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Effectiveness of ICT on Teachers” Science teaching
to Secondary Schools in Irepodun Local
Government Area, Kwara State, Nigeria

Abidoye, F. Omosholape, Ahmed, M. A. and Olorundare, A. S.
University of Ilorin
Email: abidoye.fo@unilorin.edu.ng

Abstract: This study examined the effectiveness of ICT on teachers’ science
teaching to secondary schools in Irepodun Local Government Area, Kwara State. A
questionnaire was used to elicit information from respondents. Frequency counts
and t-test statistics were used to analyse the data. Findingds of this study revealed
that the effect of ICT to science teaching by science teachers was significant. It also
revealed that there were no significant differences on the effect of using ICT to
science teaching by science teachers towards teaching based on the gender and
experience but significant on the school type. Based on the findings, the following
recommendations were made; that; ICT Education should be compulsory in all
secondary schools in Irepodun LGA Kwara State in order to improve more in their
science teaching, the Teacher Registration Council of Nigeria should provide ICT
for both the male and female teachers, there should be opportunity to be ICT literate
through in-service education for both the experience and less experience science
teachers, Government should ensure provision of ICT facilities in the public
secondary schools and encourage science teachers to go to seminars and workshops
so that they can improve in their science teaching.

Key Word: Effectiveness, ICT, teachers, science teaching, secondary schools

Introduction

Information communication Technology (ICT) is an indispensable part of
the contemporary world. The field of Education has certainly been affected
by the penetrating influence of information and communication technology
worldwide in particular developed countries. Moreover, ICT has made an
impact on the quality and quantity of teaching, learning and the application
of ICT in Education has revolutionized teaching and learning in schools.
Therefore it is essential to implement ICT in teaching science subjects in
secondary schools due to the complex and the abstract nature of some of the
subjects (Aina, 2013). The place of ICT in teaching science education in
schools cannot be over emphasized considering its promises in effective
teaching and learning. This project examines the effectiveness of ICT on
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teaching and learning science subject in secondary schools. ICT plays a
major role in human activities in everyday living in order to cope and adapt
to the demand of the demand of the environment. If the vision of science
education is to bring socio-economic development, the role of ICT in science
education cannot be over-emphasized (Hannaatu, 2013).

Omorogbe and Ewansiha (2013) said that there is needs qualitative science
education in our schools especially in senior secondary schools because of
the advancement in science and technology for Nigeria to realize
accelerated development in the 21st century, Over the last two decades,
there have been repeated calls for reforms and innovations aimed at
improving science education in Nigeria. This suggests that there are issues
in science education that needs to be improved upon. Science is an
organized body of knowledge in form of concepts, laws, theories and
generalization.

Education is the total process of human learning by which knowledge is
impacted, faculties trained and skills developed. Science education is a field
of study concerned with producing a scientifically literate society. It
acquaints students with certain basic knowledge, skills and attitudes needed
for future work in science and science related fields. There are several issues
in science education in Nigeria that needs to be addressed (Omoifo, 2012).

Science is defined as a study of nature and natural phenomena in order to
discover their principle and laws. Science has three interrelated aspects:
content, process and attitude. Content can be separated into physical, life
and earth science. Process involves the fifteen inquiring skills proposed by
the American Association for the Advancement of Science (AAAS) which
include observing, classifying, experimenting, measuring, inferring,
organizing data etc. Attitude concerns openness and objectivities (Urevbu,
2001).

Science is a field of study which probes into the nature of living and non-
living things and uses the information to transform, synthesize, analyze,
interpret and solve day to day problems in the society. Science has
contributed in no small measure in making life worthwhile, interesting,
conducive and suitable for mankind. Through the application of science,
man ensures the longevity of his existence, science in general affects the
society as a result of the interaction that exists between science and
technology (Akinkunmi, 2007). Science subjects such as chemistry, physics
and biology as basis science subjects still suffer set back in the teaching and
learning process. The incorporation of ICT in the study of science subjects is
not gathering impressive momentum when compared with other subjects
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such as government, economics, mathematics, and English (Akinkoye,
2007).

The rate at which students in our senior secondary schools performance
dropped in some of science subjects in favour of other subjects with the type
of teachers handling the subjects is a matter that needs urgent attention.
When questions are asked from the students on why they did not show
interest in offering some science subjects unlike others discipline, the
general answer is that the subject is too difficult to comprehend even when
some of the students have not attended lesson class once, the wrong notion
has been inculcated into them by their seniors they believe without
bothering to verify whether it is true or not (Adelokun and Eyengho, 2010) .

Teaching is deliberate intervention that involves the planning and
implementation of instructional activities and experience to meeting
intended learner outcomes according to a teaching plan. It is also perceived
as stimulating, directing, guiding the learner and evaluating the learning
outcomes of teaching (Jasper, 2013). Teachers” motivation to use ICT in the
classroom is at present adversely influenced by a number of constraints
including: lack of time to gain confidence and experience with Technology,
limited access to reliable resources, a science curriculum overloaded with
content assessment that requires no use of the technology and lack of
subject specific guidance for ICT to support learning. This technology can be
employed in diverse ways to support different curriculum goals and

pedagogy.

Such constraints have often stifled the science teachers the use of ICT in
ways, which effectively exploit its interactivity. Consequently, well
integrated and effective classroom use of ICT is currently rare. The use of
ICT in school science laboratory is driven by rather than transformative of
the prescribed curriculum and pedagogy. However, the science teachers
tend to use ICT largely to support, enhance and complement existing
classroom practice rather than reshaping subject contents, goals and
pedagogy. Generally, teachers’” motivation and commitment are high and
practice is gradually changing. Training teachers in the using ICT in the
classroom appears to have had more success in science than in other
subjects (Osborne and Hennessey, 2013).

Shedd (2004) examines the incorporating technology in the classroom and
the result suggested that anyone preparing to be become teachers must
incorporate technology into their class. To become great in Nigeria must
need to change her method of teaching and learning of science education



Effectiveness of ICT on Teachers’ Science teaching to Secondary Schools in Irepodun Local
Government Area, Kwara State, Nigeria

Abidoye, F. Omosholape, Ahmed, M. A. and Olorundare, A. S.

from traditional way of talk and chalk method and reading by carrying
books around. The world is in the era of Information and Communication

Technology (ICT) where information is not restricted by time, space and
channel (Ajayi and Ojo, 2010). This study observed from previous reviewed
that for science teachers to be effectiveness in teaching they have to make
use of ICT. In order to determine whether they make use of the ICT in
teaching, the moderating variables such as the gender, years of teaching
experience and school type were determined. This study, therefore,
determined the effectiveness of ICT on teachers to science teaching in
secondary schools in Irepodun Local Government Area, Kwara State.
Nigeria. Specifically, this study examined the effect at which science
teachers uses the ICT to science teaching; the effect of gender of the science
teachers towards the use of ICT to science teaching; the effect of years of
teaching experience of the science teachers towards the use of ICT to science
teaching and the effect of school type of the science teachers towards the use
of ICT to science teaching. The study answered four research questions
which are what is the effect at which science teachers uses the ICT in science
teaching? Does the gender of the science teachers have effect towards the
use of ICT to science teaching? Is there effect on the years of teaching
experience of the science teachers towards the use of ICT in science
teaching? Does the school type have effect on science teachers towards the
use of ICT in science teaching? Further more, the study had the following
hypotheses (i)There is no significant difference in the effect of gender of the
science teachers towards the use of ICT in science teaching. (ii) There is no
significant difference on the years of teaching experience of the science
teachers towards the use of ICT in science teaching. (iii)There is no
significant difference in the effect of school type on science teachers towards
the use of ICT in science teaching.

Scope of the study

This study has been carried out in Irepodun Local Government Area, Kwara
State, Nigeria which includes science teachers in all Secondary Schools
located in Irepodun, Kwara State, Nigeria. The studies were carried out
among science teachers in Secondary Schools. Teachers of Biology,
Chemistry, Physics, Agricultural science and Mathematics were involved in
the study. Variables that were tested in the study were: gender, years of
teaching experience and school type and how effectiveness is ICT in Science
teaching.

A minimum of eighty (120) science teachers were involved in the study
from 24 secondary school purposive sampled from both public and private s
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schools. A researcher-designed teachers’ questionnaire was used as the
instrument for the collection of data from science teachers in the sampled
schools.

Methodology

The study type for this research was investigative survey method to explore
the effectiveness of ICT on science teachers in science teaching to secondary
schools in Irepodun Local Government Area, Kwara State. Target
population was Science teachers from selected senior secondary schools in
Irepodun LGA. The study was carried out in twenty-four (24) secondary
schools in Irepodun LGA. One hundred and twenty (120) Science teachers
both male and female were randomly selected for the study. Questionnaire
was tool for data collection. Effectiveness of ICT on science teachers” science
teachers was also determined in this study with respect to Science teaching.
Data was analysed using frequency count, simple percentage and t-test.

Data Analysis and Results

Table 1: Number and Percentages of Teachers’ Responses

Variable Number of teachers Total Percentage

distribution
Male 78 65
Female 42 120 35
Experience 64 53
Less -Experience 56 120 47
Public 62 52
Private 58 120 48

Table 1 shows the distribution of one hundred and twenty (120)
respondents involved in the study. One hundred and twenty (120)
respondents were distributed into three variables i.e. gender, experience
and school type. There were 78 Male and 42 Female respondents, under
experience there were 64 experienced and 56 less-experienced. Under school
type, there were 62 public and 58 private schools Science teachers involved.

Research Question 1
What is the effect at which science teachers uses the ICT in science teaching?
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Table 2: Mean Score and t- test for testing effect of Science Teachers’ using
ICT in Science Teaching in Irepodun Local Governmment AreaKwara

State, Nigeria
Number of | Mean Std. T Dt p-value
respondents | Score Deviation
Total | 120 81.21 8.9 14.31 119 0.00

Table 2 shows the numbers of responses of science teachers towards the ICT
in science teaching in senior secondary schools in Irepodun Local
Government, Kwara State, Nigeria. The total number of respondents was
120 science teachers. The mean score was 81.21. The effect of science
teachers’ using ICT in science teaching was significantly positive since p-
value (0.00) < 0.05 (t =14.31; df 79 and p-value 0.00). Thus, the Science
teachers had positive effect towards the use of ICT in science teaching
generally in the Irepodun Local Government, Kwara State, Nigeria,

Research Question 2:

Does the gender of the science teachers have effect towards the use of ICT in
science teaching?

Table 3: Mean Scores and t-test for testing effect of Science Teachers’ using
ICT to Science Teaching based on Gender in Irepodun Local
Government Area Kwara State, Nigeria

No of Mean Standard  Std. Error t value df p-value
Gender Respondents Attitudinal Deviation Mean
Score
Male 72 73.46 5.6 0.3 59.76 79 0.66
Female 48 72.71 5.8 0.3

Table 3 shows that the mean scores for male was 73.46 and for female was
72.71 and that no significant difference existed between the score of male
and female science teachers using ICT in science teaching since the p-value
(0.66) > 0.05. The null hypothesis 1 (Ho1), which states that there is no
significant difference in the score of science teachers towards the using of
ICT in science teaching based on gender, is not rejected.

Research Question 3:

Is there effect on the years of teaching experience of the science teachers
towards the use of ICT in science teaching?
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Table 4: Mean Scores and t-test for testing effect of Science Teachers’ using
ICT to Science Teaching based on years of teaching experience in
Irepodun Local Government Area Kwara State, Nigeria

Experience No of Mean  Standard Std.Error T  Df p-
Respondents Score Deviation Mean value

Less experience 36 83.74 59 0.2 1.8 79 0.057

(0-5)

Experience (above 44 82.94 5.7 0.3

Syears)

Table 4 shows the mean scores and reveals that there was no significant
difference between the experienced and less experienced science teachers
towards the using of ICT to science teaching in Irepodun Local Government
Area Kwara State, Nigeria since the p-value (0.057) > 0.05. The mean scores
range between 82.94 and 83.74. The null hypothesis 2 (Ho.), which states
that there was no significant difference on the years of teaching experience
of the science teachers towards the use of ICT to science teaching based on
years of experience, is not rejected.

