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ABSTRACT

Background: To cultivate the button mushroom Agaricus bisporus in warm countries or during summer in
temperate countries, while saving energy, is a challenge that could be addressed by using the biological
diversity of the species.
Aims: The objective was to evaluate the yield potential of eight wild strains previously selected in small
scale experiments for their ability to produce mature fruiting bodies at 25 °C and above.
Methods: Culture units of 8 kg of compost were used. The yield expressed as weight or number per surface
unit and earliness of fruiting were recorded during cultivation in climatic rooms at 17, 25 or 30°C.
Results: Only strains of A. bisporus var. burnettii were able to fruit at 30°C. At 25°C they produced the
highest yields (27 kgm~2) and had best earliness. The yields at 25°C for the strains of A. bisporus var.
bisporus ranged from 12 to 16 kg m~2. The yield ratios 25 °C/17 °C ranged from 0.8 to 1.2.
Conclusions: The variety burnettii originated in the Sonoran Desert in California showed adaptation for
quickly producing fruiting bodies at high temperature when humidity conditions were favorable. Strains
of the variety bisporus showed interesting potentials for their ability to produce mature fruiting bodies
at higher temperature than present cultivars and might be used in breeding programs.
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Cepas silvestres seleccionadas de Agaricus bisporus con capacidad
para producir un alto rendimiento a temperaturas de 25°C

RESUMEN

Antecedentes: El cultivo del champifién (Agaricus bisporus) en paises de clima tropical, o durante el verano
en paises de clima templado, ademas del ahorro energético que supone, es un reto que podria abordarse
con el uso adecuado de la diversidad bioldgica de la especie.
Objetivos: El objetivo del presente estudio fue examinar el rendimiento potencial de ocho cepas sil-
vestres, previamente seleccionadas en experimentos a pequefia escala, para determinar su capacidad
para producir frutos maduros a temperaturas >25°C.
Métodos: Se utilizaron unidades experimentales de cultivo con 8 kg de compost. El rendimiento se
expres6 como peso o nimero de frutos producidos por unidad de superficie; en naves climatizadas,
a una temperatura de 17, 25 o0 30°C, durante todo el cultivo, se registré el momento de fructificacién.
Resultados: Sélolas cepas de A. bisporus var. burnettii fueron capaces de fructificar a 30 °C. Estas produjeron
un alto rendimiento a 25°C (27 kg/m?) y la fructificacién acontecié6 mas temprano. El rendimiento a
25°C para las cepas de A. bisporus var. bisporus varié de 12 a 16 kg/m?, con una proporcién 25°C/17°C
de0,8a1,2.
Conclusiones: Lavariedad burnettii, originaria del desierto de Sonora en California, estd adaptada para pro-
ducir cuerpos fructiferos a temperaturas elevadas cuando las condiciones de humedad son favorables.
Para las cepas de la variedad bisporus se demostr6 un interesante potencial para producir cuerpos fruc-
tiferos maduros a una mayor temperatura que la utilizada en los cultivares actuales y puede ser utilizada
en los programas de mejora genética.
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The button mushroom Agaricus bisporus (J.E. Lange) Imbach has
been cultivated in France since the 18th century and expanded to
other continents later. It is now the dominant cultivated mush-
room in Europe and the Western hemisphere. Unfortunately it
requires temperature below 20°C for producing fruiting bodies,
which is currently limiting the development of its cultivation in
some warm areas of the world. The pavement mushroom Agari-
cus bitorquis (Quelet) Saccardo has been proposed as an alternative
because it prefers higher temperatures (25 °C) than A. bisporus dur-
ing harvesting.®'> However, the yields of commercial strains are
lower than those obtained with A. bisporus under optimal con-
ditions. In middle scale experimental cultures, yields from 9.3'3
to 22kgm~2'2 had been reported whereas for cultivated strains
of A. bisporus we observed average yields between 22 kgm~2 and
30kgm~2.49 Comparing two efficient composts, Kariaga et al.”
observed yields of A. bitorquis being 51 or 74% that of A. bisporus.
Consequently it is a challenge to find strains of A. bisporus able to
produce high yields of good quality mushrooms at 25 °C for saving
energy used in cooling systems during cultivation in warm coun-
tries.

Crop wild relatives and local varieties are the elements of agri-
cultural biodiversity most likely to contain the necessary novel
genetic diversity which is needed to sustain innovations in breed-
ing programs. This assertion is also true for cultivated mushrooms.
Since the end of the 1980s, A. bisporus germplasm has been built
with hundreds of wild isolates originating from various habi-
tats and numerous geographic origins.!'8 In a previous study, we
screened 114 wild strains from the major geographical populations
of A. bisporus for their ability to produce mature fruiting bodies at
the normal temperature used for cultivation (around 17 °C)and ata
higher temperature, set around 24 °C.'° One quarter of the strains
of A. bisporus var. bisporus were able to fruit at this higher tem-
perature and were called FHT*. They belonged to all the studied
populations. The experiments had been performed in small crates
containing 500 g of commercial compost, which are too small for
an efficient evaluation of yield potentials at both temperatures. The
objective of the present work was to better understand the adap-
tation of A. bisporus to temperature by analyzing the yield related
traits of a selected sample of FHT* strains cultivated both at 17, 25
and 30°C.

