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| ABSTRACT

' Cocoa pod husks (CPH) disposal constitutes a serious problem in cocoa farms and cocoa
processing areas. In its raw or processed fonn, CPH has the potential to be used as organic
festilizer but few studics have been conducted in Nigeria. This study was designed to deternune
the peiceplions and practices of cocoa farmeis regarding the disposal of CPH as well as its

utilization of CPH as organic fertilizcr to 1aise cocoa seedlings in nutseries.

In the expeiimental component, composile was nade using CPH onjy and 1:i v/v of CPH and
Goat dung (GD) to mixture by weight, Raw CPli was allowed to decompose naturally,
Exhnusted soil devoid of any amendment was uscd as control. The three composite were
monitored for 54 doys and were used for cocoa scedling production using 25, 50, 100 and 200 kg
ha™! application sates with four replicates each for §0 weeks. A stratificd randorn sampling using
propotlioan§ allocation based on the number of cocoa farmers in the 36 farn setilements in Ado-
Ekit; was done (o sclect 400 cocoa farmers that wete interviewed with the aid of a questionnaire,

Desciiptive sintistics were used (o analyse the data generated.

The composted CPH only, showed that it contained 4.9%Nilrogen. 0.6%Phosphorous,
3.6%Potassium, 33.3%Carbon and [7.0% moisture while the uncomposted CPH conmined
2.7%Niuogen. 0.19sPhosphorous, 3.0%Potassium, 31.8%Carbon and 11.7% ash content
indicating that composting cnhancod Nitrogen, Phosphorous, Potassium and Carbon conlents.
However, composted CPH+GD (i:i v/v) contained 5.9%Niwogen, 0.5%Phosphorous,
4.1%Potassium and 22.0% moisture, Composting thus improved Corbon. Nitrogen. Potassium
and moisture conicats as compored (o composied CPH only and uncomposicd CPH (control).
The effects of composted CPH+GD (1:1 v/v), composicd CPH only and uncomposied CPH on
the plant height (16.1cm, 7.5em and 9.5cm), stem girth (2.6cm, 1.6cm and 1 .4cm) and number of
feaves (10.5, 5.9 ard 5.6) of the planted cocoa seadliogs at the tenth week after planting showed
that composted CPH+GD (1:§ v/v) avedium was highest and significantly different (P<0.05) from
those gown on composted CPi only and uncomposted CPH. Application rate of 200 kg ha
supporied the highest plant height (15.5am), siem gitth (3.1cm) and number of leaves (11.0) of
eosea cdlings than the lower rates, which weie not significantly different from themselves, All
the participants submitted (o leaving CPH in hesps afler extracting the cocoa beans. About 93 0%
believed that this practce could promoig black pod discase while olhers (7.0%) belicved that the
bespn ooly occupy space in their plantations, Participants reportedly used CP11 for soap making
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(38.3%) and micdicinal puiposes (61 .8%).

The perfonnancc ol the seedlings raised on composted CPIH+GD (1:1 v/v) suggests ils potcntind

as a good organic fertilizer for cocoa nursery. However, farmers have limited knowledge about
its use as a fertilizer,

Keywords:  Cocoa pod husk, Goal dung, Composting, Cocoa fanucrs and Cocoa seedlings.

Wori] count: 430
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CHAPTER ONE
INTRODUCTION

Theobroma cacao is an impartant tropical rain forest species 1hat is grown for its oil rich secd
to produce cocoa and cocoa butler, The cocoa pod is composed of aboul 42% beans, 2%
mucilpge and 56% pod busk (Oladokun, 1995). By-pioducts of cocoa include pod husks, shell

and sweating. Better cocoa production will cettainly be enhanced if cconomic use is made of

the by products. Opeke (1992) reported that cocoa farmess will camn o litile more for theie
| labour if these by-products arc pul into utmost use. Presently, pod husks constitule a waslc
product in thc cocoa industry and a serious disposs] probleat. They become a significant

source of diseasc inoculums wben used as mulch inside the plantation.

Cocoa pod husk (CTH) is the pericasp poition of the cocoa fruil and in 75 % of the whole
{ruit on fiesh weight basis (Fagbenro, §992). Millions of tonncs of CPH arc produced as farm
wastc across lhe Wesl Alrican sub-region anmsially (Sobamiwa, 1998). A wide array of
investigalions in Nigerio and Ghnna has indicated the potential usefulness of CPY in
livestock fceds (Sobamiwa, 1997). Tresh or dricd CP'l may be used as livestiock feed, but
thecobromine content (Ca 0.4%) restncls the propoition thal can be coasumed and its use has
been limited. Although acceplobility by enimals is satisfacloty, digestibility is considcred
poor and depends on processing CPLI (Adomako, 1972). Low digestibility of polysaccharides
sostricts the use of CPPH for mcthanc production in biodigestor (Lopez ¢f al, 1985). Reporls

indicate thal pod meal can constitute 20 % of ration of poully, 30 to SO percent for pigs, and

30 percent for sheep, goais and daity caitle, bug these valucs may be teo high (Weod and

:.ass, 1985).

Cocoa pod husks contain 3 (0 4 percenl potossium on a diy basis (\Weod and Lass, 1985). Mod
husk ash which is gonen (rom buming CPH, has been used 1o make soap in Ghana and
Nigeriac (Oduwolc ond Arucya, 1990; Arucys, 1991). According to the informution avoilable
on www zchosofal,com., Nigeria produces aboul 6% of cocoa currently produced in the
world over. Cocoa pod husk, which is thc major agricullural waste of the cocoa industry, has
becn found 10 be unusually rich in polossium and can conslitute a viable source of polash
production (Douglas, 2006; Adcoye ¢/ al, 2001). Motash has a wide range of industria) uses,

somc of which nre for the production of other potassium salts, dehydrmting agents, ferilizer
KCL)and soON
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The importance of potassium in plants. animals and humans, nceds no cmphasis. Potassium is
referred to as the “Plant prefesred™ ion for maintaining the water content and henoe the
rigidity of each ccll, a biophysical tole. A large concentration of potassium in the cell sap
creaes conditions that permit waler lo difTuse inte the ccell through the porous ccll wall. A
rapidly growing ccread crop will 1ake as much as 0kg K per hecuare per day and sugar beet
cven more up 1o 8kg per heclare per day. (I this rale ol uptake is 10 be maintained, the
potassium in the soil solution has 1o be replenished quickly which is only possible il the soil

conlains sufficicn! rescrve of potassium.

Most of thesc resceves have accumuloicd from past application of fertilizers and manures and
they must be mainiained by applying feriliace or monures containing poinssium. The claim of
Wood ond Lass (1985), about CPH containing 3 to 4 % potassium is supporicd by the fact
that crops grown ncar 1o where CPH had been dumped perfonmicd unusually well. It is on this

basis that this study hopcs 10 assess the management of CPil nnd develop o recycling method

for its use in Aghiculturc.

1.1 {"roblem Stolcment

Cocoan pod husks have been repoitedly put into use by severul studies but there is an urgent
necd to put it into an casily practiced use because of ils vast avoilability locally. Smith (1989)
icporicd thot thicre is aboul ! million tonncs of dried CPH that are produced unnually in
Nigciia Even though an sppreciable percentage of these pod Inisks have been found to be
used for fecding ruminants, the remaining percentage must be cgually put into use 1o avert the

imminent black pod discase il causcs when lefl on the plantation unaliended to.

.2  Justilication

EXiti Siate is known o be onc of the lcading cocon producing sistes out of the fourtcen stales
known for cocon production in Nigcria. Oladokun (1995) reposted that Ondo Stetc (Ekiti
State inclusive then) produces about 70% of the cocoa production in Nigcrin nnd that largely
peasant fmmers grow this Cocon pod husks ore normally Icfl on the cocoa plantations after
the collection of cocon beans in it. Cocoa fanners arc loosing the rich nuuicnis in the CPII
thiougl: this practice. Nigerin depends on the impostation of potassium end spends o wholc lot
of moncy doing this, This study will go a long way in addressing how tonnes of CPH (it are

annually by cocos {armcry can be recycled and managed to improve soil fentility
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1.3 Objectives

The generad objeclive of this study is to ussess the monagement of cocon pod husk ond
devclop recycling mcthods for its use in Agsiculiure.

The specific objectives of this study are to,

Assess the pereeptions mud practices of cocos farmices concering CPI,
. Detennine the pliysicachemient propertics of processed CI°1
.  Develop composting systcms of CI’il slone and CPIE with an additionn! orgunic
wiste rich in nitrogen,

Iy,

Determine e physicochemicnl properties of the compost derived.

Assess the growlh of cocoa secdlings o n difTerent composts mude from CI’H only
or will other amendments,
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CHAPTER TWO
LITERATURE REVIEW

2.1 Bricl History of Cocoa
Cacao, or cocoa is an ancient crop having been harvested and used by the indigenous people

of Cenural and South America for thousends of ycars. Cocoa was introduced to Europe duting
the 16"™ Centuty. Between 1825 and 1828 technology to separate the cocoa butter from the
dried beans was developed, which Jed to nanufacture of solid chocolate. The invention of

milk — chocolate by the Swiss in 1876 lcd 10 the wortdwide multi-billion-dollar chocolate
pracessing indusuty (Cranc ef @i, 2008).

The scientific name of cocoa is known as Theobroma cacao. There prc two distinct types of
cocoa, Ctiollo rypes (cocoa dulce) that was developed in the notth of ihe Panoma isthmus and
forastero (cocoa amargo which originated in the Amozon basin. Ciicilo types were cultivated
by the indigenous people of Central and South America and were the type Europeans were
first cxposed to. Commcreial production commenced in Brazil using the Forasicro types,
mainly a unifom type called Amclonsdo. Poth (ypes were distributed throughout the
Caribbenn, where they hybridized in Trinidad, creating a distinct hybiid called Teinitaro.
Spanish cxplorcs 100k cocoa 1o the Philippines whert it spread throughout Southeast Asia,

Indiu and Ceylon Amelonndo cocoa vas laken to West Altica (Crane ¢f i, 2008).

2.2 Description of the plant

Cocon is snwll 10 mediurn sized ee (7.6 -9.lm) with (esw branches under tropical
cnvironments. (caves are found towiird the cods of the bronches. Leaves are simple with a
long petiole, which has a swelling gt eacb end called o pulvinus. 'The pulvinus allows the leaf
0 swivcl to catch sunlight. Lcaves arc lanceolate, bright green, ond 1o 24 inches (61cm) long
by + inches (10cm) widc. Young leaves have n pinkish red colour. They tum green as they

mature, As the plant grows, ncw leaves, older ones may drop.

Cocoa flowers and [tuits on the older branches and trunk {callcd caulillorous floweting). One
lo five flowers arise (rom & special tissue along the Icafless pasts of the stem. called the
cushion. Flowers ate sinall, with five peial and scpals and ten stamens They are
hetnsaphroditic. Thie it is collcd a pod (technically it is a drupe), and the time from Aower
llinarfon io (ully developed pod takes five to seven months or more. The pod has o thick
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peel (pericarp) and may be four to thirteva inches (10-33 cm) loog 1t may be cylindrical to
round shaped with longitudinal 1ibs. The pod may be green or green-white, tuming ycllow
upon ripening. or it may be red and develop some ycllow colour upon opening, The pods are
very attractive from an omamental standpoint Pods contain 20 to 60 seeds. Seeds aie covered
with white, piokish or browaish, subacid mucilage 1hat is sweet Seeds may be cxvracted and
the muctlage suirounding the seed coasumced. The sceds are processed to make chocolate.

Scedling cocon bas o tap root that may cxicnd several feet in decp soils. [o addition,
secondary shallow [ibrous, roots radiatc latctally from the ttunk. These roots are ilic major
roots for walcr and nutricnt absorption. Crawling and lying ioscets pollinate Cocoa Some
cocoan types and vanctics arc self incompstible, requiting cross-pollination with a compatiblc
varicly. The Amclonado varicty is fully sclf-<comgatible (Cranc e af, 2005). Cocoa cvolved as
an undestroyesf shade tice in hot, humid 1ropical 1ainforest arcas dominsted by cloudiness and
with well disttibuted minfall and a shoit diy period. Optimwn 1emperoturcs for cocoa giowth
range from 65 to 90° F (18°-32°C). Temperaturcs below 50°F (10°C) may damage or kill the
plant and temperaturcs in cxcess of %°F (32°C) may limi1 plamt gowth. Flowering only
occurs when temperatures arc at or above 68°F (20°C). Cocoa 10quizes access to soil moisture
(waicr) ncarly ycor round and thus bencfit from regular watcring duting diy periods. Drought
stress beads to Icaf and (tower dtop and pocr fruit production.

Cocoa is a shade loving plant and grows best with about 25% shides. [1 may be planted under
the canopics of tall over hanging trees or next to building ot sttuctures. {lowever, cocon
planted in deep shade 1ends io be spindly and non-productive. Cocoa does not tolceate windy

conditions and should G planted in only wind-protected arcas (Crance ¢/ af, 2008).

