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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 VTI) 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·1 

N:P20S:K20:MgO produced good quality SGD x VTI 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 ofSGD 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 ofSGD x VTI coconut 

hybrid seedlings to fanners. Further research is recommended for assessing 

field perfonnance of SGD x VTI 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 ofOhana's coconut subsector 

(MoFA, 2018). Early research aimed at making CSPWD tolerant planting materials 

available to fanners led to the identification of two coconut varieties namely; Sri 

Lanka Oreen Dwarf(SOD) and Vanuatu Tall (VTT), which have high tolerance to 

the CSPWD (Dery et al., 2008). The SOD 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 SOD x VTT coconut hybrid with improved fruit 

characteristics has been the way forward (Dare et aI. , 20 I 0). 

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 (OEPA, 2020; MoFA, 2011). The situation 

is compounded by an annual loss of 30-40% of potential SOD x VTT hybrid 

seedlings (OWUSll, 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 SOD 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 20 II 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/ at. (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 (Iss aka e/ 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 e/ 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 m 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 

tenns 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-coil' 

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 aI., 20(4). 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 fanns 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 hldustry 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 govenunent 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 af. , 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 (SG D) and Vanuatu Tall (VTT) as tolerant to CSPWD (Dery et af., 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 

aI. , 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 SOD coconut variety. 

1.2 Statement of the Problem 

Research has identified two coconut varieties: SOD and VTT, which are 

tolerant to the CSPWD (Dery et aI., 2008). The SOD 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 of2-3 years at the time that its vegetative capacity has not fully developed, 

expressed particularly in its weak/ small stem. Intrinsically, the SOD 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., 20 10). Consequently, the way forward has been the 

hybridization of the two tolerant varieties to produce early bearing SOD x VTT 
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coconut hybrid with improved fruit size and weight of fruit components for 

commercial planting (Dare el al., 2010). 

Apart from being expensive, time-consuming and labour intensive, the 

hybridization process generates relatively low seed nut output ranging from 

25-45% offruit 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, 20 II) 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 of30 - 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 (MoF A, 20 II). 

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 PUI'pose 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 CSPWO for commercial planting. 

1.4 Reseal'ch 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 SOD coconut variety, it is believed that 

agronomic interventions involving tree management practices particularly; fruit 

thinning (Jackson & Frederich, 1999; 80urdeix et aI. , 2005) and inflorescence 

removal (ablation) for a period (Datuluri & Misra, 2002; Corley & Tinker, 2003) 

could be used to improve the fruit characteristics of the SOD 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: 

I. Pre-nursery practices (planting medium, seed nut soaking, planting depth and 

seed nut size) on germination and vigour of SOD x VTT coconut hybrid seed 

nut. 
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2. Fertilizer application and spacing on seedling growth and vigour ofSGD x VTI 

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 (lssaka et 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 

(MoF A, 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 (Sazon &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: gelmination ofSGD 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 LITERA TURE 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 

weightlsize 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 

13 

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

Digitized by Sam Jonah Library



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. I Taxonomy 

Coconut is a monocotyledon and belongs to the palm family Arecaceae 

(previously Palmae), subfamily Arecoideae (formerly Cocoideae), genus Cocos 

and species Cocos nllcifera 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 et 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 8-1 0 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 et 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 telminal 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 

located 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 10m 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 temlinal bud from which leaves (also known as fronds) 

are continuously produced. 

Taffin, (J 998) 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 el 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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Figure 2.1 Coconut seedling with 
entire leaves 

Fused pinnae 

~:t----- 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 1450 (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 of2-3 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 et al. (20 10), 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 fel1ilization. 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 

I 

Figure 2.3 Coconut Spadix 

Male flower 

l ... t.::.::........;.,.-~;;;:..---t-- Female flower (Button) 

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 kernel 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 favourab le conditions to produce a new seedling (Figure 2.5). 

Figure 2.5 Longitudinal section of a 
matured coconut fruit 
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2.2.8 Germination 

Coconut is known to genninate easily in a wann 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 gennination (Ugbah & Akpan, 2003). 

Sugimura (1998) indicated that gennination 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 endospenn 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). 

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). 

Figure 2.7 Germinated seed nut ofSGD x VTI 
coconut hybrid 

Crow's beak 

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 I I 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 at., 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, 20 12b). According to Thomas et 01. (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 vi gourous 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). 

Taftin (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 tumed 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 01., 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. Ugbab & 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 (198 I) explained that 

physiological\y 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. 

Figure 2.8 Pared seed nuts of SGD x VTT 
coconut hybrid 

Portion of the husk removed 

Bewley & Black (J 994) 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, 198Ia). Soil medium is commonly used for 

pre-nursery germination. Site selected must have fairly loose-textured soil to ensure 

good percolation of water and mllst 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 em 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 (abo lit 50 cm width). 

Planting of nuts in the seed bed could be done vertically (Santos et 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 aI., 

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, 20 12a) 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 et al. , 20 I 8). 
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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 el al. (J 996), 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, 

20 12a). 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 abi lity and slow 

biodegradability (Horisawa et 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, 201 2). According to 

Rojo-Poveda et al. (2020), cocoa bean shell (CBS) has a high fibre content (39.3-

66.3g/ 100g CBS), rich in potassium (1.3 -J.8g/ 100g CBS) and has good amount 

of phosphorus (0.58-1.0g/100 g CBS), magnesium (0.48- J.29g/100 g CBS) and 

calcium (0.23-0.44g/100g CBS). It is usually used as mulch (Billeaud et ai. , 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, 202 1). 

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, feltilizer application and plant protection for 

prick-outs to grow optimally till they are transplanted into the field (Thomas e/ 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 et al., 1996) . 
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2.4.1.2 Polybag Nursel)' 

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 em x 60 cm is recommended 

for up to 6 months; 80 cm x 80 cm for 6-9 months and J 00 cm x J 00 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 
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2.4.2 Irrigation 

Effective irrigation, whether manual or mechanized, has been identified as 

a key in input for attaining optimum nursery performance (Wuidart, 1981 a). 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 ( 1981 b) 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 fe11i I izer treatments in coconut nurseries have 

shown that CI treatment increased collar girth of seedlings whilst KCI and NacI 

application did not only improved growth but increased resistance to leaf spot 

(Magat & Prudente, 1974; Magat et al. , 1977; Abad et al., 1978). As observed by 

Ho el al. (1978), monthly application of Sulphur and NPK fertilizer starting from 

month 2 after germination enhanced seedling growth whilst S increased seedling 

height. Nand 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 I :2:2: I 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 Pl"Otection 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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anny 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 transpla nting is 

between 6-8 months. At this age a hybrid seedling would have developed a collar 

gil1h of 18-20 cm and a height of 110-120 cm with 7 or 8 leaves, the youngest of 

which would have differentiated into leaflets. Abnonnal and illegitimate seedlings 

must be discarded. 

2.5 Tree Management PI·actices in COCOllut 

The tree management practices in coconut (TMPC) refer to the deliberate 

hand I ing 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, el 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 el al., 2003). Early 

work by Bailey el al. (1977) indicated that leaf pruning of the crown beyond 40% 

has negative implications for palm health. Later on, Magat et al. (1994) reported 

that retention of 18 functional leaves in the crown was adequate for optimal yield 

performance of coconut. Investigating further, Padron es 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 e { 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 & Frilz, 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 

candiduf11 L.) and Easter lily (Lilium longiflorum Thunb.) (Wang & Breen, 1986; 

Datuluri & Misra, 2002; Corley & Tinker, 2003; Etebom & Chimezie, 20\6). 
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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 fanners 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 hi gh nut numbers per bunch suffer small fruit size and poor 

fruit characteristics (Bourdeix et 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 

35 

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

Digitized by Sam Jonah Library



(Phaseo/us vulgaris) respectively. Using the 14C labelling technique, Pace el 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 (O,yza saliva), 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 III 

Waterleaf (Talinul11 triangu/are) based on fam1ers' 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 et 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 GOP 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 

ofleaves (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 can'ied 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 

offruit 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 chemical 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-
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blossom stage to cause thinning effect on blossoms by scorching (Quma, 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 at1ificial 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 

contam ination. 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 af., 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 af. (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 MA TERIALS 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 SGO 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°S2'N IOS8'W) and Badukrom 

(SOOO'N I03TW) 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 mOl per annum. The relative humidity of the area is high with a mean 

range of 7S%-8S% 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 ofthe 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 (Ca2+, Mg2+, 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 (lOg) of soil sample was weighed into a 500 

ml beaker followed by 20 1111 of hydrogen peroxide and then allowed to stand until 

frothing was over. The sllspension 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 lip with 

distilled water to 500 m!. 

A plunger was used to stir the suspension to ensure thorough mixing. The 

sllspension 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 

pi petted 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 
1. % Sand = 

Mass of oven dried soil 

2. Total mass of silt = 
Mass of silt in 25ml x 500 

25 

Mass of silt x 100 
3. % Silt = Mass of oven dried soil 
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Mass of clay in 25ml x 500 
4. Total mass of clay = 

25 

5. %Clay= 
Mass of clay x 100 

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 (lOg) 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 ol·ganic carbon 

One gram (I 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 I ml 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 fOlmula below was used to determine the percent 

organic carbon (FAO, 2008). 
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% Organic carbon = (S-8) x Molarity of Fe2+ x 0.003 x 100 

Weight of sample x 77 

% Organic matter = % Organic carbon x 1.724 

Where; 

B = Blank titre 

S = Sample titre 

3.3.4 Detel'mination of total nitl'Ogen 

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 of20 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 11140 HCI until there 

was a colour change from green to a wine. Blank determination was done alongside. 

The fonnula below was used to determine the nitrogen percentage. 

(S - B) x Solution volume 
% Nitrogen = . . 

Aliquot volume x Sample weight x 102 

Where; 
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S = Sample titre 

S= blank titre 

3.3.5 Detet'mination of exchangeable bases (Ca2+, Mg2+, Na+ and K+) 

The detemlination of the exchangeable bases were done by the method described 

by Rowell (1994). Five grams (5 g) of sieved soil sample was weighed into SO 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 of2S ml of the filtrate was pipetted in a 250 ml conical flask and 

the filtrate was diluted to ISO ml with distilled water. Fifteen (IS) 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 (EST). The solution was titrated against 0.005 M 

ethylene diam ine tetra-acetic acid (EDT A) 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 1 SO ml with distilled water. One (I) 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 EDT A 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 
Exchangeable Mg = -------

Weight of soil (g) 

4 x titre volume 
Exchangeable Ca = -------

Weight of soil (g) 

ex 0.256 
Cmole K " kg- I soil = -------

Weight of soil (g) 

+ -I . _ ex 0.44 
Cmole Na kg soli - . h f '1 ) 

Welg to SOl (g 

Where; 

C = concentration from calibration curve 

3.3.6 Determination of available phosphorus 

Bray I method was used to determine the available phosphorus in the soil 

samples. One gram (I g) of the air-dried soil sample was weighed into a 50 ml 

centrifuge tube and 10 ml of Bray I 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 

~lg/ml) were prepared from 5 ~lg 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: 

C x dilution factor 
).1g P g.1 soil = Weight of soil (g) 

Where; 

C = concentration of P obtained from calibration curve ().1g ml- I
) 

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 

so 
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palms respectively (Magat, 2003; Andoh-Mensah et af., 2005) . Sampling was done 

from the reference leafby 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 dis tilled 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 et al., (J 974). 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 of350 ml of hydrogen peroxide, 0.42 g of seleni urn 

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 Hel 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-8) x M xAx D x 100 
N(%) = W 

Where; 

S = volume of 0.007) M He) used for sample titration 

B = volume of 0.0071 M Hel used for blank titration 
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M = molarity of Hel 

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 detennined 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) ~g P 

ml- I (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 pi petted 

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 

53 

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

Digitized by Sam Jonah Library



made up to 25 tnl 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: 

P(%) = 
ex D x 100 

W 

P = Concentration ofP 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 

Detenn ination of leaf calcium and magnesium was done using the EDT A 

. . M th d An aliquot of 10 ml of sample solution was pipetted in a 250 ml TitratIOn eo. 

. I fl k d solution diluted to 150 ml with distilled water. Fifteen (IS) ml of cOl1lca as an 
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buffer solution and I 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 1 0 ml of sample solution was pipetted in a 250 ml conical 

flask and solution diluted to 1 SO 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: 

Leaf element (%) 

Where; 

M = Molarity of EDT A 

M x Mwt x T x 100 

Swt 

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 detennine the concentrations of potassium 

and sodium in the leaf sample digests . Working standards of 0, 2, 4, 6, 8 and 10 J.Lg 

ml- I (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: 

Leaf element (Jlgml-1) 
ex Svol 

Swt 

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: I). 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 

56 

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

Digitized by Sam Jonah Library



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 10ml 

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 pg ml-1 were prepared followed by addition 

of I 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 detemlined 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: 

Leaf element (pgm}-l) 
ex Svol 

Swt 

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 norm ality 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 ofleast 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 VTT 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 ai., 2008; 

Dare et at., 20 I 0). 

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 ofSoaldng Treatment and Medium on 

Germination and Vigour of SGD x VTT Coconut Hybrid Seed 

Nut 

4.2.1 Introduction 

[n coconut, there is little scientific information on how seed nut gennination 

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 

el al. (20 I 3) 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 

60 

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

Digitized by Sam Jonah Library



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 et 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 & Ojauhari, 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 I assesses the effect of soaking treatment and medium on 

germination and vigour ofSGO x VTT coconut hybrid seed nut. 

4.2.2 Materials and methods 

4.2.2.1 Description of the Study A rea 

Experiment I was carried out at Agona-Nkwanta, at the Coconut Station of 

the CSlR- 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 spli t-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 % KN03 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 fi lled 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 SGO x VTI coconut hybrid were harvested at the 

Bamiankor Seed Garden ofCSIR - 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% KN03 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 1m 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 I kg of potassium nitrate 13-0-46 in the water to obtain 

1% (w/v) solution of KN03 . 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 .t\ d' . WI 1 ImenSlon 0.8 m x 1.0 m x 0.2 m was planted wi th 20 seed nuts 

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

Figure 4.2 Bottomless wooden boxes fined with planting media 

4.2.2.6 Maintenance Culture 

Hand picking was used to lceep 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 ofrains for 2 hours 15 minutes between 2-5 pm. 

Each block (replicate) was watered for 45 minutes. Termite infestation was 

controlled by lTeating 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. Gennination index and speed of 

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

Other relevant data taken were temperature and moisture content of planting 

medium . Temperature ofplantillg 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 gennination (Ahmadi et at., 

2007) . The moisture content of planting medium influences seed access to moisture 

critical for germination. Measurements of temperature and moisture content could 

provide fUlther insight into physical properties of planting medium . 

4.2.2.7.1 Moisture content o/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: 

MC%= 
Loss in sample weight x 100 

Dry weight of sample 
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4.2.2.7.2 Temperature of planting mediuIII 

Soil thennometer 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 cm 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 fonnula 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 et al., (1996) for estimation 

of speed of germination which gives an indication of seed nut vigour. Tso was 

calculated lIsing the formula of Coolbear et al., (1984) which was modified by 

Farooq et al., (2005) . 
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ti+[ (N -ni)(ti-tj)] 
Tso= 2 

ni-nj 

Where; 

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

germinated by adjacent counts at times tj and tj respectively, when nj < N < nj. 
2 

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 G2 Gn Gl=- + - + ..... +-
Tl T2 Tn 

Where G 1, 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 TI, 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 ± 2.4S). The cocoa bean shell capacity to hold water was 4.2 - fold 

higher than the topsoil medium and I.S - fold more than sawdust medium. 

4.2.3.2 Temperature of Planting MediulII 

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>O.OS) different at 10.00 a.m. but at 3.00 pm, differences 

were significant (P< O.OS) (Appendix 1). The mean temperature of the topsoil at 

3.00 pm was significantly (P<O.OS) 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 f,'om February-May 2020 

Planting Temp ·C Temp ·C 
medium 10.00 am 3.00 pm 

Cocoa Bean Shell 30.S0 ± 0.592a 31.86 ± 0.60Sb 

Top soil 30.89 ± 0.593a 34.23 ± O,627c 

Sawdust 30.54 ± 0.590a 32.25 ± 0.609b 

Mean estimates ± s.E. with the same letters within columns are no/ significantly 
different at P<0.05. LSD (0.05) olmeal/ estimates 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<O.OO I) 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<O.OS) reduced gennination rate by 44.4% as compared with the 

control. The difference in germination rate between topsoil and sawdust media was 

not significant (P>O.OS). 

Table 4.2 Final germination percentage of SGD x VTT coconut hybrid seed 

nuts as influenced by soaking treatment and planting medium 

Planting 
Medium 

Cocoa bean shell 

Top soil 

Sawdust 

Control 

SI.7 ± 2.93aA 

82.S ± 3.71cC 

84.2 ± 3.7ScD 

Final Germination % 

Soaking treatment 

1% KN03 solution 

27.S±2.14bB 

8S .2 ± 3.78cC 

82.2 ± 3.70cD 

Water 

30.0 ± 2.24bB 

8S.0 ± 3.76cC 

83.3 ± 3.73cD 

Mean estimates ± s.E. with the same capital leiters withill rows or same small leiters within columns 
are not significantly different, P>0.05. LSD (0.05) a/mean estimates is presented in Appendix 4. 
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4.2.3.4 Time 10 50% Germination 

Time to 50% germination of sao 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 I % 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 VTT coconut hybrid seed nuts as 

influenced by soaking treatment and planting medium 

Planting 
Medium 

Cocoa bean shell 

Top soil 

Sawdust 

Time to 50% Germination 

Control 

44.0 ± 2.71aA 

49.3 ± 2.87abB 

52.3 ± 2.93bC 

Soaking treatment 

1% KN03 solution 

40.0 ± 2.58aA 

51 .2 ± 2.92cB 

42.8 ±2.73aD 

Water 

42.3 ± 2.66aA 

50.5 ± 2.87bB 

48.0 ± 2.83abCD 

Mean estimates ± s.£. witlt the same capitaiiellers within rows or same smalliellers within columns 
are not significantly different, P> O. 05. LSD (0.05) a/mean estimates is presented in Appendix 6. 
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4.2.3.5 Germination Index 

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

by soaking treatment and planting medium is presented in Table 4.5. Data analysis 

showed significant (P<O.OI) 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>O.OS) 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 

Planting 
Medium 

Cocoa bean shell 

Top soil 

Sawdust 

Control 

2.31 ± 0.62aA 

3.86 ± O.78bC 

3.87 ± 0.79bD 

Germination Index 

Soaking treatment 

1 % KN03 solution 

1.02 ±0.49aB 

3.91 ±0.80bC 

3.93 ±0.81 bD 

Water 

1.01 ± 0.48aB 

3.67 ± 0.78bC 

3.71 ± 0.79bD 

. . S E wilh the same capital/etters within rows or same small/etters within cO/limns Mean estImates", . . .. . . 
. ifi t/'v dl, n;erent P> 005 LSD (0.05) o/mean eslImates IS presented III AppendIX B. are not sIgn! Icon " <JJ' • • . 
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4.2.4 Discussion 

4.2.4.1 Final Germination Percel1lage 

In coconut nursery, soil medium is commonly used for pre-nursery 

germ ination 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 of83.2% 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, 202 I). 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 
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adequate supply of oxygen required for optimum respiration and germination of 

seed nuts (Poljakoff-Mayber, 1989; Bewley & Black, 1994; Finch-Savage et 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 propelty 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 et 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 et 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 Germinatioll Illdex 

Gennination 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 gennination 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 gennination 

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 '. germmatlOn 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 01., 2019). 

Proctor & Sullivan (2013) observed that in American ginseng (Panax 

quinque/otius L.), seed gennination 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 sour sop (Annona fI1Z1ricala L.), Chima et of. (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 

gelmination and vigour ofSGD x VIT coconut hybrid seed nut. 

