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Introduction
The expansion of the range of cultivated 

mushrooms has become a general trend in the 
modern world. At the 8th International Confe-
rence on Mushroom Biology and Mushroom Pro-

ducts (India, 2014), Professor Daniel J. Royse 
noted that in the United States mushroom con-
sumption has quadrupled over the past 15 years 
and continues to grow [1]. American scientists, 
analyzing the factors affecting the consumption 
of mushrooms in the United States, note an in-
crease in demand in the main age group of bu-
yers – people aged 20 to 39 years [2]. Analysis of 
mushroom cultivation in China, where the share 
of the world «mushroom» market exceeds 30%, 
confirms the increase in consumption of exotic 
mushrooms from 6 kg/year in 2003 to 10 kg             
in 2008 (more than 66%). At the same time, 
the production of champignons in this coun-
try decreased, while oyster mushrooms over                          
5 years increased 1.4 times, shiitake –
1.7 times, and enoki – 2.12 times [3].

The International Marketing Group (IMG), 
analyzing the state of the Ukrainian mush-

UDC 631.5:635.89  https://doi.org/10.21498/2518-1017.16.4.2020.224047

Analysis of the biological efficiency and quality factors 
of mushrooms of the genus Pleurotus (Fr.) P.Kumm 
as a model of effective cultivation 
of lignicolous fungi with high functional value
I. I. Bandura1*, A. S. Kulik1, N. A. Bisko2, O. V. Khareba3, O. M. Tsyz4,  V. V. Khareba3

1Dmytro Motornyi Tavria State Agrotechnological University, 18 B. Khmelnytskyi Ave, Melitopol, Zaporizhzhia region, 72312, 
Ukraine, *e-mail: irabandura@gmail.com
2M. G. Kholodny Institute of Botany, National Academy of Sciences of Ukraine, 2 Tereshchenkivska St., Kyiv, 01004, Ukraine
3National Academy of Agrarian Sciences of Ukraine, 9 Mykhailo Omelianovych-Pavlenko St., Kyiv, 01010, Ukraine
4National University of Life and Environmental Sciences of Ukraine, 15 Heroiv Oborony St., Kyiv, 03041, Ukraine

Purpose. Morphological and organoleptic evaluation of oyster mushroom strains for selection of highly productive 
cultivars assortment with valuable consumer properties for winter and summer cultivation and suitability for sale in fresh 
or processed form were investigated. Methods. The scheme of the experiment included six strains of oyster mushrooms 
belonging to two species: Pleurotus ostreatus (5 strains: 2301, Z, 2316, 2456, 431) and P. pulmonarius (2314). Laboratory, 
laboratory-industrial and statistical methods are used. Results. The dynamics of agrochemical parameters of substrates 
obtained by the method of aerobic fermentation in the high layer proved their optimality according to the main criteria 
and compliance to regulatory documentation. The biological efficiency of the strains was in the range of 40–78.9%. 
The highest weight of clusters was found in the “summer” strain 431 (430.7 g). The highest weight of the fruiting body 
was determined for the strain 2301 (15.2 g), the lowest – for the 2456 (3.3 g). Conclusions. The values of biological 
efficiency of strains was determined. The highest average values for the first flush of fruiting had strains 2316 (78.9%) 
from the “winter” group (A) and 431 (78.4%) from the “summer” group  (B). According to the results of statistical analysis, 
significant differences were revealed between the studied strains in the main morphological indicators of clusters. It was 
found that the mass of clusters of «winter» cultivars is much less dependent on the strain type (220.8–273.4 g) than 
that of «summer» cultivars (83.4–430.7 g). The index of the asymmetry coefficient of the cluster, which can be useful 
for calculating the required container sizes was proposed. It was determined that the morphological features of fruiting 
bodies had significant differences in all studied parameters.  In particular, the A group strains differed in size and weight. 
It was proposed the index of weight loss of the crop coefficient, which shows the ratio between the cap and stipe of the 
fruiting body and make it possible to predict the amount of mushroom raw material that will be sold in the form of caps, 
and the amount of raw material that can be processed into minced mushroom, powder and others. The best coefficient 
was obtained for the fruiting bodies of strain 2314 (0.87), and the worst – for 2456 (0.59), which, accordingly, is not 
recommended for sale by individual fruiting bodies. It was found that the fruiting bodies of high-yielding strains 2316 
and 431 had a number of organoleptic defects.

Keywords: oyster mushroom; strains; biological efficiency; cluster; fruiting body; organoleptic evaluation.