Research Question 4:

What are the attitudes of science teachers towards science teaching
based on their school type?

Table 5: Mean Scores and t-test for testing effect of Science Teachers’ using
ICT in Science Teaching in Irepodun Local Government Area
Kwara State, Nigeria based on School Type

School No of Mean Standard  Std. T Df p-

type respondents Attitudinal Deviation Error value
Mean

Public 42 72.76 6.55 0.25 -243 79  0.02

Private 38 74.87 7.17 0.38

The results in Table 5 shows the mean score and reveals that there was
significant difference in the school type of science teachers towards the
using of ICT in science teaching in senior secondary schools in Irepodun
Local Government Area Kwara State, Nigeria, based on school type. The
mean score ranged between 72.76 and 74.87. The P-value (0.02) is less than
0.05 (p-value < 0.05). The null hypothesis 3 (Hos), which states that there are
no significant difference in the effect of school type of science teachers
towards the use of ICT to science teaching based on school type, is rejected.

Summary of Major Findings

The research findings of this study as obtained from t-test based on the
Research questions and hypotheses are summarized as follows:
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(i) Science teachers had positive effect towards science teaching using ICT
to science teaching in the secondary school in Irepodun Local
Government Area, Kwara State Nigeria

(if) The effect of science teachers towards science teaching using ICT to
science teaching in the secondary school based on gender was not
significant.

(iif) The effect of science teachers towards science teaching using ICT to
science teaching in the Secondary school based on their years of
teaching experience was not significant.

(iv) The effect of science teachers towards science teaching using ICT to
science teaching in the secondary school based on their school type was
significant.

Discussion of Results on the effectiveness of science teachers
towards science teaching using ICT to science teaching in the
secondary school

In this study, it was found out that effect of Science Teachers’ using ICT to
Science Teaching in Irepodun Local Government Area Kwara State, Nigeria
was significant based on their responses. Science teachers had positive effect
towards the use of ICT in science teaching. They are the key to students’
success because they play an important role in imparting the knowledge
and equipping the students to be useful to themselves and the society. This
is in agreement with the findings of Okeke & Onocha (1986) that examined
the patterns of relationship between home and school factors and pupils’
project and reported that teachers” attitude towards science is a significant
predictor of pupils’ science achievement as well as their attitude. It is also in
agreement with Afolabi (2007) who examined the influence of the science
teachers’ attitude and gender factor as determinant of pupils’ performance
in primary science and found out that the attitude of science teachers have
greater effect on the students” academic performance. It was established in
this study that there was no significant difference in the effect of science
teachers towards science teaching based on their gender. The males and the
female had similar mean attitudinal score; the reason that alluded to this
finding may be due to the fact that, male and female science teachers have
realized more the importance of science teaching for their future. This study
was in agreement to the study of Abimbola & Abidoye (2013) on the views
of Kwara State senior school Biology teachers on the status of ecology
teaching in which they reported that there is no significant different
between the teaching of male and female science teachers.

It was also revealed in this study that there was no significant difference in
the effect of science teachers towards science teaching based on their years
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of teaching experience. It may be due to the fact that, the experienced and
less experience science teachers are able to concentrate on the most
appropriate way to teach particular topics to students who differ in their
abilities, prior knowledge and backgrounds. This finding is in agreement
with the finding of Abidoye (2017) who observed the influence of gender
and experience of senior school Biology Teachers on their Ecology teaching
in Kwara State. The findings showed that no significant difference existed in
the experience and less experience biology teachers.

It was also found in the study that there was significant difference in the
effect of science teachers towards science teaching based on their school
type. This shows that private schools” science teachers had more positive
attitude toward science teaching than the public science teachers because
they feel that is acquaints them with the wealth of knowledge in different
areas of life. Since, the mean score of private schools science teachers being
greater than that of public schools science teachers in senior secondary
schools towards science teaching. It may be due to the fact that private
schools are on profit, where the proprietors were up and doing. This is in
agreement with the findings of Maliki, Ngban and Ibu (2009) who that
analyzed Students’ performance in junior secondary school mathematics
examination and found out that the students from the rural school
performed better than student from urban schools in mathematics
examination and also students from private schools performed better than
those from public schools.

Conclusions

Based on the findings of the study, the following major conclusions can be
drawn. Science teachers had positive effect towards science teaching using
ICT in Irepodun Local Government Area, Kwara State Nigeria. The effect of
science teachers towards the using of ICT to science teaching based on their
gender and years of teaching experience was not significant in the analysis
conducted, but it was revealed that the effect of science teachers in private
schools are more positive effect than the science teachers in public schools.

Recommendations

Based on the findings of this study, it is hereby recommended that;

(i) ICT Education should be compulsory in all secondary schools in
Irepodun LGA Kwara State in order to improve science teaching.

(ii) The Teacher Registration Council of Nigeria should provide ICTs for
both the male and female teachers.

(iif) There should be opportunity to be ICT literate through in-service
education for both the experienced and less experienced science
teachers.
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(iv) The government should ensure provision of ICT facilities in the public
secondary schools and encourage science teachers to go to relevant
seminars and workshops so that they can improve in their science
teaching.
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Abstract: The aim of this study was to assess variation in some soil physical and
chemical properties among four selected natural habitats of the wild rice species
(Oryza longistaminata) in Tanzania, and their effects on the species morphological
characters. Oryza longistaminata is a perennial wild rice species with
agronomically important genes, including genes for tolerance to biotic and abiotic
stresses that can be used in rice breeding. In Tanzania O. longistaminata grows
sympatrically with the cultivated rice (Oryza sativa) in most rice cultivating areas.
The selected natural habitats assessed were located in four districts, namely
Bagamoyo, Kibaha, Kilombero and Mbarali. Soil samples were collected at the depth
of 0 - 20 cm from the four districts and analysed in the laboratory for soil physico-
chemical properties using standard protocols. The species morphological characters
were assessed based on the morphological descriptors for wild and cultivated rice
species developed by Bioversity International and International Rice Research
Institute. One way ANOVA was used to determine the extent of variation in soil
physico-chemical properties (parameters) among the four natural habitats of O.
longistaminata. Canonical Correspondence Analysis (CCA) was used to determine
the effects of assessed soil parameters on the morphological characters of O.
longistaminata in the study areas. The study revealed variation in soil physico-
chemical properties among the districts. Statistically there were significant
differences among the habitats (districts) for most of soil physico-chemical
properties investigated. In addition, the assessed soil physico-chemical properties
were found to influence variation in morphological characters among O.
longistaminata populations from different habitats.

Keywords: Natural habitat, Oryza longistaminata, Soil physico-chemical
properties, Morphological characters, Wild rice.

Introduction

Soil is the unconsolidated mineral on the surface of the earth that serves as a
natural medium for plant growth (Imran et al., 2010). It is the main reservoir

12
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of plant nutrients and water. The physical and chemical (physico-chemical)
properties of the soilvary drastically in time and space, depending on the
texture, climate, organic matter content, soil biological activity and tillage
practices (Alletto et al., 2010). Tillage is one of the main causes of spatial and
temporal variability in soil physical properties, but its effects have not
always been consistent depending on the location and soil type (Green et al.,
2003). Soil plays an important role in the formation and heterogeneity of
habitats that may result into changes in vegetation structure and plant
diversity (Rodrigues et al., 2018). Therefore, the structure and diversity of
vegetation are determined by the discontinuous distribution of biotic and
abiotic factors in the habitat. Spatial variation in soil physico-chemical
properties occurs as the result of soil forming factors, including time, nature
of parent material, topography, climate and organisms (Sag“lam et al., 2011).
Soil physico-chemical properties have effects on plant growth and
consequently plant morphology. Evaluation of soil spatial variation is
important in agricultural and environmental researches, since the
information on soil properties has agronomic applications (Sauer et al.,
2006). Soil, as the main reservoir of plant nutrients and water is one of the
key environmental factors that may affect plant morphological characters.

Morphological variation among plant populations may be caused by either
genetic factors or environmental factors (Crispo, 2008). Among the
environmental factors, soil properties are the key factor that may influence
plant morphological characters, hence morphological variation among
populations or sites. There are several soil physical and chemical properties
which play various roles in the soil, hence influencing the morphological
characters of various plant species, including O. longistaminata. For
example, soil pH determines the acidity or alkalinity of the soil, which
affects the chemical reactions between water and soil minerals (Imran ef al.,
2010). There is a strong relationship between soil pH and nutrient
availability because the uptake of various plant nutrients is pH dependent
(Marschner, 1986). Moreover, most of the primary nutrients, such as
nitrogen, phosphorus and potassium, as well as secondary nutrients, such
as calcium, magnesium and sulphur are best utilized by plants at pH
ranging from 5.5 to 7.9 (Imran et al., 2010). Likewise, several other soil
physico-chemical properties of the soil play roles in the soil that may
influence plant morphological characters at different levels.

The present study was conducted to assess soil physico-chemical properties
in four natural habitats of the wild rice species, O. longistaminata and the
influence of such properties on morphological characters of the species,
which is the only perennial wild rice species in Tanzania. The species is
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potential source of genetic resources for rice breeding as ithas genes for
tolerance to biotic and abiotic stresses (Kiambi et al., 2005). These genes can
be introgressed into the cultivated rice in order to improve rice quality and
yield or productivity. Knowledge on the soil physico-chemical properties
and their effects on the morphological characters of O. longistaminata is
essential not only for understanding spatial variability in soil characteristics
among the natural habitats of the species, but also for determination of a
suitable or optimum soil characteristics and conditions for better growth
performance of this plant species that may result into higher yield or
productivity. However, prior to this study no comprehensive study had
been conducted in the study area to assess soil physico-chemical properties
in natural habitats of O. longistaminata and their effects on the species
morphological characters, therefore the information on variation in soil
properties and their effects on the morphological characters of wild rice, O.
longistaminata was inadequate. This study was therefore conducted in order
to bridge this knowledge gap.

Materials and Methods

Location of the Study Areas

This study was carried out in four selected natural habitats of the wild rice
species (O. longistaminata). The natural habitats of O. longistaminata were
located four districts of Tanzania, namely Bagamoyo, Kibaha, Kilombero
and Mbarali (Figure 1). The selection of these study areas was based on
availability of the species in high abundance.
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Figure 1: The map of Tanzania showing the location of study areas (sites)

14



Assessment of Soil Physico-Chemical Properties in Selected Natural Habitats of The Wild Rice
(Oryza Longistaminata) and their Effects on the Species Morphological Characters
Mangosongo H. M., Lyaruu H. V' and Mneney E. E?

Sampling Methods

The study methods involved collection and characterization of both soil
samples and O. longistamata plants from the four populations. Soil
characterization was based on their physico-chemical parameters while
characterization of O. longistminata was based on their morphological
characters.

