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The present study proposes the objective of comparing the effects of four 
substrates and five doses of urea for the identification of best substrate(s) 
and optimum dose(s) of urea on growth and yield of an oyster mushroom 
(Pleurotus ostreatus). To achieve this objective, the study took place in 
Nyagisozi Sector. Two factors were studied; the first was substrates (Beans 
straw, maize cobs, penissetum and rice straw), the second factor was doses 
of urea (0g, 50g, 75g, 100g, 120g) which made a total of 20 treatments and 3 
replications in experimental design of Randomized Complete Block Design. 
The observed parameters were number of mushroom per tubes, cap 
diameter, stem height and total yield of mushroom measured from August to 
October 2012 from three flushes. Results showed that the highest mushroom 
yield was observed with maize cobs substrates supplemented with 100 g of 
urea (1993 g/tube of spawn) followed by maize cobs substrates 
supplemented with 75 g of urea (1833 g/tube of spawn), beans substrates 
without urea (1800 g/tube of spawn) and substrates of beans straw 
supplemented with 120 g of urea got the lowest yield of 1350 g/tube of 
spawn. The highest cap diameter (18.43cm) and number of mushroom per 
tube (11.33) were observed also on maize cobs substrates supplemented 
with 100 g of urea. However, the highest height of stem (9.33cm) was 
observed on rice substrates supplemented with 75 g of urea. Therefore, 
according to the performance observed, these findings suggested that the 
recommended substrates are maize cobs substrates combined with 100 g of 
urea and beans substrates without urea, and could be associated to any 
other potential yielding substrates for the increase of the production of 
mushrooms. 
 
Key words: Substrates, doses of urea, growth and yield, Pleurotus ostreatus, 
greenhouse. 

 
 
INTRODUCTION 
 
In Rwanda, the agriculture is confronted with the decline of 
arable land and soil continual becomes infertility. Rwanda’s 
agriculture sector strategy aims to increase rural incomes, 
and to enhance food security converting agriculture into 
available sector by shifting from subsistence to market 
based activities. To avoid mal nutrition in terms of food 
deficiency and to manage small soil arable more than usual 
has become necessary to use the crops which don’t require 

great extents of the soils and can increase the incomes of 
households in the country like Rwanda (Nita, 2002).  

Mushrooms have high nutritional and medicinal quality 
food. They are rich in protein or minerals. Although, the 
food insecurity due to small size of arable land, soil 
infertility and declining soil arable; the mushroom 
cultivation is suitable for Rwanda (Oei, 2003; 2005). They 
can   grow   on   small   surface  area, grown  with substrates  
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(agricultural or industrial wastes) and produce high yields 
hence increase livelihoods of Rwandan (Oei, 1991; 2003; 
2005).  

The widely cultivated species in Rwanda is Pleurotus 
oestreatus. Lateral cap is open and flat, fan shaped. On the 
contrary, lopsided cap is shallow cap shaped. There are 
altogether 50 species in Pleurotus which are known all over 
the world (Mukafuremu, 2006).  

Oyster mushrooms can help to reduce vulnerability to 
poverty and strengthen livelihoods through the generation 
of a fast yielding and nutritious source of food and a reliable 
source of income. The edible mushrooms have several 
advantages: high production per small surface area ; 
healthy food over many other crops, like nutritional value 
(vitamins, proteins, minerals, fat and carbohydrates) ; the 
mushrooms have yielded important medicines (Oei, 2003; 
2005). 

Mushroom cultivation has now become popular all over 
the world. Technoserve project is helping to grow strong 
markets that create opportunities for enterprising people in 
the developing world. This contribution was historically 
based on “Pleurotus” cultivation and the spawn production 
process was also initiated (Zhanxi and Zhanhua, 1999, 
2002; Beetz and Kustudia, 2004). From 1985, the project 
started boosting edible mushrooms in Rwanda. By 1997; 
various supports came from United Nations for 
Development Programme (UNDP) to assist community for 
mushroom cultivation and spawn making. These 
interventions were easily delivered undertaking project-
based work cooperatives (www.mushroomcompany.com). 
The need of the society in 2003 has driven the Ministry of 
Agriculture and Animal Resource to develop JUNCAO 
industry in Rwanda (MINAGRI, 2010). According to the 
same source, by 2005, Rwanda paid US$120,000 to buy the 
JUNCAO technology then started a construction of a Chinese 
government-aided JUNCAO demonstration center, at a cost 
of 40 million Yuan. Spawns are now being produced at 
Kabuye through JUNCAO technology that is implementing 
in Rwanda (JUNCAO, 2006). 

