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Managc:mcat of WllS1e feathers in Nigeria is or grat i.-uiiCClu due 10 large quanlilics 

gcncralcd daily. For instance, 1n Ibadan over 30,000 binls arc slaughlm:d daily by i-v 

poult,y industries gcncroung large quantity of feat.bm. Tbcsc fcalhcrs continue IO end up 

in  landfills and open duropsites polluting the enviroumenL l'Cllhers c:omain 91 % fibrous 

pro1ein \\luch is very difficult to degrade na1unally due to ownerou.t cro:13-Jinbgcs in lhe 

structure. lnformlllion on proceuing Wll51c fauhcr.s for enhancing crop gro\\1h hAs nol 

been \\CU documcnlCd. Tb.is study \\OIS lhcn:forc aimed 111 osscssif18 lhc effect of 

processed waste fCllhcrs on wCCI.I gru"1h and crop cnbn�cment. 

The study design \VIIS cxpcri1ncnllll and lllborotory b:l.scd, using mni1.c u.s test crop. \Vu.sic 

chicken feathers obtained fron1 a poultry industry ,,-ere WIIShcd. u.ir-dricd. ground in10

bits, thco lllllllyscd for niu-ogcn, phosphorus nnd polll.SSlum contcnis. Eighty groms 

fc.ithcr-b11S \\"Crc mixed \\1th 27g of glycerol plos1ici�r ut 6S°C 10 obuun o po.sic, then 

pressed for ten minutes into nancnro org1101c mulch 1\,cnl)•four 14cm di11111c1cr pots of 

I .S liters c.ipac11y ,,ere oblllincd and divided Into �h, groups of four rcpllcotcs each in o 

completely ro.ndomi.l'.cd design Groups A. ll, C, wm: controls and D, E, f', \\"Crc 

o:pcrimcntul group,. One kilos,um1nc s1c,-cd 50il Yf'IU ploccd 111 each pol. Mnir.c :M:C<b 

were rlll/ltL-d 111 groups A nnd D, sCClb of Corchorw olltorlu., ("l:\\-.:Ju") being u5'ld PS

\\�S. \\-Crc plnntcd 1n groups D lllld f:, ,,bile Maize wid "c\\ cdu" "ere bolh planted 1n 

groups C l1nd r. Surface, of  the soil m the cxpcn1nen1AI groups were covered with feather 

mulch \\hilc control groups were not mulchcJ. 1\ll pots \,ere sprinkled with \lo1llcr daily, 

Growth of \\Ced Md crop wen: mc�J for 28 d4ys using nc.�iblc measuring lllpc. D11111 

\\ere nnw)'Scd using dcscripthc �1:uistics wiJ s1udcnt t•tcsl, 

/\bout 4980Kg of feathers nrc gcncmlcd daily fro1n h,u industries (0.166Kg or 8.S2% b)

moss per chicLcn). fc.illicn con1.nincd 14 l�'t nitrogen, 0.2,� phosphoru5 111d 0.6% 

po1a,;s1um. t.fcilll length of m11l1c 5hooL� 1n group D (mulched) sliowtd slgnlliCMt 

incn:,l� (p< 0.01) on d,,y R nt 3.) :iO,Jcm against 3.1 :tO,lcm for conlrol grour A. while

mcon length of le11vcs �howcJ ftignificant incrca,c (p< O.OS) on dny 20 at 27 8 .t2.2c1n 

o,·cr control at 2.S.6 sl: l.6coi. �I= length of niai.r.c shoolJ r.Jnntcd with \\'Ced 111 grour I 

sho\lo-ro 11gnilic.int im:rcasc (p< 0.01) on d4) 4 ot 1.6 :tO.lcm O\CT control group Cat I.S
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.±0.lcm. nod signifiC1111t incn:ase (p< 0.01) in mean length of lw,cs on da) 6 111 8.1

:tO.Scm ogainst 6.1 ¼0.4cm for control Thcrc wllS zao ,,eeJ gn)\\th by do) 28 in groups

P' und F \\llh mulch ogllinst control groups 13 and C showing 6.78 ±0. lcm and 5.ls ±0. 1cm

n:spectively u.� m= length of shoots of ,,ccds. The mulch tol.llly conlrt'lllcd ,,-c:cd

grov.'th by 100% wid in� growth ofmai,..c �001 o.nd le3,..c:1 by 71.I�• and 61.9'�

respecti vcl y. 

Organic mulch mudc from processed \\11SlC feathers ,,as effective 1D \\� ct1n1rol QDJ

crop enhancement. Therefore. ii cun be o useful slrutcgy for ,vt1S'le m:masemcnl.

KEY \YO RDS: Qrgonic l',lulcb, Fc:olhc:rs, \Vccd conlJ'OI, \Vostc mMngcmcnL

\\'ORD CO\NT: 498 
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CB.APTER 01','E 

INTRODUCTION 

1.1 Background of Study 

A '"Waste" is any mntcrilll resulting from domestic uctiviti� or industrilll operations for 

,vhicb there is no economic demnnd 11Dd so must be disp05Cd of (Sridbnr, 2000). All 

over the ,vorld millions of  tons of solid w,iste arc generated from humnn octiv1ties in both 

urban 11Dd rural senlcments. The burden of solid wnstc mnn.ngcment is of p:uticulo.r 

concern in many cities of the world due to rural·urb:in migrulion llOd p.lob:llizntion For 

ins111Dce, in the United Slnlcs alone. more thnn 229 million tones of solid w-astcs ,,-ere 

gencruted in 200 I This npproximotcs 4.51..g of ,w.stc per person per day (USEPt\, 200 I). 

Bnvil gc:nc:rntcs obout 90 tones of solid \\-astC daily (\Velis. 1994). In Nigc:ri11. solid 

wustc gcncrntion bns been on the mCTCllSC B) the tum of this ccntuf). it is estimated trull 

Nigerian cities will produce bct,,«n 8,518 tones of munic1pnl \YIISICS in Ne,v DUSSII nod 

98,08 I tones in L:igos per year ot the rate of 0.43kg per capiUI per day (Sndbo.r, 1997). In 

Dug be. one of the markets in lbodan, II ,vos estimntcd that the tollll wastes gencrntcd per 

)Cnr \\'llS o,c:r 827 tones (OluwMdc. 1983). The ne11,11tivc impact of solid \\'BStCS on the 

environment is on the incrcnsc despite mc:uures put in pince by s1okcholdcrs in ,vn.stc 

management. l'wlojor cities around the country 1111! charncteri1.cd by open dumps in 

strntcgic locations even to the dis:ippointing visitors. Apart from the unaltrncUve sight 

caused by :.olid ,va:.tcs, the incrCII.SC tn the incidence of vector-borne discoscs o.s o result 

of poor solid w11Stc management is o source of concern. 

The contribution of \\'IISIC feathers to the quantity of solid \1/tl.\lc:s genemtcd world-\\ide 

bns been on the incrc:isc since there is o rise in the con:;umpuon of chicken� all over the 

world. In lhc United states alone, mon: thllD 8 billion broiler chickens nrc produced 

ycarl) (Ooronc, 2004). Roush cstim111cs put the amount offcothcr \\11Ste gcncrnted by the 

poultry industry in the USA bcl\\'eell 2 and 3 billion lb (0.9 10 1.4 billion Kg) per )Cur.

Getting rid of these feathers is very difficult. They nrc either burned, buried, or ground up 

into fe:ithcr me.ii nnd fed to livc!IOtk. These mctl10<h of \\11Stc fcnthcr m:uuigcmcnt on: 

COMiy and controversial 
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1.2 St.alcmeol of Probl� 

In Nigcnll. poultry chickens fonn major llOu.rccs of cheap anim!ll protein for the 

populntion. SC\mil festive seasori.s celebrated almost C\"Cf) month of the )tar o.Jso make 

dc:mnnd for poultry produclS very lugb.. In Ibadan. t"o poultry industries in Oluyole 

est.ale sllwgbtcr over 30.000 chickens per do) and lhercforc generate large amount of 

pouluy fcnlhcr \\UStes of up to 4980kg (obout S tons). In lhe United States., the poultry 

industry discards 2 million tones of chicken fdllhcrs as "-astes annwilly (Schmidt nnd 

Barone, 2004). In addition, several thousands of tones of poulll) fcnthcrs are gcnerotcd 

nnnunlly after slaughtering the chickens. Chicl.c:n feather \\astcs conUlin fat.. \\1lter. 

blood nnd soluble proteins. These poultry feathers rue usuoll} disposed of in  landfills 

where the)· constitute en-.ironmental problems bccnll5C they ore not easily biodegradable 

in the soil. Although some of the ,,1\Stc fcnthcrs cnn be nutoclo'"cd nnd rumed into lo,v­

vnlue Mimnl f,:ed, the rest must be disposed of nnd thus still cTCnte a large "us1c: problem 

for the poullry industry. The practice of convcr11ng ,vnstc fe:ithc:rs into nnimnl feed is )till 

not \\ell prnctic� in Nigeria nnd \\here it is proctict.-d. it hru. not been economicall) 

viable. Furthermore, the use of ,wste feathers for mnk.ing orgnnic mulch bas not )Cl been 

,veil documented ,n Nigeria.. Hence this study intends to ideotif) n more economically 

sustlllllllblc: method of handling \\-aste fcnth� 

1.3 0 IJ.J ECTJVE 

1.3.1 llro11d Objccth·e 

The brood objective of this study is to proc� waste fc:nhcr.. into u..-.cful mulch for the 

duol purpose of controlling \\ccd gl'O\\lh 1111d enhancing crop growth. 

1.3 . .  2 Spccilic Objectives 

111c specific objectives ore: 

I. To �s the qUMtity of poultry waste: fc.ithcr.. generated in �lcclcd 1>0ultry

industry in Olu)Olt &we nn:a of lbodon

2, To determine some phy$ico-chemicol composition of the \�'tlS1c fcnthers

3. To establish suitable ond sustainable melhod or convening the w115te fCllthcr. into

mulching film

2 
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To mcmun: the cffiacocy of the mulching film on wml COldJ'l)I and plant 

dcvdopmcnt in a gro:nhol.lSC cxpcnmcnt using a selected crop. 

1.4 Slpiflc:aDce or tlae Study 

The mognitudc of solid \\11Slc generation ID tn11Jor cities in Nigeria bas reached an 

alanning rme th:at calls for concern. Cities like Logos lU>l1 Ibadan gc,.cratc alrnoct O.SKg 

WIIStclapilA/day \\rule the nauooa.1 avcrugc \\US 0.45Kg ""llSldcapilA/day (Sridhar, 2001). 

While nttcmpts nrc being made to reduce, n:usc and req-cle thc:scs \\.Utc:s, the enormity of 

\\11Stc feathers generated still coll5titutc nuisance to the cnvironmcnL This has attracted 

nncotioo to researchers in the past to oncmpt D sust.w.nllblc wmtc mnnngcmcnt technique 

for the feathers. ltcnce, poultry fc:athcrs 113\e been put tu ,iuious uses 10 the past. 

Products like handbags, ,vn:aths, shawls. decorations, hand fi111S nnd so oo ba\'e been 

[llllde from poultry fcatJ1crs. The dcmnnd for these products howc,er, has 001 made the 

use of the fc:atl1crs in these directions ,cry ,ioblc. There is need to carry out funher "-ork 

to achieve II more dem11Dding product from the fculhcr \\11Stcs. lltis project intends to 

eon,·cn the rcsowcc tD poultry fcnthcrs into II product ,,hich \\ill significantly reduce the 

burden of ogncullwnl ,,.:eds nn<l ul!Jn1ald) reduce the cost of food production. 1n 

addition to iru:n:u.s111g crop) 1cld, thcn:b) promolmg food sc:curil). 

1.5 Ju\llOe111lun or the Study 

l·c:111hcr v.1ulc., t4D be tnuuformcd 1010 useful matcriAI, 3\lc:h DS prolc:in·bAscd mulching

filntS lllC nol )Cl in use in Nigc:riu. Other O\Ullablc mulchi"8 1ncll1ods include

polyethylene mulclung films. lfo,,-c,cr, unlil.:c pol)clla}lcnc mulching films \\ruch need

to be collec1ed el the end of the: gn>\\iog sc:bOn due tu tl11:ir non-degrodabihty, Ille

protcin-b:isc:d films dcscnbcd herein \\111 slowly deL\raJC into Ille: soil "'ilhin six n1onllu

10 one )c:nt belorc lhc next plnn11ng �,n. Ilic slightly high cost of the protein-�

lilnu is more tha.n olTsct b) the l11cl.: of labour costs to collect 11 fron1 the licld oner the

plllllting season, 1hu.� ma!.:ing it highly eompcliti,c \\ilh other prevaihng rnethods ol

n1ulch1ng. As soon 11S ,vntcr cxch:Jngcs witl1 the )llas1h:i1.cr 111 Ilic protein structure. the

lilms \\ill be: crnbriulcd rwd \\ill begin 10 crocl under cn\'ironmcntlll sll'Cs, such us wind,

rwn. 1111d microbial 11c1lvhies \\'hen the: field Is turned over lor the next rtonung scu.son,

the films \\ill be easily broken ur nnd incorporated 1n1u the !IOil. Pmtan, degrade \\hen

CIIL)mc, 1111aek them wid the clll)mcs thnl degrade keratin n111urall> occur In the soil
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microorg:inisms. Proteins conL:lin lmge :unount of ni1rogcn and therefore bll,-.: th:: :sddcd 

benefit as SCl"\'ing ns oddilion:il nitrogen sources. or fcrtiliur, for the soil � thC) IIIC

cnzymaliailly degroded. It is therefore beneficial to in\e:.1.iguic the con,asion of 1i:ather 

keratin into the mulching films as n1c:ans of managing the fe41J1er ,,u�c. 
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CHAPTER T\\'O 

LITERATURE RE\'[E\\' 

2.1 Solid \VD.Sic in the Environment 

The env1ronmcn1 n:rc� 10 rill eJctcmal factor.. \\hich me living and noo-li\'ing m111erinl�

lhul surrowid lllilD .  TbC$C include \be social und economic conditions in ,vhich man lives

(l'nrk. 1997). The Wodd Hcnllh Orgunis:ltion (WHO) defined Hcnllh as o suite of

complete pbysicnl, mcnllll ond social well-being lllld not just the absence of disca5� or

inlinnily I lc:nc:c,, Lnviroomcnlal Hc:llth could be defined as ·w! lhc cxtcmal factors lhal

surrounds mnn. wbich can mainlllin his complete ph�ical. mental 11Dd �ocial \\<!II-being

ond not j\lSl prevent discn.<.e or infirmity'. 11,is n1ok.cs lhc term ·Eo,ironn1cn111l I lculth' a

belier rcploccmenl for lhe tenn 'F.nvironmcnllll Snnillltion' which mninly focuses on

nbscncc of germs. 

To ensure complcte hcnllh of the environment, \VHO has identified the follO\\'ltlQ os the

mojor components of cnviroomcnllll health:

I \Voter S0111\;CS ond Qu31ity 

') •• Solid \Vo.sic 1¥lnnn�.:meot 

J. I lousing Quality nnd I leallh

4. l·ood Safety 11nd I \ygicnc

5. Sewage ?\-lw111gcmcnl

6. V cctor Control

7. Afr Pollution ond Control

8. I lnznrd lvlnnugcn1cnL

TI1c mnnugc111c:n1 or "·iulc poultry feathers comes under the component of solid \\USIC

munagcmcnL 

\V1L,1c C11D simply imply nnythlng ·�less or vuluclcss' or nny substoncc ,vhich Is broken,

wom-out, conu1111h1u1ctl or �pollt o.nd Is required 10 be di,po� of. Sridhnr (2000) on tho

other hnnd clclincd W115IC 115 'ODY un,11nnlcd matcrinl gcncmlcd fro1n do1nc:3tic activity or

indlL\lriul upcrulion:, for ,vh1ch then: h no economic <lc:m:md ond whioh rn1Lsl be

J1�pus�-c.1·. 
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\Vastes c:in be classified as gllSCOUS. liquid or solid v.11.Stc depending on thctr physical 

swc (PC3\"CY ff al, 1985, Shenna and Knur, 199-t) Solid V.':ISICS nrc V."351CS rcsulung 

from domestic, industrial nnd :igricuh.urol octi"1ucs ,,hich c:ncomp:iss v.'IIStt"S from 

mwucip:il and commercial 0CUV1llc:s ;i,s \\'CII as homogcnous ,,'l!Slcs from sumlar 

i.odu.strics nnd institutions (Sridruu nnd Taiwo, 2000). Solid \\Ml0 include \\1Utc poulll) 

fc.uhcrs wider srudy in this projccL 

Sohd ,,ustc m:magcmcnt tnclude.: till the processes 1111d stages 1n,11h l:d ID the lulndhng of 

solid v.,utes lh:it letid to 11.s conlrol. So fnr se,cnd measures nn: cum:oll) cmploycJ 10 

solid "aste numagcn1cnl. 

