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Description of the subject. Edible mushrooms cultivation is one of the most important agro-industries in Mexico, showing
good impact on food production through a controlled biotechnological process. National production is supported by foreign
strains although this region has a great biological diversity in wild mushrooms species with adaptatively advantages to the
local environment, but these genetic resources have been few studied, especially for Agaricus species.

Objectives. To unravel the potential of wild Mexican strains of Agaricus bisporus for the production of fruiting bodies on
compost.

Method. The mycelial growth rate of eight A. bisporus strains (two wild, six commercial) in culture media was assessed by
supplementing a malt extract medium with yeast extract (YMEA), yeast extract and indulin AT (YMEA-indulin AT), and
compost extract (CMEA) at three different incubation temperatures (22, 25 and 28 °C). Mycelial growth was evaluated in solid
media (mm-day™') and liquid culture (decrease in the phenol content). Four strains (two wild, two commercial) with the best
in vitro results were selected to obtain carpophores on compost and evaluate their yields.

Results. The highest values of mycelial growth were observed in CMEA and the greatest decrease in phenol content was
recorded for YME. Biological efficiencies of the four selected strains were 50.8 to 95.5%, and yields were 7.4 to 14.1 kg-m™
in crop cycles of 74 to 98 days. Basidiomes 5 to 15 cm in diameter predominated.

Conclusions. The characteristics of the wild strains indicate their suitability for the regional market, but additional experiments
are necessary to improve their productivity parameters.
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Culture de souches sauvages mexicaines d’Agaricus bisporus, le champignon de couche, sous différentes conditions de
croissance in vitro et détermination de leur productivité

Description du sujet. La culture de champignons comestibles est une des industries agroalimentaires les plus importantes du
Mexique et cette activité montre un bon impact sur la production alimentaire grace a un procédé biotechnologique controlé. La
production nationale est soutenue par des souches étrangeres, bien que cette région présente une grande diversité biologique
d’especes de champignons sauvages avec des avantages adaptatifs pour I’environnement local, mais ces ressources génétiques
ont été peu étudiées, en particulier pour les especes d’Agaricus.

Objectifs. Etudier le potentiel de souches sauvages d’Agaricus bisporus isolées au Mexique afin de produire des champignons
dans les conditions locales de culture sur compost.

Méthode. Les taux de croissance mycélienne de huit souches d’A. bisporus (deux sauvages et six commerciales) ont été
évalués dans différents milieux de culture en complétant un extrait de malt avec de I’extrait de levure (YMEA), de I’extrait de
levure et de I’induline AT (YMEA-indulin AT) et de I’extrait de compost (CMEA) a trois températures d’incubation différentes
(22, 25 et 28 °C). La croissance du mycélium a été évaluée en milieu solide (mm par jour) et liquide (diminution de la teneur
en phénol). Les souches les plus vigoureuses ont été évaluées pour leur rendement de production de sporophores sur compost.
Résultats. Les valeurs les plus élevées de croissance ont été observées dans le milieu CMEA et la plus forte baisse en teneur
de phénol a été enregistrée pour YME. L'efficacité biologique de deux souches sauvages mexicaines et de deux souches
commerciales variait entre 50,8 et 95,5 % et le rendement était de 7,4 a 14,1 kg-m™ pour des cycles de culture de 74 4 98 jours.
Le calibre des champignons de 5 a 15 cm dominait.
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Conclusions. Les caractéristiques des souches sauvages indiquent qu’elles possedent un potentiel intéressant pour I’introduction
sur le marché régional, mais des expériences supplémentaires sont nécessaires pour améliorer les parametres de productivité.
Mots-clés. Agaricus bisporus, germplasm, croissance, in vitro, organisme indigéne.

1. INTRODUCTION

Agaricus bisporus (Lange) Imbach, the white button
mushroom, currently holds fourth place in commercial
mushroom production worldwide (Royse & Sanchez,
in press). It is grown commercially in at least 90
countries, with an estimated annual production of
more than 4 million tons (Sonnenberg et al., 2011;
Royse, 2014). Despite the economic importance of
this species, until the end of the last century it was
believed that wild A. bisporus populations were
restricted to the European continent where the species
had been domesticated (Savoie et al., 2013). This
concept of distribution changed in the 1980°s when
native specimens of this species were found in North
America, including California and Canada, or Asia
(Callac et al., 2005). Subsequently, its distribution was
extended to Mexico by Mata & Rodriguez-Estrada
(2005) who collected wild specimens in a disturbed
Cupressus forest in central Mexico, and recently it was
demonstrated that these specimens do not correspond
to any commercial strain under cultivation (Mata
et al., 2016). The habitat of A. bisporus is known to
extend from the boreal region of Alaska (Geml et al.,
2008) to the equatorial climate of the Congo, and from
coastal dunes to mountains over 3,000 m in elevation
(Largeteau et al., 2011). According to Savoie et al.
(2013), in spite of the wide geographic distribution of
this species in the world, the geographic diversity of
this species is not reflected in the preserved germplasm.

