ADDIS ABABA UNIVERSITY


OFFICE OF RESEARCH AND GRADUATE PROGRAMS


DEPARTMENT OF Zoological Sciences
[image: image7.png]



EVALUATION OF DIFFERENT LEAF LITTERS FOR OYSTER MUSHROOM (PLEUROTUS OSTREATUS) CULTIVATION IN NEKEMTE CITY

MSc THESIS

BY

TADESSE GELANO

ADDIS ABABA, ETHIOPIA

[image: image1.jpg]


AUGUST 2018

ADDIS ABABA UNIVERSITY


OFFICE OF RESEARCH AND GRADUATE PROGRAMS


EVALUATION OF DIFFERENT LEAF LITTERS FOR OYSTER MUSHROOM (PLEUROTUS OSTREATUS) CULTIVATION IN NEKEMTE CITY
By

Tadesse Gelano Goro
A THESIS SUBMITTED TO 

DEPARTMENT OF Zoological SCIENCES
 IN PARTIAL FULFILLMENTS OF THE REQUIREMENTS FOR THE DEGREE OF MASTER OF SCIENCE IN BIOLOGY

ADDIS ABABA, ETHIOPIA

AUGUST 2018


ADDIS ABABA UNIVERSITY

OFFICE OF RESEARCH AND GRADUATE PROGRAMS 

EVALUATION OF DIFFERENT LEAF LITTERS FOR OYSTER MUSHROOM (PLEUROTUS OSTREATUS) CULTIVATION IN NEKEMTE CITY
BY

TADESSE GELANO
COLLEGE OF NATURAL AND COMPUTATIONAL SCIENCES

DEPARTMENT OF Zoological SCIENCES
APPROVED BY EXAMINING BOARD:


Name 



Signature 


Date 

Dr. Diriba  Muleta 


________________         
________________

Advisor

Dr . Tesfaye  Alemu

           ________________

 ________________

Examiner

Dr. _____________________

 ________________      

________________

Examiner

DECLARATION

I, the undersigned, declare that this thesis is my original work and has not been presented for any degree in any other University and all the sources of material used for the thesis have been duly acknowledged.

Name: Tadesse  Gelano

Signature: ___________________

This thesis has been submitted for examination with our approval as University Advisor.

Name: 






                Signature 

Dr. Dirba Muleta



                      ___________________

Date and Place of Submission: Department of Zoological Sciences
Addis Ababa University

August 2018


DEDICATION

To my wife, children, late mother, father and martyrs who suffered a lot and sacrificed themselves for the cause and justice of their nation.


ACKNOWLEDGEMENTS

I wish to express my heartfelt thanks and gratitude to Dr. Diriba Muleta, my advisor, for he not only encouraged and guided me throughout the research work but also kindly provided whatever he thought necessary for the work. 
I would like to express my deepest gratitude and heartfelt thanks to my co advisor Dr. Mulisa Jida, for his scholarly assistance in guidance, support, encouragement and expert comments throughout the work of my thesis.  I owe special thanks to Dr. Rediet Sitotaw for her unreserved assistance especially during my practical work.  
I would like also to thank Addis Ababa University for offering all the financial expenses to carry out this research. I am greatly indebted to Department of Biology, Wollega University, for the provision of Laboratory material and other facilities.
 I would like to extend my deepest gratitude to my wife, Hambise Wakweya for her support and encouragement throughout my study.
LIST OF ABBREVIATION

BE 



Biological efficiency

FAO



 Food and agriculture organization

MEA



Malt extract agar

MYEA

                        Malt yeast extract agar

PDA



potato dextrose agar

SDYA



Subordinate dextrose yeast agar

TABLE OF CONTENTS
Contents    









  Page

iACKNOWLEDGEMENTS


iiLIST OF ABBREVIATION


iiiTABLE OF CONTENTS


viList of Figures


viList of Tables


viiABSTRACT


11.  INTRODUCTION


42.  OBJECTIVES


42.1 General Objective


42.2 Specific Objectives


53. LITERATURE REVIEW


53.1 Major Phyla of Mushrooms


53.1.1 Ascomycota


53.1.2 Basidiomycota


63.2 History of Mushroom Domestication


73.3 Common Cultivated mushrooms


73.3.1 Agaricus bisporus


73.3.2 Pleurotus Spp.


83.3.3 Lentinula edodes


83.3.4 Auricularia sp


93.3.5 Volvariella volvacea


93.4 World Mushroom Production and Consumption


113.5 Mushroom Production and Consumption in Ethiopia


123.6 Mushrooms Cultivation


133.6.1 Cultivation Oyster mushrooms (Pleurotus species)


153.7 Morphology and Classification of Pleurotus Ostreatus


153.7.1 Morphological Description of Pleurotus Ostreatus


153.7.2 Classification   of Pleurotus Ostreatus


163.8 Life Cycle of Pleurotus Ostreatus


173.9 Environmental conditions for mushroom cultivation


173.9.1 Temperature


183.9.2 Aeration


183.9.3 Moisture


193.9.4 Light


203.10 Importance of mushrooms


203.10.1 Mushrooms Cultivation and Food Security


203.10.2   Mushroom in Job Creation


213.10.3 Waste Recycling/Bioremediation


223.10.4 Mushrooms as functional foods


   223.10.4.1 Nutritional Value


   233.10.4.2 Medicinal Value


263.11 Preservation Methods of Mushrooms


263.11.1 Drying


263.11.2 Freezing


273.11.3 Canning


273.11.4 Postharvest Handling of Mushrooms


293.12 Uses of Spent


293.13 Process of Mushroom Growing


293.13.1 Pure Cultures


303.13.2 Spawns


303.13.3 Substrates


313.14 Mushroom Cultivation Constraints


313.14.1 Environmental constraints


313.14.2 Pest and Diseases Constraints


323.14.3 Lack of Concept on Production Technology


334. MATERIALS AND METHODS


334.1 Description of the study area


334.2 Culture Source and Culture Transfer


344.3 Spawn Preparation


344.4 Mushroom growing room


344.5 Main substrates


354.5.1 Designation of the main substrate (life litters)


354.5.2 Substrate Preparation and Combination


364.5.3 Substrate sterilization and cultivation of mushroom


374.5.4 Incubation and Control of the Environment


374.5.5 Mycelia Growth Measurement


374.5.6 Induction of Fruiting


374.5.7 Harvesting and Yield Measuring


384.6 Data Analysis


395. RESULTS


395.1 Pure Culture and Spawn


395.2 Vegetative Growth of the Mushroom on Substrates


405.3 Incubation Periods of Substrates


415.4 Maturation duration of oyster mushroom


435.5 Yield of Mushrooms Per flush


445.6 Yield Parameters of Oyster Mushroom


465.7 Biological Efficiency of Substrates


476. DISCUSSION


527. CONCLUSIONS AND RECOMMENDATIONS


527.1 Conclusions


537.2 Recommendations


548. REFERENCES




List of Figures
Page
17Figure 1. Life cycles of Pleurotus ostreatus


33Figure 2. Map of the study area.


36Figure 3.   Substrate preparations


42Figure 4. Progressive development of mushroom


46Figure 5.   Biological efficiency of the oyster mushrooms grown on different leaf litters


List of Tables

11Table 1. World production of mushroom


40Table 2. Mycelial extension corresponding to substrate treatments


41Table 3. Incubation periods of   leaf litters used as substrate


43Table 4. Period of pinning-to-maturation of mushrooms in substrates


44Table 5. Mean yield per flush per 400 g (dry weight) substrate


45Table 6. Effect of leaf litters on yield parameters of mushrooms


ABSTRACT

Cultivation of mushrooms using locally available substance is a very cheap and environmentally friendly alternative for producing foods with high nutritional value. The consumption and familiarity of mushrooms to people has been limited in Ethiopia largely due to poor knowledge on the methods of production. This study was conducted to evaluate different locally available leaf litters and their combinations for their productivity and biological efficiency (BE) for cultivation of an edible mushroom strain, oyster (Pleurotus ostreatus); in Nekemte City, east Wollega Zone, Oromia Regional State between January, 2017 and September, 2017.  An experiment was conducted to cultivate edible mushroom (Pleurotus ostreatus) using four different leaf litters: namely, Wanza (Cordia africana), Bisana (Croton macrostachyus), Khat (Catha edulis) and Eucalyptus tree (Eucalyptus camaldulensis) and their combinations to determine their biological efficiency for the selected mushroom species.  The results showed that, mycelial extension, the highest and lowest mean value 0.521 cm/day and 0.323 cm were measured from Ce (Catha edulis) and CeCmCa (combination of Catha edulis, Croton macrostachyus and Cordia africana), respectively. The results revealed that differences in mean incubation periods and duration of pinning-to-maturation, pileus diameter, and stipe length were insignificant (p>0.05) among substrates. The first pinning took 34.66 days, followed by 9.66 to 10.66 days between different flushes. Mean durations from pinning-to-maturation ranged from 3.66 to 4.33 days. The mean pileus diameter of mushrooms ranged from 4.77 to 5.03 cm, whereas the mean stipe length ranged from 1.98 to 2.16 cm. In this study, the highest biological efficiency for the studied mushroom species was recorded from Croton macrostachyus leaf litter ((94.45%) followed by Eucalpytus camaldulis leaf litters (89.72%).  All the substrates that gave over 50% BE could be recommended for oyster mushroom cultivation. The findings generally suggest that the mushrooms species when grown on locally available leaf litters may have the potential to solve the problem of food insecurity in Ethiopia and can also create job opportunity to youngsters, elders and disabled personnel.
Keywords:  Edible mushrooms, substrates, biological efficiency, spawn

1.  INTRODUCTION

One of the world’s biggest challenges is food insecurity. This problem is largely common in low and middle-income countries that mainly have poor food production systems and suffer from serious malnutrition. Such countries must find ways of improving food production to feed the vastly increasing human population (Beje Gume et al., 2013) and mushroom cultivation could be a possible option to alleviate poverty and develop the life style of the vulnerable people. Mushrooms include edible, medicinal and poisonous species and are nature’s gift as they are protein rich foods for human beings. They are fleshy, spore bearing reproductive structures of fungi. For a long time, wild edible mushrooms have played an important role as a human food (Chang and Miles, 2004).  

Mushroom cultivation offers benefit, when it is integrated into the existing production system by producing nutritious food at a profit, while using materials that would otherwise be considered “waste” (Beteez and Kustudia, 2004). Due to their nutritional, medicinal and ecological advantages, mushrooms have attracted the attention of many people in the world (Imtiaj and Rahman, 2008). Cultivation of edible mushrooms may be the only available biotechnology for lignocellulosic organic waste recycling that combines the production of protein rich food with the reduction of environmental pollution (Beteez and Kustudia, 2004).

Mushrooms cultivation and consumption culture is more developed in China, Japan, Korea, Thailand, America (Feeney and Beelman, 2004). Although least known in Africa, countries like Nigeria, Egypt, Kenya, Zimbabwe, and South Africa are relatively making good trials. Despite the high diversity of wild edible mushrooms in Africa including Ethiopia, very little of it is known. Cultivation of mushrooms has not practiced on commercial scales in most developing countries and has consequently affected commercial mushroom marketing, which is yet to be embraced by most farmers (Dawit Abate, 1998).  

In Ethiopia, mushroom cultivation is a very recent activity with almost no mushroom consumption and cultivation techniques known except for few trials in small-scale production of Agarics bisporus, Lentinus edodes, and Pleurotus species (Dawit Abate, 1998). There are at least 12,000 fungal species that can be considered as mushrooms, with at least 2000 edible species (Badshah et al., 1992). Over 200 species have been collected from the wild vegetation and used for various traditional medicinal purposes, mostly in the Far East (James, 1995). The same author indicated that currently about 35 mushroom species have been cultivated commercially, and of these around 20 are cultivated on an industrial scale.  The mushroom cultivated worldwide are button mushroom (Agaricus bisporus), followed by Shiitake (Lentinus edodes), Oyster (Pleurotus species), Auricularia species, winter mushroom (Flammulina velutipes), straw mushroom (Volveriella volvovacea), Grifola frondosa and Pholiota nameko (Chang, 1999).  

The edible mushrooms are excellent foods that can be incorporated into well balanced diets due to their low content of fat, energy, high content of dietary fiber and functional compounds. Their benefits to health include antitumor, immune modulators and hypo-cholesterolemic effects (Bismita, 2011). Mushrooms with their flavor, texture, nutritional value and high productivity per unit area have been identified as an excellent food source to alleviate malnutrition in developing countries (Chaube, 1995). Among the reasons for the quick acceptance of mushrooms is its nutritive content. To alleviate hunger and malnutrition in a world of rising food prices, cultivation of mushrooms is a very reliable and profitable option (Hami, 1990). Among edible mushroom fungi, the Pleurotus species have received considerable attention for their nutritional value, medicinal properties and biodegradation abilities. Mushrooms are efficient colonizers and bioconverters of lignocellulosic agro-industrial residues into pleasant human food with medicinal properties, with the productivity of the conversion being expressed by biological efficiency (Singh and Singh, 2005). 