23 Uses of Cocoa

Cocoa sceds arc the source of commercial cocoa, chocolate end cocon butter. Fermenied
sceds arc roesicd, cracked and ground o give a powdcly mass from which fal is cxpressed.
This is the cocoa from which a populur bevcrage is pregsared. In thie preparation of chocolatc,
this mass 1s mixed with sugar. flavouring and cxtta cocoan lat. Milk chocolate incoiporates
milk as well. Cocoa butter is uscd in confcctionaries and in manufacture of tobacco, soap and
cosuctics, Cocon butier has been described as the world's most expensive {at, used rather

exiansively in the cmollient “bullets™ used for hemorrhoids (Duke, 1983).
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24  Folk Mediciae of Cocoa
Cocoa has been reported to be antiseptic, diurclic, ccbolic, cmmenagoguc, and paasitic
pesticide. Cocoa is a folk medicine for alopecia, bums, cough, dry lips, cyes, fover,

listlessness, malasia, nephrosis, parturition, pregnancy, rhcumatism, snakebite and wounds

(Duke and Wain, 198t). Cocoa buticr is applicd o wrinkles in the hope of correcting them
(Lcung. 1980).

2S5 Chemistry of Cocoa

A 100g content of the sced i sicpoiicd lo contain 456 calorics, 3.6g Hi0, 12.0g Piotein, 46.3g
fat, 34.7g lotal carbohydrate, 8.6g fiber. 3.4g ash, 106mg Ca, 537mg }* 3.6mp Cc, 30Ng B-

carolenc cquivalenl, 0.17mg thiamine, 0.14mg riboflavia, 1.7mg niacin, sad Img ascorbic
acid (Duke, 1983),

According 10 Duke (1983), the cdible pulp of the fruit contains 79.7-88.5% water, 0.5-0.7%
albuminoids, astnngents, cic; 8.3-13.1% pglucose, 0.40.9% sucrose, o troce of swarch, 0.2-
0.4% non-volatile acids (as tanarnc), 0.03% fcz0; and 0.4% mincial saits (K, Na, Co, Mp).
The shell contains 11.0% moisture, 3.0% fol, 13.5% protcin, 16.5% crude fiber, 9.0% tannins,
6.0% pcntlosans, 6.5% ash and 0.75% theobromine. Raw seeds contain (mg/100g) 0.24

thiamine, 0.4 ] riboftavin, 0.09 pyridoxine, 2.1 nicotinamide, and 1.35 pantothcnic acid.

The component {atty acids of cocoa bulter a1e 26.2% palmilic and lower acids, 34.4% slearic
and higher acids, 37.3% olcic acid, 2.1% linolcic and Gaccs of isolcic. In gf100g, the
individual amino ocids in the watcr soluble fractions of unfermenicd and fermenicd beans are
lysinc 0.08, 056; histidinc 0.08, 0.04; argininc 0.08,0.03, thrconine 0.14,0.84; sceine 0.88, 199;
glutamijc acid 1.62, 1.77; proline 0.72,1.97; glycine 0.09, 0.35; alaninc 1.04, 3.64; valinc 0.57,
2.60; isoleucine 0.56, 1.68; lcucine 0.4S, 4.7S; tyrosinc 0.57, §.27: ond phenylalanine 0.56-
3.366 g/100g (Duke, 1983). Unfcrmented and fennented beans contain P-hydroxy benzoic
ocid, vanillic acid, pcoumaric acid, fcrulic acid and syringic acid, while the {ermented beans
also contain protocelcchuic; phenylacetic, phlorstic acid and the lactone csculetin and 0-and

p-hydsoxylphenyl acids,

(hocolate is ponticulasly high in phenylehlylamine, perhaps serving as medication.
Theophyllinc is a potent CNS and cacdiovascular stimulant with diurclic and bronchiol

th musclc rclaxant propertics, This drug was proven cffective in preventing and (reating

AFRICAN DIGITAL HEALFH REPOSITOR\i :OE:E h“ u‘“ ‘J ERE\TT L IHF j p \




apnea in premahine infancy. Cocoa contains over 300 volatile compounds, including esiars,
hydrocarbons lactones, monocarbonyls, pyrazines, pyrroles, and othets, The important

flavour components are aliphatic csters, polyphcnols, unsatuiated aromatic casbonyls,

pytazines, dikctopiperazines and theobrominc (Duke |983).

Cocoa hulter contains mainly uiglycerides of fatly acids that consist pnmarily of oleic, stearic
and palmitic acids. Over 73% of the glycciides arc prescnt as monounsaturated forms
(olcpalmstosteann and olcodisicarin), the remaining being mostly diunsorurated glycerides
(palmtodiolcin and stcaiodiolcin), with lessce amounts of {illy satursted and viucsatarated
(tziolein glyccrides). Linolcic acid has been repotted 1o be up to 4.1%. Also prescti in cocoa
butter arc smoll amounts of sicrols and mcthylsicrols; sterols consist mainiy of B-sitosterol,
stipmasicrol and campesicrol, with a small quantity of cholesterol. 1n addition to alkaloids
(moinly thcobrominc), tonoins, and other constituents, cocoa pod busk contains a pigiment
that is a polyflavonc glycosidc with a molecular weight of over 1500, This pigment is heat

and light resistant, highly stable atpH 2 to 1t and useful &s & fuod colourant; it was isolnted
ala 7.9% yield (Lcung, 1980).

2.6  By-I’roducts of Theobroma cacaa
Severa) comincrciol products asc obisinahle from cocoa sceds which are actively iraded
internationnlly (Green wood — Barion. 1965). Onc strategy (0 increase income for cocoa

growers is to identify and coramenvialize new products and by-producis. Some of the by-

products ol cocoi that could be uselul and increase the income ol cocoa farmers asc discusscd
below;

26.1 Cocoa Pulp
Cocoa se2ds are suffounded by nn womatic pulp which nrises from thc socod lcguments
(technically an arit). The mucilaginous pulp is composed of spongy parcnchymatous cell

containing cell sap rich in sugms (10 1o 13%), pentosans (2 to 2%), citric acid () to 2%), and
salis (8 10 10%) (Lopcz 1986).

Dwing on-form processing of cocoa seed (the expurtable product) the pulp is removed by
fermentalion ond is hydmlyzed by microorganisms. tlydrolyzed pulp is known in the industry

“Swenating™ During fcrmeniotion, G pulp provides the suhstmic [ur  various
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mictoorganisms which are essential to thc development of chocolate avour precuisors.
which arc fully cxpressed later, duning the oasupg process. Fermentation thought w0 be

simply an casy way (o removc the pulp to facilitatc diying, bult its importance to cocoa quality
has been well established (Lopez, 1986).

The schedules for fermceniation vary according o location and season, chamber size, depth of
sced layer, and physica) tuming of the sced. Although pulp is neceseary for feninentalion,
oftcn more pulp occurs than is nceded. Excess pulp, which has a delightful tropical flavour
has been used to produce the following producis: cocoa jelly, alcohol, vinegar and processed
pulp. Approximalcly 40 litresof pulp can be obtained from 800kg of wet seeds. Cocoa jelly is
produced by cooking fresh pulp mixed with sugar a the mte of 300 to 600g to one litre pulp.
The pulp contains aboul 1% pectin {Wood ond Lass, 1985). The Jclly has a fruit — acid

flavour and is a popular dclicacy in Baha, Brazil .

By controllcd fermeatation and distillation, swealing can be made into an alcoholic spirit with
43 % cthanol. Alcohol produced can be further fermconted by Acvtobacrer specie to produce
acctic acid, bui vinegar is nol yet a commcrecial product (Samsiah ¢t af, 1991). Cocon
swealing has been shown 1o be 8 suitable substruic for fermeniation of coconut water by

[cetobacter uciti subspecies Xylinum. Nota is processed to ap agar-like product, packed 1n

syrsp and is consumed os a desert in Asia

The pulp can be consumed from in the form of juices and “Shakes™. In small sialls, sceds
with pulp arc cxtiscted trom individua) pods and placed, as ordercd, in @ modificd [ood
blender in which @ mewl disc with holes instead of blades. Milk or watcr is added and afler o
few scconds of blending the contents arc poured through a straaner, producing o frothy,
delicious. refreshing bevcrage. Enough pulp is usually et on the secd for normal
fermentition, but pulp less sceds can also be added 1o intaet sced o complele fernentation.
Pulp can be preserved by (reczing and used for icc-cream, yoghurt flavouring, and juice
concentrales. Decause of the cxpense of the freezing process, cocon pulp has not been
marketcd outside Bahia. It is belicved that this product could have large scalc acceplance and

can be rccommended for markelt studics in temperate countries (Figuciie ef al, 1994),

Extraction of pulp docs not interferc with subscquent sced fermentation, and reduction of

Jp before fermentation may be bencficial 1o cocon quality (Schwan and Lopez 1988) In
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Brazil, sced quality is improwed by the removal of pulp in order to reduce acidity'
Commercinal decupling machines of various sizcs have been development based on a
revolving cylinder, which rtmoves about 60% of the pulp and docs not injure the seeds
Batna alone produces about 300,000 tonnes of dry cocoa sceds. Cach ton of dry sceds
represents 300,000 tones of pulp of which 60% will be needed for fermentalion leaving aa
cxcess of percentage will be nceded for fermenintion, [eaving an excess of 120,000. If only

10% of this quantity would be utilized in Bahsa alonc, there would be sufticient raw product
available to produce 12,000 tonncs of pulp (Figucicra et al, 1994).

2.6.2 Cocoa Pod liusks

Cach ton of dry sceds rcpresents about 10 1oones of husk (fresh weight). At the present time,
pod husks are a wastc product of the cocoa industsy and present o scrious disposal problem
(Figucima ef al, 1994). Cocoa pod husks have been put into severa! uses in the past and in the

present. Majority of the studies done, published and unpublished on CPH would be discussed
herein.

2,7  Uscs of Cocoa {’0d Husks

2.7.1 Soap Muking

Cocoo pod husks contain 3 to 4% potassium on o dry basis (Wood and Lass. 1985; Adeoye ¢/
al., 2001). Pod husk ash has becn uscd 10 make soap in Ghona and Nigerin (Oduwole and
Arucya, 1990; Arueya. 1991). Black soop is known &s Anago soap or Alata soep in Ghana,
and as Osc Dudu in Nigerin., Black soap is made {rom roosied cocoa (chocolate) pods,
plantain skuts® ashes mixed with palm oil. Black soap hos been used for centuries in countries
like Ghana and Nigena [ts methods and scerels have been passed down from gencrition 10
gencralion lo keep thc soap close to Mother nalure and avoid cxploitation and limitalions.
This African Black soap is not the mass produced African black soap in boxcs all over the
markel {FR Web, 2006).

The truditional black soap which contains mainly waler, eocoa pod ashes, planuin skins'

nshes and polm oil is made by siripping tiny coconuis from the oily husk. The oil {illed husks

we packed into a hand press which has a centre with a huge threuded shall. The heavy stecl
top 10 the press 1s then put in place aad musclc power forees Uhic orange poalm oil from the

fiber_‘The purc palm oil gotten is used in cooking and making of the soap. The palm oil and
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cocoa pod ashes is cooked and stipped. Soap is then foimed foaming to the surface and latcr
scooped off and place on a cooling table (PR Web, 2006).

2.7.2 Cocou Pipment

A cocoa pod husk extact called cocoa pigment, which is a mixture of condcnsed or

polymesized flavonoids (such as anthocyanidins, catechins, icukoanthy cyanidin), sometumes
linked with glucose, has been utilized in Japanese food induswies Recently, this extract has
been sbown to inhibit cytopathic effects of HiV in cell culture (Unten er af, 1991). The anti-

IV activity was atiributablc to interference with the vitus absoiption, rather than inhibition

of the virus replication afier adsoiption.

2.7.3 Cocoa I’od Gum

Lysigcnous cavitics (illed with mucilaginous subsiances oocur in roots (Primary and
sccondaty lissucs), siems primary and secondory lissues) flowers and leaves (pctioles,
stipules, pulvni, palisudc laycr and midtib) of cocoa {Brocks and Guard §952) indicated 1he

peesence of large amounts of gums in cocoa lissues as well as fruit husks (Figucira ¢ al,
1994).

Gum [rom cocon pod husk contains 2 — 1% prolein ofter tresiment with o cation exchange
resin, indicaling that they were protein — polysacchorides (Figucira ¢/ of 1994). They
rcporicd that gums from cocor pod husk contained galaclose, glucose, rliamnose, nrabinosc,
xylose, galociosc ocid and glucose oeid. According to Figucicm ¢ af (1994) gum can be
obtained ftom cocoa pad husk hy sun drying and boiling twice freshly collected samples in
70% cthanol (100 -- 120g wt/]) for 30 minutes for depigmentation, then exitacted twice with
70% hot mcthanol (30 minutes ond 10 minutes respectively). The temaining tissues were
diicd bricfly, homogeniast in distilled watcr, and centtifuged at 1500g for 30 minutes. The
supcmatant was then concenirated and gum was precipitated with 3 voluwines of 95% cthanol
and collected by centrifugation for 30 minutes at 4200g. The pellet was redissolved in water
and freeze dried. Statistically, gum from cocoa pod husk gave the comparable viscosity as
gum Karaya o1 5% concenlration. Both gums, however, gave o pscudoplatic behaviour and
gove an gverage of 72% Centipoise and 8.4 Centipoise respectively at 5% of concentration

i with conc number CP 40 a1 the shear ratc of 45.0 sec™ in room tempemtuse,
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In terms of calorie value, gum fiom cocod pod busk gave a lower value compared o gum
Kmaya at P=0.05, Calorie value o f gum from cocoa pod husk was recorded as 2.6065Kcalg
and 3.6896 Kcal/g for gum Karaya by ISOPERIBOL Calotimcicr model PARR 1261. Gum
Karaya, once an impottant gum has been used as an emulsificr, stabilizer and viscosificr for
food products and as a lixalive/adhesive in pharmaceutical industry. 1n rcscot years, gum
Kaiaya has become relatively expensive duc 10 tapping restriclions in india (Andcrson e/ af,

1982; Figucira ¢f @/, 1994). Thus, a subsiitutc gum would be of interest and gum from cocoa

pod busks might serve as o replacement and provide an additional source of reveal 10 the
cocoa indusly.

