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Assessment of the Growth and Fruiting of 19 Oyster
Mushroom Strains for Indoor Cultivation on
Lignocellulosic Wastes
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Twelve Pleurotus ostreatus (Jacq. ex Fr.) P. Kumm and six Pleurotus
pulmonarius (Fr.) Quél. strains were characterized from the National
Culture Collection of Mushrooms, Institute of Botany Kholodny, National
Academy of Science, Kyiv, Ukraine (IBK). The strains were grown under
commercial conditions on a mixture of wheat straw and sunflower shells
under both winter and summer temperatures typical for those climatic
conditions. The strains were divided into three groups according to their
growing patterns. Important characteristics were compared with a
commercial analogue, HK-35, such as vegetative growth, generative
growth, and biological efficiency (1.9- to 3.1-fold), and were recorded for
strains 2251, 2292, 2316, 2319, and 2320 of P. ostreatus and 2314 of P.
pulmonarius. Strains 2251, 2292, 2301, 2321 and 2323 were the most
suitable for commercial production, while strains 2319 and 2320 could
satisfy processing industry requirements with their high biological
efficiency. Strains 2287 and 2317 produced high-quality fruit bodies but
probably required a higher temperature for cultivation. Strain 2318 might
be attractive for some consumers due to its unique and unusual fruit
body shape. Strain 2314 was the most promising for summer cultivation,
while strain 537 produced the highest quality fruit bodies.
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INTRODUCTION

Oyster mushrooms (fungi of genus Pleurotus) are the second largest cultivated
mushroom species group in the world, constituting approximately 27% of the total global
production (Royse 2014). The Pleurotus species were adapted for cultivation on small-
and large-scale farms as well as in tropical and temperate climates on various
lignocellulosic agro- and forest wastes (Miles and Chang 2004). The main requirement
for the successful development of oyster mushroom cultivation is reliable high yields
during seasonal and off-season production.

Currently, commercial oyster strains produce stable yields under particular
controlled micro-climate conditions, significantly influencing the cost/benefit ratio of
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production (Celik and Peker 2009). The variation in the chemical composition of
substrate mixtures from plant residues depends significantly on the origin of plant species
(Tao et al. 2012), the ratio of component tissues (Collins et al. 2014), and the location
and soil properties (Xiong et al. 2010), which are the main challenges for selecting
mushroom strains for cultivation on lignocellulosic wastes (Cohen et al. 2002).
Moreover, micro-climatic conditions regulate fungal culture homeostasis, affect the
duration of fruit body morphogenesis, and define the transition from incubation
(vegetative stage of growth) to fruiting (development of sporocarps) (Moore et al. 2008).
Therefore, the selection and breeding of strains that are malleable and resistant to
temperature fluctuations and substrate variations are extremely important for the
production of Pleurotus.

Currently, spawn companies offer only a few commercial oyster mushroom
strains. However, our knowledge of the biological origin of these strains does not
guarantee a stable yield due to the lack of studies concerning the control of fungal growth
by environmental and genetic factors (Osiewacz 2002). Spawn companies run their own
breeding programs, and the intellectual property rights usually protect their new strains.
They are selected for the particular climate/substrate conditions, which complicates their
further use in various environments. Different mycological culture collections preserve a
large amount of fungal genetic material collected in all climatic zones. However, they do
not provide continuous selection programs to introduce new oyster mushroom strains for
commercial cultivation due to differences in research interests.

The assessment of Pleurotus species heterogeneity (Pawlik et al. 2012),
classification of new oyster mushroom strains, and evaluation of vegetative and
generative growth stages are needed to increase the availability of genetic material for
indoor cultivation in different climatic zones (Nurmetov and Devochkina 2010).
Consistent studies of variations in ecological, physiological, morphological, and genetic
properties of Pleurotus strains accumulated from different culture collections create an
appropriate basis for high-quality strain selection, breeding programs (Rao et al. 2001),
and further commercial use of the strains.

The aim of this study was to evaluate the temperature sensitivity, vegetative
growth, and generative (fruit body development and flushing) responses, as well as the
biological efficiency (criteria for substrate conversion/mushroom productivity estimation)
of several oyster mushroom strains cultivated indoors on agro-waste that is typical for
temperate climate zones of the European continent.

EXPERIMENTAL

Materials

The study was conducted for 12 Pleurotus ostreatus mushroom strains grown at
11+2 °C and six P. pulmonarius strains grown at 26+2 °C in the southeastern region of
Ukraine; these temperatures are typical of temperate continental climates. Growth was
observed in a growing room with a controlled microclimate from November 2007 to
February 2012.

The oyster mushroom strains (Table 1) were obtained from international culture
collections and deposited in the National Culture Collection of Mushrooms, Institute of
Botany, National Academy of Sciences, Kyiv, Ukraine (IBK). Strain HK-35 (Sylvan,
USA) was used for comparison due to its worldwide commercial distribution. All

Myronycheva et al. (2017). “Mushroom growth,” BioResources 12(3), 4606-4626. 4607



PEER-REVIEWED ARTICLE b | oresources.com

cultures were stored on solidified malt extract agar at 4+1°C. The cultures were
transferred to the new medium after visual control of vegetative mycelium, and
microbiological purity was evaluated on an annual basis (Nakasone et al. 2004).