Oyster mushrooms are one of the most popular edible mushrooms and belong to the genus Pleurotus and the family Pleurotaceae. Many of the Pleurotus mushrooms are primary decomposers of hardwood trees and are found worldwide. Two decades back, approximately about 70 species of Pleurotus had recorded and new species were subsequently discovered more or less frequently although some of them were considered identical with previously recognized species (Badshah et al., 1992). The oyster mushrooms can be cultivated successfully under semi-controlled conditions in a small space by using agricultural as well as industrial wastes and other refuse as substrate (Singh and Singh, 2005). 

The cultivation of oyster mushroom requires the use of cellulosic materials or residues such as cereal straws, cotton stalks, various grasses, weeds,  reed stems, maize and sorghum Stover, sugarcane bagasse, banana residues, coffee pulp and coffee husk, cottonseed and sunflower seed hulls, peanut shells, rice husks, waste paper, wood sawdust and chips (Dawit Abate, 1998). Since mushrooms cultivation practice does not always require access to land (space conserving) and any significant capital investment, it is a viable and attractive activity for rural, peri-urban and urban dwellers. It is suitable for all job seeking groups including elders, disabled and youngers (Beje Gume et al., 2013).

 Mushrooms cultivation, as an agro-industrial activity, needs to be encouraged in Ethiopia, since the use of agricultural waste products in producing edible mushroom would improve the diet of an ever increasing human population of the country. It will not only enhance the income of farmers, landless/jobless youth and women, but also saves foreign exchange by reducing import of exotic mushrooms. Among the cultivated edible mushrooms, oyster mushroom is well known for its versatility in utilizing various solid organic substrates by giving reasonable yield. Oyster mushroom (Pleurotus ostreatus) is a species with good perspectives and taste. It shows a relatively long shelf-life, low rate of sporulation and high market price. Pleurotus ostreatus is an efficient lignin- degrading mushroom and can grow well on different types of lignocellulosic materials. Cultivation of this mushroom is very simple and low cost production technology, which gives consistent growth with high biological efficiency (BE) (Wermer and Beelman, 2002).

Pleurotus species should be recommended for cultivation in Ethiopia, especially for beginners, since it is easy to grow on agricultural wastes such as teff, wheat and barley straw, sugar cane bagasse, wheat bran and husk, sawdust, coffee waste, food processing wastes and leaves of plants. In the study area, there are a large number of trees and shrubs that could be used as substrate for mushroom growth. The leaf litters of plants also available in this part of the country that are used for cultivation mushroom. Edible mushrooms are recommended by the FAO as food, contributing to the protein nutrition of developing countries dependent largely on cereals with it became a new and alternative demand for poultry and animal protein in fresh mushrooms (Chang and Mshignei, 2000). Here in Nekemte city, population growth, the cost of living (high price of food especially animal protein), unemployment are increasing at an alarming rate. Therefore, there should be ways of improving food production to feed and create work opportunity for the highly increasing human population against their needs for food production and job creation. Edible mushroom production is one of the ways to alleviate the existing problem. The current study was therefore, initiated to assess the possibility and amount of yield from mushroom cultivation on locally available substrates that have the following purposes:

1. Provision of a baseline information for further investigation in the area. 2. Initiation of mushroom production system which increases job opportunity for job seeking people. 3. Improving the food production, corresponding the highly increasing human population.   

2.  OBJECTIVES

2.1 General Objective

      ● The general objective of the current study was to evaluate locally available leaf litters of woody plants for oyster mushroom cultivation. 

2.2 Specific Objectives

The specific objectives of this study were to:

      ● assess the suitability of different local available leaf litters of woody plants (Cordia africana, Croton macrostachyus, Catha edulis and Eucalyptus camaldulensis) for cultivation of Pleurotus ostreatus 
      ● estimate yields of cultivated mushrooms on different leaf litters and their combination

      ●  evaluate the biological efficiency of  different leaf litters and their combination.
3. LITERATURE REVIEW

3.1 Major Phyla of Mushrooms

Most mushrooms are belonging to phylum Basidiomycota and some belong to Ascomycota (Dudzik, 2013).  

3.1.1 Ascomycota 
The majority of known fungi belong to the Phylum Ascomycota, which is characterized by the formation of an ascus (plural, asci), a sac-like structure that contains haploid ascospores. Many Ascomycetes are of commercial importance. Some play a beneficial role, such as the yeasts used in baking, brewing, and wine fermentation, plus truffles and morels, which are held as gourmet delicacies. Other Ascomycetes parasitize plants and animals, including humans. For example, fungal pneumonia poses a significant threat to AIDS patients who have a compromised immune system. Ascomycetes not only infest and destroy crops directly; they also produce poisonous secondary metabolites that make crops unfit for consumption. Filamentous Ascomycetes produce hyphae divided by perforated septa, allowing streaming of cytoplasm from one cell to the other. Conidia and ascospores which are used for asexual and sexual reproductions, respectively. During sexual reproduction, thousands of asci fill a fruiting body called the ascocarp (Dudzik, 2013). 

Some edible mushrooms in Ascomycota are: Gyromitra esculenta, G. gigas, G. infula, Marchella elata, M. esculenta, Tuber aestivum, T. borchi, T. brumale, T. magnatum, and T. melanosporum (Panos et al., 2013).

3.1.2 Basidiomycota
The fungi in the Phylum Basidiomycota are easily recognizable under a light microscope by their club-shaped fruiting bodies called basidia (singular, basidium), which are the swollen terminal cell of a hypha. The basidia, which are the reproductive organs of these fungi, are often contained within the familiar mushroom, commonly seen in fields after rain, on the supermarket shelves, and growing on your lawn. These mushroom-producing basidiomyces are sometimes referred to as “gill fungi” because of the presence of gill-like structures on the underside of the cap. The “gills” are actually compacted hyphae on which the basidia are borne. This group also includes shelf fungus, which cling to the bark of trees like small shelves. In addition, the basidiomycota includes smuts and rusts, which are important plant pathogens; toadstools, and shelf fungi stacked on tree trunks. Most edible fungi belong to the Phylum Basidiomycota; however, some basidiomycetes produce deadly toxins. For example, Cryptococcus neoformans causes severe respiratory illness (Dudzik, 2013)

Some edible mushrooms in phylum Basidomycota are:  Agaricus compestris, A. urinascens, A. xanthodermus, Calvatia gigantean, Microlepiota procera, A. muscaria, A. pantherina, A. verna, Entoloma sinuatum, Calocybe gambosa, Marasmius oreades, Omophalotus oleqrius, Pleurtus ostreatus, P. pulmonarius, Agrocybe cylindracea, Infundibulicybe geotropa, Tricholoma portentosum, T. terreum, Boletus aereus, B. edulis, B. legaliae, B. luridus, B. pinophilus, B. reticulates, B. rhodopurpuretus, B. rhodoxanthus, B. satanus, Leccinum scabrum, Scleroderma cepa, S. meridionale, S. polythizum, S. verrucosum, Cantharellus cibarius, C. cinereus, Craterellus cornucopioides, C. tubaeformis, Hydnum repandum, H. rufescens, Lactarius delicious, L. salmonicolor, L. sanguifluus, L. semisanguiflus, Rusula cynoxantha and R. virescens (Panos et al., 2013).
3.2 History of Mushroom Domestication
Most mushrooms belong to the division of Basidiomycota and some belongs to Ascomycota under division of Eumycota. In history, human beings used to collect only wild mushrooms at the beginning (Imtiaj and Rahman, 2008). The term mushroom refers to a macrofungus with a distinctive fruiting bodies most of which are seen with naked eyes and can be picked by hands (Chang and Miles, 1992). After a long period, however, humankind gradually learned how to cultivate fungi. Presently, mushrooms have become popular throughout the world since they have wonderful food and medicinal values. The local demand for mushrooms is also progressively increasing (Nita, 2002). 

It has been well known that the 20th century has been an explosive time for the accumulation of knowledge. Modern technology for human civilization is expanding every day. However, human beings still face and will continue to face three basic problems: shortage of food, pollution of the environment and diminishing quality of human health, due to the continued increase of the world population (James, 1995).  Mushroom biology is the branch of mycology that deals with mushrooms in many disciplines. Mushroom biology is a new discipline concerned with any aspect of the scientific study of mushrooms (Buchanan, 1993). Mushroom science is mushroom cultivation and production and encompasses the principle of mushroom biology/cultivation, bioconversion/composting technology and environmental technology and provides food supply through mushroom themselves (Chang and Buswell, 2008).

3.3 Common Cultivated mushrooms

3.3.1 Agaricus bisporus
This most intensively cultivated mushroom, present’s high-technology cultivation systems and growing particularities as the development of fruit bodies requires a non nutritional layer of casing soil on top of the nutritious compost (Straatsma et al. 2013). The mushroom mycelium grows into the casing layer in similar conditions to those of compost colonization, and when it reaches the upper surface of the casing layer the fruiting process starts through environmental manipulation comprising reduction of the temperature and the concentration of carbon dioxide through aeration to trigger fructification and to favor the development of mushrooms (Ahtlawat and Tewari, 2007).  Agaricus bisporous accounts for 31.8 % of the total production of cultivated mushrooms of the world (Chang, 1999). 
3.3.2 Pleurotus Spp. 

Although  commercial  cultivation  of oyster  mushroom  Pleurotus  spp started  very late   compared  to  Agaricus bisporus (1650 A.D.), Lentinula  edodes (1100 A. D.) and Auricularia spp (600 A.D.), it occupies the third position in the world among the cultivated mushrooms (Chang,1999).
The production of Pleurotus species (oyster mushrooms like P. ostreatus, P. sajor-caju, P. pulmonarius, P. eryngii, P. cornucopiae, P. tuber-regium, P. citrinopileatus, and P. flabellatus) is a sharp contrast with the technology used for Agaricus production. Both pasteurized and sterilized substrate of a wide range of residues can be used, no casing is required, while fruiting is light dependent (Royse, 2004). The spawned substrate is filled into perforated polyethylene PE blocks (bags and bottles are also used) and at the end of the spawn run period, fructification of P. ostreatus is triggered by lowering the air temperature and CO2 levels, while light essential for pinning (8-12 h cycle with light intensity 150-250 lux) is provided. The mushrooms begin to form around the edges of block perforations (Royse 2004). Pleurotus spp. accounts for 14.2% of total production of cultivated mushrooms in the world (Chang, 1999).

3.3.3 Lentinula edodes
Lentinula edodes is one of the most important edible mushrooms in the world from the standpoint of production, and it is the most popular fungus cultivated in China, Japan, and in some other Asian countries. For a long time, this mushroom has been valued for its unique taste and flavor and as a medicinal tonic. It can be cultivated either on wood log or on synthetic substrate logs (Chang & Miles, 2004).
The current trend of Lentinula growing is in plastic bags (synthetic logs) containing sawdust-based or other lignocellulosic substrates supplemented with nitrogen sources. This method decreases the production time and increases productivity (Royse, 2004). Actually, high average biological efficiencies (BE) are achieved with sunflower seed hulls (BE: 107.5%) (Curvetto et al. 2005), sugarcane bagasse (BE: 87.4%) and corn cobs (BE: 80.6%) (Philippoussis and  Diamantopoulou, 2011). More or less similar results (BE ≈ 80%) have been obtained with hard-wood residues and cereal straws (mainly barley and wheat) (Philippoussis, 2009). Lentinus edodes accounts 25.4%. of total production of cultivated mushrooms in the world (Chang, 1999 ).

3.3.4 Auricularia sp
Auricularia is used especial for blood clotting, anti heart attack, in addition to normal food value (Smith et al., 2002). Auricularia spp. known as the Jew’s ear, wood ear, jelly ear or by a number of other common names, is a species of edible Auriculariales fungus found worldwide. The fruiting body is distinguished by its noticeably earlike shape and brown colouration. The fungus can be found throughout the year in temperate regions worldwide, where it grows upon both dead and living wood.  It has long been popular in China, to the extent that Australia exported large volumes to China in the early twentieth century. Today, the fungus is a popular ingredient in many Chinese dishes, such as hot and sour soup, and also used in Chinese medicine (Chang and Miles, 2004). Production of wood ear accounts for about 7.9% of the world’s total output of mushrooms (Chang, 1999).   Auricularia, now widely cultivated in China, Taiwan, Thailand, Philippines, Indonesia and Malaysia. Annual production of Auricularia  spp. in China alone reached nearly 3.6 million tons in 2010 making them the second most widely cultivated mushrooms in that country (Li, 2012).
3.3.5 Volvariella volvacea 
Volvariella volvacea known as paddy straw mushroom or straw mushroom is a species of edible mushroom cultivated throughout East and Southeast Asia and used extensively in Asian cuisines (Rajapakse, 2011). The "Paddy straw mushroom" Volvariella mushrooms account for 3% of total production of cultivated mushrooms in the world. They are popular for their pleasant tastes, higher protein content and shorter cropping duration compared to other cultivated mushrooms (Chang, 1999).