\VllStc Gcncmtion cneompasxs acuviuc:s ID which mntcrials nrc 1dcntillcd o.s no longer 

being of vnluc ond lltC either thro,,ll n,,uy or gulhcml together for cfuposa.J. In 1'1geria. 

municipal solid "ush: is produec:J ut 0.4l�ll ptt h.:aJ per da) and 60-80% of 11 i, orgwu,; 

in n:uun: (Sridh.u-, 1999). \\'o.ste h:lndlinll nnJ separation ,n,ol,C$ the 11cts,·11tcs u.�11llcJ 

,,i1h m,uiagc1ncnt of \\uslc until they nrc plncccl in storn.:c containers for collection. 

Handling nlso cncomp;wcs the mo,cn,cnt of l�cd conlllinc� to the point of collection. 

Scparu1ioo of \\UStc tompooenls 1s nn irnporunt �tcp in Ille hlllldhng and stomce of solid 

w�lc 01 the source This Mage rc:qw!Q 11 101 of tmdcmanding nnd cooperation by those 

lhlll generate the solid ,,iute. This singe hdps 10 SCJWUlc the \\ustcs 1Dlo ,11rious 

aucgonc� Juch c, rcqcl11bles ond non•rcc)clablcs, Lo cnsc subsequent �t11gcs ol 

munnscmcnt 

\\'115te Collccuon 1s tl1e most diflic:ull ond most cxpcruh.: aspect of refuse disposal 

procllcc It cM cost up to 80,l, of the IOl:d cost or refuse JisJ'Osal (OluwnnJc, 1983). 1 hr: 

proceu ,n,ohcs 5loroi;c in producuon prc,niscs, colkcuon n 1  mler,nls nnd trarupon 10 

disposal site. These three steps require proper resource planning. employmc11t of 

oppropnlllc lcchnolos> und comn1un1t) 1nobillm11on for SU\llllnobili1y. Oce&ionnll), 

sornc locihtics 11rC ll� for the reco,cry ofwnstc 1nntc:n11l� Llu11 h,'\\C b1:�o scpwutcd ot the 

sowec l'besc include .:urbsidc collection, drop off and huy-bock centers. lbc 1nunlcr or 

\\'II.SICS moy be frun1 1hc slll4llcr collecllon ,·chicle to the larger ll'llllSJ)Ort equipment or the 

sulncc1ucnt lrWl5port ot lhc wastes usunlly over long distances, 10 o procc.,.11ng vr d"posa.l 

5itc \Vo.sic U1sposal refer, to lltc proccs5cs odoptc:tl to ensure that lhe wlid \\1Ulc docs nol 

aiusc nwSMce ttn) loni:cr in h= environment. Various options nre 11,111lnblc for use 

depending on govl"T11111cn1 policy nnd l) pc of Wll.'lle i;cncrntCll. Clc:ncrnlly, comn,011 
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methods employed include Sanilary landfill in approved dump sises. Composting. 

lncincratlon (conlrolled or open-air), Disposal In the aca, Dalllns and Compraslon, 

Pyrolysis and Pulverimtlon 

Today the disposal of \VIISICS by land filling or land spreading is the ullimatc fate of all 

aolid W11Slcs, whctbcr they are raidential wastes collccled and transpor1ed directly 10 a 

landfill ailc, residual nua1crial1 from rnalcrial1 roc:ovo,y facilllic1 (MR111), roalduo from 

combustion of solid waslcs, compost or other IUbslAnccs from variout 101ld WIIIIC 

proces.,ina facilities. The proportion of Nlacrian bouscbolds who dispose refuse throuah 

pcnolllll nod aovcmmcnt bins Is 13%. llic othcn (80%) dltposc arowid the homes and In 

places where it con,titutcs hc:41th hamnls (F.O.S., 1996). A modem sanitary !And is not a 

dumpsitc but an cnginccn:d facility used for disposing of solid WIISlCS on land without 

craiung nuisance or luwanlJ to public health ufcly, such as the breeding of rats and 

lnsec&s and lhc conllllniD4llon of groWld water. Some of these: other methods an: hygienic 

nod cnvironmcnllllly friendly ,vhile others an:: not. The best option however depends on 

lhe type of ,,US1e lo be handled. 11icre is therefore the need to first determine lhc 

composition of 1hc ,,a,1c before asc:cru.ining the best disposal method 10 11111111gc such 

\\'llSle. 

\Vas1c Charac:tcmotion involves lhe dc1cnnill4tion of the physical and chc:mical 

composition of lhc \\'llStc ,vilh lhc oim of scparuting them Dea>nling IO similarily i n

compo�ilion (Sridlw, 1999). 

Ph)111Qll Composilion of \\'USICS wries according to standard of living. CUSIOfflS; the food 

hab1l5. chnuauc conditions AOd other factor,. Variations ll1so occur 1n \\"IISIC quantity and 

qlllllity wilh days oflhc \\-cck, wilh \\'CClcs of the month, and even months of the llCU>IIS. 

Quantity of solid wustc produced al weekends is oR.cn more lhan lhDt of olhc:r days of the 

wc:dc due to wcclccnd shopping. Quantity and qllllliry or solid waslc ll1so vary v.ith lbc 

people in dl!fc:rcnt pans or town. Solid waste from the govcmmcnl rc,crvc:d area (ORA) 

of lbodao compnsc or about 65% giuboge, while the old tov.n 11rC1S ha,-c their solid "'11.11C 

made up of ova 81% lcova (Oluwmidc, 1974) 

(.1,anJcaJ Compo11tion of V."UIC iJ alJO imrortant b«.UIC ii�-, the chcmlaiJ male,.ur 

of the wutc and helps 1n the J1Clcction of the appropnaie dlqio,al method. \\. Nil s Iba& 

ans suitable for compo,lina nrc dctmn1ncd hy their chemical composition.. \\ aac, v.'itb 

ncc1:1 ry cmbOfi.nltroaen rauo vi.ill mllke CJ1tcllcn1 material for romi,mtin, (Oh,,,.� 

1974). 

1 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



2.2 Solid Wule Maaagcmeal 

For proper and efficient ,vnstc mnnogcmcut, there Is need to adopt llllilal)' and O'lendly 

pnictlccs which CDAble efficient 11141111gcmcnt of our solid wastes. Various rcfbsc 

managcmcot methods can be group:d under various categories bmcd on lhc objcc:tlvc of 

the n1cthod. 

\Vaste Trunsfer Methods involve removal of wutc, from human environment to other 

cnviroM1cnt such 11S dwnping in the ,ca or other sites. It will be noted that this method 

tends to funlicr pollute Uic new rcceivinu environment nnd moy adversely affect 

biodi\'crsity. \Va.sic Dwying �lcU1ods involve hiding U1e WDSte from hwnan environment 

such au lnndlill! and conlrollcd tiJ)Jling. Thc,c methods may be: inappropriate if the 

\\UStcs arc non-biodcgmdoble or not easily biodcgnidablc and will remain undegradcd in 

U1e cnrth for o long timll TI1crc is ulso U1e problem of l=chate from buried wastes wb.ich 

may e,-cntll411y pollute nearby underground wnu:r. 

\VII.Ste Con�mion Methods ore those involving conversion of wnstcs into other useful 

forms such n, rec) cling. This is the best method employed for non-biodegnldablc wastes. 

Of oil these \\':L\lc monagcmcnt categories, the wa.�tc conversion methods that invoh·c 

"''llSle slllbili;.,-,uon 1111d COD\'Crsion ore the best cnvironmcnl411y-fricndly options. 

Waste Cllwlfiawon: \Va,tes au, be clo.ssificd b:lsc<l on diITrn:nt critmo. When 

coru1dcnng the pos.s1bilil) of being dc:a>mpo1Cd in lhc ,oil. � can hlive biodegradable, 

scmi-b1odegrad4ble and non-biodegradable ...,.,,cs.

Blodcgr,ubblc Wastes IIRl ,�'l!Slcs which can ClaSily be dcg,lldcd b) microorpnurns after 

dispoml They ore c=ily acted upon by these microbe agents until the "'llSt.cs become 

stabilin:d in the disposal site. Such wustcs ore usll31Jy orw,.nic in lllllurc. The period of 

dcgnid1ng dcpc:nds upon the chcmiail composilion of the \llmtcs und the �'81hna 

physiail cond1tion! in the dlSJIOs:il snc Examples of bioclcgrud4blc \\-astCS 1111d the pcnod 

ofthe11 dcgnidability a.re barwui peel (2 months), noccboolt popcr (3 months). conuc boot 

(6 months) 1111d wool mitten (I )CIII) (Comdl Univ. Coopallli\C lulcnsloo, USA). 

Sani-R1odcgnldablc Was1cs 1111: "'ustc, t.hllt CAIi nlso be ilcgradcd b) m1aoori;1Ntrn.1 bul 

,-ill require longer pmod uf dcgrndmg 1n1A> Jtnblc comrosi1111n. 1bc \\Uc, UPwll, � 

pcnbt '°' )can before being dqradcd SIICh wutc, muall) cmwst nf blah moJ«ular
mnss �hcmical1, nidunl polymer, 1111d complc., comJ'l-mnds tlw fflluu-t' Cff1aln ffll,)llX'I 
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tor degrading Fx1unplcs include poultry fculhcrs, crab �hell,, groundnut husks, ,nelon 

husks, leather, com cobs, coconut �hell, hair, hoovc� and nulls, 

Non-Olodcgrodoblc \Vustc:; are ,wstcs thut cannot be dcgnidcd nnturrdly by 

microorgnrusms and thus ,,.;11 remain in the dispo'3I snc. Such ,wstc, ore u.sunlly 

synthclic polyn1cr,, plnstics, mctnb gltw, nylon, rubber un<l bone:,. 

Rccycloblc \Vnstc:s W'C \\"llSICa thot = bo procc>Scd nnd converted back to Ilic n1ntcrinl 

nncw or lo n11otl1cr mutcnnl close to the originlll one in con1position. Most non­

biodcgrodoblc \\'1.1-,tc niutcrioh nru bc:;t hundlt.'t.l by bcin11 rcGych:d back into u.scful 

products Exwuplcs of n.'Cyclnblc ,v,istcs nrul their produclll include papcr ,,mtcs 

con, crtiblc to new ,print und tissui.: pllJll.:r, c.111\ convertible to nc,v tJIJS untl cxtructcd 

olwnltuwn, n1ctal ,w.stcs convertible to iron billets, pln�tic \VU!itcs converted to plastic 

pellet,, wood con\crtcd to pnrticlt boanh 1u1d glass converted to new bottles, 

The focus of this project i1 on poultry feather. which urc clnssificd o.s sc1ni-bio<lcgrodablc 

\\U.Stcs. Dc:.pitc the wii1n,1l origin. fc.ilhcr.1 contuin hi11h molecular mrw chcmicnls which 

ore tithtly intcr-,,ovcn in U1cir ,tructurc ·n1crr complex structure oull,c) 11 difficult for 

microorganism.� to c.1slly dcgnidc the fc.ilhcrs h1.-ncc their clllSSilication IL� scmi-

biodegrod.,blc. 

2.3 Structure or II Fc:athcr 

l-cnthcrs arc the covering or poullr)' wid birds roullr)' faitbcrs form between 6-9% of the

tol.ill ,\1:ight of n chicLcn. flc:ithcr.i W'C compo�c:d of nbout 9lo/o protein. 8o/o \\'Dier nnd 1% 

lipids. The IYJ'G of protein in febtltc�rs is called Kcnilin, ulfur containing fibrous rrotcin. 

The swc1urc of tJ10 Lc1111in gives lh feather ils tn.'tlftth and Jupplenc:is. 111c t\\o types 

of fc;Uhc� most commonly used ore. th, contour '2nd dcn�n li:athcn;. Contour fc:uthcr•

are those found oo the bocks nnd wini) 

Pbtc I t,ho,,,s lhc sll'\Jcture of o feather ,vith tJ1e mnin pwU ,,bile plllles 2 ond 3 show the 

conlOur ond Jo\\n fc:alhm. T11c ccnlml stem. or rnchls. of the fcaibcr cs consuuctcJ of o 

thin, solid outer 14ycr. The interior is thick and spongier. stiffened b} inlenUI ndgc_,. 

The rncbi, b more wmmonly n:fcned to 11J the quill. 114rb, project from cilha side of 

the n1chb lo nuke up the booy of the father, ur VIIJIC. Each h.'ub h11., o fine OCt\\ffi o f  

bubula. lntaloc.king hooklc.15 on the b:lrbulr, gh-c lt"lllhc111 thcir l11fi'n:s; and 

lb1lnlity. It ls Lhc und.111� hooklcU "hith alto"' )'\1\1 to run your l�rs ur D srtu 

, Ml.I nuke II \\ hole DEJ!n 
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nu: do,vn fcallu:rs un: usu:11ly found under the contour fe11lhcrs where they provide 

,vum,th for the bird. TI1csc f�'lltllcrs lu1vc shorter quills nud bnrbulcs ,vilhoul hooklcL�. 

This gives the do,,11 fClllhc111 o soficr. nun1cr nppenrunc.:. 

Plate I shows Ille typicul btructurc of n fcutl1cr. 
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Plair 2: Cbltk�n Festbcr 

Source N11i01111I Au,kmy ofScic:ncc, Nauoml Re=h Council, 

USA 1995 
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rlalt 3: Coa1our and Oo,.n Fnlhtr, 

Sowcc Nntional AcaJcmy of Science,- National Rc:searth Council. 

USA 1995. 
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2.4 Cbemlcwl Composition or Fatllen: 

f,art,m have bcc:n found to coorain •Ix: protc:in keratin as 1bc major rubogaHX>D'alnlng 

substnnce. Kmlin is  a fibrous Sb'Udurlll prolCin nonnally found m hair. oall1, oocms_ 

wool, failhcrs and skin. A qum1cr of omioo .IIICids in keratin are c:yslCinc. wbo,c ability to 

form strong bridging (disulphide) bonds with other c:yslcinc units accounts for keratin's 

BJC41 51.Gbility. Kcra1in docs nol dissolve in cold or hot Wider ood docs not euily UDderso 

proteolysis (Schrooycn, 1999). Its fibers tan: 10-12% longer at maxinium water contcnl 

(obout 16% than when dry). The sulphurous smell of burning keratin is distinctive. 

Keratin may be divided into n•,o major cllWCS. the soft ketlllins (oa:urring in skin and a 

few other I.issues) and hard kcrotins, fonning the mntcriPI of nails. cha"" hair. born ood 

Plso in fca� 1111d SC41cs. The bani kc:nllins may in twn be l\uthcr subdivided into 

suucrural l}'JlCS dc3cribcd as a-keratin, fl-kcnatin. or feather kcnitin. Kc:nilins of the a and

P types have dilTm:nl pmlomiMnl struc:twul motiu an their prolcins. In the fonncr cax, 

surron1olcculw- strucrurcs based on tl1c a-helix s«ondllr) structure of pro1ein chains, 1111d 

in U1c loller auc on 1he fl-plc.i1cd sheet motif. 

,\II keratins nrc cllAl'IICtcrizcd by II high le\'cl of the sulphur-containing di11mino-ocid 

cystinc, which ncls M a cross-hnking point bct"c:cn protein chain., (Krimm. I 995). This 

feature of II hlgh-h:vc:1 of lntcn:h:iin cross HnlJng through c:)'Stlne gives the keratins, 

espcc;illlly the hnrd kcn11in, their clwncccri\lic., or 1oughnC$S, dur:ablliry, rcslslllllCC to 

dc:grndlllion, Md dc:iiniblc mcclwlieol propcrtics. Cy,cinc cont.c:nls , 111)1 ,videl)' in the 

kcmtins, "hich w-c: rcOcclcd in !heir vuriulion., in mcc:bonical propcrtics (Krimm, 199S). 

Kcratins nn: IDllJOr struclwul proteins of all cpilhcliGI cell t)'pcs ond appc.11r co plo)' n 

mujor role in \l,ounil hcalina- The choractc:ristics of toui:hncss ond insolubility typical or 

lwd keratins asc il�iroblc properties in mnny industrial mntcrinb In addition, keratin 

m111erillls ore biodcgrndoble and produced from n suSllllnnblc resource ond ns such they 

ba�e signlliC.1111 potential for use ns o substitulc for oil-b.'1.� polymer, 1n man)

aprlicollons ,uch a.s filnu, libcn; ond adhesives (Schrooyen, l'/ al., 2000). Tbcir u.� 1n 

cosmetics nnd pcrwnAI c.uc applications is nlready \\'CII cslnblishcd nnd on cxtct151on to 

medicals has been proposed. 

The nmino ocid sequence of n single polypc:J1tidc clulin, 0-4, from fowl feather barbs hns 

been dctcnnincd (Schrooyc:n rt ul, 2000), Inc 0-4 chain \\"OS louoo to consist or 96 
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nrn1no o.ciJ rcsiJucs anJ to bnve u molcculW' \\eight of 10206 in the s-airl)oxyn1cthyl111cd 

foltll TI\c N-tcnninus o� this prou:in wo.s llll N-acetylserinc residue. 1bt 134 protein 

contained sc�cn S<Drboxymelhyleystine n:sidui:1. six of \\nich arc localed In lhc N­

tcrrnin.111 region (rciduc:. 1-26), wid otha one in C 11:rm1n111. llic cc:nuul region of the 

peptide chain wu, rich 111 h) Jn1phobic rc:ndues. llicre ¥.ere bomolt>got.n anuno IIClds al 

66 positions in the ,cqucnct5 of th� reaihcr kcrollns of fowl, emu and silver gull. The 

, nriation (sUb,titution. d,:ktion Wld insertion) in sequence ¥.-:i.s found to be localued 1n 

both tcnninal :;cctions of the polyp:ptiJe chmn. 

