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ABSTRACT
Traditional leafy vegetables have been noted to supply abundant amounts of minerals and
to some extent calories and proteins which are vital to the alleviation of problems of
malnutrition in developing countries. Amaranthus cruentus and Corchorus olitorius are
among such vegetables that could be widely cultivated but information on their fertility
requirements is scanty. An experiment was conducted to study the effects of three
different rates of application of cattle dung on growthyparameters, proximate and mineral
composition, weight loss and shelf life on Amaranthus cruentus and Corchorus olitorius
on the experimental field of the Department of Horticulture, Faculty of Agriculture,
Kwame Nkrumah University of Science and Technology. The treatments were cattle
dung manure at rates of 0, 0.5. 0.8 and 1.1 t/ha. Application of (1.1 t/ha) in Amaranthus
cruentus resulted in-the highest plant height on the 20" day after transplanting. The 0.8
t/ha rate of application gave the highest number of leaves and shoots of Amaranthus
cruentus. Higher rates of application produced biggest stem girth which varied
significantly from those without manure application. On the effect of the different rates of
application-on-Corchorus olitorius, the results showed that, generally, there was no
significant difference (P > 0.05) from those without manure application. Increased rates
of application resulted-in a decline in the growth parameters. The proximate and mineral
composition was not significantly (P> 0.05) affected by the different application rates in
both Amaranthus cruentus and Corchorus olitorius. Increase in the application rates
resulted in a decrease in the moisture content in Amaranthus cruentus but in Corchorus
olitorius, there was an increase in the moisture content, even though, this was not

statistically significant (P > 0.05). There were no significant differences (P > 0.05) in
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weight loss after the storage period (48hr) for both Amaranthus cruentus and Corchorus
olitorius. However, Corchorus olitorius had higher weight loss than Amaranthus
cruentus. The results on shelf life for both Amaranthus cruentus and Corchorus olitorius
showed that both wilted and dried on the 24™ hour and 48" hour after harvesting
respectively. In conclusion, the study showed that increased application of cattle dung
produced positive outcomes on the growth parameter for Amaranthus cruentus. There
were no significant (P > 0.05) changes.in the proximate, mineral composition and shelf

life of the two vegetables
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CHAPTER ONE

1.0 INTRODUCTION

Traditional vegetables are plants whose leaves, fruits and roots are acceptable and used as
vegetables as part of tradition, custom and habit in urban and rural areas and widely
consumed during famines and natural disasters (FAO, 1988). It has been accorded needed
recognition for contributing to poverty reduction in Africa. They have been recognized as
being the cheapest and most readily available sources of important proteins, vitamins,
minerals and essential amino acids (Kwenin et al., 2011; Martin and Meitner, 1998;
Nordeide et al., 1996). Traditional leafy vegetables (TLVs) are reported to play a very
important role in income generation and subsistence (Schippers, 2000). Leafy vegetables
are not only cheaper, they constitute a major component of food of poor households, they
provide employment.for peri-urban dwellers because of their generally short life cycle,
labour intensive production systems, low levels of investment and high yield (Schippers,
2000). A significant proportion of traditional leafy vegetables have also been reported to

have health protecting properties and uses (Okeno et al., 2003).

Recent studies have shown that traditional leafy vegetables contain non-nutrient bioactive
phytochemicals that have been linked to protection against cardiovascular and other
degenerative diseases. They also contribute to the reduction of malnutrition through the
supply of abundant amounts of protein, vitamins, calories and minerals needed in diets

especially for children (Wehmeyer and Rose, 1983).



According to Ojeniyi (2000), published works on organic manure use in sub-Sahara
Africa is rather scanty. The need to use renewable forms of energy and reduce costs of
fertilizing crops has revived the use of organic fertilizers worldwide. Consequently,
scientists have concentrated efforts towards making use of organic materials (both
organic manures as well as organic wastes) for improving the physical properties of soils
that allow profitable crop production (Somani and Totawat, 1996). Besides, the use of
organic fertilizer has attracted significant interest because of its potential in contributing
to improving the environmental conditions and public health (Tiamiyu et al.., 2012). The
use of inorganic fertilizer to compliment soil fertility has not been helpful because it is
often associated with soil acidity and nutrients imbalance (Kang and Juo, 1980; Obi and
Ebo, 1995; Ojeniyi, 2000) and destruction of soil structure. Furthermore, the extent to
which farmers can depend on this input is constrained by unavailability of the right type
of inorganic fertilizers at the right time, high cost, lack of technical know-how and lack
of access to credit (Chude, 1999). Innovative approaches including the use of organic
materials (both organic manures as well as organic waste) for improving the physical
properties of soils that allow profitable crop production is being exploited by farmers

(Somani and Totawat, 1996).

In Ghana, most growers of leafy vegetables particularly in the urban areas have adopted
the use of organic fertilizers. Although such fertilizers have been reported to improve
yield and soil properties, there is insufficient information on the effect of different levels
of application on the postharvest behaviour and quality of traditional leafy vegetables. It

is estimated that 20% of daily food of adult should contain vegetables in order to



maintain normal health (WHO, 2003). The World health organization recommends a
minimum daily intake of 400g of fruits and vegetables (WHO, 2003). However, it is not
clear from the report what proportion of this total daily intake should go to vegetables.
Nevertheless, according to the Kobe framework document and an FAO report, the
recommended total daily intake is equivalent to five (5) servings of 80g each of fruits and
vegetables (FAO/WHO, 2004). In order to fulfill this requirement, there is the need for
increased production of vegetables and fruits. Vegetables and fruits production can be
increased through the use of fertile soil. Organic and inorganic fertilizers are the major

sources of improving the soil fertility.

In recent times people are concerned about their health and prefer products from organic
source. Soil organic. matter supplies available nutrients through it decomposition.
Chemical fertilizers are often used by farmers to improve the soil fertility in order to
increase yield. However, prolong application of inorganic fertilizers have some
disadvantages to the plant environment. These chemicals may leach down the soil to

pollute ground water and rivers.

Cattle dung is one of the sourees of nitrogen and other nutrients which can decrease the
demand of chemical fertilizer, and it has been used for many centuries to increase soil
fertility (Darzi et al, 2012; Kolay, 2007; Mathers and Stewart, 1984; Mir and Quadri,
2009; Tagoe et al., 2008; Whalen and Chang, 2001; White et al., 2007). Many
researchers have mentioned the beneficial effects of organic fertilizer including the

increase of hydraulic conductivity, raising the water holding capacity, changing the soil



pH (increase or decrease in the pH, depending on soil type and characteristics of organic
fertilizer), elevating the soil aggregation and water infiltration and reducing the frequency
of plant diseases (Conn and Lazarovits, 1999; Dong and Shu, 2004; Olson and Papworth,
2006; Tagoe et al., 2008). The use of animal manure has been reported as a potential
factor for better vegetative growth. The positive effects of organic manure on plant
height, shoot have been previously reported (Abou-Hussein et al., 2003a; Alam et al.,
2007). The investigation inta ‘the effect of organie, manure (cattle dung) on growth
parameters, nutritional value and shelf life of vegetables is expected to add to the organic
manure literature thereby complementing the existing literature on TLVs as well as

organic manure.,

The purpose of thisresearch was therefore to assess the effect of different levels of cattle
dung application-on growth parameters and postharvest attributes of selected traditional
leafy vegetables in Ghana. Specifically, the study sought to achieve the following
objectives:
e To determine the effect of different levels of application of cattle dung on some
growth parameters of traditional leafy vegetables.
e Assess the influence of different levels of application of cattle dung on nutritional
composition of the selected traditional leafy vegetables.
e Assess the influence of different levels of application of cattle dung on the shelf

life and weight loss of traditional leafy vegetables.
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CHAPTER TWO
2.0 LITERETURE REVIEW

2.1 Vegetables

Vegetables are aromatic, bitter or tasteless herbaceous plants whose parts are eaten as
supporting food or main dishes (Edema, 1987). Vegetables are noted to have three
important functions when eaten including protection and maintenance of health, and
prevention of diseases (Adeniyi et al’; 2012). Thiswis because, they contain important
food ingredients which can be successfully utilized to build up and repair the body
(Abukutsa- Onyango, 2007a). Vitamins A, B-and C contained in vegetables are essential
for healthy body growth and development. VVegetables acts as a buffering agent against

acidic substances produce during digestion (Thompson and Kelly, 1990).

Vegetables are categorized into different kinds according to their parts that are eaten.
Vegetables may thus be root vegetables, stem vegetables, leafy vegetables, fruit
vegetables and seed vegetables (Robinson, 1990). Each of these vegetables group
contributes to-diet in its own way. Fleshy roots for instance, are high.in energy value and
good sources of vitamin B. Seeds are relatively high in carbohydrates and proteins while
leaves, stems and fruits are excellent sources of minerals, vitamins, water and roughage.
Farinaceous vegetables made up of starchy roots such as potatoes, sweet potatoes contain

substantial amounts of carbohydrates which provide the body with energy.

2.2 African Indigenous Vegetables
African indigenous vegetables refer to those vegetables whose primary or secondary

centre of origin is Africa (Schippers, 2000). Under this definition, two different types of

11



indigenous vegetables can be deduced. Those that have their primary origin in Africa and
those that have become part of the culture of the people of Africa, even though, they do
not originate from Africa. Vegetables whose secondary centre of origin is Africa may be
referred to as ‘African traditional vegetables’ (Schippers, 2000). The word traditional is
used to qualify introduced vegetable species which due to long use have become part of
the culture of the people. Generally, traditional leafy vegetables are plant species of
which the leafy parts, which may include young, succulent stems, flowers and very young

fruit, are used as vegetables (Vorster et al., 2005).

2.2.1 Importance of Africa Indigenous Vegetables

Previous studies have shown that traditional leafy vegetables are richer in vitamins,
minerals, proteins -and crude fibres than European vegetables (Abukutsa- Onyango,
2007a; Chadha et al., 2000; Mnzava, 1997).Traditional leafy vegetables are also known
to contain substantial amounts of chemicals normally classified as anti-oxidants. These
chemicals are essential for scavenging for and binding harmful radicals in the body which
if left unchecked could cause diseases like cancer and diabetes. On-average 100g of fresh
vegetable contain levels of calcium, iron and vitamins that would provide 100% of the
daily requirement and 40% for the proteins (Abukutsa-Onyango, 2003). African
indigenous vegetables are therefore a valuable source of nutrition in rural areas where

they contribute substantially to protein, mineral and vitamin intake (Mnzava, 1997).

African traditional leafy vegetables are also compatible to use with starchy staples and

represent cheap but quality nutrient source to the poor sector of the population in both

12



urban and rural areas where malnutrition is widespread. Healthy people need a balanced
diet consisting not just of starchy foods but also protein and micronutrient rich foods
(Abukutsa-Onyango, 2007a). Hunger and malnutrition are mostly experienced in
developing countries where they affect growth and development of children (Aphane et
al., 2003). African leafy vegetables such as Amaranthus, nightshades, spider plants,
pumpkin leaves and cassava leaves are easy to grow and can do well with minimal
external inputs in these marginal areas.with low rainfall and poor soils (Muthoni et al,

2009).

African indigenous vegetables have considerable potential as cash income earnings,
enabling the poorest people in the rural communities to earn a living (Schippers, 2000,
Abukutsa-Onyango;2003). Socio-economic survey on.traditional vegetables conducted
in various parts of Africa particularly in Central, Western and Eastern Africa (Abukutsa-
Onyango, 2002; Schippers, 2000) revealed that indigenous vegetables are important
commaodities in household food security. They provide employment opportunities and
generate income for the rural population. African Indigenous Vegetables have medicinal
properties as they are usually bitter and some have been known to heal stomach-related
illnesses (Olembo et al., 1995). Spider plant _has, for instance, been reported to aid
constipation and facilitate birth while African nightshades have been reported to cure

stomach-aches.
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2.2.2 Amaranthus

The common names of Amaranthus are Amaranth, Africa Spinach, Bush Greens,
Pigweed, Spinach Green etc. In Ghana, it is called “Aleefu”. It is found in both the
savannah and forest regions of Ghana. It is described as a poor man’s vegetable because
it is the cheapest leafy vegetable found in tropical markets due to its low cost of
production. Amaranthus belongs to the Amaranthaceae family. The height of mature
plants varies between 0.3m and 2m; depending on the species, growth habit and
environment. The leaves are simple, alternate and with a long petiole. Some species have
distinct markings on their leaves (Norman, 1992). The inflorescence is a spike of
racemes, terminal or axillary. The flowers are small and unisexual occurring in small
clusters that sometimes completely cover the spikes. The seeds are tiny, glossy, usually
black and biconcave. Grubben and Van Slotten (1978) noted the following as
characteristics of Amaranthus; they are easy to cultivate, they are extremely fast growing
with high yield potential, they are less susceptible to soil-borne diseases than most other
vegetables, they are suitable for crop rotation with any other vegetable crop and it reacts

favorably to fertilizers and organic manure.

There are numerous species and varieties of Amaranthus and many hybrids occur
between them. The two main kinds of Amaranthus are vegetable and grain Amaranthus.
Amaranthus is a C4 plant that grows optimally under warm conditions (day temperatures
above 25°C and night temperatures not lower than 15°C, bright light and adequate
availability of plant nutrients (Heever and Coertze, 1996a; Maboko, 1999; Schippers,

2000). The various amaranth species are tolerant to adverse climatic conditions
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(Grubben, 2004; Maundu and Grubben, 2004) and they are quite drought-tolerant, but
prolonged dry spells induce flowering and decrease leaf yield (Schippers, 2000; Palada
and Chang, 2003). Amaranth is photoperiod sensitive and starts to flower as soon as the
day length shortens. Under cultivated conditions amaranth produces fresh leaf yields up
to 40 tonnes per hectare (Heever and Coertze, 1996a; Maboko, 1999; Schippers, 2000;

Mhlonthlo et al., 2007).

2.2.3 Uses of Amaranthus

The edible portions of amaranth are the leaves and stem. These parts are rich in proteins.
They are good sources of carotene, vitamin C, folic acid, iron, calcium and other micro
nutrients. The leaves and stems or young shoots are used as pot herbs in stews and soups
(Norman, 1992). The leaves are consumed as vegetable whereas the seeds could be
processed into snacks. The young leaves, growth points and whole seedlings of amaranth
are harvested and eaten. In the Tzaneen area of South Africa, the leaves and stems of
Amaranthus are dried and ground for use as snuff (Hart &\orster, 2006). In areas where
access to salt-was limited, such as in parts of the Limpopo Province of South Africa, the
whole dried plants of different amaranth species were burnt to produce ash, which was
dissolved in water and- the precipitate of the filtrate of the ash was used as salt (Fox and
Young, 1982). Uzo and Okorie (1983) reported that, the seeds of amaranth are a source of
protein. Mensah et al. (2008) reported that Amaranthus cruentus is used as a dewormer to

control tapeworm, as an expellant and a relief of respiratory disease in Nigeria.
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2.2.4 Agronomic Requirements and Practices of Amaranthus

Norman (1992) reported that Amaranthus prefers a well-drained soil with a high amount
of organic matter. Amaranthus requires high amount of fertilizer and respond well to high
soil fertility. According to Schippers (2000), the crop gives good yield when organic
matter especially when high levels of nitrogen is applied. Amaranthus is propagated by
seeds. It can be done by direct sowing or by nursing. Seeds are sown in drills or are
broadcast either in the nursery ar on the field. Seedsare mixed with sand to ensure that
sowing is more uniform. The seed bed is mulched after sowing to prevent the seeds from
being washed away by heavy rains. The mulch is removed soon after the seedlings have
appeared. Germination starts from three to five days after sowing. Transplanting is done
after four true leaf stages. In direct sowing seedlings are later thinned to avoid

overcrowding. The'seil should-have a fine tilt as the seeds are small.

2.2.5 Corchorus

Corchorus olitorius (jute) is a native plant of tropical Africa and Asia. However, it has
spread to Australia, South- America and some parts of Europe. (Oboh et al., 2009) The
Corchorus olitorius plant is known as West Africa sorrel, Jews Mallow, Jute, Long-
fruited Jute, Bush Okra and Krin-krin. In Ghana, it is popularly known as ‘Ayoyo’ or
‘Ademe’. Corchorus olitorius belongs tothe Tiliaceae family. (Olaniya et al., 2008) It is
an erect annual herb that varies from 20 cm to approximately 150 cm in height
unbranched or with only a few side branches. The stems are angular shaped with simple
oblong to lanceolate leaves that have serrated margins and distinct hair-like teeth at the

base. The leaves are alternate, simple lanceolate with an acuminate tip and a finely
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serrated or lobed margin. The bright yellow flowers are usually very small (2-3 cm
diameter), with five petals and the fruit is a many seeded, straight, angular capsule. It
thrives almost anywhere, and can be grown year-round. Corchorus olitorius seed shows a
high degree of dormancy which can be broken by means of hot water treatment

(Schippers et al., 2002a).

2.2.6 Uses and Nutritional importance of Corchorts

The leaves of Corchorus olitorius is believed to contain high levels of all essential amino
acids except methionine which is at.a marginal level (Norman, 1992).The leaves have
lower ascorbate but higher dry matter contents than many other vegetables. Its leaves are
popularly used in soup preparation and folk medicine for the treatment of fever, chronic
cystitis, cold and tumours (Oboh et al., 2009). The mucilaginous leaves and young shoots
are used as spinach in stews and soups. Sometimes the leaves and shoots are dried first
and used in soups. The presence of mucilage in some vegetables makes their soups more
tasty and palatable (Smith, 1985). For example, when fresh leaves and tender shoots of
Corchorus olitorius are mixed with soda and cooked, a soup-of slimy and slippery
consistency is produced. The resultant soup is easy to take with thick pastes of locally
prepared carbohydrate dishes from rice, cassava, maize or yam. This explains why
Corchorus olitorius soup is used in traditional medicine to open up the bowels and thus
prevent constipation. The immature fruits called bush okra are dried and grounded to

powder for the preparation of slimy sauce.
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Root scrapings of Corchorus olitorius are used to treat toothache in Kenya whereas in
Nigeria concoction prepared from seeds is used as purgative (Fondio et al., 2004). The
young shoot tips can be eaten raw or cooked and it contains high levels of protein and
vitamin C (Shittu and Ogunmoyela, 2001). Corchorus olitorius is usually recommended
for pregnant women and nursing mothers because it is believed to be rich in iron
(Oyedele et al., 2006). Mensah et al. (2008) reported that Cochorus olitorius is used as a
laxative and blood purifier. Jute from the plant Is used as packaging fibre because of its

strength and durability (Nirmalya et al., 2012).