In Mexico, as in other Latin American countries,
mushroom cultivation was introduced in the 1930’s,
with technology brought by European migrants
(Martinez-Carrera & Lépez-Martinez de Alva, 2010).
During the early years, the national production of this
mushroom was unstable, fluctuating notably, though it
did increase during the final two decades of the last
century. By 2014, national production of A. bisporus
was estimated at 59,349 tons, representing 93.7% of
total national edible mushroom production, maintaining
leadership among Latin American countries (Martinez-
Carrera et al., 2016). To date, Mexican production
depends on foreign strains.

Agaricus bisporus is a humicolous saprotrophic
fungus that grows on plant organic matter previously
transformed by other microorganisms, and conse-
quently it is cultivated on compost. An essential step
in successful commercial cultivation is determining
the nutritional factors that are necessary to optimize
mycelial vegetative growth. This physiological stage

requires the fungus to be able to produce extracellular
lignocellulolytic enzymes to degrade three main
components of these complex organic matrices:
lignin and humic compounds, complex carbohydrates
(cellulose and hemicellulose), and organic sources of
nitrogen (Hildén et al., 2013; Patyshakuliyeva et al.,
2013). The in vitro mycelial development exhibited
by the strains is one of the most important factors in
selection of germplasm for their cultivation, because
the growth medium provides the necessary nutrients for
mycelial growth and the formation and development of
carpophores (Mantovani et al., 2007).

On the other hand, the search for A.bisporus
strains tolerant to high temperatures is still underway
(Wang et al., 2004; Nogueira de Andrade et al., 2010;
Largeteau et al., 2011), since maintaining a controlled
environment in modern facilities requires energy-
consuming cooling systems. Thus, in the context
of sustainable agriculture and given the economic
expansion of emerging countries, the development of
A. bisporus cultivated strains that are able to fruit at
higher temperatures than the current cultivars represent
a promising alternative for reducing energetic costs
during cultivation in hot countries and in temperate
countries when summer temperatures are high (Navarro
& Savoie, 2015). Our objectives were to attain a better
understanding of the adaptation of Mexican wild
A. bisporus strains under different growth conditions
(medium and temperature) in vitro, in comparison to
commercial strains, and to select A. bisporus isolates
amenable to warm environmental conditions, without
compromising the quality of the mushrooms harvested.

2. MATERIALS AND METHODS

2.1. Mushroom strains

Eight strains of A. bisporus from commercial spawn
producers were studied: IE-273 (305 MISPAJ), IE-751
(Delta, AMYCEL), IE-752 (Phoenixx, AMYCEL),
IE-754 (365 MISPAJ) and IE-755 (45 GURELAN);
IE-610 (HAI 24) was provided by the Culture
collection of Higher Basidiomycetes of the Institute
of Evolution (HAI), University of Haifa, Israel; and
IE-623 and IE-746 were field isolates from the state
of Tlaxcala, Mexico, in semi-dry temperate climate,
where they were growing on the litter of Cupressus
benthamii (Mata & Rodriguez Estrada, 2005). Mycelia
of all strains are maintained in the Fungus Ceparium
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of the Institute of Ecology, A.C. in Xalapa, Mexico
(WDCC 789).

2.2. Mycelial growth on different basal media and
temperatures

Strains were grown on Petri dishes (90 mm @)

containing 20 ml of the following culture media:

— malt extract agar (MEA, Bioxon: 20 g-I"! malt extract,
15 g1 agar),

— yeast malt extract agar (YMEA, Bioxon: 20 g-I"! malt
extract, 2 g-I"! yeast, 15 g-1"" agar),

— yeast extract malt agar with commercial kraft lignin
added (YMEA-indulin AT: 20 gI' malt extract,
2 g1 yeast, 15 g-1"" agar, 3 g-I'" indulin AT dissolved
in 800 ml of distillated water and adjusted to 1 zmol
concentration of phenols),

—compost malt extract (CMEA: 10g malt
extract-600 ml' compost extract and 400 ml
distillated water adjusted to 1 gmol concentration of
phenols).