3.4 World Mushroom Production and Consumption

Mushrooms represent one of the world`s greatest un tapped resources of nutritious food. Unfortunately, it is realized that mushrooms did not receive universal acceptance over the years since a number of naturally growing mushrooms are poisonous (Chang and Buswell, 2008). Bioconversion of lignocelluloses’ agro wastes through mushroom cultivation offers the potential of converting these wastes in to protein rich quality food (Gupta et al., 2004). Cultivation of edible mushrooms may be the only currently economical biotechnology for lignocelluloses organic waste recycling that combines the production of protein rich food with the reduction of environmental pollution (Obodai et al., 2003).  

Generally, cultivated mushrooms should play a greater role in the endeavor to increase food protein. This is true especially in developing countries, since growth substrates for mushrooms are agricultural and industrial discards that are inedible for humans (Chang and Miles, 1984). In fact, mushrooms contribute to nutritious food supply without competing for agricultural land used for conventional food crops. Biological efficiency (bioconversion) that is the yield of fresh weight mushrooms in proportion to the spawning compost or to the air dried substrates can reach 50%-100% depending on the cultivation conditions of the species. Oyster mushroom is a fast growing, lignin degrading fungus Platt et al. (1984), which can therefore, be grown for fruiting body production on lignocellulosic wastes such as cotton straw (Platt et al., 1982). The world market for the mushroom industry in 2005 was valued at over 45 billion US Dollar (Chang, 2006). Presently, mushroom farming is being practiced in more than 100 countries and its production is increasing at the rate of 7 per cent per annum. Production of mushroom has already crossed 6 million metric tons annually in the world and is expected to reach around 7 million metric ton in the next ten years (Bhupinder and Ibitwar, 2007).

The global increase in mushroom production is mainly due to contributions from developed countries such as China, India and Vietnam. China produces about 60% of world production. Currently, mushroom farming is being practice in more than 100 countries and its production is increasing at the rate of 7% per annum. Production of mushroom has already crossed 6 million metric tons annually in the world and is expected to reach around 7 million metric tons in the next ten years (Bhupinder and Ibitwar, 2007). 

To date, about 35 mushroom species have been cultivated commercially and from these, about 20 are cultivated on an industrial scale. Out of the 20 mushroom species cultivated in the industrial scale, the 10 leading species consist of Agaricus bisporous (31.8% in, 1997), Lentinus edodes (25.4% in 1997), Pleurotus spp. (14.2% in 1997), Auricularia auricular (7.9% in 1997), Flammlina velutipes (4.6% in 1997), Volvariella volvaceae (3.0% in 1997), Tremella spp. (2.1% in 1997), Hypisizygus spp. (1.2% in 1997), Pholiota spp. (0.9%) and Grifola frondosa-0.5% (Chang, 1999a; Chang, 1999b). Table 1 shows mainly the six leading species of mushrooms cultivated in industrial scale in the world.

 According to Zivonovic (2006) the six leading countries in mushroom production of the world were: China (1st), U.S.A (2nd), Netherlands (3rd), France (4th), Poland (5th) and Spain (6th).

Table 1. World production of mushroom 

	Fresh weight (x 1,000 tons)

	Mushroom species                         1986                                                1997

	Agaricus bisporus               1.227         56.2%                          1.956                31.8%

Lentinula edodes                 314            14.4%                          1.564                25.4%

Pleurotus spp.                     169              7.7%                              876               14.2%

Auricularia.                         119             5.5%                              485                  7.9%

Volvariella volvacea           178             8.2%                               181                 3.0%

Grifola frondosa                  ---               ---                                    33                  0.5%

Others                                  175             8.0%                            1,063               17.2%

	Total                                 2.182         100.0%                            6.158             100.0%


(Source: Daba et al., 2008)                          
3.5 Mushroom Production and Consumption in Ethiopia

In Ethiopia, mushroom cultivation is a very recent practice and technology. Previously mushroom consumption was confined to rural inhabitants and picked from farmlands, forests and around waste dumpsites when environmental conditions particularly humidity favor their sporocarp formation. Mushrooms are now cultivated and marketed in urban centers (Kumela Dibaba, 2012). The first scale mushroom farm was started in 1997 by the cultivation of the Oyster mushroom (Pleurotus) species. Later, the button (Agaricus bisporus) followed by Shiitake (Lentinus edodes) mushroom (Dawit Abate, 2008). The local demand for mushrooms is steadily growing to about 36 tons per year (button 50%, oyster 40% and Shiitake 10%) at present (Kumela Dibaba, 2012).  

The technological development in the mushroom industry in general has been increasing production capacities, innovations in cultivation technologies, improvements to final mushroom goods, capitalizing the nutritional and medicinal properties of mushrooms, and utilizing the natural qualities of mushrooms for environmental benefits. Despite the high diversity of wild edible mushrooms in Africa including Ethiopia, very little of it is known. Cultivation and production of mushrooms has not been practiced on commercial scales in most developing countries which has consequently affected commercial mushroom marketing which is yet to be embraced by most farmers (Dawit Abate, 1998). 
Ethiopia has a favorable climate, comparatively abundant land and labor as well as reasonably good water resources that created ample opportunities for horticulture production. The range of altitude, temperature, and soil variability of the country has created an enormous ecological diversity and a huge wealth of biological resources. However, the production and utilization of mushrooms in Ethiopia is neglected. As a result this country is not benefited from mushrooms as the rest of the world (Kiflemariam Yehuala, 2008).
In Ethiopia, governmental and non-governmental organizations have not given due attention to mushrooms as an important crop that can fetch farmers a substantial income to alleviate poverty (Beje Gume et al., 2013). Similarly, it is well accepted that mushrooms are not a luxury food but a national necessity to combat poverty and malnutrition (Chang, 2007). However, there is no mushroom cultivation practice in the country to fill the demands of people interested in the mushroom consumption. Those very few mushroom farms in Ethiopia are restricted to the capital city. Some research based practices in some parts of the country are still at the stage of trials (Beje Gume et al., 2013). 

3.6 Mushrooms Cultivation

Cultivation of edible mushrooms with agricultural and agro-industrial residues as substrate is value added process to convert these materials, which are otherwise considered wastes, into valuable protein rich food and a cash crop of commercial interest (Lal, 2005). Therefore, cultivation of mushroom on these wastes could alleviate pollution as well as provide protein food and income. Mushrooms cultivation offers benefit to market gardens when it is integrated into the existing production system by producing nutritious food at a profit, while using materials that would otherwise be considered “waste” (Beteez and Kustudia, 2004). This is because mushrooms contain many essential nutrients and they are found to solve dietary related health problems (Atikpo et al., 2008).   

Cultivation of mushrooms is completely different from growing green plants. Mushrooms do not contain chlorophyll and therefore depend on other plant material (the “substrate”) for their food. Commonly cultured mushrooms are saprophyte fungi that feed on dead plant material. The part of the organism that we see and call a mushroom is really just the fruiting body. Mycelium tiny threads grow throughout the substrate collecting nutrients by breaking down the organic material (Lal, 2005). For different species of mushrooms, the preferred growing medium varies. Some species can grow on a wide range of materials and others cannot. After the mycelium has grown throughout the substrate, and when its specific requirements are met, the mushroom will fruit. Humidity, light, temperature, and carbon dioxide-to-oxygen ratio are conditions, which typically determine when a mushroom will fruit (Chang and Buswell, 2008). 

Mushroom cultivation is often a good way to learn how to grow a particular species before beginning commercial production. Accurate technical and financial records can be used to realistically gauge whether or not commercial production will be profitable.  At the same time, a system for creating conditions favorable to the various stages of growth can be designed and tested. For a commercial operation, the producer must first collect the substrate material into which the chosen species will grow (Rafats, 1996).  Mushroom species are often very particular about their substrates. The substrate is fermented, pasteurized, or sterilized in order to prevent or reduce competition from fungi other than the chosen species (Harris and Bob, 1994). The growing medium is then inoculated with spawn. Before any decision to cultivate a particular mushroom is made, it is important to determine if that species possess organoleptic qualities acceptable to the indigenous population or to the international market, if suitable substrates for cultivation are plentiful, and if environmental requirements for growth and fruiting can be met without excessively costly systems of mechanical control (Rafats, 1996). 

3.6.1 Cultivation Oyster mushrooms (Pleurotus species)

Pleurotus is the scientific name for oyster mushrooms and is grown worldwide, and China is the major producer. It has been regarded as one of the most profitable cash crops in Korea, accounting for 65% of total domestic mushroom production (OECD, 2005). Oyster mushrooms are one of the most popular edible mushrooms and belong to the genus Pleurotus and the family Pleurotaceae. It is the first mushroom to be introduced to the market in Ethiopia (Dawit Abate, 2008). Approximately 70 species of Pleurotus have been recorded and new species are discovered more or less frequently although some of these are considered identical with previously recognized species (Irie et al., 2001). It consists of a number of different species including Pleurotus ostreatus, P. sajorcaju, P. cystidiosus, P. florida, P. pulmonarius, P. tuberregium, P. citrinopileatus and P. flabellatus. Pleurotus species efficiently utilizes their substrate (Fermor et al., 2000). Pleurotus sajorcaju, P. florida and P.ostreatus are the most frequently cultivated species among members of the other mushroom species which comprises some of the most other popular edible mushrooms due to their favorable organoleptic and medicinal properties, vigorous growth and undemanding cultivation conditions (Fermor et al., 2000).  

Pleurotus species are popular and widely cultivated throughout the world mostly in Asia and Europe owing to their simple and low cost production technology and higher biological efficiency (Mane et al., 2007).  Pleurotus species are efficient lignin degraders, which can grow on wide variety of agricultural wastes with broad adaptability to varied agro-climatic conditions (Jandaik and Goyal, 1995). 

The cultivation of Pleurotus has recently increased due to their ability to produce mushrooms (commonly known as oyster mushrooms) of good organoleptic quality in varying climatic conditions and on a wide range of inexpensive agricultural and industrial byproducts (Rajarathnam and Bano, 1989). The wide temperature and substrate range as well as short cultivation time required for oyster mushroom cultivation have resulted in this being one of the most extensively cultivated mushrooms worldwide (Pettipher, 1988). The growth characteristics, size, color, morphology and yield of mushrooms produced by Pleurotus species are variable depending on the strain and cultural conditions implemented (Rajarathnam et al., 1987). Substrate formulation, strain, temperature, light, air composition and cultivation technique have been identified as important factors affecting cultivation (Pettipher, 1988).  

3.7 Morphology and Classification of Pleurotus Ostreatus
3.7.1 Morphological Description of Pleurotus Ostreatus
Species identification within the genus Pleurotus is difficult because of the morphological similarities and possible environmental effects. Mating compatibility studies have demonstrated the existence of eleven discrete intersterility groups in Pleurotus to distinguish one species from the others. P.columbinus, P. florida, P. salignus, and P. spodoleucus are the synonyms or subspecies taxa for the species of P. ostreatus. Cap: 40-250 mm broad, oyster-shape, spatulate to lingulate when young, convex then later becoming conchate to flabellate, surface smooth.  Gills: crowded, whitish to cream or pale greyish, edge smooth, later somewhat undulating, lamellulae 1- or 3-tiers. Stipe: 10-20x10-25 mm, rudimentary, usually lateral, several concrescent, surface longitudinally striate (OECD, 2005).

3.7.2 Classification   of Pleurotus Ostreatus
P.ostreatus is in Phylum  Basidiomycota, Class Basidiomycetes, Order Agaricales family Pleurotaceae (Fr.) Fr., belonging to the genus Pleurotus, is widely distributed throughout the Northern Hemisphere, such as Europe, North Africa, Asia and North America (Singer,1986). To date, approximately as many as 70 species of Pleurotus have been recorded and new species are discovered more or less frequently although some of these are considered identical to previously recognised species (Inamulhaq et al., 2010). Several closely related species of mushroom are commonly known as oyster mushrooms: Pleurotus ostreatus, Pleurotus pulmonaris and Pleurotus populinus. These three types are similar in many respects but are different enough to be classified as different species. Mating experiments and DNA analysis demonstrate these differences in the laboratory, while morphological and ecological differences are also apparent in the field (OECD, 2005).  