Iryna Bandura  
https://orcid.org/0000-0001-7835-3293
Alina Kulik
https://orcid.org/0000-0001-5403-3084
Nina Bisko
https://orcid.org/0000-0003-1894-0896
Olena Khareba 
https://orcid.org/0000-0002-6763-1988
Oleksandr Tsyz
https://orcid.org/0000-0001-7174-7011
Volodymyr Khareba
https://orcid.org/0000-0001-9947-2689



335ISSN 2518-1017  Plant Varieties Studying and protection, 2020, Vol. 16, No 4

Variety studying and variety science

room market, notes that the demand for mush-
room products is due to their taste characte-
ristics and high functional properties, in par-
ticular, their high protein content. Moreover, 
the price of mushrooms is not a limiting factor, 
since they are most often bought by people 
whose income is above average.

The study of the International Independent 
Institute for Investment Policy Analysis (IIII-
PA) focuses on the trend towards the separa-
tion of production areas in the mushroom busi-
ness: large specialized companies engaged in   
the production of compost and substrates uni te 
a round themselves farms for growing mush-
rooms, accept ready-made products for sale, ac-
cumulate it in sufficient quantity to ensure 
timely stable supply of fresh mushrooms to re-
tail chains. In Ukraine, this principle is imple-
mented in such companies as «Ecohryb» LLC 
and SPC (Dobrovelychkivka, Kirovohrad regi-
on), «Druidy» LLC (Kryvyi Rig, Dnipropetrovsk 
region), «Ukrainian Mushroom Company» LLC 
(St. Kamianske, Dnipropetrovsk region), «Doc-
tor Mushroom» LLC SPC (Melitopil, Zapor-
izhzhia region), which in general terms deter-
mined the work of 80% of producers of oyster 
mushrooms and other exotic mushrooms in 
2019. According to the reporting data from 
«Doctor Mushroom» company management, 
these enterprises produced more than 5 million 
kg of substrate for the year, which, according to 
an average yield of 20%, provided at least 1 mil-
lion kg of fresh oyster mushrooms. So, in just 
2019 in Ukraine, 1 million 250 thousand kg of 
oyster mushrooms were produced and sold 
(with considering the lack of export), which in 
terms of per capita consumption at the age of 
16 to 59 was only 50 g (according to the State 
Statistics Service of Ukraine this category of 
the population in January 2019 amounted to 25 
million 294 thousand people).

Assessment of the state of domestic manufac-
turers scientific and technical potential, as well 
as the presence of a solid scientific base foun ded 
on the works of a number of Ukrainian re-
searchers, such as I. A. Dudka, A. S. Bukhalo, 
E. F. Solomko, N. A. Bisko, A. V. Babaiants and 
many others, makes it possible to talk about the 
prospects for expanding the range and strengthe-
ning the market of exotic mushrooms in Ukraine. 
However, to realize this potential, it is neces-
sary to conduct a number of new studies and 
in-depth analysis of previous ones. To increase 
consumer interest and actively attract buyers, 
in addition to the issues of preserving the nu-
tritional value of mushroom products during 
processing, morphological and organoleptic 
characteristics should be investigated.

The purpose of the research is to conduct a 
morphological and organoleptic assessment of 
oyster mushroom strains for the selection of 
an assortment of highly productive and valu-
able in terms of consumer properties cultivars 
for winter and summer cultivation and suita-
bility for sale in fresh or processed form.

Materials and methods 
We analyzed the data obtained as a result of 

laboratory and industrial research from 2011 
till 2019, carried out in the laboratory of the 
Dmytro Motornyi Tavria State Agrotechnolo-
gical University (TSATU) and at the enterpris-
es of a private entrepreneur Sevastianovych             
V. M. and «Doctor Mushroom» LLC SPC 
(Melitopil, Zaporizhzhia region). 

Two groups of strains were studied: with low-
temperature (12–16 °C – group A) and high-
temperature (19–24 °C – group B) fruiting op-
timum. The first group includes strains 2301, 
Z, 2316, the second – 2314, 2456, and 431 [4, 
5]. The culture of the strains was obtained 
from the IBK mushroom collection of the M. G. 
Kholodny Institute of Botany NAS of Ukraine.

The substrate for oyster mushrooms growing 
was prepared by the method of aerobic fermen-
tation in a high layer (AFHL) [6, 7]. Raw plant 
material was used in the following proportions: 
chopped barley straw (40–60 mm) – 30–50%; 
sunflower husk – 45–55%; alfalfa hay – 4–9%; 
corn flour – 1%. The formulation was changed 
on the basis of biochemical analysis of raw ma-
terial, whose composition depended on the agro-
technological conditions of their production. 
The main factor for adjusting the substrate for-
mula was the total nitrogen indicator, which 
was calculated at a level of 0.8% (by dry weight).

