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ABSTRACT
The use of inorganic fertilizer in Nigeria is limited by scarcity at the time of its need and high
cost while poultry manure (PM) is cheap and readily available, rich in micro and macro nutrients
apart from its high nitrogen constituents but it is limited by the bulkiness. Therefore, two field
experiments were carried out at two different locations concurrently (Site A directly behind the
poultry farm) and (site B directly opposite the screen house) in the cropping season of year 2020
at Landmark University Teaching and Research Farm, Omu-Aran, Kwara State. The results of
site B was use to validate the result of site A. The experiment at both sites comprised of PM at
six levels (100, 80, 60, 40, 20, and 0%), six levels of urea fertilizer (100%, 80 %, 60%, 40%,
20% and 0%) and the time of urea fertilizer application at three levels (1, 2, and 3 weeks after
sowing (WAS)). The two experiments were laid out in a randomized complete block design with
three replications which contained 17 treatments including the control to determine the sole and
combined effects of poultry manure and urea fertilizer on the growth, yield, proximate and min-
eral contents of Corchorus olitorius. Results from this study showed that urea fertilizer and PM
(sole or combined) increased growth (leaf numbers, stem diameter, number of branches and plant
height), and the yields (whole yield, marketable yield and edible yield) parameters, proximate
and mineral contents (K, Ca, Mg and P) of C. olitorius relative to the control. The results showed
that sole application of PM alone at 100% increased growth parameters(stem girth, plant height,
leaf numbers and number of leaves), mineral contents(Ca, K, Mg and P) of C. olitorius relative
to the urea fertilizer alone applied at 1, 2 or 3 WAS compared with sole application of urea ferti-
lizer alone (100%) either at 1, 2 or 3 WAS at both sites which can be attributed to the presence of
micro and macro nutrients present in the PM and the fact that urea fertilizer is prone to losses by

run-off, volatilization, leaching and/or denitrification. While inorganic fertilizer (applied either at

vi



1, 2 or 3 WAS) increased carbohydrate, ash and moisture content of C. olitiorius compared with
PM. PM increased these parameters relative to urea fertilizer applied either at 1, 2, or 3 WAS. In
most cases, there were no significant differences in applying urea fertilizer to C. olitorius at 1, 2
and 3 WAS. The treatments, 60% PM + 40% urea fertilizer applied at 1 WAS produced the best
growth parameters which are 49.55, 51.00 and 52.78 at weeks 4, 5 and 6 respectively for plant
height, 7.14 and 7.37 at weeks 4 and 5 respectively for stem diameter, 89.11, 91.11 and 92.56 at
weeks 4, 5 and 6 respectively for number of leaves, 15.11, 17.42 and 18.44 at weeks 4, 5 and 6
respectively for number of branches and treatment 80% PM + 20% urea fertilizer produced the
best yield parameters (whole, marketable and edible yield ). This could be ascribed to the syn-
chrony in the time of availability of sufficient amount of N (nutrient) from urea fertilizer in the
soil to the demand of the C. olitorius plant for uptake. In all, 40% poultry manure and 60% urea
fertilizer applied at 2 WAS has the best values of proximate and mineral contents which are 7.12
and 1156.25 respectively of C. olitorius. Therefore, for those that desired to cultivate C. olitorius
for its edible leaves application of 60% PM + 40% urea fertilizer applied at 1 WAS is recom-
mended, however, for those that wants the quality of the C. olitorius leaves, 40% poultry manure

and 60% urea fertilizer applied at 2 WAS is recommended.
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CHAPTER ONE

1.0 INTRODUCTION

1.1 Background to Study

Jute (Corchorus olitorius L) is a popular leafy vegetable that belongs to the family of Malvaceae.
It is an erect annual herb that usually varies from 60 cm to almost 150 cm in height depending on
the variety; the flowers are brightly yellow in small forms but are into clusters on the leaf’s axils,
forming a fruit in. The seeds are dull grey and also have four faces and one long apex, although
they are rigged capsules. Jute is often cultivated in the tropics and warm temperate areas both for
the leaves and the fiber in its stem. It is a plant that is widely distributed in subtropical and tropi-
cal regions of the world. It is a culinary and medicinal herb which is largely used as a vegetable
in Asia and Africa. Egypt, Sudan, India, Bangladesh, the Philippines, Malaysia, and Ja-

pan are among the nations that consume the leaves.

Some of the most popular names for this species include Jute Mallow, Bush okro,
Jew’s Mallow. In Western African (Nigeria) the local names given to the species are
Ahihara by the Igbo, Malafiya by the Hausa and Ewedu by the Yoruba.

With minimal heating, the succulent leaves of C. olitorius soften quickly and thicken into a vis-
cous mucilaginous soup that may be consumed with starchy dishes made from the common sta-
ple root and tuber crops. The stem is the major source of jute, used in sack cloth, paper, and
some other products. It's a light, soft wood that's used to make sulphur matches (Adediran et al.,
2015). The young fruits and leaves are mostly eaten as a vegetable. The dried leaves are also

used to make tea and as a soup binder. The seeds are also edible.

It is a leafy vegetable with high nutritional qualities and contains essential nutrients such as pro-
tein, calcium, phosphorus, iron, copper, and other significant components such as vitamins A, B
complex, C, fiber, carbohydrate, fat, and a high calorific value (Schippers, 2000). It had been re-
ported (Grubben and Denton, 2004; Harborne, Baxter and Moss, 1999) that the dry leaves of C.

olitorus contain averagely about 4.8 grams of protein, 4.5 milligrams of iron, 4.7 milligrams of



vitamin A, 15% dry matter, 259 milligrams of calcium, 92 milligrams of folates, per 100 grams

of the leaves contains 105 milligrams of ascorbic acid and 1.5 milligrams of nicotinamide.

1.2. Statement of the Problem

Chemical fertilizer had been shown to enhance crop performance positively, (Agbede, Adekiya,
Ale, Eifediyi and Olatunji 2019) but its usage in Nigeria is restricted due to high costs and una-
vailability when it is needed (planting season). Also, organic manure such as poultry manure
(PM), has been proven to be beneficial in improving crop yield. When compared to chemical fer-
tilizers, PM is inexpensive, widely available at most times, environmentally friendly and has a
long lasting impact and has the potential to improve soil structure. The enormous amounts need-
ed for large-scale crop production, however, restrict PM utilization (Adekiya, Agbede and
Aboyeji, 2019). So to prevent these problems there is a strong advocacy for combining inorganic
with organic fertilizers (Uwah and Iwo 2011). Organic manure and urea as a nitrogen source
have been shown to have a beneficial interaction. (McRoberts2015).According to the study of
Mani, Upadhyay, Kumar, Balak and Pathak (2011), employing locally accessible organic nutri-

ent sources can improve efficiency and minimize the amount of chemical fertilizer needed.

1.3Justification

Generally for nutrient optimization using an integrated approach in C.olitorius production, PM is
generally applied to the soil minimum of two weeks before planting (Uwah and Iwo 2011) in or-
der to allow for poultry manure to decompose. Urea can be applied to C. olitorius farms at vari-
ous phases of development. Delaying or applying urea to C. olitorius plants too early may have
an impact on crop growth, yield, and quality. It was the opinion of many researchers (Adekiya,
Ogunboye, Ewulo and Olayanju, 2020) that N should be applied when the crops need it most.
Therefore, to increase the effective and efficient utilization of nitrogen fertilizer by C. olitorius,
it is essential to determine the best application period during the integrated nutrient management
of C. olitorius using urea fertilizer and PM. It is therefore important to determine the best time to
apply urea fertilizer to the crop during its growth cycle in order to have best C.olitorius growth,

yield, and quality.



1.4General Objectives

The main objective of this study was to investigate the effect of different rates of PM and time of
applications of urea fertilizer on growth, yield and quality of C. olitorius. While the specific ob-

jectives were to: -

i. determine the effect of integrated application of PM and Urea fertilizer on growth and
yield of C.olitorius,

ii. determine the best time of N fertilizer application that will optimize the growth, yield,
and proximate compositions of C.olitorius and

iii. determine the effect of integrated application of PM and Urea fertilizer on mineral com-

position of C.olitorius.



CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 Geographical Distribution of Jute

C.olitorius has been grown in Asia and Africa for centuries, and it grows wild on both conti-
nents. Some scholars believe that C.olitorius and numerous other C.olitorius species originated
in India or the Indo-Burmese region. However existence of more wild C.olitorius species in Af-
rica, as well as more genetic variety within the genus, suggest to Africa as the genus's original
center of origin, with the secondary center for diversification being in the Indo-Burmese area.
C.olitorius is currently common across the tropics, and which is likely to be found in all nations
of tropical Africa. It has been reported in many tropical Africa countries it can be wild or as a
cultivated vegetable. C.olitorius is one of the popular highest leaf vegetables in Cameroon, Su-
dan Benin, Nigeria, Cote d’Ivoire Kenya, Uganda and Zimbabwe, it is also cultivated in the Car-
ibbean, Brazil, India, Bangladesh, China, Japan, Egypt and the Middle East as a leaf vegetable,
mainly cultivated for jute production in Asia (India, Bangladesh and China) together
with Corchorus capsularis L., but here in Africa it is of no importance as a fibre crop, although

the fibre may be used domestically.

