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Diversity of plant species could have a different influence on urban microclimate and thermal comfort. 
However, the magnitude of different plant species to ameliorate urban microclimate by cooling the 
urban microclimate and improving thermal comfort based on their allometric properties at any 
particular time of the day is unknown for urban environments. This paper presents the result of a study 
conducted in Kenya to quantify the attenuation effects of plant species on microclimatic parameters 
and thermal comfort as influenced by plant allometric properties.The microclimatic and instantaneous 
scales were adopted to analyse in-loco degree of influence of individual tree on microclimate. The 
choice of species was based on the search of independently isolated mature plant species with 
different allometric properties. Using this criterion, four species were selected in Uhuru Park, and five 
species were selected in Central Park for evaluation. Relative Percentages of variation of microclimatic 
parameters and discomfort index as influenced by plant species were calculated. The results showed 
differences in performance. Ficus benjamina (12.00%) presented the highest ability to reduce thermal 
discomfort followed by Cassia spectabilis (10.19%),Warburgia ugandensis (8.37%), Ficus religiosa 
(7.86%), Callistemon citrinus (5.72%), followed by Dypsis decaryi (4.48%),  Bambusa vulgaris (3.87%), 
Terminalia mantaly (3.91% ) and Schinus molle (2.82%).The diurnal discomfort index of all the analysed 
tree species ranged 20°C to 25°C from 11.00 am to 18.00 pm, which meant that discomfort was 
expressed by < 50% of the population who sat under the shade.The differences in microclimate control 
are due to specific tree allometric properties of the analysed and the individual sample species, like 
structure and density of the treetop, size, shape and colour of leaves, tree age and growth. 
 
Key words: Discomfort index, environmental parameters, scale,  plant species. 

 
 
INTRODUCTION   
 
Humans have actively managed and transformed the 
world’s landscapes for millennia in response to the 
industrial revolution. The extent of landscaping and the 
trends associated with such activities affecting the land 
surface have accelerated (Alavipanah et al., 2015).  

As urbanisation  takes  place,  extreme  Land  Use  and  

Land Cover (LULC) changes occur in the landscape. 
Infrastructure and concrete surfaces replace open land 
and natural vegetation cover surfaces of an area (Ali et 
al., 2017; Singh et al., 2017). Urbanisation leads to the 
formation of urban heat islands (UHI) (Ali et al., 2017), 
the  phenomenon   whereby   urban   regions  experience  
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warmer temperatures than their rural surroundings 
(Santamouris et al., 2017). Most of the tropical cities 
experience higher temperatures in their urban core than 
in the surrounding suburban and rural areas. One of the 
primary cause of temperature increase, as well as 
changes of behaviours in tropical cities, is the lack of 
appropriate landscape treatment within urban green 
spaces (Warren, 2012). These impacts lead to 
undesirable consequences such as reduced thermal 
comfort and increased the potential for health impairment 
of urban populations (Briscoe, 2017). The thermal 
comfort of city inhabitants is directly (Harlan et al., 2006; 
Vieira De Abreu-Harbich et al., 2015) and indirectly 
(Stafoggia et al., 2008) affected by UHI (Alavipanah et 
al., 2015). The consequences of UHI aggravate social 
and environmental quality in cities, which collectively 
contributes to global challenges (Alavipanah et al., 2015). 

Several studies focusing on trees and their benefits to 
the urban climate have been published. Remote sensing 
studies of the vegetated surface in general and urban 
green vegetation, in particular, showed cooler 
temperature than the impervious surface of cities 
(Alavipanah et al., 2015). Vegetation have significant 
ability to modify urban microclimate (Santamouris et al., 
2017; Vieira De Abreu-Harbich et al., 2012, 2015; Zhao 
et al., 2017),by countering the urban heat island effects  
(Alavipanah et al., 2015; Masson et al., 2014; Mcpherson 
et al., 2016), resulting in improved thermal comfort 
(Santamouris et al., 2017; Vieira De Abreu-Harbich et al., 
2012, 2015; Zhao et al., 2017) and in the social cohesion 
and well-being of urban life (Alavipanah et al., 2015). 

Diversity of plant species could have a different 
influence on urban microclimate and thermal comfort 
(Shashua-Bar et al., 2011). Tree canopy is a significant 
component that can contribute to local microclimate 
modification because it can attenuate solar radiation and 
control wind speed (Vieira De Abreu-Harbich et al., 
2012). However, few studies quantify these benefits. 
Also, the magnitude of different plant species to 
ameliorate by cooling the urban microclimate and 
improving thermal comfort based on their allometric 
properties at any particular time of the day is unknown for 
urban environments. In addition, a time series analysis on 
local and regional scales where the cooling effects of 
different plant species have been studied is still lacking. 
Therefore, all kinds of plant species have continued to be 
used to create urban green spaces in Nairobi city without 
any prior knowledge on their ability to provide mitigation 
and adaptation to the changing urban climate and their 
contribution to improving the thermal conditions to the 
urban dwellers.  

The  study  explored   the   relationship  between   plant  

 
 
 
 
species canopy allometric properties and environmental 
parameters (such as ambient temperatures and relative 
humidity, globe temperature, infrared and speed of wind) 
and confirmed the importance of plant species canopy 
and height characteristics on local microclimate.  This 
study could be critical because of its substantial 
implications for urban planners and risk managers in 
green city plans and schemes. The goal of this paper was 
to quantify the attenuation effects of plant species on 
microclimatic parameters and thermal comfort as 
influenced by plant allometric properties. 
 
 
MATERIALS AND METHODS  
 
Site description 
 
The study was carried out in Uhuru Park and Central Park which 
are located in Nairobi city, Kenya. Geographically these are located 
at longitude 36.816670, latitude -1.283330 and altitude of 1,684 m 
above sea level.The two parks are the most popular recreational 
parks adjacent to the central business district of Nairobi. The parks 
were opened to the general public in 1969 and contained several 
recreation scenes. The extensive lawn, shade trees, and well-
tendered gardens make them the most attractive green spaces in 
the city, drawing throngs of the city residents on weekends and 
public holidays.The vegetation found in the city’s parks arose as a 
result of plantations.The climate is classified as lower Highland 
Tropical, with sub-humid woodland vegetation type. The city’s 
climate favours the growth of trees. February is the hottest month in 
Nairobi with an average temperature of 31°C, and the coldest is 
July at 17°C (Ongoma et al., 2016; Ongoma et al., 2013). The air 
temperature in both Uhuru and Central park during these days 
ranged between 22.5° C and 33.7°C, whereas the relative humidity 
ranged between 42.3% and 64.5%. Cloud condition was mostly 
clear and partly cloudy sky. 
 