3.8 Life Cycle of Pleurotus Ostreatus
The life cycle of most mushrooms is the same or very similar but macroscopic and microscopic features are different; such morphological variations enable us to identify individual mushroom species. The general life cycle of mushrooms, start from a mature fruit body or basidiospore (Dawit Abate, 1998). The major events in the life cycle of P. ostreatus could be described as follows (Fig. 1). A single basidiospore (with one nucleus) germinates to be a mass of primary mycelium (monokaryotic mycelium), each cell of which contains a single haploid (genetically identical, n) nuclei. The primary (monokaryotic) mycelia continue to grow until the hypha fuse with the other primary hypha which has compatible mating type. After fusion (plasmogamy) between compatible primary hyphae, reciprocal nuclear migration occurs and a dikaryon (n + n) or secondary mycelium is formed with. The subsequent growth involves the synchronous division of the two nuclei in each compartment and their regular distribution as nuclear pair throughout the mycelium via clamp connections. Secondary (dikaryotic) mycelia with enough mycelia mass and appropriate environmental stimuli (cooling 10-21 o C, relative humidity 85-90%, and light requirement 1000-2000 lux, CO2 < 1000 ppm) can form the fruit bodies. During fruit body formation, nuclear fusion and meiosis occur only in the specialised basidia. Haploid nuclei migrate into a tetrad of basidiospores, external to the basidium. Each basidium has commonly four monokaryotic basidiospores. Occasionally five or more have been observed. These spores germinate into primary hyphae (OECD, 2005). Chances are 25% that a primary mycelium will meet with a compatible one. Secondary mycelia of oyster mushroom can be distinguished by the clamp connections and each cell has two nuclei. Only secondary mycelia can produce fruitbodies under the proper conditions. In the basidia of a mature fruitbody, the two nuclei fuse (karyogamy,) into one to form basidium with diploid nuclei (zygote with 2n), then pass through meiosis (recombination and segregation takes place), and produce 4 haploid nuclei. The four haploid nuclei are then made into four new basidiospores (Kang, 2004). 
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Figure 1. Life cycles of Pleurotus ostreatus (source Casselton, 1995).

3.9 Environmental conditions for mushroom cultivation

One of important factor for mushroom growing is providing an appropriate environment both for vegetative and reproductive growth. Not being protected by a skin layer, fungi are easily affected by their growing conditions. So it can be said that the success or failure of mushroom cultivation depends on the control of growing conditions. Environmental factors affecting mushroom cultivation include temperature, humidity, light and ventilation. Optimal levels of them at vegetative stage ​​​differ from those at reproductive stage (Mush, 2004). 

 3.9.1 Temperature

Temperature is one of important environmental factors that affect mushroom cultivation. However, the ambient temperature has to fit the chosen mushroom strain. For oyster mushrooms, for example, the development intensity is decreased by decreasing the temperature and stopped at 10 o C, while their heat tolerance reaches 40 o C (Daba et al., 2008).   Mushroom mycelia can survive between 5 and 40 ℃ depending on the species. Mushroom mycelia grow well with the temperature range between 20 and 30℃. Pins form at 10-20 o C, lower than that of mycelial growth by 10 o C. Temperature during fruiting body development affects the color of caps. In order to produce dark colored mushrooms, growers might want to lower temperature within the recommended growing temperature range (Mush world, 2004).                                                                                                                                 

3.9.2 Aeration    

Mushrooms, particularly oyster mushrooms, are sensitive to aeration. For outdoor cultivation of mushrooms, control of aeration is not required. But mushroom growing houses need ventilation openings (Mush World, 2004; Mush World, 2005). Ventilation is so important because it reduces metabolic gas (CO2) produced by mushroom mycelia to which most mushrooms are sensitive. High carbon dioxide concentration above the optimal causes defects in mushroom fruit bodies producing malformation of mushroom fruiting bodies (Stamets and Chilton, 1983). Growers must consider the CO2 gas concentration in the substrate containers during spawn run and the ambient O2 concentration during fruit body development. During mycelial growth, CO2 concentrations in the containers could rise up to 40%. Mycelial growth of P. ostreatus and P. florida are stimulated in the high CO2 concentrations up to 28% and 22%, respectively. The ambient CO2 concentration in the growing room, however, should be controlled by ventilation, especially during fruitbody formation and development. Under high CO2 levels or with less frequent ventilation, mushrooms produce long stipes with tiny caps, while they produce short stipes with broad caps under low CO2 levels or frequent ventilation. In P. ostreatus, a CO2 concentration higher than 1,000ppm will produce stipes that are too long and result in mushrooms of lower quality (Mush word, 2004).
3.9.3 Moisture

Water is one of the main factors that influence the success in mushroom growth.  Nutrients are transported from the mycelium  to  the  fruiting  bodies  by  a  steady  moisture  flow (Oei and Nieuwenhuijzen,  2005). High moisture content  in the substrate will  result   in  difficult  breathing   for  the  mycelium, inhibiting  perspiration, rendering  the development  of fruiting body,  even  with  elevated  inoculum  amounts   or number  of holes in mushroom  cultivation  packages,  resulting in the development  of non-desired  organisms  such as bacteria and  nematodes. Low moisture content   will result in the death of the fruiting body. The optimum moisture content for growth and substrate utilization depends upon the organism and the substrate used for cultivation. Increasing moisture level is believed to reduce the porosity of the substrate, thus limiting oxygen transfer.  For this reason, the use of high moisture content limited the growth within the whole substrate, resulting in surface growth (Patel et al., 2009). The moisture content of fresh mushroom varies with the range 70 to 95% depending upon the harvest time and environmental conditions, whereas it is about 10% to 13% in dried mushroom (Cheung, 2008). According to Chang  and  Miles  (2004), the  appropriate humidity  during  the  darkened spawn-running and  mycelia stimulation should  encompass  a range between 60-75% and 85-97%, respectively, in the environment,  enabling a satisfactory  growth of Pleurotus spp. High humidity  is favorable  for  pining  and  fruiting  (Pandey et al.,2008). 
3.9.4 Light

Photoperiod is not necessary to induce the primordium formation but it is needed for fruiting body production.  Recent advances  in  fungal  photobiology using  molecular  tools  and genomic analysis have shown specific phytochromes, photoreceptor proteins, transcription  factors,  light-regulated genes, and to a certain  extent common  regulatory  pathways  leading to  mushrooms   development   and  spore  viability  (Colavolpe and Alberto,  2014). There are species that develop in the dark and other ones in partial light. It seems likely that all mushrooms, which require light, use a common regulatory pathway for basidioma development (Kurtzman and Martinez-Carrera, 2013). Some mushrooms such as Pleurotus spp. or L. edodes require light for primordia formation (Nakano et al., 2010). In general, the photoperiod of mycelia stimulation to promote  mushroom  fruit bodies formation should  be sufficient to read a sheet of paper  (200-640 lux 8-12 h a per day) at a temperature compatible  with the mushroom  (Mejıa  and  Alberto,  2013). 

3.10 Importance of mushrooms

3.10.1 Mushrooms Cultivation and Food Security

The food value of mushroom varies according to species. Mushroom has proteins, vitamins, fats, carbohydrates, amino acids and minerals (Chang and Philop, 2004). On an average, the protein value of mushroom is twice as that of potatoes and cabbage, four-time as that of tomatoes and carrots, six-times as that of oranges. Mushrooms contain 206.27 mg of vitamin C per 100 mg of fresh fruiting body. Mushrooms contain thiamin, riboflavin, niacin and ascorbic acid, all essential for human health. The most common fats are also available in different mushrooms (Chang and Philop, 2004). 

The carbohydrate varies from three to 28 percent. The mineral content is superior to that of meat and fish and nearly twice as that of the most commonly used vegetables. Carbohydrate rate in mushroom is very low, therefore, these are mainly recommended to diabetic and anemic patients, owing to their high folic acid content (Hudler, 2000). FAO has been actively promoting mushroom cultivation for rural development and food security in developing countries (Zhang, et al., 2014).
3.10.2   Mushroom in Job Creation 
Recently, unemployment is increasing rapidly both in developed and developing countries. In this situation, self-employment can be one important way to increase employment rate for small, marginal poor farm households for generating   employment   and    earning   extra money. They can easily cultivate mushroom in their home yard because it requires small piece of land where mushrooms can be grown (Barmon, et.al, 2012).

In supporting job creation and ensuring food security, urban farming can be taken as a way out. Unlike the rural farming, the urban farming does not require vast areas. It can be practiced on small plots of farm land or at the household level.  Mushroom cultivation provides an alternative employment and it contributes food security to rural disadvantaged groups especially women and old people hence improve their   livelihood (Tibuhwa, 2013).

Cultivation of mushrooms provides full or part time employment   to   rural   and   urban   poor   and marginal people in many developing countries. Mushroom is an economically profitable and promising agricultural enterprise in developing countries. Usually, small, marginal and landless farmers are engaged in mushroom cultivation mainly because small piece of land, and little amount of money are required as capital (Ferchak and Croucher, 2001). As labor-intensive agriculture, the mushroom industry can create significant job opportunities. It was estimated that around 25 million people work in the mushroom cultivation and processing industry .The impacts of the mushroom business on livelihoods and poverty reduction are significant and wide-spread. Mushroom growing does not require significant capital investment and the scale of cultivation can be large or small based on the capital and labor availability. It can be cultivated on a part-time basis with little maintenance (Zhang et al., 2014).
3.10.3 Waste Recycling/Bioremediation
Another significant aspect of mushroom cultivation is to help reduce pollutants in the environment. Large volumes of lignocellulose agricultural residues (fish waste, vegetable materials) are generated annually through agricultural and food processing industries. These are either disposed of by burning or dumping in landfills, thus posing hazard to the environment and human health; and which would otherwise be used in the cultivation of edible and medicinal mushrooms (Atipko et al., 2008).  The waste materials are dropped into the environment and usually cause local water and air pollution. But mushroom cultivation makes us effectively utilize them for food production. In Zero Emission Research and Initiatives “ZERI” principle, the concept “Zero Emission or total productivity” was proposed. Accordingly, mushrooms drive us towards the full use of materials with no adverse impact (zero waste emission) into the environment. Theoretically there is nothing left as waste since after harvesting mushrooms the spent can be used as feeds for animals or can be used as crop fertilizers ( Chang, 2007).  

The oyster mushroom Pleurotus sp. is cultivated in many countries both in sub-tropical and temperate regions of the world. Like other edible mushrooms, Pleurotus species too can be grown on various agricultural waste products without the addition of enrichment materials (Rajapakse, 2007).  An attractive feature of this group of mushroom is due to the capacity of secreting spectrum of enzyme they can utilize a large variety of agricultural waste products containing (lignin, cellulose, starch, sugars and fermented proteins) and transform the lignocellulosic biomass into food of high quality, flavour and nutritive value (Baysal and Peker, 2001). 

3.10.4 Mushrooms as functional foods      

Functional foods are foods that have a potentially positive effect on health beyond basic nutrition. Mushrooms have become attractive as a functional   food   and as a source for   the development of drugs and nutraceuticals responsible with their antioxidant, antitumor and antimicrobial properties. Besides their pharmacological features, mushrooms are becoming more important in our diet due to their nutritional value, related to high protein and low fat/energy contents (Khatun et al., 2012).  Edible mushrooms have been widely utilized as human foods for centuries and have been appreciated for texture and flavor as well as some medicinal and tonic attributes (Manzi et al., 2001).    

3.10.4.1 Nutritional Value

The greatest difficulty in feeding humans is to supply a sufficient quantity of the body building material protein. The other three nutritional categories are the source of energy (carbohydrate and fats); accessory food factors (vitamins); and inorganic compounds which are indispensable to good health. Of course, water, too, is essential (Cheung, 2008). Mushrooms are low calorie food, rich in protein, very low in simple carbohydrates, rich in high molecular weight polysaccharides, high in antioxidants, and very low in fat. They lack cholesterol, starch, and vitamin C. They are a good source of vitamin B complex, riboflavin (B2), niacin (B3), pantothenicacid (B5), ergo sterols (provitamin D2), other substances are found such as selenium, calcium, phosphorus and potassium in fair quantity along with copper, and iron. Also high potassium to sodium ratio present in mushrooms is desirable for the patients with hypertension, also high in dietary fiber important for immune function, for producing antioxidants that reduce free radicals, and helpful in excretion of waste and prevention of constipation (Onokpise et al., 2008). 

In general mushrooms on dry weight bases, composes of, 10%-40% proteins, 2%-8% fat, 3%-28% carbohydrates, 3%-32% fibers, 8%-10% mineral (Stamets, 2005). The high nutritional value of mushrooms is due to the presence of 8 essential amino-acids, polyunsaturated fatty acids (linoleic and arachidonic acids) and reduced quantities of saturated fatty acids (Fortes et al., 2006). The desirability of a food product does not necessarily bear any correlation to its nutritional value. Instead, its appearance, taste, and aroma sometimes can stimulate one’s appetite. In addition to nutritional value, mushrooms have unique color, taste, aroma and texture characteristics which attract their consumption by humans (Cheung, 2008).