The composition of the substrate (wheat straw (Triticum aestivum) and sunflower
husks (Helianthus annuus)) at a 2:3 ratio was prepared according to standard procedures
to provide a 45-55/1 C/N ratio optimal for Pleurotus cultivation (Royse 2002; Zied et al.
2011). The substrate was treated by aerobic fermentation in time mode: temperature
increase to 65 °C, 36 h; fermentation, 12 h; aerial cooling to 25 °C, 24 h. The prepared
substrate was inoculated with 4.75+0.10% of mushroom spawn. Spawn mixing and
substrate block formation were completed by mechanical vibration of polyethylene bags
(370 x 1000 mm in size with a film thickness of 75£5 pum). The substrate bag had a
diameter of 250 mm and a height of 850 mm. The average weight of each substrate block
was 12.2+0.2 kg (Oei 2003; Oei et al. 2005).

Table 1. Origin of Oyster Mushroom Strains in the IBK Collection

Strain Number in the Primary Name Strain origin
Collection Catalog
Pleurotus ostreatus (Jacq. ex Fr.) P. Kumm.

HK-35 Sylvan (USA)
2317 China black Biotechnology (Ukraine)
2287 K-12 -/l-

2301 K-17 -/l-

2251 2175 Mycelia BVBA (Belgium)
2316 2191 -/l-

2320 56 Alohamedicinals (USA)
2319 CA -/l-

2322 RL -/l-

2323 RH -/l-

2321 JB -/l-

2292 GIZA -/l-

2318 AZUL -/l-

Pleurotus pulmonarius (Fr.) Quél.

2314 PPH IBK

537 Penn State University (USA)

668 -/l-

694 -/l-

707 -/l-

708 -/l-

-//- indicates the same.

The substrate was incubated in a one-stage cultivation system at Tavria State
Agrotechnological University, Melitopol, Ukraine. The substrate bags were positioned
randomly in two to three rows. The bags were perforated for air exchange with eight to
12 slits in each 150£50 mm by 70+10 mm bag section (chess order) with a total open
surface less than 2.5% from the total bag surface (Oei et al. 2005). Vegetative growth
was monitored visually every 2 to 3 days. Substrate quality was estimated in two ways:
the presence of molds and bacteria that infected some areas of the substrate surface, and
the absence of fruit body formation. The amount of contaminated substrate was
determined by calculating the ratio of infected bags weight to the total substrate weight.
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Fruit body formation was initiated by changing the environmental conditions in
the growing rooms. The following items were recorded: the duration of cluster formation,
initiation of harvesting, and total amount and weight of the mushrooms for each day of
the harvested flush in each sampling area.

Methods

Strain productivity was evaluated according to the duration of the technological
cycle and biological efficiency (BE). The following technological parameters of the
growth cycle were examined by visual observations and estimated in days (e.g., 24 h):

- duration of vegetative mycelia growth before primordium appearance;

- duration of fruit body development to harvest in the mature stage,
characterizing the process of individual generative development of mushroom
strains;

- and duration of fruiting flushes from the moment of the first to the last mature
fruit body harvested in a particular sampling area.

The biological efficiency (%) was determined using the ratio of the total weight of
fresh mushrooms to the absolute dry weight of the substrates. The mushroom growth
period was evaluated by calculating the first mushroom flush that was 80+£5% from the
total yield by weight. Morphological characterizations of mature clusters of fruit bodies,
individual fruit bodies, and growth patterns were determined by direct measurements of
the following parameters:

- weight of fruit bodies in the clusters;

- size (width and height);

- quantity of fruit bodies in the clusters;

- weight of individual fruit bodies;

- width and height of the mushroom cap (taking into account the cap

asymmetry);

- weight of the pileus;

- and height of the fruit body stipe.

For variability analysis, a sample size of 80 to 100 fruit bodies was used. The
weight and size of the fruit bodies were analyzed according to UNECE standard FFV-24
(2012). Fruit bodies and their clusters were characterized morphologically (Bilaj 1982).
Packages that were eligible for commercial mushroom use were assessed using plastic
boxes with dimensions of 400x300x125 mm and a total capacity of 2 kg (DSTU 7786
2015).

Data were collected from three growing cycles. Complete data comprising 1523
observations were available for 19 strains. This dataset included 13 variables (vegetative
growth, fruit body development time, fruiting pattern, biological efficiency, weight,
width and height of the clusters, fruit body quantity, fruit body weight, cap weight, cap
width, cap height, and stipe height), producing a 1523x13 data matrix. The univariant
analysis was completed to evaluate the differences between multiple groups (i.e., strain or
temperature) using IBM SPSS Statistics 20.0 (Armonk, NY, USA).

RESULTS AND DISCUSSION
Growth Stage and Biological Efficiency

Combined data (assessment of vegetative growth, fruit body development, and
fruiting pattern as a general technological cycle) were found to be most helpful for
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making decisions regarding strain selection for further mushroom production. Complete
colonization of the bags under winter conditions was observed over 10 days for all
studied strains, and no significant differences were observed. Table 2 lists the
experimental results for the growth stages and biological efficiency (BE) of 19 Pleurotus
strains. During the vegetative growth stage, the substrate inoculated with strains 2317 and
2287 was spatially contaminated with molds with a total substrate weight of 6.6% and
5.1%, respectively. This result revealed a low resistance to competitive microbiota under
the studied cultivation conditions. In almost all strains, the first primordia was observed
within 14 to 16 days of the spawn run, which is significantly longer than that observed in
similar studies conducted in Bangladesh and China (Ahmed et al. 2013; Yang et al. 2013;
Owaid 2014) due to the bag size, substrate processing, growth temperature, and different
substrates. The exceptions were strain 2322 with the shortest vegetative and fruiting
period of 12 days, and HK-35 with the longest vegetative growth stage of 28 days (Table
2).

