg and Gandy. In Table 3.27 i% can be seen
that the correlation coefficients of pileus diameter and sporo-
phore dry weight were highly significant (at a probability of
0.001) for each of the developmental stages. There was, there-
fore, a very close relationship bétween the two parameters for
each stage. It can also be seen from this table that the per-
centage dry weights of sporophores in the different stages were
all similar. This‘observation is in accordance with the findings
of Bonner et al. (1956).

The mean results for each stage given in Table 3.27 are
plotted in Figure 3.11. The confidence limits demonstrate that
there was a considerable variation in both dry weight and pileus
diameter of the sporophores contained in each stage.

Table %.28 contains the mean dry welghts and pileus diameters
of sporophores divided arbitrarily into 13 groups containing sporo-
phores of similar weights. These results are also plotted in
Figure 3.11 and show considerably less variation than the develop-
mental stage plots. Also shown in Figure 3.11 is the curve of
yl.75 = 17x, which most closely approximates to the two sets of

data.
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PIATE 3.1. DEFINED DEVELOPMENTAL STAGES OF' THE SPOROPHORE.
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FIGURE 3.10. PILEUS DIAMETER aGATNST SPOROPHORE DRY WEIGHT FOR
FACH DEVELOPMENTAL STACE.
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FIGURE 3.11. PILEUS DIAMETER [\GAII‘TE‘ffI SPOROPHORE DRY VWEIGHT OF
SPOROPHORES GRL’)UPED ACCORDING TO
1.SIMILARITY OF DRY WEIGCYT.
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TABLE 3.27. PILEUS DIAVETERS AND DRY WEIGHTS OF DIFFERENT
SPOROPHORE DEVELOPMENTAL STAGES.

SAMPLE PILEUS DRY CORRELATION ¢ DRY

STAGE SIZE DIAMETER(CM) WEIGHT (G) COEFFICIENT WEIGHT
Mean C.L Mean C.L,

BUTTON 104, 2.28 0.10 0.345 0.04 0.553 8.071
IATE BUTTON 27 2.82 0.233 0.483 0.093  0.931 8.511
BUTTON/OPEN CUP 20 3.32 0.185 0.628 0.106  0.880 8.511
EARLY OPEN CUP 20 3.77 0.307 0.903 0.237  0.899 8.171
EARLY-MID OPEN CUP 12 3.68 0.292 0.688 0.206 0.918 7.84L0
MID OPEN CUP 23 L.06 0.302 0.945 0.209 0.941 8.305
MID-IATE OPEN CUP 30 L.63 0.324, 0.949 0.171  0.952 7.780
TATE OPEN CUP 39 5.55 0.399 1.199 0.233  0.921 8.06L
EARLY CUP 35 6.09 0.318 1.207 0.139 0.733 8.4L6
FIAT 13 7.21 0.851 2.301 0.973 0.956 8.491

TABIE 3.28. PILEUS DIAMETERS AND DRY WEIGHTS OF SPOROPHORES DIVIDED
IWW(R&WSOFSHHMRDEFWH&HS

NUMBER OF DRY WEIGHT (G) PILEUS DIAMETER (CM)

SPOROPHORES Mean c.L. Mean - ¢.L.
o7 0.108 0.0040 1.443 0.0657
25 0.180 0.0051 2.008 0.0784
22 0.240 0.0054 2. 441 0.1457
35 0.307 0.0065 2.750 0.1151
26 0.400 0.0082 3141 0.2234
27 0.503 0.0088 3.4,22 0.1274
38 0.614 0.0118 3.7 0.1455
19 0.776 0.0133 L.237 0.2940
25 0.938 0.0107 5.136 0.2129
23 1.082 0.0166 5.096 0.2477
22 1.419 0.0L64 5.864 0.3218
21 2.009 0.0612 6.871 0.3160

0.8343 8.333 0.8923

12 3.575

o)
Correlation Coefficient 0.9432 12°F
Significant at Probability of 0.001.

¢.L. = 95% Confidence Limits.
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3.3.2.5 The Calculation of Sporophore (rowth Rate.

Chanter and Cooke (1978) have shown that the removal of a
proportion of sporophores from a crop affects the further growth
of the remaining sporophores. The in situ measurement of sporo-
phore growth will not disturb sporophore growth and hence offers
an advantage over the previously used method of growth estimation.
It was shown in Section 3.3.2.2 that there was a significant
correlation between the pileus diameter and the dry weight of the
sporophore, Thus, by observing the pileus diameter of an individual
it would be possible to estimate the dry weight of that sporophore.
Hence a time-lapse study would demonstrate the increasing weight
of the sporcphore.
Photographic techniques of recording pileus diameter thus,
allowed a large number of individual sporophores to be observed
at frequent intervals. Eight growing units were photographed at
eight hour intervals for five days. The photographs were taken
using a Fujica ST801 single lens reflex camera fitted with a 55 mm
focal length lens and using Ilford FPL4 black and white print film.
For each growing pot a sequence of photographic prints were
produced., Plate 3.2 shows one such series of prints. The. pileus
diameter of sporophores on the photographic prints were individually
measured and by comparison with a reference scale included on the
print, a value for the actual sporophore pileus diameter was
calculated. The pileus diameter of sporophores that had become
~obscured by other sporophores were measured, at the times when
photographs were taken, using calipers. Using a dentist's observation
mirror the developmental stage of each sporophore was observed and
recorded at the time of each photograph.

Using the relationship established in Section 3.3.2.2 the
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PIATE 3.2. A PHOTOGRAPHIC TIME-LAPSE SEQUENCE OF A SINGLE GRCWING
UNIT SHCWING THE INCREASING PILEUS DIAMETER OF

SPOROPHORES.
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sporophore dry weights were calculated from the pileus diameter.
It is possible to calculate the dry weight using two methods:

1. Using the slope of the curve which best fits the data in

Figure 3,11

1.75
y = 17 x therefore The Dry Weight (G) = Diameter (om)l'75
17
> TTad v TAd mvnman 2 T A L P s I T . T I A
= Uil VLgull Jedue Lo plicus dlallle el s LoLiowed across

until the appropriate developmental stage line is met. The

dry weight may then be read off on the x axis.

Table 3.29 compares the two methods of calculating the final
dry weignt with the actual final dry weight of sporophores harvested
from a single growing unit. There was a highly significant correla-
tion between the actual and calculated dry weights, but the values
calculated graphically were closer to the actual value than those
values calculated using the formula. This is probably because the
graphical method allows for the latitude which is observed to exist
between the different stages. The correlation between the actual
and graphically calculated final dry weights of all sporophores is
extremely highly significant and it can thus be assumed that this
method provides an accurate technique for estimating sporophore
dry weight.

The dry weight of each of the 76 sporophores was calculated
at the time of each photograph. The dry weight values of a single
sporophore are given in Table 3.30. The changes in dry weight per
hour (= Growth Rate) were calculated between successive photograpns.
These growth rates were expressed at the mean weight of the sporo-

phore over which time the growth rate values were calculated.

3.%.2.4  Methods of Expressing Growth Rate of Sporophores.

Usually the growth rate of an organism is expressed relative
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TABLE 3.29. COMPARISON OF ACTUAL DRY WEIGHTS AND DRY WEIGHTS
CALCULATED FROM THE PILEUS DIAMETERS OF SPOROPHORES
HARVESTED FROM A SINGLE GROWING UNIT.

PTLEUS ACTUAL FINAL FINAL DRY WEIGHT(G) FINAL DRY WEIGHT(G)

DIAMETER DRY WEIGHT CALCULATED CALCULATED
(cM) (G) GRAPHICALLY ustiG 70 _ .
2.35 0.23 0.23 01262
3.81 0.55 0.593 0.611
L. 70 . 0.88 0.825 0.882
3.96 0.62 0.655 0.654
3.02 0.32 0.328 0.407
5.9l 1.12 1.155 1.329
3.61 0.50 0.513 0.556
L.32 0.62 0.690 0.761
L.93 0.7 0.755 0.959
8.29 1.63 1.630 2.382

Correlation between the Actual and Graphically calculated
Dry Weight = 0.9965 9°F.
Correlation between the Actual and Formula calculated
Dry Weight = 0.9787 9°F.
The COverall Corrolation between the Actual and Graphically calculated

Dry Weight = 0.994 74°F.
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to time but, the primary objective of this study was to delermine
the relationship between the growth rate and size of the sporophore,
All growth rate values and their associated mean sporophore dry
weight values were distributed into 13 different groups on the
basis of similarity of dry weight. The mean dry weight and mean
growth rate values of each of these groups are given in Appendix
3.5 and Figure 3.12, The correlation between the growth rate and
dry weight of the 598 calculated values (0.996) was significant
at a probability of 0.001l. The relationship between these two
parameters was linear and thus, the growth rate of the sporophore
increased in direct proportion to increasing sporophore size.

The methods used in this study also allowed ‘the growth rate
of the sporophore to be expressed relative to time. The growth
rate of both the population and an individual sporophore can.be
expressed in this way. |

The growth rate of the population over each eight hour period,
between consecutive photographs, was taken as the mean of the
individual growth rates in that period. The sequence of population
growth rates is shown in Appendix 3.6 and Figure 3.135. It can be
seen in Plate %.2 that even in a single growing unit there was a
considerable difference of size between individuals sporophores.

It is probable that the range of sizes was contributing to the
variability of the population growth rate values observed in
Figure 3.13;

By combining the growth rate values from the 76 individual
sporophores, a composite growth curve was constructed for the
'average' individual sporophore. This was done as shown in
Table 3,%1A. The data was positioned so that similar dry weight

values of individual sporophores were aligned in vertical columns.
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FIGURE 3.12, GROWTH RATES OF GROUPS OF SPOROPHORES OF SIMILAR

DRY WEIGHT.
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The series of data for individual sporophores must occupy consecutive
columns in order to retain the eight hour periodicity of the growth
rate results. Table 3,31B shows the mean values of the vertical
columns when all 76 sporophores were aligned in such a manner.
These growth rates were plotted against the arbitrary time scale
and are shown in Figure 3.14. The curve represents the growth
rate of an average sporophore during its development from a small
primordium to a large flat. This development took place over a
period of about six days during which time the growth rate increased
exponentially. It does not appear that there was a curtailment of
growth rate in the later sporophore stages studied here,

The results of this study demonstrate that the growth rate of
individual sporophores and the crdp can be successfully estimated

in situ.

3.3 Concentrations of Iron in Different Developmental Stages of

the Sporophore,

It has been frequently observed that the concentration of
certain materials, particularly metals, is greater in smaller
sporophores than in larger, mature sporophores. The results of
Section 3.1.3 indicate that the concentration of iron in Agaricus
bisporus sporophores follows this pattern.

Using sporophore material that was produced in Section 3.3.2.2
the concentration of iron was analysed in sporophores that had been
divided into the ten defined developmental stages. The results of
these analyses for first and second break sporophores are given in
Table 3.32.

In the first break there were no significant differences of

iron composition between the different sporophore developmental
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TABLE 3.32. CONCENTRATIONS OF IRON IN DIFFERENT DEVELOPMENTAL
STAGES OF THE SPOROPHORE .(MILLIGRAMS PER KILOGRAM
DRY WEIGHT).

STAGE ) FIRST BREAK SECOND BRFAK
Mean S.D. N Mean S.D. N
BUTTON 28.40  0.676 2 34,.75 1411 3
LATE BUTTON 23,05  8.031 4  23.80 1.855 3
. BUTTON - OPEN cup 34,.37 12.39 3 27.19  5.4,8 3
EARLY OPEN CUP 26.18  0.817 L 21.66  3.782 2
EARLY-MID OPEN CUP  33.19  6.367 2 24.84,  1.43Lh 3
MID OPEN CUP 27,29  6.625 4 2,.35 0.782 3
MID-LATE OPEN CUP 2,.80  1.536 5  2,.8, 1.038 3
IATE OPEN CUP 37.41 14.12 4L 22.04  0.931 3
EARLY FIAT 29.45  4.789 L4 27.75  6.377 4
FLAT o7.23 2,223 3 18.04  4.880 3

N = Number of samples.
Mean = Mean of those samples.

