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ABSTRACT 

Cocoa pod husks (CPH) disposal constitutes a serious problem in cocoa rarms and cocoa 

processing nn:a.s. In its rll\Y or processed ronn, CPH has the potential to be used as organic 

fertilizer but few studies have been conducted in Nigeria. This study was designed to detenrunc 

the perceptions Md practices of cocoa ftumers regnrding the disposal of CPH as well as its 

utilization of CPH as organic fcrtili7..cr to ruisc cocon seedlings in nurseries. 

In lhe expcrimentnl component, composite was nmdc using CPH only and I: I v/v of CPI! and 

Goat dung (GD) to mixture by weight. Row CPI! was allowed 10 decompose Mturally 

Exbnustcd soil devoid of any nmcndmcnt was usctl as control. The three composite were 

monitored for 54 days and were used for cocoa seedling production using 25, SO, 100 and 200 kg 

ba·1 appliaition rotes \vilh four rcplic111cs each for IO \\'CCks. A stratified random sampling using

proportiooru allocation based on lhc number of cocoa farmer, in the 36 fann settlements in Ado­

Ekiti \\'US done to select 400 cocoa fanners lhllt were interviewed with the aid of a questionnaire. 

Descriptive Sllltistic:s were used to analyse the data generated. 

The composted CPH only, showed lhllt it contained 4.9"/4Nitrogen, 0.6%Phosphorous, 

3.6%.Pot.assium, 33.J'Y'oCarbon and 17.0% moisture while the uncomposted CPH contained 

2.7°/oNitrogcn.. O. l�•Phosphorou.s. 3.0-/4Potnssium, 3 J.8¾Carbon ond 11.7o/, ash content 

indicating that composting cnbaoccd Nitrogen, Phosphorous, Potassium and Clllbon contents. 

However, composted CPH+GD (1:1 v/v) contained S.9%Nitrogen, O.S'/4Phospborous, 

4.1%Potassium and 22.0Y, moisture. Composting thus improved Carbon. Nitrogen. Poumium 

and moisture cootcolS as compo.rcd to composted CPH only and uncompostcd CPH (control). 

The c!Tccts of composted CPH+GD (I I v/v), composted CPII only and uncompostcd CPH on 

the plant height (16.1cm, 7.Sem and 9 Stm), stem girth (2.6cm, 1.6cm and 1.4cm) ond number of 

lea� (10.5, S.9 and 5.6) of the planted cocoa sccdlings at the tenth wuk o1lcr plonting sho\\cd 

that composted CPH+GD (I I v/v) medium Y.'115 highest o.nd ,ignificontly different (P<0.05) from 

tho5c grown on composted CPII only and uncompostetl CPH. Application rate of 200 kg ba'1

supportai the highest pl1111 height (15.5cm}, stem girth (3,lem) and number oftc:ives (I 1.0) of 

coooa seedling, than the loY.cr rotes, which were not �ignificanUy diffcm11 from them.selves. All

th1! puticip;lllU submiUed to leaving CPH in hCAps afler CXU'IICting the cocoa bcnns. About 93.0,� 

l:dtC\W wt this pnlClicc could promote black pod dise11sc: while other, (7.0%) bcliC\-cd that the 

hap, only OOC'Up)' ,pace 1n their plAntation,. PatticiJl'UlU rcportctll)' used Cl'II for M»p tnAki� 
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(38.3o/o) 11nd n1cdicinal purposes (61 8o/o). 

The pcrfonn11ncc of the seedlings raised on composted CPll+GD (LI wv) suggests its potcntinl 
as n good orgrutic fcnilizer for cocoa nursery. However, fam1ers hove limited knowledge about 
its use ns n fertilizer 

Kc)""ords: Cocon pod husk, Goat dung, Composting, Cocon fnnncrs nnd Cocon seedlings. 

\Vorll counl: 430 
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CHAPTER Ol"iE 

INTROOUCTIO'I 

Thl!obroma cacao is an important uopicnl ruin forest species that is grow'll for its oil rich seed 

to produce cocoa and cocoa bu1tcr. The cocoa pod is composed of about 42% beans, 2�• 

muciwgc and 561/a pod busl.. (Olndokun, 1995). Dy-products of cocoa include pod husl.s. shell 

and swcnling. Beller cocoa production will certainly be cnhnnccd if economic use is mndc: of 

the by products. Opckc ( 1992) reported that cocon farmers ,viii cnm a little more for their 

labour if these b)·-products lltC put into uLmosl use. Presently. pod husks constitute n \\'aSte 

product in the cocoa industry and a serious disposal problem. They become o significant 

source of disease inoculums ,vben used os mulch inside the plo.nlBtion. 

Cocoa pod husk (CPI I} is the pcricrup portion of the cocoa fruit and in 75 % of the ,vholc 

fruit on fn:5h weight basis (Fagbenro, 1992). Millions of tonnes of CPI I BtC produced os farm 

\\-OSie across the West Africnn sub-region annlllllly (Sobruniwn, 1998). A ,vide amiy of 

investigations in Niscrio ond Ghnna has indicated the potential usefulness of CPI-I in 

livestock feeds (Sob:lmi,vn, 1997). f'rcsh or dried CPII may be used ns livestock feed, but 

thcobromine conu:nl (Cn. 0.4%) rcstncts the proportion thot cnn be consumed and iL\ use hns 

been limited. Although accepwbilil) by nnimn.15 is satisfactory, digestibility is considered 

poor nnd depends on proc�ing CPI I (Adon111ko, 1972). t.o,v digestibility of polysocehoridcs 

restricts the use of CPII for n1cthnne production 1n biotl1gcs1or (l,opc1. rl al, 198S). Reports 

indicate that pod men! CWJ cons1i1u1e 20 % of ration of poultry, 30 to SO percent for pig.s. and 

SO percent for shc�p. goats and dn1ry conic, but these vnlucs moy be too hi&l-1 (Wood nnd 

L.nss, 198S). 

Coc-0a pod husks conlllin 3 10 4 percent potnsSium on o dl)' b:lsis (\Vootl and L.nss, 1985). Pod 

husk ash which is gouen from burning CPH, bllS been used to make sonp in Ghnnn and 

Nigeria (Odu,,ole ond Arucyn. I 990: 1\rucy11, 1991). According 10 the informotion nvniloblc 

on \\\. ·� L(.filll:ID I tQlll, Nigeria produces about 6% of COCO.'\ cum:ntly produced in the 

world over Cocoa pod husk, which i� the mojor agricullurnl \l,l\Slc of the cocoo industry, ho-� 

been found 10 be unusually rich in potnssium nnd C41.n con�litutc n viable sou�c of potash 

production (Oou&las, 2006; Adeoye el ul, 200 I). Potnsh hos a ,vidc range or induslrial us...,

some of which nrc for the production or olhcr potnssium sruls, dehydmting agents. fertilim 

(KCL) Ind liO on, 
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The importance of potM:.ium in plnnts. o.nimals nnd humam. needs no cmpb.D.sis. Powsium is 

rerened to as the �pt11nt prcfem:xl .. ion for mllinla.ining the v.a1er content 1111d hence the 

rigidity of each cell. a biophysical role. A large cooccntrotion of polaSSium in the cell sop 

=tcs conditions lhnl permit w:11er lO diffuse in10 the coll through the porous cell v.-all. A 

rapidly growing ccrcal crop ,,,;11 take as much as 6kg K per bccl.lllC per dny and sugar beet 

even more up to 8kg per hccuue per dny 1r this rale or uplllke is to be lllllinlllined, the 

potossium in the soil solution hos to be replenished quickly which is only possible ir lhe soil 

contains sufficient reserve of polll.SSium. 

�!oSl or lhesc reserves have nccumulotcd from pa.st :ipplication of fertilizers and manures and 

they must be mainlllined by applying fcrtilw:r or mnnurcs cont:iining potnssium. The clnim of 

\Vood ond Luss ( 1985), about CPII contnining 3 to 4 °/o pot3SSium is supported by lhe fa.ct 

lhat crops �rown near to where CPI I hnd been dumped performed unusually \VCII. II is on this 

basis thol this study hopes to o.sscss the IIUI.D!lgcrncnt of CPII nnd de\'clop o recycling method 

for its use in Agnculturc. 

1.1 Problem StDlcmcnt 

Cocoa pod husks have been reportedly pu1 into use by scvcml studies bul there is on urgent 

ncc:d 10 put it into an easily pme1icc:d use bccnuso of its \/llSt avoil:ibility locall)' Smith ( 1989) 

reported thnl tlierc is oboul I million tonnes of dried CPU that ore produced unnua.lly in 

Nigcrin. Even lhough on oppn.:ctnble perccntngc of these pod hlL�ks hn\'c been found 10 be 

used for feeding ruminants. the remaining pcrcenlllgc mw.t be equally put into use 10 overt the 

imminent block pod di.sense it couscs when ten on the pllllltation unattended to. 

1.2 Jllllilication 

Eliti Stole is known to be one or the leading cocoo producing Sltllcs out of the fourteen �toles 

known for cocoa production 1n Nigcrin. Olndokun (1995) reported thal Ondo Stole (llkiti 

SI.Ille inclusive then) produces nbout 70"/o of the cocoa production in Nigcrin nnd that lnrr,c:ly 

pc:isnnl formel"\ .vow this. Coton pod husks ore normally lcfi on the coco:i plonllltions nJ\cr 

the collceuon or cocoa be.ins in it Cocoa fnnncra ore loo5ing 1hc rich nuuicnts in the CPI I 

through thi� pnu:ticc Nigerin depends on the importation of pol!Wium nnd spends o ,vhole lot 

of money doillg this. This study will 110 n long \\Uy in nddrc:Ming ho\\ tonnes or CPI I llu11 tine

v."IL!tcd onn\1311y by cocoa formers can be recycled ond lllllnaged to lmpru,c �ii fertility 
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I.J Objccth� 

TI1c acm:ml objective of dus �tud) b to tL'iSCS.\ lhc rnuMgcrncnt of cocou pod hu�k und 

dc\'clop n.-cycling n1ethods for its use in Asricuhuro. 

The spcoilic objccti\cs of this study nrc to, 

i. \s.,;cs.\ the pcrtcptions und pruclicc) of cocon funncr.1 concerning CPI I.

ii. Octcnninc: lhc pl1y,1cuchc111lcnl prupcnic.� ofproccMCd CPI I

iii, Develop compo·,tini; !l),lcn,� of  ('I'll ulonc nnd CPII with un uddllionnl or11un1c 

\\l�lc rich in nitro11cn 

,, Octcm11nc: lhc ph)·�icochcrnicul propcr1ics of the cumpo:Jl derived 

, A� the i">'"'dl of cocon sccdlln11,, o n  JIITcn:nl composts mode from Cl'H only 

or \\idl other runcndn1cnl>, 

' 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



CIIAP'fER nvo 

LITERATURE REVIE\\I 

2.1 Brief llistory of Cocoa 

Cacao, or cocoo is an ancient crop having been bnrvested nod used by the indigenous people 

of Ccnuul nnd South America for lhoUSllllds of years. Cocoa \\'lLS introduced to Europe during 

lhc: 16111 Century. Between 182S and 1828 technology to scp;irotc the cocoa buner fron1 the 

dried beans \WS devdoped, \Vhich led to nt31lufocturc of solid chocolote Tbc in\•ention of  

milk chocoh11e by the $\\'iSS in 1876 led to  the worldwide multi-billion--00U01 chocolotc 

processing indusuy (Crnne tr al. 2008). 

The scientific oarnc of cocoa is known as 77,eobroma cacao. There o.rc l\vo distinct types of 

cocoa, Criollo types (cocoa du Ice) th11l \\'aS developed in the north of the Poonmo isthmus nnd 

forastcro (cocoa omorgo which originoted in lhe Amozon basin. Criollo types \\l:l'C cultivoted 

b) the indigenous people of Ccntml nnd South Amcrico and \YCl'C the type Europcons \Ve.cc

first exposed to. Commcrci11I production commenced in Brazil using the Fornstcro types, 

rnolnly :i unifom1 type called Amclonodo. Both types ,verc distributed throughout the 

Caribbcnn, when: they hybridized in Trinidod. c�ting o distinct hybrid c:illed Trinitllro. 

Sp.1ni�h cxplord took cocoo to the Philippines where it spread throughout Southeast Asia. 

lndi11 and Ceylon /\melonodo cocoo ,vns token to \Vest Afric:o (Crnnc ct al, 2008). 

2.2 Description or the plant 

Cocoo is SIIlllll to medium si,xd LrcC (7.6 -9.lm) ,vith few brnnchcs under tropical 

environments. Leaves ore found to"·.ird the cods of lhc brunches. Le11vcs ore simple ,vith o 

long petiole, "hich hos o swelling nt cncb end e11Ued II pulvinus. The pulvinus nllows the leaf 

to S\Yh el to anch sunligbL Leaves ore lonccolate, bright green, ond to 24 inches (61 cm) long 

by 4 inches (10cm) ,vidc. Young lenves have II pinkish red colour. They tum gn:en os they 

motun:. As the plont gro\\S, nc,v le:i,·cs. older ones muy drop. 

CocOll no"m 1111d fruits on the oldc:r brunches 1111d ll'l1m. (cnllcd cnuliflorous flowering). One 

to five no\lom orisc: from II spcciol tis.,uc olong the leafless pons of lhc \tcm, called the 

cushJon. Flo,-ms arc snwl, \loilh five petal ond scpols ond ten struncns TbC)· ore 

hcnnaphroditic. The fruit is c:11llcd o pod (tcchnicolly it is o drupe), nml the time from no,1cr 

pollination to fully developed pod tnk� fi�e to «vcn months or mon;. The pod h:l� 11 thic� 
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peel (pcricarp) o.nd may be four to lhirtccn inches (10..33 cm} loog. It may be cylindrical to 

round shnpcd wilh longitudinal ribs. The pod may be green or green-white, turning yello,, 

upon ripening. or it may be rl:d and de\elop some yellow colour upon opening The pods nn: 

very attractive from an omamenlllJ standpoinL Pods contain 20 to 60 seeds.. Seeds are co,crl:d 

Y.ith white, pinkish or brownish, subacid mucilage thnt is sv.-ceL Seeds m.ny be extrocted o.nd 

the mucilage surrounding the seed consumed. The seeds arc processed to mo.kc chocolate. 

Seedling cocoa bns o tap root lhat may extend scvcrol feet in deep soils lo addilion. 

secondary shallow fibrous, roots radiate lotcrolly from the trunk. These roots arc the major 

roots for wotcr and nutrient absorption. Crawling and flying ioscets pollinate Cocoa. Some 

cocoo types and varieties arc self ineompotiblc, i,:quiring cross-pollination ,,ith o comJ)31iblc 

variety. The An1elonado vnric:ty is fully sclf-compotible (Crone ti al, 2005). Cocoa e, olvcd as

an undcslroycd shade tree 1n hot, humid tropical rainforest areas dominated by cloudiness and 

,vith ,veil distributed rninfnll and a short dry period. Optimum tempcruturcs for cocoa gro"1h 

range from 6S to 90° F (18°·32°C). Tc:mpcraturcs below S0°F (I0°C) mny damogc or kill the

plonl and tc:mpcrnturcs in excess of 90°F (32°C) may limit plant growth. Flo,,cnng only

occurs ,vhc:n tc:mpcroturcs arc at or above 68°f (20°C). Cocoa i,:quircs occcss to soil moisture

(,wtcr) nClllly YClll round and thus bc:nclit from regular wntcring during dry periods. Drought 

stress !cods to lcof and flower drop and poor fruit production. 

Cocoa is a shndc loving plant and gro,YS best Y.ith about 25% shndcs. It may be planted under 

the canopies of lllll over hanging t� or next to building or  structures I lo,,ever, c:ocon 

plooted in deep shade tends lo be spindly and non-productive. Cocoa dOCli not tolc:rotc ,vindy 

conditions and should be planted in only ,vind-protccted o.rcns (Crone at al, 2008). 

2.3 Uses or Cocoa 

cocoa seeds arc the source of commercial cocoo, chocolate ond cocoa buuer. Fem1entcd 

�-ds on: roosted, crocked and ground to give n powdery mnss from which fnt is exprcs.'icd. 

This is the cocoa from which n populur bcvcmgc b prc:f1Drc:d. In the preparation of chocolutc, 

this mass is mixed with sugar. flavouring and extra coeon fot. tvlilk chocolate 1n00rporo1� 

milk as y,cll. C(!C()a butter is used in confcctiom111es and 1n manufacture of tobacco, soap nnd 

com,clic:5 Cocoo butter hns been described OJ the world's most expensive fut, used rather 

exlen5ivcly in the emolljmt '"bullets" used for hemorrhoids (Duke, 1983), 
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2.4 Folk �1edicine or Cocoa 

Cocoa hns been reported to be antiseptic. diuretic, ccbolic. anmcn:igoguc, a.nd parasitic 

pesticide. Cocoa is a folk medicine for nlopccia. bums, cough. di)' lips, eyes. fever, 

listlessness, malaria, nephrosis, parturition, pregnancy. rhcuma1.ism, snake bile and Y,ounds 

(Duke and Wain, 1981 ). Cocoa bulter is applied to ..,,Tim.les in the hope or com:cling Lhcm 

(Leung. 1980). 

