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ABSTRACT

To meet the increasing demand for Cape St. Paul Wilt Disease (CSPWD)
tolerant coconut seedlings, this research was carried out to develop
interventions for improving seed nut germination and vigour, seedling quality
and vigour and Sri Lanka Green Dwarf (SGD) fruit characteristics. Seven (7)
different experiments were carried out to assess pre-nursery practices, seedling
spacing and fertilizer application, ablation and fruit thinning towards addressing
deficiencies in coconut nursery and tree management practices. Fully burying
Sri Lanka Green Dwarf crossed Vanuatu Tall (SGD x VTT) coconut hybrid
seed nut in decomposed sawdust at pre-nursery stage improved germination
rate, speed of germination and germination index respectively by 33%, 30%
and 98% relative to the control. A treatment combination of 60-cm triangular
spacing and fertilizer application of 47.3:96.6:126.0:28.4 g seedling™
N:P205:K20:MgO produced good quality SGD x VTT coconut hybrid
seedlings with averagely 34% higher vigour, 12% bigger collar girth, 11%
wider canopy diameter and 5% increase in height relative to the control.
Thinning of SGD coconut variety to 10 fruits per bunch increased crude protein
and Vitamin C contents of fresh fruits by 31% and 42% respectively; and
average fresh fruit weight by 32% and its components: husk, shell, kernel and
water averagely by 42%, 61%, 42% and 65% respectively. Findings of pre-
nursery studies are recommended for dissemination to appropriate entities to
improve seed nut germination rate and increase supply of SGD x VTT coconut
hybrid seedlings to farmers. Further research is recommended for assessing
field performance of SGD x VTT coconut hybrid seedlings as affected by

potassium nitrate soaking treatment, planting depth or nut size.
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CHAPTER ONE

1.0 INTRODUCTION

In recent years, demand for Cape St. Paul Wilt Disease (CSPWD) tolerant
coconut seedlings has been on the ascendency and the inability to meet increasing
demand has become a limiting factor to the growth of Ghana’s coconut subsector
(MoFA, 2018). Early research aimed at making CSPWD tolerant planting materials
available to farmers led to the identification of two coconut varieties namely; Sri
Lanka Green Dwarf (SGD) and Vanuatu Tall (VTT), which have high tolerance to
the CSPWD (Dery et al., 2008). The SGD and VTT on their own merits suffer low
preference for commercial planting by farmers due to agronomic and fruit
characteristic reasons. Consequently, hybridization of the two tolerant varieties to
produce early bearing SGD x VTT coconut hybrid with improved fruit
characteristics has been the way forward (Dare et al., 2010).

However, the relatively low output of the hybridization process has become
a matter of great concern as the low output does not keep pace with the high demand
for CSPWD tolerant coconut seedlings (GEPA, 2020; MoFA, 2011). The situation
is compounded by an annual loss of 30-40% of potential SGD x VTT hybrid
seedlings (Owusu, 2014) and poor quality coconut seedlings for field planting
(MoFA, 2018). The present study assesses nursery and tree management practices
to develop agronomic interventions for improving seed nut germination, seedling

quality and vigour and SGD fruit characteristics.
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1.1 Background to the Study

The agricultural sector was a driving force behind the socio-economic
growth of Ghana generating about 40% of the country’s Gross Domestic Product
(GDP) until 2011 when the sector’s contribution to GDP took a nosedive. Despite
the decline, the agricultural sector has a huge potential duly acknowledged as a
strong stimulus for a sustained economic growth and development of Ghana.
Consequently, six agricultural commodities including coconut have been selected
to serve as drivers of economic growth and development under the ‘“Tree Crops

Development Authority”’ established by Act 1010 of Parliament in 2019.

The coconut palm, affectionately described as a “Tree of Life” by
Rangaswani (1977), Ohler (1984) and Bourdeix e al. (2005), is an important
economic crop in the coastal areas of Western, Central and Volta Regions of Ghana
where it faces little or no competition with other tree crops due to edaphic reasons;
though potentially it can be grown successfully in the hinterland areas across 10
regions namely; Western, Western North, Central, Eastern, Volta, Oti, Ashanti
Ahafo, Bono and Bono East (Issaka ef al., 2012). According to MoFA (2018),
approximately 80% of the total land area under coconut cultivation, estimated at
44,000 ha is found in the coastal areas. Dery et al. (1997) estimated that well over
50,000 households in the coastal belt depend on the coconut value-chain
considering men and women engaged in its production, transportation, processing,
marketing and utilization of by-products.

About 90% of coconut produced in Ghana is consumed as fresh nuts

(MoFA, 2018). Its ability to enhance national food security lies in the tasty meat
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and refreshing sweet water of fresh fruit coconuts which provide good satisfaction
to both urban and rural consumers who take it either as snack or whole meal. In
terms of nutritional value coconut provides a good source of energy; contains
protein, fibre, vitamins and minerals. It is rich in health giving medium-chain fatty
acids including lauric acid which is known to boost the body’s immune system
(Van Die, 1974; Rumulo, 2003; Floresca, 2004).

Ghana’s export of non-traditional products amounted to USD 2.5 billion in
2016 (MoFA, 2017) of which coconut holds a high promise as non-traditional
foreign exchange earner. Currently, less than 10% of coconut produced in Ghana is
exported (MoFA 2018). An annual average of 12 million tonnes of coconut oil is
traded globally (APCC, 2017). The demand for virgin coconut oil (VCO) is
growing for its nutritional and health benefits and also for its applicability as a
beauty product (Floresca, 2004). Its medium-chain fatty acid content with high
lauric acid component has resulted in VCO growing demand as health supplement
(nutriceutical) and healthy premium food and oil for cooking and salad dressing
(Rumulo, 2003). The global market for nutriceuticals is growing rapidly and its
value is estimated at US$504 billion for US, Europe and Japan markets (Carandang,
2005). The Ghana Export Promotion Authority (GEPA) is poised to take advantage
of this growing market and invest in coconut production and export to enhance its
non-traditional foreign exchange earnings (GEPA, 2020).

The government policy of “one-district-one factory” expects the coconut
subsector to provide coconut raw material for coconut-based factories. Coconut as

a raw material is used to produce a wide range of commercial and industrial
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products. The kernel/copra is used to produce edible and non-edible oils for making
margarine, moisturizer, liniment, cosmetics, medicines, soaps, detergents, paints
and bio-fuel (Bazon &Velasco, 1985). The shell is utilized for production of
activated carbon, charcoal briquettes, shell powder and novelty items. Coconut
husk is used to produce husk fibre for making ropes, bristles and mats; coco-coir
for making mattress fibres, carpets, geotextiles, upholstery and insulation materials;
coconut pith for use as potting medium (Arboleda, 1997). The water is harnessed
for producing vinegar, intravenous fluid, electrolyte, wine and alcohol. Coconut
timber is used to manufacture wood for furniture making.

The coconut palm in Ghana is however under a devastating threat by a
phytoplasma disease known locally as “Cape St. Paul Wilt Disease”. The disease
is caused by a related strain of ‘Candidatus palmicola’ (Harrison et al., 2014). It
has typical symptoms of pre-mature nut drop, blackening of inflorescence,
yellowing/ browning of leaves and tipping over of crown. As at 2001 the CSPWD
had devastated about 11,000 ha of coconut farms in the Western and Central
Regions and over 5,500 ha in the Volta Region (Anonymous, 2002). Until 2015,
the Jomoro district of the Western Region was the only coconut growing district
without the CSPWD and was the heartbeat of Ghana’s Coconut Industry due to its
tremendous contribution to the national coconut output. As at 2020, the CSPWD
has devastated over 2,000 ha of coconut plantations in the Jomoro district.

The expected rapid expansion of the coconut subsector into the hinterland
regions in recent years, as a result of increased demand for coconut and its

value-added products globally and the favourable political climate created for its
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planting through the government flagship programme of “Planting for Export and
Rural Development (PERD),” has been slowed down drastically by limited
availability of recommended coconut planting materials. The devastating nature of
the disease puts the cultivation of coconut in the country at high risk without
CSPWD tolerant seedlings (Dery et al., 1997). The CSPWD tolerant planting
materials are therefore critical for the sustenance and expansion of the coconut
subsector in Ghana.

Research up to date has identified two coconut ecotypes: Sri Lanka Green
Dwarf (SGD) and Vanuatu Tall (VTT) as tolerant to CSPWD (Dery er al., 2008).
Notwithstanding, famers’ interest in the SGD and VTT coconut varieties for
commercial planting has been low due to reasons bordering on agronomic and fruit
characteristics. The SGD is constrained by its small fruit size and poor weight of
the fruit components while the VTT suffer low preference for commercial planting
due to its tall architecture and prolonged time lag from planting to fruiting (Dare et
al., 2010). Consequently, hybridization of the two tolerant varieties to produce
early bearing SGD x VTT coconut hybrid with improved fruit and agronomic
characteristics has been the way forward.

However, the hybridization process faces the problem of high fruit drop
leading to low output of hybrid seed nut; a situation that has become an issue of
concern to the coconut subsector due to its inability to keep pace with the increasing
demand for CSPWD tolerant coconut seedlings (MoFA, 2011; GEPA, 2020). The
situation is compounded by an annual loss of 30-40% of potential SGD x VTT

coconut hybrid seedlings due to poor germination at the nursery (Owusu, 2014) and
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poor quality seedling identified as one of the major causes of low productivity and
poor financial viability of plantations in the coconut subsector (MoFA, 2011;

MoFA 2018).

The situation therefore places a huge responsibility on research to develop
agronomic interventions for improving seed nut germination and vigour, seedling

quality and vigour and fruit characteristics of the SGD coconut variety.

1.2 Statement of the Problem

Research has identified two coconut varieties: SGD and VTT, which are
tolerant to the CSPWD (Dery ef al., 2008). The SGD coconut variety, though most
tolerant to the devastating CSPWD, has not been officially recommended for
commercial planting by farmers due to its poor fruit characteristics. The poor fruit
attributes originate from the fact that the dwarf variety produces inflorescence at an
early age of 2-3 years at the time that its vegetative capacity has not fully developed,
expressed particularly in its weak/ small stem. Intrinsically, the SGD variety carries
a high fruit set which when developed into a heavy nut load in the context of a
limited vegetative capacity triggers an assimilate availability crisis leading to

relatively small fruit size and poor weight of the fruit components.

The VTT coconut variety is also not of commercial interest to farmers due
to its tall architecture and prolonged time lag from planting to fruiting averaged at
6 years (Dare et al., 2010). Consequently, the way forward has been the

hybridization of the two tolerant varieties to produce early bearing SGD x VTT
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coconut hybrid with improved fruit size and weight of fruit components for
commercial planting (Dare et al., 2010).

Apart from being expensive, time-consuming and labour intensive, the
hybridization process generates relatively low seed nut output ranging from
25-45% of fruit set due to high fruit drop. The low hybrid seed nut output is unable
to keep pace with the high demand for CSPWD tolerant coconut seedlings (GEPA,
2020; MoFA, 2011) making it a great concern. This situation is compounded by a
relatively low germination rate of SGD x VTT hybrid seed nuts estimated at
60 -70% (Owusu, 2014) leading to an annual loss of 30 - 40% potential SGD x VTT

seedlings in face of high demand.

In the Tree Crops Sector, poor quality seedlings has been identified as a
contributory factor to low productivity and poor financial viability of plantations
(MoFA, 2011). Consequently, poor quality seedlings for field planting has been
flagged as a major problem facing the coconut subsector (MoFA, 2018). Ghana’s
research in coconut has focused largely on the devastating CSPWD to the detriment
of some aspects including agronomic studies in coconut nursery. Therefore scanty
scientific knowledge has been generated locally in support of coconut nursery
management leading to adoption of unrecommended practices identified as a
contributory factor to poor quality coconut seedlings (MoFA, 2011).

These problems of the coconut subsector have a compelling effect on
Research [Institutions to intervene with solutions especially those mandated

officially to research into coconut.
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1.3 Purpose of the Study

The study assesses nursery and tree management practices with the purpose
of developing interventions with capacity to increase the supply of good quality

coconut seedlings that are tolerant to CSPWD for commercial planting.

1.4 Research Objectives

Research objectives were identified to address issues mentioned in the
problem statement (Section 1.2) with the purpose of the study (Section 1.3) in view.

In order to get the best out of the SGD coconut variety, it is believed that
agronomic interventions involving tree management practices particularly; fruit
thinning (Jackson & Frederich, 1999; Bourdeix et al., 2005) and inflorescence
removal (ablation) for a period (Datuluri & Misra, 2002; Corley & Tinker, 2003)
could be used to improve the fruit characteristics of the SGD variety.

It is also believed that pre-nursery studies into seed treatment, planting
medium, planting depth and nut size could be useful for improving seed nut
germination in coconut (Wuidart, 1981a; Bewley & Black, 1994). Even though a
number of studies are required to develop best nursery practices, it is important to
begin with studies into spacing and nutrition at the main nursery to improve
seedling quality and vigour (Nelliat, 1972; Thomas et al., 2018).

Research objectives were therefore formulated to assess the effects of:

1. Pre-nursery practices (planting medium, seed nut soaking, planting depth and
seed nut size) on germination and vigour of SGD x VTT coconut hybrid seed

nut.
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2. Fertilizer application and spacing on seedling growth and vigour of SGD x VTT
coconut hybrid.
3. Agronomic tree management practices (ablation and fruit thinning) on fruit

characteristics of SGD coconut variety.

1.5 Significance of the Study

The increasing demand for coconut and its value-added products globally
(Rumulo, 2003; Floresca, 2004; Carandang, 2005) and the favourable political
climate created for its planting through the government flagship programme of
“Planting for Export and Rural Development (PERD),” should have led to a rapid
expansion of the coconut subsector into the hinterland across the 10 coconut
growing regions of Ghana (Issaka er al., 2012) but for limited availability of
recommended coconut planting material. The expansion of the coconut subsector
holds a high promise as non-traditional foreign exchange earner to increase Ghana’s
export of non-traditional products which amounted to USD 2.5 billion in 2016

(MoFA, 2017).

The expansion is also critical to provide raw materials for government
policy of “one-district-one factory” which is meant to create employment and
livelihood for the rural people. Coconut raw material can be used to produce a wide
range of commercial and industrial products including mattress, carpets,
geotextiles, activated carbon, charcoal briquettes, shell powder, ropes, margarine,

moisturizer, liniment, cosmetics, medicines, soaps, detergents, paints, vinegar,
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intravenous fluid, electrolyte, wine and alcohol (Bazon & Velasco, 1985; Arboleda,
1997).

In this study, developing interventions with capacity to increase the supply
of CSPWD tolerant seedlings will have a direct bearing on the expansion of the
coconut subsector. Improved seed nut germination of SGD x VTT coconut hybrid
will curtail the 30-40% annual loss of potential seedlings and improve the supply
of SGD x VTT coconut hybrid seedlings for commercial planting by farmers.

Improving on the acceptability of the CSPWD tolerant SGD and VTT
coconut varieties for commercial planting, the way forward has been the
hybridization of the two varieties to produce SGD x VTT coconut hybrid with
improved fruit and agronomic characteristics. However, the low hybrid seed nut
production efficiency of hybridization contributing to the coconut subsector’s
inability to meet increasing demand for CSPWD tolerant seedlings has been a
source of great concern (MoFA, 2011; GEPA, 2020).

It is believed that agronomic tree management (ablation and fruit thinning)
is the alternative option to improve on the fruit characteristics of the SGD coconut
variety without going through hybridization. Agronomic tree management will
pave the way for official recommendation of SGD coconut variety as planting
material for commercial planting together with fruit thinning or ablation as a
package. This will greatly improve access to disease tolerant coconut planting
material closing the gap between the existing demand and supply towards rapid

expansion of the coconut subsector.
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The study also comes with an intervention to improve on the quality of
coconut seedlings. Improved quality of seedlings will lead to high productivity on
the field and improved financial viability of plantations (MoFA, 2011) and make
investment in coconut cultivation more profitable for farmers. The scientific
information and techniques generated by the study could be disseminated through
training workshops to enable Agricultural Extension Officers to upgrade their
knowledge in coconut production for onward transfer to farmers. Coconut Nursery
Operators could also benefit from such workshops to strengthen their knowledge
capacity in coconut nursery management to turn out high quality coconut seedlings
for premium price. Government Agencies particularly, the Tree Crops
Development Authority and the Ministry of Food & Agriculture, leveraging on the
improved availability of CSPWD tolerant planting materials could draw
agricultural policies and programmes to distribute free coconut planting materials

to resource-poor farmers.

1.6 Organization of the Study

The thesis is organized into seven chapters beginning with chapter one,
which presents an introduction to the study under the subheadings: background to
the study, statement of the problem, purpose of the study, research objectives,
significance of the study and organization of the study. Chapter two presents the
literature review covering the important subject areas of the study including botany,
nursery practices, tree management practices and hybridization in coconut. Chapter

three presents materials & methods used for the study describing the study area,
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experimental set-up and designs, field maintenance, data collection and data

analysis.

The write-up on the various studies are presented using the manuscript
format in the subsequent chapters which cover: germination of SGD x VTT coconut
hybrid seed nut (chapter four) involving four experiments, fertilizer application and
spacing of SGD x VTT coconut hybrid seedlings (chapter five) and agronomic tree
management practices in Sri Lanka Green Dwarf coconut variety (Chapter 6).
Finally, chapter seven gives a general summary, conclusion and recommendations

for agricultural extension, government policy and future research work.
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CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 Introduction

This chapter has been compiled to cover all the important areas of the study,
which assesses nursery and tree management practices to develop interventions for
improving seed nut germination and seedling quality and enhancing fruit
weight/size and its components in coconut. Relevant refereed journal papers,
conference proceedings, review papers, manuals, books and book chapters
available online through library resources or in hard copies at institutional or
university libraries were accessed for the compilation, having in mind plagiarism

issues as a guide.

The chapter begins with the botany of coconut under which the taxonomy
of coconut and its classification are presented alongside the various part of coconut
including the stem, root, leaf, inflorescence and the fruit followed by a vivid
description of germination in coconut. The chapter continues with a review of
nursery practices covering the relevant subject matter under seed preparation, pre-
nursery and main nursery. Tree management practices in coconut are also reviewed
touching on relevant areas under leaf pruning, inflorescence ablation, inflorescence

tapping, fruit thinning and ends with hybridization explaining the various steps
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involved in the hybridization process under parental selection, pollen collection,

isolation of the female flower, pollination and harvesting.

2.2 Botany of Coconut

2.2.1 Taxonomy

Coconut is a monocotyledon and belongs to the palm family Arecaceae
(previously Palmae), subfamily Arecoideae (formerly Cocoideae), genus Cocos
and species Cocos nucifera L. The Palm family comprises of an estimated 2,800
species in about 190 genera. Coconut (Cocos nucifera L.) is the only species of the

genus Cocos (Tomlinson, 1990; Perera erf al., 2010).

2.2.2 Classification

Coconut is classified as tall or dwarf based on its stature. Baugal &
Bourdeix (1995) indicated that tall palms are distinguished by robust stems and fast
growth in height. They grow to a height of 20-30 metres, come into bearing at 5-7
years after planting and enjoy economic life span of about 60-70 years. On the
contrary, as pointed out by Taffin (1998), dwarf palms have less robust stems and
relatively short stature growing to a height of 8-10 metres midway their economic
life span of about 30-40 years. They come into bearing relatively early at 3-4 years
after planting. According to Santos ez al. (1996), a cross between the two types (tall

and dwarf) results in a hybrid whose basic characteristics are intermediate between

the tall and the dwarf.
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2.2.3 Coconut stem

The trunk of coconut is the stem. Tomlinson (1990) explained that the stem
develops from the only terminal bud of the palm known as the ‘cabbage’ which
serves as a sole vegetative growing point. The stem has no cambial tissues and
hence cannot repair damage done to it. Notwithstanding, it is composed of primary
vascular bundles which are enclosed with fibrous tissues which impact strength to

the trunk to withstand physical damage.

Botanically, the coconut stem is not a tree due to lack of cambial cells for
secondary growth. Santos et al. (1996), indicated that increase in the stem diameter
is attributable to growth in the size of the individual cells since there is no secondary
growth. Under suitable conditions, the foundation of the stem of a young coconut
attains a full development from 3 - 4 years. Any change in stem diameter after its

full development is attributable to climatic conditions and crop management.

2.2.4 Coconut root

According to Child (1974) confirmed by Thampan (1981) the stem ends
underneath the soil in a bulbous shape known as the ‘bole’ from which adventitious
roots constantly develop. The root system develops from the surface of the bole
Jlocated within soil depth 0 - 40 cm. It is made up of fairly uniform adventitious
roots numbering about 3,000 to 5,000 in an adult palm, measuring about 1 cm in
diameter and may grow more or less horizontally in the top soil up to 10 m in length.
Pham (2016) pointed out that absorption of water and nutrients occur mainly at the

tips of the adventitious roots through fibrous rootlets. The anchor roots grow
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vertically deeper; the depth of which is influenced by the type of soil. In a
favourable soil, the penetration of the anchor roots could reach up to 5 m or more.
Taffin (1998) explained that during the most active stage of growth from year two
to five, the root system develops more slowly than the shoot system leading to a
temporary mismatch between the roots and foliage with increased susceptibility to
nutrient deficiency and wind effect. Comparatively, dwarf palms have less

developed root system than the tall palms with the hybrid palms being intermediate.

2.2.5 Coconut leaf

For coconut seedlings, juvenile (first) leaves show up as entire leaves with
the pinnae fused together (Figure 2.1) but after emitting up to 10 leaves in about
6-8 months after germination, subsequent leaves differentiate into leaflets (Figure
2.2). According to Thampan (1981) the crown of an adult palm carries about 30-40
leaves surrounding a sole terminal bud from which leaves (also known as fronds)

are continuously produced.

Taffin, (1998) indicated that a fully grown leaf is 3-4 m long with a robust
petiole for attachment to the stem. The petiole extends into a rachis with 200-300
leaflets. The leaflets have different lengths ranging from 90-135 cm depending on
its location on the rachis. The lower surface of the leaflets are more populated with
stomata than the upper surface. Santos et al., (1996) described the general shape of

a crown of coconut leaves as spherical, semi-spherical, X-shaped or V-shaped

depending on the genotype.
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Fused pinnae

Figure 2.1 Coconut seedling with
entire leaves

Leaflets

Figure 2.2 Coconut seedling with
differentiated leaves

Coconut leaves grow in 5 spirals turning either left or right with two

successive leaves apart making an angle of about 145° (Child, 1974; Thampan,

1981). Under favourable conditions, an adult palm produces 12-15 new leaves

annually with each of them subtending an inflorescence (Perera et al., 2010). Each

leaf enjoys a life span of 2-3 years before drying up and falling off.
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2.2.6 Coconut inflorescence

The inflorescence is enclosed in a spadix (Figure 2.3) made up of a double
sheath known as the spathe and an axis called the rachis to which numerous
spikelets (also called rachillas) are attached. Both male and female flowers are
borne on the same spikelet with male flowers at the top and female flowers (also
called button) at the bottom of the spikelet (Figure 2.4). Taffin (1998) indicated that
emergence of inflorescence in coconut palms begins from year 2 to 7 after planting
depending on coconut ecotype and crop management. The dwarf ecotypes come
into flowering earlier than the tall ecotypes. According to Tomlinson (1990) annual
inflorescence production and female flower population per inflorescence is greatly

influenced by ecotype and environmental factors.

After ripening, the spathe split opens to release the inflorescence enclosed
in it. The male flowers open first to shed its pollen systematically from the top to
down of each spikelet (Bourdeix et al., 2005). According Bourdeix et al. (2005)
and Perera ef al. (2010), the male phase lasts for about 20 days but this could vary
depending on coconut ecotype and environmental conditions. The female phase
may either begin few days before or few days after the spathe has opened and
persists for 3-5 days in the tall ecotypes and 8-15 days in the dwarf ecotypes. In the
tall ecotypes, the male and female phases quite often do not overlap resulting in a
high level of cross pollination as against self-pollination in the dwarf ecotypes
where the two phases usually overlap. According to Santos et al., (1996) the female
flower population per inflorescence vary widely from 10-50 across coconut

ecotypes and environmental conditions. Fruit set takes place after successful
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pollination and fertilization. Open pollination results in 30-50% fruit set with
immature fruits aborting and falling off within the first month after pollination.

Successful fruit set and development leads to mature fruit in about 12 months.

Unopened spathe

M ke ]

Figure 2.3 Coconut Spadix

Male flower

—— Female flower (Button)

Rachillas

Rachi

Figure 2.4 Coconut inflorescence
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2.2.7 Coconut fruit

Botanically, the fruit is a drupe but loosely referred to as a nut (Thampan,
1981). The diversity in coconut germplasm is morphologically expressed in the
fruit which vary widely in colour, shape and size (Taffin, 1998). The fruit has a
protective smooth skin called the exocarp which at the immature stage may be
green, yellow, red, brown or bronze but become greyish at full maturity. A cross-
section of a mature fruit shows an outer firm and fibrous husk called the mesocarp
followed by a woody dark brown shell known as the endocarp; then a white fleshy
meat or kemel called the endosperm which lines internal cavity that contains a
liquid referred to as coconut water. Inside the endosperm, towards the basal end of
the fruit, is embedded a tiny embryo beneath the germ pore of the shell. This

germinates under favourable conditions to produce a new seedling (Figure 2.5).

/ Exocarp

- P Embryo

Mesocarp

Endocarp (Shell)

Nut cavity

Endosperm (Kernel
or Meat)

Figure 2.5 Longitudinal section of a
matured coconut fruit

20

Digitized by Sam Jonah Library



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

2.2.8 Germination

Coconut is known to germinate easily in a warm and humid environment.
The embryo of coconut never really undergo dormancy, since as tiny as a peg, it
does grow continuously (Chin & Roberts, 1980). However, the fibrous mesocarp
constitutes a considerable barrier to rapid germination (Ugbah & Akpan, 2003).
Sugimura (1998) indicated that germination begins with the enlargement of the
embryo which fills the coconut cavity with a yellowish sponge-like growth known
as haustorium. Balachandran & Arumughan (1995) explained that the haustorium
(Figure 2.6) produces enzymes which breaks down the endosperm and releases
nutrients to support growth of the plumule and radicle as they emerge through the
mesocarp to begin photosynthesis (the plumule) and nutrient absorption from soil

(the radicle).

Haustorium

Figure 2.6 Developing haustorium of coconut
seed nut
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Kartha (1981) pointed out that germination through the germ pore is not
visible to the naked eye until emergence takes place. Consequently, the date of
germination is taken from the day the young shoot (sometimes described as the

‘crow’s beak’) emerges (Figure 2.7).

Crow’s beak

Figure 2.7 Germinated seed nut of SGD x VTT
coconut hybrid

The time interval between sowing and germination is greatly influenced by the
ecotype and may vary from 12-24 weeks. Germination of seed nuts in the tall
ecotypes usually begins from 11 to 12 weeks after sowing and reaches a peak from
17 to 18 weeks, and then declines. Generally, dwarf ecotypes germinate relatively
faster than the tall ecotype. Rapid sprouting is linked with high leaf production,

early flowering and high yield (Thomas et al., 2018).
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2.3 Nursery Practices

Straight planting of coconut seed nuts in the field is not a recommended
agricultural practice (Harries, 2012b). According to Thomas et al. (2018), nursery
practices are meant to provide favourable environment for germination of seed nuts
and subsequent growth of seedlings resulting in high quality seedlings. The nursery
environment also facilitates watering, pest and disease control and selection of true-
to-type, healthy and vigourous seedlings for field planting. The three phases of

coconut nursery are seed preparation, pre-nursery and main nursery.

2.3.1 Seed preparation

Seed preparation involves sorting, curing and treatment. It is a standard
practice to sort seed nuts that are received at the nursery into physiologically
matured nuts (aged 9-10 months) and fully matured nuts (aged 11-12 months).
Taffin (1998) observed that physiologically matured nuts appear relatively fresh
and have their original fruit colour intact whilst the fully matured nuts are dried up

and turned brown in colour.

Depending on ecotype, seeds at physiological maturity are stored for 1-3
weeks in the open air to cure. It is a recommended practice to subject all nuts to
paring treatment before setting in the nursery (Taffin, 1998; Thomas et al., 2018).
Paring or notching involves removal of a portion of the husk at the broade st side of
the nut towards the anterior (Figure 2.8). Paring enhances infiltration of water into

nuts and reduces the time taken by a sprout to grow through the husk before
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emergence. Ugbah & Akpan (2003) pointed out that the practice began in coconut

growing communities whose nuts are thick shelled and slow in germination.

Shaking of nut is done to check for water content before paring. Matured
nuts produce a sloshing sound when shaken. Harries (1981) explained that
physiologically matured nuts that do not produce a sloshing sound are immature
whilst fully matured nuts that do not produce a sloshing sound must be having a

haustorium in the nut. Seed nuts with developed haustorium usually results in

twisted seedlings.

Portion of the husk removed

Figure 2.8 Pared seed nuts of SGD x VTT
coconut hybrid

Bewley & Black (1994) indicated that soaking treatment either in water or
nutrient solution is believed to enhance germination since the process starts with
imbibition of water and uptake of nutrient by the embryo. Soaking of seed nuts can
be done using sprinkler irrigation after seeding in the nursery or by floating in tank

or pond (Marar & Shambhu, 1961).
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2.3.2 Pre-nursery

The practice of pre-nursery is meant to provide optimum conditions for
rapid germination of seed nuts. The practice enhances the selection of good quality
sprouts for the main nursery (Wuidart, 1981a). Soil medium is commonly used for
pre-nursery germination. Site selected must have fairly loose-textured soil to ensure
good percolation of water and must have a reliable source of water for irrigation.
Land preparation involves making seed beds. Taffin (1998) indicated that in loose-
textured soils, flat seed beds with fine tilth could be prepared instead of raised seed
beds. Digging should be done to sufficient depth (about 15 cm deep) to enable nuts
to penetrate easily into the topsoil when pushed. It is preferable to construct seed
beds that are long (as long as possible) and narrow (about 1 m width) with adequate

inter-bed spacing (about 50 cm width).

Planting of nuts in the seed bed could be done vertically (Santos ef al., 1996)
or horizontally (Taffin, 1998). However, various studies on seed nut positioning
have shown that, planting horizontally on the broadest side with the pared area
facing upwards but tilted towards the anterior, give best results (Wickramaratne &
Padmasiri, 1986; Kenmen, 1973; Remison & Mgbeze, 1988; Chattopadhyay et al.,
2004). The seed bed should be deep enough to enable at least two-thirds of the
pared nut (Taffin, 1998) or not more than half of the pared nut (Harries, 2012a) to
be easily buried at planting. The buried portion absorbs soil moisture while the
remaining part absorbs solar energy. Spacing of nuts could be closer (5 cm within
rows and 20 cm between rows) than in the main nursery to cut down on space, water
usage and labour (Thomas ef al., 2018).
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According to Taffin (1998), seedbed should be watered regularly to receive
4 -5 mm of water per day. The pared portion can be pressed with the thumb to check
water adequacy. If water squeezes out after pressing it suggests the nuts are
adequately watered. Watering is best done in early morning or late afternoon. It
should not be too little or too much. Over watering could create favourable
conditions for fungal infection, which causes sprout rot. As regular watering
promotes rapid growth of weeds, maintenance of weeds should be done as frequent

as necessary.

Santos et al. (1996), indicated that all viable nuts are expected to sprout and
pricked out for planting into main nursery by week 16 after seeding. However,
Harries (1983) and Taffin (1998) suggested 20 weeks for slow germinating
ecotypes beyond which seed nuts that did not sprout must be discarded. Pricking
out is done when the crow’s beak sprouts (4-6 cm high) emerge. Roots that get
damaged during pricking-out are trimmed to stimulate production of more roots
after planting in the main nursery. Pricking out is done in batches to take advantage
of the speed of germination which tend to influence earliness of fruiting (Harries,

2012a). Abnormal sprouts and off-types are rouged out to ensure high purity.