Soil Sampling Methods

A total of 25 soil samples (consisting of two composite samples each) were
collected from the points of collection of O. longistaminata data (samples) in
each study site for laboratory determination of soil physico-chemical
properties. At each sampling point soil samples were collected at the depth
of 0 - 20 cm by using soil auger (Sag'lam et al., 2011). This depth was
considered because the O. longistaminata roots are mostly localized within 0
to 20 cm depth. The two soil samples from each sampling point were
thoroughly mixed up before laboratory analysis. In the laboratory the soil
physico-chemical properties were determined were soil texture, soil pH, soil
organic matter, soil total nitrogen, percentage base saturation, available
phosphorus content and cation exchange capacity. These were determined
as follows:

Soil texture was determined by using the pipette method as described by
Gee and Bauder (1986). The method involved a pre-treatment stage where
80 g of dried, ground soil sample was weighed into a 250 ml flask. 100 ml of
water was added followed by 10 ml of 1 M NaOAC and centrifuged for 10
minutes at 1500 revolutions per minute (rpm). The supernatant, which was
a clear solution, was poured off and the remaining soil suspension was
washed with 50 ml of distilled water, centrifuged and decanted again. This
pre-treatment was done to remove carbonates and soluble salts. In order to
remove organic matter 4 ml of H,O, was added and the samples were
heated until frothing ceased. The purpose of this pre-treatment was to
remove soluble salts and organic matter.

Separation of the sand sized particles was done by pouring the treated soil
through a 270 mesh (53 um) sieve followed by washing the sand. All the
washings were collected in a 1 litre cylinder. The soil suspension collected in
a cylinder was stored for analysis of silt and clay. The sand on the 270 mesh
(53 um) sieve was collected in a weighing dish, dried at 105° C and weighed.
Determination of silt (2 - 20 pm) and clay (< 2 um) was done by using the
pipette method as described by Gee and Bauder (1986). To the filtrate in a 1
litre cylinder obtained above, 10 ml of hexametaphosphate solution was
added and then made to 1 litre with distilled water. The cylinder was
covered with a stopper and shaken end-over-end for one minute.
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After settling for 4 to 6 minutes at 220 ¢, a 25 ml volume sub-sample was
taken from a depth of 10 cm using a pipette. The solution was placed in a
pre-weighed evaporating dish and dried at 105° C. The residue represented
the silt fraction. Another 25 ml was taken at a depth of 10 after 6 to 7 hours,
and dried at 195°C. The residue represented the clay fraction.

All fractions dried in the oven were cooled in a desiccator before weighing.
Determination of the weight of the remaining treated soil was done by
adding 10 ml of CaCl; and 1ml of 1 M HCI to the remaining suspension in
the cylinder to prevent the formation of calcium carbonate, and to cause
flocculation. After flocculation the clear solution was removed using a
siphon and discarded. The soil flocculant was poured into an evaporating
dish, dried at 105° C and weighed. The purpose of weighing the treated
sample was to compensate for the difference between the original soil
weight and the remaining weight after the loss of soil during pre-treatment,
solution loss, sieving loss, and the samples removed for pipette analysis.
The total oven dry weight of the treated sample was used as a base for
calculating the size of the soil fractions. The total weight was obtained using
the following formula:

Ws + Wp +Wr =Wt

Where, Ws = Weight of the sand fraction, Wp = Weight of the fractions
taken by pipette (silt and clay), Wr = Weight of the remaining fraction, and
Wt = Total oven dry weight.

Data were presented as percentage of sand, silt and clay and texture was
determined based on the International Soil Science Society System (ISSSS)
textural classification system (Gee and Bauder, 1986).

Soil pH was measured electrometrically using a metrohm E510 pH meter.
This was done using 1:1 soil: water mixture, which was allowed to
equilibrate for 30 minutes (McLean, 1982). The pH of a stirred suspension
was read from the pH meter and recorded as pH in water. To determine
electrical conductivity a saturated paste of 2 mm sieved soil was prepared
by adding 150 g of soil sample in 500 mL capacity beaker using deionized
water. Then the paste of soil samples was introduced to Cyber scan 500
conductometer.

Determination of soil organic matter involved determination of soil organic
carbon, which was determined by Walkley-Black potassium dichromate
method as described by Nelson and Sommers (1982). For each sample, a 200
mg air-dry soil sub-sample was accurately weighed into 500 ml wide mouth
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Ertemmeyer flask to which 20 ml of 1 M K>Cr; 0; was added and swirled to
disperse the soil and the solution. Then 20 ml of concentrated H>SO4 was
rapidly added. After shaking the soil-dichromate mixture was left to stand
for 30 minutes after which 200 ml of distilled water was added. The
resulting solution was then titrated against 0.5 M FeSO4 using O-
phenanthroline.

The percentage organic carbon was calculated as follows:

% Organic C = (meg K2 Cr,O,- meg FeSO4) (0.3) x {
Weight in g of dry soil

Where, f = 1.3, a correction factor used to account for carbon that does not
oxidize in the procedure.

The organic matter content was then obtained by multiplying the organic
carbon concentration by 1.72 (Nelson and Sommers, 1982).

Total soil nitrogen was determined by using semi-micro Kjeldahl digestion
(Bremmer and Mulvaney, 1982) and colorimetric determination of the
resultant ammonium by color reaction (Indo-phenol blue method). In this
method, 0.2 g of air-dry soil was weighed into a Kjeldahl flask. To the
sample 0.2 g of copper metal, 0.1 g Selenium (Kjeldahl tablets) and 15 ml of
sulphuric acid-salicylate mixture were added. The sulphuric acid-salicylate
(H2SO4 Na3zS,0) mixture was used in order to include the nitrate and nitrite
forms of nitrogen present in the soil. In order to oxidize the organic matter,
2 ml of hydrogen peroxide was added and then heated to boiling point for 5
minutes. In the mixture, 4 g of K504 was added and the mixture digested at
4300 C using a thermal Kjeldahl apparatus. The nitrogen present in the
sample was thus converted to ammonium form and the ammonium was
determined calorimetrically using a spectrophotometer. The amount of total
nitrogen in the sample was obtained from the calibrated curve of standard
NH4*.

Available soil phosphorus was extracted using Olsen and Kurtz method, as
described by Emteryd (1989). Ortho-phosphate was determined
calorimetrically using a spectrophotometer from Ascorbic Acid Method
(Allen, 1989). The amount of phosphorus in the sample was obtained from a
calibration curve of standard phosphate ion.
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Exchangeable bases (Sodium, Magnesium, Potasium and Calcium)
concentration was determined by flame emission spectrophotometer,
according to Allen (1989). Fivegrams of oven-dry soil samples were put into
250 ml conical flasks. Exchangeable bases were then extracted from the soil
samples by introducing 100 ml of 0.4 M Lithium chloride acetate in each
flask. The extractions involved shaking for 2 hours and filtering using a
suction pump. The filtrates collected were then analyzed for exchangeable
cations Ca2*, Mg?, Na* and K* wusing an Atomic Absorbency
Spectrophotometer (Perking Elmer 3100).

To determine Cation Exchange Capacity (CEC) of the soil, five grams of
oven-dry soil was weighed into a conical flask and 100 ml of the saturated
potassium chloride solution was added. Samples were shaken for 2 hours
and filtered using suction pump. The filtrates were analyzed for
exchangeable bases. The soil suspensions were rinsed onto the filter paper
with 200 ml alcohol until the electrical conductivity of alcohol reached 5 mS
per centimeter. This was done to remove excess un-adsorbed Lithium. Then
Lithium was exchanged with 100 ml of 1 M potassium chloride solution.
This was shaken and filtered and the filtrates collected were then analyzed
for CEC using an Atomic Absorbency Spectrophotometer (Perking Elmer
3100).

Assessment of Morphological Characters of Oryza longistaminata
Morphological data were collected based on descriptors for wild and
cultivated rice species developed by Bioversity International and
International Rice Research Institute (IRRI). In each sampling site O.
longistaminata individuals were randomly sampled at 25 different points
(sampling points) within an area of 10000 m2. A total of 25 samples were
collected from each habitat (study site). At each sampling point a total of 5
randomly selected individuals were sampled and their average was
calculated and recorded as a single sample. i.e. each of the 25 samples
collected from each habitat is the average of 5 individuals, hence a total of
125 individuals were sampled from each habitat. Twelve selected
quantitative morphological characters were assessed from each individual
sample. The characters assessed were culm length, flag leaf length, flag leaf
width, penultimate leaf length, penultimate leaf width, panicle length,
number of primary branches per panicle, number of primary branches per
node, number of nodes with more than two primary branches, number of
grains per panicle, grain length and grain width.The average from four
randomly selected O. longistaminata individuals were randomly were and
sampled from each sampling point In each study site, O. longistaminata
individuals were randomly sampled.
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The culm length was measured (using a tape measure) from the ground
level (base of the plant) to the base of the panicle and panicle length was
measured from base of the panicle to its tip. Flag leaf was measured from
the ligule to the tip of the blade. Penultimate leaf which is the highest leaf
below the flag leaf was also measured from the ligule to the tip of blade. The
leaf width was measured at the widest portion of the leaf. Awn length was
measured from the base to its tip using a ruler. Grain length was measured
as the distance from the base of the lower most glume to the tip of the
lemma or palea. The grain width was measured as the distance across the
lemma and palea at the widest point. All measurements were done using
either a tape measure or a ruler. Grain number per panicle and number of
primary branches per panicle and number of nodes with more than two
branches were determined by counting the respective parts. Measurement,
assessment and counting were done soon after heading of O. longistaminata
individuals.

Data Analysis

Both soil and morphological data were analysed using SPSS version 16
software package. Summary statistics such as mean, standard deviation and
standard error of the mean were determined for each of the soil physico-
chemical properties and morphological characters assessed. One-way
ANOVA was used to determine the significance of differences between sites
(habitats) for all assessed soil parameters. Where the comparison showed
significant differences, multiple comparison tests were performed.
Canonical Correspondent Analysis (CCA) was used to determine the effects
of soil physico-chemical parameters on the morphological characters of O.
longistaminata in the four habitats (districts) in which soil data was used as
environmental data and the data on O. longstaminata quantitative
morphological characters was used as species morphological data. The CCA
was based on the mean values of the soildata and the species morphological
data.

Results
Variation in Soil Physico-chemical Parameters Among the Four Habitats

The statistical analysis using one-way ANOVA showed significant
differences among the study sites (habitats) at p < 0.05 for all assessed soil
physico-chemical properties except the percentage silt content and
phosphate ion concentration. The variation in soil physico-chemical
properties was as follows:
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The percentage Silt Content

The results showed that the percentage silt content of the soils was highest
in soil sample from Kilombero with the mean of 17.77+1.536 % followed by
that from Bagamoyo (with the mean of 16.035 + 2.792 %) and the lowest was
in soil sample from Kibaha (with mean of 11.705 + 2.938%).

Phosphate Ion Concentration

The mean phosphate ion concentration in the soil was highest in soil sample
from Mbarali, which ranged from 0.11 to 11 mg/kg with a mean of 0.703 +
0.491 mg/kg followed by that from Bagamoyo which ranged from 0.11 to
3.14 mg/kg with the mean of 0.611 + 0.169 mg/kg and lowest in soil
samples from Kibaha that ranged from 0.05 to 0.18 with a mean of 0.118 +
0.009 mg/kg.

Soil pH

The pH of the soil samples from the four habitats or districts ranged from
slightly acidic to slightly basic. The pH values were highest in soil samples
from Bagamoyo, which ranged from 5.03 to 8.86, while that of the soil
samples from Kibaha ranged from 5.0 to 7.73. The soil samples from
Kilombero had pH value that ranged from 5.56 to 7.06 and soil samples
from Mbarali had pH which ranged from 7.01 to 7.86.

The percentage clay content

The percentage clay content was highest in soil samples from Mbarali and
ranged from 64% to 95% with the mean of 82 +1.92%, followed by soil from
Kibaha that ranged from 35% to 98% with the mean of 78 + 4.44 %. The soil
samples from Kilombero had the lowest clay content that ranged from 2% to
84% with the mean of 31.41+0.079%.

