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Assessing the Impact of reforestation on household income in Gatsibo District, Rwanda
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Abstract: This study was conducted in Kiramuruzi sector, Gatsibo district, in Eastern Province of Rwanda from
July to October 2011. Its main purpose was to assess the impact of reforestation on household income. This area is
subject to the deterioration of tree resources, poor conditions of living and reduced income in households. Therefore,
this study is an attempt to investigate this situation. Data collection was done through the use of a survey
questionnaire containing open and closed-ended questions. The formal and informal interviews were conducted with
67 household’s heads including the farmers participating in reforestation. Data were analyzed using the Microsoft
Excel and SPSS 16.0 Windows program and statistical tests such as Friedman and Paired samples T-test were used.
The results showed that different forms of tree growing through reforestation provide many products and services.
The wood for cooking is the main forest product with the low mean rank of 1.01. Concerning the impact of
reforestation on the increase of household income, there is a relationship between the increase of crop production,
animal breeding and annual profit from forest products after reforestation than before where the p-value (0.00) < o
(0.05). The main challenges faced by farmers in reforestation include the shortage of land (86.5%), pest and diseases
(89.6%), poverty (70%), poor management practices of existing forest resources (67%) and insufficiency of
seedlings (40.3%). The reforestation is very important source of income for farmers and it contributes to the
improvement of people’s conditions of living. Estimating the economic input of forest products at district level is
recommended.
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1. Introduction the overexploitation of forests, the poor management
Forests generate direct monetary income for of existing resources and the lack of knowledge on
households, public entities and the country in general. available resources. The Government of Rwanda has
In Rwanda, the used energy sources are generally set a target to increase the national forest cover from
wood and agricultural wastes. Researches show that the present 10 per cent to 30 per cent of the national
this source of energy occupies 96 % of the total energy territory by the year 2020. In order to attain this target,
used in Rwanda, for cooking food. The rural there is a need to combine efforts to increase the
households use firewood but the urban households use number of existing protected forests and to add to the
charcoal. Furthermore, forests are a key component of number of tree plantations. Another solution is the
the life-support system in view of both the products careful management of forest resources by eliminating
and services they provide. This is particularly in clear-cutting to ensure that the environment stays
Rwanda where forests protect watersheds for making intact and planting trees to replace the fallen ones
agriculture viable, and meet the energy needs of the (MINIFOM, 2010). The practice of reforestation is
bulk of population (MINIFOM, 2010). Forest viewed to offer the solutions to the recovering of
encroachment through various human activities is a degraded forest resources.
threat to Rwandan forests. These activities included After 1994, the deforestation in Eastern province
illegal logging, charcoal production, human settlement, of Rwanda was a critical issue due to overgrazing
bush fires, etc. The national forest inventory in 2007 (UNEP, 2009). Therefore, the analysis of rainfall
identified illegal tree cutting (78.3%), farming trends shows that rainy seasons become shorter with
activities (1.9 %), livestock grazing (4.9%), bush higher intensity of sun. This tendency has led to the
fires (2.5 %), debarking (1.9 %), mining (0.6%) decrease in agricultural production and events such as
and beekeeping (0.5 %) as the main threats droughts often responsible for famine, food shortages,
(MINITERE, 2007). Forest encroachment is not a new a reduction in plant and animal species and
phenomenon; It was occurred in years that followed displacement of people in search of food and pasture.

independence in 1962, and during the war and
post-war period (1990-1994 and 1995-1996) (ORTPN,
2004). However, Rwandan forests have suffered from
degradation of forest resources. The main cause are
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Nowadays, the efforts to restore the degraded
forests are on-going and the results are encouraging in
agriculture and animal grazing. In 2005, the forest
coverage was 122.5 km’in Eastern province and in
2010 the forest cover was 149.5 km®. This means that
there was an increase of.18% of forest plantation.
Therefore, this study aimed at providing the
information on how planting trees in this region
contributed to the increase of household income. The
specific objectives to achieve are: (i) to identify the
forest products collected; (ii)) to determine the
contribution of forest products to the household
income; (iii) to identify the challenges faced by
reforestation process; (iv) to evaluate the contribution
of reforestation to the increase of both crop and
livestock productivity.

2. Material and methods
Study area description

Kiramuruzi sector is located in Gatsibo District
in Eastern Province of Rwanda. It is bordered at the
East by Kayonza District, to the North by Kiziguro
and Murambi sector of Gatsibo District, to the South
and West by Muhazi Lake. The Kiramuruzi sector is
composed of four cells which are Nyabisindi,
Akabuga, Gakenke and Gakoni. Kiramuruzi sector has
27,843 inhabitats of whom 51% are females and 49%
males. The young aged below 25 years are 63 %. The
economy of Kiramuruzi sector is based on agriculture,
livestock and commerce. Agriculture and animal
keeping are the principal bases of economy. The main
crops grown in Kiramuruzi sector are banana, rice,
sorghum, beans, maize, groundnuts, soya beans and
tree growing.The most important trees are Grevillea
robusta (38.8%), Eucalyptus sp. (26.2%), Avocado
(12.5%) and Acacia sp. (7.6%). A household has an
average of 40 to 50 trees of Fucalyptus sp. and
Grevillea robusta. Kiramuruzi sector is located in
semi-arid zone with temperatures typically ranging
from 20.3 -21.7°c with maxima reaching 26-29°. This

sector experiences a climatic rhythm of 2 main
seasons: dry season and rain season. However, during
these seasons, the rains are not regular and this
situation can especial contribute to a considerable
reduction of the production in the region. The rainfall
can be highly irregular, with annual average of
800-900mm. The highest monthly rainfall is observed,
generally  during  November-December and
March-May, while the period from June to October is
largely dry. In general, the relief of Kiramuruzi and
Umutara region is that of the areas of low plateau. The
mean altitude in Kiramuruzi is around 1350 m.a.s.l.

Methods

As Kiramuruzi sector has four cells, the
purposive method was used to select them because
through the reforestation activities, many trees have
been planted. The concerned cells are Akabuga,
Gakenke, Gakoni and Nyabisindu. After, a cluster
and purposive sampling methods at all selected cells, a
proportionate allocation sampling method was used to
know the sample size to interview in each cell. Data
were collected by wusing a structured survey
questionnaire containing open and closed-ended
questions. The formal and informal interviews were
conducted with 67 households ‘heads randomly
selected at the sector level. Pretesting method was
used with 20 randomly selected respondents. The data
were analyzed by using the Statistical Package for
Social Sciences (SPSS) version 16 where Friedman
test one way ANOVA and Paired sample T-test were
applied.

3.Results and discussion
3.1Household characteristics
Age

The flowing Figure 1 indicates the age
distribution of farmers sampled in four cells (Akabuga,
Gakenke, Gakoni, and Nyabisindu) of Kiramuruzi
sector.

Percentage
W
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Age distribution
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Figure 1: Age of respondents
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The Figure 1shows that the half (49.25%) of surveyed farmers are mature people being in the middle-aged

class of 31-40 age.

Sex distribution

male
66%

female
34%

Figure 2: Sex of respondents

The figure 2 shows that among 67 respondents surveyed, the number of males was greater (65%) than the
number of female (34%) because the families are usually governed by males and have both control and access to
forest resources and they are involved in household decision-making. Similarly, the National Institute of Statistics of
Rwanda (2007-2008) stated that 69 % of households are headed by males while 31 % are headed by females.

Marital status

Table 1: Marital status of respondents

Marital status Frequency Percentage
Single 4 6

Married 25 77.6
Widowed 10 14.9
Separated 1 1.49

Total 67 100

Source: Primary data, 2011

The results illustrated in Table 1 show that 77.6 % of farmers interviewed are married, 14.9% are widowed,
6 % are single and 1.49 % is divorced.

Size of household

The Figure 3 identifies the size of household of respondent in the study area.
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Figure 3: The size of household
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The figure 3 shows that 52 % of households interviewed are composed of between 6-10 persons while 12 %
composed of between 3-5 persons, the mean household size is 5 persons. According to the National Institute of
Statistics of Rwanda (2007-2008), the mean household size was 4.6 persons in general and 4.5 persons in rural areas
and 4.8 persons in urban areas. There is no significant difference (0.4) in mean household size between Kiramuruzi
sector and the figure at the national level.

Education level of respondents
The figure 4 illustrates the education level of respondents.