2.3.3 Alternative medium for pre-nursery

Apart from soil medium, sawdust and cocoa bean shell could possibly
provide suitable medium for pre-nursery germination of coconut seed nuts.
Sawdust is a by-product of sawmills. It is basically composed of ligno-cellulose

material which takes time to be biodegraded and produces no remarkable odour
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during biodegradation (Terazawa et al., 1999). It has good physical properties
including low bulk density, good porosity and water retention ability and slow
biodegradability (Horisawa ef al., 1999). These physical properties render sawdust
suitable for use as a planting medium since the basic requirement for seed
germination including water and oxygen (Dwiyono & Djauhari, 2021) are readily

met using sawdust.

Cocoa bean shell (Figure 2.9a) is separated from the cotyledons during
processing before or after the roasting process (Mylsalmy, 2012). According to
Rojo-Poveda ef al. (2020), cocoa bean shell (CBS) has a high fibre content (39.3-
66.3g/ 100g CBS), rich in potassium (1.3-1.8g/ 100g CBS) and has good amount
of phosphorus (0.58-1.0g/100 g CBS), magnesium (0.48-1.29g/100 g CBS) and
calcium (0.23-0.44g/100g CBS). It is usually used as mulch (Billeaud ef al., 1989,
Bond & Grundy, 2001) but when semi-decomposed (Figure 2.9b) it presents
physical properties that make it satisfactory for use as planting medium. Its
chemical composition could possibly be an advantage as a planting medium

(Dwiyono & Djauhari, 2021).

Figure 2.9 Fresh cocoa bean shell (a) Semi-decomposed
cocoa bean shell (b)
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2.4 Main Nursery

The main nursery is intended to provide favourable environment
characterized by watering, weeding, fertilizer application and plant protection for
prick-outs to grow optimally till they are transplanted into the field (Thomas et al.,

2018).

2.4.1 Types of nursery

There are two types of nursery namely; field nursery and polybag nursery.
Field nursery produce bare root seedlings whilst the polybag nursery turn out
polybag seedlings. The key advantage of bare root seedling has to do with easiness
of transportation to the field and that of polybag seedling borders on minimal
transplanting shock leading to early establishment of seedlings (Sunbak, 1970).
Land preparation depends on whether bare root or polybag seedlings are to be

produced (Harries, 2012a).

2.4.1.1 Field Nursery

Field nursery involves making of nursery beds. A nursery bed can measure
10-20 cm high, 1 m wide and as long as possible. Planting is done at 60-100 cm
triangular spacing depending on ecotype and expected duration of seedlings at the
nursery. Pre-germinated seed nut is buried leaving the pared portion of the husk

with the sprout intact (Santos e al., 1996).
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2.4.1.2 Polybag Nursery

Polybag nursery involves the use of black polyethylene bags measuring
40 cm x 40 cm x 500 micron for the nursery. The lower half of the bag is perforated
with holes and filled with topsoil leaving enough space (about one-third of the bag)
at the top to provide space for the germinated nut. The nursery area is marked out
and pegged at 60 cm triangular for arrangement of the polybags (Santos et al.,
1996). According to Taffin (1998) spacing of polybags depends on how long the
seedlings are to be kept in the nursery. A spacing of 60 cm x 60 cm is recommended
for up to 6 months; 80 cm x 80 cm for 6-9 months and 100 cm x 100 ¢cm for 9-12
months. Each bag is supplied with one pre-germinated seed nut. The nut is placed
such that the seedling will be at the centre of the bag. The bag is then topped with
soil to a level that after firmly pressed around the nut there will be 1 cm space within

the top of the bag with the pared portion exposed (Figure 2.10).

Figure 2.10 Coconut polybag nursery

29

Digitized by Sam Jonah Library



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

2.4.2 Irrigation

Effective irrigation, whether manual or mechanized, has been identified as
akey in input for attaining optimum nursery performance (Wuidart, 1981a). Peries
& Everard (1995) reported that seedling vigour was improved by adequate moisture
availability at early stages of nursery especially when combined with sufficient
solar radiation. Wuidart (1981b) recommended a 2-day interval application of
irrigation water at 8 mm for 0-2 month’s old seedlings, 10 mm for 2-4 month’s old
seedlings, 12 mm for 4-6 month’s old seedlings and 15 mm for seedlings older than

6 months.

2.4.3 Weed maintenance

Weed maintenance is a critical intervention to basically forestall
competition between seedlings and weeds for growth resources such as air, water,
nutrients and solar radiation. The nursery as well as the nursery beds must, as much
as possible, be free from weeds since some weeds, especially grass species, are
known to harbor insect vectors for diseases like blast and dry bud rot (Taffin, 1998).
For coconut nurseries, the manual method of weeding is most popular and more

appropriate despite its labour intensiveness (Remison & Mgbeze, 1987).

2.4.4 Fertilizer application

Fertilizer application to coconut seedlings at the nursery has been pointed
out to be crucial to turning out healthy and vigourous seedlings for field planting to

enhance establishment, rapid growth and early bearing (Nelliat, 1972). The
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inability of coconut seedlings to respond to fertilizer application in the early stages
after germination could be attributed to adequate levels of endosperm nutrients for

growth of seedlings. However, as the nutrient reserve diminishes they become

responsive to fertilizer treatment.

Some of the early studies on fertilizer treatments in coconut nurseries have
shown that Cl treatment increased collar girth of seedlings whilst KCl and Nacl
application did not only improved growth but increased resistance to leaf spot
(Magat & Prudente, 1974; Magat e/ al., 1977; Abad et al., 1978). As observed by
Ho et al. (1978), monthly application of Sulphur and NPK fertilizer starting from
month 2 after germination enhanced seedling growth whilst S increased seedling
height. N and K fertilizers produced taller seedlings and larger collar girth and
greater vigour (Almaden & Satiago, 1980). According to Taffin (1998), within one
month of planting pre-germinated nuts in polybags, coconut seedlings can benefit
from a standard mixture of urea, triple superphosphate, potassium chloride and
magnesium sulphate in the ratio 1:2:2:1 applied in a ring around the nuts at different
rates based on age of seedlings as 30, 60, 75, 75 and 75 g/plant respectively at 1, 3,

5, 7 and 9 months after germination.

2.4.5 Protection against pest and diseases

Protection of coconut seedlings against pest and diseases must be of a great
concern since seedlings are prone to pests and diseases particularly; leaf spot
disease caused by Curvularia Pseudobrachyspora (Lekete, 2019 b) and damping

off disease caused by Phytophthora sp. (Lekete, 2019a). The first outbreak of fall
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army worm in coconut nursery in Ghana was reported in 2021. Phytosanitary
inspection and routine spraying using recommended pesticides and fungicides are
necessary to protect seedlings. Two or more recommended fungicides should be

alternated to prevent pathogens from developing resistance to one fungicide.

2.4.6 Transplanting

Transplanting is the last most important exercise towards achieving the
nursery objective to produce healthy and vigourous seedlings for field planting. The
popular transplanting age in the major coconut producing countries varies from
4-5 months to 6-9 months after germination. According to Thampan (1981),
transplanting between 6-9 months is more appropriate since at this age leaf
differentiation would have commenced giving an indication of readiness for the
field. Taffin (1998) also pointed out that the appropriate age for transplanting is
between 6-8 months. At this age a hybrid seedling would have developed a collar
girth of 18-20 cm and a height of 110-120 ¢m with 7 or 8 leaves, the youngest of
which would have differentiated into leaflets. Abnormal and illegitimate seedlings

must be discarded.

2.5 Tree Management Practices in Coconut

The tree management practices in coconut (TMPC) refer to the deliberate
handling of any part of the palm (leaves, spadix, flowers, etc.) towards influencing

growth or generating desirable products or minimizing the negative effect of palm-
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crop interactions (Chavan, er al, 2018). The TMPC include leaf pruning,

inflorescence ablation, inflorescence tapping, fruit thinning and hybridization.

2.5.1 Coconut leaf pruning

Leaf pruning in coconut refer to the practice of removing the lower and old
leaves in the crown to enable adequate penetration of solar radiation for normal
growth of associated perennial and annual intercrops (Lwakuba ef al., 2003). Early
work by Bailey et al. (1977) indicated that leaf pruning of the crown beyond 40%
has negative implications for palm health. Later on, Magat ef al. (1994) reported
that retention of 18 functional leaves in the crown was adequate for optimal yield
performance of coconut. Investigating further, Padrones et al. (2000) and
Ronsefield (2009) noticed increased rate of leaf production due to leaf pruning but
decreased size of new leaves at increasing levels of pruning. Also, Magat et al.
(2002) and Canjan et al. (2003) observed marginal (2.3 - 2.8%) gain in copra weight
per nut due to leaf pruning even though nut and copra yield per palm saw a decrease.
Pointing out the compensation for the decrease in nut and copra yield per palm due
to leaf pruning, Magat et al. (2002) explained that the better growth and yield
observed in the associated peanut and corn intercrops due to improved penetration

of solar radiation led to higher total farm productivity and maximized net income.

It has been suggested that instead of lower coconut density with wider
inter-row spacing for the purposes of intercropping, pruning could be adopted to
manage solar radiation penetration for the benefit of associated intercrops while

maintaining higher densities. Also, mitigation of certain pests and diseases in
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coconut could be achieved by pruning in cases where lower and old leaves tend to

aggravate damage (Anon. 2000).

2.5.2 Inflorescence ablation

Inflorescence ablation in coconut refers to the complete removal of the
inflorescence either before or after the opening of the spathe (Taffin, 1998). The
inflorescence is the reproductive organ of coconut and the other parts (roots, stem
and leaves) constitute the vegetative organs. In all plants including coconut,
photosynthetic assimilates are partitioned between the reproductive and vegetative

organs (Saravitz et al. 1994: Noggle & Fritz, 2006).

Noggle & Fritz (2006) described producers (e.g. leaves) and consumers
(e.g. inflorescence, stem and roots) of assimilates as ‘source’ and ‘sink’
respectively. Using the concept of ‘sink strength’ Wareing & Patrick (1975)
suggested that, at the reproductive stage of any plant, the floral structures become
more dominant and major consumers of assimilates thereby deprive the other
organs including the vegetative organs of the needed photosynthate for growth and
development. Removal of the floral structures minimizes the reproductive sink size
leading to re-allocation of assimilates to vegetative and other organs for growth and

development (Wang & Breen 1986; Corley & Tinker, 2003).

Literature is available on ablation studies carried out in many crops such as
oil palm (Elaeis guineensis), waterleaf (Talinum triangulare), Asiatic lily (Lilium
candidum L.) and Easter lily (Lilivmn longiflorum Thunb.) (Wang & Breen, 1986;

Datuluri & Misra, 2002; Corley & Tinker, 2003; Etebom & Chimezie, 2016).
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Growers of these crops adopt inflorescence ablation to influence allocation of
assimilates to economically important vegetative organs for growth and

development (Datuluri & Misra, 2002; Etebom & Chimezie, 2016).

However, in coconut, studies on inflorescence ablation is very scarce.
Locally, coconut farmers do not take advantage of inflorescence ablation, even
though some coconut ecotypes particularly, the Sri Lanka Green Dwarf (SGD),
produce inflorescence at an early age (from 2-3 years) at the time that the vegetative
capacity is not adequately developed; the effect being that the SGD which
intrinsically takes on high nut numbers per bunch suffer small fruit size and poor

fruit characteristics (Bourdeix ez al., 2005).

Earlier work carried out in soybean (Glycine max) by Heitholt & Egli (1985)
showed that flower removal impacted positively on total dry matter content of the
plant. Working further on soybean, Saravitz et al. (1994) reported that during
reproductive development, seeds become a dominant sink for nitrogen and carbon.
Subsequent removal of newly formed soybean pods led to dry matter partitioning
being diverted to vegetative development resulting in increased number of leaves
with higher total area. Earlier studies in lily plant by Wang & Breen (1986) using
Easter lily indicated that removal of flower buds augmented the supply of carbon
to the bulb. Further work by Datuluri & Misra (2002) using Asiatic lily buttressed

the point that removal of floral structures in lily augmented the supply of carbon to

economically important yield components.

Pace et al. (1999) and Binnie & Clifford (1999) reported on photosynthate

and dry matter partitioning in cotton (Gosyypium hirsutum) and dwarf bean
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(Phaseolus vulgaris) respectively. Using the 14C labelling technique, Pace et al.
(1999) showed that main stem leaves were the key source of photosynthate to the
dominant bolls whilst Binnie & Clifford (1999) observed that pods that successfully
grew to maturity enjoyed high sink activity and those that abscised suffered low
sink activity. Using the 13C labelling technique in rice (Oryza sativa), Mohapatra
et al. (2004) noticed that partitioning of photosynthate did not only vary along the
growth stages but with panicle size. They found that uptake of 13C by the three
leaves at the post-heading stage was translocated mainly to grains and hull of the
panicle. Etebom & Chimezie (2016) assessed source - sink relationship in
Waterleaf (Talinum triangulare) based on farmers’ belief that removal of
inflorescence which emerges very early in less than one month after germination
will boost edible leaf yield and concluded that weekly removal of inflorescence was
labour cost-effective and resulted in higher leaf vegetable yield. Corley & Tinker
(2003) observed that removal of early inflorescence in oil palm enhanced better

palm growth through better stem girth and root development.

2.5.3 Inflorescence tapping

Inflorescence tapping is the practice of stimulating the spadix of palms to
produce sap. The process of stimulating the spadix is known as tapping. Earlier
observation made by Mathes (1984) suggested that inflorescence tapping was not

lethal to coconut but a tree management practice for enhancing coconut yield

performance.
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Sap is a mild alcoholic beverage with different local names in different
producing countries such as India (Toddy), Sri Lanka (Neera) and Ghana (Adoka).
According to Sudha ez al. (2019), inflorescence sap is the most lucrative item for
farmers among the products of coconut. It is rich in minerals, amino acids and
vitamins and used as nutritive drink. It can be processed into honey and coconut
sugar and many other value-added products. Export of sap and its value-added
products is seeing an increasing trend in Philippines, Indonesia and Thailand. The
authors think that promoting the production of coconut inflorescence sap will create
employment and provide coconut farmers with regular income thereby sustaining
the rural economy and contributing to GDP of producing countries involved.

Selection of palm for profitable sap production has to meet a certain
minimum criteria. Earlier studies carried out by Nathanael (1955) and relatively
recent work done by Magat (1966) recommended a well-sited (location with low
moisture deficit) middle-aged tree (around 40 years) with a well-developed crown
of leaves (robust and short petioles) and a good annual production of spadix whose
inflorescence has high female flower to male flower ratio. Sap yield vary from
200 ml to 1500 ml/palm/day depending on how well the criteria is met.

The method of tapping follow similar principles in the various coconut sap
producing countries. According to Sudha et al. (2019) a selected palm for tapping
is monitored for its spadix (unopened spathe) production. When the base of an
unopened spathe reaches it maximum swelling (due to developing inflorescence),
the spadix is selected and trained to respond to tapping by gentle beating with an

appropriate tool uniformly across its length in the morning and repeated in the
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evening. This done, the spadix is tied across its length to hinder it from opening.
After 7 days, a piece (7-10 cm in length) of the spadix is cut off at the top and the
handle of the tapping knife is used to pound the exposed surface. The operation is
continued and repeated either once or twice a day, with a cut of a thin slice at the
end of the spadix each time, till the sap starts to trickle. The sap is collected using
a treated earthen pot hung to the spadix. A thin slice of the spadix is cut off during
collection of sap, morning and evening till the spadix reduces to a piece (about
10 -15 cm) after which tapping ceases for the selected spadix. The flow of the sap

ranges from 10 - 25 days.

An ‘ancient’ work carried out by Patel (1938) showed that a continuous
tapping of the inflorescence of a palm for 6 -12 months resulted in a significant
increase in nut yield especially in palms with yield less that 70 nuts per year. He
indicated that the yield impact of tapping lasted for four years. Mathes (1984)
reporting on a relatively recent study in which low yielding palms (tapped) were
compared with high yielding palms (untapped) and very high yielding palms
(untapped) concluded that female to male flower ratio and fruit set percentage
improved tremendously for low yielding palms which were tapped leading to a
potential nut yield which was twice the nut yield potential of very high yielding
palms (untapped) and thrice that of high yielding palms (untapped). The tree
management technique applied by farmer tappers is to tap poor-yielding palms for
a season or two and then allow those palms to produce nuts. Tapping is again

resumed in such palms when the yield begins to dwindle.
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2.5.4 Coconut fruit thinning

Fruit thinning refers to the removal of excess fruits after fruit set and natural
fruit drop (Valenzuela, 1992; Falivene & Hardy, 2008). Under favourable
conditions most fruit trees tend to set more fruit than necessary (Ouma, 2012).
Depending on the crop, fruit thinning is done to improve fruit set, increase fruit
size, enhance fruit quality, forestall damage due to breakage of branches or
stimulate flower initiation (Chacko et al., 1982; Westwood, 1993; Jackson &

Frederich, 1999).

Fruit thinning is a common practice with well-documented studies carried
out in many tree crops including citrus, grapes, mango, pear and apple. However in
coconut, literature on fruit thinning is quite limited even though in Philippines, fruit
thinning is used to ensure good development of seed nuts in Catigan Green Dwarf
coconut seed gardens (Bourdeix et al., 2005). Locally, neither farmers nor the
Coconut Stations of the CSIR-Oil Palm Research Institute leverage on the benefits
of fruit thinning even though some coconut ecotypes, typically the Sri Lanka Green
Dwarf, take on high nut numbers per bunch but nut sizes are small with poor fruit

component characteristics.

The general methods of thinning could be categorized as manual,
mechanical and chemical method. Ouma (2012) indicated that the manual involves
the use of the hand for thinning whilst the mechanical engages machinery in the
thinning and the chemicz.xl requires the application nitrogen fertilizers (e.g. urea and
calcium nitrate) or plant hormones (e.g. cytokinins, auxins and gibberellins). The
nitrogen fertilizers are applied at high concentrations and spray volume at the pre-

39

Digitized by Sam Jonah Library



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

blossom stage to cause thinning effect on blossoms by scorching (Ouma, 2012).
Cytokinins initiate fruit thinning through reduction of net carbon dioxide
assimilation rate leading to a decrease of energy available for developing fruit
thereby promoting abscission (Stopar et al., 1997). Gibberellins trigger fruit
thinning through inhibition of flower initiation (Valenzuela, 1992). Auxins and
Ethylene act through formation of abscission layers to cause fruit thinning (Smith

& Hall, 1993; Bangerth, 2000).

2.6 Coconut Hybridization

Coconut hybridization is a tree management practice which involves the use
of an artificial process to cross a dwarf palm with a tall palm to produce a new
variety called coconut hybrid. The dwarf and the tall varieties selected for
hybridization usually possess desirable characteristics, such as early bearing, high
yielding and pest & disease tolerance, which are strongly expressed in the new
variety as hybrid vigour (Harries, 1976). The hybridization process goes through
five stages namely; parental selection, pollen collection, isolation of female

flowers, pollination and harvesting.

2.6.1 Parental selection

According to Taffin (1998) a dwarf and a tall ecotypes are carefully selected
based on phenotypic expressions, desirable characteristics, vegetative and

reproductive performance, among others. The dwarf ecotype is most of the time
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used as the female or ‘mother’ palm whilst the tall ecotype is usually engaged as

the male or ‘father’ palm.

2.6.2 Pollen collection

The pollen is collected exclusively from the male palm. The inflorescence
of the male palm is isolated by bagging with a recommended collection bag. The
timely bagging (a day before or after spathe opening) forestalls possible pollen
contamination. The inflorescence is isolated for 6 days after which the male flowers
are harvested from the spikelets. At the pollen laboratory, the male flowers are
subjected to recommended treatments to enable viable pollen to be extracted. The
extracted pollen is then prepared and conditioned under a high vacuum for storage

in a freezer (Santos et al., 1996).

2.6.3 Isolation of female flowers

Harries (1976) indicated that emasculation, which refers to the removal of
male inflorescence, is carried out on the mother palms as the first step to isolating
the female flowers. This is followed by bagging of the emasculated inflorescence
using a recommended isolation bag. The bagging is done not later than 6 days

before any of the female flowers on the emasculated inflorescence become

receptive.

2.6.4 Pollination

According to Santos et al. (1996) the isolated female flowers must be
inspected daily after bagging to determine the exact date the female flowers become
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receptive so that pollination can be done. Receptivity is confirmed when splitting
of stigma and secretion of nectar are observed. The pollen in storage is removed
from the deep freezer and prepared for pollination after isolated flowers have
become receptive. After successful pollination, the stigma of the female flowers
wither within six days after the last pollination. The isolation bag is then removed

following the withering of the stigmas of the flowers.

2.6.5 Harvesting

Fruits that set successfully become fully mature after 11 to 12 months.
Harvesting therefore is done after 11 months and sent to the nursery to raise hybrid

seedlings for farmers (Taffin, 1998).
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CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1 Introduction

This chapter describes materials and methods used in carrying out the study
to achieve identified research objectives. The study assesses nursery and tree
management practices to develop interventions for improving seed nut germination
and vigour and seedling quality and vigour of the SGD x VTT coconut hybrid and
fruit characteristics of the SGD coconut variety. Materials and methods applied
generally in the study are recounted here but procedures that are peculiar to specific

experiments are reported under the appropriate chapters.

3.2 Description of Study Area

The study was carried out at two locations within the Rain Forest Zone of
South-Western Ghana namely; Agona-Nkwanta (4°52'N 1°58"W) and Badukrom
(5°00°N 1°37°W) in the Western Region. The climatic environment of the Rain
Forest Zone is characterized by bi-modal rainfall distribution from April-July
(major rainy season) and September-December (minor rainy season) with a mean
above 1,700 mm per annum. The relative humidity of the area is high with a mean
range of 75%-85% in the rainy season and 70%-80% in the dry season. The
maximum mean temperature is around 34°C which falls between March and April

whilst the least mean temperature is around 20°C observed in August. Its soils are
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highly leached and acidic and classified as Utisols in the USDA (1960, 1967) soil

classification.

3.3 Soil Sampling and Analysis

The experimental sites were zoned into replicates, where field conditions
are uniform, for sampling. Sampling was done randomly within replicates at two
depth levels: 0 - 20 cm and 21- 40 cm with a 10-cm soil augur. Samples of the same
replicate and depth were bulked together and mixed thoroughly to obtain composite
samples. About 200 g of each composite sample was fetched, air-dried, packaged
and labeled for analysis at the Soil Science Laboratory of University of Cape Coast.
Parameters determined were particle size, pH, organic carbon (%), total nitrogen
(%), exchangeable bases (Ca**, Mg?*, Na* and K*) and available phosphorus

(Magat, 2003).

3.3.1 Determination of particle size

The pipette method as described by Rowell (1994) was used to carry out the
soil particle size analysis. Ten grams (10 g) of soil sample was weighed into a 500
ml beaker followed by 20 ml of hydrogen peroxide and then allowed to stand until
frothing was over. The suspension was heated to destroy the organic matter
completely, and then allowed to cool. The peroxide-treated soil was transferred into
a 500 ml plastic bottle followed by 10 ml of dispersing agent and a top up with

distilled water to 200 ml and then put in a mechanical shaker overnight. The
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contents were then transferred into a 500 ml measuring cylinder and topped up with

distilled water to 500 ml.

A plunger was used to stir the suspension to ensure thorough mixing. The
suspension was allowed to settle for 40 seconds and a pipet was used to draw 25 ml
of the suspension from 10 cm below the surface into a weighed beaker. This first
pipetted suspension was supposed to contain silt and clay. The suspension was
allowed to settle for 5 hours and 25 ml of the suspension was drawn off at 10 cm
depth. This second pipetted suspension was supposed to contain clay only. The
pipetted suspensions were dried at 105°C till constant weight was achieved. The
supernatant liquid of the remaining suspension in the 500 ml measuring cylinder
was gently poured off and the sediment was transferred into a beaker. The sediment
was repeatedly washed through dilution with distilled water, stirring, settling and
decanting till a clear supernatant was obtained. The sand was transferred to a

weighed beaker and dried at 105°C till constant weight was achieved.

The proportions of silt, clay and sand in the soil were estimated using the

various formulae listed below:

Mass of sand x 100
Mass of oven dried soil

1. % Sand =

Mass of siltin 25ml x 500
25

2. Total mass of silt =

Mass of silt x 100
Mass of oven dried soil

3. Bilt=
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Mass of clay in 25ml x 500
25

4. Total mass of clay =

Mass of clay x 100

5. %Clay=
ol Mass of oven dried soil

The USDA textural triangle (Rowell, 1994) was used to determine the textural

classes of the soil samples.

3.3.2 Determination of soil pH

Ten grams (10 g) of soil sample was weighed into a test tube and 25 ml of
distilled water was added then put in a mechanical shaker for 15 minutes after

which a pH meter was used to determine the pH (Rowell, 1994).
3.3.3 Determination of organic carbon

One gram (1 g) of soil sample was weighed into a 500 ml conical flask and
10 ml of 0.1667 M potassium dichromate solution was added followed by 20 ml of
concentrated sulphuric acid. The mixture was thoroughly shaken and then allowed
30 minutes for reaction to complete. The reaction mixture was diluted with 200 ml
of distilled water and 10 ml of phosphoric acid was added followed by 10 ml of
sodium fluoride solution and 1ml of diphenylamine indicator. This was titrated
against 0.5 M ammonium ferrous sulphate solution to a green colour. A blank was
ran alongside the samples. The formula below was used to determine the percent

organic carbon (FAO, 2008).
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(S-B) x Molarity of Fe2* x 0.003 x 100
Weight of sample x 77

% Organic carbon =

% Organic matter = % Organic carbon x 1.724

Where;
B = Blank titre

S = Sample titre

3.3.4 Determination of total nitrogen

One gram (1.0 g) of soil sample was weighed into a digestion flask and
0.2 g of catalyst was added followed by 3 ml of concentrated sulphuric acid. The
digestion flask and its contents were put in a bloc digester at 380°C for 2 hours. The
digest, after the digestion, was allowed to cool and after which it was diluted with
distilled water to a volume of 50 ml. An aliquot of 20 ml of the digest was pipetted
into the reaction chamber of a steam distillation apparatus followed by 10 ml of
alkali mixture to begin the distillation. About 40 ml of the distillate was collected
in a boric acid indicator. The distillate was titrated against 1/140 HCI until there
was a colour change from green to a wine. Blank determination was done alongside.

The formula below was used to determine the nitrogen percentage.

(S — B) x Solution volume
Aliquot volume x Sample weight x 102

% Nitrogen =

Where;
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S = Sample titre

B= blank titre

3.3.5 Determination of exchangeable bases (Ca?*, Mg?*, Na* and K*)

The determination of the exchangeable bases were done by the method described
by Rowell (1994). Five grams (5 g) of sieved soil sample was weighed into 50 ml
centrifuge tubes followed by 20 ml of ammonium acetate solution and then shaken
for 1 hour and allowed to stand overnight. The suspension was transferred into 100
ml conical flask fitted with Whatman filter paper. The soil trapped on the filter
paper was successively leached with 20 ml of the ammonium acetate solution until
100 ml of the filtrate was obtained. The collected filtrate was used for the

determination of calcium, magnesium, sodium and potassium,

An aliquot of 25 ml of the filtrate was pipetted in a 250 ml conical flask and
the filtrate was diluted to 150 ml with distilled water. Fifteen (15) ml of buffer
solution and 1 ml each of potassium cyanide, hydroxylamine hydrochloride,
potassium ferro-cyanide and triethanolamine (TEA) were added followed by 5
drops of erichrome black T (EBT). The solution was titrated against 0.005 M
ethylene diamine tetra-acetic acid (EDTA) to enable the concentration of calcium

and magnesium together to be calculated.

Another aliquot of 25 ml of the filtrate was pipetted in a 250 ml conical
flask and the filtrate was diluted to 150 ml with distilled water. One (1) ml each of
potassium cyanide, hydroxylamine hydrochloride, potassium ferro-cyanide and

triethanolamine were added followed by 5 drops of calcon indicator. The solution
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was titrated with 0.005 M EDTA to enable the concentration of calcium only to be

calculated.

The potassium and sodium concentrations were determined using a flame
photometer. The concentrations of the exchangeable bases were calculated using

the various formulae below:

4 x titre volume
Weight of soil (g)

Exchangeable Mg =

4 x titre volume
Weight of soil (g)

Exchangeable Ca =

ok i kel o Cx0.256
molc K" kg™ soi Weight of soil (g)

o SR o Cx0.44
molc Na” kg™ soil = Weight of soil (g)

Where;

C = concentration from calibration curve

3.3.6 Determination of available phosphorus

Bray 1 method was used to determine the available phosphorus in the soil
samples. One gram (1 g) of the air-dried soil sample was weighed into a 50 ml
centrifuge tube and 10 ml of Bray 1 extraction solution was added. Bray 1 solution
was prepared using 15 ml of 1.0 N ammonium fluoride and 25 ml of 0.5 N

hydrochloric acid. The tube was placed in a mechanical shaker for 5 minutes and
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the contents transferred into a 50 ml conical flask fitted with Whatman filter paper
to leach the soil solution. Two (2) ml aliquot of the filtrate was pipetted into a 25
ml round bottom test tube followed by 4 ml colour forming reagent called reagent
B. Reagent B is a solution of ammonium molybdate and potassium antimony
tartrate in ascorbic acid. The final solution was topped up with distilled water to 25
ml and allowed to stand for 10 minutes for colour development. The absorbance of

the solution was read using spectrophotometer (CE 1000 series) at 882 nm.

Standard working solutions of phosphorus (0, 0.1, 0.2, 0.4, 0.6, 0.8 and 1.0
pg/ml) were prepared from 5 pg P/ml stock solution. The standard solutions were
allowed to stand for 15 minutes for the colour to develop and their absorbance read
using the spectrophotometer at 882 nm. A calibration curve was obtained by
plotting absorbance against concentration for the standard solution. Concentration
of phosphorus in soil sample aliquot was calculated using the calibration curve from

the formula below:

4 N C x dilution factor
a4 Weight of soil (g)

Where;

C = concentration of P obtained from calibration curve (ug ml™)

3.4 Leaf Sampling and Analysis

Reference leaves were selected for sampling. Leaf rank 4 or 9 was selected

as reference for young palms whilst 2 and 14 were selected for seedlings and adult
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palms respectively (Magat, 2003; Andoh-Mensah et al., 2005). Sampling was done
from the reference leaf by detaching 6 leaflets from the middle of the rachis, 3 each
on both sides. Leaf samples of the same treatment were bulked to obtain composite
samples. The samples were trimmed at both ends and cleaned using distilled water
and cotton wool after midribs have been removed. The cleaned samples were
oven-dried at 40°C for 72 hours, allowed to cool, packaged and appropriately
labelled. Analysis was done at the Soil Science Laboratory of University of Cape
Coast. At the laboratory, the samples were homogenized into powdery form and

analyzed for leaf nitrogen, phosphorus, potassium, calcium and magnesium.

3.4.1 Determination of leaf nitrogen

The nitrogen content of the leaf samples was determined by using the
Micro-Kjedahl method (Rowell, 1994). The procedure involves digestion,

distillation and titration.

3.4.1.1 Digestion

The digestion, which aimed at breaking down organically bonded nitrogen
in the sample and convert them into ammonium ions, was carried out as outlined in
Stewarte ef al., (1974). A quantity of the sample weighing 200 mg was placed in a
100 ml Kjedahl flask followed by 4.4 ml of mixed digestion reagent. The mixed
digestion reagent was made up of 350 ml of hydrogen peroxide, 0.42 g of selenium
powder, 14 g of lithium sulphate and 420 ml sulphuric acid. The sample was

digested using Tecator Digester 2012 by heating for 2 hours at 360°C. After the
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digestion was complete, the clear digest was allowed to cool to room temperature
after which it was transferred into a 100 ml volumetric flask and made up to volume.

Blank digests were also prepared using the same procedure.

3.4.1.2 Distillation

A distillation apparatus was set up and steam was passed through it for about
20 minutes. A 100 ml conical flask containing 5 ml of 2% boric acid indicator
solution was placed under the condenser of the distillation apparatus. An aliquot of
the sample digest was transferred into the reaction chamber through the trap funnel
and 10 ml of alkali mixture was added. Distillation was commenced and 50 ml of

the distillate was collected.

3.4.1.3 Titration

The distillate was titrated against a 0.0071 M HCI and a colour change was
noted from green to red wine end point. The blank digests were also treated same
way. The titre values were recorded. The formula below was used for the estimation

of nitrogen.