4.3.2 Mater'ials 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 Experimel1lal Design alld Treatments 

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

media (topsoil and decomposed sa wdust) assigned to main plots and 3 levels of 

planting depths (PDo, PDI and PD2) 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 1 m x 0.2 m each to contain 20 seed nuts/plot. 

Treatments were assigned randomly within the main plots and subplots. 

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 
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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 Nut Planting, 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 Analysis 

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<O.OOl) treatment effect on final germination percentage 

(Appendix 9). Germination rate increased significantly (P<O.05) with increasing 

planting depth. The interaction between planting medium and planting depth 

impacted significantly (P<O.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 gel'mination percentage of SGD x VTT coconut hybrid seed 

nuts as influenced by planting depth and planting medium 

Planting 
Medium 

Top soil 

Sawdust 

PDo 

71.3 ± 4.94aA 

55 .0 ± 4.28bC 

Final Germination % 

Planting Depth 

81.7 ± 5.22aAB 

78.3±5.11aD 

88.2 ± 5.43aB 

88.3 ± 5.42aD 

Mean estimates ± S. E. with the same capital lelfers within rows or same small lelfers within columns 
are 110t signijicant(y different. P>0.05. LSD (0.05) of mean estimates is presented in Appendix 10. 
PDO = Planting by burying a quarter of the seed I/ut in medium (Contro/); PDI= Planting by 
bW)'ing half of the seed nut ill 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 II). 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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Table 4.6 Time to 50% germination of SGD x VTT coconut hybrid seed nuts 
as influenced by planting depth and planting medium 

Time to 50% Germination 

Planting 
Medium 

Top soil 

Sawdust 

PDo 

56.13 ± 4.33aA 

59.20 ± 4.44a8 

Planting depth 

53 .93 ± 4.24aA 

53.43 ± 4.26a8 

PD2 

53.53 ± 4.21aA 

4l.20 ± 3.71 be 

Mean estimates ± s.E. with the same capita/lerrel's within rows or same smallierters within co/umlls 
are not significantly different. P>0.05. LSD (0.05) of mean estimates is presented in Appendix /2. 
PDO = Planting by burying a quarrel' of the seed nut ill mediuln (Contro/); PD I = Planting by burying 
half of the seed nut in medium; P02 = Planting by blllJ1ing seed lIutfully 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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Table 4.7 Germination index of SGD x VTT coconut hybrid seed nuts as 
influenced by planting depth and planting medium 

Planting 
Medium 

Top soil 

Sawdust 

POo 

2.23 ± 0.86aA 

2.01 ± 0.82aC 

Germination Index 

Planting depth 

3.01 ± 1.00aAB 

2.88 ± 0.98aC 

4.09 ± 1.17aB 

4.31 ± 1.20aO 

Mean estimates ± S. E. with the same capital leiters within rows or same small leiters within columns 
are not signiflcal1lly different, P> O. 05. LSD (0.05) of mean estimates is presented in Appendix 14. PDO 
= Planting by burying a quarter of the seed IlUt in medium (Contro/); PD I = Planting by bury ing half 
of the seed nut in ll1edium; PD2 = Planting by blllying seed nutfully in medium 

4.3.4 Discussion 

4.3.4.1 Final Germination Percentage 

The increase in germination rate of SGO 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 et 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, 

20) 2; 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) KNO) solution as 

observed in Experiment I . 

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 ofSGD x VIT 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 VTT Coconut Hybrid Seed Nut 

4.4.1 Introduction 

Planting medium is known to affect seed emergence as reviewed in Section 

4 .2. I 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 pralense L.) showed that 

germination performance was influenced by seed size (Ahmed & Zuberi, 1973; 

Burris et 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 - I 1% 

higher germination rate than large seeds especially within cultivars (Adebisi el 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 in itiate 

germination (Kering & Zhang, 20 IS). Also, emerging small seed is subject to less 

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

In coconut, there is litt le 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 (Pseudothemptus 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 

aZ., 2013; Nkansa-Poku et aZ., 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 tum 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 et al., 2015). 

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

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

4.4.2.1 Description of the Study A rea 

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 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 4 subplots of dimension 0.8 m x I 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 ofSGD 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 statistical 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 SOD 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<O.OO] ) 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. Oennination 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 VTT coconut hybrid seed 

nuts as influenced by seed lIut 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 93.1±4.3 93.4±3.9 100.0±4.1 

Mean estimates ± s.E. with no letters within J'ows OJ' coillmns are 1I0t 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 SGn x VTT coconut hybrid seed nuts 

as influenced by seed nut size and planting medium 

Planting 
Medium 

Top soil 

Sawdust 

Time (in days) to 50% Germination 

Seed nut size 

Small Medium Large Extra Large 

53.9±3.8aA 52.7±3.5aA 47.4±3.4aAB 41.4±3.2aB 

49.5±3.7aD 47.0±3.6aD 43.3±3.3aDE 36.9±3.laE 

Mean estimates ± s.£. with the same capita/letters within rows or same small/etters within 
columns are not Signijicantzv different. P> O. 05. LSD (0.05) of mean estimates is presented in 

Appendix 
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4.4.3.3 Germination Index 

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

by seed nut size and planting medium is presented in Table 4.10. Data analysis 

indicated significant (P<O.O I) 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>O.05). Main effect of seed nut size significantly (P<O.OS) 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>O.OS). 

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 

Top soil 2.71±O.53aAB 2.86±O.S7aAB 3.21±O.56aAC 3.97±O.56aC 

Sawdust 2.89±1.71aDE 2.99±O.66aDE 3.4I±O.57aDF 4.18±O.56aF 

. / I Ie cO'Pilallelfers wilhin rows or sall/e small lelfers wilhin 
. t s ± S E wll I t Ie sail ,r ' . d . 

Mean esllllla e .' : I dif!erent, p>0.05. LSD (0.05) OJ mean eSllmates IS presellle In 
columns are not slgnijicanl Y ~J 
Appendix /9. 
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4.4.4 Discussion 

4.4.4.1 Filial Germination Percentage 

Though not significant, the upward trend in germination rate due to 

increased seed nut size could be attributed to storacre reserve which increased with o , 

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 to 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. I, 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, 200 I). 
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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 gennination 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 tenns of numbers, 

speed and spread (Copeland & McDonald, 200 I). 

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. 
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4.5 Experiment 4: 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 

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 

. t' n and vigour of SOD x VTT coconut hybrid seed nut using different gen11lna 10 

concentrations of potassium nitrate solution. 
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4.5.2 Materials and methods 

4.5.2.1 Description a/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% (PN I), 2% (PN2), 3% (PN3) and 

5% (PN5) 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 J m 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 

20~ ( I ) 3% (w/v) and 5% (w/v) potassium nitrate solution J kg, 2 kg, 
1% (w/v), ;to wv, 0 
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3 kg and 5 kg ofpotassi . . urn Illtlate were respectively dissolved in 99, 98, 97 and 95 

litres of water. 

4.5.2.5 Seed Nut Plantil H' Ig, maintenance Culture and Data Collection 

Seed nut planting, maintenance culture and data collection have been 

described in Section 4 2 2 S d I' . . . ee nut p antll1g 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 SOD 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). Oemlination rate 

varied from 85 _ 88% and 83 - 89% in the topsoil and sawdust media respectively 

across the potassium nitrate concentrations. 
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Table 4.11 Final germination pel·centage of SGD x VTT coconut hybrid secd 
nuts as influenced by KNOJ soaking treatment and planting medium 

Planting 
Medium 

Top soil 

Sawdust 

PNo 

86.1 

±5.48 

87.7 

±5 .22 

Final Germination % 

KN03 concentration 

PNI PN2 PN3 PNs 

88.3 87.5 85.7 86.0 

±5.11 ±5.43 ±5.38 ±6.52 

89.0 86.7 86.3 83.4 

±5.48 ±5.38 ±5.27 ±5.43 

Mean estimates ± S.E. with the same capita//ellers withill rolVS or same small/ellers within cO/lIlllns 
are not significal1l~Y different, P> 0.05. PNo ~ 0% KN03 sO/lition; PN, ~ 1% (w/v) KN03 solution; 
PN] ~ 2% (lV/V) KN03 solution; PN; = 3% (lV/V) KN03 solution; PN, ~ 5% (IV/V) KN03 solution. 

4.5.3.2 Time to 50% Germination 

Time to 50% gennination 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% geJ'mination of SGD x VTT coconut bybJ'id seed nuts 

as innuenced by KNOJ soaldng treatment and planting medium 

Planting 
Medium 

Top soil 

Sawdust 

PNo 

55.9 

±4.16aA 

54.4 

±4.05a8 

Time (in days) to 50% Germination 

KN03 concentration 

PN] PN2 PN3 PNs 

53.2 51.5 50.9 51.7 

±4.25aA ±4.04aA ±4.14aA ±4.89aA 

43.1 42.6 42.2 40.3 

±3.92bC ±4.03bC ±3.88bC ±4.84bC 

Meall estimates ± S. E. with the same capital letters within rows or same small letters within coilimns 
are 110t significantly dijJerent, P> 0.05. LSD (0.05) of mean estimates is presented in Appendix 22. 
PNo = 0% KN03 soilltion; PN, = 1% (wlv) KN03 soilltion; PNz = 2% (wlv) KN03 sollilion; 
PN; = 3% (wl v) KN03 Sollliion; PN5 = 5% (1I'/v) KN03 sollliion. 

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 

soakina 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 

Planting 
Medium 

Top soil 

Sawdust 

PNo 

3.01 

±1.09aA 

3.50 

±I.IOaB 

Germination Index 

KN03 concentration 

PN1 PN2 PN3 PNs 

3.11 3.21 3.32 3.41 

±1.02aA ±l.llaA ±1.09aA ±1.36aA 

4.16 4.23 4.34 4.63 

±1.l4bBC ±1.l5bC ±1.l6bC ±1.l9bC 

Mean estimates '" S. E. with the same capital letters within rows or same slllall letters within collllllns 
are not significantly dijferel1l. P>0.05. LSD (0.05) of mean estimates is presented in Appendix 24. 
PNu = 0% KN03 solution; PN, = J% (IV/V) KN03 solution; PNz = 2% (IV/V) KN03 solution; 
PN3 = 3% (w/v) KN03 solution; PNj = 5% (w/v) KN03 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 af. (2008) in which soaking with different concentrations of potassium 

nitrate solution during priming did not influence seed germination rate of seashore 

paspalum (Paspallllll vaginatum). On the contrary, Bian el af. (2013) reported that 

seeds of red palm (CyrlOslachys 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 dornlancy (Chin & 

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

rapid gennination (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 gennination process (Basra et 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. 20 I 0; Dwiyono & Djauhari, 2021). In the work carried out by Shim 

el af. (2008), the authors found out that even though potassium nitrate soaking 

treatment did not influence seed germ ination rate of seashore paspalum, it increased 

speed of germination. 

For seed nut soaked in potassium nitrate solution, the higher speed of 

crermination observed in sawdust medium relative to top soil could be attributed to 
o 

enhanced synergy between sawdust medium and potassium nitrate soaking 

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

. t'on (Horisawa et al 1999; Dwiyono & Djauhari, 2021). Similarly, as nut germma I ., 

explained in Section 4.2.1, potassium nitrate soaking treatment has additional 
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gemlination enhancing p t' TI' . . roper les. le interactIOn between sawdust medIUm and 

potassium nitrate soaking t t h fi . . rea ment t ere ore mIght have led to a synergy 111 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 ef al. 2013; Dwiyono & Djauhari, 2021) which 

improved the speed of gemlination, 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 ofSGD x VTT coconut hybrid seed nuts in different concentrations 

f 
. 't te solution did not influence seed nut germination rate; rather it o potassIUm nl ra 

enhanced speed of gennination. Interaction between sawdust medium and 

. ' k ' treatment improved speed of germination by 23.4% and 
potassIUm I1Itrate soa II1g 

. . . d by 25 6% relative to the control. germ illatIOn 111 ex . 
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CHAPTER FIVE 

5.0 
FERTILIZER APPLICATION AND SPACING IN 

SGD x VTT 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 et al., 1977; Abad et al., 1978) showed 

that potassium chloride or sodium chloride treatment did notfbniy Improved 

coconut seedling growth but increased resistance to leaf spot disease. A'ccording to . . . 
Almaden & Satiago (1980), nitrogen and potassium fertilizer treatments p~odtic~d 

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 I :2:2: I applied to coconut seedlings aged 1,3, 5, 7 and 9 months at 30, 

60, 75, 75 and 75 glplant 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 

. h st soils are depleted in soil nutrients (Child, 1974), 
tropICS, were mo 

'd t 't'on spacing is known to impact on growth and development Besl es nu 1'1 I , 

dl
' through light interception (Almaden & Santiago, 1980), 

of coconut see 1I1gs 

, d healthy seedlings due to mutual shading and enhanced 
Closer spac1l1g pro uce un 
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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 at. (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 cm 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 (MoF A, 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 SGn x VTT 

Coconut Hybrid Seedlings 

5.2.1 Introduction 

I d t · 's presented under Section 5.1 of this chapter. ntro lIC Ion I 

5.2.2 Materials and methods 

5.2.2.1 Description of the Study Area 

I b en described under Section 4.2.2.1 
The study area las e 
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5.2.2.2 Experimelllal Design and Treatments 

A split-plot design with 3 replicates was used to assess 2 levels of spacing 

(S I and S2) assigned to main plots and 4 levels offertilizer schedules (FO, FI, F2 

and F3) assigned to subplots. Fel1ilizer schedules and spacing were formulated 

based on fertilizer rates and spacing described by Tafin, 1998 and Santos et aI., 

1996 for coconut seedling production. 

S I = Spacing at 60 cm triangular 

S2= Spacing at 80 cm triam!ular 

FO= control 

F I = Fertilizer application at 28.4:58.0:75.6: 17.0 g seedling-! N:PZ05:K20:MgO 

F2= Fertilizer application at 47.3:96.6:126.0:28.4 g seedling-! N:PZ05:K20:MgO 

F3= Fertilizer application at 66.2: 135.2: 176.4:39.7 g seedling-! N:PZ05:K20: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, P205, K20 and MgO respectively. Treatments were assigned 

randomly within the main plots and subplots. 
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5.2.2.3 Seedling Planting 

Lining and pegging was done in each plot in a triangular pattern using the 

appropriate treatment spacing. SOD x VTT coconut hybrid seed nuts with 5-cm 

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

nursery (Figure 5.2) for the study. 

h . ht of embryonic shoot of . g the elg . A technician measunn 
Figure 5.1. h brid seed nut 
SOD x VTT coconut y 
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Fi~.e 5.2. SGD x VTT coconut hybrid seedlings after one month of 
pnc1Gng-out seed nuts with Scm-high embryonic shoot 

5.2.2.4 Maintenance 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' d analysis were carried out to assess initial soil nutrient 
SOIl samp mg an 

. . ration Leaf sampling and analysis were also done to 
status prior to fertIlIzer app IC . 
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monitor fertilizer uptake b . 
Y seedllllgs. Vegetative measurements were taken on 

collar girth, seedling hei ht I f 
g , ea number and canopy diameter to evaluate seedling 

growth and vigour. 

5.2.2.5.1 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 samplillg and analysis 

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

Section 3.4 of Chapter 3. 

5.2.2.5.3 Collar girth 

Collar gil1h 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. 

5.2.2.5.5 Leafnumber 

f b was determined at monthly intervals by count of functional Lea· num er 

leaves on the seedling (Santos et al., 1996). 

104 

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

Digitized by Sam Jonah Library



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

. 54 A technician measuring the height ofSGD x 
FIgure . . . 
VTT coconut hybrid seedhng 

105 

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

Digitized by Sam Jonah Library



5.2.2.5.6 Canopy diameter 

Canopy diameter was determined at monthly intervals from the fourth 

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

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

hni · measuring the canopy diameter of Figure 5.5. Tec Clans . . 
SGD x VTT coconut hybrid seedling 

5.2.2.5.7 Vigour index 

. d termined using the formula patterned after Vigour index ofseedlmgs was e 

Child (1974) as follows: 
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Where; 

VI = Vigour index 

G = Collar girth 

H = Seedling height 

D = Canopy diameter 

5.2.2.6 Data J\1anagement and Statistical Analysis 

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 Nand K. Also, its pH, organic matter content, 

level of exchangeable bases and cation exchange capacity were all low. 
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Table 5.1. Particle si d· ·b . at th - ze Istn uhon and chemical properties of soil 
e onset of experiment five 

Soil Depth 
0-20 
21- 40 

0-20 
21- 40 

Clay Silt Sand OM N 
-----------------------%-----------------------------
11.6 16.3 72.1 1.60 0.09 
11.2 16.2 72.6 1.12 0.06 

Ca Mg K TEB ECEC 
---------------------cmo I kg· I -----------------------

2.58 0.61 0.24 2.49 2.50 
1.79 0.38 0.16 1.58 1.59 

pH 

4.7 
4.6 

P 
ugg·1 

13.8 
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>FI>FO. 

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) 

higher leafN, P and K contents than the control and FI-treated seedlings at both S I 
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and S2 spacing levels. F3- . . . treated seedlmgs had slglllficantly (P<O.OS) higher leaf 

P content than F2-teat d dl' . e see mgs but differences in leaf Nand K between them 

were not significant (P>O.OS). 

TableS.2. LeafnutrientofSGD . VTT . . x coconut hybrid seedlings as influenced 
by spacmg and fertilizer treatment 

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

LN Spacing Fertilizer Schedule 

FO FI F2 F3 

Mg SI 0.23 6 0.236 0.238 0.239 

S2 0.234 0.234 0.235 0.236 

Ca SI 0.963 0.966 0.963 0.991 

S2 0.981 0.973 0.945 0.974 

N SI 2.251aA 2.29 1aA 2.778aB 2.897aB 

S2 2.141aC 2.166aC 2.474bO 2.639bO 

P SI 0.270aA 0.274aA 0.345aB 0.384aC 

S2 0.255aO 0.253aO 0.288bE 0.322bF 

K SI 0.907aA 0.970aA 1.1 58aB 1.1 66aB 

S2 0.897aC 0.976aC 1.1 48aO 1.l64aO 

For any particular leaf nutrient. mean estimates ± s.E. with no letters or the same capital 
leiters within rowS or same small lellers witilin columns are not significantly different, 
P>0.05. LSD (0.05) of mean estimates is presented in Appendices 26, 27 and 28. LN = Leaf 
nutrient; SI= Spacing at 60 cm triangular; S2= Spacing at 80 clI/triangular; FO = control; 
FI = Fertilizer application at 28.4:58.0: 75.6: 17.0 g seedling'! 11': P]05:K]O:MgO; 
F2 = Fertilizer application at 47.3:96.6:126.0:28.4 g seedling'! N:P]05:K]O:MgO; 
F3 = Fertilizer application at 66.2: 135.2: 176.4:39.7 g seedling'! N:P]05:K]O:MgO 
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5.3.3 Collar girth 

Collar girth of SGD . x VIT coconut hybrid seedlings as influenced by 

spacmg and ferti lizer t . reatment IS presented in Table 5.3. 