 
Measurement of environmental parameters 
 
The microclimatic and instantaneous scales were adopted to allow 
analysing in-loco degree of influence through mitigation of ambient 
temperature, globe temperature, relative humidity, infrared and 
speed of wind on an individual of trees (Vieira De Abreu-Harbich et 
al., 2012; 2015). The choice of the species was based on the 
search of independently isolated mature plant species having 
different canopy sizes and shapes and plant height categories. All 
trees were physically described by measuring height, canopy 
diameter, branching length, crown length and crown width (Table 
2).The studied plant species (Figure 1) included:Ficus benjamina 
(weeping fig), Ficus religiosa (pippala tree), Cassia spectabilis 
(cassia, yellow shower), Warburgia ugandensis (East African 
greenheart), Callistemon citrinus (bottle brush), Bambusa vulgaris 
(Bamboo), Dypsis decaryi (Triangle palm), Terminalia mantaly 
(Madagascar Almond), Schinus molle (Peruvian pepper) and 
Pennisetum clandestinum (Kikuyu grass). 

Data were recorded every 10 min for 12 h from 07.00 am to 
19.00 pm in different distances (Trunk, 5m, and 10m) (Figure 2) of 
each of the selected  plant  species  and in the open (grass)  (Vieira 
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Figure 1. Single trees analysed. 

 
 
 

 
 

Figure 2. The location at which environmental parameters measured and the intervals 
of the measurement points from the tree trunk. 

 
 
 
De Abreu-Harbich et al., 2012), from day 47 to day 59 of the year 
2017. Measurements in open (grass) were used as a control. 
Ambient  temperatures   (°C),   globe    temperature    (°C),   relative 

humidity (%) speed of wind (M/S) and infrared (°C) were measured 
at the height of 1.1 m from the ground. In each set, there was one 
Wet Globe, Bulb Temperature (WGBT) recorder, model  Testo 175- 
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Table 1. Discomfort index values (DI), in degrees celsius and discomfort feeling scale 
(Georgi and Zafiriadis, 2006). 
 

S/N Discomfort condition DI°C 

1 No discomfort < 21 

2 Discomfort expressed by < 50% of the population 21-24 

3 Discomfort expressed by > 50% of the population 24-27 

4 Discomfort expressed by the majority of the population 27-27 

5 Discomfort expressed by all 29-32 

6 Stages of medical alarm > 32 

 
 
 
T2 for measurement of ambient temperature, Globe temperature 
and relative humidity:  One Testo 830-T1 Infrared thermometer for 
measurement of infrared, and one   Testo 410-1 pocket-sized vane 
anemometer for measuring the speed of wind. Continuous sky 
observation was done to record cloud conditions  

Since measurements of microclimatic parameters were carried 
out on different days, measurements in the sun (open field covered 
by grass) were used as normalisation parameter to quantify the 
attenuation effect of each plant species. The following expression 
was used to calculate the relative variation of environmental 
parameters as influenced by the plant species: 
 
RVtA= [(tAsun-tAshade)/tAsun] ×100%                                                      1 
 
Where: 
 
RVtA = relative variation of ambient temperature (%) 
tAsun = ambient temperature at the sun (ºC) 
tAshade = ambient temperature under the canopy of the analysed tree 
(ºC) 
 
Similar calculations were carried out for globe temperatures, 
infrared and relative humidity (Lotufo Bueno-Bartholomei and 
Labaki, 2003). To calculate thermal comfort as influenced by the 
tree species due to specific bioclimatic conditions, thermal 
discomfort index (DI) as influenced by the tree species was 
calculated from temperature and relative humidity using the 
following expression: 
 
DI = TEM − 0.55 (1 − 0.01 HUM) (TEM − 14.5) °C                          2 
 
Where: 
 
DI = Discomfort Index  DI  (°C ). 
TEM = Air temperature (°C). 
HUM = Relative humidity (%)(Georgi and Zafiriadis, 2006) (Table 
1). 
 
The following equation calculated the  reduction percentage of the 
discomfort index achieved in the shade of each tree species: 
 
dDI% = [(DIsun-DIshade)/DIsun]×100%                                                  3 
 
Where: 
 
dDi=diviation in Discomfort index (%) 
DIsun= Discomfort index in the sun (°C) 
DIshade=Discomfort index in the tree shade (°C) 

 
The use of the discomfort index in this study focused on the 
comparison of the index as influenced by the allometric properties 
of  the   tree   species.  Therefore,  its  use  was  not  related  to  the 

discomfort expressed by people, but the percentage of discomfort 
reduction achieved as influenced by plant species (Georgi and 
Zafiriadis, 2006). 

 
 

RESULTS AND DISCUSSION 
 
Table 1 shows allometric properties of the measured 
plant species. Results of diurnal courses of relative 
variation of ambient temperature, globe temperature, 
surface temperature, relative humidity and discomfort 
index as influenced by single isolated tree species in both 
Uhuru Park and Central Park based on data from field 
measurement from day 47 to day 59 of the year 2017 are 
shown in Figures 3,4,5,6 and 7 respectively. Ficus 
benjamina had the most significant diameter at breast 
height, tree height and crown width followed by Cassia 
spectabilis, Warburgia ugandensis and Ficus religiosa, 
respectively. However, Ficus benjamina had the most 
significant crown height followed by Warburgia 
ugandensis, Cassia spectabilis and Ficus religiosa 
respectively.  In central park, clustered Bambusa vulgaris 
had the most significant diameter in breadth height, 
followed by Dypsis decaryi, Schinus molle, Terminalia 
mantaly and Callistemon citrinus, respectively.  Bambusa 
vulgaris had the most significant tree height while 
Schinus molle was the shortest plant.  Terminalia mantaly 
had the smallest crown height. The behaviour of the 
globe temperatures, surface temperature, relative 
humidity and discomfort index variations was similar to 
the values of ambient temperature attenuations, as it can 
be observed from figures 4, 5, 6 and 7. 