Education level of respondent

64
g’n 80
8 60
E 40 23, "
= 3
0 + T T T 1

noformal  primary  secondary college and
education beyond

Figure 4: Education level of respondents

According to the results shown in the figure 4, it is evident that the majority (64 %) of respondents attended
primary level of education, and few of them had university education (3%) followed by secondary education (9%).
According to the National Institute of Statistics of Rwanda (2007-2008), 40.8 % are not educated, 50.7 % finished
primary school and 8.5 % finished post-primary school (secondary and university). According to these results, the
great majority of interviewed farmers have got basic education skills and knowledge, so the reforestation process is
facilitated.

Time of residence
The figure 5 shows the time of residence for surveyed famers.
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Figure 5: Time of residence

The figure 5 indicates that the majority of Kiramuruzi sector farmers did not stay in the region before, 51%
came to live there after the war and genocide of 1994.This explains why there was a massif deforestation in the
region through human activities, e.g human resettlement. According to MINAGRI (1998), it is estimated that during
the war, approximately 15,000 ha of forest plantation were completely destroyed and 35,000 ha damaged.
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Land size
Land size for household
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m1-1.5ha
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Figure 6: Total farmland size

The figure 6 shows that the majority of respondents have a problem of shortage of land where 58% of
respondents have less than lhectare. Therefore, there is a big problem related to the shortage of land especially the
lack of land for reforestation. The total farmland size for household will influence the land used for forest plantation.
According to the results of MINITERE, (2007), the average landholdings capacity in Rwanda is very low, less than
25 % of farmers cultivate the land of more than 0.5 ha, 50 % cultivate less than 0.5 ha, and more than 25 %
cultivating less than 0.2 ha.

Training for respondents
The figure 7 indicates the information about training status for respondents

B trained

®m not trained

Figure 7: Training status for respondents

The figure 7 shows that 11. 82 % of interviewed farmers are not trained whilel8 % are trained. It implies that a
huge number of interviewed farmers are not trained. The trained farmers are supported by Rural Sector Support
Project (RSSP), WOLD VISION and ADRA and the trainings are given in different domains: use of fertilizers,
follow-up of agricultural techniques, agroforestry and forestry management and modern livestock.

Adoption of trees by farmers

m adopters

® non adopters

Figure 8: Adoption level of trees in farmland
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The figure 8 shows that 88.6% of interviewed farmers have adopted trees while 11.4 did not plant any tree.

Mode of land acquisition
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Figure 9: Mode of land acquisition

The figure 9 shows that 43.2 % of interviewed farmers inherited their lands, 34.3 % purchased and 22.3 % by
government allocation. This shows that even if the interviewed farmers obtained their land by heritage, they use
other methods (purchasing and renting) in order to increase their farmland. According to the results of MINITERE,
(2007), the average landholdings in Rwanda are very small. This influences farmers to purchase and rent the land for
increasing the size in order to diversify their activities including afforestation and reforestation.

3.2 Forests products characterization

Tree growing forms during reforestation process
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Figure 10: Forms of trees grown
The figure 10 shows that forestry and agroforestry practices which are mainly found in the study area are trees
scattered on farm, trees on boundaries, trees scattered on pasture, forests and woodlots represented by 33 %, 28 %,
21 %, 19 % and14 % respectively.

Awareness of forest products and services in Kiramuruzi sector
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Figure 11: Products and services provided by trees planted

The figure 11 shows that, as affirmed by interviewed, 100% of the forest products and services provided
through reforestation and afforestation are firewood and charcoal, 44.7% are construction materials, 89.56% are
income,32.8% are fruits, 14.9% are timber,29.8% are animal feeds and lastly 14.8% are employment. The totality of
the forest products found in Kiramuruzi sector are timber, charcoal, building poles, firewood, beans stakes, fodder,
medicines, fruits and honey. These products are produced from different tree species. Forest ecosystems provide
goods and services such wood for fuel and construction, water catchments protection, water purification, tourism,
non timber forest products such as medicinal plants, honey and material for handicrafts.

3.3 The contribution of forest products to the increase of household income
Economic activities
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Figure 12: Main occupation of respondents
This figure 12 shows that 83.5 % of interviewed farmers do farming as the main occupation, 67.1 % are
involved in livestock, 16.4 % in mining activities, 22.3 % in small businesses, 16.4% in regular employments while
46.2% do tree production. This shows that larger number of farmers of Kiramuruzi sector is involved in agriculture.

The use of income gained from forest products

The following figurel3 shows different uses of income earned from forest products
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Figure 13: Use of income earned from forest products

The figure 13 shows that the income generated by forest products is used in different ways: 80.6% use the
income from forest (both afforestation and reforestation ) products in health care improvement; 34.3 % in saving and
credit, 59.8% purchase agriculture inputs; 41.8 % in paying school fees; 12 % in small investments and 18%
purchase animals. According to FAO(2000) the contribution of forest products is particularly important to rural
communities in terms of food and nutritional requirements, medicines, fodder for livestock, gums, fiber,
construction materials and related domestic requirements; Sustainable harvesting of forest products is seen as an
effective management approach that allows local people to meet and sustain their livelihoods while contributing to
forest conservation; hence, in promoting the sustainable use of forest products, it is better to improve the
conservation of forest resources as these play a crucial role in the local communities’ lives by providing basic needs.

3.4 Extent of dependency on forest products
In order to verify if households of Kiramuruzi sector depend on fuelwood more than other forest products,

the hypothesis was tested by using the Friedman Test.

Table 2: The level of dependency on forest products and services from reforestation

Products and services Mean Rank Statistical test
Timber 3.50 N
Fuelwood 67
uciwoo 1.01 Chi-Square
Medicinal products 7.00 327.505
Construction poles 5.79 Degree of freedom 7
: Asymp.
Employment 438 Sig .000
Animal feeds 3.96
Income earned 4.04
Fruits 6.33

This analysis has been done through the use of a 5-point scale ranging from 1-very high through 5-very low
and according to this scale the lower the mean the higher the importance attached by farmers to a given forest
product. A non-parametric test (Friedman’s Test) is used to rank importance of different forest products. The
households view forest resources mainly as a source of fuel wood (both firewood and charcoal) and income. But in
general, forest products and services are needed by farmers because the p-value (0.000) < o (0.05).
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3.5 Challenges faced by reforestation process
Causes of deforestation

82
& 100 [
g 80 //
= 60 S 26.8
° 40 7
@ 20 /
=9 - /
charcoal human  animal grazing — search
making resttlement toragriculture
land

Figure 14: Causes of deforestation in kiramuruzi sector

The figure 14 shows that human resettlement comes at the first position with 97% followed by search of
agriculture land with 82%, animal grazing with 74.6% and lastly charcoal making with 26.8%. These results are in
agreement with (MINITERE, 2007) stating that Rwanda’s environment has been further destroyed by people
looking for agriculture land and for settlement.

Constraints associated with the reforestation in Kiramuruzi sector
The following figure 15 indicates the factors affecting negatively the adoption of reforestation and
afforestation. The constraints are classified in three levels which are very severe, moderately and severe.

86.5 89.6
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80 -
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0 ~
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shortage | manageme | deaseas seedling
nt
W very severe 86.5 67 89.6 70 40.3
m moderately 12 22.4 10.4 19.6 25.4
severe 1.5 104 0 104 343

Figure 15: Level of constraints for reforestation/afforestation

The figure 15 shows that the levels of constraints in reforestation and afforestation are different due to the
observation of farmers and their expected outcomes and needs. The low land holding and poverty pests and diseases
are respectively highly observed (86.5 and 70%) because of land competition for crop production, animal grazing,
settlement and forestry compared to the household size in the region. Also this figure 14 shows that the poor
management of existing forest resources is observed with 67 %, the lack of seedlings with 40.3 % and the pest and
diseases with 89.6 and this is due to ecological conditions that facilitate the presence of huge amount of termites in
the region.

3.6 The contribution of reforestation on agricultural and livestock productivity
Statistical test on annual profit from forms of tree grown before and after reforestation
In order to compare the annual profit from tree grown before and after reforestation, I have used paired samples

test.
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Table 3: Paired Samples Statistics for annual profit from tree grown before and after reforestation

Mean N Std. Deviation Std. Error Mean
Annual profit after reforestation 3.09E5 67 208077.783 25420.747
Annual profit before reforestation 3.8856E4 67 44619.06238 5451.08606

Table 4: Paired Samples Test for annual profit from tree grown before and after reforestation

Paired Differences
Annual profit 95% Confidence Interval Si
f the Difference 18-
Standard Standard 0 (2-tailed
Mean Deviation Error Mean Lower Upper t df )
Before and
after 2.69914E5 1.89383E5 | 23136.80344 | 2.23720E5 | 3.16108E5 [ 11.666 | 66 .000
reforestation

Source: Primary data, 2011

The Tables 3 and 4 show the difference between annual profit earned by farmers before and after reforestation.
There is a positive impact of reforestation on household income because p value =0.00 is less than a and we state
that there is a significant difference between annual profit earned by farmers before and after reforestation. The
mean is 5,451 RWF before reforestation instead of 25,420.747 RWF after reforestation. These results are in
agreement with FAO, (2000) where the study revealed that forest products contribute substantially to the national
economy growth and international trade as they have the potential of being marketed and thus providing rural people
with cash income without the need of clearing the forest; trade products contribute to the fulfillment of daily needs
and provide employment as well as income, particularly for rural people and especially women.