In Ethiopia hunger and malnutrition are devastating problems, particularly for the poor and unprivileged society. About 50 percent of the populations are living below the food poverty line and cannot meet their daily minimum nutritional requirement of 2200 calories (FAO, 2009). The most important forms of malnutrition in Ethiopia are protein energy malnutrition (PEM), Iodine; vitamin A deficiency disorders (Edris, 2004). An ever increasing human population and diminishing farm sizes have resulted in declining soil fertility associated land productivity and increasing poverty levels (Sanchez, 2009). Elsewhere in the world, mushrooms are consumed widely. Wide spread malnutrition with ever increasing protein gap in our country has necessitated the search for alternative source of protein because the production pluses has not kept pace with our requirement due to high population growth. Edible mushrooms are recommended by the FAO as food, contributing to the protein nutrition of developing countries dependent largely on cereals with it became a new and alternative demand for poultry and animal protein in fresh mushrooms. In general mushrooms are highly nutritious, their taste and delightful aroma makes them one of the delicious preferred foods in restaurants throughout the world (Chang and Mshignei, 2000).

3.10.4.2 Medicinal Value 

Human beings have used mushrooms as medicines for 5000 years or more (Halpern, 2010). It has been demonstrated that numerous mushrooms have remarkable bioactivities, including antioxidant, antitumor, antimicrobial such as antiviral, anti-inflammatory, and immunoregulatory anti cancer effects (Fan et al., 2004). Recently, medicinal mushrooms have attracted more and more attention as potential natural agents for the prevention and treatment of many diseases, such as cancer, cardiovascular diseases, diabetes mellitus and neurodegenerative diseases. Of all cultures, mushrooms were least valued in the West, especially in regard to their use as medicine (Halpern, 2007). But now the western countries have just started to ponder into diversity and great potential of mushrooms. Many pharmaceutical substances with potent and unique properties were recently extracted and made their way all around the world (Wasser, 2002). They are known to contain pharmacologically active components which cause no harm nor place additional stress to the body (Oyetayo, 2002). 

They are also probiotic, help our body strengthen itself and fight off illness by maintaining physiological homeostasis, restoring our bodies balance and natural resistance to disease. Mushrooms have a beneficiary effect on prebiotics in the gastrointestinal tract, helping promote healthy bacteria. They are also adaptogens; substances that help the body cope during times of stress. The compounds they contain have been classified as host defense potentiators (HDP) which can have immune system enhancement properties. That is the reason why currently used as adjuncts to cancer treatments in Japan and China (Halpern, 2007). Problems in the immune system come in two varieties. When the immune system is underactive, it makes the body susceptible to infections, cancer, and other illnesses. When it is overactive, it may create allergies and autoimmune reactions. Autoimmune means the immune system is over stimulated and mistakenly attacks the body. Diseases such as diabetes, lupus, and lymphoma are autoimmune diseases. AIDS, hepatitis, flu, and colds, on the other hand, are associated with a weakened, underactive immune system (Halpern, 2007). 

In Japan, Russia, China, and the U.S.A several different polysaccharide anti-tumor agents have been developed from the fruiting body, mycelia, and culture medium of various medicinal mushrooms Lentinus edodes, Ganoderma lucidum, Schizophyllum commune, Trametes versicolor, Inonotus obliquus, and Flammulina velutipes. Both cellular components and secondary metabolites of a large number of mushrooms have shown an effect on the immune system of the host and can be used to treat a variety of disease states (Wasser, 2002). Some kinds of mushroom polysaccharides such as Galacto-glucan (Pholiota nameko), Lentinan (Lentinus edodes), Schizophyllan (Schizophyllum commune), and Krestin (Coriolus versicolor), are currently available to the pharmaceutical industry (Wasser,2002). Polysaccharides or peptideglycan, pharmaceutically active mushroom compounds, continue to be the subject of most researches, including isolation, chemical structures and experiments in vitro or in vivo. These polysaccharides extracted from mushrooms have extraordinarily low toxicity, even at high doses, now it has been known that they can profoundly improve the quality of human health (Daba and Ezeronye, 2003).Polysaccharides from higher basidiomycetes mushroom have a promising effect for cancer treatment, anti-microbial action, since there is low concentration sodium in mushroom it is used  blood pressure lowering, liver protection, anti-inflammatory, anti-diabetic, and cholesterol lowering (Smith et al., 2002). The value of mushrooms has recently been promoted to tremendous levels with medicinal mushrooms trials conducted for HIV/AIDS patients in Africa, generating encouraging results (Chang, 2006). The carbohydrate rate in mushroom is very low (low glucose level and more mannitol), therefore these are mainly recommended to diabetic and anemic patients, owing to their high folic acid content (Hudler, 2000).  

Those polysaccharides present in mushroom have the highest capacity for carrying biological information than protein and nucleic acids because of their greatest potential for structural variability (Smith et al., 2002). The polysaccharides of mushrooms occur mostly as glucans. Some of which are linked by -(1 3), (1-6) glycoside bonds and -(1-3) glycoside bonds but many are true heteroglycans (Fortes et al., 2006). Most often there is a main chain, which is either-(1-3), -(1-4) or mixed -(1-3), -(1-4) with -(1-6) side chains (Wasser, 2002). 

Generally mushrooms contain numerous medicinal compounds such as triterpenoids, glycoprotein, polysaccharides, natural antibiotics, enzymes and enzyme inhibitors and also there are many biologically active polysaccharides in mushrooms that are not beta-glucans, such as beta-mannans, cyclo-furans, and the alpha-bound varieties that fortify health (Halpern, 2007). Pholiota nameko has medicinal properties including immune boosting and cancer fighting. According to Tabasso (2006) Galacto- glucan is water and sodium hydroxide extracts of Nameko mushroom, which has 90% efficiency against cancer. Nameko can also prevent the infection of staphylococcus, coli form, and Pneu-mobacillus (Ying, 1987). Furthermore the ethanolic extract of Nameko shows significant anti allergic effect in mice (Oxazolone-induced type IV allergy (Fan et al., 2006).

3.11 Preservation Methods of Mushrooms
3.11.1 Drying

One of the simplest and most reliable ways of preserving mushrooms is by drying them. Mushrooms should be sliced first, to quicken the process. Drying is the oldest and yet one of the most important preservation methods of a number of mushrooms. It is based on the principle that the water activity of a product is reduced at a specific level (normally less than 10%) so that it is microbiologically and physicochemically stable. Dehydrated mushrooms are also valuable ingredients in a variety of food products such as snacks, instant soups, and sauces (Krokida et al., 2003). 

Taking account the quality of the drying mushrooms, much attention is paid nowadays in the drying methods utilized, as they affect their physiology and hence their quality. Textural characteristics, namely, hardness/firmness, cohesiveness, springiness, and chewiness of mushrooms usually change during drying. Color also changes during drying; browning mostly occurs due to enzymatic or nonenzymatic reactions between carbohydrate and amino acids in high temperatures. Color, texture, density, porosity, and sorption are the properties characterized the dried products affected by temperature and duration of drying (Krokida et al., 1998).

3.11.2 Freezing

Freezing is an increasingly popular method of mushroom preservation that provides storage stability and allows mushroom consumption year round. It also offers to consumers a product with high nutritional value and quality attributes. Almost all mushroom species can be consumed as frozen products. The mushroom freezing process includes preparation steps similar to those used for canning viz. mushroom cleaning, washing, cutting, grading/sorting, and blanching. Blast freezing is the most common method used in mushrooms, followed by the cryogenic method (Jaworska and Bernaś, 2009). Blast freezers rapidly bring the temperature of foods down, freezing them extremely quickly from 25 °C to 3 °C, creating small ice crystals that damage less the mushroom cells. Freon, plate, and individual quick freezing are additional methods used in mushrooms (Coggins and Chamul, 2004).

3.11.3 Canning

Although the amount of fresh mushrooms used for canning has dropped over the last years, about 38% of them are canned nowadays, holding a major share in world trade. Through canning (sterilization), mushrooms can be stored for a period up to 2 years with storage costs being relatively low. The white mushroom has been traditionally used for canning, but other species such as P. ostreatus, L. edodes, and V. volvacea and the wild Cantharellus cibarius, Boletus edulis, and Lactarius deliciosus are also canned or bottled. In order to produce good quality canned mushrooms, these should be processed as soon as possible after harvest or stored at 4 °C-5 °C until processed. Nevertheless, storage at low temperature 1 day before canning was suggested to reduce weight loss and enhance water retention (Ahlawat and Tewari, 2007). 

3.11.4 Postharvest Handling of Mushrooms

Quality characteristics of mushrooms include many parameters such as color, size, firmness, maturity stage, clearness, blemish-free, flavor, nutritional value, and safety and are affected by pre-harvest treatments as much as postharvest processing and storage conditions (Burton. , 1989). Actually, as mushrooms continue to develop during storage; their quality seems to be determined by the stage of sporophores’ maturity at harvest (Hammond and Nichols, 1975). This stage can differ between species as for proper harvesting; mushrooms should be collected while their pilei are still closed and part of the veil is intact (e.g., Agaricus spp.), their edges are uncurled and their gills well formed (e.g., Pleurotus spp.), before the pileus is fully expanded and with the edges rolled-in (e.g., Lentinula spp.) or before volva breaks/immediately after rupture (e.g., Volvariella spp.). Nevertheless, variability as expressed by mushroom heterogeneity resulting from the different batches of mushrooms, harvested at different maturity stages, is one of the main problems in mushroom technology related with important storage losses (Aguirre et al., 2008). Throughout storage, mushroom quality is usually assessed by pileus color, transpiration and respiration rate, weight loss, and disease incidence whereas consumers’ acceptability is mainly based on the external characteristics of the product and to a less extent its taste, rendering quality an individual perception (Eastwood and Burton, 2002).
Mushrooms represent one of the most perishable commodities, being so delicate by nature that they need special postharvest treatment. As a number of physiological processes take place in freshly cut mushrooms and during storage (pileus and veil opening, stipe elongation, browning, etc.) resulting in maturation and senesce, their commercial and nutritional value can be easily decreased. The rate of which these processes occur in mushrooms during storage is affected by factors such as strain resistance and physiological behavior, room temperature and relative humidity, and the presence of microorganisms (Burton and Noble, 1993).

The most important characteristic of mushroom metabolism is the high respiration rate because of which, a constant giving off water vapor is exiting from mushroom surface resulting in constant weight loss (Nichols, 1985). In products with such high water content (>85%) and with no conventional cuticle as mushrooms, evaporation and consequently loss of weight usually have detrimental effect on quality and shelf-life. Therefore, mushroom respiration rate is an index of their shelf-life. Weight loss is greater in sliced mushrooms or whole with open veils/bruised, particular when temperature increases, humidity of the storage room is low, and partial pressure of oxygen is high. The optimum temperature of mushroom respiration activity after harvesting is 15 °C-20 °C with CO2 production rate 280 mg CO2/kg/h at 18 °C, whereas at 0 °C only 28-44 mg CO2/kg/h are produced (Hammond and Nichols, 1975; Nichols 1985). 

Spoilage of mushrooms during storage, associated with the presence of microorganisms (mainly bacteria and fungi) as well as enzymes, is another aspect of their physiology strongly affecting their shelf life (Gormley, 1975). Bacteria may activate (and increase) even in cold storage conditions and in the high-moisture mushroom surface along with the enzymatic action occurred on mushroom tissues can cause rapid deterioration of mushrooms when heated, such as tissue browning, presence of brown or yellowish spots and slime in pileus or stipe (e.g., Pseudomonas sp.), and loss of firmness. Enzymatic browning in many foods is caused by the polyphenol oxidase group of enzymes, in which tyrosinase is comprised. Although tyrosinase is particularly abundant and active in mushroom tissues, it is unable to react in intact cells. The brown color of aged or damaged mushrooms is a result of a succession of biochemical and chemical reactions of (colorless) phenolic compounds, tyrosinase and oxygen (Burton and Noble, 1993). 

High storage temperatures are responsible for the increased browning of mushrooms as a result of polyphenol oxidase increased activity (Ratcliffe et al., 1994). Non enzymatic browning is also inevitable as mushrooms contain carbohydrates, proteins, and amino acids that interact and (particular at temperatures above 5 °C) can result in tissue darkening. Browning reactions in fruits and vegetables comprise as a serious problem in the Food Industry and is one of the most detrimental factors to mushroom’s quality, followed by the loss of texture and cap opening and they are usually encountered by sterilization and blanching (Burton, 1986).  

3.12 Uses of Spent

Used or “spent” substrate is a highly organic material that can be used on vegetable and flower gardens and tree nurseries and may be promoted for sale in the future. Analyses of the banana leaf straw after its use in the culture of P. ostreatus (spent substrate) has shown that the degradation of this lignocellulosic material promoted by the action of lignocellulolytic enzymes excreted by Pleurotus makes this spent substrate desirable for diverse uses, such as animal feed, mulch in agriculture and substrate for growing fungi (Gern, et al., 2010).  Mushroom spent used as organic fertilizer. The spent is made of degraded and undegraded plant polymers. Spent from already composted substrates such as Agaricus bisporus could be applied directly to fertilize the gardens and horticulture plants (Dawit Abate, 1998).