The researches done on mushroom cultivation used 
different substrates to identify which is effective in terms of 
maximum production of mushroom but, until now it is still 
in very low production in Rwanda (500-1500 g/tube of 
spawn) comparatively with the mushroom production in 
the Netherlands (6.1-9.3 kg/tube), Finland (30 kg/sq.m), 
Russian federation (65-170 kg/sq.m). This may be due to 
the insufficient nutrients content of some substrates and 
lack of appropriate species with optimum production in the 
region (Royse, 2001, 2002, 2003).  

In the world, the existing species such as Auricularia sp. 
and Pleurotus florida do not provide enough yield (Oei, 
2003, 2005). This situation does not even save Rwanda 
country. Thus, to use the appropriate substrates and 
optimum dose of nutrient is very important to increase 
such edible mushroom production. Therefore, the present 
study aimed to evaluate the effect of four substrates and 
five doses of urea on the growth and yield of P. ostreatus so 
as   to    determine   substrates  and doses  of urea which can 

 
 
 
 
be recommended for the high mushroom production. 
 
 
MATERIALS AND METHODS 
 
MATERIALS 
 
A greenhouse was used in growing mushrooms. It was 
located in Nyagisozi Sector, Nyanza District, Southern 
Province, Rwanda. It enjoyed a tropical climate moderated 
with soft temperatures of a yearly average being between 
18 and 20 oC. Such a climate explains itself by the physical 
constitution that presents the less high softer hills and 
valleys by the way of consequence, the early stake and 
vespirale of the sides, feature of the region of the central 
tray, eases the times brightened of the thermal balance 
days settles therefore enters of the days and nights. The 
sector presents a much damaged relief of which the slopes 
more or less numerous and strong region of the trays 
central, says it sector answers to the domination of the 
country of the hills, these are interrupted of numerous 
valleys where flow of the streams to water watering sweet 
potatoes or sorghum according to the seasons. 
Its design was suited to the climatic conditions, topography, 
soil texture and other factors of the project site. The 
climatic data required for the erection of the greenhouse 
model were: monthly temperatures and relative humidity 
maxima and minima, wind speed and dominant direction, 
monthly radiation and precipitations.  
The width and length of the greenhouse were fixed 
according to the topography, greenhouse model, crop type 
and crop system (soil or soil-less media).  
The greenhouse was adapted to the tropical climate and 
mushroom species tested. Its internal equipment was 
chosen according to the climatic conditions of Nyagisozi 
Sector.  
 
The greenhouse had a roof window 
 
According to the climate conditions of Nyagisozi Sector, the 
roof window stayed open or closed  because in hot periods, 
the roof window opening permitted reducing the internal 
high temperature by releasing of the heat outside; while in 
cold periods, it was possible to close the window in order to 
prevent energy loss. Likewise, the roof window permitted 
also to reduce the humidity excess in rain conditions.  

The curtains of greenhouse sides were made of plastic 
rolls that are enrolled to upper direction, opening lateral 
windows along the greenhouse side. The curtains were 
opened by manual roll-up.  

The greenhouse was covered by film plastic 180 microns 
(polyethylene). The polyethylene is the most common film 
plastic in use. It contains infra red absorbers and reflectors 
such as IR, UVA, that prevent the loss of wavelength 
radiation, preventing the loss of energy.  

Within the greenhouse, the microclimate monitoring was 
done by measuring and adjusting temperature, relative 
humidity, radiation, rainfall  and wind, using  related device  



 
 
 
 
such as thermometer, humidimeter etc. Temperatures 
varied between 18° and 28°C (with annual average 
temperature: 18-20°C), moisture/humidity varied between 
55 and 68% (by watering with direct application of water), 
air circulated freely through natural ventilation (for good 
aeration), light passed through the roof window, and pH 
varied 4 and 7.5 (with an average of 5.5-6.0). 