S5.D. Standard Deviation of those samples.

fl
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stages. In the second break sporophores the concentration of
iron in the button stage was significantly greater than in all
but two other stages. Despite the considerable variation within
each developmental stage there was an overall, gradual decrease
in the concentration of iron in the more mature stages of
development, shown by a negative slope (-0.845) for the best

fitting straight line.

3.3.4 Concentrations of Tron-59 in Sporophores of Different Sizes.

The study of the uptake of iron into sporophores of increasing

size was facilitated by the use of iron-59 and the automated gamma

counter in the Department of Biology at the University of Aston ip‘
Birmingham. The quantity of iron-59 contained in sporophores of
different sizes would then show if the uptake of iron-H9 was
concomitant with the growth of the sporophore.

A description of the methods used is given in Sections 2.1
and 2.%. The isotope solution distributed evenly throughout the
compost of fifty growing units using a syringe and hypodermic

needle. The first break sporophores, 290 in total, were harvested

21 days after the application of the isotope and the casing layer.
The dry weight, radioactive count per hour and stage of development
were determined for each sporophore.

The 290 sporophores were ranked in order of increacsing dry
weight and then divided into groups, each containing ten sporo-
phores of similar dry weight. The mean dry weights and mean
isotope concentrations (given by Log counts/hour/gram dry weight)
of the sporophores in these groups are given in Appendix 3.7 and

shown in Figure 3.15. The concentration of isotope decreased with

increasing sporophore size. The correlation coefficient (-0.823)
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between weight and concentration was significant at a probability
of 0.001. The negative nature of this correlation shows that
there was a close relationship between increasing sporophore size
and decreasing isotope concentration.

The mean dry weights and mean isotope contents (Log counts/
hour/sporophore) of the 29 groupings are given in Appendix 3.7
and Figure 3.16. The total amount of isotope contained in each

sporophore can be seen to be approximately similar in sporophores

of widely different size. The correlation (-0.178) between weight

and content was not significant but, linear regression analysis

showed the constancy of isotope content in sporophores of increasing
dry weight.

12L of the sporophores harveéted were separated into pileus
and stipe. The quantity of isotope in these tissues was determined

and the data obtained were grouped according to similarity of sporo-

phore size. The relative distribution of dry weight and isotope
between the two tissues in the eight groups is shown in Appendix
3.8 and Figure 3.17. Figure 3.17A shows that with increasing
sporophore size, up to about 0.7 grams dry weight, the pileus
contributed an increasingly larger proportion of the sporophore.
Beyond this size, which approximates to the mid open cup stage,

the relative proportions of stipe to pileus remained constant.

Figure 3.17B shows that with increasing sporophore size, the
proportion of isotope contained in the pileus decreased.

The concentrations of isotope in the eight groups of sporo-
phores and in the pilel and stipes of those sporophores are given
in Appendix 3.9 and Figure %.18. Figures 3.184 and C show that

the decreasing isotope concentration in sporophores of increasing
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size was due to the declining concentration of isotope in the
pileus. The concentration of isotope in the stipe (Figure 3.18R)
remained approximately constant throughout. The negative correla-
tion (~0.857) between the pileus as a percentage of the total
sporophore size (Figure 3.17A) and the concentration of isotope
in the pileus (Figure 3.18C) was significant at a probability of
0.01. This shows that as the sporophore grew, little or no more
isotope entered the pileus. The declining isotope concentration
of the pileus was directly related to the increasing uptake of
other materials used in sporophore construction.

A1l of the sporophores harvested in the first break were
also grouped according to thelr stage of‘development. The mean
dry weights and isotope concentrations of these groups are given
in Appendix 3.10 and Figure 3.19. These groups show considerable
variations of both dry weight and isotope concentraﬁion, when
compared with groupings made on the basis of dry weight. There
was, however, a definite trend of decreasing isotope concentration
with increasing sporophore maturity.

Sporophores from the second and third breaks were analysed in
the same manner as those from the first break., In all three breaks,
similar changes of isotope concentration and isotope content occurred
with increasing size although the results increased in variabllity
with the decreasing sporophore numbers harvested from the second
and third breaks.

The results show that the quantity of iron-59 contained in
sporophores covering a wide range of individual sizes, from 0.1
to 2.0 grams dry weight was approximately constant. It is probable
that the limited quantity of the isotope elther available to or

contained in the mycelia of the substrates, moves into the sporophore
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FIGURE 3.17. A.DRY WEIGHT AND B.IRON-59 CONTENT OF THE PILEUS,AS
PERCENTAGES OF THE ENTIRE SPOROPHORE, TN GROUPS OF
SPOROPHORES OF SIMITAR DRY WEIGHT.
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FIGURE 3.18. CONCENTRATIONS OF TRON-59 IN THE PILEUS,STIPE AND

Gram Dr “Weilght

Per

Howu.r.

er .

Cou:nts

-Log

5=

4_4

ENTIRE SPOROPHORE,IN GROUPS OF SPOROPHORES OF STMITAR
DRY WEIGHT. . |

_ENTIRE
SPOROPHOR




FIGURE 3.19. DRY WEIGHTS AND CONCENTRATIONS OF TRON-59 TN
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at an early stage of development., It appears that the available
quantity of isotope is also evenly distributed amongst the
developing sporophores.
It was seeﬁ that the decreasing concentration of isotope in
the pilleus was concomitant with the increasing dry weight of that
tissue. In the stipe, the concentration of isotope remained
approximately constant as the sporophore size increased. Possibly E
the iron-59 contained in the stipe was reguired or bound to other
materials in the stipe and any excess was carried in the trans-
location stream to the pileus vhere it accunulated. With a
decreasing quantity of isotope available in later stages that
which does enter the sporophore becomes immediately laid down %

with other materials of the stipe and thus does not reach the

pileus.

This experiment, therefore, failed to show the concomitance
of growth and iron-59 uptake into the sporophore, probably because
only a limited quantity of isotope was available for uptake into

the sporophore.

3.3.5 Uptake of Iron-59 into Sporophores of Different Dry Weights.

In Section 3.3.L4 it was observed that the concentration of
iron-59 in the sporophore decreased as the size of the sporophore
increaszed. Probably the limited quantity of isotope contained in
the mycelium was distributed evenly amongst the primordia at an
early stage, thus, accounting for the similar quantity of isotope
in each harvested sporophore, despite the large range in size.

In this study iron-59 was applied to the base of sporophores
to determine if uptake into the sporophore was proportional to the

size of the sporophore. One millilitre of isotope solution (pre—
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pared in accordance with the methods given in Section 2.3) was
injected into the casing layer at the base of each of 216 SPOro-
phores. The sporophores were harvested after 24 hours and the
guantity of iron-59 that each contained was determined.

The concentrations of isotope in groups of sporophores of
similar weight are ghown in Appendix 3.11 and Figure %.20. There
was a highly significant (= 0.001) negative correlation (-0.79k)
between increasing.sporophore size and the decreasing concentration
of iron-59 in those sporophores. The quantity of iron-59 in the
sporophores (Figure 3.21) increased with increasing sporophore
size but, not in direct proportionality, as shown by the non-

significant correlation coefficient of 0.0969.

The results showed that the uptake of iron-59 into sporophores
increased with increasing sporophore size but, because the concentra-

tion decreased in sporophores of increasing size it again seems

likely that a limited quantity of isotope was available for uptake.
Possibly larger sporophores have a greater mycelial network and
thus, materiais will be removed from a larger volume of the sub-
strate rather than the locality in which the isotope was applied.
The restricted myoelial network of smaller sporophores may only be
removing materials from its direct vicinity and would therefore,

be accumulating more of the localised isotope.

3.3.6 The Determination of the Distribution of Tron-59 in Sporophores

Using Autoradiography.

The pathways of phosphorus and mercury translocation in the

sporophore of Agaricus blsporus have been shown, using autoradio-

graphy, to be similar. Using essentially the same technique, the

uptake of iron-59 into different sizes of sporophore was studied

here,
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X-ray film was used to prepare autoradiographs of entire
sporophore sections. Different sizes of sporophore were care-
fully plucked from the casing soil so that mycelial strands
remained attached to the stipe base. FEach sporophore was then
placed in a plastic universal which had been trimmed to enable
the base of the stipe to be just immersed in 5 millilitres of
2 microcuries per millilitre iron-59 solution. After 12 hours
the sporophores were removed from the isotope solution. The
bases of the stipes were removed and each sporophore was bi-
sected longitudinally. Longitudinal slices, two millimetres
thick, were taken from each sporophore. Twenty of ‘hese slices
were placed in direct contact with each sheet of Kodak 'Kodirex'
X-ray film. The film sheets were handled and developed in
accordance with the methods given on the appropriate Kodak Data
Sheet (see Bibliography). The film and sporophore slices were
firmly held together and placed in light-proof proﬁective
envelopes. A light pressure was applied to ensure contact between
the samples and film and then liquid nitrogen was introduced into
the envelope to facilitate freezing. The films were then stored
in a deep freeze throughout the six week period of exposure.

Plate 3.3 shows autoradiographs of different sizes of spore-
phére. A darker image shows that more iron-59 was contained in
the larger sporophores. In the smaller sporophores (A) the isotope
was localised in two areas of the stipe; the centre and the periphery.
Some isotope was found in hymenia. In the more maturé sporophore
the isotope was contained in the centre of the stipe.

stages most of

In the mid open cup (B) the isotope had entered the pileus and moved

outwards in the pileus tissue adjacent to the hymenia. In the late

open cup (C) some isotope had moved to the tissue adjacent to the
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PIATE 3.3. AUTORADIOGRAMS OF SPOROPHORES CONTAINING IRON-59.
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hymenia but, there was a greater flow towards the upper surface
of the pileus. In the flat (D) virtually all isotope movement
in the pileus was towards the tissues of the upper surface of

the plleus underlying the pellicle.

The autoradiographs show that iron was translocated into

PRI R, PN 1 PO, Jr H | g IR —-
Gl SPOrdpidre TIAXOUENnouT \.LCVCJ_OMuCﬁt and

59 taken up was proportional to the size of the sporophore.
The soluble Ferric-59 Chloride was probably demonstrating the
general translocatory streams within the sporophore,

The results show that the movement of materials in the
sporophore are not purely the result of passive transpiration
flow, there appears to be some control of the direction of the
translocatory stream. Movement of iron-59 towards the hymenia
occurred at the time of maturation of these tissues. Whereas,
in the later stages, the major movement of iron-59 was towards
the tissues of the upper layers of the pileus - an area involved

in the expansion of the sporophore.

307 The Concentration of Iron-59 in Primordia and Small Sporophores.
In Section'B.B.h it was found that the concentration of iron-59
decreased in sporophores of increasing size. It was decided to
extend this study further and to determine the concentration of
isotope in primordia and small sporophores. The methods used
were as in Section 3.3.4. 18 days after casing the primordia

were carefully dissected from the casing material (Plate 3.h)

of twelve growing units. Following drying the primordia were
sorted into ten groups of similar sized individuals. Approximately

100 milligrams of primordium tissue were placed into each sample
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tube, about 80 of the smallest primordia equalled this weight.