It can be seen that trunk temperatures were the 
smallest, followed by the 5 m and 10 m temperatures in 
all the single isolated trees. The four plants measured in 
Uhuru Park presented results as follows: F. benjamina 
yielded the highest values for the attenuation of ambient 
temperature (20.07%), followed by C. spectabilis 
(17.77%). F. religiosa and W. ugandensis produced the 
lowest ambient temperature attenuation (15.2% and 
14.62%), respectively. The five plants measured in 
central park produced the following results: C. citrinus 
(9.01%), followed by D. decaryi (7.02%), B. vulgaris 
(6.78%), T. mantaly (5.91%) and S. molle (4.77%). 

F.  benjamina   presented   the   largest   mean  relative  
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Figure 3. Diurnal courses of relative variation of ambient temperature. 

Plant species in Uhuru park Plant species in the Central Park 

Ficus benjamina Ficus religiosa 

Cassia spectabilis Warburgia ugandensis 
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Dypsis decaryi Terminalia mantaly 

Schinus molle 
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Figure 4. Diurnal courses of mean globe temperature. 
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Figure 5. Diurnal courses of mean surface temperature. 



136          Afr. J. Plant Sci. 
 
 
 

 
 

Figure 6. Diurnal courses of mean relative humidity. 
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Figure 7. Diurnal courses of relative variation of discomfort index. 
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attenuation of globe temperature (22.17%) followed by C. 
spectabilis (19.03%), F. religiosa (16.25%) and W. 
ugandensis (12.60%). C. citrinus produced a mean 
relative attenuation effect of 8.73%, followed by D. 
decaryi(6.84%), B. vulgaris(5.98%), T. mantaly (5.94%) 
and S. molle (3.06%). F. benjamina presented the 
highest relative attenuation of surface temperature 
(Figure 5) with mean variation value of 40.26%, followed 
by C. spectabilis (33.86%), F. religiosa (28.50%) and W. 
ugandensis (23.13%). In central park, C. citrinus 
produced a relative attenuation effect of 16.01%, followed 
by D. decaryi (12.66%),  B. vulgaris(11.80%), S. 
molle(10.0%) and T. mantaly (4.7%). 

The diurnal courses of mean relative humidity (Figure 
6) for different plant species presented results as follows: 
F. benjamina produced the highest relative attenuation of 
relative humidity with mean variation value of 54.02% 
followed by C. spectabilis (50.21%), F. religiosa (44.75%) 
and W. ugandensis (44.50%). C. citrinus (17.05%), D. 
decaryii (12.70%),  B. vulgaris (12.43%), S. 
molle(10.58%) and T. mantaly (10.19%). 

It can be observed that the species F. benjamina 
showed the highest reduction percentage of thermal 
discomfort index (12.00%), followed by C. spectabilis 
(10.19%), W. ugandensis (8.37%) and F.religiosa 
(7.86%). Plants in central park showed the lowest relative 
variation of reduction percentage of discomfort index as 
follows; C. citrinus (5.72%), D. decaryi (4.48%),  B. 
vulgaris(3.87%), T. mantaly (3.91%) and S. molle(2.91%) 
(Figure 7). The diurnal discomfort index of all the 
analysed tree species in Uhuru Park ranged 20°C to 
25°C from 11.00 am to 18.00 pm, which meant that 
discomfort was expressed by < 50% of the population 
who sat in the shades of the respective plant species 
(Georgi and Zafiriadis, 2006). There was no significant 
difference between discomfort index at the trunk, 5m and 
10 m. however, the different plant species expressed 
specific differences However, there was thermal 
discomfort index variation amongst the studied plant 
species. 

These results confirmed variation in microclimate and 
thermal comfort by different tree species. Plants with 
massive canopy structure and dense leaves attenuated 
environmental parameters more effectively and resulted 
in improved thermal comfort via higher rates of 
transpiration and synergistic thermal effects of leaf 
physical traits. These findings confirm the results of  
Lotufo Bueno-Bartholomei and Labaki (2003) and Bueno- 
and Lin et al. (2010).  

The variation in performance could be attributed to 
interspecific variation in the crown dimensions, mainly by 
crown width and crown area, and specific allometric 
characteristics of the analysed tree species like structure 
and density of the treetop, size, shape, and colour of 
leaves, tree age, and growth. Tree canopy temperature is 
a proxy for the energy balance between the leaf interior 
and the  ambient  environment.  Incoming  solar  radiation  

 
 
 
 
absorbed by a leaf is partly used for biochemical 
reactions such as photosynthesis, but a larger proportion 
is converted to the thermal energy of leaves. Plant 
canopy temperature is predominately determined by 
ambient temperature but also regulated by leaf physical 
traits and transpiration. When plants are exposed to hot 
conditions, they can reduce the amount of accepted 
radiation through reflection and movement and could 
dissipate excessive heat via radiation emission, heat 
convection, and transpiration. However, the relative 
contribution of each of these processes differs greatly 
between different plant species (Lin et al., 2017). 

Tree canopies create microclimates through 
interception of solar radiation and evapotranspiration 
thereby modifying the heat balance of surrounding 
environment. Radiation interception is owed to shade 
counteractive action of short and long-wave radiation 
from the upper half of the globe while evapotranspiration 
is owed to water content conveying limit of the soil–tree-
air framework. Plant leaves and branches reduce the 
amount of solar radiation that reaches the area below the 
canopy of a tree or plant (Fahmy et al., 2010). Plants also 
cause the diurnal patterns of cooler daytime 
temperatures and warmer nighttime temperatures as a 
result of trapped heat and humidity within urban canopy 
layer if compared with the rapid nocturnal cooling of open 
areas (Coutts et al., 2016). The amount of sunlight 
transmitted through the canopy varies based on plant 
species. 

Large tree species with thicker trunks support broader 
and less deep crowns with greater branching height than 
smaller ones. Trees with large canopies and dark green 
leaves such as F. benjamina presented the greatest 
attenuation of environmental parameters, while small 
canopy size such as F. religiosa produced the lowest 
attenuation effect. Medium sized tree canopies such as 
C. spectabilis and W. ugandensis presented relatively 
medium attenuation of environmental parameters. F. 
benjamina has a plagiotropic trunk and large spherical 
shaped canopy that offers a large surface area to solar 
radiation during transpiration and also produces 
significant shading effect underneath, as compared to F. 
religiosa which has a small spherical shaped canopy.  