(S-B)xMxAxDx100
w

N (%) =

Where;
S = volume of 0.0071 M HCl used for sample titration
B = volume of 0.0071 M HCI used for blank titration

52

Digitized by Sam Jonah Library



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

M = molarity of HC]
A = atomic weight of nitrogen
D = sample dilution factor

100 = factor for converting N to %

3.4.2 Determination of leaf phosphorus

Total phosphorus in leaf was determined using Ammonium Molybdate-
Ascorbic Acid method. The method requires preparation of P standard solutions
and colour forming reagents A and B. Reagent A was prepared by mixing together
three solutions in a 2 litre volumetric flask and making up to the mark with distilled
water. The three solutions were: 12 g of ammonium molybdate contained in 20 ml
distilled water, 0.2908 g of potassium antimony tartrate contained in 100 ml
distilled water and 1,000 ml of 2.5 M sulphuric acid. Reagent B was prepared by
dissolving 1.56 g of ascorbic acid in every 200 ml of reagent A. Five (5) ug P
ml! (ppm) of standard solution was prepared from a 100 ppm P stock solution.
Phosphorus concentrations of 0, 0.1, 0.2, 0.4, 0.6, 0.8 and 1.0 ppm (working
standard solutions) were prepared from 5 ppm standard solution. Then, two (2) sets
of working standard solutions contained in 25 ml volumetric flasks were formed.
Two (2) ml aliquots of both the sample digest and the blank digest were pipetted
into each set of working standards to give the samples and the standards the same
background solution. Ten (10) ml of distilled water was added to the standards as

well as the samples after which 4 ml of reagent B was added and their volumes
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made up to 25 ml with distilled water and mixed thoroughly. The flasks were

allowed to stand for 15 minutes for colour development.

Spectrophotometer (CECIL CE1021, 1000 SERIES) was made ready by
warming it up for 20 minutes followed by calibration using 0 ppm blank standard.
The readings (absorbances) of the concentrations of phosphorus in both the working
standards and samples were done on the spectrophotometer at 880 nm wavelength.
A standard curve was plotted using their concentrations and absorbances of the
working standards. The concentrations of P in the sample solutions were
extrapolated from the standard curve. The concentration of P in the various leaf

samples were estimated using the following equation:

CxDx100

P(%) = —ygu

P = Concentration of P in the leaf

C = Concentration of P as obtained from the standard curve
D = Dilution factor
W = Sample weight (mg)

100 = Factor for converting P to %

3.4.3 Determination of leaf calcium and magnesium

Determination of leaf calcium and magnesium was done using the EDTA

Titration Method. An aliquot of 10 ml of sample solution was pipetted in a 250 ml

conical flask and solution diluted to 150 ml with distilled water. Fifteen (15) ml of
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buffer solution and 1 ml each of potassium cyanide, hydroxylamine hydrochloride,
potassium ferro-cyanide and triethanolamine (TEA) were added followed by 5
drops of erichrome black T (EBT). The solution was titrated against 0.005 M
ethylene diamine tetra-acetic acid (EDTA) to enable the concentration magnesium

together to be calculated.

Another aliquot of 10 ml of sample solution was pipetted in a 250 ml conical
flask and solution diluted to 150 ml with distilled water. 1 ml each of potassium
cyanide, hydroxylamine hydrochloride, potassium ferro-cyanide and
triethanolamine were added followed by 5 drops of calcon indicator. The solution
was titrated with 0.005 M EDTA to enable the concentration of calcium to be
calculated. The concentrations of elemental calcium and magnesium in leaf were

calculated using the formulae below:

MxMwtxTx 100
Swt

Leaf element (%) =

Where;

M = Molarity of EDTA

Mwt = Molecular weight of element
T = Titre value

Swt = Sample weight (mg)

100 = Factor for converting element to %
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3.4.4 Determination of leaf potassium and sodium

Flame photometer was used to determine the concentrations of potassium
and sodium in the leaf sample digests. Working standards of 0, 2, 4, 6, 8 and 10 ug
ml! (ppm) were prepared for both potassium and sodium. The working standards
and the sample solutions were introduced into the flame photometer one after the
other and their emissions recorded. A standard curve was plotted using the
concentrations and emissions of the working standards. The concentrations of the
sample solutions were extrapolated from the standard curve using their emission
readings. The concentrations of elemental potassium and sodium in leaf were

calculated using the formulae below:

C x Svol
Swt

Leaf element (ugml-!) =

C= Concentration of element as obtained from the standard curve
Svol = Solution volume

Swt = Sample weight

3.4.5 Determination of leaf sulphur

Leaf sample was subjected to di-acid digestion involving nitric acid and
perchloric acid (2:1). A quantity of leaf sample (0.5 g) was weighed into the
digestion flask and 10 ml of di-acid mixture was added. The content of the flask
was mixed by swirling after which it was placed in a digester. Heating was started

at a temperature of 90°C and then adjusted upwards to 200°C. Heating was
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continued until release of red nitrogen oxide fumes ceased and then continued
further till the content turned colourless. The digest was allowed to cool and then

diluted with 100 ml of distilled water.

Sulphur in the digest was measured by turbidimetric method. A 10 ml
aliquot of the digest was pipetted into a 25 ml volumetric flask followed by 10m!
of distilled water. One (1) ml of gelatin-barium chloride reagent was added and
mixed thoroughly after which it was allowed to stand for 30 minutes. Standard
sulphur solutions of 0, 1, 2, 3. 4 and 5 pug ml™" were prepared followed by addition
of 1 ml gelatin-barium chloride reagent and 10 ml of blank digest and then made
up to the volume with distilled water. The absorbances of the standard and sample
solutions were determined on a spectrophotometer at a wavelength of 420 nm. A
standard curve was plotted using the concentrations and absorbances of the working
standards. The concentrations of the sample solutions were extrapolated from the
standard curve using their absorbance readings. The concentrations of elemental

sulphur in leaf were calculated using the formula below:

C x Svol

Leaf element (ugml-!) = =

C = Concentration of element as obtained from the standard curve
Svol = Solution volume

Swt = Sample weight
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3.5 Data Management and Statistical Analysis

Data collected were entered into a database created with Microsoft Excel
2013 and cross-checked with general field observations to remove errors. The
boxplot graphical technique was used to test the data for normal distribution.
Generally, data collected did not pass the normality test. Hence, appropriate
regression analyses which are less stringent to normality, were used to model the
data since scale transformation is often not suitable especially for count data
generated within a specified period of days. Such data followed Poisson distribution

making the application of Poisson regression analysis more appropriate.

Data analysis was done using Genstat Statistical Software (Version
12.1, Lawes Agricultural Trust, VSN International). Predictions from the
regression models were used as estimates of mean values and separation of means
was done at 5% least significant difference of predictions. Tables of least significant
differences for separation of mean estimates are presented in the appropriate

appendix.
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CHAPTER FOUR

4.0 GERMINATION OF SGD x VIT COCONUT HYBRID SEED NUTS

4.1 Introduction

The increase in demand for coconut and its value-added products globally
(Floresca, 2004; Carandang, 2005) and the favourable political climate created for
its cultivation locally through Government of Ghana flagship programmes such as
“Planting for Export and Rural Development” should have led to a rapid expansion
of the coconut subsector into the hinterland across ten potential coconut growing
regions of Ghana but for limited availability of recommended coconut seedlings.
The SGD x VTT coconut hybrid is officially recommended by research for
commercial planting in CSPWD endemic and potentially endemic areas due to its
high tolerance to the disease and good agronomic characteristics (Dery et al., 2008,
Dare et al., 2010).

However, the coconut hybrid has a seed nut germination rate of 60-70%
(Owusu, 2014) resulting in 30-40% of potential SGD x VTT coconut hybrid
seedlings produced annually being lost at the nursery stage. In the face of high
demand for CSPWD tolerant coconut seedlings, this loss is a major concern, Efforts
to improve germination of SGD x VTT coconut hybrid seed nut necessitated the
need to investigate pre-nursery practices involving planting medium, soaking

treatment, planting depth and seed nut size.
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Four experiments were carried out to investigate planting medium, soaking
treatment, planting depth, seed nut size and their interactions. The four experiments

have been appropriately reported under their respective subsections in this chapter.

4.2 Experiment 1: Effect of Soaking Treatment and Medium on
Germination and Vigour of SGD x VTT Coconut Hybrid Seed
Nut

4.2.1 Introduction

In coconut, there is little scientific information on how seed nut germination
is influenced by planting medium and soaking treatment. The soaking of seed either
in water or nutrient solution, according to Bewley & Black (1994), is believed to
enhance germination since the process begins with absorption of water and
nutrients by the embryo. Copeland & McDonald (1999) indicated that soaking of
pine walnut in 0.15% potassium nitrate solution improved germination. Also, Bian
et al. (2013) reported 65.3% seed germination rate in red palm when seeds are

soaked in 0.6% potassium nitrate solution for 24 hours as compared with 36% in

the control.

The superiority of potassium nitrate solution as a soaking medium lies in its
ability to make oxygen, potassium ions and nitric acid available after
decomposition. The oxygen is required for seed respiration which stimulates the

breakdown of seed carbohydrate into simple sugars for energy generation to support
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germination (Poljakoff-Mayber, 1989; Bewley & Black, 1994). The nitric acid
makes the seed shell more porous to dissolved oxygen uptake and the potassium

ions facilitate water absorption (Dwiyono & Djauhari, 2021).

Planting medium is known to influence germination of all types of seeds
(Abad er al., 2002; Agbo & Omaliko, 2006; Bhardwaj, 2002) since physical and
chemical properties of a medium affect availability of nutrients, water and oxygen
required for germination (Dwiyono & Djauhari, 2021). In the coconut belt of South
Western Ghana, there is a good availability of sawdust and cocoa bean shell as a
result of activities of sawmill and cocoa processing factories in the belt. Sawdust
and cocoa bean shell, as reviewed in Chapter 2, Section 2.3.3, could provide
effective options for coconut germination besides soil medium.

Experiment 1 assesses the effect of soaking treatment and medium on

germination and vigour of SGD x VTT coconut hybrid seed nut.

4.2.2 Materials and methods

4.2.2.1 Description of the Study Area

Experiment | was carried out at Agona-Nkwanta, at the Coconut Station of
the CSIR- Oil Palm Research Institute. The station was located close to the source
of the planting material for the study and had adequate space and watering facilities

for nursery. The description of the study area is presented in Chapter 3.
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4.2.2.2 Experimental Design and Treatments

A split-plot design with 3 replicates was used to assess 3 types of planting
media (topsoil, semi-decomposed cocoa bean shell and decomposed sawdust)
assigned to main plots and 3 different soaking treatments (soaking in water, soaking
in 1% KNOj3 solution and control) assigned to subplots. Bottomless wooden boxes
(Figure 4.1) of dimension 2.4 m x 1.0 m x 0.2 m each were filled to the brim with
topsoil, decomposed sawdust or semi-decomposed cocoa bean shell. The main plots
were partitioned into 3 subplots of dimension 0.8 m x 1.0 m x 0.2 m each to contain

20 seed nuts/plot.

Figure 4.1 Bottomless wooden boxes
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4.2.2.3 Seed Nut Harvesting and Preparation

Matured seed nuts of SGD x VTT coconut hybrid were harvested at the
Bamiankor Seed Garden of CSIR - Oil Palm Research Institute and transported to
the Agona Nkwanta Station. After curing for one week, 540 seed nuts were selected
randomly for paring. One hundred and eighty (180) each were soaked in water and

1% KNOs solution respectively. The remaining 180 served as control.

4.2.2.4 Soaking Treatment

A 200-litre capacity aluminum basins with dimensions 2 m x Im x 0.1 m
were constructed for the soaking treatment. Potassium nitrate solution was prepared
by measuring 99 litres of water, using a measuring container, into the aluminum
basin and dissolving 1 kg of potassium nitrate 13-0-46 in the water to obtain
1% (w/v) solution of KNOs. Seed nuts were arranged in the soaking medium
(potassium nitrate solution or water) contained in the basin (Marar & Shambhu,
1961) with the pared portion of the seed nuts submerged in the soaking medium.
Soaking was done for 48 hours but the soaking medium was renewed after 24 hours

to keep availability of oxygen in soaking medium at satisfactory level for seed nut

germination initiation.

4.2.2.5 Seed Nut Planting

The bottomless wooden boxes were filled to the brim with topsoil,
decomposed sawdust or sem i-decomposed cocoa bean shell and then seed nuts were

planted by fully burying them in their respective media (Figure 4.2). The main plot
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with dimension 2.4 m x 1.0 m x 0.2 m were planted with 60 seed nuts whilst the

subplot with dimension 0.8 m x 1.0 m x 0.2 m was planted with 20 seed nuts

arranged in 4 rows with 5 seed nuts in a row.

Figure 4.2 Bottomless wooden boxes filled with planting media

4.2.2.6 Maintenance Culture

Hand picking was used to keep the planting medium free from weeds whilst
hand weeding with cutlass was used to control weeds in the spaces within the
experimental layout. Water from a dug-out well was used for hand watering through
a rubber hose fitted to a pipe stand connected to a pump in the well. Watering was
done every other day in absence of rains for 2 hours 15 minutes between 2-5 pm.
Each block (replicate) was watered for 45 minutes. Termite infestation was

controlled by treating planting medium with Dursban*Pro pesticide which contains

chlorpyrifos as active ingredient.
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4.2.2.7 Data Collection

Days to germination (primary data) were collected within a period of 90
days (Santos et al., 1996). Secondary data derived from the primary data were final
germination percentage, time to 50% germination and germination index. Final
germination percentage gives a measure of germination rate whilst time to 50%
germination measures speed of germination. Germination index and speed of

germination give an indication of seed nut vigour (Santos et al., 1996).

Other relevant data taken were temperature and moisture content of planting
medium. Temperature of planting medium impacts on the activity level of enzymes
such as lipase, a-amylase and protease, which facilitate the hydrolysis of stored
food in seeds for uptake by developing embryo during germination (Ahmadi ez al.,
2007). The moisture content of planting medium influences seed access to moisture
critical for germination. Measurements of temperature and moisture content could

provide further insight into physical properties of planting medium.

4.2.2.7.1 Moisture content of planting medium

Planting media were watered adequately and then allowed to drain for 8
hours. Samples of 100 g each of topsoil, decomposed sawdust and semi-
decomposed cocoa bean shell were taken and oven dried at 80°C for 72 hours. The

percentage moisture content (MC %) was calculated from the formula:

Loss in sample weightx 100
Dry weight of sample

MC % =
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4.2.2.7.2 Temperature of planting medium

Soil thermometer was used to measure temperature of planting medium in
the morning between 9-10 am and in the afternoon between 3-4 pm. At each
measurement, the thermometer bulb was inserted gently up to 15 c¢m depth of

planting medium. Temperature reading was taken after 10 minutes following

insertion.
4.2.2.7.3 Final germination percentage

Final germination percentage (FGP) gives an estimate of final germination
obtained from a seed lot after a defined period. The higher the FGP estimate the
greater the germination obtained from a seed lot after a given period of time. It is a
measure of germination rate. The formula of Scott et al., (1984) was used to
calculate FGP.

Number of germinated seeds x 100
FGP =

Number of seeds sown

4.2.2.7.4 Time to 50% germination

Time to 50% germination (Tso) refers to time taken to reach 50% of the
maximum germination obtained. It is a measure of speed of germination and for
coconut, this parameter was recommended by Santos e al., (1996) for estimation
of speed of germination which gives an indication of seed nut vigour. Tso was

calculated using the formula of Coolbear er al., (1984) which was modified by

Farooq et al., (2005).
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_ i+ Gni)(ti-tj)]
ni—nj

Tso

Where;

N is the final number of seeds germinated and n;j, nj cumulative number of seeds

; . " " N
germinated by adjacent counts at times tj and tj respectively, when n;j < 5 <nj.

4.2.2.7.5 Germination index

Germination index (GI) has been identified as the single most precise
measure of seed germination. It gives maximum weight to seeds that germinate
early and less to those that germinate later (Bench et al., 1991). It is a good measure
of germination rate and indication of seed nut vigour as it takes into account
germination percentage, speed and spread (Kader, 2005). GI was calculated using

the formula of Association of Official Seed Analysts (AOSA, 1983).

_Gl+6G24 +Gn

Gl Tl 442 Tn

Where G1, G2, ... , Gn refer to the number of germinated seed on the first count,
second count and so on until the last count (n), respectively, and T1, T2 ,..., Tn:
number of days between sowing and the first count, between the sowing and the

second count, and so on until the last count (n), respectively.

4.2.2.8 Data Management and Statistical Analysis
The data management and statistical analysis were carried out as described

in Chapter 3, Section 3.5.
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4.2.3 Results

4.2.3.1 Moisture Content of Planting Medium

The moisture content of the planting media was highest for cocoa bean shell
(mean of 144.4% =+ 6.70) followed by sawdust (mean of 87.3% = 6.70) and topsoil
(mean of 34.4 + 2.45). The cocoa bean shell capacity to hold water was 4.2 - fold

higher than the topsoil medium and 1.5 - fold more than sawdust medium.

4.2.3.2 Temperature of Planting Medium

Morning and afternoon mean temperatures of planting medium from
February - May 2020 are presented in Table 4.1. Temperatures of planting media
were not significantly (P>0.05) different at 10.00 a.m. but at 3.00 pm, differences
were significant (P< 0.05) (Appendix 1). The mean temperature of the topsoil at
3.00 pm was significantly (P<0.05) higher than that of cocoa bean shell and sawdust

media by 2.4°C and 2.0°C respectively.

Table 4.1 Morning and afternoon mean temperatures of planting
medium from February-May 2020

Planting Temp °C Temp °C
medium 10.00 am 3.00 pm
Cocoa Bean Shell 30.50 = 0.592a 31.86 + 0.605b
Top soil 30.89 £ 0.593a 34.23 £0.627c
Sawdust 30.54 £ 0.590a 32.25 +0.609b

Mean estimates = S.E. with the same letters within columns are not significantly
different at P<0.05. LSD (0.05) of mean estimales is presented in Appendix 2.
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4.2.3.3 Final Germination Percentage

The final germination percentage of SGD x VTT coconut hybrid seed nuts
as influenced by soaking treatment and planting medium is presented in Table 4.2.
Data analysis showed significant (P<0.001) treatments effect on final germination
percentage (Appendix 3) which is a measure of germination rate. Germination rate
averaged 84.2%, 83.2% and 36.4% respectively for topsoil, sawdust and cocoa bean
shell media. The soaking treatment interaction with cocoa bean shell medium
significantly (P<0.05) reduced germination rate by 44.4% as compared with the
control. The difference in germination rate between topsoil and sawdust media was

not significant (P>0.05).

Table 4.2 Final germination percentage of SGD x VTT coconut hybrid seed
nuts as influenced by soaking treatment and planting medium

Final Germination %

Planting Soaking treatment
Medium

Control 1% KNO3 solution Water
Cocoa bean shell 51.7+2.93aA 27.5+2.14bB 30.0 £ 2.24bB
Top soil 825%3.71cC 85.2+3.78¢cC 85.0+ 3.76¢C
Sawdust 84.2 £3.75¢D 82.2+3.70cD 83.3%3.73¢D

Mean estimates + S.E. with the same capital letters within rows or same small letters within columns
are not significantly different, P=>0.05. LSD (0.05) of mean estimates is presented in Appendix 4.
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4.2.3.4 Time to 50% Germination

Time to 50% germination of SGD x VTT coconut hybrid seed nuts as
influenced by soaking treatment and planting medium is presented in Table 4.3.
Data analysis indicated significant (P<0.028) treatment effect on time to 50%
germination (Appendix 5) which measures speed of germination and gives an
indication of seed nut vigour. Sawdust medium interacted significantly (P<0.05)
with soaking treatment in 1% potassium nitrate solution to increase speed of
germination by 18.2% relative to the control and 16.4% as compared with topsoil.
Cocoa bean shell and topsoil media interaction with soaking treatment did not

influence speed of germination significantly (P>0.05) relative to the control.

Table 4.3 Time to 50% germination of SGD x VIT coconut hybrid seed nuts as
influenced by soaking treatment and planting medium

Time to 50% Germination

Planting Soaking treatment
Medium

Control 1% KNO3 solution Water
Cocoa bean shell 44,0+ 2.71aA 40.0 £2.58aA 42.3 £2.66aA
Top soil 49.3 +2.87abB 51.2+2.92¢cB 50.5+2.87bB
Sawdust 52.3+2.93bC 42.8 £2.73aD 48.0 +2.83abCD

Mean estimates = S.E. with the same capital letters within rows or same small letters within columns
are not significantly different, P>0.03. LSD (0.05) of mean estimates is presented in Appendix 6.
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4.2.3.5 Germination Index

Germination index of SGD x VTT coconut hybrid seed nuts as influenced
by soaking treatment and planting medium is presented in Table 4.5. Data analysis
showed significant (P<0.01) treatments effect on germination index (Appendix 7),
which gives an indication of seed nut vigour. Germination index was averagely
3.84, 3.81 and 1.45 respectively for sawdust, topsoil and cocoa bean shell media.
The interaction effect between soaking treatment and planting medium (except
cocoa bean shell) was not significant (P>0.05) on germination index. The cocoa
bean shell medium and soaking treatment interaction significantly (P<0.05)
reduced germination index by 55.8% relative to the control. The difference
(P>0.05) in germination index between topsoil and sawdust media was not

significant (P>0.05).

Table 4.4 Germination index of SGD x VTT coconut hybrid seed nuts as
influenced by soaking treatment and planting medium

Germination Index

Planting Soaking treatment
Medium

Control 1% KNO3 solution Water
Cocoa bean shell 2.31 £0.62aA 1.02 +0.49aB 1.01 + 0.48aB
Top soil 3.86 £ 0.78bC 3.91 £0.80bC 3.67+0.78bC
Sawdust 3.87+0.79bD 3.93 £0.81bD 3.71 £0.79bD

Mean estimates = S.E. with the saine capital letters within rows or same small letters within columns
are not significantly different, P>0.05. LSD (0.05) of mean estimates is presented in Appendix 8.
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4.2.4 Discussion

4.2.4.1 Final Germination Percentage

In coconut nursery, soil medium is commonly used for pre-nursery
germination to the neglect of commonly available industrial by-products that could
possibly provide comparable or even better medium for pre-nursery germination of
coconut seed nuts. The final germination of 83.2% in decomposed sawdust medium
compared very well 84.2% obtained in topsoil indicating high suitability of
decomposed sawdust as planting medium for coconut seed nut. The excellent
performance of the decomposed sawdust could be attributed to its good physical
properties such as low bulk density, good porosity and water retention ability and
slow biodegradability (Horisawa et al., 1999). These physical properties might
have enabled the supply of basic factors required for seed germination including
water and oxygen (Dwiyono & Djauhari, 2021). Working on the effect of growing
media on seed germination of papaya, Bhardwaj (2014) attributed the best
performing medium to suitable physical properties that support germination of

papaya seeds.

On the other hand, the final germination percentage or rate of 36.4% in the
semi-decomposed cocoa bean shell indicates its low suitability as planting medium
for coconut seed nut. The poor performance of semi-decomposed cocoa bean shell

could be attributed to its excessive water holding property (moisture content of

144% at 8 hours after watering). The excessive moisture content might have filled

most of the air pores in the semi-decomposed cocoa bean shell thereby cutting off

72

Digitized by Sam Jonah Library



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

adequate supply of oxygen required for optimum respiration and germination of
seed nuts (Poljakoff-Mayber, 1989; Bewley & Black, 1994; Finch-Savage ef al.,
2004). The seed nut might have also taken in excess water that might have led to
physiological seed damage (Murungu, 2011).

The negative interaction effect between cocoa bean shell medium and
soaking treatment on final germination percentage could be attributed to excessive
moisture environment for seed nut due to soaking treatment and excessive water

holding property of cocoa bean shell as indicated earlier in this discussion.

4.2.4.2 Time to 50% Germination

Time to 50% germination gives an indication of the speed of germination;
and that the shorter the time the higher the speed. Santos e al. (1996) recommended
time to 50% germination as the standard measure for assessing speed of
germination in coconut. In this experiment, sawdust medium interacted
significantly (P<0.05) with soaking of seed nuts in 1% (w/v) potassium nitrate
solution to increase the speed of germination by 18.2% relative to the control and

16.4% as compared with topsoil medium.

This was in accordance with Basra et al. (2005) who observed that soaking
treatment during the early stages of priming activates the internal metabolism

required to trigger germination process thereby improving speed of germination

relative to control. Dwiyono & Djauhari (2021) established that soaking with

potassium nitrate solution increased the speed of germination for Indonesian

Konjac. Varier el al. (2010) observed that even though soaking treatment in general
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activates physiological processes including protein and mitochondria synthesis and
ATP production required to trigger seed germination, potassium nitrate soaking
treatment has additional ability to make oxygen, potassium ions and nitric acid
available to facilitate germination process. Since sawdust has suitable physical
properties able to meet oxygen and water requirement for germination (Horisawa
et al., 1999), there might be enhanced synergy between sawdust and potassium

nitrate soaking treatment leading to faster speed of germination.

4.2.4.3 Germination Index

Germination index has been identified as an excellent measure of
germination rate as it takes into account germination percentage, speed and spread
(Kader, 2005). The relatively high germination index in topsoil and sawdust media
could be explained to a large extent by the high germination percentage observed
in the two planting media. The suitability of sawdust as planting medium for seed
nut is confirmed by the high germination index comparable to that of topsoil. The
low germination percentage caused by the negative interaction effect between

cocoa bean shell and soaking treatment led to the observed reduction in germination

index due to the interaction.

4.2.5 Conclusion

Decomposed sawdust was identified as an alternative planting medium to
topsoil for SGD x VTT coconut hybrid seed nut germination. Interaction between
sawdust medium and soaking in 1% (w/v) potassium nitrate solution increased the
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speed of germination by 18.2% as compared with the control and 16.4% relative to
topsoil medium. Cocoa bean shell and soaking treatment interaction reduced

germination rate by 44.4% as compared with the control.

4.3 Experiment 2: Effect of Planting Depth and Medium on Germination and

Vigour of SGD x VTT Coconut Hybrid Seed Nut

4. 3. 1 Introduction

Planting medium has been established as a factor influencing germination
performance of seeds as reviewed in Section 4.2.1 of Chapter 4. Similarly, planting
depth is also recognized as an important factor in seed germination as it influences
seed temperature, seed-to-soil contact and access to moisture (Adeogun & Usman,

2012; Sharma et al., 2019).

Proctor & Sullivan (2013) observed that in American ginseng (Panax
quinquefolius L.), seed germination increased with increasing planting depth up to
approximately 2.7 cm. In evaluating planting depth (2 cm, 4 cm and 6 cm) and seed
size for germination of soursop (Annona muricata L.), Chima et al. (2017) reported
that seed germination was optimum at 2 cm sowing depth for large seed size. Field
observation indicates that under favourable moisture conditions, coconut

germination occurs over a wide range of planting depth, beginning from surface

placement to deep planting (Asgharipour, 2011; Adeogun & Usman, 2012).
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Notwithstanding, there is scanty scientific information on the influence of planting

depth and medium on coconut germination.

Experiment 2 assesses the effect of planting depth and medium on

germination and vigour of SGD x VTT coconut hybrid seed nut.

4.3.2 Materials and methods

4.3.2.1 Description of the Study Area

The study area has been described in section 4.2.2.1

4.3.2.2 Experimental Design and Treatments

A split-plot design with 3 replicates was used to assess 2 types of planting

media (topsoil and decomposed sawdust) assigned to main plots and 3 levels of
planting depths (PDp, PD; and PD3) assigned to subplots. Bottomless wooden

planters of dimension 2.4 m x 1 m x 0.2 m each were filled to the brim with topsoil
or decomposed sawdust to serve as the main plots. The main plots were partitioned
into 3 subplots of dimension 0.8 m x I m x 0.2 m each to contain 20 seed nuts/plot.

Treatments were assigned randomly within the main plots and subplots.

PDg = Planting by burying a quarter of the seed nut in medium (Control)
PD; = Planting by burying half of the seed nut in medium

PD; = Planting by burying seed nut fully in medium
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4.3.2.3 Seed Nut Harvesting and Preparation

Seed nut harvesting and preparation have been described in Section 4.2.2.

4.3.2.4 Seed Nur P lanting, Maintenance Culture and Data Collection

Seed nut planting, maintenance culture and data collection have been

described in Section 4.2.2

4.3.2.5 Data Management and Statistical Anal lysis
The data management and statistical analysis have been described in

Chapter 3, Section 3.5.

4.3.3 Results

4.3.3.1 Final Germination Percentage

Final germination percentage of SGD x VTT coconut hybrid seed nuts as
influenced by planting depth and medium is presented in Table 4.5. Data analysis
indicated significant (P<0.001) treatment effect on final germination percentage
(Appendix 9). Germination rate increased significantly (P<0.05) with increasing
planting depth. The interaction between planting medium and planting depth
impacted significantly (P<0.05) on germination rate. Fully buried seed nuts

produced an averaged germination rate of 88.3% as compared to 63.2% for the

control.
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Table 4.5 Final germination percentage of SGD x VIT coconut hybrid seed
nuts as influenced by planting depth and planting medium

Final Germination %

Planting

Medium Planting Depth

PDg PD, PD,
Top soil 71.3 + 4.94aA 81.7+5.22aAB 88.2 +5.43aB
Sawdust 55.0+ 4.28bC 783+ 5.11aD 88.3 + 5.42aD

Mean estimates + S.E. with the same capital letters within rows or same small letters within columns

are not significantly different, P>0.05. LSD (0.05) of mean estimates is presented in Appendix 10.
PDO = Planting by burying a quarter of the seed nut in medium (Control); PDI= Planting by
burying half of the seed nut in medium; PD2 = Planting by burying seed nut fully in medium

4.3.3.2 Time to 50% Germination

Time to 50% germination of SGD x VTT coconut hybrid seed nuts as
influenced by planting depth and planting medium is presented in Table 4.6. Data
analysis indicated significant (P<0.045) treatment effect on time to 50%
germination (Appendix 11). Sawdust medium and planting depth interaction
significantly (P<0.05) increased the speed of germination. The speed of
germination of fully buried seed nuts in sawdust medium was 30% faster than the

control. Also, the germination of fully buried seed nuts in sawdust medium was

22.9% quicker than in topsoil.
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Ta‘ble 4.6 Time to 50% germination of SGD x VTT coconut hybrid seed nuts
as influenced by planting depth and planting medium

Planting
Medium

Top soil

Sawdust

Time to 50% Germination

Planting depth
PDg PD; PD,

56.13 £4.33aA 53.93 + 4.24aA 53.53+4.21aA
59.20 + 4.44aB 53.43 £ 4.26aB 41.20%3.71bC

Mean estimates + S.E. with the same capital letters within rows or same small letters within columns
are not significantly different, P>0.05. LSD (0.05) of mean estimates is presented in Appendix 12.
PDO = Planting by burying a quarter of the seed nut in medium (Control); PD1= Planting by burying
half of the seed nut in medium; PD2 = Planting by burying seed nut fully in medium

4.3.3.3 Germination Index

Germination index of SGD x VTT coconut hybrid seed nuts as influenced

by planting depth and medium is presented in Table 4.7. Data analysis showed

significant (P<0.05) treatment effect on germination index (Appendix 13). The

interaction effect between planting medium and planting depth was not significant

(P<0.05) on germination index. Germination index of fully buried seed nuts was

98% higher than that of the control.
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:I'able 4.7 Germination index of SGD x VTT coconut hybrid seed nuts as
influenced by planting depth and planting medium

Germination Index

Planting

Medium Planting depth

PG PD; PD;
Top soil 2.23 £0.86aA 3.01 £ 1.00aAB 4.09 + 1.17aB
Sawdust 2.01 £ 0.82aC 2.88 £0.98aC 431+ 1.20aD

Mean estimates + S.E. with the same capital letters within rows or same small letters within columns
are not significanily different, P>0.05. LSD (0.05) of mean estimates is presented in Appendix 14. PD0
= Planting by burying a quarter of the seed nut in medium (Control); PDI= Planting by burying half’
of the seed nut in medium; PD2 = Planting by burying seed nut fully in medium

4.3.4 Discussion

4.3.4.1 Final Germination Percentage

The increase in germination rate of SGD x VTT coconut hybrid seed nuts
from an average of 63.2% to 88.3% with increased planting depth could be
attributed to improved soil factors, such as moisture and temperature, influencing
seed germination as planting went deep. Unlike small seeds which suffer the
negative effect of planting depth (Kumar & Srivastava, 2010; Nabi ez al., 2011;
Opande et al., 2017), large type of seeds to which coconut seed nut belongs enjoy
the positive effect of planting depth due to modified seed nut temperature, enhanced

seed-to-soil contact and improved access to soil moisture (Adeogun & Usman,

2012; Sharma et al., 2019).
The poor germination rate observed in the control seed nuts especially in
sawdust medium might be accounted for by new sprout mortality since shallow
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planting exposed newly emerged sprout to relatively harsh conditions causing death

of sprouts in some cases before attaining 5 cm height required of germination in

this study.