The results of the analysis are shown in Appendix 3.12 and
Figures 3.22 and 3.23. In common with larger sporophores there
was a highly significant (P = 0.01) negative correlation (-0.778)
between the dry weight of the sporophores and the concentration
of isotope that they contained (Figure 3.22). However, as the
primordia increased in size, the total amount of isotope that
each contained also increased (Figure 3.23) and the correlation
between the two (0.9916) was highly significant. The concentration
of isotope in the largest primordia of this study equivalent to the
content of iron-59 observed in the smallest sporophores analysed in

section 3.%.L4,

The results of this study show that the concentration of isotope

was at a maximum in the smallest primordia, this concentration may be
equivalent to that of the mycelium. As the primordia increased in
size the concentration slowly declined, probably the result of
dilution by other materials. The rate of isotope accumulation,
however, declined with increasing primordium size, probably
indicating the decreasing availability of iron-59 during the

development of the sporophore.

3.3.8 Concentrations of Iron-59 in the Vegetative and Reproductive

{ssues of Agaricus bisporus.
iggues P

j=]

3.3.8,1 TIntroduction.

Tt was observed in Section 3.3.7 that the concentration of
isotope was at a maximum in the smallest primordia and 1t was
proposed that this concentration was equivalent to that found

in the mycelium. In the final study of this section it was

decided to attempt to quantify the isotope content of the mycelium




and observe any changes that occur during the production of the

crop.

A large number of researchers have studied the mycel ium of

Agaricus bisporus on synthetic media. It is highly likely that
this method of study is totally unrepresentative of the natural
situation, primarily because A. bisporus does not fructify on
definable media,

It was decided that the changes that occur in the mycelium
during fructification could only be studied using substrates and
conditions that closely mimic those of nermal growing practises,
It was, therefore, necessary to develop substrates that filled
these criteria but, in addition would allow the mycelium to be
sampled. It was considered that normal substrates would be
ideal for the growth and development of the organism and that
the alteration of the physical structure would facilitate sample
removal. 1In an exploratory study the pelletigation of the sub-

strates yielded satisfactory results and thus this technique was

adopted.

%.%,8.2  Preparation of Pelletised Compost.

Pasteurised compost was air dried and then ground in a hammer
mill to pass through a two millimetre sieve. High viscosity Carboxy-
methylcellulose was added to the ground compost at a rate of five

percent, to act as a binding agent. Six parts of water were added

to four parts of the dried compost and mixed very thoroughly. The
thick compost paste was then forced through a Hobart Commercial
Mincing Machine with a five millimetre aperture grid. The extruded
strands of compost naturally broke into lengths of between two and

three centimetres as they emerged from the apertures. Plate 3.5
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PLATE 3.5. PELLETISED COMPOST

PIATE 3.6. PELLETISED CASING.
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PIATE 3.7. MYCELIAL GRCWTH IN PELLETISED COMPOST.

PIATE 3.8. MYCELIAL STRANDS AND SPOROPHORE PRIMORDIA 1IN

PELLETISED CASING
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shows freshly prepared compost/pb‘ ams’of the pellet-

ised compost were put 1nto each one litre Pyrex glass flask

_The Flasks were sealed u31ng cotton Wool bungs and. after auto-

claving for one four at 15 pounds per squa/e 1n0h on three

successive days;, Were,inOCUl@tedeiﬁh}six gr%ms Of’gféin spawn.

The flasks were incubaiéd d£?2§OC for>fourteen,dayéiénd?%hen the

isotope solution-and ca51ng layer were applled to/the oompost

surface., The 1sotope solutlon was prepared Cnd applled by the

methods gilven '1in Sectlon 2 3

3.3.8:%  Preparation of,Pelletised_Casing.

Hayes et al. (1979) describes the preparation of a casing

material using a waste produéi th 1pﬁlfgénd,paper making
process. Because of;the/émoﬁhfiéf gi&j;cégféined‘in’this waste

product; whenwmechaniﬁa,;/ gé%éd{éhdimiied}witﬁ;ﬁegtrflising

chalk-the-material tends to aggregate 1ntoapa tlcles of varying

sizes. - Particles of between flve and ten mllllmetres dlameter

were separated out and used~ihgjhi§a5$gdyi /Plate 3. 6 shows
pellets of this caszng material, Prlor to appllcatlon to the
compost, the ca51ng material was steam-alr pasteurlsed at 65 C

for one hour. 100 gramsvfothefca‘rng/materwal was then added

I erent tlssues removed

_cul ture .

from the E lletlsed substrdtes durﬂn




The mycella, prlmordla and Sp el pho s/were/carefully
’ dlssected from the substrates in 81x repllcate flasks 15, 18,
21, 2k and 27 days after'casing} Plate 3 7 shows mycelial

growth in the pelletlsed compost substrate 2@ days after casing.

There was a limited amount of mycellal growth w1th1n the compost

AT Tata T +v e
lJ\/_J_.J_vUbJ uuu ulic

to the surface of the pellets or was in/tﬁeifefétof/mycelial

strands- between the pellefs;i

In' the casing layer also. 20’days afterith casing of the

cultures (Plate 3. 8) the mycellum was in the form of mycellal

strands, anchoring the developlng prlmordla to the casing

particles and connecting the prlmordla’te the mycellum in the

nutrient rich compost.

The ooncentratlon of 1ron 59§conta1ned in the dlfferenu

tissues removed from the substrates are glven Append?x 3,135
and shown in Figure 3. 2&

The concentration of iron¥59}in~thefeOmeSt:mycelia wa s

"subject to oonsiderable Variability ehd thus, there were no

s1gn1f10antly dlfferent changes in 1sotope concentratlon

between any of the five sampllng The varlatlon of the

results probably reflects the une en dlstrlbutlon of 1sotope

within the compost pellets whlch would be expeeted when 10 milli-

litres of the solutlon was added to 300 grams‘of compost Flgure

3.2k does, however, show that small cnanges of 1soxope concentratlon
in the compost mycelium oceurred. The concentratlon was at a
maximum l8 days after casing, the 1sotope conc»ntratlon then

decllned sllghtlyfmver,the perlod 1n’whlch the sporophores were

developing. ThlS may'show the ) ,:F02j59 out of the
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compost and Into the developlna Spor: phor

Inthe mycella from the casing layer’ con31derably greater

changes of iron-59 concentratlon were observed durlng culture

than 1In compost mycelium,{'Thefelﬁéé?aéi;gnificant-(at a probabil-
ity of 0.1) increase in 1sotope ooncenfratlon from day 15 to day |
21 followed by -a s1gn1f1cant (P = O l) decrease in 1sotope con-
centration to day 2k, The flﬁal ca51ng mycellum samples contained
significantly more (at a:probabiliﬁy’pf¢0595)1ir0n—59 than samples
from day 24%.  Most of the myeeliel~eam£leeifrem/the casing layer
were mycelial strands.A lhe‘changeS‘of iéoﬁoﬁe conoentretion that
occurred in these tissues during cultupe probably reflects the ,
movement of the disotope intofdeVeleﬁlﬁgﬁeberophores from the
underlying compost. At day 21 the concentratlon of 1ron 59 1in

the mycelial strands was equlvalent to fhe concentratlon 1n the
compost mycelium and”pessibly:showsjfﬁe ﬁovemene of iron-59
through. the strands. By day 2k however, the ooncentratlon in the
strands had declined, probably because of the smaller quantity of

isotope being carried to the developingisporophores resulting from

the lower quantity of isotope contained in the supply source ¥“thel\7J“\

compost mycelium, The concentréfiqn'iﬁbreése to day 27 is pdseibiy

the result of-an 1ncreased concentratlon in the eompost mycelium,
In-~the prlmordla, whlch wefe etruet&:es ef‘less than 5 milli-

metres-dia

meter, there was an overall sllght 1ncrease in 1sotope

concentration throughout the culture. The~isot0pe,concentratlon

of“the.smallest sporophores, those harvested on day 21, was

equlvalent to the primordium concentrat1on.l But .as the sporo-

phores 1ncreased in SlZ° the concentraulon of iron-59 that they

contalned s;gnlflcantly decllne 'dﬁé;ease was significant




Thus, despite the’varia €51 _ngestbf;ifdn—

59 concentration were observed to occur i "ferent




3.4

CONCENTRATIONS OF MINERAL, ELEMENT T SPORODHORES OR

AGARICUS BISPORUS.

There has been no definitivefstudy'pf~tﬁe‘elemental composi=
tion of the cultivated mushrobm;Agafiéﬁsibisporus.; ihc results
ofalarge number of restrlcted 1nvest1gatlons are shown in
Table 11, In the main, these studlee‘were of small/samples of
unspecified source, break straln and s1ze of sporophores it 1s,
therefore; not surprlslng that a 1arge varmatlon between dlfferent
analyses 1s evident. . In thls study spofophores of a 51ng1e strain
(Darlington 6&9), all of open cup stage, ‘were harvested from a
large nunber of studies over’a three yeam/period. The different‘
batches of compost.were alleobtaduedtffemiW;~pamlington and Sons
Itd. and peat based casingflaiersiuere:uSedrﬁhrougheut.

In total three kllograms of dry sporophore matewlal was
collected. Thls was ground and thoroughly mlxed in: a hammer
mill. 100 gram samples of the dry homogenlsed sporophore
material was put into each of three large cru01b1es. Following
the accurate determlnatlonlof sample dry welght the crucibles
were placed in_a cool muffle furnace.

Ashing is an effective methedfofffedueing the bulk of a
sample and ‘is sultable for the analy51s OI the majority of
metallic elements but, some are volatﬂlﬂzed a+ higm %emp ratures.
Allen et al. (1972) recommend that ashlng is not used for lead

and arsenic, but, they conclude that reasonaole results have ‘been

produced when low temperatures of abou+ h}o C have been used.

The samples were, therefore, slowly heated to MBO C and then

ashed at that temperature for five days. Approx1mately ten percent

of the sporophore tlssue rcmalned after ashln ‘ five 5 gram




analysed in the sporophore samples using a Perkin-Elmer 306

Atomic Absorption Spectrothtomefeff,'The’results,df the

The concentrations of7thé:diffefgntleléménts in the;spbto—

phore samples determinedrin/thig/Study usually fall within/the

range of published results shown in°1éblé/l;l;‘Mf




TABLE 3.33.

ATUMINIUM
ARSENIC
CALCIUM
COBALT
CHROMIUM
COPPER
IRON
POTASSTUM
MAGNESTUM

MANGANESE

MOLYBDENUM

SODIUM

NICKEL

PHOSPHORUS

LEAD

ZINC

(Mo)
(Na)
(i)
(P )
(Pb)

(Zn)

MWHNWMTHNéb,SO

501576

: ?12205é,

'33967»f (1;3{5)1"

;B}QQﬁ/f (0. éQéjf;

3165}227::f1(87 66) 45
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526 (1319)

: 28;073”f'(}§éé9)/1
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6307 *if*(37 W

1/1?514,: ,(O 218)~012
(495.6)

go0%  (0463)

Means and (Standard Deviations) of 5 samples.
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FACTORS ]IJFLUENCINGéPOROPHOP

Despite the relatlve ease w1th,wh ch Agaricus blsporus'f

can be brought to frultlon under laborabory condltvons, theu

maJorlty of research into the cululvated mushroom has been

directed towards the 1ncrease of crop product1v1ty through

the improvement: of the substrates and grow1ng technlques

placed upon the product compos1tlon and theifactofs whicn:

may influence this comp031tlon. The appllcatlonrof numerous

supplementary materlals and even dlfferent quantltles of water
to the nulture medla are known to 1nfluence the yleld of
sporophores produced but, there is v1rtually no knowledve of

the extent that these suppléments affect'spOrophore composition.

Similarly, several cul ural practlces are known to affect Ccrop

unknown.