2.2.7 Agronomic Requirements and Practices of Corchorus

Jansen et al. (2007) reported that Corchorus olitorius prefers rich, well-drained, medium-
textured soils but will also grow in coarse and fine textured soils. Norman (1992) also
reported that Corchorus olitorius does well in well- drained sandy loam soil with high
organic matter. Consequently, Corchorus olitorius responds very well to incorporation of
organic matter (compost, cattle dung, poultry manure) during the preparation of the soil.
Corchorus olitorius show a greater response to nitrogen in nitrate form than applied in
ammonium form in terms of yield and quality (Fawusi and Fafunso, 1981). Propagation
of Corchorus olitorius-is by seeds. Seeds may be nursed before transplanting onto to the
field or planted directly on the field. Two methods are used for nursing the seeds — broad
cast method and the drilling method. The seedlings are transplanted 2-3 weeks after

sowing.
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Corchorus olitorius seeds can be sown and seedlings pricked out 10 days after sowing
and for optimum yields the seedlings should be planted out 2-3 weeks after pricking out
(Timpo & Boateng, 1982). Harvesting can start from 4-6 weeks after sowing or 3-4
weeks after transplanting. The plants can be harvested either by pulling or topping.
Pulling consist of uprooting of the whole plant whiles topping involves the cutting of the
terminal shoots. Akorada and Olufolaji (1983) also reported that when topping is used as
a method of harvesting, the number ofileaves from each harvest increases, accompanied

with a reduction in size and weight, and a fall in consumer appeal of recovered leaves.

2.3 Organic Manure

Soil organic matter refers to animal and plant residues in various stages of
decomposition.. The final form of decomposed organic matter is brown to black,
gelatinous substance called humus. Humus provides plants with the necessary nutrient
elements for plant growth. The humus makes the soil easier to cultivate and increases its
permeability and its retention capacity for water and nutrients. Its black colour helps to
absorb excess-heat in the soil and helps to regulate soil temperature (Hank, 2003).
According to Sharm et al. (1991) and Abou et al. (2005), erganic manures provide a
source of all necessary-macro--and micro-nutrients in available forms, thereby improving
the physical and biological properties of the soil. There are different types of organic

manure including compost, green and farm yard manure etc.

19



2.3.1 Cattle Dung

Cattle manure is a combination of faeces, bedding material, wasted feed, and water.
(Hank, 2003) The organic fraction of manure plays an important role in increasing soil
organic matter and tilth, improving soil structure and water infiltration. Many of the
nutrients in the manure, however, are tied up in the organic fraction and must go through
a decomposition process to be converted to the inorganic forms available for plant
uptake. In order to get maximum benefit out of cattle'manure, proper rates and frequency
of application must be ensured. Over application can lead to transport of nutrients into the
groundwater through leaching or overland flow, losses of ammonia and nitrous oxide into
the atmosphere, contamination of the soil can also occur as excessive loading of
nutrients, sodium and other soluble salts can reduce soil quality and productivity

Saskatchewan (2000).

2.3.2 Compost

Compost refers to decomposed organic matter which is used as fertilizer to enhance the
growth of plants..Compost Is obtained through decomposition of a mixture of animal as
well as plant waste.. Composting is done in pits (in.a dry climate) or heaps (in a humid
climate). Compost heaps requires less work than pits. Composting has the advantage that
plant and human diseases are killed by the high temperatures during the composting
(Hank, 2003). Solid cattle manure can be applied either as fresh manure or as compost.
Applying the manure as compost is an efficient method for handling cattle manure.
Applying composted dung may be preferable to fresh manure for the following reasons:

composted manure can be applied more uniformly and efficiently through the reduction

20



of mass and volume, the nutrients are in a more stable form, more similar to that of soil
humus, proper composting can eliminate viable weed seeds and pathogens in the manure

and odours during application are minimized (Saskatchewan, 2000).

2.4 Shelf Life of Leafy Vegetables

Leafy vegetables have high moisture content and as such highly perishable. According to
Abukutsa —Onyango (2002) most Africa leafy vegetables are highly perishable and have
a shelf life of less than 24 hours. The shelf life of vegetables depends upon the metabolic

processes that go on in the vegetables after harvesting.

2.5 Metabolic Processes in Harvested L eafy VVegetables

Harvesting is the aet.of detaching plant produce from the parent plant or its production
area. Harvesting of leafy vegetables put a lot of stress on the produce resulting in
biological and physiological changes to the produce during the post-harvest period.
Knowledge of the changes occurring at harvesting period helps in the development of

appropriate-method(s) for handling the produce to preserve their quality.

Physiologically, harvesting of vegetables causes changes in turgidity which affects the
quality of the produce. Turgidity of vegetables keeps them fresh in appearance and
guarantees their health. However, because of interruption in the balance of water after
harvesting, the turgidity of vegetables is affected. This is because after harvesting the

process of evaporation and absorption of water is affected. The effects of the loss of
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turgidity are; biochemical changes resulting in superficial cells becoming inactive and

making the produce vulnerable to pathogenic organisms’ attacks (Anorson, 2009)

2.5.1 Factors Affecting Metabolic Processes and Quality of Vegetables after Harvest
Quality refers to a combination of characteristics, attributes or properties that gives a
commodity value. In other words, the quality of a produce refers to the attributes of the
produce that makes it acceptable to consumers. Quality is judged in terms of its end use.
Freshness and free from spots and damages forms 87% of the total quality requirement

considered by consumers when buying vegetables.

According to William et al. (1991), the following characteristics of harvested vegetables
defined their quality: appearance (size, shape, and colour); condition and absence of
blemishes; texture (firmness, hardness, softness, succulence, juiciness, etc.); flavour
(sweetness, sourness, bitterness, astringency, etc.); and nutritional value (carbohydrates,

proteins, vitamins, minerals, lipids).

Condition is a quality attribute which refers to freshness, stage of ripeness or senescence,
extent of mechanical damage and disease or pest incidence of a produce. For instance
shriveled or wilted vegetable due to moisture loss occurring at the end of shelf life are
described as lacking condition. Leafy vegetables that have loss condition are not accepted
by consumers. Improved storage condition and shading from direct sunlight can prevent
loss of condition. William et al. (1991) classified blemishes into biological factors

(pathology, entomology and animal), physiological factors (physical disorders, maturity),
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mechanical damages (bruises, scratches), extraneous matter (chemical residues, growing

medium), and genetic factors.

2.5.1.1 Handling

According to William et al. (1991), vegetables should be handled with care during
harvesting and storage to minimize injuries and postharvest losses. Mechanical injuries
usually have minor effect on the.nutritional compositien of the vegetables but could serve
as entry point for bacteria which can lead to rot of the vegetables. It can render the leaves
unsalable and also stimulate physiological deterioration. Similarly, failure to remove dirt
present in the produce and overheating during temporary field storage can cause rapid
deterioration. Inappropriate packaging and transportation of produce over dumpy roads
can cause physical damage due to bruising or abrasion. Severe water loss can occur due
to overheating especially in open vehicles and lack of cooling or ventilation at high
temperatures. Inappropriate storage conditions and poor control of storage condition such

as temperature and humidity can lead to rapid deterioration of harvested produce.

Leafy vegetables should not be stored at very low temperatures because this can lead to
chilling injuries or physiological disorders. Leafy vegetables should be blanched before
storing at low temperatures. Ethylene from ripened fruit can promote rapid senescence of
leafy vegetables in mixed storage. Traditional leafy vegetables should be dried in order to
prolong the shelf life but leafy vegetables are best consumed fresh (Abukutsa —Onyango,

2002). Open display of produce in the markets exposes produce to bad environmental
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condition and diseases causing organisms which leads to the reduction of shelf life of the

produce.

2.5.1.2 Temperature

Temperature increases induces physiological and biochemical reactions leading to
increases in respiration and early spoilage of the produce in accordance with Van’t Hoff’s
Law. Van’t Hoff's Law states that the rate of a chemical reaction will approximately
double for every 10°C rise in temperature. Cooling of vegetables extends the shelf life
by reducing the rate of physiological and biochemical changes and retarding the growth
of spoilage fungi and bacteria. Generally, storage temperature of leafy vegetables can be
reduced by; harvesting early in the morning to prevent heat build-up in the vegetables,
keeping vegetables-away from. direct sun rays after harvesting, pre cooling of the
vegetables after harvesting, use of hydro-cooling, mechanical refrigeration and opening

of stores for ventilation.

2.5.1.3 Humidity
Lutz and Hardenburg (1968) reported that most leafy vegetables store best in an
atmosphere that has a relative humidity of 90%. This 1s because high humidity retards

wilting and prolongs the useable life of teafy vegetables.

2.5.1.4 Hereditary
The potential storage life of most crops and for that matter leafy vegetable is partially

under genetic control and can be manipulated by breeding. Some leafy vegetables such as
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roselle and corchorus can be processed by sun drying or dehydration to prolong the

useable life.

2.6 Proximate Compositions of Leafy Vegetables

2.6.1 Moisture Content

Moisture generally refers to the presence of water in trace amounts. High moisture
content in vegetables is indicative of its freshness as'well as easy perishability (Adepoju
and Oyediran, 2008; Ejoh et al., 2007; Emebu and Anyika, 2011).Microorganisms that
promote spoilage in foods thrive well in foods with high moisture contents, resulting in a
reduced shelf life (Emebu and Anyika, 2011). Vegetables with high moisture content are
indicative of low fat values. For vegetables to be kept for a long time before use, the
moisture content has.to be reduced to inhibit the autocatalytic enzymes (Ladan et al.,

1996).

Amaranthus cruentus and Corchorus olitorius have been reported to have 86% and 27%
moisture content. respectively (Mensah et al., 2008). Anorson(2009) reported on
moisture content of Amaranthus blitum and Corchorus olitorius as 13.58% and 14.98%
respectively on dry matter bases. Florkowski et al. (2009) found out that the maximum
water content variation between individual vegetables is due to the structural differences

and cultivation conditions.

25



2.6.2 Crude Protein

Crude Proteins are essential organic compounds of high molecular weight found in all
living tissues. They are formed from amino acids and may be categorized based on
factors such as solubility and shape. Simple proteins consist of only amino acids as
building blocks whiles conjugated proteins contain amino acids but in addition, a non-
protein or prosthetic group which may be glycoprotein, lipoprotein, chromoprotein
(Abugre, 2011). Amaranthus leaves have been noted'to have a lower sulphur amino acid
protein content but higher in lysine and tryptophane which could complement meals that
have high carbohydrate content to provide a more balanced meal (Feine et al., 1979).
Mensah et al. (2008) reported that the protein content for Amaranthus cruentus and
Cochorus olitorus as 4.69/100 DM and 27.7g/100 respectively. Ezeala (1985) cited in
Norman (1992) also reported the protein content of Amaranthus vividis and Amaranthus
blitum as 32.2% and 27.2% respectively on dry matter bases. Anorson (2009) reported on
the protein content of Amaranthus blitum and Corchorus elitorius as 30.73% and 20.97%

respectively on dry matter bases.

The World Health organization (WHQO) recommends.a protein intake of 569 of protein a
day for a (75kg) man-and 48g for a (64kg) woman. The recommendations of the UK
Department of Health and Social Security (DHSS) are slightly higher, at about 68g a day

for sedentary or moderately active men, and 549 a day for women.
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2.6.3 Dietary Crude Fibre

Dietary fibre consists of non-digestible carbohydrates and lignin that are intrinsic and
intact in plants. Dietary crude fibre includes polysaccharides, oligosaccharides, lignin
among others. Dietary fibre may be classified into three major groups according to
structure and properties. The groupings are cellulose, non-cellulose and lignin (Komal
and Kaur, 1992). Mensah et al. (2008) reported crude fibre content of 1.8 and 8.5g9/100g
for Amaranthus cruentus and Corchorus olitorius on dry matter basis. Kwenin et al.
(2011) also reported crude fibre content of 10.40% for Amaranthus cruentus. Dietary
fibre has beneficial physiological effects including laxation, blood cholesterol
attenuation, and blood glucose attenuation (CFW, 2003). Fibre aids and speeds up the
excretion of waste and toxins from the body, preventing them from sitting in the intestine
or bowel for too long, which could cause a build-up and lead to several diseases (Hunt et
al., 1980). By virtue of its water holding capacity, fibre also helps in the formation of
soft stools making them easily evacuatable (Komal and Kaur, 1992). They are also used

in diets to prevent and treat obesity and diabetes mellitus.

2.6.4 Crude Fat content

Leafy vegetables are not noted for contributing significantly to the fat supply in foods
(Kummerow, 2007). Kwenin et al. (2011) reported crude fat contents of 3.0%, 1.33% and
1.50% in Amaranthus cruentus, Talinum triangulare and Moringa oleifera respectively.
Lipids are essential fats that play a very important role in the human body (Saidu and

Jideobi, 2009). Lipids help with brain function, joint mobilization and even energy
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production. They also help the body to absorb fat-soluble vitamins such as vitamins A

and E (Osborne and Voogt, 1978).

2.6.5 Ash Content

Ash is the inorganic residue remaining after the water and organic matter have been
removed by heating in the presence of oxidizing agents, which provides a measure of the
total amount of minerals withinia food (McClement, 2003). The ash content indicates the
mineral content of foods. Nnamani et al. (2009) reported that low ash content suggests
that the mineral content is low for any product. Higher ash content predicts the presence
of an array of mineral elements as well as high molecular weight elements (Onot et al.,
2007). Adeniyi et al. (2012) had 0.64% on the ash content of Corchorus. Anorson (2009)
also reported on the ash content.of Amaranthus blitum and Corchorus olitorius as 19.99
% and 10.30 % respectively. Ezeala (1985) reported the ash content of Amaranthus

vividis and Amaranthus caudatus as 18.7% and 20.1% respectively.

2.6.6 Carbohydrates

Carbohydrates refer to polyhydroxy aldehydes or ketones and their derivatives and other
compounds that yield them on_hydrolysis (Abugre, 2011). They form 50-80 % of
vegetable dry matter in the form of non-starch polysaccharides including cellulose,
hemicelluloses and lignin (Abugre, 2011). Mensah et al. (2008) reported carbohydrate
content of 7.0 and 26.69/100g respectively for Amaranthus cruentus and Corchorus
olitorius.  Anorson (2009) had carbohydrate content of Amaranthus blitum and

Corchorus olitorius as 17.35% and 28.88% respectively. Carbohydrates are the most
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important food energy provider among the macronutrients, accounting for between 40
and 80 percent of total energy intake. Carbohydrate also serves as stored forms of energy
as glycogen in liver and muscles. It also provides major source of energy and responsible

for breaking-down of fatty acids and preventing ketosis (Hassan et al., 2006).

2.7 Mineral Nutrients of Leafy Vegetables

2.7.1 Phosphorus

It has been observed that green leafy vegetables are an important source of phosphorus
(Soetan et al., 2010). Mhlontlo et al. (2007) reported on the phosphorus content of
Amaranthus accession as 0.09-0.14% on the studies of the effect of sheep kraal manure
on the growth performance and nutritional composition of Amaranthus accession. The
phosphorus content-of the plant.is influenced markedly by the availability of phosphorus
in the soil. Phosphorus is an essential macronutrient for plants and is among the three
needed nutrients in the soil because of its vital role of energy transfer in living organisms

and in plants.

Phosphorus is very important to the human body. It is involved in many metabolic
processes, including those involving the buffers in body fluids (Hays and Swenson,
1985). It functions as a constituent of bones, teeth, adenosine triphosphate (ATP),
phosphorylated metabolic intermediates and nucleic acids. Adequate phosphorus
availability stimulates early growth and hastens maturity in plants. Deficiency of

phosphorus in children causes rickets and osteomalacia in adults.
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2.7.2 Potassium

Potassium is the principal cation in intracellular fluid and functions in acid-base balance,
regulation of osmotic pressure, conduction of nerve impulse, muscle contraction
particularly the cardiac muscle and cell membrane function. Soetan et al. (2010)
identified vegetables, fruits, nuts as sources of potassium, while Mensah et al. (2008)
reported potassium content of Amaranthus cruentus and Corchorus olitorius as 4.82 and
3.83 mg/100 g DM respectively. 'Mhlontlo et al.*(2007) reported on the potassium
content of Amaranthus accession as 3.3-4.7%. A study by Mepba et al. (2007) indicated
that blanching and cooking significantly (P<0.05) decreased levels of potassium in
vegetables. It also helps in the transfer of phosphate from ATP to pyruvic acid and
probably has a role in many other basic cellular enzymatic reactions. Potassium and
magnesium are known to decrease blood pressure. Potassium plays a role in controlling
skeletal muscle contraction and nerve impulse transmission. Vegetables with potassium
are used to treat patients with soft bone problems. Its metabolism is regulated by
aldosterone. Toxicity disease or symptoms include dilatation of the heart, cardiac arrest,
small bowel ulcers. Potassium deficiency affects the collecting tubules of the kidney,
resulting in the inability to ‘concentrate urine, and. also causes alterations of gastric

secretions and intestinal motility.

2.7.8 Calcium
Calcium is a major factor sustaining strong bones and plays a part in muscle contraction
and relaxation, blood clotting, synaptic transmission and absorption of Vitamins. In

plants, calcium is taken up in the ionized form (as Ca*+). The leafy vegetables are
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relatively high in calcium and low in phosphorus, whereas, the reverse is true of the
seeds. Legumes, in general, have higher calcium content than grasses (Merck, 1986 cited
in Abugre, 2011). Sources of calcium include beans, lentils, nuts, leafy vegetables, dairy

products, small fishes, bones, etc. (Soetan et al., 2010).