The quality of the substrate was evaluated by 
the following criteria: humidity, pH, content of 
total nitrogen and mineral elements, the ratio 
of carbon to nitrogen determined by standard 
methods in the laboratory of TSATU [8]

The substrate bags were placed in the growing 
chambers according to the single-zone cultiva-
tion systipe on shelves or suspension with an 
average chamber load from 50 to 120 kg/m [9]. 
The bags were perforated with cuts of 80 ±             
30 mm so that the distance between them was 
100–150 mm. The total perforation surface did 
not exceed 1.5% of the bag surface.

The substrate was incubated at an average 
temperature of 15 ± 5 °C in a cultivation cham-
ber, depending on the strain cultural charac-
teristics and a season. Complete colonization of 
substrates was recorded on the 8th ± 2 day. 
The microclimate parameters for the initiation 
of fruiting began to change on the 10th day of 
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incubation in the summer period (maybe «sea-
son» will be better?) and on the 16th ± 2 day 
in the autumn-spring period.

To determine the biological efficiency, the 
total weight of fruiting bodies (FB) from one 
substrate bag (sample of 50 bags for each 
strain) was calculated. Biological efficiency 
(BE) was determined only for the first fruiting 
flush by the formula:

         Weight of fresh mushrooms
BE =                                        × 100%         Dry weight of substrate

The number of fruiting bodies, weight and 
sizes were calculated for each cluster, collected 
from each block of the substrate during the 
first fruiting flush. The coefficient of asym-
metry of the cluster was calculated as ratio of 
its width to height.

For morphological analysis of individual 
fruiting bodies, their mass and mass of the cut 
off cap, width and height of the cap, length of 
the stipe and its diameter were determined. 
The area of the cap was calculated using the 
formula for calculating the area of an ellipse 
(considering the asymmetry of the cap):

S = ϖ × a × b

where S is the area of the ellipse; a – the length 
of the semi-major axis of the ellipse (1/2 the 
width of the cap) b – the length of the semi-minor 
axis of the ellipse (1/2 the height of the cap). 

The cap asymmetry coefficients (AC) were 
calculated in relation to the width of the cap 
to the height. The calculation of the weight 
loss coefficient (WLC) was added as the ratio 
of the mass of an individual cap to the weight 
of the whole fruiting body to be able to deter-
mine the decrease in the mass of mushrooms, 
which should be sold only in the form of sepa-
rate caps (according to the modern require-
ments of the European market).

The variability of indicators was calculated 
with a sample of n = 100 for both clusters and 
fruiting bodies. 

The data were statistically processed using 
the Microsoft Office Excel 2016 package and 
the built-in QI Macros 2020 complex.

Results and discussion
According to the results of the statistical 

analysis of the obtained data, no significant 
differences were found in the quality of sub-
strates manufactured at different enterprises 
by the AFHL method, which allows us to speak 
about the stability and efficiency of this pro-

cessing of raw materials. The physicochemical 
parameters of the studied substrates met the 
requirements of the national regulatory docu-
mentation (GOST 7316:2013. Substrate myce-
lium of edible mushrooms. Specifications [10]) 
(Table 1).

Table 1
Dynamics of substrate indicators obtained 

by the AFHL method (2014–2019)

Year
Moister 
content, 

%
pH

Total 
nitrogen, % 

d.w.

Ash, % 
d.w.

C / N 
ratio

2014 73.4±0.5 7.10±0.2 0.90±0.1 5.63±0.3 57±8.7
2015 74.0±0.9 6.95±0.1 0.87±0.04 6.84±0.7 57±2.8
2016 73.0±1.4 7.41±0.4 0.54±0.06 9.41±1.1 98±18.1
2017 74.2±1.4 7.61±0.4 0.59±0.05 7.65±0.6 85±6.9
2018 70.6±1.3 7.10±0.4 0.86±0.1 6.17±0.4 65±9.9
2019 72.1±1.3 7.69±0.4 0.89±0.2 7.57±0.98 69±21.5

At the same time, changes in the content of 
total nitrogen and ash elements in the sub-
strates obtained in different years were re-
vealed. Since carbon to nitrogen ratio is a cal-
culated unit, the parameters of this indicator 
changed accordingly [11]. Certain dynamics 
requires further research, since it is possible 
to adjust the amount of nutrients in the raw 
material by changes in the substrate formulas: 
the addition of legumes hay, grain scraps, etc. 
[12–14].