The experiments describedrin:Section 3.1 wefe conducted

with the aim of quantlfylng the sporophore 1ron content and

elu01dau1ng the 1nf1uence that changlng cultural condltlons

may exert over this composition. leferent stralns of Agarlcus ut“

atering regimes, and

bisporus, different casings’materials;an

different iron contalnlng supplements wer ,COnsidered as the

factors most llkely to cause changes of sporophore iron compos1—

tion.  In addltlon, dlfferent batches ol compost were used in

each of the separate Studles and thus di ferences between

composts were con51dered as the flfth.and probably most

importantHfactor contributing to thelvariqbility of sporophore

comp051tlon.

It was found that desplte the con 1derable differences of




sporophore yields between different strains of Agaricus bisporus

there were generally no significant differences of iron concentra-
tion in the sporophores harvested. In high yielding strains, the
increasing iron content of the sporophores of successive breaks
was correlated with decreasing yields but, in a lower yielding
strain there was a positive correlation between increasing yield
and increasing iron composition of the sporophores., It seems
likely that the iIncreasing iron content of sporophores harvested
at later ;tages of the culture were related to the increasing
availability of iron in the substrates, rather than as a direct
function of the metabolic activity of the organism. Parrish et
al, (1976) in a study of the mannitol content of different strains

of Agaricus bisporus, proposed that the positive correlations

petween the fluctuations of mannitol content and sporophore yield
encountered during the crop cycle of the different strains was a
direct function of the metabolic rate of the culture. The
conflict between results of this study and those of Parrish et al.
(19765 probably demonstrates the difference between the two
materials determined. Mannitol is a product of metabolic activity
which accumulates in sporophores during growth (Bammond and
Nichols, 1976a) whereas, iron 1s not a product and its appearance
in the sporophore may well be a consequence of the uptake of water
and/or other materials into the sporophore. The quantity of iron

detected in the sporophore tissue of Agaricus blsporus is certainly

greatly in excess of the optimum vegetative mycelial requirement

of 0.1 ppm determined by Treschow (1944) and may, therefore, be

accumulated to excess from the compost or casing during sporo-

phore growth.

Despite considerable knowledge of the required structure
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and environmental conditions the casing layer must provide

to ensure maxim ) . )
Wn Crop productivity, the precise nature of

the interaction between Agaricus bisporus and the casing

layer is far from fully understood. It is generally consid-
ered that the casing layer provides little in the way of
nutrients required for sporophore production, the compost
being the major source. There is, however, little experimental
evidence to either support or refute this assumption. Courtieu
(1949) obtained slight correlations between the levels of
calcium, potassium and phosphorus in the casing soil and in
the mushrooms derived from them.

The importance of bacterial populations to the induction
of sporophore initiation is unguestionable. The creation of
optimum localised conditicns, either by the removal of inhibiting
substances or, the production of stimulatory substances from the
bacteria are suggested as the cause of the sporophore initiation
phenomenon. Hayes (1972) suggested that the bacteria present

might act by solubilizing iron in the casing layer, thus making

it available to Agaricus bisporus. Hls postulation was based
on the observétion that ferrous sulphate applied to the casing
layer resulted in enhanced sporophore initiation.

In this study it was found that sporophores harvested from
growing units cased with different casing materials contained

significantly different concentrations of iron. The total

guantity of iron contained in the sporophores of five breaks

from different treatments was approximately equal but, with
peat casing the sporophore iron concentration decreased in

. s N .
successive breaks, whereas, with FMB based casings the iron
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concentrati i .
neentration increased. In beat casings less than 1 milligram

per kilogram dry weight of water extractable iron is present
throughout culture (Section 3.2.2) and in PMB casings about
50 mg per kilogram dry weight of waterp extractable iron are
present throughout (Yeo, 1980). Thus, it is unlikely that
differing quantities of available iron in the different types
of casing material are contributing to the observed sporophore
compositional changes. Possibly <the greater upward diffusion
of iron inﬁo the highly absorptive peat casing, together with
the greater water holding capacity of peat (Yeo, 1980) may
induce the flow of an initially greater quantity of iron from
the compost to the peat casing where it becomes incorporated
into the developing sporophore initials. In the PMB casing
materials lower upward fluxes would result in a more even
distribution of iron throughout cropping rather than the
initial burst observed for the peat casing layer.

The principal role of watering is to replace water lost
from the casing layer by evaporation. From his studies on the
composition of composts Gerrits (1968) concluded that the compost
supplies all of the water required by the mushroom crop. However,
Reeve et al. (1959) demonstrated that the molsture content of
harvested sporophores was assoclated with casing soil moisture.
Also, Flegg (1974b and 1975) showed that in the later stages of
cropping there was a positive correlation between the amount of

water applied and the weight of the crop produced. The sporo-

phores of Agaricus bisporus contain in excess of 90% water

therefore, the availability of water to the sporophore is not

only important in terms of productivity but, also in the overall
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composition of the crop.

A number of researchers have quantified the optimum rate
and pattern of water application to the casing layer. Above

and below this optimum the fregh weight yields are depressed.

Reeve et al. (1959) and Kindt (1965) observed that the number
of sporophores produced declines with increased addition of
water. The same cropping patterns were observed in this study
with respect to both fresh welght yields and the number of
sporophores produced. In addition the results given in Section

3.1.4 show that with low rates of water application there was a

decreased tendency to produce distinct breaks, probably because
the smaller sporophores produced, matured and were harvested
sooner and more frequently. Ancther observation was that the
total dry weight yields were similar in the different watering
treatments and thus the differences in fresh weigﬁt were directly
attributable to the water content of the sporophores. The
quantity of other materials (apart from water) used in sporophore

construction and derived from the substrates is therefore,

independent of the water added to the casing layer. However,

watering of the casing layer may significantly affect the way
in which these materials are distributed into sporophores.

Flegg (1975) had shown that stranding of the mycelium is more

pronounced in wefter casing layers and Yeo (1980) observed

decreasing primordial numbers with ircreasing water application

to the casing layer. Both of these findings were also observed

in this study. Thus, with higher rates of water application a

e t1 . is may be the
suppression of sporophore formatlon occurs This may be th

result of disruption of the casing layer and mycelium caused by

heavier watering or the creation of conditions not favourable
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to Initiation. Plunkett (19560) has implicated evaporation in

the initiation process of an agaric and a polypore., Excessive
quantities of water in the casing may create conditions of
high humidity in the microclimate of the casing layer and
thereby reduce the rate of evaporation and development of
primordia., It is also possible that the greater quantities of
water in the casing are suppressing the activity of bacterial
populations associated with the initiation process.

An approximately constant quantity of dry matter was avail-
able for sporophore construction, therefore, when more sporophores
were successfully initiated they reached a smaller maximum size
than when few were initiated. Obviously water is important in
sporophore construction but, sufficient is contained in the
compost to allow the development and maturation of sporophores.
However, the increased water made available by addition to the
casing layer was taken up into the sporophore. Additionally the
total amount of iron contained in the sporophores was directly
related to the quantity of water the sporophores contained. Iron
and probably many other materials are, therefore, entering the
sporophore in a soluble form and thus, their accumulation in the
sporophore would be dependent both upon the quantity of soluble
material present in the substrates and the amount of water moving
into the sporophore.

Nuwnerous studies (reviewed by Haddad, 1977) have failed to
show any relationship between the addition of organic materials
to the compost and changes in sporophore composition, Using
heavy metal salts, however, Loughton and Frank (197k), Aichberger

and Horak (1975) and ILaub et al. (1977) have shown that the
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accunulation of the heavy metals in sporophores was proportional
to the quantity of heavy metal contaminants added to the compost.
In this study iron was added to the compost at a rate which

had been shown by Hayes (1972) to stimulate sporophore formation

when added to the casing layer. 1In three separate experiments

the compost was supplemented with iron at different concentrations,
at different levels of the compost and as different inorganic
salts. DNone of these treatments resulted in a significant

increase in the quantity of iron in sporophores. It is probable

that the quantity of iron added to the compost was iInsignificant

compared with the quantity of iron already present in the compost.
In the other studies mentioned above however, the quantity of
heavy metal supplements were equivalent to the normal compost
heavy metal content and hence gave a significantly increased
quantity available for uptake into the sporophore.‘

In Section 3.1.5.1 it was found that there were no significant
differences of the concentration of iron in the pileus, stipe or
hymenia. The heavy metals, selenium (Stijve, 1977), cadmium

(Seeger, 1978 ) and mercury (Seeger, 1970b) were all shown to

occur at the highest concentrations in the hymenia and at the
lowest in the stipe but, Seeger (1978b) showed that the pileus

and stipe contained more potassium than the hymenia. It would

therefore, appear that the accumulation of mineral elements
within the sporophore is dependent upon the element involved.
Many reports show that younger sporophores are richer in

content of a range of materials, including heavy metals, than

more mature sporophores. This is also the case with iron as

shown in Table %.6. The cause of this declining concentration

with growth may be due to decreasing iron availability as the
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sporophore increases in sigze or changes in the physiology of

the culture during development. A discussion of these points

at greater length is given in Section 4.3,
A different batch of compost was used in each of the
experiments of Section 3.1. 9The concentrations of iron in

sporophores harvested from these experiments cover different

ranges:

Section 3.1.2 20 - 60 Milligrams Iron/Kilogram Dry Weight
3.1.3 30 - 50 1
3.1.4 15 - 30 n

3-10501 55 - 65 f
3.1.5.2 ho - 65 "
3.1.5.3 o5 - 160 M

These different concentrations show considerably more variation
than the differences that occurred between treatments within an
experiment. This indicates that the major determining factor
over sporophore iron composition is; the quantity of iron that
is available for uptake into the sporophore from the substrate
which supplies the nutrients - the compost.

Tn each experiment there were considerable variations of
iron concentration in the sporophores of different breaks but,
no clear trend was apparent. In some cases the concentrations
increased in successive breaks, in others they decrgased. There
were frequently negative correlaﬁions, usually not significant

however, between the yields and concentrations of iron in sporo-

phores of different breaks. This may indicate that in some cases

a limited quantity of iron was available for sporophore construc-

tion. This available quantity of iron was distributed amongst
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or iron in

small changes of compbsifignl
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FACTORS INFLUENCING CHANGES IN SUBSTRATE COMPOSITION.

The concentrations of iron in the sporophores is clearly
dependent upon the availability of iron in the substrates.

The availability and transport o’ micronutrient cations in

soil systems is well documented and extensively reviewed by
Stewart (1963) and Stevenson (1972). The quantity of any given
micronutrient cation occurring in the solution phase of the soil
is small in compérison with the total amount held by humus
coillolds, or as precipitates. It is suspected that metals are
transported in water as stable organic ﬁatter complexes, probably
with simple biochemical compounds. These constituents have only
a transitory existence, being both synthesised and destroyed by
micro-organisms. High percentages of micronutrient cations in
displaced soil solutions occur in chelate form with these low
molecular weight organic constituents. Organic acids have been
the subject of special interest because of their ubiquitous nature
and effective solubilising ability. The translocation of iron in

plants has been shown to be associated with citric and other

organic acids.

=

The high proportion of metals occurring in organic soils in

insoluble forms are bound mainly to the more highly humified sub-
stancss, particularly fulvic and humic acids, which are encoun-
tered in both composts and casing materials. Unlike mineral

soils, the substrates used in mushroom cultivation are likely to

. 4 K K Fa) .
contain a very small proportion of metal elements in the forms

of insoluble oxides and day complexes. The ramification of the

mycelium of Agaricus bisporus throughout the essentially organic

substrates used in cultivation, together with the release of
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extracellular enzymes, in all probability enables Agaricus
bisporus to obtain a high proportion of the metals contained
in the growth substrates.