The B-4 protein sU\lcturc \\115 pn:dictcd to contn.in !}-sheet slnlciurc IS moSll� locnted in

the �ntrul region (n:siducs 22-70). On the other hand, both tc11D1NI �gions 11JC almost

devoid of sccondnry structwc. 
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l.5 Agenll or Plllyaic:al Dia uplioa or Fadlcn

Mon: n:ccntly, rmrcbcn haw: cxploml lhc failure popaucs or taalias and lhc

mcidulating influence of lhc environment on its popc:n,.:s. As fi:alhc:rs arc Rpl,ml 'lll 

lhc birds only infn:qucnlly at moult, they should be robust mougb ID witJ,,,,iand lhc 

rigoun of their c:nvironmcnL It bu long been known !hat fealbcni 011111•,oing tbe p11u-:nt 

melooin. \\-hich gi,,:s rise to bliick mid dark brown colouration. suffer lea wear than 

Ddjocait.. paler 111US of reatbc:,,, Mi� !Csts a,nfinncd thll1 this obsavalion bad 

a basis in dilfcrcnccs in microlwdncs., as mclanic kcndin is sigoific:anlly banler than DOD• 

mclllnic keratin. Various agents lb:u C110 lead to the disruption of the feather struc:turc 

integrity. 

lnfesllltion of feathers by IDSCCIS is quite common. 13c:cawc kcndin conlains sulphur, it 15

an auracti\'c food item to some types of insects. Clothing molhs and dcnncslid bcctlcs 

on: especially fond of keratin-containing matcrilll.s. In ll11\\'llii, the most common type of 

clo01ing moth is the c:nsc ID4king clothes moth Tin�a �llloMlla (L). II is approxunalely 

1/, inch long, with a slender, du.st)··brown•sh body. On close inspection. the molhs ha,-c a 

chnroctcristie p11111:m of thn:c indistinct doLs on the lo\\-cr portion of coch \\ing. Adults 

b4ve oo mouth parts w1d C4MOI eat fcnthcrs. II is tho llll\11C, idcotifi11blc b) the tubullll' 

shaped cases U1:11 it �pins, which causes IUlffiagc. oncn pic:ccs of the feather that lhe IIIMI 

is  feeding on nrc inclined in the c:isc so tlUlt C4SC5 on: sin1i111r In colour Wld texture to lhc 

fcnthcr.s. Lan·ru: cannot lh·c ouuidc of their=- Dcrme:uid beetle., abo feed on ltcrutin 

conuuning matcnals. T,,'O of tho llWlY boctlc.1 found in I law1111 aro the common carpet 

beetle ,l111hr�n1ur Jcropl,ulariae (L) and !he vuricd C4tJ>CI boatlo Anthrcmur W!rbtuc, (L).

,\gllin, it is lhc: IQl","DC "hich feed on and WIIDll&C fCllthcrs ·nie IW'Vuc 11ppc:ar fuzzy 

becllusc of the numerous 113irs \\hich extend from their bodies. A tcll-14lc fe4turc of the 

dcrmcstid beetle is that the IJlil hair, w-c longer than the dorsal, or side hairs. Lnn·oc oficn 

oppc:nr larger limn the malun: ndult beetle. 

Oust is wiotlu:r ugcnt that cun disrupt the feather structure Dust is readily caught nnd 

embedded in the: feather st.ruclure. Oils on lhc surf11CC of the fe111hcr cnn also trap Wld 

hold dust Dust io some indu.,tri11I amis commonly con1nin.� mineral particles and 

cellulose fibres. l11e obra.si\ c qualit)" of the n1incml component C4II tear or dllmagc 

bookJcts and barbulcs if du.st is not rcmo,cd carefully. lbc snit and fibrous romponcnts 

tend to attract anti hold moisture. Dctcno1111Jon is occelemtcd, cspccially in very acidic or 
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aJkaJinc environments.. Surface deterioration "'ill result in  loss of the sheen and smooth 

lllllUrC of feathers. 

,\nothcr ob,ious cause of d:llnage to fealhtr SU"Uctutc and fuding of feather colour is 

cxposun: to light. Although less obvious. lighl mDY also c.1usc other rypc:s of d:unllgc:. NI 

lhc: energy conlllincd in light strike!! lhc fc:4lhcn, it "ill bc:gio 10 brcu molccu141 bonJs. 

The brcoling of thc.,;c bonds results in colour fading or dwlgc. yc:llo"'ing nnd 

cmbrittlcmcnl of the fctll.bas. If lhe fc:11.hc:r is exposed lO dirccl and intense light. d:unngc: 

occuni very quickly nru.1 is iromcdirucly ob\'i0\15. Jusl ll5 dangerous is the c.xposun: to 

moderate light lc\'cls over extended periods of tin1c. Light dam11gc is ho\,c:,cr 

cumulnl.ivc nnd will slo,, ly build up over the yc:ors. Althoush dccot11tions ll\lldc: ,,ith

fcather mt1y bllvc been banging in :i dim comer of the living room, o, er the year.; the 

daily exposure to 10,v light levels will odd to grudu:il deterioration. Usuallr the first 

indlcntion of dnm:igc is u littering of SIIlllll pieces ofbtolen fc:ilher barbs on the floor, 

Exln:mc pl I vuluc:$ C4l1 wo domngc the intcgrit} of feathers. pH is lbe arbitniry 

meosun:n1c:nl of acidity nod olknlinity. Acidic environment (pl-I 6 or lo,,cr) \\ill cause the 

gmdu.il cbcmicru brcakdO\\TI of the lcr:itin lending lo \\c::ikening of the feather. The rote 

of drunllge ,viii incrco.sc as 11.:,npcmtun: nnd rcloti\·c bum.idit) increase. ,\lkali (pl I 8 or 

higher) eun olso cause feather to dcgt11dc: Alknli ,viii aJTc:ct much more of the: kcnuin 

srruerure 1.hnn nel1b. ,vhlch ore fuirly spccillc in brcnking d0\\11 only the ,unino ucid 

U)'JllOphan. 

fempcruluro and Humidity ,viii nbo grully ufTccl fe11lhcr,. Dclow 3S'1. relati,'C! 

humidity, fcalhcn rapidly desiCCUlc. 1l1uy become quite dry Md bnlllo, nod b:irbs ",ill 

break ofT ol tbe sllghlC!.t prc.ssurc. In conditions of prolonged high humidity, uc:id 

hydrolysis is uccclcrulcJ 11Dd even low qWIJltities of ncid in the fculher or surrounding 

tnvironmcnl ,viU cause fc:uhcr bl'Cllkd0\\11. 

I lc.it acts 11!1 o cotnlyst in mnny chc1niali rcoctio� I ligh tcmpcrnturcs "ill speed the 

brcllkdo,\11 of fcnthers. In general, ambient tc:mpcmturc nnd doily Ouctuntions hn,·c fev.-cr 

negative e!Tt.-cts on fcatl1c:rs thnn scaso11al chnngcs in humidity. 

�1cchW11cru Abrasion is one of the CllSicst ,\ay1 10 d:un.iuc fcathcr.i. Hnndlini: or use or 

fcolhcrs ,\ill brcnk the delicate hookh:ts and barbulcs lo contour feoll1er.i. It is C?Xtruncly 

c.uy 10 bend or break the quilb, and lo obmdc the surlilcc of the feathers dc.,troying 

swfocc pigmentation unJ iridescence. The more h,uidlin11 the fdlthcr n:ccivcs, the likelier 

chnnccs orc that irreversible damage: ,viii occur. 
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2.6 Trcatmcot5 of Kcrutin 

,\11 feather.; ore composed of Lile natural biopolymcr fiber kerotin. Hll!\esting this fiber in 

a. Yillble commercially useful form 10 make value-added products bas pro,-cn successful at

the pilot scale level. Prototype product.s fonnulatiol\.\ include: high flow. high surfocc 11.1r 

filu:rs, light \\-eight insulnuon 11\llts, composi� ,,,th ruuural nnd synthcnc polymers. 

ruong lightweight protein based construction Dllllcriab. and biodegradable agricultural 

v.ccd control films (Schmidt and Barone, 2004). 

The reolhcr protein, Keratin hlls been subJcclcd 10 v-.irious methods of pl'OCCSSIDS using 

different techniques. The particular method ond technique employed depends on the 

desired end-result nnd the ultimate product expected from kcrutin. 

One process for the solubiliZAtioo of keratins is using sodium sulphide whereby the 

cyslinc:/cy)tclnc group,= cssc:ntially unmodilled. Toe kcrnlins nrc ogrun cxuucted 

using n mctnl sulphide solution, �ted ,Yith nn alkD.11 mel.BI sulphite solution, ond then 

ncid-prccipillltcd. The resulting protein product is described ns bc.iog dispcniblc m ,,'11tcr­

nlcohol nwrtwc.1, 1111d can be used for preparing lllm3 Md coo.tings. The proccs:s nbo 

describes oltcmnti\'I! procc,...c- for cxtmcting nnd solubilizing fcnthcr l.:crotins. including 

treauncnt \\11th mcn:aptocdlllllol nlcohol-wntcr ID.l.Xlurcs, or trcntmc:nt \"1th oll.:nline 

n10rcaptoclhnnol-nlcohol-,vn1cr mi.xtu.rcs conlllining nll,nli metal hydroxides. I lo,,cvcr, 

occord,ng to Sebrooycn ( 1999) the cysunclcystcinc group<, rcn1oin cs.-,cntiolly unmodified. 

A IDllJOr disadvnntngc of solubilised kl:rnl.ins with �cnlinll> unmodified cysunc:/cystcinc 

is UUII d1ey do not ollo,v rc.5Clll"Chcrs to produce li:erntin-bnscd products. 1n porticulor films 

nod co:11ings. ,vith the desired mcchnnic:cl properties. ln pruticulnr, such films ,;ulfcr from 

britllcnCS-$. 

The pH 01 wlueh die kcrulin, nrc solubilizcd a, a.lknlinc, i.e. higher lhnn pll 7.0. 

Prcfcrubly however, solubilUlltion i5 performed 01 nn nlknhnc pll thnt is 01 len.c;t pH H.O, 

8.S. 9.0. 9.S. bowavcr. more prcfcmbly the pll Is 01 least or higher than pl I I 0.0. I O.S.

I 1.0, 11.5, 12.U. or 12 S bcc:nusc 01 o pH 01 higher tllllll pl I l 0.0 the db:sociouon 

equilibrium of sulphide �hil\.s towurds s1
·, wluch 1s n strong.er reducing agent Ulilll 1s IIS 

However, the pll 5hould not be higher thnn pll 13.S 
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The l�t tempcratun: at "'hich the keratins arc solubiliz.cd is at 2o•c llo\\c, cr. 

preferably hishcr temperatures an: used for :solubihmJ.ion. such as a u:mpcmturc or 30,

40, 50, 60, 70 or SO"C but preferably not higher 1ban I 00' C. 

The duration of the keratin solubilirJll.ion step is prim:iril}" chosen such th4l the desired 

degree of bydroly5,0tion of  the �lubilucd keratin i.s obtained under the gi\cn 

solubilisntion conditions. Typical!)· the solubilisltion "'-ill wkc l,ct\,,:cn IOminutes lllld 24 

hours The dwution of the l..cratin solubilisation mny be further optirniscd for the yield of 

solobilisation. Thus the skilled pcMn "ill cmpiricnlly optunisc the S(I of conditions for 

keratin solubilisntion in older to oblllin 01 least lbc desired degree or kerntin h)drolys1s 

and preferably the highest yield of soluhi!iscd kcrulin. 

Most of the methods mentioned thus fD.r dotes bnck to the l:itc 1960's and early I 970's. 

Nevertheless, In the 30 years foL10,VU1g. these methods hove not led 10 WI)' "idc:spl'C3d � 

of the kcrolln-dcrivcd produc� disclosed therein. This is probnbl) bc:cause the producu 

ond procc:MCs described M: not cconom1colly ,inble-<lespitc the fact thnt they employ 

\Yll5le feather., a., a �IJU1ing m111crinl-o.od/or bcCIIIUC the keratin product, ob111incd do not 

show the properties n:quircd for practic:nl (e.g. commcrciol) use. 

Some of these problelllll nro nddtcs.,cd in the the.\is of one of the in, cntors tlmt describes 

keratin-derived products oblllincd by parunl modiliClllion (i.e., nlkylatJon) of intact 

feather kcrutlns using monoiodo:icclQOlidc, monoiodoaccuc ooid or n1onobromosuc�inic 

ocid in conccntmtcd oqucous un:o solution and in the presence of2-mcn:optocthanol. The 

keratins \\Cro modilicd 10 degrees of modification varying bet\\ccn 2S ond 87¾, 

cnlculatcd on 1hc b:asi� of 1he wnnw1t of rc1n11imng rn.-e -SI I groups. TI1is prutiul 

n1odilic:.luon provided �lllblc di�pcrsions of c:=linlly int.uct (1.c non-hydrolysed). 

partially modified keratins. which could be used 10 cost strong films ,\ilh desired tl1armol 

and mccbanicol propcr1lcs. llowc,·cr, cxtroetion and solubilisntion of csscatloll) intact 

keratins for partial modification rcqui� the use of hillh conccn1rotions or che1nical� �uch 

115 urco ond 2-mercopl<k:llianol. 111,: use of tl1c:se chcm1cub ut cxpcnmcntol scolc i$ 

occcptablc I lo\\evcr, their use ot IDige sc:nle 1s not cconom1cally feasible bcatusc the use 

of these chcmic:nls ,� expcnst\c, also in vicv, of the environmental 11nd O<XUpat.1onal 
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bamds ISSO<'iffrd with the use of these cbau:cals, � exp:m1w, peealllOM) 

measures. 

Thus, then: is still I need for an economically viable method for the pi"OOCSSing ofkaalin-­

cootaioiog (waste) malcriaJs such IS rea1bers, which can be usrd 10 provide a range of 

kctaliJJ-bascd products, in particular films and coadop. \\11h popc:nics acceptable for 

practicaL'commcrcial applications. 

II bas now been found that unpro,'rd keratin-based produc:u can be <>hlniord 1,y a process 

,1,hich in,-otvcs a combination or partial dcgrndauon, usually by mains of hydrolysis. of 

the keratin molccull:3 nnd p:irtlnl modification of lbc free -SI I groups. 1.c. the free --Slf 

groups n:3uJting from cleavage or the disulphide bonds • In p.inic:ular, the method 

providn such a partilllly degraded nod pn,tially modified product that is dispcr.nblc in 

\\liter and that CAIi be used in a nangc or applications, including but not limited to those 

discUMCd hcn:in below, 

Thermally processing nntural lr.emlin is difficult bccnusc or the pcnnnncnt cross-links 

The keratin must first be rcducal (i.e., co,111cnt sulfur-sulfur bonds must be broken) to get 

o soluble froctioo for funhcr procasing (Boiucr rt 11I, 2004) Tbcrc on: 01any 1cchnlqucs

10 reduce keratin such as acid nnd nlknltne hydrolyi1s, nlkalinc sodium sulphide trc1111ncni.

c:nr.yrnatic lrcalmcnt and ommoruwn copper hydrollidc treatment. lbcx n:sult an S -S

reduction wid peptide bond bn:.llkagc. lbc sulfur.sulfur reduction ia an adv11n1J1gc but

peptide bond break is II disod,1111111ge. Sulli1ol)J1S with pc,fonrue oc,d and use or lhiols in

concentrated urea soluuorui ot nlkal.mc pH Ytill sclccti,cly reduce S-S bonds withoul

peptide bond breala.:c. Inc thiol 1cchniquc appc:MS to be the cum:nlly pn:fcrrcd method

been� the S-S bonds can re-form CA.'lily oner pnx�ing. llowcvc:r, rcduclioo rcqwn:s

multiple chemical l.rc:41men1 slcp�. sufficient time for mitlion and subscqucnl proee55ing

to eliminate the chcmi01ls used ror 11C11tmc:nt. Therefore. reduction ofc:,cn small amowtts

or kcrulln requires hoUD to days.

The rcducmg 11gcn1 for solubili$Dlion 11111lkal.inc pll m.1) he chosen from sulphides. lhiols.

boric hydride and phosphini:.<l, or combinations !hereof. rrcfcrrcd sulphides arc alkali

metal sulphides, such IS sodium sulphide. At lower olknlinc: pH, C:.Q. 01 11 pll loYtcr thlln

10, 9.5 or 9.0, ommon,wn sulphide may also be used as reducing agenl for solubth.sauon.
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the use of 9,'bjcb alJ09,-, to D\-oid a salt residue in the final product. Prefa,cd tbiols • 

dithiolhrcitol, 2-mercaptoclhmol and thioglycolate and a pn:fa,td phosphine: is tn·n­

butylphosphinc. 