As a result of the statistical analysis of bio-
logical efficiency, significant differences were 
recorded among the studied strains (p < 0.01) 
(Fig. 1).

Strains 2316 (A) and 431 (B) in the first 
flush of fruiting used the substrate with 78% 
efficiency, 1.5–2 times higher than those of 
other cultivars. The productivity of strains Z, 
2314 and 2456 was low and did not differ sig-
nificantly. It should be noted that the mass of 
the first flush of fruiting is indicative for the 
economic justification of mushroom produc-
tion. However, for strains with a short techno-
logical cycle, for example, 2314 (the collection 
of the first flush took place on the 13 day from 
inoculation), the following flushes should also 
be taken into account, which can significantly 
increase BE.

In general, according to the results of com-
paring the average (U-test), the studied groups 
did not have significant differences, which al-
low us to speak about the expediency of «sum-
mer» cultivation. Changing the strains will 
make it possible to obtain crops throughout 
the year without additional economic costs for 
cooling or heating the cultivation premises.

According to the results of statistical analy-
sis, significant differences between the mor-
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phological parameters of the clusters were de-
termined (Table 2). The largest clusters were 
obtained in strain 431 (430.7 ± 27.5 g), and the 
smallest – in strain 2314 (83.4 ± 6.7 g). If in 
A group the strains did not differ in weight, 
then in B group all strains had a significant 
difference on this indicator.

In the experiment the maximum sizes were 
observed for the clusters of strain 431 (184.5 
± 3.8 mm in width and 172.8 ± 4.1 mm in 
height), while the minimum sizes were in strain 
2314 (88.6 ± 5.9 and 63.6 ± 4.0, respectively). 
The asymmetry coefficient (AC) of the cluster 
characterizes its shape: rounded – when AC is 
close to one, extended – according to AC > 1, 
and elongated – if AC < 1. Strain 2314 had the 
highest asymmetry index in the experiment 
(1.4 ± 0.03). All strains tended to expand the 
cluster, but strains 2316 and 431 had the most 
rounded shape with the lowest asymmetry 
(1.04 ± 0.04 and 1.09 ± 0.02, respectively). 
This indicator can be useful for calculating the 
required container sizes, which will prevent 
mechanical damage to the clusters during 
packing.

Interesting results were obtained when ana-
lyzing the number of fruiting bodies in the 

clusters. Such statistics influenced a signifi-
cant decrease in the average indicator of the 
number of FBs in the cluster: 14.6 ± 1.3 (2301), 
18.8 ± 1.6 (Z) and 19.6 ± 1.5 (2316), which is 
significantly lower in compared with strains 
2314 and 431 (36.7 ± 2.2 and 44.1 ± 2.3, re-
spectively). The maximum number of FBs in 
clusters reached 127 (strain 431). The clusters 
of strain 2456 (B group) did not statistically 
differ from the strains of A group in the num-
ber of fruiting bodies, but were characterized 
by the lowest indicator of the maximum num-
ber of fruiting bodies in the clusters (52). 
Strain 2314 differed from others in the smal-
lest size of FB, but had no tendency to form 
separate fruiting bodies in perforations (the 
smallest number of fruiting bodies in a cluster 
was 10).

The morphological characters of the fruiting 
bodies of the tested strains had significant dif-
ferences in all the studied parameters (Table 3). 
In particular, the strains of A group differed in 
size and weight compared to strains of B group. 
The fruiting bodies of strains 2301 (56.5 ±              
1.8 mm) and Z (54.3 ± 1.9 mm) had the largest 
width, the smallest – strains 2456 and 431 (33.4 ±
0.9 mm and 33.6 ± 1.3 mm, respectively).
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Fig. 1. Biological efficiency of strains after the first flush 
of fruiting (average for 2011–2019)

Table 2 
Characteristics of clusters (one-way analysis ANOVA), p < 0.01

Group Strain
Index ± Se (standard error)

 Weight, g Width, mm Height, mm Asymmetry 
coefficient

Number of fruiting bodies, pcs.
Mean Min Max

 À
2301 266.3b±23.1 161.9b±4.3 134.1b±4.3 1.26b±0.03 14.6b±1.3 1 66
Z 273.4b±24.0 141.6bc±5.8 110.5c±5.1  1.33ab±0.03 18.8b±1.6 1 73
2316 220.8bc±19.1 121.7c±5.9 128.3b±8.4 1.04c±0.04 19.6b±1.5 2 58