Statistical test on seasonal yield of beans and maize before and after reforestation
Table S: Paired Sample test for crop production

Yield(t/ha) Mean N Std. Deviation | Std. Error Mean
Seasonal yield for beans and maize before reforestation 0.7318 57 0.49352 0.06537
Seasonal yield for beans and maize after reforestation 2.9702 57 0.85711 0.11353
Table 6: Paired Sample test for crop production
Yield (t/ha) Paired Differences
95% Confidence
Interval of the
Std. Difference
Mean Deviation | Std. Error Mean [ Lower Upper t df | Sig. (2-tailed)
Yield of beans and
maize before
reforestation | 5 53847 | 90604 12001 -2.47883 | -1.99802 |-18.652| 56 0.000
—yield for beans
and maize after
reforestation

Source: Primary data, 2011

The table 5 and 6 show that the beans and maize production was increased after reforestation because the mean
difference is positive and the P-value (0.000) < a (0.05). Thus we conclude that the reforestation has positive impact
on crop production. Other crops available were sorghum, cassava, sweet potatoes, Irish potatoes, groundnuts, rice,
tomatoes, cabbage, banana and peas and reforestation intervenes to the cutback of major constraints of agriculture
production that was reported as availability of land (about 52%), drought (16%), lack of water (9%), lack of
improved cattle (3%), and others.
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Statistical test on annual income for cow and goat before and after reforestation

Table 7: Paired Sample test for the income from grazing

Mean N Standard Deviation Standard Error Mean
Income for goat and cows before 8.5674E4 | 46 55086.21701 8122.01959
and after reforestation 7.2500E5 | 46 1.01414E6 1.49527E5
Table 8: Paired Samples Test for the income from grazing
Annual income for Paired Differences

goat and cows before
reforestation -  for

goat and cows after Std. Error
reforestation Mean Std. Deviation Mean

95% Confidence Interval of
the Difference Sig

Lower Upper t df [(2-tailed)

-6.39326E5( 9.77046E5 1.44058E5 | -9.29473E5 | -3.49179E5 [-4.438| 45 .000

Source: Primary data, 2011

The table 7 and table 8 show that the animal
breeding production generates high income to the
farmers in region after reforestation than before. This
is affirmed by the P-value (0.000) which is less than o
(0.05) meaning that there is a significant difference
between annual income generated by animal breeding
production before and after reforestation. This shows
the importance of both agroforestry and forestry
species to the increase of animal productivity.

4. Conclusion

This study aimed at assessing the impact of
reforestation to the increase of household income in
Gatsibo district in Kiramuruzi sector.The results show
that in Kiramuruzi sector through reforestation the
different forest products and services are Timber,
Charcoal, Building poles, Firewood, job creation,
Medicines and climatic regulation. According to the
mean annual net profit obtained from the different
forest products and services, crop (maize and beans
the main crops in region) production and animal
productivity; the results are evidence for a greater
positive difference in output before and after
reforestation. According to the dependency of farmers
on forest products, the farmers depend on forest
resources as firewood, building, materials generating
income, climatic regulation, job creation and
medicinal plants. The income earned from forest
products is positively and significantly influenced by
different factors which are area wunder forest,
diversification of forest products and education level.
Concerning the constraints in reforestation, the
availability of pest and diseases especially termites,
lack of land for both reforestation and afforestation,
poverty, poor management of existing forest resources
are cited by the farmers. The income from forest
products is very important because it is used by
households such as health care insurance, building
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house, saving and credit, buying animals, paying
school fees and purchasing agriculture input. In short,
forest products are very important source of income
for rural farmers in Kiramuruzi sector and they
contribute to their household’ livelihood improvement.
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Abstract: The prophylactic potentials of five Nigerian higher fungi — Pleurotus tuber-regium, Pleurotus
pulmonarius, Termitomyces robustus, Fomes lignosus, Lentinus subnudus and their combination in equal proportion
(mixture extract) were investigated. The ethanolic fungi extracts were tested on sets of albino rats (Rattus
norvegicus) infected with selected bacteria (Escherichia coli, Staphylococcus aureus, Salmonela typhi,
Pseudomonas aeruginosa, Streptococcus feacalis and Bacillus subtilis. Extracts were orally administered at 1.0ml
concentration against 0.1ml/cfu microbial suspension intraperitoneally . Survival rates of the experimental rats were
monitored. Mixture of these extracts exhibited significant level of prophylactic effect against all the bacteria in the
host organisms.

[Jonathan SG, Olawuyi OJ and Oluranti OO. Studies on Immunomodulatory and prophylactic properties of
some wild Nigerian  mushrooms. Academ  Arena  2012;4(9):39-45]  (ISSN 1553-992X).
http://www.sciencepub.net/academia. 4

Keywords: Prophylactic, Extracts, Survival rates, Infection, Bacteria.

1. Introduction infections, food poisoning, gastro-intestinal tract and
Pleurotus  tuber-regium is a tropical urino-genital tract infections (Olawuyi et al., 2010;
mushroom and an edible higher fungus which Oluranti ef al., 2012).
produces a sclerotium or underground tuber. A Termitomyces is a genus of basidiomycete
sclerotium is a dark brown, yam-like material fungi belonging to the family Lyophyllaceae (Kirk et
specially produced by some specific higher fungi al., 2008). They usually grow in close association
(Oso, 1977; Jonathan et al., 2008). It could be used in with termite nests. Despite their spore, transfer is
combinations with other plants parts to treat mainly by shedding from higher fungi which protrude
headache, stomach ailments, colds , fever, asthma, from the termite mounds (Mueller et al, 2005).
smallpox and high blood pressure (Oso, 1977). The Termitomyces titanicus of West Africa is one of the
fruitbodies and sclerotium of this basiomycete have largest higher fungi in the world.
been found to possess antimicrobial potential against Lentinus is a genus whose plants are tough and
some disease causing microorganisms (Jonathan and plaints, becoming hard when old unless very watery.
Fasidi, 2003). Also, Pleurotus pulmonarius (oyster Lentinus  subnudus  belongs to the family
mushroom) has been produced using several polyporaceac which is the largest and the most
agricultural residues (Bononi ef al, 1995). Banana diverse group of poroid aphyllophorales (Pegler,
leaf, mixed with sugarcane bagasse or corn cob are 1983). Though, grows naturally on dead woods, logs
examples of the substrates used for the production of and trunks, they can also be cultivated in logs of
P. pulmonarius (Chang et al., 1981) while cassava Sporandias mombin and unfermented composts
residues with sugarcane bagasse are used for the (Fasidi and Kadiri, 1993; Gbolagade ef al.,2006).
production of P. oestreatus (Felinto, 1999). Mushrooms have been widely reported for
Fomes is a genus of polypore higher fungus their nutritional and medicinal properties (Mizuno et.
which belongs to the order Aphyllophorales, and al.2000; Oluranti et al,2012;Aina et al.,, 2012a and b
family polyporaceae ( Alexopoulous et al, 1996). ;Jonathan et al.,2012a).This study was aimed at
The basidiocarps of Fomes may generally be examining the immunomodulatory and prophylactic
recognised by conspicuous fruitbodies which are potentials of these higher fungi found in Nigeria.
perennial with attractive yellow or brownish
colouration. The sporocarp are fleshy when young 2. Materials and methods
and becomes woody on aging. Fomes lignosus had 2.1 Higher fungi and extracts preparation
also been reported to be utilized in Nigeria folk Fruit bodies of Pleurotus tuber-regium, P.
medicine due to its inhibitory potentials against some pulmonarius,  Fomes  lignosus,  Termitomyces
microbes implicated in the pathogenesis of skin robustus and Lentinus subnudus were cut into bits,
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dried at 40°C and milled into powder using grinding
machine. Ethanol was used as solvent for the
extraction of the higher fungi using the methods
described by Jonathan and Fasidi (2003).

while the survived ones were later sacrificed. The
excised organs were weighted and kept in formalin
(10%) for histological studies.