The conditions of solub1lis3uon. (i.e the cona:ntnlllons of  the kc:raun-fibrc conwn,ng 

starting ffl41Crial, the reducing agenl(s). and buffer, DDd the pll, 1cmpcr111UrC and durauon 

of solubilisiuioo) arc p�ferably chosen such thal a sa1isf11Ctor) )1cld of solubiliscd 

kmtins is ohtaioc:rl, pn:fmbly at  least 10, 20, JO, 40, SO or 60% of the kcnuin in the 

kerntin-6brc contaioing swung malerial arc solubilised Tbc: conditions of solub1li,ation 

lllC further prcfc:ru.bly chosen such IMI the solubiJiscd keratin is partially h)drolysed 

Kcrut.uwc isolated from /Jac//lus ltchcntforml.s P\VD-1 v,as immobiJiud on controlled­

pore glass bc3ds The: immobilized l.cralinasc dc:moru1111tcd proteolytic octhitics agl1ins1 

bolh iruolublc feather J.:enwn and soluble cnscin. It also displayed a higher lc\"CI of bc.11 

stnbility and nn 1ncrc.ucd 1olcru.nce iownrd acidic pl ls compared \\ith the free kcr.111na.sc. 

During a con1inuou, rei1cuon 01 SO C, the immob1hll:d LcraWL»C rclllincd 40,. of the 

origin:il enzyme 11e1hity af\o:r 7 do)� The unmobili1cd Lcratuwc c:thibiL\ 1mpro,�-J 

stobilily, thereby 1ncr� 1ng its po1cntinl for U!.C in numerous nppliCllllons. 

Carbonized chicken feather fibers ,,h1ch cnn holtl ,iut wnounts of h)tlrogcn bll,·c no" 

been mrulc (\Vool. 2007), Ch1dcn fc:.athcr fibers o.rc mosil> mllde of keratin, a llllluntl 

prolc:ln tlull romu strong, hollo,, 1u�. \\: hen hcn1cd. the protein cre:ucs cross lint...�. 

,, hich strengthen its structure, nod it also bccomc:5 more porous, 1n=1ns us ,urface 

DJCCL The �sull 1i e111bonizcd chicken fcnlhcr fibers, ,\htch can ab,orh as much or 

pc:rhllps more h)tlrogcn lhllD aubon ruinotubcs or mcUll h)dridcs, l"-o other mlllcnola 

being stutlicd for thcir hydrogen storage potential l"hey ore 11.lso chCllp. TI1c proJCC' 110111 

is to dc,clop nc,v lo,v cost h:,droi:co storage substratQi front the \\nstc matcnlll chict..c:n 

feathers. 'Jbc results sho,v tho.t CMbooi1A:d chicken fca1hcrs ba,'C the potential to n1cct the 

department of environment requirement, for 111 storage of 81 gram H1 per htn: 1n 20 I� 

antl nrc con1pctiti,-c \\ith carbon 1U1110tubcs and mclnl hydride� ot n tiny frocuon or the 

co�l When keratin based chicken faubcn are heat tn:ntcd by o controlled p:,ml)s1s 

pro<:C$l, hollow cvbon microtubcs arc formed ,vilh MDOporous ,vulls TI1c1r �pcc;11ic 
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surface area 1.11C1ca.scs up to 450m2/g by the fo11M1100 of fractals and auaopon:s thus

eoabhng more h)drogc:n adsorption than the ni", UDln31cd fcnbc:r fibers..

,\c:cording to the USDA / AgncultuniJ Rcsc:uch Scoic:c (ARS) (200S) sacnt.ists have 

developed a method to turn chicken fClllhcrs into plasuc JlrodUtts \\1th the aim of bringing 

technology closer 10 the rruirkctplnce. ARS chemist Waller Schmidt de,-clopcd the 

technology to clean rcalhcrs and SCputUC them 11110 chorpcd fibers aod quill pieces.. No".­

Schmidt aod fello" ARS chemist JU5tm Barone hll�c: dc:,clopcd aod applied for II pelc:nt 

for o process to con\'cn cleaned and chopped featbc:r mAlmAI into pluue rroJucts on a 

laboratory scale .  According to Schmidt and BArOnc: (1004 ), lbc l'l'llltc:rial is INldc on 

traditional plo.sucs processing cqu111mc:nt usins chopped chicken fc:ithc:rs and other castly 

obtaiO!lhle, noturally dcrhcd materials. The: feathcr-ilcri,'Cd pllisuc c:U1 be molded Just 

like any other pl.utic and 1w properties very SlDlilnr to commoclil) pla.st.ic, such o.s 

pol)c:thylc:nc Md polyprop)lcnc: 11us makes the fcalhcr.Jcnvc:d plostic o unique lll4lcn4l 

for packaging or any other DJlplicatJon ,.,.hen: high strength and biodcgrodobihty nee 

desired. Jlrcvious n:sc:;VCh by Schmidt and U:uonc: (200-I) found thAt feather fiber could 

be added into currcnli) u<,eJ pl3Sllcs to make composites The fibers strengthen the pl115tie 

components, wtd ro:Jucc the \\dght of the malffllll. Cum:nll), the additi,cs wtd fillers 

used in plastic., by the ou1omob1lc 1ndu.\try, for cuunple, odd ,ignifiC3Jlt \\eight to car 

pnrtS Using feather fiber is u , 1oblc 111lcma11, c 10 these 11ddi11vc:s 

Seedling Oo,,cr pois made from feather.. 1ns11:.ud or pent n1os.s Cwt be purchased 

commcrci4ll). Product development =rch n1oy be Ilic prc·rcttulsitc tu finding 

loCl'C4Singly v,llunblc uses tor IC11lhm 111111 ullllzc o lnrgcr fraction or the qunnllt) of the 

rcnew.ible fClllhcr fiber supply presently being gcncro1cd. r,,ti chnructcns1lc, of lc.ilhcr 

fiber llull make it unique lll'c: iL, molc:c:ulu order and 1L, n1nrphologiC41 order 11111 fiber 1i 

boll, highly m1cm�l)i.tollinc Wld ,cry dumblc:, 1 e, rcs151Anl to bolh l'MChonic�d a.nd 

thcnruil s.trcss. nu: bat procCJiSC� th.at incorporate fc:ilhcn 11110 voluc-addc:d products 

alter its micro-/mncro-scopic n1orpholoi)' but prcscnc much of 1ls dcsirnblc onginlll 

molecular propc:rt.ics 

Inspired by the cn1bc:dmcn1 of emission spc:cics 1n synlhcuc photo111c Cl) �toh to d1splo) 

no\cl opucnl propc:rt1c,, the n:uural rhoton,c Cl) -st.lls ,vathin pc:.1�·ucl,,. fca1hcr.1 arc chosen 
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as the m:unx to embed ZnO oa.oopa.rticlcs through wt m silu approach. Pcacod; feathers 

function .is the 'illpportlllg substnuc and pro,idc reacti\'c sites for the 111 suu synlhc:sis of 

hallgorul ZnO nanopa.rticlcs (I Ian. 2008). Herein. ZnO nanoparuclcs c.-Jiibil 

pbo1.0luroi0C';Ol'nl% in the visible range and an: supposed 10 be lllilon:d b) lhc: rcacod 

fc::ither, ba,ing potenti:il applications in optoelcctronics and optical communicatiollll. 

Film, fibre, fo.im Qlld adhcsi\'c materials hllve been produced from soluble S-sulfon.:11cd 

keratins Once fonncd. the films, fibrc3, fowru or adhesives are uutcd to mc,dif) the 

propcrucs of lhe materials, in plllticul11r to impro"c lhc \\et wcnsth of the lll4tcnw. 

l re:11mcn1S used include n:mo\al of t.bc S-sulfoo.:nc group b> ll'C:ltmcnt \\ith D m!uclng

ogcnt, tre.itrnent with llll oeid or traumcnt "'ith s common rrotcin aoS51inL:ing 111:cnt or

treatment \\ith o reduced form of kcrotin or keratin rroicin. The films nrc Dl.1de by soh-cnt

casting II solution of S-sulfnQ!ltcd lcrntin prolei� the foarn m!lde b) frccz.c-drying n

.olution of S-sulfooatcd kcr.itin rrotc:ins and the fibres made by e,trud1ng II solu1ton of a

S·sulfonatcJ kc:ratin protein.

FC4thcrs have 01110 been made: into Shu11lccoc:l \\1th luminescent mean\ It is one object 

of the 10vc:ntion to provide a 1hunlc .. -ock \\h1ch lus lum1nesccn1 mc:,,ns th.'lt produces a 

brilliant bluish lumillQCCncc by mc:ins of a chemlc31 tcJctlon. I t  Is Qllolhcr object of the 

present invc:nuon 10 pro,idc a shuttktoek "ith lumlnc,ccnt m= ,vhlch h:u o 

rcpl11ccablc: bo:ic lhnt can be rcph1ccd aJ\cr the chcrnical rcocuon i� O\cr ,\ccord1n11 lO one 

1Upcct or I.be present invention, the 1hu1tlccock compnk-. o ha� dcfw 1011 a "lllcr·ti&ht 

spoc:c, o fe4thcrs wtil dcllM:hably fa.stcncd lO lhe b4sc. Wl all..alinc wlution failed in the 

,vatcr- tight space, und o film-co,cmt luminol bo.11 di,po:.cJ 1n I.be nllnlinc solution. 

,,..herein the lwninol of the lurninol ball is actiVlllc:d by the nlknlinc �lution 10 rrodocc o 

brillinnt bluish lwnincsccncc ,,hen the lwninol ball is broken by on c:Jctemol ron:e being 

applied 10 the ba.-.c l\ccording to nnotl1cr aspect of the present 1nvcntion, tl1e feathers un11 

comprises o front couplini; neck Qlld nn ouL,ulc illlnuln.r groo\'c nround the pcnpbcl') of 

the front coupling neck, tl1c: ba:.c eomrns� 3 cop-hkc inner :lhc:11 snuggl) m:ei\'rni; tltc 

front coupling neck of the fcothcn unit, the cop-lilc inner s.hcll luvinQ M inside annul11r 

nongc engaged \\1th the ou1$idc annulru groo,c of tbe front \:Oupliug nccl,; of the tc:itltcrs 

UOJL 
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2.7 Degrading of\\ astc f"cathcr 

Fealhcr contuins lhc complcl( protein l..crutin which is D fibrous $11\Jctunil protein Dlso

found in bair, nails. hoovo, \\OOI, feathers and skin ,\ qU91ter of urnino acids in lcnUin

are cysteioe, who� ability lo form suoog bridging (disulphide) bonds "ilh other eystcine

units nccolllllS for keratin's great stnbilily. Kcralin does not dissohc i:n cold or bot \\-atcr

and does not easily undergo proteolysis (Schrooycn. 1999). This moles ti ,·cry difficult

for feather to degrade hence its classification as bcint se:mi-biodcgradnblt. I lo,,·c\cr

llltempts are being made lo make it easier for \\--as\C fCOlhm to uncJc:rgo biodcgr:idntioo.

Latccf cl al (2009) has isolnlcd o locnl SUUUl of Bacillus ccrtus LA\.: 08 from n chicken•

fCOlher disposal site in Ogbomoso. South\\'CS\ N1gc:rin for lhe rroductioo of kc-rounnsc to

degrodt feolhcr keratin. Producuoo of kcrntinnsC \\"llS induced using t.brcc sources of

keratin, namely: hooves, born. nnd fc:uher, Ill o growth tcmpcroturc of 37 °C. In each

c.isc, high tilers were recorded for both kcrotinolytie and rrolc:ol)1ic nctivitics. �10..,imum

enzyme neuvilics were obUlincd ,vi thin 24-96 h of culti,'lllion. depending on the kemlin

subsll'tllc used o.nd the activity under study \Vhllc mo..'(imum ker.ulnol)'tle octlvltics of

67.9. 63 I, ond 51.7 U ml 1 \\Ctc obtnlncd using CIIZ)'lllCS induced by hoo,·C$. horn. nnd

fcather, rcspcelivcly, proteolyuc ncli\f1l1� of 11 860, 820, nod 126 U mr' \\Cf1! obtnincd

using enzymes induced by fcolhcr, hooves, ond horn, respectively 111c opumo.1 conditions

for the lccralinolylic ocll"ily ,vc-rc dc1cnruni!tl 10 be (111 7 .0 and tcmpcrnlurc or SO °C;

however, the enzyme di.spln)'cd more th3ll SO% ocll"itlc:s ,vithin lhc bro:td range of pH 7-

9 ond 1c:mpcr.1.1uro of 40-70 'C In 11ddilion, the bolote ,w., oblc 10 completely dc11J11de o

wholo chicl<cn fel.lthcr ,vitbin a period of 7 dny, ot room 1cmpcn1tun: (30 ·' 2 °C) /J.

ccraus LAU 08 is therefore o promi,mg strain for the mono111:111cnt of chicl.cn fcnthcr

waste through bio1cchnological processes.

2.8 \Vf.f!:1) 1\1,\Nt\Gf.:'>LENT

A \\\,'Cd is nny pion\ g:ro,ving where it i� nol \\11ltltd, prutieulorly ,vhcre mnn Is atlempting

10 gro,, . ..01ncthing else (Jscly, 1960). In �cnce. even com mny be con�idcrcd ns ,.,.ccd if

it gr<>"" olong o h1ghwuy �houldcr, yet it is on importont 0Tnp plML Qros5 i, a vnJuoble

plont for tn,Yn, 1111d ,ports fields, )Cl it is II noxious ,,ccd in c:ullivotcJ (o.rmlnndJ (1-ogg.

1945}. 
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Y, lhc:rc arc many plants "'ilicb usually grow "'nae &bey arc DOI \\'Wiled, have DO 

economic value IIIWf usually intcrfcn: with the producnoo or culU\"aled ao,n or "',th the 

wdJ'aR or livestock. These planlS arc always comidcn:d as \1,cals 

Weeds in gcncml uswilly possess a number of spt'Cdic annbulcs ,i,nich 1cndcr their 

sucn:s, pcmiblc: aod contribute to theu ability to pc:ni5t in spite or man's c:fToru to siop 

their growth. Some: of thc:sc attributes arc 

1 Pcn:nnial Uodttsrolllld Roots or St.cnu - v.-ccds tll31 possess l.hcsc: structW"CS v.ill 

persist from year to )e:11 e,cn ,r their scc:d producuon as pmcntcd. The 

underground part v.ill spread rapidly in o.11 directions. sending up ocrioJ stern buds 01 

rcgulnr intcn1lls. Fwtbcnnorc, culti\UUOn proc:ed111CS may help :,-pr-cad pieces or such 

roots from o limited patch o,cr much or the field, thus greatly ougrncntins the \\'Ced 

infC5t.oUon. l:.xlllllplc is the c1ccping roots of CanAdian thistle (CU3ium). 

2. Abundnnt Seed Production - lllllll)' v.ttds arc c:ip.,ble or produeuig literoll>

thousnncb or seeds \\hich nrc c:u1ly dispersed o,cr o l11r£c cxp.,nsc: of land. Ex.ample

is pigv.ccd (Amuro11tltu.r),

l Long-l.i"'cd Seeds Seeds or many \\'Ced� 11lllY rcllltn their ,i.ihilit) in the soil for

10-50 >= (,\hlgrcn ti al. 1951) l",nrnplcs ore ptl,;\\Ccd (Amarar,tl1w) ODd

primrose: (0,:,wtlirra) 

4. Rapid Growth Wc:cds w-c frequenll) cup.ib1c of i:row,ng 10 ma1uri1y Bild sc1Ung

sc:c:d "'ithin 11 \Cr)' shon pcnod of lime (30-60 dt1),). llcncc such \\�S produce

their seeds before lldcq11111c contml 111ca..,urc3 CM � 111kcn E,uunplc ,, fox1ail

{Stturlu)

5. Compcuu,c Abalil) - �fJllly "ccds CAIi o�cruu.c onJ rclllnl crop plants even lhou9h

the loner lul, c had n he.Id slllrt. 'lbus \\� il1C ofico succc.s5rul 1n ou1�ompctin11

crops tor hghl and soil nu1ncnl$.

6. Unpnln1nb1lit) 10 l ,v�tocl.: - I ·  rcq11c:ntly "�' "hich ore �u=1ru1 ore disw1cful

or poi50nOUJ to orumals, or ore protected b) sprncs nnJ similar .structures Ibey ore

lhlU free to reproduce and sprcnJ unimpeded hy normal gmzing. Example is

C4nndtM thistle (CirJium)

lhc adverse cOccts of \\cells on crop production ond ul11n1a1cl) on the ccoqomy ,, a.s 

grcnt o.s the losses aau� by 1n�c1 injury to crops and pl11t1I dtscll1Q comblnctl (]sci}, 

1960) Such lossc, n:.,ulting from ,,ccd 1nfClit11uon ore not a., stril.ing as tho� Jue lo 
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d1scu:s and 1nscx1 ollttftab bcncc an: ollcn taken for g,wrtcd. Weeds reduce aop yjdd 

due IO their compcUuve effects, hence reduce agnculnnl mcomc Studies oa "ccd 

control In sorghum sho...,,:d lhal wilh modaalc rainfall. one; \\ud per t"'O hnc:ar (cct or 

row, reduced yield 40 poccnt (Philips, 1958). Some "uds have been found 10 � 

higher waler requirement than crops. E••mple is lhc Cockl,.bW'S (Xantluwn). Some 

other weeds have high minrm1 requirements. Example is lhc c:c>m!DOII mmtard (Bross,'"°) 

which requires twice as much nitrogen, "'ice as much phosphorus and four tames 'IS

muchpowh. 