Â
2314 83.4d±6.7 88.6d±5.9 63.6d±4.0 1.40a±0.03 36.7a±2.2 10 60
2456 188.0c±12.0 169.4ab±15.8 139.4b±7.3 1.28b±0.09 19.8b±1.2 1 52
431 430.7a±27.5 184.5a±3.8 172.8a±4.1 1.09c±0.02 44.1a±2.3 4 127

LCD
0.05

55.8 22.4 16.1 0.12 7.8 – –
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Table 3
Characteristics of fruiting bodies (one-way analysis ANOVA), p < 0.01

Group Strain 

Index ± Se (standard error)

Width, mm Height, mm Area, mm2
Cap 

asymmetry 
coefficient

FB weight, 
g

Cap 
weight, g

Weight loss 
coefficient

Stipe 
length,

mm

Stipe 
diameter, 

mm

À
2301 56.5a±1.8 45.0a±1.11 2120a±119 1.25ab±0.02 15.2a±1.0 11.2a±0.8 0.72b±0.01 26.7bc±0.8 20.5a±0.6
Z 54.3a±1.9 45.3a±1.14 2072a±113 1.19b±0.03 14.1a±0.8 10.0a±0.6 0.71b±0.01 25.7c±1.1 19.6a±0.8
2316 44.5b±1.68 44.6a±1.15 1677b±121 0.99c±0.02 11.1b±0.9 7.1b±0.7 0.62c±0.00 34.4a±1.1 13.9b±0.5

Â
2314 44.1b±1.5 45.6a±1.08 1684b±95 0.96c±0.02 3.5c±0.2 3.0c±0.2 0.87à±0.01 18.6d±0.8 5.6d±0.2
2456 33.4c±0.9 26.9c±0.62 722d±31 1.28a±0.04  3.3c±0.2 2.0d±0.1 0.59d±0.01 29.3b±0.8 15.2b±0.6
431 33.6ñ±1.3 38.6b±1.06 1090c±69  0.87d±0.03 5.1c±0.4 3.8c±0.3 0.72b±0.01 28.1bc±1.9 12.3c±0.7

LCD
 0.05

4.32 2.9 269 0.076 1.88 1.48 0.026 2.55 1.56

The height index of the fruiting bodies was 
determined to check the asymmetry of the cap. 
The largest was found in strain 2314 (45.6 ± 
1.08 mm), the smallest in strain 2456 (26.9 ± 
0.62 mm). But, in our opinion, better visuali-
zation of the size of the oyster mushroom cap 
can be achieved by comparing the cap area. In 
particular, strain 2301 had the largest cap area 
(2120 ± 119, mm2), which was three times high-
er than that of strain 2456 (722 ± 31, mm2) 
with the lowest result in the experiment. So, 
for the marketing policy of companies aimed 
at the European market, where consumers are 
used to buying oyster mushrooms only in the 
form of separate caps, it is better to pay atten-
tion to the strains of A group and strain 2314 
of B group. For the manufacture of canned 
food, where it is better to use small fruiting 
bodies that look attractive in jars, strains 2456 
and 431 are more suitable.

The coefficient of asymmetry of the cap 
characterizes the shape of the oyster mush-
room cap; therefore, strain 2456 was the most 
extended shell-like shape (AC = 1.28 ± 0.04), 
while most of the caps of strain 431 were 
slightly leaf-like and elongated (AC = 0.87 ± 
0.03). Fruiting bodies of strain 2316 had the 
most symmetrically rounded shape (AC = 0.99 
± 0.02). 

The mass of fruiting bodies of the strains of 
A group was significantly higher than that of 
B group: the largest mass of FB in the experi-
ment was determined for strain 2301 (15.2 ± 
1.0 g), the lowest for strain 2456 (3.3 ± 0.2 g).

The yield weight loss factor makes it possib-
le to predict the amount of mushroom raw ma-
terial that will be sold at a high price as caps, 
and the amount of raw materials that can be 
processed into mushroom mince, powder and 
other valuable products. This approach im-
proves the efficiency of the economy by expan-
ding the range of products and scraps using. 
The best coefficient was obtained for fruiting bo-
dies of strain 2314 (0.87 ± 0.01), and the worst 

for strain 2456 (0.59 ± 0.01), which, accor-
dingly, we do not recommend for sale by sepa-
rate fruiting bodies.