Krishaa and Subba-Rao (1976, 1978, and 1980) also isolated gums from the seed pulp.
Polysaccharides of cocoa were fust charactetized by Whistler er af (1956), who found
differcaces in hot-watcr-soluble polysaccharides between seed and pod husks. Blakemore ef
al (1966) examincd the hot walcr soluble fraction of husk polyssscharide and concluded that
the mpjor part of this froction was a pectic material. Cocos pod husks were examined as a
sourcc of pect:n by mild acid cxtraction by Adomako (1972) and Berbert (1972) or cilzus
pectin in gel-forming ability. Krishna and Subba-Rao (1978, 1980) found that gums from
sccd pulp were cffective in low concentration #s a binder for phaimaceutical pills, and
reported thor suspending propetties were superior (0 tiagacanth, sodium alginatc, Sodium,

carboxy —methyl cellulose and methyi oellulose.

Gum kaiaya produced from various Stercufia species mainly S. urens has been used in the
food and medical indusuy, but its used has diminished because its supply is variable and
unrcliable. Figuclia e af, (1994) have chamctcrized cocoa gums from pod husks and stems to
cvaluale their poicntial as a replacement for gum Karaya or as a new commcrcial product.
Their results indicated thit an average yield of 1.5% of fresh weight and 8.4% diry weight for
stem gum, and 0,7% of fresh weight and 8.7% dry weight for pod gum Cocea pod gum was
closer in composition 10 gum Karaya than siem gum (Table 2.1). Both cocoa gums contained
the same monosacclaride as gum Karaya but with the additior of asobinose and with higher

proportions of dwmnose. The major component of stem gum was glucose, not found in other

iwo gums and also contained mote glucuronic acid-
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2.7.4 Unlzation of Cocoa Pod Jlusk in Livestock F eeds

The use of cocoa pod husk in livestock feeds i1n Nigeria came into focus in the mid-seventies
when the Cocoa Research Institute of Nigeria (CRIN), 1badao begnan collaborative studies
with the Department of Animal Scicnce, Obafemi Awolowo Universily, lle-1fe Reports in
the literature indicated that similar invesligalions on and in the use of CPH in livestock
rations, began about the same time in Ghano The use of CPH in livestock feeds has been
extensively siudied ond cxpectedly, these studies ave been iestiicled © the cocan producing

regions of the world panticularly in West Aftica and tropical Cential and South Amcnica.
Nigena, Ghana, Bran! and Costa Rica have featured prominently.

Cocoa pod husk feeding has cul across a wide range of animals; sheep (Devendre 1977):
Oichere ¢ af (1983); Chicks (Adeyanju et af; 1977; Olubamiwa aml Longe, 1999); Growing
rabbits (Oduguwa e/ af, 1999); Growing Pullets (Sobomiwa and Akinwale, 1999); Ruminants

(Smith 1984); Smith ondd Adcgbole, 1985; Smith e7 wl, 1988; Adecyanju ef af, 1977); Growing
Japanese quails (Olubamiwa ¢t af, 1999) etc.

e
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Table 2.1. Companson of Sugar in cocoa gum and gum karaya

=

2 2

v = 2

Gum sousce § § § . u g- c
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Gum karaya 1.6 0.0 1.0 0.1 0.0 0.0 1.3 0.6

Cocoa sicm gum 20 14 [.0 28 0.0 0.0 1.t 1.4
Cocoa pod gum

Figucira ef ol (1992) 2.4 2.1 1.0 0.] 0.1 0.0 £.] 0.6

Whistler ¢¢ af (1956) 1.0 0.3 1.0 0.0 0.0 0.3 0.0 0.0

Blakemorc et af (1966) 0.4 0.2 1.0 0.4 Trace 0.3 1.3 00

Adamoko (1972) 0.6 04 1.0 Tmce 0.3 0.0 13.4 0.0

Source: Fipucira ef af, /994
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Olubamiwa and Longe (1999) reported the cvaluation of the oplimal biological and
cconomical level of cocoa husk inclusion in production diets for boiler staster. They prepared
scven isonittogenous rations including the control. The test dicls were prepared in forms of
mash, crumbled pellets and 2.5% palm oil supplemented mash, each contmning 10 and 15%
cocoa pod husk. The inclusion of CPIT into the control (mash) dict was lasgely at the ¢ xpenae
of maize. A total of 140, 7-day old Hypeco broiler chicks were selected as the middle weight
range (82+2g/dict) from a balch of 200 Lo cul down on cxperimental ertor since the birds
were mixed scx. They were andomly divided among [4 baltery brooder pens. Duplicate

groups wcre then assigned 1o each of the 7 dict reaiments in a completely randomiacd design
and fed \he respective diets for theee weeks.

I The summary of the results of biotogical and economic performance of cxperimental chicks
is shown in Table 2.2. I was obscrved thal weight gain and feed clliciency were similar on
the conlrol of 10 Cocoa pod husk dicts (CPHDs) but lower on 1S CPHDs. This observalion
indicaled that the oplimal biological level of CPH in boiler stuter dicis is 10%. This agrees
with 1the previous reponts on the performance of boiler chicks on CPHl bascd dicts (Adcyanju
et al, 1977; Awusbene e al; 1985; Sobamiwz and Longe 1998) which was linked to 1he
combinalion of lower ME and high Cbre contcat of CPll. This arose from diclary every
dilution (Such as occuried when CPH! replaces maize) which icduces broiler performance
(Lot ¢t af 1992; Bockholt ¢ af: 1994) and the fact thal the growing chick is exiremcly
sensilive to the presence of diclary tibre (Graham and Aman, 1987). Although feed cosi/kg
fced was least in the 15 CPFHDs; feed intake was high while bird growth was retarded with
corresponding low rctum. Besed on tie results of biological and cconomical ciliciencies of
the experimenta! dicl (Toblc 2.2) the optima! Ievel of CPI in broiler started dicts is 10%.
Montality was nil on al! group and tibia ash conlent (an indircct method of assessing leg

bones strength) did not differ on the diets. These data give further indications that the 10%

coced pod husk dicls are simifar to the contiol,
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Table2.2. Biological and economic performance of experimental chicks

Weeks after feeding
3 4 5 6 7 SEM
eight gain 4785 1470 2 47900 3825b 3284 Db 3663b 124

codnuake (BBid) 110600 114020 H09L0aD  9i3c  10ZObe  o750c 23

ocd ¢[Ticiency 2) be 26b 23 be 25b 3in r & 09
digestibility 78.0b 756 977¢ 20c 6804 TM2cd 0
%S DM)
Nrcentlon (% DM)  78.5b 702¢ 80.1 b 20c  70.lc 71.5¢ 0l
* retention (% DM) 8794 85.5¢  387a 8858  B40bc X 0.7 |
Sdominal fat 19ab 13ab I3 1.0 be 0.3c 08¢ 0. ;
% body weight)
Tibi ash (%) 185 50.4 50.8 507 s0s 456 A l
\Gross revenue Wibid 69,9 s3.1 684 $49 %t 510 -
Brid mortalry (%) 0.0 0.0 0.0 0.0 00 00 0.0

Source: Olubamiwa and Longe, 1999

Mecans in the somce row with different iciters diffcr significantly (P<0.05).
key

. Dict 2 = 10% cocoa pod husk (CPI3)

+ Dict3 = (0% CPII

. Dict 4 = 10% CP1I +2.5% paim oil mash
Diet 5 =15% CPH mash

Die1 6 =15% CPM

Diet 7 =(5% CPH + 2.5% palm oil mash,

L W —
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Tuah e al (1999) reponied the effects of levels of CPH and NaOH — treated com cob on the
reproductive performance of Djollonke sheep in Ghana, Fifty gimmers of the Djallonke brced
of sheep ranging in body weight from $ to 13 kg were allocsted to five diets conteining
respectively, 0,150, 300, 450 and 600 g kg CPH for 150 days. Afier the 150 day individual
feeding phasc, their was no significant cffect on the reproductive paromciers leogth averaged
17-2£0.44 days ard pcak progesicrone level (8.0:0.84 nmol/L) was attaincd on day 14 of the
cycle Progcesterone profiles during pregnancy were similar for oll animals iae=pective of

dictary ttcatment reaching a peak between days 12 and 119 (18.2-23.3 amol/L) becoming
negligible by day 154 (Tunoh ¢t al 1999).

Replacement value of cocoa husk mcal for maize in dicts of growing pullets was studied by
Sotamiwa and Akinwale (1999). la the study, 108 1co-week old Nera pullets were allocsted
in Uiplicaics in 0 completely randomized design to four isonitrogenous diclary trealments.
The treatmenis were cqualized for weight ot the averspe of 0.7kg body weight per bird. The
rations included the control dict (CD), and 100, 150 and 200g kg'* cocoa pod husk meal diets
in which cocon pod husk meal rcplaccd maizs, The four dicts were fed (o birds up to 20
weeks of age. Therefore, all groups wese switched 10 a common 18% crude protein com-soya
bean meal layers’ mash 1o 26 wecks of age. The Mclabolisable Cnergy (ME) contents of
cocoa husk meal dicts were lowered across$ the treatinents as cocoa husk meal rcplaced maize.
This was reported 1o be uncxpected because of the market difference in the ME contents of
cocoa husk meal vnd maize (Sobainiwa and Akinwaole, 1999). Fusthermore, [eed intake was
tdentical up 1o 20 wreks of age on nll treatment. Feed efficiency was best on contro! dict up
10 20 weeks of uge. Contro! diet was however the most expensive [ecd being 15% costlier
than the 200g kg™ cocoa husk mea) dict (Toble 2.3). Also, fecd cost per bird during this

period was at lcast 10% higher on contro) diet than on any cocoa husk meal dict.

A study conducted by Smith (1989), rcvealed the solutions to the praclical prablems of
fceding cocoa pods Lo ruminants, He reported that the widespread nature of cocoa
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Table 2.3. Growth performeance and cost of production of growing puliets fed with cocoa
husk —based dietsdieing 10-20 weeks of nge

Parameters 0 100 150 200 SEM

Fecd intake (2/b/d) 68.0° 68.0° 673" 713 122

Weight gain (g/b/d) 12.6* 9.7° 8.8° 90* 0.6
Focd: goin sa® e 71" 8.0° 029
Feed cost (N/kg) 194 179 17.2 16.4 Na
Feed cost (N/B/10 wks) 924 829 809 81.9 Na
Age at first egg (wks) 17.7° 180°® 20.0" 19.7* 03

Body weight

a1 first egg (kg/bird) e XS 1.3° 13°¢ 0.1
L-gg production 10

week 20 (%) 363" 190% 2.0° 53° 104
Avcruge epg weight

1o week 20 (g) 320 347 423* 407 22

Source: Sobamiwa and Akinwole, 1955;
(g/b/d) refess 10 bird-' day-'

Mcans followed by the same fetter(s) in cach row arc not significanily dilferently (#<0.05).

Key

Na= Not availabie
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proceasiog sites which makes it difTicult ond expensive 1o collect and Barsport the cocoa pods
10 sites of utilization and the need to gind he pods prior to feeding are identificd as the main

phy$ical constraints while high cell woll and low cell content of the material constitute the

main nutritiona coastuints 10 its cfective utilization.

Dried pod has been repotied to contain 6-10% crude protein, 24.42% ciude bbre, 49-61%
nitrogen-free cxiracts, 9-16% ash made up primarily of powssium saits (Owusu — Domfch,
1972; Devendr, 1977; Otchere ¢f «f, 1983; Smith and Adegboln, 1985). This nuticnt profile
15 similar 10 that of many tropica) grasses (Ademosun and Kolade, 1973). The maicrials
therefore have good potential as a feed ingredicnt particularly for ruminants, About onc
million tonnes of cocoa pods are gencraled annually on Nigena cocos placiations. It is
difficult to asscss what omount is available for animal feeding. Mos! of thc availablc pod is
annually wasted becousc cocoa-growing and processing is 10 a large extent carned out by
individuo) stallholder scaticted all over the cocoa producing arcas. Many of the farms arc nol
casily accessible, and when accessible, may not produce encugh pods 10 encourage setting up
a collection scrvice- The luck of easily accessible processing centres in areas where large

amounts of pod con be collecied is onc of the tnajor coastruints Lo the utiliziioa of CPH as
animal fced (Smith, 1989).

Smith (1984) indicated that transporiation costs for collecting pods from siles of production

to the site of utilization accounicd for 78%% of the total coslt of producing a tlonne of dried CPH
for feeding. The (arther agant the production sites are from cach other and from the sites of
wiilization, the higher the Yiansportotion costs, and the lcss atttactive the use of pod will
become. He fusther reported that if it were to be possible to centralize cocoa processing, a
Intge patt of the consiraint of collection and tansportation could be overcome. A more
praclicel solution would be 1o usc the CP1L ot or nesr the site of production. The major larget
users wouid therefore have 10 be the cocon farmer or his neighbour keeping a few goat and
sheep. On the other hand manufacturers who may waat 10 use the compounded ruminant diels
or as cncrgy diluents in pellets or finishing swinc feceds may contract cocoa farmets o supply
diied pods once or twice a year {Smith, 1989).