The percentage sand content

The percentage sand content of the soil samples from Bagamoyo ranged
from 0.2% to 65%, the mean was 22.84%, while that of Kibaha ranged from
0.5% to 30%, the mean was 7.75 + 2.37. The soil samples from Kilombero
had percentage sand content that ranged from 1% to 80% with the mean of
4855 £ 5.89% and the soil samples from Mbarali had percentage sand
content ranging from 0.2% to 30% with the mean of 3.00 +1.44%.

Percentage Water Content

The percentage water content of the soil samples was highest in soil samples
from Mbarali which ranged from 85% to 90% with mean of 88.05 + 0.499%,
followed by soil samples from Kibaha that ranged from 30% to 90% with the
mean of 70.14 + 4.227%. The percentage water content was lowest in soil
samples from Kilombero which ranged from 5% to 75% with the mean of
36.36 +4.50%.
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Electrical conductivity (electro-conductivity)

Electro-conductivity of the soil ranged from 166.5 to 687 mS/m with a mean
of 406 + 125 mS/m for Bagamoyo soil, from 133 to 856 mS/m for Kibaha soil
with a mean of 385.773 + 49.549 mS/m. Mbarali soil samples had electro-
conductivity that ranged from 66 to 157 mS/m with a mean of 105.705 +
5.695 mS/m and that of Kilombero had 36.1 to 180 mS/m with a mean of
66.777 £ 7.426 mS/m.

The soil Organic Matter Content

The organic matter content was highest in soil samples from Kilombero,
which ranged from 1.8 to 3.95% (mean of 2.50 + 0.130 %) followed by soil
samples from Mbarali, which had organic matter content ranging from 1.01
to 2.93% (mean 2.27 + 0.093 %) whereas soil samples from Kibaha had the
lowest organic matter content that ranged from 0.11% to 2.99% with a mean
of 1.26 + 0.200 %.

Total Nitrogen concentration

The total nitrogen concentration was highest in soil samples from
Kilombero that ranged from 0.203 mg/Kg to 0.41 mg/Kg with a mean of
0.288 £ 0.012 mg/Kg and lowest in soil samples from Kibaha which had
nitrogen concentration that ranged from 0.01 to 0.31 mg/Kg with a mean of
0.120 + 0.012 mg/Kg. Nitrogen concentration for Bagamoyo soil samples
ranged from 0.03 mg/Kg to 1.2 mg/Kg with a mean of 0.208 + 0.054 mg/Kg
and that of Mbarali ranged from 0.1 to 0.26 mg/Kg with a mean of 0.202
0.008 mg/Kg.

The percentage water-filled air space

The mean percentage of water-filled air spaces was highest in soil samples
from Kibaha (71.73%) followed by the Mbarali’s soil samples (70.27%) and
lowest in soil samples from Kilombero (43.21%).

The Cation Exchange Capacity (CEC)

The mean values for CEC of the four study sites, Bagamoyo, Kibaha,
Kilombero and Mbarali were 66.65 + 3.72%, 72.79 + 2.97, 30.25 + 1.19% and
55.24 + 0.56% respectively. Statistically there was significant difference in
CEC of the soil samples among the four study sites.

Exchangeable bases

Statistical analysis showed significant difference in exchangeable bases
concentration between soil samples from the four study sites (p< 0.01).
Generally, soil samples from Bagamoyo and Kibaha had higher
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concentrations of exchangeable bases (Ca, K, Mg and Na) than soil samples
from Kilombero and Mbarali. The soil samples from Kilombero had the
lowest concentration of all the four bases as shown in the Table 1.

Table 1: The Mean Concentrations of the Exchangeable Bases in the Four

Habitats

Mean Concentrations of Exchangeable Bases (mg/kg)
Study Site Na K Ca Mg

Bagamoyo 15840241 54440171  10.693 +0.365 6.391 % 0.310

Kibaha 1.982+0.147 4.858+0.132  9.701+0.313 6.485 + 0.352

Kilombero  0.129+£0.004 1.785+0.146  4.625 +0.142 2,677 £0.116

Mbarali 0.215+£0.016 3.074 +£0.081 6.223 £ 0.152 3.251£0.173

Variation in morphological characters among the study sites (habitats)
The statistical analysis of the species morphological data using one-way
ANOVA showed significant differences among the study sites (habitats) for
all assessed morphological characters, except grain length. The results
further indicated that O. longistaminata individuals from Mbarali had
highest values for most of the morphological characters assessed followed
by those from Kilombero while individuals from Kibaha had the lowest
values for most of the morphological characters assessed. Individuals from
Mbarali had highest values of flag leaf width, penultimate leaf width,
panicle length, number of primary branches per panicle, number of primary
branches per node, number of nodes with two or more primary branches
and number of grains per panicle. Individuals from Kilombero had highest
values of culm length and penultimate leaf length. Individuals from Kibaha
had lowest values for all assessed morphological parameters except the awn
length and grain length.

The Effects Soil Physico-chemical Properties on Morphological
Characters of Oryza longistaminata Populations

The analysis of species-environment relationship was done using Canonical
Correspondence Analysis (CCA) in which species morphological data was
used as vegetation data and soil physico-chemical properties (parameters)
as environmental data. Species-environment correlation matrix based on
CCA showed strong relationship between the species quantitative
characters and the assessed soil physico-chemical parameters. That is,
variation in morphological characters among O. longistaminata individuals
from the study area was highly related to variation in soil physico-chemical
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parameters. The results further showed that the CCA ordination in the first
three axes was constrained by assessed soil physico-chemical parameters.
The first three axes accounted for all (100%) of variations among the O.
longistaminata samples. That is, the first three eigenvalues were canonical,
but the fourth was not, since only three independent constraints could be
formed from the soil variables.

Results of the present study also showed that in Bagamoyo among the soil
parameters that hadsignificant effects on the morphological characters of O.
longistaminata  were soil electro-conductivity and concentration of
exchangeable bases namely, Ca, Mg, K and Na. These soil physico-chemical
parameters were found to have moreinfluence on: flag leaf length and
width, penultimate leaf length and width and grain length. In Kibaha and
Kilombero the soil physico-chemical properties that significantly affected or
influenced the morphological characters of O. longistaminata were of silt and
sand contents as well as total nitrogen concentration. These soil physico-
chemical variables influenced awn length, culm length and grain width. In
Mbarali soil properties which influenced morphological characters of O.
longistaminata were cation exchange capacity, soil pH, phosphate
concentration, percentage clay content, percentage water content and
percentage water-filled pore spaces of the soils. These soil factors had effects
on several morphological characteristics, including number of grains per
panicle, number of primary branches per node, branching patterns of the
panicles and number of nodes with more than one primary branch per
node. Soil organic matter content had influence on the panicle length
(Figure 2).

The results further showed variation in the extent to which different soil
parameters influenced morphological characters of O. longistaminata in the
four study sites. Therefore, the degree of influence of soil parameters on the
morphological characters of O. longistaminata varied not only between one
soil parameter and another, but also between one site or habitat and
another. This is denoted by variation in length of arrows in simple
ordination plot (Figure 2). Soil parameters indicated by longer arrows had
relatively greater influence on the morphological characters than those
indicated by shorter arrows. The results indicated that the percentage water
content, phosphate ion concentration, percentage clay content, exchangeable
base concentration, pH, percentage sand content and cation exchange
capacity had much more influence on the morphological characters of O.
longistaminata individuals in the study areas. On the other hand, organic
matter content, nitrogen concentration and percentage silt content had
relatively low effects on the morphological characters of O. longistaminata
individuals as denoted by shorter arrows in the simple ordination plot

(Figure 2).
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Figure 2: Simple ordination showing the soil physico-chemical properties
affecting the morphological characters of O. longstaminata in the
four selected habitats

Legend: al = awn length, gl = grain length, ngp = number of grains per
panicle, gw = grain width, pl = panicle length, bp = branching pattern of a
panicle, pll = penultimate leaf length, plw = penultimate leaf width, bpn =
number of primary branches per node, fll = flag leaf length, flw = flag leaf
width, nmb = number of nodes with more than two branches per panicle.

Ca++ = calcium ion concentration, K+ = potassium ion concentration, Mg++
= magnesium ion concentration, Na+ = sodium ion concentration, E.cond. =
electro-conductivity, OMC = organic matter content, TNC= total nitrogen
concentration, POs= phosphate ion concentration, CEC = cation exchange
capacity, WfPS = percentage water filled pore space, %Sand = percentage
sand content, %Clay = percentage clay content, %Silt = percentage silt
content.
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Discussion
Variation in Soil Physico-chemical Parameters in the Four Natural
Habitats of Oryza longistaminata

Results of the present study showed spatial variation in soil physico-
chemical properties among the four study areas (habitats). Comparison
results of soil samples from the four study sites (habitats) based on the soil
physico-chemical parameters using One Way Analysis of Variance
(ANOVA) showed significant differences among habitats for all parameters
studied, except phosphate ions concentration and percentage silt content.

This finding seems to be consistent with what was reported by several other
studies that soils tend to vary with time and space (Onweremadu and
Akamigbo, 2007; Alletto et al., 2010). Studies show that spatial and temporal
variation or variability in soil properties between or among localities or sites
is something common, and may be caused by various factors (Asadu and
Enete, 1997; Green et al., 2003; Onweremadu, 2007, Onweremadu, 2008;
Sag’lam, et al., 2011). According to studies, there are several factors that can
contribute to spatial or temporal variation in soil physico-chemical
properties including: changes in lithological origin (Onweremadu, 2008),
land use (Asadu and Enete, 1997; Onweremadu, 2007), landscape position
(Onweremadu, 2008), tillage practices (Green et al., 2003) and soil forming
factors (Sag’lam, et al., 2011). The observed variations and similarities in soil
physico-chemical properties among the four study areas or habitats are
likely to have been caused by some of the factors stated above. Each of the
factors may have influence on a particular soil physico-chemical property,
or particular soil physico-chemical properties in a particular area. For
example, land use and/or tillage practices may significantly influence the
levels or concentrations of Ca, K, P, Mg, total nitrogen and organic matter
(Akamigbo, 1999). Therefore, the spatial variation in these soil parameters
among the study areas (habitats) is probably the result of variation in land
use or tillage practices among the study areas, especially in the major rice
cultivating areas, such as Mbarali and Kilombero. In general, the variation
or variability in soil physico-chemical properties in the areas investigated is
likely be caused by variation in climatic conditions, topographical factors,
tillage practices, nature of the rocks and soil forming factors.

Further analysis of the results of this study showed or revealed some
similarities (lack of significant differences) between Bagamoyo and Kibaha
soil samples for most of the soil parameters assessed. Likewise, there were
slight similarities (no significant differences) between Kilombero and
Mbarali soil samples for most of the soil parameters assessed. In Bagamoyo
and Kibaha soil samples the similarities were found in the following soil
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properties: percentages of clay, sand and silt contents, phosphate ion
concentration, electro-conductivity, nitrogen concentration, and cation
exchange capacity. In Kilombero and Mbarali soil samples the similarities
were found in the following soil physico-chemical properties: soil
characteristics, silt content, electro-conductivity, organic matter content,
total nitrogen content, phosphate ion concentration, sodium ion
concentration and magnesium ion concentration. Generally, soil samples
from Kilombero and Mbarali had higher values for most of the soil
parameters investigated than soil samples from Bagamoyo and Kibaha. This
is may be due to various reasons. For example, low clay and silt contents in
the soil may result from strong weathering and leaching of clay particles
(Them et al., 2014).