4.3.4.2 Time to 50% Germination

The reduction in time to 50% germination or increase in speed of
germination with increased planting depth might be attributed to, as indicated
earlier, the positive effect of planting depth on large seeds. Considering the 30%
increase in speed of germination for fully buried seed nuts in sawdust medium,
planting depth as a factor becomes more effective at enhancing the speed of coconut
seed nut germination than soaking treatment which increased the speed of
germination by 18.2% when seed nuts were soaked in 1% (w/v) KNOs solution as

observed in Experiment 1.

4.3.4.3 Germination Index

The positive effect of planting depth resulting in improved germination
percentage and speed might have led to increased germination index with increased
planting depth of seed nuts. This strongly suggested that planting depth of seed nuts

especially in sawdust medium could be used not only to ensure high germination

percentage but to reduce the time of germination effectively.
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4.3.5 Conclusion

At pre-nursery stage, fully burying of SGD x VTT coconut hybrid seed nuts
in decomposed sawdust improved germination rate by 33% and germination index
by 98% and produced a speed of germination, which was 30% faster as compared
with the control. The speed of germination of fully buried seed nuts was 23%

quicker in sawdust than in top soil even though final germination percentage was

the same for both media.

4.4 Experiment 3: Effect of Nut Size and Medium on Germination and Vigour

of SGD x VIT Coconut Hybrid Seed Nut

4.4.1 Introduction

Planting medium is known to affect seed emergence as reviewed in Section
4.2.1 of this chapter. It is also known that seed size is an important factor that
influences germination performance. Earlier studies in several crops including
soybean (Glycine max (L.) Merr.), rapeseed (Brassica campestris L.), white clover
(Trifolium repens L.) and red clover ((Trifolium pratense L1.) showed that
germination performance was influenced by seed size (Ahmed & Zuberi, 1973;

Burris ef al., 1973; Evans, 1973; Mytton, 1973; Haskins & Gorz, 1975).

In the case of soybean, earlier and recent studies have established inverse
relationship between emergence and seed size with small seeds enjoying 10 - 11%
higher germination rate than large seeds especially within cultivars (Adebisi et al.

2013: Kering & Zhang, 2015; Crawford & Williams, 2019). The inverse
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relationship has been attributed to differences in moisture requirement for seed
imbibition and mechanical resistance on emerging seed. Soybean requires an
amount of imbibition equivalent to 50% of its weight to initiate germination. A
small seed therefore require less amount of imbibition than a large seed to initiate
germination (Kering & Zhang, 2015). Also, emerging small seed is subject to less

mechanical resistance in the soil than emerging large seed (Burris et al., 1973).

In coconut, there is little scientific information on seed nut germination as
affected by nut size. Variation of nut size in coconut is found among both healthy
and pest damaged seed nuts. The attack of coconut bug (Pseudotheraptus wayi,
Brown) and infestation of coconut mite (Eriophyes guerreonis, Keifer) affect nut
size; the extent of reduction being dependent on the severity of damage (Egonyu et
al., 2013; Nkansa-Poku et al., 2015). Coconut bug feeds on young coconut fruits
by sucking sap and in the process releases toxins into the fruits leading to lesions,
pitting, gummosis, deformation, reduced nut size and sometimes fruit drop (Hill,
2008). Coconut mite feeds beneath the floral bracts of developing fruits causing
scars on the fruit surface which turn brown and develop into longitudinal fissures
on the nut. Affected nut surface does not develop normally leading to damage of

the husk and reduction in size (Nkansa-Poku ez a/., 2015).

Experiment 3 assesses the effect of nut size and medium on germination

and vigour of SGD x VTT coconut hybrid seed nut.
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4.4.2 Materials and methods

4.4.2.1 Description of the Study Area
The study area has been described in section 4.2.2.1
4.4.2.2 Experimental Design and Treatments

A split-plot design with 3 replicates was used to assess 2 types of planting media
(topsoil and decomposed sawdust) assigned to main plots and 4 levels of nut size
assigned to subplots. Nut weight increases with nut size consequently; nut size was
classified as follows: extra-large (> 1,000g); large (800g < nut < 1,000g); medium
(600g < nut < 800g) and small (< 600g). Treatments were assigned randomly within

the main plots and subplots.

Bottomless wooden planters of dimension 3.2 m x 1 m x 0.2 m each were
filled to the brim with topsoil or decomposed sawdust to serve as the main plots.
The main plots were partitioned into 4 subplots of dimension 0.8 mx 1 m x 0.2 m
each to contain 20 seed nuts per subplot. Treatments were assigned randomly within

the main plots and subplots. Healthy seed nuts were used for the study.

4.4.2.4 Seed Nut harvesting and Preparation

Seed nut harvesting and preparation have been described in Section 4.2.2.4.
Various nut sizes: extra-large, large, medium and small (Figures 4.3) were selected

for paring. Four hundred and eighty (480) seed nuts were pared for planting.
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Figure 4.3. Various sizes of SGD x VTT coconut hybrid seed nuts: Extra-large (XL),
Large (L), Medium (M) and Small (S)

4.4.2.5 Seed Nut Planting, Maintenance Culture and Data Collection

Seed nut planting, maintenance culture and data collection have been
described in Section 4.2.2. Seed nut planting was done by fully burying the nuts in

planting medium.

4.4.2.6 Data Management and Statistical Analysis

The data management and stafistical analysis have been described in

Chapter 3, Section 3.5.
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4.4.3 Results

4.4.3.1 Final Germination Percentage

Final germination percentage of SGD x VTT coconut hybrid seed nuts as
influenced by seed nut size and planting medium is presented in Table 4.8. Data
analysis did not indicate significant (P<0.001) treatment effect on final germination

percentage (Appendix 15).

Interaction between planting medium and seed nut size did not impact
significantly (P>0.05) on germination rate. Germination rate of seed nuts increased
from 90.4% in small nuts to 96.8% in extra-large nuts. However, differences in
germination rates between the various sizes of seed nuts were not significant
(P>0.05).

Table 4.8 Final germination percentage of SGD x VIT coconut hybrid seed
nuts as influenced by seed nut size and planting medium

Final Germination %

Planting Seed nut size
Medium

Small Medium Large Extra Large
Top soil 88.3+3.8 90.0+4.0 94.1+3.9 93.5+4.0
Sawdust 92.4+4.3 03.1+4.3 93.44+3.9 100.0+4.1

Mean estimates = S.E. with no letters within rows or columns are not significantly different.
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4.4.3.2 Time to 50% Germination

Time to 50% germination of SGD x VTT coconut hybrid seed nuts as
influenced by seed nut size and planting medium is presented in Table 4.9. Data
analysis showed significant (P>0.05) treatment effect on time to 50% germination

(Appendix 16).

Speed of germination increased with increasing seed nut size. Interaction
between seed nut size and planting medium did not affect speed of germination
significantly (P>0.05). However, main effect of seed nut size significantly (P<0.05)
increased speed of germination in both sawdust and topsoil media resulting in
22.9% higher speed of germination for extra-large seed nut as compared to small
or medium seed nut. Speed of germination for extra-large nuts was averagely 29.9%
quicker than small or medium seed nuts. Difference in speed of germination

between large and extra-large seed nuts was not significant (P>0.05).

Table 4.9 Time to 50% germination of SGD x VT'T coconut hybrid seed nuts
as influenced by seed nut size and planting medium

Time (in days) to 50% Germination

Planting Seed nut size
Medium

Small Medium Large Extra Large
Top soil 53.943.8aA 52.7+3.5aA 47.4+3.4aAB 41.4+3.2aB
Sawdust 49.5+3.7aD  47.0+£3.6aD 43.3+3.3aDE 36.9£3.1aE

Mean estimates + S.E. with the same capital letters within rows or same small letters within
columns are not significantly different, P>0.05. LSD (0.03) of mean estimates is presented in
Appendix
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4.4.3.3 Germination | ndex

Germination index of SGD x VTT coconut hybrid seed nuts as influenced
by seed nut size and planting medium is presented in Table 4.10. Data analysis

indicated  significant (P<0.01) treatment effect on germination index

(Appendix 18).

Germination index improved with increasing seed nut size. Interaction
effect between seed nut size and planting medium on germination index was not
significant (P>0.05). Main effect of seed nut size significantly (P<0.05) increased
germination index in both sawdust and topsoil media resulting in 43.2% higher
germination index for extra-large seed nut relative to small or medium seed nut.
Difference in germination index between large and extra-large seed nuts was not

significant (P>0.05).

Table 4.10 Germination index of SGD x VTT coconut hybrid seed nuts as
influenced by seed nut size and planting medium

Germination Index

Planting Seed nut size
Medium

Small Medium Large Extra Large
Topsoil 2.7 140.53aAB  2.86+0.57aAB  3.21+0.56aAC 3.97+0.56aC
Sawdust  2.89%1.71aDE 2.99+0.66aDE  3.41£0.57aDF  4.18+0.56aF

Wwe capital letters within rows or same small letters within

Me[an eslimfz?jt t;g}.-%’man tly different, P>0. 05. LSD (0.05) of mean estimates is presented in
columns ar

Appendix 19.
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4.4.4 Discussion

4.4.4.1 Final Germination Percentage

Though not significant, the upward trend in germination rate due to
increased seed nut size could be attributed to storage reserve, which increased with
seed nut size. Storage reserve in the form of endosperm is broken down through the
agency of enzymatic actions during germination for the release of nutrients to
support growth of plumule and radicle as they emerge through the seed nut
(Balachandran & Arumughan, 1995; Sugimura, 1998). A large seed size is widely
thought to stand a high chance of germination and emergence. According to
Copeland & McDonald (2001), a greater seed weight is associated with a larger

storage reserve and higher seed vigour.

4.4.4.2 Time 1o 50% Germination

The decrease in time to 50% germination or the increase in speed of
germination with increasing seed nut size might be attributed also to storage reserve
which increases with nut size. As indicated in Section 4.4.4.1, storage reserve is the
source of nutrients and energy for germination (Balachandran & Arumughan, 1995;
Sugimura, 1998). The larger the storage reserve the more nutrients and energy made

available for faster emergence (Copeland & McDonald, 2001).
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4.4.4.3 Germination Index

Germination index is a function of germination percentage and speed of
germination. The improved trend in germination index with increased nut size
could therefore be attributed to increased trend in germination percentage and speed
of germination with increased seed nut size. As indicated previously, storage
reserve is the source of nutrients and energy for germination (Balachandran &
Arumughan, 1995; Sugimura, 1998). The larger the storage reserve the more
nutrients and energy made available for improved emergence in terms of numbers,

speed and spread (Copeland & McDonald, 2001).

4.4.5 Conclusion

Speed of germination and germination index were 22.9% and 43.2%
respectively higher in extra-large nuts relative to small or medium size nuts.
Differences in speed of germination or germination index between large and

extra-large nuts were not significant.

90

Digitized by Sam Jonah Library



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

4.5 Experiment 4: Effect of Soaking Treatment and Medium on
Germination and Vigour of SGD x VIT Coconut Hybrid Seed Nut using

Different Concentrations of Potassium Nitrate Solution

4. 5.1 Introduction

Planting medium has been identified as a factor affecting germination
performance of seeds as reviewed in Section 4.2.1 of this chapter. Similarly,
soaking treatment is known to be an enhancing factor in the germination
performance of many seeds as reviewed in Section 4.2.1. Potassium nitrate solution,
as soaking medium, has been identified as having additional enhancing properties
and has also played an influencing role in seed nut germination performance of

some palm species as reviewed in Section 4.2.1.

In experiment 1 of this study, interaction between sawdust medium and
soaking treatment using 1% potassium nitrate solution increased the speed of
germination by 16.4% relative to topsoil and by 18.2% as compared with the
control. In this experiment, only one concentration of potassium nitrate solution
was used. There was therefore the need to carry out a further study using varying

concentrations of potassium nitrate solution.

Experiment 4 assesses the effect of soaking treatment and medium on

germination and vigour of SGD x VTT coconut hybrid seed nut using different

concentrations of potassium nitrate solution.
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4.5.2 Materials and methods

4.5.2.1 Description of the Study Area

The study area has been described in section 4.2.2.1

4.5.2.2 Experimental Design and Treatments

A split-plot design with 3 replicates was used to assess 2 types of planting
media (topsoil and decomposed sawdust) assigned to main plots and 5 levels of
potassium nitrate concentrations: 0% (PNo), 1% (PNy), 2% (PN3), 3% (PN3) and
5% (PNs) assigned to subplots. Bottomless wooden boxes of dimension 4.0 m x

I m x 0.2 m each were filled to the brim with topsoil or decomposed sawdust to
serve as the main plots. The main plots were partitioned into 5 subplots of
dimension 0.8 m x 1m x 0.2 m each to contain 20 seed nuts per subplot. Treatments

were assigned randomly within the main plots and subplots.

4.5.2.3 Seed Nut Harvesting and Preparation
Seed nut harvesting and preparation have been described in Section 4.2.2.4.

Six hundred (600) seed nuts were pared for planting.

4.5.2.4 Soaking Treatment

Soaking treatment has been described in Section 4.2.2.5. For preparation of

1% (w/v), 2% (wiv), 3% (w/v) and 5% (w/v) potassium nitrate solution 1 kg, 2 kg,
0 ) ’

92

Digitized by Sam Jonah Library



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

3 kg and 5 kg of potassium nitrate were respectively dissolved in 99, 98, 97 and 95

litres of water.

4.5.2.5 Seed Nut P, anting, Maintenance Culture and Data Collection

Seed nut planting, maintenance culture and data collection have been

described in Section 4.2.2. Seed nut planting was done by fully burying the nuts in

the planting medium.

4.5.2.6 Data Management and Statistical Analysis

The data management and statistical analysis have been described in

Chapter 3, Section 3.5.

4.5.3 Results

4.5.3.1 Final Germination Percentage

Final germination percentage of SGD x VTT coconut hybrid seed nuts as

influenced by potassium nitrate soaking treatment and planting medium is

presented in Table 4.11. Data analysis did not indicate significant (P>0.05)

treatment effect on final germination percentage (Appendix 20). Germination rate

ied from 85 - 88% and 83 - 89% in the topsoil and sawdust media respectively
varl -

across the potassium nitrate concentrations.
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Table 4.11 Final germination percentage of SGD x VTT coconut hybrid seed
nuts as influenced by KNO; soaking treatment and planting medium

Final Germination %

Planting KNO3 concentration
Medium
PNy PN, PN, PN;3 PN
Top soil 86.1 88.3 87.5 85.7 86.0
+5.48 £5.11 +5.43 +538 +6.52
Sawdust 87.7 89.0 86.7 86.3 83.4
£5.22 +5.48 538 £8§.27 +5.43

Mean estimates + S.E. with the same capital letters within rows or same small letters within columns
are not significantly different, P> 0.05. PNo= 0% KNO3 solution; PN; = 1% (w/v) KNO3 solution;
PNy = 2% (w/v) KNO3 solution; PN; = 3% (w/) KNO3 solution; PNs = 5% (w/v) KNO3 solution.

4.5.3.2 Time to 50% Germination

Time to 50% germination of SGD x VTT coconut hybrid seed nuts as
influenced by potassium nitrate soaking treatment and planting medium is

presented in Table 4.12. Data analysis showed significant (P>0.05) treatment effect

on time to 50% germination (Appendix 21).

Interaction between planting medium and potassium nitrate soaking
treatment produced an upward trend in speed of germination as potassium nitrate
concentration increased. It also produced a speed of germination which was
significantly (P<0.05) greater in sawdust medium than in topsoil. Sawdust medium
interacted significantly (P<0.05) with potassium nitrate soaking treatment to
increase the speed of germination on the average by 23.4% as compared with the

control.
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Table 4.12 Time to 50% germination of SGD x VTT coconut hybrid seed nuts
as influenced by KNO; soaking treatment and planting medium

Time (in days) to 50% Germination

Planting KNO3 concentration
Medium
PNy PN, PN> PN3 PNs
Top soil 559 332 51.5 50.9 51.7
+4.16aA +4.25aA +4.04aA +4.14aA +4.89aA
Sawdust 54.4 43.1 42.6 42.2 40.3

+4.05aB +#3.92bC +4.03bC +3.88bC +4.84bC

Mean estimates = S.E. with the same capital letters within rows or same small letters within columns
are not significantly different, P>0.05. LSD (0.05) of mean estimates is presented in Appendix 22.
PNo = 0% KNO3 solution; PN; = 1% (w/v) KNO3 solution; PN> = 2% (w/v) KNO3 solution;
PN3 = 3% (w/v) KNO3 solution; PNs = 5% (w/v) KNO3 solution.

4.5.3.3 Germination Index

Germination index of SGD x VTT coconut hybrid seed nuts as influenced
by potassium nitrate soaking treatment and planting medium is presented in Table
4.13. Data analysis indicated significant (P>0.05) treatment effect on germination
index (Appendix 23). Interaction between planting medium and potassium nitrate
soaking treatment resulted in an increased germination index with increasing
potassium nitrate concentration. Over the range of potassium nitrate concentrations
studied, germination index increased significantly (P<0.05) by 25.6% on the

average in the sawdust medium relative to the control and marginally by 8.3% in

the topsoil medium.
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Table 4.13 Germination index of SGD x VTT coconut hybrid seed nuts as
influenced by potassium nitrate soaking treatment and planting medium

Germination Index

Planting KNO3 concentration
Medium
PNo PN PN» PNj PNs
Top soil 3.01 3.11 521 3.32 341
+1.09aA +1.02aA +[.11aA +1.09aA +1.36aA
Sawdust 3.50 4.16 423 434 4.63

+1.10aB +1.14bBC  =1.15bC +1.16bC £].19bC

Mean estimates = S.E. with the same capital letfers within rows or same small letters within columns
are not significantly different, P>0.05. LSD (0.05) of mean estimates is presented in Appendix 24.
PNy = 0% KNO3 solution; PNy = 1% (w/v) KNO3 solution; PN, = 2% (w/v) KNO3 solution;
PN; = 3% (w/v) KNO3 solution; PNs= 5% (w/v) KNO3 solution.

4.5.4 Discussion
4.5.4.1 Final Germination Percentage

The inability of increased concentrations of potassium nitrate soaking
treatments to affect seed nut germination rate was buttressed by the findings of
Shim et al. (2008) in which soaking with different concentrations of potassium
nitrate solution during priming did not influence seed germination rate of seashore
paspalum (Paspalum vaginatum). On the contrary, Bian ef al. (2013) reported that
seeds of red palm (Cyrtostachys renda) soaked in 0.15% potassium nitrate solution,
produced a germination rate of 65.3% as compared with 36% in the control. This
impact of potassium nitrate soaking treatment on seed germination rate in red palm

might be attributed to the breaking of dormancy in seeds of red palm; a situation
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that does not exist in seed nuts of coconut which never suffer dormancy (Chin &

Roberts, 1980). Rather, the fibrous mesocarp constitutes a considerable barrier to

rapid germination (Ugbah & Akpan, 2003).

4.5.4.2 Time to 50% Germination

The increase in speed of germination of seed nuts with increasing
concentration of potassium nitrate soaking treatment could be attributed to seed
germination enhancing properties of potassium nitrate as reviewed in Section 4.2.1.
Though in general, soaking treatment activates the internal metabolism required to
trigger seed germination process (Basra er al. (2005), potassium nitrate soaking
treatment has additional ability to make oxygen, potassium ions and nitric acid
available after chemical decomposition. These chemicals released after the
breakdown facilitate the germination process and enhance the speed of germination
(Varier et al. 2010; Dwiyono & Djauhari, 2021). In the work carried out by Shim
et al. (2008), the authors found out that even though potassium nitrate soaking

treatment did not influence seed germination rate of seashore paspalum, it increased
speed of germination.

For seed nut soaked in potassium nitrate solution, the higher speed of
germination observed in sawdust medium relative to top soil could be attributed to
enhanced synergy between sawdust medium and potassium nitrate soaking

treatment. Sawdust medium has good physical properties highly suitable for seed

nut germination (Horisawa e/ al., 1999; Dwiyono & Djauhari, 2021). Similarly, as

lained in Section 4 2.1, potassium nitrate soaking treatment has additional
expla b 38
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erminati ; . ) )
germination enhancing properties. The interaction between sawdust medium and

potassium nitrate soaking treatment therefore might have led to a synergy in seed

germination enhancing properties.

4.5.4.3 Germination Index

The increased germination index due to potassium nitrate soaking treatment
might be attributed to the seed germination enhancing properties of the soaking
treatment (Basra ef al., 2005; Bian et al. 2013; Dwiyono & Djauhari, 2021) which
improved the speed of germination, a key factor for enhancing germination index.
The higher germination index observed in the sawdust medium relative to topsoil
medium in the potassium nitrate soaking treatment might also be accounted for by
the enhanced synergy between sawdust medium and potassium nitrate soaking

treatment as explained earlier in Subsection 4.5.4.2 since enhanced speed of

germination improves germination index.

4.5.5 Conclusion

Soaking of SGD x VTT coconut hybrid seed nuts in different concentrations

of potassium nitrate solution did not influence seed nut germination rate; rather it

enhanced speed of germination. Interaction between sawdust medium and

potassium nitrate soaking treatment improved speed of germination by 23.4% and

germination index by 25.6% relative to the control.
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CHAPTER FIVE

5.0 FERTILIZER APPLICATION AND SPACING IN

SGD x VIT COCONUT HYBRID SEEDLINGS

5.1 Introduction

Fertilizer application in coconut nursery is important for producing healthy
and vigourous seedlings to enhance establishment, rapid growth and early bearing
in the field (Nelliat, 1972; Almaden & Satiago, 1980). Report by some earlier
workers (Magat & Prudente, 1974; Magat ef al., 1977; Abad et aI.,‘1978) showed
that potassium chloride or sodium chloride treatment did not’bnly. improved
coconut seedling growth but increased resistance to leaf spot disease. z;\ccbrc_ling to
Almaden & Satiago (1980), nitrogen and potassium fertilizer treatments prodﬁc‘cad
taller coconut seedlings with larger collar girth and greater vigour. Also, a standard
mixture of urea, triple superphosphate, potassium chloride and magnesium sulphate
in the ratio 1:2:2:1 applied to coconut seedlings aged 1, 3, 5, 7 and 9 months at 30,
60, 75, 75 and 75 g/plant respectively promoted healthy and vigourous growth
(Taffin, 1998). The foregoing demonstrates the importance of mineral fertilizer

application in the production of quality coconut seedlings and its relevance in the

tropics, where most soils are depleted in soil nutrients (Child, 1974).

Besides nutrition, spacing is known to impact on growth and development

¢ cosomt Seedlings through light interception (Almaden & Santiago, 1980).
of co

Closer spacing produce un y i | shading and enhanced
i healthy seedlings due to mutua g
loser spacing p
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disease spread whilst larger spacing produces healthy and vigourous seedlings but
requires greater land area and more labour to meet production target (Almaden &
Santiago, 1980). Spacing recommendation made by Santos et al. (1996) for polybag
nursery was 60 cm triangular. Taffin (1998) however, introduced variation in
spacing linked with expected duration of seedlings at the nursery indicating
60 cm x 60 cm for up 6 months; 80 cm x 80 cm for 6-9 months and

100 cm x 100 ecm for 9-12 months.

Poor quality coconut seedlings for field planting has been identified as one
of the problems facing the coconut subsector in Ghana (MoFA, 2018). The
devastating CSPWD, for a long time, had become the focus of coconut research in

Ghana leading to a scanty study, locally, into coconut nursery management.

This study assesses the effect of spacing and fertilizer application regimes

on growth and vigour of SGD x VTT coconut hybrid seedlings.

5.2 Experiment 5: Fertilizer Application and Spacing in SGD x VTT

Coconut Hybrid Seedlings

5.2.1 Introduction

Introduction is presented under Section 5.1 of this chapter.
5.2.2 Materials and methods
5.2.2.1 Description of the Study Area

The study area has been described under Section 4.2.2.1

100

Digitized by Sam Jonah Library



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

5.2.2.2 Experimental Design and Treatments

A split-plot design with 3 replicates was used to assess 2 levels of spacing
(S1 and S2) assigned to main plots and 4 levels of fertilizer schedules (F0, F1, F2
and F3) assigned to subplots. Fertilizer schedules and spacing were formulated

based on fertilizer rates and spacing described by Tafin, 1998 and Santos ef al.,

1996 for coconut seedling production.

S1= Spacing at 60 cm triangular

S2= Spacing at 80 cm triangular

FO0= control

Fl1= Fertilizer application at 28.4:58.0:75.6:17.0 g seedling”’ N:P205:K20:MgO
F2= Fertilizer application at 47.3:96.6:126.0:28.4 g seedling™ N:P20s5:K.0:MgO

F3= Fertilizer application at 66.2:135.2:176.4:39.7 g seedling” N:P20s5:K-0:MgO

Six main plots of dimensions 9.6 m x 4.0 m each and 24 subplots of
dimension 4.0 m x 2.4 m each were used for the study. Fifteen seedlings were
planted to each subplot in 3 rows arranged in a triangular pattern using the
appropriate treatment spacing. The four fertilizer schedules were split-applied 6
times at monthly intervals at 5%, 10%, 14%, 19%, 24% and 28 % respectively.

Urea, Muriate of potash, Triple superphosphate and Kieserite were applied

as source of N, P20s, K20 and MgO respectively. Treatments were assigned

randomly within the main plots and subplots.
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5.2.2.3 Seedling Planting

high embryonic shoot (Figure 5.1) were roots pruned and pricked-out into the field

nursery (Figure 5.2) for the study.

Figure 5.1. A technici .
SGD x VTT coconut hybrid seed nut

an measu_ring the height of embryonic shoot of
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Figure 5.2. SGD x VTT coconut hybrid seedlings after one month of
pricking-out seed nuts with Sem-high embryonic shoot

3.2.2.4 Mainienance Culture

Weed maintenance in the seed beds and within experimental layout was
done using hoe and cutlass. Water from a dug-out well was used for hand watering
at every other day in absence of rains for 2 hours 15 minutes between 2 and 5 pm.

Each replicate was watered for 45 minutes using a watering can. Seedlings were

monitored for growth.

5.2.2.5 Data Collection

i i t to assess initial soil nutrient
: i lysis were carried ou
Soil sampling and ana
et ing and analysis were also done to
: i Jication. Leaf sampling
status prior to fertilizer app
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monitor fertilizer y i
ptake by seedlings. Vegetative measurements were taken on

collar girth i -
girth, seedling height, leaf number and canopy diameter to evaluate seedling

growth and vigour,

3.2.2.5.1 Soil sampling and analysis

Soil sampling and analysis were carried out based on the procedures

detailed in Section 3.3 of Chapter 3.
5.2.2.5.2 Leaf sampling and analysis

Leaf sampling and analysis were done based on the procedures detailed in

Section 3.4 of Chapter 3.
3.2.2.5.3 Collar girth
Collar girth was determined at monthly intervals with a measuring tape

strapped around the base of seedlings (Santos et al., 1996) as shown in Figure 5.3.

5.2.2.5.4 Seedling height

Seedling height was determined at monthly intervals by measuring the

tallness of the seedling from the base to the tip of the tallest leaf (Santos et al.,

1996) as depicted in Figure 5.4.

5.2.2.3.5 Leaf number

Leaf number was determined at monthly intervals by count of functional

leaves on the seedling (Santos ef al., 1996).
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.
ho ) N e T
— - :

Figure 5.3. A technician measuring the collar girth of
SGD x VTT coconut hybrid seedling

| FiJgure 5.4. A technician measuring the height of SGD x
VTT coconut hybrid seedling

s
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X2.2.5.6 Canopy diameter

C ' :
anopy diameter was determined at monthly intervals from the fourth

month : Y
erkirby measuring the canopy length (Figure 5.5) in the 2 directions: North-South

and South-East and taking the average of the two lengths.

Figure 5.5. Technicians measuring the canopy diameter of
SGD x VTT coconut hybrid seedling

5.2.2.5.7 Vigour index

Vigour index of seedlings was determined using the formula patterned after

Child (1974) as follows:
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Vi

2
2n |H? + 42

Where;

VI = Vigour index

G = Collar girth

H = Seedling height

D = Canopy diameter

3.2.2.6 Data Management and Statistical A nalysis

The data management and statistical analysis were carried out as described

Section 3.5 of Chapter 3.

5.3 Results

5.3.1 Soil analysis

Particle-size distribution of soil at the experimental site was representative
of sandy loam texture (Table 5.1). Its chemical properties showed normal levels of
P, Ca and Mg at top soil but low soil N and K. Also, its pH, organic matter content,

level of exchangeable bases and cation exchange capacity were all low.

107

Digitized by Sam Jonah Library



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

Table 5.1. Particle-size distribution and chemical properties of soil
at the onset of experiment five

Clay  Silt  Sand OM N H
Soil Depth a(;‘ *
0-20 116 163 72.1 1.60 0.09 4.7
21- 40 112 162 72.6 112 0.06 4.6
Ca Mg K TEB ECEC P
cmol kgt ug g’
0-20 2,58  0.61 0.24 2.49 2.50 i3.8
21- 40 1.79 038 0.16 1,58 1.59 6.61

OM = Organic matter; TEB = Total exchangeable basis; ECEC = Effective cation
exchange capacity

5.3.2 Leaf analysis

Leaf nutrients of SGD x VTT coconut hybrid seedlings as influenced by
spacing and fertilizer treatment is presented in Table 5.2. Data analysis showed

significant (P<0.05) treatment effect on N, P and K but not on Ca and Mg
(Appendix 25).

Even though fertilizer application did not include Ca, leaf Ca content was
moderately high across all treatments relative to a reference value of 0.6%.

Differences in leaf Mg content between fertilizer-treated seedlings and the control

were not significant (P>0.05). Leaf N, P and K increased with enhanced levels of

fertilizer application schedules in the order F3>F2>F1>F0.

The interaction between fertilizer treatment and spacing resulted in a

significant (P<0.05) reducing effect on leaf P and N with increase in spacing at F2

and F3 fertilizer levels. F3- and F2-treated seedlings had significantly (P<0.05)

hioher leaf N, P and K contents than the control and F1 -treated seedlings at both S1
igher ,
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and S2 spacing levels. F3-treated seedlings had significantly (P<0.05) higher leaf

P content than F2-teated seedlings but differences in leaf N and K between them

were not significant (P>0.05),

Table 5.2. Leaf nutrient of SGD x VTT coconut hybrid seedlings as influenced
by spacing and fertilizer treatment

Mean Leaf Nutrient (% dry matter, leaf rank # 2)

LN  Spacing Fertilizer Schedule
FO Fl F2 F3
Mg S1 0.236 0.236 0.238 0.239
2 0.234 0.234 0.235 0.236
Ca S1 0.963 0.966 0.963 0.991
S2 0.981 0.973 0.945 0.974
N S1 2.251aA 2.291aA 2.778aB 2.897aB
S2 2.141aC 2.166aC 2.474bD 2.639bD
P S1 0.270aA 0.274aA 0.345aB 0.384aC
S2 0.255aD 0.253aD 0.288bE 0.322bF
K S1 0.907aA 0.970aA 1.158aB 1.166aB
S2 0.897aC 0.976aC 1.1482D 1.164aD

For any particular leaf nutrient, mean estimates + S.E. with no Ielrer; or the same-capi.'al
letters within rows or same small letters within ?olumns are not significantly different,
P>0.05. LSD (0.05) of mean estimates is presented in (fppend:ces 26: 27 ana.’.28. l—,N = Leaf
nutrient: S1= Spacing at 60 cm lriangu!w_'; Y =_Spacmg at 80 cm l_rzt{r’rgulffu, Fi 0 = (:(.ero{,.
Fl= Fertilizer application at 28.4:58.0:75.6:17.0 g seedlafvg-l A,'oni. [\’ 20,' Mgo'.
F2 = Fertilizer application al 47.3:96.6:126.0:284 g _.se(i'a'h,ng N F"(,Js‘ K,0:MgO;
F3 = Fertilizer application al 66.2:135.2:176.4:39.7 g seedling” N:P,0s5:K;0:MgO
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5.3.3 Collar girth

Collar girth of SGD x VTT coconut hybrid seedlings as influenced by

spacing and fertilizer treatment is presented in Table 5.3.