The heating was suitable in lower temperatures, in order 
to obtain good crop development, high yield and good 
harvest quality.  

The irrigation system was practiced using simple 
watering in the greenhouse. 

Other materials (laboratory materials etc.) were also 
used for substrates preparation, substrates sterilization, 
mushroom inoculation, mushroom incubation, mushroom 
growing and harvesting.  
 

 
METHODS 

 
Experimental design 

 
The experimental design was Randomized Complete Block 
Design (RCBD) with 3 repetitions. Two factors which are 
substrates and doses of urea were studied. The first factor 
was the substrates at four levels which are: beans straw, 
maize cobs, pennisetum and rice straw substrates, the 
second factor was doses of urea at five levels which are: 
without urea (0g), 50g, 75g, 100g and 120g of urea. In total 
they were 20 treatments (T1= Bean straws substrates 
without urea “Control test”; T2= Maize cob substrate 
without urea; T3= Pennisetum substrates without urea, T4= 
Rice straw substrate without urea, T5=Beans straw 
substrate+50g of urea, T6= Maize cobs substrate+50g of 
urea, T7= Pennisetum substrate +50g of urea, T8= Rice 
straw substrate+50g of urea, T9= Beans straw 
substrate+75g of urea, T10= Maize cobs substrate+75g of 
urea, T11= Pennisetum substrate+75g of urea, T12= Rice 
straw substrate+75g of urea, T13= Beans straw 
substrate+100g of urea, T14= Maize cobs substrates+ 100g 
of urea, T15=Pennisetum substrate+100g of urea, T16=Rice 
straw substrate +100g of urea, T17= Beans straw 
substrate+120g of urea, T18= Maize cobs substrate+120g of 
urea, T19= Pennisetum substrate+120g of urea, T20=Rice 
straw substrate+120g of urea) totaling 60 experimental 
units. The tube size for each treatment was 30 cm long and 
20cm wide. The spacing between tubes was 20 cm and 
spacing between repetitions was 30cm. The tubes were 
placed in prepared area then covered over the polyethylene 
plastic in order to facilitate air conditions suitable for 
growth of mushroom; the polyethylene plastic was opened 
1-2 times in morning and evening for 30 minutes. The 
treatments are then sprayed with small amount of clean 
water on the surface of tubes covered with a thin soil layer. 
The mushrooms were harvested carefully to protect the 
tubes and the yield was evaluated per tube and per 
treatment.  
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Substrate preparation and tubes making 
 
During the research the substrates were prepared in order 
to make tubes of spawn. The P. ostreatus were grown on 
these local substrates treated with different dose of urea 
(50, 75, 100 and 120 g). The tubes were prepared using 
different substrates such as: maize cobs; residues of beans 
straw; residues of pennisetum and residues of rice straw. 

A machine for grinding the crop residues (substrates) 
was used. After their grinding crop residues were mixed 
and filled in plastic tubes with the machine. The tubes were 
tightly closed with the ring and cup. 
 
Tubes sterilization  
 
The substrates were filled into plastic tubes and sterilized 
using a stove of vapor (constructed by the brick) for 
24hours so as to avoid the tubes contaminations with the 
pathogens. The tubes were arranged on the plank and 
covered with the sheeting. Three normal barrels are 
generally used to support one each other. The two curved 
structures on the top thus support the two first barrels. The 
3rd is fixed above them and linked up by two taps for 
temperature regulation purpose. The stove has an arch 
chamber where the fire gives out much heat and boils the 
water. Water is boiled at about 96oc. As long as temperature 
increases within the beneath barrels, hot steam rises from 
there to the wooden stand located in the sterilization.  
 
Tubes inoculation  
 
After sterilization, the tubes were cooled down for 48 hours 
and were transferred in inoculation box for their 
inoculation. This was done by sowing the spawn into 
substrates within conditions where the mycelium 
propagation period must be waited for. Bags were 
transferred in the incubation room for the day to day 
monitoring. 10 g of mushroom spawn were sowed into 1kg 
of each tube of substrate so as to remove the contaminated 
spawns. Thus tubes were treated gently (sterile conditions) 
along the whole process of the inoculation.  
 