Mensah et al. (2008) reported Calcium content of Amaranthus cruentus and Corchorus
olitorius as 2.05 and 1.26mg/100g DM, respectively.s.Mhlontlo et al (2007) reported on
the calcium content as 3.7-3.9%. Calcium is an important constituent of bones and teeth
and is involved in regulation of nerve and muscle function. In blood coagulation, calcium
activates the conversion of prothrombin to thrombin. It plays a vital role in enzyme
activation. Calcium activates large number of enzymes such as adenosine triphosphatase
(ATPase), succinic-.dehydrogenase and lipase. It is also required for membrane
permeability, involved in muscle contraction, normal transmission of nerve impulses and

in neuromuscular excitability (Seetan et al., 2010).

Reduced extracellular blood calcium-increases the irritability of nerve tissue, and very
low levels may cause spontaneous discharges of nerve impulses leading to tetany and
convulsions (Hays and Swenson, 1985). In children, caleium deficiency causes rickets
due to insufficient calcification by caletum phosphate of the bones in growing children.
The bones therefore remain soft and deformed by the body weight. In adults, it causes
osteomalacia, a generalized demineralization of bones. It may also contribute to
osteoporosis, a metabolic disorder resulting in decalcification of bone with a high

incidence of fracture, that is, a condition where calcium is withdrawn from the bones and
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the bones become weak and porous and then breaks (Hays and Swenson, 1985; Malhotra,
1998; Murray et al., 2000). Calcium deficiency also affects the dentition of both children
and adult. Excess calcium depresses cardiac activity and leads to respiratory and cardiac
failure; it may cause the heart to stop in systole, although, normally, calcium ions

increase the strength and duration of cardiac muscle contraction.

2.7.9 Magnesium

Magnesium is an active component of several enzyme systems in which
thyminepyrophosphate is a cofactor. Oxidative phosphorylation is greatly reduced in the
absence of magnesium. It also activates pyruvic acid carboxylase, pyruvic acid oxidase,
and the condensing enzyme for the reactions in the citric acid cycle. It is also a
constituent of bones,. teeth and-enzyme cofactor (Murray et al., 2000). Mensah et al.
(2008) reported magnesium content of Amaranthus cruentus and Corchorus olitorius as
2.53 and 0.59mg/100 DM respectively. Cleome gynandra has a magnesium content of
86mg/100g (Chweya and Mnzava, 1997). Mhlontlo et al. (2007) reported the magnesium

content in Amaranthus accession as 1.3-1.5%.

High magnesium content in A. cruentus (2.53mg/100g), T. triangulare (2.22mg/100g),
Celosia (1.41mg/100g) and G. latifolium (1.32mg/1009) has the ability to lower blood
pressure when consumed. Acute magnesium deficiency results in vasodilation, with
erythemia and hyperaemia appearing a few days on the deficient diet. Neuromuscular
hyperirritability increases with the continuation of the deficiency, and may be followed

eventually by cardiac arrhythmia and generalized tremours. The physiological deficiency
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of magnesium can be prevented by magnesium supplementation of a salt or grain mixture
and adequate consumption is also very important (Hays and Swenson, 1985). Toxicity
disease or symptoms of magnesium deficiency in humans include depressed deep tendon
reflexes and respiration (Murray et al., 2000). The pathological effects of magnesium
depletion are the role of this element in regulating potassium fluxes and its involvement

in the metabolism of calcium (FAO/WHO, 2004).

2.7.9 Sodium

It is commonly consumed as sodium chloride. It enhances the taste of food and also
forms an integral part of human body. Sodium is highly reactive but alkaline in nature. It
is malleable and essential for regulation of body fluids and blood. It transmits nerve
impulse and controls.heart activity. It assists in metabolic formations and in a balanced
form is very essential to the smooth running of the human body. Although sodium is not
crucial for the survival of plants but they still do contain it and in forms that is easily

digestible by human body. (Soetan et al, 2010).

Foods that are high in-sodium content are beef, greens, milk and milk product like butter
milk, cheese, legumes-canned foods fruits, bean, meat, green leafy vegetables, spinach
,oysters shrimps etc. Sodium is consumed by the body in small quantities .It maintain
blood pressure vessels. A balanced diet is essential as too less or too much of sodium can

be harmful to the human body. Lack of sodium causes low pressure.
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CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1 Experimental Site

The field work was conducted on the research plots of the Department of Horticulture of
the Faculty of Agriculture, Kwame Nkrumah University of Science and Technology,
Kumasi, between November, 2013 and March, 2014.The site falls within the rainfall
pattern of the forest zone of Ghana./ Nutritional composition on the cattle dung, soil and
leafy vegetables were also analyzed at the soil science laboratory of Kwame Nkrumah

University of Science and Technology.

3.2 Source of Cattle Dung and Planting Materials
The cattle dung was obtained from the Kumasi Abattoir.in the Kumasi Metropolis. Seeds
of Corchorus oliterius and Amaranthus cruentus were obtained from the Department of

Horticulture, KNUST.

3.3 Land Preparation and Soil Amendment

The land was ploughed and harrowed. Rubbles mostly roots of grasses and stamps of
shrubs were removed from the soil. The soil was analyzed before the commencement of
the experiment. The cattle dung was composted for a period of four months and on plots
at the rates of 0, 0.5, 0.8, 1.1 tonnes. The cattle dung was analyzed to determine the

nutritional composition before it was applied to the soil.
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3.4 Seed Sowing
The seeds were nursed using the broadcasting method. Watering was done immediately

after sowing.

3.5 Cultural Practices Carried Out

3.5.1 Transplanting

Transplanting was done when seedlings.were two weeks odd. The plant height, number
of leaves, number of shoots and stem girth were measured on twentieth and thirtieth days

after transplanting.

3.5.2 Harvesting

The plants were harvested on the thirtieth day after transplanting.

3.5.3 Weeding
Weeding on the experimental plots was done as and when necessary. It was done by hand

pulling and hoeing.

3.5.4 Watering

Watering was done daily.

3.6 Experimental Design
The experiment was carried out in a two by four factorial randomized complete block

design (RCBD). The treatment was replicated three times
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3.7 Quality Parameters Studied

3.7.1 Shelf life

The leafy vegetables were harvested thirty days after transplanting. The samples were
weighed and kept in the Department of Horticulture, KNUST laboratory (ambient
temperature) until the fresh leafy vegetables were observed not to be marketable and

consumable.

3.7.2 Weight loss
The initial weight of the fresh leafy vegetables were taken and compared with the
differences in weight after storage. Leafy vegetables weight loss was determined using

the fomular below:

% Weight loss = W1 —~W2 X 100
W1

Where, W1 = weight of fresh leafy vegetables, W2 = subsequent sample weight at

different storage intervals.

3.7.3 Growth parameters
Plant height: A metre rule was usedto-measure plants from the root level to the apex

and this was expressed in centimeters.

Number of leaves: This was done by direct counting.

Number of shoots: This was done by direct counting
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Stem girth: It was estimated by means of vernier caliper

3.8 Laboratory Analysis
3.8.1 Proximate Analysis
The methods recommended by the Association of Official Analytical Chemists (AOAC)
were used to determine moisture content, ash, carbohydrate, crude fat, crude fibre and

crude protein (AOAC, 1990).

3.8.1.1 Crude Fat Content

The samples were ground and five grams each where weighed into a filter paper. The
extraction flask was placed in an oven for about 5 min at 110°Cafter which it was cooled
and weighed. A piece of filter paper was folded in such a way that it could hold the
sample. The sample was wrapped around a second filter paper which was left open at the
top like a thimble. A piece of cotton wool was placed at the top to evenly distribute the
solvent as it drops on the sample during extraction. The sample packet was placed in the
butt tubes of the Soxhlet extraction apparatus. The extraction was done with petroleum
ether for 3 hours without interruption by gentle heating. After 3 hours the extraction flask
was dismantled and allowed to cool. The ether was evaporated on a water bath until no
odour of ether remained. It was then cooled at room temperature. The extraction flask and
its extract were re-weighed and the weight recorded.

Calculations

(A+B)-A=B % ether extract = B/C x 100

where A = flask weight, B = ether extract weight, C = sample weight
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3.8.1.2 Crude Fibre Content
Crude fibre was estimated by acid-base digestion with 1.25% H,SO. (prepared by
diluting 7.2 ml of 94% conc. acid of specific gravity 1.835g ml-1 per 1000 ml distilled
water) and 1.25% NaOH (12.5 g per 1000 ml distilled water) solutions. The residue from
ether extract was transferred to a digestion flask and about 200 ml of the boiling H,SO,4
solution, was added. An anti-foaming agent was also added and immediately connected
to a digestion flask with condenser and heated. At the end of 30 minutes, the flask was
removed and its content was filtered immediately through a linen cloth and washed with
boiling water until washings are no longer acid. The washed residue was put back into
flask with 200 ml of the boiling NaOH solution. The flask was connected to reflux
condenser and boiled for exactly 30 minutes. At the end of 30 minutes, the flask was
removed and the content was-immediately filtered through the Gooch crucible. After
thorough washing with boiling water, the content was then washed with about 15ml of
95% ethanol. The content and the crucible were dried at 110° C to constant weight. It
was then cooled in a desiccator and weighed. The content of crucible was incinerated in
muffle furnace at-550°C for 30min until the carbonaceous matter was consumed. It was
again cooled in a desiccator. and weighed. The loss in weight was recorded as crude fibre.
Calculation
% crude fibre = A — B x100 “where A= wt. of dry crucible and sample

C

B = wt. of incinerated crucible and ash, C = sample weight.
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3.8.1.3 Crude Protein Content

Two grams (2g) of the sample was weighed and transferred to a 650ml digestion flask
and 10ml of distilled water was added. One (1) digestion tablet was added to acts as
catalyst as well as 20ml of concentrated H,SO, added to the digestion flask. Boiling
chips were added to the sample and digested till the solution became colourless. The
cooled digest was diluted with a small quantity of distilled ammonia-free water up to
100ml. The Kjeldahl flask was rinsed with distilled water. Ten millilitres (10ml) out of
the 100ml digest was pipette into the distillation flask and 90ml distilled water added to

it. Similarly, 20ml of the 40% NaOH was added.

A conical flask containing 10ml of boric acid solution with a few drops of mixed
indicator was placed,.the sample was distilled and the ammonia collected on boric acid.
Hundred millilitres (100ml) to 150ml of distillate was collected. The solution was titrated
against the standard 0.1N HCI until the first appearance of pink colour was observed. A
reagent blank with equal volume of distilled water was run. The titration volume was
then subtracted from that of sample titration volume.

Calculation

The N contentef the'sample was calculated by the-formula:

% Nitrogen

(el add x norrrality of standard acid ) 0014 % 100
= w [ ®

wt of sarrple ()

Therefore

% Crude Protein (CP) = Total Nitrogen (N1) x 6.25(Protein factor)
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3.8.1.4 Moisture Content

Two grams (2g) of granular sample were weighed. The sample was dried overnight in an
air oven at 65°C for 24 hours. The crucibles plus sample were allowed to cool and their
weight taken.

Calculations

M/C = Fresh weight — dried weight x 100

Fresh weight

3.8.1.5 Ash Content

Two grams (2g) of the sample was weighed into porcelain crucible. The sample was put
into a furnace for 4 hours at 550°C.The furnace was allowed to cool below 200°C and
maintained for 20 minutes. The ash crucible was removed from the furnace and placed in
desiccator to cool. The sample was then weighed.

Calculations

(A+B)-A=B

(A+C)-A=C

% Ash = C/B x 100. where A = crucible weight, B = sample weight, C = ash weight.

3.8.1.6 Carbohydrates Content

The calculation of carbohydrate was made after completing the analysis for ash, crude
fibre, ether extract and crude protein. The calculation is made by adding the percentage
values on dry matter basis of these analysed contents and subtracting them from 100%.

Calculation
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Carbohydrate on DM basis = 100% - (%ash on DM basis + % crude fibre on DM
basis + % ether extract on DM basis + % protein on DM

basis)

3.8.2 Preparation and Dry Ash Digestion of Plant Tissues for Elemental Analysis

One gram (1.0g) of sample was weighed into a clean ceramic crucible. An empty crucible
was included for a blank in eaeh batch of 24 samples. The samples were arranged in a
cool muffle furnace and temperature ramped to 500°C over a period of 2 hours. This
temperature was allowed to remain for an additional 2 hours. The samples were allowed
to cool down in the furnace. Samples were then removed from the furnace ensuring that

the environment is free from breeze.

Ashed samples were transferred first into already numbered 50ml centrifuge tubes.
Crucibles were rinsed with 10mi of distilled water into the centrifuge tubes. More rinsing
of the crucible with 10ml of aqua regia was done. The samples were shaken for 5 minutes
for proper mixing on a mechanical reciprocating shaker. Samples were then centrifuged
for 10 minutes at 3000 rpm and then transferred into 100ml volumetric flask and again
made up to the 100ml mark. The clear supernatant digest were decanted into clean

reagent bottles for P, Ca, Mg, K, Na,"Zn;"Cu;"Mn, and Fe determinations.

3.8.2.1Method of Determination of Phosphorus (P)
A vanadomolybdate reagent was prepared by dissolving 22.5g of ammonium molybdate

in 400ml of distilled water and 1.25g of ammonium vanadate in 300ml of boiling distilled
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water. The vandate solution was added to the molybdate solution and cooled to room
temperature. Two hundred and fifty millilitres (250ml) of analytical grade HNO3; was
added to the solution mixture and diluted to 1 litre with deionized water. The standard
phosphate solution was also prepared by dissolving 0.2195g of analytical grade KH,PO,

in 1000ml distilled water. This solution contains 50ug P/ml.

A standard curve was prepared by pipetting 1, 2, 3,4, 5 and 10 ml of standard solution
(50 pug P/ml) in 50 ml volumetric flasks. 10 ml of vanadomolybdate reagent was added to
each flask and the volume made up to 50 ml. This gave a P content of the flasks as 1, 2,
3, 4, 5, and 10 pg P/ml. These concentrations were measured on the Jenway 6051
colorimeter to give absorbance measurements at a wavelength of 430 nm. A plot of
absorbance against-concentration was used to prepare the calibration curve. 5 ml of the
sample solution - from 3.4.2.2 was put into a 50 ml_volumetric flask. 10 ml of
vanadomolybdate reagent was added and volume made up to 50 ml. The sample was kept
for 30 minutes for colour development. A stable yellow colour developed. The sample
was read on the colorimeter at 430 nm. The observed absorbance was used to determine

the P content from the standard curve. The % P was calculated as:

. _ Cxdfx 100 Cx 1000 x.100 C
P content (g) in 100 g sample (%P).= —— == —==""— = —

Where C = concentration of P (g /ml) as read from the standard curve;
df= dilution factor, which is 100 *10 = 1000, as calculated below:

1 g of sample made to 100 ml (100 times);

5 ml of sample made to 50 ml (10 times)

1 000 000 = factor for converting pg to g
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3.8.2.2 Method of Determination of Potassium (K) and Sodium (Na)

A 1.908 g and 2.542 g of analytical grade KCI and NaCl respectively previously dried in
an oven for 4 hours at 105°C were each dissolved in 200 ml of deionised water. The two
solutions were mixed together and volume made up to 1000 ml. This gave a combined
standard of 1000 ppm. For K, a calibration curve (standard curve) of 200, 400, 600 and
800 ppm was prepared. Similarly, a standard curve of 20, 40, 60 and 80 ppm was
prepared for sodium. All the absorbance reading wasstaken using the flame photometer.
The sample solution from the HCIO, and HNO3 was read on the flame photometer. From
the standard curve, the concentration of K and Na were calculated using the particular
absorbance observed for the sample.

Calculation:

K, Na content (pg)in.1.0 g of plant sample = C x df

K, Na content (g)-in.200 g plant sample, (% K, Na) =Cx dfx 100 = Cx 100x 100

1000 000 1000 000
C 100
Where
C = concentration of K'(ug / ml) as read from the standard curve
df = dilution factor, which is 100 x1 = 100, calculated.as
> 1.0 g of sample made up to"2100-mI(100 times)

» 1000 000 = factor for converting ug to g.
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3.8.2.3Method of Determination of Calcium (Ca) and Magnesium (Mg)

Calcium and magnesium determination by EDTA titration involves addition of several
reagents. These reagents were prepared as;

Buffer solution — 60 g of ammonium chloride was dissolved in about 200 ml of distilled
water. 570 ml of concentrated ammonium hydroxide was added and diluted to 1000 ml in
a volumetric flask.

Potassium cyanide: 10 % KCN.(W/\).was prepared+by dissolving 50 g of KCN in 500
ml of distilled water in a volumetric flask. This solution complex off all cations that react
with EDTA.

Potassium hydroxide: 10 % KOH (W/V) was prepared by dissolving 100 g of KOH in a
litre of distilled water. Necessary when determining Ca”" since it enables it to react with
EDTA.

Calcone — red (cal — red) indicator: This indicator gives red coloration when Ca?* is
absent but gives bluish color when Ca®* is present.

Triethanolamine (TEA): 30 % (\V/V) was prepared by diluting 300 ml TEA in a litre of
distilled water. This is a viscous solution which is included to maintain p H.

Erichrome Black T (EBT): 0.2 g of EBT was weighed and dissolved in a mixture of 50 ml
methanol (85 %) and 2-g hydroxylamine hydrochloride, Indicator for determining Ca?* +
Mg %*. Gives red coloration in the absence of Ca** + Mg ** and bluish coloration in the
presence of Ca** + Mg 2.

0.02N EDTA Solution (Versenate): 3.723 g of reagent grade disodium ethylenediamine
tetra acetate dehydrate was dissolved in distilled water. It was diluted to 1000 ml and

standardized against magnesium solution with EBT indicator (one ml of 0.02 N EDTA =
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0.4 mg Ca = 0.24 mg Mg). EDTA complexes with Ca?* and removes it from solution
giving a blue end point in the presence of Ca*".

Calcium standard (0.02 N): 1.0 g of reagent grade calcium carbonate (CaCOs) was
dissolved in 1 ml of conc. HCI and diluted to 1000 ml with distilled water.

Magnesium standard (0.02 N): 2.465 g of reagent grade magnesium sulfate heptahydrate

was dissolved in 1000 ml distilled water.

Determination of Calcium

5.0 ml of sample solution from 3.4.2.2 was transferred into a 100 ml Erlenmeyer flask. 10
ml of 10 % KOH solution was added followed by 1 ml of 30% TEA. Three drops of 10 %
KCN and few drops of EBT indicator solution. The mixture was shaken to ensure
homogeneity. The mixture was titrated with 0.02 N EDTA solution from a red to blue
end point.