Tabl.e 5.3, Collar girth of SGD x VTT coconut hybrid seedlings as influenced by
spacing and fertilizer treatment

Mean Collar Girth (¢m)

MPO Spacing Fertilizer Schedule

FO Fl F2 F3
1 St 6.1+0.11 6.0 £0.11 59+0.12 5.9+0.13
S2 6.1+0.12 5.9 +£0.11 6.2+0.12 6.0+0.12
2 S1 7.1+0.16 72+0.16 72+0.11 7.1£0.16
S2 73£0.16 73%0.17 7.4£0.16 75+0.16
3 Sl 93+022aA  9.5+0.19aA 104 +021aB 10.5%0.22aB
S2 92+020aC  94+02laC  102+023aD 10.3+0.20aD
4 Sl 12.7+021aA 13.0£024aA 13.8£023aB 14.1+0.26aB
S2 12.3+024aC 12.7£025aC  13.5£026" 13.8+0.252D
5 S1 149+034aA 15.7+030aA 16.8+0.34aB  17.1+0.332B
S2 14.6+034aC 152£031aC  164+£033aD 16.7+ 0.39aD
6 Sl 17.84+03%A 18.7+043aA 2052 0.45aB 21.3+0.47aB
S2 17.34+0.39aC 184 £045C 19.8 £ 0.45aD  20.7 + 0.44aD

For any particular i
rows or same small
mean estimates is presente
S1=Spacing at 60 ¢
application at 28.4:
at 47.3:96.6:12
66.2:135.2:176.4:39.7 &

m triang

58.0:75.6:17.0 g

6.0:284 & seedling” N:P:0s!

seedling™ N:-P;0s:K20:MgO

nonth, mean estimates
letters within coluni
d in Appendices 30,
ular: 82 = Spacing at
seedling”’ N:

15 are ho

= S E withno letters or the same capital letters within
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Dat i .
a analysis showed significant (P<0.05) treatment effect on collar girth

fi - oo
rom 3-6 months after pricking-out (Appendix 29). Collar girth grew bigger with

increased levels of fertilizer schedule in the order F3>F2>F1>F0 at SI and S2
spacing levels. The interaction effect between fertilizer treatment and spacing on
girth size was not significant (P>0.05). F3- and F2-treated seedlings had
significantly (P<0.05) bigger girth size than the control and F1-treated seedlings.
The average girth size for F3-treated seedlings from 3-6 months after prick-out was
10.5% and 15.2% bigger than F1- treated seedlings and the control respectively.
Similarly over the same period, girth size for F2-treated seedlings was 7.8% and

12.4% respectively larger than F1-treated seedlings and the control.

5.3.4 Seedling height

Height of SGD x VTT coconut hybrid seedlings as influenced by spacing
and fertilizer treatment is presented in Table 5.4. Data analysis indicated significant

(P<0.05) treatment effect on seedling height from months 4 - 6 after pricking-out

(Appendix 34).

Seedling height grew taller with increased levels of fertilizer schedule in the

order F3>F2>F1>F0 at S1 and S2 spacing levels. The effect of interaction between
fertilizer treatment and spacing not significant (P>0.05) on seedling height.
ertili

F3-treated seedlings grew significantly (P<0.05) taller than the control seedlings
-tre

f 4 thS Of priCkillg OUL IhE El' CI E‘gi liight 101 I 3 [l eated Seedlings flom

4-6 months after pricking-out was 7
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F2-treated i o
seedlings were not significantly (P>0.05) different from that of the

control seedlings.

Table

and fertilizer treatment

S.4. Height of SGD x VTT coconut hybrid seedlings as influenced by spacing

MPO Spacing

Mean Seedling Height (cm)

Fertilizer Schedule

FO Fl F2 F3

! S1 42.0% 1.1 409+ 1.1 399+ 1.2 407+ 12
s2 40.9 £ 1.2 39.8£1.1 40012 507412

2 S 49.0+ 1.6 52.8+13 542+ 1.5 512+ 14
S2 505+ 1.6 518+ 1.4 533+ 14 525+ 1.4

3 Sl 68.7+ 1.8 65.5+ 1.6 65.7% 1.6 67.0+ 1.8
S2 67.6+ 1.6 653+ 1.6 64.0+ 1.8 673+ 1.6

4 S 779+ 18aA 812+ 172AB  81.9+1.6aAB 853 % 1.8aB
s2 76.9+1.7aC  80.6%1.7aCD  81.1+1.8aCD  84.4+ 1.8aD

5 S 962 +2.0aA  98.6+ 1.6aAB  100.6+ 1.8aAB  104.7% 1.7aB
S2 054+ 1.8aC  982+1.6aCD 1003+ 1.7aCD  103.7 £ 1.6aD

6 S [30.4+23aA 131.7£2.6aAB 136.5£2.7aAB  137.7=2.6aB
S2 120.6+23aC 1304%27aCD 1358%27aCD  136.9+2.6aD

For any particular
rows or same sma
mean estimates is presented in Appe
em triangular; S2= Spacing at 80 cm Iri o Fert
8.4:58.0:75.6:17.0 g seedling”! N:P20s:K:0:MgO; F2 = Fertilizer application at
8. K,0:MgO; F3 = Fertilizer

Spacing at 60

application at 2
47.3:96.6:126.0:28.4 & see' g
66.2:135.2:176.4:39.7 g seedling” N:

dling” N:P:0s:
P105:K:0:Mg0O
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5.3.5 Leaf number

Leaf number of SGD x VTT coconut hybrid seedlings as affected by
spacing and fertilizer treatment is presented in Table 5.5. Data analysis did not show
significant (P>0.05) treatment effect on leaf number (Appendix 38). Differences in
leaf numbers between fertilizer-treated seedlings and the control was not significant
(P>0.05) over the 6-month period of the study. The average leaf number at 6-month

after pricking-out varied from 7.6 to 7.8 for all the treatments under study.

Table 5.5. Leaf number of SGD x VTT coconut hybrid seedlings as
influenced by spacing and fertilizer treatment

Mean Leaf Number

MPO  Spacing Fertilizer Schedule
F0 Fl F2 F3
| Sl 2.4%0.08 2.3+0.08 2.3+0.09 2.4 +0.09
S2 2.3x0.08 2.3+£0.08 2.5+0.09 2.4+0.09
2 S1 3.5+ 0.09 3.5+0.09 34+£0.10 3.4 +0.09
52 3.5+0.09 3.4 +0.09 3.4 £0.09 3.4 +0.09
3 S1 5.0£0.12 5.0+0.11 50+0.12 49+0.12
S2 5.0=+0.11 49+0.11 5.1x0.13 52+0.11
4 s1 58£0.42 594011  60%011  60£0.16
$2 60001 60£011 60012  60£017
5 3 724015  TA£015 724015 71015
2 105015  T1%0.14 702015  72£0.15
6 s 15£013 77£014 17015 7705
$2 J6£0.03 75015 78014 77014

j jthin r - columns for any particular month
] . tters within rows or co or .
Mg esyfma_tes - f %;%f;:to ;’e;(e)‘ro.’i. MPO=Month afier pricking out; SI= Spcfc'mg
e e s ,V. ’2— Ny 'acing at 80 em triangular; FO0= control; Fl = Fer”.];.zer
at 60 em triangular; S2= P inge! N-PsO5:K:0:MgO; F2 = . e

diing” N:P20s:K:0:MgO; F3 = Fertilizer

o .58.0:75.6:17.0 g see
application at 284 ; 5% 4 o B2
application at 4 7.3:96.6:126.0:2 9.7 i seedling™ N: P20s5:K;0:MgO

application at 66.2:135.2:176. 4:3

113

Digitized by Sam Jonah Library



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

5.3.6 Canopy diameter

Canopy diameter of SGD x VTT coconut hybrid seedlings as influenced by
spacing and fertilizer treatment is presented in Table 5.6. Data analysis showed
significant (P<0.05) treatment effect on canopy diameter from 4 - 6 months after
pricking-out (Appendix 39). Canopy diameter grew wider with increased levels of

fertilizer treatment in the order F3>F2>F1>F0 at S1 and S2 spacing levels.

Table 5.6. Canopy diameter of SGD x VTT coconut hybrid seedlings as influenced
by spacing and fertilizer treatment

Mean Canopy Diameter (cm)

MPO Spacing Fertilizer Schedule

FO Fl F2 F3
4 Sl 503+ 1.6aA 53.6%1.4aAC 55.6x1.4aBC 58.8+1.5aB
S2 50,5+ 14aD 52.7x1.5aDF 549=%*15aEF 57.4+1.5aE
5 S1 60.1 £ 1.5aA 64.8+13aAB 68.5x1.5aBC 72.6% 1.5aC
S2 59.7+1.5aD 64.1+14aDE 673 = 1.5aEF 69.2 % 1.4aF
6 S1 80.4 + 1.6aA 85.1+1.8aAC 89.5+1.9aBC 92.6+ 1.9aB
S2 82.5+1.6aC 84.8+19aCD 87.8+1.9aDE 90.6+ 1.8aE

For any particular month, mean es
small ;;f:ers within columns are not significantly different, P>0.05. LSD (0.05)
ted in Appendices 40, 41, and 42. MPO=Month after pricking out; SI=
iangular; S2 = Spacing at 80 cm triangular; FO = control; Fl= Fertilizer
58.0:75.6:17.0 g seedling” N:P:05:K:0:MgO; F2 = Fertilizer application
edling” N:P:05:K:0:MgO; F3 = Fertilizer application at

estimates is presen
Spacing at 60 cm Ir
application at 28.4
at 47.3:96.6:126.0:284 g se

66.2:135.2:176.4:39.7 g seedling”! N:P:0s:K:0: MgO

The interaction

ignificantly (P>0 05) on canopy diameter but the main effect of fertilizer was
signi .

P<0.05) on canopy diameter. F3- treated seedlings had significantly

significant (

(P<0.05) wide

r canopy diameter than F1- treate
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months of pricking-out, The average canopy diameter for F3- and F2-treated

seedlings from 4-6 months after pricking-out were 15.0% and 10.5% respectively
wider than that of the control. Differences in canopy diameter between F1-treated

seedlings and the control and between Fl- and F2-treated seedlings were not

significant (P>0.05).

5.3.7 Vigour index

Vigour index of SGD x VTT coconut hybrid seedlings as influenced by
spacing and fertilizer treatment is presented in Table 5.7. Data analysis showed
significant (P<0.05) treatment effect on vigour index (Appendix 43). Vigour index
increased with enhanced levels of fertilizer treatment in the order F3>F2>F1>F0 at

S1 and S2 spacing levels.

The interaction effect between fertilizer treatment and spacing was not
significant (P>0.05) on vigour index. Differences in vigour index between F3- and
F2-treated seedlings were not significant (P>0.05) but these vigour indices were
significantly (P<0.05) greater than that of F1-treated seedlings and the control after
4 months of pricking-out. The average vigour index for F3-, F2- and Fl-treated

seedlings from 4 - 6 months after pricking-out were 39.7%, 34.3% and 5.2%

respectively higher than the control.
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5.7. Vigour index of SGD x VTT coconut hybrid seedlings as influenced by

MPO Spacing

Mean Vigour Index

Fertilizer Schedule

FO Fl E2 F3
4 S1 4.74£0.20aA 4.86+0.18aA 5.42+0.18aB  5.92+0.19aB
S2 445+0.18aC 4.80+0.19aC  5.37+0.19aD  5.53 0.19aD
5 S1 4.59+0.12aA 4.83+£0.10aA 6.38+0.11aB  6.64 +0.11aB
S2 431%0.11aC  4.54£0.10aC 6.36%0.11aD  6.50 = 0.10aD
6 S1 438 £0.14aA 4.62+0.16aA 6.32+0.16aB  6.53+0.17aB
S2 426+0.14aC 4.48+0.16aC 6.11+0.16aD  6.26 = 0.16aD

For any particular month, mean estimates + S.E. with the same capital letters within rows or
same small letters within columns are not significantly different, P>0.05. LSD (0.05) of mean
estimates is presented in Appendices 44, 45, and 46. MPO=Month after pricking out; SI=
Spacing at 60 e¢m triangular; S2 = Spacing at 80 cm triangular; FO = control; F1= Fertilizer
application at 28.4:58.0:75.6:17.0 g seedling” N:P;0s:K,;0:MgO; F2 = Fertilizer application at
47.3:96.6:126.0:28.4 g seedling’! N:P,0s:KO:MgO; F3 = Fertilizer application at
66.2:135.2:176.4:39.7 g seedling™ N: P:05:K:0:MgO

5.4 Discussion

5.4.1 Soil analysis

Soil at the experimental site was a representative of sandy loam texture and

typical of most tropical soils where soil acidity, organic matter, cation exchange

capacity and exchangeable bases are known to be limiting factors for soil

productivity (Saikh et al., 1998; Sombroek ef al., 1993). The well drained sandy

ould be partly accountable for the low organic matter and the

loam texture C

defici . N and K could be largely attributed to the acidic soil conditions
eficiency In

2013). The low cation exchange capacity and exchangeable bases
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might be d A —
g ue to the interactive effect of the sandy loam texture, soil acidity and the

low organic matter content.

5.4.2 Leaf analysis

Fertilizer application has been identified to be critical to the production of
healthy and vigourous coconut seedlings for field planting (Santos et al., 1996;
Taffin 1998). However, soil factors amon g which soil acidity has been identified as
key, regulate the availability of nutrients applied to plants (Shen et al., 2010; Spargo
et al.,2013). Leaf sampling and analysis is therefore important for assessing uptake

of fertilizers applied to plants.

The upward trend of leaf N, P and K with increased levels of fertilizer
treatment was a clear indication of fertilizer uptake (Samuelson et al., 2001). This

expected to impact positively on seedling growth because of the various roles the

nutrients play in plant growth.

N stimulates the synthesis of cytokinins which promote plant growth by
influencing processes that lead to cell multiplication (Bloom et al., 2006; Lawlor,
2012: Wei et al., 2016). It also enhances photosynthesis by promoting green

pigment formation and chloroplast development in leaf (Warmer et al., 2004; Li et

al., 2012a). It is known to be associated with root growth and development (Costa

et al., 2002; Tian ef al., 2005; Liet al., 2012b).

P is involved in the utilization of photosynthate for plant metabolism

s o et al., 2013) and plays a key role in growth and development of plant roots
parg "
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those that trigger Protein and starch synthesis (Patil, 2011) and other biochemical
processes resulting in cell growth and plant development (Van Brunt & Sultenfuss,
1998; Hepler ez al., 2001; Oosterhuis etal.,2014). It plays an important role in the
regulation of cell osmotic pressure which influences the opening and closure of

stomata (Hu et al., 2016; Thomas & Thomas, 2009) and regulates photosynthetic

activity (Van Brunt & Sultenfuss, 1998).

5.4.3 Collar girth

Collar girth is a key parameter for assessing growth performance in coconut.
The inability of collar girth to respond to fertilizer treatment until 3 months after
pricking-out could be attributed to adequate reserve of endosperm nutrients of the

seed nuts (Balachandran & Arumughan, 1995).

The upward trend in collar girth size in response to increased levels of
fertilizer treatment could be attributed to the enhanced seedling uptake of N, P and
K as shown by leaf analysis. The growth promoting functions of N, P and K as
explained in Section 5.4.2 is clearly demonstrated in the increase in trend of collar
girth size. Earlier work in coconut and other plants (e.g. Populus spp.) showed that

N and P or N and K fertilizer application increased stem girth size (Almaden &

Satiago, 1980; Brown & van den Driessche, 2005).

The inability of interaction effect between fertilizer treatment and spacing
1

to impact positively on girth size strongly suggest that the increase in seedling
o im

spacing should not g0 beyond 60 cm triangular (S1 spacing level).
P
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5.4.4 Seedling height

Like the collar girth, the no response of seedling height to treatment
application until 4 months after pricking-out could be attributed to adequate reserve
of endosperm nutrients in the seed nut (Balachandran & Arumughan, 1995). The
increased trend in seedling height with enhanced levels of fertilizer treatment at the
two spacing levels could be attributed to the increased uptake of N, P and K as
explained earlier. In the work of Almaden & Satiago (1980), tallness in coconut

seedlings produced was attributed to N and K fertilizers,

The absence of significant difference in height between the control and F1-
and F2-treated seedlings and the meagre increase in height of F3-treated seedlings
over the control was an indication of quality growth in the fertilizer-treated
seedlings (Almaden & Satiago, 1980) since tallness can affect quality of seedling
prduced (Child, 1974). Also, the absence of spacing effect on seedling height

strongly indicated that there was no significant competition for light interception

within the two levels of spacing.

5.4.5 Leaf number

The treatment effect of fertilizer and spacing could not influence leaf

duction in coconut seedlings in terms of numbers. This might be attributed to
product

ission i conut fixed at the average rate of
i of leaf emission in €0
the predetermined nature

month (Santos e/ al., 1996) at the crop physiology level.
r

one leaf emission pe

4 Almadem & Santiago (1980) reporting a similar result in their
and Alm

Santiago (1978)
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work on coc : T .
onut seedlings indicated that spacing and fertilizer levels did not have

significant effect on the number of leaves emitted

5.4.6 Canopy diameter

The increased trend in canopy diameter with enhanced levels of fertilizer
treatment at the two spacing levels could be explained, as in the case of the collar
girth and seedling height, by the increased seedling uptake of N, P and K since these
major nutrients promote seedling growth and development (Spargo et al., 2013;
Oosterbius ef al., 2014; Wei et al., 2016). The lack of significant difference in
canopy diameter between F1- and F2-treated seedlings portrayed good growth in
the F2-treated seedlings since increasingly large canopy diameter can affect quality
of seedlings (Child, 1974). As in seedling height, the absence of spacing effect on

canopy diameter suggested that there was no significant competition for light

interception within the two levels of spacing.

5.4.7 Vigour index
The object of coconut nursery is to produce healthy and vigourous seedlings

for field planting (Nelliat, 1972; Thomas et al., 2018). Vigour index is therefore an

important parameter in the determination of the best treatment combinations for the

attainment of coconut nursery objective. The increased seedling vigour with

hanced levels of fertilizer treatment could be explained by increased seedling
en

ke of N, P and K as indicated in the earlier sections. Almaden & Satiago (1980)
upta eo s
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reported that N and K fertilizer treatments produced coconut seedlings with greater

vigour.

The lack of significant difference in vigour between F3- and F2-treated
seedlings made F2 fertilizer regime a good choice over F3. The F2 fertilizer regime
comes at a lower cost than F3. The average vigour of F2-treated seedlings which
was 34.3% higher than the control and not significantly lower than the vigour of
F3-treated seedlings, confirmed the F2-fertilizer treatment as the most suitable;
more especially that the vigour of Fl-treated seedlings was only 5.2% greater than
the control. The absence of spacing effect on seedling vigour strongly confirmed
the S1 spacing level of 60 cm triangular as suitable as it promotes land use

intensification and cuts down land size for coconut nursery.

5.5 Conclusion

Seedling spacing of 60 em triangular (19,264 seedlings ha™') and N:P205:K20:MgO
fertilizer application at the rate of 47.3:96.6:126.0:28.4 g seedling™! were identified
as the most suitable treatment combination for coconut seedling production. This
treatment combination, after 6 months of application, produced SGD x VTT

coconut hybrid seedlings with averagely 34.3% higher vigour, 12.4% bigger collar

girth, 10.5% wider canopy diameter and 4.7% increase in height relative to the

control.
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e.9 AGRONOMIC TRE
[NUNOMIC TREE MANAGEMENT PRACTICES IV

SRILANKA GREEN DWARF cocoNtT VARIETY

The S8 Lanka Gioan Dicnct 18-
t, LdldiNg walt LJ art { 3t IriIS ¢ 2ntis 3 .
LAY 1S curtentiy the most tolerant coconut
1 ‘..—...;..—-\. o~ ;,.; v astar ey g
{0 e devastating Cape St Pa is2as D)
¢ ot Paul Wilt Disease (CSPWD) of Ghana
i\ -
{Derv er af. 200 are er al., 2010). Notwithstandi S
¢ 8: Dare er al., 2010). Notwithstanding, the SGD has not been

its vegetative capacity has not fully developed; evidenced particularly in its weak/
small stem art the time of first inflorescence emergence (Bourdeix et al., 2005).
Intrinsically, the SGD variety carries a high fruit set (averaging about 20 nuts per

bunch) which when developed into a full bunch within the context of a limited

vegetative capacity, triggers an assimilate availability crisis (Wareing & Patrick,

1975; Noggle & Fritz, 2006) leading to relatively small fruit size with attendant

poor weight of its fruit components.
A solace to the poor fruit characteristic problem has been found in the
with Vanuatu Tall (VTT) coconut variety to produce the

hybridization of the SGD
SGD x VTT coconut hybrid for commercial planting. However, it is believed that
X coc
i rticularly; fruit thinning (Jackson &
i nt practices pa
agronomic tree manageme
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Frederich, 1 § :
e 1999; Bourdeix er al, 2005) and ablation involving inflorescence

removal (Datuluri & Misra, 2002; Corley & Tinker, 2003) could be used to impact
positively on SGD poor fruit characteristic (Ohler, 1984; Santos et al., 1996)
towards a more practical and efficient solution.

The current practice of SGD hybridization has been found to be inefficient
considering the high demand for disease tolerant planting materials. In the assisted
open pollinated method recommended for SGD hybridization, apart from being
expensive in terms of initial investment and labour requirement for daily
emasculation and pollination, the hybridization process generates a low turn-out of
coconut hybrid seeds estimated at 5-8 nuts per bunch which is equivalent to
25-40% of fruit set. This low turn-out does not keep pace with the high demand for
disease tolerant planting materials.

In order to get the best out of the SGD coconut variety, research needs to
focus on low-cost agronomic tree management interventions involving ablation and
fruit thinning for which there are adequate evidence in literature suggesting that
they could be useful. This study evaluates agronomic tree management practices in
the SGD coconut variety for improved fruit characteristics. Two separate

experiments were set up under the study to investigate fruit thinning and ablation

in the SGD coconut variety. These experiments have been appropriately reported

under their respective subsections in this chapter.
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6-2 i . g 3 -
Experiment 6: Fruit Thinning in Sri Lanka Green Dwarf Coconut

Variety

6.2.1 Introduction

Under favourable conditions most fruit trees tend to set more fruit than
necessary (Ouma, 2012) necessitating the removal of excess fruits after fruit set and
natural fruit drop (Valenzuela, 1992; Falivene & Hardy, 2008). This is commonly
referred to as fruit thinning. Depending on the crop, fruit thinning is done to
increase fruit size, enhance fruit quality, forestall damage due to breakage of
branches or stimulate flower initiation (Chacko et al., 1982; Westwood, 1993,
Jackson & Frederich, 1999). Fruit thinning could be carried out using manual,
mechanical and chemical method. According to Ouma (2012), the manual method
involves the use of the hand for thinning, the mechanical engages machinery in the
thinning and the chemical requires the application of nitrogen fertilizers (e.g. urea

and calcium nitrate) or plant hormones (e.g. cytokinins, auxins and gibberellins).

Fruit thinning studies are well-documented in many tree crops including
citrus, peach, apple and pomegranate (Wheaton, 1981; Havis, 1992; Desai et al.,
1993; Guardiola & Carcia-Luis, 2000; Untied & Blacke, 2001; Fallali & Greens,
2010; Samara & Shalan, 2013; Mohsen & Osman, 2015). However, in coconut,
anty even though in Philippines,

scientific publication on fruit thinning is quite sc

fruit thinning is used to ensure good development of seed nuts in Catigan Green
ruit

Dwarf coconut seed gardens (Bourdeix e al., 2005).
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Experi ;
periment 6 assesses the effect of fruit thinning on fruit characteristics in

the SGD coconut variety,

6.2.2 Materials and methods

6.2.2.1 Description of the Study Area

The study area is the same as described in Chapter 3.

6.2.2.2 Experimental Design and Treatments

The experiment was set-up in a matured SGD coconut field aged 12 years
old and planted at 7.5 m triangular spacing at a density of 205 trees ha™'. A
Randomized Complete Block Design with 3 replicates and 6 palms plot™”! was used
to evaluate the effect of 3 levels of fruit thinning treatments viz., Control (FT0),
thinning to 15 nuts per bunch (FT15) and thinning to 10 nuts per bunch (FT10).

The 3 levels of thinning were assigned randomly to treatments plots within the

blocks.

6.2.2.3 Treatment Application

Experimental trees were inspected weekly for new inflorescence opening

(Figure 6.1). Buttons that set into fruits are thinned 60 days after inflorescence

i i ir of teurs sterilized in 95% alcohol
opening. Thinning was done with a pair ot seca

starting from the lower fruits upwards (Figure 6.2).
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Figure 6.1. A technician counting the buttons in a newly opened

inflorescence of SGD coconut palm

Figure 6.2. A technician t

inning coconut fruit set in a bunch of SGD

f secateurs

h

coconut palm with a pair o
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6.2.2.4 Maintenance C ulture

Weed maintenance was achieved by integrating hand weeding with
glyphosate 41% SL herbicide application. A uniform application of palm specific
fertilizer with composition: 10:10:30 NPK + 2% MgO + 0.3% Boron was carried

out at the rate of 2.5 kg tree™! at six monthly intervals to improve soil fertility.

6.2.2.5 Data Collection

Soil and leaf sampling and analysis were carried out at the onset of the study
to assess the initial nutrient status of soil and experimental palms before a uniform
fertilizer application. The number of buttons (female flowers) and fruit set were

counted after inflorescence opening. Mature and immature nuts were sampled for

fruit component and proximate analyses.

6.2.2.5.1 Soil analysis

Soil sampling and analysis were carried out based on the procedures

detailed in Section 3.3 of Chapter 3.

6.2.2.5.2 Leaf analysis

Leaf sampling and analysis were done based on the procedures detailed in

Section 3.4 of Chapter 3.
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6.2.2.5.3 Coconut button, Jruit set and fruit drop count

Stu : ;
dy palms were inspected every other day to identify new inflorescence

opening for button count. Fruit set and fruit drop were determined 60 days after

inflorescence opening.

6.2.2.5.4 Fruit component analysis

Fruit component analysis (FCA) was carried out for both immature (fresh)
nuts and mature (dry) nuts, Fresh nuts were harvested from leaf rank 19 whilst dry
nuts were harvested from leaf rank 24. A total of 54 nuts (2 per study palm) was
sampled for FCA. Each fruit was weighed with a digital food scale to obtain fruit
weight (Fwt). A machete was used to remove fruit husk completely and nut weight
(Nwt) taken. The nut was split in the equatorial zone with a machete and the split
nut weight (SNwt) measured. A coconut kernel remover was used to separate the
kernel from the shell by hand. The kernel and shell weights (Kwt and Swt) were

taken. The husk weight (Hwt) and Water weight (Wwt) were derived as follows:

a) Hwt=Fwt- Nwt

b) Wwt=Nwt- SNwt

6.2.2.5.5 Proximate analysis

Samples of fresh nuts harvested from leaf rank 19 were cleaned, de-husked

i int cm pieces USiI‘lg a ceramic
w h the kernel was cut into 5 c¢cn
and de-shelled after hic

i i d then stored in a
i i der was used to grind the cut pieces an
knife. A high speed blen
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deep freezer at -2(° .
P t-20°C for analysis. Crude fat was estimated using continuous soxhlet

extraction approach i"VOIVi“g the use of petroleum ether at 60-80 °C for 18 hours.
Kjeldahl’s method and hot digestion approach were used to estimate crude protein
and crude fibre respectively (AOAC, 1999). Sample of the kernel was incinerated

in a furnace at 600°C for 6 hours and the ash content estimated by using the

following formula:

inal weight
Ash (%) = L i L RO
initial weight

6.2.2.5.6 Physico-chemical analysis

A digital refractometer (DR-A1 1310) manufactured by Atago Co., Ltd,
Japan, was used to measure total soluble solids. A pH meter (WTW 526 Germany)
was used to take the pH reading. Titrimetric method with the chemical

2, 6-dichlorophenolindophenol was used to estimate ascorbic acid (AOAC, 1999).

6.2.2.7 Data Management and Statistical Analysis

The data management and statistical analysis were carried out as described

in Chapter 3, Section 3.5.
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6.2.3 Results

6.2.3.1 Soil Analysis

Particle-size distribution and chemical properties of soil at the onset of the

experiment is presented in Table 6.1. Soil was acidic with sandy loam texture. Top
soil organic matter, N, Ca and M g contents were at normal levels relative to critical
values of 2%, 0.1%, 2.5% and 0.5% respectively. Soil K and exchangeable bases/
cation exchange capacity were low with reference to critical values of 0.2 cmol

kg™ and 10 cmol kg™ respectively.

Table 6.1. Particle-size distribution and chemical properties of soil at

the onset of experiment six

Soil Depth Clay Silt Sand oM N pH
0/

0-20 19.0 13.] 67.9 2,04 0.10 5.08
21-40 19.0 133 67.7 1.49 0.07 513
Ca Mg K TEB . ECEC P
cmol kg™ ug g’
0-20 2.73 0.61 0.12 3.58 326 8.81
21-40 2.38 0.28 0.13 3.08 3.08 5.89

OM = Organic matter; TEB = Total exchangeable basis; ECEC = Effective cation
exchange capacity

6.2.3.2 Leaf Analysis

Leaf nutrients levels of experimental palms, 30 months after fruit thinning,

are presented in Table 6.2.
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Table 6.2. Leaf nutrient of SGD coconut variety 30 months after fruit
thinning studies

Mean Leaf Nutrient (% dry matter, leaf rank # 14)

Leaf Nutrient Fruit thinning treatment

FTO FT1 FT2
Mg 0.236+0.013  0.236 £ 0.011 0.235% 0.012
Ca 1.121 £ 0.022 1.071 £ 0.021 1.1214 0.022
N 2.336 + 0.054 2.330 +0.052 2.381+0.054
P 0.234 + 0.004 0.226 £ 0.003 0.219+ 0.004
K 1.195 £ 0.023 1.105 £ 0.021 1.010% 0.022

Mean estimates = S.E. with no letters within rows are not significantly different, P>0.05;
MFT = Month after fruit thinning; FT0 = Control; FTI = Thinning to 15 fruits in a bunch;
FT2 = Thinning to 10 fruits in a bunch

The levels of leaf N, K and Mg were normal for all the experimental palms relative
to critical values of 2.5%, 1.0% and 0.24% respectively. Leaf Ca and P contents
were at moderate levels as compared with critical values of 0.6% and 0.15%
respectively. Statistical analysis did not show significant (P>0.05) difference

between treatment palms in the levels of nutrients (Appendix 47).

6.2.3.3 Coconut Button, Fruit Set and Fruit Drop Count

Count of coconut button, fruit set and fruit drop in the SGD fruit thinning

iment are presented in Table 6.3. Data analysis did not show significant
experi

(P>0.05) difference between fruit thinning treatments in the count levels of coconut

b fruit set and fruit drop (Appendix 48). Fruit set varied from 40.0-45.5% of
utton, Iru

(+)
coconut button whilst fruit drop ranged from S45-GM 50,
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Tal.)le 6.3. Coconut button, fruit set and fruit drop count in SGD
fruit thinning studies at Agona-Nkwanta

Mean Count
Fruit thinning treatment

Fruit Count

FTO FT1 FT2
Coconut button 479+17.5 433472 46.5+6.8
Fruit set 21.8+44 19.3 +4.1 18.6+3.6
Fruit drop 26.1 £5.6 24.0+49 279+5.5

Mean estimates + S.E. with no letters within rows are not significantly different,
P>0.05; MFT = Month after fruit thinning; FT0 = Control; FT1 = Thinning to 15
Sruits in a bunch; FT2 = Thinning to 10 fruits in a bunch

6.2.3.4 Fruit Component Analysis

6.2.3.4.1 Fruit weight

Fresh and dry fruit weights of SGD coconut variety as affected by fruit

thinning are presented in Tables 6.4 and 6.5 respectively. Fruit weight increased

with intensity of fruit thinning in the order FT2>FT1>FT0. Data analysis indicated

significant (P<0.05) fruit thinning effect on fresh and dry fruit weight

(Appendix 49).