2.2 Ecology and Soil Requirements

The best climatic condition for C.olitorius is between the temperatures of 25-32°C, annual rain-
fall of 600-2000mm, it grows mostly in grasslands, fallow and or unused land, which is mostly
close to rivers, marshes, lakes up to about 1250-1750m attitude, this vegetable grows well in hot
and moist condition, it is a short-day plant with day length of 12.5 hours produces considerably
higher vegetative development as measured by the weight of stems, roots, and leaves not less
than a day length of 11.5 hours, while a photoperiod of 11.5 hours resulted in higher fruit and
seed output. Jute mallow requires organically rich sandy loam soils and does not grow well in

thick clay.



Adediran, Ibrahim, Tolorunse and Gana (2015) reported that inadequate soil fertility, which re-
sults from denitrification, overgrazing, soil erosion, human activities and deforestation, is one of
the primary problems of agricultural production in the tropics. Poor yield and yield quality indi-
cate a lack of or insufficient soil nutrients for appropriate plant nourishment. (Aluko et al., 2014).

Jute mallow reacts well to fertilization, particularly nitrogen, according to several studies. Fur-
thermore, this crop is primarily cultivated by marginalized producers for whom access to mineral

fertilizers is challenging due to their low income. (Kate et al., 2020).

2.3 Poultry manure’s effect on the growth and yield of Jute mallow

Application of organic amendments (poultry manure) has been shown to increase mineral availa-
bility in soil, particularly transporting nitrogen to crop plants from rangeland. Recently, a re-
searcher has discovered that poultry manure is the most richly known farmyard manure giving
higher levels of plant nutrients, particularly the droppings generated in a deep litter or cage house
(Adekiya et al,.2019). Some studies have recently found that poultry dung has enhanced the leaf
area, which contains total chlorophyll crops (Adekiya et al,.2020).

Adejoro (2011) also reported that poultry manure mineralizes faster than other animal manure
such as cattle or pig dung; it therefore releases its nutrients efficiently for plant absorption and
use. Poultry manure which is widely used for growing crops has been reported to enhance the

growth and yield of C. olitorius.

In an old literature; there was a report that basic nutrients required for enhancing growth and
yield of crops are contained in poultry manure. Poultry manure application increases water hold-
ing capacity, carbon content, decreases bulk density and aggregation of soil. The impact has an
effect on increasing the exchangeable potassium and magnesium and water solubility which in
turn enhance crop yield. Presently, in Sudan there are no particular recommended standards in

relative to rate of poultry manure for enhancement of vegetables yield.

A field experiment containing four levels of poultry manure which are 0, 5, 10, and 20 tha™* were
used to carry out the experiment so as determine the effect on the growth and performance of

jute of varying PM rates. The results showed that PM has a significant effect on all the growth



attributes of jute mallow and resulted in an increase in crop yield as well as yield components in
both seasons. From this study it was recommended that the highest poultry manure application
rate which is 20 tha! is indispensible for vigorous growth and optimal increase in jute mallow
under harsh semi-arid conditions of Sudan.(Naim, Ahmed and Ahmed 2015).

Another study looked at the impact of three types of organic fertilizers cow dung manure, goat
manure, and poultry manure on the growth performance of C.olitorius (Ayeni and Oye, 2017).
The various treatment concentrations employed were 1. 6 tha?, 3. 2 tha, 4.8 tha™*, and 7.2 tha™.
The study found that 7.2 tha™* of poultry manure caused the highest growth at 8 weeks after ap-
plication.

The response of Jute (C.olitorius) to several types of organic manures was investigated in 2014
and 2015 cropping seasons at the Teaching and Research Farm of the Taraba State College of
Agriculture. The treatments included 3.0 tha™ of each of four organic manures: chicken drop-
pings, sheep manure, goat manure, and cow dung, with a control (no organic manure). The re-
sults showed that these organic manures boosted the performance of Jew's mallow, with poultry
manure having a superior benefit over other forms of manures (Garjila, Shiyam and Augustine
,2017). Plants in this treatment were significantly (p = 0.05) taller (85.0/84.8 cm) with more
leaves and produced the highest fresh leaf yield of 15,666.7 and 15,623.2 kg/ha in the cropping
season of 2014 and 2015, respectively, recommending that applications of 3.0 tha‘poultry ma-
nure could be used to maximize the yield of C.olitorius for enhanced yield benefit farmers in the

study area.
2.4 Effect of urea application on the growth and yield of C. olitorius

Nitrogen is part of the essential nutrients needed for plant growth and thus it deficiency can easi-
ly be noticed and traced to disease and low yield symptoms. Therefore there is need for the study

on the effect of nitrogen in relative to C.olitorius.

Another study was conducted to determine the influence of nitrogen fertilizer on the growth and
yield of Jute mallow morphotypes. The highest N fertilizer rates had the greatest influence on
plant height, plant branching, pod number per plant, and yield weight per plant in morphotypes



GT and BT, respectively Morphotypes GT and BT had the lowest plant height, branching at the

main stem, pods, and leaf weight per plant when no N fertilizer was applied(Ghazi, 2018).

An experiment was conducted on a leafy vegetable Amaranthus cruentus by Christopher, Ade-
folaju and Ajibade (2016) in Minna, Nigeria, using standard rates of cow dung (16 t ha* ); NPK
(0.25 t ha ) and control (no fertilizer) were administered to a 5 X 5m? plot using randomized
complete block design (RCBD) with three treatments and three replicates. Parameters measured
were plant height, leaves number, biomass and edible yield and were subjected to statistical
analysis using SPSS 16.1 version at 95% level of significance. Final biomass yield of the vegeta-
ble for cow dung, N.P.K and control were 30,667+5.22 kg ha®, 60,408+ 2.45 kg ha? and
46,825+ 10.22kg ha* respectively while edible yield were 11,125 +5.54 kg ha, 20,925+6.43 kg
hat and 11,092+3.33 kg ha. Agronomic responses to the three treatments 7 weeks after planting
(WAS), 18.83+2.30 cm for cow dung, 23+2.75 cm for the NPK and 17.75+2.40 cm for the con-
trol respectively. Plant height responses to the treatment were 70.08+5.45 cm for cow dung,
108.42+5.89 cm for NPK and 89+1.32 cm for control respectively in the same WAS. NPK was
outstanding in all treatments during the experiment going by the responses. Usage of raw cow
dung was not encouraged due to the possibility of Escherichia coli (foliage contamination) and

NPK has proved to be the most suitable fertilizer.

Olaniyi and Ajibola (2008) reported that Nitrogen fertilizer influences the growth, yield parame-
ters positively and dried weight using potted experiment in determining the optimal rates of ni-
trogen and phosphorus fertilizer application for maximum C. oliotrius plant development and
seed yield. The Oniyaya and Amugbadu varieties of C. oliotrius were each given five rates of
nitrogen (0, 15, 30, 45, and 60Nkgha*) and phosphorus (0, 10, 20, 30, and -1 40 P205 kgha?)
fertilizers. The outcome indicated that single application of P and N improved height of plant,
leaf numbers, dry matter, fresh shoots and seed yields of C. oliotrius in both varieties significant-
ly above the control (no amendment). Oniyaya had the best performance when compared, while
the Amugadu had the highest in the terms of shoot and yield of seeds.lit was concluded that this
could be because Nitrogen positively influences the yield of the C. oliotrius varieties used for the

experiment.



2.5 Combined effects of poultry manure and urea on the growth, yield and mineral constit-

uent of C. olitorius.

In a completely randomized design, a pot experiment was conducted to determine fertilizer at
different combinations as follows; (100% + 0%), (20% + 80%), (40% + 60%), (60% + 40%),
(80% + 20%) and (0% + 100%) for treatments 1-6 respectively. The NPK fertilizer had effect on
the growth of the plants until they reached a specific stage of development. All of the plants
treated exclusively with chicken manure or in combination with inorganic fertilizer yielded the
most edible leaves, as well as robust and healthy stems capable of supporting the top parts. At p
0.01, the treatments containing some poultry manure produced plants and pods with higher
weights than those treated with 100 percent inorganic fertilizer. As a result, either alone or in
combination with inorganic fertilizer, PM enhanced C.olitorius production.(Mogapi, Mathowa,
Mpofu, Stephen and Machacha, 2013)

Ayinla et al,.(2018) carried out a study aimed at examining the effects of different concentrations
of inorganic, organic, and organo-mineral fertilizers on growth, nutritional content and yield of
C.olitorius. A fully randomized block design with three replicates was used in the experiment.
Control, treatments which are 2,000 kgha single PM, 1,000 kghasingle poultry manure (PM),
400 kgha'single NPK, 600 kgha™ single NPK, 200 kgha™ single NPK,200 kgha NPK +1,000
kgha® PM, 600 kgha® NPK +1,000 kgha'PM, 400 kgha® NPK +1,000 kgha® PM fertilizer
combinations, 2,000 kgha* PM+200 kgha* NPK,400 kgha® NPK + 2,000 kgha* PM. In com-
parison to controlled plots, the yield, growth, and nutritional content of C. olitorius plants were
considerably improved in all plots treated with fertilizers. When compared with other application
combinations, plots that were treated with a combined application of inorganic and organic ferti-
lizers at the rate of 400 kgha* NPK+2000kgha PM and600 kgha® NPK +2,000 kgha* PM had
significantly higher growth metrics, yield, and nutritional composition. In compared to solo ap-
plication of either fertilizer, this study confirms that combining soil amendments either in form
of organic and inorganic fertilizer has a great effect on the improvement of C.olitorius growth,

yield, and nutritional content.