\\teed conlrOI measures \\bcrcb) Y.-ccds ore 111111nl4incd 111 'moderate" infcstallon le ,cls 

cost millions or dollors every year. �fuch or crop culuv11tion Y.ould not be ncccss:lr) Ir 

not for "-ccds. Chemical contr0I rnc:asurcs. lhougb rapidly gn1ning groun<h. nrc qune 

expensive. The pen1stence of the herbicides GDd their od,·c:nc cnvuonmcntal 

1mpliaitioru on tho soil and ground \\'Iller LS oho of gn:a1 imponancc. 

Ap;irt from their effect on toUJJ crop yield, ...,"ttJ, scn.c o.s �ts for 1ns«t and discuc: 

pests, thereby usi�Lin11 1n the reduction or qu:illry or crops by the 1nscc:u and pcsa. 

Cc:nnin \\ccds arc: poisonous to man nnd anim:ils. c.ius1111: hat rc,cr and 50 on. Some 

other ,,-ecds lile the qu:idgrass, n:lca..\C poisonous subsllln«S into the soil (Dwihnm rr 

al. 1956). Weeds intcrfcn: ,,ith telephone lines. c::iusc otistrucuons to JIO"'Cr lines; they 

reduce vi�1on on roads nnJ reduce ocsthcucs environment.a.II> tconomlcnlly, ,vccds laid 

to inc.rcasc in the cost of ogncullurol lobour und cqu1pmcnL 

llo\\c,cr, some bcncficull effects of ,,ccds include lhc prc,cntion of \\1nd and \\'Iller 

ero�ion. and they pro.,,ide habitation for diverse insect, nnd nn1mals.

1l1e nc:ctl for \\ccd contrOI origiootcd from the adver..c effects of "ttds on agriculture ttnd 

crop production \\'ccds compete ,�ilh crop pl.ants for light. \\liter nnd soil nutncnt.s 

!hereby n:ducinii >·ield or crops The ch�JlC$1 \\'ll)" to control \\-ccd.5 is not to hll\'e them

IJl the lir.11 plocc l\llost of the \\CCds on: introduced one \\"ll)' or the other through "ccd

seeds by various mcruu lncludi1111 ogriculturol producL, ru1d equipment. llcncc the 

a,-01WU1ce of n�· infesllltioos from 5UC.b 50W'CCS I\ the chcnpcst \\-ccd control mc.i.�.

To achieve this "ccJ pCC\cnlion technique., sccd �nu.Id be purcba.'ICJ frum high qwllitJ

seed processing 1U1d storage facilities to co.sure seed qlllllity. The I.A.R.&. T. grains storc

111 A(IIIIII. Ibadan. ,s a 11ood example. If sccd.s arc purchascd from neighbourhood fwmcrs.
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taeb soeds sbonld be examined and CUSIOIIH:lcenrd and ICSll:d for noxious ll'COds and 

total wccd ICal COiilk (II bc:fOfl" pllllhng 

Various methods available for weed coaaol can be grouped as foUows: 

I. Mecbaoical Ml!\hods - These ioclude seecl bed pep111ahoa to reduce '!"eed JCal

populatlons in the upper tiOil layer. It is carried out by plowing and bam>wu,a. Olhar

mechaoictl rncaos vi: band opcrlllioos such u boeioa and hand n:moval of survivina

Y.'CCds. This method UI\-Oh-in& 1M hand is still the widely used Y.oodwidc ID the

production of more than balftbc total production of food.

2. Cultural/ Cropping Methods - This iowh-a the use of stroog Sf"llliMling seeds u

against the use of poor seeds. The strong seeds ¥.ill gn-c the crop a vigorous bead

start against the Y.'CCds IIOd compete better for soil nutrients thin the \\uds, The usc

of smother crops wbicb pre\'cnt ",:eds from getting enough air fall, undc:f this

method.

3. Owning - This bas been used to destroy \\-ccds by many people, bul its oncndanl

environmcnlli.l pollution j5 diseowuging the method The method conlribulcs easily

lO the green house gases "'hich on: od\·crscly contribuling lO globol \\-arming.

4, 81ologlcal Methods -This 1n\ohcs the cncowugcmcnl of ccr1A1n pests or pana.,itcs 

of thcsc \\-ccds. Titls n10lhod has ho\\'1:\'C:r pr'l:Sentcd other challenges such G5

relationship of the pest "'ilh the plont which might olso be ottackc:d. The inuoducuon 

of mulchins film prqwu,:d fron1 ",ute fcalhen os ,vccd control measure falls under 

the biologic:11I control methods. 

5. Chemical �fcthods -This is the use of "'-ccd k.illcr chcmiC41s kno\\11 as herbicides.

Various hcrb1c1dcs D\'llllablc lllC classified ba.sccJ on their fom1ulotion. tnllllller of

oppllcotion, mwmcr of killing and their degree of sclcctivily. Some herbicides arc

poisonous to oil \'c:gc101ion, hence \\hen opplicd ol propc:r dosogcs \\ill provide 11

complete kill. Examples ore chlon11cs and borax compounds. Other herbicides aro

sclccth·c in 1hcir action. They ore capable of lilling some kinds of plants but will

lea\ c othcn rc:lotivcly unhllrmcd. The selective or non-sclcct1vc nallllll5 of these

herbicides orc bcncr considered quantilllllvely mlhc:r I.hon quohllllJvcly. For a

herbicide to net selectively is dc:pcndcnl on proper use of lhc righl dosogc,

fonnulotion, right timing ood manner of 11pplica11on. The dangers or hcrb1c1dc

n:sidues on bUDWI food ha\'c been the m11jor concern in lhc U3C of herbicides o.•
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..,,"Ced collll'OI chemicals. Also herbicide residues on forage pla.nts "·hich ect o.s food 

ror oniro:ils should be avoided. Animals <ihould 001 be allo\\cd 10 graze in pasnucs 

unless after l'\\11 weeks of spraying '\\ith contDct herbicides. 

Plant p;uts intended for hum:10 ..-.oosumption should nC\i:r be exposed 10 ,,'Ced 5"pl"O)'S.

The most appropriate weed c.o111r0I method used lbcrcforc. "ill ultimll.-1) dc:pcnd (>n tho 

scale of liinning. legislation guidmg use of hc.rbicidcs and cost of the ,,� con1r0l 

mcasun:. The llllll of this pro;cct is to produce 11 c:bc1p ,,ecd conll"Ol mulching film from 

,vnstc feathers nnd make it opplicable for many crops. 

2.9 l\1ULC11ING AS A �l.EJ\NS OF \VEED CONTROL 

According to lhc /\meriCOJl Society for Horticulnuul Sc1cnc:c. in 1999 mot\: lhlln 30 

milUoo o.crcs of ogrlculturol lo.od ,yorld,,ide \\'CrC CO\'en:d \\·Ith pla.sue mulch. and those 

numbers have been U1cn:ns111g significantly siocc thc:n. \Vilh the rccc:nt trend to\\-:UU 

"soing green", rcscarc:bcn arc :;eek.Ing c:nvi.ronmc:ntally friendlier allcmoti,·es to 

convcnlionnl plnstic mulch. 

Pl:lstic mulch can provide C31"Ucr crop OlllluritJ. higher yields, lnCJ'CllScd qUA!it)', 

improved di.sc:ase nnd insc:ci l"C$iSI.IUICC, nnd more efficient \\"Iller nnd fcrtil11.cr U$C. but 

carries u high cost Cinancinlly nnd cnvU"Onmcnllllly when it conies 10 rcm0\'1ng lbo 

cstlmo1cd one million tons of mulch filn1 used in1cmalionnlly c::icb ycor. 

Ngolllljio cl al (2008) carried out II study compnring blnck nnd \\rule b1odcgrndoblc 

mulch films In 1,,0 tl1icknesses to 1roditionnl pl11Stic mulch in the producuon of tomn10. 
The n:sulls or tho stud)' showed lhnt lowest soil tcmpcmturc:; ,..-ere idcntificJ ,vilh the 

"hilc films, which is also associated \\-ith the while fihn'� hill,hcr rate of dcsradollon. 

Drcnkdo\\'Il of,vhitc mulch oetum:d c:nrl)' nnd cxpo5Cd the bed for ,vccd grov,th, crc:iling 

compclilioo ror ouuicnlS between ,,'CCds nnd toltlllto. ,\s the ,,ccds grew, they tore the 

mulch, l�ding to further dcgrodntion. Furlhcnnorc, Ilic wc1.'tl.s ho�tcd n huge insect 

population thut reduced lhc qw,Jlty of lhc tomato. \Vccd control levels for both 

lhJeknessc, of tho bl.ock blodcgrndnblc 1nulch were more than 90¾. Dlock blodcgrn.dnblc 

mulch performed ",:II in the field. producing 1oma.10 crop!! mrulor 10 con11cnllonnl mulch 

during both yea.rs oflhc study 

/1.,lukhing is tlic practice or placing o loose surfocu onto the surface or soil in no,,cr or 

\'cgctnblc garden in order to pro11.-cl, uuulntc nnd bcllutify the nttn (Durlulm rl "' 1956). 
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This loose covering is called mulch and ii can be either of ao organic or inorg.mic 

variety. E.�ples of mulches include compost. stone and grass chppin1t�- E\'CT)'

gardener should uwicistand lhc many benefits of mulching tbe soil in I.heir garden. 

Mulch is a protccti,·e Dl3lalD.I for the soi.I v,bich bd� to reduce \\ud growth and nl.sc, 

keeps the soil cool and moist. The mulch C40 also help to p?'C'CDI soil cm�ion thcteb) 

helping the soil to retain the much need soil nutrients. Ill the ,,-inter mulch heirs protect 

lhc plo.nt from dnmnge due to freezing and tbA,vmg. 

Benefits of �tulching include the prcvenlioo of soil erosion. S01J erosion h.:ippcns ,,hen 

winds or \.\'Iller slo,vly ",::ors 11\\.iy the su:rfuce of soil l1lld remo, e IL Mulching your soil 

,Yill prevent this as there is now a protccti\'C, replaceable layer that comes t>c.1,,-ccn the 

surface of the soil wid the forces of ruuure above iL Another bcnc6l is th:t1 mule.bins 

insu.11l1cs the soil in ,Yi.nter. The harsh tempenuUrc.5 of "inter c:an bo onl,.ind. �lulchins 

the soil in winter will insulo1c lhc: soil pre,·cnlins i t  from rcpcatcd p:utcms of frecnns Md 

lbnwi:ng o.nd Wlll insulutc rlnnt rooL� ll prc,·cnLS hcnving (buckling up,,':lld) of !'iOil in 

spring. Mulch should be opplicd 10 the soil ,vhcn it bas frozen wid rcmO\'<!d in sprinai only 

when there is no danger of fwther frosl5 \Vintcr-mulcbed soil lha\\'S out more quickl>· Ul

the spring. 

l',,lulcluni; also cools do,vn the soil in summer ,\ loycr of mulch in sumincr protects lhc 

soil bcnc:alh from the e,,ctn:me hcat.s of ,wnmcr Wld reduces the need for cons1nnt 

,vote.ring 1.e. ,voter rc1cn1ion is impro,cd. \lulcbing hel� nsninst soil compaction The 

Lnycr of mulch ncl, ns n buffer or extra lnycr bct,,co:n cn1i1ie:s thnt CUil cnusc compaction 

on lhe soil bclo,v e.g. people cquipmeni. wid hCU\')' rnln�. Mulch applied to lhe plwi1 bed 

c:An mnkc it look more complete and n11J'QCtivc. nus \110CS from mulch to mulch os some 

ll1'! more ottrncuvc nnd noturnJ looking lhnn olhcrs. 

one of the more useful benefits of mulching u In "-ccd prcvcnilon \Vhilc the mulch itself 

,vill not stop \\'CCds from gcrroinnting. it serves 10 act os u burricr between the ,,'Ccds nnd 

the outside ,vorld obovc When o ,vccd n:nehc:s Ilic mulch lllycr 11 \\'ill not be able 10 break 

above it ond ii "-ill cventuolly die bock. Some mulches perform lhi, \\-ccd prcvcnlion

fc.ilurc 1,eucr lbnn o\hcr5. Depth of mulch is oleo o contribuung rnclor. Carc should be 

token however when selecting mulches os some mulche!J like grau clipping, ond s\rll"' 

mny ociwtlly contain weed seeds Finally. n loycr of 1nulch reduces the chances of fruh 

aod ,cgcLttbll:.\ gelling dirty from splashes from the soil bclo,v. 
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The technique of applying mulch bas been employed ns n mcnn, of \\'Ced control over the 

ycnrs. 11,inny diJTcrcnl mutcrinls co.n IDllkc good mulches. f'or ,vccd control nnd n1oisturc 

n:tention. the type of mulch used depends on tlui cost nnd the need to replenish the mulch 

over time. 1 lcnce the foc1ors to be considered in the choice of the type of mulch to be

�elected nrc: 

I Soll fi l l  •uitnblllty - Some mulchc� llko bark n1ulch nnd pine needle mulch can affect 

the pll value of soil so they 11re be!>t used on soils conlnining ucid-lov1ng plnnts. 

2 Rcn111, 111 In 11prlni: - Ccrtnin n1ulchcs need to bu removed in sprin� bc.-cnusc they CIIJI

smother cn1cra1ng plnnL, f :-<runplcs Include stone mulch ru1d bark chips. 

3. Co,t - Is cost o llm1ling fnctor in your choice of ,nulchcs? If so you cnn find your

111ulch for free if you choose ccrtnin types. If you keep u compost hc:ap then you will

bn,·c compost for n1ulching. Other free mulches (if you tui,·e the sources) urc pine

nccdlC3 Gild 8JU!>S clippings.

4. AppCAnlocc - If one cores nbout ho,v the bed \viii look when the mulch i� opplicd

then nppcnra.ncc becomes nn importnnt factor. Each mulch odd� o different look nnd

depcndulg on the design of your gorden you moy wnnt to choose n mulch that mot Ch!:$

it m colour ru,d texture.

S. Penetration by \\liter nod air - Sornc mulches nrc beuer nt nllowing ,1111tcr and llir to

pas.• \hroug)1 them th:m others. Thb IDllY be importnnt depending on o pla.nt's watering

?eqUU'CfflCDLS

6. AddJHoo or nutrient., to 1hc soil • Organic mulchC3 add outricnt.s buck into the M>il

when they dccompo.e. The nutrient types and their wnounts nddccl bock 10!0 lhc soil

depend on the mulch and it Vllrics quite o biL Uswg compost D! n mulch gu.-uunu:cs

plenty of nutrients for your plru,t.s.

A �lulc:� c.m either be orpnic or 1no1"11 inic 1n 1U1turi:

Ori:aoh: '\lulcb: This type of mulch once used 10 be living rnAtcnnl and M such ,,ill 

J�\.ompo..,c: over Umc. During their dcciompcuilJon vital nuuicnt.s \\Ill be aJdcd Nd into 

your c:oil. Ho� you m4y \\'lllll to 11,oid u.slnn Of£.D11lc mulcho ,r )nu ha,-c rodm1

problems Sonic common orgi10ic mulchn nrc 
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I. \\'ood Chips 11nd llark

\Vood chips nnd bruk nn: wt\01111 the nullchc.� ,nost conunonly u�cd In lnnd-;wp1nr,. 

\\'Olld! such 11., cedar, cypress, ru1tl pine un: po11ulnr bcCl.1u,c the)' nrc durublc, look good, 

ond sn1ell itn:,11 L:ui::cr piccc:3 ur \\'000 or b1trk tln11'1 bl'Ulk down n� quickly n, ,hrc1.h.lcd 

,.,.11od 11111\chc., hut nu,y 00111 """)' in hc11vy ruin. ShrooJcJ rnulch i, c�pcolnlly u,,·lul on 

slope� or puth,, b.:1:,11�1> II 1.h>osn'I cu�lly ,,'ll.,h uwny \Vund chip 1111d hnr� rnulthc, c11n bo 

pun:lwcJ nt 11anlcn i:cnh:n 1111J M>111cti1111:s it 1:,111 Ill: obtulnctl free of clwr11c !loud 

"·urkcn .:cncmll) ,hn:d the o,crhnn11i111i1 hn1nch�·1 they rcrnovc lr11n1 roud�idc, 11110 

C'Olll"lC n1ulch, nrnl olh:n the)' ,viii 11i\'o the nuilch 11\\ilY I htn: i� nh..-uy, .01111: po· �ibiht) 

thnt the orlgin::il tn:c� ,,-.:re dlst,1-.cd, hut ninny 11unlcncr1 have u.,cd thla free mulch for 

>� 1�. ,,ith 11\l diOicultics.