2.4 Histological studies
2.2 Experimental rats The livers and kidneys kept in 10% formalin
Albino rats (Rattus norvegicus) were used were histologically examined for pathological

for the study and were about 12 weeks old with
average weight of 132 grammes.

2.3 Prophylactic experiment

One millilitre (ImL) of the extract was
administered orally into each experimental animal for
7 consecutive days. The test bacteria (E. coli, S.
aureus, S. typhi, P. aeniginosa, S feacalis, and B.
subtilis) were homogenised in peptone water and
0.lml of the nmicrobial suspension were
intraperitoneally administered into each animal post-
higher fungi extract administration. This was done
thrice at intervals of 2 days. Infection was then
monitored for about 10 days. Survival rate of the
experimental rats was based on the number that
survived the infection. Dead animals were dissected
immediately to remove their livers and kidneys,

changes (Wiess ef al., 1984).
2.5  Analysis of Data

The results of this study were subjected to
the analysis of variance (ANOVA) and Duncan’s
Multiple Range Tests (DMRT) (p<0.05).

3. Results and Discussion

The five higher fungi in this study were found to
exert prophylactic effects against the infected
organisms in the test animals, though at different
levels. The mixture extract and Pleurotus
pulmonarius were most effective against E. coli.
Survival rates of experimental rats were 100% after
the bacterial infection (Table 1).

Table 1: Survival rates of Rattus norvegicus used for prophylactic administration of the higher fungi against

E. coli.
Day FOM PT PS Term Lent Mixt Control A Control B
1 91.67° 75.00° 100.00* 100.00* 100.00° 100.00* 75.00° 100.00*
5 75.00° 25.00° 91.67* 75.00° 75.00° 100.00* 0.00 100.00*
10 75.00° 16.67¢ 91.67* 75.00° 75.00° 100.00* 0.00 100.00*

Values with the same letter(s) in each row are not significantly different by Duncan's multiple range test (P < 0.05).

Each is a mean of three replicates.

KEY:

FOM = Fomes lignosus, PT = Pleurotus tuber-regium, PS = Pleurotus pulmonarius, Term = Termitomyces robustus,
Lent = Lentinus subnudus, Mix = Mixture extract, Control A = Infected rats without extract, Control B = Uninfected

rats.

Lentinus subnudus and Pleurotus tuber-
regium demonstrated the best prophylactic activity
against S. aureus with survival rates of 100% and
91% respectively (Table 2). F. lignosus, T. robustus
and the mixture extracts were very effective against
S. typhi. Virtually all the animals survived the
infection. L subnudus also had an appreciable effect
against the organism (Table 3). Both Pleurotus
species (Pleurotus tuber-regium and P. pulmonarius)

40

had the same effect. The prophylactic effects against
P. aeruginosa shown in Table 4 indicates P. tuber-
regium as the best extract with a 100% animal
survival throughout the experimental period. Table 5
shows that all the higher fungi extracts were
uniformly active against S. Feacalis, while the
mixture extract and F. lignosus were the most active
extracts against B. subtilis (Table 6). Survival rates of
the animals were 100% and 91% respectively.
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Table 2: Survival rates of Rattus norvegicus used for prophylactic administration of the higher fungi against

S. aureus
Day FOM PT PS Term Lent Mix Control A Control B
1 83.33% 100.00* 75.00° 75.00° 100.00° 83.33® 50.00° 100.00°
5 66.67° 91.67* 50.00° 75.00° 100.00* 75.00° 0.00 100.00*
10 66.67° 91.67* 25.00° 75.00° 100.00* 75.00° 0.00 100.00*

Table 3: Survival rates of Rattus norvegicus used for prophylactic administration of the higher fungi against

S. typhi

Day FOM PT PS Term Lent Mix Control A Control B
1 100.00*°  75.00° 75.00° 100.00* 100.00" 100.00" 75.00° 100.00"

5 91.67* 66.67° 66.67° 100.00* 75.00° 100.00* 0.00 100.00°*
10 91.67* 66.67° 66.67° 100.00* 75.00 100.00°* 0.00 100.00°*

Table 4: Survival rates of Rattus norvegicus used for prophylactic administration of the higher fungi against

P. aeruginosa

Day FOM PT PS Term Lent Mix Control A Control B
1 100.00* 100.00* 83.33" 83.33" 75.00° 83.33" 75.00° 100.00°
5 75.00° 100.00* 66.67° 50.00° 50.00° 75.00° 0.00 100.00*
10 66.67° 100.00* 66.67° 50.00° 50.00° 75.00° 0.00 100.00*

Table 5: Survival rates of Rattus norvegicus used for prophylactic administration of the higher fungi against

S. feacalis
Day FOM PT PS Term Lent Mix Control A Control B
1 75.00° 75.00° 100.00° 75.00° 100.00° 83.33% 50.00° 100.00°*
5 66.67° 75.00° 75.00° 75.00° 75.00° 75.00° 0.00 100.00"
10 66.67° 75.00° 75.00 75.00° 75.00° 75.00° 0.00 100.00*
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Table 6: Survival rates of Rattus norvegicus used for prophylactic administration of the higher fungi against
Bacillus subtilis

Day FOM PT PS Term Lent Mix Control A Control B
1 100.00° 75.00° 100.00° 100.00° 100.00° 100.00° 75.00° 100.00°
5 91.67° 75.00° 0.00 75.00° 75.00° 100.00* 0.00 100.00°
10 91.67° 75.00° 0.00 75.00° 75.00° 100.00* 0.00 100.00*

The histological findings on the tissues of rats infected post-fungi extract administration are shown in
Tables 7 and 8. These further confirmed the prophylactic effect of the higher fungi extracts. No visible lesions were
seen on both liver and kidney tissues of rats administered with the extracts 7 days before infection and also the
control uninfected rats. The control infected rats (without extracts) showed some abnormalities in the kidney
(marked portal congestion, diffuse tubular necrosis and numerous tubules with protein casts in the tubular lumen)
and the liver (marked bile duct proliferation, mild cellular infiltration). The pathological changes were prevented in
the experimental rats by the protective and preventive potentials of the higher fungi extracts (Plates 1 and 2).

A Novisible lesions

(arrows) and mild portal fibrosis (stars).

Plate 1: Photomicrograph of the liver of rats infected with Escherichia coli with no visible lesions (A) and the
kidney with marked portal congestion (B)
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A There is very mil cellular inltrtioat the o No visible lesions seen.
portal area.

Plate 2: Photomicrograph of rats’ livers infected with Bacillus subtilis (A) Mild cellular infiltration (B) The
kidney of infected rates with no visible lesions.

Table 7: Histological findings on tissues of rats infected with E. coli, those treated with Fomes lignosus and

control
Group Organ Findings
Rats administered with F. lignosus extract 7 days Liver No visible lesions seen
before infection Kidney No visible lesions seen
Control (uninfected) Liver No visible lesions seen
Kidney No visible lesions seen.
Control (infected) Liver No visible lesions

Kidney Marked portal congestion

Table 8: Histological findings on tissues of rats infected with Bacillus subtilis, those treated
with Mixture extract and control

Group Organ Findings

Rats administered with Mixture extract 7 days before Liver No visible lesions seen

infection Kidney No lesions developed

Control ( Liver No visible lesions seen

uninfected) Kidney No visible lesions seen.

Control (infected) Liver Mild cellular infiltration at the portal area.
Kidney No visible lesions.