For the preparation of compost extract, 300 g of
fresh compost was added to 1,000 ml of distilled water
and the mixture was heated to boiling for 20 min. After
the cooling, mixture was filtered through two layers of
muslin to recover approximately 800 ml of infusion,
then the concentration of phenols was adjusted by
the addition of distilled water. Culture media were
sterilized at 121 °C for 20 min. Each Petri dish was
inoculated in the center with a 0.5 cm diameter disc
of previously uniformly colonized MEA of one strain
and incubated at 22, 25 and 28 °C, in the dark. Every
two days over the 14 days of incubation, mycelial
growth rate was estimated based upon culture mycelia
diameter, recorded in two perpendicular directions. All
experiments were carried out with eight replicates.

2.3. Effect of strain and temperature on the
degradation of lignin-derived phenol content in
different basal media

For this test, the A. bisporus strains were cultivated in
100 ml Erlenmeyer flasks containing 20 ml liquid yeast
malt (YME) or compost malt extract media (CME).
The culture media were prepared as for the mycelial
growth experiment but without adding agar. Each
flask was inoculated with a 0.5 cm? plug of mycelia
on agar and incubated under static conditions at 22,
25 and 28 °C. After 14 days of incubation, the culture
was filtered through Whatman No. 1 filter paper and
the phenols present in the filtrate were determined by
adding Folin and Ciocalteu reagent (Box, 1983). After
1 h of incubation at room temperature, absorbency was
read at 750 nm and the results expressed in ymol of
water soluble phenols per ml of solution.
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2.4. Spawn preparation

Based on the results of the laboratory analyses, four
A. bisporus strains (IE-610, IE-623, IE-746 and
IE-754) were selected to evaluate their productivity
on compost. Spawn was prepared in polyethylene
bags containing 200 g of hydrated sorghum grains
mixed with 0.5% (dry weight) of a 1:1 mix of calcium
carbonate and calcium sulfate, and autoclaved at
121 °C for 90 min. Sterilized grains were inoculated
with a plug of a pre-cultured A. bisporus strain and
incubated at 25 °C in darkness until the grains were
completely covered by mycelia (approximately two
weeks). Spawn was stored at 4 °C in darkness.

2.5. Mushroom production

Agaricus bisporus strains (IE-610, 1E-623, IE-746
and IE-754) were cultivated in boxes (936 cm? in
area) filled with 4 kg of phase II mushroom compost
made by a mushroom grower and spawned at 5%.
The compost was produced from wheat straw (65%),
chicken manure (25%), sugar cane bagasse (9%) and
urea (1%), at pH 8.1 and 66% moisture. Each box
was covered with plastic sheets. Eight samples were
prepared with each strain.

After 20 days of incubation at 25 + 1 °C, boxes
colonized by A. bisporus were covered with a 4 cm
casing layer composed by peat moss (8%) and
limestone (92%). Five days after casing, the surface of
the casing soil was ruffled deeply. Fresh air was then
introduced into the growing room to lower the ambient
temperature to 22 + 1 °C. One day later, the growing
rooms were ventilated to stimulate the production of
carpophores. Irrigation of the culture started when
carpophores had reached the primordium size stage
and a RH of 85-90% was maintained throughout
cropping.

Mushrooms were harvested during the first three
flushes and earliness was expressed as the number of
days elapsing between spawning and the harvesting of
the first flush. The strains’ productivity was expressed
as biological efficiency (ratio of fresh mushroom
weight harvested to dry compost weight, expressed
as a percentage), yield (kg of fresh mushrooms
weight per square meter), production rate (ratio of
biological efficiency to culture cycle days, expressed
as a percentage). With the aim to know the maximum
sizes of pileus development, the mushrooms were
harvested after the cap was opened and the mushrooms
were separated according to size into four groups, G1:
<5cm, G2: 5.1 to 10 cm, G3: 10.1 to 14,9 cm, G4:
> 15 cm, following the classification established by
Gaitdn-Herndndez et al. (2014) and expressed as a
percentage. Cap color was scored as: 1: white, 2: light
brown and 3: brown.
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2.6. Statistical analysis

A completely random design with a factorial
arrangement was applied to mycelial growth and the
effect of strains and temperature on the degradation
of lignin-derived phenols contained in different basal
media. The mushroom production experiments were
arranged as a completely random design. An analysis
of variance (ANOVA) was conducted on all values and
means were compared using Tukey’s and Duncan’s
tests (p < 0.05) run in the statistical software Statistica
(v.7.0).