2. s, ... ,,

1k -..iu,.: 11'11 not ,cl') unuuucntnl, ,1ru1v b bc-•t med in ,c,tcL1blc gardcrui or o\cr n�wl) 

sccJcJ l;i,,,u. It \\Ori..• \\CU in vci;c111blc pnlcns be.cause ii improves the soil 111 ii dtc11ys, 

md nul.es \\ulkin& nrow1d the yunlcn easier in the nu:ruillmc. S1rnw i, .il:..o II good 

m:uc:rW to we as ,\inter mulch for pcrcunial& De cureful not 10 use hlly or sww that 

conllllns too much "ccd .ccd or there \\'ill be a gunlcn full of v.r:cds rn the &Jlnng. It 

should be applied too depth of 6 - 8 inches. 

J. l'inc "ttdla
A t, l.i)-cr or pine nec:Jles malu:s c,cc.:lltnl. ultn1Cli,·c mulch for add-loving ln:cl

and shrubs It is cheap, looks great 1111d allov.'S ,,iucr 10 plWI through f.n:cly co the 10ll

below. It decomposes quite slo1vly bO\\'CVct a.nd lhould be 11J1Pliell 10 a depth of I - 1.5 

iocbes. 

�. CocOll Dc.a.n llulli 

�bny �13 US.: COCOI bcllll hulls 11.S O mulch. They Dre D bc:11nif'ul color and MYC 11D 

llttnlCtJ� fnasnmcc. However, coc-oca bean mulch ;Should be avmdcJ ,r pets me � ID

� llmL It cortt1im theobromi.DC. "hich i, hishl) IDlUC IO do(i3 and aiu. t.lmiy dop an 

� 1n COCn:l bc:In hulls. and the result con � dradly 

5.. Compcnl or SbttddcJ lea�� 

Jbc,e arc oa1lcn1 l)'JIC' or mulch fot carJc:n, l:.,a:m,tsc they add nutnml! t., t..'r 

aw,. t;r,:::t down, They're cl.Jo rcndil> in1111ahk Afkr the ta,-o dt-1;:omr,, 

and add fl new b)U on lop OfU'I cl IIJ!U'r;J t,c kn )\llll ln 

,, 
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tu mulch ,·cgctablc or no,vcr Bunions. llo\'.cvcr, one shouldn'l u\c clipping� from Jnwn, 

thnl \\ere treatL"tl \\ith hcrb1c1dc., 

6. Nc\\spopcr · Provides i;rc,11 \\·cro conlrul 111111 I! rcndlly uvollnblc It l!t ndvf511hle 10

;ippl) another type of n,ulch on lop lu kcc11 Liu: nc,,-spupcr ,n pince

IIIOf1!11IIIC l\lukh 

lnori;. u1ic mulch'" un:: 1111:rt 111Jllcrit1I• !hut have nut urlgln;Ucd lro111 living 1nntcrlnl, 

So1nctln1es lno£iilltic 1md OJ'\:Wllc n1ulchc, we u.,L'd In cunjuncllon ,vHh one nnuthcr. l'or 

t'<nm11h: n acolc,tih: (in111um1lc ,nukh) 11u1y be cuvcrcd und held 111 r,lncc by h,1rk c:lups 

(ul'\ ,nh:: n1uk h). S11n10 L'OI\U1111n inul'l!,llnlc 111ulchc, ure: 

I ltt1(k, ,11111«1 • l.ool.:s gmit ond r,n,vidi:., !llt,11 in1ul11tl1111 If rcrnuvol in apru>g 1s a 

factor 1n )'llut choice ol 1nulch u,oitl us,na 11011c Dc111.ulc, very, very sto,vly, 

1.ands,'Uf!C rocu nre 111111lloblc In muoy .t1i1.cs. llhapcs nntl color�. l<ncks don't do 

IU\)lhing for Lile M>il nutriuon.,lly, but o one- or t,,o-1nch layer will help aupprcss 

\\ceds. Rocks ore lwtl to i;ct rid of once you hll-.c them, 10 1hcy 11ft' bcsl used tor 

1<1uwocnl plW1ting.s. Rocks reflect solar radiation nnd can cffillc o ho1 llllld�pc 

durins I.be summer months. They look good in dcsat or xaisapc prdcns. Should 

be opp lied to o depth of 2 - 4 inches. 

2 rw1ir - Docs not decompose ,o it doc, not add Mything into lhc ,oil. Acu iu a 

src,a1 "'C'Cd control ond i, c:nsil)' I.lid. Must be pcrrorotcd 10 allow .,.,ua 10 p:w 
through • 81.acl. pliutic docs o good job ofv.vming 50il up in the 5J)r'IDS. 50 )OU an 

sci 1111 c.:irty � on planting 1oro:itoc1 ond other �c:sdJlhlcs lh:il Ille: warm wil. 

,\pply in a lhld:ncss of I • 6 mm. 

J C�tn11lc/Laa1hcapc f'1br1c - l�,:JICl15l\'C blllnkct·lil:c synl11ctlc fiber lh:n pmido 

p-ci1 "ud control and allo\\'ll for -..atQ' pcnclnllion. 1-Ulalab .,.o,-m or ubnc. 

pbstic or paper an: a,,dW,le 111 � c:cntcB and ofu:n l)'J)CS of mulch wed b) 

profc:uiom) lancfsczpcn Thcso nut.auh are tmllcd Ill n::ust dccom!'(>Slucm. 

,mhkc bbck pl:uiic. the Cabrn::s allO\\ \\.ata and 1111 ID mo\-c � 

l,ar-:!u •Ill: fabric nc:ah lO be f.utcncd ®'\TI v.1th pin.� JO II tn'lll not t'<C rr,utni 

JX!• 11,,w v.ud1 You lilltll v.unl to 00\U the fahnc: v.,th a fc:v. lncho r

rnwdUtJi m;it..--ri:iJ $UCh D:I v,'QOI) ChJpl'. � 10 ludc the f.abnc � �=

p:zt� Cm� &u �rrout Ufl on top of the Cithri I.and,( C= 
.----, ... ['J!;!ffian(:nl r.l��·, m:r.t111e' II I Cff d m t 
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gro,,ing in fabric. Almost alv.uys used in conjunction ,,ith a co,er mulch (e.g. h:irl.: 

chips). Apply in o. single la}cr. 

The mulch to be produced from waste fcmbas in this proj� is org;inic in lllltw'C' l1Dd 

hence ,vill po5SCSS the virtu� of orpnie mulch which includes iofUSioo of nutrients m10

the soil apart from \\"Ced con&rol 111\d pre, ention of soil erosion. Nutrients m the liOil mw.1 

rc:ic:h ccrt:iin level for the soil ID be considered suilable enoug,h to 5uppon p!Jlllt iµo,,'th. 

Pnrticulnrly the nitrogen. phosphorus and potassium levels in the soil can be considered as 

lo,v, medium or high according to the soil nutrient ratio (Uponi and Adco}e, 2000). 
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Table 2: Soil Nutrient rating 

f-lutricnt Lo\VVWUC 

i<0.10"/o 

D <IOppm 

<0:Tsmeq/ I OOg soil 

Source: Upow nnd Adeoye, 2000 

�tedium 

0.1 ()..().1 S% 

l0-20ppm 

J.15--015

35 

ligh 

>0.15°4

-.zoppm

>0.25mcq1100g soil
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CllAPI ER I HRl-:E 

�lETHODOLOC'i" 

3.0 Projccl Dr.sign 

This projccl ,vork is experimental in oa1urc o.nd laboralol')'-� 'hilh six IICllUlltnb of 

four rcplicalCS e.u:b nrra.ogcd in u completely n111dorruzcd design. ll '''US intended 10 be

cnrricd out first on n lnbonuory SClllc to dctcnninc lhe efficiency of lhe mulehtni; film 

produced Crom Wll.5lc fcalhcr in \\ced control llnd unproved crop y1c:ld. Th.is lnbomtol) 

scale ,vill be used to QS.SCSS I.ho feasibility of 11 large sailc production nnd use of !he \\'llSIC

fc.ithcr mulching film 1n ,,'Ced control nnd crop production. 

3.1 l'rojccl Site 

The Institute of ABJiculture Rc:.can:h � Tmlning Q.A.R. &T), '\('4111, ,vns scl�lcd a., lhc 

project site. This is due to the c:as)' Q\'allobility of the =n house facilities. lnbomtorics. 

test crop seeds ond closcncs..� to du: ZMtcch lnJ�trics ,,ilhin lhc sumc locnl go\'crruncnt 

u.n:a 

3.2 S11n1plc Collcclion 

1'.lntcrinls nnd so.n1plcs required for this projccl ,,ork wen: sourced lrom locotion.� \\1llu11 

the southwest n.rc.1 of lbadnn having two lnrgc poultry fnm1S tl.utt tum out large qWllllitics 

of ,vnsle fcuthcrs. 

I \Vo.sic Feather Collection 

Waste fcnthcr.1 were collected from Zartcch lndustncs nt 01Uyolc lodusttinl Estate, 

Jbadnn. 111c con1flllll} wus registered in Nigeria in 1983 o.s no oi;nculturol production 

csuibli5hmi:nt wid bcgo.n full fnnn opcmtion, (starting ,vith (lOUIIT)' fnrm1ng) 1n 1984 II is 

occupying o.n arc:o of o,er 75 Hc:clnn:3 of 111.11d Over ll1c ycors 7..urtcc;h Pnnru, lli.\!I 

diversified cx1cosivcly into tssh�ry rarrning. livestock fanning. l1lli.mJtl feed Jlroduction, 

horticulture nnd Ooricullw-c Abo it hos csUblis.lu:d more fonns to enter for the incn:ASing
Jcm.inds for her produi;ts. z.nncch cum:nlly o"m Md n111intnin.� M:\'crnl brnnchc�. fnnns 
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nnd direct sales outlets n.:uion,�ide. The industry is ooc of the largest poulb) industries in 

the South\\i:st of Nigeria slaughtering O\'tt 20,000 birds per�. hence geocnuing tones 

of •1,aste feathers. The waste fe:uhcts w-crc collected Y.-ct and unclean as they Y.WC: being 

Y.iuhed out of the: production line: 111 the sla.ughta hoU5C. Pilltc 4 !-ho"� the collection of 

v.ct Wl!.Ste fcatheB from Zartccb lndusuiQ, Oluyole csl.atc, lbeclnn. 

1\ ..econd poultry industry Ill.so in Oluyolc Esuuc, Brooco Fornu. ,laughter about 10,000 

birds daily ond Ill.so produces enormous amount of \\1LSIA: fcitbcr Z4rtccli industry \\'a!.

bo,\-ever selected due to the larger production cnpacity. Bet\,-cco these t\\'O poultry fanns 

nlone. over 30000 birds IU'C slnugblercd dail> generating toocs of \\uste feather.;. 

2. Soil Snmplc Collection:

T\\'O 20 litre buckets full ofbumus (top) soil sample Yt'US collected from the nruble field of 

Institute or AgricullUl'lll Rescnrch and Tmining (l.A.R nod l ), ,\p:u.n, Ibadnn. using n 

rake to clear the surfocc debris, then o shovel nnd hoc 10 pnck lhe soil 1010 the conllllllcr. 

The soil $M1ple wa., collected nround 10.00A."1 before the sun \\'85 100 hot to prevent 

exc:ei.sivc loss o f  M>il humidity 111c soil l>lllllph: collected "'IU sieved tliruugh o 3mm 

pore-sued sieve to o.llo,v easy pcnelrlltion of seedling shoots nnd roots in the soil. 

/\ chcn1ical nnnlysis \\'US corned out on the soil snmplc to determine its nutrient stoJus. 

wunely altrogea. powsium ruid pbospbonis. This helps to determine the fertility roting 

of the soil before introducing the test seed�

3. Uxpcrimentnl Seeds Collection

To cITccti,·ely monitor Ilic ability of the \\'USIC felllhcr n1ulching film m controlling ,vccd

growth ot O laboratory scale, It Is lmponnnt to  use: u ccn:41 crup which g1:rmlno1cs quickly

,vith mCl1SUl"llble shoot nod lcnvcs Mnizc: crop wus therefore �lccted due to its

ovnilobility ond being o very con1mon crop in lhc soulh,vc.st of lbodon. Moiz.c sccds were

purclw.i;cd from Gn,in Storage al I.A.R. & l , /\pato., lboda.n. 1110 Downey 11,Wdcw

Rcsistoncc .. [�ly Slrc4k R.csistDncc Yellow (DMR-ESR-Y) seeds \\'Cre purclw.sed for

use. Th= \\CJC selected t,ccnusc the)· gennill41t: quickly ,vith good yield. Plnte 7 �bows

the seeds ofO�tR-l·SR-Y mlliic used. 
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SID C: I d1 

- IDI I :1.1.wpr II ·--�---·11··11-.-•r�a 

:a .. hl., z 11 lz ol C.c\ww n e u "Er I h" S1 St cF r I 111-. "Brei 21115

ZtvNhcl.d•llc• J• !i llbbr.m+-•6ca .. ._.,._._ .. IFI If d•6e 

..Sww.s&r 

-----

lam .m allo bet 1 - I a c lb ._ I a JJi a b a -,a 

n. 1 1111 === _. p.a I 11rt fa a ._Q, Si1& a • 1>-....•- AT 

Apeta,D-den Pim: I lho-s die a:edl-af'a..d+a,• ot111 1a. t E• V}

Tbc ICl<Uch l•honlmy or rcdcnl C.o0car 91 Avh t:a, act lz 11ir IAJl A T ..... a 

wa aclcacd tor u:,c due ID fflilabi1l!y of ll*'C m.1 DCCC• f «p3ttik Ml, 4•• 1 a .FDd 

cbcmicaJ, Ct,, 111e m lbc re• wdL All di � r ns.lc, � liiU c -,,al ID di - I tea+•, 

and the 111da -,.u1 pc,w..S far p1 •• ic TIie "' or , rt +• onllmoil we: _, 

subjected IO nc:ccsary prCJW IIIOM bcfCR UIC 

I. Soil Prq,analloo

llavlng sieved the ,on snpk. • chemical wl)m - caned OUI OIi lbc r.,k 10

ck1cnnlnc ,onw: ,oil nUlricnl awus, namcly nliroaai. � and pocnsfum 1bb

will help 10 dctcnnlne the fcnib17 mt1a orlbc ,oll wn('lc c, ... u«tw and lu lullllbilhy fur

Iha cn•p garmlnallt>n. 

Ono kilogramme nflKIII \o\V n>c91Ufcd Into NICh oftwani, '""' rlatic roe» to be Uk'd lO

planl lhc test crop. 
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Plate 4: Rcsc:irchcr CollcctlllS \Vastc Fcnthcrs from 

Znrtcch Industries, Oluyolc f;.i.lnlc, Ibadan. 
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2. Pot Preparation: The experiment consists oft\\O fac1ors.

Factor I comprised of lhe processed feathers (mulch) \\ith "''O options f I for wabscnt" 

and f1 for "present". 

Factor 2 comprised or the crop (mllizc) and \\Ced ( .. c,,'Cdu") \\1th three options C1 (maiu: 

alone), C2 ("e\Vedu" alone) and C3 (mllizc ,vith "C \\'Cdu") 

The 1,vo factors and the options are presented on a 2 x 3 tnblc (Tobie 3). I lcncc there arc

6 t�tments replicated 4 times each, giving a totnl of 24 trentmcnts 1n a complc1cly 

randomi,.cd design. 

The 24 plO!,tic pots \vith capacity or LS litres \\ere obl.nincd and divided into six groups 

of four rcplic111e!> each. The pots had diameter of 14cm One kilogramme of treated wil 

\VUS measured into each pot ond the soil hlld a depth of obQut 11.5cm inside each pot. 

The pots \\ere labeled ond scc<h \\ere planted as follO\\') 

Group A pots \\ere labeled as t.1oizc olonc ,vilhout mulch 

Group B pots ,..-ere lnbclcd o.s "c,.,.cdu" alone ,vilhout mulch 

Group C pots \\Cl'C labeled os Mnize ond "E\\edu" ,,1lhout mulch 

Group D pots ,..-ere labeled os t.1ni1.e alone "ith mulch applicouon 

Group E pots ,,'tre lubcled os "Gwcdu" alone \vith mulch application 

Group r pols wen: labeled os �loi.£C ond "c \\'Cdu" \vith n1ulch application.