In the study conducted by Olubajo ¢ ¢l (1989) on cocoa pod silage and Coc0a.pod-grass

silage in goat and sheep nulrition, it wns reported that the depressed dry maticr content of the
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pre~cnsilcd grass<0coa-pod ruixtures was as a result of the high moistuse content of the
cocoa pod husk wben compared o that of elephant grass thst was used as a contiol in the
study., while cocon pod replacement lexd (0 an increase in nitiogen-frec cxtract as a result of
the higher content of this nutrient in the cocoa pad. The slight decezase in the crude protein
conient of the ensiled products may e atuibuted to loss of volatile nitrogen products from
ptotcin fermentation. The high pll values of the silages oce atiributable in the limited
available soluble carbohydratcs in the ensilcd mixturcs ns well as 1o the high ash content in
the pre-cnsiled mass most especially in the 100% cocoa pod which may have inhibited or

lowered the octivitics of acid forming factebacilli thercby limiting the level of loctic acid

production in the cnsilcd mass.

The relalively low nitrogen utilization of cocoo pod silage or of any of 11s grass siloge
combinntions could be atiributed to is concentration cither in the pre~casifcd mixtures or in
the silages when compared with that of the contiol dict as ils concentiation was similas in all
the treatments. It couid howcver be duc to the presence of as yet unidentified inhibitors in the
cocoa pod (Olubnjo ¢f al. 1989). Awolumate (1982) wes-ofihe opinion that pesticides used in
plant protection. lannins, thcobromine and polyphenc!s if present in cocod pod casi affect the
voluniyy intake. digestion and metabolism in onimals. They also decrcase palntability and
digestibility of protein. Chlorogenic ncid present in cocon components is found to cause
motor activity in ruminants and mis alfecting decrcased weight and feed conversion
cfliciency. This moy account for the low volues obinined for the cocoa-pod diets (Olubayo et

al, 1989).

2.8 Strategics for Eliminating Nutritional Constraints of Using CI’ll as Animal Fecd
The genemlly low outritionnl value of cocon pod is n major constraint to its being used
cfficiently as onimal feed. [t is low in protein (6%) and high in cell wall components (24%
lignin) (Smith er ol 1989). This poor nutricnt profit accounts for its low rumen degradability
and ovejull poor digestibility nnd niny constitutc a constraint to oplinully utilizing the
matcrinl as o fecd ingredient. Two proven stratcgies are suggested as remedies 10 this

nulsstional constraint that is chcmical treatment ond supplementalion (Smith, 1989).

Chemical Ireatments of fibrous crop residues, similar in composition ond nutritive value 1o

cocos pods have repoll.cdly improved their utilizntion to such an cxicnt as to mgke their

utilization as feed ingredicnts feasihlc and profilable (Jockson, 1977 Doyle ¢1 al, 1986).
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Noe of e printo clewiaals sch as sodiam hydromide, calonem bydroaxdc, potxssiED
hydroxide and aaxmouia ase sustsble local Semos bocause of high cost and scarcity of the
chermicals and azmds associated with their vse, A minbic alarastive which undes Limined
mimmscﬁccd\tnso&mhydru& ts \he cantx ash solutian of souE QUp
resdoey. Cocos pod ash, for cxampde, coomins aboun $4mg of potassiom per Kg. and
according 1o Adebowale (1985), the ash solaico contains aboas 21% and 29% OH iaos @ the
form of the NaOH and KOH rospectively.

This property was cllectively exploited by Smith ¢ af (1988) who used diffevent
concentrations of cocoa pod ash solutions as » chemical 10 teal cocos pod in an A= %0
impvove its feod value. As shown by Smith (1989) io Table 2.4, a linear increrse in the nanen
degradability of cocos pod treated with its own ash solutions of axTorsirg CECIIANGD was
observed. More signilicantly, the impsoyement in naman degradatality obwined by cocua pod
ash solution ueatroent was similar 10 that obtained by using NaOH solubons of equivalent
alkalinity. The authors also reportied that weated asean pod based dicts were better dipesind
by both goats and sheep 1han unireated pod based dicts as shown in Table 2. 5. Contzol diet
conlined 50% untieaied cocoa pod while test dicts contained 0% trested cocoa pod.

This tentment metliod has the potentis! o ramove a major coasveint (o the cllicient
utifization of cocoa pod as n livestock (ced. The technology should be attractive to

cocod farmers who generate cocoz pod on Uheir fanms. The techrologY involved is simple and
the (armers arc used o handling the ash which is used locally as a base for sooly manufacture
(Smith, 1989) Another trcaiment mcthod which may improve the feed value of pod is
cnsiling pod with pouitry manurc or urez. Both manure and wres would liberatc ammonta
which has been shown lo clictlively improve the ulilization of f bious residues through

ammonization of cell walls (Doyle cf ¢, 1986).
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Table 2.4. Rumen degradability of treated cocoa pod

Nutricnts % NaOH solution % pod ash solution
2 4 6 8 p 4 ¢ 8
Dy mauter 348 411 476 9526 370 463 548 554

Acid.detergent libre 246 338 386 425 26.7

Ncuteal detergent libre 150 259 357 36.5 153

35.9 14.2 46.6

8 44.7 41.7

Source: Smith (1989).
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Table 2.5. Digestibility (%) of treated and untrenicd cocoa pod by goals and sheep

Sheep Giogl
Untreated Treascd Unireated  Treated

Dry matter 452 45.5 46.3 59.8
Acid-detergent fibre 12.4 30.7 31.0 36.2
Neutral detergent fibre 15.6 39.5 379 40.2

Source: Smith (1989)
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Sobarmiwa and Longe (1994) studied the effect of alkali concentiation and treatment on the
chemical composition and nutntive valuc of CPH. It was reported that increasing alkali
concentiation decreased the amounts of crude libre, hemiccllulose, cellulose and crude
protein but increascd {otal ash, sodium, copper, iron, manganese and zinc contents of CPH.
Tteated CPH showcd an increasing watcr consumption of chickens and ultimately increased
the growth of chickens compared with unireated CPH when fed as feed to the chickens. In
order to improve the nutritive value of CPH most, it is necessary (o remove salt deposition
and residual alkali which may have masked the cffect of alkali treatment (Sobmniwy and
Longe, 1993).

2.9 CocoaPod Husk as Mcdia for Culturing

Awuah and Frimpong (2002) reporied the use of cocoa based mcdia for culturing
Phytophthora palmivora which is the causal agent of black pod dis=ase of cocoa. Green cocon
pod husk agar, tipe cocoa pod husk agar, and ripe cocoa mucilage agar, were preparexd and
assesscd for their ctarity and for potential supposit to myeclia growth and sporulation of 7.
palmivora. Oatmen] agar, Potalo-dextiose agar, vepciable 8 juice ugar and pincapple crown

agar were included for comparison.

Green cocou pod husk agar and ripe cocoa pod husk agar when compared with other media
performed substantially well in clearing and supporting the best acrial mycelia growth but
both green cocoa mucilage agar and ripe cocoa mucilage agas apart form differences in radial

growth, were similar in oll other respects and are recommended for culturing P puimivora

{(Awuah ond Frimpong. 2002).

2.10  Propagating Mcdin
The media cao be made of different types of soit such as sand loar, sill, clay and with the

orgonic pan which might be poultry dung, cow dung, goal dung, compost, all of which ate
found suitaple but depending on the plant to be grown on the medium. According to H bhdson
and Dale (1975). a good medium must be suflicicntly lim ond dcnse 1o hold the cuttings in

place during rooting, sufficiently porous 1hal cxcess water drains away therefore penmitting

adsquate aeration and sufficicntly relentive of moisture thet watering docs not have 10 be 100

frequent among other qualilies.
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2.11 Types of Mcdia used for Growth Experiments

Growing media could be natural or antificially prepared media for suitability of plants growih.

These media can be sand, loam, peat or sawdust (Moyosore, 2000).

2.11.1 Sand

According to Hundson and Dale (1975), sand consists of small rock fragments ranging (fom

about 0.05mm - 2.0mm in diameter formed as a result ofthe weathering of various rocks. lis

minesa] composition depends on the type of the rock. Sand is chemically inactive or iner
since quait-gains have little power (o hold water or nutrients. Sand is the heaviesi of all
rooling media used, a cubic foot of dry sand weighting about 48.87kg. Some coniain virtually
no mineral nutrient and has buffeting capacily. [tis used mostly in combinstion with organic
materials (Baker, 1962).

2.11.2 Pcat
Paick (1965) and Lucas er af (1971) siated that peal is composed of remains of oguatie,

marsh; bug or swamp vegetation which has been prescrved under water in a panially
decomposed slate depending upon the vegelalion [fom which it originoles, swtc of

dccomposilion, minetal content and degree of acidity.

2.11.3 Loam

Loom soils slone are not satisfactoiy for the propagation in nurseies. They are oflen heavy
and poorly serated or tend o0 become sticky after watening upon drying: they shrink, forming
o hard and cracked suriace. !n order to provide suitable poiting mixtutes of good texture, sand

ond some organic malicr such as peat moss or suwdust or shredded bask arc usually added.

(Matkin ond Chandler, 1971; Furuts, 1970).

2.12  Mslcrials Used In Potting Mistures

2.12.1 Manures

The teren “mamuc” wasoriginally used for describing waste mateiuls such as goat dung, cow
dung, poultry dung, compost and other nalural subslances that are applicd on the soil on
whose primpry objective is that of enriching the soil for increased crop production. Raymond
and Roy (1992) reporicd thot the use of monurc isas old as Agriculture and will continue to
be the best metlwd of maintaining soil fenility because of its safe utilizable Gunlitics 10 [jves.
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Agboola (1982) asserted Uhat manure constituted the chicf source of crop nutrients before

1960°s in maintaining soil fertility in humid tropics.

a. GoalDung

There is dearth of infonnation on the use of goat dung in crop production. This ma) be partly
due to the relatively little quantity of dung produced by the animal. per day comparcd with
other livestock couple with their highly mobile aalure which makes large spot collection
difficult. Except Jarge stock is kept gathering enough materinls for commercial lurm fertilizes
will not easily be achieved (Odicte, 1997). He fiuther stated that with recent <all 10 incr=ased
mixed farming and animal protein intake, cflorts arc now being geared lowards boosting goal

production.

Goet dung has an average nutricnl potential of 2.8% N, 1.92% P20: and 1.72 K:O while goat
winc contns 2.55% N, 0.09% P,0s and 3.97% KO (Raymond and Roy, 1992). Salem
(1975) gove o ange of benween 10- 5%moisture, 2-3% N, 0.4-0.7% P:0s and 1.0-15% K.O
for goal duag. On thc basis of this composilion, if goai dung is well haadled ond adegualcly
applicd 10 moize cither sole or in combination with inorganic fenilizer, on opprecioble
response of growth and yield should be expected (Rnymond and Roy, 1992). Anthony (1996)
confirmed that goat manure makes a very good fertilizer. 1ic further stated that the diopping

can be mixed with forage residucs, soif or unine to rot before use.

b. Cow Dung
Raymond and Ray (1992) gave a breakdown of beef catile waste composition as 2.8% N. 2-

1.0% P.1.3 K, 1.5 Mg. 1-3 Na and loin] solublc salis 6-15%. According Lo Jin-llyung ¢t o/
(1996), apptication of cattlc manure improved soil ptl, organic maiter, ovailable phosphalc

and cxchangenble cations in the soil, It was further sinted 1hat application of canic manure
. ¢od plant growib, height. stalk diamclcr and silage yields. it was later concluded that 40

lonnes catlle manure per heclarc should be upplied to lorage maize.

c. Poultry Litter
Pouliry manuse contains 2.5% N, 1-2% P 1-2% K, 2.3% Mg, 1-2% Na and 2.5% 1010]

soluble solts (Roymond and Roy. 1992. Adcoyc e al., 1993). According to Anthony (1995),

poultry manure s pure pouliry excrement produccd in battcty cage house, and i1 should be

generally dried before use Pouliry manure can be used in most crops but because of its high
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nilrogen contenl, it is importont to adjust nitogen lertilizer used to avoid excess. 11 was
fizther staed thal conversely, its potassium content is relatively low so that potassium

fertilizer may be especially needed (Anthony, 1995).

d. Compost

According to White (1987), compost is male by acceleraling the rate of humif ication of plont
and animal residucs in well acrated compost heaps. Manure and compost are in essence slow
release fertilizer. Nutrients are slowly rcleased from the added orgasic materials through the
microbinlly induced mineralization process. The use of organic substrate (compast) offers
great advontages over the convectional topsoil (Adam ¢r @l 2003; Akanbi e al, 2002).
Organic substrates, according 10 these outhors, provide adequate nutrients to secdlings better
rool substrale relation than convectionial soil mix and less predispase the seedlings 10 soil

bormme pests and discase. While a wide range of crop residues, organic wastes and other

industtial by-products could be used as organic growing medium. Preference of any should
largely be detertnined by consideration of availability, cconomics, physical and chemical
characteristics (Akanbi erol, 2002).