3.13 Process of Mushroom Growing

3.13.1 Pure Cultures

Culturing refers to getting started with raising mushrooms from a single cell or simple tissue of the parent mushroom. There are two mechanisms by which mushrooms can be reproduced. These are production of a mushroom from spores (similar to the seeds of plants) or by propagation of tissue extracted from a fruit body, similar to the vegetative propagation of plants (Beausejour, 1999). In practice, pure piece of mushroom tissue or spores from the inner part of the fruit body of mushroom are transferred into sterile medium for mushroom cultures (Dawit Abate, 1998). The culturing stage needs maximum care to avoid potential contaminants in the culturing environment or from culturing instruments (Beausejour, 1999). It is always advisable to carry out culturing process in an aseptic environment such as laminar flow hood. Successful culturing yields pure cultures of mushrooms. The prepared mushroom cultures must be preserved for use in the preparation of the spawn, cultivation of mushrooms, supply or sale to individuals and interested institutions, and experiments to study the biology of mushrooms. There are several methods of maintaining mushroom cultures, such as keeping cultures in refrigerators, in sterile moist grain, mineral oil, glycerol, and cryopreservation (Dawit, 1998).

  3.13.2 Spawns

Spawn is the vigorous mycelia growth of a single fungus on a chosen substrate material (liquid media, grains, saw dust substrate, wooden sticks (Fekadu Alemu, 2014).The spawn is prepared from sterilized solid organic matter, usually grains. For example, grains such as millet, rye, wheat, sorghum, and maize are some of commonly used grains for spawn preparation. Cereal grains are ideal carriers of mycelium since they contain sufficient nutrients for growth and formation of fungal mass. In all cases, the factors such as the prevailing price, easy supply (availability), grain size to be taken in to consideration when choosing grains for spawn preparation. Grains of relatively larger size and cheaper are better choices.  For spawn preparation, clean dry grains that are not damaged by insects are moistened to 40-60% water, sterilized within spawn containers, inoculated with a pure culture and kept in an incubator or at room temperature. Grains with greater than 70% water or drier than 30% are unsuitable for spawn making. Within 10-15 days (depending on the mushroom type) the mycelium fully invades and covers the substrate in the container (Dawit Abate, 1998). All operations for pure culture isolation through spawn preparation are conducted under the sterile techniques to lessen the possibility for contamination to occur. Producing spawn requires exacting laboratory techniques (Beetz and Kustudia, 2004).
3.13.3 Substrates

Substrates are organic materials from which mushrooms derive their food and on which mushrooms grow. Mushrooms as most other fungi do, secrete extracellular hydrolytic enzymes which enable them digest the large amount of cellulose, hemicelluloses, pectin and lignin contained in plant materials and utilize them. In doing so, they convert such materials into protein rich edible biomass, the mushroom (Dawit Abate, 1998). Locally available organic materials which are mostly agricultural residues are used as substrates for mushroom cultivation (Kivaisi, 2007). Residues like peelings from cassava, straw and Stover from wild grasses, rice, maize millet, sawdust, by-products of cotton, oil palm by-products have all been utilized as potential substrates for mushroom cultivation, especially Pleurotus spp (Atikpo et al., 2008). 
Wood log cultivation of oyster mushrooms is uncommon (Pavlik, 2005). Substrates such as cotton seed waste, wood chips, maize grain and wheat bran can also be used. The type of substrates used as well as bagging systems such as polyethylene bags, pottery, plastic trays, and polyester net are found to affect the yield of oyster mushrooms (Iqbal et al., 2005). Several useful organic and inorganic supplementary substrates added in smaller quantities to the main substrate. These include wheat and rice bran, chicken manure, gypsum (CaSO4) and chalk (CaCO3), oil seed cake, and molasses. The supplementary substrates are nutrient rich materials and added in small quantities (3-7%) of the dry substrate. In addition to increasing the yield, supplements have been reported to hasten the production process (Royse, 2002). Recently, in Ethiopia, teff straw, corn cobs and coffee seed waste or mixture of these are used as main substrates of mushroom cultivation. The cultivation practice is mainly in the highlands where the temperature is low (Dawit Abate, 1998). 

3.14 Mushroom Cultivation Constraints

Various items of difficulties faced by mushroom growers in adoption of mushroom cultivation technology cause technological gaps.

3.14.1 Environmental constraints 

Different lighting is required in different stages of the cultivation which has much effect on the harvest. Again different species of mushrooms require different intensity of light for their growth and development. The same holds true for the requirement of temperature and moisture. In addition mushrooms optimum pH range for their growth development.  These all environmental factors have a very strong influence on the yield of mushroom production. To monitor all these environmental conditions are difficult and labour intensive (Chang and Miles, 1989).

3.14.2 Pest and Diseases Constraints

Pests and disease occur in mushroom cultivation and can cause loss of products like in other agricultural crops. Flies, snails, mite and mice are the main groups of pests that attack mushrooms from the very culturing to cultivation and harvesting stages (Kivaisi, 2007). These include insects like Sciarids (Lycoriella mali), Scaptosids (Coboldia fuscipes), Cecids (Mycophila sp.), Phorids (Megaselia tamiladuensis) and Mite like Tarsonemus sp. and Histiostoma species. Diseases like Green mold caused by Trichoderma spp., Hypocrea caused by Hypocrea sp, bacterial brown blotch caused by Pseudomonas tolaasii and Pseudomonas agarici, Fungal brown blotch caused by Verticillium fungicola, Viral disease caused oyster mushroom isometric virus I and II were the disease isolated from oyster mushrooms (Mush World, 2004). 

3.14.3 Lack of Concept on Production Technology
Mushroom production is a complicated business as it needs training and adaptation of new modern techniques for profitability. Skilled labor is difficult to find in the contribution to enhance the knowledge about the cultivation of mushroom. And this was identified as constraint by the formers for expansion and for the continuation of the cultivation. On top of poor post‐ and pre‐harvest handling facilities capacity of smallholders and private sector is at its nascent stage in using pre‐and post harvest handling technologies and know‐how. The art and science of mushroom growing are not known in many countries; rather it is a new type of technology and production system. Lack of skilled labor on production, processing, etc that can meet the demand of emerging mushroom farms; and dearth of qualified personnel in the area of production, research, and extension. And apart from the different phases of mushroom production that occur in phases, good knowledge of mycology, microbiology, biochemistry (fermentation) and environmental engineering must be well known to commercial growers (Tripathi, 2005).
.

                                                                                                                                      4. MATERIALS AND METHODS

4.1 Description of the study area

The study was conducted in Nekemte City at Wollega University from January 2017 to September 2017. The town is located at 331 km west of Addis Ababa. Nekemte is the capital city of east Wollega Zone, Oromia Regional State, west Ethiopia. It is located at 9o5’N and 36o33’E with altitude of ranging 1300-3140 m above sea level within dega climatic classification. The area has anual average temperature of 20 °C and mean annual rainfall of 2150 mm. March is the hottest month of the year and July is the coldest month of the year (Abreham kebede et al. 2018).
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Figure 2. Map of the study area. (Source: Oromia urban institute western branch office, 2018)

4.2 Culture Source and Culture Transfer
The Culture of Pleurotus ostreatus (Oyster mushroom) was obtained from the Mycology Laboratory, Department of Biology, Addis Ababa University, Addis Ababa, Ethiopia. The pure culture of Pleurotus ostreatus was transferred to potato dextrose agar (PDA) plates and slants. The plate subcultures were stored at room temperature (22±2 o C) for 7 days.  The slants were kept in a refrigerator at 4±2 o C.  Non-contaminated plate cultures were directly used for the spawn preparation. The contents in the contaminated plates were removed after steam sterilization.  

4.3 Spawn Preparation
Following the method used by Beje Gume et al. (2013), in this study, the spawn (mushroom seed) of Pleurotus ostreatus was produced on sorghum grain (95%) and shredded wheat (5%). The required amount of clean sorghum grains were weighed and soaked overnight in a sufficient amount of water. After the grains imbibed and reached 60% moisture (i.e. rose to 60% weight), the grains were mixed with 5% shredded wheat and 1% gypsum and packaged (leaving air space) in different glass jars of 300-500ml volume. The packaged content was then steam sterilized in autoclave at 15 psi for one hour. After cooling, the jars containing sterile sorghum grains were inoculated aseptically by transferring approximately 1 cm2 of fungal blocks from   plate culture by slicing into pieces using sterile scalpels under laminar flow hood. Thereafter, each jar was kept at room temperature (22±2 o C) and was inspected until the grains had been fully colonized by mycelia and the spawn turn white (cottony) in the jars. The jars were shaken in the 3rd and 8th days to hasten through invasion of the grains by mycelia. Contaminations were inspected at five days interval. 

4.4 Mushroom growing room

Aseptic room 160 cm by 320 cm was prepared at Wollega University, Biology Department Research Laboratory ahead of time by washing the walls, the sealing and the floor using detergent (savlon). Shelves were set in the room that accommodated 45 treatment bags. Windows were closed and covered with thick cartoons to create dark environment for incubation of mushroom bags.  

4.5 Main substrates

Four different types of main substrates, namely leaf litters of Wanza (Cordia Africana), Bisana (Croton macrostachyus), Eucalyptus tree (Eucalyptus camaldulensis and Khat (Catha edulis ) were used. Cordia africana and Croton macrostachyus leaf litters were collected from Nekemte preparatory School campus.  The Eucalyptus camaldulensis leaf litters were collected from Burka Jato Sub City in Nekemte City. The Catha edulis leaf litters were collected from khat vending houses
4.5.1 Designation of the main substrate (life litters)

Cordia africana (Ca), Catha edulis (Ce), Croton macrostachyus (Cm), Eucalpytus camaldulis(Ec)
The following are their combination  EcCe (combination of Ec and Ce), EcCm (combination of Ec and Cm), EcCa (combination of Ec and Ca), CeCm (combination of Ce and Cm), CmCa (combination of Cm and Ca), CeCa (combination of CeCa), EcCeCm (combination of Ec,Ce and Cm), EcCeCa (combination of Ec,Ce and Ca), CeCmCa (combination of Ce,Cm and Ca), EcCmCa (combination of Ec,Cm and Ca) and EcCeCmCa (combination of Ec,Ce,Cm and Ca).
4.5.2 Substrate Preparation and Combination
The leaf liters were mechanically chopped manually, as it was mentioned in Figure 3, into small pieces using hammer mill. Leaf litters of Cordia africana, Croton macrostachyus, Eucalyptus camaldulensis and Catha edulis were used separately as well as in combination as substrate. Equal amounts of substrates were combined in many ways. The substrates were paired and combined with each pair representing 50% (200 g: 200 g) by weight.  Again they were combined in three each representing 33.33% (133.33 g: 133.33 g: 133.33 g) by weight. Further, the substrates were combined by four where each represented 25% (100 g: 100 g : 100 g : 100 g) by weight.  To about 80% of each substrate, 10% of cow dung, 8% of shredded wheat and 2% wood ash were added on dry weight basis (Fikadu, 2014). 


                     Figure 3.   Substrate preparations
4.5.3 Substrate sterilization and cultivation of mushroom

The substrates were put into plastic bags of 20x30 cm size at the rate of 400 g main substrate in triplicate. Each bag was labeled according to substrate they contain and autoclaved at 15 psi for 1 hour and kept in laminar flow hood until they cooled down. There were 45 treatments (triplets of the four substrates and their different combinations). The transparent polyethylene bags were sterilized by immersing into 75% ethanol and washed with   sterile distilled water. A 40 g (10% of the substrate) of Pleurotus ostreatus spawn was aseptically added into the polyethylene bags using sterile spoons inside laminar flow hood. This percentage of spawn is nearly an average of 1-20% amount complained as “uneconomical” (20%) and “under spawning” (1%) by Kivaisi (2007).  Following the method described in Mush World (2005), the 1st and the 2nd replicate bags were  spawned by localized spawning at the open end and at three locations (top, middle and bottom), respectively. The 3rd replicate bag was spawned throughout by mixing of the spawn into the substrate. Then the open end of the bags was tied using rubber bands and small numbers of holes were made using sterile needle to allow air exchange in bags. Finally, all the bags were incubated on shelves in a completely randomized design.

4.5.4 Incubation and Control of the Environment
All the inoculated bags were incubated in a complete darkness. Fresh air exchange between the dark room and the outside environment was allowed by opening windows at night.  Plastic containers were filled with water and placed open at every corner of the dark room to maintain appropriate humidity in the room for the mycelia growth. In addition, water was sprayed manually on the walls. This condition can maintain approximately 70-80% humidity as suggested by Oei (2005). After 20 days of incubation, close observation of the bags were made to recognize complete spawn run and primordial formation.  

4.5.5 Mycelia Growth Measurement
The treatment bags were inspected on weekly basis for appropriate mycelia growth and contamination (any if). Generally, mycelium running is an extension and colonization of fungal hypha throughout the leaf litter. Mycelia extension through the substrates in the treatment bags were measured using transparent graduated ruler following the method used by Rajapakse et al. (2007) and the data were recorded. 