On the overall, the mixture extract was polysaccharides were used against Aeromonas
found to have the best prophylactic effect against the hydrophila and Edwardsiella tarda infections in
bacterial infections in the experimental rats. The tilapia. The survival rates of the fish increased
survival rates of the control (uninfected) rats remain significantly. Typically for fungi, the most active
the same (100%) throughout the period of components of their immunomodulators are the
experiment. For the control infected rates, no animal glucan structures. The immunomodulatory properties
survived after the 4™ day of infection. of these mushrooms are due to the presence of

Wang et al., (2007) obtained similar results glucans in thier cell wall (Benedict 1972; Kupra et
when glucans extracted from different al., 1979; Suzuki et al., 1989, Brandt et al., 2000).
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According to Medzhitove et al.(1997), the glucan
structures are generally indicated as pathogen
associated molecular patterns. Betaglucan is one of
the most effective immunomodulators and are
recommended by Clayton (2004), because of its
ability to activate macrophage. An example of
betaglucan is lentinan obtained from Lentinus edodes
which stimulates natural killer cell, T-cell and
macrophage dependent responses (Nanba et al,
1987; Mizuno and Zhuang, 2000). A mushroom
compound (active hexose ) which is a product of the
enzymatic modification of several types of medicinal
higher fungi has the ability to increase natural killer
cell and macrophage activity. Moreover, several
clinical tested health supplements from Fomes
lignosus have been considered as best natural
products that can be consumed to regulate healthy
diet and also boost the immune system. Grifola
frondosa (maitake) enhance the activities of natural
killer cells, T-cells and macrophages. In Asia,
Trametes verscolor is a popular higher fungi that has
been wused traditionally because it stimulates
macrophages. Agaricus blazei also has the ability of
increasing T-cell activity thereby stimulating the
immune system. The beta glucans associated with
this mushroom are the active polysaccharides (having
1, 6-betaglucan  as  the most  potent
immunomodulator). In one animal study, Cordyceps
sinensis was discovered to increase antibody thereby
enhancing immunity. Also, in an in-vitro study, a
cordyceps polysaccharide was found to increase
cytokines (Wang et al., 2007; Huang et al.,2006).

Stamets  (2001), also reported that
compounds with antibacterial properties are prepared
from mushroom such as Fomitopsis, Piptoporus,
Ganoderma, Inonotus and Trametes species. They
are also useful in preventing and treating viruses such
as poxyiridae and orthopox viruses, flu viruses
including bird flu, SARS and hepatitis as well as
infections from Mycobacterium tuberculosis, S.
aureus and E. coli.

Generally, mushrooms have been suggested
to have immunological properties, giving protection
against a number of infectious diseases (Hobbs,
1986; Chilara, 1992; Mizuno et. al.1995; Jonathan
and Awotona, 2010).

The findings of Medzhitov et al.(1997)
confirmed that the mixture of mushroom
polysaccharides gives the maximum response in the
immune system by increasing the number and
enhancing the activity of killer, T and NK (natural
killer) lymphocytes.

4.0 Conclusion
It is clear from the study that preventive
abilities were exhibited against the test pathogenic
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bacteria. This could be attributed to the prophylactic
effects of the higher fungi extracts. The strength for
the prophylactic activity was obtained within the
seven days pre-infection fungi-extract administration.
This was evidenced in the survival rates (100%) of
the experimental rats used for the study. The ability
of the extracts to exert prophylactic effect within a
week at low concentration has to do with the
immune-enhancing properties of the higher fungi.
Therefore, they are recommended as good
prophylaxis for prevention and protection against
infections, especially the blend or mixture of the
higher fungi.
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Abstract: In this paper we discuss these micro-fluidic systems; micro channels have been identified to be one of the
essential elements to transport fluid within a miniature area. In addition to connecting different chemical chambers,
micro channels are also used for reactant delivery, physical particle separation, fluidic control, chemical mixing, and
computer chips cooling. Hence, the study of fluid flow and heat transfer in micro channels which are two essential
parts of such devices, have attracted more attentions with broad applications in both engineering and medical
problems. Heat sinks are classified into single-phase or two-phase according to whether boiling of liquid occurs
inside the micro channels. Primary parameters that determine the single phase and two-phase operating regimes are
heat flux through the channel wall and coolant flow rate.

[A.P. Singh and Mohd.Ghufran Ali Siddiqui. Dynamic Fluid Flow and Heat Transfer in Different Micro-
Channels with Numerical techniques: Case Study. Academ Arena 2012;4(9):46-47] (ISSN 1553-992X).
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Introduction believe that there is tremendous benefit to transition
A large percentage of the active research in micro into single-phase micro channel heat transfer prior to
channel heat transfer involves two-phase flows. Two- implementing two-phase micro channel heat transfer.
phase heat transfer does indeed dissipate large heat Utilizing single-phase micro channel heat
fluxes on the order of tens of MW/m”. However, the transfer for high heat flux microprocessors is a viable
two-phase flow system comes with a few more option for several reasons. First, the overall system
complications versus a comparable single-phase flow complexity is reduced for a single-phase system.
system. The two-phase pressure Drop will be much Secondly, the micro channels can be enhanced to
higher than the single-phase. In addition, the two-phase provide improved overall heat transfer coefficients. [1]

flow system would also require a condensation step in
the closed loop system. Micro channel condensation is
also a developing technology that requires further work
to understand all of the physics involved. [1]

Over the last decade, micromachining technology
has been increasingly used for the development of
highly efficient cooling devices called heat sink
because of its undeniable advantages such as less
coolant demands and small dimensions. One of the
most important micro-machining technologies is micro
channels. Hence, the study of fluid flow and heat
transfer in micro channels which are two essential parts
of such devices, have attracted more attentions with
broad applications in both engineering and medical
problems. [2]

With all of the attention that two-phase micro Figure 1.
channel heat transfer is getting, a great opportunity for

understanding the fundamental physics that occurs in ~ Literature Review of this Study

single-phase micro channel heat transfer is being ~ Peng et al had investigated experimentally the
missed. This is not to say that the two-phase heat single-phase  forced ~ convective heat  transfer
transfer is not important and will not provide the characteristics of water/methanol flowing through
technology to cool future microprocessors.  The micro-channels with rectangular cross section of five
transition at hand for this industry is from advanced different combinations, maximum and minimum
air-cooling to the next cooling medium. The authors channel. size varying from (0.6 x 0.7 mm2) to (0.2 x
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0.7 mm2). The results provide significant data and
considerable insight into the behavior of the forced-
flow convection in micro-channels [4] had also
investigated experimentally the single-phase forced
convective heat transfer micro channel structures with
small rectangular channels having hydraulic diameters
of 0.133-0.367 mm and distinct geometric
configurations. The results indicate that geometric
configuration had a significant effect on single-phase
convective heat transfer and flow characteristics. In this
Paper we will expand the continuum momentum and
energy equations for laminar forced convection in two-
dimensional V-Shaped micro-channels and nano-
channels under hydro dynamically and thermally fully
developed conditions with the first-order velocity slip
and temperature jump boundary conditions at the
channel walls. Closed form solutions are obtained for
the fluid friction and Nusselt numbers in the slip-flow
regime.[3]

Fluid flow Effect in geometric parameters

It is known that the height-to-width ratio has great
effect on the flow friction and heat transfer in the
rectangular micro channels [6,7]. For the trapezoidal
micro channel, its cross-sectional shape is determined
by two aspect ratios, the height-to-top width ratio H=W
and the bottom-to-top width ratio W b=W. Therefore,
there are three geometric parameters including W
t,H=Wt and length-to-diameter ratio L=D, which affect
the friction and heat transfer in the trapezoidal micro
channels. These micro channels were etched under the
same conditions in the same silicon wafer, they have
approximately the same order of surface roughness
(9:85 x10 °—4:30 x 10-°) and same surface hydrophilic

property. [5]

EXPERIMENTAL
MICROCHANNELS

The experimental uncertainties can become quite
large for a micro channel heat exchanger. Some of the
challenges include the physical size of the system being
measured and the magnitudes of the measurements.
The heat transfer occurring in micro channels is very
efficient. ~ Therefore, the temperature differences
between the liquid and the walls can be very small.

The AT can be only a few degrees or less.
Fortunately, several of the standards for experimental
uncertainties still apply at the micro scale. The two
best standards for determining experimental
uncertainties are ASME PTC 19.1 (1998) and NIST

UNCERTAINTIES IN
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Technical Note 1297 (1994). There are many
similarities between these standards and many
published works. In general, the total uncertainty is
comprised of two parts - systematic error and random
error. [1]

Conclusion

In this paper we discuss the all experimental
methods of heat transfer techniques. The transition at
hand for this industry is from advanced air-cooling to
the next cooling medium. In this dynamic fluid flow
believe that there is tremendous benefit to transition
into single-phase micro channel heat transfer prior to
implementing two-phase micro channel heat transfer.

References

1. Mark E. Steinke, Satish G. Kandlikar, SINGLE-
PHASE LIQUID HEAT TRANSFER IN PLAIN
AND ENHANCED MICROCHANNELS,
Proceedings of ICNMM?2006 Fourth International
Conference on Nanochannels, Microchannels and
Minichannels June 19-21, 2006, Limerick,
Ireland.

2. Bianco, V., Chiacchio, F., Manca, O. and Nardini,
S. 2009. Numerical investigation of nanofluids
forced convection in circular tubes. Applied
Thermal Engineering, 29 (17-18), 3632-3642.