However, the interaction between canopy allometric 
properties makes it difficult to measure the thermal 
impact of physical traits of trees and transpiration 
separately for individual plants. Some previous studies 
only analysed the effects of one or several leaf physical 
traits on leaf temperature (Monteiro et al.,  2016), while 
there are many physical traits that could be associated 
with leaf temperature. In addition, the thermal effects of 
all the physical traits may differ from the individual 
contribution of a trait. 

Ambient temperatures must be neither too low nor too 
high to reduce individual vulnerability and maintain a 
comfortable thermal environment. Body temperature, 
which is approximately 37°C, is kept through the intake of  
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Table 2. Allometric properties of the measured tree species. 
 

Species Adult status DBH (m) Tree height (m) Branching length (m) Crown length (m) Crown width (m) 

Ficus benjamina Mature  0.86 21.2 3.7 17.5 17.6 

Ficus religiosa Mature  0.27 6.9 3.5 3.4 4.8 

Cassia spectabilis Mature  0.49 12.5 4.5 8.5 14.8 

Warburgia ugandensis Mature  0.44 16.1 4 12.1 7.2 

Calistemon citrinus Mature 0.31 6.6 1.2 5.4 6.8 

Bambusa vulgaris Mature 3.4 8.5 1.7 6.8 13.6 

Dypsis decaryi  Mature 0.6 8.5 5.1 3.4 6.8 

Terminalia mantaly Mature 0.56 5.7 3.8 1.9 7.6 

Schinus molle Mature  0.61 3.4 0.5 2.9 3.4 

 
 
 
calories from food and heat exchanges with the 
immediate surroundings according to the heat 
transmission mechanisms (Matzarakis and Amelung, 
2008).   

Human thermal comfort is subjective and is based on 
contextual parameters such as activity level, physiological 
and psychological acclimatisation to heat, clothing worn, 
air temperature, the temperature of the surrounding 
surfaces, solar radiation as well as air flow and relative 
humidity of the air. Thermal comfort is, therefore, unique 
to each and it is impossible to define a type of thermal 
environment that meets everyone’s requirements. 
However, the acceptable temperature range for a high 
percentage of people is between 20 and 27°C with an 
optimal humidity rate of 35% to 60% (Shooshtarian and 
Ridley, 2016) (Table 2; Figure 1 to 7). 
 
 
Conclusion 
 

In urban green spaces, different plant species have 
different abilities to improve thermal comfort, mitigate air 
temperature and control relative humidity thereby 
ensuring a better quality of life for people. The tree 
canopy type is a significant component that can 
contribute to thermal comfort, through attenuation of solar 
radiation and control of wind speed. Tree microclimate 
depends on canopy anatomical structure (leaf mass, size, 
shape, angle, reflectance), physical (incoming energy, air 
temperature, the wind) and physiological (transpiration, 
stomatal conductance) factors. Trees with larger 
canopies tend to cast more shade and deliver greater 
thermal comfort than smaller ornamental species. The 
diversified effects of plant species on urban microclimate 
can be used efficiently to improve thermal comfort in 
urban green spaces (Lotufo Bueno-Bartholomei and 
Labaki, 2003) of tropical cities such as Nairobi.  Studying 
the strategies of tree temperature regulation in different 
plant species could improve the understanding of urban 
planting design and the adaptation of plants to various 
environmental functions. The results demonstrate that a 
large and dense tree canopy structure could enhance the 

cooling capacity of plants via increasing transpiration 
capacity and synergic physical properties. Since tree 
planting is a practical and inexpensive solution to urban 
heat island. The species used for urban planting must be 
chosen cautiously to ensure good foliage density, which, 
when the tree is mature, will filter out at least 60% of 
solar radiation.  
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The effect of substrate (medium) on growth, yield and nutritional composition of domestically-grown 
oyster mushroom (Pleurotus ostreatus) was investigated. Six different substrates namely sawdust only 
(SDO), sawdust + corn waste + CaCO3 (SDW), sawdust + rice bran + CaCO3 (SDR), sawdust + banana 
leaves (SBL), sawdust + cassava peel (SDC) and cassava peel only (CPO) were used.  The substrates 
were pasteurized with hot water (90°C for 4 h) before spawns of oyster mushroom were inoculated to 
them. After inoculation, the substrates were kept in a controlled environment until fruiting took place. 
The SDC substrate gave the highest number (22) of fruiting body, highest yield (463 g/kg) and best 
biological efficiency (46.30%). This was followed closely by the harvest from SDR substrate. The 
differences in the nutrient composition of mushroom from the different substrates were significant at 
0.05 % confidence level.  Harvest from SDR contained higher vitamins and minerals compared to 
others. Harvest from CPO substrate had the lowest (20.10%) protein content as well as other nutrients. 
SDC and SDR substrates are considered good for domestic cultivation of oyster mushroom. 
 
Key words:  Mushroom, substrate, efficiency, home-grown, nutrients. 

 
 
INTRODUCTION 
 
Widespread malnutrition with ever increasing protein gap 
in the third world including Nigeria has necessitated the 
search for alternative protein. Mushroom is among the 
favoured alternatives.  Mushrooms belong to the kingdom 
of fungi, a group, very distinct from plants, animals and 
bacteria. They lack the most important features of plants -
the ability to use energy from the sun directly through 
chlorophyll. Thus, fungi depend on other organisms for 
food, absorbing food from the organic materials in which 

they live (Oei, 2005; Ha et al., 2015). Hence mushrooms 
exist as saprophytes on trees, and this is why forests are 
often generous to mushroom hunters. The oyster 
mushroom is a primary decomposer of wood. However, 
mushroom should be harvested from hardwood only, as 
those growing on soft wood are poisonous (SOMA, 2017; 
Zhao, 2009). Mango, avocado pear and African bread 
fruit trees are among the commonest trees on which 
mushrooms and in particular the local Pleurotus tuber-
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Table 1. Substrate formulation for cultivation of oyster 
mushroom. 
 