2.5 Chemistry of Cocoa 

A IOOg content ofthc seed i s  reported to conUJ.in 4S6 cnlorics. 3.6g 1120, 12.0g Protein, 46.Jg 

fol, 34.7g lollll carbohydro1e, 8.6g fiber. 3.4g ash, 106mg Ca, 537mg P 3 .6mg Fe, 30Ng Ii­

carotene cquiwlenl, 0.17mg thiwnine, 0.14mg riboflavin, 1.7mg niacin, and 3mg ascorbic 

acid (Duke, 1983). 

According 10 Duke (1983). the edible pulp or the fruit cont.a.ins 79.7-88.5¾ ,vnter. O.S-0.1%

albumino1ds, o.stringcnlS, etc: 8.3-13.1% glucose. 0.4-0.9°/4 sucrose, o troce of 51.lll'Ch, 0.2-

0.4% non-volatile acids (as lllrtwic), 0.03% feiOJ and 0.4% mineral Sllli.s (K, No, Co, Mg). 

The shell contains I I.�� moisture, 3.�� fot, 13.5% pro1cin, 16.5% crude fiber, 9.0"/4 tannins, 

6.0% pcntoSMS, 6.5% ash and 0.7S% theobromine. Ra,v seeds contain (mg/lOOg) 0.24 

thiamine, 0.41 riboOovin, 0.09 pyridoxine, 2 I nicotinnmidc, nnd I.JS pantothcn,c 11c1d. 

The component fntty acids of cocoa butter ore 26.2Ye polmitic ond lower ocids. 34.4% stcaric 

and higher acids, 37.3% olcic ocid. 2.lo/o linolcic and traces of isoleic. In g/lOOg, the 

individual amino oe1ds in the ,vo1cr soluble fractions of unfcnncntcd ond fermcn1cd bcons ore 

lysine 0.08, 0S6; histidine 0.08, 0.04: orginine 0.08,0.03, threonine 0.14,0.84: serine 0.88. 199; 

gluuunie ocid 1.02, 1.77; proline 0.72.1.97; glycine 0.09, 0.35; olnninc 1.04, 3.61; vnline 0.57, 

2.60; isolcucine 0.56, 1.68; lcucine 0.45, 4.75: tyrosine 0.57, 1.27: ond phenylalanine 0.56-

3.366 g/lOOg (Duke, 1983). Unfcrmcntcd and fcnncntcd bcons contrun P-hydrox)' bcn1.01c 

oc:id, vnnillic: ocid. p-coumaric ocid. fcrulic ocid nnd syringic oc:id, while the fcnncntcd bcruu 

also contain protocotc:chuic; phcnyloc:c:tic, phlorctic acid nnd the loctone cscuklln and 0-and 

p-hydroxylphcnyl acids.

Cho<:obtc is particularly high in phcnylchtylnmine, perhaps sef\ing ns  medication. 

Thcophyllinc is a potent CNS ond cardioV1UCUIM stimulant ,vith diuretic and hronchiol 

smooth muscle n:lunnt propcnics. This drug wns proven cffcc:ti\c 1n prcvcnllnti nnd t�11lni; 

6 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



opnca in premarure infllDcy. Cocoa contains over 300 volatile compounds, including esters. 

hydrocarbons la.ctoncs, monoc:irbooyls, pyrazincs.. pyrrolcs.. and olhcrs. The important 

flavour componcnlS arc aliphatic esters. polyphcools, unsaturated oromnlJc cnrbonyls, 

pyrazincs, dikctopipcrazines and lheobrominc (Duke 1983). 

Cocoa huller conlains mainly triglycerides or fatly ocids I.hat consist primarily or oleic, stcaric 

ond palmitic ocids. Over 73% of the slyccridcs lll'C present as monouns,uur.itcd forms 

(olcpalm11ostemin and olcodi.�corin), the remaining being mostly diunsolUrnlcd glyceride:. 

(palmtodiolcin ond stcorodiolcin), with lesser amounts of fully saturated and uiuoso1Ut11tcd 

(triolein glyceridcs). Linolcic ocid has been reported to be up to 4.lo/o. Also present in coc:oo 

butter lll'C smoll nmounlS of stcrols ond mcthylstcrols; sterols consist mainly of IJ-sitosterol, 

stigmostcrol nnd campcstcrol, \vith n smnll quontity or cholesterol lo oddition to nlknloids 

(moinly lhcobrominc), tnnoins, and other constituents. rocoa pod busk conuiins o pig.men! 

thot is n polyOovonc glycosidc \vilh o molcculor \\eight or over 1S00. This pigment is hc:11 

and light rcsistlllll, highly stable 01 pH 2 to 11 and useful as o food colourant; it wos isoln1ed 

al o 7.9% yield (Leung, 1980). 

2.6 Uy-l'roduct, or Thtobroma cacao

Sc\crol commcrc1ol products ore oblllinnble from cocoa seeds which o.n: actively trnded 

m1emo11onnlly (Green \\OOd - Dorton. 1965). One strategy 10 increase income for cocoa 

growers is 10 identify nnd con1mlln:ioli1.C new produclS ond by-products Some of the by­

products of coe0t1 thOl could be useful und incrcosc the income of cocoa formers ore discussed 

bc:IO\Y; 

2.6.1 Cocoa Pu Ip 

COC011 seeds are surrounded by nn nromatic: pulp which nriscs from lhc seed lcguments 

(technically an oril). The muciloginoll.5 pulp is composed of sponl:l)· parc:nchymn1ous cell 

contoinmg cell snp rich in sugnrs (10 to l3'1o), pcnlosans (2 to 2¾), c:ilnc: oc1d (I to 2%), nnd 

5:llL, (8 10 10"/4) (Lope,� 1986) 

During on-fnnn processing of c:ocoo �'ti (the e�PQIUlblc product) the pulp i� rcmo\ed by 

fcrmcnllllion nnd is hydmly1.td b)' microorgani,m1. I lydroly,A!d pulp is l.no\\,i in the industry 

u MS\\cating" l)urin11 fcrmcntotion. the pulp providc1 the suhstmle rur vnriou,
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microorganisms \Vhich wc essentinl to the de-.clopment of chocolntc flavour precursors. 

which are fully expressed later, dunng the roasung proc�. Fermcn111tion thought to be

simply QJl easy Y,ay to remove lhc pulp to facilillltc drying. but its importance to coco:s quality 

bas been "ell established (Lot)C'4 1986). 

The schedules for fcnncnllltion vo.ry according to location llJld season, chamber si1.c, depth or 

seed layer, nnd physical turning of the seed Although pulp is neccss:uy for fennentation. 

often more pulp occurs than is needed. Eicccss pulp, \\hich has a delightful tropical flavour 

ho.s been used to produce the follo,ving products; cocoa jelly, o.Jcobol, vinegar nnd processed 

pulp. Approximately 40 litres of pulp con be obtnined from 800kg or \\-et seeds. Cocoa jelly is 

produced by cooking fresh pulp mixed wilb sugar ll1 the mte of JOO to 600g to one liU'C pulp. 

Toe pulp contruns a.bout 1% pectin (\Vood nnd Lass, 198S). The Jelly has a fruit o.cid 

flavour ond is o popula.r delicucy in  Bnha, Brazil 

By controlled fcnnenJ.otion and distilh11ion, S\\C!ltu1g can bc made into on alcoholic spirit ,vith 

43 % ethanol. J\lcohol produced can be further fcrmcnled by At:l!toboctrr specie to produce 

occtia acid. but vinega.r is not yet o commcrciol product (Snn,sinh rt ul, 1991 ). Cocoa 

sweating has been shown to be o suitable subst111tc for fcnncntation of cooonut \\filter by 

lce1obacter acetl subspecies X>li1111m Naill h processed to nn oga.r-likc product, p.,cked 1n 

syrup and is consumed os o d�rt in Asia. 

111c pulp c.in be consumed from in the form of juices nnd "Shllkcs" In small stalls, seeds 

with pulp l1l'C extruetcd from individual pods Md plnccd, :is ordered, In o modified rood 

blender in which o mewl disc \vith holes instead of blndl:$ Milk or wn1cr is ndded ond after o 

fe\',. seconds of blending Lhc contents 8J'C poured through o strainer, producing o rrothy. 

delicious. refreshing bevcroge. Enough pulp is usually left on the seed for normol 

fcnncnunion, but pulp less seeds crui olso be oddcd to millet seed to complete fcnncntotion. 

Pulp can be prc:scrvcd by freezing and used for icc-c_rca.rn, yoghurt novouring, ond juice 

conccntrotc!I. Occausc of the cx:pcnse or the free,ing process. coco11 pulp h:is not been 

marketed oul5ide Dahio. It i� belic�cd tha1 1h1§ product could huve lnrve sculc acccptnncc ond 

can be rccommcnded for m111l.ct studies in tcmpcnitc countries (Figuc1ro f!I ul, 1994). 

l!xtraction of pulp doc, not interfcn: with subsequent wed fcrmc11111tion, ond reduction of 

pulp bcfnn; fennentotion may be bcncficiol 10 eoco.:i quality (Seh\\nn Md Lopc.r. l 9RR). In 
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Brazil, seed qwility is impro-.'ed by the removal of pulp in order to n:duce ocidit) 

Commcrcilll dccupling machines or various sizes have been development based on a 

revolving cylinder. which removes about 6()0/4 of the pulp and docs not injure the seeds. 

Batna alone produces about 300,000 tonnes or dr) cocoa seeds. Each ton of dr)· seeds 

represents 300,000 tones of pulp of which 6()0/4 will be needed for rcnncntalion lea,ing an 

excess of percentnge will be needed for fcrmentntion, leaving an C.'(ccss of 120,000. If only 

I 0-/o of this quantity v.ould be utilized in l3nhill alone, there would be sufficient row product 

nvuilnble lo produce 12,000 tonnes of pulp (Figucicra ct al, 1994). 

2.6.2 Cocoa Pod llwk.s 

Each ton of dr)· seeds represents nbout 10 tonnes of busk (fresh v.1?ight). At the present lime,

pod husks are o wostc product or the cocoa mdustty ond present o serious disposal problem 

(Figueira et al. I 994). Cocoa pod husks hove been put into several uses in the p:ist and in the 

prcscnL Majority of the studies done, published ond unpublished on CPH would be discussed 

herein. 

2.7 Uses or CocoA Pod Hiuk.s 

2.7.1 Soap l\h1klng 

Cocoo pod husks contilin 3 to 4% polllSSium on n dry basis (\Vood nod uw. 1985: Adcoye et 

al., 2001 ). Pod husk ash hos been used to moke soap in Ghonn and Nigcrio. (Odu\\ole ond 

Arueyo. 1990: Arucyo. 1991). Olaek sonp is known ns Anngo soap or Alatn soop in Ghllna, 

ond as Osc Oudu in Nigcrin. Oloek soap is mode from ronsted cocoa (chocolntc) pods, 

plantain skins' osha mixed \\ilh pnlm oil. Block soop hos been used for centuries in countncs 

like Ohonn nnd NigcriJJ. Its methods and secrets hove been pnssed do\\1l from gcncrotian 10

gcocn1lion to keep the soop close to Molhcr nolure 11nd avoid cxploitnlion and limitolions. 

This African Black soap Is not the mass produced Africo.n block soap in boxes 1111 over the 

mnrkct (PR Web. 2006). 

The tnlditionw block soup which conlJlins mainly \\'Iller, cocoo pod ashes, plantain skins' 

a\hcs and polm oil is made by stnpping tiny coconuL� from the oily husk The oil filled husks 

un: pocked into o band press which h.u a ccnln: with o huge lhn:oded shafi. ll1c heavy steel 

top to the press 1s then put in place and m�lc power ron:cs Ilic orange pnlm oil from the 

fiber fbc pure palm oil gotten i5 used in cooking and miu.ing of the soop. The palm oil and 
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cocoa pod ashes is cooked o.nd stripped. Soop is then formed roaming to lhc surface and later 

scooped off nnd place on o cooling 1.11blc (PR Web, 2006). 

2.7.2 Cocoa Pigmtnl 

A cocoa pod husk extract called cocoa pigment, which is o mixture of condensed or  

polymerized Onvonoids (such os anlhocynnidins, C!ltechins, lcukonnlhy cyanidin). sometimes 

linked wilh glucose, bas been utlliLCd in Japanese food industries. Recently, this cxtroct has 

been sbo,vn to inhibit cytopalhic effects of HIV in cell cuhure (Unten et al 1991). The anLi-

1 UV activit} ,vus attribulllblc to interference ,vith the virus absorption, nil.her I.hon inhibition 

of the virus replication ofter adsorption. 

2.7.3 Cocoa Pod Gum 

Lysigcnous cavities filled ,vilh mucilllgioous substnnccs occur in roots (Primnry and 

sccondnry tissues}, stems primruy and sccoodoty tissues) flowers and leuvcs (petioles, 

stipulcs. pulvni, pnlisodc layer and midrib) of cocoa (Brooks nnd Gu:ird 19S2) indicotl-d the 

presence of lorge nmounts or gums in cocoa tissues os well o.s fruit husks (Figueira et al,

1994). 

Gum from cocoo pod husk conwins 2 3% protein ofter lrc31mcnt with o cotion exchange 

resin. 1ndieo1ing that they w1:rc protein poly.s:icchoridcs {Figueira ti al. 1994). They 

reported that gums from cocoa pod husk conc.oincd gnlac:tosc:, glucose:, rluunnosc, nrobinosc, 

xylosc, goloetosc oc:id ond glucose ocid. According to Figucicrn ti al ( 1994) gum C3ll be 

obLDined from cocoa pod husk by sun drying and boiling twice freshly collected samples in 

70"/o c:lhonol (100 - 120g ,vt/1) for 30 mjnutes for depigmenLDtion. then extracted t,vice with 

70% hot methanol (30 minutes and 10 minutes respectively). The remaining tissues W\.'tC

dried briefly, homogenized in distilled v,,atcr, Md centrifuged at I 500g for 30 minutes. The 

supcmllLDnl was then concentroted and gum wo.s prccipiLDtcd \\ith 3 volwnc:s of 9S% ethanol 

and collec\1..-d by cenuifugotion for 30 minutes ot 4200g. 1nc pellet ,vos redissolved in ,vntcr 

ond fn:c:7£ dnc:d SLDtistic:olly, gum from cocoa pod husl.. gove the comparable viscosil} o.s 

gum Kornyo 01 5% concenlnltion Oolh gunu, however, gn,e o pscudoplntic: bchov,our nnd 

gave an average of 72% Ccntipoise nnd 18.4 Ccnhpoisc rcspcc11vely ot S% of conccntrotion 

with cone number CP 40 01 the �hear rote of 45.0 sec;·• 1n roon1 tcmpcroturc 
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In terms of calorie value. gum from cocoa pod busk g:i,-c 3 IO\\ef" value compared to gum 

Karoyn 111 H.05. Caloric vnlue o f  gum from cocoa pod husk \\115 recorded as 2.606SKcal'g 

Wld 3.6896 Kcnl/g for gum Kruuya by ISOPERlBOL Calorimcrcr model PARR 1261. Gum 

K.ataya, once an important gum 1w bc:cn used as 110 emulsifier, stabilucr OJ1d viscosificr for 

food products and o.s a lixativdadhcsivc in pharmaceutical industry. 1n rcccot yc:irs, gum 

Karoyn hns become relatively expensive due ro tllpping restrictions in India (Andcoon ti al, 

I 982; Figueira el al, 1994). Thus, 11 substitute gum would be of inte�t ond gum from cocoa 

pod husks mil1,ht serve os II replacement and provide on additional source of reveal to the 

cocoa industry. 

Krisbrui and Subbn-R.no ( 1976, I 978, OJ1d 1980) nlso isolotcd gums from the seed pulp. 