Eight wild strains of A. bisporus with the highest fructification
level at 25 °C expressed as the percentage of the yield at 17 °C were
selected from the data of Largeteau et al.'® Bs0094 and Bs0738
were A. bisporus var. burnettii originated from the population in
Sonoran Desert of California and isolated by J. Burnett in 1991.2
The others were A. bisporus var. bisporus: Bs0190, Bs0419B, Bs0483
and Bs0739 that had been isolated under Cupressus macrocarpa by
P. Callac. Bs0190 was originated in the west of France (Lorient) in
1992; Bs0419B was originated in the southwest of France (Capbre-
ton) in 1994. Bs0483 was originated in Canada (Alberta) in 1996,
and was supplied by R. Kerrigan. Bs0739 was originated in Mex-
ico (Tlaxcala) in 2007 (isolated by G. Mata). The strain Bs0571 had
been isolated on cow manure in Greece (Larissa) in 1998, and the
last one, Bs0705, grew in a mule ring fence in Portugal (Alentejo)
and had been isolated in 1998 by P. Callac. The cultivated hybrid
HU1 that entered in collection in 1990 with the reference num-
ber Bs0026 was unable to produce fruiting bodies at 25 °C.10 It was
used as FHT~ control. All the strains are stored under liquid nitro-
gen in CGAB (Collection du Germoplasme des Agarics a Bordeaux),
at INRA-Bordeaux, France.

Mushrooms were grown on commercial mushroom compost
based on wheat straw and horse manure supplied by a local
mushroom grower using an indoor composting technology (SARL
Renaud, France). Compost was spawned at 0.8% and placed in
0.09m? trays filled with 8 kg of spawned compost. Spawn was
obtained as axenic cultures on processed rye grain used by spawn

makers (Euromycel, France). Twelve trays were spawned with each
A. bisporus strain. Incubation was performed in a mushroom grow-
ing room equipped with controlled environment (temperature, air
speed, and humidity) at 25 °C (compost temperature) and 92% rel-
ative humidity in air for 13 days, after which a conventional casing
layer (SARL Renaud, France) was added on top of the compost.
Nine days after casing, the trays were distributed in three different
mushroom growing rooms. In each 19 m3 room, CO, concentration
was lowered by air flow (38 m3 h~1). A room was set at 17 °C and
the air and relative humidity was maintained at 87-90%. Another
room was set at 25 °C and the last one at 30 °C, both with 92-95% of
relative humidity. Mushrooms were harvested for 5 weeks at devel-
opmental stage 3, with a closed veil and the weights of and numbers
of mushrooms were recorded daily for each tray. The yield (kg m~2)
and the number of fruiting bodies (nb m~2) per surface unit were
used as parameters. The earliness was defined as the time, in days,
from casing until the first harvest.* Pearson correlation coefficient
and their Bonferroni probabilities were used to show the relation-
ships between the parameters. Two ways variance analysis was
used for the significance of the effect of the strains and tempera-
ture on each parameter. The analyses were performed with Systat
8.0.

The FHT~ control (strain Bs0026) did not produce mature fruit-
ing bodies at 25°C and the mean yield at 17°C was 23.2kgm~2
which was in the mean values usually recorded in our experimen-
tal facilities for this strain. These data stress that the compost and
cultivation conditions were suitable for the present experiment.
For the FHT" strains of A. bisporus var. bisporus, the distribution of
the data as shown with the box-plot representations® was wider at
25°C than at 17 °C for all the three parameters (Fig. 1). The strains
Bs0705 produced few mushrooms, and only on half of the trays
at 25°C. Consequently it was removed for the following ANOVA.
For both yield and mushroom number, the effects of the strains
were significant at p<0.01 and there were no significant effects of
temperature. The effect of the interaction strain x temperature was
significant at p < 0.1 for the yield and p <0.05 for the number. Both
strains, temperature and their interaction affected significantly ear-
liness (p <0.05). The absence of significant effect of temperature in
ANOVA was the result of some opposite behavior among the strains.
They were differently affected by the temperature.

Only the two strains of A. bisporus var. burnettii produced fruiting
bodies at 30°C, with 12.8 and 34.9 kg m~2 for Bs0094 and Bs0738,
respectively. Both the weight and number of mushrooms were
not significantly different at 25°C and 30°C for Bs0738, whereas
Bs0094 was affected by temperature increase from 25 to 30 °C. Bon-
feronni tests at p <0.05 for comparing the individuals after ANOVA
(Table 1) show that Bs0094 and Bs0738 were also the strains with
the highest yields at 25°C (Fig. 1B), the highest mushroom num-
bers at 17°C (Fig. 1C) and the best earliness at both temperatures
(Fig. 1E and F). The differences between the strains of the variety
bisporus were not significant for the yield at 25°C and mushroom
numbers at 17°C. At 17°C (Fig. 1A), Bs0190 and Bs0739 equaled
the yield of Bs0738, but not of Bs0094. At 25°C the number of
mushrooms (Fig. 1D) produced by Bs0419B and Bs0571 were as
high as that produced by Bs0738, and Bs0483 equaled the highest
value of Bs0094. The comparison of means at 17°C and 25 °C for
each strain showed no significant differences in yield for Bs0094,
Bs0190 and Bs0571 (Table 1) whereas the yield of Bs0738 was sig-
nificantly higher at 25°Cthanat 17 °C, and it was significantly lower
for the other strains. The only significant difference in number of
mushrooms was a higher value at 25 °C for Bs0483. Earliness was
significantly different for all the strains but Bs0738. All the num-
bers of days after casing were higher at 17 °C than 25 °C, except for
Bs0739 with a lesser earliness at 25°C.

Pearson correlation matrix (Table 2) shows the significant pos-
itive correlation of the yields (both as weight or number) and
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