The strains differed in the length and diam-
eter of the stipe. It is known that it is these 
indicators that are most dependent on the 
growing conditions, but taking into account 
the standard conditions in the growing cham-
bers and the repetition of experiments, we can 
talk about the characteristics of the strain for 
this indicator, determined by the analysis re-
sults. In particular, the fruiting bodies of 
strain 2316 (34.4 ± 1.1 mm) had the longest 
stipe in the experiment, while strain 2314 
(18.6 ± 0.8 mm) had the shortest one, which 
was also characterized by the smallest stipe 
diameter (5.6 ± 0.2mm). Strain 2301 had a 
thick stipe with a diameter of 20.5 ± 0.6 mm 
(the best result in the experiment). 

Unfortunately, the fruiting bodies of the high-
ly productive strains 2316 and 431 had a num-
ber of organoleptic defects (Table 4, Fig. 2–8). 
Both strains had a firm stipe that did not 
change structure after blanching.

The «winter» strains 2301 and Z had a more 
intense coloration of the cap surface, dense 
«flesh» and a soft stipe (Figs. 2 and 3). The 
strains were characterized by large, dense 
clusters with a soft base.

The clusters of the fruiting bodies of the B 
group strains were looser, the basis of the 
cluster was firmer. It should be noted that 
strain 2314 (P. pulmonarius) practically lack-
ed the base of the cluster, which made it pos-
sible to separate the fruiting bodies during 
sorting without losing the mass of the mush-
room raw material. In addition, the average 
size of the fruiting bodies of this strain was 
significantly lower, which plays an impor-
tant role in the production of canned food. 
There is no need to cut them before placing 
them in a jar (Fig. 5 b).

The strains of B group («summer») had a 
brown cap color, therefore, despite the absence 
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Table 4
Organoleptic evaluation of fruiting bodies of oyster mushroom strains

Criterion
Strain

2301 Z 2316 2314 2456 431
Color d -gray d -gray gray l-brown d-beige d-beige
Texture soft soft soft firm medium firm
Aroma weak weak weak bright weak weak
Cap thick thick medium thin thin medium
Stipe diameter large large medium small medium medium

Note. Color: d – dark; l – light.

Fig. 2. Clusters (a) and fruiting bodies (b) 
of strain 2301 (À)

a

b

a

b

a

b

       a

b
Fig. 3. Clusters (a) and fruiting bodies (b) 

of strain Z (À)

Fig. 4. Clusters (a) and fruiting bodies (b) 
of strain 2316 (À)

Fig. 5. Clusters (a) and fruiting bodies (b) 
of strain 2314 (C)
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of a definition of a «beige» shade in the «The 
method of DUS expert examination for vegetab-
les, potatoes and mushrooms» [15], we were 
forced to use this term, since the definition of 
«light brown» was used to characterize the 
color of the FB of strain 2314, which integu-
mentary tissues shade was some color tones 
darker.

Ñonclusions 
Indicators of biological efficiency of six 

strains of oyster mushroom belonging to two 
species P. ostreatus (Fr.) P.Kumm (5 strains: 
2301, Z, 2316, 2456, 431) and P. pulmonarius 
(Fr.) Quél (2314), cultivated in Ukraine since 
2011 were determined. The highest average 
values for the first flush of fruiting had strains 
2316 (78.9%) from the «winter» group (A) and 
431 (78.4%) from the «summer» group (B). The 
studied groups of strains did not have signifi-
cant differences in biological effectiveness, 
which allows us to speak about the expediency 
of «summer» cultivation. The change of strains 
makes it possible to get a harvest throughout 
the year without additional economic costs for 
cooling or heating the cultivation premises.

According to the results of statistical analy-
sis, significant differences were established 
between the studied strains in terms of the 
main morphological parameters of the clusters 
(weight, width, height, asymmetry coefficient, 
the number of fruiting bodies in the cluster). 
It was revealed that the mass of clusters of the 
investigated «winter» cultivars depends much 
less on belonging to the strain type (220.8–
273.4 g) than that of the «summer» cultivars 
(83.4–430.7 g). An indicator, the coefficient of 
asymmetry of the cluster is proposed, which 
can be useful for calculating the required con-
tainer sizes to prevent mechanical damage to 
products during packing and transportation.