Among the soil physico-chemical parameters investigated in the present
study, soil pH isone of the most important parameters because of its great
influence on other soil parameters. The soil pH influences not only on
chemical reactions between water and soil minerals, but also on the
availability of several other soil parameters, including nutrient availability
in the soil (Imran et al., 2010). Nutrient availability, which also influences
soil fertility, affects growth performance of the plants, including O.
longistaminata. According to literature, most of the primary nutrients (such
as nitrogen, phosphorous andpotassium) and secondary nutrients (such as
calcium, magnesium and sulphur) are best utilized by the plants when the
pH range of the soil is 5.5 - 7.9 (Imran et al., 2010).In the present study, the
pH of the soils in the study sites was within this range, implying that there
was optimum soil condition for nutrients utilization by O. longistaminata
within the study areas. Meanwhile, the uptake of most of the micronutrients
takes place at low pH.

The Effects of Soil Physico-chemical Properties on Morphological
Characters of Oryza longistaminata in the Four Habitats

Both soil characterization results and species morphological characterization
results showed significant differences among the study sites (districts) for
most of the parameters assessed. The correspondence between the two sets
of results may imply causal relationship. Although variation in
morphological characters among O. longistaminata individuals from the four
habitats could be caused bycompetition for resources among plant
individuals or species growing in a particular habitat (Sauer et al., 2006),
species-environment correlation matrix based on Canonical Correspondence
Analysis (CCA) showed strong relationship between the species
quantitative characters and assessed soil physico-chemical parameters. In
general, the results of this study indicated that soil physico-chemical
properties influenced variations in morphological characters among O.
longistaminata populations from the four districts.
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The role of ecological factors, including soil characteristics in influencing the
extent and distribution of genetic diversity in wild relatives of crop has also
been emphasized by several other studies (Nevo et al., 1981; Nevo et al.,
1983). Studies conducted using different genetic markers have quite clearly
established the way in which genetic diversity of the plant species varies
with variation in soil type (Owuor et al., 1997). Generally, the plants
(individuals or populations) growing in areas with similar soil
characteristics are more likely to be morphologically similar than those
growing in areas with different soil characteristics. Literature shows that
there is strong relationship between plants’” morphological characters and
the environmental conditions of the habitat in which the character evolved
(Nevo et al., 1981). However, plasticity can allow rather genetically similar
populations to occur in widely differing environments (McNeill, 1997).
Variation among plant individuals growing in habitats with different
ecological or soil characteristics may be due to their adaptation to the
habitats. According to the study by Rao and Hodgkin (2002) adaptive
genetic variation, which is usually quantitative is responsive even to small
habitat differences.

Conclusion

The study revealed spatial variation in soil physico-chemical properties in
the four natural habitats of O. longistaminata investigated, implying that
there was significant difference in soil physico-chemical properties among
the four O. longistaminata habitats (districts) studied. The variations in soil
properties observed in this study are likely to be caused by variation in soil
forming factors, such as climate, topography and landscapes position
among the four habitats. Moreover, the study revealed that soil physico-
chemical properties have influence on the morphological characters of O.
longistaminata. Generally, the species (O. longistaminata) was found to prefer
soils with pH that ranges from slightly acidic to slightly basic.
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The effect of seasonality (wet and dry seasons) and processing treatments (frying
and boiling) on proximate composition of selected fish species (Alectis ciliaris,
Lethrinus harak, Rastrelliger kanagurta and Siganus canaliculatus) from Tanzania
marine waters were assessed. The proximate composition of fish was proved to be
altered by the fish feeds, salinity, geographical location, seasons and processing
methods. Therefore, the fish samples were purposively collected from four selected
locations (Tanga, Bagamoyo, Dar es Salaam and Mtwara) and treated as
appropriately. Proximate parameters were determined using AOAC standard
methods. The proximate contents varied with changing seasons in all the fish
species. Crude protein and lipid contents increased in wet season while moisture
and ash contents increased in dry season. The effect of changing seasons in
proximate contents was significant (p < 0.05) except in ash. Frying process had a
significant effect (p < 0.05) on proximate contents in the fish species than boiling
process except in ash. The derived model accurately predicted the extent of variation
of proximate contents with both dry and wet seasons and processing treatment in
particular frying. However, it failed to predict the extent of variation of lipid, crude
protein and moisture with boiling treatment. Further research is needed to establish
the extent of variations of proximate contents due to other processing methods such
as steaming and microwaving.

Keywords: Alectis ciliaris, processing methods, proximate contents, dry
season, marine water

Introduction

Fish are a natural source of polyunsaturated fatty acids, dietary sources of
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), a form of
omega-3, that has great health benefits (Parker et al., 2019). Fish are also
highly proteinous as they contain essential amino acids, which are the
building materials of proteins. These biochemical components to be
preserved with little or no change (Njinkoue et al., 2016) so that they are
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invariably more or less the same regardless of changing environment and
species.

The biochemical composition of fish may be altered by, among others, fish
feeds, salinity, geographical location, season and processing methods
(Bogard et al., 2015). Geographical locations and seasonal changes do affect
the fish environment due to the availability and composition of feeds, which
consequently affect the chemical composition of their muscle fillet. The
general composition of fish body is the final function of the available food
fed by fish and the assimilative capacity of individual fish. Likewise, the
fluctuation of water temperature across the seasons (wet and dry) and the
activities of fish (reproduction and migration) could influence the
biochemical composition of muscles (Bandarra et al.,, 2001; Olsson et al.,
2003). There is a relationship between location and availability of fish on one
hand and the climate and oceanographic conditions on the other (Van Der
Elst et al., 2005).

The fish consumer consider the flesh texture, taste, protein and fat contents
(Pal & Ghosh, 2013). However, fish can be eaten raw but preference is when
treated under various processes such as boiling, grilling, frying and may
other (Ersoy & Ozeren, 2009). These processes tend to improve the flavor,
taste, inactivate pathogenic microorganisms and increase shelf life (Bognar,
1998). This could lead to important biochemical changes in composition
(Weber et al., 2008). The principal changes that occur during processing are
oxidation during heating, which is catalyzed by heat, light and additional
trace metals or enzymes that generate free radicals (Loughrill & Zand, 2016).
Heat may also cause denaturation and mineral solubilization (Gladyshev et
al., 2007).

Changes of the composition of fish due to seasonal variation and processing
methods has raised concern to human health (Ozogul et al. 2011;
Aberoumand & Ziaei-Nejad, 2015). The mineral content of fish is directly
related to the type of feed, which can vary with seasons (Khitouni et al.,
2014). Similarly, processing methods can cause modification in the
proximate, amino acids, minerals and thus change the biochemical
composition of fish (Laly & Venketeswarlu, 2016). Variation can occur in
fish of same species and different species at different geographical locations
(Balogun & Talabi, 1986). The feeding habit and climatological differences
between two seasons may affect the biochemical composition of the fish
species (Balogun & Talabi, 1986).
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Fish have the ability to absorb minerals not only from their diets but also
from water (Lall & Tibbetts, 2009). The exchange of ions from the aquatic
environment across gills and skin of fish complicates the determination of
the quantitative dietary requirements of minerals (Roy & Lall, 2006). The
variation of minerals and proximate contents in tissues of marine and fresh
water fishes at different locations and seasons has also been determined
(Abdullahi, 2005, Olgunoglu et al. 2014, Abdulkarim et al., 2015).

Common processing methods in fish include, among others, frying, boiling,
sun drying and smoking. These processing methods usually improve the
hygienic quality of the fish (Abdulkarim et al. 2015) and inactivate the
pathogenic microorganisms (Bognér, 1998). The processing methods can
have some effect on the biochemical composition of the fish. Little
information is available on the variation of mineral contents in fish (Alectis
ciliaris, Lethrinus harak, Rastrelliger kanagurta and Siganus canaliculatus) from
Tanzania marine waters due to changing seasons and after being subjected
to different processing methods. Therefore, the aim of the study was to
evaluate the effect of variation of seasons (wet and dry) and processing
methods (frying and boiling) on the proximate contents of the selected fish.

Materials and Methods

Sampling

The sampling was conducted at the Indian Ocean seaports i.e. Tanga, Dar es
Salaam, Mtwara and Bagamoyo (Figure 1) that experiences wet and dry
season annually. The hottest period extends between November and
February while the coldest period occurs between May and August. In
October to December, north and east of Tanzania experience two distinct
wet periods with short rain periods and long rains from March to May. The
southern, western and central parts experience one wet season that run
from October through to May (Karmalkar ef al., 2003).
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Figure 1: Map of the coast of Tanzania showing the Study areas

The coastal areas of Tanzania are occupied by communities with more or
less the same cultures and traditions. Life-earning activities of the coastal
communities are mostly agriculture, livestock keeping and fishing.
Industrial activities that involve manufactures of textile, furniture,
fertilizers, soap as well as mining are also practiced (Francis & Bryceson,
2001; Glauber & Jeppesen, 2014). The industries found in the coastal regions
of Tanzania include Cement, Beverages and many others.

Four fish samples of appropriate length (28 - 30 cm) and weight (1.0 - 1.2kg)
for each fish species were randomly purchased offshore from each of the
four locations (Tanga, Bagamoyo, Dar es Salaam, and Mtwara) during wet
and dry season of the year 2017. The selected fish species were the African
pompano (A. ciliaris), Snappers (L. harak), Mackerel (R. kanagurta) and Rabbit
tish (S. canaliculatus). The choice of the fish species for this study was based
on their abundance, availability, popularity and ease recognition by
consumers. Fishes were kept in polythene labeled bags in a cool box filled
with ice cubes and transported to the laboratory for processing and analysis.
Analysis of proximate composition was done at the Department of Animal
Sciences and Production (DASP), Sokoine University of Agriculture (SUA)
in Morogoro.
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Sample Preparation

Four fish samples in each of the four species from the four sampling sites
were washed several times with tap water to remove slime and adhering
blood. The head, scales, gills, tail, fins, bones and internal organs of sampled
fish were also removed using clean plastic knife. Only the edible portions of
the muscle between the dorsal fin and lateral line were used for analyses.
The muscles of the four samples were filleted and randomly mixed together
forming a composite. The filleted muscle tissues by species and by location
of the catch were then divided into three portions. The first portion were the
uncooked therefore considered raw fish fillets while the other two groups
were cooked using common household practices, namely frying and
boiling.

Deep frying was performed in a domestic frying pan of 2 litres and 25 cm
diameter capacity at an initial temperature of 180 °C for 15 minutes
(Marimuthu et al., 2014). Sunflower cooking oil extracted from the fatty
kernels of Helianthus annuus with no other additional ingredients was used
as the medium of frying whereby each fish sample was fried using separate
cooking oil (oil used only once). After 15 minutes of frying, the fish fillet
samples were drained on stainless steel grills, air cooled then packed in
labeled aluminum foil in duplicates.

A saucepan covered with a lid was used in boiling of fish sample in one litre
cold water with no additional ingredients at boiling point 99-101°C for 12
minutes (Marimuthu et al., 2014). Each sample was boiled using clean
(unused) water to avoid contamination and mixture of the nutrients. After
boiling, the samples were drained and left to dry and cool then stored in
labeled aluminum foil in duplicates. The raw and processed (fried, boiled)
fish samples were then stored in laboratory refrigerator at -20 °C until
analysis.

Analysis of Proximate Contents

Prior to analysis, the fish samples (boiled, fried and raw) were left to thaw
and then oven-dried at 105°C - 109°C for 20 hours to a constant weight.
Then, each sample was ground to fine powder using a mortar and pestle for
homogeneity. Thereafter, fish sample were then kept in a desiccator ready
for further analyses.