Table 5.3. Collar girth of SGD . 
spacing and fertilizer t r eatment x VTT coconut hybrid seedlings as influenced by 

Mean Collar Girth (em) 

MPO Spacing FCI·tilizer Schcdule 

FO FI F2 F3 

SI 6.1±0.11 6.0 ± 0.11 5.9 ± 0.12 5.9±0.13 

S2 6.1 ± 0.12 5.9 ± 0.11 6.2 ± 0.12 6.0 ± 0.12 

2 SI 7.1 ± 0.16 7.2±0.16 7.2±0.11 7.1±0.16 

S2 7J±0.16 7.3±0. 17 7.4±0.16 7.5±0.16 

3 SI 9.3 ± 0.22aA 9.5 ± 0.19aA 10.4±0.2IaB 10.5 ± 0.22aB 

S2 9.2 ± 0.20aC 9.4 ± 0.21aC 10.2 ± 0.23aO 1003 ± 0.20aO 

4 SI 12.7 ± 0.21aA 13.0 ± 0.24aA 13.8 ± 0.23aB 14.1 ±0.26aB 

S2 12.3 ± 0.24aC 12.7 ± 0.25aC 13.5 ± 0.26,0 13.8 ± 0.25aO 

5 SI 14.9 ± 0.34aA 15.7 ± 0.30aA 16.8 ± 0.34aB 17.1 ± 0.33aB 

S2 14.6 ± 0.34aC 15 .2 ± 0.31aC 16.4 ± 0.33aO 16.7 ± 0.39aO 

6 SI 17.8 ± 0.39aA 18.7 ± 0.43aA 20.5 ± 0.45aB 21.3 ± 0.47aB 

S2 17.3 ± OJ9aC 18.4 ± 0.45aC 19.8 ± 0.45aO 20.7 ± 0.44aO 

For any particular montlz, mean estimates ± S.E. with 110 lellers or the same capitallellers within 
rows or same small Ie tiers within Coillmlls are not significantly diflerent, P>0.05. LSD (0.05) of 
mean estimates is presented in Appendices 30. 31. 32 and 33. MPO =Month ajier pricking alit; 
S I = Spacing at 60 em triangular; S2 = Spacing at 80 CIII triangular; FO = control; Fl = Fertilizer 

application 01 28.4: 58.0: 75.6: 17. 0 g seedling" N:PzOs: KzO: MgO; F2 = Fertilizer application 
at 47.3:96.6:126.0:28.4 g seedling" N:PzOs:KzO:MgO; F3 = Fertilizer application at 

66.2: J 35.2: /76.4:39.7 g seedling" N:PzOs:K1O:MgO 
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Data analysis showed significant (P<O.OS) treatment effect on collar girth 

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

increased levels of fel1ilizer schedule in the order F3>F2>FI>FO at S I 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 FI-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 FI - 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 Fl-treated seedlings and the control. 

5.3.4 Seedling height 

Height of SOD x VTT coconut hybrid seedlings as influenced by spacing 

and fertilizer treatment is presented in Table 5.4. Data analysis indicated significant 

(P<O.05) treatment effect on seedling height from months 4 - 6 after pricking-out 

(Appendix 34). 

. . I tiler with increased levels offertilizer schedule in the Seedling helg lt grew a 

d S2 acing levels. The effect of interaction between 
order F3>F2>F1>FO at SI an sp 

. not significant (P>0.05) on seedling height. 
"'1 ' t eatment and spacmg lertl Izer r 

. 'fi tl (P<O 05) taller than the control seedlings . w Slgl1l Ican y . F3-treated seedlmgs gre 

Th age height for F3-treated seedlings from . k' out e aver after 4 months of pnc IIlg- . 

7 60 / taller than the control. Height of F 1- and . k ' out was . ;1 0 
4-6 months after pnc IIlg-
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F2-treated seed lings 
were not sign ificantly (P>O.OS) different from that of the 

control seedlings. 

Tab le 5.4. Height of SGD VTT 
and fertil ize r trea tment x coconut hybrid seedlings as influenced by spacing 

Mean Seedling Height (em) 

MPO Spacing Fertilizer Schedule 
FO FI F2 F3 

S I 42.0 ± 1. 1 40 .9 ± 1.1 39.9 ± 1.2 40.7 ± 1.2 

S2 40.9 ± 1.2 39.8 ± 1.1 40.0 ± 1.2 39.7 ± 1.2 

2 S I 49 .0 ± 1.6 52.8 ± 1.3 54.2 ± 1.5 51.2 ± 1.4 

S2 50.5 ± 1.6 51.8 ± 1.4 53.3 ± 1.4 52.5 ± 1.4 

3 SI 68.7 ± 1.8 65 .5 ± 1.6 65.7 ± 1.6 67.0 ± 1.8 

S2 67.6 ± 1.6 65 .3 ± 1.6 64.0 ± 1.8 67.3 ± 1.6 

4 S I 77.9 ± 1.8aA 81.2 ± 1.7aAB 81.9 ± 1.6aAB 85.3 ± 1.8aB 

S2 76.9 ± 1.7aC 80.6 ± 1.7aCD 81.1 ± 1.8aCD 84.4 ± 1.8aD 

5 SI 96.2 ± 2.0aA 98 .6 ± 1.6aAB 100.6 ± 1.8aAB 104.7 ± 1.7aB 

S2 95.4 ± 1.8aC 98.2 ± 1.6aCD 100.3 ± 1.7aCD 103.7± 1.6aD 

6 S I 130.4 ± 2.3aA 13 1.7 ± 2.6aAB 136.5 ± 2.7aAB 137.7 ± 2.6aB 

S2 129.6 ± 2.3aC 130.4 ± 2.7aCD 135.8 ± 2.7aCD 136.9 ± 2.6aD 

For any particular month, mean estimates ± s.E. with no lellers or the same capital lellers within 
rows or same smalliellers within columns are not significantly different, P>0.05. LSD (0.05) of 
mean estimates is presented ill Appendices 35, 36 and 37. MPO = Month after pricking alit; 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 g seedling' I N:Pz05:K]O:MgO; F2 = Fertilizer application at 
47.3:96.6: 126.0:28.4 g seedlinf{1 N:PZ05: K]O: MgO; F3 = Fertilizer application at 

66.2: 135.2: 176.4:39.7 g seedling,l N:P]05: K]O:MgO 
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5.3.5 Leaf number 

Leaf number of SaD x VTf coconut hybrid seedlings as affected by 

spacing and fertilizer treatment is presented in Table 5.5. Data analysis did not show 

significant (P>O.05) treatment effect on leaf number (Appendix 38). Differences in 

leaf numbers between fertilizer-treated seedlings and the control was not significant 

(P>O.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 SGO x VTT coconut hybrid seedlings as 

influenced by spacing and fertilizer treatment 

MPO Spacing 

51 

S2 

2 81 

82 

3 81 

52 

4 SI 

S2 

5 SI 

S2 

6 81 

FO 
2.4 ± 0.08 

2.3 ± 0.08 

3.5 ± 0.09 

3.5 ± 0.09 

5.0±0.12 

5.0 ± 0.1 I 

5.8 ± 0.12 

6.0 ± 0.1 I 

7.2 ± 0.15 

7.2 ± 0.15 

7.5 ± 0.13 

Mean Leaf Number 

Fertilizer Schedule 
Fl F2 F3 

2.3 ± 0.08 2.3 ± 0.09 2.4 ± 0.09 

2.3 ± 0.08 2.5 ± 0.09 2.4 ± 0.09 

3.5 ± 0.09 3.4±0.10 3.4 ± 0.09 

3.4 ± 0.09 3.4 ± 0.09 3.4 ± 0.09 

5.0±0.11 5.0±0.12 4.9 ± 0.12 

4.9 ± 0.1 I 5.1±0.13 5.2±0.11 

5.9±0. 11 6.0± 0.11 6.0 ± 0.16 

6.0 ± 0.11 6.0±0.12 6.0 ± 0.17 

7.1 ± 0.15 7.2 ± 0.15 7.1±0.15 

7.1±0.14 7.0±0.15 7.2±0.15 

7.7 ± 0.14 7.7±0.15 7.7±0.15 

S E '11 no lellers \VrllInl SI S . 
Mean eslimales ± .'. WI 1 _ 0 05 MPO=Molllh after pricking oul; p~e.lI1g 
are nol signijicanlly different. ~/ . t 80 em triangular; FO= eonlrol; Fl = Ferl~hzer 
al 60 em Irianglllar; S2= Spa~;f: g seed/ing-' N:PzOs:KzO:MgO; F2 = Ferllflzer 
appliealion al 28.4:58.0:'75'/0'28.4 g seedling" N:PzOs:KzO:MgO; F3 = Fer/lhzer 
appliealion al 47.3:96.6.12

764
'39.7 g seedling" N:PzOs:KzO:MgO 

appliealion al 66.2: 135.2.1 .' 
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5.3.6 Canopy diameter 

Canopy diameter ofSGD V x TT coconut hybrid seedlings as influenced by 

spacing and fertil' . . Izel treatment IS presented in Table 5.6. Data analysis showed 

significant (P<O 05) tr t ffi . ea ment e ect on canopy diameter from 4 - 6 months after 

pricking-out (Appendix 39) C d' . anopy lameter grew wider with increased levels of 

fertilizer treatment in the d F3 F2 or er > . >FI>FO at SI and S2 spacing levels. 

Table 5.6. Canopy diameter of SGO x VTT coconut hybrid seedlinos as influenced 
by spacing and fertilizcr treatment ., 

Mean Canopy Diameter (cm) 

MPO Spacing Fertilizer Schedu le 
FO FI F2 F3 

4 SI 50.3 ± 1.6aA 53.6 ± 1.4aAC 55.6 ± l.4aBC 58.8 ± 1.5aB 

52 50.5 ± l.4aD 52.7 ± 1.5aDF 54.9 ± 1.5aEF 57.4 ± 1.5aE 

5 SI 60.1 ± l.5aA 64.8 ± l.3aAB 68.5 ± 1.5aBC n .6± 1.5aC 

S2 59.7 ± 1.5aD 64.1 ± 1.4aDE 67.3 ± l.5aEF 69.2 ± l.4aF 

6 SI 80.4 ± 1.6aA 85.1 ± 1.8aAC 89.5 ± 1.9aBC 92.6 ± 1.9aB 

52 82.5 ± 1.6aC 84.8 ± 1.9aCD 87.8 ± 1.9aDE 90.6 ± 1.8aE 

For any particlllar month, mean estimates ,r S.£. the same capital lellers withill rows or same 
small lellers within columns are not significantly different. P> 0.05. LSD (0.05) of mean 
estimates is presented in Appendices 40, 41, alld 42. MPO =/vfonth aj/er pricking out; Sl = 
Spacing at 60 cm triangular; S2 = Spacing at 80 cm triangular; Fa = control; F 1 = Fertilizer 
application at 28.4: 58. 0: 75.6: 1 7. a g seedling' / N: p ]Os: K]O: MgO; F2 = Fertilizer application 
at 47. 3:96.6:126.0:28.4 g seedling') N:P]Os:K]O:MgO; F3 = Fertilizer application at 

66.2: 135.2: 176.4:39. 7 g seedling" N:P20s:K20 : MgO 

The interaction between fertilizer treatment and spacing did not impact 

significantly (P>O.OS) on canopy diameter but the main effect of fert ilizer was 

" fi (P<O 05) on canopy diameter. F3- treated seedlings had significantly 
Slgl1l Icant . 

'd opy diameter than FI- treated seedlings and the control after 4 
(P<O.OS) wr er can 
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months of pricking-out. The average canopy diameter for F3 _ and F2-treated 

seedlings from 4-6 mo tl ft· . . . n 1S a el prtckll1g-out were 15.0% and 10.5% respectIvely 

wider than that of the co t I D'f" . ' . n ro . I lelences m canopy dIameter between FI-treated 

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

significant (P>O.OS). 

5.3.7 VigoUi' 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 offertilizer treatment in the order F3>F2>FI>FO at 

S 1 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>O.OS) but these vigour indices were 

significantly (P<O.OS) greater than that ofFI-treated seedlings and the control after 

4 months of pricking-out. The average vigour index for F3-, F2- and FI-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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Table 5.7. Vigour index of SGD VTT . x coconut hybrid seedlings as influenced by 
spacmg and fertilizer treatment 

Mean Vigour Index 

MPO Spacing Fertilizer Schedule 
FO Fl F2 F3 

4 SI 4.74 ± 0.20aA 4.86 ± 0.18aA 5.42 ± 0.18a8 5.92 ± 0.19a8 

S2 4.45 ± 0.18aC 4.80 ± 0.19aC 5.37 ± 0.19aO 5.53±0.19aO 

5 SI 4.59 ± 0.12aA 4.83 ± 0.1 OaA 6.38 ± 0. lla8 6.64 ± 0.lla8 

S2 4.3J±0.llaC 4.54 ± 0.1 OaC 6.36 ± O.llaO 6.50 ± 0.1 0aO 

6 SI 4.38 ± 0.14aA 4.62 ± 0.16aA 6.32 ± 0.16a8 6.53 ± 0.17a8 

S2 4.26 ± 0.14aC 4.48 ± 0.16aC 6.11±0.16aO 6.26 ± 0.16aO 

For allY par/icu/ar mOl7lh, mean es/illla/es ± s.£. willz /he same capila//ellers wi/hin rows or 
same smalliellers wi/hin colllll1ns are no/ signijical7lly dijJerenl, P>0.05. LSD (0.05) a/mean 
es/ill1a1es is presen/ed in Appendices 44, 45, and 46. MPO=Monih after pricking 011/; SI = 
Spacing a/ 60 cm /rial/gular; S2 = Spacing a/ 80 cm /rianglllar; FO = eon/rol; FI= Fertilizer 
appliea/ion a/28.4:58.0: 75.6: 17.0 g seedling'} NP20S:K,O:MgO; F2 = Fer/ilizer appliea/ion a/ 
47.3:96.6: 126. 0: 28.4 g seedling'} N:P20S: K]O:MgO; F3 = Fer/ilizer appliea/ion a/ 
66.2: 135.2: 176.4:39.7 g seedling'} N: hOs:K20:MgO 

5.4 Discussion 

5.4.1 Soil analysis 

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

. 1ft t 'cal soils where soil acidity, organic matter, cation exchange 
typlca 0 mos ropl 

. d h able bases are known to be limiting factors for soil 
capacIty an exc ange 

. . 'k l I 1998' Sombroek et al., 1993). The well drained sandy 
productIVIty (Sal 1 el a ., ' 

P
artly accountable for the low organic matter and the 

loam texture could be 

K 
could be largely attributed to the acidic soil conditions 

deficiency in Nand 
I fon exchange capacity and exchangeable bases 

(Spargo et 01., 2013). The ow ca I 
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might be due to the inter f ffi 
ac Ive e ect 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 el at., 1996; 

Taffin 1998). However, soil factors among which soil acidity has been identified as 

key, regulate the availability of nutrients applied to plants (Shen el ai., 20 I 0; Spargo 

el aI. , 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 at., 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 el at., 2006; Lawlor, 

2012; Wei et at., 2016). It also enhances photosynthesis by promoting green 

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

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

et aI., 2002; Tian e/ ai., 2005 ; Li el at., 2012b). 

. . I d I·n the utilization of photosynthate for plant metabolism 
P IS mvo ve 

dis a key role in growth and development of plant roots 
(Spargo el at., 2013) an pay 

. . Ived in the activation of several enzymes including 
(Williamson, 2001). K IS II1VO 
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those that trigger protein and starcl . . 
1 synthesIs (Patll, 2011) and other biochemical 

processes resulting in cell I 
growt 1 and plant development (Van Brunt & Sultenfuss, 

1998; Hepler el at 2001' 0 . 
. , , osterhllts el al., 2014). It plays an important role in the 

regulation of cell osmotic . I . . 
pressUte w llCh mfluences the opening and closure of 

stomata (Hu et al. 2016' Th & TI ' , om as lOmas, 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 gil1h size in response to increased levels of 

fertilizer treatment could be attributed to the enhanced seedling uptake ofN, 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 

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

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

. b'I" f ' teraction effect between fertilizer treatment and spacing 
The ma I Ity 0 m 

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

b 
d 60 cm triangular (S I spacing level). 

spacing should not go eyon 
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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 aft . k' 
er pnc 1I1g-out could be attributed to adequate reserve 

of endospenn t' . 
nu nents IJ1 the seed nut (Balachandran & Arumughan, 1995). The 

increased trend in seedling height with enhanced levels offertilizer 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 Nand K feltilizers. 

The absence of significant difference in height between the control and Fl-

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 

effiect of fertilizer and spacing could not influence leaf 
The treatment 

dl" . tenns of numbers. This might be attributed to 
production in coconut see mgs m 

f . sl'on in coconut fixed at the average rate of 
. d tUI'e of lea emls the predetermme na 

t al 1996) at the crop physiology level. . nth (Santos e ., 
one leaf emissIOn per mo 

• 0 (1980) repOiting a similar result in their 
d Al adem & Santla"o 

Santiago (1978) an m 
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work on coconut seed\' . d' 
lOgs 111 Icated 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 ofN, P and K since these 

major nutrients promote seedling growth and development (Spargo et al., 2013; 

Oosterbius ef al., 2014; Wei ef al. , 2016). The lack of significant difference in 

canopy diameter between FI- 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 

fi Id I . (Nelliat 1972' Thomas et al. 2018) . Vigour index is therefore an for Ie p ant1l1g " , 

. . the determination of the best treatment combinations for the 
Important parameter 10 

. sery objective. The increased seedling vigour with 
attamment of coconut nur J 

'1' t eatment could be explained by increased seedling 
enhanced levels of felil Izer r 

. d ' t d in the earlier sections. Almaden & Satiago (1980) 
k fN P and K as 111 Ica e upta eo, 
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reported that Nand 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-fel1ilizer treatment as the most suitable; 

more especially that the vigour of F I-treated seedlings was only 5.2% greater than 

the control. The absence of spacing effect on seedling vigour strongly confirmed 

the Sl 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 cm triangular (19,264 seedlings ha- I) and N:P205:K20:MgO 

fel1ilizer application at the rate of 47.3 :96.6: 126.0:28.4 g seedling-I were identified 

as the most suitable treatment combination for coconut seedling production. This 

t mbl'natl'on after 6 months of application, produced SGO x VTT treatmen co , 

I b 'd edlings with averagely 34.3% higher vigour, 12.4% bigger collar coconut 1y n se 

'd opy diameter and 4 7% increase in height relative to the girth, 10.5% WI er can . 

control. 
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• I 

-\c cr~ ~ 

L~"\X . -
A GRfT\ mV.-\RF COCO~l."T YARITTY 

Ie ':evas-::'ri '= C :lp~ St Pwi W!it D iSe(l5~ (CSPWD) of Ghana 

IDe . P 1i '' '(i s' f ~re r J 10 ' 0) '" , 
- • L " - • - '" e a " - I , :'\.ot'w Hh scanding, the SGD has not been 

o[·~l.; ia !!y r ~ '0rr:me ded for c mmercial planting due to its poor fruit 

chara t ' :sj's, r e p~(lf fruit characterist ics of the SGD are attributed to the dwarf 

c nut type pr clueing inflorescence at an early age of 2-3 years at the time that 

its vegetati\'e capacity has not fully developed; evidenced particularly in its weak! 

small stem at the time of first inflorescence emergence (Bourdeix et aI" 2005), 

Intrinsically, the SOD 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 

, h V . uatu Tall (VTT) coconut variety to produce the 
hybridization of the SOD WII an 

' fi nercial planting, However, it is believed that 
SOD x VIT coconut hybnd or conll 

t practices particularly; fruit thinning (Jackson & 
agronomic tree managemen 
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Frederich, 1999; Bourdeix el al 2005) and bl t ' . I' 
., a a Jon mvo vmg 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 tellllS of initial investment and labour requirement for daily 

emasculation and pollination, the hybridization process generates a low tum-out of 

coconut hybrid seeds estimated at 5-8 nuts per bunch which is equivalent to 

25-40% of fruit set. This low tum-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 

. ty tior improved fruit characteristics . Two separate the SGD coconut vane 

. d the study to investigate fruit thinning and ablation expenments were set up un er 

. t These experiments have been appropriately reported in the SGD coconut vane y. 

under their respective subsections in this chapter. 
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6.2 Experiment 6' Fruit TI' . . . 
. IInmng III 8.'. 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, 

.. .' fi· 't thinning is quite scanty even though in Philippines, 
sCIentIfic pub\JcatlOll on 11II 

. e CJood development of seed nuts in Catigan Green 
fruit thinning IS used to ensur '" 

d d (Bourdeix el al., 2005). 
Dwarf coconut see gar ens 
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Experiment 6 assesses tl f" f'" . . Ie e ,ect 0 ,rult thml1lng on fruit characteristics in 

the SOD 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 SOD coconut field aged 12 years 

old and planted at 7.5 m triangular spacing at a density of 205 trees ha· l . A 

Randomized Complete Block Design with 3 replicates and 6 palms plorl was used 

to evaluate the effect of 3 levels of fruit thinning treatments viz., Control (FTO), 

thinning to 15 nuts per bunch (FTI5) and thinning to 10 nuts per bunch (FTIO). 