Substrate code Composition 

SDO Sawdust only (100%) 

SDR Sawdust (78%) + Rice bran (21%) + CaCO3 (1%) 

SDW Sawdust (89%) + Corn waste (10%) + CaCO3 (1%) 

SDC Sawdust (75%) + Cassava peel (25%) 

SBL Sawdust (75%) + Banana leaf (25%) 

CPO Cassava peel only (100%) 

 
 
 
regium (atakata elo) grow naturally (Chinda and Chinda, 
2007). In the remote virgin forest areas, decaying 
remains of trees crystallize into what is generally referred 
to as "usu", a white tissue of mycelium colony from which 
the flowering part (mushroom) develops naturally in the 
face of favourable conditions and humidity. While most 
farmers regard ''usu'' as a food condiment, some more 
knowledgeable ones have learnt to bury (cultivate) this 
substance in their farms, from which they harvest 
mushrooms at specific period in the year, usually during 
rainy season when the conditions are favourable. Since 
mushrooms are seasonal, commercial cultivation is 
therefore necessary to ensure constant availability. 
However, large scale cultivation and processing of 
mushroom requires a good knowledge of the growth 
requirements, and influence of the substrate on their 
growth rate and nutritional composition.  Some 
researchers have already observed that the yield and the 
quality of oyster mushroom depend on the chemical and 
nutritional content of substrates (Badu et al., 2011; 
Tesfaw et al., 2015).  Hence the objective of this study is 
to determine the effect of different mixture of substrate 
media on growth characteristics and nutritional 
composition of domestically grown oyster mushroom. 
 
 
MATERIALS AND METHODS 
 
The substrates namely: Rice bran, Corn waste, Banana leaves, 
Sawdust  and Cassava peel were sourced locally from Njaba LGA 
of Imo State, Nigeria while the spawn was obtained from Dilomat 
Mushroom Farms and Research Centre, River State University of 
Science and Technology (RSUST), Nigeria. 
 
 
Preparation and formulation of substrates 
 
The banana leaves and cassava peels were dried and milled 
separately into powdered form. The individual substrate 
combinations were well mixed (the formulation of the substrates is 
shown in Table 1) and soaked in water for 24 h to moisten them. 
Subsequently they were stalked on steep cemented floor so as to 
remove excess moisture from the substrates to get 65% moisture 
level. The entire substrates were fermented for 3 days by covering 
them with polythene sheets before bagging. After fermentation each 
substrate was filled into heat resistant plastic bag (100 gauze 
thickness), measuring 15 cm, and compressed to make bag logs 
weighing 1.0 kg (Plate 1). The openings of   the  bags  were  closed 

 
 
 
 

 
 

Plate 1. Heat resistant plastic bags filled with substrates for 
mushroom cultivation. 

 
 
 

with a plastic ring and cotton wool plug. The substrates were then 
pasteurized by partly immersing them in hot water (90°C for 4 h).  

After heat treatment, the bags were cooled to 30°C before 
inoculating with the spawn of oyster mushroom (Pleurotus 
ostreatus) at the rate of 20 g per 1.0 kg bag of substrate. The 
substrates (now bagged and inoculated) were incubated in a 
darkroom for 3 to 4 weeks on a shelf. During this period, daily 
temperature and humidity of the incubation room were taken twice 
daily. The bags were fully colonized by the mushroom mycelia 
within 17 to 30 days. Next the bags were moved to another room 
for fructification. The two ends of the bags were cut open with a 
blade and placed side by side on the shelf provided for this 
purpose. The humidity of the bags during the cropping 
(fructification) stage was accomplished by spraying of water in the 
form of fine mist from a nozzle three times a day. Temperature and 
humidity of the cropping room were also monitored two times a day. 
Exhaust fans were used for exhaust of gases from cropping room to 
ensure adequate oxygen supply to the spawns. The first primordial 
(pin heads) appeared 7 to 10 days after opening the bags 
depending upon the substrate. Matured mushroom were harvested 
by twisting gently to uproot from the base. The mushrooms 
generally mature in two to three days after the appearance of the 
pin heads. 
 
 

Analysis of growth rate of oyster mushroom 
 

The yield of oyster mushroom was determined by recording the 
number and size of cap of the fruit bodies after sprouting. The 
following parameters of growth and yield were measured. 
 
 

Mycelium running time 
 

This is the number of days it took the mycelium to fully colonize the 
substrate bags. 
 
 

Number of fruit bodies 
 

This was done by directly counting the number of fruit bodies on 
each bag/ substrate. 
 
 

Cap size (Pileus diameter) 
 

This was achieved by  measuring  the  broadness  of  the  cap  after 

 



 
 
 
 
harvesting. This was carried out in the morning hours using a 
measuring ruler. 
 
 

Cropping time 
 
This is the time from the completion of mycelium running to the time 
when the pin heads have fully blossomed and ready for harvesting. 
It was measured in days. 
 
 

Yield of mushroom 
 
This is the quantity (weight) of mushroom produced per bag of 
substrate per harvest time. It was weighed with kitchen scale. The 
crop of oyster mushroom was harvested in four flushes. 
 
 

Biological efficiency 
 

The biological yield (g/kg) was determined by weighing the whole 
cluster of the fruiting body divided by the initial weight of the 
substrate. The biological efficiency was calculated thus: 
 

 
 
 

Analysis of samples 
 

The proximate analysis was conducted in accordance with standard 
methods of AOAC (2000). Parameters evaluated included moisture, 
ash, crude fat, crude protein, and dietary fiber. The mineral and 
vitamin content of the samples were determined using atomic 
absorption spectrophotometer (Buck Scientific Model 200A System) 
analysis and chromatographic Shimadzu Cooperation Japan, C-
R6A) assay respectively.  
 