Similarly, during the rainy season of 2014, another field experiment was conducted at the Feder-
al University of Technology's teaching and research farm in Minna, Niger State, Nigeria, to de-

termine the influence of various nutrient sources on the growth, production, and quality of
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C.olitorius. A randomized full block design was used in the experiment. The treatments used are:
control (no amendment), 8 t/ha poultry manure, organo-mineral fertilizer (125 kg NPK 20:10:10
+ /ha 4 tha' poultry manure), with 250 kg 20:10:10 NPK fertilizer. It was reported in this study
that the varied nutrition sources had a substantial impact on all of the parameters examined.
Plants that got poultry manure had the largest leaves and stems. Plants on plots that were treated
with inorganic (NPK) and organic fertilizer (PM) show no significant difference, control plants
had the lowest values of all the growth parameters examined. Plants that were treated with poul-
try manure had the highest values for the dry matter and fresh yield followed by plant that re-
ceived the NPK fertilizer, whereas the control plants had the lowest. Plants treated with poultry
manure had the highest crude protein and phosphorus levels, whereas the control plants had the
lowest levels according to the report. In plants that received poultry manure and NPK fertilizer,
the values of ash, potassium, sodium and moisture content reported for these plants and poultry
manure showed no significant changes. The mucilaginous content of plant that were treated with
poultry manure was higher than those which were not. Adediran et al; (2015) concluded that

poultry manure appears to be a better option for jute mallow production.

The chemical analysis of soil that had been treated with poultry manure and NPK fertilizer a year
prior to being planted with C.olitorius was performed at Akure, southwest Nigeria, the residual
result of the treatments on C.olitorius plant was evaluated. The addition of poultry manure to the
soil were said to enhanced organic matter, as well as N, P, K, Ca, and Mg. The soil component
values resulting from the use of poultry manure were greater than those resulting from inorganic
fertilizer applications. Total fresh yield, edible yields and marketable yields of C. olitorius were
all improved in plots initially treated with chicken manure, notably at 30-50th™*.(Adenawoola and
Adejoro 2005).



CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1. Description of Experimental Site

Two field experiments were conducted concurrently (sites A directly behind the poultry pen and
B directly opposite the screen house) in year 2020 at the Teaching and Research Farm of Land-
mark University Omu-Aran, Kwara state which has a Latitude 8’8°N and longitude 5’°6°E locat-
ed in the derived savannah region of Nigeria. Experiment in Site B was conducted so as to vali-
date the result of site A.Omu-Aran has annual rainfall pattern which extends between the months
of April and November with an average of 1300 mm, having it’s peak rain in June and October.
The mean annual temperature is about 32°C.The dry season commences by December and ends
in March.

3.2. Source of Poultry manure

The poultry manure used for this study was collected from broiler section of poultry division of
Landmark University Teaching and Research Farm Omu- Aran, Kwara State. The poultry ma-
nure (PM) was cured for two (2) weeks in order to allow for mineralization of the poultry ma-

nure into the soil.

3.3. Treatment and Experimental Design

3.3.1. Experimental design and treatment

The experiment at both sites comprised of poultry manure (PM) at six levels (100% ,80%, 60%,
40%, 20,% and 0% control), six levels of urea fertilizer (100%, 80 %, 60%, 40%, 20% and 0%
control) different combinations of PM and urea fertilizer and time of urea fertilizer application at
three levels (1, 2, and 3 weeks after sowing) and all replicated three times in a Randomized
Complete Block Design (RCBD). The sole application of PM or urea and the combinations and
time of urea application altogether gave 17 treatments, namely;

Treatment 1- control (No amendment)

Treatment 2- 100% of PM.
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Treatment 3- 80% of PM + 20% urea fertilizer applied at 1 Weeks after planting.
Treatment 4- 80% of PM + 20 urea fertilizer applied at 2 Weeks after planting.
Treatment 5- 80% of PM + 20urea fertilizer applied at 3 Weeks after planting.
Treatment 6- 60% of PM + 40% urea fertilizer applied at 1Weeks after planting.
Treatment 7-60% of PM + 40% urea fertilizer applied at 2 Weeks after planting.
Treatment 8- 60% of PM + 40% urea fertilizer applied at 3 Weeks after planting.
Treatment 9 — 40% of PM +60% urea fertilizer applied at 1 Weeks after plant.
Treatment 10- 40% of PM +60% urea fertilizer applied at 2 Weeks after planting.
Treatment 11- 40% of PM + 60% urea fertilizer applied at 3 Weeks after planting.
Treatment 12- 20% of PM + 80% urea fertilizer applied at 1 Weeks after planting.
Treatment 13- 20% of PM + 80% urea fertilizer applied at 2 Weeks after planting.
Treatment 14- 20% of PM + 80% urea fertilizer applied at 3 Weeks after planting.
Treatment 15-0 % of PM +100% urea fertilizer applied at 1 Weeks after planting.
Treatment 16- 0 % of PM +100% urea fertilizer applied 2 Weeks after planting.
Treatment 17- 0 % of PM +100% urea fertilizer appliedat3 Weeks after planting.
Organic manure (PM) were applied at the rate of 120 kg N ha. Equivalent values for PM were
1.71 kg for 100 %PM

1.36 kg for 80% PM

1.02 kg for 60 % PM

0.68 kg for 40 % PM

0.34 kg for 20 % PM

Equivalent values for urea fertilizer were

100g for 100%
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80 g for 80 %
60 g for 60%
40 g for 40%

20 g for 20%
3.3.2. Plot Size

There were 17 plots per replicate. The land was marked out to plots of 2 m x 2 m, alley way of
1m was left between each replicate and 0.5 m in between plots.

3.4. Seed type

The seed variety used for the experiment was one of the local variety called “Oniyaya”.

3.5. Cultural Practices

3.5.1. Preparation of land: - This was done mechanically, after plowing the field once using a
tractor-drawn disc plough and harrowed; it was then harrowed twice and divided into plots
of 1Im x 1m, and 0.5 m spacing. Later, the field layout was carried out to mark number of
treatment plots

3.5.2. Fertilizer application: - The PM was incorporated at 1.71kg-100%, 1.36kg- 80%,
1.02kg-60%, 0.68kg-40%, 0.34kg-20%, and O % per plot using hoe. The manure was
thereafter left for two weeks to mineralize before sowing C. olitorius seeds while the
Urea fertilizer was applied at 1, 2 and 3 weeks after sowing (WAS) the C.olitorius at a
rate of 120 kg nitrogen per hectare which translates into 100g, 80g 60g, 40g and 20g re-
spectively for 100%, 80%, 60%, 40% and 20% Urea fertilizer using band method.

3.5.3. Sowing: - The seeds were sown manually by drilling, dry soil was mixed with the seeds
before drilling to make sure that seed were not compacted together, between rows seeds
were sown 10 cm. Germinated plants after 7 days of sowing were thinned to one (1) plant/
stand and a distance of 10cm between the plants.

3.5.4. Weed control: Pre-emergence herbicide (Metolachlor) suitable for all types of weed was
applied using a knapsack sprayer at the rate of 1.5 kg a.i hatimmediately after sowing the

seed and manual weeding was employed throughout the growth stage of C. olitorius.
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3.6. Observation and Data Collection

3.6.1. Growth parameters

a) Plant height (cm): - The height of the representative plants in each plot were measured at 4,5
and6 weeks after planting tape rule was used from the base of the plant to the highest growing
point's tip, and the average recorded

b) Number of leaves: - this was carried out within a period of 4, 5 and 6 weeks after sowing.
Number of the leaves from each of the three tagged plants per plot was counted and recording
the mean.

c) Stem diameter(cm): - This was determined at interval of 4, 5 and 6 weeks by measuring the
diameter of the representative plant per plot using a vernier caliper and the recording the mean.
d) Number of Branches:-At the interval of 4, 5 and 6 weeks. Number of branches was counted
on each representative plant per plot.

(e) Total biomass (g): - This was determined by weighing the representative plant per plot im-
mediately after harvesting using the weighing balance of to determine the whole weigh.

3.6.2. Yield parameters

a) Marketable weight (g): - This was determined by weighing the representative plant per plot
immediately after harvesting on field.

b) Edible Yield: - This was determined by separating the leaves from the stem of the representa-
tive plant per plot immediately after harvesting on field and weighing the edible parts (the

leaves).
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3.7. Laboratory Analysis
3.7.1 Initial soil sample test

Particle size analysis was determined with the use of hydrometer method as described by Rowell
(2014). Fifty grams of 2 mm sieved soil were weighed into 250 ml conical flasks and 50 ml of
5% sodium hexametaphosphate solution (calgon solution) was added and left for 15 minutes to
disperse. One hundred millilitron of distilled water were added to the soil sample and left till the
following day. The mixture was quantitatively transferred into a dispersing cup and dispersed
using a mechanical stirrer for 10 minutes. The mixture was immediately transferred to 1000 ml
measuring cylinder. The dispersing cup was rinsed into the measuring cylinder until there was no
trace of soil particle in the cup. Thereafter water was added to fill the cylinders up to 900 ml
mark and hydrometer was inserted into the cylinder before adding water to 1000 ml mark. After
the hydrometer was removed, cylinder was tightly covered carefully to avoid leakage and the
content was thoroughly mixed by inverting the cylinder several times. The cylinder and the con-
tent were placed on the laboratory table and the stop watch was immediately set to take count of
the time. At about 40 seconds the hydrometer was gently inserted into cylinder and at 40seconds
hydrometer reading was taken. Immediately after the hydrometer reading, the temperature of the
dispersing medium was also taken. Both the hydrometer and temperature reading were recorded
(first readings). After 2 hours, the temperature and the hydrometer readings were taken again for
the second readings. The percentages sand, clay and silt content in the soil were calculated using
the formula below:

% Sand = 100 — (first reading + corrected temperature reading) x 100

Weight of soil

% Clay = (second reading + corrected temperature reading) x 100

Weight of soil

% Silt =100 - (% sand + % clay)

The soil pH was determined in water (1:2 soil to water ratio) and in 1N potassium chloride (1:2

soil to solution ratio) using a digital pH meter. The organic carbon was determined by the
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Walkley-Black method on soil samples reduced to 0.5mm particle size (Walkley and Black,

1934) as described by Nelson and Sommers (1996).