2.13 Some Important Nutrients in Mzaurc
For plants 10 grow well and producce fruiis it is imponant that the medio used confains the
essential nuinents, there are sixicen of inem and based on the qutentitics of requirement can be

classif:ed into macro or micro- nutrients. Qut of the macronunicnts three viz. N, P and K are

usually contained in organie fcrtilizer or material

2.13.1 Nitrogco
Iwafor ¢t o/ €1990) observed that the yield and plant height were signilicantly increased by

Nitrogeo feitilizer Nitrogen is an impocaant constiluent of protein protoplasm and chlorophy!l
molecile that impact decp protoplasm and de¢p giecn colour in leaves and promote

vegetative growth, e further stated that protein content and leaf succulence increase with

increased nitrogen uplake.

2.13,2 TPhosphorous
The importascc of phosphotus was long known and vitally imporiant in the storage of coergy

growth, A rescarch conducted in 1.1 T A, ( 19%4) showed

ood (ransfer of other aspects of plam
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that the yield of cowpea correlated with increase in the varying levels of phosphorus

fertilization.

2.13.3 Potassium

Potassium has two roles in the functioning of plant cells. First, it has an irreplaceable past to
play in the activation of enzymes which are fundamental 10 metabolic processes, especially
the production of protcins anf sugars Secondly, potassium is the plant preferred ion for
mamlaining the waler conlent and rigidity of each cell. A large cooceotmtion of potassiun in
the cell sap, creates conditions thal cause water (o move into the cell through the porous cell
wall- Polassium helps plants combat the adverse effects of drought and frost damoge and
insect attack. i1 also improves fiuil quality and the oil content of many oil-p:oducing crops

(bitp//:www.cfoma be),

Adectoro (1983) also confirmed that polassium aflects numerous plant physiological processes
and also encourage the formation of carbohydrale compound. He also staled furiber that
polassium is highly important in photosynthesis and ihat it has positive cffect on the
fonnation in photosynthesis and that it has positivc cffect on the formation of chlocophyll and

growth ofroots.

Becgle and Durst (2001) rcporied thol potassium in animal mapure is almost totally dissolved

in the liquid fruction, so it is irportant to conservc that poition of the manure: They fusther
siated that as long as liquid is not lost, handling and surfsce or incorporated application, do

notaffcct polassium content or availability.
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CHAPTER THREE
MATERIALS AND METHODS
3.1  Description ol studyerce
The study was carried out in selected famm settlements located in Ado — Ekiti Local
Governmeat Arca of EXiti State. Ado — Ekiti is located between longitude 4°45' to S%45'E
and latitude 7°15' 10 8°5'N (Salami ¢r of. 2006).

3.2 Survey study

Four hundred cocoa farmers were randomly sclected and interviewed using intcrviewer
administered Questionnnire within 36 farm scitlements of Ado-Ekiti Local Goveminent Area.
This number of cocoa farmers in this study was obtained based on the following statistical
paiamelcrs

n= Z’qud2

Where n = the desired sample size

z= 1.96 (95% confidcnce interval)

p =0.50 (50% propo:tion)

q=0.05

d = 0,05 (degree of accuracy)

n =(1.96)? (0.05) (0.05)/0.05

n= 384 cocoa farmers

This numbcr was mode up 'a 400 of cocos farmers with a view (o accommodating the effect
of loss due to otfrition. A statified random sampling using proponional allocation based on
the number ol cocoa farmers in the 36 farm setilemients in Ado- Ekiti was done to sclect the

400 cocoa farmers that were interviewed wilh the aid of a questionnaire

llaving got 400 cocoa fanncis bascd on the proportional atlocation. o simple mndom

ampling through the use o ( balloting was odoptcd in selecting the cocoa fanaces thot were

actually interviewed.

The questioninire wais ™ade up of scctions containing socio-demographic fratures. curient
perceptions amd practices of cocoa farmcrs reBarding CPM 1, arca of land occupied by cocoa
plantation and monzgement o(alicmauve wastes. About five rescarch assistants were rainctd

and subsequently essisted in the collcction of data from the cocoa farmers, A pretest of the
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questionnaire was conducted before he actual commencement o f the data collection from the

cocoa farmers. Deseriptive stalistics such as bar graphs,
used to swnmanze the results.

33 Experimental Studies

The expenuncntal studies were divided into two viz. Laboratory analyses and green house

expeniments.

3.4 Collection of Materials
3.4.1 Collection of Fresh Cocoa [*od Husks

A mullisiage sampling techniquc (2-siage) was used to sclect the farm soiticment where the
study actually took place. 30kg of fresh cocoa pod husks with avcrage weight of 93g each

was sclected for use in the composting systems sct up.

342 Colicctioo of Gost Dung
About 10kg of goat dung used in one of the compositing systems set up was collected {rom

diffcrent localions where goats are reared aiound Ajilosun area in Ado — Ekiti metropolis.

3.43 Collcctioo of Uncomposted Cocoa Pod llusks

About 2kg of already dumped CPHs 1hat were allowed to decompose natually for 54 days
with average weight of 83g cach was selected for use. The selected CPHs were chopped into
small bits, sun drictl for five days and ground into powdcr with a grinder provided by Bisolab
Ventures Ado — Ekiti, This was Jabellcd “‘uncomposted CPH™

3.44 Collection of Exhausted svil
About 90kg of cxhausied seil was collected from the gully crosion site in Ajilosun, Ado-

Ekiti.

35 Composting Systems
TwO types of composts were employed in this study. The fisst being the composting of 10k

of fresh cocon pod husks plus 10kg of goat dung. The fresh coean pod busks were chopped
into small bys and Inter mixed thoroughly with the goat dung by pounding until a
homogenous mixtuie wnspcr'.-eivuL The mixture was heaped and labeled “composted CPH +
GD [:1 viv©,
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Second. 20kg of fresh cocoa pod husks was equally chopped into smal bits, pounded and
heaped as done above This was labeled “composied CPH only”. The two composis were
continuously mixed everydny for 54 days with the monitoring of change in tempciature and
moisture content of the heaps. Monitoring of the Niwogen, Phosphorus, Potassium and
Organic Carbon togethcr with other nutiient clements was done on the 1st, 8th, 15th, 36th and
S4th dny of composting. The mixture of the two hecaps was done to accomplish the releasc of

nutrients gradually through mineralizalion as reporiesd by Moyosore (2006),

36 Prepuration of Polting Media

The exhausted soil was sieved 10 remove stones, pebbles and other foreign maletials and to
cnhance thorough mixing of the feriilizer materials The exhausicd seil was bagged and
washed with dislilled waler procured from Bisolab Venlures Limiied, Ado - Lkili. The

washing of the exhausted soil was done for 3 doys coasccutiveiy afler which it was air dried
properiy.

The three ferulizer materiols were prepared os (oliows
Assuming 2x10%kg soil is in 1 hectase (Siandard Soil Scicnce eslimntes as communicaled by
Professor G.O Adeoye of Depariment of Agsonomy, lhadan)
Therefore 2 x 10*kg soil requires 2.5 tonoes of fertilizer
1kg soil will require 2.300kp
2%10°%kg
10kg soil will require 2,3x10°x 10
2x10°
= 310!
2x10°
- 28 ,J0** X 10’
2
- 25X 1077
2
1.25x 10
12.58
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This means thal 12.5g of lextilizer materinls would be mixed with 10kg of exhausted soi) In
| order to make up for four rates of application of feailizer materials, 25, 50, 100 and 200kg"

ha were cmployed in the green house experiment.

3.7 Greenliouse Experiment

l The green house experiment was conducted between March and May, 2007. Sixty polythenc
| bags were filled with 10kg of the composite samples of exhausted soil. Four rutes of fertilizer

maltcrials were thojoughly mixed with 48 of the polythene bags containing the soil. Tlic
‘ remaining twelve bags were made to be devoid of any fertilizer materials with 8 vicw Lo
checking if the eXhausied soil contained any minute nutrients after the thorough washing with
distilicd water. Thesc twelve bagsdevoid of any amendment were used as the control for this

cxperiment.

The polythene bags were amanged using Randomized Comipicie Block Design (RCBD) in
the green house. This asrangement implies that 16 polyihene bags weie maintainced for cach

of the fertilizer moterials amended with the soil.

3.8 @®pcratiops involvcd in pluoting and post plratio? of cocoa seedlings

To asscss the efficiency of the fcrtilizer mateanls, cocoa scedlings wese used 2s a test crop.
| Frcsh cocoa seeds were collccted from the pod and soaked in wnter up 1o six hours, Wnter

was diained and the seeds were allowed to stay over night. This was done in acoordance with

the method of ensuring adcguete growth of secds by Anand er af (1995),

The cocoa seeds were plonted in the 60 polythene bags with four replicates maiotained for
| esch rate of (=rtilizer matcrials amended with the soil in the gicen house. The lilted polythene
| bags were wateted before the planting of cocoa sceds end watering continued 1wice a day ot

| 0.7 litee per bag until the experiment was terminated at the tenth week,

l 39  Lzboratory Analyses of the Materlaly Used

' 39.0  Physiochemical Analyses of the Composts
} The two compoats devcloped 1n this study were onalyzed for organic carhon. 101al nitrogen,

total phosphorus, tota! potnssium, Moisturc content, nsh content and pit in watcer.
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3.9.1.1 Determination of Organic Carbon

The organic carbon in 1he cOmposts wes analyzed by employiog Walkley — Black wel

oxidation method, This was done by grinding about 2grammes of cach sample from the

€Omposts s0 as 10 allow it pass through 0.5mm sieve | g of the sample was weighed in

duplicate and t1ansferred 10 25mi Erlemeycr flask. 10ml of potassium heptaoxodichromate
(V) IK2Cn0») solution was gccunately pipe tie into cach flask and swirled gently 10 disperse
the sample. Twenty m| of concentrated H1304 was ropidly added using an outomatic pipettc
directing the stream into the suspension. The Rask was immediately swirled gently until the
sampic and the reagents were mixed and later swirled more vigorously (or one minute. The
Nask was rotated again and allowed to stand on a sheet of asbestos for abaut 30 minutes
109mI of distilled water was added ofter standing for 30 minutes. This was followed by the
addition of 3 drops of indicator and tiuated with 0.5N ferrous sulphate solution. The mixturc
was titrated drop by drop until the colour of the mixture changed 10 light green, then to dark

and finally the ferrous sulphate was added drop by drop until ihe colour changed shaiply from
blue 10 red.

Blank titration was made in the same maoncr but without the sanple to standordize the
dichromate. The organic corbon conicnt of the samplc was calculoicd using the formular
below.
% Organic carbon = (Meg FeSos fof blank -~ mcg. £eS0s sample) x 0

Weightof the air diy samplc

Correct on factor (f) = 1.33
mcq *= Nonnality of solution x mi of solution used

3.9.1.2 Tetal Phosphorus

Colorimetric detcomingtion of phosphorus was done using vunadomolybdeic (ycllow)
method. 11 was done by pipciting 10ml of sample solution from wct digestion into a §00ml
volumetric flask afler wiich 60ml of distilled waler was added. 20mi of vanadomolybdatc
reagent was added within § minutcs and diluted to volume, The mixture was mixed and
allowed o siand for 10 minutes. Per cent tmnsmiltance was determined g1 40Onm,

Phosphorus was then defermu ncd from o curve made from the standards.
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3.9.1.3 Total Nitrogen

Totl Nitrogen was determined in the samples by using Micro-kieldahl method. The sample
Wwas giound 1o pass 40mesh screen. Duplicate samples containing about 25 to SOmg were
weighed on a single ¢igarette paper and folded in for quantifative 1ransfer to 50ml kjcldahl
flask; 2ml distilled water was added andallowed to stand for 30 minutes; and 0.02g powdcred
pumice (spatula tip) 1.33g K380 catalyst mixture and 1.5ml concentrated H;S04 were added
1o thc sample in the flask. The mixture was subsequently healed cautiously on digestion rack
unti} frothing stopped. There was increased heat 10 gentle boiling with a view to letting H2S0,
condense 10 aboul onc quartcr wny up neck of the flask. A few drops of 30% H:(: were used
to wash isolated sample particles down ncck of the flask. Afler the digest clearsd for about 30
minutes, boiling was continued for 30 minutes longer and later nllowed 1o cool. 10ml of
dcionized walter was addced slowly with swirling. The swirling continued until undissolved
malcrials were in suspcasion The distillation appaatus was {lushed out for 5 minutes wilh

stcam to clean and bring it up to tempeniture.

