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Peculiarities of two strains of oyster mushroom production on the substrate from wheat, barley, pea and straw are examined. The peculiarities of fungus fruit bearing and getting a marketable production in conditions of protected soil are determined. It is defined that the pea straw should be applied for the preparation of substrate while growing oyster mushroom; the above mentioned substrate is characterized by the rapid onset of the fungus growth and development phases, it provides general yield capacity and improves the marketability of products.    
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 Statement of the problem. The production of edible mushrooms under the intensive method is a non-waste technology, since it solves the problem of supplying people with fresh products, while the substrate is used as organic manure for plants grown in the open ground [4]. Except two-spore common mushrooms, there are also other kinds of mushrooms, which are successfully grown in a winter-spring period, in particular: oyster mushroom, shiitake, roundheads, shaggy mane, straw mushroom, winter mushroom, summer honey mushrooms. Some kinds of edible mushrooms are grown on plots, in simple and cheap premises, others – in specialized industrial complexes [6, 7, 9]. 

The largest amounts of edible mushrooms are grown in China, among European countries – in Netherlands, Poland, France, Italy, Germany, and Hungary. In Europe and the USA two-spore common mushroom is in preference, though the tendency to the increase of oyster mushroom and shiitake production has increased lately. The production of these mushrooms is rising, which is connected with their food value and simple technology; they have valuable healing properties. Thanks to the achievements of technical progress, production technologies and intensive selective work, the average yield capacity of the two-spore common mushroom in some countries has increased from 4-6 to 30-40 kg/m2 per one growing cycle, as for oyster mushroom – to 1.0-1.2 kg per kg of substrate [1, 11, 12]. 

Analysis of major studies and publications that discuss the problem.  For successful growing of mushrooms much attention is paid to the components of the substrate. For this purpose such materials as straw of cereals (wheat, rye), sometimes the remains of corn and barley or peas, as well as their mixture, sawdust and bark of deciduous trees, sunflower husk are used. According to D. J. Rouse, S. A. Zaki [13] та 
S. C. Dubey [10], the most optimal substrate while growing oyster mushroom is the wheat straw, positively reacting on the additions to the substrate, which then give rise to total yield capacity of fruit bodies. However, getting the valuable substrate which provides high yield capacity of edible mushrooms is not always possible, as the further creation of conditions for the mushroom development fully depends on the substrate composition, its structure, acidity of the environment, humidity and content of nourishing elements.

In the process of its livelihood, mycelium of oyster mushroom gets water and nutrients from the substrate, and excretes metabolites into the substrate [5, 14]. The environment must contain enough nitrogen, carbon, and various mineral supplements, vitamins and provide normal conditions for mushroom livelihood. Branched structure of hyphae in the substrate contributes to the space transference of nutrients, including heavy compounds [3]. To O. V.Fedotov mind [8], the best carbon containing components of nourishing environment for getting biomass and increasing catalases activity of mycelium are glucose and sucrose. On the basis of investigations of M. Ziombry [15], the influence of the substrate on the size of yield and morphological indicators of oyster mushroom fruit bodies is determined.      
The usage of 24 kg of substrate gives the opportunity to get yield capacity of 928 g from 1 kg of dry matter of substance, and the least yield capacity – with the usage 8 kg of substrate in the container. Such amount of substrate promotes simultaneous obtaining the high content of standard products, though changes in morphological peculiarities of bodies are observed. The content of marketable production in the total yield capacity is quite aligned and amounts 77%. 

The analysis of literature sources showed that the amount of data about the usage of substrate components such as straw of other agricultural plants that is barley and pea for growing oyster mushroom in conditions of protected soil is insufficient. Production of the above mentioned plants in the open ground in Ukraine is on the high level, though their influence on getting fresh production hasn’t been studied enough. 

The aim of the investigation was determination of oyster mushroom yield capacity depending on the usage of wheat, barley, and pea straw for getting production of oyster mushroom in winter-spring period. 