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

blocks. 

6.2.2.3 Treatment Application 

Experimental trees were inspected weekly for new inflorescence opening 

. 6 I) B tt that set into fruits are thinned 60 days after in florescence (Figure . . u ons 

. . ' done with a pair of secateurs sterilized in 95% alcohol 
openll1g. Tlunnll1g was 

. fi tile lower fruits upwards (Figure 6.2). startll1g rom 
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:igure 6.1. A technician counting the buttons in a newl 0 ened 
mflorescence of SGD coconut palm Y p 

Figure 6.2. A technician thinning coconut fruit set in a bunch of SGD 

coconut palm with a pair of secateurs 
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6.2.2.4 Maintenance Culture 

Weed maintenance was achieved by integrating hand weeding with 

glyphosate 41 % SL herbicide application. A uniform application of palm specific 

fertilizer with composition: 10: I 0:30 NPK + 2% MgO + 0.3% Boron was carried 

out at the rate of2.5 kg tree-' at six monthly intervals to improve soil fertility. 

6.2.2.5 Data Collection 

Soil and leafsampling 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 

I· d analysis were done based on the procedures detailed in Leaf samp II1g an 

Section 3.4 of Chapter 3. 
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6.2.2.5.3 Coconut button fi ·t . . rUT set and Fuit drop count 

Study palms were inspected every other day to identify new inflorescence 

opening for button COUllt F·t d· . . rUI set an frUit drop were determllled 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 

., h t harvested from leaf rank 19 were cleaned, de-husked 
Samples of Ires nu s 

ti h· h the kernel was cut into 5 cm pieces using a ceramic 
and de-shelled a ter w IC 

sed to grind the cut pieces and then stored in a 
knife. A high speed blender was u 
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deep freezer at -20°C for anal . 
YSls. Crude fat was estimated using continuous soxhlet 

extraction approach in I' I 
vo vmg t le use of petroleum ether at 60-80 °C for 18 hours. 

Kjeldahl's method and h t d ' . 
o IgestlOn 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: 

A h (Ol ) final weight 
s 70 = . . . x 100 

(mttal weight 

6.2.2.5.6 Physico-chemical analysis 

A digital refractometer (DR-A I 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 Mg 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' l and 10 cmol kg'l respectively. 

T a ble 6.1. Particle-size distribution and chemical properties of soil at 

the onset of experiment six 

Soil Depth 

0-20 
21-40 

0-20 
21-40 

Clay Silt Sand OM N 
-----------------------%-----------------------------
19.0 13 .1 67.9 2.04 0.10 
19.0 13.3 67.7 1.49 0.07 

Ca Mg K TEB ECEC 
_____________________ cmol kg· I -----------------------

2.73 0.61 0.12 3.58 3.75 
2.38 0.28 0.13 3.08 3.08 

pH 

5.08 
5.17 

P 
ugg·1 

8.81 
5.89 

OM = Organic malleI'; TEB 
exchange capacity 

Total exchangeable basis; ECEC Effective cation 

6.2.3.2 Leaf Analysis 

. f erimental palms, 30 months after fruit thinning, 
Leaf nutJ'lents levels 0 exp 

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

Leaf Nutrient 
Mean Leaf NutI"ient (% dl-Y matter, leaf rank # 14) 

Fruit thinning treatment 

FTO FTi FT2 

Mg 0.236 ± 0.013 0.236 ± 0.011 0.235± 0.0 12 

Ca 1.121 ± 0.022 1.071 ± 0.021 1.121± 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 l.l 05 ± 0.021 1.0\O± 0.022 

/I ,lean estimates ± S. E. with no leiters within rows are not significantly different. P>O.05; 
,14FT = Mall/II after fruit thinning; FTO = Control; FT I = Thinning to 15 fruits in a bunch; 
FT2 ~ Thinning to 10 fruits in a bunch 

The levels of leafN , 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 Bullon. Fruit Set Gild Fruit Drop Count 

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

. esented in Table 6.3. Data analysis d id not show significant 
experiment are pr 

'f" b tween fruit thinning treatments in the count leve ls of coconut 
(P>0.05) dllerence e 

. d fi 't drop (Appendix 48). Fruit set varied from 40.0-45.5% of 
button, fruIt set an rUI 

h
'l t fruit drop ranged from 54.5-60.0%. 

coconut button w I s 
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Table 6.3. Coconut butt . 
fruit thin . . on, frUIt set and fruit drop count in SGD 

nmg studies at Agona-Nkwanta 

Mean Count 
Fruit Count FI'uit thinning treatment 

FTO FTI FT2 

Coconut button 47.9 ± 7.5 43.3 ± 7.2 46.5 ± 6.8 

Fruit set 21.8 ± 4.4 19.3±4.1 18.6±3.6 

Fruit drop 26.1 ± 5.6 24.0 ± 4.9 27.9± 5.5 

Mean estimates ... S E ·tI I . . P>O 05 . MFT .- AI. . . WI 1 no ellers wlt/1In roll'S are not significantly different 

ji
. .. . . - . 10111" after ji-uit thinnil/g; FTO = Control; FTI = Thinning to 15 

lUllS /11 a bunch. FTl = Tl1lIlI1/1lg 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>FTI>FTO. Data analysis indicated 

significant (P<O.OS) 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 

after fruit thinning were significantly (P<O.OS) heavier than samples from FTl and 

the control. However, at 18 months after fruit thinning fresh fruit weight differences 

between FT2 and FTI were not significant (P>O.OS). Also, differences in fresh fruit 

. h b FTI and the control were not significant (P>O.OS). FT2 treatment 
welg t etween 
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improved fresh 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 FTI palms but only at 30 months after fruit thinning. Differences 

in dry fruit weight between FTI 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 

MFT 

6 

12 

18 

24 

FTO 

575.4 ± 15.1 

619.7±27.5 

694.9 ± 56.8a 

752.0 ± 62.9a 

30 884.0 ± 58.9a 

Mean Fruit Weight (g) 
Fruit thinning treatment 

FTI FT2 

578.5 ± 20.2 582.5 ± 22.1 

636.3 ± 25.5 640.8 ± 30.5 

750.2 ± 59.5ab 826.2 ± 64.5b 

813 .0± 64.6a 1,080.0 ± 68.0b 

942.0 ± 64.1 a 1,275.0 ± 60.7b 

. I S ± S E witiz Ihe same or no lellers ore 1'101 significanlly . I nIh mean eslllllO e " , . /5 
For any par/icu ar 1110, I 'r. ji 'I II/inning' FTO = Conlrol; FTI - Thlfllllng 10 . MFf = MOl'll 1 aJ'er rill, . , 
different, P>0,05, , . 10 10 ji'uilS in a bunch; LSD (0.05) of mean eS/illlates /s 
ji . ' a bz/ncll' FT2 = Thll1mng rUits 111 • 

presented in Appendix 50, 
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Table 6.5. Dry fruit weight of SGD coconut . 
thinning treatment variety as influenced by 

MFT 

18 

24 

30 

FTO 

515.3±17.4a 

710.9 ± 11.9a 

851.2 ± 36.8a 

Mean Fruit Weight (g) 
F.·uit thinning treatment 

FTl 

551.7± 19.1ab 

809.8 ± 14.2ab 

FT2 

612.3 ± 19.9b 

883.9 ± 16.4b 

902.5±35.la 1,173.0±32.2b 

For allY particular lIIol1lh. lIIeall estilllat S E " J h . 
different, P>0.05; MFT = M . J .es ±. . .uu 11 e sallie or 110 lellers are not significantly 
fruits in a bunch; FT2 = Thi~:::i:l aftel (nll~ tJlInl1lllg; FTO = Control; FT 1 = Thinning to 15 
presented in Appendix 50. g 10 0 Ii II/ts 111 a bUllch; LSD (0.05) of lIIean estimates is 

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>FTI>FTO. 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 FTI and 

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

significant (p>0.05). On the average, FT2 treatment increased fresh husk weight by 

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

k 
. I t of dry fruits sampled from FT2 palms at 18,24 and 30 months 

Hus weigl 

significantly (P<0.05) weightier than the control. 
after fruit thinning were 
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Differences in fresh husk . h 
welg t between FTI and the control were not significant 

(P>0.05). Averagely FT2 . 
, treatment II1creased dry husk weight by 40.4% from 

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

Table 6.6. Fresh husk weight of SGD coconut variety as influenced by fmit 
thinning treatment 

MFT 

6 

12 

18 

24 

30 

FTO 

405.6± 15 .8 

433.1 ± 22.2 

467.4 ± 26.4 

504.1 ± 27.6a 

501.6±21.1a 

Mean Husk Weight (g) 
F.-uit thinning treatment 

FTI FT2 

406.9 ± 14.8 405.8 ± 14.8 

447.5 ± 24.3 446.3 ± 21.9 

471.6 ± 21.0 466.4 ± 20.5 

476.2 ± 29.9a 683.2 ± 29.9b 

495.4 ± 27.4a 740.8 ± 14.7b 

For any particlilar mall/h. mean estimales ± s.E. with Ihe same or no lellers are nol significanlly 
different, P>0.05; MFT = Alonlh aflerfrllitlhillning; FTO = Control; FTI = Thinning 10 15 
fruits in a bunch; FT2 = Thinning 10 10 fruits in a bunch; LSD (0.05) 0/ mean eslimates is 
presented in Appendix 52. 

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

thinning treatment 

MFT 

18 

24 

30 

FTO 

150.9± 10.7a 

215.9 ± 11.0a 

242.7 ± 32.4a 

Mean Husk Weight (g) 
Fmit thinning treatment 

FTI 

\62.6± ll.7ab 

236.6 ± 12.2ab 

228.1 ± 30.9a 

FT2 

184.5 ± 12.0b 

255.7 ± 10.9b 

384.5 ± 28.5b 

t'lIates ± S. E. wilh the same or no lellers are not significanlly 
For any parlicu/~r 11I0

nth __ ":
n ~ lifter fruit thinning; FTO = Control; FTI = Thinning 10 /5 

different. P>O.OX MFT - anI. a I 10jiruits in a bunch; LSD (0.05) a/mean estimales is 

ji . . bllnch' FT2 = Tfunnlng a rUits m a , 
presenled in Appendix 52. 
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6.2.3.4.3 Nut weight 

Nut weight of fresh and dry fruits of sao 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>FTl>FTO. 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 FTl palms 

and the control. FTI 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, FTl treatment also increased nut weight of fresh nuts by 37.4% 

relat ive the control. 

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

after fruit thinning was significantly (P<O.OI) greater than the control. In general 

dry nut weight differences between FTI and the control or between FT2 and FTI 

t . ' ficant (P>O 05) However at 30 months after fruit thinning dry nut were no Slgl1l .' , 

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

. . d t weight of dry fruits on the average by 23.6% from 18-30 treatment ImplOve nu 

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

MFT 

6 

12 

18 

24 

30 

FTO 

169.8±6.7 

186.6±7.2 

24 1.9 ± 8.8a 

255 .0 ± 7. l a 

275 .1 ± 8.2a 

Mean Nut Weight (g) 
Fruit thinning treatment 

FTI FT2 

171.6± 8.1 176.7 ± 7.9 

188.8 ± 8.3 194.5 ± 8.2 

297.8 ± 7.8b 362.2 ± 7.8e 

331.5 ± 7.8b 382.1 ± 8. l e 

393.8 ± 8.9b 442.2 ± 8.5e 

For any parlicular momh, mean eSlill1ales ± S. E. wilh the same or 110 leiters are not significantly 
dijJerent, P>0.05; MFT = Month ajier jhlillhinning; FrO = COlllrol; Frl = Thinning 10 15 
puils in a bunch; Fr2 = Thinning 10 10 PllilS in a bllnch; LSD (0.05) of mean eslimales 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 FTI FT2 

18 364.4 ± 10.9a 389.1 ± 11.9ab 427.8 ± 12.4 b 

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 e 

. nih mean eslimales 01, s.£. will! Ihe same or no leiters are nol significalllly 
Foranyparllcularmo ~ M 111 ajierfruillhinning; FrO = Control; Frl = Thinning 10 15 
dijJerenl, p>0.05. MFT _ r,' ./ on 'ng 10 10puils in a bunch; LSD (0.05) of mean estimates is 
ji . . bell' FT2 - 11/11111 rllltS 111 a lin , .' 
presenled in Appendix )4 
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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 offruit thinning in the order FT2>FTl>FTO. Data analysis 

indicated significant (P<O.OI) 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 

FTi palms and the control. Fresh fruits from FTI 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, FTi 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 FTI 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 FTI palms. Averagely, FT2 treatment 

increased dry shell weight by 15 .6% as compared with the conh·ol. 
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Table 6.10. Fresh shell weight ofSGD coconut variety as influenced by fruit 
thinning treatment 

MFT 

6 

12 

18 

24 

30 

FTO 

57.2 ± 3.8 

63.0 ± 4.5 

65.7 ± 5.4a 

67.7 ± 5.2a 

70.8 ± 5.5a 

Mean Shell Weight (g) 
Fruit thinning treatment 

FTI FT2 

58.6 ± 3.2 60.3 ± 3.3 

64.4 ± 4.6 66.3 ± 5.0 

83.4 ± 4.9b 103.0 ± 6.0c 

85.2 ± 5.6b 110.8 ± 6.9c 

92.8 ± 6.5b 117.0± 6.Ic 

For any particular monr/z. mean estimates ± S.E. with the same or no lellers are not significantly 
different, P>0.05;MFT = Month after jr-uitthinning; FrO = Control; Frl = Thinning to 15 
Fuits in a bunch; FT2 = Thinlling to 10 jr-uits in a bunch; LSD (0.05) of mean estimates is 
presented in Appendix 56 

Table 6.11. Dry shell weight of SGD cocon ut variety as influenced by fru it 

thinning treatment 

MFT 

18 

24 

30 

FTO 

165.2 ± 5.5a 

218.6 ± 6. la 

258.5 ± 9.6a 

Mean Shell Weight (g) 
Fruit thinning h"eatment 

FTI 

172.5 ± 6.9ab 

230.1 ± 8.9ab 

262.2 ± 9.8ab 

FT2 

188.2 ± 6.9b 

252.2 ± 8.4b 

298.0 ± 9.3b 

I est/',llates ± S E with the same or no lellers are not significantly I" lor mont I mean . . . 
For any par ICU . FT :" Month afterjr-uitthinnillg; FTO = Control; FTI = Thinning to 15 
different, P>0.05, M _ TI' . g to 10 jhtits in a bunch; LSD (0.05) of mean estimates is 
fruits in a bunch; FT2 - 1/11171n 
presented in Appendix 56. 
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6.2.3.4.5 Kel77el weight 

Kernel weight offresh and dry fruits ofSGD coconut variety as affected by 

fruit thinning are prese t d' T bl . . n e 111 a es 6.12 and 6.13 respectively. Kernel weight 

increased with intensity of fruit thinning in the order FT2>FTl>FTO. 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 wei ght between FTI and FT2 were not significant (P>0.05) except 

at 30 months after fru it thinning where fresh kernel weight of FT2 were 

significantly (P<0.05 ) higher than FTI samples. FT2 treatment improved fresh 

kerne l weight averagely by 42.1 % from 18-30 months after fruit thinning as 

compared with the control. Similarly, FTI 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 FTI 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 

"fi I (P<O OS) hi aher than that of FTI. FT2 treatment improved kernel sign. Icant y . 0 

. d fi 'ts on the average by 35 .2% from 24-30 months after fruit 
weight from ry rUI 

. . d 'th the control. Similarly, FTI treatment also improved dry 
thmnmg as compare WI 

. 8 101 t 30 months after fruit thinning relative to the control. 
kernel weight by I . 7 0 a 
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Table 6.12. Fresh kernel weight of SGD coconut variety as influenced by 
fruit thinning treatment 

MFT 

6 

12 

18 

24 

30 

FTO 

76.3 ± 3.7 

83 .9 ± 4.2 

95.3 ± 12.8a 

97.2± 12.7a 

98.5 ± 11.2a 

Mean Kernel Weight (g) 
F.-uit thinning treatment 

FT I FT2 

76.6 ± 4.1 78.3 ± 4.9 

84.2 ± 4.3 86.1 ± 4.2 

116.8 ± 14.8b 130.8 ± 15.8b 

120.5 ± 13 .8b 135.8 ± 13.l b 

124.1 ± 12.9b 144.6 ± 12.5c 

For any particular lIIonlh. lIIean eslimales '" S. E. with Ihe same or no lellers are nol significanlly 
differenl, P>0.05; MFT = MOlllh a/!er /l'uitthinnillg; FTO = Conlrol; FTI = Thinning 10 15 
/l"uils in a bunch: FT2 = Thinning 10 10/l'uits in a bUllch; LSD (0.05) of mean estimales is 
presellted in Appendix 58. 

Table 6.13. Dry kernel weight ofSGD coconut variety as infl uenced by fr uit 

thinning treatment 

MFT 

18 

24 

30 

FTO 

165.4 ± 6.9 

196.2 ± 12.5a 

255 .3 ± I I.7a 

Mean Kernel Weight (g) 
Fruit thinning treatment 

FTI 

181.0±7.6 

208.3 ± 10.2ab 

301.5±11.2b 

FT2 

184.9±7.6 

226.9 ± 10.9b 

394.9 ± 10.3c 

. th mean estimates ±S.E. with the same or I/O lellers are not significantly 
Foranypar/Iclll~rmo:.r:... M II a/!er/l'uilthillnillg; FTO = Control; FTI = Thinning to 15 
different, P>O. O); M ': r.'! 011.1 to 10/l'uils in a bunch; LSD (0.05) of mean eslimates is 
fruits in a bunch; FT2 - tlInl1lng 
presented in AppendiX 58. 
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6.2.3.4.6 WaleI' weight 

Weight of water in fi· h d de ' . . les an ry Inuts ofSGD coconut varIety as mfluenced 

by fruit thinning are presented in Tables 6.14 and 6.IS respectively . Weight of 

water in the fruit increased with intensity of fruit thinning in the order 

FT2>FTI >FTO. Data analysis showed significant (P<O.OS) fruit thinning effect on 

weight of water (Appendix S9). 

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

had significantly (P<O.OS) higher water content by weight than the control. 

Differences in fresh fruit water content between FTI and FT2 were not significant 

(P>O.OS). However, at 18 months after fruit thinning water content of FT2 was 

significantly (P<O.OS) higher than that of FTI. Fresh fruit water content of FTI at 

24 and 30 months after fruit thinning was significantly (P<O.OS) higher than the 

control. FT2 treatment increased fresh fruit water content averagely by 6S.0% from 

18-30 months after fruit thinning as compared with the control. Similarly, FTI 

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 

. 'fi tl (P<O OS) more water content by weight than the control. Differences Slgl1l Ican y . 

in dry fruit water content between FTI and FT2 were not significant (P>O.OS). 

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

. I tI t of FTI Water content of dry fruit from FT1 at 24 and 30 
(P<O.OS) hIgher t lan la . 

. h' . was sionificantly (P<O.OS) higher than the control. FT2 
months after frUlt t 1l111lng t> 

. d d t1 it water content on the average by SI.2% from 18-30 
treatment ll1crease ry ru 
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months after fruit thin . . 
Il1ng as compared with the control. Similarly, FTI treatment 

improved dry fruit w t . a er content by 27.9% relative to the control. 