The available P was determined according to the method of Frank et al. (1998) by using Bray-1
extractant at a soil: extractant ratio of 1:5. The exchangeable bases (K, Ca, Na and Mg) were ex-
tracted using normal neutral ammonium acetate (Hendershot et al., 2007). 5 grams of 2 mm
sieved soil sample was weighed into sample bottle and 50 mL of ammonium acetate (pH 7.0)
was added. The solution was shaken on mechanical shaker for an hour, allowed to settle and fil-
tered. The exchangeable sodium (Na*) and potassium (K*) content of the filtrates were deter-
mined by flame photometer while the exchangeable calcium (Ca*) magnesium (Mg*) were read

on Atomic Absorption Spectrophotometer (AAS).

3.7.2. Proximate analysis of C. olitorius leaves

Proximate analysis of leaves of C. olitorius was carried out in Landmark University’s Soil and
Crop Science Laboratory. The dried samples of leaves were grounded and then these analyses
were carried out for ash content, crude fat, crude fibre, crude protein and moisture content with
the use standard chemical methods compiled by the Association of Analytical Chemists (AOAC,
2010).

3.7.3. Crude Fat

About 150ml of anhydrous diethyl ether (petroleum ether) of boiling point of 60-80°C was
placed in the flask. Two (2g) of the samples were weighed into a thimble which was plugged
with cotton wool. The thimble with content was placed in the extractor; the ether in the flask is
then heated for 4 hours. After extraction the samples were weighed.

%Crude Fat = wt. of sample- wt. of extractx 100.

Wi. of sample
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3.7.4. Crude Fibre

After the sequential extraction of the samples using ether in order to determine the crude fibre
content. The samples without fat were moved100ml of pre-heated 1.25 % H>SO4 was added to
the flask/beaker, and the solution was gently heated for 30 minutes, maintaining a constant vol-
ume of acid by adding hot water. The buckner funnel flask which was fitted with whatman filter
which was already heated a little by adding hot water into the funnel, after which the residue was
rinsed very well with boiling water (until the neutral to litmus paper) and then poured back into
the beaker. Later 100ml, 1.25% NaOH was added which was already pre-heated and then al-
lowed to heat up for another 30 minutes, it was filtered under suction and rinsed thoroughly with
hot water twice and ethanol. Residue was left to dry up at 65°C for about 20 minutes and then
weighed again; it was placed in burning furnace (400-600°C) for ash after it was poured into a
crucible and later placed in muffle furnace, followed by weighing.

% Crude Fibre = Dry weight.of residue before ash —WHt. of residue after ash x

Wt. of sample

3.7.5. Crude protein

Crude Protein was determined by measuring the nitrogen content of the sample and multiplying
it by a conversion factor of 6.25%, the crude protein was determined by Kjeldahl method. The
apparatus used for digestion was the Foss digester. The samples (2grams) each was weighed into
Kjeldahl tube, then concentrated Tetraoxosulphate (vi) acid (25ml) was added into the Kjeldahl
tube with samples, 0.5grams each of copper sulphate and 5grams of sodium sulphate with a little
of selenium tablet were added, following digestion. Foss distillation apparatus was used for dis-
tillation. After distillation the sample was titrated with 0.1N HCI and the titre value was record-

ed. The formula used for calculating crude protein is as follows;

%N=T-Bx0.1x14.007%100

1000

Where B= blank, T=Tire value of the sample
Therefore, % crude protein =%N x 6.25
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3.7.6. Total Ash

Ash was determined by weighing 2g of the samples in crucible and subjecting it to heat inside a
muffle furnace at 550°C for 4 hours. The crucible was then placed in the desiccators to cool and
later weighed.
% Ash = Wt. of crucible+ash-Wt.ofcrucible x100

Wt. of sample

3.7.7. Moisture Content

This was determined by gravimetric method. Two (2g) of fresh samples were placed in the oven
at 105% for 24 hours. Then, the final weights were also measured.

% Moisture = Initial weight-Final weightx100

Initial weight

3.7.8. Nitrogen determination

The Kjeldahl digestion and distillation method as described by Partey (2010) was used to deter-
mine the total Nitrogen. After oven drying the sample 1 gram of the sample was weighed and
ground, the it was placed in a Kjeldahl flask and added 0.7g of copper sulphate, 1.5g of
K,S0,andH,S0,. The solution was heated gently until frothing ceases and later boils until the
solution was clear which was allowed to digest for thirty (30) minutes, left to cool down, 50ml of
water was poured and then transferred into a distilling flask before 30ml 0f0.05MH, SO0, (stand-
ard acid)the poured into a conical flask adding 2 drops indicator (methyl red) was poured in the
receiving conical flask with the addition of 2 drops of methyl red indicator and water added. In
the distilling flask, thirty (30) milliliters of 35% NaOH was poured using a method that the con-
tent will not mix up. Contents were boiled for about 30 minutes in order to distil excess ammonia
acid in the distillate then titrated against NaOH (0.1M)and the Nitrogen constituents of the sam-
ple was calculated as;
Percentage nitrogen=1.401(V, M-V, M,)-(VsM,-V,M,)x df

w
V1= Volume of acid in receiving flask for samples;
V2= Volume of NaOH used in titration;
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V3= Volume of acid in receiving flask for blank
V4= Volume of NaOH used in titrating for blank
M1= Molarity of acid,;

M2= Molarity of NaOH;

W= Weight of sample

Df=Dilution factor of sample.
3.7.9. Calcium and Magnesium Determination

EDTA titration was used for the determination of calcium and magnesium. One gram (1g) of
ground oven-dried sample was dry ash in a muffle furnace, after which the ash was dissolved
with 2ml of 2N HCI and was filtered after 20 minutes into a volumetric flask and fill with dis-
tilled water up to 100ml. In Ca + Mg determination, 20ml was taken into conical flask and 100ml
of distilled water, 15ml of concentrated ammonia solution, 10 drops of 2%KCN and 10 drops of
5%Hydroxyl ammonium chloride (OHNH3CI). The solution was titrated with 0.01M EDTA us-
ing Eriochrome as indicator. To determine Ca content alone, 20ml of the solution was taken into
the conical flask and 100ml of distilled water, 10ml of 20% KOH, and a pinch of calcine indica-
tor. The solution was titrated with 0.01EDTA.The difference between the first and the second

titres represents magnesium concentration in solution.
3.7.10. Phosphorus Determination

Phosphorus was determined in the ash solution (as described for C + Mg above) using spectro-
metric analysis. Five (5) millilitres of sample, 4ml of 0.53 ascorbic acid, and 25ml of distilled
water was taken and place in the spectrometer reading at 660mm wavelength for Phosphorus.
4ml of 0.53 ascorbic acid and 25ml of distilled water was used to conduct the blank test. Total
Phosphorus in the sample was determined as;
P=A-B X35

0.1987
A= Phosphorus obtained

B= Value obtained from the blank test.
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3.7.11. Potassium Determination

Potassium in the ash solution (as described for P above) was determined using flame photometer.
This instrument is an analytic device that uses the basic principles of spectrometry for qualitative

analysis.
3.8. Data Analysis

All collected data were subjected to analysis of variance using Statistical package for social sci-
ences S.P.S.S. These treatments means were compared using Duncan Multiple Range Test
(DMRT) at 0.05 level of probability.
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CHAPTER FOUR

4.0 RESULTS AND DISSCUSSION
4.1 RESULTS

4.1.1. Physical and chemical properties of soil from the experimental sites prior to planting
and analysis of poultry manure used for the study
The result of the soil physical and chemical properties of experimental sites prior to planting and

analysis of poultry manure that was used in the study are presented in the Tables 1 and 2 respec-
tively. The soil was mainly sandy loam, containing 16.5% of silt at both sites, clay 15.4 % and
15.3% at site A and site B, respectively, slightly acidic with pH of 5.72 at both sites and both
low in organic manure, Nitrogen (N), Phosphorus (P), Potassium (K) and Magnesium (Mg) but
moderate in Calcium (Ca) according to the critical value of 3.0% OM, 0.20% N, 10.0 mg kg
available P, 0.16-0.20 cmol kg * exchangeable K, 2.0 cmol kg exchangeable Ca, and 0.40 cmol
kg exchangeable Mg recommended for crop production in ecological zones of Nigeria
(Akinrinde and Obigbesan, 2000).It was found that poultry manure is high in major nutrients re-
quired for the growth of fruit crops such as C. olitorius. The poultry manure’s macro and micro
nutrient contents are expected to enhance the soil fertility, improve the soil structure and improve

the performance of C. olitorius.
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Table 1: Soil properties prior experimentation