3. Peng, X. F., Wang, B. X., Peterson, G. P., and
Ma, H. B. 1995. Experimental investigation of
heat transfer in flat plates with rectangular micro
channels. International Journal of Heat and Mass
Transfer. 38,127-137.

4. Peng, X.F. and Peterson, G.P., 1996. Convective
heat transfer and flow friction for water flow in
micro channel structures. Int. J. Heat Mass
Transfer. 39 12, 2599-2608.

5. HY. Wu, P. Cheng, An experimental study of
convective heat transfer in silicon microchannels
with different surface conditions, International
Journal of Heat and Mass Transfer 46 (2003)
2547-2556.

6. H.Y. Wu, P. Cheng, Friction factors in smooth
trapezoidal silicon microchannels with different
aspect ratio, Int. J. Heat Mass Transfer.

7. X.F. Peng, G.P. Peterson, Convective heat
transfer and flow friction for water flow in
microchannel structures, Int. J. Heat Mass
Transfer 39 (12) (1996) 2599-2608.



Academia Arena 2012:4(9) http://www.sciencepub.net/academia

Growth responses of Corchorus olitorius Lin. (Jute) to the application of SMC as an organic fertilizer
@ Jonathan SG', ® Oyetunji OJ',°Olawuyi OJ' and *Asemoloye MD'

“Mycology& Biotechnology unit, ® Plant Physiology & Soil Biology unit © Genetics & Molecular Biology unit
Department of Botany & Microbiology, University of Ibadan. Ibadan. Nigeria
sg.jonathan@mail.ui.edu.ng
Abstract: This study was carried out in a green house with the aim of assessing the response of jute plant to the
spent mushroom compost (SMC ) application as a organic fertilizer. The potted vegetable (jute) studied were planted
in pots and harvested after ten weeks of cultivation and it was observed that the vegetable planted on 20% SMC soil
had the best growth followed by 30%, 50%, 0% and 100% SMC respectively (in terms of plant height, leaf number,
stem girth, and leaf area). The results obtained for biological efficiencies (B.E.) showed that 20% SMC had the best
above and below ground biomass with B.E. of 30.5% and 32.8% followed by 30% SMC (24.8% and 23.4% B.E.)
and 10% SMC (15.9% and13.9%), the least B.E. was 2.5 and 11% above ground and 3.3% and 14.2 below ground
of the 0 and 100% SMC plants respectively. Moreover, the SMC was able to improve mineral composition of this
vegetable. It was observed that, phosphorus and potassium were the best mineral elements of vegetable and mineral
elements (iron, magnesium, calcium, phosphorus and potassium) were observed to increase as the concentration of
the SMC in the soil increased to 100%.However, zinc decreased with SMC treatment, while manganese
concentrations increased to 30% SMC. SMC application was found to increase the soil pH by £2. The pH values of
the soil treated with SMC increased significantly with the SMC percentages in the soil. It was found to have

increased from 4.8 to 6.7 and 7.0 in the potted plant with the highest yield.

[Jonathan SG, Oyetunji OJ, Olawuyi OJ and Asemoloye. Growth responses of Corchorus olitorius Lin. (Jute) to
the application of SMC as an organic fertilizer. Academ Arena 2012;4(9):48-56] (ISSN 1553-992X).
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1. Introduction harvested. Dumping of SMS indiscriminately may
Growing of mushrooms on large scale values also lead to diseases outbreak or unwarranted health
have been providing employment for several people risk especially when these were disposed at a close
in the developed and developing countries of the range to where people live. It has been reported that
world (Gbolagade, 2005; Ahlawat et al., 2007; Aina unwanted SMC disposal may serve as contamination
et al.,2012a;Jonathan and Adeoyo, 2011). Edible to ground water sources in villages and rural area
fungi have been widely reported of providing high (Beyer, 1996).
protein diets and other essential proximate for SMC have been reported of containing nutrients
mushroom consumers (Gbolagade et al., 2006; Aina which could be used for the growth of useful
et al.,2012a; Jonathan et al., 2012a). Likewise, photosynthetic plants (Fasidi et al, 2008 and
mushrooms have been also implicated of possessing Gbolagade et al., 2006). It can also supply nutrients
important exo-polysaccharides and other secondary and increase the water-holding capacity of the soil.
metabolites that could be responsible for their high (Polat et al., 2004), Chang et al. (1999) explained
medicinal potentiality (Gbolagade,2006; Zakaria et that the SMC is entangled with innumerable
al.,2006;Aina et al., 2012b;Oluranti et al.,2012). It mushroom threads (collectively referred to as
has been widely reported that commercial mushroom mycelia) which could have modified the substrate
cultivation activities are environmentally friendly biochemically by production of enzymes.
events that utilized agro industrial wastes such as Uncontrolled disposal of SMC may pose a
substrates from farm land, horticulture, poultry, problem to the environment, therefore, there is a need
brewery etc. for its cultivation (Bayer,1996;Jonathan to convert this waste into harmless substances
and Adeoyo, 2011; Omarini,2010;Jonathan et al., (waste to wealth)which will be useful for agricultural
2012b). use or to products that will be environmentally
Despite numerous benefit of mushroom friendly. The demand for organic residues and
cultivation, disposal of spent mushroom compost compost has also increased several folds considering
(SMC) also known as spent mushroom substrates the ill effects of synthetic pesticides and fertilizers.
(SMS) have been known of constituting nuisance The low soil pH level is one of the most common
pollutants to our environment. These problems may limiting factors for plant development, and there is
include foul odour arising from the piling up of SMS need to increase it using compost (Chang et al., 1981;

after various flushes of mushrooms have been
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Chefeetz et al., 2000; Howat, 2003; Jonathan et al.,
2012c).

Kabata et al. (2000), explained that, critical
aspects of soil fertility management include pH,
secondary nutrients and micronutrients. Also, many
of our agricultural lands have been over utilized by
inadequate farming practice, and these results in
nutrient depletion of soils (Jonathan et al., 2011).
Therefore, there is a need to look for an alternative
source of organic fertilizers that will boost the growth
and production of vegetables by the local farmers .

Corchorus olitorius Linn. (Tiliaceae), called
jews mallow or jute mallow in English and
“ewedu”among the Yoruba people of south western
Nigeria is an annual herb with a slender stem. It is an
important green leafy vegetable in many countries
including Egypt, Sudan, India, Bangladesh,
Malaysia, as well as Japan, the Caribbean and Cyprus
(Samra et al., 2007). Corchorus olitorius is a
vegetable eaten in both dry and semi-arid regions and
in the humid areas of Africa. The plant is also known
for its fibre product, the jute (Schippers, 2000). The
plant prefers light (sandy), medium (loamy) and
heavy (clay) soils. It is extremely consumed as a
health vegetable, because it contains abundant [-
carotene and other carotenoids, vitamins Bl, B2, C
and E, and minerals. The vegetable also has varying
proportion of dietary fibre and protein required for
health (Schipper, 2000).

Nutritionally, C. olitorius on the average
contain 85-87g H,O, 5.6 g protein, 0.7 g oil, 5 g
carbohydrate, 1.5 g fiber 250-266 mg Ca, 4.8 mg Fe,
1.5 mg 300010 vitamin A, 0.1 mg thiamine, 0.3 mg
riboflavin, 1.5 mg nicotinamide, and 53-100 mg
ascorbic acid per 100 g (Ndovu and Afolayan ,2008).
In West African countries including Ghana, Nigeria
and Sierra Leone, the vegetable is cultivated for the
stem bark which is used in the production of fibre
(Jute) and for its mucilaginous leaves which are also
used as food vegetable (Zakaria et al., 2006). The
leaf extract of the plant is also employed in folklore
medicine in the treatment of gonorrhea, pain, fever
and tumor (Ndlovu and Afolayan, 2008). The crop is
an excellent source of vitamin A and C, fiber,
minerals including calcium, and iron. It is reportedly
consumed as healthy, vegetable in Japan because of
its rich contents of carotenoids, vitamin By, B,, C and
E, and minerals (Ndovu et al., 2008). Its leaves and
roots are eaten as herbal medicine in South East Asia
(Ndovu et al., 2008). In Nigerian , the Yorubas
commonly used it in a stew known as ewedu, a
condiment to other starch-based foods such as
amala(Jonathan et al,2012d). The Hausa people of
Nigeria and their Fulani neighbours call it rama.
They use it to produce soup (faushe) or boil the
leaves and mix it with kuli-kuli (groundnut cake) to
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form a dish known as kwado in Hausa. The Hausa
peasant farmers cultivate it beside their corn-stalk
constructed homesteads or among their main crops in
their farms. The Hausa and Fulani peoples also use
jute leaves to treat some diseases.