In Section 3.2.2 an experiment was described in which the
concentrations of available iron were monitored during the culture

of Agaricus bisporus sporophores. Two methods of iron extraction

were used. It was seen in Section 3.1.L4 that the quantity of iron
taken up into the sporophore was related to the water content of
the sporophore, the inference being that; water soluble iron was
being translocated. Therefore, extraction using water was chosen
as a method of determining the quantity of soluble ircn in the
substrates. Another extractant 0.1 Molar tetra-potassium pyrophos-
phate was chosen because of its ability to displace iron from the
organic colloids of the substrate and henct, give an indicétion

of the total quantity of iron available to the mycelium during
substrate degradation.

Observations showed that in the casing layer there were
slight overall increases in the concentration of water soluble
iron during culture, probably demonstrating the upward diffusion
of soluble salts previously shown by Flegg (1961b) and Yeo and
Hayes (1979). A great increase of soluble iron in the casing
layer was observed following the harvest of the first break
It is proposed that the harvesting of sporophores

sporophores.

causes extensive rupturing of the mycelial strands in the casing

i i b £ erials into the
layer and results 1n a considerable leakage O materials

casing layer. Possibly either soluble iron is lost into the

casing layer directly, or the leakage of other materials resulis

in the proliferation of pacteria in the casing layer observed by

Cresswell and Hayes (1979) to occur during cropping. The increased
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bacterial activity may result in the enhanced solubilization of
iron in the casing layer,

In the compost, changes of water extractable iron concentra-
tion appear to be linkeg to the mycelial activity in that substrate
during culture, An initial decline of water soluble iron coincides
with the initiation of sporophore formation and may be the result
of either, declining mycelial activity during sporophore initiation
or, possibly enhanced nutrient uptake in readiness for sporophore
formation. During cropping, the guantity of water soluble iron
increased steadily, probably in relaticn to the degradation and
solubilization of the compost. Forty eight days after casing,
by which time crop productivity is very much reduced, the concentra-
tion of water extractable iron in the compost again decreased,
possibly as a result of declining mycelial®activity and thé re-
adsorption of soluble iron into the organic colloids of the
compost.

The quantity of potassium pyrophosphate extractable iron in
the casing layer showed'a continual increase during active cropping
of the culture. A continual, upward diffusive flow of soluble
iron into the casing layer 1s known to occur and it is likely
that much of this iron becomes bound to the organic colloids of
the peat from which it is extracted by pvrophosphate.  In the

final sample, 48 days after casing, the concentration of pyrophos-

phate extractable iron had declined. This may have been due to

the decreased upward diffusion of water soluble iron from the

compost following declining mycelial activity and the subsequent

. R
firmer binding of iron to the casing materials,

Pyrophosphate extracts of the compost contained variable

quantities of iron but, overall there were considerable increases
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of pyrophosphate 6xtractable iron in the compost, particularly

in the later stages of the culture. These changes may be

associated with the declining productivity and staling of the
culture system.

The changes of the concentration of water extractable
iron in substrates supplemented with ferrous sulphate showed
similar trends to those seen in Section 3.2.2. The supplements
increased the concentrations of water soluble iron in the sub-
strate where they were applied but, by considerably less than
the total amount of iron supplied. The observations that the
sporophore iron content was not increased by these supplements
probably supports the earlier proposal that water soluble
compounds are the form in which iron is translocated into the
sporophore, )

The results of Section 3.2.4 demonstrate that the amount
of water contained in the substrates at the end of culture are
directly related to the quantity of water applied to the casing
layer during culture. Probably because of loss by evaporation
and downward percolation the correlation opetween water contained
and water added was least significant in the casing layer. In
the more densely packed compost however, percolation is prokably
réstricted and thus, water tended to accumulate in proportion to
the quantity applied to the casing layer.

Increasing the quantity of water applied to the casing layer
resulted in increased quantities of water extractable iron detected
Fleckenstein and Grabbe (1979) have also shown

in the compost.

that the percolation of substrates containing a natural compost

microflora and mushroom mycelium, with water, resulted in an

. : ithin the substrates. The
inopeased mobility of heavy metals within the Substrates
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results of thi b . . .
S study show that an excessive application of

water washed some water extractable iron down into the lower

half' of the compost, or alternatively created conditions where

more became available by water extraction.

In casing layers subjected to different watering regimes,
there were no significant differences of the concentration of
water extractable iron between the three treatments used
although slight differences were observed. In the medium
watering casing, the greater concentration of iron compared
with the casing of low watering regime may be the result of
greater upward diffusion or evaporation enhanced movement of
soluble iron from the compost. When applied in excess, as in
the high watering regime, water carried some of the water
extractable iron down out of the casing layer or possibly the
waterlogged conditions of the casing material prevented
solupbilisation of the iron present.

Bacteria are known to be assoclated with the initiation
of sporophore formation but, their precise role has been the

subject of considerable speculation. Some evidence suggests

that the removal of inhibitors is the primary function of the
bacteria, while other studies have implicated the production

nmAnoo

of stimulatory substances effective in the initiation p es.

Cresswell and Hayes (1979) have shown an increased bacterial
population associated with sporophore initiation and Hussain

(Pers. Comm.) has found that the concentrations of several

phytohormones in the casing layer increased concomitantly with

the bacterial population, possibly indicating the importance of

stimulating agents. In 1972 Hayes postulated that bacteria

161




assoclated with fructification might act by solubilizing iron
In the casing layer. Yeo (1980) however, found that increases

in the concentrations of soluble iron in the casing layer could
be attributed to changes of mycelial activity during culture.

In an earlier section of this study it was suggested that an
increase in the quantity of water extractable iron in the casing
layer during cropping, was the result of enhanced bacterial
activity stimulated by nutrient leakage from the mycelium. At

the same time as the research described here, Cresswell was
studying fhe bacterial populations of the casing layer also at

the University of Aston. In one experiment she determined the
effect of different bacteria on the stimulation of sporophore
formation. At the termination of that experiment the quantity

of water extractable iron contained in the substrates was deter-
mined., There were no significant differences of water extractable
iron concentrations ir the composts of the different treatments.
In the casing layers however, the concentrations of water extract-
able iron varied considerably between the different treatments.

In the three different controls the quantity of soluble iron was
clearly relatéd to presence of bacteria in the substrates. The
lowest concentration was found in the axenic control (Agaricus
bisporus only) and the highest concentration was found where the
normal bacterial flora was present in both the compost and the
casing layer. The casing layers to which different.single bacterial
isolates were added contained a wide range of concentrations of

gix isolates produced casing layers con-

water extractable iron.

ignifi t table iron than the casin
taining significantly more water extracta g

layer of the axenic control, In the two genera represented by
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more than one isolate there were no consistent trends of iron

solubllising activity in the casing layer, It is, however,

clear that a number of bacteria isolated from the casing layer
can significantly alter the concentration of water extractable
iron iIn the casing layer and the results show that the indigenous
bacterial populations of the casing layer do increase the avail-
ability of iron in the casing layer.

The fact that bacteria in the casing layer may significantly
alter the gross composition of that substrate probably indicates
that thesé bacteria are also capable of producing localised condi-
tions within the casing layer of very different characteristics
to the general structure of the casing material. This may be‘
indicative of the crucial involvement that bacteria play in the
initiation process, particularly with reference to the selective
induction and positioning of sporcphores within the casing layer.

In Sections 3.2.2. and 3.2.35 the concentrations of extract-
able iron in the substrates were monitored throughout culture,

Tn agreement with the findings of Yeo and Hayes (1979) there was
an upward diffusion into the casing layer of soluble iron. An
excessive appiioation of water to the casing layer was shown in
Section 3.2.4 to percolate downwards through the substrates
probably carrying water soluble iron with it. Thus, there is

a limited mobility of soluble materials within the substrates
during culture. Using Phosphorus-32 Corin et al. (}95&) demon -
strated that 70% of a mineral phosphate added to the compost

remained in the compost, over a i week period, in a water soluble

form. Nielsen and Rasmussen (1963) had used Phosphorus-32 and

Calcium-U45 to demonstrate the transportation capabilities of

mycelia in the substrates. Tn the experiment described in
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Section 3.2.6, Iron-59 was applied to different levels in the

substrates so that the movement within the substrates, and the
uptake into the sporophores from different substrate depths
could be studied.

When the isotope was applied to the substrates it became
highly localised where applied. Some downward movement out of
the casing layer occurred during culture but, otherwise there
was little transfer of isotope between the different levels of
the substrate. The overall slight increases in isotope concen-
trations are probably related to the loss of substrate dry
matter through mycelial and bacterial respiration.

In Section 3.1 it was shown that sporophore composition
was affected by the size of the sporophore and the yield to
sporophores produced. Similarly in 3.2.6 the uptake of isotope
into the sporophore was found to be related %o size and yield.
Iron—5§ applied to the casing layer was only avallable in small
quantities for uptake and therefore, there wa$ a negative
correlation between increasing sporophore size and decreasing
isotope concentration. When isotope was injected into the
compost significant positive correlations between the increasing
sporophore size and increasing sporophore isotope content were
found in later breaks. It is probable that as the yield and
number of sporophores decreased in later breaks more isotope
became available for uptake into each sporophore and thus, the

concentration of Iron-59 in each sporophore was proportional to

i1ts size,
Tn Table .25 it was seen that the quantity of isotope con-

tained in sporophores was significantly correlated with the dry

weight yield when the isotope was added to the compost but, not
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when it was added to the casing layer. Thus, assuming that the

lsotope is acc 1 : . ) '
p unulated in direct proportion to other materials

in the sporophores, it is extremely probable that the compost

1s the major source of iron and other nutrient supply.

To test the relationship between the isotope concentration
in the substrates and isotope concentration in the sporophores,
correlation coefficient calculations were made. Table 3.2.6
shows the estimated isotope concentration in various levels of
the substrate at times corresponding to the harvesting of breaks.
When the isotope was applied to the casing layer there was a
significant correlation befween the increasing isotope content
of the sporophores and the increasing isotope concentration in
the compost. This again indicates the pfobable importance of
the compost as the source of supply of iron-59.

When the isotope was added to the compost, however, there
were variable correlations between the Sporophore.and substrate
iron-59 concentrations. It may be that yield and other effects
such as the binding of the isotope to the substrates are affect-
ing the uptake of the isotope. Whereas, in the casing layer
treatment, thé iron=59 moving down into the compost was probably
in an available form and therefore, available for uptake into
the sporophores.

Tn the substances therefore, the quantity of water extract-
(the form in which iron is most likely translocated

able iron

into the sporophore) changes throughout culture. Both watering

and bacterial populations are capable of altering the concentra-

tion of water soluble iron in the substrates but, the greatest

changes occurring in the compost appear to be related to

mycelial activity.




4.3

COMPOSITIONAT, CHANGES ASSOCTATED WITH SPOROPHORE DEVELOPMENT.

The experiments described in Section 3.3. were used to

investigate the uptake of iron into the sporophore during its

growth and development. Compositional changes during sporophore

development generally show an increase in structural carbohydrates
and a decrease in mineral elements and proteins. The lipid content
and amino acid profiles vary inconsistently between small and

large sporophores. Usually comparisons have been made between
button, open cup and flat stages of development. It is probably
the variability of sporophore size within these artificial group-
ings which is contributing to the difficulty of demonstrating
clear trends of compositional change within the sporophore.

Tn Section 3.3 the changes of iron concentration which
occurred as the sporophores increased in size from small pfimordia
to large flats were observed and this was related.to the growth
rate of the sporophore.