Property Site A Site B
Sand (%) 68.1 68.2
Silt (%) 16.5 16.5
Total N (%) 0.14 0.14
Organic matter (%) 1.92 1.92
Total N (%) 0.14 0.14
Organic matter (%) 1.92 1.92
Exchangeable Ca (cmol kgt)  2.41 2.39
Exchangeable Mg (cmolkg™®)  0.36 0.33
Exchangeable K (cmolkg®)  0.15 0.33
pH (water) 5.72 5.72
Clay (%) 15.4 15.3

21



Table 2: Analysis of poultry manure used for the study

Property Value
Mg (%) 0.57
Organic C (%) 21.5
Mg (%) 0.57
K (%) 1.80
P (%) 1.35
N (%) 291
pH (water) 6.80
C:N 7.38
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4.1.3. Effect of Poultry manure and Urea fertilizer on plant height

Table 3 shows the effects of organic and inorganic fertilizers on the plant height at site A and site
B. It was observed that plant height increased significantly (p = 0.05) across all the treatments
compared to the control at both sites. Poultry manure alone at 100% significantly increased plant
height than urea fertilizer alone (100%) either at 1, 2 or 3 weeks after planting at both sites. Ap-
plication of poultry manure at 60% and urea at 40% at 1 week after sowing C. olitorius increased
plant height relative to other applications either poultry manure alone, urea alone or combined
treatments at both sites. Application of urea fertilizer at 1 week after sowing C. olitorius seeds
increased plant height significantly compared to week 2 and 3 applications. The order of increase
in plant height was week 1 < week 2 < week 3. Also, there was a progressive increase in the

plant height across week 4, 5 and 6 for the growth parameters at both sites.
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Table 3: Effects of poultry manure and urea fertilizers on plant height of C.olitorius at site
A and site B

4 WAS 5 WAS 6WAS

PM (%) Urea ferti- SITEA SITEB SITEA SITE SITEA SITEB

lizer B

(%)/time

application

(week)
Control 8.03h 6.67h 9.84¢g 8.00g 11.78j 9.33hi
100 0 32.00de  33.19a 33.67de 34.77a 35.22de 36.22a
80 20 @1 38.67bc  30.78ab 40.33bc 32.33ab 42.22bc  34.1lab

20 @2 32.86de 22.99d 34.22de 24.56c 35.89de  26.34d
20@ 3 30.77bc 16.22de 32.56de 17.78d 34.22de  19.33e

60 40 @1 49.55a 27.89bc 51.00a  29.22bc 52.78a 30.89bc
40@ 2 44.55ab 22.45d 4599ab 24.00c 47.56ab  25.57d
40@3 33.86cde  10.11f 35.89cd 19.56d 37.67d 20.67e

40 60 @ 1 35.55cd 28.45bc 37.11bc  30.11bc 38.78d 31.56bc

60 @ 2 32.22de  28.22bc 32.34de 29.89bc 35.34de  31.44bc
60 @ 3 30.55ef 13.89e  28.67ef 15.11de 33.78ef  16.22f
20 80 @1 30.11ef 8.11g 31.67de 10.11ef 33.33ef 11.11gh
80 @ 2 24.44f 18.11de 29.33efg 19.78d 28.22fg  21.33e
80 @ 3 20.66fg 12.22e 21.78ef  13.00de 22.78h 14.00fg
0 100 @ 1 19.33fg 8.33g 21.33ef  9.33ef  23.11h 10.22gh
100 @ 2 17.11fg 5.67h 18.78fg  7.00fg  18.55i 7.89ij
100 @ 3 10.00g 4.00h 12.00g 5.22h  14.00ij 4.89j

Values followed by similar letters under the same column are not significantly different at

p= 0.05 according to Duncan’s multiple range test.
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4.1.4. Effect of poultry manure and urea fertilizer on the stem diameter of C.olitorius

Table 4 shows the effects of PM and urea fertilizers on the stem diameter at site A and site B. All
amended treatments (except 0% PM and 100% urea fertilizer applied at 2" and 3™ weeks after
sowing (WADS)) increased stem diameter significantly (p = 0.05) relative to the control. Applica-
tion of poultry manure at 60% and urea at 40% at week 1 seems to produce the widest stem di-
ameter across the two sites. Application of urea fertilizer at 1 week after sowing C. olitorius
seeds increased stem diameter relative to week 2 and 3 applications. Also, the order of decrease
in the stem diameter was week 3 > week 2 > week 1. Also, there was a progressive increase in

the stem diameter across week 4, 5 and 6 for the growth parameters at both sites.
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4: Effects of poultry manure and urea fertilizers on the stem diameter of C.olitorius at site
A and site B

4WAS 5WAS 6WAS
PM (%) Urea fertilizer SITE SITE SITE SITE SITE SITEB
(%)/time  ap- A B A B A
plication
(week)
Control 3.95d 2.00ef 6.33ab 2.70ef 5.19ef 2.86de
100 0 5.30bc 6.30a 5.32bc 6.68a 9.48bc 6.88a
80 20 @1 6.38ab 6.04ab 6.15ab 6.06ab 13.88a 6.26ab
20 @2 6.34ab 6.0lab 6.43ab 6.12ab 10.97ab 6.25ab
20@ 3 6.39ab 4.43cd 6.96ab 4.82cd 10.58ab 5.63bc
60 40 @1 7.14a 6.00ab 7.37a 6.13ab 11.20ab 6.38ab
40@ 2 6.35ab 4.80cd 6.29ab 4.98cd 13.90a 5.04bc
40@3 5.81bc 2.20ab 6.08ab 2.37ef 10.83ab 4.39bc
40 60 @ 1 6.40ab 5.63bc 6.69ab 5.78bc 10.17ab 6.08ab
60 @ 2 5.33bc 5.56bc 5.44bc 5.78bc 10.68ab 5.97bc
60 @ 3 6.38ab 3.65d 6.56ab 3.70de 10.94ab 3.82cd
20 80 @1 6.33ab 3.46d 5.48bc 3.58de 10.24ab 3.90cd
80 @ 2 5.93ab 2.87e 6.33ab 2.91ef 7.44de 3.80cd
80 @ 3 3.86d 2.58¢ 4.04cd 2.63abc 4.39a 2.56de
0 100@ 1 5.59bc 5.10bc 6.10ab 5.69bc 8.0lcd 5.76bc
100 @ 2 4.06cd 2.12e 5.66bc 2.46ef 4.78f 3.40cd
100 @ 3 3.42d 1.54f 4.56cd 2.18f 5.79ef  2.31de

Values followed by similar letters under the same column are not significantly different at

p= 0.05 according to Duncan’s multiple range test.
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4.1.5. Effects of poultry manure and urea fertilizers on the number of leaves of C.olitorius
plant at both sites.

The results of the effects of poultry manure and urea fertilizers on the number of leaves are pre-
sented in Table 5.Amended treatments increased number of leaves of C. olitorius significantly
compared with the control (except for urea fertilizer alone applied at 2 and 3 WAS). Among all
treatments, 60%PM and 40% urea fertilizer applied at 1 WAS increased number of leaves most
at site A whereas, it was 100% PM that increased number of leave most at site B. Also, week of
application of urea fertilizer increased number of leaves in C. olitorius with week 1 having sig-
nificantly higher values compared with week 2 and 3 at both site A and site B. Furthermore,
there was a progressive increase in number of leaves from 4™ week to 6™ week for the leaf num-

bers.
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Table 5: Effects of poultry manure and urea fertilizers on number of leaves of C.olitorius
plant at both sites.

AWAS 5WAS 6WAS
PM (%) Urea ferti- SITEA  SITE SITEA SITE SITEA SITE
lizer B B B
(%)/time
application
(week)
Control 33.67de  10.43ef 35.89fg 20.00g 37.78e  21.33i
100 0 63.89cd  45.06a 54.22de 84.22a 63.89bc 85.89a
80 20 @1 63.55cd  34.23b 65.33cd 67.66b 66.78b  69.33b

20 @2 58.78de  28.87bc 60.44cd 53.86c 61.89bc 55.56¢cd
20@ 3 55.89de  13.87e 58.78de 39.56e 60.67bc 41.22e
60 40 @1 89.11a 31.49bc 91.11a 69.22b 92.56a  70.78b
40@ 2 61.89cd  30.26bc 63.56cd 48.45d 67.11bc 50.11d
40@3 54.33ef 25.44c 56.11de 48.67d 57.56cd 49.78d
40 60 @ 1 60.56cd  35.34b 63.44cd 67.66b 65.00b  69.00b
60 @ 2 51.11fg 33.16b 53.11de 56.76c 54.67cd 58.33cd
60 @ 3 49.22fg 16.91d 51.11de 34.00ef 52.89cd 35.22f
20 S0@1 79.45ab  27.00bc 81.11ab 33.44ef 82.65ab 35.11f
S0@ 2 68.89bc  11.33ef 71.00bc 30.33f 72.33ab 31.45fg
80@ 3 36.67h 3.92h 38.00f 18.44h 39.00e  19.67i
0 100 @ 1 52.22fg 90.88fg 54.11de 13.67j 55.89cd 14.89j
100 @ 2 30.11de  9.21fg 32.00fg 16.78h 33.56e  18.00i
100 @ 3 21.67e 7.229 23.67g  14.44ij 25.56f 15.67j

Values followed by similar letters under the same column are not significantly different at

p=0.05 according to Duncan’s multiple range test.
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4.1.6. Effects of poultry manure and urea fertilizers on the number of branches of C. olito-
rius plant at both sites.