:rable 6.14. Weight of water in fresh fruit of SGD coconut variety as 
anfluenced by fruit thinning treatment 

MFT 
Mean Watel' Weight (g) 
Fruit thinning treatment 

FTO FTI 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 ± 6.9c 

24 90.1 ± 5.4a 125.8± 6.3b 135.5 ± 6.9b 

30 105.8 ± 4.Sa I 76.9± 4.8b 181.\ ± 4.9b 

For any particular month. mean estimates ± s.E. with the same or no lellers are not significal1lly 
different, P>O,05: MFT = Month ajierji-uitthinning; FTO = Control; FTI = Thinning to 15 
ji-uits in a bunch; FT2 = Thinning to 10 ji-uits 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 

MFT 

18 

24 

FTO 

33 .8 ± 3.2a 

80.2 ± S.4a 

90.5 ± 9.7a 

Mean Water Weight (g) 
Fruit thinning treatment 

FTJ 

35.6 ± 3.5a 

103.8 ± 6.3b 

114.4 ± 9.3b 

FT2 

54.8 ± 3.5b 

109.1 ± 6.8b 

126.9 ± 8.5b 

For any parllclliar //lOnlh,= Monlh ajier ji-IIi1 /hinning; FTO = Con/rol; FTI = Thinning 10 15 
difJerent. p >0.05. MFT 7'1' . to 10 ji-uits in a bunch; LSD (0.05) of mean estimates is 

fl . . bl/llCh' FT2 = "llnl1lng rw/s In a , 
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 

fmit thinning are presented in Table 6.16 Data analysis showed significant 

(P<O.OOI) fruit thinning effect on crude protein content (Appendix 61). Crude 

protein increased with intensity of fruit thinning in the order FT2>FTI>FTO. Fresh 

fmits sampled from FT2 palms had significantly (P<O.OOI) higher crude protein 

content than samples from FTJ and the control palms after 30 months of fruit 

thinning. Similarly, samples of fresh fruits from FTI palms also had significantly 

(P<O.OOI) greater crude protein content than the control. FT2 and FTI treatments 

improved cmde 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 f.·uit of SGD coconut variety after 

thirty months of fruit thinning treatment 

Macromolecule 

Crude Protein 

Crude fat 

Crude fibre 

Mean Proximate Value (g kg-I dry matter) 

FTO 

4.04±0.13a 

1.753 ± 0.01 

7.680 ± 0.17 

Fruit thinning treatment 

FTI 

4.47 ± 0.13b 

1.710 ± 0.01 

7.733±0.17 

FT2 

5.31±0.12c 

1.737 ± 0.01 

7.450±0.IS 

7 002 1.047 ± 0.04 1.097 ± 0.05 Ash (%) 1.16 ± . .. . 
. I or no lellers withill rows are not significantly different, 

Mean estimales ± s.E. walt I file SOl;~e· ' ning . FTO = Control; FTI - Thinning to 15jrllits in a 
P>0.05; MFT = Month ajier finlll 1!1l bl;nch ' LSD (0.05) of mean estimates is presented in 
bunch; 1"T2 = Thinning 10 10 nil Is III a , 

Appendix 62. 
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6.2.3.6 Physico-chemical Analysis 

Physico-chemical analysis offresh fruits ofSGD coconut variety as affected 

by fruit thinning are presented in Table 6.17. Data analysis showed significant 

(P<O.OOI) fruit thinning effect on Vitamin C (Appendix 63). Vitamin C content of 

fresh fnlits increased with intensity of fruit thinning in the order FT2>FTI>FTO. 

After 30 months of fruit thinning, fresh fruits of FT2 and FTI palms had 

significantly (P<O.OOI) higher Vitamin C content than the control. Differences in 

Vitamin C contents between FTI and FT2 was not significant (P>0.05). FT2 and 

FTI 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 offresh 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 

Parameter 

TSS 

Vitamin C 

Mean Proximate Value (g kg'· dry matter) 

FTO 

12.63 ± 0.17 

2.07 ± 0.14a 

Fruit thinning treatment 

FTI 

11.90 ± 0.17 

2.77±0.14b 

FT2 

12.30±0.17 

2.93 ± O.l4b 

5.97±0.11 5.80±0.11 5.97±0.12 
pH . fi I d~ • J / Ie or 110 leiters within rows are 1101 slgm Icanl Y I erenl, 
Mean eslimales ± s.E. w~~llfile sal l1l/· ming o FrO = Conlrol' FTI = Thinning 1015 fruits in a 

O 05 j,1FT - AI/onlh aJler nil 11f , ' .. d . 
P>. ; m -.. Ofi '1 . a bunch; LSD (0.05) of mean esl11nales IS presenle 111 
bunch; FT2 = Th1l1n1l1g 10 J r1l1 S 111 

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 soi! K ' K . ". . . since IS required In relatively large quantities for good 

performance of bearing coconut (Magat, 2003). Application of palm specific Yara 

fertilizer 10: I 0:30 NPK + 2% MgO + 0.3% Boron was done to correct the K 

deficiency and improving soil fel1ility for the fruit thinning studies. 

6.2.4.2 Leaf Analysis 

The normal levels ofieafN, K and Mg coupled with moderate levels ofleaf 

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 (Pati!, 2011; Spargo 

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

6.2.4.3 Coconut Button, Fruit Set and Fruit Drop Counl 

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

. . II ng treatments therefore setting a common platform for fruit statlstlca y amo 

. , I' The average count of 45.6 buttons per inflorescence, fruit set thmnmg eva uatlon. 

&". • d of 57 5% of buttons were consistent with what was put 
of 42.5% and ,rult rop . 

I (1996) as indicated in Section 2.2.6 of Chapter 2. The 
forward by Santos et a . 

. d . ttributable to natural factors particularly, pollination 
relatively high fruit rop IS a 
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failure, that tend to control I 
nut oad so that available resources could be re-allocated 

to the remaining fruit t d I . 
s 0 eve op I11to maturity (Ehrle'n, 1991; Dal Cin el al., 2005) 

Notwithstanding the fl · 't b . , I UI set 0 served m the SGD variety was relatively high 

therefore setting the b . fI '. aSls or agronomIc mampulation 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 measurements. 

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

confonns to the report of Bourdeix et al., (2005) indicating positive effect of fruit 

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

d Th 
oh published literature on coconut fruit thinning is limited, the 

gar e·ns. ouo 

. c:.' ht observed in SGD coconut variety with intensified level of 
mcreased Irult welg 

. .' c: to resul ts of fruit thinning in peach (Prul1l1s pel'sica L.), 
frUIt thmnmg conlorms 

. Borkh ) and pomegranate (PzlI1ica granatllm L.) (Havis, 
apple (Malus domesllca . 

. 20 I O· Jafari et al., 2014; Fattahia et al., 2020). 
1992; Fallah & Greens, , 
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Fruits and its structu 
res present strong sinks for assimilates, nutrient and 

water. Consequently m . t .. . 
, a1l1 a1l1111g a high fruit load triggers high competition among 

developing fruits for resources (Ge'nard et at. 2008; Rodrigues et al. , 2019) thereby 

affecting fruit development. Thinning treatment reduces fruit load and makes 

resources available to a desired number offruits for improved fruit weight! size and 

quality development (Westwood, 1993; Bourdeix el 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 el al., 

2008). 

6.2.4.5 Proximate Analysis 

J I: • t I (2014) reported the effectiveness offruit thinning at enhancing alan ea., 

I: • • b t fruit quality attributes in pomegranate fruits . Proximates are 
not only 1rult size u 

. . fi rty fruit at1ributes. The positive impact of fruit thinn ing on 
also Important or qua I 

. I fi· . t f SGD coconut variety suggests that the treatment 
crude protem of fres 1 lUI S 0 

. I ' ximate value ofSGD fruits, The synthesis of crude 
could be used to 1m prove t le pi 0 

.' 'fi d fruit thinning probably due to re-allocation of 
protein increased with mtenSI Ie 

d 
' Iable by fruit thinning in favour of protein 

'als ma e aval 
photosynthetic mater! 

synthesis . 
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Fruit thinning did not ffl 
a ect crude fat, crude fibre and percent ash probably 

because the levels of the e' ' . 
s proxlmates are eIther II1dependent of photosynthates or 

other factors (e g gen t'). . . 
" e IC are Involved 111 mfluencing their levels. 

6.2.4.6 Physico-chemical Analysis 

The positive effect of fruit thinning on ascorbic acid (Vitamin C) of fresh 

fruits ofSGO coconut variety indicates that treatment could be used to enhance the 

physico-chemical value of SOD fruits . The fonnation of ascorbic acid increased 

with increased fruit thinning possibly due to re-allocation of assimilates made 

available by fruit th inning in favour of ascorbic acid fonnation. 

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 et at. , 2003; Mohsen & Osman, 20 IS). 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 

varl'ety showed significant improvement in fruit size SGO coconut 

. . d h tents of Crude Protein and Vitamin C with intensity 
expressed m weIght an t e con 

. . . .,. 18-30 months after treatment. 
of fruIt thmnmg !10m 

. bunch increased crude protein and Vitamin C 
Thinning to 10 fruIts per 

01 d 41 5% respectively; and weights offresh fruits 
fi . b 31 4 , 0 an . 

contents of fresh nllts Y . 

d · components: husk, shell, kernel and water 
by 3) 6% an Its 

on the average . 
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averagely by 41 6o/c 61 10/ 42 10 . 
. 0, . /0, . Yo and 65.0% respectively. It also increased 

weights of dry fruit on the . b 2 . 
avelage y 8.3% and Its components: husk, shell, kernel 

and water by 40.4%, 15.6%,42.1 % and 5 I .2% respectively. 

Thinning to 15 fruits per bunch improved crude protein and Vitamin C 

contents offresh fruits by 10.6% and 33.8% respectively; and weights offresh 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 

. . t refiers to the complete removal of inflorescence either AblatIOn III coconu 

. f tl e spathe The inflorescence is the reproductive before or after the openmg 0 1 . 

PI nthetic assimilates are partitioned between the organ of coconut . lotoSY 

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

b e do minant and major consumers of d t· parts ecol11 coconut, the repro uc Ive 

. t vecretative organs assimilates as agallls " 
(Wareing & Patrick, 1975; Ho, 1992; 

• . , (J CTetative growth and development. Removal . I 2008) thereby IlImtlll" veo 
Genard et a ., .. 

of the floral structures re 
. d t' e sink size leadmg to re-allocatlon of duces the replO uc IV 
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assimilates to vegetative and h 
ot er organs for growth and development (Wang & 

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

Earlier work carried t . b . OU 111 soy ean (Glyc/Ile max) showed that removal of 

reproductive structures imp t d " I ac e pOSItive y on total dry matter content of the plant 

(Heitholt & Egli, 1985). Working further on soybean, Saravitz el al., (1994) 

reported that during reproductive stage, seeds become a dominant sink for nitrogen 

and carbon. Subsequent removal of newly fonned 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 (Talinum trial/glilare) 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 

I . fl at the time that the veoetative capacity is not well developed. ear y 111 orescence 0 

f t 'ety I' ntrinsically takes on heavy fruit load but suffer small The dwar coconu van 

. , d . 11t of fruit components (Bourdeix el al., 2005). 
fruIt sIze an poor welg 

. th effect of ablation on vegetative growth and fruit 
Expenment 7 assesses e 

. . . the SGD coconut variety. 
charactenstlcs 111 
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6.3.2 Materials and methods 

6.3.2.1 Description of the Study A rea 

The experiment was set up on a fanner collaborator's land at Badukrom 

near Beposo in the Shama O· t· Th d .. IS rICt. e escnptlOn 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 SGO 

coconut variety at 7.5 m triangular spacing and at a density of 205 trees ha· l . A 

Randomized Complete Block Oesign with 3 replicates and 9 palms plot-I are being 

used to evaluate the effect of 4 levels of ablation treatments viz., Control (AO), 

Ablation for 6 months (AI), 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 

Weekly inspection of experimental palms for inflorescence emergence 

n0 I tina and is ongoing. Inflorescence of control palms are left 
began 2 years a ter p an <> 

f t P
alms are ablated when fully emerged but before spathe 

intact but that 0 treatmen 

. bl fon (Figure 6.4) is done with a sharp knife sterilized in 
opens (Figure 6.3). A a I 

g iven ablation period determined by treatment, any 
95% alcohol. During a 
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inflorescence that emerge is ablated. After the duration, any inflorescence that 

emerge is allowed to develop to fruition. 

F· - 6 3 SGD coconut palm with a fully 19ure .. 
emerged inflorescence 

A technician ablating a 
inflorescence of SGD 

Figure 6.4. 
fully emerged 
coconut palm 
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6.3.2.4 Maintenance Culture 

Weed maintenance is being achieved by integrating hand weeding with 

glyphosate 41 % SL herbicide application. A uniform application of palm specific 

fertilizer with composition: ) 0:) 0:30 NPK + 2% MgO + 0.3% Boron is being 

carried out at the rate of 1.0 kg tree-I at six monthly intervals to improve soil 

fertility. 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 alld leaf analYSis 

Soil and lea samp IIlg J f I· and analvsl's were carried out based on the 

procedures detailed in Section 3 of Chapter 3. 

6.3.2.5.2 Col1m- girth measurement and leaf count 

d I fount are onaoing at 6-monthly intervals. Collar girth measurement an ea c eo 

ji 't set andfruit drop count 6.3.2.5.3 Coconut button, rUl 

d will be inspected every other day to identify Palms selected for the stu y . 

bl t 'on button COUIlt. Fruit set and frUit drop . for post-a a I new inflorescence openrng 

Co • florescence opening. 60 d ys a .ter \11 will be determined a 
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6.3.2.5.4 Nut yield determination 

Nut yield will be detennined using the procedure described by Santos et al., 

e 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 fonvard 

I ted at the time of thesis submission m 
The experiment was not comp e 

. steadi ly . The earliest time for completion 
March 2022. It was however progressmg . 

. ti re continue after graduation. Final results WIll 
will be 2024. The work wIll there 0 

. ted to the University. 
be commuOIca 
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CHAPTER SEVEN 

7.0 
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

7.1 Summary 

The study assessed nursery 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: 

I. Pre-nursery practices (planting mediulll, seed nut soaking, planting depth and 

seed nut size) on gelmination and vigour of SGD x VTT coconut hybrid seed 

nut. 

2. Fertilizer application and spacing on seedling growth and vigour ofSGD x VTT 

coconut hybrid. 

3. Agronomic tree management practices (ablation and fruit thinning) on fruit 

characteristics of SGD coconut variety. 

. h t . es a recap of the study and summarizes the research findings ThIs c ap er glv 

. d t' s for aaricultural extension, government policy and thereof wIth recommen a Ion ~ 

Th (3) main studies were carried out involving seven (7) future research work. ree 

. . ds achieving the set objectives. different expenments towar 

. d to assess the effect of soaking treatment and 
Experiment one was deslgne 

. f SGD x VTT coconut hybrid seed nut using . . nd vigour 0 medium on germ illation a 

. d 3 types of planting medium (top soil, semi-. h 3 'ephcates an a split-plot design Wit I 

decomposed cocoa 
sed sawdust) assigned to main plots and bean shell and decompo 
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3 different soaking treat . . 
ments (soakmg In water, soaking in 1% KNO) solution and 

no soaking) assigned to subplots. 

Experiment two assessed I f t le e feet of planting depth and medium on 

gemlination and vigour of SGO VIT x coconut hybrid seed nut using a split-plot 

design with 3 replicates a d 2 ty fl' . n pes 0 p antlllg medium (top soil and decomposed 

sawdust) assigned to main plots and 3 levels of planting depth (POo, PO, and POl) 

assigned to subplots. 

PDo = Planting by burying a qUaJ1er of the seed nut in medium (Control) 

POI = Planting by burying half of the seed nut in medium 

P02 = Planting by fully burying seed nut in medium 

Experiment three assessed the effect of nut size and medium on 

germination and vigour of SGO x VIT 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 

f I
· dium (top soil and decomposed sawdust) assigned to main 

2 types 0 p antlllg me 

f t sium nitrate concentrations (0%, 1%, 2%, 3% and 5%) 
plots and 5 levels 0 po as 

D 
t ollection in all the four experiments above included 

assigned to subplots . a a c 
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final germination percentage 
or rate, time to 50% germination (speed of 

germination) and germination index. 

Experiment five was d . d 
eSlgne to assess the effect of fertilizer application 

and spacing on growth a d'o f S 
n vloour 0 GO x VlT coconut hybrid seedlings using 

a split-plot design with 3 replicates and 2 levels of spacing (S I and S I) assigned to 

main plot and 4 levels of fertilizer schedules (FO, FI, F2 and F3) assigned to 

subplots . 

FO = No fertilizer treatment (Control) 

FI = Fertilizer application at 28.4:58.0:75 .6: 17.0 seedling g_1 N-P20s-K20-MgO 

F2 = Fertilizer application at 47.3 :96.6: 126.0:28.4 seedling g_1 N-P20s-K20-MgO 

F3 = Fertilizer application at 66.2: 135 .2: 176.4:39.7 seedling g_1 N-P20s-K20-MgO 

S I = Spacing at 60cm triangular (19,246 seedlings ha- I) 

S2 = Spacing at 80cm triangular (14,434 seedlings ha-I) 

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, P20 S, K20 and MgO 

respectively. Data collection included soil and leaf sampling/analysis and 

t of collar girth seedlina height, leaf number, canopy diameter and measuremen , 0 

vigour index. 

. . sessed the effect of fruit thinning on fruit characteristics Expenment SIX as 

111 the 
. G Dwarf (SGD) coconut variety using a Randomized 

Sn Lanka reen 

. 'tl 3 replicates and 3 levels of fruit thinning treatments 
Complete Block DesIgn WI 1 

I' . 19 to 15 fruits per bunch and thinning to 10 fruits 
viz., no thinning (control), t lInl1ll 
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per bunch. Data collect d' I d . 
e mc u ed sOil and leafsampling/ analysis, button and fruit 

set count, fruit com 
ponent 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 ofSGD 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 detemlination, fruit component, proximate and physico-chemical 

ana lysis. 

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 

h It of th is study the following conclusions are put forward; 
Based on t e resu s , 

. D VTT coconut hybrid seed nuts in decomposed sawdust at 
I) Fully burymg SG x 

d germination rate , speed of germination and 
pre-nursery stage improve 

. I by 33% 30% and 98% relative to the control. 
germination index respectIve y , 

d of oermination by 23% and germination index by 
2) Seed nut size increased spee 0 

d to medium or small nuts. 
43% as compare 
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3) Interaction effect betw d 
een ecomposed sawdust and potassium nitrate soaking 

treatment on SGD x VTT seed nut increased speed of germination by 23% and 

gemlination index by 26% as compared to control. 

4) Seedling spacing of 60 Col triangular (19,264 seedlings ha-I) and fertilizer 

application of 47.3:96.6:126.0:28.4 g seedling-I N:P20S:K20 :MgO were 

identified as the most suitable treatment combination for SGD x VTT coconut 

seedling production. 

5) Thinning ofSGD 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) In the face of high demand for Cape St Wilt Disease tolerant planting material 

" 't' ecommended that the findings of this research relating to pre-by ,armers J IS r 

. hould be uroently disseminated to relevant stakeholders 
nursery practIces s I:> 

. . k hops to improve SaD x VTT coconut hybrid seed nut 
through trammg wor s 

. . 100% and increase turn-out of Cape St Paul Wilt Disease 
germmatlon rate up to 

tolerant seedlings. 

h Institute by its mandate is recommended to pilot 
2) The CSIR-Oil Palm Researc 

. SaD coconut fields belonging to farmers for 
the fruit thinning techntque on 
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validation, observation and adoption of the intervention towards official release 

of the SOD 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 SOD x VTT coconut hybrid. 