Strains 2322 and 2319 had the shortest period of fruit body development with an
average of three days. Strains 2322 and 2319 developed very rapidly under winter
temperatures, while strains 2323 and HK-35 exhibited the longest periods of
morphogenesis (Table 2). The short fruiting flush helped to reduce the entire production
cycle and decrease labor costs during harvesting. Thus, it is important to record the
duration of fruit body development for strain characterization. The shortest fruiting flush
of three days was observed for strains 2322, 2251, 2292, 2320, and HK-35 (despite the
long developmental stage of the last strain). A medium wave of 4-5 days was observed
for strains 2287, 2301, and 2318. A long wave of more than five days was observed for
strains 2319, 2321, 2317, 22316, and 2323. During the winter season, we grouped the
strains by summing the vegetative and generative stages of growth: strains 2322, 2251,
2320, 2292, and 2319: up to 23 days; strains 2287, 2301, 2316, 2323, 2321, and 2318:
approximately 27 days; and 2317 and HK-35: more than 31 days.

The biological efficiency reflects the transfer of substrate nutrients to the fruit
body and characterizes mushroom growth. As shown in Table 2, strains HK-35, 2287,
2301, and 2317 were more sensitive to low temperature, as previously noted (Dudka
1983; Buhalo 1990; Yakovlev et al. 2000). However, the biological efficiency was
significantly higher (p<0.05) for the other studied strains, suggesting variations in their
resistance to cold. The highest biological efficiency was calculated for strain 2320
(65.51%), which was 3.1 times higher than that of HK-35 (21.18%). The other strains
formed a more or less homogenous biological efficiency group, with the exception of
strain 2301. In general, the biological efficiency of the studied strains was significantly
lower compared with a similar study conducted in Pakistan examining wheat and barley
straw (Dahmardeh et al. 2010), presumably due to the different climatic conditions.

Another important feature related to biological efficiency is that strains with low
variability are characterized by their uniform fruit body formations on all substrate blocks
as well as their resistance to contamination. The characteristics of fruit body morphology
are described in Tables 2 and 3. Strains 2320 and 2319 displayed a maximum biological
efficiency and low variability (Table 2). Unfortunately, their fruit bodies had an
undesirable size and shape, thus limiting their marketing suitability according to UNECE
Standard FFV-24 (2012). Strains 2251, 2316, 2292, and 2301 had a slightly lower
biological efficiency, but their fruit bodies appeared more attractive for prospective
consumers (Figs. 1 and 2). Despite the relatively high biological efficiency of strain 2318,
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its fruit body characteristics (shape and size) were worse than those of other strains (Figs.
1and 2).

Table 2. Growth and Biological Efficiency of Oyster Mushroom Strains (2007-
2012)

| Vegeta(tcij\éley )Growth DeveII:or;:‘:]Z?r:j 'I¥ime a Fruit(iggyl;lush Biologicz?(l%gfficiency
Strain day)
Mean R(’grég)]f Mean R(z;rlge Mean R(asrég)e Mean R’(asr;zg)e
P. ostreatus
HK-35 | 289 | 26-32(0.6) | 7.1 | 510(04) | 31 | 1-5(0.6) | 212 3'?(;?52)-3
2251 | 143 | 13-16(03) | 41 | 45(01) | 23 | 1-4(0.3) | 49.2 39&2)2-1
2287 | 17.3 | 16-19(04) | 51 | 3-7(04) | 44 | 1.7(0.8) | 143 4'231'_272)-9
2292 | 155 | 14-16(0.2) | 43 | 36(0.3) | 29 | 15(05) | 408 9'(75'_527)-9
2301 | 165 | 16-18(0.2) | 58 | 4-7(0.3) | 107 | 9-14(0.5) | 18.8 8'(32'_3('5‘;-2
2316 | 160 | 1517(02) | 61 | 57(0.2) | 55 | 2:8(0.7) | 47.7 14@;?;5-8
2317 | 210 | 18-27(1.0) | 55 | 4-8(04) | 59 | 1-8(0.7) | 56 3'8)9'57)-0
2318 | 204 | 1922(03) | 40 | 35(0.2) | 420 | 1-7(05) | 451 29&257
2319 | 146 | 1416(02) | 30 | 24(02) | 60 | 47(04) | 571 51&‘1‘2;’-7
2320 | 148 | 14-18(04) | 48 | 46(0.2) | 30 | 1-5(05) | 655 42&}1755’-6
2321 | 164 | 1617(02) | 61 | 58(0.3) | 59 | 37(05) | 354 13&;‘5-7
2322 | 117 | 1013(03) | 26 | 2-4(0.3) | 20 | 1-3(0.3) | 389 19(&8)2-3
2323 | 155 | 15-16(0.2) | 65 | 57(02) | 52 | 1-8(0.7) | 302 8'&_"'22)-1
P. pulmonarius
2314 | 124 | 11-14(0.3) 25 | 1-4(03) | 620 45@;)7 4
537 | 201 | 13-24(14) 9.9 |3-21(1.9) | 350 21&2)0-3
668 | 264 | 16-28(12) 24 | 13(02) | 180 8-?2'_32‘;-0
694 | 264 | 16-28(0.2) 29 |115(14) | 98 1-?2'26;-0
707 | 274 | 27-28(0.2) 11 | 12(01) | 113 3-(13:%?-1
708 | 281 | 24-36 (1.0) 2 | 16007 | 137 1'?2'.201)'3

a Fruit body development duration of 3 days for P. pulmonarius

b Standard error of measurement
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cl) c2)