Polysaccharides of cocoa were first ch:uactcrized by Whistler 111 al ( 1956), who found 

differences in hot•\vatcr-solublc polysaccharides between seed and pod husks. Blakemore c1 

al (1966) Cllo.mincd the hot \VOter soluble froction of husk polysncchnridc ond concluded th:it 

the mnjor part of this fraction wo.s n pectic material. Cocoo pod husks \\Cre exnmincd ll!i a 

source of pectin by mild acid cxll'1lction by Adomol.o (1972) and Ocrbert (1972) or citrus 

pectin 1n gcl-formins ability Krishna and Subb:i-Rno (1978. 1980) found thot gums from 

seed pulp \Vere effective in lO\V conccn1rotion os II binder for phnrmoccutie11I pills.. and 

reported lhllr suspending propcrtil:$ were superior 10 trogncanlh, sodium olginnrc, Sodium, 

corboicy -methyl cellulose und methyl cellulose 

Gum karuyo produced from vnrious Stcrcu//a species mninly S urcns has been used in the 

food and medico! mdusUy, but its used hos diminished because its supply is v:uiablc nnd 

unrclinblc. Figuclin cl al, (1994) hnve chnmctcril.Cd cocoa gum.� from pod husks nnd stems 10

evaluate their potcntinl o.s n replocement for gum Knroyn or os n new commcrciol product 

Their results indie11ted lhllt nn average yield of 1.So/o or fresh w-cight and 8.4% dry \\'Cil1,ht for 

stem gwn. nnd 0.1¾ of fresh weight and 8.7o/o dry \\'tight for pod gum. Cocoo pod gum \\'OS

closer in composition to gum Koroyn thnn stem sum (Tobie 2 I). Doth COC011 gums conlllincd 

the s:ime monosncclwidc o, gum Knra)·n but "'ith the addition of orobinosc and \\ith higher 

proportions or rhomnosc. lhc moJor component of stem gum was gluco�. not found in other

1\1.0 gums nnd also conl.3incd more glucuronic ocid 
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2.7.4 Uliliu1ion of Cocoa Pod Hwk in Liveslock Feeds 

The � of cocoo pod husk 1n livestock feeds 10 Nigeria came into focus in the: mid-sc\'entics 

\\hen the Cocoa Research losti1utc of Nigerill (CRIN), llxldao bcgnn collnborativc: studies 

\\ith the Depnrtment of Animnl Science, ObafCDU AwolO\\l> Universil)', lle-lfc. Reports io 

lhc litcm1w-c indicated lhnt similar in vcslignlioos on nnd in lhc use of CPH in Ji,cstoc:k 

rations, began about the same time in GharuL The U5C of CPH in livestock feeds bas been 

extensively �!udic:d ond cxpcc1cdly, these studies rusve been rcslJiclc:d to the cocoa producing 

n:gions of the world p:U1icul11rly in \Ves1 Africa Md 1ropical Centro! and South Amcnc:4. 

Nigeria, Ghonn, Brnzil nnd Costa Rica ha,c featured prominen1ly. 

Cocon pod husk feeding bas cul across o ,vide range of animals: sheep (Dcvcndro 1977); 

Otchere et al (1983); Chicks (Adcyllllju et al; 1977; Olubami,va ond Longe. 1999): Gro,ving 

rabbits (Oduguwn et al, 1999); Gro,ving Pullets (Solxlmi\vn and Akinwnlc. 1999): Ruminants 

(Smith 1984); Smith ond Adcgbolo. 198S; Smith el ul, 1988; Adeyonju et al. 1977); Gro,ving. 

JOJ)3llCSC qunils (Olubamiwn et al; 1999) clc. 
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Table 2.1. Comparison or Sugar in cocoa gum and gum J...arayu 

·-

·- ., 
Gum source 

u 
M u 

"' e- C
0 0 

"' 
u "' 

�
0 a C C - "' u 0 

I
·- u 0 "' 

5 g .D d u 0 
-0 

u 

e i3 ::, -

cl ::, 
>. ·-

-

�
u 

-

< 0 0 >< 0 ., 0 

Gum karoya 1.6 0.0 1.0 0.1 0.0 0.0 1.3 0.6 

Cocoa stem gum 2.0 1.7 1.0 2.8 0.0 0.0 I.I 1.4 

Cocoa pod gum 

Figueira el al ( 1992) 2.4 2.1 1.0 0. I 0.1 0.0 I.I 0.6 

\Vhistlcr el al ( 1956) 1.0 0.3 1.0 0.0 0.0 0.3 0.0 0.0 

l31nkcmorc el al (1966) 0.4 0.2 1.0 0.4 Trace 0.3 1.3 0.0 

Adnmoko ( 1972) 0.6 0.4 1.0 Tmcc 0.3 0.0 13.4 0.0 

Source: Figueira et al, 199' 
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Olubami"'11 nod Longe ( 1999) reported the evaluation of the optimal biological and 

economical level of cocoa husL inclusion in production diets for boiler starter They prepared 

seven isonilrogenous rations including the con1rol. lbc lest diets were prcp:ircd in forms of 

mash, crumbled pellets ll!ld 2.5% p.'.1im oil supplemented mash, c:ich conuuning IO and I S'Vo 

cocoa pod husk. The inclusion ofCPll into lhc conlrol (mnsh) diet \\llS largely 111 the expense 

of mo.i:zc. A toto.l of 140, 7-day old llypcco broiler chicks wen: selected as the middle weight 

range (82:!:2gfdict) from o batch of 200 to cut down on experimental error since the birth 

wen: mixed sex. They were rJndomly dh·ided among 14 b:lttel) brooder pens .  Dupliauc 

groups ,vcrc then assigned to each of the 7 diet ucatments in o completely randomized design 

and fed lhc respective diets for three \\CCks.

The sumrnary of the n:sults of biological and economic performllJIU of e:<pmmento.J chicl.:s 

is sbo,1'11 in Tobie 2.2. It wus observed that weight gain and feed efficiency wen: similar on 

the control of IO Cocoo pod husk diets (CPHOs) but l011cr on IS CPHDs. This observation 

indicated that the optimal biologicnl level of CPI I in boiler stw1cr diets is I 0%. This ogrecs 

1vi1h the previous reports on the performance of boiler chickl> on CPI I based diclS (Adeyanju 

ct al, 1977; Atuobcne ct al, I 98S: Sobamiwu and Longe 1998) ,vhich 1ru linked to the 

combinotion of lower ME ond high fibre con1cnt of CPII. This arose from dictOI) every 

dilution (Such 115 oc.currcd when CPI I replaces mow:} which reduces broiler performance 

I(Lon ct al 1992; Bockholt cl of; 1994) ond the foct OUll lhc growing cluck is extremely 

sensitive 10 lhc presence or dicLOI)• libn: (Gmhom ond Aman, 1987). Although feed cost/kg 

feed wns !cost in lhc IS CPI IDs; feed inUll:c was high while bird growth was retarded 1vilh 

corresponding low !\!tum. 0� on Lhe results of biolosical Md cconomia1I efficiencies of 

lhe expcrimcnllll diet (foblc 2.2} the opliml11 level of CPII in broiler sUlrtcd diets h I 0%. 

11,lortality ,\'!IS nil on 1111 group and libio osh content (on indirect method of assessing leg 

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

cocoo pod husk diclS ore similar to Lhc control. 
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Table 2.2. Biological and economic pcrfomwicc of experimental chicks 

OICU 

WclgJ,t pin 

Feed lnulcc (s/binJ) 

Feed efficiency 

OM digesllbilhy 

NDM) 

N tttcnllon ("• OM) 

FIi retmtion (% OM) 

Abdominal fat 

(•t body \\Cl&hl) 

1ib1 uh('�) 

Grou n:vcnuc \Vlbinl 

Brid monaluy ('�) 

2 3 4 

478.5 I 447.0 I t79.0 0

ll 16 0 0 1140.2 II 1091.0 ab 

2.3 be 26b 2.lbc 
7&.0 b 77.S be 77.7c 

71.5 b 70.2c 10.1 b 

S7.9a 86.S ab 88.7 a 

1.4 ab I Jab I.la

41.5 S0.4 50.8 

69.9 SJ.I 684 

o.o 0.0 o.o

Source: Olubnmiwa and Longe, 1999 

S 6 

382.S b 328.-1 b 

964) C 1022.0 be 

2.5 b ). f I 

73.0 C 68.0d 

72.0c 70.I c

11.51 l<IObc 

1.0 be O.Jc

S0.7 50.4 

54.9 42.1 

0.0 0 0  

7 SEM 

366.J b 12.4 

975.0 c 23. I

2 71 0.9 

71.2 cd 0.1 

71.S C 0.1 

n1 0.7 

0.1 C 0.3 

48.6 I.I 

S1.0 

0.0 0.0 

Mc:ruis in lbc same row ,vilh different letters differ signiliCll.lllly (P<0.05). 

!!.tt 

Diet 2 100/o coco:i pod h�k (CPI I) 

Diel 3 I 00/o CPI I 

Diet 4 I 0% CPII + 2.5% palm oil mnsh 

Diet S I 5% CPII mash 

Diel 6 -J s,� CPI-I 

Diet 7 =>JS% CPII + 2 5% palm oil mnsh. 
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Tuah ct al ( 1999) reported lhc effects of levels of CPI! and NoOH lrCalcd com cob on lhc 

reproductive performance or Ojollonke sheep in Ghnn11. Fifi) gimmm of the Ojallonkc breed 

of sheep ranging in body weight from 5 10 13 kg were allocated 10 five diets containing 

respectively, 0,150, 300,450 nnd 600 g kg·• CPH for 150 days. After !he 150 <Ill) indhidlllll 

feeding phase, their \\US DO significant effect OD I.be reproductive paromctcrs length averaged 

17.U0.44 days llJ.ld pcnk progesterone level (8.010.84 nmoVL) wus attnincd on <Ill) 14 of the 

cycle Progesterone profiles during prcgnnncy \YCTC similar for n1l llOimols im:spcclive of 

dietruy trcntmcn1 reaching II pcllk between days 12 and 119 ( 18.2-23.3 nmoVL) becoming 

negligible by  <lily 154 (funh d al 1999). 

Replacement value of cocoa husk mCIII for lll!UZ.C in diets of growing pullets ,vus studied by 

Sobamiwu nnd Akinwale (1999). Lo lhe study, 108 tcn-v,cck old Nern pullets were allocated 

in 1riplica1cs in o completely rnndomiz.cd design lo four isonitrogeaous dietary lJ'CQtments. 

The trealmcnlS ,verc cqunlizcd for weight 01 the overngc of 0.71.g body weight per bird. The 

rations included the control diet (CO), nnd 100, ISO ond 200g l.1f' cocoa pod husl. mcol diets 

in which cocoo pod husk mc:il rcploccd mnil.C. The four diets ,,-ere fed 10 birds up 10 '20 

w<:1:ks of oi;e. Therefore, oil groups were S\vilehed 10 11 common 18% crude protein com-soyn 

ham mc:il layers' rnnsh 10 26 ,,eeks of ogc. ll1e Mctabolis.iblc Energy (ME) contents of 

cocoa busk meol diets were lowered ocross the lrC!luneats os cocoo husk meal replaced maize. 

·11us wns reponed 10 be uncxpcc11.-d bccllusc of lhc mnrkct difference in the ME contents of

cocoa husk mcol und moi£C (Sob:imiwo nnd J\lciownle, 1999). Funhermorc, feed intnke \VIIS

identicol up 10 20 '"eeks of 11go on nit trc.ltmenL Feed efficiency wns best on control diet up

1o 20 weeks of ugc. Control diet wus however the most expensive fc:cd beina 15% cos1lh:r

than the 200g kg·1 cocoa husk mC11l diet (Tobie 2.3). Al50, feed co�I per bird during this

period wn., u1 least 10¾ higher on control diet thnn on any cocoa husk meal dieL

A study conducted by Smith (1989). rcvcoled the solution., to the praclicol problems of 

rcc:drng cocoa pods 10 ruminonts. I le rcponed thnl the ,,idesprcnd nn1urc of COCO.'\
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Table 2.3. Gro"'1h performance and cost of production of gro"ing pullets fed \\ilh cocoa 

husk -based diets during 10-20 weeks of age 

Parameters 0 100 

Feed inlakc (glb/d) 68.0b 68.0b

Weight goin (glb/d) 12.61 9.7b

Feed: gain 5.4• 7 1' 

Feed cost (N/kg) 19.4 17.9 

Feed cost (N/b/10 wks) 92.4 82.9 

Age a1 first egg (wks) 17.7b 18.0 b 

Body weight 

nt lirsl egg (kg/bird) 1.4 I 1.3 b

Egg production to 

\\'eek 20 (%) 36.3' 19.0ab

A verogc egg ,veight 

to \veek 20 (g) 32.0' 34.7 '°

Source: Sobamhva and Akinwale, 1999; 

(glb/d) refers tog bird-1 day-'

1 50 

67.3 1 

8.8 b

7 7 •  

17.2 

809 

20.0• 

1.3. 

2.0• 

42.3 I 

200 SEM 

71.J • 1.22

9.o• 0.65 

8.01 0.29 

16.4 Na 

81.9 Na 

I 9.71
OJ 

1.3. 0.1 

5.3b 10.4 

40.7' 2.2 

Means followed by the same lcllcr(s) in each row nrc nol signifiCW1lly dilTcrenlly (P<0.05). 

Nn'" Not available. 
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processing sitcs which nmcs it difficult and expensive to collec1 and unnsport the cocoa pods

lo sites of utilization and the need to grind the pods prior to fecding arc identified as the main 

physical constraints v.·hile high cell wall nnd low cell coot.enl of the nuucrial constitute the
main nutritioonl collSlnlints to its effective utililJltion. 

Dried pod has been reported lo contain 6-10-/o crude protein, 24-42o/a crude fibn; 49-6l'lo 

niuo11cn.frec extracts, 9·16% ash made up primarily of poUI.SSium snits (Owusu Domfeh, 

1972; Devendm, 1977: 01chere cl al, 1983; Smith nnd Adcgbolo, 1985). This nulricnl profile 

is similar to that of many tropical grasses (Ademosun 1111d Ko lade. I 973). The rrullcrinls 

therefore have good potentinl as n feed ingredient pa,rticuhirly for ruminonts About one 

million tonnes of cocoa pods ore generated nnnuall)' on Nigc:rio cocoa plan14tions. II is 

difficult lo o.sscss what amount is availnble for nnimnl feedin11. Most of the a,'llilnblc pod is 

annually W11Sted because cocoa.growing and processing is to n large extent carried out by 

individual smnllholder scnnered nll over the cocoa producing areas. Many of the farms nrc not 

easily neccssiblc, ond ,vhen ncccssible, mll) not produce enough pods to encourogc setting up 

n collection service. The luck of easily accessible processing centres in arcns ,vhcrc large 

amounts of pod con be collce1ed is one of the llUljor constroints to the utili?lltion of CPH as 
nnima.1 feed (Smith. 1989). 

Smith (1984) indicated lhal uansportation costs for collecting pods from sites of production 
to the site of u1lli1.a1ion accounted for 78% of the 10LBI cost of producing n tonne of dried CPI I 

for feeding. The farther apo.rt the production sites nre from (aCj1 other and from the sites of 

utili71ltion, the higher the uunsportolion costs, and the less 01traetive the use of pod will 

become. He further reported thol if ii were 10 bo possible lo centralize cocoo processing. a 

lorse part of the constroint of collection nnd IJ1lllSp0rlation could be overcome A more 
practical solution ,,1luld be to use !he CPI I 01 or nCIIJ' lhc site of production The llUljor tlU\ICI 

users ,vould therefore have to be lhe cocoa farmer or his neighbour keeping a re,v goal and 
sheep. On lhe other hand mnnufncturcrs who mo.y wunl 10 IL'iC the compounded rum1nnnl diets 

or ns enCTgY dilucnts in pellets or fini�hing S\\inc feeds mny eontroct cocoa formers 10 supply 
dried pods once or twice a YCIIJ' (Smith, 1989). 

In the \tudy conducted by Olubajo ti uf ( 1989) on cocoo pod silage and cocoo-pod-gnw

silage in 8031 and sheep nutrition, ii wos reported that the dcprcMCd dry mnucr content of the
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prc-cnsilcd grass-cocoa-pod mixtures was ns a rcsuh of the high moisture content of the

cocoa pod husk Y.ben compared lO that of elephant grass that y..i,s used ns a control in the 

study, while cocoa pod replacement led to nn increase in nitrogen-free cxtrnct llS a result of 

the higher content of this nutrient in the cocoa pod. The slight decrease in the crude protein 

content of the ensilcd products may be :itlributcd to loss of volatile nitrogen products from 

protein fennenuition. The high pH values of the silages o.re attribuUlble in the limited 

available soluble cnrbohydrotc:. in the cnsilcd mixtures ns wel111S to the high a.sh content in 

the pre-cnsilcd mnss most especially in the 100% cocoa pod which mil) have inhibited or 

lowered the activities of acid forming /ac1obacllli thereby limiting the level of lactic acid 

production in  the cnsilcd mass. 

The relatively IO\V nitrogen ulilimtion of coco:i pod silage or of ony of its g� silage 

combinations could be attributed to its concentration either in the prc�ilcd miicturcs or 1n 

the silages when compared with th!ll of the control diet as its concentration ,vos similar in all 

the trealmcnlS. It could howc,cr be due to the presence of as yet unidentified inhibitors in the 

cocoo pod (Olubajo t!I al. 1989). A,volumalc (1982) \\11Softhe opinion thot pesticides used in 

plant protection, lllnnins, thcobrominc nod pol)'phenols if present in coooa pod con affect the 
\'Oluntory intake, digestion and metabolism in anim;il!; They also dccrcnsc palatability ond 

digestibility of protein. Chlorogcnic acid prc$Cnt in cocoa components is found 10 cause 

motor activity in ruminnnts nod mts alTccting dccrco.scd ,,-eight and feed conversion 

efficiency. This may account for the low values obi.Dined for the cocoo-pod diets (Oluboyo cl

al, 1989). 