Proximate composition analysis was done using Association of Official
Analytical Chemists-AOAC methods (Helrich, 1990). Dry matter was
analyzed by using clean and dried crucibles that were left to cool in a
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moisture free desiccator. Each crucible was weighed, labeled (W1) using an
analytical balance and recorded. The samples were weighed 2g (W2) in
duplicates then put in the labeled crucibles. The labeled crucibles with
samples were transferred using tongs to an oven at temperaturel05 °C for
24 hrs until no moisture left. The dried samples in crucibles were removed
from the oven and left to cool in a desiccator for 10 minutes before re-
weighed (W3). The percentage of dry matter (DM) was calculated as follows:

W3 .
DM (%)= —=n100 Equation 1
Wo
where W1 = Weight of empty crucible; W, = Weight of original sample; W3 =
Weight of dried sample and DM = Dry matter.

The ash content was determined in a sample dried in a muffle furnace and
incinerated at combustion temperature 550 °C for 24 hours. Percentage ash
content was computed by carrying out the following calculations:
W, - W,
Ash )= 3~ W2) |
(W, -Wp)

100 Equation 2

where W1 = Weight of empty crucible; W2 = Weight of fresh sample and W3
= Weight of dried sample

The crude protein was analyzed by determining Nitrogen value through the
Kjeldahl standard method according to AOAC. The Nitrogen percentage (%
Nitrogen) contained in the samples was calculated by the following

formula:
(W, — W,) x Normality of HC1 x N, x 100

%Nitrogen = WX W
3 4
) Titre value x 0.01 x 14.007 x 100
%Nitrogen = 059 x 10 ml

Equation 3

where Wi = Volume of HCI titrates sample; W2 = Volume of HCI titrates
blank; Ws= Sample weight (g); Wi = Volume of known aliquot; N> =
Nitrogen atomic weight and % crude protein = % Nitrogen x 6.25

Crude lipid in the fish samples was determined according to Helrich (1990).
Briefly, fish sample (5 gms) (W1) was placed into a pre - weighed labeled
extraction thimble (W>). Then, the sample dried in an oven at 105 °C for 30
minutes. Later, petroleum ether (40 mL) was poured into a labeled
extraction cup. The labeled extraction thimble with the sample was fitted
tallying with the cups and inserted into extraction unit, the Soxhlet
Extraction apparatus at 115 °C for 15 minutes. After reflux extraction, the
cups with the thimble were left to cool for 45 minutes. The thimble was
moved lower and ether was reclaimed using the apparatus by distilling out
some ether. Thereafter, the cup with the pure fat contents was cooled in a
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desiccator and later weighed (Ws). The percentage crude fat was calculated
as follows:

. (Wy - W,) .
Protein (%)= —=—=%-n 100 Equation 4

Where W1 = Weight of sample; W, = Weight of thimble and W3 = Weight of
cup after extraction

Data Analysis

Data from this study were analyzed using IBM SPSS package (Version 20)
where mean and standard deviations were determined. An independent
sample t- test and Levene’s test were used to compare the mineral and
proximate contents of the fish between the seasons and different processing
methods (between raw and fried fish and between raw and boiled fish). The
effects of processing methods on mineral and proximate contents in fish
species was determined by using Analysis of Variance (ANOVA) in each
fish species at 5 % significance level. Concentrations of each mineral in the
fish tissue samples and dummies of seasons were fitted in simple linear and
multiple regression models to estimate the parameters. The Principle
Component Analysis (PCA) as a multivariate analysis technique was used
to detect similarities as well as differences of variables in the fish species.

Results and Discussion

Variation of Proximate Contents in Fish between Seasons

Mean contents of ash and moisture in A. ciliaris were low in wet season and
high in dry season. On the other hand, protein and lipid contents were high
in wet season and low in dry season (Figure 2a). There was a significant
variation (p < 0.05) in means crude protein and moisture contents in A.
ciliaris between seasons. However, the difference in the mean ash and lipid
were not significant. The mean contents of ash and moisture in L. harak
during wet season were lower than those in dry season. The mean contents
of crude protein and lipids were high in wet season than in dry season
(Figure 2b). There was a significant difference (p < 0.05) in the mean lipids
and moisture contents in tissues of L. harak between seasons, while there
was no significant difference in ash and crude protein contents.

The mean contents of ash and moisture in R. kanagurta during wet season
were lower than the contents in dry season. On the other hand, crude
protein and lipid were higher in wet season than in dry season (Figure 2c).
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There was no significant difference (p > 0.05) in mean proximate contents in
tissues of R. kanagurta between seasons, while a significant difference was
observed in lipid content.

The mean proximate contents in tissues of S. canaliculatus are summarized
in Figure 2d. Ash and moisture contents were lower during wet season
compared to dry season. Crude protein and lipid contents on the other hand
were high in wet season compared to dry season. Except for ash content,
there was a significant difference (p < 0.05) in the other proximate contents
of S. canaliculatus between the seasons.
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Figure 2: Seasonal Variation of proximate contents in A. ciliaris (a), L. harak
(b), R. kanagurta (c) and S. canaliculatus (d)

The overall mean concentration of ash, crude protein, lipid and moisture in
the selected fish species during wet season that were compared to those
collected in dry season as shown in Table 1. Ash and moisture contents in
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fish species collected in wet season were lower than in dry season, while
crude protein and lipid contents were higher in wet season than those in dry
season. There was a significant difference (p < 0.00) in lipid and moisture
contents in fish between seasons. However, the observed differences in ash
and protein contents were not significant (p >0.05).

Table 1: Variation of proximate contents in fish species between seasons

Ash Protein Lipid Moisture
Wet (%) 8.4613.51 3.20£1.30 5.89+2.62  57.81+14.41
Dry (%) 11.49+2.20 3.62+1.08 2.69+1.32  66.64+15.38
d.f. 179 190 189 189
F-value 0.00 32.18 57.26 40.20
p-value 0.98 0.00 0.00 0.00

The mean proximate contents results from the four fish species (A. ciliaris, L.
harak, R. kanagurta, S. canaliculatus) recorded significant variations between
season (p < 0.05) in some proximate parameters except in ash contents
among all fish species, moisture in R. kanagurta and crude protein in L. harak
and R. kanagurta. The variation of chemical composition of fish varies
greatly with species, sex, age, environment and season (Alemu et al. 2013;
Sonavane et al., 2017). With these results, it can therefore be assumed that,
seasonal variability causes temperature difference. This will apparently
affect the fish feed consumption, metabolic rate and energy expenditure at
the end, the results of proximate contents will change (Paloheimo & Dickie,
1966).

During wet season, the variation of nutrient contents may probably be due
to flowing water exchange and nutrients (Blé & Arfi, 2009). Abundance of
food supply can clearly change the biochemical composition of fish species
while overcrowding may cause insufficiency of food resulting to variation
of fish composition (Deka et al., 2012). It has been reported that differences
in quality of the fish diet presumably causes variations in the fish body
constituents (Ayuba & lorkohol, 2013). The results of the this study on ash,
lipid and moisture contents concur with those reported by Olgunoglu et al.,
(2014) who studied Mesopotamian Catfish (Silurus triostequs). However,
Nargis (2006) who studied Amnabas testudineus from Bangladesh did not
conform with this study. The contrasting results may perhaps be explained
by location differences as reported by (Bunnet, 1988).
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The effect of processing treatments on proximate composition

The mean proximate contents in processed fish were compared to those of
raw fish as control (Figure 2). The mean ash contents in all fish species
slightly decreased in boiled fish but were more or less similar with those in
raw and fried fish. Crude protein and lipid contents in all fish species
increased in both processing methods, more so in fried fish. On the other
hand, moisture contents in all fish species decreased in both treatments,
more so in fried fish (Figure 2). With the exception of ash content in A.
ciliaris and L. harak, there was significant difference (p < 0.05) in the
proximate contents between raw and cooked fish. Furthermore, there was
significant difference (p < 0.05) in all analyzed proximate contents in R.
kanagurta and S. canaliculatus between raw and boiling processing methods.
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Figure 3: Variation of Proximate Contents due to Processing methods in A.
ciliaris (a), L. harak (b), R. kanagurta (c) and S. canaliculatus (d)

The overall mean proximate contents in fried fish samples were compared
to raw fish and summarized in Table 2. Ash and moisture contents in fried
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tish were lower compared to the contents in raw fish. The fried fish showed
high protein and lipid contents compared to raw fish.

There was a significant difference (p < 0.05) in proximate contents between
fried and raw fish except in ash (Table 2).

Table 2: Variation of proximate contents in fried from raw fish
Processing method/ Ash

proximate content Protein Lipid Moisture
Raw (%) 11.80+4.51 2.84 +1.09 0.27+0.21 75.6243.65
Frying (%) 9.57£7.99 5.21+2.73 11.8947.66 38.06+19.28
d.f. 125 81.163 62.29 66.36
F-value 113 64.91 158.59 108.67
p-value 0.29 0.00 0.00 0.00

The changes of proximate contents when fish samples were boiled and
compared to raw fish are outlined in Table 3. Ash, protein and moisture
contents in boiled fish were lower compared to the contents in raw fish.
Boiling increased lipid content compared to raw fish. Whereas there was a
significant difference (p < 0.05) in lipid content between raw and boiled fish,
there was no significant variation in other proximate contents between the
two processing methods (Table 3).

Table 3: Variation of proximate contents in boiled from raw fish (%)

Processing

method/ Ash Protein Lipid Moisture
proximate content

Raw (%) 11.80+4.51 2.84+1.09 0.27£021  75.62£3.65
Boiled (%) 8.61+4.76  221+0.99  0.80+0.14 72.71+5.34
d.f. 125 125 70 109
F-value 0.39 1.36 13.16 6.81
p-value 0.53 0.25 0.00 0.10

The differences of proximate contents between fried and boiled fish samples
are presented in Table 4. Ash, protein and lipid contents in boiled fish were
lower compared to the contents in fried fish whereas moisture in boiled fish
was higher than in fried fish. With the exception of ash content, there was a
significant difference (p < 0.05) in all other proximate contents between fried
and boiled fish and not in ash (Table 4).
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Table 4: Variation of Proximate contents between boiled and fried fish

Processing method/ Ash Protein Lipid Moisture
mineral content

Frying (g/Kg) 9.57£7.99 521+2.73  11.89£7.66 38.06+19.28
Boiling (g/Kg) 8.61+4.76 2.21+x0.99  0.80+0.14 72.71+5.34
d.f 124 125 124 124
F-value 0.67 133.21 127.35 189
p-value 0.42 0.00 0.00 0.00

The results of proximate composition of the current study showed a
decrease of ash and moisture in fried compared to raw fish. Boiled fish had
higher lipid content than other proximate contents when compared to raw.
The t-test statistical outputs expresses a significant difference (p < 0.05) of
proximate contents between raw and cooked fish except in ash for both
processes and crude protein, lipids and moisture in boiled fish. The decrease
of ash contents in processed fish species compared to raw, agreed with
(Pomeranz & Meloan, 1994) who considered minerals as the total amount of
minerals. The results of proximate contents in processed fish species were in
agreement with the studies of (Karimian-khosroshahi et al., 2016; Cristelle et
al., 2018). However, the findings of ash and protein contents in this study
were not in accord with the report of (Aberoumand & Ziaei-Nejad, 2015) as
well as results of ash in the study done by Gall et al., (1983) and (Marimuthu
et al., 2012). Deviation of ash contents in the current study from other
studies may probably be induced by the duration time used during frying.