Tubes incubation process  
 
After inoculation, the tubes were incubated for 30-40 days 
in condition where the mycelium propagation was waited 
for. 20 tubes corresponding to treatments were incubated 
and marked as T1, T2, T3, T4, T5, T6, T7, T8, T9, T10, T11, T12, 
T13, T14, T15, T16, T17, T18, T19, T20, in 3 replications. 
 
Growing and harvesting mushrooms 
 
After the incubation period, tubes containing mycelia of 
oyster mushroom were transferred to the shed so as to be 
grown where the day to day activities such as irrigation, 
aeration and harvesting were possible. The grown 
mushrooms were covered by plastic sachet so as to avoid 
high  evaporation. The  irrigation  in small quantity of water  
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Table 1. ANOVA for number of mushrooms per tube of spawn  
 

Source of variation  d.f s.s.  m.s.  v.r.  Fpr 
REP  2 7.033  3.517  1.57   
TRT  19 197.733  10.407  4.65  0.001 
Residual  38 84.967  2.236     
Total  59 289.733       

 

l.s.d: 2.472  
Source: Data analysis 

 
 

Table 2. ANOVA for cap diameter of mushrooms  

 
Source of variation  d.f  s.s.  m.s.  v.r.  Fpr 
REP  2  4.842  2.421  0.74   
TRT  19  252.639  13.297  4.04  <.001 
Residual  38  124.944  3.288     
Total  59  382.426       

 

l.s.d: 2.997 
Source: Data analysis 

 
 
 
and aeration were necessary at least twice a day (morning 
and evening). Ten days after planting, the harvesting of 
mature mushrooms (using a knife) started.  
 
Determination of the number of mushroom per tube  
 
The number of mushrooms developed on each tube 
(treatment) was counted with simple observation with 
naked eyes. 
 
Measurement of the cap diameter of mushroom at 
harvesting time 
 
By using the centimeter ruler, at the harvesting time, the 
cap of mushroom was measured by establishing the 
diameter on 5 mushrooms taken in each treatment.  
 
Measurement of the stem height of mushroom at 
harvesting time 
 
At the harvesting time the height of five mushroom selected 
was measured using a centimeter ruler in each treatment.  
 
Determination of total yield of mushroom 
 
For the total yield, mushrooms were harvested 
(sequentially ten, twenty and thirty days after cultivation) 
for each treatment and weighted tube using a precision 
balance (electronic scale). The obtained weights were 
summed up as the total yield.  
 
Data analysis 
 
Ms Excel was used for data arrangement, figure and table 
design. The Analysis of Variance (ANOVA) was done using 

GENSTAT statistical package. The Means comparison was 
done by Duncan Multiple Range Test (DMRT).  
 
 
RESULTS  
 
Number of mushrooms per tube of spawn  
 
The Table 1 below shows the results of analysis of variance 
(ANOVA) for the number of mushrooms per tube of spawn.  

The analysis of variance showed a higher significant 
difference between treatments at P<0.001(Table 1). The 
substrates in combination with urea was highly influenced 
the number of mushroom per tube, the highest number of 
mushroom per tube (11.33) was recorded in the mushroom 
treated with maize cobs substrates in combination with 
100g of urea (T14) followed by the mushroom subjected 
with T1 (10.00) and T10 (8.00) while the lowest number 
(4.67) was recorded in the mushroom treated with rice 
straw substrate and 120g of urea. The treatment fourteen 
which is mushroom treated with maize cobs substrate in 
combination with 100g of urea showed a higher significant 
difference in comparison with other treatments except 
treatment one. However, the treatments T2, T3, T4, T6, T7, T8, 
T9, T11, T13, T15, T17 and T20 were not significantly different 
at P≤0.005 (Table 5). 
 
Cap diameter of mushroom (cm) 
 
The Table 2 below shows the results of analysis of variance 
(ANOVA) for cap diameter of mushrooms. 