Fig. 1. The morphological characteristics of P. ostreatus strains fruit bodies and clusters: strain
2251 (al-2); strain 2292 (b1-2); strain 2301 (c1-2).
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Fig. 2. The morphological characteristics of P. ostreatus strains fruit bodies and clusters: strain
2316 (al-2); strain 2318 (b1-2); strain HK35 (c1-2).

The vegetative growth of HK-35 strain did not result in fruiting under the critical
summer temperature after 40 days of the experiment. Therefore, we stopped evaluating
this strain at that time. The strains of P. pulmonarius exhibited no significant differences
(p>0.05) during the vegetative growth stage (Table 2). The beginning of substrate
colonization by the spawn was recorded on the second day of incubation for all strains.
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The colony diameter around all grain spawns was 50+20 mm on the third day of
cultivation. Despite their similar developmental stage, the hyphae formed by strain 2314
were thinner compared with the other strains. Strain HK-35 was compared to the first
cycle of the study. Consequently, the spawn run was found to be denser and thicker than
the other studied strains. Full colonization of substrate bags by mycelia were recorded for
all strains after seven days of cultivation. All bags had a bright white color with single
glassy drops of metabolic liquid. The only substrate block with a more grayish shade was
strain 2314.

After 10 days of cultivation, strain 2314 had formed sclerotia. The morphogenesis
of the other strains occurred very rapidly in the absence of sclerotium formation. The first
clusters of mature fruit bodies were harvested after 11 to 13 days subsequent to the
substrate incubation. The duration of this developmental stage was not significantly
different among the strains and was approximately one day. The vegetative growth rate
was fastest in strain 2314 and slowest in strain 708. The whole technological cycle
(vegetative growth, fruit body development, and fruiting flush) was two times shorter in
strains 2314 and 668 (12 to 13 days). Compared with the other variants assessed herein,
strain 708 had the longest cycle of 28 days. Therefore, the data for vegetative growth,
fruit body development, and fruiting pattern were combined to derive a general
technological cycle to estimate the usability of each particular strain for commercial
production.

In contrast to vegetative growth, the biological efficiency of all strains overall was
low, with the exception of strain 2314 (Table 2). Strain 2314 had 62% efficiency over an
average of three cycles of growth, which is almost 2 to 5.5 times higher than the other
strains. The efficiency of mushroom growth should be lower than 40% for industrial
cultivation (personal communication with mushroom growers). The efficiency of
harvesting depends on the duration of fruiting. The shortest fruiting time (three days) was
observed in all P. pulmonarius strains with the exception of strain 537 (10 days). The
biological efficiency of strain 2314 was 1.8 to 5.7 times higher than the other strains.
Based on these data, it is suggested that strain 2314 of P. pulmonarius could
prospectively be introduced into commercial culture (Table 2). In general, the present
data are similar to other studies examining the cultivation of different Pleurotus species
despite differences in substrate, locality, or cultivation techniques (Moonmoon et al.
2010; Pathmashini L. et al. 2008; Uddin et al. 2010; Szarvas et al. 2011).

The variability of the experimental data were estimated using univariate analysis.
Levene’s test for comparing the homogeneity of the population variance showed a
significant difference (p<0.05 for all variables) within each group (strain) for all variables
(columns) in Table 2. This result was confirmed using the robust Welch test for all
groups (strains) to reject any assumption concerning the presence of relatively equal
variance between measurements (p<0.05 for all variables). This result was confirmed
using the robust Welch test for all groups (strains) to reject any assumption concerning
the presence of relatively equal variance between measurements. According to the non-
parametric Mann-Whitney U test, the distribution differed significantly within the P.
ostreatus and the P. pulmonarius strains (p<0.05), with the exception of the cap height
(p=0.198) and stipe width (p=0.237). The generative stage morphology is described
below.
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Morphological Characteristics

The morphological characteristics of fruit bodies have a significant influence on
harvesting and packing routines. Table 3 shows the properties of the studied Pleurotus
strains during the formation of the fruit body clusters. Multiple comparisons of clusters
were performed using the two-sided Dunnett’s test (Dunnett 1955) and are presented in
Table 3 using strain HK-35 as a control. Differences were noted with respect to the
cluster weight in P. ostreatus strains 2251 (p=0.022), 2287 (p=0.032), 2317, 2318, 2319,
and 2323 (p=0.001). The Dunnett’s T3 test for multiple comparisons was performed for
the smallest clusters in strain 2322, and the results revealed no statistically significant
differences in comparison to strains HK-35 (p=0.808), 2301 (p=0.377), 2320 (p=0.171),
and 2321 (p=0.435) (Table 3). The test for strain 2319 with the highest fruit body cluster
weight revealed no significant differences compared with strains 2251, 2287, 2292, 2301,
2317, 2318, 2320, and 2323 (p>0.05). The index for strain 2316 differed only from
strains 2317, 2319, and 2322 (p<0.05).