Predicting Variation of proximate contents due to seasons

A predictive model was developed to establish the extent of changes in
proximate parameters due to seasonal changes. Linear regression analysis
was applied to assess the relationship between proximate contents in
selected fish species and seasonal changes. The predictive model values of
the proximate composition in seasons were determined by the regression
equation:

Y, =b, +bXx+¢; Equation 1

The predicted model results are summarized in Table 5. The percentage (%)
of variance in the dependent variable (proximate content) that can be
explained by the independent variable (seasons) are 6.3 % for ash, 4.1 % for
crude protein, 5.3% for lipids and 4.6 % for moisture) as expressed by the
predictive model.
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Table 5: Linear regression prediction analysis of proximate composition
between seasons

Proximate R? (bo) Wet Dummy Fvalue pvalue Predicted
composition variable (bx) value
Ash 0.063 11.50 -3.04 12.69 0.00 8.46
Crude Protein 0.041 1116 5.56 8.18 0.00 16.42
Lipid 0.053 268 3.21 10.61 0.00 4.89
Moisture 0.046 66.67 -8.83 9.12 0.00 57.87

In wet season relative to dry season, ash content is predicted to decrease by
3.04 %, and the decrease is expected to be significantly lower (p < 0.05).

Crude protein content is predicted to increase by 5.56 % in wet season
compared to dry season. The increase is expected to be significantly higher
(p <0.05). Similarly, lipid content in wet season is predicted to increase by
3.21 % compared to dry season, the change is expected to be significantly
higher (p < 0.05). Furthermore, moisture content in wet season is predicted
to decrease by 8.83 % compared to dry season and the change is expected to
be statistically significantly lower (p < 0.05).

The predictive model values of proximate composition in the fish species
between seasons will vary by 8.46 % for ash, 16.72 % for crude protein, 4.89
% for lipid and 57.84 % for moisture. There is a statistical significant
contribution (p < 0.05) of seasons in variation of proximate contents. This is
an indication that the model can accurately predict proximate contents
using seasons as a predictor.

Predicting Variation of proximate contents due to processing methods
Multiple regression analysis was applied to assess the relationship between
proximate contents found in tissues of the sampled fish species and
processing methods (frying and boiling). The findings of the study showed
that the predictive model values of the proximate composition due to
varying processing methods can be determined by the multiple regression
equation:

Y, =b, +bX, +b,X, +¢ Equation 2

The predicted model results are summarized in Table 6. The percentage (%)
of variance in the dependent variable (proximate) that can be explained by
the independent variable (processing methods) are 4.60 % for ash, 60.6 % for
protein, 59.1 % for lipid and 68.3 % for moisture as described by the
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multiple regression model. The model predicted a decrease in ash contents
by 2.14 % in fried fish and 3.09 % in boiled fish compared to raw fish. The
changes are expected to be statistically significantly lower (p < 0.05).

Crude protein content is predicted to increase by 23.36 % in fried fish and
1.62 % in boiled fish compared to raw fish. The change is predicted to be
statistically significantly higher (p < 0.05) for fried fish and not for boiled

fish.

Table 6: Multiple regression prediction analysis of proximate contents
due to processing methods

Proximate Processing  Model t p F R2 Constant
content Method value (b)) value value value (bo)
Ash Frying -2.14 -2.03 0.04
Dummy
(b1) 455 0.046 11.71
Boiling -3.09 -2.94 0.00
Dummy
(b2)
Crude Frying 23.36 15.31 0.00
protein Dummy
(b1)
Boiling 1.62 1.06 0.29 14515 0.606 563
Dummy
(b2)
Lipid Frying 11.62 14.66 0.00
Dummy
(bx)
Boiling 0.53 0.67 0.50 13566 0.591  0.27
Dummy
(b2)
Moisture Frying -37.51 -1815  0.00
Dummy
(b1)
Boiling -2.85 -1.38 0.17 20246 0683 75.56
Dummy

(b2)

Lipid contents were predicted to increase by 11.62 % in fried fish and 0.53 %
in boiled fish. The predicted change is expected to be significantly high (p <
0.05) for fried fish and not for boiled fish. The moisture contents were
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predicted to decrease by 37.5 % in fried fish and 2.85 % in boiled fish. Like
lipids and crude protein contents, the change in moisture content is
predicted to be statistically significant for fried fish and not for boiled fish.

The predicted proximate values due to processing methods were 6.48 % for
ash, 30.61 % for crude protein, 12.42 % for lipid and 35.20 % for moisture.
There is a statistical significance contribution (p < 0.05) of both frying and
boiling methods to ash content and frying method to crude protein, lipid
and moisture. The model can accurately predict the variation of ash content
using both processing methods as predictors. However, the model can only
predict accurately the variation of crude protein, lipid and moisture when
frying processing method was used as the predictor.

Pearson Correlation Coefficients and Principal Component Analysis (PCA)
In determining the relationship between proximate composition, seasons
and processing methods, Pearson correlation coefficient and PCA were
employed. Table 7 indicates that significant positive correlations were
observed for variables between crude protein and ash, lipid and crude
protein, moisture and ash, processing method and ash, season and ash as
well as season and moisture. However, there were significant negative
correlations between lipid and ash, moisture and crude protein, moisture
and lipid as well as season and lipid.

Table 7: Pearson Correlation Coefficients of the analyzed variables
Crude
Ash  protein Lipid Moisture Process Season
Ash 1

Protein 0.463 1

Lipid -0.200 0.540 1

Moisture  0.286 -0.571 -0.926 1

Process 0.218 0.119 -0.032 0.058 1

Season 0.251 0.097 -0.230 0.215 0.000 1

Bold values means significant correlation at the o = 0.01 (2-tailed).

PCA after varimax rotation was employed in this study. A principal
component (PC) was considered significant when its eigenvalue was greater
than 1. The measured values were used as variables total six (6) with the
concentrations of the nutrients in the different sampling stations as objects
(total 192). Based on the loading distribution of the variables, the PCA
results indicated that the variables can be represented by two principal
components (PCs) that accounted for 67.7 % of the total variance in the
original data sets (Table 8).
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Table 8: Rotated loadings of the Principal components
Principal Component (67.7%)

PC 1 (40.2%)

Moisture -0.951
Lipid 0.942
Crude protein 0.753
Ash -0.054
Season -0.220
Process 0.024

PC 2 (27.5%)

0.214
-0.175
0.567
0.889
0.526
0.432

Based on the results in Table 8 they indicate that crude protein, lipids (EE)
and moisture that contributed 40.2 % of total variance and constituted
related group (PC 1), indicating their relationship. Similarly, crude protein,
ash and seasons constitute another related group (PC 2). This has been
shown in Table 8 where these variables are significantly correlated to each
other (p = 0.00). However, the changes of Ash content is related to
processing methods and season while moisture and lipids (EE) are
negatively related (Table 7).
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Figure 4: A two dimensional score plot for the variables in the study
The findings indicated that ash content in the fish was more affected by
varying seasons as well as processing methods. This is supported by the
significant positive correlation between the ash and season as well as ash
and processing methods. On the other hand, moisture, lipid and crude
protein were not mostly affected by seasons and processing methods.

Conclusion

The findings of the study have shown that proximate contents of fish
species varied with changes in seasons (wet and dry). The results indicated
an increase in crude protein and lipid contents during wet season but
recorded an increase in moisture and ash contents in dry season. In
addition, the effect of boiling treatment on proximate contents in fish was
lower than that of frying treatment. Whereas ash content was affected by
season and processing methods, moisture, lipid and crude protein were not
affected by varying seasons and processing methods. The extent of changes
in proximate contents due to changing of seasons was accurately predicted
by the derived model. In addition, variation of ash contents was accurately
predicted by the model in both processing methods. However, the model
failed to predict variation of lipid, crude protein and moisture when using
boiling processing method.
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Abstract: Recently, the Ministry of Education Science and Technology though
Tanzania Institute of Education introduced a new Pre-Primary Education
Curriculum and Syllabus. Consequently, pre-primary teachers were orientated
towards implementing the newly-established curriculum. However, little is known
on the pre-primary teachers’ knowledge and practices vis-d-vis-effectiveness in
teaching. This study, therefore, sought to narrow this gap of knowledge by assessing
the pre-primary teachers' knowledge and practices regarding the implementation of
the curriculum. A descriptive survey design informed this study. A total of 19 rural
pre-primary teachers working in six wards in Mwanza and Morogoro regions were
recruited to participate in the study. Data were collected using a questionnaire with
Likert scales and a classroom observation schedule. The findings reveal that overall,
pre-primary teachers had little knowledge (M=2.12,SD=.58) regarding Early
Childhood Education. On the other hand, however these teachers were
knowledgeable on the importance of play to children (M=2.36, SD=.76) and
understood the objectives of pre-primary education (M=2.47, SD=.79). Teachers’
instructional  practices, however, were unsatisfactory (M=2.07, SD=.62).
Statistically, however, their knowledge scores did not significantly correlate with
their practice (r = .344, p>.05). On the whole, the pre-primary teachers’
instructional practices were unsatisfactory. This suggests a need for continued
provision of in-service educational programmes to the teachers.

Keywords: Knowledge, Practice, Early Childhood Education, Pre-primary teachers

Introduction

Research has demonstrated that early years —from conception to eight years
of age—are vital for children’s growth and development (intellectually,
emotionally, socially and physically). As such, quality early stimulation and
education experiences at this particular stage of life lays a strong foundation
and creates lasting impacts not only immediately for the child and its
parents, but also over time in terms of the child’s ability to contribute to the
community; moreover, opportunities forgone at this stage can rarely be
made up at later stages of the child’s growth (Hyde, 2006; Shonkoff, 2009;
UNICEF, 2013). Thus, providing supportive, caring, responsive
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relationships as early in life as possible can help build a strong foundation
for a child’s future school and life long success.

In fact, a quality pre-primary learning programme has the potential of
supporting children to develop the skills that the brain is wired to learn
before primary education. Throughout early childhood, there are
“windows” of learning. Indeed, what happens in early learning schools
should reflect an understanding of developmental milestones, what
children can do, and how they learn (Llewellyn, 2017). Since Early
Childhood is a crucial stage in human development since it forms the
foundation of subsequent development, teachers” knowledge and practices
are fundamental when assessing the quality of early education. Tanzania
recognises the importance of pre-primary education. This recognition is
reflected in various policy provisions such as the Education and Training
Policy (ETP), 1995 and the subsequent ETP, 2014.

Pre-Primary Education in Tanzania

The education system in Tanzania comprises two years of pre-primary
education, seven years of primary education, four years of ordinary
secondary education, two years of advanced secondary education, and three
or more years of tertiary/higher education. Until 2015, basic education
consisted of seven years of compulsory primary education for children aged
7-13 years. A new policy in education and training, which was promulgated
in 2014, has made some structural adjustment to integrate secondary
education in compulsory and fee-free basic (public) education from 2016
onwards. In addition, the policy adjusts primary school education from 7 to
6 years. It also makes a pre-primary education a one-year programme and
compulsory for five-year-old children. In fact, 3-4-year-olds can be enrolled
if they are ‘ready’ to embark on school. Thus, the structure of the education
system can now be described as: 1+-6-4-2-3+. This translates into 1 (or more)
year of pre-primary school, six years of primary education, four years of
ordinary secondary education, two years of advanced secondary education
and three (or more) years of tertiary and/or higher education. In other
words, pre-primary and secondary education have become an integral part
of compulsory and fee-free basic education, at least in the country’s public
education system. The education structure, however, is likely to change
again since the current ETP is under review.

Pre-primary education in Tanzania was formalised and systematised in 1995
following the introduction of the ETP 1995. By then, it was not compulsory
until the introduction of the2014 Education and Training Policy that
superseded the former. The purpose of pre-primary education is to prepare
children for primary education. Each primary school in Tanzania is
expected to have a pre-primary class as part of the school set-up.
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Despite this emphasis, participation at this level of education has yet to
meet expectations and varies. In 2014, 2015, and 2016, for example, the gross
enrolment ratio (GER) for pre-primary education was 37.3, 36.9, and 103.1,
respectively. In 2017, the GER was 95.8% (United Republic of Tanzania
[URT], 2017) whereas in 2018 it was at 86.1% (President’s Office Regional
and Local Government - PO-RALG, 2018). The sharp increase in enrolment
in 2016 is attributable largely to the implementation of fee-free basic
education. The decrease in enrolment, on the other hand, could be explained
by ‘unmet’ expectations associated with the implementation of fee-free
education policy. Available information suggest that parents still incur
indirect costs for their children’s schooling to cover school uniforms,
exercise-books and writing materials even in light of the much-touted fee-
free education in public schools. To some parents, such contributions no
matter how negligible might constitute a burden (HakiElimu, 2017), and
hence a throwback.