Calcium in mg = Titre value of EDTA x 0.40

% Calcium = mqg Calcium x 100

Sample wt

Determination of Magnesium

5.0 ml sample solution from 3:4.2.2 was emptied into a 100 ml Erlenmeyer flask. 5 ml of
ammonium chloride — ammonium hydroxide buffer solution was added followed by 1 ml
30% TEA. Three drops of 10 % KCN and a few drops of EBT indicator solution. The
mixture was shaken to ensure homogeneity. The mixture was titrated with 0.02 N EDTA
solution from a red to blue endpoint.

Magnesium in mg = Titre value of EDTA x 0.24
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mgMagnesium

% Mg = x 100

Samplewt

3. 9 Statistical Analysis

Data was subjected to analysis of variance (ANOVA) to determine the treatment effect
on the measured parameters. The least significance difference (LSD) at 5% level of
significance was used to comparemimeanss The statistical- package used was Student

Edition of Statistix 9.0
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CHAPTER FOUR
4.0 RESULTS
4.1 Nutritional Composition of Soil and Cattle Dung
The results of the nutritional assessment of soil and cattle dung used for the study are
presented in Table 4.1. The calcium content of the soil was (5.94%) Mg (0.96%), N
(0.08%) K (0.75%) and Na (0.73%). Total organic content was (0.68%). On the other
hand, the cattle dung was comprised of.Ca (0.24%), Mg (0.66%) N (1.25%) K (3. 09%),

Na (0.26%), P (0.51%) and organic carbon (10.37%).

Table 4.1: Nutritional Composition of Soil and Cattle dung

Sample | %Total % Total | % Total | % Total | % Total | % Total | % Total
Ca Mg N K Na P Organic
carbon
Soil 5.94 0.96 0.08 0.75 0.73 16.46 0.68
Cattle 0.24 0.66 125 3.09 0.26 0.51 10.37
dung

4.2 Growth Parameters for Amaranthus cruentus

Plant height, number of leaves, number of shoots and stem girth were the growth

parameters measured. Tables 4.2 to 4.5 show the effect of different rates of cattle dung on

the growth parameters of Amaranthus cruentus at 20 and 30 days after transplanting.
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4.2.1 Plant Height

No significant difference (P > 0.05) was recorded at the end of 20 days after
transplanting. Twenty days after transplanting, the highest plant height (43.33cm) was
obtained from cattle dung application of 1.1 tonnes per hectare. At the end of 30 days
after transplanting, there was significant difference (P > 0.05) between the control and
other treatment levels. The highest plant height (77.67) at 30 days after transplanting was

recorded by treatment level 0.8'tonngs per hectare.

Table 4.2: Plant Height

Treatments Days After Transplanting Mean
Day 20 Day 30

Amaranth 0 26.000 b 43.00 b 34.50b

Amaranth 0.5 34.67b 68.00.a 5133 a

Amaranth 0.8 40.67b 77.67 a 59.17 a

Amaranth 1.1 43.33b 76.00 a 59.67 a

Mean 36.17b 66.17 a

Lsd Trts=12.587, Lsd TD=8.901, Lsd Interaction=17.801, CV(%)= 19.87

Means within the same row with no superscript in common are significantly different (P < 0.05). Treatment
means were calculated from three replicated values: Treatments Amaranth 0, 0.5, 0.8 & 1.1 represent
Amaranthus cruentus with application level 0, 0.5, 0.8 and 1.1tonnes of cattle dung respectively.

4.2.2 Number of Leaves
No significant difference (P > 0.05) was observed at day 20 after transplanting.
Applicatin of 0.8 tonnes per hectare gave the highest number of leaves (66.33) at day 20

after transplanting. There was significant difference (P > 0.05) between the control and
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the rest of the treatment levels at the 30™ day after transplanting. Although there was no
significant difference (P > 0.05) between the different application levels, the application

level 0.8 tonnes per hectare gave the highest number of leaves (141.00).

Table 4.3: Number of Leaves

Treatments Days After Transplanting Mean
Day 20 Day 30

Amaranth 0 30.00 b 66.33 b 48.17 b

Amaranth 0.5 52.00b 130.67 a 91.33a

Amaranth 0.8 66.33b 141.00 a 103.67 a

Amaranth 1.1 60.67 b 133.67 a 91.33 a

Mean 52.25b 117.2 a

Lsd Trts=27.264, Lsd TD= 19.279, Lsd Interaction=38.557, CV (%)= 25.88

Means within the same row with no superscript in common are significantly different (P < 0.05). Treatment
means were calculated from three replicated values. Treatments Amaranth 0, 0.5, 0.8 & 1.1 represent
Amaranthus cruentus with application level 0, 0.5, 0.8 and 1.1tonnes of cattle dung respectively.

4.2.3 Number of Shoots

No significant difference (P-> 0.05) was recorded-on the 20" day after transplanting.
There was a significant difference (P->.0.05) between the control and the other treatment
levels on the 30" day after transplanting. The highest number of shoots (17.33) was

recorded by treatment level 0.8 tonnes per hectare on the 30" day after transplanting.
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Table 4.4: Number of Shoots

Treatments Days After Transplanting Mean
Day 20 Day 30

Amaranth 0 6.00c 12.00b 9.00 a

Amaranth 0.5 9.33bc 16.67a 13.00a

Amaranth 0.8 10.00bc 17.33a 13.67a

Amaranth 1.1 10.00bc 16.33a 13.17a

Mean 8.83b 15.58a

Lsd Trts=3.016, Lsd TD= 2.133, Lsd Interaction= 4.266, CV (%)= 19.95

Means within the same row with no superscript in common are significantly different (P < 0.05). Treatment
means were calculated from three replicated values. Treatments Amaranth 0, 0.5, 0.8 & 1.1 represent
Amaranthus cruentus with application level 0, 0.5, 0.8 and 1.1tonnes of cattle dung respectively.

4.2.4 Stem girth

No significant difference (P > 0.05) was observed on the 20" day after transplanting.
Treatment level 1.1tonnes per hectare gave the biggest stem girth (1.13cm) whiles the
control gave the smallest stem girth (0.68cm) at the 20" day after transplanting.
Significant difference (P > 0.05) was observed between the control and the treatments at
the 30™ day after transplanting. The biggest stem girth (1.80cm) was recorded on the 30"

day after transplanting by treatment-levels-0.8-and 1.1 tonnes per hectare.
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Table 4.5: Stem Girth

Treatments Days After Transplanting Mean
Day 20 Day 30

Amaranth 0 0.63b 0.93b 0.78ab

Amaranth 0.5 0.83b 1.26ab 1.05ab

Amaranth 0.8 1.03b 1.80a 1.42ab

Amaranth 1.1 1330 1.80a 1.22ab

Mean 0.908a 1.325a

Lsd Trts=0.607, Lsd TD= 0.429, Lsd Interaction= 0.858, CV (%)= 43.90

Means within the same row with no superscript in common are significantly different (P < 0.05). Treatment
means were calculated from three replicated values. Treatments Amaranth 0, 0.5, 0.8 & 1.1 represent
Amaranthus cruentus with application level 0, 0.5, 0.8 and 1.1tonnes per hectare of cattle dung application
respectively.

4.3 Growth Parameters for Corchorus olitorius

4.3.1 Plant Height

There was significant difference (P > 0.05) between the control and treatment levels 0.8
and 1.1 tonnes-per hectare on the 20" day after transplanting. The highest plant height
(32.33cm) was ‘recorded-by the control and the feast (19.00em) came from the highest
treatment level 1.1 tonnes per hectare.

On the 30" day after transplanting, significant difference (P > 0.05) was recorded
between the control and treatment levels 0.8 and 1.1 tonnes per hectare. The increase in

the application levels lead to decrease in plant height.
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Table 4.6: Plant Height

Treatments Days After Transplanting Mean
Day 20 Day 30

Corchorus 0 32.33¢c 65.33a 48.83a

Corchorus 0.5 25.33cd 59.67a 42.50b

Corchorus 0.8 20.67d 50.33b 35.50c

Corchorus 1.1 19.00d 46.33 b 332.67c

Mean 24.33b 55.42a

Lsd Trts=5.417, Lsd TD= 3.830, Lsd Interaction= 7.661, CV (%)= 10.97

Means within the same row with no superscript in common are significantly different (P < 0.05). Treatment
means were calculated from three replicated values. Treatments Corchorus 0, 0.5, 0.8 & 1.1 represent
.Corchorus olitorius with application level 0, 0.5, 0.8 and 1.1tonnes per hectare of cattle dung respectively.

4.3.2 Number of Leaves

There was no significant difference (P > 0.05) on the 20" day after transplanting. The

highest number of leaves (58.00) was recorded by the control and was followed by 0.5

tonnes per hectare whiles the lowest (28.33) was recorded by 1.ltonnes per hectare.

There was a significant difference (P> 0.05) between the control and treatment level 1.1

tonnes per hectare. The control recorded the highestnumber of leaves (195.00).
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Table 4.7: Number of Leaves

Treatments Days After Transplanting Mean
Day 20 Day 30

Corchorus 0 58.00 ¢ 195.00a 126.50a

Corchorus 0.5 44.67c 177.33ab 111.00ab

Corchorus 0.8 33.67c 156.00ab 94.83b

Corchorus 1.1 28.33¢ 148.33 b 88.33b

Mean 41.17b 169.17 a

Lsd Trts= 31.586, Lsd TD= 22.335, Lsd Interaction= 44.669, CV (%)= 24.25

Means within the same row with no superscript in common are significantly different (P < 0.05). Treatment
means were calculated from three replicated values. Treatments Corchorus 0, 0.5, 0.8 & 1.1 represent
.Corchorus olitorius with application level 0, 0.5, 0.8 and 1.1tonnes of cattle dung respectively.

4.3.3 Number of Shoots

There was no significant difference (P > 0.05) between the control and the treatment
levels on the 20" day and 30" day after transplanting. The control recorded the highest
number of shoot (12.67) whiles the highest application level gave the least number of
shoots (9.00) on the 20" day-after transplanting. On the 30" day after transplanting, the
control recorded the highest-number of shoot which was followed by the treatment level

0.5 tonnes per hectare.
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Table 4.8: Number of Shoots

Treatments Days After Transplanting Mean
Day 20 Day 30

Corchorus 0 12.67 b 15.67 a 14.17 a

Corchorus 0.5 10.00bc 16.67 a 13.33a

Corchorus 0.8 10.00bc 16.00 a 13.00 a

Corchorus 1.1 9.00c ¥5.67a 12.33a

Mean 10.42b 16.00 a

Lsd Trts=1.917, Lsd TD= 1.356, Lsd Interaction=2.712, CV (%)= 11.73

Means within the same row with no superscript in common are significantly different (P < 0.05). Treatment

means were calculated from three replicated values. Treatments Corchorus 0, 0.5, 0.8 & 1.1 represent

.Corchorus olitorius with application level 0, 0.5, 0.8 and 1.1tonnes per hectare of cattle dung respectively.

4.3.4 Stem Girth

No significant difference (P> 0.05) was observed on the 20" and the 30" days after

transplanting. Treatment level 1.1 tonnes per hectare recorded the biggest stem girth

(0.30cm) which. was followed by treatment level 0.5 tonnes per hectare (0.27cm).

On

the 30" day after transplanting, the control recorded the biggest stem girth (0.60cm)

which was followed by 0.8 tonnes per hectare (0.5 em).
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Table 4.9: Stem Girth

Treatments Days After Transplanting Mean
Day 20 Day 30

Corchorus 0 0.23c 0.60a 0.42a

Corchorus 0.5 0.27c 0.47abc 0.37a

Corchorus 0.8 0.23c 0.57a 0.40a

Corchorus 1.1 0.30be 0.55%ab 0.43c

Mean 0.26b 0.546a

Lsd Trts=0.189, Lsd TD= 0.133, Lsd Interaction= 0.267, CV (%)= 37.86

Means within the same row with no superscript in common are significantly different (P < 0.05). Treatment

means were calculated from three replicated values. Treatments Corchorus 0, 0.5, 0.8 & 1.1 represent

.Corchorus olitorius with application level 0, 0.5, 0.8 and 1.1tonnes of cattle dung respectively.
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4.4 Proximate Composition of Amaranthus Cruentus.

Table 4.10 depicts the results on the proximate composition of Amaranthus cruentus.

Table 4.10: Proximate Composition of Amaranthus cruentus

Parameters Treatment means
Amaranth 0 Amaranth 0.5 Amaranth 0.8 Amaranth 1.1

Moisture FM (%) 84.83a 83.67a 79.83a 77.83a
Moisture DM (%) 8.53a 6.46a 6.36a 5.93a

Crude protein 17.79a 17.50a 18.37a 19.82a

Crude fat 2.66a 3.33a 3.66a 3.00a

Crude fibre 1.66a 1.76a 1.85a 1.50a

Ash 14.36a 15.40a 16.93a 14.60
carbohydrate 63:51a 62.01a 59.17a 61.07a

Means within the same row with no superscript in. common are significantly different (P < 0.05). Treatment
means were calculated from three replicated values. Treatments Amaranth 0, 0.5, 0.8 & 1.1 represent
Amaranthus cruentus with application level 0, 0.5, 0.8 and 1.1tonnes of cattle dung respectively.

4.4.1 Moisture Content

There was no significant differences (P >0.05) in.the moisture content of the Amaranthus
cruentus at both the fresh and dry states. The moisture content decreased as the level of
application increased. The least moisture content (5.93%) at the dry state was recorded by

the treatment level 1.1 tonnes per hectare.
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4.4.2 Protein Content

There was no significant differences (P >0.05) in the protein content of the Amaranthus
cruentus (Table 4.10). With the exception of treatment level 0.5 tonnes per hectare, the
protein content increased with an increase in the level of application. The highest protein
content (19.82) was recorded by treatment level 1.1 tonnes per hectare and was followed

by treatment level 0.8 tonnes per hectare.

4.4.3 Fat Content

No significant differences (P >0.05) was recorded in the fat content of Amaranthus
cruentus (Table 4.10). The highest fat content (3.66%) was obtained from treatment level
0.8 tonnes per hectare which was followed by treatment level 0.5tonnes per hectare. The

least fat content value (2.66%) was recorded by the control.

4.4.4 Fibre Content

There was no significant differences (P >0.05) in the fibre content of Amaranthus
cruentus (Table 4.10). The highest fibre content of (1.85%) was recorded by treatment
level 0.8 tonnes per hectare. The least fibre content (1.50%) was obtained by treatment

level 1.1 tonnes per hectare.

4.4.5 Ash Content
Ash content of the treatment levels varied between 14.36% and 16.93 % (Table 4.3).
Amaranthus cruentus at 0.8 tonnes per hectare had the highest (16.93%) and was not

significantly different (P >0.05) from the other treatment levels.
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4.4.6 Carbohydrates Content
No significant difference (P > 0.05) was observed in the carbohydrate content of
Amaranthus cruentus. The highest carbohydrate content was obtained by the control

whiles the least came from treatment level 0.8 tonnes per hectare.

4.5 Proximate Composition of Corchorus oliterius

Table 4.11 depicts the results @n.the proximate composition of Corchorus oliterius

Table 4.11: Proximate Composition of Corcherus oliterius

Parameters Treatment means
Corchorus 0 Corchorus 0.5 Corchorus 0.8~ Corchorus 1.1

Moisture FM (%) 74.67a 76.17a 78.50a 83.17a
Moisture DM (%) 12.83a 173 22.50a 11.83a

Crude protein 16.54a 16.33a 19.54a 16.00a

Crude fat 3.15a 2.50a 3.56a 3.11a

Crude fibre 3.167a 2.01a 2.12a 2.22a

Ash 13.00a 14.50a 12.33a 13.33a
Carbohydrate 64.17a 65.15a 61.84a 65.33a

Means within the same row with no superscript in common are significantly different (P < 0.05). Treatment
means were calculated from three replicated values. Treatments Corchorus 0, 0.5, 0.8 & 1.1 represent
.Corchorus olitorius with application level 0, 0.5, 0.8 and 1.1tonnes of cattle dung respectively.
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4.5.1 Moisture Content

There were no significant differences (P >0.05) in the moisture content of the Corchorus
olitorius at both the fresh and dry states. Although there was no significant difference (P
>0.05) in the moisture content, the moisture content at the fresh states increased with an
increase in the treatment levels. On the other hand, treatment level 1.1 tonnes per hectare

had the least moisture content (11.83) at the dry states.

4.5.2 Protein Content

There was no significant differences (P >0.05) in the protein content of Corchorus
olitorius (Table 4.4). The highest protein content value of (19.54%) was recorded by
treatment level 0.8 tonnes per hectare. The least protein content (16.00%) was found in

treatment level 1.1 tonnes per hectare.

4.5.3 Fat Content
There was no significant differences (P >0.05) in the fat content (Table 4.4). The least fat
content value (2.50%) was recorded by treatment level 0.5 tonnes per hectare. The

highest fat content of (3.15).was recorded by the control.

4.5.4 Fibre Content
No significant difference was recorded in the fibre content of Corchorus olitorius. The
control recorded the highest fibre content whiles the least was obtained from treatment

level 0.5 tonnes per hectare.
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4.5.5 Ash Content

Ash content of Corchorus olitorius varied between 12.33% and 14.50 % (Table 4.3).
Treatment level 0.5 tonnes per hectare had the highest (14.50%) and was not significantly
different (P >0.05) from the other treatment levels. Treatment level 0.8 tonnes per hectare

had the lowest (12.33%) ash content.

4.5.6 Carbohydrates Content
Treatment level 1.1 tonnes per hectare had the highest carbohydrate content of (65.33%)
followed by (65.15%) with level 0.5 tonnes per hectare. No significant difference (P

>0.05) was observed.

4.6 Mineral Compoesition for Amaranthus cruentus

Table 4.12 depicts.the-mineral composition of Amaranthus cruentus.

4.6.1 Calcium
The control.of Amaranthus cruentus had the highest (0.79g/100) ealeium content and was

significantly different (P <0.05) from treatment level 0.5 and 0.8 tonnes per hectare.