The measurements for the cluster sizes (width and height) revealed a larger width
compared with height for strains 2251, 2287, 2292, 2301, 2317, and HK-35 than for the
other P. ostreatus strains. Dunnett’s test for multiple comparisons for strains 2251, 2292,
2316, 2321, and 2322, which formed clusters with widths up to 140 mm, did not indicate
any differences in comparison to strain HK-35, while the other strains were significantly
different in terms of the cluster width from 152 mm (2301 and 2318) to 212 mm (strain
2317). Thus, strains 2251, 2287, 2292, 2301, 2316, and 2320 grown at 11+2°C and with
weights ranging from 200 to 250 g and a compact cluster size, were best suited for
technologies in which the harvested mushrooms are immediately placed in their
packaging boxes for sale, which represents a clear trend in global mushroom production
aimed at higher standards from the consumer perspective.

Further characterization of P. ostreatus strains was conducted using Duncan's
multiple range post hoc test (Duncan 1955). The largest cluster width was measured in
strain 2317, which was significantly different from the other strains and formed a
homogeneous subset. The strains were also grouped according to the cluster height. With
a height of 201 mm, strain 2319 differed significantly from the other strains and formed a
single homogeneous subset.

Other strains had cluster height measurements ranging from 108 to 137 mm. In
contrast, growth at a low temperature (11+2°C) resulted in the largest cluster size in
strains 2317 and 2319. Thus, the use of these two strains is limited due to the need for
pre-sale processing for commercial distribution in countries like Ukraine.

In summary, morphological characterization of P. ostreatus cluster-forming
properties revealed the lowest variability in strain 2317 and the highest in strain 2301.
Thus, a search for other climatic conditions is needed to determine an optimal
temperature range for the development of fruit bodies specific for pleurotoid mushrooms
(Boddy and Frankland 2008).
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The cluster weight for P. pulmonarius assessed by Dunnett’s T3 test
demonstrated no differences among the strains with the exception of strain 668
(p=0.027). The variability in cluster weight in P. pulmonarius ranged from 54% (strain
668) to 95% (strain 707). The cluster width was equivalent for all P. pulmonarius strains,
and the cluster height was significantly different for strain 668 (p=0.001). The stability of
the fruit body morphological parameters was very significant for commercial production.
Assessment of fruit bodies parameters allows the use of standard packaging material
during harvesting and pre-sale packing, and efficiently simplifies further mushroom
processing.

Fruit Body Quantity

The quantity of fruit bodies in the cluster is particularly important for canning and further
processing of the harvested mushrooms. Based on an evaluation of the data by Dunnett’s
(2-sided) test, there were significant differences in the quantity of fruit bodies between
almost all strains compared with strain HK-35 as a control, excluding strain 2321
(p=0.111). The largest number of fruit bodies was estimated for strain 2319 and was 8.0
times higher than that for strain HK-35 and 2.3 times higher than the average for groups
2317, 2318, and 2323, for which the quantity of fruit bodies varied from 42 to 50 (Table
3). It is interesting that the number of fruit bodies obtained in this study was significantly
higher than that in similar studies conducted in Bangladesh on various substrates,
potentially due to the differences in their counts (Mondal et al. 2011). However, studies
conducted in Ethiopia have reported an average quantity of fruit bodies similar to the
present results for most strains (Girmay et al. 2016).
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Table 3. Characteristics of Pleurotus spp. Fruit Body Clusters

Strain Cluster Weight (CW), g Cluster Width (CW), mm Cluster Height (CH), mm Fruit Body Quantity (FBQ)
Mean | Range (SE) Mean Range (SE) Mean | Range (SE) Mean | Range (SE)
P. ostreatus
HK-35 125.5 14.0-477.0 (12.96) 122.7 70.0-200.0 (3.9) 108.3 40.0-210.0 (5.2) 14.2 3.0-49.0 (1.4)
2251 221.0 26.6-920.0 (27.34) 121.5 63.0-215.0 (5.1) 119.2 54.0-195.0 (4.7) 31.3 8.0-83.0 (2.6)
2287 231.7 28.8-540.0 (28.08) 154.1 70.0-235.0 (8.2) 123.6 70.0-170.0 (5.2) 34.9 10.0-71.0 (3.1)
2292 208.3 45.0-780.0 (27.4) 125.6 83.0-195.0 (4.2) 112.7 50.0-200.0 (4.9) 27.7 3.0-58.0 (2.5)
2301 201.1 29.5-755.1 (35.47) 152.3 74.0-242.0 (8.5) 129.8 70.0-205.0 (7.4) 26.4 5.0-82.0 (3.3)
2316 189.2 45.7-525.0 (18.77) 128.9 80.0-203.0 (4.6) 134.7 85.0-192.0 (4.5) 29.1 6.0-63.0 (2.6)
2317 427.3 295.0-705.0 (38.31) 211.6 180.0-245.0 (6.2)| 158.6 130.0-190.0 (6.2) | 50.2 18.0-73.0 (4.2)
2318 250.6 25.1-1011.5 (48.99) 151.9 80.0-282.0 (9.9) 158.6 64.0-310.0 (11.8) 48.0 4.0-121.0 (5.4)
2319 501.2 110.0-975.0 (103.9) 189.4 110.0-260.0 212.8 120.0-330.0 (20.1) 113.3 68.0-194.0 (15.5)
15.2
2320 235.6 35.0-600.0 (38.98) 155.8 110.05215.2) (8.6) 136.5 57.0-200.0 (10.1) 31.4 10.0-88.0 (5.1)
2321 226.1 45.5-945.0 (61.3) 136.4 95.0-240.0 (9.7) 150.6 75.0-245.0 (12.1) 24.1 7.0-42.0 (2.2)
2322 109.2 25.8-256.7 (21.7) 107.5 90.0-140.0 (5.6) 122.5 55.0-170.0 (10.1) 30.1 7.0-62.0 (5.4)
2323 388.6 47.6-800.0 (61.3) 171.7 100.0-220.0 (8.5) 161.3 82.0-240.0 (9.7) 42.1 9.5-89.0 (6.8)
P. pulmonarius