The results of ANOVA (Table 2) showed that the influence 
of substrates and its combination with different rates of 
urea was significantly different at P≤0.05. The largest cap 
diameter  is  recorded  in  T14 (18.43 cm)  which  is followed  
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Figure 1: Relationship between number of mushrooms per tube and cap diameter of mushrooms 
Source: Data analysis 

 
 

Table 3: ANOVA for the height of mushrooms  

 
Source of variation  d.f  s.s.  m.s.  v.r.  Fpr 
REP  2  17.812  8.906  5.97   
TRT  19  104.817  5.517  3.70  0.001 
Residual  38  56.648  1.491     
Total  59  179.277       

 
l.s.d:  2.018 
Source: Data analysis 

 
 
 
with T10 (17.07 cm), T1 (16.90 cm), T18 (16.00 cm), T5 
(15.67 cm), T9 (15.20 cm), and T15 (15.13 cm) respectively 
and is not significantly different with them but are 
significant with other treatments according to DMRT at 5%. 
The small cap diameter was recorded in T2 (10.73cm) and it 
is not significant with T3, T4, T6, T7, T8, T11, T12, T13, T17 and 
T20 (Table 5). The analysis of variance revealed that there is 
high significant difference between treatments. 

As it is shown in the Figure 1 below, there is a weak 
positive correlation between the number of mushrooms per 
tube and cap diameter of mushrooms (R2=0.36). Although, 
this means that there are the highest number of 
mushrooms per tube, and the largest cap diameter of 
mushrooms. 
 
Height of mushrooms 
 
The Table 3 below shows the results of analysis of variance 
(ANOVA) for height of mushrooms. 

The ANOVA for height of mushrooms (Table 3) showed 
that the influence of substrates and combinations with urea 
on height of mushrooms was significantly different 
between treatments. The exception concerns the 
treatments subjected to the bean straws substrates without 
urea [6.00cm (T1)], maize cob substrate without urea 

[5.833 cm (T2)], Pennisetum substrates without urea [5.667 
cm (T3)],   beans straw substrate combined with 50g of urea 
[5.667cm (T5)], maize cobs substrate combined with 50g of 
urea [5.333 cm(T6)], rice straw substrate combine with 50g 
of urea [5.00cm (T8)], maize cobs substrate combined with 
75g of urea [5.867cm (T10)], beans straw substrate 
combined with 100g of urea [4.667cm (T13)], rice straw 
substrate combined with 100g of urea [6.000cm (T16)], 
beans straw substrate combined with 120g of urea [5.100 
cm (T17)] which are not significant different at P≤0.05. The 
treatments T11, T14, T19, T9, T18, T20 and T7 are not significant 
at P≤0.05. The significance was observed in the treatment 
with rice straw substrate combined with 75g of urea highly 
significant in comparison with all others and T11, T14, T15 
are significant in comparison with other treatments (Table 
5). 

The relationship between cap diameter of mushrooms 
and height of mushrooms is described in Figure 2. The 
results showed a very weak positive correlation between 
cap diameter of mushrooms and height of mushrooms 
(R2=0.0451). 
 
Yield of mushrooms (g/tube of spawn) 
 
The  Table 4 below shows the results of analysis of variance 
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Figure 2: Relationship between cap diameter of mushroom and stem height of mushroom 
Source: Data analysis 

 
 

Table 4. ANOVA for yield of mushrooms 

 
Source of variation  d.f s.s.  m.s.  v.r.  Fpr 
REP  2 3523  1762  0.25   
TRT  19 1595240  83960  11.71  0.001 
Residual  38 272410  7169     
Total  59 1871173       

 

l.s.d:  139. 
Source: Data analysis 

 
 

 
 

Figure 3: Relationship between yield of mushrooms and number of mushrooms per tube 
Source: Data analysis 

 
 
 
(ANOVA) for yield of mushrooms measured in g/tube of 
spawn. 

The results of analysis of variance for the yield of 
mushrooms at harvesting that presented in Table 4 showed 
a higher significant difference between treatments 
(P≤0.001). However, mean comparison showed that there 
are homogenous groups between treatments (Table 5). The 
highest yield of 1993 g/tube was obtained in the 
mushrooms subjected with maize cobs substrate combined 
with 100g of urea (T14) which is highly significant in 
comparison with other treatments. It is followed by T10 

(1833 g/tube), T1 (1800 g/tube), T5 (1767 g/tube), T9 
(1750 g/tube) respectively. The lowest yield was recorded 
in T17, the mushroom treated with beans straw substrate 
combined with 120g of urea (1350 g/tube), is not 
significantly different with T20 (1383 g/tube), T19 (1400 
g/tube), T18 (1450 g/tube), T7 (1467 g/tube), T3 (1473 
g/tube) and T2 (1507 g/tube). 