 

Determination of mineral content 
 

The mineral contents were determined using atomic absorption 
spectrophotometer (AOAC, 2000). First 0.48 to 0.52 g of each 
sample was weighed into a clean crucible.  The crucible was placed 
in a cool muffle furnace and the temperature of the furnace rose to 
500°C for a period of 2 h and still allowed to remain at 500°C for an 
additional 2 h, then allowed to ash in the oven over night. The 
ashed sample was removed from the oven and poured into already 
labeled 50 ml centrifuge tubes. Five mililitres of distilled water was 
used to rinse the crucibles into the centrifuge tube. The crucibles 
were further rinsed with 5 ml aqua regia. The process of rinsing with 
5 ml aqua regia was repeated two more times to make a total 
volume of 20 ml, and the sample vortexed for proper mixing. Finally 
the sample was centrifuged for 10 min at 300 rpm and decanted 
into clean vials for micro nutrients determination using atomic 
absorption spectrophotometer. 
 
 

Preparation of aqua regia solution 
 

Distilled water (1.2L) was poured into a 2L volumetric flask, 400 ml 
of conc. HCl and 133 ml of 70% Nitric acid added to it and diluted 
with distilled water to 2 L. 
 
 

Determination of vitamin B and C 
 
This was done through chromatographic assay (AOAC, 2000).  The 
sample was  first  homogenized  using  a  mixer  blender,  and  then 
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2.5 g was put into a 10 ml volumetric flask. Five milliliters of the 
buffer was added to the flask and shaken with a mechanical shaker 
for 3 min. More buffers were added to make up the mark of the 10 
ml volumetric flask. The solution was filtered and injected into the 
HPLC. The calibration curve was plotted using calibrant vs 
absorbance. 
 

 
 
 
Statistical analysis  
 
Data obtained were subjected to statistical analysis using ANOVA 
on SASS (9.2) analytical tool on windows 2007. Means were 
separated using the least significant difference (LSD) at 95% 
confidence level. 
 
 

RESULTS AND DISCUSSION 
 

Effect of substrate media on yield of oyster 
mushroom  
 

The effect of substrate type on yield of oyster mushroom 
is shown in Figure 1.  Generally the substrates had 
varying (p<0.05) effects on the yield of oyster mushroom. 
The maximum yield (462.0 g/kg) was obtained from SDC 
substrate followed closely by SDR substrate (396.99 
g/kg), while lowest (200.0 g/kg) yield was obtained from 
SDW substrate. This result is in accordance with the view 
of other researchers (Daniel, 1985; Narayanasamy et al., 
2009; Ahmed et al., 2009) who explained that different 
substrates give varying mushroom yield because of the 
biological and chemical differences in the substrates.  
According to Narayanasamy et al. (2009); Rizki and 
Tamai, 2011; Anyakorah et al., 2004; Abdurrahman et al. 
(2009) and Ahmed et al. (2009) suitable nitrogen ratio 
helps to produce an optimum mushroom yield.  Oei 
(2003) in his work supplemented sawdust with wheat 
bran (5-10%) in order to enrich his medium for optimum 
mushroom yield. 
 
 

Effect of substrate media on growth of oyster 
mushroom  
 

The substrates media were found to influence duration of 
mycelium running, pin head formation, number of fruit 
bodies produced, the cropping time, the pileus diameter 
(size of cap) and the biological efficiency of oyster 
mushroom (Tables 2 and 3).  The mycelium running took 
2 to 3 weeks after inoculation (Table 2). This result 
agrees with the findings of Oei (2005) and Chinda and 
Chinda (2007) who reported that spawn running takes 2 
to 3 weeks. On the sixteenth day of inoculation, whitish 
mycelia colonised all the substrates. The CPO and SDC 
substrates took extra 5 and 7 days respectively before 
mycelium fully colonized their bags but the mushrooms 
obtained from these two substrates were larger in size. 
The broadest size of cap (17 cm) was obtained on SDC 
and SBL substrates, while the lowest cap size of 10 cm
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Figure 1. Effect of substrate type on yield of oyster mushroom. SDO = Sawdust 
only, SDR = Sawdust + Rice bran + CaCO3 , SDW = Sawdust + Corn waste + 
CaCO3,, SBL = Sawdust + Banana leaves, SDC = Sawdust + Cassava peel + 
CaCO3, , CPO = Cassava peel only.   Data are average of three readings.  

 
 
 

Table 2. Effect of substrate media on mycelium running, pin head formation and cropping period of oyster mushroom. 
 

Substrate 
Parameters In days 

Mycelium running Pin head formation Pin head to harvest Cropping duration 

CPO 20±0.70 8±0.10 3±0.15 31±0.00 

SBL 12±0.10 6±0.42 4±0.16 22±0.00 

SDO 15±0.42 7±0.14 3±0.28 25±0.00 

SDC 22±0.12 10±0.82 4±0.12 36±0.50 

SDR 14±0.35 6±0.14 6±0.20 23±0.00 

SDW 14±0.70 6±0.00 3±0.12 23±0.00 

Mean 16±3.92 7±1.6 4±1.16 27±5.6 
 

SDO = Sawdust only, SDR = Sawdust + Rice bran + CaCO3,, SDW = Sawdust + Corn waste + CaCO3,, SBL = Sawdust + Banana leaves, 
SDC = Sawdust + Cassava peel + CaCO3, , CPO = Cassava peel only  Values are means of duplicatess + standard deviation. 

 
 
 

Table 3. Effect of substrate media on biological efficiency, number of fruit bodies and cap size of oyster mushroom*. 
 

Substrate 
Weight (g/kg) and number of fruit bodies per flush Total fruit 

bodies 
Biological 

efficency (%) 
Cap size 

(cm) 1
st

 flush 2
nd

flush 3
rd

 flush 4
th

 flush 

CPO 120(5) 80 40 25 14 26.51 10 

SBL 175(8) 100 50 35 20 36.00 17 

SDO 150(6) 60 50 15 17 27.50 13 

SDC 210(9) 100 98 55 22 46.31 17 

SDR 130(8) 110 105 50 20 39.55 15 

SDW 100(5) 50 40 10 15 20.00 10 

Mean 148(6)±39.96 83±24.22 64±2.96 32±18.35 332±3.16 32.65±3.12  
 

*No of fruit bodies per flush is in parenthesis. SDO = Sawdust only, SDR = Sawdust + Rice bran + CaCO3, , SDW = Sawdust + Corn waste + 
CaCO3,, SBL = Sawdust + Banana leaves, SDC = Sawdust + Cassava peel + CaCO3, , CPO = Cassava peel only  Data is a repeart of two 

croppings. 
 