3. RESULTS AND DISCUSSION

3.1. Mycelial growth on different basal media and
at different temperatures

The results of the mycelial growth of the strains under
different conditions are presented in tables 1, 2 and
3. The daily increase in the mycelial diameter of the
different strains varied with temperature and culture
media tested, but in general, the strains growing in
CMEA had the highest values. With respect to the
temperature parameter, at 22 °C the highest mycelial
growth rates on CMEA were recorded for the two
Mexican wild strains (IE-623 and 1E-746), followed
by some commercial strains (IE-610, [E-752, IE-754
and IE-755), but without any statistical differences
between the two types of strains (Table 1).When
strains were cultured at 25 °C (Table 2), the Mexican
strain IE-746 had a good mycelial growth in all of the
culture media evaluated, while the other wild strain
(IE-623) only maintained good growth in CMEA.
For the remaining strains (except IE-273), the highest
mycelial growth rate occurred on CMEA. Similar to the
previous incubation condition, the strains cultivated at
28 °C on CMEA had the highest mycelial growth rates
(except IE-273), and the remaining averages were not
statistically different. In addition, both Mexican strains
had good mycelial growth in MEA and YMEA-indulin
AT (Table 3). In previous work, Martinez-Carrera et al.
(2001) cultivated a Mexican wild strain of A. bisporus
var. bisporus on MEA and registered mycelial growth
rate from 0.12 to 0.20 cm-day', at 25 °C. These values
are lower than those reported in the present study.
With respect to the pattern by strain, the wild
strain IE-746 is noteworthy for its high adaptability
to the different supplements of the culture media and
the incubation temperatures tested; particularly at
25 °C, where mycelial increase in this wild strain did
not differ from that of the commercial strains. The
other Mexican wild strain, IE-623, had good mycelial
growth in CMEA samples, regardless of the incubation
temperature. In contrast and under the parameters
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Table 1. Mycelial growth rates (mm-day') obtained by
Agaricus bisporus strains on different culture media at
22 °C — Taux de croissance mycélienne (mm-jour’) des
souches d’Agaricus bisporus sur différents milieux de
culture a 22 °C.

Strain MEA YMEA YMEA- CMEA
indulin
AT
Wild
IE-623 27+12 23+0.7" 27+0.7¢ 64+23°
IE-746 35+0.6® 28+0.6" 29+1.3* 54+1.9°
Commercial
IE-273 14x02¢ 17x£03%¢ 1.1x03¢ 2.7x0.6"
IE-610 27+0.7°¢ 30+09>* 17+0.6%< 5823
IE-751 1106 14+07¢ 1.1+0.6° 47+25®
IE-752 1604 1804 12x14¢ 53x37°
IE-754 14+07¢ 1.6+079 1.6+0.7¢ 50+1.6°
IE-755 13x£0.7¢ 22+£04> 10x£059 54+24°

MEA: malt extract medium — extrait de malt; YMEA : malt
extract medium with yeast extract — extrait de malt avec de
’extrait de levure; YMEA-indulin AT : malt extract medium with
yeast extract and indulin AT — extrait de malt avec de I’extrait
de levure et de I'induline AT; CMEA : malt extract medium with
compost extract — extrait de malt avec de [’extrait de compost,
Values are means + standard deviation of eight replicates. Values
in columns or rows followed by the same letters are equal

(p <0.05, Duncan) — Les valeurs sont des moyennes + écarts
types de huit répétitions. Les valeurs dans les colonnes ou les
lignes suivies des mémes lettres sont égales (p < 0,05, Duncan).

Table 2. Mycelial growth rates (mm-day') obtained by
Agaricus bisporus strains on different culture media at
25 °C — Taux de croissance mycélienne (mm-jour?') des
souches d’Agaricus bisporus sur différents milieux de
culture a 25°C.