2314 94.5 9.0-317.0 (5.64) 128.8 37.0-180.0 (2.5) 104.6 50.0-190.0 (2.9) 26.3 5.0-110.0 (1.5)
537 129.1 12.0-379.0 (12.5) 147.8 40.0-237.0 (7.4) 120.1 70.0-210.0 (5.5) 12.1 2.0-34.0(1.1)
668 143.0 18.0-359.0 (10.9) 138.0 80.0-210.0 (4.6) 147.6 70.0-230.0 (4.8) 17.2 4.0-33.0 (0,9)
694 122.7 17.0-354.0 (24.8) 144.6 80.0-210.0 (9.2) 129.9 67.0-192.0 (9.1) 9.1 1.0-26.0 (2.0)
707 93.8 15.0-395.0 (17.4) 127.4 75.0-250.0 (7.7) 103.7 54.0-205.0 (6.9) 8.7 1.0-22.0 (1.2)
708 83.6 11.0-258.0 (10.2) 123.0 7.0-200.0 (6.5) 108.1 60.0-200.0 (5.7) 6.4 1.0-19.0 (0.7)
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Characteristics of the Fruit Bodies

The fruit body parameters are presented in Table 4. Duncan's multiple range post
hoc test (Duncan 1955) revealed a significant difference for strain 2322 in fruit body
weight and did not exceed 3 g. Strains 2251, 2287, 2292, 2317, and 2319 did not
significantly differ in terms of fruit body weight, and this parameter varied from 6 to 9 g
but was significantly different from the other group of strains HK-35, 2301, 2316, 2318,
and 2323, for which the fruit body weight ranged from 9 to 11 g (Table 4). Strains 2320
(15 g) and 2321 (14.7 g) did not display significant differences between each other but
were significantly different from the other strains and produced a fruit body weight more
than five times greater than that of strain 2322 with the lowest fruit body weight. The
average fruit body weight of strain 2320 was 1.4 times higher than that of strain HK-35.

Analysis of the cap width (Table 4) revealed the significantly lowest average for
strain 2322 (27.4 mm). The other strains were divided into three groups according to the
size of their cap width:

- upto50 mm (2251, 2287, 2292, 2316, 2317, 2318, 2319);
- from 50 to 60 mm (HK-35, 2301, 2323);
- greater than 60 mm (2320 and 2321).

The average cap width in the third group was 2.5 times greater than that in the
smallest strain 2322, and up to 1.7 times higher in comparison to the first group (<50
mm). The highest value was found for strain 2320, which was 9.5 mm wider than strain
HK-35 (Table 4).

The Pleurotus strains were divided into groups to evaluate parameters of fruit
body weight and size. Based on the fruit body parameters, the strains were further divided
into two groups: the first group had a soft texture and medium-sized fruit bodies (2287,
2301, and 2317) but they required particular conditions for cultivation; the second group
had satisfactory morphological properties and taste, and they also had good growing
indexes such as the high rate of vegetative growth, resistance to contaminants and
flexibility in terms of various substrate mixtures (strains 2251, 2292, 2316, 2321, 2322,
and HK-35). Other low-temperature-growing strains assessed in the study had
unsatisfactory properties. For example, strain 2320 had a good texture and fruit body size,
as well as a pale pink cap color, which is valued by consumers in Asian countries (Osma
etal. 2011).

The present observations of mushroom growth at high temperatures revealed
significant differences in the weight and width of fruit bodies for strain 2314 (p=0.001)
compared with other strains (537, 668, 694, 707, and 708) (Fig. 3). There were no
significant differences in fruit body weight among strains 537, 668, and 708. Strains 694
and 707 had significantly lower fruit body weights but did not differ in terms of cap
width in comparison to strains 537, 668, and 708. The cap asymmetry for strains 668,
694, 707, and 708 was significantly
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Table 4. Characteristics of the Fruit Bodies of Pleurotus Strains