Results of the effects organic and inorganic fertilizers on the number of branches at site A and
site B are shown in Table 6. These results shows a difference significantly at p = 0.05 between
all treatments and the control except for urea fertilizer alone applied at 1, 2 and 3 weeks after
sowing treatment. 60% poultry manure and 40% urea applied at 1 WAS produce the highest
number of branches at both sites A and B. Early use of urea fertilizer (1 WAS) significantly in-
creased the number of branches relative to 2 and 3 after sowing. The number of branches in-

creased progressively across the weeks.
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Table 6: Effects of poultry manure and urea fertilizers on the number of branches of C.
olitorius plant at both sites.

4WAS 5WAS 6WAS

PM (%) Urea ferti- SITEA SITE SITEA SITEB SITEA SITEB

lizer B

(%)/time

application

(week)
Control 6.22de 4.11fg  9.11cd 5.44de 9.67c 6.78cd
100 0 12.67cd  9.89bc 14.22bc  15.33ab 15.45ab  16.89ab
80 20 @1 14.56ab 10.44ab 16.44ab  13.55cd 16.67ab  16.34bc

20 @2 11.67de 8.45cd 13.78bc  14.89bc 15.00abc 15.00cd
20@ 3 10.89de 7.33de 12.22cd  11.89de 13.67abc 13.22bc
60 40 @1 15.11a 11.63a 17.42a 16.55a 18.44a 17.83a
40@ 2 14.78ab 6.44ef 16.56ab  10.22de 18.22a 12.00cd
40@3 13.11bc  3.44gh 14.89bc  8.00de 16.56ab  9.33cd
40 60 @1 13.67bc 9.89bc  17.00a 14.23cd 16.78ab  15.67bc
60 @ 2 12.66¢d 9.00bc 15.22bc  13.47cd 16.67ab  15.00bc
60 @ 3 11.33de 7.67de 13.00cd 8.67de 14.22bc  5.33cd
20 80@1 13.11bc 6.33ef 15.00bc  7.78de 16.34ab  8.89cd
80 @ 2 12.16cd  4.89fg 14.33bc  7.34de 16.00ab  8.78cd
80 @ 3 7.78cde 2.67hi  9.11cd 6.22de 10.11bc  7.33cd

0 100 @ 1 9.78de 5.11fg 11.55cd 6.22de 13.11bc  7.44cd
100 @ 2 8.22de 4.00g 10.11cd 5.00de 12.00bc  6.00cd
100 @ 3 5.33e 1.45i 7.11d 3.67e 8.45¢ 4.78d

Values followed by similar letters under the same column are not significantly different at

p= 0.05 according to Duncan’s multiple range test.
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4.1.6. Effect of poultry manure and urea fertilizers on yield parameters of C. olitorius

Results of the effects organic and inorganic fertilizers on whole yield, marketable yield and edi-
ble yield of C. olitorius are presented in Figures 1, 2, and 3 respectively. This shows a significant
difference among the treatments and the control at both sites for edible yield (Figure 3).Also,
there were no significant differences in all yield parameters between PM alone and urea fertilizer
alone applied at either 1, 2 or 3 WAS, however in all, applications of urea fertilizer at weekl
WAS of C.olitorius showed increase in yield parameters (whole, marketable, edible) more than
that of weeks 2 and weeks 3, with values that were not significantly different (Figures 4,5 and 6).
In all, 80% PM + 20% urea fertilizer applied at 1 WAS produced significantly higher values of
whole yield, marketable yield and edible yield, although this values seems not to be significantly
different from that produced by 80% PM + 20% urea applied at 2 WAS and 60%PM + 40% urea
applied at 1 WAS. Although in all yield parameters (whole yield, marketable yield and edible
yield), 1 WAS had higher values there was no however no significant differences between 1, 2,
and 3 WAS.
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Figure 1: Effects of poultry manure and urea fertilizers on whole yield of C. olitorius.

A = control; B= 100% poultry manure (PM); C= 80% PM +20% urea applied @ 1 week after
planting (WAP); D= 80% PM + 20% urea applied @ 2 WAP; E= 80% PM + 20% urea applied
@ 3 WAP; F= 60% PM + 40% urea applied @ 1 WAP; G =60% PM + 40% urea applied @ 2
WAP; H = 60% PM + 40% urea applied @ 3 WAP; 1=40% PM +60% urea applied @ 1 WAP;
J=40% PM + 60% urea applied @ 2 WAP;K = 40% PM + 60% urea applied @ 3 WAP; L=
20% PM + 80% urea applied @ 1 WAP; M=20% PM + 80% urea applied @ 2 WAP; N= 20%
PM + 80% urea applied @ 3 WAP; O=0%PM + 100% urea applied @ 1 WAP; P = 0%PM +
100% urea applied @ 1 WAP; Q = 0%PM + 100% urea applied @ 1 WAP. The vertical bars are
showing the standard errors of paired comparisons; bars marked with different letters show

means significantly different at 5% level according to Duncan's multiple range test (DMRT).
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Figure 2: Effects of poultry manure and urea fertilizers on marketable yield of C. olitorius

A = control; B= 100% poultry manure (PM); C= 80% PM +20% urea applied @ 1 week after planting
(WAP); D= 80% PM + 20% urea applied @ 2 WAP; E= 80% PM + 20% urea applied @ 3 WAP; F=
60% PM + 40% urea applied @ 1 WAP; G = 60% PM + 40% urea applied @ 2 WAP; H = 60% PM +
40% urea applied @ 3 WAP; 1=40% PM +60% urea applied @ 1 WAP; J=40% PM + 60% urea applied
@ 2 WAP; K =40% PM + 60% urea applied @ 3 WAP; L=20% PM + 80% urea applied @ 1 WAP; M=
20% PM + 80% urea applied @ 2 WAP; N=20% PM + 80% urea applied @ 3 WAP; O=0%PM + 100%
urea applied @ 1 WAP; P = 0%PM + 100% urea applied @ 1 WAP; Q = 0%PM + 100% urea applied @
1 WAP.
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Figure 3: Effects of poultry manure and urea fertilizers on edible yield of C. olitorius

A = control; B= 100% poultry manure (PM); C= 80% PM +20% urea applied @ 1 week after
planting (WAP); D= 80% PM + 20% urea applied @ 2 WAP; E= 80% PM + 20% urea applied
@ 3 WAP; F= 60% PM + 40% urea applied @ 1 WAP; G =60% PM + 40% urea applied @ 2
WAP; H = 60% PM + 40% urea applied @ 3 WAP; 1=40% PM +60% urea applied @ 1 WAP;
J=40% PM + 60% urea applied @ 2 WAP; K = 40% PM + 60% urea applied @ 3 WAP; L=
20% PM + 80% urea applied @ 1 WAP; M= 20% PM + 80% urea applied @ 2 WAP; N= 20%
PM + 80% urea applied @ 3 WAP; O=0%PM + 100% urea applied @ 1 WAP; P = 0%PM +
100% urea applied @ 1 WAP; Q = 0%PM + 100% urea applied @ 1 WAP. The vertical bars
here shows standard errors of comparisons which was paired; bars using highlighted with differ-
ent letters shows that the means are significantly different at 5% level according to Duncan's
multiple range test (DMRT).
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Figure 4: Graphical representation of the effects of inorganic fertilizer (urea) at week 1, 2
and 3 on the whole yield of C.olitorius.

A = control; B= 100% poultry manure (PM); C= 80% PM +20% urea applied @ 1 week after
planting (WAP); D= 80% PM + 20% urea applied @ 2 WAP; E= 80% PM + 20% urea applied
@ 3 WAP; F= 60% PM + 40% urea applied @ 1 WAP; G = 60% PM + 40% urea applied @ 2
WAP; H = 60% PM + 40% urea applied @ 3 WAP; 1=40% PM +60% urea applied @ 1 WAP;
J=40% PM + 60% urea applied @ 2 WAP; K = 40% PM + 60% urea applied @ 3 WAP; L=
20% PM + 80% urea applied @ 1 WAP; M= 20% PM + 80% urea applied @ 2 WAP; N= 20%
PM + 80% urea applied @ 3 WAP; O=0%PM + 100% urea applied @ 1 WAP; P = 0%PM +
100% urea applied @ 1 WAP; Q = 0%PM + 100% urea applied @ 1 WAP. The vertical bars
here shows standard errors of comparisons which was paired; bars using highlighted with differ-
ent letters shows that the means are significantly different at 5% level according to Duncan's
multiple range test (DMRT).
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Figure 5: Graphical representation of the effects of inorganic fertilizer (urea) at week 1, 2
and 3 on the on the marketable yield of C.olitorius.