2.8 Stratrgics for Ellminnting Nutrition11I Constnilols of Using Cl'll ll.� Animal Feed 

Toe gonernlly 10,v nutritional value of cocoa pod is n major constraint to its bc:_ing usro 

efficiently o.s nnimal feed. ll is 10,11 1n protein (6%) and high in cell wnll components (240.� 

lignin) (Smith el ul, 1989). This poor nutrient profit occounts for its lo,11 rumen dcj;rndobiliry 

:ind ovcroll poor digestibility and n1ay constitute n constrnint to oplinlllll> utilizing the 

material a., 0 feed ingredient Two proven strotciµcs are suggested llS remedies to this

nutritional construint that is chcmiail ucntrncnt nod supplemcnuuion (Smith, 1989). 

Chcrrucnl trclltrncnl.S of fibrous crop rcsid�. ,im1lor 1n compo�ilion ond nutritive \'Gluc to
cocoa pods have reportedly improved their utilillltion to such on cl(lcnt OJ to mllkc their

.1. , ,_, ·1nuttdicnt, rc:i,ihlc and profil11blc (Jnck5on, 1977: Doyle rl ul IQ86)uu 11..iuon OJ ,,;,;v ,.,- · · 
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i'O(,nc of the pnnm ct:crcicab IUCb ID sodiwn bydnwdc, a!aum lr)l!ro1idc. p;umum 

h)-drmidc: nnd Wl!mfXIQ lll'C IWlllbk local WtDCU l'a:ausc of l::;b COS!. and s.:mQf\ of thc 

chmnah and b:&nrd1 Associated "'lh thdr 1ue A smtJbk �"' '>todl u:rla trm tcd 

IOU!lg lppa!11i 115 dfccU\'C 11.1 $Odium h)dnrude IS lb:: CWl!ZIC am somt!OO of some crop 

reziduo. Cocoo pJd � for aampic,. c:oot>im mil 44� of rJCQSlr:;m per t.g. and

oa:ordmg ID Adcbo,.\'llc (1911S). lhc � soil.Ilion contaimi 1Lbou121,. and m. OH ions m lb:: 

fonn or the N110II and KOii n:sp:'Ct.l\cly. 

This prop..'rty wus cflccti\-cly C'<ploitod b) Smith ti al (l9U) v.bo med difTaun 

cooo:ntrDtiom of cocoa pod uh JOlutioru ns a chemical IO trcu CCCQI pod m nn anrmpt ID 

imprmc iu feed value. M shov.n by Smrlh {1989) io Table 2.4, a linear incrc:asc in lb:: nmicn

dcgrad.:lbility ofc:ocoo pod 11c:11cd v,ilh its own l.\h solutions ofinm:ouing CIOnCUllrDUoD \\'U

obscncd �fore ,ignilic.u,tly, the impro,cment in rumen �Iii) ol:uincd b) cocoa pod 

ash solution tn::lll'llCllt was simila, to 11w obt:liocd hy using 1'11011 solutions of equi\111em 

alklllini1y. The 11uthon al!IO �rtcd 1h11 trcalcd cocoa pod based dicu v.uc bcu.cr dii;c:ucd 

by bolh soots 1111d shccp lhnn untn::alcd pod based dicu as sho,1,n in Table 2.S. Cmtrol diet 

conUlincd SO% untrc,llctl cocoa pod v.hilc: ICSI diru conlaincd SO% tmllcd cocoa rod-

This trcatm�-nl mclliod 1w lhc: ro1cn1i41 to mno,c • ma}or rons1.r1in1 10 \he cffic1cn1 

u1.Ui1.ation of cOCOll pod 11.111 li\es1ock feed The 11.-.:hr,olOIJ.) r-houlJ he 111ll'11CU\'C to 

cocoa fnnncn who 1,cncnalc cocoa pod on their fanru. Inc t�hl'IOloio in\-ol\'C'Cl is �implc llnJ 

lhc: fonncn 111: used to handling 1hc iuh "hKh rs � loc:ally 11.1 • bue for -11 m:inuf-.:1\ll'C

(Smith, 1989) Anolhcr 1rc,11me111 n1clht>J ,,hich may imrro,c the feed \11111( of p,>J is 

cniilini pod wilh pouhl') INIJ\Urc or u� Oolh n1A11urc anJ W-C4 "oulJ hbcnllc Alllmonia 

which 1w t,«n ,ho,�n 10 clTcctivcly improve the utilimlion of fibrous rcsid\lC$ through 

1U11moni1 .. 11ion of cell wull� (l)(}) le ct ul, 19116).
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Table 2.4. Rumen dcg.rodability oftn:ated cocoa pod 

Nutrients 

Ory mancr 

% NaOH solution 
2 4 6 8 

34.8 41.1 47.6 S2.6 

Acid-detergent fibn: 24.6 33.8 38.6 42.S

Neutral detergent fibre JS.O 2S.9 3S.7 36.S

Source: Smith (1989). 

21 

2 

�. pod ash solution 
4 6 8 

37.0 46.3 54.8 SS.4 

26.7 

15.3 

3S.9 

29.8 

44.2 46.6 

44.7 41.7 
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Table 2.5. Digcstibilil) (•lo) of tn:atcd and unU'Catcd cocoo pod by g031S lllld sheep 

Dry matter 

Acid-detergent fibre 

Neutral detergent fibre 

Source: Smith (1989) 

Sh"1! 
Untreated Trtlltcd 

4S.2 

12.4 

15.6 

4S.S 

30.7 

39.S

22 
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Untreated Tn:.itcd 

46.3 

31.0 

37.9 

S9.8 

36.2 
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Sobamiwn and Longe (1994) studied the effect or alkali c:onccntration IIJld tre:Umcnt on the 

chemical composition and nutritive value or CPH. It \\US reported lhnt incn:as1ng alknli 

concentration dCCTC:lScd the amounts of crude libn:, hemiccllulosc, cellulose and crude 

pro1ein but incn:.ised total nsh. sodium, copper, iron, mangan� and zinc contents or CPlf. 

Treated CPU sbo\\cd nn increasing wotcr consumption of chickens and ultirruucly increased 

the gro\vth of chickens compared \vith untreated CPH when fed as feed to the chickens. In 

order to improve the nutritive value of CPH most, it is necessary to remove salt deposition 

and residual alkali which may have masked the effect of nlkn.li treatment (Sobwniwu ond 

Longe, I 994). 

2.9 Cocoa Pod HWlk u l\1cdia ror Culturing 

Awuah nnd Frimpong (2002) reported the use of c-0e0n b:ised mcdin for cuhuring 

Phyropl,thoro polml\•ora \Vhich is the cnusal agent of blllck pod disease of cocoa. Green cocon 

pod husk agnr, ripe COC03 pod husk agnr, and ripe cocon mucilage ognr, \Vere prepared nnd 

assessed for their clllrity and for potential support 10 myceli3 growth and sporulolion of P

palmfrora. Oatmeal ngar, Potato-dextrose agar, vegctJJblc 8 juice ogar nnd pineapple crown 

agnr \\'l?re included for comparison. 

Green cocoa pod husk agar and ripe COC03 pod husk. ogo.r when compnrcd with other media 

performed substantially well in clearing ond supporting the best ocrinl mycelia growth but 

both green eocoo mucilage ogor and ripe cocoa mucilllgc agar opan form differences in radial 

growth, \Vert similar in nil olhcr respects 1111d ore n.'COmmended ror culluring P p<1/m/\'Ora 

(Awunh nnd frimpong. 2002). 

2.10 l'rop11�•ting l\1«1i11 

The media can be mode of different types of soil such as snnd loam, silt, clay ond ,vith the

orgonic pan which might be poultry dung, cow dung. golt dung, compost, nll or which are

found suitoble but depending on the plant to be l:IT0\\11 on the medium. According to I lundson

and Dale ( 1975), 0 good medium must be sufficiently lim1 ond llcnsc to hold lhc cutting� in

pl:u:c during rooting. sufficiently porous tliat excess water drains away lhc:1tforc permitting

. 11 'IUfficicntly retentive or moisture lhat watering doc., not have to be toolldcquatc aeration an 

rrcq114"flt Qlll008 other qu:ilitiC!I.

2J 
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2.11 Types or \1cdi2 iucd ror Growth Exptrim,nts 

Growing media could be natural or artificially prq>3fC(I merlin for suitability of plants growth 

These media C3n be sand, lo:i.m, pcut or sa"'dust (Moyosorc, 2006}. 

2.11.l Sand 

According lo llundson and Dale ( 1975), sand COllSlsts of small rod fragments ranging from 

about 0.05mm - 2.0mm in diameter formed ns II result oflhe Y,cathering of various rocL�. 11.s 

miner:il composition depends on lhe type of the rock. Sand is chemico.lly inacti\e or inen 

since quart-grains have little power to hold Y,'Oter or nutrients. Sand is the heaviest of all 

rooting media used, a cubic foot of dr) sand "'-cighting about 48.87kg. Some contain vinually 

no mineral nutrient nnd has buffering capacity. It is used mostly in comb1notion ,vilh organic 

IDllterials (Baker, 1962). 

2.11.2 Pc111 

Polek (1965) and Lucas et al (1971} stated that peat i s  composed of remains of oquntie. 

marsh; bug or S\\'llmp vegetation which has been preserved under ,vater in a parually 

decomposed stole depending upon the vegctotion from which it origiontcs, stntc of 

dccomposilion, minerol content nnd degree of acidity. 

2.11.3 Loam 

Loom soils alone nre not sntisfaclory for the propagation in nurseries. They nrc onen heo,')' 

and poorly aerated or tend to become sticky ru\cr watering upon drying; they shrink, fom1ing 

0 hrud nnd crocked surf nee. In order to provide suitoblc polling mixtures of good te.,turc, �d 

nnd some organic moucr such os peat moss or sa"dust or shredded bark DIC usWJlly added. 

(Motkin nnd Chandler, 1971; Furuto, 1970). 

2.12 l',tntcriab Used lo Polling !',1ixturcs 

2.12.1 l\tanurcs 

The tcnn "m411urc" ,,ns originnlly used for d�ribing ,vas1e mo1criuls such o., go:11 dung, CO\\

dung. pouluy dung. compost and other ruuurol �ubslllnccs lhlll are applied on the soil on

.____ . b' -live is that of enriching lhc soil for incrcnscd <;rop production. RnymondWnu:.<: pnmo_ry O � .... 

992) poncd lhot ihe use of monurc ii ns old as Acriculturc and will continue 10ond Roy (I re · 

tl od r moinlilining soil fcrtilily becDusc of ils 'IDfc utilimblc qualitic5 10 li\c�.be lhe best me I o 
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\gboola ( 1982) asscncd thal manure constituted the chief source of crop nutrients before 

1960'� in maintaining soil fenility in humid tropics. 

a. Coal Dung

There is dcanh of infonnation on the use of goat dung in crop production. This ma) be p:irtly 

due to the relatively little: quantity of dung produced by the animal per day comp:irctl \vith 

other livestock couple with their highly mobile nature which makes large spot collection 

difficulL Except large stock is kept gathering enough mntmnls for commereinl lium fertiliza 

\\111 not easily be ochieved (Odiete, 1997) . He further staled tlult "ith recent call to incn:ased 

mixed farming and animal protein inlllkc, crTon.s a.re now being geared towards boosting goat 

production. 

GoDl dung has on overage nutrient potentinl of2.8°/4 N, 1 921/o P20s ond 1.72 K10 while goal 

urine conutln.s 2.55% N, 0.09"/o P20, and 3 .97% K10 (R.nymond and Roy, 1992). Salem 

(1975) gove orange ofbcr.vccn 10-5% moist�. 2-J�:, N, 0.4-0.7% P20s and 1.0-1 .5% !(JO 

for goat dung. On the basis of this composition, if goat dung is \\c:II handled ond adcqu:itcly 

applied lo mom: either sole or in combination \vith inorganic fmilizcr. on opprc:cioblc 

response of growlh and yield should be cxpcclcd (Raymond and Roy, 1992). Anthony (1996) 

confirmed thot goat manure makes o very good fertilizer. I It further stoled tlull the dropping 

con be mi.xed \vith forage residues. :;oil or urine: Lo rot before use. 

b. Con• Dung
Rnymond and Ray (1992) gave o brcnkdown of beef canlc wn�1e composition us 2.8% N. 2-

1 .00/4 P,1-3 K. 1.5 1',,lg. 1-3 No ond tollll !iOlublc sallS 6 -15%. According lo Jin-llyung cl al

(1996), opplic:.ilion of collie manure improved soil pit, organic mailer, ovuiloblc phosphate

and cxchangcoblc cations in the �ii It wns funhcr SIDied that opplic:ulon of conic monure

incrcascn pllllll grov.1.h, heighL sutlk dirunc1cr ond silage yields. II \\'3S later concluded lh.ot 40 

lOMes coltle manure per hectare should be upplied 10 forage maize 

c. Poultry LIiler

Poultry m:inurc conlJlin., 2.5% N, 1-2% r. 1-2% K, 2.3% l',,lg, 1-21/o Nu and 2.5% tol.DI

�lublc 'IIIIIS (Raymond and Roy, 1992; Adcoyc tin/., 1993) According lo Anthony (1995) ,

I i WC poul'"' ellcrcmcnl produced in bculcl) C11gc house, ond 11 ,hould bepou try m:111urc: ' P u J 

gcncr.dly dried before � Poultry mnnurc con be used in mo� crop, hut be�usc of iL� high

I.
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nitrogen content, ii is imponnn1 lO adjust nitrogen fertiliur used 10 o,oid excess. It "'us

further staled thnt conversely, its potnssium content is relotively low so that potaSSium 

fertili.ttr moy be especially needed (Anthony, 1995). 

d. Compost

According to Wbite (1987), compost is mmlc by occclcroting the rate ofhumification ofplnnt 

ond animal residues in "ell acroted compost heaps. Monurc and compost ore in essence slow 

rclc:ISC fertilizer. Nutrients an: slowly rcle:ised from the added organic lll3terials through the 

microbinlly induced mincraJi7,3tion process. The use of organic substrate (compost) offers 

grcnt advnntagcs over the convcc1ionnl topsoil (Adnm c1 al. 2003; Akanbi cl of, 2002). 

Organic substrates, uccording to these nuthors, pro11idc odcquntc nutrients to seedlings beuer 

l'O()t substrole rclution lhnn con11ectional soil mix ond less predispose the seedlings tQ soil 

borne pests ond disease. While a wide range of crop residues, organic "'-a.sics ond other 

induslrinl by-products could be used ns organic growing medium. Preference of any should 

largely be delennined by consideration of n,'llil:ibility, economics, physical and chemical 

chnrncteristics (Akanbi el of, 2002). 

2.13 Sonic T1nportant NulricoC.S in f\loourc 

For plants 10 gro,, ,,ell and produce fruits it is importnnl lhlll the m.edio used contains the 

essential nutrients, there nrc sixteen of them ond based on the quontitics of requirement con be 

classified into mnero or micro- nutrients. Out of the lllllCronulrients three viz. N. Pond K a.re

usunlly contained in organic fcrtiliur or nuueriol 

2.13.1 Nitrogen 
lwufor cl al ( 1990) observed that the yield ond plant height ,vcrc significantly incrcnscd by 

Ni1rogco fertilizer Nitrogen is on in1portonl constituent of protein protoplnsm nnd chlorophyll 

molecule that imp;ict deep protoplnsm ond deep green colour in leaves ond promote 

vcgct.ative growth. lie further stated thot protein content nnd lcof succulence increa.,;e \\ilh

increased nitrogen upt.okc. 

2.13,2 rho1phorOUJ 

The importonec of phosphorus \\US lonll known nnd vit.ally importnnt in the storage or cncrt;.y

000 1.n1nsrcr or other lllp«L� or plant SJO"lh. 1\ l'C)Con:h conducted in 11 ·r /\. ( 1984} �hoiicd
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that the yield of cowpea com:l3ted ,�ith increase in the •,urying le,-els of phosphorus

fcrulizntion. 

2.13.3 Potll!lsium 

Potassium has two roles in the functioning of plnnl cells. Fi.rst, il has on irreploce:ible pan to 

piny 10 the nctivation of enzymes which are fundruneotnl 10 mc111bolic processes, espccullly 

the production of prolcins and sugnrs. Secondly, polllSSium is the plant pn:fcm:d 100 for 

mainlaining the waler conient nod rigidity of each cell A large cooccolmtion of polllSSium in 

the cell sap, creates conditions thal cause wnter 10 move inlo the cell through the porous cell 

wnll Poiassium helps plnnts combnl the adverse effects of drought nnd frost damage nnd 

insect nltack. It also improves fruil qunlily and the oil content of mDDy oil-producing crops 

(http//':'vww.efomo.bc). 