4.6.2 Magnesium

The magnesium content of Amaranthus cruentus ranged between 0.84-1.139/100. There
was a significant difference (P <0.05) between treatment level 1.1 tonnes per hectare and
treatment level 0.5 tonnes per hectare. The highest magnesium content (1.13g/100) was

recorded by treatment level 1.1 tonnes per hectare.
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Table 4.12: Effect of three different levels of cattle dung application on the mineral
composition of Amaranthus cruentus and Corchorus olitorius at 30 days after

transplanting

Parameters Treatment Means

A0 A0.5 A08 Al.l Co C05 C0.8 Ci.1
Calcium 0.79% 0.34" 0.43" 0.76® 0.18° 0.08° 0.10° 0.20c
Magnesium 1.00% 0.842 1096 1.13* "0.43° 0.39° 0.37° 0.27°
Phosphorus 0.55° 0.59°  0.62° 0.59° 0.65° 065 0.65° 0.66°
Potassium 4.11° 3.62°  447% 4.07° 353% 368  4.47° 10.94°
Sodium 0.20° 0174 022 0.16* 0.21° 023 030° 022°

Means within the same row with no superscript in common are significantly different (P < 0.05). Treatment
means were calculated from three replicated values. Treatments A0, A0.5, A0.8 & Al.1 represent
Amaranthus cruentus-with application level 0, 0.5, 0.8 and 1.1tonnes of cattle dung respectively whereas
C0, C0.5, C0.5, and C1.1 stand for .Corchorus olitorius with-application level 0, 0. 5, 0.8, and 1.1 tonnes
per hectare of cattle dung respectively.

4.6.3 Phosphorus

There was no significant difference (P > 0.05) in the phosphaorus content of Amaranthus
cruentus. The highest (0.63g/100) phosphorus content was obtained by treatment level
0.8 tonnes per hectare. The least (0.55g/100) was recorded by the control sample (Table

4.12).

4.6.4 Potassium
The potassium content ranged from 3.62-4.47g/100. No significant difference (P > 0.05)

was observed in all the treatment. The highest phosphorus content of (4.47g/100) was
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recorded by treatment level 0.8 tonnes per hectare and the least (3.629/100) came from

treatment level 0.5 tonnes per hectare.

4.6.5 Sodium

No significant difference (P > 0.05) was observed between the treatments given.
Treatment level 0.8 tonnes per hectare recorded the highest (0.22g/100) sodium content
whiles treatment level 1.1 tonnes per-hectare recorded the lowest (0.16g/100) sodium

content.

4.7 Mineral Composition of Corchorus oliterius

Table 4.12 above illustrates the results of Corchorus oliterius.

4.7.1 Calcium
No significant difference was recorded in the calcium content of Corchorus oliterius. The
highest calcium content (0.20g/100) was obtained from treatment level 1.1 tonnes per

hectare whiles the least (0.08g/100) came from treatment level 0.5 tonnes per hectare.

4.7.2 Magnesium
The control plant had the highest(0.43g/100)-magnesium content. There was no
significant difference (P <0.05). From the results, it can be observed that, increase in the

application rate led to a decrease in the magnesium content.
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4.7.3 Phosphorus
No significant difference (P > 0.05) was observed in the phosphorus content for all the
treatment. The highest (0.66g/100) phosphorus content was obtained by treatment level

1.1 tonnes per hectare.

4.7.4 Potassium

The potassium content ranged from 3.58-10.94g/100*No significant difference (P > 0.05)
was observed in all the treatment levels. The highest phosphorus content of (10.949/100)
was recorded by Corchorus oliterius with cattle dung treatment level 1.1 tonnes per
hectare and the control of Corchorus oliterius recorded the least (3.53) potassium

content.

4.7.5 Sodium
No significant differences (P > 0.05) were observed. Corchorus oliterius with cattle dung
treatment level 0.8 tonnes per hectare had the highest (0.30g/100) sodium content. The

least sodium-content of (0.21g/100) was recorded for the control.

4.8 Weight Loss of Amaranthus cruentus

The weight loss of Amaranthus cruentus at different application rate of cattle dung has
been presented in Table 4.13. No significant difference (P >0.05) was observed at the end
of 24 hours after harvesting. Treatment level 0.8 tonnes per hectare obtained the highest
weight loss (28.00%) whiles treatment level 1.1 tonnes per hectare obtained the least

weight lost on the 24 hour period. There was no significant difference (P >0.05) at the
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end of the 48 hours after harvesting. At the end of the 48 hours after harvesting, the least
weight loss was obtained by treatment level 0.8 and was not significantly different from

the other treatment levels.

Table 4.13: Weight Loss of Amaranthus cruentus

Treatments Hours after harvesting Mean
24 48

Amaranth 0 23.33b 40.00 a 31.67 a

Amaranth 0.5 26.67b 42.00 a 34.33a

Amaranth 0.8 28.00b 38.67 a 33.33a

Amaranth 1.1 19.33 b 39.00 a 29.17 a

Mean 24.33b 3992 a

Lsd Trts=6.971, Lsd TD=4.929, Lsd Interaction=.9.858, CV (%)= 17.52

Means within the same row with no superscript in common are significantly different (P < 0.05). Treatment
means were calculated from three replicated values. Treatments A0, A0.5, A0.8 & Al.1 represent
Amaranthus cruentus with application level 0, 0.5, 0.8 and 1.1tonnes of cattle dung respectively whereas
CO0, C0.5, C0.5, and C1.1 stand for .Corchorus olitorius with application level 0, 0. 5, 0.8, and 1.1 tonnes
per hectare of cattle-dung respectively.

4.9 Weight Loss of Corchorus olitorius

The weight loss of Corchorus olitorius at the different application rate of cattle dung has
been presented in Table 4.14. No significant difference (P >0.05) was observed at the end
of 24 hours after harvesting. Application rate of 0.8 tonnes per hectare resulted in higher
weight loss (33.67%) on the 24 hours after harvesting while the least (26.67%) was

recorded by treatment level 1.1 tonnes per hectare. There was no significant difference at
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the end of the 48 hours after harvesting. Treatment level 0.5 tonnes per hectare had the

least weight loss (43.00%).

Table 4.14: Weight Loss of Corchorus olitorius

Treatments Hours after harvesting Mean
24 48

Corchorus 0 30.33 ¢ 44 .33a 37.33a

Corchorus 0.5 33.00c 44.33a 40.67a

Corchorus 0.8 33.67bc 43.00ab 38.33a

Corchorus 1.1 26.67c 43.33a 35.00c

Mean 30.92b 44.75a

Lsd Trts= 6.786, Lsd TD=4.798, Lsd Interaction= 9.596, CV (%)= 14.48

Means within the same row with no superscript in common are significantly different (P < 0.05). Treatment
means were calculated from three replicated values. Treatments A0, A0.5, A0.8 & Al.1 represent
Amaranthus cruentus with application level 0, 0.5, 0.8 and 1.1tonnes of cattle dung respectively whereas
C0, C0.5, C0.5, and C1.1 stand for .Corchorus olitorius with application level 0, 0. 5, 0.8, and 1.1 tonnes
per hectare of cattle dung respectively.

4.10 Shelf Life of Amaranthus cruentus

Plates 4.1, 4.2 and 4.3 respectively show the state of the Amaranthus cruentus at harvest,
24 hours and 48 hours after harvesting. It can be observed from plate 4.2 that almost all
of leaves had wilted on the 24™ hour after harvesting. On the 48™ hour after harvesting as
depicted in Plate 4.3, Amaranthus cruentus had ended its shelf life and therefore no more
marketable and consumable. Typical signs of dryness, pale green and brown spot on the

leaves were observed at the 48 hours after harvesting.
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Plate 1: Fresh Amaranthus cruentus
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Plate 2: Amaranthus cruentus 24 hours after harvesting
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Plate 3: Amaranthus cruentus 48 Hours after Harvesting
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4.11 Shelf Life of Corchorus olitorius

Plates 4.4, 4.5 and 4.6 respectively show the state of the Corchorus olitorius at harvest,
24 hours and 48 hours after harvesting. It can be observed from plate 4.5 that almost all
of the Corchorus olitorius had wilted on the 24" hour after harvesting. At 48 hours after
harvesting as depicted in Plate 4.6, Corchorus olitorius was not marketable and

consumable. Typical signs of dryness, pale green and brown spot on the leaves were

observed at the 48 hours after IQeN l l S ‘

Plate 4: Fresh Corchorus olitorius

69



Plate 5: Corchorus olitorius after 24 Hours of Harvesting
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Plate 6: Corchorus Oliterius after 48 hours of harvesting

4.12 Correlation Analysis
Table 4.15 shows the correlation between the minerals in the manure applied and the

parameters assessed. There was a positive correlation between number of branches and

71



number of leaves. It was observed that as the number of branches increased the number
of leaves also increased. There was also negative correlation between calcium and stem
girth. As the level of calcium increased with increasing levels of cattle dung, stem girth
reduced. A negative correlation was observed between carbohydrate (NFE) and fat
content. An increase in NFE content was associated with a decrease in the fat content of
the plant leaves. An increase in magnesium and calcium level in the soil again was
associated with a decrease in the fat content of the plant leaves. The carbohydrate content

of the plant leaves also decreased with an increase in the protein level of the plant.
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Table 4.15 Correlation between the minerals in Cattle Dung and Parameters Assessed

Magnesium Calcium  No of Plant Carbohydra
Branches height tes
Magnesium - 0.71 - -
(0.01)
Number of -0.21 0.18 - - -
Branches (0.52) ©.57)
Number of -0.43 -0.10 0.91 - -0.45
leaves (0.16) (0.76) (0.00) (0.14)
Stem Girth -0.52 -0.58 0.06 0.23 -0.30
(0.08) (0.05) (0.86) (0.48) (0.35)
Plant height -0.35 -0.04 0.84 - -0.22
(0.26) (0.90) (0:00) (0.49)
Fat -0.33 0.21 0.42 0.20 -0.85
(0.29) (0.52) (0.18) (0.52) (0.00)
Fibre =0./2 -0:78 -0.02 -0.02 0.15
(Q.01) (0.00) (0.95) (0.95) (0.65)
Protein -0.22 0.03 0.25 0.11 -0.85
(0.49) (0.94) (0.44) (0.73) (0.00)
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CHAPTER FIVE

50 DISCUSSION

5.1 Nutritional Composition of Soil and Cattle Dung

The soil used for this study was observed to be rich in nutrient than that reported by
Mhlontlo et al., (2007). The soil for this study had (5.94%) Ca (0.75%), K (0.085%), N
(16.46%) P compared to (0.026%), K (0.35%) Ca and 0.02% N of soil as reported by
Mhlontlo et al., (2007). The eattle dung manure used in this study were low in N
(1.25%), Ca (0.245%), P (0.5%) compared to (1.8%) N, (3.7%) Ca, (1.4%) P, (16 000mg)
in Sheep kraal manure (Mhlontlo et al., 2007). The total N and K recorded for the cattle
dung manure in this study were quite higher (1.25%) and (3.09%) than the (0.17%) and
(0.17%) reported on Poultry manure by Ullah et al.(2008). The total organic carbon
(0.68%) and nitrogen. (0.08%)-in_the soil for this study were found to be lower than
(2.85%) and (2.58%) on Obalan campus site on a soil of depth 5cm (Awodun, 2007).
However, the K and Ca in this study were also higher than the soils from Obalan campus
site on a soil of depth 5cm. The total organic carbon and N from this study were again
lower than the-0.34 -0.38 for total nitrogen and 6.20-6.70 for total organic carbon

reported on sandy loam soils (Tiamiyu et al., 2012).

The high nitrogen content and organic carbon in the soil in this study might have resulted
in the higher number of leaves produced by both leafy vegetables. Mhlontlo et al. (2007)
reported 18 - 48 for number of leaves in Amaranthus cruentus. This was observed to be
quite lower than the 28 — 195 obtained in this study for number of leaves. (Table 4.3-

Table 4.7)
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5.2 Growth Parameters

5.2.1 Plant height

The highest plant height (43.33cm) which was recorded by Amaranthus cruentus after
twenty days of transplanting was higher than (40.50cm) that reported by Mhlontlo et al
(2007) with 2.5 tonnes rate of application of sheep manure after 30 days of transplanting.
Although there was no significant difference (P < 0.05) between the control of the
Amaranthus cruentus with treatment level 0.8 and 0.5.tonnes per hectare, treatment level
0.5 and 1.1 tonnes per hectare resulted in higher plant height than the control. This
implies that application of cattle dung contributed positively to the plant height of
Amaranthus cruentus. Premsekhar and Rajashree (2009) reported that higher vyield
response of crops as a result of organic manure application could be attributed to
improved physicaland biological properties of the soil resulting in better supply of

nutrients to the plants.

On the contrary, the control of the Corchorus oliterius recorded the highest (32.33cm)
plant height but was not significantly different (P < 0.05) from the rest of the treatment.
This can be attributed to the fact that the nutrient in the soil was able to meet the
nutritional requirement of the Corchorus oliterius-or possibly it may due to the failure of
Corchorus oliterius not responding well to the cattle dung application. The same trend
was observed at 30 days after transplanting except that Amaranthus cruentus with
treatment level 0.8 tonnes per hectare had the highest (77.67cm) plant height and was not
significantly different from Amaranthus cruentus with treatment level 1.1tonnes per

hectare. The results obtained at 30 days after transplanting for most of the treatment was
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still higher than that reported by Mhlontlo et al (2007) at 60 days after transplanting.
According to Schippers (2000) Amaranthus gives good yield when high levels of

nitrogen are applied and it responds well to organic matter.

5.2.2 Number of Leaves

Amaranthus cruentus at 0.8 and 1.1 tonnes per hectare application rate had the highest
(66.33) and (60.67) number of leaves with no signifieant difference (P > 0.05) occurring
between them at 20 days after transplanting. The same pattern occurred at 30 days after
transplanting. Xu et al. (2005) reported that vegetables grown with high levels of organic
manure grows better and result in higher yield than those grown on lower amount of
organic manure. According to Myers (1998) increase in the rate of organic matter leads to
the availability and-uptake of nitrogen which promoted vegetative growth of the plants.
The control from-Corehorus oliterius recorded the highest (58.00) number of leaves for
all the treatment in Corchorus oliterius. The result obtained from the Corchorus oliterius
is not in conformity with that reported by (Xu el al., 2005).This could be that the plants’

nutritional needs were satisfied by nutrients already present in the soil.

5.2.3 Number of Shoots

There was a significant difference between the control and the other treatment levels on
the 30" day after transplanting of Amaranthus cruentus. The highest number of shoots
(17.33) was recorded by treatment level 0.8 tonnes per hectare on the 30" day after

transplanting.
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According to Mhlontlo et al (2007) and Makus (1984), higher rate of manure (sheep
kraal manure) produced higher fresh yields (shoot, leaf and stem.).This assertion is in
conformity to the findings of this study. Abou- Hussein et al. (2003a), reported that the
increase in soil nutrients and other factors can encourage shoot growth and elevate the
metabolism of photosynthesis. The increase in the soil nutrients did not positively affect
Corchorus oliterius. It may be due to other factors such as temperature, humidity,
moisture etc. was not favorable at the\time of planting. According to Jayramaiah et al
(2005), the increased in plant height, shoot, leaf area and total dry matter accumulation
can be obtained by the application of appropriate amount of farm yard manure. It is also
possible that the quantity of the manure was not adequate to support shoot growth in

Corchorus oliterius.

5.2.4 Stem Girth

There was no significant difference (P > 0.05) between the control and all the treatments
in Amaranthus cruentus, although 1.1 tonnes per hectare had the biggest (1.13) stem
girth. It can be abserved that there was an-increase in the stem girth of the Amaranthus
cruentus withan increase in the level of the cattle dung application. The increase in the
stem girth could be attributed to the amount of nitrogen in the soil. Rao (1991) showed
that the soil could be enriched by application of higher amount of organic materials
which tends to decompose large amount of nitrogen into the soil before planting fresh
crops. Corchorus olitorius with treatment level 1.1 recorded the highest stem girth and
confirms that the cattle dung used in the experiment had some relevant nutrient content

which could promote growth
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5.3 Proximate Composition of Amaranthus cruentus and Corchorus oliterius

5.3.1 Moisture Content

There were no significant differences (p>0.05) in moisture content between the various
treatment levels at both fresh and dry matter states. The moisture content of Amaranthus
cruentus and Corchorus olitorius varied between (74.67%-84.83%) and (5.95% -13.13%)
for fresh and dry mater states respectively. The differences in moisture content of
Amaranthus cruentus and Corchorus olitorius under‘the different cattle dung application
rates may be due to the fact that they are different plants with different structures.
According to Florkowski et al. (2009), maximum water content of vegetables varies
among vegetable types and is influenced by cultivation condition and structural
differences. Corchorus oliterius with cattle dung treatment level 0.5 tonnes per hectare
gave the highest (13.13%) moisture content whiles Amaranthus cruentus with treatment
level 1.1 tonnes per hectare had the least (5.93%) moisture content. High moisture
content in vegetables is indicative of its freshness as well as easy perishability (Adepoju

and Oyewole, 2008).

Similarly, George (2003) stated that moisture content contributes to the texture of the
leaves and helps in maintaining the protoplasmic content of the cells; it also makes them
perishable and susceptible to spoilage by micro-organism during storage. The results
obtained in the study is slightly lower than 13.58% and 14.98% reported on Amaranthus
blitum and Corchorus olitorius respectively on dry matter bases by Anorson (2009). This
could be due to the different environmental conditions for growing the vegetable, time of

harvesting and varietal differences.
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5.3.2 Crude Protein

There were no significant differences (p>0.05) in crude protein content of Amaranthus
cruentus and Corchorus olitorius at the various cattle dung application levels (Tables
4.10 and 4.11). Corchorus olitorius with 0.8 tonnes of the dung gave the highest
(19.83%) protein content and the least (16.00%) was also from Corchorus olitorius at 1.1
tonnes per hectare. Mensah et al. (2008) reported protein content for Amaranthus
cruentus and Cochorus olitorus,as 4.6g/100 DM and,.27.79/100, respectively. From the
study, it can be observed that the protein levels of Amaranthus cruentus was higher than
that reported by Mensah et al. (2008) whiles the protein levels of the Corchorus olitorius
was lower than what Mensah et al. (2008) reported. Differences in the protein content of
Amaranthus cruentus and Corchorus olitorius can be attributed to levels of the cattle

dung applied as well-as differences in species.