It was revealed that the morphological features 
of the fruiting bodies of the tested strains had 
significant differences in all studied parameters: 
width, height, area, cap asymmetry coefficient, 
fruiting body weight, cap weight, weight loss co-
efficient, stipe length, stipe diameter. In particu-
lar, the strains of A group differed in their larg-
er size and mass, compared with strains of B 
group. The greatest mass of FB was determined 
for strain 2301 (15.2 ± 1.0 g), the smallest – 
for 2456 (3.3 ± 0.2 g). The proposed indicator is 
the coefficient of loss of weight of the crop, which 
shows the ratio between the cap and the stipe of 
the FB and makes it possible to predict the 
amount of mushroom raw materials that will be 
sold at a high price as caps, and the amount of 
raw material that can be processed into mush-
room mince, powder and other valuable products. 
The best coefficient was obtained for fruiting 
bodies of strain 2314 (0.87 ± 0.01), the worst for 
strain 2456 (0.59 ± 0.01), which we do not recom-
mend for sale by separate fruiting bodies. It was 
found that the fruiting bodies of high-perfor-
mance strains 2316 and 431 had a number of 
organoleptic defects.

Fig. 7. Clusters (a) and fruiting bodies (b) 
of strain 431 (À) 6

Fig. 6. Clusters  (a) and fruiting bodies (b) 
of strain 2456 (Â)
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Ñîðòîâèâ÷åííÿ òà ñîðòîçíàâñòâî

Ìåòà. Ïðîâåñòè ìîðôîëîã³÷íó òà îðãàíîëåïòè÷íó 
îö³íêó øòàì³â ãëèâè äëÿ äîáîðó àñîðòèìåíòó âèñîêî-
ïðîäóêòèâíèõ ³ ö³ííèõ çà ñïîæèâ÷èìè âëàñòèâîñòÿìè 
êóëüòèâàð³â äëÿ çèìîâîãî é ë³òíüîãî êóëüòèâóâàííÿ òà 
ïðèäàòíîñò³ äî ðåàë³çàö³¿ ó ñâ³æîìó àáî ïåðåðîáëåíîìó 
âèãëÿä³. Ìåòîäè. Ñõåìà äîñë³äó âêëþ÷àº 6 øòàì³â ãëèâè, 
ùî íàëåæàòü äî äâîõ âèä³â: Pleurotus ostreatus (5 øòàì³â: 
2301, Z, 2316, 2456, 431) ³ Pleurotus pulmonarius (2314). 
Âèêîðèñòàíî ëàáîðàòîðíèé, ëàáîðàòîðíî-âèðîáíè÷èé òà 
ñòàòèñòè÷íèé ìåòîäè äîñë³äæåíü. Ðåçóëüòàòè. Äèíàì³êà 
àãðîõ³ì³÷íèõ ïîêàçíèê³â ñóáñòðàò³â, îòðèìàíèõ ìåòîäîì 
àåðîáíî¿ ôåðìåíòàö³¿ ó âèñîêîìó øàð³, çàñâ³ä÷èëà ¿õíþ 
îïòèìàëüí³ñòü çà îñíîâíèìè êðèòåð³ÿìè òà â³äïîâ³äí³ñòü 
íîðìàòèâí³é äîêóìåíòàö³¿. Á³îëîã³÷íà åôåêòèâí³ñòü 
øòàì³â çíàõîäèëàñÿ â ³íòåðâàë³ 40–78,9%. Íàéá³ëüøó ìàñó 
çðîñòê³â óñòàíîâëåíî â «ë³òíüîãî» øòàìó 431 (430,7 ã). 
Íàéá³ëüøó ìàñó ïëîäîâîãî ò³ëà âèçíà÷åíî äëÿ øòàìó 
2301 (15,2 ã), íàéìåíøó – äëÿ 2456 (3,3 ã). Âèñíîâêè. 
Âèçíà÷åíî ïîêàçíèêè á³îëîã³÷íî¿ åôåêòèâíîñò³ øòàì³â. 
Íàéâèù³ ñåðåäí³ çíà÷åííÿ çà ïåðøîþ õâèëåþ ïëîäîíî-
øåííÿ ìàëè øòàìè 2316 (78,9%) ³ç ãðóïè «çèìîâèõ» (À) 
³ 431 (78,4%) ³ç ãðóïè «ë³òí³õ» (Â). Çà ðåçóëüòàòàìè ñòà-
òèñòè÷íîãî àíàë³çó âñòàíîâëåíî ñóòòºâ³ â³äì³ííîñò³ ì³æ 

ÓÄÊ 631.5:635.89 
Áàíäóðà ². ².1*, Êóëèê À. Ñ.1, Á³ñüêî Í. À.2, Õàðåáà Î. Â.3, Öèçü Î. Ì.4, Õàðåáà Â. Â.3 Àíàë³ç á³îëîã³÷íî¿ 