Adctoro ( 1983) also conlinncd that polllSSium offeets numerous plo.nt physiological processes 

and also encourage the fonnotion of carbohydrale compound. He also stnlcd further thal 

polDSSium is highly importllnt in pho10synthesis and that it has positive effect on the 

fonnation in photosynthesis and that it has posili\'e effect on the formation of chlorophyll and

gro,vth of roots. 

Beegle and Durst (2001) reported thal pol.115Sium in nnimal mllllurc is almost tollllly dis.solved 

in the liquid fruction, so it is important to conscf\c that portion of the rrumurc. They funhcr 

stated that as long 11.5 liquid is 001 lost, hlllldling and surfnce or incorporated opplicinion, do 

nol u!Tccl potassium content or avnilobilil) 

' 
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CHAPTER fl LREE 

MATERIALS A.t",O l\.l£TRODS 
3.1 Description of study area

The study "'-as carried out in sclcc1cd fann sc1Llcmenis localed in Ado - Ekiti Local 

Government Area of E.kiti State. Ado - Ekiti is located bet,.,.ccn longitude 4°451 to s
0451E

and lntitude 7°151 to 8°51N (Salami ar al. 2006). 

3.2 Survey study 

Four hundred cocoa fanners \\'ere randomly selected and inlcrvicwro using intcrviC\,cr 

odministcn:d qucstionnnire ,,'ilhin 36 fo.nn scttlcmcnLS of Ado-Ekili Locnl Government An:n. 

This number of cocoa fanners in lhis sNd> ,,us obtoincd b:1scd on lhe follo\\1ng statistical 

parameters 
n= Z1

pq/d2

\Vhere n = lhe desired s:unplc siu 

z = 1.96 (95% confidence interval) 

p = 0.50 (50% proportion)

q = 0.05

d = 0.05 (degree ofnceurncy) 

n = (1.96)2 (0.05) (o.05) I 0.052

n = 384 cocoo farmers 

This number ,vns mode up 10 400 of cocoa famters ,vilh a vie,v to accommodating lhe effect 

of loss due 10 otlrilion. A stratified random sampling using proponional ollocalion based on 
lhc number of cocoa fanncrs in the 36 fiITTll scnlcnicncs in Ado- Ekiti \\11!1 done 10 select 1hc 

400 cocoa fnrmcrs tliat were in1crvlcwcd with 1he aid of a questionnaire. 

I l · 400 c-n.. fnnncrs bused on the proportional allocation. o sim.plc mndomaV1ng gol ..,...,.. 

I• lhro h the � of b;illoting ,vas adopted in sclecling lhc cocoa fanncrs that wereS3111p ing ug 

actoolly inicrviewed. 

. • .. m. mode up or sc<:tions containing socio-dcn1ogrophit fCllturcs. currentThe que.�onruurc .,._ 
. d ti cs of cocoa flllTllm rcgruding CPI I

, 
= of land occupied b) cocropcrccpuon� nn prac c 

. 
....,,.n1 of  oltcmauvc ,viu1cs. About fi\C rc!.Cllrth iw1stanLS \.\ere lnlina.1plillltoUon and mon.ig ... , .. �. 

'md in the collection of data from the cocon formc11 A prc1cs1 of the:and iubscqucntly WI 
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questionnaire \\as conducted bcli th ore c actual commencement o f  the datn collection from the
COC03 farmers. Descriptive Slali""'' h bar =CS sue as graphs, pie-charts and frcqucnC) tables Y,cn: 
used to summnri:,.c the results. 

3.3 Experimental Studies 

Inc cxpcrimcntnJ studies wen: divided into two vi1. Lnbomto1y lllllllyscs and g?Cen house 

cxpcnmcnts. 

3.4 Collection orMalerilllJ

3.4.1 Collection or Fresh Cocoa rod Husks 

A muh.istllge s:irnpling technique (2-stnge) ,ws used to select the form sculcmcnt when: the 

study octually took pince. 30kg of fresh cocoa pod husks Y.ith o,cmge weight of 93g cnch 

,vns selected for use in the composting systems set up. 

3.4.2 CoUec:tioo of Goal Dung

About I 0kg of goal dung used in one of the compositing systems set up wns collected from 
different locnlions ,vhere goats are reared around Ajilosun area in Ado -Ekiti metropolis. 

3.4.3 CoUcctioo or Uncompo,tcd Cocoa Pod llusks 
About 2kg of  already dumped CPI Is that were allowed to decompose ru1turolly for 54 doys 

with average ,vcighl of 83g each was selected for use. The selected CPHs \\"Crc chopped into 
smoll bits, sun dried for five doys and ground into powder "ith o grinder provided by Oisolnb 

Vcntun:.� Ado -Ckiti. This wns lobcllcd "uocomposted CPII" 

3.4.4 Collection of Exhausted soll 
About 901.g of exhausted soil was collected from the gully erosion sile in Ajilosun, Ado-

Ekiti. 

3.S Composting S) ,1cm8

TY.-o types of composts ,�-cro employed in this study. The fir..t being the composting o f  101.11

of,� cocon pod husks plus 10kg of gonl dung. The fresh cocoa pod bU5ks ,vcrc chopped
. JI b' -·-·' Inter mixed thoroughly with the goal dung by pounding until 0tnto �ma 1L, WIU 

ho wns .,..,..,.lvcd 'Ilic mixture wns hCJJpcd ond labeled Mcompostcd Cl'II +mogc:nous mixture ..--

GD I :I v/11", 
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Second. 20kg of fresh cocoa pod husu "'-as equally chopped into small bits, pounded and

b�pcd as done above. This ,,as lnbeled "composted CPH only" The l'\\'O composts \\Cre 

continuously mixed evt.'l)'dny for 54 dnys wilh lhe monitoring of cbD.nge in temperature and 

moisture content of the heaps Monitoring of the Ni1rogcn, Phosphorus, Po�ium nnd 

Orgnnic Carbon togelhc:r with olhcr nutrient clements \\US done on lhe Isl, 8th, I 5th. 36th o.od 

54th dny of composting. The mixtun: of the two heaps was done to accomplish the rclca.sc of 

nutrients gradually lhrough minerali111lion a� n:por1ed b} Moyosorc (2006). 

3.6 Prepunition of Potting Media 

The exhausted soil \\'liS sieved to remove �tones, J)(bblcs and other foreign mll!crio.ls nnd to 

enhance thorough mixing of the fertilizer motcrials. The exhausted soil was bagged nnd 

,,11Shed with distilled ,vatcr procured from Bisolllb Ventures Limited, Ado - Ek.ili. The

,,'l!Shing of the exhausted soil \\'a.� done for 3 dnys consecutively llficr which it \\115 oir dried 

properly. 

The three fertilizer matcrinls were prepared iu follows 

Assuming 2xl06kg soil is in I hccto.rc (Stand.a.rd Soil Science cslimntes o.s communicated by

Professor G.O Adcoye of Department of  Agronomy, lb:ido.n) 

Therefore 2 x I o"kg soil rcquircs 2.5 tonnes of fertili7.er 

I kg soil ,viii require 2,500kg 

2xl06kg 

10kg soil \\�II require ,.sxlo' x JO 

2.xl06

2.sx10•

2x106

a u_ JO�� X 101

-

.. 

-

2 

ux 10..t.6•) 

2 

1.25" 10 

12.Sg
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This me:nns lhnl 12.5g of fi:n:ilii.cr materials "ould be mixed \\-ilh 10kg of c.\hausted soil In 

order lo make up for four rules of application of fenilii.er mau:riols, 25, so. J 00 and 200kg·
t 

hn \\-Cl'C cmplo)'ed in the green house expcrimenL 

3.7 Green I-louse Experiment 

The green house experiment \YllS conducted bct,vccn �larch nnd �lny. 2007 Sixty polylhcnc
bags were filled .,.,_,th 10kg oflhe composite samples of exhausted soil Four rotes of fertilizer
n,atcrials were thoroughly mixed \\ilh 48 of lhe polythene bags eonLnin1ng the soil. 1l1c
remaining l\\Clve bags were mnde to be devoid of nny fertilizer materials with n vic,v 10

checking if lhe exhausted soil contained nny minute nutrients nfler the thorough ,vashing ,vith
distilled ,vnter. These twelve bags devoid of nny amendment wen: w;cd as the cooltol for this
cxpcrimcnL 

The polythene bags ,vere arranged using R:indomi1J:d Complete Block Design {RCBD) in 

the gi,:en house. This o.mmgement implies thnt 16 polythene lxlgs ,,-ere mainllliocd for cncb 

of the fertilizer mntcrials nmcnded ,vith the soil. 

3.8 Opcnltions in,·olvcd In pl11oting and post plantio� of cocoa seedlings 

To IISSCSS the efficiency of !he fcrtili1.1:r mati:rinls, cocoo seedlings were used as n test crop. 

Fresh cocoa seeds \\"tre collected from the pod nnd soaked in wntcr up to six hours. Wnttr 

wus drained and the seeds were nltowed to stny o,-er nighL This wns done in accordance with 

the method of ensuring adcquntc gro,vth of seeds by Antllld e/ t1I (1995). 

The cocoa seeds ,\·ere plnntcd in the 60 polythene bass with four replicates Dllliolllined for 

each rate of fertilizer motcrinls nmondcd with the soil in lhe green house. The filled polythene 

bags \\ere watered before the planting of cocoo seeds nod -.-.,uering continued t\\ice n dn) 01

0.7 litre per bag until the e,cpcrimcnt wns ti:rminotcd ot the tenth "eek 

3.9 Laboraiory Anal)1t.s of the !\latcrl•L, U,cd

3.9.1 Pb) siochcmlcul Analyse, of the Compost.s

d ·clo-,.,1 in this study were nn:ilY7.cd for Ol1!ll0ic carhon. tt\tlll nitrogen,lbe two compo,L, e� l"-y 

I potllS!ium moistU11: content, nsh conu:nt ond fill in \Ylllcr.total phosphoru.., tow 
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3.9.1.l Determination or Organic Carbon
The organic carbon in the compost.s Y.US o.nalyzcd by cmplo)·iog Wall.le) Block "ct
o,iilolion method. This ,,as done by grinding about 2gnunmcs of cich srunple from the
composts so os to ollo,\ i t  Jl3SS through 0.5mm sieve I g of the s:imple \\US ,,c1ghcd in
duplicate nnd transferred to 25ml Erlcmeycr O�k I 0ml of polllSSium heptaoxodichromatc
(IV) lKiC1l01l solution \\'llS accurately pipe tte into each nask and sv.irltd gently to dispmc
the sample Twenty ml of concentrated 1-12$04 was rapidly odded using an uutomotie p1pcllc
directing lhc sln:arn into the SU!,pcnsion. The Oask \YlJS immedintely %-1rlcd gently until the
sample and the reagents were mixed and Inter swirled more vigorously for one minute. The
Onsk \\'OS rotated aioin and ollowed 10 stand on o sheet of a.�bcstos for about 30 minutes
I 00ml of distilled ,wter ,vas added nJ\er standing for 30 minutes. This wns fol1011'td by the
addition of 3 drops of indicator nnd tiuated ,vith O.SN ferrous sulphate solution. The mixture
was titrotcd drop by drop until the colour of the mixcurc changed to light green, then to dllrk

nnd finally the ferrous sulphnte ,vns added drop by drop until the colour changed sharply from
blue to red. 

Blonk titrotion ,vas made in the same mnnncr but 1vithou1 the swnplc to Slllndordize the 

dichromote. The organic cnrboo conical of the S11JI1plc wns colculntcd using the formular 

below 

% Organic c:irbon = (Meo FcS� (or blonk - mcg feSO! sample} x O 

\Vcighl of the air dry snmplc 

Correction fnctor (f) - 1.J3 

mcq � Nonnnlity of solution x ml of solution used 

3.9.1.2 Total Phosphonu 
. . d · 01·1on of phosphorus ,ws do11e using vunadomolybdotc ()cllow} C:Olonmclnc ctcrm1n 

d by P'ipcllin" 10ml of samph: 501ution from wet digestion into a 100mlmethod. It wn.s one " 
. ft I · h 60ml of Jistillcd wutcr 1"113 added. 20ml of Ylllllldomolybdotcvolumc1.nc Onsk o er w nc 

d vi h. s min111c� lllld diluted to volume The mixture \\US mil<cd nndrcngenl ,vus ndde , l in 
. . 

� 10 mi nuto. Per cent uunsn11unncc WlL� dc1crm1ncd 01 400nn1.allowed to sumd ,or 

d ned from o cur1e made from the \tundnrds.P�horus was then e1crm1 
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3.9. l.3 Total Nitrogen 

Total Nitrogen ,,as determined in the samples by usmg Micro-kjcldo.hJ method. lbe s:unple
\\"llS ground lo pass 40mesh screen. Duplicate samples conuurung nbout 25 10 50mg \\CTC

weighed on a single cigo.rcttc paper and folded in for qunn1itnti,e llanSfcr to 50ml lqcldnhl
Onsk: 2ml distilled wnlcr V.'US ndded nnd ollo"c:d Lo sl.3.lld for 30 minutes: and 0.02g powdered
pumice (spatula tip) 1.33g KlS01 catnlys1 mixture and 1.5ml conccnrroted HlS04 "ere added
to lhc sample in the Oo.sk. The mixture v:as subsequently hented cautiously on digestion rock
until frothing stopped. There was incrcnscd henl 10 gentle boiling \\ith II vie" 10 leuing 1 '2S0.
condense 10 about one qunrter wny up neck of lhc flnsk. A few drops of 30"/o H20] were used
10 ,vnsh isolated sample particles down neck of the flask. Afler the digest cleared for about 30
ltllJlUtes, boiliog ,vns contlnucd for 30 minutes longer 1111d later nllowcd lo cool. 10ml of 
deionized ,voter ,vns added slowly ,vith S\virlins- The 5"irling continued until undissolved 

molcrinls ,.,.ere in suspension. The distillation apparo1us \\'D.S flushed oul for 5 minu1cs \\ilh 

steam 10 clean and bring ii up 10 lempenuurc. 

The 50ml receiver Oask coruaining Sml boric ncid-indicolor solulion undc:r condcnsc:r of 

dislillntion oppruulus ,w.s plnccd so thal the tip \\'IIS about 4an above solution. The flask \\'US

llum 111tnchcd wilh digester nnd diluted sample lo stCl!Jll jct arm of distilllllion oppamlus 10ml 

of 50% NnOH = 5% No1S201 solulioo \\1!.S oddcd through funnel stop clock. When about I ml 

of NaOII \\"llS left in funnel, it ,,115 quickly rinsed ,vith oboul I Sml of ,voter le:iving 2ml in 

funnel ofter closing stopper. Oistill111ion wns commenced immcdintcly by closing steam by 

pass forest, then opening inlet stop clock on sicom jct arm of distillolion opporolus. 

Distillotion ,ws slopped when ii rc:iched 35ml mmk on receiver flask. Condenser lip \\'QS

subsequently rinsed ,vilh deionized wotcr ofter which it wos tilrntcd 10 fim pink colour "ilh 

O.OLN HiSO,. The tolnl nitrogen in lhe sample wos colculntcd os follows; 

% N • er -ID a N x 1400 

s 

Where T snmplc utrouon (ml)

o Blank 1itro1ion (ml)

N Normality of I hS01 (to 3 decim11l plnccs)

s s:implc "cighl (ml!)
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3.9.1.4 Tollll Potu,ium 

IOg of compoSl sample Y,as Y.cighed into n flas� nnd 100ml of 1ml ncutrnJ ammonium
acetate solution \\as added The co tc t -:--1 · · n n \\'US "w ""' 1ntcrm1ttcntly for c',er) IS minutes for I 

hour The aliquot wus lhcn collected through filtrate Standard prep.11t1Lion for 0, 2,4,6,8 11nd 

lOppm "-'CT'C made for standnrdizing the coming 400nm nnme photometer used for the 

reading of polnssiurn. The emission percentage read from the standard .,..us used 1n plotting a 

groph from ,vhich the composts' sample polllSsiurn .,..us determined. The determination was 

mode using the calculation. 

Fonnular = R X V X D

\V 

\Vhcre R 

V 

D 

\V 

3.9.1.5 l\toisture Content 

= 

Emission rcnding.s from graph 

Volume of initial ammonium ncemte used 

Dilution futtor 

\Veight of sample used 

Moisture can wns ,vcighed empty and tagged (Wo). About 2g of sample \\-ere ndded nnd the 

moisture can wo.s reweighed and labeled (\V 1), The moisture Cllll together ,vith the srunple 

wus dried in the hot air drying oven at I 05-110°C for 24 hours. After the drying in the oven nt

the stipulated degree and hours above, ii was cooled in the desiccator. The can ,vith the dry

snmple labeled (\V2) was ,veighcd. The dried srunple ,vns ognin returned to the oven for

further 24 hours 10 make sure tlwt the drying ,ws complete. The v1eighing of (W,) was done

until constnnt \\-eight was obi.Dined. The moisture content ,vns determined by using the

formuln indicated bclo,v. 