4) Further research is recommended to: 

a) Assess field performance of SOD 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 sao x VTT coconut hybrid . 

c) Identify breeding and agronomic techniques to minimize high fruit drop in 

SOD x VTT coconut hybrid production. 
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Abad, 
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APPENDICES 

Appendix 1. Regression analYSis of temperature for planting medium 

Time of Source of OF DV MDV DR Approx. The day Variation 
Chi pro 

Morning Regression 2 0.26 0.1283 0.13 0.880NS 
10.00 am Residual 258 19.09 0.0740 

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 

OF - Degrees of freedom; DV - Deviance; MDV = Mean deviance; DR - Deviance Ratio; 
Chi pr. = Chi-probability; NS = Not significant, P <0.05; •• = Significant, P <0.001 

App~ndix 2. LSD (0.05) of mean estimates for temperature of planting medium 

Morning CBS 1 • 
10.00 am SO 2 1.649 * 

TS 3 1.654 1.655 • 
1 2 3 

Afternoon CBS • 
1.690 * 3.00 pm SO 2 

1.716 • TS 3 1.721 
2 3 

CBS - Cocoa bean shell; SD = Sawdust; TS Topsoil 

. f final germination I)crcentage of SGD x VTT 
Appendix 3. Regression an~lysls 0 d b soaking treatment and planting medium 
coconut hybrid seed nuts as mfluence Y 

. Deviance Ratio Approx. 
Of Deviance Mean Devmnce Chi Prob. 

Source 
< .001'" 

Regression 8 498.5 62.32 62.32 

Residual 45 129.0 2.87 

Total 53 627.5 11.84 

Df= degrees of freedom; 
. 'Ji ant P<O.OO I ••• = Slg"' IC • 
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Appendix 4. LSD (0.05) of mean e . 
coconut hybrid seed n t ·'0 Shmates for ~nal germination percentage of SGD x VTT 

u s as In uenced by soaking treatment and medium 

CBS'C I * 
CBS'P 2 7.316 , 
CBS*W 3 7.431 6.235 * 
TS ' C 4 9.583 8.689 8.786 * TS'P 5 9.512 8.611 8.708 10.605 • TS'W 6 9.554 8.656 8.754 10.642 10.578 • SO*C 7 9.524 8.624 8.721 10.615 10.55 1 10.589 • SO'P 8 9.642 8.754 8.850 10.721 10.658 10.695 4.742 • SO*W 9 9.613 8.721 8.818 10.695 10.631 10.668 4.759 10.747 I 2 3 4 5 6 7 8 
CBS - Cocoa bean she ll ; TS - Top soil; SO ~ Sawdust; C ~ Seed nut without soaking 
treatment ; W = Seed nut soaked in water; P ~ Seed nut soaked in 1% (w/v) KNOJ solution 

Appendix 5. Regression analysis of time to 50% germination of SGD x VTT coconut 
hybrid seed nuts as inOuenced by soaking treatment and medium 

Source Of Oeviance Mean Oeviance Oeviance 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 

• 
9 

A endix 6. LSD (0.05) of mean estimates for time to 50% germin~tion of SGD x VTT 
PP h b'd d nuts as inOuenced by soaking treatme.nt and medIUm coconut y n see 

CBS'C I • 
CBS'P 2 7.536 • 

• CBS'W 3 7.640 7.461 
7.958 

, 
TS'C 4 8.028 7.858 

8.063 " 7.750 7.573 7.677 TS'P 5 
7.922 • 7.713 7.815 8.1 95 

TS'W 6 7.887 
7.979 8.11 2 • 7.872 8.250 

7 7.944 7.771 
8.188 8.243 " SO"C 

7.95 1 8.325 8.056 
8 8.021 7.851 

8.119 8.174 8.250 • SO"P 8.257 7.986 
9 7.951 7.779 7.880 

6 7 8 9 ingSD"W 
2 3 4 5 

I 
_ oil' SO Sawdust; C S~ed nut without soaking . 

CBS = Cocoa bean shell; TS - T.op ~ , . P = Seed nut soaked In 1% (w/v) KNOJ solution 
- S d nut soaked In \\ater, treatment; W - ee 
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Appendix 7. Regression annl . 
seed nuts as influenced by ;o~~~ of g.ermination index of SeD x VIT coconut hybrid 

mg tr eatment and medium . 
Source Df 

Deviance /o"lean Deviance 

Regression 8 20.15 2.52 

Residual 45 6.48 0.14 

Total 53 26,63 0,50 

Df= degrees offTcedom ; " Significant. P<O,OI 

Deviance Ratio 

2,52 

Approx, 
Chi Prob. 
< ,010" 

Appendix 8. LSD (005) f ' 
hybr'id seed nuts as i~fl 0 mdeabn estll~ates for germination index of SeD x VIT coconut 

uence y soakmg treatment and medium 

CBS ' C j , 
CBS ' P 2 1,288 , 
CBS*\V 3 1.584 1.380 • 
TS' C 4 1,523 1,868 1,865 • 
TS*P 5 1.555 1.902 1.899 2.278 * 
TS' W 6 1,517 1.862 1,858 2.245 2.273 • 
SD*C 7 1.509 1,853 1,849 2.237 2.265 2,232 , 
SD' P 8 1.553 1.901 1.897 2.277 2.305 2.272 2.264 , 

SD*W 9 1.511 1,855 1,852 2.239 2,268 2.234 2.226 2.266 

j 2 3 4 5 6 7 8 

CBS Cocoa bean shell; TS Top soil; SD Sawdust; C - Seed nut without soaking 
treatment; Seed nut soaked in water; P = Seed nut soaked in 1% (w/v) KNO) solution 

Appendix 9. Regression analysis of final gern~ination percentag~ of SeD x VTT 
coconut hybrid seed nuts as influenced by plantlllg depth and medIUm 

Source Of Deviance Mean Deviance Deviance Ratio Approx. 
Chi Prob. 

Regression 5 31 .89 6.38 6.38 < ,00 1" 

Residual 12 16.86 1.41 

Total 17 48.75 2,87 

Df= degrees of freedom; ., = Significant, P<O,OI 
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Appendix 10. LSD (0 OS) ofm . 
coconut hybrid seed ~ut . can estimates for filial germination percentage ofSGD x VTT 

s as mfluenced by planting depth and medium 

SO*POO 1 • 
SO*POI 2 14.52 " SO*P02 3 15 .06 16.24 * TS*PDO 4 14.25 15.49 15.99 • TS*PDI 5 14.71 15.91 16.40 15.66 * TS'PD2 6 15.06 16.24 16.72 15.99 16.40 * 1 2 3 4 5 6 

TS . Top ~oil medium; SD Sawdust medium; PDO - Planting by burying a quarter of the seed 
nut m me~lUm; PDI = Planting by burying halfofthe seed nut in medium; PD2 = Planting by 
fully burymg seed nut in medium 

AI>pendix It. Regression analysis of time to 50% germination ofSGD x VTI 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 

. SD (0 OS) f mean estimates for time to 50% germination of SGD x VTT Appendix 12. L . o. . d d' 
coconut hybrid seed nuts as influenced by plantmg depth an me lum 

SO*PDO 
SD*PDI 
SD*PD2 
TS*PDO 
TS'PDI 
TS'PD2 

1 
2 
3 
4 
5 
6 

• 
13.40 • 
12.60 12.10 • 
13.51 13.22 12.41 

309 1227 13.20 13.38 I. . 
1222 13.16 13.02 

13.34 13.05· 5 
1 23 4 

• 
* 

* 
6 

d' . PDO Planting by burying a quarter of tile seed 
. SD Sawdust me lum, d' PD2 PI r b TS = Top soil medIUm; . ,. 0 half orthe seed nut in me IUm; an mg y 

. d' n' PD I = Plantlllg by bu!) III=-nut 11\ me lUI , . d ' 
fully burying seed nut in me IUm 
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Appendix 13. RegresSion anal . 
hybrid seed nuts as influen ~ ~SIS of .germination index of SeD x VTT coconut 

ce y planhng depth and medium 

Source Df Deviance Mean Deviance 

Regression 5 12.912 2.582 

Residual 12 0.135 0.011 

Total 17 13.047 0.767 

Df - degrees of freedom' • • Significant, P<0.05 

Deviance Ratio 

5.58 

Approx. 
Chi Prob. 

0.049' 

App~ndix 14. LSD (0.05) of mean estimates for germination index of SeD x VTT coconut 
hybrid seed nuts as influenced by planting depth and medium 

SD*PDO • 
SD*PDI 2 1.783 • 
SD*PD2 3 1.164 1.375 • 
TS· PDO 4 1.590 1.843 1.617 • 
TS' PDl 5 1.818 1.053 1.403 1.878 • 
TS· PD2 6 1.107 1.321 1.646 1.161 1.35 • 

J 2 3 4 5 6 

TS - Top soi l medium; SD - Sawdust medium; PDO - Planting by burying a quarter of the seed 
nut in medium ; PD I = Planting by burying half of the seed nut in medium; PD2 = Planting by 

fully burying seed nut in medium 

Appendix 15. Regression analysis of final germinati?n percenta~e of SeD x VTT 
coconut hybrid seed nuts as influenced by seed nut size and medIUm 

Source Df Deviance Mean Deviance Ratio Approx. 

Deviance Chi Prob. 

Regression 13 3.8 2.904 0.292 0.145NS 

Residual 67 276.5 4.127 

Total 80 314.2 3.928 

Df = degrees of freedom; NS = Not significant, p>0.05 
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Appendix 16. Regressio . c n analysIs of t' 
oconut hybrid seed nuts as in flue d line to 50% germination of SGO x VTT 

nce by seed nut size and medium 
Source Df 

Regression 13 

Residual 67 

Total 80 

Deviance 

38.6 

45.3 

83.9 

Mean 
Deviance 

2.969 

0.677 

1.049 

Df degrees of freedom' •• • Significant, P<O.O I 

Deviance Ratio 

2.97 

Approx. 
Chi Prob. 
< 0.01" 

Appendix J 7. LSD (0 OS) f . 
SeD VTT . . 0 mean estImates for time to 50% germination of 

x coconut hybnd seed nuts as influenced by seed nut size and medium 

SD' SNL * 
SD' SNM 2 9.6 * 
SO' SNs 3 9.6 9.2 • 
SO*SNXL 4 9.3 9.9 9.9 • 
TS ' SNL 5 9.0 9.6 9.6 9.2 * 
TS*SNM 6 8.9 9.5 9.5 9.2 9.0 • 
TS ' SNS 7 8.9 9.5 9.5 9.2 9.0 8.6 * 

TS ' SNx L 8 9.1 9.7 9.7 9.3 9.1 8.8 9.1 * 
I 2 3 4 5 6 7 8 

TS = Top soil ; SO = Sawdust; SNL = Large seed nut; SNM = Medium seed nut; SNs = 

Small seed nut; SNXL= Extra·large seed nut 

Appendix 18. Regression analysis of germination index of SGn x VTT coconut 
hybrid seed nuts as influenced by seed nut size and medium 

Source Of Deviance Mean Deviance Ratio Approx. 
Oeviance Chi Prob. 

Regression 13 33.86 2.605 2.61 <0.01" 

Residual 67 2.997 0.045 

Total 80 36.86 0.461 

Of = degrees of freedom; • • = Significant, P<O.OI 
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Appendix 19, LSD (0 OS) of ' 
coconut hybrid seed n'uts a ~ean estimates for gern~ination index ofSGD x VTT 

s Influenced by seed nut Slle and medium 

SO"SNL " 
SO" SNM 2 0.95 " 
SO*SNs 3 0.96 1.03 * 
SO'SNXL 4 0.95 0.99 1.03 " TS'SNL 5 0.97 0.99 1.0 I 1.01 * 
TS*SNM 6 0.96 0.96 1.02 1.00 0.98 * 
TS'SNS 7 0.95 0.97 1.01 1.03 1.01 0.98 • 
TS'SNxL 8 0.96 0.98 1.03 1.02 0.98 0.97 1.05 • 

I 2 3 4 5 6 7 8 

TS - Top soil; SO = Sawdust; SNL = Large seed nut; SNM = Medium seed nut; SNs = 
Small seed nut; SNXL = Extra-large seed nut 

Appendix 20, Regression analysis of germination percentage of SGD x VTT coconut 
hybl'id seed nuts as influenced by KN03 soaking treatment and medium 

Source Of Deviance Mean Deviance Deviance Ratio Approx . 
Chi Prob. 

Regression 9 4.55 0.5061 0.5 1 0.871 NS 

Residual 19 17.76 0.9346 

Total 28 22.31 0.7969 

Df = degrees of freedom ; NS = Not Significant, P>0.05 

d · 21 R ess',on analysis of time to 50% germination ofSGD x VTTcoconut Appen IX ,egr ., . d d' 
'd d t as 'Influenced by KN03 soaklllg treatment an me lum hybro see nu s 

Of Deviance Mean Deviance Deviance Ratio Approx. 
Source Chi Prob. 

25.393 2.821 2.82 < 0.01" 
Regression 9 

Residual 19 5.783 0.305 

28 31.176 1.113 
Total 

Df = degrees of freedom; •• 
Signi lican!, 1'<0.0 I 
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Appendix 22. LSD (0.05) of mean e . . 
seed nuts as influenced by KNO stll~ates for tIme to 50% germination of SGD x VTI coconut hybrid 

J soakIng treatment and medium 

TS*PNo • 
TS'PN I 2 7.95 • 
TS' PN2 3 7.96 8.03 * 
TS' PN3 4 7.95 7.99 8.03 * TS' PNs 5 7.98 8.02 8.01 8.03 • 
SO'PNo 6 7.99 7.98 8.02 8.01 7.97 • 
SO*PNI 7 7.95 7.97 8.01 8.03 7.99 8.02 • 
SO*PN2 8 7.97 7.99 8.0 1 8.01 8.01 8.03 8.03 * SO*PN3 9 7.96 7.96 8.02 8.00 7.99 8 .01 8.01 7.98 • 
SO' PNs 10 7.95 7.97 8.0 1 8.03 7.98 8.02 8.02 8.01 7.98 • 

1 2 3 4 5 6 7 8 9 10 

TS - Top soil ; SO - Sawdust; PNo = 0% KN03 solution; PN I = 1% (w/v) KNO, so lution; PN2 = 2% (w/v» 
KN03 solution; PN3 = 3% (w/v) KNO, solution; PNs = 5% (w/v) KNO, solution. 

Appendix 23. Regression analysis of germi~ation index of SGD ~ VTI coconut 
hybrid seed nuts as influenced by KNOJ soakIng treatment a nd medIUm 

Source Of Oeviance Mean Deviance Oeviance 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 

Of = degrees of freedom; " Significant, P<O.OI 
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Append ix 24. LSD (0.05) of mean est. . 
nuts as influe nced by KNO ·k. Imates for gernllnation index of SGD x VTT coconut hybrid seed 

l soa mg treatment and medium 

TS*PNo \ * 
TS' PNI 2 0.49 , 
TS*PN2 3 0.5 \ 0.48 • 
TS'PN3 4 0.52 0.50 0.49 , 
TS*PNs 5 0.5\ 0.52 0.50 0.49 , 
SO*PNo 6 0.52 0.52 0.5\ 0.51 0.50 , 
SO*PN I 7 0.53 0.53 0.5\ 0.51 0.50 0.5\ • 
SO*PNz 8 0.53 0.52 0.52 0.52 0.5 1 0.52 0.50 , 
SO'PN3 9 0.5 1 0.53 0.53 0.52 0.52 0.53 0.51 0.49 , 
SO*PNs 10 0.53 0.50 0.53 0.53 0.52 0.53 0.52 0.51 0.48 • 

1 2 3 4 5 6 7 8 9 10 

TS - Top soil; SO ~ Sawdust; PNo ~ 0% KN03 so lution; PN I ~ 1% (w/v) KNOJ solution; PN2 ~ 2% (w/v» 
KNOJ solution;, PN3 ~ 3% (w/v) KN01 so lution; PNs ~ 5% (w/v) KNOJ solution. 

Appendix 25. Regression analysis of leaf nutrient of SGD x VTT coconut hybrid 
seedlings as influenced by spacing and fert ilizer trea tment 

Leaf 
Nutrient 

Mg 

ea 

N 

P 

K 

Source of 
Variation 

Regression 
Residual 
Total 

Regression 
Residual 
Total 

Regression 
Residual 
Total 

Regression 
Residual 
Total 

OF 

7 
40 
47 

7 
40 
47 

7 
40 
47 

7 
40 
47 

SS 

0.000034 
0.000223 
0.00026 

0.04519 
0.04773 
0.09293 

2.633 
1.945 
4.578 

0.09347 
0.03369 
0.12716 

MS 

0.0000049 
0.0000056 
0.0000055 

0.006456 
0.011 93 

0.00 1977 

0.37612 
0.04862 
0.09740 

0.0133528 
0.0008422 
0.0027055 

VR 

0.87 

0.54 

7.74 

15.85 

3.54 

Fpr. 