Strain MEA YMEA YMEA- CMEA
indulin
AT
Wild
IE-623 2.8+0.7°¢ 2.6+0.6 28+1.0" 64+1.7°
IE-746 3.7+0.7%* 34+0.6® 3507 49+1.6°
Commercial
IE-273 14+02% 13+£0.5% 1.3+04% 29=+0.9>
IE-610 2.8+0.3"¢ 33+05" 25+0.7 62+24°
IE-751 1.1+£03% 23+0.8 08+05 50=+3.2°
IE-752 1.2+05% 24+0.6 1.1+02° 58=+3.1°
IE-754 3.1+0.3% 3.0+£05* 1.6+£05° 59+24°
IE-755 1.9+0.5% 1.7+04 1103 6.1x£26°

Legend — légende: see table 1 — voir tableau 1.
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Table 3. Mycelial growth rates (mm-day"') obtained by
Agaricus bisporus strains on different culture media at
28 °C — Taux de croissance mycélienne (mm-jour’) des
souches d’Agaricus bisporus sur différents milieux de
culture a 28 °C.

Strain MEA YMEA YMEA- CMEA
indulin
AT

Wild

I[E-623 3.6+0.6® 2.7+03> 33+0.7* 60=+1.8

IE-746 40+04" 34+0.8™ 38x0.7" 56+22°
Commercial

IE-273 1.6+£02% 1.6+0.3% 12+04% 32+1.3%

IE-610 28+0.5" 33+0.7* 35+09* 6.1+2.1°

IE-751 1.6+£04% 19+0.6~ 09+0.6° 52+2.6°

IE-752 15+0.6% 25+0.6 12x04% 62+3.1°

IE-754 22+03> 32+0.7¢ 1.1+02° 63+20°
IE-755 1.7+£05% 2.6+0.7*¢ 1.6+0.6* 6.1+24*

Legend — légende: see table 1 — voir tableau 1.

evaluated, the commercial strain IE-273 had the
lowest growth rate, regardless of the temperature or
culture media. Significant differences were underlined
by ANOVA according to strain, culture medium and
temperature and to the interaction between strain and
culture medium.

The mycelial growth pattern of the strains varied
during the 14 days we evaluated incubation. The
Mexican wild strain IE-623 had the highest mycelial
increases in the CMEA medium during the first
week, and the other Mexican strain (IE-746) in media
containing yeast extract (YMEA and YMEA-indulin
AT). The remaining strains grew better in CMEA and
MEA media. From the second week of incubation,
cultures reached the highest values in the CMEA
medium, especially when incubated at 25 and 28 °C.

The wide variability in the response observed in the
first days of incubation is probably because the strains
required different pre-adaptation times, and humic
species such as A. bisporus grow at low C/N ratios and
prefer organic N sources. Our results coincide with
those of other authors (Kalmis et al., 2005; Liu & Wang,
2009) who reported that yeast extract supplementation
increases the mycelial growth of Agaricus spp.; while
compost extract has been reported to be an accelerant
of mycelial growth for other edible mushroom species
(Rainey, 1989).

The significant differences observed in the strains
could indicate that some of the variation in their
responses depended not only on their ability to use
nutrient sources, but also on their tolerance to other
chemical compounds present in the culture media.
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With respect to the temperatures, the ones evaluated
here seem to cover an acceptable range for the adequate
mycelial growth of the strains, especially for the wild
strains.

3.2. Effect of strains and temperature on the
degradation of lignin-derived phenol content in
different basal media

The results of this experiment at 22 °C showed that
the Mexican wild strain IE-623 was the most efficient
to degrade phenolic compounds in the medium
containing yeast extract, reaching similar values to
the commercial strain (IE-752) with no significant
difference. At 25 °C, the Mexican strain (IE-746) was
the most efficient to degrade phenolic compounds in
both media, while at 28 °C, the degradative capacity
of the wild strains decreased, especially in the cultures
in CME (Table 4). This is very important from a
biotechnological point of view for strains selection as
the removal and transformation of phenolic compounds
by edible mushroom species have received attention in
the recent years (Kameda et al., 2006).

Statistical analysis detected significant differences
between strains, culture media and temperatures.
In general, cultivating the strains in YME medium
favored the loss of phenol content from the cultures. For
incubation temperature, the pattern varied depending
on the strain, though for the cultures kept at 22 °C the
media lost more of their phenol content during the
growth of the fungi.