% moisture W,1 -W.,, X I 00

\V1 · \Vo

3.9.1.6 A!lh Content 

The crucible was weighed empty nnd recoded n.� (\Vo) oJ\cr which sample together with the

'bl nhted (W ) It wns loller nshcd 1n the Muffic furnace ot 500 6000C for 3
cruc1 C Wll5 WCli;,• I · 

houn The sample wns subsequently cooled in o dC3itcotor Inc \\eight of the crucible nnd

dry s.:implc wn.1 lohc:lcd (\V1)

3-1 
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l 

Proccdbn! for calculation 
o/oAsh- Wi-WaXIOO 

W1-Wo 

3.9.1.7 pll Determination of Sample 

3.9.1.i.1 pll Determination In \Yater 

This wns done using the glass electrode pH meter. 20g of nir-<lry sample ,vas \\e1ghcd into 

50ml beaker afler which 20ml of dislillcd \i.'lltcr \VDS oddcd o.nd a.lJowcd to Slllnd for 30 
minutes. The mixture ,,,:is occasionally stirred \vith n glass rod. Electrodes of the pH meter 

\\Cre partly inserted into the settled suspension wul the pl! of the sample \WS measured. This 
,vas done carefully by not stining the suspension during measuremenL The results \\'CIC

recorded llS Msrunplc pH measured in \Vlllct". 

3.9.1.7.2 pH Dcterminntion in KCI 

Twenty grammes of snmplc was weighed to a SOml beaker ond 20ml of dislilled \\'liter ,vas 
oddcd. The mixture wns cquilibnued for 30 minutes \vith occasional stirring. TI1e pll \\"aS

dctcnnined in o beaker conUlining 1 M KCI and reported as "sample pll mcnsurcd in 1�1 

KCI". 

J.9.2 Physicochcmical An11lyse.1 or Exhnustcd Soil Used 
Before the wnshing of the cxh11ustoo soil used in this s1udy, i1 was subjec1cd 10 scverol 
nrutlyscs, \¥hi ch eventually proroploo the wushing olT of the revc:iled minerals and nulrienis. 
In order 10 nven repetition of the dctermiruuion procedum. some proccdu� found lo follo\v 
the some trend ,vith the nnalyscs of the composts ,vould not be discussed fully. The only seen 
difference in the procedures mentioned here wns the change of the composts' snmplc to 

cxrutustcd soil sample. ·n,csc insU1nccs were seen in the determination of Orgllllit crubon nnd
dctcrmiNllion of soil poUl.5Sium 

J.9.2.1 Dctcrm in11tlon or Soil Nllroi:rn

T f O Smm Sieved �ii ,vns weighed into a Kjcldnhl Oo.sk. 1111d then into Oo.sl..wo grammes o . · 

with I Oml of I IJSO, nnd I 1t1blct of �lcnium Cllllllyst \\Ctc added The mixture \\115 digested

r, d ·'S . IC:S unlil II nrPV colour nCM clear soluuon wns achieved. i\Ocr IC4vinoor 2 hol.11'9 on .. m,nu e--, o 

wnshcd into a 100ml volumclric nn�\. ,�ith dislillcu \\ntcr nnd made 10cool, the con1cn1 wus 
r bo . c·,d pllb 4 dro� of mixed indiauor of hromocrc .ol ttrc�n Md �!ethylnwk. Sml o 2•;. nc 11 

JS 
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l 

red .,,..ere put into a I 00ml Oa.sk. Th fins 
. 

e k "'-as Ihm put under the condenser to ensure thlll the 
tube V.'llS directly put into the 8 · .d one ac1 lO prevent NH3 escaping during dislillation. I O"te

KOH and I 0ml of digest \\'Crc inlrod ced thro u ug,b the distillotion set top funnel The content
was distilled until lhc conical Oask . . . • conUUrung Bone acid and mi.xed 1ndiaitor n:ached lhe
50ml mark. 0.01 M IICI "'as t • b pu into D urcuc to lllrotc lhc solution conlllining tropped NI Ii.
The end point titre value wus noted 

Procedure for �lcuhltion 

%Nitrogen-TxM x Q.Q:lx � 100

Where 

\\I I V2
T Titre value 

l\-1 - l\1olnrity of ncid 
\V - Weight of soil 
v, - Volume: of digested sample
V1 ,. Vnluc o f  sample used or distillation

3.9.2.2 Ottcnninatioo of Soil rhospborus 
Sg of air dried 2mm sieved soil \W.S ,,"Cighcd into o plnstie container nnd 35ml of phosphorus 
cxtrocting solution \\'IIS added. The mixture wns stirred for I minute before liltrntioo 10 obtain 
oliquots. Standruds ,vcrc prepared for 0, 0.2, 0.4 nod I ppm by pi pet.ting 0.2ml of SOppm stock 
:;olution into 50ml Oosk and adding Sm.I of nscorbie ocid plus distilled ,voter to marl.. This 
took care of0.2ppm stnndard ond lhe process wns n:pc:ated for 0.4, 0.8 nnd I ppm rccepti-cly. 

I 0ml of aliquot ,vns collected into 50ml flask ond 7ml of o.scorbic ocid wns added ond topped

with distilled \\'Oler. The content ,vns ollowcd to stoy for I hour for development of blue

colour. Soil ond standards obsorb:ulcc reading was done through the No,'llSJ)CC

spcc;tropbotometer ot a wuvc length o f  660 Microns. The sta.nda.rd n:uding., ,Yl:rc w.cd in

graph plolling for the de1crrni11111ion of phosphorous.

Forrnulor R x V x S ppm 
\V 

Where R - R�dinl!S Crom graph (nbsorbancc)

V - Volume of ci,tmcling solu1ion used

D
- Dilution roc1or

w - Wcij!hl of soil !-'1111f11C u!>Cd
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I 

3.9.2.3 Determination of Soll Calcium and l\1agocsium (EDTA l\fclbod)
A volume of20ml of Nlt.OAC extracted oliquor Yt'3S pipened inro a flasl.. of which 10 drops
of2°/o KCN, 10 drops of5% ammonium h)drogen chloride, 100ml ofdisLilled ,,'Dier, 15ml of
concentrated ammonia solution serving !IS buffer nnd S drops of l:.riochromc Blacl T
indicator Ytcrc pul. A wine colour \\'IIS noticed. lilrntion ,vith O.Olm lillTA \\'US done and the
colour of the mixture changed to deep blue at the end poinL The above procedure gave 11
combination of eo1

• and Mg2• i n  the soil To oblllin eo-i. content olooe the folloYting
procedure was followed. 

A volume of 100ml distilled \YUlcr \\'!IS added to 20ml s.unplc oliquot o.nd 10ml of 20%

potassium hydroxide (buffer), 10 drops of1% KCN and smoll quontity of olcscrinc p<>\\dcr 

indicator ,vcrc added. A wine colour ,vus oblllincd ,vbich \VllS then Litratcd ,,ith O.OlM EDT A 

to obtain n deep blue end point. 

Procedure for calculation 

%Ca1
' •T x O.OIM x y}.- 100.x!l.QorTx O.OlM xv, x !.@ 

yl 
10 yl 

When: T • Titre vnluc gotten from EOTA titrntion 

0.0�1 • Molnrity of ocid 
V 1 -Totol ,·olumc of initial cx1rncting solution 

v1 Volumc ofextraet uscd 

100 =Soil% 

w - Weight of soil 
· 

re 1' 40 a A 1om1c mass o 0 

J• 
24 - Atomic mass of 11-lg 

3.10 Data Collcclion and S111tisllal Analyses

_, tlc:scriptivc stotistics such os bar graphs. p11:-eharts ond03ta collcctcil wen: OIUllyu..-v using

II tcd on the two composltng systems cmplO) cil 1n this MUd)frequency Utblc.1 Doto wn, co cc 
. f the mntcrinl, IL� nntl temperature change tluring the:Physicochemic:nl properties 0 

1 cd in tloto collection. Dotn w11.1 N!Wlll)' collected on thecompoi.tint& 1n !his study were invo " 
. . 

scaJI , r,lnntt:tl os c'ltpcnmcntol plnnl 1n the 8l'IXn hou.w. The
n&n1non1ic variable, of cocoo 108' . 

ct rs "ere cons1tlcrcd:
following agronomic p:imm c 
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(3) The height of cocoa seedlings io centimeters

(b) The stem girth in ccntimeten

(e) The number of leaves

All lhcsc parameters wen: mc.uurcd for 10 weeks after planting (\VAP) and <bLD were 

subjected lo analysis of variance (ANOV A) nnd mean scparotcd using Duncnn multiple range 

tests as reported by SAS (1995). Again, Pearson corn:lllilon coefficient bctv.-een rn1c of 

appliention of fertilizer matcrinls and agronomic variables of cocoa seedlings al different 

stages of gro,.,.th wus equally detennincd in this stud)'. 
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-1. I Survey Studir� 

CIIAPTlR !<OUR

Rl!:.SUL Tl! 

The results obtained from lhe ugc d1,tribu1ion of cocoa fo.nnm 1n Ado • Ekiti Local

Go,cmmcnt fnnn sclllemcnt in l•1gure 4.1 indicntcd that out of the 400 pcirtic1panis 1h31 took 

pnn in lhis study, lhe ogc range of panic1pan1S between SI 10 60 years wns the highest with 

38.8°/o, while the lo,,esi ( I.S01o) r:ingc \YIIS for 81 to 90 yem,.  The sc,i; of the parue1pants \\.JS 

90.00/o for male nnd I 0.00/o for female (Figure 4.2}. The morila.l status of the participants is

presented in Table 4.1. The distribution indiCll!Cd thnt 84.5% of the participants \\'Cl'C mo.med; 

0.5% ,vus single; 3.05% were separated; 9.00/o \\'Cre window nnd 2.5% were divorced. 

Participants lll'C prcdomiOlllltly fnnncrs (Table 4.2}, ,vith 85.3% practicing funning on a full 

time basis; others combine funning \\ilh other activities such os trnding (9.25%), cn,penl?) 

( 1.00%). civil scrvnnt ( 1.00%), clcclricinn (0.75%) ond teaching (2.75%). The distribution of 

participants according to cduaitional background sbo,,-ed lh:it 60.00/4 of the pnnicip.1nLS had 

no formal cduealion. 4.0% participants onended Qurnnic School, 25.3% pnnicipants atlendcd 

primruy school. and 6.8% participants attended secondary school \\bile the remaining 4.00/4 

participants attained tertiary education (Tobie 4.3). 

On the basis of ethnic grouping, 95.5% of the participants wen: Yoruba. 2.S¾ participants ore

Ibo while the rcmoining 2.0"/o belongs to other tribes in Nigeria os shown in Tobie 4.4 The

religion of the participants is shown in Tobie 4.5.
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, 

D Male CJ Female 

10% 

90% 

Fig 4.2 Sex dlstnbUUon of ttte respondents llraWn rrom 36 tann 
settlements In AOO-El<lll 
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T nble 4. I. � tarillll st:1tus of lhc participants 

Mnritnl 
S1atus 

}.tarried 

Single 

Separated 

\Vidowed 

Divorced 

fn:qucncy 
(n) 

338 

2 

14 

36 

10 

Pcn:enuigc 
(�•) 

84.50 

0.50 

3.05 

9.00 

2.50 

42 

CwnulnliYe percentage 

84.50 

85.00 

88.SO

97.50 

100.00 
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Table 4 2. Major occupation of the participants

\ Occupation

Fanning

Trading

Crupcntry

Civil scrvnnl

Electrician

Teaching

Frequency

(n) 

341 

37 

4 

4 

3 

11 

Percentage

(%) 

8S.2S 

9.2S 

1.00 

1.00 

0.7S 

2.7S 

-13

Cumulative
pcrccnlllgc

8S.25 

94.S0

9S.S0 

96.50 

97.25 

100.00 
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Table 4.3. The highest level of education altnined by p:uticipnntS

Education 

None 

Quranic School 

Primary school 

Secondary school 

Tertiary e.g. NCE, ONO, HND, 
BSc. And Ph.D 

Frequency 
(n) 

240 

16 

101 

27 

16 

44 

Pen:cnta1:1e 
(o/,) 

60.0 

4.0 

25.3 

6.8 

4.00 

n 

Cumulativt: 
pgccnlagc 

60.0 

64.0 

89.3 

96.0 

100.0 

I 

( 

I 

•,

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



Table 4.4. The ethnic group of lhc particip.,.nts

f Ethnic group 

Yoruba 

Ibo 

Frequency 
(n) 

382 

10 

8 

95.SO

2.SO

2.00

4S 

Cumulntivc 
pcrccn14gc 

95.SO

98.00

l 00.00
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Table 4.5. The religion of the panicipants

I Religion Frequency 
(n) 

Pcrtcnlngt 

Christionity 

Islam 

Traditional 

275 

89 

36 

(%) 

68.75 

22.25 

9.00 

46 

Cu.mullllive 

pcrcenlllge 

6878 

91.00 

100.00 
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t-.lajority of the participants Y;CJ'C c1..:_,___ 
• • • 

wuuan:1 (69.S°/4) while 22.3% v.-en: �uslims while only
9.0% practice trad,uona) religions. 

The perception of the rv.1r1iei=nts on th r I · r-• .--· e consequence o ta\ing CPH in he11ps on their fanns
indicntcd that 93.0% of the participants believed such practice promotes black pod disease

during the fruiting sl.Oge. Others (7.0-/4), believed that it only occupies space nnd completely
ignorant oflheir ncgotivc consequences (Figure 4.3).

The economic importance or CPH front the participants' perception is presented i n  Figure 

4.4. Majority of the participants (61.75��) odmiued knowledge or CPH bciag used ns herb 

that cures certain diseases such os Molaria., epilepsy and certain skin diseases. Other 

participants (38.25%) admitted to knowing that CPI-I can be used in S03p making. 

The number of cocoa plnnUltion ow'lled by participants is shown in Figure 4.5. it can bc 

inferred that 31.00"/o of the participants hod one cocoa planUltion each, 35. 75% or the 

participants had two cocoa plnnuuions each, 15.50% or the participants had three cocoa 

phinl.Otions each, 9.00"/o participants had four cocoa plantations each \vhilc the remaining 

8.75% participants had above five cocoo plnnta1ions. Toe size of the cocoo pla.ntntions ranged 

between one ond more than five hectares ns shown in Figure 4 .6. Pnrticipants with one 

hectrue of cocoa planUltion were 14.74% \Vhilc 28.0% of the: participants had two hectares 

eiKh, 19.0"/o of the participants hnd three bccuu-c:s e:ich, 20.3% participants had four hccuues 
of each \Vhilc 18.0"/4 participants hod o.bovc five bccllllCs of cocoa plno!Olion each. 
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O It occupies much space 

• tt causes black pod disease

Fig_, 4.3. Probloms laced by cocoa !armers in disposing cocoa pod husk
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Sources of labour for clearing of cocoa plan1.ation bv ,....,; · ts sho · F. 4 7 It • ,-wCl pan an: WD 10 I gun: • • 
\\'l!S seen that 77.25�. p:irticipan� employ labourers to clear their cOC03 planuuions ,Yhilc
only 22.75% panicipants manage their cocoa planllltions using personal labour.

Apart from CPH, other wastes that constitute disposal problem on fsnncrs' fasm \\ere 

investigated. Out of the 400 participants in this study, only 0.25o/o st:11ed that Kola pod husL is 

another ,wste that requires management on their fnnn.s. 5.50% participants responded tlwt 

other wnstcs like palm kernel. Bannna, Mango, Ornnge o.nd so on, require mnruigcment on 

their farms \\hilc the majority (9-1.25%) of the participants felt there \\'llS no other waste that 

warrants management on their fanns (Figure 4.8). 

4.2 E.xpcrimcntiil Studies 

4.2.l Pb)sicochcmical propcrtieJ of the mNlia u,NI

The physicochcmicol properties of goat dung used 1n one of the composting systems are 

sho,vn in 1"oblc 4.6. The dung contnincd 54.2% carbon. 0.61 % phosphorus. 2.5�� Nitrogen. 
0.9% potnssiurn. J.6lo/e nsh and 24.00/e moisture. 111e pll of the material is near ncutrol (7.76 

in 1120). I lowcvcr the physiochemical properties of the cxhllustcd soil used showed thllt ii 

· cd 2 lo/c ·c ��rbon 19 Oppm 11,'lliloblc phosphorus., 0.51% Nitrogen, 1.03 Mcqcontain . • organ, .... , · 

/IOOg soil potossium and pH (KCI) of 6.20 (foblc 4.6)

- • 
. __ , rt" of U11compostcd CPI-I un: shown in Tnblc 4.6. It contained Inc phys1ochcnucw prope ,es 

. 2 70, N"tro"cn O 1% Phosphorous. 3.1% PolllSSium. l 1.7o/o Ash and31.8�� Organic Carbon, . ,o I o • • 
• . . 