The SOml recciver flask containing Sml boric naid-indicator solution under condenscr of
distillation apparutus was placed so that the tip was about 4cm above solution. The {lask was
than attnched with digester and dituted saunple 1o stcam jct asm of distillation apparotus 10ml
of 50% NnOH = 5% Na:S:0; solution was sddcd through furacl stop clock. When about 1ml
of NaOl§ was Ic® in funncl, it wos quickly rinscd with about {5ml of watcr leaving 2ml in
fnicl after closing stopper. Dislillation was commenced immediately by closing steam by
pass forest, then opening inict stop clock on sieam jei arm of distillstion appaistus.
Distillation was stopped when it reached 35ml mark on: receiver (lask. Condensee tip was
subsequently rinsed with deionized water afler which it was titrated to [first pink colour with

0.0IN H,S04. The tolal nitrogen in the samplc was calculated os follows;

% N=( - Bl N & 1400
S
Wheee T = sample titation (ml)
B = Blank litration (m1)
N = Normality of #2804 (1o 3 decimal places)

S = sample weight {mg)
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3.9.1.4 Tota) Potassium

10g of compost sample was weighed into o Mask and 100m] of Iml neutral emmonium

acetate solution was added. The content was stined intermittently for every 15 minutes for |

hour The aliquot was then collected through filtiate, Standard peeparation for 0, 2.4,6.8 and
10ppm were mode for standardizing the coming 400nm flame photometer used for the
reading of potassium. The cmission percentage read (rom the standasd was used in plotting a
graph from which the composts’ sample polassium was determined. The determination was
made using the calculation.
Formular=R XV XD

\\"%

Whcre R = Emission rcadings from giaph

A = Volume of initial ammonium acctate used
D = Dilution [actor
W

= Weight of sample used

3.9.1.5 Moiswurc Contenlt

Moistuse can was weighed empty and tagged (Wo). About 2¢ of sarople weie added and 1he

moisturc cap was reweighed and labeled (W), The moistusc can together with the sample
' was dricdin the hot air drying oven at §05-i 10°C for 24 hours. Aflerthedsying in the oven ot
| the stipulatcd degrce and houts above. it was cooled in the desiccator. The can with the dry
' aumple labeled (W2) was weighed. The dricd sample was again retumed to the oven for
further 24 hours to make sure that the diying was complcte. The weighing of (W) was done

] unti] copstant weight was obtained. The moisture content was dctermined by using the

formula indicated beiow.

% moisture = W - W; X 100
\V] -Wo

| 39.1.6 Ash Conlenlt

' The crucible was weighed empty and recaded as
rucible was weighted (Wy). It wus latter ashed in the Muffle fumace ot 500 - 6000C for 3
c

h The sampic was subscquenily cooled in a desiccator. The weight of the crucible and
ours,

dry sample was lobeled (W3)

(Wp) aflcr which sample together with the
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Proccdure for calculation

% Ash = W3- W, X 100

WI'WQ

39.1.7 pll Determination of Sample
3.9.1.7.1 pll Determination In \Vater

This was done usSing the glass clectiode pH mcler. 20g of nir-dry sample was weighed into
50m! beaker afler which 20ml of distilled water was odded and allowed 10 stand for 30
minules. The mixiure was occasionally stirred with a plass tod. Electrodes of the pH meter
were partly inscricd into the scttled suspension and the pii of the sample was micnsured. This
was done carcfully by not stiming the suspension dwing measurement Tiie results were

rccorded as “samplc pH mcasured 10 waler”.

39.1.7.2 pH Dcilermiaation in KCI

Twenty gtammes of sarmple was weighed 1o a 5Omi beaker and 20ml of distilled water was
addcd. The mixtesc was cquilibmted for 30 minues with oceasional stining. The pH was
dcicrmined in o beaker contnining 1M KCl and reporied as “sample pH mcasured in [M
KCi™.

3.9.2 Physicochcmical Analyses of Exhausicd Soil Used

Before the washing of the cxhousted soil used in this study, it was subjected 10 several
analyscs, which eventually prompted the washing oll of the revealed minerals and nuttients.
Io ordcer to nvert repetiiion of the determination procedures. some procedurcs found 10 follow

the samec trend with the analyscs of the composts would not be discussed fully. The oaly seen

difference in the proccdurcs mcntioned here was Lthe change of the composis' sample 10
exluusicd soil sample. Thesc instances were seen in the delermination of organic carbon and

deteemination of soil Potassium

39.2.1 Deicrminatlon of Soil Nitrogen

Two grammes of 0.5mm sicved soii was weighed into @ Kjcldahl flask. and then into flask
with 10m] of H;S0« and 1 tablet of sclenium cornlyst were added. The mixture was digestcd
(or 2 hours and 45minutes until o gfey colour, ncar clear solution wos achieved. After leaving
co0l. the content was washed into @ 100m) volumctric flask with distilled watcr and made 10
ntark. Sml of 2% boric scid plus 4 drops of mixed indicator of hromocresol green and Meihyl
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red weic put into a 100ml Aask Vhe fask was then put under the condeaser to ensure that the
tube was directly put into the Boric acid 1o prevent NHs escaping dwring distillation. 1094
KO and 10m) of digest were introduced thcough the distillation sct top fuancl. The content
was distilled until the conical flask containing Boric acid and mixcd indicator reached the

50ml mark. 0.01M HCI was put into & busette to titratc the solution containing trapped Nih,
The end point titre value was noted

Proccdure for calculalion
% Nitrogen=TxM=x 004x Y, =100
W Vv,
Where T = Titre valuc
M = Molority of acid
W = Weight of soil
V, = Volume of digesticd sample

Vp = Voluc of'samplc uscd or distillation

| 3922 Determinatioo of Soil Phesphorus

|' 5g of air dricd 2mm sicved soil was weighcd into a plastic container and 35ml of phosphorus
cxtracting solution was addced. The mixture was stiited for 1 minute before filtration to oblain

| aliquots. Standards werc prepaced for 0, 0.2, 0.4 ond 1ppm by pipetting 0.2m! of 50ppm sfock

| solution into 50m! flask and adding 8m] of ascorbie acid plus distilled watcr to mack. This

took caze of 0.2ppm s1andard and the process was repeated for 0.4, 0.8 and lppm receptively.

10ml of aliguot was collected into 50ml flask and 7m] of ascorbic acid was added and topped
with distillcd water. The content was allowed to stay for [ hour for development of btuc

colour. Soil ond standards absorbance teading was done through he Nowa
ength of 660 Microns. The stndard readinks wete used in

spectrophotometer al @ wuve ]

@aph plotting for the detcrmination of phosphorous.

Formular =R x V.X § = ppm
W

Where : Readings (rom groph (absorbancc)

Volume of eximeting sotution usecd

= Weight of scil sample uscd
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3923 Determination of Soi) Calcium ang Magnesium (EDTA Melhod)

A volume of 20ml of NHWOAC cxtjacted aliquot was pi
of 2%

i petted into a flask of which 10 drops
» 10 drops of 5% ammonium hydrogen chloride, 100ml of distilled water. 1 Sml of

concentialed ammonia solution serving as buffer and 5 drops of Eriochsome Black T
indicator were pul. A wine colour was noticed. Titration with 0.0lm EDTA was donc and the
colour of the mixtre changed to deep blue at the cnd point. The above procedurc gave a

combination of Ca™* and Mg** in the soil. To obtaia Ca™ content alone the following

procedure was followed.

A volume of 100mI distilled walcr was added to 20mJ sample oliquot and 10mi of 20%
potassium hydroxide (bufier), 10 drops of 2% KCN and small quantity of alesctinc posndcr

indicator were added. A wine colour was oblained wbich was then iitzated with 0.0IM EDTA

to obtain a decp bluc end point.

Procedure for calculation

%Ca”=Tx00Mx V= 100x400rTx00MxV, x 100
vi 10 i

Where T = Titse valuc goticn from EDTA titration

0.00M = Molarity of scid
V) = Total volume of initial extracting solution

V2 = Volumc of extract uscd
100 = Soil %

W = Weight of soil

40 = Aomic massof Ca®"

24 = Alomic mass of Mg™

3.10  Data Collection and Statistical Anulyscs
Data collccted were analyaed using dlescriptive stalistics such as bas graphs, pie-charts and

frequency tables Dala was col lected on the two composhing systems cmploycil in this study,

Physicochemical propertics of the materals used amd temperature change (luring the

composting in this Study were involvad in tlate collcction Dota wns equally collected on the
agranomic vatiobles of cocon scodlings planted as cxperimental plant in the green housc. The

' H w COI‘ISMCI’O(I:
fOllowmg agronomic purnmclﬁ’s cic
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()  The height of cocoa scedlings in centimeters
(b)  The stcm girth \n centimeters

(c) The number of leaves

A\l these paramecters were mcasured for 10 weeks afler planting (WAP) and data were
subjccted 1o analysis of variance (ANOVA) and mean separnted using Duncan multiple rmnge
tests as reporied by SAS (1995), Again, Peatson corrclation coefficient between rate of
applicalion of fertilizer materials and agronomic variables of cocos scedlings at different

stages of growth was equally delennined in this study.
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CHAPTER FOUR
RESULTS

11  Survey Studics

The 1esults obtained (rom the upe distnbution of cocoa fanmers in Ado ~ Ekiti Local
Government fann settlement in Figure 4.1 indicated that out of the 400 participants 1hat took
port in this study, the agc tonge of participants between 51 to 60 years was the highest with
38.8%, whilc the lowest {1.5%) range was for 8] 10 90 y cars The scx of the participants was
90.0%% for malc and 10.0% for femole (Figurc 4.2). The marital sialus of the puticiponts is
presented in Table 4.1. The distribution indicaled that 84.5% of the participants were masried;

0.5% was single: 3.05% were sepoiated; 9.0% were window and 2.5% weec divorced.

Participants nrc predomioantly farmcrs (Table 4.2), with 853% macticing fartning on a full
1.me basis: others combinc farming with other activities such as trading (9.25%), carpentry’
(1.00%), civil servant (1.00%), clectrician (0.75%) and teaching (2.75%). The distribution of
participants according (o cducational backgiound sbowed that 60.0% of the participants had
no foimal cducation, 4.0% partticipants atiended Qusanic School, 25.3% participants aliended
primaty school, and 6.8% participants aticnded secondary school while the remaining 4.0%

participants otfained tertiary educoton {Tobie 4.3).

Oa the basis of cthnic mouping, 95.5% of the paiticipants were Yoruba, 2.5% panticipants are
{bo while the ronaining 2.0% belongs (o other tiibes in Nigetia as shown in Table 4.4. The

rcligion of the participants is shownin Tablc 4.5.
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Fig.4.1. Age distnbution of cocos {armers in Ado-Ekili farm sstilements
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(O Male @ Female

10%

90%

Fig 4.2_Sex distitiution af the respondents drawn fram 36 farm
settiements in Ado-TkU
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Table 4.1. Marital status of the participants

Marital Froquency Percentage Cumulalive parcentage

Status (n) (%)

Married 338 84.50 84.50

Singlc 2 0.50 85.00
Separated 14 3.05 88.50
Widowed 36 9.00 97.50
Divocced 10 2.50 100.00
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Table 42. Major occupalion of the panicipants

"Oocupalion frequency Percentage Cumulalive
) %) perccntage
Fanning 341 85.28 85.25
Trading 37 925 94.50
Carpentry 4 1.00 95.50
Civil scrvant 4 1.00 95.50
Elecirician 3 0.75 97.25

Teaching 11 275 100.00

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

43

SN i.l-'--— -

FVQFIION. WETE IS



Table 4.3. The highest level of cducation atwined by panicipants

Educauon Frequency Pcreentage Cumulative
(n) (%) percentage

None 240 60.0 60.0

Queranic School 16 40 64.0

Pvimary school 10} 253 89.3

Sccondaty schoe! 27 6.8 95.0

Teniary e.g. NCE, OND, HND, 16 4,00 100.0

BSc. And Ph.D T
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Teble 4.4. The ethnic group of the participaats

| Ethnic group Frequency Percentage Cumulative
(n) (%) peroentage
Yoruba 382 95.50 95.50
10 2.50 08.00
Others 8 200 100.00

45
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Table 4-5. The veligion of the panicipants

| Religion Frequency Petcentage Cumulotive
(n) (%) paceninpe
Christianity 275 68.75 68.78
Islam 89 22.25 91.00
Traditional 36 9.00 100.00

46
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Majority of the participants were Christins (69.8%) while 22.3% wore Muslims while only
9.0% practice traditional religions.

The perception of the panicipants on the conscquence of leaving CPH in hesps on their famms
indicated that 93.0% of the participants belicved such practice promotes black pod disease

during the fruiting stage. Others (7.0%). believed that it only occupies space and complclely
ignorant of their ncgative consequences (Figure 4.3).

The economic importance of CPH from the participants’ perception is presentad in Figure
4.4. Majority of the participamts (61.75%%) aimitted knowledge of CPH being used as herb

that cures certain discases such as Molaria, cpilepsy and certain skin discases. Other

participants (38.25%) admitted to knowing that CPH can be used in so2p making.

The number of cocoa plantation owned by participams is shown in Figure 4.5. it can be
inferred that 31.00% of the participants hed onc cocoa planiation cach, 35.75% of the
participanis had two cocoa plantations each, 15.50% of thc panticipants had three cocoa
planiations each, 9.00% participanis had four cocoa plantations cach whilc the rcmatning
8.75% participants had sbove five cocos plantalions. The size of thc cocoa plantntions ronged
between one and more than five hectares as shown in Figure 4.6. Porticipants with ope
hectare of cocoa plantation weic 14.74% while 28.0% of the paticipants had two heclaces
each, 19.0% of the participonmis had three heetares €ach, 20.3% participants had four hectares

of each while 18.0% pariicipants had above five beciares of cocoa plontation cach,
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Sources of labour for clearing of cocoa planation by panticipants are shown in Figure 4.7. It

as seen that 772 ici
W at 77.25% participants cmploy labowers 1o clear their cocoa plantations while

2 - .
only 22.75% pafiicipants Mmanage their cocoa plantations using persoial Iabour.