4.5.6 Induction of Fruiting
After the incubation period, when the bags were completely colonized by the mycelium, the bags were opened to induce formation of fruit bodies (Kivaisi, 2007). Holes (approximately 2cm in diameter) were made in the sides of bags to allow pinheads to emerge. The bags were watered three times a day.

4.5.7 Harvesting and Yield Measuring 
Mature mushrooms were picked by hand without harming the substrate when they started to wrinkle-ripe. This was done for four consecutive flushes. For incubation between flushes, the bags were not watered for 5 days. Following the method of Iqbal et al. (2005), the yield parameters were recorded with respect to time (days) taken for completion of spawn running, time taken for the first appearance of pinhead formation, time taken for maturity of fruit bodies, number of flushes, time interval between flushes and yield of flushes for the treatment substrates.  The pileus diameter and the stipe length were measured with graduated transparent ruler following the method of Onuoha et al. (2009). Mature mushrooms were weighed with beam balance to determine the biological efficiency and quality of mushrooms produced from the substrates. The average bioconversion efficiency of harvests was computed according to the following formula (Peng, et al., 2000). 
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4.6 Data Analysis
Data were analyzed statistically on the basis of substrate and yield per flush and of total flush using SPSS window version 20.0, SPSS Inc, Chicago, IL, USA. Analysis of Variance (ANOVA) was used to indicate the significant differences between mean values at 95% confidence interval. Effect of leaf litters on yield parameter of mushroom was compared with LSD test.

5. RESULTS

 5.1 Pure Culture and Spawn
The oyster mushroom completely covered the Petri dishes in 7 days on PDA media. It appeared cottony in color (Fig. 4a). Once a pure culture of mushroom is obtained, the spawn could be made from it. Fully white mycelia invasion of P. ostreatus was observed on sorghum after 21-25 days of incubation (Fig. 4b) and was ready to be used for the inoculation of the solid substrate.
5.2 Vegetative Growth of the Mushroom on Substrates
Different bags were used to evaluate mycelium extension using different locally available leaf litters (Table 2 and Fig. 4c).  There were significant (P≤0.05) differences in the mycelial extension of oyster mushroom grown on different substrates (Table 2). Accordingly, Ce  showed the fastest mycelial extension followed by Ec. However, CeCmCa exhibited the lowest mycelial extension (Table 2). The mean values of mycelial extension (cm/day) were found proportional to the mycelia extension on 7th and 14th days (Table 2). There were  significant (p<0.05) differences in the days required for complete colonization of the leaf litters that received different treatments  with the lowest and the highest days being 23.00 and 37.33 days, respectively (Table 2). The highest running rate in length was observed in Ce (7.30 cm on 14 days) followed by Ec (7.20 cm on 14 days). The lowest running rate in length of mycelium was observed in CeCmCa (4.53 cm on 14 days; Table 2).  According to this result, the highest average day required for the complete colonization was 37.33 days.
Table 2. Mycelial extension corresponding to substrate treatments

	 Leaf litters (substrates)
	Mycelium extension 
	Mean (cm/day)
(MRR)
	Total days required for complete colonization  

	
	7 days 
	14 days
	
	

	Ec
	3.53a
	7.20a
	0.513a
	23.33c

	Ce
	3.53a
	7.30a
	0.521a
	23.00c

	Cm
	2.53b
	5.33c
	0.380c
	32.00b

	Ca
	2.36ab
	5.06c
	0.361c
	33.00b

	EcCe
	2.00ab
	5.10c
	0.370c
	32.66b

	EcCm
	2.00ab
	5.00c
	0.356c
	33.33b

	EcCa
	2.36ab
	4.96cd
	0.354c
	33.66b

	CeCm
	2.26ab
	4.90cd
	0.349c
	34.00b

	CmCa
	2.33ab
	4.83cd
	0.345c
	34.33b

	CeCa
	2.50b
	5.06c
	0.359c
	33.33b

	EcCeCm
	2.50b
	5.10c
	0.364c
	32.66b

	EcCeCa
	2.43ab
	4.93cd
	0.352c
	33.66b

	CeCmCa
	2.20ab
	4.53cd
	0.323ac
	37.33a

	EcCmCa
	2.40ab
	5.00c
	0.356c
	33.66b

	EcCeCmCa
	2.63b
	5.40c
	0.385c
	31.00ab

	%CV
	18.08
	15.27
	15.24
	12.04


 Mean values within a column with the same superscript letter(s) are not significantly different (p>0.05). 

5.3 Incubation Periods of Substrates
The leaf litters of Ce, showed shorter incubation periods (34.66 days) followed by Ec (35 days; Table 3). Longer incubation period (47.00 days) was recorded for CmCa (Table 3). Mean incubation periods of mushroom flushes showed highly significant (p<0.05) differences).  Greater than 10% CV indicates high variation in mean values of incubation periods.
The incubation period taken from the 1st flush to the 4th flushes was short for the different treatments and did not show (at p>0.05) variation (Table 2).  
Table 3. Incubation periods of   leaf litters used as substrate 
	Leaf litters
(substrates)
	Inoculation to 1st flush  
	1st -2nd flush 
	2nd -3rd flush 
	3rd -4th flush 

	Ec
	35.00d
	10.00ab
	10.33a
	10.00 a

	Ce
	34.66d
	10.00ab
	10.33a
	10.00 a

	Cm
	44.00b
	10.00ab
	10.00a
	10.00 a

	Ca
	45.66a
	10.00ab
	10.33a
	10.00 a

	EcCe
	44.66b
	10.00ab
	10.00a
	10.00 a

	EcCm
	45.66a
	10.66ab
	10.66a
	9.66 ab

	EcCa
	45.66a
	10.33ab
	10.33a
	9.66 ab

	CeCm
	46.33a
	10.33ab
	10.66a
	10.00 a

	CmCa
	47.00a
	12.00a
	10.66a
	10.00 a

	CeCa
	45.66a
	10.33ab
	10.33a
	10.00 a

	EcCeCm
	44.66b
	10.33ab
	10.00a
	10.00 a

	EcCeCa
	45.66a
	10.33ab
	10.00a
	9.66 ab

	CeCmCa
	46.66a
	11.00a
	9.60ab
	9.66 ab

	EcCmCa
	46.33a
	10.66a
	10.00a
	10.00 a

	EcCecmCa
	43.00b
	9.60b
	10.00a
	9.66 ab

	%CV
	8.81
	5.47
	3.00
	1.68


Mean values within a column sharing the same superscript letter(s) are not significantly different by t-test with (P>0.05); Less than 10% CV indicates less variation in mean values of incubation periods. The smaller % CV the less is the variation

5.4 Maturation duration of oyster mushroom
The mean data recorded for different leaf litters composition for pinning to maturation showed no significant variation (p>0.05). Most treatments took 3.66 - 4.33 days from pinning to maturation of fruit bodies (Table 4 and Fig. 4d, e, f).  Between 3.66 and 4.33 days, the fruiting bodies became ready for harvest (Table 4). Duration for the maturation of fruiting bodies after pinhead formation had no significance (p>0.05) variations among different substrates and replicates. 
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Figure 4. Progressive development of mushroom: (a) pure culture on PDA (b) oyster spawn ready for use (c) mycelia extension in main substrate (d) primordia formed inside bags (e) elongating pinheads (f) mature oyster

Table 4. Period of pinning-to-maturation of mushrooms in substrates

	Leaf litters ( substrates)
	1st flush 
	2nd flush
	3rd flush
	4th  flush

	Ec
	4.33 a
	4.00a
	4.00a
	3.66ab

	 Ce
	4.00 a
	4.00a
	3.66ab
	4.00a

	Cm
	4.33 a
	4.33a
	4.33 a
	4.33a

	Ca
	4.00 a
	3.66ab
	4.00a
	3.66ab

	EcCe
	4.33 a
	4.33a
	4.33 a
	4.00a

	EcCm
	4.00 a
	4.00a
	3.66ab
	3.66a

	EcCa
	4.33 a
	4.33a
	4.33 a
	4.00a

	CeCm
	4.33 a
	4.33a
	4.00a
	4.00a

	CmCa
	4.00 a
	4.00a
	4.00a
	4.00a

	CeCa
	4.33a
	4.33a
	4.00a
	4.00a

	EcCeCm
	4.33 a
	4.33a
	4.33a
	4.00a

	EcCeCa
	4.00 a
	4.00a
	4.00a
	4.00a

	CeCmCa
	4.33 a
	4.33a
	4.33a
	3.66ab

	EcCmCa
	4.33 a
	4.33a
	4.33a
	3.66ab

	EcCeCmCa
	4.33 a
	4.33a
	4.33a
	4.00a

	%CV
	3.81
	5.10
	5.88
	5.12


Mean values within a column with the same superscript letter(s) are not significantly different (p>0.05). CV for the mean values are less than 10% showing there is no significant variation of mean values.

5.5 Yield of Mushrooms Per flush

Yield of mushroom per flush (wet weight) showed significant (p<0.05) variation between treatments with application of different leaf litters combinations except the total yield (Table 5) as well as between flushes. Cm leaf litters showed the highest fresh weight (245.79 g) in first flush followed by Ec (245.39 g) leaf litters, while EcCm was found to be the least (157.45 g) in the first flushing. In the second flush, the highest yield (124.73 g) was obtained from a combination of Ec and Cm leaf litters. Ec was found to be the least (65.06 g) in the second flush. In third flush, leaf litters of Cm gave the highest yield (35.64 g) followed by EcCeCmCa (32.61 g). Nevertheless, the yield obtained from the remaining treatments was more or less small.  Relatively, compared to all the flushes, lowest yield of mushroom was obtained in the 4th flush (Table 5). Yield per flush of leaf litters showed significant (p>0.05) variations in all flushes (Table 5). Specially, high yield per flush of the substrate was observed in the first flush, while the lowest yield per flush was observed from the 4th flush. 

Table 5. Mean yield per flush per 400 g (dry weight) substrate

	Leaf litters (substrates)
	1st flush  
	2nd flush 
	3rd flush 
	4th  flush 
	Total 

	Ec
	245.39a
	65.06bc
	25.36a
	23.03b
	358.89a

	Ce
	234.39a
	77.48c
	22.04b
	22.68b
	356.59a

	Cm
	245.79a
	74.44c
	35.64a
	21.96b
	377.83a 

	Ca

	188.57ab
	84.55ab
	25.87a
	27.04a
	326.03c

	EcCe
	176.75ab
	104.21a
	20.63ab
	22.01b
	323.60c

	EcCm
	157.45c
	124.73a
	21.81b
	23.82b
	327.63c

	EcCa
	189.69ab
	92.22b
	21.87b
	27.18a
	330.96c

	CeCm
	229.43a
	70.84c
	18.22ab
	22.04b
	340.53b

	CmCa
	231.34a
	68.80bc
	23.76b
	22.52b
	346.42b

	CeCa
	193.74ab
	81.69ab
	23.76b
	27.69a
	326.88c

	EcCeCm
	227.30b
	67.26bc
	23.20b
	17.77c
	335.53ab

	EcCeCa
	212.95b
	78.87c
	27.85a
	17.06c
	336.73ab

	CeCmCa
	176.50ab
	102.03a
	24.95b
	27.94a
	331.42ab

	EcCmCa
	182.35ab
	101.71a
	19.96ab
	27.56a
	331.58ab

	EcCeCmCa
	184.18ab
	87.51ab
	32.61a
	26.84a
	331.14ab

	%CV
	13.95
	19.70
	18.95
	14.74
	4.47


Mean values within a column with the same superscript letter(s) are not significantly different (p>0.05). 

5.6 Yield Parameters of Oyster Mushroom
The highest number of fruiting bodies was collected from leaf litters of Cm (26.99), while a combination of Ec, Ce, Cm as well as the combination of Ec, Cm and Ca gave the least number of fruiting bodies (23.99) (Table 6). Pileus diameter was found maximum for the samples collected from leaf litters composed of Ec and Cm (5.03 cm) but minimum for the sample collected from CeCm (4.77 cm) with no significant (p>0.05) variation. The shortest stipe length of oyster mushroom was observed in EcCm (1.98cm) and the longest stipe length seen in Ce and EcCeCm (2.16cm). The stipe length of all the samples did not show significant variation among the different treatments. The highest total wet/fresh weight of mature mushroom was recorded from leaf litters of Cm (377.83 g) and the least total fresh/wet weight was recorded from EcCe (323.60 g) (Table 6).