A = control; B= 100% poultry manure (PM); C= 80% PM +20% urea applied @ 1 week after
planting (WAP); D= 80% PM + 20% urea applied @ 2 WAP; E= 80% PM + 20% urea applied
@ 3 WAP; F= 60% PM + 40% urea applied @ 1 WAP; G =60% PM + 40% urea applied @ 2
WAP; H = 60% PM + 40% urea applied @ 3 WAP; 1=40% PM +60% urea applied @ 1 WAP;
J=40% PM + 60% urea applied @ 2 WAP; K = 40% PM + 60% urea applied @ 3 WAP; L=
20% PM + 80% urea applied @ 1 WAP; M= 20% PM + 80% urea applied @ 2 WAP; N= 20%
PM + 80% urea applied @ 3 WAP; O=0%PM + 100% urea applied @ 1 WAP; P = 0%PM +
100% urea applied @ 1 WAP; Q = 0%PM + 100% urea applied @ 1 WAP. The vertical bars
here shows standard errors of comparisons which was paired; bars using highlighted with differ-
ent letters shows that the means are significantly different at 5% level according to Duncan's

multiple range test (DMRT).

36



14

Week 1
12
Week 2
10 Week 3
o0
-
- 8
Q
>
Q9 ¢
Q
©
L
4
2
0
80 + 20 60 + 40 40 + 60 20+ 80 0+ 100

Treatment

Figure 6:Graphical representation of the effects of inorganic fertilizer (urea) at week 1, 2
and 3 on the edible yield of C.olitorius.

A = control; B= 100% poultry manure (PM); C= 80% PM +20% urea applied @ 1 week after
planting (WAP); D= 80% PM + 20% urea applied @ 2 WAP; E= 80% PM + 20% urea applied
@ 3 WAP; F= 60% PM + 40% urea applied @ 1 WAP; G =60% PM + 40% urea applied @ 2
WAP; H = 60% PM + 40% urea applied @ 3 WAP; 1=40% PM +60% urea applied @ 1 WAP;
J=40% PM + 60% urea applied @ 2 WAP; K = 40% PM + 60% urea applied @ 3 WAP; L=
20% PM + 80% urea applied @ 1 WAP; M= 20% PM + 80% urea applied @ 2 WAP; N= 20%
PM + 80% urea applied @ 3 WAP; O=0%PM + 100% urea applied @ 1 WAP; P = 0%PM +
100% urea applied @ 1 WAP; Q = 0%PM + 100% urea applied @ 1 WAP. The vertical bars
here shows standard errors of comparisons which was paired; bars using highlighted with differ-
ent letters shows that the means are significantly different at 5% level according to Duncan's
multiple range test (DMRT).
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4.1.7. Effect of poultry manure and urea fertilizer application on the Proximate constitu-
ents of C. olitorius
Table 6 shows the results of the effects of poultry manure and urea fertilizers on proximate con-

tent of C. olitorius. Application of organic and inorganic fertilizers increased moisture, ash and
protein contents of C. olitorius relative to the control. Fibre and carbohydrate contents were re-
duced relative to the control. There were no consistent pattern in case of crude fat between all
treatments and the control. Inorganic fertilizer (applied either at 1, 2 or 3 WAS) increased carbo-
hydrate, ash and moisture content of C. olitiorius compared with PM. Also, urea (inorganic) fer-
tilizer reduced protein, fibre and fat contents of C. olitorius compared with organic manure (PM)
alone. There is no significant difference between the times of application of urea fertilizer.
Among all treatments, 40% poultry manure and 60% urea fertilizer applied at 2 WAS consistent-
ly produced the highest values of moisture content, crude protein and total ash content. It also
has the most reduced fat content at site A and site B.
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Table 7: Effect of poultry manure and urea fertilizers on proximate content of C. olitorius

Urea ferti- Moisture Crude protein Total ash (%) Crude fibre Crude fat Carbohydrate
lizer content (%) (%) (%) (%) (%)
(%)/time
application
(week)
Site  Site Site  Site  Site  Site  Site  Site  Site Site Site  Site
A B A B A B A B A B A B
Control 6.75 6.31 1297 1288 10.31 10.77 934 985 889 7.73 50.67 50.75
100 0 6.78 6.99 17.26 16.94 10.62 12.05 838 881 9.13 845 46.83 45.70
80 20 @1 6.75 7.03 17.05 16.75 10.75 11.93 895 933 9.09 8.78 4741 46.14
20 @2 6.81 7.13 16.97 16.67 11.03 10.98 7.27 7.33 9.12 9.03 48.80 48.86
20@ 3 7.02 7.08 16.89 16.72 11.25 1145 8.08 8.07 8.95 844 4784 48.24
60 40 @1 6.95 7.11 17.00 16.59 11.63 1152 7.75 7.44 9.02 9.10 47.65 48.24
40@2 7.07 7.08 16.32 16.30 11.48 12.03 7.28 7.38 8.78 8.89 49.07 47.32
40@3 705 715 16.56 16.66 11.05 1225 7.36 754 8.73 8.75 4825 47.65
40 60 @ 1 712 7.18 16.74 16.05 11.60 1212 725 7.37 8.70 8.76 4859 47.52
60 @ 2 739 752 1733 1745 1185 1226 7.24 739 8.65 8.34 48.84 48.64
60 @ 3 6.84 7.95 17.03 15.89 11.06 1155 7.17 747 9.06 8.48 48.84 49.68
20 80 @1 713 750 16.94 16.67 1095 1148 733 7.28 9.10 9.05 4855 48.37
80 @2 710 7.10 16.86 16.75 11.04 12,00 7.38 755 9.02 8.94 48.60 47.66
80 @3 715 7.09 17.04 1588 1155 1215 735 755 9.06 8.76 47.85 4857
0 100 @1 717 712 16.65 15.97 11.48 11.67 738 749 8.89 8.65 4843 49.15
100 @ 2 720 6.95 16.70 16.79 11.65 11.68 7.36 755 8.17 8.07 4892 49.00
100 @ 3 718 7.03 16.75 16.86 11.67 1218 7.27 7.63 8.78 8.33 4835 47.97
Median 7.07 7.09 16.89 16.67 11.38 11.93 736 7.54 895 8.75 4855 48.24
Mean 719 7.09 16.66 16.34 11.30 11.87 842 862 8.89 8.62 4844 48.20
SD+ 076 012 098 09 039 045 192 088 024 037 083 1.21
CcVv 1057 169 588 581 345 379 3387 1021 270 429 171 251
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4.1.8. Mineral constituents of C. olitorius as affected by poultry manure and urea fertilizer
Table 7 shows the results of how poultry manure and urea fertilizers have effect on the mineral con-

tents of C. olitorius. Amended treatments increased the potassium, Ca, Mg and P contents of C.
olitorius relative to the control. K and P contents of C. olitorius was not increased by urea ferti-
lizer alone applied at 1, 2 and 3. The values of potassium for amended soils for site A was not
significantly different in relative to control. All amended soil increased N content of C. olitorius
relative to the control. Organic manure (PM) increased K, Ca, Mg and P contents of C. olitorius
relative to the urea fertilizer alone applied at 1, 2 or 3 WAS. Organic manure (PM) increased N
contents of C. olitorius relative to the urea fertilizer alone applied at 1, 2 or 3 WAS at site A,
there was no significant differences between organic and inorganic fertilizers for site B. In all,
40% poultry manure and 60% urea fertilizer applied at 2 WAS has the best values of K, Ca, Mg
N and P contents.
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Table 8: Effect of poultry and urea fertilizers on mineral contents of C. olitorius

PM (%) Urea ferti- K Ca Mg N P
lizer (ppm) (ppm) (ppm) (ppm) (ppm)
(%)/time
application
(week)
Site A Site B Site Site Site Site Site Site Site A Site
A B A B A B
Control 1031.25 1030.25 1.3 1.29 0.65 0.20 1.14 1.04 680.71 143.16
100 0 1281.25 1312.50 1.70 1.60 1.30 0.20 1.68 1.74 962.54 1539.34
80 20 @1 1230.00 1218.75 1.55 1.65 2.10 0.60 1.63 1.77 863.49 1155.34
20 @2 1233.33 1343.75 1.70 1.95 2.50 1.15 1.74 1.92 944.53 1140.82
20@3 1093.75 1125.00 1.55 1.45 1.40 1.15 1.89 2.03 938.23 1100.68
60 40 @1 1234.25 1281.25 1.40 1.90 0.25 0.70 1.42 2.20 1084.99 806.77
40@2 1088.00 1285.25 1.70 1.95 1.40 0.45 1.42 2.28 835.58 685.22
40@3 1031.25 1285.25 1.45 1.90 2.10 0.15 1.57 2.78 1030.07 902.22
40 60 @1 1156.25 1250.00 1.70 1.70 0.90 0.50 1.79 1.93 840.99 591.57
60 @2 1156.00 1318.75 1.80 1.95 0.95 1.85 2.31 2.78 1796.56 1900.41
60@3 1126.25 1212.50 1.65 1.95 0.95 0.30 1.62 1.78 915.72 759.95
20 80@1 1108.75 1156.25 2.05 1.80 0.95 1.20 2.20 1.73 1168.74 820.73
80 @2 1031.25 1187.50 1.80 1.20 0.85 1.80 1.84 1.76 970.65 845.49
80 @3 1062.5 1093.75 1.55 1.20 0.75 1.15 1.86 1.56 971.55 843.69
0 100@ 1 1062.5 1031.25 1.41 1.70 0.50 1.50 1.59 1.73 517.74 162.43
100 @ 2 1093.75 1093.25 1.50 1.90 0.75 1.55 1.56 1.78 776.16 928.33
100 @ 3 1031.25 1030.25 1.30 1.90 0.50 1.50 1.57 1.73 733.78 598.76
Median 1062.50 1218.75 165 170 095 0.8 174 177 91572 806.77
Mean 1015.62 1191.50 1629 162 115 093 176 187 890.12 707.30
SD+ 277.3 107.69 021 031 063 062 034 032 15268 273.84
Ccv 27.30 9.038 12.89 19.13 54.78 66.67 2272 1711 17.15 38.72
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4.2. DISCUSSIONS