In fact, it took 10 years after the formalisation of Pre-Primary Education
(PPE) in 1995 to produce the 2005 curriculum for PPE. The 2005 curriculum
was subsequently reviewed in 2016. As mentioned elsewhere, the one-year
cycle PPE curriculum is designed to prepare a child for primary education.

It advocates for a holistic development of child, child-centred approach,
individualised instructions, and play-based pedagogy. Moreover, the
curriculum advocates for continuous assessment of pupils” progress. It also
recommends for the assessment based on the teachers’ observations and
keeping of each child’s progress record on daily basis. To support effective
implementation of the curriculum, the Tanzania Institute of Education (TIE)
produced curriculum support materials including six textbooks and
teacher’s guide. Among other things, the teachers’ guide provides some
guidance on engaging children in playful learning activities, preparation
and use of lessons plans, classroom management and management of a day,
and daily routine. The orientation of pre-primary teachers with the draft of
the newly-established curriculum and curricular materials eight days in
2016. Although teachers were generally provided with a copy of the draft
curriculum for implementation, the information available indicate that a
good number of the teachers did not have a copy of the curriculum until
2019.The delay was partly caused by the curriculum being finalised for mass
production before distribution to the teachers. In truth, teachers have
largely relied on their experiences (Shukia, 2014) and, perhaps, the
knowledge and skills they had gained during this orientation.

Generally, there is an agreement that teacher’s personal factors such as
knowledge, qualification, specialised training in early childhood education
(ECE) and participation in professional development programmes
constitute a common structural variable in the regulation and an important
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contributory factor to quality service delivery (Sims, Guilfoyle, & Parry,
2006). After all, well-trained teachers are critical components in engendering
a high-quality early childhood education (UNESCO, 2005). In addition,
training equips teachers with requisite knowledge and skills to participate
in warm, sensitive and responsive interactions with young children, and
these interactions and relationships are important determinants of
children’s learning outcomes (Wylie & Thompson, 2003).

Also, teachers’ pedagogical knowledge has the potential of bettering
instructional decisions teachers make in the classroom (Shulman, 1986). In
fact, teachers’ high level of knowledge is instrumental to devising
challenging but accommodative learning environments, hence improving
learning outcomes. In fact, knowledgeable teachers can anticipate the
learners” difficulties and adaptively respond to meet their needs (Keller,
Neumann, & Fischer, 2017). However, this paper contends that the
relationship between teachers” knowledge and practices is not always linear.
There might be classroom conditions, which might influence this
relationship, depending on a given locale or operational context.

As Tanzania recognises the importance of a well-trained teacher at the pre-
primary education level, the expectation is that a qualified pre-primary
teacher must have received at least a certificate of teacher training education
with a minimum classification of Grade III “A” on the government teacher
pay scale. Moreover, pre-primary teachers should hold a certificate of
teacher education in early childhood education. In statistical terms, there
were around 9,045 teaching staff in government pre-primary streams in
2017, a nine percent increase from 8,300 of teaching staff registered in 2016.
Of the teaching staff for pre-primary streams available in 2017, about 87
percent were ‘qualified’; hence a pupils-qualified teacher ratio (PQTR) of
183:1 in government streams against the standard PQTR of 25:1 [President’s
Office, Regional Administration and Local Government (PO-RALG), 2017].

The 2017 PQTR is even worse when compared to169: 1 in 2016. Of the
‘qualified” pre-primary teachers, however, the majority (76.7%) had never
attended teacher education in early childhood development and education,
specialised training which is essential for teaching at that level, as expected.
Thus, they are more qualified as primary school teachers but ‘under-
qualified” as pre-primary teachers. Simply put, they were primary school
teachers tasked with teaching pre-primary school learners.

Studies done in Tanzania by Mtahabwa (2007), the MoEVT (2010), Shavega,
Brugman, and Van Tuijl (2014) and Libent (2015) indicate that most of the
pre-primary classes suffer from poor quality teaching and learning due to
lack of pre-primary curriculum and curricular materials, “‘under-qualified’

53



Huria Journal Vol 26 (1), March 2019

pre-primary teachers, high teacher-pupil ratio. We know little, however,
about teachers” knowledge on ECE, pre-primary education curriculum and
pedagogy in relation to their classroom instructional practices. It is against
this backdrop that this study tries to answer three major research questions:
(1) What are the pre-primary teachers” knowledge level regarding ECE? (2)
What are the pre-primary teachers” instructional practices level regarding
ECE? (3) Is there significant relationship between the pre-primary teachers’
knowledge and their instructional practices regarding ECE?

The socio-cultural theory and its allied activity theory serve as analytical
tool that facilitate the understanding of the teachers” knowledge and
instructional practices in the context of this study and their relationships.
These theories provide a framework for examining the factors that influence
the existing pre-primary teachers” knowledge and practices not only on the
basis of immediate and day-to-day classroom practices but also in relation
to their background and prior experiences, as well as prevailing social
context. The framework, further, works on the assumption that
relationships between knowledge and practice are not always smooth. After
all, in the course of teaching and learning contradictions and tensions may
exist.

Methodology

A descriptive survey design informed this study. A sample consisted of 19
pre-primary teachers' purposively selected from 19 rural pre-primary
classes in six wards of Mwanza and Morogoro regions. Data were collected
using self-administered questionnaire and an observational checklist,
designed by the researchers. The questionnaire had a list of items that
assessed pre-primary teachers’ knowledge on various pre-primary
education issues. The questionnaire consisted of two sections. The first
section generated information related to demographic and job
characteristics of the pre-primary teachers studied. Teachers’ information
collected included gender, educational levels, years of experience in the
teaching profession, pre- and in-service training courses specifically dealing
with early childhood education. The second section, on the other hand,
comprised 14 items that measured pre-primary teachers” knowledge.

Specifically, this section explored the teachers” knowledge on daily routine;
play in children and learning corners; value of storybook reading and
storytelling; teacher-child interaction; Pre-primary Education (PPE)
objectives and competences; PPE teaching strategies; assessment strategies
in PPE; parents’ involvement and child protection measures. Responses
were rated using a 3-point Likert-type scale ranging from ‘accurate
knowledge’ to “inaccurate knowledge’ to determine teachers” knowledge.
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The observational checklist facilitated the assessment of the teachers’
instructional practices. Classroom observations were followed by post-
observation interviews. Post-observation interviews served two main
purposes: to clarify some of the instructional practices observed that the
researchers determined to constitute a gap in understanding based
onclassroom observations alone, and to explore perceptions and reasons
underlying teachers’ actions and their associated meaning from the
teachers’” perspective.

Observations occurred from the teachers’ and children’s time of arrival
(7.30am) to departure time (11.30am). Pre-primary teachers” practices were
assessed by looking at nine (9) dimensions: Planning, organisation of the
day’s teaching and learning activities, teacher-led session, children-led
session, classroom management, availability and use of teaching and
learning (T/L) materials, inclusivity, parents” engagement and assessment.

Scoring of instruments

Scores on the 3-point Likert-type response scale were added and averaged
to provide an average score of the teachers” knowledge levels for each item
and dimension. Inaccurate knowledge was defined as ‘different answer’ or
‘doesn’t know’; Partial knowledge as a teacher seeming to have knowledge,
but it is unsatisfactory for fostering quality practice; and accurate knowledge
as excellent knowledge for practice. The three levels of knowledge scores
were operationally defined as<1.80= Inaccurate Knowledge; 1.80-2.29 =
partial Knowledge, >2.30 = Accurate Knowledge. In other words, the
greater the mean value, the more accurate the knowledge of the teachers.

As regards instructional practices, the scores were on a 5-point Likert-type
response scale. The scores were added and averaged to provide an average
score of the practices for each teacher. Scores were grouped into five groups.
The five levels of teachers” practices ratings were operationally defined as
<1.80= poor/not observed, 1.80-2.60 = Unsatisfactory, 2.61-3.40 = Fair, 3.41-
4.20 = Good, >4.21 = Excellent. That is, if teachers scored a mean of between
2.61 and 3.40, it meant they had fair practice.

Pilot test

Prior to the actual fieldwork, a pilot study was conducted in one public
primary school with a pre-primary class attached to it. The objective of the
pilot test was to validate the data collection tools and procedures
subsequently applied in the field. The pilot study provided a framework for
revising and improving the research tools for administration in the final
form. Reliability of the tools was checked by testing for their internal
consistency using the Cronbach Alpha reliability test. The reliability of the
knowledge questionnaire was 0.95 and that of the practice observational
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checklist was 0.78. These reliability indexes were sufficient enough for the
research instruments to be administered in the field for this study.

Ethical Considerations

The approval to undertake the study was obtained from respective District
Executive Directors of Mvomero and Kilombero in Morogoro region, and
Misungwi and Ukerewe in Mwanza region. The researchers also obtained
verbal consent for participation from every teacher after explaining to them
the aim of the study in addition to assuring them that the data so obtained
would be treated with utmost confidentiality and for the intended research
purpose. In addition, participation was voluntary and, thus, they could
withdraw at anytime from the study if they so wished. Furthermore, the
researchers used code to ensure the respondents’ anonymity and to avoid
identifying the participating schools.

Data Analysis

Data were analysed descriptively (using frequencies, percentages, means
and standard deviation) and inferentially (Pearson Product Correlation
Coefficient) with the help of the Statistical Package for the Social Sciences
(SPSS) version 20. Pearson Correlation was used to test relationships,
statistical significance was considered at the 0.05 level.

Table 1 indicates that more than half of the pre-primary teachers (57.9%) were
females, holders of secondary education and Grade ‘A’ teacher education
certificates. Their experience of teaching PPE ranged from 1 month to 8 years.
About 89.5 percent of the pre-primary teachers had never attended any pre-
service training course in ECE. About 73.7 percent reported to have attended a
nine-day national orientation workshop on the new pre-primary curriculum
conducted by the TIE.

Results
Table 1 shows the demographic and job characteristics of the respondents:

Table 1: Demographic and Job Characteristics of the Respondents (n=19)

Demographic and Job Characteristics No %
Gender
Females 11 57.9
Males 08 421
Educational levels
Secondary Education &Grade A certificate 19 100
Experience years in teaching
<01 07 36.8
01 to <05 09 47.4
05+ 03 15.8
Pre-service training courses in early childhood education
Yes 02 10.5
No 17 89.5
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In-service training courses in early childhood education
Yes 14 73.7
No 05 263

PPE Teachers’ Knowledge on Early Childhood Education

The study also assessed the pre-primary teachers” knowledge on the pre-
primary curriculum components. Specifically, it assessed the following
attributes:(1) a daily routine; (2) importance of play in children and learning
areas “Corner play”; (3) PPE objectives and competences; (4) PPE teaching
strategies; (5) Assessment in PPE; (6) parents involvement in Pre-primary
Education; and (7) child protection measures. Pre-primary teachers’
knowledge is presented in Table 2:

Table 2: Descriptive Data for PPE Teachers’ Knowledge

S/N Knowledge Items Inaccurate Partial Accurate Mean SD
knowledge knowled  knowledge
ge

1 Pre-primary daily routine. 4 (21) 9(47.4) 6(31.6) 210 .73