 
 

was obtained on both SDW and CPO (Table 3).   
According   to   Daniel   (1985)   larger   mushroom  are 

produced with longer spawn runs. SDL substrate showed 
excellent  mycelial   growth   as    the    bags    were   fully 
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Plate 2. Oyster mushroom growing in a domestically prepared 
media. 

 
 
 

colonised in 12 days. The presence of the right proportion 
of alpha-cellulose, hemi-cellulose, pectin, lignin as well as 
suitable carbon to nitrogen ratio (Ahmed et al., 2009) 
might be responsible for the higher rate of mycelium 
running in SDC and SBL.  The ability of mushroom to 
grow on lingo-cellulosic substrate is related to the vigor of 
its mycelium (Ashrafuzzaman et al., 2009).  A picture of 
mushroom growing in a domestically prepared media is 
shown on Plate 2.  

The pin-head (the second stage of mycelial growth 
during cultivation of mushroom) were observed 6 to 10 
days after the bags were opened (Table 2). By the 6

th
 day 

of opening the bags, SBL, SDW and SDR substrates had 
formation of primordial (pin heads) on them. Sawdust 
substrate (SDO) brought forth primodia on the 7

th
 day, 

CPO and SDC substrates brought forth primordia on the 
8

th
 and 10

th
 day respectively. These results are in 

agreement with Oei (2003) and Chinda and Chinda 
(2007) who observed that oyster mushroom normally 
complete spawn running in 14 to 28 days depending on 
the substrates. SDC substrate produced the highest 
number (22) of fruit body, followed by SBL and SDR (20 
each). The fastest cropping time of 36 days was recorded 
on SDC substrate while the lowest (22 days) was on SBL 
substrate (Table 3). It is evidence from the data of this 
research that cassava peels promoted longer spawn 
runs, broader cap size, as well as longer cropping period. 
Mushroom samples harvested from SDC, showed the 
best biological efficiency (46.31%), followed by those 
from SDR (39.55%), while lowest biological efficiency 
(20.00%). was recorded on SDW (Table 3).   
 
 
Effect of substrate media on proximate composition 
of domestically grown oyster mushroom 
 
There was significant difference (p<0.05)  among  the  six 
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substrates in terms of moisture content of mushroom 
harvested from them (Table 4).  Mushroom grown on 
SDO substrate had the highest moisture content 
(89.38%), while that grown on SBL substrate had the 
lowest (72.23%).  This findings agrees with the report of 
Khare et al. (2006), who stated that oyster mushroom 
grown on banana leaves, usually have low moisture 
content. For ash content, mushroom harvested from 
SDW and SDO substrates had the highest ash content of 
1.27% each, while those harvested from SDR substrate 
had the lowest (p<0.05) ash content of 0.25%wwb, 
followed closely by that from SBL with a value of 0.44%. 
Data in this work differed from those of Behnam and 
Naser (2008); 5.58% and 6.13% of ash in dried oyster 
mushroom cultivated in banana straw and rice bran 
respectively.  The highest dietary fibre content of 
3.95%wwb was recorded on SDC grown mushroom 
followed closely by those grown on SBL substrate 
(3.18%wwb).  The lowest dietary fibre content (1.69%) 
was observed in samples grown on CPO substrate. This 
means that the dietary fibre content of oyster mushroom 
(Pleurotus ostreatus) was affected by the type of 
substrate used for their cultivation.  The high dietary fibre 
content of SDC and SBL grown mushrooms might have 
resulted from the high lignin and cellulose content of 
cassava and banana leaves, in addition to that already 
contained in the sawdust. It could be that the production 
of various enzymes during the vegetative and 
reproductive phases, helped to solubilize the lignin and 
degrade the cellulose which were later absorbed by the 
mushroom mycelium for the production of fruit bodies 
(Belewu and Belewu, 2005).  Mushroom sample grown 
on SBL substrate had an exceptionally high level (p< 
0.05) of protein content of 3.98%wwb, confirming 
previous research reports (Belewu and  Belewu, 2005; 
Khare et al., 2006) that oyster mushrooms grown on 
banana leave do contain high protein value.  They 
attributed this to the addition of fungal proteins during 
solubilization and degradation of lignin. Belewu and 
Belewu (2005) further stated that the extra cellular 
enzymes secreted by the mushroom mycelium, contain 
amorphous homo and heteropolysaccharides which is 
often in association with mushroom protein. In support of 
this is the report of Ahmed et al. (2009) that nitrogen 
content in fruiting bodies was higher in mushroom grown 
on nitrogen rich substrates. The low protein level of 
mushroom harvested from CPO, SDO and SDW 
substrates could therefore, be as a result of the poor 
nitrogen level of the substrates. The fat content obtained 
in this research were generally low (0.15-1.83%), thus 
agreeing with the report of Tripathi (2005) and Chinda 
and Chinda (2007) that mushroom are low sources of 
dietary fat. 
 
 

Effect of substrate type on micronutrients content of 
oyster mushroom 
 

Substrate used in the cultivation of the mushroom 
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Table 4. Proximate composition of oyster mushroom cultivated on different substrates*. 
 

Substrate 
Parameter (%) 

Moisture Ash Fiber Protein Fat 

SDO 89.38
 a
 ±2.8 1.27

 a
 ±0.56 1.75

 e
 ± 0.28 3.00

 c
 ±0.16 0.26

 d
 ±0.06 

SDR 89.17
 b

 ±1.7 0.25
d
 ±0.04 2.28

 c
 ±0.47 2.99

 c
 ±0.15 0.15

 e
 ±0.03 

SDW 86.60
 b

 ±0.8 1.27 ±0.50
a
 1.80 ±0.12

e
 2.11 ±0.11

e
 0.40 ±0.13

c
 

SBL 72.23
 d

 ±2.2 0.44 ±0.21
c
 3.18 ±0.05

a
 3.98 ±0.05

a
 1.83 ±0.02

a
 

SDC 81.80
 c
 ±0.5 0.73 ±0.13

b
 3.95 ±1.99

a
 3.15±0.034

b
 0.66±0.15

b
 

CPO 87.30
 b

 ±1.4 0.79 ± 0.12
b
 1.69 ± 0.19

e
 2.73 ± 0.19

e
 0.15 ± 0.02

e
 

LSD 1.17 0.11 0.15 0.10   0.10 
 

*Values with different superscript on the same columns are significantly different.  Data are mean of three readings, and on wet weight basis. 
SDO = Sawdust only, SDR = Sawdust + Rice bran + CaCO3, , SDW = Sawdust + Corn waste + CaCO3,, SBL = Sawdust + Banana leaves, SDC 
= Sawdust + Cassava peel + CaCO3, , CPO = Cassava peel only.  Values are means of duplicates ± standard deviation. 