We have also seen that there is a relationship between 
the yield of mushrooms and the number of mushrooms per 
tube as illustrated in the Figure 3 below. This Figure 
showed   that  there  is  a  weak  positive  linear relationship  
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Table 5. Influence of substrates and its combination with different rates of urea on growth and yield parameters of mushroom  

 
Treatment Number of 

mushrooms/tube of 
spawn) 

Cap diameter of 
mushrooms (cm) 

Height of 
mushrooms (cm) 

Yield of mushrooms 
(g/tube of spawn) 

T1 D0Sbeans straw 10.00ab* 16.90ab* 6.000bcd* 1800bc* 
T2 D0Smaize cobs 5.33cde 10.73g 5.833bcd 1507fghijkl 
T3 D0Spennisetum 4.67de 11.73efg 5.667bcd 1473ghijkl 
T4 D0Srice straw 5.67cde 13.43cdefg 4.33cd 1517fghijk 
T5 D50Sbeans straw 7.00cd 15.67abcd 5.667bcd 1767bcd 
T6 D50Smaize cobs 5.00de 12.33defg 5.333bcd 1583fghi 
T7 D50Spenisetum 6.00cde 11.67efg 3.667d 1467hijkl 
T8 D50Srice straw 5.00de 13.33cdefg 5.000bcd 1617defgh 
T9 D75Sbeans straw 5.00de 15.20abcde 4.333cd 1750bcde 
T10 D75Smaize cobs 8.00bc 17.07ab 5.867bcd 1833b 
T11 D75Spenisetum 5.67cde 12.77cdefg 7.000b 1600efghi 
T12 D75Srice straw 5.00de 14.23bcdefg 9.333a 1630defg 
T13D100Sbeans straw 5.00de 13.20cdefg 4.667bcd 1650cdef 
T14D100Smaize cobs 11.33a 18.43a 7.000b 1993a 
T15 D100Spenisetum 6.33cde 15.13abcde 6.667bc 1550fghij 
T16 D100Srice straw 7.33cd 13.33cdefg 6.000bcd 1667cdef 
T17D120Sbeans straw 4.00e 11.43fg 5.100bcd 1350l 
T18D120Smaize cobs 6.33bcd 16.00abc 4.000d 1450ijkl 
T19 D120Spenisetum 7.00cd 14.33bcdef 4.500cd 1400jkl 
T20 D120Srice straw 4.67de 12.23defg 3.733d 1383kl 

 

*Means followed by the same letters are not significantly different according DMRT at 5% 
Source: Data analysis 

 
 

 
 

Figure 4: Relationship between yield of mushrooms and cap diameter of mushrooms 
Source: Data analysis 

 
 
 
between the number of mushrooms per tube and yield of 
mushrooms per treatment. This means that, the higher 
number of mushrooms per tube the higher yield of 
mushrooms.  

The positive relationship has been observed between cap 
diameter of mushrooms and yield of mushrooms (Figure 4). 
The figure below indicated that there is weak positive 
correlation between the cap diameter and yield of 
mushrooms. This implies that, there is an increase of the 

yield of mushrooms corresponding to the increase within 
the cap diameter of mushrooms because the determination 
coefficient (R2=0.2601) illustrates that yield mushrooms 
was influenced by cap diameter of mushrooms at 26.01%. 

The impact of height of mushrooms on yield of 
mushrooms was shown in Figure 5. The correlation 
between yield and height of mushrooms was very weak 
(R2=0.1175). So, the yield of mushrooms increased with the 
taller height of mushrooms. 
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Figure 5: Relationship between yield and stem height of mushroom  
Source: Data analysis 

 
 
 
DISCUSSION 
 
This study showed that each treatment (tube of spawn) 
produced from 1350g/tube of spawn to 1993 g/tube of 
spawn of total mushroom yield. The highest mushroom 
yield observed with maize cobs substrates supplemented 
with 100 g of urea was 1993 g/tube of spawn followed by 
maize cobs substrates supplemented with 80 gr of urea and 
beans straw substrates without urea respectively with 
1883 g/tube of spawn and 1800 g/tube of spawn. These 
results may be due to the content of maize cobs substrate 
and the urea quantity (100 g) applied in this treatment 
where the nitrogen plays an important role on mushroom 
yield (Oei, 2005).  