According to Chweya and Mnzava (1997), the nutritional composition of plants may vary
with soil fertility, environment, plant type, plant age, production techniques used and
level of processing. Protein helps in-building and maintaining-all-tissues in the body,
forms an important part of enzymes, fluids and hormaones of the body and also helps form
antibodies to fight infection and supplies energy (Jonhson, 1996). Thus, the high level of
protein in Amaranthus cruentus (17.50%-19.82%) recorded in this study suggests that the
cattle dung could be used to improve upon the protein content of the vegetable which in

turn could be used as protein supplements.
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5.3.3 Crude Fibre

There were no significant differences (p>0.05) in the fibre content of the Amaranthus
cruentus and Corchorus olitorius at the various cattle dung application rates. Dietary
fibre consists of non-digestible carbohydrates and lignin that are intrinsic and intact in
plants. Dietary crude fibre includes polysaccharides, oligosaccharides, lignin among
others. The control of the Corchorus olitorius had the highest (3.33%) fibre content
whiles Amaranthus cruentus with the highest treatment level had the lowest (1.50%) fibre
content. The difference can be attributed to the fact that they are from different plant

sources and will respond differently to different application rate.

Mensah et al. (2008) reported crude fibre content of Amaranthus cruentus and Cochorus
olitorius as 1.89/100g and 8.5¢/100g dry matter respectively. Kwenin et al. (2011) also
reported crude fibre content of Amaranthus cruentus as 10.40g/100g. The fibre content of
Amaranthus cruentus obtained in this study ranges between 1.50g9/100g-1.85g/100g
which conforms to the results from Mensah et al. (2008) but contrary to 10.40g/100g in
Amaranthus-eruentus as reported by Kwenin et al. (2011). The fibre content of the
Corchorus olitorius ranged from 2.01g/100g1-3.33g/100 which is far below that reported

by Mensah et al. (2008)

The differences in the fibre content may be due to the soil fertility, plant age at harvest,
environment and production techniques. Chweya and Mnzava (1997) and Morris et
al.(2004) reported that several factors, including genetic make-up of a plant, soil in which

it is grown, use of fertilizer, prevailing weather condition and maturity at harvest
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influence the nutritional content of a plant. Intake of dietary fibre is useful for the
treatment of both obesity and diabetes mellitus (Komal and Kaur, 1992).The study
showed that Amaranthus cruentus and Corchorus olitorius are a good source of dietary

fibre.

5.3.4 Crude Fat

Leafy vegetables are not noted.for contributing sigmficantly to the fat supply in foods
(Kummerow, 2007). No significant difference (p>0.05) was obtained from all the
treatment. The fat content of the study ranged between 2.6-3.669/100g which is slightly
higher than 3.19g/100g, 3.00/100g, 1.33g/100g and 1.50¢/100g in Xanthosoma
sagittifolia, Amaranthus cruentus, Talinum triangulare and Moringa oleifera respectively
as reported by Kwenin et al. (2011). This is an indication that the treatment had slight
influence on the fat content. The high (3.66%) fat content in"/Amaranthus cruentus at 0.08
tonnes per hectare suggests that its can contribute significantly to the energy requirement
for humans. Its high fat content would make it a better source of fat than the others. High
fat of Amaranthus cruentus will make it useful in improving palability of foods in which

it is incorporated (Aiyesanmi and Oguntokun, 1996).

5.3.5 Ash Content

McClement (2003) reported that the ash content of a vegetable provides a measure of the
total amount of minerals within it. Higher ash content predicts the presence of an array of
mineral elements as well as high molecular weight elements (Onot et al., 2007). No

significant difference (p>0.05) was recorded in the ash content of the two vegetables
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under study. The high (16.93%) ash content was recorded by Amaranthus cruentus with
cattle dung level 0.8tonnes per hectare and the least (12.33%) from Corchorus olitorius
cattle dung level 0.8 tonnes per hectare. The study showed that the ash content ranged
from 12.33-16.93g/100g with Amaranthus cruentus having the highest ash content than
Corchorus olitorius. Adeniyi et al. (2012) reported ash content of Corchorus olitorius as
0.649/100g. Anorson (2009) also reported ash content of Corchorus olitorius as
10.30g/100g. The ash content values obtained in this'study were found to be higher than
that reported by Adeniyi et al. (2012) and Anorson (2009). Ash content is important

because it provides the mineral requirements for daily intake.

5.3.6 Carbohydrates

Carbohydrates refer-to_polyhydroxy aldehydes or ketones and their derivatives and other
compounds that yield them on hydrolysis (Abugre, 2011). They form 50-80% of
vegetable dry matter in the form of non-starch polysaccharides including cellulose,
hemicelluloses and lignin (Abugre, 2011). Mensah et al. (2008) reported carbohydrate
content of Amaranthus cruentus and Corchorus olitorius as-7.0-and 26.6g9/100g dry
matter respectively. Anorson (2009) gave carbohydrate content of Amaranthus blitum

and Corchorus olitorius:as 17.359/100g and 28.889/100g respectively.

No significant differences (p>0.05) were obtained in the carbohydrate content of all the
treatment. In general, the levels of carbohydrate in the Corchorus olitorius were higher
than that of the Amaranthus cruentus. Corchorus olitorius with cattle dung application

1.1tonnes per hectare recorded the highest carbohydrate level of 65.339/100g followed by
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Corchorus olitorius with treatment level 0.5tonnes per hectare (65.15g/100g). Comparing
the results with 28.88g/100g in Corchorus olitorius by Anorson (2009), it is clear that the
results from the study recorded higher carbohydrate content implying that the addition of

cattle dung could result in high carbohydrate content in vegetables.

The differences in the carbohydrate content could also be attributed to differences in
environment, genetic factors and methods employed in analysis as indicated by Hassan et
al. (2007). The high carbohydrate content recorded in samples under study could mean
that the vegetables can provide high energy in diets and this will be beneficial to
consumers. DGA (2005) reported that carbohydrate is the most important food energy
provider among the macronutrients, accounting for between 40 and 80 percent of total

energy intake.

5.4 Mineral Composition of Amaranthus cruentus.and Corchorus oliterius

5.4.1 Phosphorus

There were no-significant differences (p>0.05) among the treatment. The phosphorus
content ranged between 0.55g/100g-0.62g/100g and 0.65g/100g-0.66g9/100g for the
Amaranthus cruentus-and the Corchorus olitorius respectively. The highest (0.66%)
phosphorus value was recorded in Corchorus olitorius with treatment level 1.1tonnes per
hectare. In general, Corchorus olitorius recorded higher values in the phosphorus content
than the Amaranthus cruentus. Mhlontlo et al. (2007) reported phosphorus content of
0.09-0.14% on the effect of sheep kraal manure on the growth performance and

nutritional composition of Amaranthus accession. The differences in the phosphorus
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content obtained from the study and that of Mhlontlo et al (2007) can be attributed to the
variety, the environment, and the treatment levels. It can be deduce that increasing the
level of the cattle dung can lead to increases in the phosphorus content of the two leafy
vegetables. Base on the findings from this study, it can be stated that Amaranthus
cruentus and Corchorus olitorius are good sources of phosphorus and would be useful in
providing the phosphorus needs of consumers. Since phosphorus is required for many
metabolic processes in the hody including bone. mineralization, consumption of

Amaranthus cruentus and Corchorus olitorius will promote strong bones of consumers.

5.4.2 Potassium

There were no significant differences (p>0.05) between the means of three levels of the
cattle dung of Amaranthus cruentus and the Corchorus olitorius. The potassium content
of the Amarnthus.cruentus and the Corchorus olitorius ranged between 3.62-4.479/100g
and 3.52-3.699/100g respectively. The results show that Amaranthus cruentus had high
potassium content than Corchorus olitorius. Mensah et al. (2008) reported potassium
content of -Amaranthus cruentus and Corchorus olitorius—as 4.82mg/100g and
3.83mg/100g DM respectively. Mhlontlo et al (2007) reported potassium content of
Amaranthus as 3.3-49/100g. Potassium is known to promote good muscle contraction and
also functions in acid base balance in the body (Soetan et al., 2010). Consumption of
Amaranthus cruentus and Corchorus olitorius will promote good muscle, heart and
kidney functioning. Consumption of Amaranthus cruentus and Corchorus olitorius at 0.8
tonnes per hectare of application will serve as an important mineral which will help
maintain electrolyte balance in humans and is important in amelioration of hypertension

(Whelton et al., 1997).
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5.4.3 Calcium

Amaranthus cruentus had higher calcium content than Corchorus olitorius. Mensah et al.
(2008) reported Calcium content of Amaranthus cruentus and Corchorus olitorius as 2.05
and 1.26mg/100g DM respectively. Mhlontlo et al. (2007) reported calcium content of
Amaranthus accession as 3.7-3.99/100g. This shows that the values obtained from this
study were very low. According to Chweya and Mnzava (1997) the nutritional
composition of plants may vary with sail fertility, environment, plant type, plant age,
production techniques used and level of processing. Since calcium is known to promote
bone and teeth formation consumption of Amaranthus cruentus and Corchorus olitorius

may result in strengthening of the bones and teeth of consumers.

5.4.4 Magnesium

The highest (1.13) magnesium_content was recorded In- Amaranthus cruentus with
treatment level 1.1tonnes per hectare. Corchorus olitorius recorded lower values in the
magnesium content with the control of Corchorus olitorius recording the highest value
(0.439/100g). Mensah et al. (2008) reported magnesium content-of Amaranthus cruentus,
Corchorus olitorius and Basella rubra as 2.53, 0.59 and 0.06mg/100g DM respectively.
Mhlontlo et al (2007) reported magnesium content in Amaranthus accession as 1.3-
1.5¢/100g. The magnesium content in this study ranged between 0.84-1.13g/100g and
0.37-0.43g/100g of the Amaranthus cruentus and Corchorus olitorius, respectively. The
values obtained from the study are lower compare to other studies, even though, it is
above the daily requirement of 0.42g/day for adult (National Academy of Sciences,

2004). Amaranthus cruentus and Corchorus olitorius will be a good source of
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magnesium. Magnesium is essential in enzyme systems and helps maintain electrical
potential in nerves (Ferrao et al., 1987). Nutritionally, Amaranthus cruentus at 1.1 tonnes
per hectare can be considered as a superior source of magnesium followed by control of
Corchorus olitorius than the others and as such they could be used as supplement in
providing the daily requirement of magnesium for adults (265-350 mg) as reported by

Food and Nutrition Board (1997).

5.4.5 Sodium

The sodium content ranged between 0.16g/100-0.30g/100. No significance differences (P
> 0.05) were observed in all the treatment. Reema (2011) reported the sodium content of
A. viridis (54mg), A. blitum (39.38mg) and A. tricolor (30mg). From the Fable 4.12, it
can be observed that Corchorus olitorius with treatment level 1.1 tonnes per hectare
recorded the same value (0.30g/100g) as A. tricolor. It can be observed that A. viridis

and A. blitum had higher values than Corchorus olitorius and Amaranthus cruentus.

5.5 Weight L-oss

No significant difference (P.>0.05) was observed at the end of 24 hours after harvesting.
Almost all the vegetables lost maore than 20% of weight during 24 hours of storage except
Amaranthus cruentus with treatment level 1.1 tonnes per hectare (Table 4.13). The loss in
weight in almost all the samples could be attributed to the fact that they were exposed to
room conditions of temperature and air current. Air circulating in the storage room must
have enhanced evaporation of moisture from the surface of the leaves and led to loss of

moisture. Prolong loss of moisture resulted in changes in weight and texture of the leaves
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and these affected quality. Application rate of 1.1 tonnes per hectare of cattle dung in
Amaranthus cruentus and Corchorus oliterius at 24 hours after harvesting had the lowest
weight loss of (19.33%) and (26.67%) respectively. This implies that increased in the
cattle dung application rate lead to lesser weight loss. Corchorus oliterius lost more
weight than Amaranthus cruentus and this is not in conformity to the findings by
Anorson (2009), who reported that Amaranthus cruentus lost more weight than
Corchorus olitorius when he used different packaging.materials. This could be attributed

to the different packaging materials used and other environmental factors.

5.6 Shelf Life

It can be observed from plate 4.1 that most (98%) of the vegetables wilted on the 24th
hour after harvesting, however fewer leaves from Amaranthus cruentus and Corchorus
olitorius at application rate of 1.1 tonnes per hectare were partly fresh. According to
Abukutsa —~Onyango (2002) most Africa leafy vegetables are highly perishable and have
a shelf life of less than 24 hours. After 24 hours of storage most of the vegetables had
wilted. Wilting-is a result of a reduction in cell turgor that reduces the turgidity of the
plant. The wilting occurred as a result of water stress-or other stresses in the plant

(Anorson, 2009).

There were no significant changes in the green colour of the leaves and this corresponds
with the work done by Anorson (2009). This may be as a result of the absence of ethylene
in the storage room. Ethylene accelerates senescence and loss of green colour in leafy

vegetables. It decreases storage life and quality of vegetables. All the samples finally
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dried up on the 48 hours after harvesting. The high moisture content in the two leafy
vegetables resulted in the short shelf life of the vegetables leading to (98%) wilt on the 24

hours of storage and total dryness on the 48 hours.

5.7 Correlation Analysis

From the results (Table 4.15), it was not surprising when an increase in the number of
leaves was associated with an increase.in the number, of branches. Leaves are found on
branches of plants; therefore, with an increase in the number of branches, the numbers of
leaves are also expected to increase. It was also observed that increased levels of calcium
resulted in reduced stem girth. Although bigger stem girth are required by plants to hold
the branches and leaves, more calcium absorbed would help the plant to maintain a strong
stem girth to hold the plant. However, if maximum absorption of calcium is made by the
plant, there would be no need for the plant to form a bigger stem girth. This could,
therefore, be the reason why increased levels of calcium resulted in reduced size of stem

girth.

A decrease in fat content was associated with an increase in carbohydrate content as well
as magnesium and ealcium. This was expected as leaves with high amount of
carbohydrate (starch) and minerals could not possibly contain high amount of fat.
Moreover, leafy vegetables are not noted for contributing significantly to fat supply in
foods (Kummerow, 2007). Therefore, the results from the correlation were in line with

facts well noted in research.
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CHAPTER SIX

6.0 CONCLUSIONS AND RECOMMENDATIONS

6.1  Conclusions

The rates of application above 0.5 tonnes per hectare did not make any significant
difference (P > 0.05) in the growth parameters. Application of cattle dung at 0.8 tonnes
and 0.5 of cattle dung resulted in higher number of leaves in Amaranthus cruentus and
Corchorus olitorius respectively. at hoth 20 and 30 days after transplanting. The different
application rates did not significantly affect stem girth. The proximate and mineral
composition was not significantly affected by the different application rates. Calcium
content increased with increase in the application rate in both Amaranthus cruentus and
Corchorus olitorius. Increase in the application rate reduced the moisture content in both

Amaranthus cruentus and Corchaorus olitorius.

The moisture content in the leafy vegetables positively affected the weight loss and shelf
life after the storage period (48hr). Although, there were no significant differences in the
weight loss after. the storage period (48hr), the Corchorus elitorius recorded higher
weight loss than Amaranthus cruentus. It can be concluded that fresh leafy vegetables

should be consumed within 24hr of harvesting.
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6.2

Recommendations

Based on the findings, the following recommendations have been made;

Farmers must be encouraged to process leafy vegetables into other forms that will
extend its shelf life.

Farmers must be encouraged not to expose their harvested leafy vegetables to
ambient weather conditions in order to extent the shelf life.

Organic manure should be applied to improve the nutritional content of
vegetables but in cases where there are high cost of purchases and non-availability
of manures, it should not be an option since the differences in the nutritional
content observed in this study was not significantly different from the control.
Application of 0.8 tonnes per hectare in Amaranthus cruentus is recommended for
farmers-for better growth-parameters.

The researeh should be replicated in a different geographical zone to ascertain the
effect of the cattle dung application on Amaranthus cruentus and Corchorus
olitorius.

The' cattle' dung should be composted for more than a four month period and
applied-to the soil to-ascertain its effect on Amaranthus cruentus and Corchorus
olitorius.

The application rate of the cattle dung should be widened to ascertain its effect on
the growth performance, shelf, nutritional and mineral composition of

Amaranthus cruentus and Corchorus olitorius.

90



REFERENCES

Abugri, C. (2011) ‘Assessment of some traditional leafy vegetables of Upper East region
and influence of stage of harvest and drying method on nutrient content of spider
flower ( Cleome gynandra L)’ A thesis submitted to the department of
horticulture . KNUST.

Abukutsa-Onyango, M. O. (2002) Market Survey on African Indigenous Vegetables in
Western Kenya inWesonga, J.M. T. Losenge,"G.K. Ndung’u, K. Ngamau, J.B.M.
Njoroge, F.K. Ombwara and S.G. Agong, A. Fricke, B.Hau and H.Sttzel(eds)
Proceedings of the Second Horticulture Seminar on Sustainable Horticultural
Production in the tropics, October6th -9th August 2002. Jomo Kenyatta
University of Agriculture and Technology,JKUAT, Juja, Kenya. .pp 39-46.ISBN:
9966- 923-27-6.

Abukutsa-Onyango, M. O. (2003) ‘Unexploited potential of Indigenous African
Vegetables in Western Kenya’. Maseno Journal of Education Arts and Science
4(1): 103-122. 1SSN:1019-360X

Abukutsa-Onyango, M. O. (2007) African Indigenous Vegetables-in
Kenya: Strategic Repositioning in-the Horticultural Sector

Abou El-Magd, M., Hods, M., Mohammed, A. and Fawz, Z. F (2005). Annals of
Agricultural Science, 2005, 43(2):791- 805.

Abou-Hussein S. D, Abou-Hadid A. F, EI-Shorbagy T, El-Behariy U. (2003a). ‘Effect of
Cattle and Chicken Manure With or Without Mineral Fertilizers on Vegetative
Growth, Chemical Composition and Yield of Potato Crops’. ActaHort (ISHS)

608: 73-79.