0.536NS 

0.723 NS 

<.001 " 

<.00 I" 

0.005" 

OF ~ Degrees of freedom; SS Sum o. ~fi~an t ' P>O 05 ' " Significant at P<O.OI 
b bTt . NS ~ Not sign! , ., 

Ratio ; Fpr ~ F-pro a I I y, 
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Appendix 26. LSD (005) f . . 
seed!" . fl . 0 mean estImates for leaf N of SGD x VTT coconut hybrId 

IIIgs as III uenced by spacing and fertilizer treatment 

FOSI 
FOS2 
FISI 
FIS2 
F2S1 
F2S2 
F3S1 
F3S2 

I • 
2 0.2573 • 
3 
4 
5 
6 
7 
8 

0.2573 0.2573 • 
0.2571 0.2572 0.2573 • 
0.2570 0.2571 0.2571 0.2573 • 
0.2571 0.2571 0.2572 0.2572 0.2573 • 
0.2571 0.2570 0.2571 0.2571 0.2572 0.2571 • 
0.2572 0.2571 0.2573 0.2573 0.2570 0.2573 0.2574 • 

I 23456 7 8 
S I - Spacing at 60 cm triangular; S2 = Spacing at 80 cm triangular; FO _ control; 
F I = Fenilizer application at 28.4 :58.0:75.6: 17.0 g seedling"' N:P,Os:K,O:MgO; F2 = 
Fel1ilizer application at 47.3 :96.6: 126.0:28.4 g seedling" N:P,Os:K,O:MgO; F3 = Fertilizer 
application at 66.2: 135.2: 176.4:39.7 g seedling" N:P,O, :K20 :MgO 

Appendix 27. L5D (0.05) of mean estimates for leaf P of 5GD x VTT coconut hybrid 
seedlings as influenced by spacing and fertilizer treatment 

F051 I • 
FOS2 2 0.0340 • 
FI51 3 0.0341 0.0339 • 
F I 52 4 0.0339 0.0338 0.0339 • 
PSI 5 00338 0.0339 0.0340 0.0341 • 
"2-52 6 0"0339 00340 0.0339 0.0338 0.0339 • 
F . . 00338 00339 0.0338 0.0338 • 
F3S1 7 0.0338 ~.~;;~ 0'0339 0:0337 0.0339 0.0339 0.0340' 
F352 8 0.0339. . 3 4 5 6 7 8 

I 2. I' S2 Spacing at 80 cm triangular; FO control; 
S I Spacing at .60. em tnan~u :ri'75 6'17.0 g seedling"' N:P,O, :K,O:MgO; F2 _ Fertilizer 
FI = Fertilizer appilcallon at 28.4

8
.54 . . d'I ','n""' N 'P,O, 'K,O'MgO' F3 = Fertilizer application 

., 3 '96 6' 126.0:2 . g see 0 • - ' • • 

appilcallon at 47. . ., dl"" N'P,Os:K,O:MgO 
at 66.2: 135.2: 176.4:39.7 g see mg ' -
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Appendix 28. LSD (0 OS) f . 
dl ' . fl . 0 mean esllmates fo r leaf K of SeD x VlT coconut hyb rid see lOgs as 10 uenced b' .. 

y spacmg and fert lhzer treatment 

FOS I I • 
FOS2 2 0.1433 • 
F1SI 3 0.1432 0.1433 • 
FIS2 4 0.1430 0.1432 0.1432 • 
F2S1 5 0.1431 0. 143 1 0.143 1 0. 1432 • F2S2 6 0. 1432 0.1432 0.1 432 0.1431 0.1433 • F3S 1 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 • 

I 2 3 4 5 6 7 8 
SI Spacing at 60 cm triangular; S2 = Spacing at 80 cm triangular; 1'0 - contro l; 
1'1 = Fertilizer application at 28.4 :58.0:75 .6: 17.0 g seedling" N:P,Os:K,O:MgO; 1'2 = Fertilizer 
application at 47.3:96.6: 126.0:2 8.4 g seedling" N:P,Os:K,O:MgO; F3 = Fertilizer application 
at 66.2: 135.2: 176.4:39.7 g seedling" N:P,Os:K,O:MgO 

Appendix 29. Regression analysis of collar girth of SeD x VTT coconut hybrid 
seedlings 3S influenced by spacing and fertilizer treatment 

MPO Source of DF SS MS VR Fpr. 
Variation 

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 0.719NS 

Residual 297 300.7 1.012 

Total 304 305.3 1.004 

Regression 7 21.8 3.119 2.89 0.007" 
3 

190 204.8 1.078 Residual 
Total 197 226.6 1.150 

7 41.8 5.971 3.98 <.00 I" 
4 Regression 

188 281.9 1.500 
Residual 

323 .7 1.660 
Total 195 

400.1 57.153 16.65 <.00 1" 
Regression 7 5 

252 864.9 3.432 
Residual 

259 1265.0 4.884 
Total 

496. 70.869 13.75 <.001" 
Regression 7 

6 214 1103. 5.152 
Residual 

721 1599. 7.234 
Total - _ D' . es of freedom; SS - Sum of Squares; MS 

_ M ths after pricking-out; DF - ~g~c bability· NS = Not significant, P>0.05; MPO - on . Ratio ' Fpr - -pro , . VR = Variance , Mean square, 
•• = Significant at 1'<0.01 

192 

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

Digitized by Sam Jonah Library



Append ix 30. LSD (0.05) of mean . 
seedlings as influenced b . eShmate~ ~or collar girth of SGD x VTT coconut hybrid 

y spacing and fertilizer trca tment 3 months after pricking-out 

FOSI I • 
FOS2 2 0.5763 • 
FISI 3 0.5718 0.5426 • 
FIS2 4 0.5976 0.5697 0.5651 • 
F2S 1 5 0.5917 0.5635 0.5589 0.5852 • F2S2 6 0.6181 0.5912 0.5868 0.61 19 0.6062 • 
F3S1 7 0.6 107 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 • 

I 2 3 4 5 6 7 8 

S I - Spacing at 60 cm triangular; S2 = Spacing at 80 cm triangular; FO - control; 
FI = Fel1ilizer application at 28.4:58.0:75.6:17.0 g seedling-' N:P,Os:K,O:MgO; F2 = Fertilizer 
application at 47.3:96.6:126.0:28.4 g seedling- I N:P,Os:K20:MgO; F3 = Fertilizer application at 
66.2:135 .2:176.4:39.7 g seedling-' N:P,Os:K,O:MgO 

Appendix 31 . LSD (0.05) of mcan estimates for collar girth of SGD x VTT coconut hybrid 
seedlings as influenced by spacing and fertilizer treatment 4 months after pricking-out 

FOSI I • 
FOS2 2 0_6998 • 
FIS I 3 0.6998 0.67 • 
FIS2 4 0.7062 0.6767 0.6767 • 
F2S1 5 0.6883 0.6579 0.6579 0.6647 • 
F2S2 6 0.7204 0.6915 0.6915 0.698 0.6798 • 

0.6798 0.7 124 • 0.7204 0.6915 0.69 15 0.698 F3S1 7 
0.698 0.6798 0.7124 0.7124 • F3S2 8 0.7204 0.6915 0.69 15 

I 2 3 4 5 6 7 8 

SI = Spa~ing at .60. cm t~an::~;~O :75 .6: 17.0 g seedling-' N:P20s:K20:M.g?; F2 = .Fe~i1izer 
FI = FertilIzer applicatIOn at _8. dl' g" N 'P

2
0s'K,O'MgO' F3 = Fertilizer applicatIOn at 6'1260'28 4 g see 111 • • -' , 

application at 47.3 :96.. d-r' _; N:P,Os:K,O:MgO 

. I' S2 - Spacing at 80 cm triangular; FO - control; 

66.2:135.2:176.4:39.7 gsee mg -
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Appendix 32. LSD (0 05) of . 
seedlings as influence'd b mc~n eShmate~ .for collar girth of SeD x VTT coconut hybrid 

y spacing and fertlhzer treatment 5 months after pricking-out 

FOSI I • 
FOS2 2 0.9502 • 
FISI 3 0.8911 0.8997 • 
FIS2 4 0.9020 0.9104 0.8486 • 
F2S1 5 0.9421 0.9502 0.8911 0.9020 • 
F2S2 6 0.9272 0.9355 0.8754 0.8865 0.9272 • F3S1 7 0.9344 0.9426 0.8830 0.8940 0.9344 0.9195 • F3S2 8 0.9139 0.9223 0.861 3 0.8725 0.9139 0.8986 0.906 1 • 

I 2 3 4 5 6 7 8 

S I - Spacing at 60 cm triangular; S2 Spaci ng at 80 cm triangular; FO control; 
F I = Fertilizer application at 28.4 :58.0:75.6: 17.0 g seedling" N:P,Os:K,O:MgO; F2 = Fertilizer 
application at 47.3:96.6:126.0:28.4 g seedling-' N:P20 s: K20 :MgO; F3 = Fel1i1izer application at 
66.2: 135.2: 176.4 :39.7 g seedling- ' N:P,Os:K20 :MgO 

Appendix 33. LSD (0.05) of mean estimates for collar girth of SeD x VTT c~co~ut hybrid 
seedlings as influenced by spacing and fertilizer treatment 6 months after prlckmg -out 

FOSI I • 
FOS2 2 1.142 • 
FISI 3 1.179 1.231 • 
FIS2 4 1.208 1.259 1.293 • 
F2S1 5 1.085 1.142 1.179 1.208 • 
F2S2 6 1.179 1.231 1.266 1.293 1.179 • 

1.253 • 1.219 1.253 1.281 1.166 
F3S1 7 1.166 

1.27 1.153 1.242 1.229 • 1.153 1.207 1.242 
F3S2 8 

I 2 3 4 5 6 7 8 

. I' S? Spacing at 80 cm triangular; FO control ; 
. 60 cm tnanou ar, - F F '1 ' 

S I = Spacing at.. ;'58,0:75,6: 17.0 g seedling-' N:P205: K,O:M~?; 2 . e~. Izer 
FI = Fertilizer applicatIOn at 28" dl' -. N 'P Os'K,O 'M"O' F3 = Fertlhzer apphcatJon at 

" . '126,0 :28.4 g see 109 " ' - . ., • 
applicatIOn at 47.3 ,96,6. dJ' _. N-P,Os:K20:MgO 
66.2:135.2 :176.4:39.7 gset: 109 , 
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Appendix 34 Re . 
. n . gresslOn analysis of h . h 
In uenced by spacing and fertilize t elg t of SGD x VTT coconut hybrid seedlings as 

r reatment 

MPO Source of DF SS 
Variation MS VR Fpr. 

Regression 7 229. 
Residual 32.68 0.79 0.595 NS 

Total 
261 10769. 41.26 
268 10997. 41.03 

2 Regress ion 7 
Residual 

779. 111.23 1.54 0.155NS 
277 20041. 72.35 

Total 284 20820. 73.31 
, 

Regression .) 7 654. 93.50 1.39 0.212NS 
Residual 188 12645. 67.26 
Total 195 13300. 68.20 

4 Regress ion 7 1523. 217.64 2.94 0.006"" 
Residual 190 1408 1. 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-o ut; DF - Degrees offreedom; SS - Sum of Squares; MS 
= Mean square; VR = Variance Ratio ; Fpr = F-probability; NS = Not significant, P>0.05; 
" = Significant at P<0.05 ; •• = Significant at P<O.O I 

Appendix 35. LSD (0.05) of mean estimates for height of SGD x VIT coconut hybrid 
seedlings as innuenced by spacing and fertilizer trea tment 4 months after pricking-out 

FOSI I • 
FOS2 2 4.919 " 

3 4.838 4.625 • FISI 
5.0 12 4.807 4.724 • 

FIS2 4 
4.666 4.58 4.764 • 

F2S1 5 4.877 
4.757 4.673 4.853 4.713 • 

F2S2 6 4.964 
4.86 1 4.779 4.955 4.818 4.906 • 

F3S1 7 5.064 
4.861 4.779 4.955 4.8 18 4.906 5.007 • 

F3S2 8 5.064 
2 3 4 5 6 7 8 

I 
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S I = Sp~~ing at 60 em trian ular ' = ' . 
Fl = Fertilizer application at 28 g. '. S2. Spacmg .at 80 cm tnangular; FO = control; 
application at 47.3 :96.6: 126.0'28

4 
.58.0.75 .. 6.1?0 g seedling" N:P,Os:K,O:MgO; F2 = Fertilizer 

66.2:135.2:176.4:397 g dl" .;4 g seedling' N:P,Os:K,O:MgO; F3 = Fertilizer application at 
· sec mg N:P,Os:K,O:MgO 

Appendix 36. LSD (0 OS) f . 
seedlings as innuenced b 0 ~ean eShma~~s for height of SCD x VTT coconut hybrid 

y spacing and fertilizer treatment 5 months after pricking-out 

FOSI • 
FOS2 2 5.164 • 
F1SI 3 5.022 4.727 • 
F1S2 4 4.997 4.701 4.544 • 
F2S1 5 5.164 4.878 4.727 4.701 • 
F2S2 6 5. 103 4.814 4.66 4.634 4.814 • 
F3S1 7 5.048 4.755 4.6 4.572 4.755 4.688 • 
F3S2 8 5.022 4.727 4.571 4.544 4.727 4.66 4.6 • 

I 2 3 4 5 6 7 8 

S I - Spacing at 60 cm triangular; S2 - Spacing at 80 cm triangular; FO control; 
FI = Fertilizer application at 28.4 :58.0:75.6: 17.0 g seedling" N:P,Os:K,O:MgO; F2 = Fertilizer 
application at 47.3:96.6:126.0:28.4 g seedling" N:P,Os:K,O:MgO; F3 = Fertilizer application at 
66.2:135.2:176.4:39.7 g seedling" N:P,Os:K20:MgO 

Appendix 37. LSD (0.05) of mean estima~~s for height of SCD x VTT co.co~ut hybrid 
seedlings as innuenced by spacing and fert,itzer treatment 6 months after prlckmg-out 

FOSI I • 
FOS2 2 6.819 • 

7.039 7.352 • 
FISI 3 

7.519 7.72 • 
FIS2 4 7.214 

6.819 7.039 7.2 14 • 
F2S1 5 6.480 

7.5 57 7.720 7.039 • 
F2S2 6 7.039 7.352 

7.484 7.648 6.961 7.484 • 
7.277 

F3SI 7 6.961 
6.887 7.416 7.341 • 7.207 7.416 7.581 

F3S2 8 6.887 
5 6 7 8 

I 2 3 4 

. I" S2 Spacing at 80 cm triangular; FO - control; 
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Appe.ndix 38. Regression anal .. 
seedhngs as influenced by s .) SIS of leaf number of SeD x VTT coconut hybrid 

pacmg and fertilizer treatment 
MPO Source of DF SS 

Variation MS VR Fpr. 

Regression 7 1.19 0.1693 Residual 0.70 0.669NS 

Total 
261 62.&4 0.240& 
26& 64.02 0.2389 

2 Regression 7 0.72 0.1024 0.31 0.947NS 
Residual 297 96.&7 0.3262 Total 304 97.59 0.3210 

3 RegresSion 7 1.92 0.2736 0.&3 0.567NS 
Residual 190 62.96 0.3314 
Total 197 64.87 0.3293 

4 Regression 7 1.34 0.1913 0.60 0.754NS 
Residual 190 60.34 0.3 176 
Total 197 61.6& 0.3131 

5 Regression 7 2.0 0.2&35 0.33 0.941 NS 
Residua l 311 269.0 0.8650 
Total 318 271.0 0.&522 

6 Regression 7 1.9 0.2718 0.51 0.&28NS 

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<O.OI 

Appendix 39. Regression analysis of canopy diameter of SeD x VTT COCOllut hybrid 
seedlings as influenced by spacing and fertilizer treatment 

MPO Source of DF SS 

Variation 
Regression 7 1057. 

Residual 190 10051. 

Total 197 11108. 

4 

Regression 7 4985. 

Residual 253 17044. 

Total 260 22029. 

5 

6 
7 3722. Regression 

·d I 214 19 107. 
Res l ua 22&29. 

MS 

151.04 
52.90 
56.39 

712.16 
67.37 
84.73 

531.6& 
89.28 
103.30 

VR Fpr. 

2.86 0.007" 

10.57 <.001" 

5.95 <.001" 

Total 221 
.. t. OF Degrees offrecdom; SS Sum of Squares; MS 

MPO = Months after Prlc~ong-o~a;io . Fpr = f-probability; NS - Not significant, P>0.05; 
Mean square; VR = Variance , 
• • = Significant at p<O.OI 
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Appendix 40. LSD (0.05) or mean . 
hybrid seedlings as influenced b' eSh.m:tes ror ca~opy diameter of SGD x VTT coconut 
out y spacm., and fertilizer treatment 4 months arter pricking-

FOSI I • 
FOS2 2 4.156 • 
FISl 3 4.087 3.907 • 
FIS2 4 4.23 5 4.061 3.991 • 
F2S1 5 4.122 3.942 3.87 4.025 • 
F2S2 6 4.194 4.019 3.948 4.100 3.982 • 
F3S1 7 4.278 4.107 4.037 4.186 4.071 4.145 • 
F3S2 8 4.278 4.107 4.037 4. 186 4.071 4.145 4.231 • 

I 2 3 4 5 6 7 8 

S I Spacing at 60 cm triangular; S2 - Spacing at 80 em triangular; FO = control; 
FI = Fertilizer application at 28.4 :58.0:75.6: 17.0 g seedling' I N:P20s:K20:MgO; F2 = Fertilizer 
application at 47.3:96.6 :126.0:28.4 g seedling' I N:P20S:K,O:MgO; F3 = Fertilizer application at 

66.2: I 35.2: I 76.4:39.7 g seedling' I N:P20s:K20:MgO 

Appendix 41. LSD (0.05) of mean estimates for C~~opy diameter of SGD x VTT c~co.nut 
hybrid seedlings as influenced by spacing and fertlhzer treatment 5 months after prlckmg-

out 

FOSI I • 
FOS2 2 5.0012 • 

3 4.991 I 5.0197 • FISI 
4.9020 4.9104 4.9486 • 

FIS2 4 
4.9502 4.891 I 4.902 • 

F2S1 5 4.9421 
4.9355 4.8754 4.8865 4.908 • 

F2S2 6 4.9272 
4.8940 4.940 4.973 • 

F3S1 7 4.9344 4.9426 4.883 

4.8613 4.8725 4.849 4.981 4.914 • 
F3S2 8 4.9139 4.9223 

4 5 6 7 8 
I 2 3 

S I = Spacing at .60 . em trlan:~5:~O:75.6 : 17.0 g seedl ing" N:P20S:K20:M~?; F2 = .Fe~i1izer 
F I = Fertilizer apphcatton at 28.. dl . .1 N ' P,Os'K,O:MgO' F3 = Fertilizer apphcatlon at 
.' . 6'126.0:28.4 g see 109 . - . - , 

apphcauon at 47.3 .96.. dI' ., N'P20 S: K20 :MgO 

. I ' S2 = Spacing at 80 em tri angular: FO - control; 

66.2 :135 .2:176.4:39.7 gsee 109 . 

198 

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

Digitized by Sam Jonah Library



Appendix 42. LSD (0.05) of mean . 
hybrid seedlings as influe db· eSh.mates for canopy diameter of SGO x VTT coconut 
out nce y spacmg and fertilizer treatment 6 months after pricking-

FOSI I * 
FOS2 2 4.753 • 
FISI 3 4.907 5.125 * FIS2 4 5.Q28 5.241 5.38 1 • F2S1 5 4.517 4.753 4.907 5.028 • F2S2 6 4.907 5.125 5.268 5.381 4.907 • F3S1 7 4.852 5.073 5.217 5.331 4.852 5.217 • F3S2 8 4.801 5.024 5.17 5.285 4.801 5.17 5.118 • 

I 2 3 4 5 6 7 8 

S I Spacing at 60 em tri angular; S2 - Spacing at 80 cm triangular; FO _ control; 
F I = Fertilizer application at 28.4 :58.0:75 .6: 17.0 g seed ling" N:P20S: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:P20s:K20:MgO 

Appendix 43. Regression analysis of vigour index of SGD x VTT coconut hybrid 
seedlings as influenced by spacing and fertilizer treatment 

MPO 

4 

5 

6 

Source of 
Variation 

Regression 
Residual 
Total 

Regression 
Residual 
Total 

DF 

7 
188 
195 

7 
247 
254 

SS 

21.1 
160.4 
181.5 

25.55 
87.65 
113 .20 

MS 

3.0152 
0.8531 
0.9307 

3.6494 
0.3549 
0.4457 

7 78.5 11 .2094 
Regression 0 6711 

214 143.6 . 
Residual ?22 1 1.0049 
Total 221 - ' S 

. .' out· DF Degrees of freedom; S 
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VR Fpr. 