The composition of Corchorus olitorius leaves
per 100 g fresh edible portion is: water 80.4 g (74.2—
91.1), energy 243 kJ (58 kcal), protein 4.5 g, fat 0.3
g, carbohydrate 12.4 g, fibre 2.0 g, Ca 360 mg, P 122
mg, Fe 7.2 mg, B-carotene 6410 pg, thiamin 0.15 mg,
riboflavin 0.53 mg, niacin 1.2 mg, ascorbic acid 80
mg (Samra et al., 2007). This composition is in line
with other dark green leafy vegetables, but the dry
matter content of fresh Jew’s mallow leaves is higher
than average. The composition and especially the
micronutrient content are strongly influenced by
external factors such as soil fertility and fertilization.
Nitrogen fertilizer greatly improves the micronutrient
content, e.g. Fe, P, Ca, carotene and vitamin C.

The mucilaginous polysaccharide in the leaves
is rich in uronic acid (65%) and consists of rhamnose,
galactose, glucose, galacturonic acid and glucuronic
acid in a molar ratio of 1.0:0.2:0.2:0.9:1.7 in addition
to 3.7% acetyl groups.

Jute fibres are obtained from baste. The use is
limited to coarse fabrics, because the length: diameter
ratio of jute filaments is only 100120, much below
the minimum of 1000 required for fine spinning
quality. Individual fibre cells are (0.5-)2-2.5(-6.5)
mm long, with a diameter of (9—)15-20(-33) um. The
length of the fibre cells decreases from the top to the
bottom of the stem, whereas the width increases. The
lumen width varies greatly throughout the length of
the fibre cell, with the lumen sometimes closing up.
Fibre cells are cemented together into filaments of up
to 250 mm long,.

The tensile strength, elongation at break, and
Young’s modulus of jute fibre are 187775 N/mm?,
1.4-3.1% and 3000-55,000 N/mm?, respectively.

Jute has a low ignition temperature of 193°C,
posing a considerable fire hazard in warehouses. Jute
fibre contains 45-84% a-cellulose, 12-26%
hemicelluloses, 5-26% lignin, 0.2% pectin and 1-8%
ash. Jute fibre may be treated with a strong alkali
(‘woollenization”), resulting in a reduced fibre length,
a softer feel and a crimp or waviness, giving the fibre
a wool-like appearance. The woody central core is of
medium durability under exposed conditions. The
fibres in the central core are 0.5-0.8 mm long and
29-42 pm wide.

Corchorus olitorius leaves contain antioxidative
phenolic compounds, of which 5-caffeoylquinic acid
is the most important. Some ionone glucosides have
also been isolated from the leaves; they showed
inhibitory activity on histamine release from rat
peritoneal exudate cells induced by antigen-antibody
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reaction. The seeds are poisonous to mammals and
insects. They contain cardiac glycosides.

Inorganic fertilizers are mostly being used for
production of organic food but their prices are
beyond the reach of many local farmers in the
developing countries like Nigeria (Jonathan et al.,
2011). Organic farms need to be supplied with
Nitrogen through sources such SMC (Chefetz ef al.,
2000). SMC has many attributes aiding its
exploitation in place of inorganic farm yard manure
(FYM) in raising organic field crops and environment
management (Ahlawat et al,2007). Therefore the
objectives of this work were to convert the
mushroom waste (SMC) to a valuable product, to
determine the dose of SMC that will best support the
vegetable yield and to determine the effect of SMC
on the pH of the soil.

2. Materials and methods
2.1 Collection of samples

Cultivated soil samples used for this experiment
were collected from the Botanical Nursery of the
Department of Botany, University of Ibadan while
the SMC was collected from Beehay Mushroom
Ventures dumping ground, at Ibadan, Nigeria, after it
has been disposed for 7days. Treated seeds of the
pumpkin were collected from Tobol Agro Care,
Ibadan.

2.2 Experimental Set up

The experiment was carried out in the
greenhouse as a pot experiment. The pots were
arranged in a completely randomized design with
three replicates. Corresponding rates in percentage of
SMC was applied to Skg of soil inside a basin, and
mixed together with bare hand and then packed
inside thick polythene bags. SMC was applied to the
experimental soil in the following fashion like the
one developed by Onal and Topcoglu (2003), and
Jonathan et al. (2012c¢)

Six different levels of SMC of oyster mushroom
were chosen, that is, 0% (Control), 10%, 20%, 30%,
50%, 100% were supplemented with Sgrams of
cultivated soil in green house. This was done between
the months of August to November 2011.

- Treatments with no SMC i.e. Control (0%
SMC)

- 0.5kg of SMC /5kg of Soil (10% SMC)

- 1kg of SMC /5kg of Soil (20% SMC)

- 1.5kg of SMC /5kg of Soil (30% SMC)

- 2.5kg of SMC /5kg of Soil (50 % SMC)

- Treatment with only SMC (Control (100%
SMC)

All pots were arranged on the shelves in the
greenhouse under controlled climatic conditions. Pots
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were maintained around field capacity by daily
watering with 100mil of water. The vegetable seeds
were planted directly on the pots based on the SMC
treatment and each treatment was replicated trice and
the pots were labelled.

2.3 Growth Analysis

Sampling for growth analysis started two
weeks after sowing the vegetable seeds. Growth
parameter measurements were carried out at weekly
intervals. Each potted plant was labelled according to
the SMC treatment and the same label was chosen
from each pot every week. Parameters such as plant
length, plant diameter (girth), number of node, leaf
length, leaf diameter and total number of leaves plus
the dead leaves were taken. These were done for 12
weeks for T. occidentalis and 10 weeks for others.

Plant height was determined by placing a thread
from the ground level to the tip of the terminal bud
and the length of the thread measured with a ruler to
determine- the height and plant diameter was
determined by the use of electronic calliper (Hand
veneer calliper) by placing it 1cm above the ground
level. Number of leaf and node were recorded by
counting while the leaf Length, diameter and Leaf
area was determined using the leaf Area Meters LI-
COR (LI-3000C)

2.4Biomass analysis

The studied jute plants were harvested after
10weeks of planting. The shoots and roots of the
same SMC treatments were packed in an envelope
and were taken to the laboratory immediately after
harvest for quantitative measurement. The fresh
weight was recorded and dry weight was recorded
after air-dried for 2 weeks using a digital Weighing
balance (Ohaus Scout).

2.5  Nutrient analyses

The plant’s nutrient analyses were carried at
the soil laboratory of The Department of Agronomy,
University of Ibadan. Organic carbon, organic
matters, % nitrogen, phosphorus, potassium were
determined using official methods of the Association
of Analytical Chemists (AOAC, 2005). Total N were
determined by Kjeldahl method. Plant tissues were
ground and digested in aqua regia (1:3 HNO3/HCI).
In wet ashed leaf samples total P were determined by
molibdophosphoric yellow colour method, total K,
Ca, Mg, Fe, and were determined by atomic
absorption  spectrophotometry  (FAAS)  under
optimised measurement conditions.

2.6 pH Determination
The pH of the soil sample used for this
experiment was first determined before mixing it
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with different percentages of SMC. After the addition BE=FDW / TFDW =+ 100% where

of SMC, the PH of the mixture were taken in the next BE = Biological Efficiency

five weeks in other to allow the soil to adjust its pH FDW = Field Dry Weight of the plant and
as a result of the SMC addition as suggested by TFDW = Total Dry Weight of the plant

Herald, (2010) and Jonathan et al., (2012c).
2.7 Statistical analysis

2.6 Yield and biological efficiency Data obtained were analysed using analysis of
The Biological Efficiency (B.E.) of the variance (ANOVA). Test of significance were carried

vegetables was calculated using the field dry weight out using Duncan Multiple Range Test (DMRT).