91



Adeniyi S. A., EhiagbonareJ. E. and Nwangwu S. C. O. (2012) ‘Nutritional evaluation of
some staple leafy vegetables in the southern Nigeria’ African Journal of
Biotechnology Vol. 7 (14), pp. 2304-2309, 18 July, 2008 Available online at

http://www.academicjournals.org/AJB ISSN 1684-5315 © 2008 Academic

Journals
Adepoju O. T. and Oyewole O. E. (2008)*Nutritional Importance and Micronutrient
Potential of Two Non-Conventional Indigenous Green Leafy VVegetables from
Nigeria’Agricultural Journal 3 (5): 365, 2008.
Aiyesanmi, A. F. and Oguntokun, M. O.(1996). ‘Nutrient composition of Dioclea
reflexa seed-an_underutilized edible legume’.. Rivista ltaliana delle Sostanze

Grasse. Vol. 73 pp. 521-523.
Akorada, M. O. and Olufajo, O.0. 1981. Harvest index of market morphotypes
of Corchorus olitorius at Ibadan, Nigeria .Abstracts,

6" African  Horticultural Symposium, Ibadan, Nigeria:

Alam M. N, Jahan M. S; AliM. K, Ashraf M. A, and Islam M. K. (2007)‘Effect of
vermicompost and chemical fertitizers on growth, yield and yield components of

potato in Barind soils of Bangladesh’Journal of Applied Sciences Research 3(12):

1879-1888.

Anorson H.A. E (2009) Studies on some selected indigenous leafy

92


http://www.academicjournals.org/AJB

vegetables in and around Kumasi Metropolis. A dissertation summited to the
Kwame Nkrumah University of Science and Technology

AOAC (1990). Official methods of analysis, 14th edition, Association of Official
Analytical Chemists, Washington DC. (pp.1137-1139), Arlington, Virginia,
USA

Aphane J, Chadha M. L. and  Oluoch M. O. (2003) Increasing
the  consumption of micronutrient-rieh © foods through

production  of indigenous  foods. In: Proc. FAO-AVRDC

International Workshop. 5-8  March 2002, Arusha, Tanzania.
AVRDC-the World Vegetable Centre, Shanua, Taiwan:
AVRDC Publication  No. ~ 03-561. 1-77.

Awodun, M. A. (2007) ‘Effect-of poultry manure on the growth, yield and nutrient
content of fluted pumpkin (Telfaria occidentalis, Hook F)* Asian Journal of
Agriculture Research 1(2); 67-73

C.F.W. (2003). All Dietary Fiber is Fundamentally Functional. C. F. W. aacc report.
Publication no. W-2003-0407-010. 128 / May-June, 2003, VOL. 48, NO. 3.
www.aacenet.org/news/pdfs/DFreport.pdf..(Accessed in June,2013).

Chadha ,R.D.Brown,A.Deardorff_and R. Stern (2000) “Computational Analysis of the
Impact on India of the Uruguay‘Round and the Forthcoming WTO Trade
Negotiations” Discussion paper number 459, School of Public Policy, Ann Arbor:

University of Michigan.

Chandha, M. L (2003) AVRDC ‘S experiences within marketing of indigenous vegetables

93



—a case study of commercialization of African Egg-plant AVRCD, Regional
Center for Africa, P. O. Box 10, Duluti, Arusha, Tanzania

Chude, V.O. (1999). Perspectives on fertilizer use in the 21st century. Book of abstracts,
Soil Science Society of Nigeria Benin, 1999 25th Annual Conf. Held at Precious
Palm Royal Hotel from 21st — 25th Nov. 1999.

Chweya, J. A. and Eyzaguirre, P. B. (1999) The biodiversity of traditional leafy
vegetables. InternationghPlant Genetics Resotikces [Institute. Rome.

Chweya, J. A. and Nameus A. M. (1997)Cat’s whiskers (Cleome gynandra L.).
Promoting the conservation and use of underutilized and neglected crops.Institute
of plant Genetic and crop Plant Research, Gatersleben/International Plant Genetic
Resource Institute, Rome, Italy.

Conn K. L, Lazarovits G. (1999).Impact of animal manures on verticillium wilt, potato
scab, and soil-microbial populations’Can J Plum Pathol 21: 81-92.

Dalziel, 1.M. (1937). Pipercease. Useful plants of west Tropical Africa Handbook.
African Press, lbadan, Nigeria, 16-17.

Dalziel J. M.(1937) The useful plants of West Tropical Africa. The Crown Agents for the
Colonies, London England

Darzi, M. T., Haj SeydHadi M. R. (2012) ‘Effects of arganic manure and nitrogen fixing
bacteria on some essential oil'components of coriander
(coriandrumsativum)’International Journal of Agriculture and Crop Sciences
4(12): 787-792.

DGA (2005) Dietary Guidelines for Americans.www.healthierus.gov/dietaryguidelines.

(Accessed in June 2013).

94


http://www.healthierus.gov/dietaryguidelines

Dong S. and Shu H. (2004) ‘Sheep Manure Improves the Nutrient Retention Capacity of
Apple Orchard Soils’ActaHort (ISHS) 638 151-155..

Edema A. O (1987) ‘Production of some common vegetables’Hort Res. Inst. Ibadan
Nigeria, pp. 1-5.

Ejoh R. A., Nkonga D. V., Inocent G. and Moses M. C. (2007). ‘Nutritional Components
of Some Non-Conventional Leafy Vegetables Consumed in Cameroon’. Pakistan
Journal of Nutrition 6 (6): 712-%17, 2007,

Ezeala, D.0.1985. Nutrients, carotenoids and mineral compositions of the leaf

vegetables Amaranthus viridis L.and A: caudatus L. Tropical
Agric. Trinidad 62:95-96.

Ejoh A. R., Tanya A. N., Djuikwo N. V. and Mbofung C. M. (2005) ‘Effect of Processing
and Preservation Methods on Vitamin C and Total Carotenoid Levels of Some
Vernonia (Bitter Leaf) Species’. African Journal of Food and Nutritional
Sciences: Volume 5 No 2, 2005.

Emebu, P. K. and Anyika, J. U. (2011) ‘Proximate and mineral composition of kale
(Brassica oleracea) grown in Delta State, Nigeria’Pakistan Journal of Nutrition
10 (2):190-194.

Fawusi, M.O. A and Fafunso M. 1981. Effects of the source of and level of nitrogen on
the yield and nutritive value of Corchorus oliterius. Journal of Plant Foods 3:225-
230.

FAO/WHO (2004) Vitamins and mineral Requirements in human nutrition, 2" edition
WHO/FAO of the United Nations, 2004

FAO (1988). Vegetable production under arid and semi-arid condition in tropical Africa.

95



FAO production and plant protection paper 89.

FAO. (2003). Map of World Soil Resources.1:25 000 000. FAO Rome.

Feine, L. B., Harwood R. R., Kauffin C. S., and Senft J. P. (1979) ‘Amaranth, gentle
giant of the past and future. In: G.A. Ritchie (ed.) ‘Newagricultural crops’
Boulder Colorado:Westview Press. pp. 41-63.

Ferroa, J. E. M. Ferroa, A. M. B. C. and Anatures, A. M. G. (1987). ‘Garcia deorta,
serieda estudes’. Agronomics 14(1-2), 35-39.

Food and Nutrition Board (1977) Dietary reference of calcium, phosphorus, magnesium,
vitamin D and vitamin F. Institute of medicine. National Academy Press. (KH)
Washington, DC PP190-249

Florkowski J. W., Robert L. S., Bernhard B. and Stanley E. P. (2009) Postharvest
Handling: A-Systems Approach, Second Edition..Elsevier Inc. Academic Press.

Fondio L., Grubben G. J. H (2004), Plant Resources of Tropical Africa 2. Vegetables.
PROTA Foundation, Wageningen, Netherlands/ Backhuys Publishes Leiden,
Netherlands/ CTA, Wageningen, Netherlands. (2004) Pp. 217 — 221.

Fox F. W and NorwoodYoung M. E (1982) Food from the vield: Edible Wild Plants of
Southern Africa, Delta Books, Johannesburg, South ~Africa. 399  pp.

George P. M. (2003) Encyclopedia of foods. Volume 1. Humane Press; Washington. p.
526.

Grubben G. J. H. (2004) ‘Amaranthus cruentus L.’ In: Grubben G.J.H
and DentonO. A (eds.) ‘PROTA 2: Vegetables/Légumes  [CD-Rom]’.
PROTA, Wageningen, The  Netherlands. 71-72.

Grubben,G. J. H. and Van Slotten, D.H. 1978. Genetic resources of Amaranthus.

96



IBPGR Secretariat, F.A.O.,Rome.

Hassan S. W., Umar R. A., Maishanu H. M., Matazu |. K., Faruk U. Z. and Sani A. A.

(2007) ‘The Effects of Drying Method on the Nutrients and Non-nutrients
Composition of Leaves of Gynandropsis gynandra (Capparaceae)’ Asian Journal
of Biochemistry 2 (5): 349-353, 2007 ISSN 1815-9923. 2007 Academic Journals

Inc.

Hank Waaijenberg(2003). The vegetable garden in the tropics, Agodok 9 pages 7,28-29

Hays V.W., Swenson M.J. (1985). Minerals and Bones in: Dukes” Physiology of

Hart

Domestic Animals, Tenth Edition pp. 449-466.

T.G.B and  VorsterH.J (2006) Indigenous  Knowledge on
the  South AfricanLandscape — — Potentials for  Agricultural
Development-Urban, Rural and Economic Development Programme Occasional

paper No 1. HSRC Press, Cape Town, South Africa. 52 pp.

Hayes V. W. and Swenson, M. J (1985) Minerals and bones in Dukes (1985) Physiology

of domestic of animals 10" edition. Page 449-466

Hunt, S., Groff, I..L. & Holbrook, J. (1980) Nutrition, Principles-and Chemical Practice.

John Wiley:and. Sons, New York, 49-52; 459-462.

Jansen,W. S.. Averbake, W., Stabbert, R., Faber,M. Jaarsveld,P. Heerden, 1. Wenohold, F.

and Oelofse, A. (2007) ‘African-eafy vegetables in South Africa’ Water SA Vol.

33, no 3 (special edition)

Jayramaiah R., Thimme Gowda S., Chalapathi M. V., Devakumar N., Rangaswamy B.

97



T., Basavarajappa H. R., Phanikumar P. R. (2005) ‘Effect of Irrigation Regimes
and Organic Manure Levels on Growth and Yield of Potato’ Karnataka J Agr Sci
18(3).

Johnson R. S. (1996) Key Nutrients. Cooperative Extension Service, lowa State
University of Science and Technology, Ames, lowa.

Kang, B.T. and Juo, A.S. R. (1980) ‘Management of low activity clay soils in Tropical
Africa for Food Crop Praeduction’ In: Terry ER;, Oduro, K.A. Cavenes F. (eds).
“Tropical Root Crops: Research Strategies for the 1980s’Ottawa, Ontario, IDRC.
Pp. 129 — 133.

Kolay A. K. (2007) Manures and Fertilizers. Atlantic Publishers. Distributors (P).LTD,
New Delhi,INDIA. cultivars.

Komal M. and KaurA. (1992) ‘Reviews: Dietary Fibre. Dieticians, Adipostat Clinic, 103
-104, Lady Ratan Tata Medical Centre, Bombay 400021’ INTL. J. DIAB. DEV.
COUNTRIES (1992), VOL. 12.

Kwenin, W.K.J., Wolli M. and Dzomeku B.M. (2011) ‘Assessing the nutritional value
of some African indigenous green Leafy Vegetables in Ghana’Journal of Animal
& Plant Sciences, 2011.Vol. 10, Issue 2:-1300- 1305.

Kwenin, W.K.J.; Wolli, M. &Dzomeku, B. M. (2011) ‘Assessing the nutritional value of
some African indigenous green Leafy Vegetables in Ghana’ Journal of Animal &
Plant Sciences, 2011. Vol. 10, Issue 2: 1300- 1305.Publication date: 30/5/2011,
http://www.biosciences.elewa.org/JAPS; ISSN 2071 — 7024

Kummerow F. A. (2007) Fats in human nutrition. Department of Food Technology,

University of Illinois, Urbana, Illinois.

98



Ladan M. J., Abubakar, M. G. and Lawal, M. (1996) ‘Effect of solar drying on the new
composition of tomatoes’ Nig.JRENEW Energy, 5; 67-69
Lutz J. M. and Hardenburg R.E.(1968) The commercial storage of fruits, vegetables
and florist and nursery stocks. USDA Agricultural Handbook number 66.
Maboko S. M. (1999) Vegetable amaranth improvement for South Africa [ Online].
Available from:

http//www.newcrops.ug-edu.au/mewslett/ncn1%169:htm.[Accessed:10/04/2013]

Makus, D. J. (1984) ‘Evaluation of Amaranthus as a potential green crop in mid- south’.

Hort Sci 19, 881-883

Malhotra, V. K. (1998) Biochemistry for students 10th edition. Jaypee Medical Publishers

(p limited,New Delhi,India)

Martin F. W..and Ruberte Meitner L. S. (1998) ‘Edible Leaves of the Tropics’
Educational Concern for Hunger organization INC, pp1-8

Mathers A. C, Stewart B. A. (1984) “Manure effects on crop yields and soil properties’
American Society of Agricultural Engineers 27(4): 1022-1026.

Maundu P..M-and Grubben G. J. H (2004) ‘Amaranthus graecizans L’ in
Grubben G. J.'H and Denton O. A (Eds.) ‘PROTA 2: Vegeta- bles/Légumes
[CD-Rom]’. “PROTA, Wageningen, The Netherlands. 76-78.

Mcclements D. J. (2003) Analysis of Food Products. Chenoweth Lab, Room 238.
Www-Unix.Oit.Umass.Edu/~Mcclemen/581rheology.Html

Mensah J.K., Okoli R.1., Ohaju-Obodo J. O. and Eifediyi K. (2008) ‘Phytochemical,

99



nutritional and medical properties of some leafy vegetables consumed by Edo
people of Nigeria’African Journal of Biotechnology Vol. 7 (14), pp. 2304-2309,
18 July, 2008

Mepba H.D., Eboh L. and Banigo D. E. B. (2007) ‘Effects of Processing Treatments on
The Nutritive Composition and Consumer Acceptance of Some Nigerian Edible
Leafy Vegetables’African Journal of Food, Agriculture, Nutrition and
Development Volume 7' No. 1: 2Q07.

Merck V. M. (1986). The Merck Veterinary Manual. Sixth Edition. A Handbook
of Diagnosis, Therapy and Disease Prevention and Control for The

Veterinarian. Published By Merck and Co., Inc., Rahway, New Jersey, USA.

Mhlontlo, S., Muchaonyerwa, P., Mnkeni, P. N. S. (2007) Effects of sheep kraal manure
on growth, dry matter yield and leaf nutrient composition of a local amaranthus
accession-in the central region of the Eastern Cape Province, South Africa. South
African Water Research-Commission, Report. Vol.33, No.3, Special Edition.

Mnzara W. A. (1997) Comparing nutritional values of exotic and indigenous vegetables
in Africa.-Indigenous vegetables Cameroun Schippers of the NRI, NGRI/CPRO
Workshop/ 13-28 January 1977 Limbe, ODA UK,pp70-71

Mir S. A, Quadri S. (2009) ‘Decision Support Systems: Concepts, Progress and Issues—A
Review’. In: Lichtfouse E (ed)“Climate Change, Intercropping, Pest Control and
Beneficial Microorganisms’Sustainable Agriculture Reviews 2, pp. 373-399.
Springer Science+Business Media B.V., Dordrecht, Netherlands.

Morris A., Barnett A. and Burrows O. (2004) ‘Effect of processing nutrient content of

foods’. [CD ROM]. Cajarticles, 37: 160-164.

100



Muthonil J., Nyamongo D. O. and Silingi M. (2009) Participatory characterization and
evaluation of some African leafy vegetables in Lari, Kiambu West District,
Central Kenya

Murray R.K., Granner D.K., Mayes P.A., Rodwell V.W. (2000) Harper'’s
Biochemistry, 25th Edition, McGraw-Hill, Health Profession Division, USA.

Myers R. L. (1998) ‘Nitrogen Fertilizer Effect on Grain Amaranth” Agronomy Journal,

90,597-602. http//dxidoiargf10.2134/agronj1998

National Academy of Sciences (2004), Dietary References Intake (DRIs): Recommended
Intakes for Individuals, Elements. Foed and Nutrition Board, Institute of
Medicine, National Academies. Available online at: http//www.nap.edu
(Accessed in August 2012).

Nirmalya Deya, D.J..Chattopadhyayb and S.K. Ghosha*(2012)

Cytokinin-like active principle associated with rice necrosis mosaic virus induced
growth promotion in jute (Corchorus olitorius L.) Archives of Phytopathology
and Plant Protection Vol. 45, No. 9,1026-1038

Nnamani, C.- V., Qselebe, H. O. and Agbatutu, A. (2009) ‘Assessment of nutritional
values.of three.underutilized indigenous leafy. vegetables of Ebonyi State,
Nigeria’African-Journal of Biotechnology-Vol..8(9), pp. 2321-2324, 4 May, 2009

Nordeide M. B, Hatloy A, Folling M; LLted E."and Oshaug A., (1996) ‘Nutrient
composition and nutritional importance of green leaves and wild food resources in
an agricultural district, Koutiala, in Southern Mali’Intern. J. Food Sci. &Nutr.

45: 455-468.

101



Norman J. C. (1992) ‘Tropical leafy vegetables in Ghana’ (world crop) Pp 24-25, 217-21

Obi, M. E. and Ebo, P. O. (1995) ‘The effect of different management practices on the
Soil physical properties and maize production in severely degraded soil in
southern’Nigeria. Biological Resource Technology, 51: 117 — 123.

Oboh, G.,Radatz, H. &Henle, T. (2009) ‘Characterization of the antioxidant properties
of hydrophilic and lipophilic extracts of Jute (Corchorus olitorius) leaf
‘International Journal of,Foad Sciences and Nutrition. 60, 124 — 134.

Ojeniyi, S.0. (2000) ‘Effect of goat manure on soil nutrient and okra yield in a rain forest
area of Nigeria’Applied Tropical Agriculture, 5: 20-23.

Okeno J.A.; Chebet D.K. and P. W. (2003) ‘Mathenge Status of indigenous vegetables in
Kenya’ Acta Hort. 2003; 621: 95-100.