3.53 0.00 1"" 

10.28 <.001"' 

16.70 <.001"' 

Sum of Squares; MS 
Not significant, P>0.05; 
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Appendix 44. LSD (0.05) of me . 
seedlings as innuenced by s ac~~ estllnates. ~or vigou r index ofSGD x VTT coconut hybrid 

p g and fertlhzer treatment 4 months after pricking-out 

FOSI 1 • 
FOS2 2 0.5278 • 
FISI 3 0.5278 0.5053 • 
FIS2 4 0.5326 0.5104 0.5 104 • 
F2S1 5 0.5191 0.4962 0.4962 0.5013 • 
F2S2 6 0.5433 0.52 15 0.5215 0.5264 0.5127 • 
F3S1 7 0.5433 0.5215 0.5215 0.5264 0.5127 0.5373 • 
F3S2 8 0.5433 0.5215 0.52 15 0.5264 0.5127 0.5373 0.5373 • 

1 2 3 4 5 6 7 8 

S 1 Spacing at 60 cm triangular; S2 Spacing at 80 cm triangular; FO control; 
FI = Fertilizer application at 28.4 :58.0:75.6: 17.0 g seedling" N:P20S:K20:MgO; F2 = Fertilizer 
app lication at 47.3 :96.6: 126.0:28.4 g seedling" N:P20 S: K20:MgO; F3 = Fertilizer application at 
66.2:135.2:176.4:39.7 g seedling" N:P20S:K20:MgO 

Appendix 45. LSD (0.05) of mean estimates for vigour index ofSGD x VTT c?co.n ut hybrid 
seedlings as innuenced by spacing and fertilizer treatment 5 months after prlckmg-out 

FOSI 1 • 
FOS2 2 0.3169 • 
FISI 3 0.2986 0.2893 • 

0.3020 0.2928 0.2729 • FIS2 4 
0.3081 0.2893 0.2928 • 

F2S1 5 0.3169 
• 0.3098 0.3008 0.2815 0.2851 0.3008 

F2S2 6 
0.3031 0.2957 • 0.3031 0.284 0.2875 

F3S1 7 0.3120 
0.2966 0.289 0.29 14 • 0.2966 0.277 0.2806 

F3S2 8 0.3057 
5 6 7 8 2 3 4 

1 

. 60 cm tnan"U ar. 0 M 0 F2 F '1' S I = Spacing at "'. 0 '7' 6 ' 17.0 g seedling" N:P20S:K2 : g ; ert, Izer 
I· t' at 284 58 . . , . . '1' I" FI = Fertil izer app lea IOn . , dl'" N'P Os 'K,O:MgO; F3 = Fertl Izer app IcatlOn at 

. , . ' 126.0:28.4 g see 109 . 2 . -
application at 47.3 .96.6 . dr _, N'P,Os:K20:MgO 
66.2:135.2 :176.4:39.7 g see 109 " 
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Appendix 46. LSD (0 05) of mea . 
seedlings as inlluenc~d b . n estllnates. ~or vigour index of SeD x VTT coconut hybrid 

y spacIng and fertilizer treatment 6 months after priCking-out 

FOSI I • 
FOS2 2 0.4121 • 
FISI 3 0.4254 0.4443 • 
FIS2 4 0.4359 0.4544 0.4665 • 
F2S1 5 0.3916 0.4121 0.4254 0.4359 • 
F2S2 6 0.4254 0.4443 0.4567 0.4665 0.4254 • F3S1 7 0.4207 0.4398 0.4523 0.4622 0.4207 0.4523 • 
F3S2 8 0.4162 0.4355 0.4482 0.4582 0.4162 0.4482 0.4437 • 

I 2 3 4 5 6 7 8 

S I Spacing at 60 cm triangular; S2 Spacing at SO cm triangular; FO _ control; 
F I = Fertilizer application at 28.4:58.0:75.6: 17.0 g seedling" N:P,O,:K20:MgO; F2 = Fertilizer 
application at 47.3 :96.6 : 126.0:28.4 g seedling" N:P,O, :K,O:MgO; F3 = Fertilizer application at 
66.2: 135.2: 176.4:39.7 g seedling" N:P,O,:K,O:MgO 

Appendix 47. Regression analysis of leaf nutrient of SeD coconut variety 30 months 
after fruit thinning studies 

Leaf 
Nutrient 

Mg 

Ca 

N 

p 

K 

Source of 
Variation 

Regression 
Residual 
Total 

Regression 
Residual 
Total 

Regression 
Residual 
Total 

Regression 
Residual 
Total 

DF 

2 
24 
26 

2 
24 
26 

2 
24 
26 

2 
24 
26 

SS 

0.00001 
0.03124 
0.03125 

0.0152 
0.IOS3 
0.1234 

0.0140 
0.6347 
0.6487 

0.0009 
0.0043 
0.0052 

MS 

0.000007 
0.001302 
0.001202 

0.007578 
0.004512 
0.004747 

0.00700 
0.02645 
0.02495 

0.00046 
0.00018 
0.00020 

. . SS = Sum 0 qu , 
DF = Degrees offIeedo.m,. NS = Not significant at P<0.05 
Ratio; Fpr = F_probab,hty, 
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VR Fpr. 

0.01 0.995 NS 

1.6S 0.20S NS 

0.26 0.770NS 

2.56 0.098NS 

2.66 0.090NS 

Variance 
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Appendix 48. Regression ana l . . 
coconut plot for the fruit ~h: Y~ls of coconut button, fruit set and fru it drop in the SGD 

inn ing study 

Fruit Source of DF Count Variation 
SS MS VR Fpr. 

Coconut Regression 2 29. butlon Residual 14.50 0.079 0.995 NS 

6 1107. 184.50 Total 8 1136. 142.00 

Fruit set Regression 2 39. 19.50 0.788NS 0.097 Residual 6 1207. 201. 17 
Total 8 1246. 155.75 

Fruit drop Regression 2 34. 17.00 0.101 0.523 NS 

Residual 6 1012. 168.67 
Total 8 1046. 130.75 

DF Degrees of freedom; SS - Sum of Squares; MS = Mean square; VR = Variance 
Ratio; Fpr = F-probabil ity; NS = Not significant at P<0.05 

Appendix 49. Regression analysis of fru it weight of SGD coconut variety as influenced 
by frui t thinn ing 
Fruit Source of DF SS MS VR Fpr. 
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" 

Fru it 24 Residual 13 11 7945. 9073. 

MAFT Total 15 1592843. 106190. 

Fresh Regression 2 4807958. 2403979 18.33 <.00 1" 

Fruit 30 Residual 20 2623554. 131178. 

MAFT Total 22 7431512. 337796. 

Regression 2 37712. 18856. 5.17 0.012" 
Dry 

29 105834. 3649. 
Fruit 18 Residual 

143546. 463 1. 
MAFT Total 31 

2 139524. 69762. 6.62 0.006" 
Dry Regression 

21 221425. 10544. 
Fruit 24 Residual 

23 360949. 1;693. 
MAFT Total 

293174. 146587. 10.85 <.001" 
Regression 2 

Dry 31 418816. 13510. 
Fruit 30 Residual 

33 7 11 990. 21575. 

MAFT Total 

. SS - Sum of Squares; MS 
Mean square; VR - Variance 

DF = Degrees of freed.o.m , . •• = Signi ficant at P<O.O I 
Ratio; Fpr = F_probabdlty, 
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Appendix 50. LSD (005) f 
coconut varict as inn~cncc~ t~an ~sti~lates for fruit weight of SGD 

rUlt thulnlllo 
Fresh FTO 1 • Fruit 18 FTI 2 114.0 MAFT FT2 • 3 118.3 

1 
120.3 • 

2 3 

Fresh FTO 1 • 
Fruit 24 FTI 2 124.6 
MAFT • FT2 3 124.6 130.1 • 1 2 3 
Fresh FTO 1 • 
Fruit 30 FTI 2 208.0 • MAFT FT2 3 238.2 217.1 • 

1 2 3 

Dry FTO 1 • 
Fruit 18 FTI 2 72.90 • 
MAFT FT2 3 72.90 75.25 • 

1 2 3 

Dry FTO 1 • 
Fruit 24 FTI 2 112.5 • 
MAFT FT2 3 112.5 100.7 • 

1 2 3 

Dry FTO 1 • 
Fruit 30 FTI 2 103.6 • 
MAFT FT2 3 99.7 97.1 • 

1 2 3 

MAFT = Month after fruit thinning; FTO = Control; FTI - Thinning to 10 
fruits per bunch; FT2 = Thinning to 15 fruits per bunch 
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Appendix 5 I. RegresSion anal . f h . 
by fruit thinning • YSIS 0 usk weight of SGO coconut variety as influenced 

Husk Source of OF SS 
Weight Variation 

MS VR Fpr. 

Fresh Regression 2 749332. 374666. 39.82 <.001" husk 24 Residual 13 122314. 9409. 
MAFT Total 15 871646. 58110. 

Fresh Regression 2 2417862. 1208931. 13.51 <.001" 
husk 30 Residual 20 1790198. 89510. 
MAFT Total 22 4208060. 191275. 

Dry Regression 2 12327. 6164. 5.9 0.036' 
husk 30 Residual 31 32615. 1052. 
MAFT Total 33 44942. 7216. 

OF - Degrees of freedom; SS - Sum of Squares; MS - Mean square; VR - Variance 
Ratio ; Fpr = F-probability;" = Significant at P<O.OI 

Appendix 52. Least significant predictions (5% level) for husk weight of 
SGD coconut variety as influenced bv fruit thinning 

Fresh FTO I • 
FTI 2 126.9 • husk 24 

132.5 • 
MAFT FT2 3 126.9 

I 2 3 

Fresh FTO I • • 
husk 30 FTI 2 337.0 • 
MAFT FT2 3 328.9 303.2 

I 2 3 

FTO I • Dry • 
husk 18 FTI 2 29.2 • 

H2 3 30.9 30.1 
MAFT I 2 3 

FTO I • 
Dry • 
husk 24 FTI 2 34.2 

31.2 • 
MAFT FT2 3 32.9 

2 3 
I 

HO I • 
Dry • 

FTI 2 50.2 • 
husk 30 54.7 

MAFT FT2 3 52.9 
2 3 

I 

· . o. FTO - Control; FT I - Thinning to 10 

fi . fruit thlOnlOo • b 'h MAfT - Month a tel .' IS fruits per unc 
T2 - ThlnnlOg to 

fruits per bunch; F -

204 

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

Digitized by Sam Jonah Library



Appendix 53. Regression . 
by fruit thinning ana lysIs of nut weight of SeD coconut variety as inOuenced 

Nut Source of 
Weight DF SS Variation MS VR Fpr. 

Fresh Regression 
Nut 18 2 290141 Residual 145071. 13.42 <.001" 32 346013 . MAFT Total 10813. 34 636154. 18710. 

Fresh Regression 2 128116. Nut 24 Residual 64058.1 77.84 <.001" 
MAFT 

32 10698. 822.9 Total 34 138814. 9254.3 

Fresh Regress ion 2 406943. 203472. Nut 30 Residual 32.80 <.001" 32 124062. 6203. MAFT TOlal 34 531005. 24137. 

Dry Regression 2 13353. 6677. 4.65 0.018" NUl18 Res idual 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. 

Dry Regression 2 185594. 92797. 21.88 <.001" 
Nut 30 Residual 32 131499. 4242. 
MAFT Total 34 317093 . 9609. 

OF - Degrees of freedom; SS - Sum of Squares; MS Mean square; VR Variance Ratio; 
Fpr = F-probability; " = Significant al P<O.OI 
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Appendix 54. LSD (005 
coconut va,·iety as inn· ) of Inean estilnate 
Fresh FTO jUenC~d b fruit thinnin s 

Nut 18 FTI 2 50.15 
MAH FT2 3 48.18 

Fresh 
Nut 24 
MAH 

Fresh 
Nut 30 
MAH 

Dry 
Nut 18 
MAH 

Dry 
Nut 24 
MAFT 

Dry 
Nut 30 
MAFT 

HO 
HI 
H2 

HO 
HI 
H2 

HO 
HI 
H2 

I 

I • 

2 48.58 
3 49. 18 

I 

I • 
2 45.53 
3 43 .13 

I 

I • 

2 59.18 
3 60.18 

j 

FTO * 
HI 2 80.1 3 
H2 3 79. 11 

I 

FTO I • 
HI 2 89.04 
H2 3 90.87 

j 

• 
49.88 

2 

• 
50.88 

2 

• 
42.20 

2 

• 
58.95 

2 

• 
79.29 

2 

• 
89.42 

2 

for nut weight of seo 

• 
3 

• 
3 

• 
3 

• 
3 

• 
3 

• 
3 

MAFT = Month after fruit thinning; ITO = Control; FTI = Thinning to 10 
fruits per bunch; FT2 = Thinning to 15 fruit s per bunch 
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Appendix 55. Regressio 
by fruit thinning n analYsis of shell w . 

e.ght ofSGD 
coconut var' ty . 

Shell S · .e as mnuenced 

Weight 
OUrce of 

OF 
Variation SS 

MS VR Fpr. 
Fresh Regression 
Shell 18 Residual 

2 31119. 
MAFT Total 

32 98970. 
15559. 5.03 0.013' 

34 130088 
3093. 
3826. 

Fresh RegreSSion 
Shell 24 2 8935. Residual 4467.3 41.60 MAFT Total 

13 1396. 107.4 <.00 I" 
15 10331. 688.7 

Fresh Regression 2 
Shell 30 171 84. 8592.0 Residual 20 25.35 <.001" 
MAFT Total 

6779. 338.9 
22 23963. 1089.2 

Dry Regression 2 509 254.50 Shell I 8 Residual 10.42 <0.001" 29 708 24.41 MAFT Total 31 1217 278.91 

Dry Regression 2 2640. 1319.8 6.01 0.009" Shell 24 
MAFT Residual 21 461 1. 219.6 

Total 23 7251. 3 I 5.3 

Dry Regress ion 2 24987. 12493. 11.11 <.001 ,. 
Shell 30 Residual 31 34864. 1125. 
MAFT Total 33 59851. 1814. 

OF - Degrees of freedom; SS - Sum of Squares; MS = Mean square; VR - Variance 
Ratio; Fpr = F-probability; •• = Significant at P<O.O I 
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Appendix 56. LSD (0.05 of . 
coconu t va.-iet as in fl ue; I t~a n ~sh~ates for shell weight of SeD 

CC< lu ll th/nn/no 
Fresh FTO I • Shell 18 FT I 2 14.63 MAFT FT2 • 3 15.01 14.21 • 

I 2 3 
Fresh FTO I • Shell 24 FT I 2 15.56 
MAFT • FT2 3 14.56 154.16 • I 2 3 
Fresh FTO I • 
Shell 30 FTI 2 19.74 • MAFT H2 3 20.24 18.96 • 

I 2 3 
Dry HO J • 
Shell 18 FT I 2 20.24 • 
MAFT FT2 3 18.24 19.53 • 

J 2 3 

Dry FTO I • 
Shell 24 HI 2 30.0. • 
MAFT FT2 3 28.94 29.53 • 

I 2 3 

Dry FTO J • 
She ll 30 HI 2 30.88 • 
MAFT FT2 3 31. 17 29.02 • 

J 2 3 

MAFT = Month after fru it thinn ing; FTO = Contro l; FT I= Thinning to 10 
fruits per bunch; FT2 = Thinning to 15 fruits per bUllch 
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Appendix 57. Regression anal s· f . 
by fruit thinning Y IS 0 kernel weIght ofSGD coconut variety as influenced 

Kernel Source of DF Weight Variation 
SS MS VR Fpr. 

Fresh Regression 2 30479. Kernel 18 Residual 15239. 9.05 <.001" 
32 53862. 1683. MAFT Total 34 84341. 2481. 

Fresh Regression 2 3485. 1742.6 13 .99 <.00 1"" Kernel 24 Residual 13 1619. 124.6 MAFT Total 15 5104. 340.3 

Fresh Regression 2 16948. 8473.8 21.79 <.001" Kernel 30 Residual 20 7777. 388.9 
MAFT Total 22 24725. 1123.9 

Dry Regression 2 189. 94.5 10.2 <.QOI'· 
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<O.Q I 
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Appendix 58. LSD (005) f 
• 0 mean t· 

coconut va .·iet as innuenced f •. e~ .mates for kernel weioht of SeD 
rUit tlllnn in " 

Fresh FTO I • Kernel 18 FTI 2 30.19 
MArT • FT2 3 29.55 30.94 • I 2 3 
Fresh FTO I • 
Kerne l 24 FTI 2 29.60 • MAFT FT2 3 28.60 30.25 • 

I 2 3 

Fresh FTO I • 
Kernel 30 FT! 2 20.22 • 
MAFT FT2 3 19.68 19.99 • 

/ 2 3 

Dry FTO / • 
Kernel 24 FTI 2 25 .01 • 
MAFT FT2 3 23.78 24.95 • 

J 2 3 

Dry FTO / • 
Kerne l 30 FTI 2 39.0 1 • 
MAFT FT2 3 40.78 38.95 • 

J 2 3 

MAFT = Month after fruit thinning; FTO = Control; FTI = Thinning to 10 
fruits per bunch; FT2 = Thinning to 15 fruits per bunch 
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Appendix 59. Regression analysis of ' . 
by fruit thinning uater weight ofSGD coconut variety as influenced 

Water Source of OF SS MS Weight Variation VR Fpr. 

Fresh fruit Regression 2 35926. Water 18 Residual 17963. 7.16 0.003" 32 80328. 2510. MAFT Total 34 116254. 3419. 
Fresh fruit Regression 2 43879. 21939.6 41.35 <.001" Water 24 Residual 13 6898. 530.6 MAFT Total 15 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 Rcgression 2 3337. 1668.7 13.84 <.001" Water 18 Residual 29 3496. 120.5 
MAFT Total 3 1 6833 . 220,4 

Dry fruit Regression 2 3921. 1960.7 5.56 0.012" 
Watcr 24 Residual 21 7401. 352.4 
MAFT Total 23 11323. 492.3 

Dry fruit Regression 2 22708. 11354.1 12.04 <.001" 
Watcr 30 Residual 31 29236. 943.1 
MAFT Total 33 51944. 1574.1 

OF = Degrees of fi'cedom; SS Sum of Squares; MS Mean square; VR Variance 
Ratio; Fpr = F-probability; •• = Significant at P<O.O I 
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Appendix 60. LSD (0.05 
coCon ut variet a' ) of mcan estimates ~ 

• s Influenced fruit thinn in Or water weight of SeD 
Fresh fruit FTO I • 
Water 18 FTI 2 28.31 
MAFT FT2 3 27.86 

I 

Fresh fruit FTO I • Water 24 FTI 2 29.13 MAFT FT2 3 30.83 
I 

Fresh fruit FTO I , 
Water 30 FTI 2 50.59 MAFT FT2 3 51.08 

I 

Dry fruit FTO I • 
\\iater 18 FTI 2 15.31 
MAFT FT2 3 15.86 

I 

Dry fi'uit FTO I • 
Water 24 FTI 2 25.13 
MAFT FT2 3 24.83 

I 

Dry fruit FTO I • 
Fruit 30 FTI 2 30.37 
MAFT H2 3 3134 

I 

, 
29.23 

2 

• 
3 1.97 

2 

• 
49.31 

2 

• 
15.23 

2 

• 
25.97 

2 

• 
30.66 

2 

• 
3 

• 
3 

• 
3 

, 
3 

, 
3 

, 
3 

MAFT Month after fruit thinning; FTO = Control; FTI - Thinning to 10 
fruits per bunch; FT2 = Thinning to 15 fruits per bunch 

Appendix 6/. Regression analysis of crude protein content of SeD coconut variety as 
in fluenced by fruit thinning 

Crude 
Protein 

Crude 
Protein 30 
MAFT 

Source of 
Variation 

Regression 
Residual 
Total 

OF 

2 
6 
8 

SS 

2.5203 
0.2841 
2.8044 

MS 

1.26013 
0.04736 
0.35055 

VR 

26.61 

Fpr. 

0.001" 

d . SS Sum of Squares' MS - Mean square; VR = Variance OF = Degrees of free om, ' 
Ratio; Fpr = F-probability; •• = Significant at P<O.OI 
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Appendix 62. LSD (0.05) of mean est' 
SGD coconut variety as influen ., f ' ~late.s f~ r crude protein content of 

- ceu rU lt thlllnmg 

Crude FTO 
Protein 30 FT I 
MAFT FT2 

I • 
2 0.4348 
3 0.4348 

I 

• 
0.4349 

2 

M~F~ Month after fruit thi nni ng; FTO No fruit th inning' FTI = 
Thonnmg to 10 fruits per bunch; FT2 = Thinning to 15 fruit;'per bunch 

• 
3 

Appendix 63 Regression analysis of ascorbic acid (Vitamin C) content of SGD coconut 
variety as influenced by fl'uit 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 0.337 1 0.05618 
MAFT Total 8 1.58 19 0.19774 

DF = Degrees of freedom ; SS - Sum of Squares; MS = Mean square; VR Variance 
Ratio ; Fpr = F-probability; **= Significant at P<O.OI 

A d · 64 LSD (0 05) of mean estimates fo r ascorbic acid (Vitamin C) pren IX.· . h' . 
content of SGD coconut variety as influenced frU It I "'mng 

Ascorbic 
Acid 30 
MAFT 

FTO I 
FTI 2 
FT2 3 

• 
0.4735 

· 0.4735 
I 

• 
0.4736 

2 
• 
3 

. . . . FTO = Control ; FTI - Thinning to 10 
MAFT - Month after frull thlllmng, . b h 

. b h' FT2 = Thinning to 15 fru Its per unc frUits per unc , 
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