An in situ method of growth rate estimation was devised
using the relationship between pileus diameter and sporophore
weight observed by Flegg and Gandy (1956). In 3.3.2.2 1t was
shown there was a relationship between the pileus diameter and
the sporophore dry weight and that the curves produced corres-
ponded closely to those chtained by Flegg and Gandy. Further
to this it was found that by using this relationship 1t was

possible to closely approximate the dry weight of a sporophore

from the knowledge of 1ts pileus diameter.

Using a time-lapse photographical method of recording

pileus diameters, the increasing size of a large number of

sporophores was observed over four days. The calculated
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Inereases in weight per uni% time (g ra es)‘were plotted

under endogenous control and is related to the metabollc -

activity of each individual. TTansplra 1on flow?inéuced by

surface evaporation has been shown to be involved in the

e but, because the

ratio of surface area to volﬁméfdééfgasgsfwiﬁr 'ﬁéréQSing

size, the results, theréféié,

The method of growtﬁzfé%éféStlmrtlonfﬁgédfhéiéﬁéiéoiéilows

sporophore growth rates to be ?eié%/;;téi%iﬁéfi%f%éfﬁéﬁulation

growth rate varies‘inconsistently'witﬁ/tlme{pfdbébly as a

result of variation in éize'béﬁwéen'individual sporophores

making up the ‘population. Ihefféggifsi heféfgfé;‘é?St doubt

on the

in which

"repres

of sporophores from a cultufé;&:‘: /ﬁeqﬂénﬁ’develop-

ment of the remalnlng Sporophores. Bearing /ﬁ/mfnd the problems

of obtaining a répresentatlve pOpulatlon Qample and the conse-

quences of sample removal on subs




disruptive method of growth rate estimation used in this study

offers certain advantages over the methods previously employed.

A composite growth curve for an average sporophore was

constructed by combining individual growth curves. The results

show that this growth curve is exponential in nature and again

indicates that the growth rate is proportional to sporophore

size. The time taken for sporophores to develop from primordia
to large, mature individvals was about six days. This time is

in accordance with the period that occurs between the harvest

of successive breaks.

The high growth rate of mature sporophores in all probabil-"
ity indicates that the conclusions of Flegg (1980) and Cooke and
Flegg (1962 and 1965) concerning the monopolisation of nutrients
by mature sporophores in preference to primordia, are correct.
From the results of this study it would appear, at least in later
breaks, that an initial build up of nutrientsvis not the pre-
requisite for the initiation of sporophores as proposed by

Chanter (1978). The removal of sporophores of the preceding

-

break allows the transfer of materials to pre-formed primordia.
The initial slow growth of these primordia allows the accumulation
of materials in the mycelium. The accumulated materials are then

increasingly rapidly transferred to the sporophores as they increase

in sigze. Similarly with the sporophores harvested in the first

break: following the initiation process, which resglts from the

induced environmental changes, the initial slow growth of primordia

would allow a build up of the materials within the mycelium required

for further sporophore construction. Thus it is feasible that the

mycelium of the compost 1is responsible for the continual degradation

of the compost and the accumulation of both the materials necessary

168




for sporophore const gt
p struction and other substances released during

substrate degradation. By chance those primordia forming in the

most advantageous situations, perhaps through metabolites released

from bacterial activity or through evaporative induced flow of

nutrients, gain an initial advantage over other primordia. This
initial advantage becomes enhanced as the primordia increase in
size by the preferential monopolization of nutrients supplied
from the compost mycelium.

Assuming that the materials used in sporophore construction
are stored within the mycelium of the substrates during the
development of the sporophores, it is possible that scluble
substances or materials in short supply will be translocated
from the storage mycelium into the sporophores in declining
guantities during development due to the declining concentfation
of that material contained within the mycelium. Thus, the frequent
observations contained in the literature of higher concentrations
of several mineral elements in younger sporophores may indilcate
the declining availability of these metals during later sporophore
development. In Section 3.1.3 it was shown that small sporophores
contained significantly higher concentrations of iron than did
Tn Section 3.3.3 however, there was con-

more mature specimens.

siderably less difference of the iron concentration between a

range of sporophore stages. The large sample size required for

Atomic Absorption Spectrophotometric iron analysis precluded the

use of this technique in determining the quantity of iron contained

in small individual sporophores. The addition of minute quantities

f radioactive iron-59 to the substrates, however, allowed observa-
of & > -

tions of the movement of iron into the tissues ol individual
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sporophores to be made. It'is likely that the small quantities

of soluble radioisotope added to the substrates were soon con-
verted into the forms of iron usually present in the compost
and casing layer. The movement of the isotope into the sporo-
phore may, therefore, be representative of the overall movement
of iron into the sporophore.

It was found that when iron-59 was added to the compost at
the time of casing layer application, the concentration of isotope
in the sporophores that developed, decreased with increasing
sporophore size., The quantity of isotope contained in each
sporophore was approximately equal, despite considerable differ—‘
ences in the sizes of sporophores. The relationship of declining
sporophore isotope concentratioﬁ with increasing sporophore size
took the form of a decay curve. From this it may be inferred
that the decline results from a diminishing quantity of isotope
contained within‘the mycelium. Despite the dissimilarity of
sporophore size the constancy of sporophore isotope content may
indicate that sporophore initiation is a synchronous event, in
which the isotope contained within the mycelium of the substrates
is initially transposed during the induction of sporophore forma-
tion. FEach aggregate receives an equal proportion of the available
isotope during the initiation process. During subsequent sporophore
enlargement, little isotope is available for uptake into the sporo-
the content that the individual sporophore

phores and, therefore,

contains is independent of the size that each eventually attains.

Also during this study, the changes of isotope concentration

that occurred in the stipe and pileus of sporophores of different

size were observed. In the smallest sporophores a considerably
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greater isotope concentration was found in the pileus than in

the stipe. However, with increasing size the iron-59 concen-

tration of the pileus declined, whereas that of the stipe

remained constant. The decreasing isotope concentration is

probably the result of dilution by materials involved in
sporophore construction. Tt is possible that a small quantity

of iron-59 is taken up from the substrates by the mycelium
throughout culture. This isotope is carried in the translocatory
stream to the maturing sporophores where it is possibly laid down
in the stipe in direct proportion to the other structural materials
thus, resulting in the maiﬁtenance of isotope concentration in

the stipe. Any excess iron-59 will beAcarried into the pileus

in the translocation stream.

In Section 3.3.5 a quantity of isotope was added to the
casing layer at the base of many sporopnores. Thé sporophores
were harvested 24 hours later and it was found that the quantity
of iron-59 they contained increased with increasing individual
sporophore size. This quantity did not however, increase in
direct proportion to the sporophore size. Tt is suggested that
either a limifed quantity of isotope was available or, the more
extensive mycelial network of larger sporophores, not in contact

with isotope is responsible for the declining rate of isotope

uptake in larger sporophores.

When the bases of excised sporophores were immersed in

isotope solution for 12 hours, the quantity of iron-59 taken

up over that period was approximately proportional to the size

of the sporophore as shown by the autoradiograms in Plate3. 3.

Tn addition, those autoradiograms show the translocatory pathways
L

of iron-59 in sporophores of different sizes. Kritsky et al.
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(1965a) suggested from their work on phosphéte transport in

Agaricus bisporus that nutrient transport was via specialized

systems of morphologically‘indistinguishable hyphae. They
showed that P 32 moved at different rates to different parts
of the cap and demonstrated the existence of two separate
translocatory pathways. Rast (1966) also observed the trans-
location of mannitol through two distinet routes within the

sporophore of Agaricus bisporus. In both of these studies the

sporophores used were relatively immature, probably late button
to Button/Open cup stages according to the classification used
in this study. Littlefield et al. (1963) showed that during

the expansion of Lentinus tigrinus sporophores, translocation

becomes restricted to the central zone of the stipe. In this
study using iron-59 and in support of the findings of Kritsky

et gl._(1965a) and Rast (1966) there appears to be two translocatory
pathways in the stipes of younger sporophoresf In more mature
individuals, however, the major translocatory pathway is restricted
to the centre of the stipe. It was also observed that during
sporophore maturation, translocation switched from the original
route of suppiy to the hymenia to supply the tissues on the upper
surface of the pileus. Thus assuming that the soluble iron-59 is
revealing the major translocatory pathways within the sporophore,
it appears that the movement of materials within the sporophore

occurs in accordance with the specific demands of the different

tissues. This phenomenon appears to be related to the metabolic

activity of the tissues involved. It is probable that transloca-

tion towards the hymenia is the result of activity during the

maturation of those structures and the processes assoclated with

sporulation The subsequent flow of isotope to the upper pileus
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s a reflection of the activity in that area associated with

plleus expansion required for efficient spore dispersal. Thus,
translocation of materials may be associated with transpiration
from the sporophore surface, but more significantly, the meta-
bolic activity of sporophore tissues appears to dictate the
girection of flow within the Sporophore.

In Sections 3.3.4, 3.3.5 and 3.3.6 the movement of iron-59
into sporophores of different sizes was observed. The experiment
described in Section 3.3.7 was an extension of 3.%.4 and was a
study of the changes of iron-59 concentration that occurred during
the development of small mycelia aggregates through primordia to

very small sporophores. In common with the findings of Section

3.%.4 the iron-59 concentration declined with increasing primordium

size., The quantity of isotope in each primordium however, increased

with enlargement of the primordia but, the rate of isotope accumula-
tion declined with increasing primordium size. Thus, it appears
that in the mycelial aggregates iron-59 concentration is at a
maximum, probably equivalent to mycelial composition, and during
subsequent growth the declining quantity of iron-59 in the primordia
results from’iess isotope being available within the sub;trate
mycelium.

Perhaps the greatest hindrance in any physiological, bio-

chemical or developmental study of Agaricus bisporus has resulted

from the inability to culture the organism to full reproductive

maturity in defined media. In several physiological studies

researchers have attempted to collate results from pure culture

vegetative studies with those obtained from normal commercial

cultivation studies. They usually concluded by questioning the

validity of such comparisons. It 1s highly improbable that the
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nutritional requirements determined using vegetative growth
techniques are in any way representative of the requirements

in natural substrates, particularly appertaining to fructifica-

tion.

In the experiment described in Section %.3%.8 Agaricus
bisporus was cultured to reproductive maturity using two novel
substrates in a flask culture system. These novel substrates
were developed to fulfil two criteria, namely: to be of similar
composition to substrates used in commercial cultivation and to
enable the vegetative and reproductive phases of growth to be
sampled during culture. The normal substrates were considered
ideal for nutrient supply and the provision of factors necessary
In the initiation process. The second criterion was met by
modifying the physical structure of these substrates.

Grinding and homogenisation of the compost probably negates
the variable nafure of compost gomposition and therefore, makes
this material suitable for small scale experimentation. When
ground compost was formed into pellets the mycelium of Agaricus
bisporus tended to grow between and on the surface of the pellets.
The mycelial growth into the pelletised VB casing layer was
mostly in the form of mycelial strands. Thus, with careful
dissectici it was possible to remove the mycelium from the
substrates. Iron-59 was added to the compost and the concentra-
tions that occurred in the vegetative mycelium of the compost and

casing, the primordia and sporophores during culture were measured.
>

This novel culture system was therefore, used to demonstrate the

changes of composition that took place within the mycelia of the

substrates during the growth and development of the sporophore

crop.
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e i Sor+ en + . .
The isotope content of mycelial samples from compost varied

considerably, possibly as a result of the uneven application of

isotope to the substrate. There were no significant changes of
Isotope concentration in the compost mycelium throughout culture
but, a slight decline of iron-59 concentration was concurrent
with increasing primordium and sporophore size and probably
reflects the upward movement of isotope into those developing
structures from the compost mycelium. In the mycelium from the
casing layer, greater and significant isotope concentration
changes occurred during oulture. It 1s likely that the changes
of 1sotope concentration resulted from the movement of iron-59

to the developing sporophores from the compost mycelium via the
mycelial strands of the casing layer. Thus, the concentration

of iron-59 in the mycelial strands changed according to the flow -
of iron-59 into developing sporophores. In several sections cof
this study the concentration of iron in sporophores was found to
decline as the sporophores matured and it was proposed that this
resulted from a declining quantity of available iron in the mycelium.
It is probable, therefore, that greater quantities of iron are in
transit in the mycelial strands of the casing layer during the
early stages of sporophore development. Subsequently a declining
concentration of iron would be observed in the strands due to the

reducing availability of material in the underlying compost mycelium.

i i i esults of Section
This was indeed the case, as was shown in the result

%.%.8. Additionally a significantly reduced isotope concentration

accompanied sporophore enlargement and thereby confirmed earlier

observations.