(above and below ground biomass) of the harvested 3. Results and Discussion

plant. These were calculated using the following 3.1 Growth assesement

formula like that of Jonathan et al. (2012c)

Table 1: Influence of different levels of SMC application on the growth of C. olitorius

Parameters SMC NUMBER OF WEEKS

(Cm) (%) 2 3 4 5 6 7 8 9 10 MEAN

Leaf No. 0 4 10 12 14 16 18 21 24 24 15.9d
10 2 9 12 14 16 21 23 28 29 17.1c
20 3 9 12 16 21 28 31 39 41 22.2a
30 2 8 11 15 17 21 23 32 34 18.1b
50 3 8 11 13 16 21 23 29 29 17¢
100 2 6 9 12 13 15 16 17 18 12¢

Plant length 0 6.7 21.5 299 37.7 40.1 45.6 482 55.7 57.4 38.1e

10 3.3 19 267 36.8 457 54 58.5 65.7 67 41.9d
20 54 265 373 447 3549 692 733 878 889  54.2a
30 5.8 21.6 306 376 47 60.2 645 724 7277  45.8b
50 4.2 15 269 381 493 59 61.8 684  69.7 43.6¢c
100 3.1 47 6.2 8.4 11.8 153 18.8 283 30.3 14.1f

No of nodes 0 2 6 7 8 10 12 13 16 16 10d
10 1 6 8 11 13 15 18 19 11.1¢c
20 2 6 8 14 18 20 25 26 14.4a
30 1 6 8 10 11 14 15 21 22 12b
50 2 6 8 10 14 15 18 18 11.1c
100 1 4 6 8 9 11 11 12 13 8.3¢
girth 0 0.3 - 0.7 - 1.1 - 3.1 - 4.5 1.9¢
10 0.3 - 0.9 - 1.5 - 34 - 5.3 2.3d
20 04 - 1 - 2.5 - 5.3 - 7.6 3.4a
30 04 - 0.7 - 2.1 - 4.6 - 6.6 2.9b
50 0.3 - 0.6 - 1.8 - 3.9 - 6.6 2.6¢
100 0.2 - 0.4 - 1.1 - 2.1 - 3.5 1.5f
Mean leaf area 0 39 135 221 292 332 422 450 58.2 63.7 34.6¢e
(cmz) 10 5.76 143 21.5 308 3825 504 576 091.1 100.0 45.5¢

20 2.6 6.7 12.0 241 396 625 625 136.1 1428 54.3a
30 2.64.8 8.6 146 205 304 536 644 1022 117.0 51.4b
50 1.7 42 6.1 10.6 13.8 41.0 515 091.8 100.7 35.7d
100 0.6 3.1 46 6.1 7.8 9.9 12.0 224 278 10.5¢

Means with different letters in the same row each are significantly different by Duncan’s multiple range
test(P<0.05).
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Figure 4: The Effect of SMC on the Growth of C.

olitorius leaf area (cm?)
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Parameters recorded for the growth
assessment of A. hybridus were presented onTable 1
and onFigures 1-4. Rally It was generally observed
that application of different concentration of SMC has
direct growth promoting effect on the test
vegetable.This could be noticed in terms of leaf
number (Fig.1 ), plant length (Fig.2), Stem diameter or
girth (Fig 3 ), number of nodes(Table 1), and leaf area
(Fig 4). From Table 1, Corchorus olitorius planted on
20% SMC soil also had the best growth (with mean
leaf area of 54.3cm” mean plant length of 54.2cm and
mean girth diameter of 3.4cm) followed by 30% SMC

3.2 Results of biomass analysis.

plants (with mean leaf area of 51.4cm’, mean plant
length of 45.8cm and mean girth diameter of 2.9cm)
and 10% SMC treatment (mean leaf area of 45.5cm’,
mean plant length of 43.6cm and mean girth diameter
of 2.3cm). The least growth was recorded for
Corchorus olitorius planted on 0% SMC (with mean
leaf area of cm®, mean plant length of 38.1cm and
mean girth diameter of 1.9cm) and 100% SMC plants
(with mean leaf area of 10.5cm’, mean plant length of
14.1cm and mean girth diameter of 1.5cm). Similar
observation of SMC treatment on Telfairia
occidentalis were reported by Jonathan ef al.(2012c).

40

35

30

25

20

1lsy =

BIOLOGICAL EFFICIENCY (%)

10 +

0%

10% 20% 30% 50% 100% SMC

B ABOVE GROUND
B BELOW GROUND

Figure 5 : Effect of SMC on Biological Efficiency of C. olitorius. (Error bars with percentages 5% value)
Biological efficiency B.E. (%) =Fresh or Dry Biomass (g) divided by Total Biomass (g) x100.

Data on the biomass analysis of the studied C.
olitoriusis was presented on Table 2. The treatments
were significantly greater than the control except in 100
SMC . The best field dry mass was 30.5% of the plants
cultivated on 20% SMC, followed by 30% SMC with
BE. of 24.8% and 10% SMC with B.E of 15.5%. The
least B.E recorded for above ground biomass of the
plant was 10.4 and 2.5% of the 0 and 100% SMC plants
respectively. Also, the results obtained for B.E of the

53

below ground biomass of the Corchorus olitorius
showed that 20% SMC was the best with B.E. of 32.8%
followed by 30% SMC with B.E. of 23.4% and 10%
SMC with B.E of 13.9%, the least B.E was 14.2 and
3.3% of the 0 and 100% SMC plants respectively. This
result is in agreement with the suggestion of Ndovu et
al. (2008) that the average dry weight of C. olitorius
ranged between 30 and 40g.
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3.3 Nutrient analyses

Table 2: Effect of SMC application on the mineral composition of Corchorus olitorius (mg/100g)

NUTRIENTS

SMC Fe Mg Ca Na K P Zn Mn % Ash
Control

(0%) 1032  17.1a 11.1a 4.7a 188.1a 120.0a 0.7a 0.12¢ 4.6a
10% 12.7b 18.4b 12.2b 59b  196.1b 122.5b 0.6b 0.11d 5.3b
20% 13.1¢c 19.1¢c 13.4¢ 6.2c  199.6b 128.3¢ 0.4c 0.10d 5.8¢
30% 14.5¢ 19.7d 33.7¢ 6.8d  202.1b 128.6¢ 0.3d 0.9¢ 6.1d
50% 16.1d  20.4e 156d  7.4e  21l.4c 129.1d 0.31d 0.8b 6.7¢
Control

(100%) 17.6e  21.1f 17.5¢ 8.7f  222.3d 130.2¢ 0.2¢ 0.76a 3.6f

Each value is the mean for three replicates. Means with different letters in the same row on each growth parameters

are significantly different (P <0.05).

Table 2, showed the mineral contents of C.
olitorius grown in soil treated with different level of
SMC. The results of the nutrients content revealed
similar trend with nutrient content of other vegetables
that are treated with SMC. Most of the minerals such as
iron, magnesium, calcium, phosphorus and potassium
increased as the concentration of the SMC in the soil
increased to 100% while zinc concentration decreases
with  SMC treatment. Manganese concentrations

increased to 30% SMC at the highest level and, then
decreases to 100%SMC level. The pH values of the soil
treated with SMC increases significantly with the SMC
percentages in the soil. The ash content of the plant was
also found to be influenced by the addition of SMC. It
increases from 0%SMC i.e. 4.6 to 30%SMC i.e. 6.7 as
the highest level and then Decreases to 100%SMC i.e.
3.6

Table 3. The effect of SMC addition on the pumpkin soil pH

No of Weeks

% 0 4 5 6 7 8 9 10
SMC

0 4.8 - - 5.1 52 53 5.3 52
10 - - - 6.2 6.3 6.3 6.2 6.4
20 - - - 6.4 6.5 6.6 6.7 6.7
30 - - - 6.9 6.7 6.8 7.1 7.0
50 - - - 6.5 6.6 6.7 6.7 6.6
100 - - - 6.9 6.9 7.2 7.8 7.8

The initial pH of the soil was recorded at 0 day to
be 4.8 after the addition of SMC, it was observed that
the SMC was able to raised the pH of the soil from 4.8
recorded from week 0 to 6.4 in 10%SMC soil, 6.7 in
20% SMC where the highest yield was recorded, 7.0
and 6.6 in 30 and 50% SMC respectively. However,
planting C. olitorius on the SMC alone was found to
increase the pH to 7.8

4.0 Conclusion:

This study showed that the different concentration
of spent mushroom compost (SMC) of Pleurotus
ostreatus in the soil has a direct effect of on the growth,
yield and nutrient contents of C. olitorius. All plants
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cultivated on soil treated with SMC showed yield
different from those of the control, This was in
accordance with the report of American Mushroom
Institute( 2003) that SMC alone was not good for
planting.

This study made it clear that 20% and or 30% level
of SMC in soil best suppoted the growth of C. olitorius.
It was also observed that application of SMC at these
rate raises the nutrient content of the plant used in this
study.

We hereby recommend the use of SMC as an
organic ameliorant in the cultivation of jute vegetable
(C olitorius) at the  rate of  30%.
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