In general, fresh fruits sampled from FT2 palms at 18, 24 and 30 months

i igni <0.05) heavier than samples from FT1 and
after fruit thinning were significantly (P 0.05)

+ thinning fresh fruit weight differences
18 months after fruit thinning g
the control. However, at
igni .05). Also, differences in fresh fruit
2 not significant (P>0.0
between FT2 and FT1 were
rol were not significant (P>0.05). FT2 treatment

t
weight between FT1 and the con
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improved fi . :
P resh fruit weight averagely by 31.6% from 18-30 months after fruit

thinning relative to the control.

Dry fruits sampled from FT2 palms at 18, 24 and 30 months after fruit
thinning were significantly (P<0.05) weightier than the control and also weightier
than samples from FT1 palms but only at 30 months after fruit thinning. Differences
in dry fruit weight between FT1 and the control were not significant (P>0.05). FT2
treatment increased dry fruit weight on the average by 28.3% from 18-30 months

after fruit thinning relative to the control.

Table 6.4. Fresh fruit weight of SGD coconut variety as influenced by
thinning treatment

Mean Fruit Weight (g)

MFT Fruit thinning treatment
FTO FT1 FI&
6 5754+ 15.1 578.5+20.2 582.5 & 22.1
12 619.7£275 636.3 £25.5 640.8 £ 30.5
18 694.9 = 56.8a 750.2 £ 59.5ab 826.2 + 64.5b
24 752.0 £ 62.9a 813.0 = 64.6a 1,080.0 + 68.0b
30 884.0 + 58.9a 942.0 = 64.1a 1,275.0 £ 60.7b
or no letters are not significantly

j ] - S.E. with the same
mointh, mean estimates S.E wi sigr
articular = Control; FT1 = Thinning to 15

LSD (0.05) of mean estimates is

ggef:;:,p P>0.05; MFT = Month afier fruit thinning: FT0

fruits in a bunch; FT2 = Thinning to 10 fruils in a bunch;
presented in Appendix 50.
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thinning treatment

MET Mean Fruit Weight (2)
Fruit thinning treatment
FTO FT1 FT2
18 5153+ 17.4a 551.7+ 19.1ab 612.3+19.9b
24 7109+ 11.9a 809.8 + 14.2ab 883.9 + 16.4b
30 851.2+36.8a H2.5£35.1a 1,173.0 £ 32.2b

F or any parlicu!c_zr month, mean estimates + S.E. with the same or no letters are not significantly
du_’ijere.nl, P>0.05; MFT = Month afier fruit thinning; FTO = Control; FT1 = Thinning to 15
Jruits in a bunch; FT2 = Thinning to 10 fruits in a bunch; LSD (0.05) of mean estimates is
presented in Appendix 50.

6.2.3.4.2 Husk weight

Husk weight of fresh and dry fruits of SGD coconut variety as influenced
by fruit thinning are presented in Tables 6.6 and 6.7 respectively. Generally, husk
weight increased with intensity fruit thinning in the order FT2>FT1>FT0. Data

analysis indicated significant (P<0.05) fruit thinning effect on dry and fresh husk

weights (Appendix 51).
Husk weight of fresh fruits sampled from FT2 palms at 24 and 30 months

after fruit thinning were significantly (P<0.05) greater than samples from FT1 and

the control. Differences in fresh husk weight between FTO and FT1 were not

ionificant (P>0.05). On the average, FT2 treatment increased fresh husk weight by
signifl 02

41.6% from 24-30 months after fruit thinning as compared with the control.
. 0 i

Husk weight of dry fruits sampled from FT2 palms at 18, 24 and 30 months
us

fier fruit thinning were significantly (P<0.05) weightier than the control.
after frui
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Differences i )
n fresh husk weight between FT1 and the control were not significant

P>0. ; .
(P>0.05). Averagely, FT2 treatment increased dry husk weight by 40.4% from

18-30 months after fruit thinning relative to the control.

Tefble 6.6. Fresh husk weight of SGD coconut variety as influenced by fruit
thinning treatment

Mean Husk Weight (g)

MEFT Fruit thinning treatment
FTO L FT2
6 405.6 £ 15.8 406.9 + [4.8 405.8 + 14.8
12 4331 =222 447.5+£24.3 446.3 £21.9
18 467.4 £ 26 .4 471.6 £21.0 466.4 +20.5
24 504.1 £ 27.6a 476.2 £29.9a 683.2+29.9b
30 501.6+21.1a 495.4 + 27.4a 740.8 + 14.7b

For any particular month, mean estimates + S.E. with the same or no letters are not significantly
different, P>0.05; MFT = Month afier fruit thinning; FT0 = Control; FT1 = Thinning to 15
Sruits in a bunch; FT2 = Thinning to 10 fiuits in a bunch; LSD (0.05) of mean estimates is

presented in Appendix 52.

Table 6.7. Dry husk weight of SGD coconut variety as influenced by fruit

thinning treatment
| Mean Husk Weight (g)

Fruit thinning treatment

MFT
FTO FTI FI2
18 150.9+ 10.7a 162.6+ 11.7ab 184.5+12.0b
24 215.9=11.0a 236.6 + 12.2ab 255.7+10.9b
30 242.7 +32.4a 228.1430.9a 384.5+28.5b

imates = S.E. with the same or no letters are not significantly
fruit thinning; FT0 = Control; FT! = Thinning to 15
10 fruits in a bunch; LSD (0.05) of mean estimates is

1 St
d rticular month, meane
e b MFET = Month after

different, P>0.03; o
ﬁg;ls in a bunch; FT2 = Thinning to

presented in Appendix 52.
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6.2.3.4.3 Nut weight

Nut weight of fresh and dry fruits of SGD coconut variety as affected by
fruit thinning are presented in Tables 6.8 and 6.9 respectively. Nut weight increased
with intensity fruit thinning in the order FT2>FT1>FT0. Data analysis showed

significant (P<0.05) fruit thinning effect on nut weight (Appendix 53).

Nut weight of fresh fruits sampled from FT2 palms at 18, 24 and 30 months
after fruit thinning was significantly (P<0.05) greater than samples from FT1 palms
and the control. FT1 palms in turn had significantly (P<0.05) higher fresh nut
weight than the control. FT2 treatment improved nut weight of fresh fruits
averagely by 55.2% from 18-30 months after fruit thinning as compared with the

control. Similarly, FT1 treatment also increased nut weight of fresh nuts by 37.4%

relative the control.

Nut weight of dry fruits sampled from FT2 palms at 18, 24 and 30 months
after fruit thinning was significantly (P<0.01) greater than the control. In general
dry nut weight differences between FT1 and the control or between FT2 and FT1

were not significant (P>0.05). However, at 30 months after fruit thinning dry nut

weight of FT2 samples were significantly (P<0.05) heavier than FT1 samples. FT2

treatment improved nut weight of dry fruits on the average by 23.6% from 18-30

months after fruit thinning relative to the control.
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thble. 6.8. Fresh nut weight of SGD coconut variety as influenced by fruit
thinning treatment

Mean Nut Weight (g)

MFT Fruit thinning treatment
FTO FTi FT2
6 169.8 £ 6.7 171.6 £ 8.1 176.7+7.9
12 186.6 £7.2 188.8+8.3 1945+8.2
18 2419+ 8.8a 297.8 +7.8b 362.2 + 7.8¢c
24 255.0%+7.1a 3315+ 7.8b 382.1£8.1¢
30 275.1+8.2a 393.8+8.9b 442.2 + 8.5¢

For any particular month, mean estimates + S.E. with the same or no letters are not significantly
different, P>0.05; MFT = Month after fruit thinning; FT0 = Control; FT1 = Thinning to 15
Jruits in a bunch; FT2 = Thinning to 10 fruits in a bunch; LSD (0.05) of mean estimates is

presented in Appendix 54.

Table 6.9. Dry nut weight of SGD coconut variety as influenced by fruit

thinning treatment
Mean Nut Weight (g)
MFT Fruit thinning treatment
FTO FTI1 FT2
18 364.4 £ 10.9a 389.1 + 11.9ab 427.8 £ 12.4b
24 495.0+12.5a 573.2+ 16.8ab 588.2+17.0b
30 608.5 + 20.6a 674.4 £ 19.6ab 788.8 £ 18.1¢c
mean estimates = S.E. with the same or no letters are not significantly

h, 2
= Month after fruit thinning: FT0 = Control; FTI = Thinning to 15

For any particular mont
Thinning to 10 fruits in a bunch; LSD (0.05) of mean estimates is

different, P>0.05; MFT
Jruits in a bunch; F‘TZ b
presented in Appendix 54
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6.2.3.4.4 Shell weight

Shell weight of fresh and dry fruits of SGD coconut variety as influenced
by fruit thinning are presented in Tables 6.10 and 6.11 respectively. Shell weight
increased with intensity of fruit thinnin g in the order FT2>FT1>FT0. Data analysis

indicated significant (P<0.01) fruit thinning effect on shell weight (Appendix 55).

Shell weight of fresh fruits sampled from FT2 palms at 18, 24 and 30
months after fruit thinning were significantly (P<0.05) greater than samples from
FT1 palms and the control. Fresh fruits from FT1 palms had significantly (P<0.05)
weightier shells than samples from the control. On the average, FT2 treatment
increased fresh shell weight by 61.1% from 18-30 months after fruit thinning as
compared with the control. Similarly, FT1 treatment also increased fresh shell

weight significantly (P<0.05) by 29.0% from 18-30 months after fruit thinning.

Dry fruits sampled from FT2 palms at 18-30 months after fruit thinning had
significantly (P<0.05) greater dry shell weight than the control. Differences in dry
shell weight between FT1 and FT2 were not significant (P>0.05) except at 30
months after fruit thinning where shell weight of dry fruits from FT2 palms were
significantly (P<0.05) heavier than that from FT1 palins. Averagely, FT2 treatment

increased dry shell weight by 15.6% as compared with the control.
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Table 6. i
' e.6 10. Fresh shell weight of SGD coconut variety as influenced by fruit
thinning treatment

Mean Shell Weight (g)

MFT Fruit thinning treatment
FTO FT1 FT2
6 312+3.8 58.6+£3.2 60.3 +£3.3
12 63.0£4.5 64446 66.3 £5.0
18 65.7% 5.4a 83.4+4.9b 103.0 + 6.0c
24 67.7+52a 85.2+5.6b 110.8 £ 6.9¢
30 70.8 £ 5.5a 92.8+6.5b 1179+ 6.1c

For any particular month, mean estimates + S.E, with the same or no letters are not significantly
different, P>0.05; MFT = Month after fruit thinning; FTO = Control; FTI = Thinning to 15
Jruits in @ bunch; FT2 = Thinning to 10 fruits in a bunch; LSD (0.05) of mean estimates is
presented in Appendix 56

Table 6.11. Dry shell weight of SGD coconut variety as influenced by fruit

thinning treatment

Mean Shell Weight (g)

MFT Fruit thinning treatment
FTO FT1 FT2
18 165.2 + 5.5a 172.5 + 6.9ab 188.2 = 6.9b
24 218.6 = 6.1a 230.1 + 8.9ab 252.2 + 8.4b
30 258.5 £ 9.6a 262.2 + 9.8ab 298.0 +£9.3b

rlicudar month, mean estimates = S.E. with the same or no letters are not significantly
T = Month after fruit thinning; FT0 = Control; FT1 = Thinning to 15

For any pa
10 fruits in a bunch; LSD (0.05) of mean estimates is

different, P>0.05; MF ontl
fruits in a bunch; F12 = Thinning to

presented in Appendix 56.
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6.2.3.4.5 Kernel weight

Kernel weight of fresh and dry fruits of SGD coconut variety as affected by
fruit thinning are presented in Tables 6.12 and 6.13 respectively. Kernel weight
increased with intensity of fruit thinning in the order FT2>FT1>FT0. Data analysis

showed significant (P<0.05) fruit thinning effect on kernel weight (Appendix 57).

Fresh fruits sampled from FT2 palms at 18-30 months after fruit thinning
had significantly (P<0.05) greater fresh kernel weight than the control. Differences
in fresh kernel weight between FT1 and FT2 were not significant (P>0.05) except
at 30 months after fruit thinning where fresh kernel weight of FT2 were
significantly (P<0.05) higher than FT1 samples. FT2 treatment improved fresh
kernel weight averagely by 42.1% from 18-30 months after fruit thinning as

compared with the control. Similarly, FT1 treatment improved fresh kernel weight

by 24.3% relative to the control.

Dry fruits sampled from FT2 palms at 24 and 30 months after fruit thinning

had significantly (P<0.05) greater dry kernel weight than the control. Differences

in dry kernel weight between FT1 and FT2 were not significant (P>0.05) at 24

months after fruit thinning but at 30 months dry kernel weight of FT2 palms were

significantly (P<0.05) higher than that of FT1. FT2 treatment improved kernel

weight from dry fruits on the average by 35.2% from 24-30 months after fruit

thinning as compared with the control. Similarly, FT1 treatment also improved dry

kernel weight by 18.1% at 30 months after fruit thinning relative to the control.
ernel v g
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Table 6. .
. ¢ 6.12' Fresh kernel weight of SGD coconut variety as influenced by
fruit thinning treatment

Mean Kernel Weight (g)

MFT Fruit thinning treatment
FTO FTI1 FT2
6 76.3+3.7 76.6 + 4.1 783+£4.9
12 83.9+42 842+43 86.1 £4.2
18 953+ 12.8a 116.8 £ 14.8b 130.8 £ 15.8b
24 97.2%12.7a 120.5+ 13.8b 135.8£13.1b
30 98.5+11.2a 124.1 £12.9b 144.6 £ 12.5¢

For any particular month, mean estimates + S.E. with the same or ne letters are not significantly
different, P>0.05; MFT = Month afier fruit thinning; FT0 = Control; FTI = Thinning to 15
Jruits in a bunch; FT2 = Thinning to 10 fi-uits in a bunch; LSD (0.05) of mean estimates is
presented in Appendix 58.

Table 6.13. Dry kernel weight of SGD coconut variety as influenced by fruit

thinning treatment

Mean Kernel Weight (g)

MFT Fruit thinning treatment
FTO FT1 FT2
18 165.4+6.9 181.0+7.6 184.9+7.6
24 196.2 = 12.5a 208.3+ 10.2ab 226.9+ 10.9b
30 2553+ 11.7a 301.5+11.2b 394.9+ 10.3¢

j / letters are not significantl,

p j month, mean estimates % S E. with the same or no sigh ly
5?, anynggglg? MFT = Month after fruit thinning; FT0 = Control; FT1 = Thinning to 15
f‘vﬁ;:e;l:’a blli:lch: FT2 = Thinning to 10 fruits in a bunch; LSD (0.03) of mean estimates is

Fuil: ;
presented in Appendix 58.
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6.2.3.4.6 Water weight

Weight of water in fresh and dry fruits of SGD coconut variety as influenced
by fruit thinning are presented in Tables 6.14 and 6.15 respectively. Weight of
water in the fruit increased with intensity of fruit thinning in the order

FT2>FT1>FTO0. Data analysis showed significant (P<0.05) fruit thinning effect on

weight of water (Appendix 59).

Fresh fruits sampled from FT2 palms at 18-30 months after fruit thinning
had significantly (P<0.05) higher water content by weight than the control.
Differences in fresh fruit water content between FT1 and FT2 were not significant
(P>0.05). However, at 18 months after fruit thinning water content of FT2 was
significantly (P<0.05) higher than that of FT1. Fresh fruit water content of FT1 at
24 and 30 months after fruit thinning was significantly (P<0.05) higher than the
control. FT2 treatment increased fresh fruit water content averagely by 65.0% from
18-30 months after fruit thinning as compared with the control. Similarly, FT1

treatment also increased water content by 43.9% relative to the control.

Dry fruits sampled from FT2 palms at 18-30 months after fruit thinning had

significantly (P<0.05) more water content by weight than the control. Differences

in dry fruit water content between FT1 and FT2 were not significant (P>0.05).

However, at 18 months after fruit thinning water content of FT2 was significantly

(P<0.05) higher than that of FT1. Water content of dry fruit from FT1 at 24 and 30

ths after fruit thinning was significantly (P<0.05) higher than the control. FT2
mon

¢ increased dry fruit water content on the average by 51.2% from 18-30
treatment 1
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months after fruit thinn; :
v fruit thinning as compared with the control. Similarly, FT1 treatment

improved dry fruit water content by 27.9% relative to the control.

:I‘able 6.14. Weight of water in fresh fruit of SGD coconut variety as
influenced by fruit thinning treatment

MFT A Bt
FTO FT1 FT2
6 56.3+4.6 56.5+ 4.7 58.2+5.0
12 61.8+4.5 62.2+ 4.8 64.1+4.9
18 80.9 + 5.9ab 97.6+ 6.0b 128.4+ 6.9¢
24 90.1 + 5.4a 125.8+ 6.3b 135.5+ 6.9b
30 105.8 + 4.5a 176.9+ 4.8b 181.1+4.9b

For any particular month, mean estimates = S.E. with the same or no letters are not significantly
different. P>0.05; MFT = Month afier firuit thinning; FT0 = Control; FT1 = Thinning to 15
fruits in a bunch; FT2 = Thinning to 10 fruits in a bunch; LSD (0.05) of mean estimates is

presented in Appendix 60.

Table 6.15. Weight of water in dry fruit of SGD coconut variety as

influenced by fruit thinning treatment
Mean Water Weight (g)

Fruit thinning treatment

MFT
FTO FLl FT2
18 33.8+3.2a 35.6+3.5a 54.8+3.5b
24 80.2 + 5.4a 103.8 £ 6.3b 109.1 £ 6.8b
30 90.5+9.7a 114.4+9.3b 126.9 = 8.5b

van estimates = S.E. with the same or no letters are not significantly
afier fruit thinning; FT0 = Contrel; FTI = Thinning to 15
uits in a bunch; LSD (0.05) of mean estimates is

month, m

MFT = Month
Thinning to 10 fr

For any particular
different, P>0.05;
Jruits in a bunch; ]"T 2 =
presented in Appendix 60.
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6.2.3.5 Proximate Analysis

Proximate analysis of fresh fruits of SGD coconut variety as influenced by
fruit thinning are presented in Table 6.16 Data analysis showed significant
(P<0.001) fruit thinning effect on crude protein content (Appendix 61). Crude
protein increased with intensity of fruit thinning in the order FT2>FT1>FT0. Fresh
fruits sampled from FT2 palms had significantly (P<0.001) higher crude protein
content than samples from FT1 and the control palms after 30 months of fruit
thinning. Similarly, samples of fresh fruits from FT1 palms also had significantly
(P<0.001) greater crude protein content than the control. FT2 and FT1 treatments
improved crude protein contents of fresh fruits by 31.4% and 10.6% respectively
over the study period. Crude fat, crude fibre and percent ash contents of fresh fruits

were not affected significantly (P>0.05) by fruit thinning treatment.

Table 6.16. Proximate analysis of fresh fruit of SGD coconut variety after

thirty months of fruit thinning treatment
Mean Proximate Value (g kg'' dry matter)

Macromolecule Fruit thinning treatment

FTO FT1 F12
Crude Protein 4,04+ 0.13a 4.47+0.13b §31%0.12¢
Crude fat 1.753 £ 0.01 1.710 £ 0.01 1.737 £ 0.01
Crude fibre 7.680 £ 0.17 7.733+0.17 7.450+0.18
Ash (%) 1.167 £ 0.02 1.047 £ 0.04 1.097 £ 0.05

; s within rows are not significantly different,

i T S E with the same or no letters wi Sig jerent,

Mf’a” e‘?’x::;’,;fi Month afier fiuit thinning; FT0 = Control; FT1 = Thinning to 15 fruits in a

;: "0'!05'17,2 Thinning to 10 fruits in a bunch; LSD (0.05) of mean estimates is presented in
unch; F12 =

Appendix 62.
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6.2.3.6 Physico-chemical Analysis

Physico-chemical analysis of fresh fruits of SGD coconut variety as affected
by fruit thinning are presented in Table 6.17. Data analysis showed significant
(P<0.001) fruit thinning effect on Vitamin C (Appendix 63). Vitamin C content of
fresh fruits increased with intensity of fruit thinning in the order FT2>FT1>FTO.
After 30 months of fruit thinning, fresh fruits of FT2 and FT1 palms had
significantly (P<0.001) higher Vitamin C content than the control. Differences in
Vitamin C contents between FT1 and FT2 was not significant (P>0.05). FT2 and
FT1 treatments increased Vitamin C content of fresh fruits by 41.5% and 33.8%
respectively over the period of the study. Total soluble solids and pH of fresh fruits

were not affected significantly (P>0.05) by fruit thinning treatment.

Table 6.17 Physico-chemical analysis of fresh fruit of SGD coconut variety

after 30 months of fruit thinning treatment
Mean Proximate Value (g kg dry matter)

Parameter Fruit thinning treatment

FTO FT1 Fi2
TSS 12.63 £0.17 11.90£0.17 1230+ 0.17
Vitamin C 2.07+0.14a 2.77+0.14b 293 £0.14b
pH 5.97+0.11 5.80%0.11 597%0.12

Wean estimates = S.E. with the same or no leiters within rows are not significantly different,

P>0.05: MFT = Month after fruit thinning; FT0 = Control; FT1 = Thinning to 15 fruits in a

bunch :F'TZ = Thinning to 10 fruits in a bunch; LSD (0.05) of mean estimates is presented in
neh: -

Appendix 64.
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6.2.4 Discussion

6.2.4.1 Soil Analysis

Soil fertility at the onset of the study left more room for improvement
particularly the low soil K since K is required in relatively large quantities for good
performance of bearing coconut (Magat, 2003). Application of palm specific Yara
fertilizer 10:10:30 NPK + 2% MgO + 0.3% Boron was done to correct the K

deficiency and improving soil fertility for the fruit thinning studies.

6.2.4.2 Leaf Analysis

The normal levels of leaf N, K and Mg coupled with moderate levels of leaf
Ca and P for all the experimental palms was an indication of good uptake of soil
nutrients and the palm specific fertilizer applied. The improved soil fertility was

necessary to enhance good response to fruit thinning treatment (Patil, 2011; Spargo

etal.,2013; Wei et al., 2016).

6.2.4.3 Coconut Button, Fruit Set and Fruit Drop Count

The count levels of coconut button, fruit set and fruit drop did not differ

statistically among treatments therefore setting a common platform for fruit

thinning evaluation. The average count of 45.6 buttons per inflorescence, fruit set

f 42.5% and fruit drop of 57.5% of buttons were consistent with what was put
(6] = 0

f d by Santos e/ al. (1996) as indicated in Section 2.2.6 of Chapter 2. The
orwar .
to natural factors particularly, pollination

relatively high fruit drop is attributable
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failure .

» that tend to cont ol nut load so that available resources could be re-allocated
t ini : 2
o the remaining fruits to develop into maturity (Ehrle’n, 1991; Dal Cin et al., 2005)
Notwithstanding, the fruit set observed in the SGD variety was relatively high

therefore setting the basis for agronomic manipulation through fruit thinning to

improve fruit size and quality (Heuvelink, 1997; Dennis, 2000).

6.2.4.4 Fruit Component Analysis

The fruit of coconut is made up of husk and nut; and the latter comprises
shell, kernel and water (Santos et al., 1996). The husk, shell, kernel and water
constitute the fruit components (Perera et al., 2014). It takes 6-8 months after
pollination for the fruit to develop to a stage that can be consumed as fresh
(immature) fruit whilst the dry (mature) fruit takes 10-12 months (Taffin, 1998).
The non-observation of response to fruit thinning till 18 months after
commencement of treatment was consistent with the development periods for

mature and immature fruits and time interval of 6 months for fruit m easurements.

The positive impact of fruit thinning on fruit weight of SGD coconut variety

conforms to the report of Bourdeix ef al., (2005) indicating positive effect of fruit

thinning on seed nut development of Catigan Green Dwarf coconut variety in seed

gardens. Though published literature on coconut fruit thinning is limited, the
. e

2 d fruit weight observed in SGD coconut variety with intensified level of
increase g

fruit thinning conforms to results of fruit thinning in peach (Prunus persica L.),
ruit thinni

le (Mal domestica Borkh.) and pomegranate (Punica granaturm L. (Havis,
apple alus

& Greens, 2010; Jafari et al., 2014; Fattahia et al., 2020).

1992; Fallali
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Fruits and i
Its structures present strong sinks for assimilates, nutrient and

water. Con T ] )
sequently, maintaining a high fruit load triggers high competition among

developing fruits for resources (Ge’nard et al. 2008; Rodrigues ef al., 2019) thereby
affecting fruit development. Thinning treatment reduces fruit load and makes
resources available to a desired number of fruits for improved fruit weight/ size and
quality development (Westwood, 1993; Bourdeix er al., 2005; Mohsen & Osman,
2015).

The positive impact of fruit thinning on all fruit components including husk,
shell, kernel and water could possibly indicate the SGD coconut variety’s unlimited
partitioning ability of resources made available through fruit thinning in an attempt
to compensate for losses (Obeso, 2002). The higher quantum of increase, generally,
in weight of fresh fruit components relative to the dry fruit components might be

attributed to fresh fruit having a stronger sink for water than dry fruit (Marsal et al.,

2008).

6.2.4.5 Proximate Analysis

Jafari et al., (2014) reported the effectiveness of fruit thinning at enhancing

not only fruit size but fruit quality attributes in pomegranate fruits. Proximates are

also important for quality fruit attributes. The positive impact of fruit thinning on

de protein of fresh fruits of SGD coconut variety suggests that the treatment
crude p

'oXi f SGD fruits. The synthesis of crude
i the proximate value 0
could be used to Improve
ith i i fruit thinning probably due to re-allocation of
in i d with intensified
protein increase
hinning in favour of protein

[ it t
photosynthetic materials made available by fru

synthesis.
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Fruit thinni i
nning did not affect crude fat, crude fibre and percent ash probably
because the lev ;
els of these Proximates are either independent of photosynthates or

other factors (e.g. genetic) are involved in influencing their levels.

6.2.4.6 Physico-chemical Analysis

The positive effect of fruit thinning on ascorbic acid (Vitamin C) of fresh
fruits of SGD coconut variety indicates that treatment could be used to enhance the
physico-chemical value of SGD fruits. The formation of ascorbic acid increased
with increased fruit thinning possibly due to re-allocation of assimilates made

available by fruit thinning in favour of ascorbic acid formation.

In a similar study carried out using pomegranate fruits, the authors found
out that fruit thinning increased TSS and ascorbic acid contents but reduced
titratable acidity (Jemric ef al., 2003; Mohsen & Osman, 2015). In the current work
however, TSS and pH were not affected by fruit thinning probably due to

differences in the ability of crops to respond to fruit thinning.

6.2.5 Conclusion
SGD coconut variety showed significant improvement in fruit size

expressed in weight and the contents of Crude Protein and Vitamin C with intensity
o

of fruit thinning from 18-30 months after treatment.

Thinning to 10 fruits per bunch increased crude protein and Vitamin C
innin
ively; and weights of fresh fruits
i 31.4% and 41.5% respectively;
contents of fresh fruits by
6% and its components: husk, shell, kernel and water
. 0

on the average by 31
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averagely by 41.6°
Yy 41.6%, 61.1%, 42.1% and 65.0% respectively. It also increased

weights of dry fruj
ryIruiton the average by 28.3% and its components: husk, shell, kernel

and water by 40.4%, 15.6%, 42.1% and § 1.2% respectively.

Thinni : :
1mnning to 15 fruits per bunch improved crude protein and Vitamin C

contents of fresh fruits by 10.6% and 33.8% respectively; and weights of fresh fruits
on the average by 6.6% and its components: shell, kernel and water averagely by
29.0%, 24.3% and 43.9% respectively. It also improved weights of dry fruit on the
average by 6.6% and its components: kernel and water averagely by 12.2% and

27.9% respectively.

6.3 Experiment 7: Ablation in Sri Lanka Green Dwarf Coconut Variety

6. 3. 1 Introduction

Ablation in coconut refers to the complete removal of inflorescence either

before or after the opening of the spathe. The inflorescence is the reproductive

organ of coconut. Photosynthetic assimilates are partitioned between the

reproductive and vegetative organs (Noggle & Fritz, 2006). In all plants including

coconut, the reproductive parts become dominant and major consumers of
]

assimilates as against vegetative organs (Wareing & Patoicls, 1900) Ba,; Toi
Génard et al., 2008) thereby limiting vegetative growth and development. Removal

] i ink size leading to re-allocation of
es the reproductive sin
of the floral structures reduc
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assimilates :
10 vegetative and other organs for growth and development (Wang &

Breen, 1986; Datuluri & Misra, 2002; Corley & Tinker, 2003).

Earlier work carried out in soybean (Glycine max) showed that removal of
reproductive structures impacted positively on total dry matter content of the plant
(Heitholt & Egli, 1985). Working further on soybean, Saravitz ef al., (1994)
reported that during reproductive stage, seeds become a dominant sink for nitrogen
and carbon. Subsequent removal of newly formed soybean pods led to dry matter
partitioning being diverted to vegetative development resulting in increased
number of leaves with higher total area. Etebom & Chimezie (2016) assessed
source - sink relationship in Waterleaf (7Tal/inum triangulare) and concluded that

weekly removal of inflorescence resulted in a higher leaf yield.

In coconut, however, there is little or no published information on

inflorescence ablation even though some coconut ecotypes for example, the Sri
Lanka Green Dwarf (SGD), are good candidates for ablation. The SGD produce

early inflorescence at the time that the vegetative capacity is not well developed.

The dwarf coconut variety intrinsically takes on heavy fruit load but suffer small

fruit size and poor weight of fruit components (Bourdeix ef al., 2005).

Experiment 7 assesses the effect of ablation on vegetative growth and fruit
X

characteristics in the SGD coconut variety.
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6.3.2 Materials and methods

6.3.2.1 Description of the Study Area

The experiment was set up on a farmer collaborator’s land at Badukrom

near Beposo in the Shama District. The description of the study area is presented in

Chapter 3.

6.3.2.2 Experimental Design and Treatments

An experimental field for the ablation studies was established with SGD
coconut variety at 7.5 m triangular spacing and at a density of 205 trees ha™'. A
Randomized Complete Block Design with 3 replicates and 9 palms plot™! are being
used to evaluate the effect of 4 levels of ablation treatments viz., Control (A0),
Ablation for 6 months (A1), Ablation for 12 months (A2) and Ablation for 18

months (A3). The 4 levels of ablation were assigned randomly to treatment plots

within the blocks.

6.3.2.3 Treatment Application

Wee

began 2 years after planting and is ongoing. Inflorescence of control palms are left

kly inspection of experimental palms for inflorescence emergence

intact but that of treatment palms are ablated when fully emerged but before spathe
intact bu

i i is done with a sharp knife sterilized in
i Ablation (Figure 6.4) is
opens (Figure 6.3).

v, alcohol. During a given ablation period determined by treatment, any
95% alconol.
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inflorescence that :
emerge is ablated, After the duration, any inflorescence that

emerge is allowed to develop to fruition

R Bl A

Figure 6.3. SGD coconut palm with a fully
emerged inflorescence

g

o o lating a
re 6.4. A technician ab
E.:]gl; emerged inflorescence of SGD

coconut palm
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6.3.2.4 Mm‘ntenance Cultuye

Weed mainten is bei
ance is being achieved by integrating hand weeding with

glyphosate 419, g1 ;L 1
© SL herbicide application. A uniform application of palm specific

fertilizer wi "
I with composition: 10:19:30 NPK + 2% MgO + 0.3% Boron is being
carried out a
t the rate of 1.0 kg tree! six monthly intervals to improve soil

fertility. . i
y. Oryctes traps with old fishing net technique are being used to prevent

Oryctes attack.
6.3.2.5 Data Collection

6.3.2.5.1 Soil and leaf analysis

Soil and leaf sampling and analysis were carried out based on the

procedures detailed in Section 3 of Chapter 3.