Groups A, 13 and C pots had the same seeds planted in them just like groups D, L ond r

respectlvcly, except 1h31 groups D, r:: and F pol� \\en: covered \vith feother mulch on lhc 

third day while groups A. 0 ond C poLs had no n1ulch applied. 

lkncc, Groups A, O and C were lhe controls ,,bile Groups D, E and F \\·en: the IC$1

groups. 
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1 nblc 3: Pn:purolion of pots into groups 

------

c, 

(mal,.c) 
I• I F1C1 

(nll feather n,ulcl t) Group,\. 
(mni7c wilhoul 

mulch) 
Fz F2C1 

(\\ilh feather mule b) GroupD 
( ma.izc \vi lb 

mulch) 

•"c\vcdu" ls Corchor11s olltorillS

Al 

C1 ' 

("cwcdu")• 

1-,c, 

Group D 
("cwcdu'· 

,vithoul mulch) 
r2C1 

Croup£ 
c-e\\'Cdu" with

mulch) 

c, 

(n w,.c ond �C'\\cdu") 
f,C, 

( 

Croup C 
mui.zc and �c:"',:,du" 

"'ithout mulch) 
f .1C1 

Group f 
( m:t.1.7..c o.nd -e"'-cdu" 

"ilh mulch) 
_____ _., 

I 

I 
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Pl;ite 5: Groups A. 8 and C Pou (without mulch) 
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Plate 6: Groups 0, E and F PolS (with mulch 
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3. Seeds Planting:

The seeds ,..-ere plnntcd insuic the soil in the pots ns ,ven: lubcled. 

Group A pots: lvlnizc seeds were plnolcd nlonc in the group A pots. Four sccd.s of mruzc

,,ere planted in each pot nnd the seedling.s were thinned to 1,vo !>tilnds per pot llflcr 

gcnninntion. This is to allo,v only healthy seedling, lo grow anJ to u1,oid ovcrcro,,·d1.11g. 

Group B pots: "Ewedu" seeds ,vere planted alone in the group B pots. Due to the very 

tiny si:,.cs of the seeds nnd the need to ullo,v equ.aJ treatnu:nts all through. the uny 

''E\\-edu" seeds were w eighed on nn electronic balllllcc. Equnl mass (0.96e) of "c,..-cdu" 

seeds ,,ere sprinkled on nnd slightly n,ixcd Y.ilh lhc soil. 

Group C pots: Mai,.e seeds ,,-ere plnnled us in group A, but wc,,,:du" seeds ,vcrc spnnlJcd 

over o.nd mixed slightly ,,1U1 U,c soil on the third <Illy ns soon ns mnizc gcmunntcd. All 

"e,vedu" seeds were pluntcd on Uic swnc <Illy. 

Plnte 5 shows U,c pol� in Groups A. D nnd C nf\cr gecminntion. 

Group D pots: !vlnizc seeds ,.,.ere plnntcd nlone just like group A pots, but the soil surfucc 

\\-OS covered ,vith fcalhcr mulch three dnys Interns soon ns tbc mai.7.c gcnninutcd. 

Group E pots: ·•C\,-cdu" seeds ,verc planted alone just like in group O pots, but the soil 

surface ,vus covered ,vith feather mulch on dny Ihm: immediately the "c,,'Cdu" seed,

v,,:rc planted. 

Group F pou: Mniie seeds v.ctc plnntcd and "cw-cdu" sccd1 sprinkled o"cr the soil three 

days Inter jusl like 1n group C pots, but the soil surfnce ,,..a.s covered ,vit11 feather mulch on 

day three as soon as the mnizc gcnnionted. 

Plotc 6 sho,vs the pots u, groups D. E nnd F nflcr gcnni.notion ond mulch application. -
. 

.. 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



. _·:-

Plnte 7· Sc.:d\ ofDJ\IR-ESR-Y f\l11i.t1: purchl)CII) from Grouu

Storu�c or Institute of Agriculluml Rc:,carch and Tminins, Ap:1111.

Ibadan. 
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rlotc 8: Seeds of Corchoru.r olitorius ('"E,vedu")

purcwcd from Gmins S10111.gc of lns1i111te of Agncultul1ll

Research 11ml Tnuninl!, /\pota. Ibadan.
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3.4 Procl'..'l,ing or,vasrc Fcathcn 
I Feather Density. the density of feather fib.!r \\·as delermincd by displacing u known
volume and \\eight of cthnnol \\itJ1 an cqu1vuJcn1 wnount of fiber. Tilis \,·a.s done
nccording to SUIDdnrds of unalyliis of cbcmicnls.

2. Proportion of Fc:atlu:r to \Vhoh: Chicken. It wns difficult 10 detcnrune the perccnlllgc

by weight of fcnlhtrs in lhc \Vholc bird because the feathers ore qui le light nnd nutry, u.s o

result not cosy to be complc1cly collcctc:d LOgelher oruJ \,·elghcd dry. !fence the overngc

pcrcc:ntngc by \\'l:ight of feathers in each bird \\.IS dctcnnincd by comparing 1hc \YCightS

of live chickens, dclld chickens (drained of blood) nnd completely de-feathered chickcn:1.

Tue formulno used arc II.!, follows:

Live \Vcigb1 (L W) - ,veigbt of each live bird

Dead Weight (D\\1) - \\'Cigbl of c.ich dead bird ofter complclcl)

drained of blood

\Voight of De-feathered Dird (\VD)= \\-cighl o f  each dcoo bird after complelely 

drru.ncd of blood ond completely dc-fcolhercd. 

\Veighl of Blood (\VB)= Live \Veighl less Dead \Vcighl 

\1/B=L\V-DW 

\Vcigh1 of Fenthef (WF) - Dcud ,veighl less \Vcight of De-feathered 

WF• D\V-\VD 

3. Exuaction o f  Soluble kcrutin from rc:llher..: Soluble keratin \\US exl.nletcd from

feathers by reduction \vilh amn1oniwn sulphide solution. A total of 60 g of clean, dry nod

chopped feathers were mixed ,,ith I.S liters of 0.1 M hot aqueous ammonium sulpWdc

solution. fbc mixture \WS stimxl continuously nnd mninlniocd nl 60°C nnd slimxl for

one hour. Undissolved feathers were separated from lhc dissolved keratin by filtcnng

using a clean \Vhite cotton cloth. This gives about S9.S% kera.lln tn the filtrntc '\!\er 
cooling the filLrtJle \\11.S 1es1cd for prote!D using tlie Biurcl test. 

3.5 l'rCJlll1'11tiun of Jic:othcr l\Juld1lu� Filan: ·nte leather mulcbmp film \\'US preJ\.).rl:d in

stog� os JiO\\'D ,n lhe Oo\\chart below 

1. Pre.'l rcutmcnl Stage:: 111b Involved washing the rc:uhcrs In n1lkl --0010·· dtlc:fl;Cnl

prtJ>,lted by dissolving Io grnmmc:, of detergent an I litre of \\'Oter. I he detergent 'IC\lutlon

d tmcc:• of 'al nnJ Jin from the \\USIC fcathc� then Jll\lf>Crly nm,n& in
\lollS Uie lo n:movc. � 11 
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\\.itcr, then uir-dry111g the fcalhcr.1. Plate 10 �h0\\!1 U1c: \\.Wied and dried waste feathers 

ready for grinding. Aflcl"\,unb, U1c fibcni \\ere llllcn 10 the mdl ut ,\leshinluyc rruu1ccl 

\\'ll!IIC n:cychng plnnt for 11rinding 

2. Grinding U,c l'c.ithcrs. Ttu, ,,u., VCI)' difficult because of tJ1c llurTy n.-uurc of the

fcnthcr.; "·hlch prevcnlcd good rnclion ,v1th Ilic crlndlng cquipmcnL Tho nurry feathers

locked enough brhllcncss to be properly grindcd A lhlny horsc-po,,cr grinding mnchinc

,vus used to grind 11,c feather fibers 11110 tiny frogmcnts unlil almost p0\\-dcn:d SUIIC \\l1S

obtained. Piute 11 shO\\S the \VIL'lle fCllthers being ground in the IIUIChinc while plo1c 12

sho,vs the collection of 1,1round \\U!>le feathers.

3. ?>-fixing fcruh.cr ,vilh Glycerol: 1l1c n1ixing ratio for glycerol lo feather-fibers wns I ;J

by  lll.llSS. I Icocc, 80g of tbe fcalbcr fiber ,vas men.sured and pineal 1n u large crucible, nnd

then 27g of glycerol ,vn.s added. The fcatber-glyccrol mixlurc was properly mixed into :i

paste for about 15 minutes until the fibers become sticky. The glycerol ,,-as to  net as o

plasticizer in tho ouxturc.

4. �1nk.ing the Fcnthcr Film n,c stic.1,-y fenther-glycerol mooure \\llS tr:1.nSfrn-cd unto a.n

oluminum foil nnd snnd,viched bet,veen the foil, then pn...� inlo Oat film under heat of

e.n electric Iron for nbou1 IO n1lnutcs. The film wus then Bl.lo\\·cd 10 cool lO roon1
tcmpcnuure. Plnte t J sho,vs the pn:pnrcd feather mulch on a.n nlurniniwu foil being

exposed for niNlryins whllc plntc 14 sbo,vs a srunple of the prepared fC4lher mulch. The

fcalbc.r film is to net ns o mulc.lling film to prevent "c.:d growth thereby reducing

competition for nutrienlS in the soil. TI1c film is olso lO n:Jco.sc the nutrients in Ilic fe:ithtt

into the soil over time ofler the plnst1cizcr motcrial diffuses out of tltc hydrogen bond it

formed ,vith the fcaUu:r protein. 

s. Application or Mulclung Film unto the Soil After tl1rcc do� of plu.nling tl1c n111i,c. !he

f=thcr mulch ,vas applh:d upon tl1c wll surface in pot.s of group5 D, r: and r. Enough

qunntity of fcothcr Olm ,...-.1.\ ,Uccd out 1111d ploccd on the .oil 10 cover the �w1nce (lf the

soil alone but :ivoiding the germi11111cd plnnt �hoot Plntc IS �ho"-. the nppllc.1tion ol the

fcatl1cr mulch on the soil surface:. 
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l.COLLECTlON OF 

WASTE F[ATHERS 

-

2.WASHING OF 

WASTE FEATHERS 

3.AIR-ORYING OF 

WASTE FEATliERS 

4.GRINDING OF DRIED 

\VASTE FEATHERS 

S.WEIG\-IING OF 

GRINDEO FEATHERS 

6.MIXINGOF 

FEATHERS WITH 

Gl YCEROL ,mo PASTE 

7 .AIR-DRYING OF 

MULCH ,mo FILM 

8.SUONGOF 

MULCH FILM 

• 

9.APPUCATIOtl OF 

MULCH FILM UNTO 

SOIL SURFACE 
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Plate I 0: \Vashed nnd Dried \Vhitc FcD!hcrs 
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Plate 11. Grinding or dried fc.1tl1crs in 11 mill 01

\Vostc recycling Pll1111. Alcshintoyc, lb:ldan
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Pllltc 12: Collection ofg,uund fc:ilhc:rs 
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Pllltc 13: Pn:pnrcd l-e:11her 11,lulc:h on itlumin1um foil

53 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



• 

• 

Plate 14 Srunplc offcmhcr l'.lulch before application on soil 

S4 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



Plnte IS: Application of fClllbcr mulch 11n soil surface llllct 

gcrminntjon of mllizc crop 
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3.6 Chemical Analysis for Nutrient,

Annl)sis was cnnicd out on lhc soil :.ample and on the feathers 10 dc1c:rm1nc lhc amounb
of various nutrients pn:scnL

I foul! Organic Carbon: The loull orgnnic cnrbon ,,us determined us folio,, s Reagi:nL� 

used ,vcrc K2Cr201, Cone 112S0. Wld OSN Fcso •. 11110. One gramrnc of samph: \\OS

measured into n 500ml Erlenmenyer Onsk and 10ml of IN K2C�O, ,,-ru, addt:d. The 

mixture ,vas s,virled gently follo,,·cd by lhc nddition of n IDJXlure of 20ml cone. R2SO •• 

300ml of distilled \\/Iller and 25ml of O.SN FeS04• The rcsultJng solution ,vas ti1rn1c:d 

ngninst sLnndnrd KMnO. from n burellc using illumination from o bulb lnrnp. A colour 

chnngc from deep green 10 purple signilicd the cod point. This ,vas repealed for the 

blank. The concentration or carbon in the sample \\'3S calculo1ed ns foUo\\-s: 

rruc % organic carbon p NIT-R) x 0.390 

\Vhcrc 

\V 

\V - ,vcight in grams of snrnplc 

T "'volume of KMno. used in lilrnting the snmple 

B = Volume of KMnO, used i n  ti1rnting the blank 

N = Nomutlity of KMnO, 

2. Total Kjc:ldnhl Ni1rogcn: Toull nill'Ogcn \\'llS dclcnnincd using Lhc Kjeldnhl distillolioo

nnd trimctric mclhod ond the result cxprcs.scd in pcrccnt.oge (%). The reagents used are.

t. Doric acid 4% solution. Dissolve 40g Doric ncid in I litn: distilled water

2. Zinc granules

J. Sodium hydroxide solution 40%. Dissoh·e 400g NnOH pellets I distilled ,,'liter.

cool and make up 10 I litre mark ,,ilh dis1ilkd wntcr. 

4. 0.2N HCI. stnndruuic.cd

5. Sulphuric acid, 112S0• (S.G 1.s4)

6. Sodium Sulphate (anhydrous), and

7 Cupnc Sulpho1c

I . d b� w.:i .. •iing O 5� of the s:unplc into o 500ml KjcldaJ1I 011.,1.. ,\rui )'SIS \\·OS one , 11,1 

I O 6su of cupnc sulphn1c, 15g of anhydrous sodium 1ulphn1c and 25ml ur,\pprox1matc )' . e 

. 'd re added 10 the conu:nt or 1hc Oil�!.. TI1c 011.'I. con1,·n1� \\,:n.cane aulphunc oc1 we 

I I h ur or untJI frotlung �topped Aflcr thi•, the ...i111plt' \\1L1 ,-oolcdtli11c:;1t:d for ot CASI 0 
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a.nd carefully tronsfccred into a 500ml volumetric Onsk and madeup to i.he mark. 1\bout 

100ml of lbc srunplc ,,.is pipette out of the 500ml Oasl into another KJcldahl Onsk nnd 

50ml of 40°10 NaOl I was added, together ,,itb fe,v drops of WlC granules plus 100ml of 

distilled ,v-.itcr to reduce the risk of boiling olJ and crocking the nnsk. Into a 250ml 

Erlenmeyer flask, I 00ml of 4'3/o boric acid ,vns added plus 3 drops of bromocrcsol green 

indicator. The Kjeldnhl 011.Sk ,vns connected to i.hc distillation unit 110d distilled 11110 the 

boric ncid Distlllnlion continued until U1e solutJon turned dark- red. fbe ,·olume of acid 

(VI-ICI) used \\'US recorded. The conccntrolion of tolnl nitrogen in I.he SIIJilplc \\-:IS

calculated os follows: 

¾ N-VHCI x NH.Cl x VTx IOOx 14 

VsxlOOx\\' 

'Vhere VHCI = \'Olume ofHCI used

NHCJ = normnlity of HCI used 

VT = totnl volume mode up uflcr digestion 

,v = "eight of srunplc used 

Vs = volun1c of sample used. 

3. Phosphorus Content: Dctcnninnlion of tollli phosphorus in fonn of P20s \\'35 carried

I ,.:--"y using lhe molybdovnnrulate method according to Standardout spactrop 1otomc:u ,= 

Methods (1980). 111c reagents used in the analysis ,,;ere

I. Cone Nitric acid

2. ren:hloric acid (70-72%)

3. }..1olybdovnnadotc rc4gcnL

f ·um mol)bwltc tctrohydratc \\'US dissolved in 250ml ofFourtJ grnmme (40g) o wnmona 
. · molybdlitc solution ,vo.s added grudUllll>· to the70"/o pen:hloric ocad. Aromoruum

. . . · 1 · This \\'US cooled nnd mode up to 2 hltcs 11,th 1'11tcr,mctnvunodote solutJon ,,,.bile 51 mng. 
. . 

0 ) Prcpo.rc:d b) weighing 0.9S88G of poL11SS1um dah)drogcnStnndnrd phosphorus (P2 , \YllS 
. . 