Among strains, wild strain IE-746 had a high
capacity toreduce the phenol concentration in the media,
independently of supplementation, and especially in the
cultures incubated at 25 °C. Additionally, commercial
strains IE-754 and IE-752 had the same high capacity
at 22 and 28 °C, respectively.

The small decrease in phenol concentration in CME
medium could be due to the chemical composition of
the extract, which comes from a selective substrate
for Agaricus mushrooms, resulting from aerobic
fermentation. This might have favored the breakdown
of the glycosidic links of lignocellulose and made
the monosaccharides that are used as a carbon
source available; the strains initially use these simple
compounds and subsequently act on other more
complex compounds, such as aromatics. This pattern
has been observed in other edible species, such as
Pleurotus spp., when it is cultivated in substrates with
a high tannin and phenol content, such as coffee pulp
(Salmones et al., 2005).

3.3. Mushroom production yield

For carpophore production, the time required for
mycelial colonization on the compost varied little
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Table 4. Effect of temperature on the decrease of lignin-derived phenolic concentrations (mm-1") of Agaricus bisporus
strains cultured in YME and CME — Effet de la température sur la diminution des concentrations phénoliques dérivées de
la lignine (mm-l') des souches d’ Agaricus bisporus cultivées sur YME et CME.

Strain 22°C 25°C 28 °C
YME CME YME CME YME CME
Wild
1E-623 0.58 £0.02° 0.89 +0.02° 0.73 £0.04° 0.91 +0.03°¢ 0.74 +£0.03% 0.99 £ 0.02!
1E-746 0.61 +0.02® 0.69 0.1 048 +£0.13* 0.57 £0.03* 0.65 £ 0.03® 0.80 £ 0.04¢*
Commercial
1E-273 0.63 +0.02® 0.81 +£0.03® 0.75 £ 0.03% 099 +0.01¢ 0.73 £ 0.04%° 0.99 +0.04
IE-610 0.63 +0.02® 0.53+0.01* 0.88 £ 0.01¢f 0.93 +£0.02% 0.62 +0.03* 0.88 £0.05¢
1E-751 0.59 £0.01* 0.71 £0.01® 0.72 £0.02° 0.76 +0.02¢ 0.72 £ 0.04%° 0.87 £0.04¢
1E-752 0.58 £0.05* 0.76 = 0.02* 0.76 = 0.03>¢ 0.81 +0.04%" 0.66 = 0.05® 0.86 = 0.05%
1E-754 0.75 £0.03* 0.82+0.01® 0.79 £0.03% 0.88 +0.034f 0.71 £0.03%*° 0.78 £0.02°°
1E-755 0.69 + 0.04® 0.82 £0.02® 0.77 £ 0.04>¢ 0.83 £ 0.02"" 0.73 £0.01%° 0.79£0.01¢°

YME: yeast malt extract — extrait de malt et de levure; CME: compost malt extract — extrait de malt et de compost; Values are means
+ standard deviation of eight replicates. Values in columns or rows followed by the same letters are equal (p < 0.05, Duncan) — Les

valeurs sont des moyennes + écarts-types de huit répétitions. Les valeurs dans les colonnes ou les lignes suivies des mémes lettres sont

égales (p < 0,05, Duncan).

among the strains, requiring 28 + 2 days of incubation,
whereas on the casing mixture growth was observed
11 to 14 days after application. The strains had crop
cycles lasting 74 to 98 days, during which three flushes
were evaluated.

Primordium initiation, or earliness, was observed 36
(IE-623) to 43 (IE-746) days from the spawning day of
the samples (Table 5) and the basidiomes required 6 to
8 days to reach their maximum development, since they
were harvested with caps extended. These incubation
values are similar to those reported by Pardo et al.
(2004), who cultivated A. bisporus commercial strains
on different casing mixtures and recorded 14 days for
the colonization period and 38-42.1 days to obtain the
first crop during crop cycles of 80 days.

The biological efficiency (BE) obtained for wild
strains (Table 5) was 50.8 to 61.9%, and 95.5% for the
commercial germplasm. Tukey’s multiple range test
applied to the means for production determined that the
BE values of the commercial strains were statistically
different from those of the wild strains. These BE
values are higher than reported by Martinez-Carrera
et al. (2001) for Mexican wild strains of Agaricus spp.,
and similar to those reported in previous studies by,
for example, Mamiro & Royse (2008) and Andrade
et al. (2008, 2013), but lower than those reported by
Bechara et al. (2005), Altieri et al. (2009), Royse &
Chalupa (2009) and Gea et al. (2012), who recorded
values higher than 100% with commercial strains
grown in mixtures of composite and non-composite
materials. With respect to the previous results, Agaricus

production is generally reported when the pileus has
not yet opened, therefore it is not possible to rigorously
compare our results with those of previous studies.
However, taking this into consideration the values we
recorded seem to lie within the range reported in the
literature.