6.3.2.5.2 Collar girth measurement and leaf count

Collar girth measurement and leaf count are ongoing at 6-monthly intervals.

6.3.2.5.3 Coconut button, fruit set and fruit drop count

Palms selected for the study will be inspected every other day to identify

new inflorescence opening for post-ablation button count. Fruit set and fruit drop

will be determined 60 days after inflorescence opening.
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6.3.2.5.4 Nut yield determination

Nut yield will be determined using the procedure described by Santos ef dl.,

(1996) in *“Manual on standardized research techniques in coconut breeding’”

6.3.2.5.5 Fruit component, proximate and physico-chemical analysis

Fruit component, proximate and physico-chemical analysis will done based

on procedures described in Section 6.2.2.5 of Chapter 6.

6.3.2.6 Data Management and Statistical Analysis

The data management and statistical analysis will be carried out as

described in Chapter 3, Section 3.5.

6.3.3 Results and Discussion

Data collection and treatment application are ongoing.

6.3.4 Conclusion/ Way forward

The experiment was not completed at the time of thesis submission in
e e

March 2022. It was however progressing steadily. The earliest time for completion
arc 3

i -aduation. Final results will
11 therefore continue after gra
will be 2024. The work wi

be communicated t0 the University-
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CHAPTER SEVEN

7.0
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

7.1 Summary

The study assessed hursery and tree management practices in coconut with
the purpose of developing interventions with capacity to increase the supply of
good quality coconut seedlings that are tolerant to Cape St Paul Wilt Disease for
commercial planting. The research objectives were to assess the effects of:

1. Pre-nursery practices (planting medium, seed nut soaking, planting depth and
seed nut size) on germination and vigour of SGD x VTT coconut hybrid seed
nut,

2. Fertilizer application and spacing on seedling growth and vigour of SGD x VTT

coconut hybrid.

3. Agronomic tree management practices (ablation and fruit thinning) on fruit
characteristics of SGD coconut variety.

This chapter gives a recap of the study and summarizes the research findings

thereof with recommendations for agricultural extension, government policy and
er

fut arch work. Three (3) main studies were carried out involving seven (7)
uture resear :

different experiments towards achieving the set objectives.

w i ffect of soaking treatment and
i designed to assess the e
Experiment one was
i D x VTT coconut hybrid seed nut using
i ination and vigour of SG
medium on germination a | ! |
ith 3 replicates and 3 types of planting medium (top soil, semi-
n wit

a split-plot desig . . ;
hell and decomposed sawdust) assigned to main plots an
cocoa bean s

osed
decomp .
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3 different i 2
soaking treatments (soaking in water, soaking in 1% KNOj solution and

no soaking) assigned to subplots,

Experiment two assessed the effect of planting depth and medium on
germination and vigour of SGD x VTT coconut hybrid seed nut using a split-plot
design with 3 replicates and 2 types of planting medium (top soil and decomposed

sawdust) assigned to main plots and 3 levels of planting depth (PDo, PD; and PD:)

assigned to subplots,

PDg = Planting by burying a quarter of the seed nut in medium (Control)
PD; = Planting by burying half of the seed nut in medium

PD; = Planting by fully burying seed nut in medium

Experiment three assessed the effect of nut size and medium on
germination and vigour of SGD x VTT coconut hybrid seed nut using a split-plot
design with 3 replicates and 2 types of planting medium (top soil and decomposed

sawdust) assigned to main plots and 4 levels of nut size (extra-large, large, medium
and small) assigned to subplots.

Experiment four assessed the effect of soaking in different concentrations

of potassium nitrate solution and medium on germination and vigour of

SGD x VTT coconut hybrid seed nut using a split-plot design with 3 replicates and

2 types of planting medium (top soil and decomposed sawdust) assigned to main

| d 5 levels of potassium nitrate concentrations (0%, 1%, 2%, 3% and 5%)
plots an

all the four experiments above included

assigned to subplots. Data collection In
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final germinati
|0n erc . . .
pPercentage or rate, time to 50% germination (speed of

germination) and germination index

E . .
Xperiment five was designed to assess the effect of fertilizer application
and spacing on growth and vigour of SGD x VTT coconut hybrid seedlings using
a split-plot design with 3 replicates and 2 levels of spacing (S1 and S1) assigned to

main plot and 4 levels of fertilizer schedules (F0, F1, F2 and F3) assigned to

subplots.

FO = No fertilizer treatment (Control)

F1 = Fertilizer application at 28.4:58.0:75.6:17.0 seedling g-' N-P20s-K>0-MgO
F2 = Fertilizer application at 47.3:96.6:126.0:28.4 seedling g-' N-P205-K>0-MgO
F3 = Fertilizer application at 66.2:135.2:176.4:39.7 seedling g-' N-P205-K20-MgO
S1 = Spacing at 60cm triangular (19,246 seedlings ha™")

S2 = Spacing at 80cm triangular (14,434 seedlings ha™)

Fertilizer treatment was split-applied six times at monthly intervals at 5%,
10%, 14%, 19%, 24% and 28% respectively. Urea, Muriate of potash, Triple
superphosphate and Kieserite were applied as sources of N, P20s, K20 and MgO
respectively. Data collection included soil and leaf sampling/analysis and

measurement of collar girth, seedling height, leaf number, canopy diameter and

vigour index.

Experiment six assessed the effect of fruit thinning on fruit characteristics

in the Sri Lanka Green Dwarf (SGD) coconut variety using a Randomized
m

C I t B]OC]( Design Wlth 3 replicates alld 3 [eVC!S of fruit tllinning treatments
omp ete
ntro ”l'llll' B i P nd thinning to 10 fruits
vi i i cO l) mnnin to 15 fruits per !)Iln(:h a
1Z., NO lhnmmg ( ] fruit
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er bunch. : .
p Data collected included soil and leaf sampling/ analysis, button and fruit

set count, fruj 5 i
» ITUIt component analysis, proximate analysis and physico-chemical

analysis.

Experiment seven is currently ongoing. The experiment was designed to
assess the effect of ablation on fruit characteristics of SGD coconut variety using a
Randomized Complete Block Design with 3 replicates and 4 levels of ablation
treatments namely; no ablation (control), ablation for 6 months, ablation for 12
months and ablation for 18 months. Treatment application and vegetative data
collection have begun and are currently ongoing. Data to be collected include leaf
sampling/ analysis, collar girth measurement, leaf count, button and fruit set count,

nut yield determination, fruit component, proximate and physico-chemical

analysis.
The experiment is progressing steadily but the earliest time for completion

will be 2024. The work will therefore continue after graduation. Final results will

be communicated to the University.

7.2 Conclusions

Based on the results of this study, the following conclusions are put forward;

1) Fully burying SGD x VTT coconut hybrid seed nuts in decomposed sawdust at
u

FMpr ermination rate, speed of germination and
- stage improved g
pre-nursery

ination index respectively by 33%, 30% and 98% relative to the control.
germination
ination by 23% and germination index by
ize i d speed of germination
2) Seed nut size increase

ed to medium or small nuts.

43% as compar

159

Digitized by Sam Jonah Library



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

3) Interaction
effect between decomposed sawdust and potassium nitrate soaking

4)

5)

treatment on SGD x VTT seed nut increased speed of germination by 23% and
germination index by 26% as compared to control.

Seedling spacing of 60 cm triangular (19,264 seedlings ha™') and fertilizer
application of 47.3:96.6:126.0:28.4 g seedling” N:P205:K20:MgO were
identified as the most suitable treatment combination for SGD x VTT coconut
seedling production.

Thinning of SGD coconut variety to 10 fruits per bunch increased crude protein
and Vitamin C contents of fresh fruits by 31% and 42% respectively; and
average fresh fruit weight by 32% and its components: husk, shell, kernel and
water averagely by 42%, 61%, 42% and 65% respectively. It also increased
average dry fruit weight by 28% and its components: husk, shell, kernel and

water averagely by 40%, 16%, 42% and 51 % respectively.

7.3 Recommendations

1)

2)

In the face of high demand for Cape St Wilt Disease tolerant planting material

by farmers it is recommended that the findings of this research relating to pre-

nursery practices should be urgently disseminated to relevant stakeholders

through training workshops to improve SGD x VTT coconut hybrid seed nut

mination rate up to 100% and increase turn-out of Cape St Paul Wilt Disease
ger

tolerant seedlings.

CSIR-0Oil Palm Research Institute by its mandate is recommended to pilot
The -
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validation, observation and adoption of the intervention towards official release
of the SGD coconut variety together with fruit thinning technique as a package.
3) Nursery studies need to be replicated at different strategic locations for
validation of results to enable dissemination of findings towards improving
seedling quality and vigour of SGD x VTT coconut hybrid.
4) Further research is recommended to:
a) Assess field performance of SGD x VTT coconut hybrid seedlings as
affected by potassium nitrate soaking treatment, planting depth or nut size.
b) Evaluate embryogenesis and tissue culture techniques for rapid
multiplication of SGD x VTT coconut hybrid.

¢) Identify breeding and agronomic techniques to minimize high fruit drop in

SGD x VTT coconut hybrid production.
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APPENDICES

& . ” .
ppendix 1. Regression analysis of temperature for planting medium

Time of Source of
D 2
The day Variation ’ . - bR ACILPTOX'
ipr.
Morning Regression 2
: 0.26 0.12 ; He
10.00 am Residual 258 19.09 0.072?) e nas
Total 260 19.35 0.0744
Afternoon Regression 2 8.54 4,271 4,27 0.014"
3.00 pm Residual 258 33.55 0.130
Total 260 42.10 0.162

DF'= chret?s of freedom; DV = Deviance; MDV = Mean deviance; DR = Deviance Ratio;
Chi pr. = Chi-probability; NS = Not significant, P <0.0S; ** = Significant, P <0.001

Appendix 2. LSD (0.05) of mean estimates for temperature of planting medium

Morning CBS 1 *
10.00 am SD 2 1.649 *
S 3 1.654 1.655 *
! 2 3
Afternoon CBS %
*
TS 3 1.716 1.721
! 2 3

CBS = Cocoa bean shell; SD = Sawdust; TS = Topsoil

sis of final germination percentage of SGD x VTT

Appendix 3. Regression - king treatment and planting medium

coconut hybrid seed nuts as influenced by soa

i jjance  Deviance Ratio Approx.
Source Df Deviance Mean Devian Armon
2.32 <.,00]***
Regression 8 498.5 62.32 6
o
2.87
Residual 45 129.0
Total 53 627.5 11.84

#+#% = Significant, P<0.001

Df = degrees of freedom;
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Appendix 4. LS .
coconut hybrid ? (3.05) of mean estimates for final germination percentage of SGD x VTT
eed nuts as influenced by soaking treatment and medium

—_

CBS*C I *

CBS*p 2 7316 *

CBS*W 3 743 6.235 %

TS*C 4 9583 8689 8786 *

TS*p 5 9512 8611 8708 10.605 *

TS*W 6 9554 8636 8.754  10.642 10578 *

SD*C 7 9524 8624 8.721 10,615 10.551 10.589 ¥
SD*p g 9.642 8754 83850 10.72 10.658  10.695 4.742 %

SD*W 9.613 8721 8818 10.695  10.631 10.668 4.759 10.747

d 2 3 4 5 6 7 8 9

CBS = Cocoa bean shell; TS = Top soil; SD = Sawdust; C = Seed nut without soaking
treaiment; W = Seed nut soaked in water; P = Seed nut soaked in 1% (w/v) KNO; solution

Appendix 5. Regression analysis of time to 50% germination of SGD x VTT coconut
hybrid seed nuts as influenced by soaking treatment and medium

Source Df  Deviance MeanDeviance Deviance Ratio Approx.
Chi Prob.

Regression 8 17.24 2.15 2.15 <.028*%

Residual 45 17.95 0.40

Total 53 35.19 0.66

Df = degrees of freedom; * = Significant, P<0.028

Appendix 6. LSD (0.05) of mean estimates for time to 50% germina.tion of SGD x VTT
coconut hybrid seed nuts as influenced by soaking treatment and medium

CBS*C 1 -

CBS*P 2 Ng:530 ’ .

CBS*W 3 7.640  7.46l1 .

TS*C 4 8028 7.858 7958 )

TS*P 5 7750 7.573 1677 8.063 e ,

TS*W 6 7.887 17713 1815 8.195 922 Nl .

SD*C 7 7944 71771 71872 8.250  7.979 ; » .

‘021 7851 7951 8325 8.056 8.1 ; LR

e ? o 7779 7.880 8.257 7.986 8.119 8.174 ;

ingSD*W 9 7.951 .2 - y 4 y ; - .
: TS = Top soil; SD = Sawdust; C = Seed nut without soaking

CBS = Cocoa bean shell; P = Seed nut soaked in 1% (w/v) KNO; solution

treatment; W = Seed nut soaked in water;
$ ]
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Appendix 7, Regression analysis of

seed nuts as influenced by soaking germination index of SGD x VTT coconut hybrid

treatment ang medium

Source Df Deviance Mean Deviance Deviance Ratio Approx.
) Chi Prob.

Regression 8 20.15 2.52 2.52 <.010**

Residual 45 6.48 0.14

Total 53 26.63 0.50

Df = degrees of freedom; ** = Significant, P<0.0]

Appendix 8. LSD (0.05) of mean estimates for germination index of SGD x VTT coconut
hybrid seed nuts as influenced by soaking treatment and medium

CBS*C /i ¥

CBS*P 2 1.288 ®

CBS*W 3 1584 1.380 *

TS*C 4 1523 1.868 1.865 .

TS*p J L1555 1902 1.899 2278 5

TS*W 6 1517 1.862 1.858 2245 2273 $

SD*C 7 1.509 1.853 1.849 2237 2265 2232 a

SD*p 8 1.553 1.901 1.897 2277 2305 2272 2.264 &

SD*W 2 WAS11 1855 1858 22390 2268 2234 0272260 4266 *
1 2 5) 4 5 6 7 8 9

CBS = Cocoa bean shell; TS = Top soil; SD = Sawdust; C = Seed nut without soaking W=

treatment: Seed nut soaked in water; P = Seed nut soaked in 1% (w/v) KNO; solution

inati f SGD x VTT
A nd i i final germination percentage o
pp ix 9. Regression analysis of 1 .
cocofmtll’:y?)rid seed nuts as influenced by planting depth and medium

i iance  Deviance Ratio Approx.
Source Df Deviance Mean Deviance e ERpISE.
6.38 <.001%*
Regression 5 31.89 6.38
1.41
Residual 12 16.86
Total 17 48.75 2.87

Df = degrees of freedom; ** = Significant, P<0.01

184

Digitized by Sam Jonah Library



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

Appendix 10. LSD (0.05) of mean estimates for

coconut hybrid seed nuts as influenced by phnﬁmII e - o AU BRI RS, PR

ting depth and medium

SD*PD0 ] ¥
SD*PD1 2 14.52 *
SD:PDZ 3 15.06 16.24 *
ig*gg(]) 4 14.25 15.49 15,99 *
o 5 14.71 15.91 16.40 15.66 *
6 15.06 16.24 16.72 15.99 16.40 %
! 2 3 4 5 6

TS = Top s'oi[ medium; SD - Sawdust medium; PD0 = Planting by burying a quarter of the seed
nut in mec_hum; PDI = Planting by burying half of the seed nut in medium; PD2 = Planting by
fully burying seed nut in medium

Appendix 11. Regression analysis of time to 50% germination of SGD x VTT coconut
hybrid seed nuts as influenced by planting depth and medium

Source Df  Deviance Mean Deviance Deviance Ratio Approx.
Chi Prob.

Regression 5 11.334 2.267 2.270 0.045*

Residual 12 3.596 0.300

Total 17 14.931 0.878

Df = degrees of freedom; * = Significant, P<0.05

Appendix 12. LSD (0.05) of mean estimates for time to 50% germination of SGD x VTT
coconut hybrid seed nuts as influenced by planting depth and medium

SD*PDO I ¥ .

SD*PD1 2 13.40 .

SD*PD2 3 12.60 12.12 fe. C

TS*PDO 4 1351 13.2 2. . ,

TS*PD1 5 13.38 13.09 :;;Z :;?g 0 )
' .05 : . :

TS*PD2 6 13}34 132 p . p ;

vdust medium; PDO = Planting by burying a quarter of the seed

SD = Sav

Planting by burying half of the seed nut in medium; PD2 = Planting by

TS = Top soil medium;
nut in medium; PD1 =

fully burying seed nut in medium
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Appendix 13. Re

ressi : e
hybrid seed nuts gression amalysis of germination index of SGD x VTT coconut

as influenced by planting depth and medium

Source Df

Deviance Mean Deviance Deviance Ratio Approx.
i . Chi Prob.
Regression 5 12.912 2.582 5.58 0?04r90°
Residual 12 0.135 0.011
Total 17 13.047 0.767

Df = degrees of freedom; * = Significant, P<0.05

Appendix 14. LSD (0.05) of mean estimates for germination index of SGD x VTT coconut
hybrid seed nuts as influenced by planting depth and medium

SD*PDO0 /) *

SD*PDI 2 1.783 *

SD*PD2 3 1.164 1.375 *

TS*PDO 4 1.590 1.843 1.617 %

TS*PDI1 5 1.818 1.053 1.403 1.878 *

TS*PD2 6 1.107 1.321 1.646 1.161 133 5
/s 2 3 4 3 6

TS = Top soil medium; SD = Sawdust medium; PDO = Planting by bur)fing a quarter oflhfa seed
nut in medium; PD1 = Planting by burying half of the seed nut in medium; PD2 = Planting by

fully burying seed nut in medium

Appendix I5. Regression analysis of final germinnti?n percentage of SGD x VTIT
coconut hybrid seed nuts as influenced by seed nut size and medium

i Mean Deviance Ratio Approx.
Source Df  Deviance R & & Prgg.
Regression 13 3.8 2.904 0.292 0.145
Residual 67 276.5 4,127
Total 80 314.2 3.928

dom; NS = Not significant, P>0.05

Df = degrees of free
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Appendix 16, :

I i o e ) S T S5 5 VT
Source Df  Deviance Mean Deviance Ratio Approx.
Regression 13 38.6 D;\./gizg;ce 2.97 (ih:)l(’)rlob
Residual 67 453 0.677 '

Total 80 83.9 1.049

Df = degrees of freedom; ** = Significant, P<0.01

ggpendix 17. LSD (0.05-) of mean estimates for time to 50% germination of
D x VTT coconut hybrid seed nuts as influenced by seed nut size and medium

SD* SNL 1 "
SD*SNM 2 96  *

SD*SNs 3 96 92 =

SD*SNx. 4 93 99 99 =*

TS*SNL 5090 96 96 92 @ x

TS*SNMm fmgo  9s5f 95. 92 WoH B

TS*SNs 7 89 95 95 92 90 86 @ *
TS*SNxt 8 91 97 97 93 91 88 9l *

! 2 3 4 3 6 7 8

TS = Top soil; SD = Sawdust; SNL = Large seed nut; SNM = Medium seed nut; SNg =
Small seed nut; SNx1L= Extra-large seed nut

Appendix 18. Regression analysis of germination index of SGD x VTT coconut
hybrid seed nuts as influenced by seed nut size and medium

Df  Deviance Mean Deviance Ratio Approx.
o Deyiance Chi Prob.
Regression 13 33.86 2.605 2.61 <0.01
Residual 67 2.997 0.045
Total 80 36.86 0.461

Df = degrees of freedom; +* = Significant, P<0.01
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Appendix 19, LSD (0.05
cocon

ut hybrid seed nut) of mean estimates for germination index of SGD x VIT

$ as influenced by seed nut size and medium

SD* SNL. 1 *

SD* SNy 2 095 *

SD*SNg 3 096 1.03

SD*SNxL 4 095 099 1.03 *

TS*SNL 5 097 099 1.01 1.01 .

TS*SNm 6 09 09 1.02 100 098 *

TS*SNs 7 095 097 1.01 103 1.01 098 "
TS*SNxL 8 09 098 1.03 1.02 098 097 1.05 *

P e % 8 W T8

TS = Top soil; SD = Sawdust; SN = Large seed nut; SNM = Medium seed nut; SNs =
Small seed nut; SNxr= Extra-large seed nut

Appendix 20, Regression analysis of germination percentage of SGD x VTT coconut
hybrid seed nuts as influenced by KNO3 soaking treatment and medium

Source Df  Deviance Mean Deviance Deviance Ratio Approx.
Chi Prob.

Regression 9 4.55 0.5061 0.51 0.871M8

Residual 19 17.76 0.9346

Total 28 22.31 0.7969

Df = degrees of freedom; NS = Not Significant, P>0.05

alysis of time to 50% germination of SGD x VTT coconut

ix 21. Regression an ’
Appeodix -8 KNO; soaking treatment and medium

hybrid seed nuts as influenced by

i Mean Deviance  Deviance Ratio Approx.
Source Df Deviance Approx.
Regression 9 25.393 2.821 2.82 <0.01
Residual 19 5.783 0.305
Total 28 31.176 1.113

#x = Sjgnilicant, P<0.01

Df = degrees of freedom;
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Appendix 22. LSD (0.05)
‘ -U3) of mean estimat i i
seed nuts as influenced by KNO; soakingetsr:‘s::.nt:::‘te ;?lgo:fat;giixr: B

_ T

TS*PNp 1 ¥

TS*PN 2 795 o«

TS*PN> 379 803 »*

TS*PN3 4 795 799 803 =

TS*PNs 5 798 802 801 803 =+

SD*PNg 6 799 798 8.02 8.01 7.97

SD*PN; 7795 797 801 803 7.99 802 *

SD*PN> 8 797 799 801 3801 801 8.03 8.03 *

SD*PN3 9 796 796 8.02 8.00 799 8.01 8.01 798 *
SD*PNs 10795 797 801 8.03 793 8.02 8.02 8:01 798 %

NS ¢ 3 7 s

TS = Top s.oil; SD = Sawdust; PNo = 0% KNO3 solution; PNy = 1% (w/v) KNO; solution; PN2 = 2% (wiv))
KNOs solution; PN3 = 3% (w/v) KNO; solution; PNs = 5% (w/v) KNO; solution.

Appendix 23. Regression analysis of germination index of SGD x VTT coconut
hybrid seed nuts as influenced by KNOs soaking treatment and medium

Source Df  Deviance Mean Deviance Deviance Ratio Approx.
Chi Prob.

Regression 9 22.742 2,527 2.53 0.01°"

Residual 19 0.8330 0.0438

Total 28 23.578 0.8421

Df = degrees of freedom; ** = Significant, P<0.01

189

Digitized by Sam Jonah Library



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

Appendix 24. LSD (0 05) of
i B mean esti ination i

TS*PNo 1 *

TS*PN; 2 049 «

TS*PN3 3 051 048 »

TS*PN3 4 052 050 049 «

TS*PNs 35 051 052 050 049 +

SD*PNp 6 052 052 051 05] 0.50 *

SD*PN] 7053 053 051 051 050 051 =

SD*PN> 8 053 052 052 052 05] 052 050 *

SD*PN3 9 051 053 053 052 052 053 051 049  *
SD*PNjs 10 053 050 053 053 052 053 052 0.51 048 *

/i 2 3 4 ) 6 7 8 9 10

TS =Top s.oil; SD = Sawdust; PNo = 0% KNO3 solution; PN| = 1% (w/v) KNO; solution; PN2 = 2% (w/v))
KNO; solution;; PN3 = 3% (w/v) KNO; solution; PNs = 5% (w/v) KNO; solution.

Appendix 25. Regression analysis of leaf nutrient of SGD x VTT coconut hybrid
seedlings as infiuenced by spacing and fertilizer treatment

Leaf Source of DF SS MS VR Fpr.
Nutrient Variation
Mg Regression 7 0.000034 0.0000049 0.87 0.536™5
Residual 40 0.000223 0.0000056
Total 47 0.00026 0.0000055
Ca Regression 7 0.04519 0.006456 0.54 0.723N8
Residual 40 0.04773 0.01193
Total 47 0.09293 0.001977
N Regression 7 2.633 0.37612 7.74 <.00]1**
Residual 40 1.945 0.04862
Total 47 4.578 0.09740
: 33528 15.85 <.001**
ression 7 0.09347 0.013
! ngidual 40 0.03369 0.0008422
Total 47 0.12716 0.0027055
] 7 0.0934 0.013345 3.54 0.005**
= Regress®™ 40 01507 0.003767
e e 47 02441 0.005194
L MS = Mean square; VR = Variance

SS = Sum of Squares;

NS = Not significant, P>0.05; ** = Significant at P<0.01

DF = Degrees of frecd'o.m;
Ratio; Fpr = F-probability;
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Appendix 26. LSD

. 0.05 i
seedlings as i“ﬂuenc( ) of mean estimates for leaf N of SGD x VTT coconut hybrid

ed by spacing and fertilizer treatment

FOS1 J =

FOS2 2 02573 »

FISI 3 02573 02573 =

FIS2 4 02571 02572 0.2573 *

F281 5 02570 0257 0.2571 02573 *

F282 6 02571 02571 02572 0.2572  0.2573 *

F381 7 02571 02570 02571 0.2571  0.2572 0.2571 *

F352 8 02572 02571 02573 0.2573  0.2570 0.2573 0.2574 %

- , I 3 3 4 5 6 7 8
SI = Spacflpg at 60 cm triangular; S2 = Spacing at 80 cm triangular; FO = control;
Fl ol Ferul:zr:*r application at 28.4:58.0:75.6:17.0 g scedling” N:P,0s:K,0:Mg0Q; F2 =
Fem'hze'r application at 47.3:96.6:126.0:28.4 g seedling™ N:P20s:K>0:MgO; F3 = Fertilizer
application at 66.2:135.2:176.4:39.7 g seedling! N:P20s:K,0:Mg0

Appendix 27. LSD (0.05) of mean estimates for leaf P of SGD x VTT coconut hybrid
seedlings as influenced by spacing and fertilizer treatment

FOSI 7 *

F0S2 2 0.0340 *

FI1S! 3 0.0341 0.0339 *

FIS2 4 0.0339 0.0338 0.0339 *

F2S1 5 0.0338 0.0339 0.0340 0.0341 *

F2S2 6 0.0339 0.0340 0.0339 0.0338 0.0339 *

F3S1 7 0.0338 0.0337 0.0338 0.0339 00338 0.0338 *

F3S2 8 00339 0.0339 0.0339 0.0337 0.0339 0.0339 0.0340 *

i i ; 82 = i 80 cm triangular; FO = control;

= Spacing at 60 cm triangular; S2 Spacing at _ gular; o

?: = Fer?ilizergapplicalion at 28.4:58.0:75.6:17.0 g scedling 1N:P:Os:KzO:MgQ} F2= Fc_ruh_zer

application at 47.3:96.6:126.0:28.4 g seedling” N:P205:K20:MgO; F3 = Fentilizer application
at 66.2:135.2:176.4:39.7 g seedling”! N:P20s:K20:MgO
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an estimates for leaf K of SGD x VIT coconut hybrid
g and fertilizer treatment

FOS1 7 =

FOS2 2 0.1433 =

FISI 3 0.1432 0.1433 =

FIS2 4 0.1430 0.1432 0.1432 =

F281 5 0.1431 0.1431 0.1431 0.1432 =

F282 6 0.1432  0.1432 0.1432  0.1431 0.1433 *

F3S1 7 0.1431 0.1430  0.1431 0.1430  0.1431 0.1431 .

F3S2 8 0.1432 0.1432 0.1432  0.1432  0.1432 0.1432 0.1432 *
s, 2 3 4 5 6 7 8

S1 = Spacing at 60 cm triangular; S2 = Spacing at 80 c¢m triangular; FO = control;

Fl i Fer"tilizcr application at 28.4:58.0:75.6:17.0 g seedling™! N:P205:K,0:MgO; F2 = Fertilizer
application at 47.3:96.6:126.0:28.4 g seedling™ N:P20s:K,0:MgO; F3 = Fertilizer application

at 66.2:135.2:176.4:39.7 g seedling™! N:P205:K20:MgO

Appendix 29. Regression analysis of collar girth of SGD x VTT coconut hybrid
seedlings as influenced by spacing and fertilizer treatment

MPO Source of DF SS MS VR Fpr.
Variation
1 Regression 7 2.3 0.3227 0.70 0.670NS
Residual 261 119.9 0.4594
Total 268 122.2 0.4558
2 Regression 7 4.6 0.652 0.64 0.719N8
Residual 297 300.7 1.012
Total 304 305.3 1.004
3 Regression 7 21.8 3.119 2.89 0.007**
Residual 190 204.8 1.078
Total 197 226.6 1.150
4 Regression 7 41.8 5.971 3.98 <.001%*
Residual 188 281.9 1.500
Total 195 323.7 1.660
Regression 7 400.1 57.153 16.65 <,001**
y Residual 252 8649 3.432
Total 259 1265.0 4.884
13.75 <.001**
; 7 496. 70.869
Regression
° Rcfidual 214 1103. 5-‘?3
1 221 1599. 7.2
L = Degrees of freedom; SS = Sum of Squares; MS =

pricking-out; DF

b0 = ths after y
MPO = Mon variance Ratio;

Mean square; VR =
** = Sjgnificant al P<0.01

Fpr = F-probability;
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Appendix 30,

R s et s s v
_-\\emhzer treatment 3 months after pricking-out
FOS1 ¥ *

F0S2 2 0.5763 =

F1S1 3 0.5718 0.5426 *

F1S2 4 0.5976  0.5697 0.5651 *

F2S1 5 0.5917 0.5635 0.5589 0.5852 *

F2S2 6 0.6181 0.5912 0.5868 0.6119 0.6062 *

F3S1 7 0.6107 0.5834 0.5790 0.6044 0.5986 0.6248 *

F3S2 8 0.5862 0.5577 0.5531 0.5797 0.5736 0.6008 0.5932 *

! 2 3 4 5 6 7 8

S1 = SprFlng at 60 cm triangular; S2 = Spacing at 80 cm triangular; FO = control;
F1 o Fe‘mhzer application at 28.4:58.0:75.6:17.0 g seedling”! N:P,0s:K,0:Mg0; F2 = Ferti]izc;
application at 47.3:96.6:126.0:28.4 g seedling™ N:P>05:K,0:MgO; F3 = Fertilizer application at
66.2:135.2:176.4:39.7 g seedling™! N:P;05:K.0:MgO

Appendix 31. LSD (0.05) of mean estimates for collar girth of SGD x VTT coconut hybrid
seedlings as influenced by spacing and fertilizer treatment 4 months after pricking -out

FOS1 1 A

F0S2 2 0.6998 *

F1S1 3 0.6998 0.67 &

F182 4 0.7062 0.6767 0.6767 *

F2S1 3 0.6883 0.6579 0.6579 0.6647 *

F2S2 6 0.7204 0.6915 0.6915 0.698 0.6798 *

F3S1 Z 0.7204 0.6915 0.6915 0.698 0.6798 0.7124 *

F3S2 8 0.7204 0.6915 0.6915 0.698 0.6798 0.7124 0.7124 *

i ; = i 80 cm triangular; FO = control;

= i 60 cm triangular; S2 Spacing at irol

= _ Sp.i}‘.:mg aat lication at 28.4:58.0:75.6:17.0 g seedling N:P20s:K20:MgO; F2 = Fertilizer
bl i 4 seedling”! N:P205:K20:MgO; F3 = Fertilizer application at

application at 47.3 -06.6:126.0:28 ; i
62?2: 135.2:176.4:39.7 g seedling™ N:P205:K20:MgO
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Appendix 32. LSD 0
seedlings as inﬂuenf:e'(?sb) Osl' miean estimates for collar girth of SGD x VTT coconut hybrid
Y spacing and fertilizer treatment 5 months after pricking-out

e e

FOS1 I *

F0S2 2 0.9502 *

F1SI 3 0.8911 0.8997 =

F182 4 0.9020 0.9104 0.8486 =

F2S1 S 0.9421 0.9502  0.8911 0.9020 *

F282 6 0.9272 0.9355 0.8754 0.8865 09272 *

23 ; gz’;’:: 0.9426  0.8830 0.8940 0.9344 09195 *
; 0.9223  0.8613 0.8725 0.9139 0.8986 0.9061 *
! 2 3 4 5 6 7 8

SI = Spacing at 60 cm triangular; S2 = Spacing at 80 cm triangular; FO = control;

F1 = Fertilizer application at 28.4:58.0:75 6:17.0 ing”

- Fe +4:96.0:75.6:17.0 g seedling™ N:P,05:K20:MgO; F2 = Fertilizer
application at 47.3:96.6:126.0:28.4 g seedling” N:P20s:K20:MgO; F3 = Fertilizer application at
66.2:135.2:176.4:39.7 g seedling™! N:P,05:K,0:Mg0

Appendix 33. LSD (0.05) of mean estimates for collar girth of SGD x VTT coconut hybrid
seedlings as influenced by spacing and fertilizer treatment 6 months after pricking-out

FOSI / "

F0S2 2 1.142 ¥

F1S1 B 1.179 1.231 .