Strain Fruit Body Weight (g) Cap Weight (g) Cap Width (mm) Cap Height (mm) Stipe Height (mm)
Mean | Range (SE) Mean | Range (SE) Mean | Range (SE) Mean Range (SE) Mean Range (SE)
P. ostreatus
HK35 11.0 1.6-50.2 (1.0) 9.7 1.3-45.9 (0.9) 55.1 25.0-125.0 (2.1) 49.0 23.0-80.0 (1.4) 16.2 5.0-30.0 (0.7)
2251 7.6 1.4-27.5 (0.7) 6.7 1.1-23.1 (0.6) 36.4 11.0-77.0 (2.1) 38.5 15.0-63.0 (1.7) 21.3 10.0-40.0 (0.9)
2287 8.5 1.1-38.8 (0.9) 6.1 0.5-33.9 (0.8) 40.4 14.0-90.0 (2.1) 40.4 16.0-87.0 (0.7) 21.7 5.0-40.0 (0.7)
2292 8.5 1.6-24.8 (0.6) 6.7 1.0-20.6 (0.5) 46.0 20.0-93.0 (2.1) 48.2 24.0-91.0 (1.8) 17.6 9.0-33.0 (0.6)
2301 10.0 0.4-50.1 (1.0) 7.8 0.1-40.9 (0.8) 55.0 12.0-120.0 (3.3) 58.2 20.0-95.0 (2.5) 10.7 1.0-33.0 (0.6)
2316 10.1 1.1-41.8 (1.1) 7.8 0.4-33.7 (0.9) 42.7 11.0-103.0 (2.7) | 47.3 13.0-107.0 (2.7) 21.4 5.0-57.0 (1.0)
2317 8.4 0.9-31.4 (0.7) 7.8 0.9-28.5 (0.7) 46.8 15.0-90.0 (2.1) 48.5 25.0-77.0 (1.2) 17.0 0.0-55.0 (1.1)
2318 9.7 1.9-20.6 (09) 8.1 1.9-18.1 (0.8) 44.4 26.0-66.0 (1.6) 40.3 21.0-61.0 (1.8) 44.9 20.0-92.0 (2.4)
2319 5.7 1.3-16.3 (0,5) 3.4 0.8-10.9 (0.3) 37.4 17.0-80.0 (2.0) 38.3 20.0-55.0 (1.3) 32.3 20.0-50.0 (0.9)
2320 15.0 1.9-36.6 (1.0) 12.3 | 1.6-31.5(0.9) 64.6 25.0-103.0 (2.5) | 53.6 22.0-82.0 (1.7) 40.7 20.0-80.0 (1.5)
2321 14.7 2.3-62.0 (1.3) 11.6 | 1.8-48.5(1.0) 61.0 25.0-146.0 (2.8) | 71.6 35.0-121.0 (2.2) 26.5 12.0-75.0 (1.3)
2322 2.8 1.0-8.4 (0.3) 2.1 0.4-7.3(0.2) 27.7 10.0-57.0 (1.5) 28.5 13.0-53.0 (1.3) 35.0 23.0-50.0 (1.0)
2323 10.0 1.7-28.6 (0.7) 8.4 1.3-26.1 (0.6) 54.2 20.0-105.0 (2.2) | 57.4 27.0-93.0 (1.6) 24.4 7.0-45.0 (0.9)
P. pulmonarius

2314 4.1 0.8-19.0 (0.3) 3.1 0.5-17.0(0.3) 42.0 20.0-95.0 (1.5) 42.7 21.0-81.0(1.2) 21.3 10.0-36.0 (0.5)
537 11.1 1.2-54.9 (1.3) 9.7 1.0-50.9 (1.2) 58.8 20.0-143.0 (3.1) 51.2 23.0-120.0 (2.5) 19.8 10.0-40.0 (0.8)
668 7,59 2.1-19.1 (0.5) 5.8 1.1-16.8 (0.4) 57.1 30.0-110.0 (2.0) | 49.3 27.0-75.0 (1.2) 19.8 10.0-40.0 (0.8)
694 11,81 1.5-79.0 (1.4) 9.3 0.7-8.0 (1.4) 61.6 20.0-165.0 (3.5) 51.0 20.0-131.0 (2.7) 325 10.0-60.0 (1.5)
707 9,07 0.4-37.2 (0.8) 8.1 0.2-34.6 (0.8) 58.5 14.0-126.0 (2.7) | 44.1 17.0-77.0 (1.6) 17.7 5.0-30.0 (0.8)
708 10,58 | 1.5-46.3 (1.0 9.7 1.1-45.3 (1.0) 64.2 20.0-150.0 (3.1) | 46.4 20.0-95.0 (1.7) 17.7 5.0-30.0 (0.8)
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cl c2

Fig. 3. The morphological characteristics of P. pulmonarius strain fruit bodies and clusters: (al)
strain 2314; (a2) strain 537; (b1) strain 668; (b2) strain 694; (c1) strain 707; (c2) strain 708.

greater that that for strains 2314 and 537 (1.2- to 1.5-fold) due to the prolonged fan-
shaped form of the developed fruit bodies.
The weight of the obtained fruit bodies is one of the main parameters determining
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the success of the completely growing cycle to achieve mushrooms with sufficient
quality. Mushrooms are sold by weight, which is therefore one of the main characteristics
evaluated for mushroom strains (Jeznabadi et al. 2016). The variability in Pleurotus fruit
body weight exceeded 33%, which indicated the heterogeneity of the population. This
result might be explained by the influence of artificial conditions during industrial
cultivation controlled by ventilation. Pleurotus clusters usually develop to provide free
access to fresh air to all fruit bodies; therefore, the size and weight of fruit bodies
gradually increased from the bottom to the top of their clusters. Strains 2287, 2301, and
2316 displayed fruit body weight variation exceeding 90% and had dense cluster
structures.