· I l20 · 7 2. 110,..-ever the composW!g systems set up 1n this study29.0% moisture. Inc pli 1n IS · • 

. . cd Cl'II + GD (I lv/v)\\'hich comprised of compost 
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foblc 4.6· Physical nnd chcn1ical properties or cxllllu,tcd wil nnd Ol"l(Onic n1n1crinls used 

Physlochen1icol properties 

\loisturc content (�) 

,uh content (%) 

Awiloblc (lhosphoru., ((1(1111) 

Qre.inic cnrbon ('I•) 

T 01:1I N11rogcn (�•) 

Calcium (mcqll OOg) 

Sodium (mcq/1 OOg) 

Pi.,u= �ium (mcq l 008) 

'-ugncsiwn (mcq I OOg)

Addit) (mcqltOOg) 

CT C (mcq1l00g) 

Cb)(%) 

Silt(%) 

�% 

pH m�111cr 

Iii in �Cl 

Fxhuu\tcd 
Soil 

• 

111.99 

? I?. 

0.51 

I S.1 

,,1.00 

1.03 

0.01 

0.40 

3.21 

S.20

3.40 

91.40 

7.01 

6.20 

Goot 
Dung 

2400 

l 61

0.(1 I 

54.17 

2AS 

• 

• 

0.8S 

• 

• 

• 

7.76 

• 

Uncompo�tcd CPI I 

2<J,0) 

I I 66 

0.09 

31.112 

2 66 

• 

• 

3.0-1 

• 

• 

• 

1.20 
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and composted Cl'l l onl) us� · • lO\\/Jl 1n I oblc 4.7 rcvcolcd thnl composted CPII + GD ( I
,·/v) contnincd 0r&unic curbon which rnni:cd bct,,ccn 35.9¾ un<l 4K 2% for lir..t un<l Ill.SI <loy 

of con1posting respective I) 

The increase observed in orgnn,c curbc.in \\Ds 3-1.2%. ·n,c Nhro11c:n content mn11cd between 

S.25 nnd S.8!)0-'o for the fir..t nnd lu.,t day of con1pu�hn11 rc.,pcctin:ly. ll10 incn:nsc orn;crvcd in

the Nitrogen und 1•otassium contents ,vns 12.19 nnd 12 IIK% mpccti,cly 1 he Phosphoru.,, 

IISh nn<l n1oi$tUn: contcnL,; ,ho,,"1.-d nn incon,i�h:nl trend durin11 the comfll)�tin11 l'hosphoru 

Dlld Po1DSS1um contents ol the comJl(l�tcd CPI I llnly lncn:mcJ with li1nc <luring composting 

b) 141 7 nn<l 38.2.,11 resJ)\.'Cll\cly Nitrogen. Cruhon. u.,h nnd moisture contents alll(J ho\\td

nn inconsistent incr,:nsc during the: conipo ,llni. (J"nhh: •1.7)

During this �tudy n ,,hole: lot of cocoa plnntntion, acl'0".,1 At.lo I· kiti Local Govcmmc:nl nrca 

\\ere visited. Plntc 4.1 ,h0\\"5 1,,0 cocon pod h�k dumps in a plan11111on untlcri:oing llllturol 

tlccompo,ition. Agnln, the t\\O composting systems employed 10 lhis <11udy afler a composite 

"as made an: sho'\\ll 10 Plate .i.2 ,�btrc f\\O compos1i11g systems '\\'t'rc made 10 undergo an 

open �nuion composting p�. 

During com�ting, the highest 1cmper:11urc �urcd was 4J°C in the .ccond d.1y of

· 
Th" t r:···urc A ....... from the compo\l m.we up or cr11 • GD 1:1 ''"· TheC0111posl 1ng, IS cm pc "' ,.. v.-

composting of CPH only. ga•..-c the hlghc!a 1emp:1111un: or JS.6'C "'hich '\\11.S recorded 1n lbt

s«ond day of composting. (Figure 4 9)

4.J Grol'"lh Varublo of Coco• <i«dlini,

,l;J.I �lrm Girth 

f fertilizer maicrials on lbt stem girth or cocoa sccJlinus is
The cffcc1 of th... tht« sowces O 

. ·,.njficanl diITacncc bct\\ttn lhc fcruhzcr m:atmlll,
·'-- • T blc 4 8 TbaC "'1' 1 .s,.,.. �1U1"ll tn A . ' 

'rlh r sccdl' I lbt 
__ ...__ .. Lhc � of obscf\.ion- 1lie uaid In stem &l o llltJ '\\'IIS n 
-""'ti'AAII .... -

!)StCd CPH 
foUm.-mg onScr. CPU+GO :> CPI I only '> UllCt'mP 

,. 
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l'oblc 4.7. Jlhysic0<:hcmicul Jlro=ni r I ,,� cs o I 1c Cornposhng Systems during mo1um1ion 01
diITcrcnt doys or con1pos11ng 

-
rmi";:-r;;:;:7."'.';-:77-------------� n, cs CPII I OD (I lv/v) Cl'll ONI y 

I 8 IS 36 54 

�!stun: con1tn1 {�,) 11 .35 11.03 11.27 11 Jl 2100 

BR t15 sa.11 ax 73 KR t1a 

3S.92 16.'lJ 311 b9 -12.57 ·1120

0.4) 0.46 0 49 0.47 0.40 

S.l.S S.67 S.IS S.83 t89 

).6S J,74 J,91 J.97 4.12 

7.0S 6.9S 7.11 6.91 

9.4S 

' 

II 15 J6 

1002 10.14 10.06 9.91 

IIJ,97 11186 89.'17 9006 

17.00 

Jl.14 JJJS 34.6<, JJ. I l Jl.30 

4,11 4 4S 4,67 4 66 4JI 

l.S9 3.0l ).OS l.09 l.51

9.15 9,8) 9,71 9 II 

9.71 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



... 

Pl.uc 4.1. Cocoa Pod I fu�k dump 1n a plnnllltion wulc:rgo1ng n,uunil

decomposition 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



Composted CPH + 
Goat Dung (1 :1 VN) 

Composted CPH 
only 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



50 

45 

40 

35 

g 30 

l "
20 

ts 

10 

5 

• 
.... . -· ·•· .... . . •· .... . ,.. . ,. 

0 +-...,.......,.--,,--�...--,---r--.--,,--..---,---,--.---. 

I l 3 of 5 6 1 8 9 10 11 I) 36 .)4 

Day• o! Coq,o""'I 

(II 

• CPn�ao

· •Ir • CPU

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



Table 4.8. Effect of lhn:e organic fcnilizcrs on I.he stem girth of cocoa �lings 

W/\P 

2 

3 

4 

s 

6 

7 

8 

9 

JO 

Organic rcnilizas 

Exhausted CPH + GD 
Soil(control) 

CPH only 

O.OOd 0.910 O.Slb

O.OOd 1.08a 0.70b 

O.OOd 1.210 0.82b 

O.OOd 1.330 0.88h 

O.OOd l.6811 1.0-ib 

O.OOd 2.330 1.40b 

O.OOd 2.4 lo 1.46b 

O.OOd 2.S2o I.Sib

O.OOd 2.6411 1.60b

uncomposted 
CPI! 

0.19c 

O.'.!Oc 

0.37c 

0.50c 

0.68c 

1.24c 

1.28c 

J.) ( C

I 3Sc 

• h nol stotistically signilic:ant by Duncan multiple 
Means ,vith lhc sarnc lcllcrs in enc ro,v on: 

range rote ot 5% level or signllicnncc. 
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The addition of GD dunng com · posting contnbutcd bct\\'CCll 47.5610 78.73% to �cm ginh al
4 and 2 \\eeks afler pla.nting respectively

Fwthcnnorc, composting contributed between 12.90 to 250.00-/4 to stem girth at 7 and 2
weeks after planting respectively. The effect of the rates of fertiliur application on lhc stem
giJ1h is shown i n  Table 4.9; the addition of 200kg·• ha of feniliur oppli�tion wos different
significantly from other lov.-cr rates throughout lhe period of observution, ho,ve, er there ,,u.s
no significant dilTercncc among I 00, SO nnd 2Skg I ha rotes in the first 5 ,,-eeks of
observation. Again, I 00 nnd SOkg·• ha rotes of fertilizer opplicotioo v.-erc not sign1ficanlly
different fron, themselves bct,vccn 7 nnd 10 weeks oner planting. (Table 4.9).

-'.3.1 Number or Leaves 

The effect of the three sources of fertilizer m:uerials on the number or leavc:s is sho1vn in
Tobie 4.1 O. CPII + GD I: I v/v ,vns signiflconlly diCfcrcnt from CPH only and uncompostcd 
CPI I throughout the period of observotion. The addition of GD during composllng 

contributed between 9.76 and 77.36% to number of lc:avcs at 4 ond 10 v.-cck.s after plnnting 

respectively. llo\\ever, composting contributed bet"'CCII 26.73 ond 38.89-/4 to number of 

leave., at 5 and 3 v.·ccks nJler planting. Composting process did not significanlly enhance the 

number of leaves of cocoo seedlings bct1,ccn 6 and IO ,,-ccks after planting. 

Coe dJ. · · 200 kn"' ha rate consistently hod the highc:s1 number of lea,csoa sco mgs rccc111ng D 

· "Ii u d""' rent (P<O OS) from other ruu:.s throughout the period of,�luch \YUS s1gn1 ,cnn y 11,c 
. . ) Al 100 SO nnd 25 k1f1 ha rotes of fet1ilizz:r applit4tion \\'CrcobservalJon ('I oble 4.11 • so, 

I 1 nl 6 and 7 weeks ofter planting. signifiC110Lly differcnl from thcm.se vcs cxccp 

-1.3.J Stem Length . . 
fr, rtilizcr npplicntion on the �tent lcni:lh 1s sho1,11 1n Table The elTect of the thr((! sources O e 

. between CPH + OD I I v/v other sources throughout 
4.12 There wns signilicnnt difference 

. . . 
"eeks oiler planting. there \\11S no significant d1fTcrcncc

the period of observation. Ocyond 4 . · · r . CPH tn!tlled cOCOII seedlings. The odd1t1on o OD
between CPH only and uneompoSlcd 

1\2 
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Table 4.9. Effect of four rates of O 
• fi •. tglln)c crulu.cr application on lhc stem girth of cocoa

seedlings. 

WAP 

25 
Organic fcnilittr rates (kg·' ha)

50 100 200 

2 O.OOc 0.31b 0.46b 0.52b 0.86a 

3 O.OOc 0.44b 0.54b 0.63b 1.10:i 

4 O.OOc 0.51b 0.63b 0.74b 1.30:i 

5 0.00c 0.56b 0.76b 0.84b 1.47n 

6 O.OOd 0.64c 0.92bc 1.08b 1.893 

7 O.OOd 0.72c 1.53b 1.59b 2.79n 

8 O.OOd 0.76c 1.62b 1.62b 2.87n 

9 0.00d 0.86c 1.66b 1.68b 2.96a 

10 O.OOtl 0.84c 1.74b 1.81 b 3.06a 

1\-lc.'lllS ,Yit.h the srunc letters in cnch ro,v nre not �tnlisticnlly significant by Ouncnn multiple 
rungc rote 1115% level ofsignilicru1cc. 
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Table 4.10. Effect oflhc fcnili7..crs on number oflca,c. of cocoa seedlings.

WAJ> 

3 

s 

6 

7 

8 

9 

10 

ExhallSlcd 

Soil ( control) 

O.OOc

O.OOd

O.OOc

O.OOc

O.OOc

O.OOe

O.OOc

O.OOc

Organic fcnilu.cn 

CPH +GD CPHONLY 

1.67n I S03b 

2.2.Sn 2.0Sb 

3.42n 2.7Snb 

4.58a 3.08b 

7.33n 4.42b 

8.67n S.l7b 

9.58a S.SOb

10.SOa 5.92b 

uncompostcd CPH 

1.08b 

I.SOc

2.17b 

2.75b 

3 92b 

4.75b 

S.OOb

5.58b 

Means wilh lhc same lencrs in e11ch ro,v rue not statistically significant by Duncan multiple 
range rote ot 5% level of significance. 
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I 

Table 4.11 Effect of four rates ofC>rgaru .. 

Cocoa Seedlings 
c Fcruhzer Application on Nwnbcr of Lenvcs of 

WAP 0 
Organic fertilizer rotes (kg·• b3)

� 50 100 200 

) O.OOc 0.78b 1.44b 1.22b 2.22:1 

4 O.OOc I.I lb 2.00ab 2.00ab 2.89a 

s O.OOc 1.89b 2.89ab 2.56b 378a 

6 0.00c 2.33b ).33b ).lib 5.1 In 

7 0.00c 3.33b 4.78b 5.00b 7.78o 

8 O.OOd 3.89c 6.11 b 5.67bc 9.1 la 

9 O.OOd 4.00c 6.78b 6.1 lc 9.890 

10 O.OOd 4.33c 7.33b 6.67bc I t.OOa 

Means ,viU1 the same lctlc� in each row ore not st11listicolly signiflcanl by Duncan multiple 
range rote 01 5% level of signiliC411cc. 
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Table 4.12. Effect or the organic fertilizers on stem length of cocoa scc:dlings

\VAP &.haus1cd soil 

2 O.OOb

3 O.OOc

4 O.OOc

6 O.OOc

5 0.00c 

7 O.OOc

8 O.OOc

9 0.00c 

10 O.OOc

Organic fcrulil.crs 
CPH + GD CPII ONLY 

3.67 a 2.53 a 

9.79 0 4.48 b

14.56 u 6.54 b 

15.02 o 6.70 b 

13.840 6.42b 

I 5.53 a 7.18 b 

15.73 a 7.29 b 

15.89 a 7.43 b 

16.02a 7.51 b 

uncomposted CPH 

3.36 a 

7.28 0 

8.03 b 

8.35 b 

7.87b 

8.56 b 

9.10 b 

9.33 b 

9.45 b 

. h . arc not statistiailly significant by Duncan multiple
Means v.ilh the same letu:� 10 enc ro,\ 

r · ·r.cance range rote ol 5% level o sign, 1 
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during composting contributed betw 11 :-ccn 332 and 124.tri. 10 stem length DI 9 ond 6 \\'tCU 
after planiing �pcctively Composting process heightened stem length by bcr.�'CC!l 22.59 nnd
62.50% ru 4 Wld 3 wcclc.s after planting respectively.

Optimum performance in terms of stem height was observed for seedlings raised on 200 kg
1

ha rote of fertilizer ,vhicb was significantly different (p<0.05) from the 10,,er rates (Tobie 

4.13). From 4 weeks up,vnrd, the stem length of seedlings raised on 200 ond 1001.:g I hu

fertilizer material did not differ significnnlly, but \\Crc significnntly difTercnl from those 

seedlings lhnt rcceivt:d 25 kg·' ha.

-tl Correlation between Variables

The com:lation between rote of fertilizer application and the three agronomic variables \\'Crc

positive and significnnt d uring the 3, 6 ond 10 weeks of observation (Table 4.14). Out of the

three vo.rioblcs, stem ginh had the highest correlation coefficient of0.63 and 0.6S ot 6 and I 0

,vceks after planting respecthely, \\hich w-.:rc signifitantly diffcrcnl (P<0.001). The IC11St

coefficient (0.43) wns bcl\\'Ctn role of fertilizcr application Md stem length ot 6 ,,uks nflcr
planting (P<0.01 ). 