åôåêòèâíîñò³ òà ÷èííèê³â ÿêîñò³ ãðèá³â ðîäó ãëèâà (Pleurotus (Fr.) P.Kumm) ÿê ìîäåë³ åôåêòèâíîãî êóëüòè-
âóâàííÿ êñèëîòðîô³â ç âèñîêîþ ôóíêö³îíàëüíîþ ö³íí³ñòþ. Plant Varieties Studying and Protection. Ò. 16, ¹ 4.          
Ñ. 334–342. https://doi.org/10.21498/2518-1017.16.4.2020.224047

1Òàâð³éñüêèé äåðæàâíèé àãðîòåõíîëîã³÷íèé óí³âåðñèòåò ³ì. Ä. Ìîòîðíîãî, ïð-ò Á. Õìåëüíèöüêîãî, 18, ì. Ìåë³òîïîëü, Çàïîð³çüêà îáë., 
72312, Óêðà¿íà, *e-mail: irabandura@gmail.com

2²íñòèòóò áîòàí³êè ³ì. Ì. Ã. Õîëîäíîãî ÍÀÍ Óêðà¿íè, âóë. Òåðåùåíê³âñüêà, 2, ì. Êè¿â, 01004, Óêðà¿íà
3Íàö³îíàëüíà àêàäåì³ÿ àãðàðíèõ íàóê Óêðà¿íè, âóë. Ì. Îìåëüÿíîâè÷à-Ïàâëåíêà, 9, ì. Êè¿â, 01010, Óêðà¿íà
4Íàö³îíàëüíèé óí³âåðñèòåò á³îðåñóðñ³â ³ ïðèðîäîêîðèñòóâàííÿ Óêðà¿íè, âóë. Ãåðî¿â Îáîðîíè, 15, ì. Êè¿â, 03041, Óêðà¿íà

äîñë³äæóâàíèìè øòàìàìè çà îñíîâíèìè ìîðôîëîã³÷íèìè 
ïîêàçíèêàìè çðîñòê³â. Âèÿâëåíî, ùî ìàñà çðîñòê³â «çè-
ìîâèõ» êóëüòèâàð³â çíà÷íî ìåíøå çàëåæèòü â³ä øòàìîâî¿ 
ïðèíàëåæíîñò³ (220,8–273,4 ã), í³æ «ë³òí³õ» (83,4–430,7 ã). 
Çàïðîïîíîâàíî ïîêàçíèê êîåô³ö³ºíò àñèìåòð³¿ çðîñòêà, 
ÿêèé ìîæå áóòè êîðèñíèì äëÿ ðîçðàõóíêó íåîáõ³äíèõ 
ðîçì³ð³â òàðè. Âèÿâëåíî, ùî ìîðôîëîã³÷í³ îçíàêè ïëîäî-
âèõ ò³ë ìàëè ñóòòºâ³ â³äì³ííîñò³ çà âñ³ìà äîñë³äæåíèìè 
ïàðàìåòðàìè. Çîêðåìà, øòàìè ãðóïè À â³äð³çíÿëèñÿ 
á³ëüøèìè ðîçì³ðàìè é ìàñîþ. Çàïðîïîíîâàíî ïîêàç-
íèê – êîåô³ö³ºíò óòðàòè ìàñè âðîæàþ, ÿêèé ïîêàçóº 
ñï³ââ³äíîøåííÿ ì³æ øàïèíêîþ é í³æêîþ ïëîäîâîãî ò³ëà 
òà äàº çìîãó ñïðîãíîçóâàòè ê³ëüê³ñòü ãðèáíî¿ ñèðîâè-
íè, ÿêó áóäå ðåàë³çîâàíî ó âèãëÿä³ øàïèíîê, òà ê³ëüê³ñòü 
ñèðîâèíè, ÿêó ìîæíà ïåðåðîáèòè ó ãðèáíèé ôàðø, ïîðî-
øîê òà ³í. Íàéêðàùèé êîåô³ö³ºíò îòðèìàíî äëÿ ïëîäîâèõ 
ò³ë øòàìó 2314 (0,87), à íàéã³ðøèé – 2456 (0,59), ÿêèé, 
â³äïîâ³äíî, íå ðåêîìåíäóºìî äî ðåàë³çàö³¿ îêðåìèìè 
ïëîäîâèìè ò³ëàìè. Óñòàíîâëåíî, ùî ïëîäîâ³ ò³ëà âèñîêî-
ïðîäóêòèâíèõ øòàì³â 2316 ³ 431 ìàëè íèçêó îðãàíîëåï-
òè÷íèõ íåäîë³ê³â.
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