For achieving the aim the following tasks were performed: to evaluate straw substrates and to investigate which one is the most effective for further growing of oyster mushroom and for intensive growing; to carry out marketable evaluation of mushroom strains on the straw substrate and to choose the most highly productive one. 

Methods of investigations. Experiments on studying the effect of the substrate on the oyster mushroom yield capacity were performed in the laboratory of fruit and vegetable production, farm produce storage and processing technology department of Vinnytsya National Agrarian University in 2006-2007 in accordance with the recommendations of Dudka I. A. [2]. Two strains of oyster mushroom were investigated: HK-35 and P-24 on the substrate, which was based on the wheat, barley, or pea straw. Substrate from the wheat straw served as a control. The straw was made from the latest harvest and was cultivated by the xerothermic method. After cultivation, polyethylene bags were filled with the substrate and were placed by a row method. The experiments were carried out in threefold repetition by the method of randomized blocks. 

During the experiments generally-accepted methods of investigations in the field of agronomy with the accounting of oyster mushroom yield were applied. The received data were processed by the statistic method of dispersive analysis on PC with the usage of applied programs Microsoft Excel. 

Studies. The onset of the main growth and development phases of oyster mushroom is the indicator which characterizes the adequacy of growing conditions to morpho-biological peculiarities of a mushroom. The more optimal are growing conditions, the more intensive are the growth and development processes. In the investigations the onset of phases depended on both the strain and the type of the substrate, which in its turn influenced the total yield capacity and marketability of oyster mushroom. 

The yield capacity of fungus had two waves of fruit bearing which made total yield capacity. Fruit bodies were characterized by the typical form, had appropriate colouring and, by biometric indicators, met the established requirements. Evaluating the efficiency of the substrate influence on the yield capacity of oyster mushroom, the advantage was given to the substrate based on the pea straw. The advantage of the yield capacity is mainly the result of the increased content of proteins and carbohydrates in the substrate which has given rise to the intensive growth of mycelium and the creation of the great amount of mushroom primordia. The amount of fruit bodies of strains HK-35 and P-24 on the pea straw was 18.5 and 19.7 kg/m2, which exceeded the yield capacity of control variant by 1.1 times. Except positive influence of the substrate, the tendency to decrease in the yield capacity of fruit bodies was noted experimentally in variants where the substrate contained barley straw. Thus, the amount of yield capacity of the strain P-24 was less on the substrate from the barley straw almost by 1 kg/m2, and as for the strain HK-35 –  by 0.3 kg/m2 (table 1).            

Table 1. Yield capacity of oyster mushroom depending on the substrate type, kg/m2
	Strains 
	Substrate
	Yield capacity, kg/m2
	±
before control
	Efficiency of substrate application, %
	Coefficient of substrate application
	Biologi-cal efficien-cy,%

	
	
	2006
	2007
	Average for years
	
	
	
	

	HК-35
	Wheat straw *
	14,9
	17,4
	16,1
	-
	54,1
	0,13
	46,3

	
	Barley straw
	15,4
	16,2
	15,8
	-0,3
	50,4
	0,10
	45,4

	
	Pea straw
	17,6
	19,9
	18,5
	+2,4
	64,6
	0,17
	48,6

	P-24
	Wheat straw *
	15,9
	18,9
	17,4
	-
	50,4
	0,14
	34,8

	
	Barley straw
	13,9
	19,1
	16,5
	-0,9
	49,6
	0,12
	34,4

	
	Pea straw
	18,9
	20,6
	19,7
	+2,3
	54,7
	0,17
	35,4

	НІР05
	0,73
	1,42
	
	
	
	
	


* - control 

Simultaneously, different efficiency of the usage of nutrients from the substrate by mycelium and the coefficient of usage of nutrients from the substrate were determined experimentally. During the period of investigations, the mentioned indicators were of changeable quantity. The strain of oyster mushroom HK-35 grown on the pea straw was characterized by the largest meanings of these indicators in relation to the control. The quantity of the efficiency of the pea straw application was 64.6%, and the coefficient of the usage of nutrients from the substrate was about 0.17. The strain P-24 had less numbers of the usage of nutrients from the pea substrate.