Olaniya, J. O and Ajibola A. T.(2008) ‘Growth yield performance of Corchorus oliterius
Varieties affected by nitrogen and phosphorus fertilizers’ Am-Eurasian J. sustain
Agric., 2(3):235-241.

Olembo, N. K., Fedha S.S. and Ngaira E. S. (1995) Medicinal and
Agrieultural plants of lkolomani, Kakamega District.

Onot O. E., Umoh I. B. and Eka O. U. (2007) ‘Effect of a Typical Rural Processing
Method on The Proximate Composition and Amino Acid Profile of Bush Mango
Seeds (Irvingiagabonensis)” Agriculture, Nutrition And Development Volume 7
No. 1. 2007.

Osborne, D.R. &Voogt, P. (1978) the analysis of nutrients in foods. Academic Press,
New York, USA, 49-51.

Olson BM, Papworth LW. 2006. Soil chemical changes following manure application

102



on irrigated alfalfa and rainfed timothy in southern Alberta. Canadian journal

of soil science 86(1): 119-132.

Oyedele, D.J., Asonugho, C. &Awotoye, O.0. (2006) ‘Heavy metals in Soil and
Accumulated by Edible VVegetable after phosphate fertilizer application’Electron.
Journal of Environmental & Agricultural Food Chemistry, 5(4):1446- 1453.

Palada, M.C. and Chang,L. C (2003) Suggested cultural practices for vegetables
Amaranth, International corporate guide, AVRDC, Published No 03555.
AVRDC, the World vegetable, center, Shanghua Taiwan.

Premsekhar M. and Rajashree V. (2009) ‘Influence of organic manure on growth, yield
and quality of okra ‘American Eurasian Journal of Sustainable Agriculture, 3(1):
68

Robinson D. S. (1990) Food biochemistry and nutritional value. L.ongman scientific and
technical publisher, New York. USA. 52- 58.

Rao M. K. (1991) Textbook of Horticulture. University of Madaras. Madaras, India.

Reema Srivastava (2011) “Nutritional quality of some cultivated-and wild species of
Amaranthus L. Vol 2(12) international Journal of pharmaceutical science and
research.

Saidu A. N. & Jideobi, N. G. (2009) “The proximate and elemental analysis of some
leafy vegetables grown in Minna and Environs’Journal of Applied Science &
Environmental Management, 13(4), 21-22.

Saskatchewan (2000) Soil Facts. Saskatchewan soil association. www.saca.ca

Schippers, R. R. (2000) African Indigenous Vegetables. An overview of the Cultivated

103


http://www.saca.ca/

species. Chatham, U.K. Natural Resources Institute/ACP-EU Technical Centre for
Agriculture and Rural Cooperation. Pg i- 214 20

Schippers, R. R. (2000) Economic and social importance of Indigenous African
Vegetables: African Indigenous Vegetables, An overview of the cultivated
species. Natural Resource Institute/ ACP-EU Technical Centre for Agriculture and
Rural Cooperation. Chatham, U.K.

Schippers R, Maundu P, Imbunt.M and'Obiero H (2002a) ' How to grow and Use Jew’s

mallow.Horticultural Development Services, Baarn, The Netherlands.10 pp.

Sharma, A. R. and Mittra, B. N. (1991); Journal of Agricultural Science, 1991, 117:
313 - 318.

Shittu, T.A.. &Ogunmaoyela, O:A.(2001) ‘Water blanching treatment and nutrient
retention in.some Nigerian green leafy vegetables’Proceedings: 25th Annual
Conference of the Nigerian Institute of Food Science and Technology, Lagos, 64-
65.

Smith I. F (1985)‘Use of Nigerian leafy vegetables for diets modified in sodium and
Potassium’Niger. J. Nutr. Sci. 4: 21-27.

Soetan K. O., C. O. Olaiya and O. E. Oyewole (2010) ‘The Importance of Mineral
Elements for Humans, Domestic:Animals and Plants: A review’African Journal
of Food Science Vol. 4(5) pp. 200-222, May 2010.

Suppiah S. (1992). Vegetable Cultivation . Ghana- Accra: Asempa Publishers

Somani L. L. and Totawat K. L. (1996) ‘Soil Conditioners and Amendments’ Agrotech

Pub. Academy, Udaipur 1st Edition. Pp. 28 — 160.

104



Tagoe S. O., Horiuchi T., Matsui T. (2008) ‘Effects of carbonized and dried chicken
manures on the growth, yield, and N content of soybean’Plant and Soil 306(1):
211-220.

Thompson, H. C. and Kelly, W. C. (1990) Vegetables crops 5th edition New Delhi;
McGraw Hill Publishing Company Limited

Tiamiyu, R. A., Ahmed, H. G. and Muhammad, A. S. (2012) ‘Effect of Sources of
Organic Manure on Growth and 'Yields of Okra (Abelmoschusesculentus L.) in
Sokoto, Nigeria’ Nigerian Journal of Basic and Applied Science (September,
2012), 20(3): 213-216 . /ISSN- 0794-5698  Available online at

http://www.ajol.info/index.php/njbas/index

Timpo, G.M. and Boateng, P.Y.1982. Effect of age of transplants on the growth and

yield.of Corehorus L.Kumasitech J.Agric.Sci.1:32-44.

Ullah M. S.,Islam M. S., and Haque T. (2008) ‘Effect of organic manure and chemical
fertilizers-on yield of brindal and soil properties’ J. Bangladesh Agril univ. 6(2):
271-276

Uzo, J.O and Okorie, A.U.1983 Amaranthus hybridus: A potential grain crop for

West Africa. Nutrition Reports-international 7(3):519-524.

Van Den Heever E. and Coertze A. F(1996a) Indigenous Leaf Crops A1 — Amaranthus
(marog). Agricultural Research Council Leaflet, ARC-VOPI, Pretoria, South

Africa.

105


http://www.ajol.info/index.php/njbas/index

Vorster H. J. (2007) The role and production of traditional leafy vegetables in three
Ruralcommunities in south Africa. A dissertation submitted to the faculty of
natural and agriculture science, university of Pretoria in partial fulfilment of the
requirement for the degree of Master of Science in Agriculture

Vorster H. J., Jansen Van Rensburg W. S., Venter S. L. and Van Zijl J. J. L. (2005)

Re- creating awareness of traditional leafy vegetables in communities. Regional
workshop on African Leafy Vegetables for improved nutrition. Paper presented at
Regional Workshop on African Leafy Vegetables for Improved Nutrition, 6-9
December 2005, IPGRI, Nairobi, Kenya.

Wehmeyer A. S. and Rose E. F. (1983) ‘Important indigenous plants in theTranskei as
food supplements’ Bothalia 14 613-615.

White P. J., Wheatley R. E., Hammond J. P., Zhang K. (2007) ‘Minerals, soils and roots’
In Vreugdenhil-D., Bradshaw J. E., Gebhardt C.; Govers F., Mackerron D. K. L.,
Taylor M. A, Ross H. A. (eds) ‘Potato biology and biotechnology: advances and
perspectives’pp. 739-752. Elsevier, Oxford, UK.

Whalen J. K,-Chang C. (2001) ‘Phosphorus accumulation in cultivated soils from long-
term annual applications of cattle feedlot manure’ Journal of environmental
quality 30: 229-237.

Williams C. N., Uzo,J. O. and PeregrineW. T. H. (1991) ‘Vegetable production in the
tropics’ International tropical Agric series. Longman Group U.K.Limited.Pp 70-
72.

Whelton P. K., Appel L. J., Espeland M. A., Applegate W. B. and Ettinger W. H. J.

106



(1997) “Effects of oral potassium on blood pressure’ Journal of the American
medical Association 277: 1624-1632.

Winterhalder B, Larsen R, and Thomas R. B. (1974) ‘Dung as an essential resource in a
highland Peruvian community’Human Ecology 2: 89-104.

World Health Organization (2003) Diet, nutrition and the prevention of chronic
diseases. Report of a Joint FAO/WHO Expert Consultation, WHO Technical
Report Series #916, Geneva, 2003.

WHO and FAO (2004) Vitamin and mineral requirements in human nutrition. Second
edition. World Health Organization and Food and Agriculture Organization of the
United Nations 2004.

Xu H. L., WangR., XuR.Y., MridhaM. A.U. and Goyal S. (2005) ‘Yield and
quality of leafy vegetables grown with organic fertilizations’ Acta Hort,

627: 25-33.

107



Appendix 1: Results

Analysis of Variance Table for Number of branches

Source DF
Rep 2
Days 1
Trt 3
Days*Trt 3
Error 14
Total 23

5.5
273.3
83.7
2.1
83.0
447.9

Grand Mean 12.208

SS MS
83 2.792
75 273.375
92 27.931
25 0.708
83 5mI35
58

Cv 19.%5

F

46.07
4.71
0.12

P

0.0000
0.0179
0.9472

Analysis of Variance Table for Number of leaves

Source DF
Rep 2
Days 1
Trt 3
Days*Trt 3
Error 14
Total 23

1408.
25872.
11359.

1746.

6786.
47173.

Grand Mean 85.083

Analysis of Variance

Source DF
Rep 2
Days 1
Trt 3
Days*Trt 3
Error 14
Total a8

2 408
5400.
2484.

354.
1446.
9925

Grand Mean 51.167

Analysis of Variance

Source DF
Rep 2
Days 1
Trt 3
Days*Trt 3
Error 14
Total 23

.935
.041
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.364
.933

o W o kO

Grand Mean 1.1167

Ss MS
6 704.3
7 B9 8207
5 3786.5
3 582.1
8 484 .8
8

L 2= 8 8

Table for Plant height

SS MS
08 120.04
00 5400.00
=3 8273 el
33 Jnt=a==inis
58 10s*=5 3
.33

CV 19,87

F

B8 S
Vel
1.20

F

92026
g N
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Table-for Stem girth

Ss MS
83 0.46792
67 1.04167
33 0.43111
33 0.09944
17 0.24030
33

Cv 43.90

F

4.33
1.79
0.41

0.0000
0.0026
0.3456

0.0000
0.0024
0.3659

0.0562
0.1945
0.7457
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Analysis of Variance

Source
Rep

Days

Trt
Days*Trt
Error
Total

DF
2
1
3
3

14

23

19.
1457.
91.
63.
443.
2074.

Grand Mean 32.125

Table for
Ss

00 9
04 1457
79 30
13 21
67 31
63

CVv 17.52

Weight loss
Ms F

.50

.04 45.98

.60 0.97

.04 0.66

.69
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0.4364
0.5879

Analysis of Variance Table for Number of branches
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Rep

Days

Trt
Days*Trt
Error
Total

DF
2
1
3
3

14

i)
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187.
10
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33
255

Grand Mean 13.208
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042 18

N W J O

S gt ] 3

MS F
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.042 1797
.486 il /tS)
0 D97 1.92
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P
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0.2698
0.1733

Analysis of Variance Table for Number of leaves

Source
Rep

Days

Trt
Days*Trt
Error
Total
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2
1
3
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14

=

6
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572,
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Grand Mean 105.17

Analysis of Variance
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Error
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Analysis of Variance Table for Stem girth

Source DF SS MS
Rep 2 0.143906 0.07198
Days 1 0.49594 0.49594
Trt 3 0.011098 0.00399
Days*Trt 3 0.02615 0.00872
Error 14 0.32437 0.02317
Total 23 1.00240

Grand Mean 0.4021 CVv 37.86

F

21.40
0.17
0.38

Analysis of Variance Table for Weight loss

Source DF SS MS
Rep 2 13.58 6.79
Days 1 1148.17 1148.17
Trt 3 99.33 33. 13
Days*Trt 3 45.83 15.28
Error 14 420.42 3 Ofes
Total 23 1727.33

Grand Mean 37.833 CV 14.48
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F

38.23
1.10
051

Completely Randomized AOV for Calcium

Source DF SS MS
TRT 7 1.66067 02523,/24
Error 16 04 2 3 s 0.01445
Total 23 1.8% 36

Grand Mean 0.3600 VS e
Homogeneity of Variances F
Levene's Test 3.28
O'Brien's Test 1.46
Brown and Forsythe Test 0.76

Welch's Test for Mean Differences

Source DF F P
TRT 7.0 120.76 0.0000
Error 6.7

Component of variance for between
Effective cell size

F
16.42

0=028P
0.2502
0.6298

groups

0.0004
0.9133
0.7716

0.0000
0.3809
0.6826

P
0.0000

0.07426
3.0

8/3/2014,
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Randomized Complete Block AOV Table for Phosphorus

Source DF SS MS
Rep 2 0.00347 0.00173
Trt 3 0.00747 0.00249
Error 6 0.00613 0.00102
Total 11 0.01707

Grand Mean 0.5933 CV §.38

F

2.43 0

P

.1629

Tukey's 1 Degree of Freedom Test, for Nonadditivity

Source DF SS MS
Nonadditivity 1 0.00123 0.00123 1
Remainder 5 0.00490 0.00098

Relative Efficiency, RCB 1.07
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Completely Randomized AOV for Magnesium

Source DF SS MS
TRT 7 2.25156 B32-1 6b
Error 16 0.04753 P UL 2.7
Total 23 2.29910

Grand Mean 0.6871 ERNF. O3
Homogeneity of Variances F
Levene's Test T. 08
O'Brien's Test 0.48
Brown and Forsythe Test Ol 8

Welch's Test for Mean Differences
Source DF F P
TRT 7.0 118492 0-0000
Error 6.7

Component of variance for between
Effective cell size

F
08 . 728

0.47178
0.8342
0.9847

groups

10/5/2014,

F P
.26 0.3131
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P
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Completely Randomized AOV for Potassium

Source DF SS MS F
TRT 7 133.465 19.0664 1.03
Error 16 297.206 18.5754

Total 23 430.670

Grand Mean 4.7558 CVv 90.62

Homogeneity of Variances F

Levene's Test 4.00 0.0103
O'Brien's Test T.78 Owl'c14
Brown and Forsythe Test 0.97 0.4837

Welch's Test for Mean Differences

Source DF F P
TRT 7.0 59.36 0. 0000
Error 6.7

Component of variance for between groups
Effective cell size
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Completely Randomized AOV for Sodium

Source DF SS MS F
TRT 7 138 Tl 19.7604 T30 0
Error 16 316.540 S ST

Total a2s 454 .862

Grand Mean 1.1225 CV 189625

Homogeneity of Variances F

Levene's Test 4.00 00103
O'Brien's Test L & 0 5. om "
Brown and Forsythe Test 1.00 0.4676

Welch's Test for Mean Differences
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Randomized Complete Block AOV Table for MCB

Source DF SS MS F P
Rep 2 10.292 5.1458

Trt 3 96.063 32.0208 3.08 0.1119
Error 6 62.375 10.3958

Total 11 168.729

Grand Mean 81.542 CV §.9»

Tukey's 1 Degree of Freedom Test, for Nonadditivity

Source DF SS MS F P
Nonadditivity 1 0.0185 0.0185 0.00 0.9708
Remainder 5 62.3565 12.4713

Relative Efficiency, RCB 0.86
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Randomized Complete Block AOV Table for Ash

Source DF SS MS F P
Rep 9 O U576 de==b 3 2.0

Trt 3 12.1092 U036 30 1.04 0.4401
Error 6 2 32885 B a0

Total 11 44,4625

Grand Mean 15.325 e 36

Tukey's 1 Degree of Freedom Test for Nonadditivity

Source DF SS MS F P
Nonadditivity 1 179766 1.97657 0.46 0.526l
Remainder 5 21.3118 XY )

Relative Effieieney, "RCB 0.98

Randomized Complete Block AOV Table for Fat

Source DF SS MS F P
Rep 2 9.0417 4.52083

Trt 3 1.6667 0.55556 2.29 0.1788
Error 6 1.4583 0.24306

Total 11 12.1667

Grand Mean 3.1667 Cv 15.57
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Tukey's 1 Degree of Freedom Test for Nonadditivity

Source DF SS MS F P
Nonadditivity 1 0.07101 0.07101 0.26 0.6345
Remainder 5 1.38733 0.27747

Relative Efficiency, RCB 3.99

Randomized Complete Block AOV Table for Fibre

Source DF SS MS F P
Rep 2 0.02660 @.04380

Trt 3 0.19869 0.006623 0813 0..9356
Error 6 2.94513 0.49086

Total 11 3.17042

Grand Mean 1.6925 CV 41.40

Tukey's 1 Degree of Freedom Test for Nonadditivity

Source DF SS MS F P
Nonadditivity 1 0.11507 081 1I°50F/ 0.20 0.6710
Remainder 5 2.83006 0.56601

Relative Efficiency, RCB 0.78

Randomized Complete Block AOV Table for Moisture

Source DF SS MS F P
Rep 2 5.5800 200 OIE)

Trt 3 1241538 4405194 1%69 0.2669
Error 6 14.3667 2.39444

Total 11 32.1M02%

Grand Mean 6.8250 (SN

Tukey's 1 Degree of Freedom Test for Nonadditivity

Source DF SS MS F P
Nonadditivity A 4.,91342 4.91342 2 .00 O™ o O
Remainder ) Sy, Ao b 1.89065

Relative Efficiency, RE€B 0.98

Randomized Complete Block AOV Table for NFE

Source DF SS MS F P
Rep 2 91.797 45.8983

Trt 3 29.657 9.8858 0.71 0.5797
Error 6 83.365 13.8942

Total 11 204.819

Grand Mean 61.443 CV 6.07
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Tukey's 1 Degree of Freedom Test for Nonadditivity

Source DF SS MS F P
Nonadditivity 1 5.4002 5.4002 0.35 0.5818
Remainder 5 77.9652 15.5930

Relative Efficiency, RCB 1.35

Randomized Complete Block AOV Table for Protein

Source DF SS MS F P
Rep 2 23.5873 11.7937

Trt 3 9.6455 3.1 0g77

Error [ 25.1234 .18

Total 11 58.3563

Grand Mean 18.373 CV 11.14

Tukey's 1 Degree of Freedom Tes Nonadditivity

Source DF SS F P
Nonadditivity 1 22.1006 6.56 0.0018
Remainder 5 3.022

Relative Efficiency, RCB
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Appendix 2: Fieldwork

Corchorus olitorius seedlings ready for transplanting
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Corchorus olitorius growing on the field
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Amaranth entus.growing on.the field
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