The findings of Section %.%, of this study show that the

movement of iron into sporophores is not concomitant with growth.
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The various subsections Of.fhiezgtgdygha d"OﬁStratedifhe

tmportance, of the compost mycelium a ge érganf and the

of translocation. Decllnlng concentratlons oﬁ Iron 59 ln

literature. = - s

In the anal sectlon of results the mean concentratlons ox

16 metalllo elements 1n sporophore«may 1 collected over a

three year period are Shown (Table 3 5 5) ,The results are

usually within the range of D ev1ously pu?llshed determlnatlons
shown in Table 1.1. Tt is ev;@egﬁfthat the;spefd/hore/egmpdgi—
tion of Agaricus bisporus 1si&eryVVar1abie witthespeet:to/a;l

metallic elements. The findings of tbisiéfuéy'uSihg iron may

well be applicable fto mahyeef/these metallic elemeﬁﬁs{/thei
concentratlons of whlch more than fully satlsfy the basal

nutrltlonal requlrements of the orga (ed by submerged’

culture. studies.
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CONCLUSTONS,

The objective of this study was to elucidate some physio-

logical aspects of the nutrition of Agaricus bisporus by the

s . H 1 .
use of iron as a 'tracer material. Three main areas of

research were conducted with the objective of demonstrating;

the contribution that various cultural factors make towards
sporophore composition, changes in the composition of the
organism associated with its growth and development, and those
changes in the substrate composition that occcur during cultiva-
tion. The two major analytical procedures used (Atomic absorption
spectrophotometry and Iron=59 gaimma radiotracing) were found to‘
be efficacious in these studies.

Investigations into the effect that the five cultural factors
considered to be most important in determining sporophore iron
compesition showed that the compost was of the greatest significance
in dictating the‘quantity of iron in the sporophores. Different
casing layers resulted in significant compositional changes of
different breaks but, the total amount of iron in all sporophores
harvested from different casing materials was approximately equal.
It is suggested that the earlier uptake of iron with some casing
layers is related to the physical characteristics of the casing
layer material particularly; increased evaporation and diffusion
which result in an enhanced upward movement of iron from the

compost.

It was generally found that the concentration of iron increased

in successive breaks of sporophores. This may be associated with

the declining yield allowing a greater quantity of available iron

per unit weight of sporophore tissue and/or an increasing quantity

of available iron in the substrates, resulting from substrate




degradation. An inverse relationship between the sporophore

yield and iron content of different strains probably indicates

that a certain quantity of iron is available in the substrates

and that this amount is distributeq amongst those sporophores
which form.,

In support of several earlier works it was found that
sporophore fresh weight yields are related to the quantity of
water applied to the casing layer during culture. TIn addition
it was shown the excessive watering suppresses sporophore
formation whereas, reduced watering allows the development of
greater sporophore numbers. These results may be indicative
of the important rdle that evaporation plays in the initial
formative stages of sporophore development. It was found that
the total dry weight of sporophore material produced was similar
irrespective of the quantity of water applied to the casing layer,
However, the guantity of iron in sporophores increased in direct
relation with the quantity of water they contained thus indicating
that iron enters the sporophore in a water soluble form.

Supplementation of the substrates with iron containing
compounds failed to significantly increase the concentration of

iron in sporophores or the concentration of water extractable

. . N . ] .
iron in the subs+trates. The quantity of ircn in these supplemenis

poy

although great in comparison with sporophore iron was small in

relation to the total amount of 1ron present 1n the. substrates.

Both extraction and iron-59 radiotracing techniques showed tlat

added soluble iron becomes rapidly bound to the substrates,

d percolation and upward diffusion of

although limited downwar

soluble iron do occur in the compost and casing.
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Farly work had shown the link between water and iron content
of the sporophores and it was also found that the concentration
of water extractable iron in the compost was similar to the total
iron concentration of the sporophores. Thus, further studies of
the changes of extractable iron in the substrates were made. An
overall steady increase of the concentration of water extractable
iron in the casing layer was associated with upward diffusion
from the compost. A considerable increase of water soluble iron
in the casing occurred at about the time of first break harvest
and was thought to be the result of material lost from the
mycelial strands following disruption during sporophore harvest.
Additionally it is suggested that the reported burst of bacterial
numbers at this time is resultant from this release. Further
studies showed that different bacterial isolates could significantly
increase the concentration of water extractable iron in the casing
layer. The resﬁlts thus provided evidence that indigenous casing
layer bacteria may cause gross compositional changes of the casing
material and thereby indicating the nrobable capability of bacteria
to create conditions in the casing layer favourable to sporophore
initiation.

Tn the compost, changes of the concentration of extractable

: 3 o 3 +5 gt +he culture.
iron may be linked with the mycelial actlvii] of the cultur

The concentration declined at the time of sporophore initiation

and was followed by a contimal increase throughout. sporophore

production and finally a deeline following cropping.

i i ing yer was shown
Excessive application of water to the casing lay was S

to cause downward percolation of soluble iron through the substrates
» v

although tracer studies showed that under normal condltlons lron
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movement between hori tpg - o
orizontal strata of the substrates was very

limited. It was also apparent from radiotracer studies that

the compost was of considerably greater importance of iron

supply than was the casing layer,

It was considered important to study iron uptake during
sporophore development, particularly as a comparison with the
changing growth rate of the organism and thus a photographic
time-lapse method of estimating sporophore dry weights in situ
was devised, from which it was possible to accurately calculate
sporophore growth rates relative to either time or to size.

This method showed that spofophores increase in weight exponen-
tially at least as far as the size at Which they would normally
be harvested., With further development this technique may
provide a useful method for the prediction, of yields and ideal
harvest times of the mushroom crop several days iIn advance,

Using atomic absorption spectrophotometry it was found that
in common with several reports for a number of elements in basidio-
mycete sporophores, the concentration of iron declined with
increasing sporophore maturity. However, because of the relatively
large sample éize required for this type of analysis several
experiments using iron-59 radiotracing, which allows the determina-
tion of concentrations in individual sporophores, were done. They
showed that in small primordia the gquantity of isotope increased
with increasing size, although, not in direct proportion with dry

weight. The total amount of iron-59 attained a maximum in very
small buttons and thereafter remained approximately constant.

The declining concentration of iron in developing sporophores

Lo o s hle adtari i
was atipibuted to the limited quantity ol available material in

the substrate mycelium being progressively consumed durlng
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sporophore formation,

r . . -
The distribution and routes of iron transport within the
sporophore were shown to change during its development. With

increased maturity translocation became restricted to the stipe

cortex. In the pileus, iron translocation was initially towards

the maturing hymenia and subsequently into the umner pelli

= =~

cle
probably in association with the expansion of the pileus. Thus,
it appears that tfansport within the sporophore is metabolically
regulated and that the accumulation of materials within the
sporophore occurs in accordance with thé demands of specific
tissues during growth and development.

The development of novel pelletised substrates used in a
flask culture system closely mimicked normal cultivation condi-
tions thus allowing the development of sporophores to full
reproductive maturity. This system also permitted, through
careful dissection, the removal of mycelia and developing
reproductive structures from the substrates and the subsequent
analysis of their iron content. It was found that slight cyclical
changes of isotope concentration occurred in the compost mycelium
in conjunction with sporophore development and this may indicate

the r0le of the compost mycelium as a storage depot which 1s drawn

upon during sporophore enlargement. In the mycelial strands of

the casing layer greater changes of isotope concentration were

observed, These changes may be associated with the flow of

isotope between the compost and developing sporophores., Initially

large quantities of isotope would be moving into primordila but,

the declining quantity of available material in the compost

mycelium would result in the decreased quantity of isotope moving
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through mycelial strands 1nto mc

novel method of culture offers anfeﬁfecflv /stem in whlcﬁ

compositional changes of both the vegetatlve and reproductlve

phases of Agaricus blsporus growth may be snudle

It there-

fore, offers a ba51s for the lurther elu01datlon of the comp051—

tional, nutritional and phy51ologlcal changes ass001ated/w hi;

fructification and morphogene51s 1n Av°
Analysis of 16 metalliqjeléménﬁs in sporophores harvested

from various trials gave average results Whl h f611 w1th1n the

range of previously published\analyses.i;Thefmore/extensive

studies of iron in the substrates and s iores of A. bisporus.

deseribed here show the réiaiiv /imﬁéjtancé‘ T several cultural

in basidiomycete sporophores.
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APPENDIX 3.1. CONCENTRATIONS OF WAT

ER AND POTASSIUM PYROPHOSPHATE,
EXTRACTABLE IRON IN THE SUBSTRATES DURING CULTURE.

(MILLIGRAMS PER KILOGRAM DRY WEIGHT).

DAYS AFTER SUBSTRATE WATER EXTRACTABLE FYROPHOSPHATE EXTRACTABLE

CASING

14

21

28

35

L8

SAMPLE IRON

TRON

CASING 2.38 (1.9¢) 20.64 (5.54)
UPPER
COMPOST 37.43 (7.92) 980.9 (374.9)
LOWER
COMPOST 33.42 (4.82) 499.5 (185.4)
CASING 2.16 (1.32) 28.16 (11.44)
UPPER o
COMPOST 28.92 (9.26) 747.6 (585.5)
LOWER ~
COMPOST 33.13 (8.97) 947.5 (481.1)
CASING 2.49 (1.73) 41.69 (29.20)
UPPER 68 . 1 /. )
COMPOST 40.82 (10.26) j L (136.4
TOWER o o () 6,9.0 (164.7)
CASING 12.33 (11.40) 48.03 (34.67)
UPPER .07 (8.5 629.1 (263.4)
COMPOST 44.07 (8.59)
LOWER 724 .4 (330.3)

22 (5.
COMPOST b2 (5.39)
CASING L.52 (4.47) 89.24 (91.10)
UPPER 56,60 (11.09) 1136 (695.7)
COMPOST
LOWrR 51.00 (12.27) 774.0 (463.3)
COMPOST
CASING 3.07 (2.06) 33.39 (23.51)
UPPER 14.03 (9.26) 2063 (1860)
COMPOST :
LOWER L7.60 (3.45) 1278 (199.3)

"COMPOST

: e i les'
The Mean and(95% Confidence Limits) of é replicated samp
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APPENDIX 3.3. CONCENTRATIONS OEjiRQN:f 59?iN1DIFFEREﬁ§fiEVELS

OF THE SUBSTRATES FOLLOWING THE ADDITTON Of
TSOTOPE 10 = '

| | 1. THE CASING LAYER.

: 2. THE UPPER COMPOST.

3. THE LOWER COMPOST,

Py

SAMPLE 4 TR

UPPER 0 916 : .
~ COMPOST
o0
\ggﬁggST 0810
CASING 3.520
gg;ggST L. 968
7
Copost 1906
égﬁggST 1.105
\<CASING ©11.032
| Goosp, 109
3.
Conposr | h-689
LOWER e

COMPOST



APPENDIX 3.4. ESSENTIAL CHARACTERISTICS OF DEVELOPMEN

TAL
STAGES OF THE SPOROPHORE.