While growing oyster mushroom on the substrate from barley straw, growth and development processes were with insignificant delay; moisture was not properly used by mycelium, which affected the fruit bearing and the usage of nutrients from the straw, that’s why the efficiency indicator of substrate usage independently from the mushroom strain was the lowest. 

The intensity of usage of nutrients greatly influenced the biological efficiency of the substrate. In the experiments the mentioned indicator was low. Its largest meaning was observed in the variant with the usage of pea straw in the strain HK-35, namely – 48.6%, and the least meaning – on the substrate from barley straw in the strain P-24. 

The yield capacity of oyster mushroom on the substrates designated unequal fruit bearing. Among the investigated strains, the strain HK-35 was characterized by the highest total yield capacity of fruit bodies, where the amount of yield was 767.9 g/kg of substrate, and the strain P-24 had the lowest yield with the yield capacity – 735 g/kg of substrate. The difference in the yield capacity of strains amounted 32.9 g. Mathematic processing proved the credibility of the received data (picture 1).
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Picture 1. The amount of oyster mushroom yield, depending on the strain, kg/kg of substrate.
The marketability of yield was evaluated in two trade groups of mushroom fruit bodies and in a non-standard group. During the analysis fruit bodies were typical for every strain with the appropriate coloring of pileus, form; they were in the phase of technical ripeness and were not damaged by pests and illnesses (table 2).

Table 2. Trade evaluation of oyster mushroom fruit bodies during the experiment 

(average for 2006-2007) 

	Strains
	Substrate
	Marketable fruit bodies content in the total yield depending on the pileus diameter
	Non-standard fruit bodies 

	
	
	І group
	ІІ group
	kg
	%

	
	
	kg
	%
	kg
	%
	Kg
	%

	НК-35
	Wheat straw*
	13,8
	86,8
	1,94
	12,1
	0,36
	1,1

	
	Barley straw
	13,4
	85,1
	2,15
	13,6
	0,25
	1,3

	
	Pea straw
	16,9
	90,3
	1,7
	9,0
	0,1
	0,7

	Р-24
	Wheat straw*
	15,5
	89,5
	1,6
	9,6
	0,3
	0,9

	
	Barley straw
	14,5
	87,9
	1,8
	10,9
	0,2
	1,2

	
	Pea straw
	18,0
	91,6
	1,5
	7,8
	0,2
	0,6


*-control 

On the basis of the received data the high marketability of strains grown on the pea straw is noted. Thus, the total amount of fruit bodies with the diameter of pileus 40-60 mm of the given variant amounted almost 90.3–91.6 % on the experimental strains. In other variants the total amount of fruit bodies of the mentioned group was less, though they met the standard requirements. 

The substrate prepared on the basis of the barley straw was characterized by the largest amount of fruit bodies of the second group with the diameter of pileus 60-100 mm: the amount of fruit bodies of the strain HK-35 was 13.6%, of the strain P-24 – 10.9 % accordingly. Bodies which didn’t meet the standard requirements were characterized by low content. In the total yield the amount of non-standard fruit bodies didn’t exceed 1.2%.

In the conducted investigations there is the substrate influence on the oyster mushroom yield capacity. It is determined that the pea straw can be used for the substrate preparation for the production of mushrooms, where the highest yield capacity in relation to the barley and wheat straw is obtained. 

Conclusions. On the basis of the conducted investigations the following conclusions can be made:

1. While growing oyster mushroom pea straw should be used for the substrate preparation. The mentioned substrate is characterized by a quick coming through the main growth and development phases of mushrooms, the total yield capacity increases to 18.5-19.7 kg/m2 and production marketability improves. 

2. Substrate from the barley straw can also be used for the production of oyster mushroom, though it is characterized by lower indicators of yield capacity. 

3. The highest yield capacity of mushrooms 767.9 g/kg of substrate showed the strain HK-35, and the lowest yield capacity – the strain P-24.    
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