F1S2 4 1.208 1.259 1293 *

F2S1 L) 1.085 1.142 1.179  1.208 *

F2S2 6 1.179 1.231 1966 »1.203 _JA51a8y ¥

F3S1 7 1.166 [.219 1.253  1.281 1166 1253 *

F3S2 8 1.153 1.207 1242 1.27 B153 "1.242 1229 #

wgular; S2 = Spacing at 80 cm triangular; FO = control;
e , ‘ . ling"! N:P205:K20:MgO; F2 = Fertilizer
= iliz tion at 28.4:58.0:75.6:17.0 g seedling 205 g0; Fer
wl l'c:::i:;h:te rﬁp:f.g?g-]zé,o:z&ti g seedling” N:P20s:K20:MgO; F3 = Fertilizer application at
apph N2

66.2:135.2:176.4:39.7 8 seedling™! N:P205:K20:MgO

SI = Spacing at 60 cm triat
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Appendix 34, Regression anal

influenced by spacing and fe ¥sis of height of SGD x VTT coconut hybrid seedlings as

rtilizer treatment

MPO Source of
DF

l Variation - - e Fpu

Regression 7 229
. ' 32.68 0.79 0.595Ns

Residual 261 10769. 41.26
Total 268 10997. 41.03

2 Regression 7 779. 111.23 1.54  0.155M
Residual 277 20041. 72.35
Total 284 20820. 7331

3 Reg-ression 7 654. 93.50 1.39 0.212N8
Residual 188 12645, 67.26
Total 195 13300. 68.20

4 Regression 7 1523, 217.64 2.94 0.006**
Residual 190 14081. 74.11
Total 197 15605. 79.21

5 Regression 7 8504. 1214.8 10.98 <.001**
Residual 295 32625. 110.6
Total 302 41159. 136.2

6 Regression 7 2912, 416.1 2.26 <.030*
Residual 214 39321. 183.7
Total 221 42233. 191.1

MPO = Months after pricking-out; DF = Degrees of freedom; SS = Sum of Squares; MS
= Mean square; VR = Variance Ratio: Fpr = F-probability; NS = Not significant, P>0.05;
* = Sjgnificant at P<0.05; ** = Significant at P<0.01

Appendix 35. LSD (0.05) of mean estimates for height of SGD x VTT coconut hybrid
seedlings as influenced by spacing and fertilizer treatment 4 months after pricking -out

Fos1 !/ *
FOS2 2 4919  *
FISI 3 4838 4625 *
FIS2 4 5012 4807 4724 ¢ .
F281 5 4877  4.666 4.58  4.764 *
F2s2 6 1064 4757 4673 4853 473 *
5064 4861 4779 4955 4818 4906
il : 4861 4779 4955 4818 4906 5007 ¢
F3s2 8 5.064 : - : - : - )
I
[
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S1 = Sp-at.:mg at 60 cm triangular; §
F1 = Fertilizer application at 28.4:58 6'7
application at 47.3 196.6:126.0:28.4 -se.e
66.2:135.2;176.4:39.7gse N

2 = Spacing at 80 cm triangular; FO = control;
5.6:17.0 g seedling™ N:P,05:K.0:Mg0; F2 = Fertilizer

. dling™ N:P,05:K,0:Mg0; F3 = Fertilizer application at
edling! N:onsszO:MgO "

Appendi :
se';gli:g's"ag?l-‘;SD (0.05) of mean estimates for height of SGD x VTT coconut hybrid
uenced by spacing and fertilizer treatment 5 mon ths after pricking-out

FOSI / *

F0S2 p. 5.164 *

F1S1 a 5.022 4,721 #

F182 4 4.997 4.701 4.544 %

F2S1 5 5.164 4.878 4727 4701 *

F282 6 5.103 4814  4.66 4634 4.814 *

F3S1 ¥ 5.048 4755 46 4572 4755 4.688 *
F382 8 5.022 4.727 4571 4544 4727  4.66 4.6 "

I 2 3 4 5 6 7 8

S1 = Spacing at 60 cm triangular; S2 = Spacing at 80 cm triangular; FO = control;
F1 = Fertilizer application at 28.4:58.0:75.6:17.0 g seedling! N:P205:K,0:MgO; F2 = Fertilizer
application at 47.3:96.6:126.0:28.4 g seedling” N:P205:K20:MgO; F3 = Fertilizer application at
66.2:135.2:176.4:39.7 g seedling™! N:P20s:K.0:MgO

LSD (0.05) of mean estimates for height of SGD x VTT coconut hybrid

ix 37.
Appenil d fertilizer treatment 6 months after pricking -out

seedlings as influenced by spacing an

FoS1 |/ .
Fos2 2 6819 *
FIS1 3 7039 7352 %
FIs2 4 7214 7519 172 ° *
pas; 5 Gas0  JESEESTENESSEHS *
posy 6 7080 TSELL RS AR 7.039 *
6961 7277 1484 7648 6961 7484
o 1207 7416 7581 6887 7416 7341 ¥
F3s2 8 ?.887 - ; : . ; 7 ;

g2 = Spacing at 80 cm triangular; FO = control;

; ing"! N:P205:K20:Mg0; F2 = Fertilizer
oy 4:58.0:75.6:17.0 g scedling 2 = o
F1 = Fertilizer ap;’g'zazol';;to_zzss 4 seedling” N:P-05:K20:MgO; F3 = Fertilizer application at
i . 7.3:96.6: Mi£0.
application at 4

66.2:135.2:176.4:39.7 8 seedling™ N:P;05:K20:Mg0

S1 = Spacing at 60 cm triangular;
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Appendix 38. Re ;
s . gression analys;
seedlin i ¥ysis of leaf number of 5
8§ as influenced by Spacing and fertilizer trc;t:c:le:tcn N s R

MPO Source of

DF
*]—*—V‘”_atm_ SS MS VR Fpr.
Regressi
Refid ;on 7 1.19 0.1693 0.70 0.669N5
Tot ]ua 261 62.84 0.2408
ota 268 64.02 0.2389
2 Regression
| 7 0.72 0.1024 0.31 NS
Residual 297 96.87 0.3262 . e
Total 304 97.59 0.3210
3 Reg_ression 7 1.92 0.2736 0.83 0.567N8
Residual 190 62.96 03314
Total 197 64.87 0.3293
4 ch.ression 7 1.34 0.1913 0.60 0.754Ns
Residual 190 60.34 0.3176
Total 197 61.68 0.3131
5 Regression i 2.0 0.2835 0.33 0.941N8
Residual 311 269.0 0.8650
Total 318 271.0 0.8522
6 Regression 7 1.9 0.2718 0.51 0.828"s
Residual 214 114.4 0.5345
Total 221 116.3 0.5262

MPO = Months after pricking-out; DF = Degrees of freedom; SS = Sum of Squares; MS =
Mean square; VR = Variance Ratio: Fpr = F-probability; NS = Not significant, P>0.05;
** = Significant at P<0.01

Appendix 39. Regression analysis of canopy diameter of SGD x VTT coconut hybrid
seedlings as influenced by spacing and fertilizer treatment

MPO Source of DF SS MS VR Fpr.
Variation
4 Regression 7 1057. 151.04 2.86 0.007**
Residual 190 10051. 52.90
Total 197 11108. 56.39
5 Regression 7 4985, 712.16 10.57 <.001**
Residual 253 17044, 67.37
Total 260 22029. 84.73
i 7 3722. 531.68 5.95 <.001**
ession
¢ ngi:iual 214 19107. 89.28
1 221 22829. 103.30
- —out: DF = Degrees of freedom; SS = Sum of Squares; MS =

MPO = Months after pr icking F-probability; NS = Not significant, P>0.05;

Mean square; VR = Variance Ratio; Fpr =
** = Sjgnificant at P<0.01
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Appendix 40. LSD (0.05 i
hybrid scedlings as gnn ) of mean estimates for canopy diameter of SGD x VTT coconut

k. uenced by spacing and fertilizer treatment 4 months after pricking-
FOS1 ! .
F0S2 2 4.156 ‘
F1S1 3 4.087 3.907 *
F1S2 4 4.235 4.061 309] &
F2S1 J 4.122 3942  3.87 4,025 *
F252 6 4,194 4.019 3.948 4100 3982 *
F3S1 7 4278 4.107  4.037 4.186 4.071 4145 *
F382 8 4.278 4.107 4.037 4.186 4.071 4145 4231 *
1 2 3 4 5 6 7 8
S1 = Spacing at 60 cm triangular; S2 = Spacing at 80 cm triangular; FO = control;

F1 = Fertilizer application at 28.4:58.0:75.6:17.0 g seedling™ N:P,05:K,0:MgO; F2 = Fertilizer
application at 47.3:96.6:126.0:28.4 g seedling”! N:P205:K20:MgO; F3 = Fertilizer application at
66.2:135.2:176.4:39.7 g secdling™ N:P20s5:K20:MgO

Appendix 41. LSD (0.05) of mean estimates for canopy diameter of SGD x VTT coconut
hybrid seedlings as influenced by spacing and fertilizer treatment 5 months after pricking-

out

FOS1 I *
FOS2 ] 5.0012 »
F1S1 " 4.9911 5.0197 *
F1S2 4 4.9020 49104 49486 *
F2S1 5] 4,9421 49502 4.8911 4902 * )
F2S2 6 49272 49355 4.8754 4.8865 4.908 *
F3S1 7 4.9344 4.9426 4.883 4.8940 4.940 4973 ‘
3 49139 49223 4.8613 48725 4.849 4981 4914
F3S2 8 l . . ) - - : :
S1 = Spacing at 60 cm triangular: S2 = Spacing at 80 cm triangular; FO = control;

r : ing”! N:P20s:K20:MgO; F2 = Fertilizer

icati .58 0:75.6:17.0 g seedling I N:P20s:K20 M' 0' Fert
. = Jreat T appl;(gag()lrlzg 1022884;583 seedling™ N:P,0s:K20:Mg0; F3 = Fertilizer application at
47.3:96.6:126.0:20-

application at I N:P205:K20:Mg0

66.2:135.2:176.4:39.7 8 seedling’
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s Y spacing and fertilizer treatment 6 months after pricking-
\

F0S1 1 #

F0S2 2 4.753 %

FISI 3 4.907 5.125 *

F1S2 4 5.028 5.241 5.381 ¢+

F2S1 b} 4.517 4.753 4907 5028 *

F2S2 6 4.907 5.125 5.268 5381 4.907 «

FfSl 7 4.852 5.073 5217 5331 4852 5217 o+

F3S82 8 4.801 5.024 57 5285 4.801 5.17 L1188 *

?: C Sp_a.clng at _60' ¢m triangular; S2 = Spacing at 80 cm triangular; FO = control;

ol Fe'mllzer application at 28.4:58.0:75.6:17.0 g seedling N:P,05:K,0:MgO; F2 = Fertilize;
application at 47.3:96.6:126.0:28.4 g seedling™ N:P,05:K20:MgO; F3 = Fertilizer application at
66.2:135.2:176.4:39.7 g seedling™ N:P205:K,0:MgO

Appendix 43. Regression analysis of vigour index of SGD x VTT coconut hybrid
seedlings as influenced by spacing and fertilizer treatment

MPO Source of DF SS MS VR o
Variation
4 Regression 7 21.1 3.0152 3.53 0.001**
Residual 188 160.4 0.8531
Total 195 181.5 0.9307
i .6494 10.28 <.00]**
5 Regression 7 25.55 3.6
Refidua! 247 87.65 0.3549
Total 254 113.20 0.4457
6 Regression 7 78.5 11.2094 16.70 <.00]1*%*
Residual 214 143.6 0.6711
Total 221 222.1 1.0049
—out: DF = Degrecs of freedom; SS = Sum of Squares; MS =

MPO = Months after pricking

ance Ratio; Fpr = F-probability; NS = Not significant, P>0.05;

Mean square; VR = Vari
*¥ = Gjonificant at P<0.01
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Appendix 44. LSD (g ;
seedlings as inﬂuen(ce.gsb) 0: mean estimates for vigour index of SGD x VTT coconut hybrid
Y Spacing and fertilizer treatment 4 months after pricking-out

FOS1 / *

F0S2 2 0.5278 %

F1S1 i 0.5278 0.5053 +

F182 4 0.5326 0.5104 0.5104 +

F281 ) 0.5191 0.4962  0.4962 0.5013 *

F2S82 6 0.5433 0.5215  0.5215 0.5264 05127 *

F3S1 7 0.5433 0.5215 05215 05264 0.5127 05373 *

F3S2 8 0.5433 0.5215  0.5215 05264 05127 05373 05373 *

! 2 3 4 5 6 7 8

SI = Spacing at 60 cm triangular; S2 = Spacing at 80 cm triangular; FO = control;
Fl = Fertilizer application at 28.4:58.0:75.6:17.0 g seedling N:P205:K,0:MgO; F2 = Fertilizer
application at 47.3:96.6:126.0:28.4 g seedling’! N:P205:K20:MgO; F3 = Fertilizer application at
66.2:135.2:176.4:39.7 g seedling™' N:P205:K,0:Mg0O

Appendix 45. LSD (0.05) of mean estimates for vigour index of SGD x VTT coconut hybrid
seedlings as influenced by spacing and fertilizer treatment 5 months after pricking-out

FOS1 [/ .

FOS2 2 03169  *

FISl 0298  0.2893 *

FIS2 4 03020 02928 02729 *

F2s1 5§ 03169 03081 02893 02928 *

F2s2 6 03098 03008 02815 02851 03008 *

F3s1 7 03120 03031 0284 02875 03031 02957 *

F3s2 & 03057 02966 0277 02806 02966 0289 02914 *
/ 2 3 4 5 6 7 8

= Spacing at 80 cm triangular; FO = control;

- i lar: S2
S1 = Spacing at 60 cm lggnf-uSS.O:?Sb:H.O g seedling”! N:P»05:K20:MgO; F2 = Fertilizer

F1 = Fertilizer application at 28.4 g seedling” N:P»0s:K20:MgO; F3 = Fertilizer application at

application at 47.3:96.6:126.0:28.4 g SECFC
62'.)2:135-23176'4:39‘7 o seedling” N:P:05:K20:MgO

00
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-out
FOS1 1 4
FO0S2 2 0.4121 *
FISI 3 0.4254 0.4443 =
F182 4 0.4359 0.4544  0.4665

F2S1 5 0.3916 0.4121 04254 04359 =
F2S2 6 0.4254 0.4443 04567 0.4665 04254 *
F3S1 7 0.4207 0.4398 04523 04622 04207 0.4523 *
F3S2 8 04162 0.4355  0.4482 04582 04162 0.4482 0.4437 *
! 2 3 4 5 6 7 8
S1 = Spacing at 60 cm triangular; S2 = Spacing at 80 cm triangular; FO = control;

Fl i Fe:rtilizer application at 28.4:58.0:75.6:17.0 g seedling™! N:P.Os:K20:Mg0; F2 = Fertilizer
apphcau_on at 47.3:96.6:126.0:28.4 g seedling"! N:P205:K20:MgO; F3 = Fertilizer application at
66.2:135.2:176.4:39.7 g seedling N:P,05:K.0:Mg0

Appendix 47. Regression analysis of leaf nutrient of SGD coconut variety 30 months
after fruit thinning studies

Leaf Source of DF SS MS VR Fpr,
Nutrient Variation
Mg Regression 2 0.00001 0.000007 0.01 0.995Ns
Residual 24 0.03124 0.001302
Total 26 0.03125 0.001202
Ca Regression 2 0.0152 0.007578 1.68 0.208Ns
Residual 24 0.1083 0.004512
Total 26 0.1234 0.004747
N Regression 2 0.0140 0.00700 0.26 (770N
Residual 24 0.6347 0.02645
Total 26 0.6487 0.02495
i 0.0009 0.00046 2.56 0.098Ns
sion 2 .
¥ gceef{jjal 24 0.0043 0.00018
Total 26 0.0052 0.00020
. 2 0.0246 0.012318 2.66 0.090™S
B R 24 0111 0004631
e 56 01358 0.005222
L S = Mean square; VR = Variance

SS = Sum of Squares; M

DF = Degrees of freedom; NS = Not significant at P<0.05

Ratio; Fpr = F-probability;
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Appendix 48, Regression

analysi ;
coconut plot for the fruijt thin;i:lsgos';r;;“"“t button, fruit set and fruit drop in the SGD

Fruit Source of

Count Variation o - S L K

Coconut Regression

2

i Residual ’?3.7 11844.55% 0.079 0.995Ns
Total 8 1136, 142.00

Fruitset  Regression 2 39. 19.50 0.097  0.788™
Residual 6 1207. 201.17 . .
Total 8 1246. 155.75

Fruitdrop  Regression 2 34, 17.00 0.101 0.523Ns
Residual 6 1012. 168.67
Total 8 1046. 130.75

DF.= Degrees of freed_om; SS = Sum of Squares; MS = Mcan square; VR = Variance
Ratio; Fpr = F-probability; NS = Not significant at P<0.05

Appendix 49. Regression analysis of fruit weight of SGD coconut variety as influenced
by fruit thinning

Fruit Source of DF SS MS VR Far.
Weight Variation
Fresh Regression 2 516007. 258003. 24.6 <.001**
Fruit 18 Residual 32 335398. 10481.
MAFT Total 34 180609. 113823.
Fresh Regression 2 1474898. 737449. 81.28 <.001%*
Fruit 24 Residual 13 117945. 9073.
MAFT Total 15 1592843. 106190,
Fresh Regression 2 4807958. 2403979 18.33 <.001**
Fruit 30 Residual 20 2623554. 131178.
MAFT Total 22 7431512, 337796.
Dry Regression 2 37712. 18856. 5.17 0.012%*
Fruit 18 Residual 29 105834. 3649.
MAFT Total 31 143546. 4631.

.006**

i 2 139524, 69762. 6.62 0.0
Dry Regression 3 30844,
i : 21 221425.
II\:/;—;];;:?I‘:‘ '];gf;?ual 23 360949. 15693.
* ¥
: 293174. 146587. 10.85 <.001

Dry Reg_ress:lon 32] preripy 13510,
Fruit 30 Residua 1 711990. 21575.
MAFT Total

$S = Sum of Squarcs; MS = Mean square; VR = Variance

DF = Degrecs of freedom; 5~ Significant at P<0.01

Ratio; Fpr= F-probabiiity;
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Appendix 50, LSD (o.
coconut variety as infl

Fresh
Fruit 24
MAFT

Fresh
Fruit 30
MAFT

Dry
Fruit 18
MAFT

Dry
Fruit 24
MAFT

Dry
Fruit 30
MAFT

© University of Cape Coast

FTO
FTI
FT2

FTO
FT1
FT2

FTO
FT1
Er2

FTO
FT1
i e

FTO
FT1
FT2

FTO
FTI
8 1)

1
2
3

W o~

e~

2
3

05) of mean estim
uenced fruit thinnin

*

114.0
118.3
1

124.6
124.6

208.0
238.2

72.90
72.90

112.5
112.5
1

*

103.6
99.7
1

120.3

97.1
2

https://ir.ucc.edu.gh/xmlui

ates for fryijt weight of SGD

MAFT = Month after fruit thinning; FTO = Control; FT1 = Thinning to 10

fruits per bunch; FT2 = Thinning to 15 fiuits per bunch
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Appendix 51. Re .
vl lkegression a i _
by fruit thinning nalysis of husk w eight of SGD coconut variety as influenced

Husk Source of 3
Weight  Varigion N
Fresh i
o Reg.rcssmn 2 749332, 374666 39.82 <.001**

Residual 13 122314 9409, ' '
MAFT Total 15 871646, 58110,
Fresh Regression 2

2417862. 2
husk 30 Residual 20 1790198, lsgg?gl' - P
MAFT Total 22 4208060. 191275,
Dry Regression 2 12327 6164
g 27 . 5.9 036*

husk 30 Residual 31 32615. 1052, [
MAFT Total 33 44942, 7216.

DF = Degrees of freedom; SS = Sum of Squares; MS = Mean square; VR = Variance
Ratio; Fpr = F-probability; ** = Significant at P<0.01

Appendix 52. Least significant predictions (5% level) for husk weight of
SGD coconut variety as influenced by fruit thinning

Fresh FTO 1 *
husk 24 FTI 2 126.9 *
MAFT FT2 3 1269 132.5 *
! 2 3
Fresh FTO l s :
husk 30 FT1 2 3370 g
MAFT FT2 3 3289 303.3
!
Dry FTO I N )
husk 18 FT1 2 %gg o .
MAFT FT2 3 1. : 3
Dry FTO ! 2 .
husk 24 FT1 2 34.3 s19
MAFT FT2 2 32}. 3
*
D FTO 1 "
hgk 30 FTI ; ggg o "
MAFT FT2 1~ 7 3

= Thinning to 10

ng; FTO = Control; FT1
to 15 fruits per bunch

Ter fruit thinni
MAFT = Month after fruit thir
fruits per bunch; FT2 = Thinning
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Appendix 53 Regressio
. . n analysi ;
by fruit thinning alysis of nut weight of SGD coconut variety as influenced

Nut Source of 5
Weight Variation bF SS M$ VR Fpr.
Fresh | Repemie—————
Nut 18 - Z 29014 45071 1342 <001+
e Residual 32 346013. 10813,

Total 34 636154. 18710.
Fresh Regression 2 128116, 64058.1  77.84 <001+
Nut 24 Residual 32 10698. 822.9
MAFT Total 34 138814, 92543
Fresh Regression 2 406943, 203472, 32.80 <.001**
Nut 30 Residual 32 124062. 6203.
MAFT Total 34 531005, 24137.
Dry Regression 2 13353, 6677. 4.65 0.018**
Nut 18 Residual 32 41622, 1435,
MAFT Total 34 54975, 1773.
Dry Regression 2 11077. 5539. 5.19 <.037*»
Nut 24 Residual 32 53094. 2528.
MAFT Total 34 64171. 2790.
Dey Regression 2 185594, 92797. 21.88  <Q01**
Nut 30 Residual 32 131499, 4242,
MAFT Total 34 317093 9609.

DF = Degrees of freedom; SS = Sum of Squares; MS= Mean square; VR = Variance Ratio;
Fpr = F-probability; ** = Significant at P<0.01
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t variety as
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N (005) of Mmean
fluenceq f
*

2 50.15

Estimatcs

https://ir.ucc.edu.gh/xmlui

coconu . for - .
Fresh FT0 7 Tuit thinnjp Weight of SGp
Nut 18 FT1

MAFT *

Fresh
Nut 24
MAFT

Fresh
Nut 30
MAFT

Nut 18
MAFT

Dry
Nut 24
MAFT

Dry
Nut 30
MAFT

3 4818

FT2

FTO ]
FT1 2
FT2 3
FTo ]
Frl >
FT2 3
FTO !
FT1 2
ET2 3
FTO /
20 | 2
ET2 3
FTO /
FT1 2
FI2 i

!

%

48.58
49.18

45.53
43.13

39.18
60.18

80.13
79.11

%

89.04
90.87
/

49.88

§9.42
2

. = 1 4 I
MAFT = Month after fruit thinning; FTO = Control; FT1 = Thinning to 10

fruits per bunch; FT2 = Thinning to 15 fruits per bunch
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Appendix 55, Regression an

. lysi
by fruit thinning AYsis of sheyy Weight of
SGD Coconut vy riety as influenced
Shell Source of DF
Weight  Variagion o MS VR =
o,
Fresh Regression
2 31 %
Shell 18 Residual L9, 15559
3 . 5.03 013*
MAFT Total 32 l98970. 3093, e
30088 3826.
Fresh Regression 2
Shell24  Residug] b ?39,32 4467.3 41.60 <001+
MAFT o e . 107.4
10331, 688.7
Fresh Regression 2 17184
, 8592,
Shell 30 Residual 20 6779. gy D05 oo
MAFT Total 22 23963. 1089.2
Dry Regression 2 509 254.50 10.42 <0.001**
Shell18 Residual 29 708 24.41
MAFT Total 31 1217 278.91
Dry Regression 2 2640. 1319.8 6.01 0.009**
Wel24 Residual 21 4611 219.6
A Total 23 7251. 315.3
Dry Regression 2 24987. 12493. 1111 <.00]**
Shell 30 Residual 31 34864, 1125.
MAFT Total 33 59851. 1814.

DF = Degrees of freedom; SS = Sum of Squares; MS = Mean square; VR = Variance
Ratio; Fpr = F-probability; ** = Significant at P<0.01
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(0.05) of meq
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n estimates for sh

coconut varietx as influenceq fruit thinning

Fresh
Shell 24
MAFT

Fresh
Shell 30
MAFT

Dry
Shell 18
MAFT

Dry
Shell 24
MAFT

Dry
Shell 30
MAFT

FTO
E T
ET2

FTO
T E
FT2

FTO
ET1
FT2

FTO
FTl
FT2

FTO
FTI
FT2

!

b W~ o o~

~

o ho o~

30.0.
28.94

*

30.88
31.17
/

14.21

29.02
2

ell weight of SGD

*

3

MAFT = Month afier fruit thinning; FTO = Control; FT1= Thinning to 10

fruits per bunch; FT2 = Thinning to 15 fruits per bunch
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Appendix 57, Re ressi ; .
by fruit thinningg ston analysis of kernel weight of SGD coconut variety as influenced
Kernel Source of D
: F

Weight Variation - . i P
Fresh Regression 2 30 z

479. 15239. ; 00]**
Kernel 18 Residual 5o ety ID68.:39. 9.05 <.001
MAFT Total 34 84341, 2481,
Fresh Regression 2 3485, 1742.6 13.99  <o001**
Kernel 24 Residual 13 1619. 124.6
MAFT Total 15 5104. 340.3
Fresh Regression 2 16948. 8473.8 21.79 <.00]**
Kernel 30 Residual 20 T3 T, 388.9
MAFT Total 22 24725. 1123.9
Dry Regression 2 189. 94.5 10.2 <.001**
Kernel 24 Residual 21 196. 9.33
MAFT Total 23 385. 103.8
Dry Regression 2 31356. 15678. 11.43 <.001**
Kernel 30 Residual 31 42533. 1372.
MAFT Total 33 73889. 2239,

DF = Degrees of freedom; SS = Sum of Squares; MS = Mean square; VR = Variance
Ratio; Fpr = F-probability; ** = Significant at P<0.01
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Appendix 58, LSD

(0.05) of mean
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- g esti .
coconut variety as influenced fryij¢ thinlnni‘:tes for kernel weight of SGD

Fresh
Kernel 18
MAFT

Fresh
Kernel 24
MAFT

Fresh
Kernel 30
MAFT

Dry
Kernel 24
MAFT

Dry
Kernel 30
MAFT

FTO
FT1
FT2

FTO
FT1
FT2

FTO
FT1
FT2

FTO
FT1
FI2

FTO
FTI
K2

L N o~

L o~ M e~

~

*

30.19
29.55
1

29.60
28.60

20.22
19.68

25.01
23.78
/

39.01
40.78
1

30.94

38.95
2

MAFT = Month after fruit thinning; FTO = Control; FT1 = Thinning to 10
fruits per bunch; FT2 = Thinning to 15 fruits per bunch
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Appendix 59 Regressi
= ¢ on analysj .
by fruit thinning alysis of water weight of SGD coconut variety as influenced

Water Source of DF SS

Weight Variation MS VR Fpr.
Fresh fruit  Regress; =
Water 18 Res%iduallon 322 g;ggg 17963. 7.16 0.003**

. 2510.
MAFT Total 116254, 3419,
Fresh fruit Regression 2 438

79. 21939, *

Water 24 Residual 13 6808, i 2l <o
MAFT Total 1S 50777, 3385.1
Fresh fruit  Regression 2 141947, 70974, 22.99 <.001**
Water 30 Residual 20 61730. 3087.
MAFT Total 22 203678. 9258,
Dry fruit Regression 2 3337. 1668.7 13.84 <.001**
Water 18 Residual 29 3496. 120.5
MAFT Total 31 6833. 220.4
Dry fruit Regression 2 3921, 1960.7 5.56 0.012**
Water 24 Residual 21 7401. 3524
MAFT Total 23 11323. 492.3
Dry fruit Regression 2 22708. 11354.1 12.04 <.001**
Water 30 Residual 31 29236. 943.1
MAFT Total 33 51944, 1574.1

DF = Degrees of freedom; SS = Sum of Squares; MS = Mean square; VR = Variance
Ratio; Fpr = F-probability; ** = Significant at P<0.01
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estimates

(
coconut Variety 5 fruit thinnj for water weight of SGp
n
Fresh fruit FTo .
Water 18

MAFT

Fresh fruijt
Water 24
MAFT

Fresh frujt
Water 30
MAFT

Dry fruit
Water 18
MAFT

Dryv fruit
Water 24
MAFT

Dry fruit
Fruit 30
MAFT

SD (0.05) of
S influenceq
/

FTI 2 283
FT2 3 3746
!

FTO I *
FTI 2 2913
FT2 3 3083
/

FTo 7 %
FT1 2 5059
FT2 3 5108
/

FTO ] *
FI1 2 1531
FT2 3 1586
/

FTO / ®
FTT 2950
FT2 3 24.33
/

FTO 7 *
FTI 2 3037
FT2 3 3134
/

*

29.23

30.66
2

*
3

MAFT = Month afier fruit thinning; FT0 - Control; FT1
fruits per bunch; FT2 = Thinning to 15 fruits per bunch

= Thinning to 10

Appendix 61. Regression analysis of crude protein content of SGD coconut variety as

influenced by fruit thinning

MS VR Fpr.
Crude Source of SS
Protein Variation

Regression 2.5203 lgggslg 26.61 0.001%*
Crude egr 0 anat &
Protein 30 ?efl?iual o 035055
MAFT ola |

SS = Sum of Squares; MS = Mean square; VR = Variance

DF = Degrees of frecd_o_m;
Ratio; Fpr = F-probability;

** = Significant at P<0.01
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Mmates for crude

SGD coconut variety as influenced fruit thinnin AN

Crude FTQ 1/ *

Protein 30  FTI 2 04348 *

MAFT FT2 3 0.4348 0.4349 »
! 2 3

MAFT = Month after frujt thinn

—— ing; FTO = No fruit thinmine: -
Thinning to 10 fruits per bunch; ruit thinning; FT1

FT2 = Thinning to 15 fruits per bunch

Ap[-Jendix 63 Regression analysis of ascorbic acid (Vitamin C) content of SGD coconut
variety as influenced by fruit thinning

Ascorbic Source of DF SS MS VR Fpr.
Acid Variation

Ascorbic Regression 2 1.2448 0.62241 11.08  0.010%*
Acid 30 Residual 6 0.3371 0.05618

MAFT Total 8 1.5819 0.19774

DF = Degrees of freedom; SS = Sum of Squares; MS = Mean square; VR = Variance
Ratio: Fpr = F-probability; **= Significant at P<0.01

Appendix 64. LSD (0.05) of mean estimates for as_corb_ic :fcid (Vitamin C)
content of SGD coconut variety as influenced fruit thinning

*

Ascorbic FTO [/

*

Acid 30 FTly "2 0.4735 5 .
0.4735 0.4736

MAFT F12. /3 ; . .

FTO0 = Control; FT1 = Thinning to 10

s it thinning;
MAFT = Month after frui 15 fruits per bunch

fruits per bunch; FT2 = Thinning to

213

Digitized by Sam Jonah Library