4.2.1. Poultry manure and urea fertilizers effects on growth and yield parameters of C.
olitorius
The stem girth, number of branches, plant height, number of leaves, whole yield, marketable

yield and edible yield increased significantly (p = 0.05) across all the treatments compared to the
control at both sites. This was due to the soil amendments which was PM and urea fertilizer that
both contains nitrogen as one of the main nutrients that is needed by plant for growth which have
been released into the soil for plant uptake (Adekiya et al., 2019). According to Castellanos,
Uvalle-Bueno and Aguilar-Santelises (2000) N is the major yield and growth components and a
distinctive ingredient of functioning plasma. It is found in chlorophyll molecules, proteins, ami-
no acids, nucleic acids (RNA and DNA), nucleotides, phosphotides, alkaloids, enzymes, coen-
zymes, hormones, and vitamins. This also revealed that the experimental soil was deficient in
nutrient according to Table 1.Increase in vegetative growth of C. olitorius due to urea fertilizer
could be ascribed to increased uptake of nitrogen from the soil from applied urea fertilizer which
is in association of with its role in chlorophyll synthesis and thus the process of photosynthesis
and carbon dioxide assimilation (Jasso-chaverria, Hochmuth, Hochmuth and Sargent, 2005)
leading to improved growth. This has proved that nitrogen stimulates formation of new leaves
and increases plant height. Tovihoudji et al. (2015) also reported that urea fertilizer improved C.
olitorius growth. Emuh (2013) and Adenawoola and Adejoro (2005) also found that growth of C.

olitorius improved with the application of PM

The poultry manure alone at 100% improves the stem girth, leaf numbers, number of branches
and plant height in compared to urea fertilizer alone (100%) either at 1, 2 or 3 WAS at both sites.
This could be ascribed to high content of nutrients (both macro nutrients and micro nutrients) in
the poultry manure and also due to its low C: N ratio (7.38), leading to faster decomposition and
subsequent release of nutrient most especially nitrogen which leafy vegetable like C. olitorius
needs. N has been known to increase leaf sizes, promote rapid growth as well as above ground
vegetative growth. Apart from increasing soil nutrients, PM may also improve soil structure
(Adekiya et al., 2020). The lower growth of C. olitorius due to urea fertilizer alone relative to
PM could be attributed to the fact that urea fertilizer is prone to losses by run-off, volatilization,
leaching and/or denitrification. Mobile nutrient like N is highly soluble and is not adsorbed on

clay complex especially in coarse-textured soils high in the sand (68%) as in the case of the
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study sites. In such soils, loss of N by leaching will be very high coupled with the high rainfall of
the area. These results are in agreement with that of Mogapi et al. (2013) on the effect of poultry

manure and commercial fertilizer on growth of C.olitorius.

Integration of organic (PM) and inorganic (Urea) fertilizers increased the growth and yield of
C.olitorius compared to their sole forms. This could be attributed to reduced nutrient loss
through leaching by the combination which led to increased nutrient use efficiency following the
inclusion of the N fertilizer with poultry manure (Abbasi, Khalig. Shafig, Kazmi and Ali 2010;
Souri, Rashidi and Kianmehr. 2018). Therefore, it was resolved that urea fertilizer added to PM
assisted in mineralization of both micro and macro nutrients in poultry manure due to improved
supply of nutrients that leads to better growth and yield. Okokoh and Bisong (2011) reported that
PM combined with Urea-N had a better effect on Amaranthus cruentus growth than either Urea-

N or poultry manure alone.

Treatment 60% PM + 40% urea fertilizer applied at 1 WAS produced significantly higher values
of growth and yield parameters of C.olitorius. This could be attributed to reduced nutrient loss
through leaching by urea fertilizer as a result of the combination and maximal nutritional availa-
bility by PM at 80 % which was ascribed to the increase organic matter composition of the poul-

try manure.

Urea fertilizer application at 1 WAS has best growth and yield in this experiment. This could be
ascribed to the synchrony in the time of availability of adequate amount of N (nutrient) from urea
fertilizer present in the soil to the need by the C. olitorius plant for absorption and usage. Conse-
quently, application of urea (N) fertilizer to C. olitorius especially 3 WAS is possibly a waste as
the C. olitorius plant, that stage of growth, as a short-duration crop does not have the capacity to

use the nutrients in any significant amount at this stage of its growth.

4.2.2. Effects of poultry manure and ureac fertilizer on proximate content of C. olitorius.

Results that application of organic and inorganic fertilizers increased moisture and protein con-
tents of C. olitorius relative to the control might be as a result of increase in the supply of nutri-
ents due tourea fertilizer and PM applications. The amendments application improved N supply
to the soil and subsequently absorbed by the C. olitorius plant and hence increased number of
leaves and photosynthetic activity and enhancing physiological processes leading to the produc-
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tion of more assimilates which leads to increase in chemical composition of the C. olitorius leaf
(Adekiya et al., 2019). Moisture and protein in the C. olitorius plant increased because of the im-
proved soil N due to the application of PM and urea fertilizer. While N encouraged better vege-
tative growth, development and growth of roots thereby boosting greater absorption of water, it
also improved the protein composition of C. olitorius, amino acids, which are the building
blocks of protein, and enzymes, which catalyze the majority of biochemical activities, are all
recognized to be essential components in plants (Brady and Weil, 2008).The ash content was a
bit high probably due to a more balanced nutrient in the amended soils relative to the control that
has lower nutrient contents. Higher values of carbohydrate are gotten in control plot relative to
amended soils also corroborates the findings of Adekayode (2004). PM increased protein, fibre
and fat contents of C. olitorius relative to urea fertilizer alone; this can be said to be the differ-

ences in the chemical component of urea fertilizers as compared to PM.

Inorganic fertilizer (applied either at 1, 2 or 3 WAS) increased carbohydrate, ash and moisture
content of C. olitiorius compared with PM this can said to be due to the additional nitrogen nu-
trient present in the urea fertilizer that promotes the quality of plant, rapid release of the nutrients
for plant consumption, PM releases nutrients only when the soil is warm and moist, which cor-
relates with C. olitorius times of need, and they rely on soil organisms to break down organic
matter, thus nutrients are released more slowly than inorganic fertilizers, but it takes time to
give nutrients to plants. Urea fertilizers, on the other hand, give these nutrients in a more readi-
ly available form in the soil for immediate use. The application of inorganic fertilizer alone
plots. Mishra and Ganesh (2005) had previously documented these tendencies in their study of

how various fertilizers impact nutritional status.

4.2.3. Effect of poultry manure and urea fertilizers on mineral contents of C. olitorius

Results showed that amended treatments improved the potassium, Calcium, Magnesium and
Phosphorus contents of C. olitorius relative to the control no (amendment). This can be said to be
as a result of more nutrients availability in the soil from the integrated use of organic manure
(PM) and inorganic fertilizer (urea) that brought about the increase in uptake by C. olitorius
plant. Organic manure (PM) increased K, Ca, Mg and P contents of C. olitorius relative to the
urea fertilizer alone applied at 1, 2 or 3 WAS. This could be related to the chemical components

of NPK versus PM fertilizer, as well as its beneficial effect on soil ecology and plant metabolism
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according to Hassan, Othman and Siriphanich (2012). For example, urea fertilizers contain only
N, whereas PM contains micro and macronutrients. The amount and quality of nutrients taken by
the plant is influenced by the minerals (mineral nutrients) present in the amendment used and
therefore in the soil. The improved mineral contents of C. olitorius under integrated PM and urea
fertilizer was as a result of increased soil nutrient due to PM addition to urea fertilizer which
leads to increase in greater metabolic activities and therefore minerals higher in the integrated

plots relative to their single forms.
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CHAPTER FIVE

Conclusion and Recommendation

The results from this experiment revealed that urea fertilizer and PM (sole or combined) in-
creased growth (numbers of leaf, plant height, number of branches and stem diameter), yield
(whole yield, marketable yield and edible yield) parameters, proximate and mineral contents of
C. olitorius relative to the control. PM increased these parameters relative to urea fertilizer ap-
plied either at 1, 2, or 3 WAS. Altogether, there wasn’t really any significant differences in ap-
plying urea fertilizer to C. olitorius at 1, 2 and 3 WAS. 60% PM + 40% urea fertilizer applied at
1 WAS produced the best growth and yield parameters. This was ascribed to the synchrony in
the time of availability of adequate amount of N (nutrient) from urea fertilizer present in the soil
to the requirement of the C. olitorius plant for absorption. In all, 40% poultry manure and 60%
urea fertilizer applied at 2 WAS has the best values of proximate and mineral contents of C.

olitorius.

Therefore, for those that desire to cultivate C. olitorius for its edible leaves, application of 60%
PM + 40% urea fertilizer applied at 1 WAS is recommended. However, for those that want the
quality of the C. olitorius leaves, 40% poultry manure and 60% urea fertilizer applied at 2 WAS

is recommended.
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