 
 
 
Table 5. Micro nutrients content of oyster mushrooms grown on different substrates*. 
 

Mineral  

(mg/100 g) 

Substrates 
LSD 

CPO SBL SDO SDC SDR SDW 

Magnesium 2.32
 f
 ±0.81 3.30

 c
 ±0.82 3.45

 b
 ±0.45 2.67

 e
 ±0.42 3.13

 d
 ±0.97 4.09

 a
 ±0.87 0.02 

Calcium 5.39
 c
 ±0.81 6.64

 a
 ±0.29 4.58

 e
 ±1.62 4.79

 d
 ±0.67 4.09

 f
 ±0.18 6.54

 b
 ±0.76 0.04 

Potassium 0.66
 e

 ±0.02
 

1.46
 b

 ±0.26 1.41
 c
 ±0.29 0.85

 d
 ±0.13 1.57

 a
 ±0.50 1.39

 c
 ±0.51 0.36 

Sodium 16.21
e
 ±0.9 20.55

 b
 ±2.8 20.48

c
±4.03 16.81

 d
 ±1.12 21.23

 a
 ±1.34 21.23

 a
 ±1.78 0.02 

Manganese 3.19
 f
 ±1.23 4.51

b
 ±0.95 4.39

 c
 ±0.92 3.27

 e
 ±0.21 4.13 

d
 ±0.87 4.81

 a
 ±0.11 0.02 

Iron 1.93
 e

 ±0.05 2.67
 b

 ±0.06 1.96
 c
 ±0.05 1.95

 d
 ±0.12 1.87

 f
 ±0.98 2.97

 a
 ±0.13 0.005 

Cupper 0.37
 f
 ±0.01 0.52

 b
±0.19 0.47

c
 ±0.01 0.39

 e
 ±0.10 0.43

 d
 ±0.01 0.53

 a
 ±0.11 0.007 

Zinc 0.75
 a

 ±0.01 0.52
 f
±0.04 0.63

 c
 ±0.04 0.65

 b
 ±0.01 0.59

 d
 ±0.09 0.53

 e
 ±0.04 0.003 

Vitamin B1 0.54
d
±0.01 0.54

d
±0.04 0.61

a
±0.08 0.56

c
±0.06 0.58

b
±0.05 0.58

b
±0.02 0.02 

Vitamin C) 1.76
b
±0.05 3.14

a
±0.01 1.59

c
±0.01 1.74

b
±0.03 1.61

c
±0.04 3.12

a
±0.07 0.49 

 

Values with different superscript on the same columns are significantly different.  *Data are mean of three readings, and on wet weight basis. SDO 
= Sawdust only, SDR = Sawdust + Rice bran + CaCO3, SDW = Sawdust + Corn waste + CaCO3, SBL = Sawdust + Banana leaves, SDC = 
Sawdust + Cassava peel + CaCO3,, CPO = Cassava peel only. Values are means of duplicates ± standard deviation. 

 
 
 
significantly (p<.0.05) affected the mineral content of 
harvested mushroom (Table 5). For example the highest 
manganese (4.8 mg/100 g) and Iron (2.97 mg/100 g) 
contents occurred in oyster mushroom harvested from 
SDW substrate.  Mushroom harvested from SDR had the 
lowest iron content of 1.9 mg/100 g while that harvested 
from CPO had the lowest manganese content of 3.19 
mg/100 g.  The variations observed in the mineral content 
of oyster mushroom in this study may be due to the 
difference in the biological and chemical composition of 
the substrate media (Abdurrahman et al., 2009; Ahmed et 
al., 2009).  According to Oei (2003), Tripathi (2005), and 
Ahmed et al. (2009), mushrooms derive their food from 
the substrate on which they grow hence the observed 
variations in the mineral composition of the mushrooms 
grown on different substrates.  However, the data from 
this research demonstrate that cultivated mushroom 
could be a good source of many dietary minerals. 

The contents of vitamin B and  C  content  of  cultivated 

oyster mushroom, varied in the ranges of 0.54 to 0.61 
mg/100g and 1.59 to 3.14 mg/100 g respectively.  This 
result is in agreement with the findings of Chinda and 
Chinda (2007) and USDA Nutrient Data (2009). The 
highest (3.14 mg/100 g) vitamin C content was recorded 
on SBL substrate followed closely by and SDW 
substrates (3.12 mg/100 g) while the lowest (1.59 mg/100 
g) was recorded on SDO substrate.  The variations in the 
vitamin content of oyster mushroom are likely due to the 
variations in substrate composition (Vimla and Sundeh, 
2005).  
 
 
Conclusion  
 
This study has demonstrated that some agricultural 
waste namely sawdust, cassava peel, banana leaves and 
rice bran can be used effectively for cultivation of oyster 
mushroom   and   that    the   nutritional    value    of    the 



 
 
 
 
domestically grown oyster mushroom were greatly 
affected by the substrate media.  The implication of these 
findings is that substrates could be tailored to achieve 
desired mushroom yield and nutrient profile. Despite the 
differences in chemical composition of the mushrooms, 
the overall result indicated that fruit bodies of 
domestically cultivated mushroom had nutrient qualities 
similar to other exotic mushrooms.  It is worthy of note 
also that the domestically cultivated mushrooms had 
higher protein content than some cereals and vegetables. 
This study has proven that commercial cultivation of 
mushrooms is feasible given the abundance of 
agricultural waste in Nigeria. Mushroom cultivation will 
create job opportunities in Nigeria and equally create 
avenue of utilizing agricultural waste materials. The 
government and other food supply stake-holders can 
redirect majority of our agricultural waste into mushroom 
growth substrate.  This will not only provide an 
economical gain and protection to the environment but 
will also be a source of provide a nutritious food.  
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