From results observed in all treatments; the yield and 
growth parameters differed with different urea quantities 
applied on different substrates. The dose of 120 g led to 
lowest yield on all substrates. These results were due to the 
excess nitrogen concentration that can influence the growth 
and yield of mushroom, as Oei (1991, 2003, 2005), in the 
similar study, demonstrated that the urea affects negatively 
the yield of mushroom.  

The treatment of beans straw substrates without urea 
had the yield of 1800 g/tube of spawn whereas beans straw 
substrates supplemented with 120 g/tube of spawn of urea 
got the lowest mushroom yield (1350 g/tube of spawn).The 
application of urea on beans substrates is not necessary 
because the good performance of beans straw substrates 
was due to their self nitrogen composition. As reported by 
Rinker (1991) and Rulinda (2009) in similar studies, the 
nitrogen content is available in beans straws through 
absorbing capacity of the substrates in atmosphere using 
their node; means that beans straw substrates are self 
sufficient in terms of nutrient required by mushroom 
growth without urea additional. This was also confirmed by 
the results from Mukafuremu (2006) who found that beans 
substrates without urea got highest yield of 1646 g/tube of 

spawn /8vole followed by wheat straw and maize straw 
without urea with 1053 g/tube of spawn /7vole.  

Royse (2001, 2002, 2003) found that maize cobs 
substrates needed urea for the best mushroom growth. He 
also reported that, in general, cereals substrates need the 
same quantity of nitrogen for mushroom growth. 
Therefore, these statements are in accordance with findings 
of this study justifying the fact that the highest cap diameter 
(17.50cm) and number of mushroom (10.33) were showed 
by maize cobs substrates supplemented with 100 g of urea 
and the highest height of mushroom stem (9.33cm) was 
showed by rice straw substrates supplemented with 80 g of 
urea. These parameters are positively correlated to the 
mushroom yield. In the similar study, Lin (2001) reported 
that the same results were also due to substrates 
composition such as nitrogen content that should be 
between 1.5 to 2.0 %, color that should be dark brown, pH 
that should be between 5-6.0; nematodes population that 
should be free from insects and other undesirable micro-
organisms and moisture content that should be between 
65-70%. Likewise, the mushroom yield starts to decrease, 
and its production may be affected by the quality of spawn 
used and the intrinsic factor (Pleurotus ostreatus).  

Based on these results of the study maize cobs substrates 
with 100g of urea are recommended and beans straw 
substrates can be recommended without urea. 
 
 
Conclusion 
 
It was revealed from results of this study that all substrates 
and doses of urea tested (simple substrates or in 
combination with doses of urea) significantly produced 
positive effects on growth (as increase of the cap diameter, 
height of the mushroom etc.) and development of 
mushrooms, Pleurotus ostreatus, (as the increase of number 
of  mushrooms  per  tube, weight  of   mushrooms   per  tube  



 
 
 
 
etc.). Emphasis may be put on the highest amount of urea 
combined with substrates. 

Thus, the highest mushroom yield (1993 g/tube of 
spawn) was obtained from maize cobs supplemented with 
100 g of urea, followed by maize cobs treated with 80 g 
with 1883 g/tube of spawn and beans straw without urea 
with 1800 g/tube of spawn, while substrates of beans straw 
supplemented with 120 g of urea produced the lowest 
mushroom yield (1350 g/tube of spawn).  

Likewise, the highest cap diameter (18.43 cm) and 
number of mushrooms per tube (11.33) were also obtained 
from maize cobs supplemented with 100 g of urea.  

Moreover, the interaction between substrates and doses 
of urea that gave the best results was the maize cobs 
supplemented with 100 g of urea on total mushroom yield, 
cap diameter and number of mushrooms per tube, while 
the best values of mushroom stem height were obtained 
from rice straw treated with 75 g of urea. 

These findings showed that recommended substrates are 
maize cobs with 100 g of urea, but if there is no urea, beans 
straws can be used because of their relevant results 
without urea.  

Furthermore, in accordance with above findings, other 
crop residues (substrates) and edible mushroom varieties 
should be tested by future researchers for the optimization 
of mushroom production. 
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