The high temperature strains (Fig. 3) were nominally divided into two groups
based on the pattern of fruit body development. In the first group, which contained strains
537, 668, 707, and 708, significant variability (no significant differences within the
group) was observed in terms of the formation of mixed large and small sizes as well as
unusually dark-colored fruit bodies. The second group, which included strains 2314 and
694, exhibited significantly smaller fruit body sizes and a lighter color (Fig. 3).

The fruit bodies of strains 2314 and 537 had the best organoleptic properties. The
last one also had dark, dense caps and a pleasant mushroom aroma. To evaluate the high-
temperature strains, all their characteristics were summarized: duration of technological
maturation, biological efficiency, and qualitative characteristics of the clusters. Strain
2314 developed the most promising fruit bodies for industrial cultivation, while strain
537 might be successfully used for growing mushrooms with high marketing quality
during the summer.

The structure and form of fruit bodies are parameters that influence the marketing
properties of commercial mushroom strains. The EU market is focused on the
consumption of mushrooms caps, while stipes and other parts of the cluster are usually
processed into a powder as a flavoring for food products. Therefore, the conversion factor
(CF) of the total weight yield to the obtained cap weight could serve as an additional
characteristic that simplifies the evaluation of new Pleurotus strain marketing properties.
Instead of the generally accepted measurement of the cap diameter according to the
UNECE FFV-24 standard (2012), which is almost unusable for pleurotoid mushrooms
due to their elongated fruit body form, we designed an asymmetry index (Cas) as a better
application for the evaluation of new Pleurotus strains. The index can be determined by
the ratio of the cap width to the cap height and defines the form of the fruit body. If
Cas>1, the cap is expanded against the stipe; if Cas=1, the cap is symmetrically round; if
Cas<l, the cap is elongated to approximate an ear shape. The CF and Cas indexes are
presented in Table 5.

Strains HK-35, 2287, 2318, 2320 had a tendency to develop caps with a more
expanded shape (Cas>1), while the fruit bodies of strains 2301 and 2321 were the most
ear-like (Cas<0.9). Strains 2319 and 2322 had a rounded cap shape. The index of
conversion of total yield weight (CF) to cap weight allows the determination of the
mushroom weight to be sold on European markets. The minimum weight loss was
obtained for strain 2317 (CF=0.94).

The fruit bodies of strain 2319 (CF=0.59) had long stipes, spoiling the fruit body
appearance. Recalculation of the total biological efficiency to determine the biological
efficiency of cap production reduced the initial index of strain 2319 from 81 to 48%. This
strain might be of interest for the processing industry. The low-temperature growing
conditions decreased the physiological activity of the mushroom culture. Therefore, at
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this temperature, the strain developed smaller fruit bodies in comparison to its optimal
growing parameters (Yakovlev et al. 2000). In this case, most strains grown at a low
temperature had satisfactory marketing properties due to the high conversion factor. The
exceptions were strains 2319 and 2322, which had smaller caps and, consequently, the
lowest conversion factor index of fruit body weight to caps.

Table 5. Conversion Factor (CF) and Asymmetry of the Fruit Body Cap (Cas)

Strain Cas CF
P. ostreatus
HK-35 1.11 0.87
2251 0.93 0.86
2287 1.05 0.64
2292 0.93 0.76
2301 0.84 0.72
2316 0.94 0.70
2317 0.91 0.94
2318 1.14 0.83
2319 0.97 0.59
2320 1.22 0.82
2321 0.81 0.77
2322 0.98 0.72
2323 0.94 0.81
P. pulmonarius
2314 1.07 0.87
537 1.21 0.60
668 1.17 0.73
694 1.31 0.88
707 1.47 0.91
708 0.99 0.80

CONCLUSIONS

1. To assess prospective oyster mushroom strain properties, strains with properties
superior to the commercial analogue HK-35 were selected. Three groups of P.
ostreatus strains displayed differences in response to climatic and substrate
conditions. One strain of P. pulmonarius was suitable for indoor commercial
cultivation during the summer. The biological efficiency of the selected strains 2251,
2292, 2316, 2319, 2320, and 2314 were superior to HK-35 by 1.9- to 3.1-fold, which
suggested that those strains could be used commercially.

2. The variability in vegetative growth, fruit body formation, and fruiting duration for
the studied strains opens possibilities for flexible technological growth cycles that
could be focused either on fresh or processed mushroom product development.

3. Based on the morphological characterization of low-temperature strains, the best
marketing properties were found for strains 2251, 2292, 2301, 2321, and 2323, while
strains 2319 and 2320 satisfied processing industry requirements with the maximal
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efficiency. Strains 2287 and 2317 had high quality fruit bodies but required higher
cultivation temperatures. Strain 2318 might be attractive for some consumers due to
the unusual fruit body formation.

4. Among the “summer” group of strains, the speed of technological maturation and
biological efficiency, qualitative features of the clusters and fruit bodies for industrial
cultivation were recorded for strain 2314, while strain 537 might be used to obtain
mushrooms with high marketing quality during the summer.

5. It was found that strain 2317 had the highest cap yield and could satisfy EU market
requirements.

6. The proposed assessment procedure allows the primary selection of new oyster strains
for introduction into commercial culture. However, a multivariate analysis of
mushroom properties for pattern recognition in assessment procedures must be
developed to confirm this statement.
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