See also Plate 3.1.

1.BUTTON:

When viewed from underneath no trace of the pink colouration

due to the hymenia can be seen through the veil.

2, IATE BUTTON:

Pink colouration can be seen through a translucent veil

3.BUTTON/OPEN CUP:

l, .EARLY

The veil is partially broken.
CPEN CUP:
The veil has just completely separated between the stipe

and pileus.

5.FEARLY-MID OPEN CUP:

The aperture between the stipe and pileus has opened,but the

hymenia curve back towards the stipe.(Arrowed in Plate 3.1).

6.MID OPEN CUP:

The outer hymenia are pointing downwards and the veil remnants
on the edge of the pileus point towards the veil remnants on

the stipe.

7.MID-LATE OPEN CUP:

The veil remnants on the outer edge of the pileus point

downwards.

8.IATE OFEN CUP:

9.EARLY

10.FIAT:

The veil remnants point outwards and the upper pileus surface
is convex.

FLAT:

The top surface of the pileus is flat but,the veil remnants

can still be opserved from below.

The upper surface of the pileus is concave,the vell remnants

cannot be seen from below.
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NUMBER OF DRY WEIGHTS (GRAMS) GROWTH RATE (MG/HOUR)

SAMPLES Mean C.L. Mean Cc.L.
56 0.081 0.0041 1.172 0.176
51 0.115 0.0026 2.296 0.4k
52 0.146 0.0026 3.350 0.470
56 0.181 0.0032 L. 294, 0.337
57 0.226 0.0038 6.014 0.426
L5 0.271 0.0045 6.57 0.586
L8 0.324 0.0047 8.518 1.183
4 0.374 0.0045 10.76 1.415
L6 0.447 0.0078 11.45 0.811
43 0.5L4 0.0088 15.53 1.415
23 0.648 0.0128 19.68 3.326
L2 0.808 0.0249 23.3, 3.188
38 1.405 0.1521 48.07 9.770

Correlation between Dry Weight and Growth Rate for 598 sporophores

=0.9962,  597°F.

APPENDTX 3.6. A SEQUENCE OF POPULATION GROWTH RATES CALCULATED
FROM SUCESSIVE PHOTOGRAPHS.

NUMBER OF  MFAN TIME OF GROWTH GROWTH RATE (MG/HOUR)
SAMPLES RATE CAICULATION. Mean C.L.
73 L 3.318 0.85
73 12 4 .509 0.713
73 20 5.635 0.993
73 o8 6.544 1.074
70 36 11.91 2.263
71 L, 13.00 3.217
61 52 14.13 3.555
58 60 27.58 7.366
15 68 10.89 2.792
15 76 ‘ 17.33 6.161

o L 30.58 21.46

C.L. = 95% Confidence Limits.
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APPENDIX 3.7.

DRY WEIGHT OF

WEIGHT
GROUPINGS
MEAN  C.L,
0.0777 0.0129
0.1207 0.0069
0.1459 0.0052
0.1621 0.0026
0.1807 0.0041
0.1993  0.0047
0.2107 0.0021
0.2257 0,0029
0.2431 0.0043
0.2640 0.0042
0.2816 0.0047
0.301 0.0045
0.3155 0.0056
0.337  0.0045
0.3574 0.0076
0.3734 0.0015
0.3843 0.0044
0.4187 0.0099
0.4608 0.0095
0.5029 0.0091
0.5659 0.0249
0.665 0.0081
0.7126 0.0132
0.809 0.019)
0.935  0.0445
1.1375 0.0297
1.2779 0.0522
1.5286 0.0698
2.0588 0.2979

C

.L.

I T i e e N S i P~ S S S S S S S S S S S

TRON ~590mmmwmwnmzmpcmmmTIN
SPOROPHORES OF SIMILAR DRY WEIGHTS .

CONCENTRA TION
LOG COUNTS/HOUR/
GRAM DRY WEIGHT

MEAN

.8316
- 9401
.8L60
.7385
L8731
L8250
L6124
-5535
.3848
2686
414
481
.5276
3539
L2737
-3498
.8234
.2758
179
.0954
.9853
.8870
.2232
L7432
.9250
. 7508
T4
.6134
6502

5

5

e R R S e = = B . T S R~ o N T T R ) TG ST ~ S

wWow W

UPPER
C.L.

-1394
.1388
L0777
.0008
1396
.0026
L8464
. 7901
5916
.4690
3546
.697

L1677

. 5834
. 5982
5455

.1607

4225
4251
. 2869

2736
1131
b Th
.9089

.1868

.9315
0117
7537
L8677

LOWER

o

4

b
3
b
L

W oW W W W W W e

W W W W W W N W W

W

= §5% Confidence

C.L.

0
. 5633
3157
L9701
.0570
L5194
L0689
L9941
L9761
.8850
7050

.8029

9453
.8363
0
L1051
0
.0527
L5575
CThAT
419
.3879
L7342
4719
1617
4358
L2127
LOL8
1942

3.
L.

4
3

Limits.
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L
L
3
3
3
3
3
3
L
3
3
3
L.
3
3
3
3
3
3
3
3
3
3
3
3

GROUPS oF

LOWER
C.L.

L4103
.6369
4582
-3531
.3162
.8058
3934
3481
3670
.3021
1703
. 2769

W W W W W W W W W

4398
4276
0
. 5562
3489
S48
. 2266
4492
LT
2049
2L
3ThA
.5782
6405
. 5629
L5787
L2865

W W W W

W W W W

-

WwW W W W W W W

CONTENT
LOG COUNTS /HOUR/
SPOROPHORE,
MEAN  UPPER
C.L.
8724 4.0893
0234 L.2246
0164 4.2529
L9738 4.2195
1267 4.3928
1295 4.3129
O9LOO L1745
9081 L1447
L7686 3.9736
6906 3.8923
L6011 3.8130
.9308  4.1808
0275 4.268
770 3.9591
L8249 41457
L9215 L1171
1621 4.4283
.9209  4.0458
8516 4.0978
.7937 3.9834
7551 4.0550
L7129 3.9407
19938 L2540
6541 3.8228
7387 3.8556
7612 3.8555
L9426 41420
.8027  3.9497
L0L68  4.1976




APPENDIX 3.8.

NUMBER OF
SPOROPHORES

17
16
16
16
16
16
17
10

TRON - 59

CONTENT

DRY WEIGHT AND IRON - 59 CONTENT OF g pyy
. N TH F

| ‘ US AS
PERCENTAGE OF THE ENTIRE SPOROPH '

ORE,FOR GROUPS 0
k) , N F
SPOROPHORES OF SIMITAR DRY WEIGHTS

DRY WEIGHT (G) TRON - 59 DRY WEIGHT
OF GROUPINGS. CONTENT o
0.219  (0.022) 86.76 (5.389) 75.20 (1.714)
0.322 (0.013) 92.43  (3.943) 77.66  (1.895)
0.403 (0.018) 86.53 (5.605) 79.99 (2.25%)
0.575 (0.039) 91.50  (3.672) 79.55 (1.880)
0.732 (0.027) 86.39 (8.147) 82.30  (1.493)
1.010 (0.060) 88.19  (5.874) €2.03  (1.787)
1.339  (0.168) 82.60  (7.674) e2.45 (1.771)
2.038 (0.303) 83.56 (6.358) 83.4,8 (2.889)

The Mean and (95% Confidence‘Limit).

= PILEUS COUNT PER HOUR x 100 DRY = PILEUS DRY WEIGHT x 100
TOTA

SPOROPHORE COUNT PER HOUR - WEIGHT

APPENDIX 3.9.

DRY
WEIGHT
()

.219
L322
403
575
732
1.010
1.339
2.038

o O O O O

W oW W e e = e

MEAN

492
441,
.392
110
156
-839
761
683

IT
OTAL DRY WEIGHT
CONCENTRATIONS OF IRON - 59 IN THE PILEUS,STIPE AND

ENTIRE SPOROPHORE,FOR GROUPS OF SPOROPHORES OF
SIMITAR DRY WEIGHTS.

PILEUS STIPE ENTTRE SPOROPHORE
UPPER ILOWER MEAN UPPER TLOWER MEAN  UPPER LOWER
c.L. C.L. ¢.L. C.L. c.L. C.L.
L.710 4.032 3.868  4.061 3.510 L.A57  L.6Ah 4122
4.631 4.095 3.612  3.77 3.358 L.34k3  4.530 4,.006
L.559 4.120 4.089 4.270 3.773 4.343  L.513 1,.060
L.322 3.681 3.560 3.785 3.066 L.0%8 L.263 3.655
L.358 3.767 3.821  4.021 3.450 L4 L.324 3.818
3.96, 3.665 3.516  3.675 3.26h 3.80k 13.919 3.648
3.91g 3.511 3.589 3.752 3.323 3.7k 3.900  3.499
4885 3.205 3.759 4.039 2.79 3.693 3.8 3.318
C.L. = 95% Confidence Limit.




APPENDIX 3.10.

STAGE

BUTTON
IATE BUTTON

BUTTON /OPEN CUP
FARLY OPEN CUP
FARLY-MID OPEN CUP
MID OPEN CUP
MID-IATE OPEN CUP

IATE OPEN CUP

DRY WETGHTS AND CONCENTRATIONS OF

SPOROPHORES GROUPED ACCORDING TO DEVELOPMENTAL,

IRON - 59 1y

STAGE.

LOG COUNTS/HOUR/

NUMBER  GRAMS DRY GRAM DRY WRICHT,
OF WEIGHT. MEAN  UPPER  LOWRR

SAMPLES. MEAN  C.L. C.L. C.L.
98 0.300 0.048 4.€033  4.709L 4.4652
L6 0.404 0.098 L.561 L6730 L.4072
43 0.420 0.089 44835 £.6261 L.2698
36 0.691 0.186 L4677 L.671L L.0T15
16 0.620 0.195 L1875 L.L322 3.5730
39 0.92  0.220 4.0323 4.1834 3.7987
8 1.04  0.,87 3.741 0 3.998L 3.0220
17 0.835 0.248 4.0278 4.2892 3.2686

C.L. = 95% CONFIDENCE LIMIT.




MEAN DRY
WEIGHT OF

9.320
5. 440
620
3427
2,729
2.320
1.911
- 1.62
1.338
1.146
0.941
0.847
0.750
0.647
0.576
0.520
0,483
- 0425
0,353
L 0.273
0,223
0.129

APPENDIX 3.11. CONTENT AND CONCENTRATION OF Tnoy.

NUMBER

GROUPS(G) SPOROPHORES — MEAN

, =~ 59 IV GROUPS
OF SPOROPHORES OF STMILAR DRY WmIgHTS.
LOG COUNTS /HOUR/.

OF GRAM DRY WETGHT.
UPPER

106 comr
/HOUR/
LOWER  SPOROPHORE

C.L. C.L:

12

14
12
11

12
11

12
10

C.L. = Confidence Limit. |
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APPENDIX 3.13. CONCENTRATT
REPRODUCTIVE TISSI

5 VEGETATIVE AND -
iING“CULTURE‘ .

DAYS AFTER COMPOST MYCELTUM CASING MYCELTUM PRIMORDIA SPOROPHORES
CASING o o \
. o 0

ool
S 00
57921,
5.5466
- 5.0904
g
bihjes
ool
e
b

Upper 95% C
Mean :

c . 4,40,3“" 6 samples.
LOWerQ‘j% Confidence lej t, . -

RY WETGHT.

10G COUNTS PER HQUEf"*'“‘”“