Production rates obtained for the Mexican wild
strains were 0.63 to 0.73%, and 1.14 to 1.19% for
commercial strains, with yields of 7.4% (IE-623) to
14.1% (IE-754) (Table 5). The production rate of the
commercial and wild strains differed significantly. In
general, the results obtained for commercial strains
in this study were consistent with values reported
previously (Weil et al., 2006; Mamiro & Royse, 2008),
suggesting that further experiments are needed to
determine which nutrient(s) and other environmental
interactions might be involved in increasing mushroom
yield from native germplasm.

Regarding the diameter of the pileus developed by
the different strains, the G2 and G3 size categories were
the most frequently observed in all samples (Figure 1),
representing 93.1% (IE-623) to 95.3% (IE-746) of the
total production in wild strains, and 95.8% (IE-752)
to 96.2% (IE-754) in the commercial strains. Only
commercial strain IE-754 developed a pileus greater
than 15 cm in diameter (G4). Moreover, even if the
cap color was not considered in the present study, a
light brown coloration of the wild strains was recorded
whereas the commercial strains exhibit white caps.

The pileus diameters recorded for our strains are
comparable to the values of 7.24-10.2 cm reported by
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Table 5. Production of fruiting bodies by Agaricus bisporus strains on compost — Production de carpophores par différentes

souches d’Agaricus bisporus cultivées sur compost.

Strain Earliness (days) Culture cycle (days) Biological efficiency (%) Yield (kg'-m?) Production rate (%)
Wild

1E-623 36-39 75-88 50.8 £ 15.1° 740 £2.1° 0.63+0.3°

IE-746 40-43 88-91 61.9 +26.4 8.83 +4° 0.73+0.3°
Commercial

1E-752 41-42 74-83 955 +6.5% 13.80 = 1* 1.14 £04°

IE-754 38 81-98 955+ 19.5* 1410+£29* 1.19+0.2°

Values are means + standard deviation of eight replicates. Values in columns or rows followed by the same letters are equal (p < 0.05,

Duncan) — Les valeurs sont des moyennes + écarts-types de huit répétitions. Les valeurs dans les colonnes ou les lignes suivies des

mémes lettres sont égales (p < 0,05, Duncan).

100
90t —
801 -
70}
60}
50}
40t
30}
20t

Percentage

10l
oLlmm ID -
G1 G2 G3 G4

B |[E-623 mIE-746 DIE-752 OIE-754

Figure 1. Percentage of fruiting bodies obtained from
Agaricus bisporus strains, grouped by pileus diameters —
Pourcentage des fructifications des souches d’Agaricus
bisporus regroupés par diamétre du chapeau.

Gl:<5cm; G2:5.1-10 cm; G3: 10.1-14.9 cm; G4: > 15 cm.

Wang et al. (2010), 37 mm by Straatsma et al. (2013),
and 33.3 mm reported by Pardo-Giménez & Pardo-
Gonzdlez (2008) in commercial cultures of Spanish
strains, and are considered an acceptable size for
commercialization.

4. CONCLUSIONS

Adequate mycelial growth and the conservation of
germplasm are priorities in the biotechnology of
mushroom cultivation, since they are the source for
the production of the inoculum. Incorporating yeast
and compost extract into the basal media favored the
mycelial growth rate of the Agaricus strains studied.
Wild strains had good mycelial growth and a
good capacity to produce fruiting bodies, but their
mushroom production values were lower than those

of the commercial strains. However, despite the low
productivity, it is possible that these strains have
adaptive advantages to the local environment which
would allow them to be more competitive. Additional
work is needed to determine the effect of increasing
the ambient temperature (28 °C or more) during
primordium initiation and mushroom development
stages, and to evaluate the effect of adding supplements
to the inoculum or compost with the goal of improving
productivity parameters. In order to offer some strains
with characteristics adapted to the substrates and local
environment, it will also be necessary to perform
growth and fruiting tests using local substrates.
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