Apant from CPH, other wastes that constitute disposal problem on farmos’ farm were
investigated. Out of the 400 participants in this study, only 0.25% staied tha; Kola pod husk is
another waste that requires management on their farms, 5.50% pasticipanis responded that
other wastes like palm kemel, Banana, Mango, Orange and so on, require management on
their fanms while the majority (94.25%) of the pasticipants felt there was no othier waste that

warrants management on their fasmas (Figure 4.8).

42 Experimental Studices

4.2.1 Physicochemical properties of the medin used

The physicochcmical properiics of goat dung used in one of the composting systems arc
shown in ‘Table 4.6. The dung contained 54.2% casbon, 0.61% phosphorus, 2.5% Niirogen,
0.9% potassium, 3.61% ash end 24.0% moisturc. ‘The pll of the material is ncas ncuttal (7.76
in t,0). tlowever the physiochemical preperties of the exhausted soil used showed that it
{ contained 2.1% organic carbon, 19.0ppm availablc phosphorus, 0.51% Nitogen, 1.03 Mceg
/100g soil potassium end ptl (XC1) of 6:20 (Table 4.6)

The physiochemical properiies of uncompostcd CPH are shown in Table 4.6. it contained
31.8% Organic Casbon. 2.7% Nitrogen. 0.1% Phosphorous, 3.1% Potassium. 1]1.7% Ash and
29.0% moisture. The pHd in (120 is 7.2. However, the compOstng systems set up in this study

which comprised of composted CPH +GD () Lvlv)
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Fig 4.7 Sources of [abour for cleanng of cocea pienmtation by
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Table 4.6° Physical and chemicud propertics of cxhausted seil nnd orgonic moicrials used

hysioche¢mical propertics Exhausicd T

Uncompostcd CI'F
Soil Dung

Moisture content (%) . 24.00 29.03

Ash content (%) = 3,61 11.60

‘Available phosphorus (ppm) 18.99 0.61 0.09
Organic carbon (%%) 242 54.17 31.82

Total Nitogen (%) 0.51 2.45 266
Calcium (mcg/100g) .52 . .
Sodium (meq/100g) 24.00 % -
Potaysium (mcq/1008) 1.03 0.85 .04
Magnesium (meq/1 00g) 0.0l : -
Acidily (meq/100g) 0.40 : '
CEC (meq/100p) 321 . =
Clay' (%) 220 : )
Sih (%) 340 ' '

! Sand% 9140 : :

pH 10 water 101 aE 1
pit in KCI 620 ] '
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) N :
and composicd CI’H only us shown in Tuble 4.7 revealed thar composted CIY1 + GD (1: 1

v/v) containcd orgunic curbon which runged between 35.9% and 4R 2% for first and! last lay

of composting respectively:

The increase obscrved in organic curbon was 34.2%. The Nittogen content ranged between

§.25 nnd 5.89% for the first nnd las1 day of composting respeetively, Theincrease observed in
the Nitrogen and Potassium conicnts was 12.19 and 12 88% respeetively, The Phosphorus,
ash and nioisturc contents showed an inconsisient trend during the compasting, I*hosphors,
and Potassium conlents of the compostied CI'l1 only increased with time <luring composting
by 141.7 and 38.2% respecitvely. Nitrogen, Carbon. nsh and moisture contenis also showed

an inconsistcnt incrcase during the composting: (Tnhlo 4.7),

Duting this study, a whole [ot of cocou plentations across Ado ki Local Government area
were visited. Plate 4.1 shows two cocoa pod husk dumps in a plantation undergoing nsturnl
decomposition. Again, the 1wo composting systems cmployed io this study aflcr a composite
was madc are shown in Plate 4.2 where wo composting sysiems were made (0 undergo an

open aerlion COMPOsting Process.

Duting composting, the highest tempemiure meusured was 43°C in the sccond day of
ing. This tmperaturc aros= from the compost made up of CPIT + GD 1:1 viv. The
compasting of CPH only, gave the highest emperaiure of 35.6°C which was recorded in the

sxond day of composting. (Figure 4-9)-

13  Growtb Varisbles of Cocos Scedlings

43.1  Stem Girth
The effoes of the thee sources of fatilizer matevials on the stem girth of cocoe scedlings is

shown in Table 4.8, Theve was 8 sigoificant dilfercnce betwern the festilizes ola
threaghout the pexiod of oberyvation [he tend in sicm gitth of secdlings was in the
following order; CPHAOD > CPllonly > wcomposted CPH.
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Table 4.7. Physicochemical
different days of composling

Propentics of (he Composting Sysiems during mplumtion ot

CPH + GD (1:hviv) CrTONLY
| B 15 36 s ) s IS 3% 5
sture cOntent (%) 1635 103 11227 1132 2200 1002 10.14 1006 994 1700
ry matter (%) 8R.65 8377 8387) 8H68 8997 89B6 BD9T 9005

iccarbon (%) 35.92  369) 1869 4257 4820  3M4 I35 60 3D 3330

5 (%) 043 046 049 047 049 024 035 0640 051 058

pgen (%) $2% 367 S38 S8% 589 418 443 467 466 448

jum (%) 36S 3M 391 397 4N 139 30 305 109 Is3

8 content (%) 708 695 T.11 698 AL A A L 5
9.45 9.71

1 o waler

ay
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Composted CPH+  Composted CPH o
Goat Dung (1:1 V/V) only '

o

Plate 4.2. Composts made from cocoa nods
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Table 4.8. Effcct of three organic fertilizers on the siem girth of cocoo seedlings

WAP Organic feruliacrs
Ex!\ausled CPH+ GD CPH only uticsmppsid
Soil({control) CPH
= 0.00d 09l 0.51b 0.19¢
3 0.00d 1.08a 0.70b 0.20c
4 0.00d 1.21a 0.82b 0.37%¢
5 0.004] 1.33a 0.88b 0.50¢
6 0.00d 1.68a §.04b 0.68c
7 0.00d 2.33a 1.40b 1.24c
8 0.00d 241a 1.465 1.28¢c
9 0.00d 2.52a 1.51b 131¢
10 0.00d 2.64a 1.60b 135¢

—

Mecans with the same letters in cach rew orc not stalistically significant by Duncan muliipic

rangc rate at 5% level of significance.

L i
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The additi ] [
'tion 0f GD during composting contributed between 47.56 10 78.73% to stem girth al
4 and 2 weeks after planting TSPeTiively,

Futhcrmore, Composiing contribuled between 12.90 1o 250.00% to siem ginth at 7 and 2

weeks after planii i i \
F planiing cespectively. The effiect of the raies of fertilizer application on the siem

irth is shown in T . " . ;
girth own in [able 4.9; the addition of 200kg"' ha of fertilizer application was difficrens

S'SmﬁCﬂﬂUy from other lower rates throughout the period of obseyvation, however there was

no significant difference among 100, 50 and 25kg” ho mtes in the first 5 wecks of

obscrvation. Again, 100 and 50kg™ ha rates of fertilizer application were not significantly
difterent frony themscelves between 7 and 10-weeks afer planting (Table 4.9).

4.3.2 Number of Leaves

The effect of the three sources of fertilizer materials on the number of leaves is shown in
Table 4.10. CPH + GD 1:1 vfv was significantly diffcreni from CPH only and uncomposicd
CPH throughout the period of observation. The addition of GD dwing composting
contributed between 9.76 and 77.36% 10 number of leaves at 4 and 10 wecks after planting
respectively. [lowever, composting conifibuted betweeo 26.73 and 38.89% to number of

[caves at 5 and 3 weeks afler planting. Composiing process did not significantly enhance 1he

number of lcaves of cocoa scedlings betweea 6 and 10 weeks after planting.

Cocoa scedlings recesving 200 k@' ha mic consistently hed the highest number of leaves
which was significantly ¢ifferent (I'<0.05) from other mtes  throughout the pesiod of
obscevation (Table 4.1), Also, 100, 50 and 25 kg ha rates of fertiliacr application were

significant]y different from theraselves cxcept at 6 and 7 weeks afler planting.

433 Stem Length | |
The effcet of the thiee SOuICEs of fenikizer application on the sient length 15 shown 1n Table

4.12. There was significant difference between CPH + GD 1:1 v/v other sources throughout

the period of obscrvation Beyond 4 weeks afler planting, therc was no significanl differcoce

between CPH only and uncomposted CPH treatcd cocon scedlings. The additiono(GD
y
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Table 4.9. Effect of four rates of organic fenilizer application on the stem girth of cocoa

scedlings.
WAP Organic feriiliacr rates (kg ha)
0 25 0 100 200
2 0.00c 0.31b 0.46b 0.52b 0.86a
3 0.00c 0.44b 0.54b 0.63b 1.10a
4 0.00c 0.51b 0.63b 0.74b 1.30a
b 0.00¢c 0.56b 0.76b 0.84b 1.47a
6 0.004 0.64c 0.92bc 1.08b 1.892
7 0.00d 0.72¢ 1.53b 1.59b 2.79a
8 0.00d 0.76¢c 1.62b 1.620 2.87a
9 0.00d 0.86¢ 1.66b 1.68b 2.96a
10 0004  084c 1.74b 1.81b 3.06s

Means with) the smnc lelters in each row are not stalistically significant by Duncan multiple
range roic at 5% level of signilicance.
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Table 4.10. Effect of the fctﬁllm on numbcr of lcaves of cocog Mings.

Al EL ARnEd Ocpanic ferilizers
Soil (control) CPII +GD CPHONLY  uncomposted CPH

3 0.00¢c t.67a 1.50ab 1.08b
4 0.00d 225a 2.05b 1.50¢
5 0.00c 3.42a 2.75ab 217
§ 0.00c 4.58a 3.08b 2.75b
7 0.00c 733a 4.42b 3.92b
8 0.00c 8.67a 5.170 4.75b
9 0.00c 9.58a 5.50b 5.00b
10 0.00¢ 10.50a 5.92b 5.58b

Mcans with the same betters in cach row are notstalistically significant by Duncas multiple
rangce ralc at 5% level of significance
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Tablc 4.11.

Effcct of four rates of Orpapi Fertilizer Application on Number of Leaves of
Cocoa Seedlings

Organic feriilizer rates (kg ha)

WAP 0 25 o 100 200
A0 0.78b 1.44b 1.22b 2223
4 0.00c 1.1tb 2.000b 2.00ab 2.890
S 0.00c 1.89b 2.89ab 2.56b 378
6 0.00¢ 2.33b 3.33b 3.10b S5.11a
7 0.00c 3.33b 4.78b 5.00b 7780
8  0.00d 3.89¢ 6.11b 5.67bc 9.ila
9  0.00d 4.00c 6.78b 6.11c 9.89%
10 0.00d 4.33c 7.33b 6.67bc 11.00a
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Table 4.12. Effect of the organic fertilizers on stem lengih of cocoa scedlings

Organic leniliecrs
WAP LExhausted soil

| CPH + GD CPIIONLY uncomposted CPH

2 0.00b 367a 2.53a 3362
3 0.00¢ 979 a 448b 728 a
4 0.00c 1456y 6.54b 8.03b

6 0.00¢ 15.02 a 6720b 835b
5 0.00c 13.84a 6.42b 7.875

7 0.00¢ 15.53a 7.18b 856 b
8 0.00¢c 15.73a 729b 9.10b
9 0.00¢c 1589a 2.43 b 9.33b
10 0.00¢c 16.02a 1.51b 945b

Mcans wilh the same letters incachre

range rate ot 5% level of significance.
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during ComPOsting contributed between 113,32 and 124.18% to steru leogth ot 9 and 6 wecks

afer planting respectively, Composting procesg heightened stem length by between 22.59 and
62.50% at 4 and 3 weeks after planting respectively.

Optimum performance in terms of siem height was observed for seedlings raised on 200 kg
ha 1ate of fentilizer which was significantly different (p<0.05) from the lower rates (Table
4.13). From 4 wecks upward, the stem length of scedlings raised on 200 and 100 kg™ ha
fertilizer material did not difTer significantly, but were significantly different from those

secdlings that received 25 kg ha

4.1 Correlation between Variables
The cormrelation between sate of fertilizer application and the three agronomic variables werc

positive and significant duting the 3, 6 and 10 weeks of observation (Table 4.14). Qut of the

three variables, stem ginh had the highest correlation coefticieni of 0.63 and 0.65 at 6 and 10
weeks after planting respectively, which were significantiy different (P<0.001). The least
cocflicicnt (0.43) was between rate of festilizer application and stem length at 6 weeks aficr
planting (P<0.01).