During the monitoring of the gro,vth of the coco:i seedlings under green house conditions.

pictures tnkcn in the fif\h nod tenth '"�k after plnntins the cocoa seedlings nrc sho"''ll in Plate

4j ond Plotc 4.4. 
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Table 4.13. Effect of four rates of O 
• . . rgnnic fcruhl.Cf application on lhc stem length of cocoa

sccdliogs 

WAP Organic fe:rtili7.cr rates (kg·• ha)
25 50 100 200 

2 O.OOd 161c 3.34b 2.91bc 4.87a 

3 O.OOc 4.08b 6.50b 6.87b 11.293 

O.OOd 5.16c 9.19b 9.28b 13.88a 

s O.OOd S.63c 9.62b 9.50b 14.080 

6 O.OOd 5.97c 10.24b 9.67b 14.21a 

7 O.OOd 6.22c 10.71b 10.06b 14.6911 

8 O.OOd 6.34c II.lib 10.41 b 14.97a 

9 O.OOd 6.39e 11.21b 10.61b 15.320 

10 0.00d 6.42c 11.34b 10.70b 15.SOo

Means with the snmc tcucrs In each ro,v ore not statistically significant by Duncan multiple 
range r.itc al 5% level of signllicancc 
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• 

B 

Plate 4.l Cocon Seedlings grown on (A) composted CPH + goat dung nnd (B) CPU only 
under &fCCnhousc condition at 5 WAP 
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I 

A B 

Plait: 4.4. Cocoa Seedlings 11,rown on (A) composted CPll + goat dung nnd (B) CPH 
only under greenhouse condition at I 0\\1 AP 
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CHAPTER fl VE

DISCUSSION

�tnjority of the participants in this study had no fonnnl educntion therefore their level ofunderstanding regarding the imminent effect of leaving CPH in heaps in thetr cocoa
plantations is very IO\V. All the p<irticipants int.erviC\\'cd in this study, responded to hnve seen
a cocoa pod before. Their unifonn response of seeing a cocoa pod before could be s:lid to
qualify oil of lhem as cocoa formers. All the participants took to lca\-ing the cocoa pod husks
as heaps in their plantations o.ftcr they must hnvc lllkcn the eocoo bcnns in iL This again
justifies the knO\Yn lroditionnl practice of leaving CPII as heaps o.ftcr taking the cocon beans
from it in the cocoo plontalions. This finding coincides with the rcpon of Sob3Jniwo ( 1997)
thnt n,illions of tonnes of CPI l are produced and left as bcops inside coco3 plD.nlllrions
annually across the \Vest Africa sub-region. 

The perception of the participants on the consequence of leaving CPH in heaps on their f.1nns 

intlicatttl that mujorily of the participants believed such proctic:e pron101cs blo.ck pod tlil>CllSC 

during the fruiting stogc This finding.justifies the clnim ofOpcke (1992} tha1 CPII become a 
S. · r. f t1,· ,..,..,. ·,noculwns ,vhen used as mulching materials inside the 1gn1 1co.nt source o -

. · • bel · cd that ·11 only occupies -cc in their plnnllltion.s ond plnntallon Other p:1nte1ponts IC\I vr-

• f lh of CPI I as on,nnic fcniliz.cr. were completely ignorant o c use ·-· 

. . . • dm·ued \..nowlcdgc ofCPII being used ns herb thlll cures certain l\1aJon1y of 1hc part1c1pan1S a 1 
• • • • • • -1 ti ccrtrun skin diseo.ses while other porue1pnnts adm1ucd diseases such as Molano, cp1 epsy on 

sc:d • sonp m:u.ing. TI1is finding ognin coincides with the10 knO\IJing lhnl CrJ l COD be Ill lD 

{ 1990) nod Arucyn ( 1991) thnt pod husk o.sh hns been 
submission of Odu,vole and Arueyn 

• d Ni eria. Tiie finding ngoin corroborated the rcrion ofuscd to n1ukc �ap tn GhoJul nn g 
. , . . d from roasted coco:i pods, plantain ,kins nshes m1>.cdrRWeb (2006) thnt blnck sonp is mo e 

. b lh farmm although can be a ,wy of 
,vith palm oil These uses to which CPI I is put y e 

· 
. T ti i, no1 sufficient enough to nud the f= of the 

manogiog the v.11Stc. the qunnuty u11 1/£ 

v.aste. 

. f er 60"• of pnnicipants is a demon\lnllion or their 
rorm �,zc o ov 

The more thDn three: hceuutl · 
1 .. l'hood de.�itc the od,'IU'lccd ogl:3 of lhc cocoa . can, of ,,e ' 

commiUnmt 10 fomung IIS m · 

n 
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farmers This findin has · · · g agrun supponcd the rcpon of 01:idokun (1995) that Ondo St:1tc
(Eldti State inclusi\c lhen) produ bo . 7"'" CCS o vc v¼ of the cocoo production in �igcno and that 
largely peasant farmers grow lhis.

It is pcnincnl to determine the nutriti onal status of media used in gro,Ying crops lO gwirantcc 

o sustained groWlh of  the crop being grown. In this study, the composition of Ni1rogen 11J1d

Phosphorous reported for go:11 dung 1s 1n line \\-ith the report of Salem (1975) lhnl gove o
range of2-3% N ond 0.4-0.7% P10s for these nutricnlS in goat dung. The subm�on of Wood

and Lnss ( 1985) that CPI I c ontain 3 10 4% pot.assium on 1lry basis proved to be correct in the

sense that the chemical composition o f  the processed CPI I used in this study, gave J.�%.

ll CllJ1 be seen from the resulis of the physicochemical properties of the composting systems

that orgonic corbon, phosphorus, Nitrogen and po�ium contents of the two composting 
systems incn:ascd ,vith cloys of composting. These incn:mcnts over time mc:in thot nutrients 

were gradunlly rclcnscd through mineralization of the composts; simil:ir observation ,,as
made by Moyosorc (2006). The compost of Cl'Jl-t-00 I: 1 v/v ,vns observed 10 produce the 
higher c ontents of these nutrients when compnrcd 10 the compoSl of CPH only 

It is  observed from the result that composted CPH+GD 1.1 v/v produced the best

,, · r t o • rth stem length ond number or leaves throughout the period 
per,onnnncc 1n terms o s cm o' 

. cd CPII onl>· ond uncompoSlcd CJ'll produced Bpprccioblc
of  obscrvouon. Although compoSt 

· · blcs but they could not be motchcd up  ,vilh the result
pcrformn.ncc on  the ogronomic vunn 

cd CPll+OD I.I v/v. 'fhc optimum pcrformnnce of composted
produced by compost . . 

. d ·m the oddilion of GD 1n the compost which prcsum11blc
CPll+GO I: I v/v could be hnkc \\11 

is IIJl odditionol sou.ice of nutrients lhnl promotes bcncr performance.

. • rcolion on the stem g.irth of cOC!O!I sccdling.s \\115

Th ITi f I . h rote of fertilizer npp ' 
c c eel o 11S 

_1 f rcrtili1.er oppliculion hod the btsl pcrformnncc
. ..1 200 kg ho rntc o " 

lrmlcndous. E.vcn thou&', 
.rth 100 50 ond 25 kg·1 ha rotes of fertilizer

. · term of stem S1 • • 
lhroughoul the expcnntcnt 10

11 stem girth 01 2. 3, 4 ond SW AP 1ltis can. ilicont cfTcc• on ic 
applicotion produced O non Sign 

I wly released from tl1c oddcd fertilizer mnu:riols.
. ,, lhnl nutrients ,vcrc 5 0 . . be nunbutcd 10 Ilic iOCI 

f r.crtili7.cr opplicolion were no1 s1gn1fican1 01
0 k .1 ho rotes o " 

Acain. the effect of I 00 BOd 5 & . I' lhnl coeon seedling, durin11 nul"'\CI) need n
7WAP up 10 10\VAP ·n,i, rc.,ull ,mp ,cs 
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511!,suntial rote of fcrtilizc:r app\j ..... ,; "lb . ....... on \1.1 a vie"' to prod · 
1.1:rms of stem girth.. 

uctng a ,cry good pcrfonllllllcc in 

Composted CPH + GD I • I v/v agnin had the best 
·a1s used . pcrfonrumcc oul of the three fertilizer 

matcn 1n lhis study on th ._ f 
. . 

e num.,.,r o leaves produced throughout the period of the
cxpenment m the green house C · · ompostcd CPI! only 1111d uncomposted CPII b:id o non
significantly different effect on number of  leaves from 610 IOWAP. ll was observed lh3t 200
kg·' hn rote of fertilizer npplication hnd the best pcrformnncc in tcnns of number of  IC3VCS

produced throughout the experiment \\hcrcas 100, 25 nod SO l.g"1 bn roles of fcnilizcr
application produced a non signilicanlly ditTcrcnt result 01 (,\VAi' and 7\VAP. This lfflld "'115
recorded al 4 WAP between the two rotes of fertilizer applicotion on number of  leaves 
produced. 

II can be seen that composted CPI! + OD I: I vlv hnd the best performance in terms of stem 

length v,hen compared \\ith composted CPI! onl) ond uocomposted CPH throughout the 10 

weeks of monitoring in the gm:n house. Ahhouch, uocompostcd CPH was better than 

composted CPI I only up 10 4\VAP with respect to stem length. This trend changed from the 5

W AP up 10 IO \VAi' ,vi1h composted CPII only being better, mineralillllion process can be

implicated for thtS chnngc. It can ugnin be seen thllt 200 kg·• hn rate of fenilizcr opplication

gave the best performance in 1cm1s of stem length of COCO:l seedlings through-Out the

cxpcrimcnL Lo,,-cr rotes of  100 nnd SO kg I hn of fertilizer opplicotion hnd no significantly

di.lTcrcnt effect on the stem length of eocoll �lings from 3\VAP 10 10\VAP This resu lt

again suggests lhot O subsUU1tiol rote of fenili;,cr applicntion is ncedetl during the nurscJ}' of

cocoa seedlings 50 05 10 ottoin the best perfonnnncc in 1erms of stcn1 lcoglh.

I, · . . "fi lou·on bch•-CCD 1111e of fcrtilii.cr application ;ind the agronomic:
os1u,·c ond s1gn1 ,cant corrc 
. . r fertilizer application colunccs the (ll!rforrnnncc of the

vonnhlc suggest higher rote O 
. • • 

. . "-�" rc· ic:rotcs earlier submtSS1on ,n this work.
measured vanoble \\lueh 11uu,CT I 
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CHAPTERSLX

CONCLUSIONS AI\'1) REC0�1�1ENDA TIONS

Th.e outcome of this study indicntcd th.Ill . . c-0c:0:1 farmers 111 Ado - Ekiti Local Government 
Affll nrc used to leaving CPI I as h · th . . caps in cir plantauons after they must hnvc tal..cn the 
COC03 beans from iL Although these CPH arc produced nod ten as be:ips in their planwions

onnuall), nothing is done to maximize the use

Due to the results obtained from the effects of the lbrcc sources of organic fcrtilizu mntcriols 

and lhcir rate of application of the orgnnic fcrtili:r.cr molenals on nil the agronomic variables

moniton:d in this study, it can be concluded lhnt they nil varied \\ith rate of npplication of the

organic fertili1,cr materials. Composted CPH + OD 1:1 v/v lhnt b3d the best performance in

a.II the agronomic variables monitored is belic,cd lo ocbicve this fcat due 10 the addition of

gont dung during the composting. Composted CPII only ond uncomposted CPli wen: not

significantly different fron, c::ich other going by the results obtnined from the agronomic

varinblcs monitored. It 1s advisable to odd on organic waste to the composting of CPI I as this

will ullimotcly yield o very positive ond productive result in Improving soil fertility.

Composted CPI I only nnd uncompostcd CPI I a.tC not totall) advis:iblc since their outcome on

the gro"1h of cocon seedlinSS used in this study did not give the best pcrformnncc. 

Agnin. it is recommended thnt O substnntinl mtc of fertilizer opplicot.ion that is more than 200

kg·• ho lhot bad the best performance on the monitored ngronomic vnrioblcs, be used in the

f di. "th O v,·c\V to brinning the bcst out of the gro\\Ul of the seedlings. 
nursery o cocoa see 1ngs \VI o- ·  

,.,_ . . CPI I on 0rounie fcrtilr.zx:r for fllt'lllcrs to oppropri3te the use of
nc pracllcc of using OS .,. • • • 

· . . . be · more expensive e\cry dny IS highly recommended. 1lus
1DOrgnn1c fertih:zer that ore coming . 
. th lice is environmcnt.nlly fnendly ond cr1 ls we IOClllly

1s because of the fuel lhn1 c pr.ic 

TO(lucing regions in the world over. Coco:1 fo.rmcrs that

n,'Bilablc nnnually in oll the cocoo P 
. . . the nvuilobihty need to be educated on lhc potcnt1als of

produce CPH ,Yitbout llllLxuniung . . . 
. used in making org11111c fcrt1h1.tr lhnt CllJ1 be used to

these agro-nlhcd wu.slc produc ts bcinB 

improve soil fertility. 

. 1 need\ 10 be conducted to rcnlly llSCC"rtnin the �t

I . further cxpcnmen 
l ., recommended thnt

with CPH 50 ns to ntt.nin the bc:n outcome 1n terms or

orpnic waste thnl cnn be compO�tcd

Improving &Oil fertility. 
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.\ppcndi� 1 

QUFSflONNAJRE ON TLLE UT , lLIZATION OF COCOA POD HUSK(CPII) FOK
THE PRODUCTION OF ORGANIC FERTILIZER AS A \VASTE MANAGEf\U:NT 
S'fRATECY 

' 

Dcar Rc.111ondcnt, 

I nm n postgi-Jduutc student o r  the Ocpo.rtrncnt or Fpidcm,ology, �lcdical S1lltistici. ond

Environmental Health (E�1SEl1), Collci:c or Medicine. University of Ibadan present!)'

canying out o rcscnrch on the utilimtion or cocoo pod husk for the production of orgonic

fcrtili1.cr ru; o ,vnstc mOJU1gcmcnt slrtllCll), I ,\bh 10 kindly request )'Our voluntnry

panieip:ition by pro\'iding nns\\crs to the fotlo,\ing que31ions honestly ns lhis would incrensc

lhe quality of the findings. Plcn.sc, be rest o.ssured lhnl ull inronnntion provided by you would

be used for rcsenrch purposes only nod suict conlitkntmlity would be ensured 

Thanks for your co.opcrotion.

I Scriru No ...•..•..

SECTION A: soc10-0DtOGRAl'IOC INFOAAIATION

2 Age. . . .. • ....... ·· 

3. Sc:i<. I Mole 2 . Fcmolc D 
4. Marital Status.

I Mnrricd

2. Single 0 
3 Scp;uatcd

.l_ Widowed

s Divorced 

S �tajor Occupation ...• ··· · 

6. llighc:st level o f  edue0-tion 3ttoincd

I. None

2. Qur1111iC sclJoOI

3. l'rill\lltY schoOI 0 

4. ScconcwY Scho01
1 osD !IND, II.Sc, rho ....... .

'f g NCI , , • 
s fcrttlll)' (l'l(nSC ,rec• y c .  

"' 
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7 Ethnicity ..•......... 

I. Yoruba

2. I lnusn

3. Tho
D 

4. Others (specify) .............. . 

S. Religion
I. Christinnily

2. lslnm D 

3. Troditionnl
4. Others {specify) ..... 

SECl'ION 8: PERCEPTIONS ANO PRACTICES CONCERNING COCOA

POD llUSK 

9. I la\'c you seen u cocoa pod before?
D 

I. Yes. 2. No 

10. lfycs, ,vhnt do you do ,vith the pod husl.. afiertakin&-thc bcMS in-il'?

I Bury 

2. 
3. Lc:ivc us heap inside cocoa plMtalion

Oum 

4. Dispose into o nearby bush

5. Others (specify) . ..... ·

11. Do you face MY problems in dispOSing the cocoa pod husk?

I. Yts. 1. No 0 
12. If yes., ,..,hat kind of problctn(S)

I 
•• 

. . . ' . 
.. .....

2................. . .. "_' . por,.a.ncc of the eocoa pod husI.1

13. Do you l.no,v any economic 1m 

I. Yes 2 .  No 0 

14. If yes. specify it

I 
••.••••••••• 

•• ••• • • •• 
••••••••••••••••••••••

2 
············ 

•••••••••••••••••••••• 
•••••••••••

IS. lfno, "uuW you Jil.c: 10 know? CJ

I. Yes 2. Nn
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st:CflON C: AREA OF LANO O CCUPIF.D nv co 

16. Ho,v many cocoa plantation () d 
COA PLANfATION 

s o you ha,e'l 

I. One

2 Two 

3. Three

4. Four

D 

5. Others (specify) ........... . 

0 your cocon plBlltBlion(s) cover'? 
17. How many hecturcs of land d 

I. One

2. T\\'O D 
3. Three

4. Four

5. Others (specify) ........... .

18· Ho,v do you mruwsc you cocoa plB11lalion(s) in tcmu of clearing.

I Self cJCBrin& 

2. 

3. 

4. 

Employn1cnt of labourers

The u:,c of weed killt:rs (cbcmicols)

Others (specify) .......... .

D 

SECTION 0: l't1ANAGEl\tENT OF ALTERNATIVE \VASTE

19. Do you have nny other ,vaste lha-t requires 1Jl.ll113gemcnton your fann?

I Yes 2. No
0 

20. Ifycs, ,vhat kind of Y,aste

].. . .. .... ., ·········

2 ..............
................

........ .

20. Do/Does these/this "'115tc(s) hn�c/h!IS llDY ne-gouve impacts on your forming

uct1v11ics? 

3. ••• . .. ' 
....... ...... 

.

I Yes 
2.No

CJ 

22. If yes. what Jund of problem(»)
•••••• ••••••••••••

'············ .. 

2 

·········•···· 

•••••••••••••

••••••••••••••••••••••• 

3 
•··•···•··•··•·••·

••••••••••••••••••••• ••••••••••••• 

MS 
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