Table 6. Effect of leaf litters on yield parameters of mushrooms

	Leaf litters
(substrates)
	Mean yield measures /400 g substrate
	No of matures
	W/t of mature

	
	Pileus diameter (cm)
	Stipe length (cm)
	
	

	Ec
	4.83a
	2.12a
	24.65ab
	358.89b

	Ce
	4.78a
	2.16a
	25.32a
	356.59ab

	Cm
	4.82a
	2.14a
	26.99a
	377.83a

	Ca
	5.01a
	2.06a
	24.98ab
	326.03d

	EcCe
	4.95a
	2.06a
	24.99ab
	323.60d

	EcCm
	5.03a
	1.98a
	24.99ab
	327.63bc

	EcCa
	4.85a
	2.08a
	24.98ab
	330.96bc

	CeCm
	4.77a
	2.14a
	24.66ab
	340.53c

	CmCa
	4.81a
	2.11a
	25.32a
	346.42c

	CeCa
	4.98a
	2.03a
	24.65a
	326.88d

	EcCeCm
	4.80a
	2.16a
	23.99ab
	335.53bc

	EcCeCa
	4.93a
	2.05a
	24.32ab
	336.73bc

	CeCmCa
	4.95a
	2.01a
	24.32ab
	331.42bc

	EcCmCa
	4.98a
	2.04a
	23.99ab
	331.58bc

	EcCeCmCa
	4.91a
	2.04a
	24.66ab
	331.14bc

	% CV
	1.81
	2.72
	2.90
	4.47


Mean values within a column sharing the same superscript letter(s) are not significantly different by LSD test with (P>0.05). % CV of mean values shows the variation is insignificant.

5.7 Biological Efficiency of Substrates
Biological efficiency of different locally available leaf litters of the study area were test against total mushroom productivity and result showed that highest biological efficiency was recorded with leaf liters of Cm, followed by Ce. The least was recorded with the leaf litters of EcCm but there was no significance variation between the rests.
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Figure 5.   Biological efficiency of the oyster mushrooms grown on different leaf litters
6. DISCUSSION

Cultivation technology of edible mushroom is very common practice worldwide as it is one of the forthcoming technologies, but in Ethiopia this technology is on infant stage. Although there are abundant amounts of agricultural wastes and leaf litters and suitable prevailing temperature in western parts of Ethiopia for cultivation of edible mushrooms, there is no published information regarding cultivation of mushrooms in and around Nekemte.  As a result, practice and knowledge of cultivating edible mushrooms, whether exotic or indigenous, is very scarce and not yet started in the current study area. 

In the present study the length of complete mycelia invasion in the substrate bags were measured at 23 to 37.33 days. Similarly, Asefa Keneni and Geda Kebede (2017) reported that the total days required for complete colonization of substrate in all treatments was 15 days, which is by far less than the present study which required longer days for complete colonization of the leaf litters. According to Beje Gume et al. (2013) complete mycelial invasion occurred in the range of 17-23 days, which not in line with the present study. In general compared to researches reported by Asefa Keneni and Geda Kebede (2014), Asefa Keneni and Geda Kebede (2017), Beje Gume et al. (2013) and Mekonnen Haileselassie and Semira Teklay (2014) the present study indicated that slower mycelial run and longer time taken for complete colonization. This is may be due lack of or shortage of easily assimilated carbohydrates, since same variety of leaf litters may not store soluble sugars and may be due to the cooler temperature during the experiment.
Almost all leaf litters with faster mycelia extension produced higher yields, there is also significant variation among leaf litters in mycelial extension and therefore, it may be possible to construe the faster mycelia invasion as indicative of the higher yield. Regarding incubation period, Ce gave the shorter incubation periods (34.66 days) on average  and the combination of CmCa leaf litters gave the longest incubation periods (47.00 days) to the 1st inoculation to flush.
According to Mekonnen Haileselassie Mekonnen and Semia Teklay (2014) the lowest incubation period is observed in cotton hull (18 days) and the longest incubation period was seen in saw dust (33 days), which is slightly lower than the present study. Again the probable reason is the cooler temperature during the experiment or it may be due lack of or shortage of easily assimilated carbohydrates or both. It general, takes longer period for incubation of oyster mushrooms at lower temperatures and relative humidity (Daba et al., 2008). It is clearly stated that incubation periods of the first pinning were similar with 35-51 and 46 days reported by Pathmashini et al. (2008) and Peng et al. (2000), respectively.

The incubation period taken from the 1st to 2nd flush, 2nd to 3rd flush and 3rd to the 4th flush occurred in shorter times in general and there was no significance difference between each treatment.  In this study, the incubation period taken from the 1st flush to the 2nd flushes, from 2nd to 3rd and from 3rd to 4th flushes followed similar trends except inoculation to the first flush which resulted in the highest mean duration of time required for the completion of oyster mushroom. Incubation periods between flushes of the current study took longer days than that of Beje Gume et al. (2013) except between the first and the second flush. He reported that the mean duration of incubation between the first and second flushes was 12 days where 12±6.3 days recorded. It took 7.6±2.3 days for substrates to incubate from the second to the third flushes and 6.4±2.5 from third to fourth flushes, which took slightly shorter days than the present study. This is most probably due to the cooler temperature during the conduction of the experiment of the current study. Longer days of incubation from flush to flush of oyster mushroom in the present study  was 10.66 on average while the shorter days was 9.33 days on average for all four flushes and all flushes followed the same trend. There is no significant variation among incubation periods between different flushes.  

Duration for the maturation of fruit bodies after pinhead formation had no significance variations among different substrates and replicates it took 3.66 to 4.33 days in most cases. However, Beje Gume et al. (2013) has obtained the period of pinning-to-maturation of Pleurotus ostreatus mushrooms, the shortest mean duration was 3.3 days and the longest was 6.0 days throughout the treatment substrates and flushes.  According to Asefa Keneni and Geda Kebede (2017), maize leaves and sheath combined with coffee seed wastes indifferent proportion showed mean periods from pinning to maturation longer days compared to the present result.  In contrast, lowest incubation period for pining to maturation was reported by Islam et al. (2009), with the range of maturation period (3.29-4.33) which is in line with the present study. No significance differences between mean incubation periods of the flushes and flush-to-flush interval of 1st-2nd flush 2nd -3rd and 3rd-4th. The variation in the consecutive flushes from the 1st spawn run and pinning can be associated may be with difference in solubility of nutrients in different leaf litters. The narrower variation between 1st - 2nd flushes, 2nd - 3rd flushes and 3rd - 4th flushes can be associated with readily available nutrients as an effect of degradation of substrates by the mycelia of the preceding growths.
Regarding yield of mushroom per flush, in the first flush Croton macrostachyus leaf litters gave the highest fresh weight of 245.79 g per 400 g followed by Eucalyptus camaldulensis leaf litters 245.39 g per 400 g, while combination of Eucalyptus camaldulensis and Croton macrostachyus leaf litters gave 157.45 g per 400 g, found to be the least.  From this investigation, in all the treatments comparable yield of mushroom were obtained in 3rd and 4th flushes.  Generally yield decreases as flush number increases.  This observation was greater than the report of Beje Gume et al.(2013) and less than that of Asefa Keneni and Geda kebede (2017) in BE. In case of Asefa Keneni and Geda Kebede (2017) all substrates from maize leaves and sheath together with different proportion of cotton seed wastes gave more than 100% BE. According to Beje Gume et al (2013) all of the substrates had yield ranging from 29.07-77.38%. On average, mushrooms yields were highest in the first flush then declined gently in the second and third flush then fourth flush.  Similarly, Kimenju et al. (2009) indicated that yields in substrates gently decline from the first flush to the forth flush. The least result was recorded from the third and fourth flushes. Results reported from different investigators varied from 3-6 flushes from the same Pleurotus species; Tan (1981) obtained 3 flushes, Iqbal, et al. (2005) obtained 3-4 flushes, and Bhatti (1984) got 4-6 flushes from different substrates. In contrast to other researchers the results of this study indicated that all the pure substrates and all the combinations of substrates gave yields for higher number of flushes (4-flushes). Beje Gume et al. (2013) obtained in the 4th flushes yields only from combined substrates (results from uncombined substrates in the fourth flush were totally absent).
 Concerning to effects of leaf litters on yield parameters of mushroom, the lowest and highest pileus diameter was obtained from CeCm and from EcCm ( 4.77 cm and  5.03 cm), respectively.  Kimenju et al., (2009) reported slightly different results from sugarcane bagasse (4.8 cm) and saw dust (3.4 cm). This result is also slightly differ from Beje Gume et al., (2013), who reported mean pileus diameter of mushrooms that ranged from 3.8 to 5.2 cm and slightly lower than report of Asefa  Keneni and Geda Kebede,(2017), who reported the pileus diameter ranging from 6.5 to 8.7 cm. Big mushroom  with wider pileus diameter occurred where fewer numbers of fruit bodies accompanied bunches from the same origin in the substrates. This may be because lesser localized competition exists in fewer fruit body containing bunches. Totally there was no significant different in cases of stipe length (cm) among all leaf litters. It was observed that oyster mushrooms with wider pileus had shorter stipe and oyster mushrooms with smaller pileus had longer stipe. Islam et al. (2009) reported the longest stalk from Kadom sawdust (3.59 cm) and the shortest from Coconut sawdust (2.20 cm) which is greater than the current study. Regarding acceptable food quality of oyster mushrooms, fruit bodies with larger pileus and shorter stipes are better than that with smaller pileus and longer stipes. However, the stems contain more insoluble dietary fibers that can be used for the preparation of biologically active polysaccharide complexes utilizable as food supplements than pilei (Synytsya et al., 2008).

Generally, substrates with lower yield gave mature oyster mushrooms with shorter mean stipe length, longer pileus diameter and less number of mature mushrooms. The opposite was true in case of mushrooms from substrates of higher yield. However, the mean differences of pileus diameters and stipe lengths of mushrooms obtained from different treatment substrates were insignificant. This contradicts the result observed by Kimenju et al. (2009) in which both of the parameters were significantly affected by different substrates. Mostly, the numbers of mature mushroom were the highest at the first flush and fall with the consecutive flushes. This might indicate that vigorous primordial formation occurred in the substrates after the longest period of incubation just before the first flush which might fall with exhaustion of the raw material and period of incubation between flushes. 

In this study, the highest BE was recorded from Croton macrostachyus (94.45%) and the lowest was from EcCe (80.90 %) respectively. The total yields of pure substrates such Cm gave relatively higher yields than other alone or combination with others. Ec and Cm gave the highest yield when not combined but gave almost the least yield when combined, which is to the opposite of Beje Gume et al.  (2013) who reported that Sawdust of Cordia africana (sd1C) gave the least percentage of BE (29.07%) whereas combination from the four substrates, of saw dust of wanza (C. africanas), saw dust of kerero, corn cobs and coffee been husks (sdZcCh) showed the highest BE (77.38%). In general the biological efficiency of the present study is in the ranges of other researchers report. Alam et al. (2007) have observed that the biological efficiency ranged from 45.21 to 125.70% in the case of oyster mushroom. Aster Shimelis (2011) reported that high biological efficiency (98.57%) was obtained from aerobic composted coffee husk when it was supplemented with 10% wheat bran, 8% chicken manure and 2% ash. What was observed in the present study (concerning BE) is not far from this report though there were no such additional nutrients done. The fresh mushroom yield or biological efficiency of a species is directly related to strain and substrate nutrition (Upadhyay et al., 2002). 

In general, different leaf litters treated in this study showed the possibility and suitability for cultivation of Pleurotus ostreatus with relatively high biological efficiency (Croton macrostachyus produced 94.45% biological efficiency and combination of Eucalyptus camaldulensis and Catha edulis produced 80.09% all the other leaf litters produced between 80.90% and  94.45% biological efficiency).

7. CONCLUSIONS AND RECOMMENDATIONS

7.1 Conclusions

■ All leaf litters treated in this study gave high yields of Pleurotus ostreatus which indicated the possibility of oyster mushroom cultivation on the locally available leaf litters which are simply wasted in environment. 

■ With regard to the amount of yield obtained, Bisana (Croton macrostachyus, Eucalyptus camaldulensis and Catha edulis performed the best, followed by combination of all others.     Though uncombined substrate produced higher yields than the combined ones, it is yet difficult to conclude that uncombined leaf litters produce higher yields than the combined ones.            
■ Incubation periods of all leaf litters were relatively longer than reported by several researchers. This could be linked to the cooler temperature as well as the types of substrates used even though relative humidity of the area was conducive in the current study area.  

■ Although there was variability among substrates in the number of yields per flush they gave, the results in this study showed that four consecutive oyster mushroom flushes can effectively be harvested from all of substrates. According to the findings, both the pure and combination of substrates could produce four flushes. In general the first flush gives the highest yield followed by the second, third and fourth flushes in all of the substrates. 

7.2 Recommendations

Based on the result of this study, the following recommendations are given:

· Further studies considering variety of leaf litters should be carried out in the same field as there is scanty information on mushroom cultivation in Nekemte city.
· Mushroom cultivation is one of the best solutions to alleviate poverty problems especially in the third world countries like Ethiopia whose economy is based mainly on agriculture.  So, researchers and respective institutions should initiate the process of conducting experiments on mushroom cultivation following standard research procedures.   
· Hence, NGOs and other related organizations, especially those who work on food sustainability should establish spawn production enterprises in collaboration with research centers to provide mushroom cultivators that hopefully improve the food production system, fill the protein gap, and consequently solve malnutrition problems.  
· It may also necessitate formal education and/or long or short term trainings on mushroom cultivation.  
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