Duiing the monitoring of the giowth of e cocod sccdlings under gicen house conditions,

picturcs taken in the fifth and tenth week aftcr plenting the cacoa seedlings are shown in Plate

43 and Platc 4.4.
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Toble .13. Effect of four rates of orpagic forilizer application o the sterm length of cocus

secdlings

WAP : Organic fiorlizry rates (kg™ ha)
25 S0 100 200

P 0.00d 1.6ic 1.34b 291b¢ 4 87a
k! 0.00c 4.08b 6.50b 6.87b 11.29a
4 0.00d 5.16¢ 9.19b 9.28b 13.88a
3 0.00d 5.63¢ 9.62b 9.50b 14,08z
6 0.00d 597c 10.24b 9.67b 14.21a
7 0.00d 6.22c 10.71b 10.06b 14.69a
8 0.00d 6.34¢c 11.11b 10.41b 14.97a
9 0.00d 6.39c 11.21b 10.61b 15.32a

10 0.00d 6.42c 11.34b 10.70b 15.50a

Mcans with the same etters in cach row afc oot statisticsily significant by Duncan multiplc
range ratc at 5% level of signilicance.
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Note; °°, *°*° = Significant at 1% and 0.1% respectively &6 psitive conclstion
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Plate 4.3. Cocon Scedlings grown on (A) composied CPH + gost dung and (8) CPH only
undcr grecnhouse condition at § WAP
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Plate 4.4. Cocou Seadlings grown on {(A) composted CPI + goat dung and (8) CPH
only under greenhouse condition at LOWAP
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CHAPTER FIvE
DISCUSSION

Majority o.l' the participants in this study had oo fonnal education therefore their level of
undersuanding regarding the imminent cffect of leaving CPH in h ' }
plantations is very low. All the pastici : . : : . R i
pants intervicwed in this study, responded to have scen
a cocoa pod before. Their uniform response of secing a cocoa pad before could be said to
qualify all of them as cocoa formers. All the paiticipanis took 10 leaving the cocea nod husks
as heaps in their plantations af\cr they must have wken the cocoa beans in it 'n’.-‘.is again
Justifics the known iraditiona) practice of leaving CPH as heaps after taking the cocop beans
from it in the cocoa plantations. This finding coincides with the rcpori of Sobamiws (1997)
that millions of tonnes of CPH arc produced and left as heaps incide cocoa plantations

annually across the West Afiica sub-region.

The pereeption of the participants on the consequence of jeaving CPH in hesps on their farms
indicated that majority of the participants belicved such practice promotes block pod discuse
during the fruiting stage. This finding, justifies 1ie claim of Opeke (1992) that CPH become a
significamt source of disesse inoculuros when used as mulching matcials inside the

plontation, Other participonts believed that it only occupics spacc in 1heir plantations ond

were completely ignorant of the use of CPH asorggnic fertilizer.

Majority of 1he participanis 2 dmiticd knowlcdge of CPH teing used as hetb that cures certain
diceases qych as Malaria, cpilepsy ant ccntain skin diseases while other participants admitted
10 knowing thot CPil can be used in S00P making. This [inding again coincides with the
of Odawole and Arucya (1990) and Arucya (1991) that pod husk ash has been
used 0 make soap in Ghana on¢ Nigetiz- The finding agoin comoberted the report of
PRWeb (2006) thot black soop is made fram roasted cocod poxls, plantain skins® sshes mixed

with palm oil. These uses to Which CPH is put by the fammcrs although can be a way of

managiog the wasic, the quontil

submission

y utitiu" is not su'Ticient cnough to wud the fasms of the

wasic.

. f gycr €0% of porticiponts is a demonstration of their
The more than thice heetaso farm 312¢ ©

: ( h¥clihood despitc the advanced oges of the cecon
comMitment to farming as means ©

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

R



fasmers. This finding has apain supporicd the tepon of Ofadokun (1995) that Ondo State

(Ekiti State inclusive lhen) produces above 70% of the cocon production in Nigena and 1hat
lazgely peasant fairners grow this.

[t is pertinent lo determine the nutritiona)] sttus of media usad in growing crops (o guarantce
a sustained growth of the crop being grown. In this study, the composition of Nitsogen and
Phosphorous teported for goat dung is in line with the report of Salem (1975) that gave a
range of 2-3% N and 0.4-0.7% P10s for these nutricnts in goat dung. The submission of Wood
and Lass (1985) that CP!{ contain 3 1o 4% potassium on dry basis proved to be correct in the
sense that the chemical compositiono fthe proccased CPH uscd in thisstudy, gave 3.04%.

It can be secn from the results of the physicochemical propetties of the composthing sysicms
that organic carbon, phosphorus, Nitrogen and potassium contenis of the two composting
systems incrcased with days of composting. These increments over time mean that nutricnts
were giadually relcascd through mincralization of the composts: simitar observation was
made by Moyosore (2006). The compast of CPH<GD )il v/v was obscrved to produce the

higher contents o { these nutricnts when compascd ic the compost of CPH only-

it is observed from the tesult thof composted CPH+GD  §:1 v/v produced the best

pecforinonce in terms of siem ghith, stem length and number of leaves throughout the period

of obscrvation. Although composted CPH only and uncomposted CP'l] produced oppreciablc

pcrfogmance on the aggonomic variables but they could not be motched up wilh the result
1 rTonor

l:l / .
ploduccd by Compo_icd CP"*GD A | .
[ i : V \' A\ 94

. bett rformance.
is an odditiona| sousce of nutricnis that promotes Deter pe

The optimum performance of composted

The cffect of high rtc of fortilizes npplicalion on the stem girth of cocoa soedlings was
cticct O 1

*! ha ralc O
o, 41 1081 Sy 3 [ stem gisth, 100, 50 ond 25 kg' ha rates of feutilizer

{ fertilizer application had the best performance

throughout the experiment io tctm O
onificant €
application produced 8 non significan
ienls WCIC -
ok ekl 'hn': l:;lc:g" ha mics of fertilizer opplication were not significant qt
Again, the effect of 100 on

TWAP up 1o JOWAP. This resul

(Tect on thc stem gitth ot 2,3, 4 and SWAP. ‘[his can
sdowly ccleased from tlic odded fertilizer materiols.,

implics that cocoo sccdlings during nursety need s
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substantial rate of feniliact applicay . :
pliclion with 3 view 10 producs i
uc ery pood perfi
terms of stem girth. ' PRIUSTS

Qe CPH + GD 1:1 viv again had the best performance out of the three fetiizer
maicrials uscd in this study on the number of leaves produced thioughout the pariod of the
experiment in the green house. Composted CPIl only and uncomposted CPH hod a non
significant.y differen effect on number of lcaves Gom 6 10 IOWAP. 1 was obsarved that 200
kg* ha 1ate of fenitizer opplication hed the best performonce in terins of number of lcaves
produced throughout the experiment whereas 100, 25 and 50 kg’ ha rales of fenilizer
application produced a non signilicanily diffcrent result at OWAP and 7WAP. This tead was
recorded al 4WAP betwcen the (wo maites of fertilizer application on number of leaves

produced.

[t can be seen that composicd CPHL + GD 1:1 viv had the best performance in terms of siem
length when compared with composted CPlI only and uncomposied CPH throughout the 10
weeks of monitoring in the green housc. Although, uncomposied CPH was better than
composted CPi1 only up to 4 WAP with respect (0 stem lenpih. This trend changed from the §
WAP up to 10 WAP with composted CP!{ oniy being better, mincralizstion process con be
implicoted for this change. [1 can again be seen that 200 kg’ ha ric of fertilizer ppplication
gave the best performance in terms of siem lenpth of cocoa scedlings throughout the
0 and 50 kg'' ha of fentilizer application had no significantly

different effect on the siem length of cocod pesdithpy o med/A PUOK U RN STERS
substantia) rate of fertilizer applicat on is needed during the nursery of

experiment, Lowcr rates of 10

ogoin suggesis that o

cocoa scedlings so as 10 alipin the best perfortnance in teims of stcm Jcagth.

rclation betswecn rate of ferilizer applicotion aad the agronomic

Positive ond significont €O
: g ccs the performance of the

vanahle sugpest higher tote of fcitilizer application cnhan

measured voriable which fusther reitcrtes €07 licr submission in this work.
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CHAPTER SI1X
CONCLUSIONS AND RECOMMENDATIONS

The outcome of this study indicatcd bay cocoa farmers in Ado - Ekit; Local Govemmenit

Arca are used to leaving CPl as heaps in their plantations after they must have taken the

cocon beans from it. Although these CPH are produced and lefil as besps in their plantations
annually, nothing is done 10 maximiae the use.

Due fo the results obtained from the effects of the thiec sources of organic fertilizer materials
and their ratc of application of the organic fcttiliacr moterials on all the agronomic variables
monitored in this study. it can be concluded thot they oll vatied with rate of application of the
organic fertilizer materials. Composted CPH + GD 1:1 v/v that had the best performance in
al} the agionomic variables monitored is belicved 1o acbicve this feat duc t the additionof
goat dung during the composting. Composted CPH only and uncomposted CPH were not
significantly different from cach other going by the resulis obtained (rom the agionomic
varioblcs monitored. 1t is advisable to add an organic wastc to the composting of CPY1as this
will ultimatcly yicld a very positive and productive resuit in improving soil feuility.
Composted CI'H only and uncomposicd CPH ase noi totally advisablc siacc their outcome on

lhe prowth of cocoa scedlings used in this study did no1 give the best performonce.

AgRin, it i ommended that 8 st bstaniial r8te of festilizer application that is more than 200
In, itis rcc

' nomic variablcs, be used in the
kg" ho thot had the best perfotmance on the monitorcd agro

[ a scedlings with aview 10 bringing the best out of the growth of the scedlings.
nursery of coco gs will

CPi} as on orgunic (crtiliace for (armcrs (0 approptiate the use of

Thc practicc of using sive cvery doy is highly recommended. ‘This

is becpuse of the [uct that the pmclicc 15 environmentatly fricndly and CPHs arc locally

. o . r

produce CI'H wilhout moxim 14ng th
ts being

c availability need 10 be cducated on the potentials of

od used in making organic festiliacr thot can be used to
these agro-ollicd wastc produc

imptove soil fertility-

-ment needs 10 be conducted to really asceetain the best
of CXpeft

1t is reccommendcd that (ueth R, with CPH 50 08 10 ottain the best outcome in terms of
organic wastc thal €an

improving soil fettility.
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Appendiz 1

STRATEGY

the qualit

o

fertilizee as o wastc management strategy.
foflowing questions honesily as this w

prticipation by providing answers lo the
rovided by you would

y of the findings. Picasc, be fest assured that ull infonmtion p

be used for research purpases only and suict conlidentiality would beensuied.

SECTION A: SOCI0-
2 Agc..... s

5. Myjor Oceupdtion e ==

5 Tenjary (Please spec

QUESTIONNAIRE ON THE UTILIZATION OF COCO :
. , A POD HUSK (CPH) FOR
THE PRODUCTION OF ORGANIC FERTILIZER AS A WASTE MANAGEMENT

Dear Resfiondent,
[ am o postgraduate student of the Department of Epidemiology, Medical Statistics and

Environmental Health (EMSEH), CoMege of Medicine, University of [badan prescatly

catying out a ecscarch on the utilization of cocon pod husk for the production of ofgt fic
I wish 1o kindly request yous volunioiy
ould increase

Thanks for your co-opcration.

1.Scsiaf NOw.voeeseee

HEMOGRAPHIC INFGRMATION

poaeEeeecled

J.Sex: |.Malc 2. Femake G
3. Marital Stotus
1. Married
2. Single D
4, Scpaiated
4 Widowed
Divorced

6. Highest level of educotion gttained
1. Nonc
2. Quranic school D
3. Peimary school
"’ & l
4. Seoomiary hoo tyee NCE, OND. 1IND,
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2. Ethnicitye. .- o
1. Yoruba

2. l1ausa
3. lho
4. Others (specify)....oceeeerenne

g. Religion

1. Christianity

2. Islam —
3. Traditionnl
4. Others (specily).....

SECTION B: PERCEPTIONS AND PRACTICES CONCERNING COCOA
rOD HIUSK
9. Have you scen 8 €ocod (rod belore?
}. Yes. 2. No
10. Il ycs, what do you do with the

pod husk afler takins-the bes in il

1. Bury L T

I-—"

Bum

2 0
3 Lcave as heap inside cocoa plasalion
4 Disposc into @ nearby bush

% Otbers (specify) h cocon pod husk?
11. Do you (acc any problems in disposing t"e

1. Yes. 2. No
i2. If yes, what king of problct ns)

samio @
o @ Lt
"
ce®q ®
Ep o wO K iR L]

2%, m,;conhcwconl’o"h
13. Doyou know any economic IMPO

1. Yes 2. No

usk?

14, If yes. specify it |

oo
P LA A
spnsde
L] L] (]
L] 20 ¢ ..'..l
v YRR R X LN 4

knoW? —
L’

45 If no, would you like 0
l. Yes 2. No
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SECTION C: AREA OF LAND QCCUPIED BY COCOA PLANTATION
16, How many cocoa plantation (s) do you have?

1. Onc
2, Two
3

Thice
3. [our
5. Orhers (specify).......u.....
17. How many hectarcs of land do your cocod ptantation(s) cover?

1. Onc
2- T\\'o
3. Three
3. Four
5. Others (Specily)s c-eareeesse | -
18. How do you Manage you CocoA plantation(s) in tcrms 0 ing.
1 Scif cleaning
b labourers L
2. Employment of | .
3 The use of weed Killers {chcmicols) L _J
4. Others (Specify)--ve-eere-
; : WASTFE.
'nT OF ALTILRNATIVL
SECTION D: MANAGEMENT e S

19. Do you havc any other waste that !

1. Yes 2. No

20. If yes, what kind of wasic
Lo s imaaanans oo g R
y SOV P URUPPIRTTITL L

20, Dolpoes these/this waste(s) P
&'l\'i'i:ﬁ? 2‘No
|. Yes j
27 If yes, what kind of probl
lo.-o-u-.-tc“-.'-11.““I”“:‘..Jov-'.ao-no-no
2"-...-.-.0..-1-. o-.-n"' i 5

' .2 4

¢ forming

apy nERLYC impecis on You

em(s)
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