-d · at I os
0
c ror I hour into o lure volumctnc ilMI.:.pho plwtc (KlJ,PO,) ol\cr oven !)'UIS ·' 

d d to the mnrk. ( 1 ml 0.5m1,t 1',0�) 40ml of lh1$ di5solvcd 10 d1·,tllled l\utcr on mo c up
. 00ml voluntctnc lll.sk und nuid� up to lhc rruul. \\1th solution '"'°" p1�tted into O 5 

, .• . p O nc:cntr111ion of Intl 0.0-lmg I ;O,. Su1111blc distlllcd \\'lllcr lhUJ g,vanj! 11 1 1 co 
S I Io t 1 Sml 20011 25ml unJ I�. v,-crc Ulkcn· 0ml. m • m ' ' ' • proponlon, of lha · JOlutlon 
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cortCSpOndina nbsorbnnce reading lllkcn at 400nm \vith cliJTen:nce obsorbance \'WUC5

respectively. A sample nnalysis \\US done by \\ei&hlng 0.9g srunple into o 250ml 

Erlenmeyer flask. 20ml cone nitric ac1cl wus addt.-d nnd boiled and nJlo�cd to cool bcrore 

tronsrcrring quantitatively into o litre volumetnc Oask and 50ml distilled \\'Otcr plus 10ml 

or molybdovonodote reagent and mrule up to the Onsk. This \\'OS repeated for the blank 

nncl nllowed to stand ror 10 mmutcs before reading nbsorbance al 660nm. The 

cooceouution of P20s in the snmplc wns cnlculotcd ns follows: 

\Vhcre 

¾P20s=AbsxFx IOOOx 100 

5x IOOOxW 

17 = P20s fuctor obtained from calibration curve 

Abs= Absorb311ce (DiCference bct\,·ctn nbsorbancc reading of sample and 

nbsorb:mce reading o f  blank) 

\V = ,veight of sample used 

% P = Mol \Veight of P x 2 

Mol. Weight of  P10J 

4. PolaSSiu:m Content:

"' · u· f to·-' po•ft·�:um wus done using hydrofluoric and pcrchloric acid ucte.nntnn on o w, ....,.,. 

di · -"- t AOAC (Associntion of Official Annlyticru CbenustS) methods or gesllon ncconuug o 

nnolysis. RcngcntS used in the wuilysis ore: 

1 HydroJluoric acid (HF) 48°/o 
2. Pcrchloric acid Q-ICIO•) 70-72%

J. 1-lydrochloric acid (I lCI) 6:-.I

1 ced · 0 SOmJ crucible Fe\v drops or "·atcr ,,ere nddcd to Prcc,scly 0.5g or smnplc ,vo.s P O 1 · 

- d ti n 5ml of HF nod Sml of I ICtO. \\ere oddcd Thetl1c sample to 1nnkc 11 ,vet o.n ic 
. • 

d b lh ond nine-lc:ntlu; of lhc crucible ,vns covered \V1U1 crucible wus lbcn ploccd on ° san ° ' 

c.l 200 2500c und the contents were cvoporutcd to di) nc:1>.�.
11 lid The crucible \\115 hwtc to • 

. • 
I I for the loOluuon to boil llCntl)' until the rc:;1due The crucible hcotcc.1 on ° hot P O a 

. I WU) tl1en IJ'QOSfcm.'U 10 0 I 00ml \Olun1clne Om onJdi"°l,;ec.l completely 10 IICI. t 

iro note ,-olwn9. Tollll f10U1.S.�1um wo.• then dc1crmlnl'1 contents were made up to tile 0PI p 
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CIIAPTER FOUR 

RESULTS 

4.0 This choptcr presents the obscMtioos wid results of the various noa.Jysis carried out 

oo the chicken fcotbers, on lhe soil somplcs nod a.lso the results obUlincd from I.he 

greenhouse cxpcnmcnts using feather mulch lllld lhc test crops. 

4.1 Characteristics of Soil wed 

I The pH of Soil Sample: The soil sample sho,,'Cd a pH of 6.9. This pH wns found to 

support the gro,vth of the potted plants. 

2. Some Nutrients i n  the Soil Sample: The result or the analysis of some required

nutrients (NPK - nitrogen, pbosphoruS and potass1un1) in Uic soil snmple is sbo\\n in

Table 4. The soil contained 22.4g(Kg of cnrbon. I.Sg/Kg of nitrogen, l2.6mg/Kg of

phosphorus nod 62.4mg/Kg of potassium.
The vnrious amounts or lhe soil nutrients in the soil sample is considered high enough to

support the s,o,vtl, of the polled plants in this work according to tl1e soil nutrient rating in

Table 2 .

4.2 Composition or Fcathen 
I Density of Futbcr fibre: A density value of 8.9 x I o""�glcm1 

\\'ll.� oblllincd. 

2. Amount of some nutrients avnilnblc in \\USte fenther \\ere nnnlyscd nod the results
obUlincd arc shO\\'D in Table S. The percc.ntogc of tollli ru1rogcn, phosphorus and
potassnlDl {NPK) in white and vnricgntcd fc:4thcrs \\'CTC oblll.lncd. \Vhitc fen.Ihm \\ere

found to contain 14.I 1% N, 0.18% P wid 0.6,-. K. while the ,1111egutcd fen.then conlllincd 

J6.46o/e N, 0.13% p and 0.83% K The higher pcr0!ntngc of nitrogen in the vnricgatc:d

(c.oluuM:d) rcuLhers ( I 6.46% ,111uin.St 14.1 I-,. ,n while fcathcr.s) \\11S probably due to the
�nee of the protcinous colour p1s,ncnt n1clnnin. which contniM ndditionnl nltrui;en.
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Table 4 Ch:lnlcttn1tlC'S of soil used 1n the apcn!nml

Soil l'-:utricnl �llDiOil

Orpnlc Cuban Z2.4F/)Cg 
Tolal KjclJ.:ihl Nitrogen 1.8g/Kg 

"hosphorus 12.Gmg./Kg 

Dotassiwn t12.'4mli'kg 

(,0 
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Table 5: A vniloblc Nutrients in \\'aSlc feather.. 
-- - -

Some NuuicnL� in feather A.mount found in 1Amount found 1n 
,v nilc Fenthcrs Vnriegated 

i=cnthcrs 

Iolnl Kjednhl Nitrogen¾ 14.11 16.46 

folnl Phosphorus% D.18 0.13 

Potnssium ¾ 0.6 J.83

..,. 
--
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4.3 Avenge \Vcigbt of Chicken: 

By inking lhc live ,,-eights or lcn samples or three species of chickens, result :.ho,vs the 

a,ernge ,veighls to be 1.805Kg, I 79Kg nnd 3.26Kg for Broilm uiycrs nnd Breeders 

species respectively ns seen on I.able 6. These live ,,1:ights sho,v the vnrinlloo in the mo.ss 

of li,·e chickens based on th.cir species. Average Live Weight of breeders \\'IIS found 10 be 

!he lughcst (3.26Kg) compared to broilers (overage of 1.805Kg) nnd lnyers (avcr.1gc of 

1.79Kg). 

4.4 Perccnt11gc I>) !,\,lass or Feathers per Chicken: 

Tobie 7 sbo,� the results obtnincd for the dctcrminntlon of percentage by mw of 

fc:lllu:r:; per chicken. Due to the light ,vcight nod Ouffincss of the fcnthcrs, ii \\'IIS difficult 

10 oblliin nnd ,vcigh oil fcolhcr.1 Crom each bird. An cslin1at.ion of tlu: mass of feathers \\'ll.S

made by compnring the live \\'eight with d� \\'eight 0= blood) nnd lhe ,,-eight of 

dcrcnthcrcd bird (less blood nnd feathers). TI1c result showed that on lho nvcroge, each 

bird conlliined about 0.166Kg (8.52%) of fcothcr.; ,,hen compared with the tollll body 

mass. 
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Tobie 6: Avcn:1�c \Vcight of Chicken

Chicken Srunplc Broiler {Kg) Lnycr (Kg) Drccdcr (Kg) 
I 2.02 1.6S 3.2 

2 1.69 1.8S 3.6 

3 1.34 1.45 2.S

4 1.37 1.55 3.S 

� 2.05 I.RS �.o 
- -- - -

6 l.HS 2.10 2.s

7 1.92 1.68 !.•I
----

.S 2. I 0 2.05 2,4 

� 1.74 2.05 • .2

10 I 97 1.65 33 
-

D .26 .... -
I 79 �lean \Vcight 1.805

-

SlllDdard 0.27 o.23 1.63 

De\'UlliOn 
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T11blc 7: Pcrccnlu&o by l\ln!s of 1rc111bcrs per Chicken 

(\\'eight$ In Kg) 

'Chicken 
Sample 

Live 
\Vcight 
Kl-\V) 

Dcud \Vcigh1 l\Vcigbl or Blood \Vcight o Yoby \1ass I
(Less Dlood) loefeathcn:d (\VB• feotbcr or Feather 
�O\V) E._Lc.\3 Olood & t.W-D\V) (\VF -

r,:cnthcr) D\V-\VD) 
..,__ ___ -- --- -• ,._WO) - ·•-- - :11 -
I 1.69 1.65 I.SO 0.04 D.15 .88% 

1.85 1.80 1.64 .OS .16 �.65% 
l, IO '.03 1.8S .07 18 !.S7-c...%_ ....i::..--�:::.

1.9
.:..:1�-t::,:;_9:::..

1 ___ r1.16 1.06 5.is ___ �...;..6_1'¼'"""•--1
> - . 2�05 - , .00 1.83 .OS IJ.17 .29% 
r; 1.76 1.71 1.55 .OS - D,16

i.09%
1.92 1.88 I. 71 .04 J.17 ...;.'8"-So/i_ •_-1 

� 

10 
. lc:i.n 
:Vn1uc 
Sta.odanl 
Dcvinrion 

1.88 1.83 1.67 .05 J.16 .Sl¾ 
1.75 1.70 1.55 .05 D.15

8-���2.08 2.02 1.85 .06 D.  I�
SI� 1.905 1.853 1.69 l J.052 D.I 5 

D. I 5 D.14 D.13 D.01 0.01 
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4.5 Effcc1 of Mulch Appllcul' .. 1 ton on " ulz.c crop\\ llhoul "E"ctlu" "cctl,1
\1011.c crop planted ulonc (,vilhout "cwcdu" weed ) nnd 1 . • 

. s no n1u ch upphcullon 111 Group A 
wns compared \Yllll Group D hnving t-tulch upplicotion.

ChM1 I sho,vs the un•phicnl prcsc, tol' , . · ..-- 1 1011 co111pann11 the length of leaves in Groups A und
Group D. 11,e cbrut sho,vs on incrua.sc in lcngU1 or lcuvcs or mnizc in group o ("'ilh
mulch) oycr tbosc in sroup 1\ (,vlthout rnulch).
Appendices I and 2 sho,v dcl.uils of mcasurcn1cni, of length of lCllvcs for Groups A nnd D
rcspcctivcl)' 

Appendix I sbow-s Length of lcnvt:S of mui:t.c phu11ctl alone but \vilhout mulch in Group A
Ulcrcasc:d stcntlily up to n 111cw1 lungth ofJS.9cn1 !:l.21 by tlay 28. 
•\ppcndi..'I: 2 sho,v� the lcaglh of lea,·cs of moi,.c ,n Group D plnntctl alone und mulched 

also sho,,·cd ste;idy 1ncre35e but much more thon group A. Dy Jay 28 Group D mwzc 
sbo,,-.:d mean length of leaves of 38.9cm :I: 2.1 The increase: in lcnglh of lc:11\"Q of Group 

D oycr control Group A ,vus significant (P < 0.05) by day 20. Group A mc:in wn.s 25.6cm 

• 1.6, and Group D mean ,vus 27 .8cm :I: 2.2).

Tnbles 8 nod 9 sho,v length of shoots for Groups A o.od D n:spcctivcl). 
Tnblc g shows length o f  shoots of moire plnnted nlonc but Y.ithout multh in Group A 
increased stc.1dily up to a mean length or 12.7cm :0.21 by Jay 28 
Tnblc 9 shoY..-s lbc tcnglh o f  shoots or m11i1.c ,n Group D plMtcd o.lonc 11Dd mulched also 
shoY.cd su::i.d)' mc:rcasc but much mon: t111111 group;\. Dy day 28 Group D mail.A: shoY.cd 
mean length of shoots or 14.4cm .:t:. O.JS. 

The ,nac:i.se in length of �hoots o f  Group D oycr control Group A \\'BS sigruficnnt from

day g (P < O.OI) wilh mc.m �hool tcoglh of 3 1cm i: 0.08 for Group A nnd 3.3cm 0.08

for Group D. 

• -·' f th test or�ignificnncc for the lcngtl1 ortc:a,ei anJ length
Appc:nd,x J s}l(I\Yll tl1c i=wl o C • 

or shoots for both groups ,\ and [) 
··-·' 1.� .. show that rnni1c: y.·ilh n,ulch lllld IOni,'t:f laa,c, and

Results from these Lllblcs w ... c, ..... 

1boo1.1 trum nwJ:c "ithout mulch.
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Table 8; Length of shoots of mnlic plwued alone in Group A 

POT l P01'2 POT3 POT4 MWl Suu,dnrd 
DA\' Shi 1 Sht 2 Sht 1 Sh12 Shi 1 S1112 Sht 1 Sh12 Lcnsth deviation 

(cm) (e1n) (cm) (cm) (cm) (cm) (cm) (cm)
1.0 0.9 1.0 0.8 0.8 0 .. 9 1.0 10 0.9 0.10 

.. - -

1.6 1.S I.S I.S 1.6 1.5 I.S 1.6 1.5 0.05 
6 2.1 2.0 2.0 1.9 2.0 2.0 2.1 2.1 2.0 0.07 
8 3.2 3.0 3 I 3.0 3.1 3.1 3.2 3.2 3.1 0.08 

To 
. 

4.5 4.3 4.3 4.2 4.5 4.4 •1.5 4.5 4.4 0.12 
12 6.2 5.9 6.0 6.0 6.5 6.1 6.5 6.3 6.2 0.23 

- --- --

0.20 14 7.0 6.8 7.0 6.9 7.4 6.9 7,2 7.0 7.0 
16 7.9 7.5 8.0 7.S 8.3 7.7 8.1 7.8 ·- 7.9 0.28 

18 9.0 8.8 9.0 8.7 9.1 8.7 9.0 8.7 8.9 0.17 

20 9.5 9.2 9.4 9.1 9.6 9.0 9.6 9.1 9.3 0.24 

22 10.8 10.S 10.8 10.6 10.9 10.4 11.0 10.5 10.7 0.22 

24 11.2 11.0 11.1 11.2 11.4 11.0 11.S 11.0 11.2 0.19 

26 12.0 l 1.8 11.8 11.9 12.2 11.6 12.2 11.7 11.9 0.22 

28 12.7 12.5 12.8 12.6 13.0 12.4 12.8 12.4 12. 7 0.21 
-

f,7 
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lablc: 9· I cngl11 of !!hoo1� of nu111.e pluntcd nlonc wiU1 leather 111ulch in Group I> 

POT 1 
DAY Sht 1 

J 
Sht 2 

. ��l {.1.111) 
l 

• 
14 
16 
• -

li 
• 10 

. 12 
' 14 
' 16 

I !l 
20 

')') -

:.i 

:6 

2S 

1.0 1 I 
1.6 l.h

2.1 2 I 
3.3 3.2 

45 4.5 
(1.6 6.11 
7S 7.11 

7.8 11.2 

11.8 9.0 
Q,S 10.1 
10.4 10.5 
11.2 11.4 
12.6 12.8 
14.0 14.2 

-

l'OT2 

Sht 1 - -Sht2 

-

POT 3 � l'O I ·I
Sin ,� Sht 2 � Siu I

r 
Sht 2�1111 J..caj . ,_Jent)_ 

�C£ml (en!) , _(cr!!l 
1.0 0.9 0,11 1.0 o.•1 0.11 

1 S 1.4 IA 1.6 1.6 1.4 
2.1 2.ll 2.1 2.2 2,1 2.0 
3.2 3.2 l.3 3_.1 3.4 )J 

- -
4.(, •I.S 4.& .1,7 •l.6 4.S
7,0 7.0 72 7.S 7 ·I 6,8 

. � 7.11 7.'' 7.9 R,O 7.IJ 7.8 
.. -II,\ l!.2 H.J H.3 8.-1 K.2

9.0 8.2 9.ol 93 9.4 IJ.O --
I--�- 10.0 10.2 9.7 10.4 10.4 10.5 

10.6 10.4 10.9 11.0 11, 1 10.4 
11.4 11.3 1 l.6 11.9 12.0 11.2 
12.7 12.7 12.9 13.0 l)J 12.7
14.2 14.2 14.4 14.8 1 S.O 14.2 

-Mcwi .

Lcnglh 

•t· �  .. 

0.9
�--

I.S
2.1
3.3- -
4.6 

7.0 
7.11 
K.2
9.0 
10. 
10.7 
I I.S 
12,R 
\·IA 

Standnrd 
deviation 

0.11 
0.\0 
0.06 

--

0.011 
0.07 
0.31 
OIS 
0 IK 
0.39 
0.29 
0.30 
0.31 
0.23 

O.JS -
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-1.6 Effect of l.\1ulcb Application O M • 
. • 

0 OILC crop planted\\ itb "E,vcdu" ,vccd1:
�lruzc crop planted ,Vllh the introduclion "cw :t.l .. ·=•- . 

. • 
c u """'= 1n Group C \\IL, compared ,vith

m01Z1? plnntcd \\'1th the ,vccds but ,viu, niulch O 1. 
u· PP 1ca on 1n Group F 

ChAtt 2 sho,vs thc grophic:al prcscntotion comparing Group C and Group r The chnrt
shows on incrensc in length of  leaves of mru· ,_,. 1·0 group r- ( "lh s.� w, mulch) over those in 
group C (,viU1oul mulch).

Appendices 4 nnd S sho,v dct.Uils of,nc�un:mcnts of length of leaves for Groups C und r, 

respccthcl:,: 

Appendix 4 sbo,vs lhnt length of lcavcs of mni1c pl1111tcd ,vith "cwcdu" but v,ilhoul mulch 

in  Group C increased steadily up to a 1nc:w1 length of27 Jeni .tel .6 by du) 28.
,\ppcodix S sho,vs that length of !coves of mai7.c in Group r planted with "cY.c:du" ond 

mulched also sho\\cd steady incrcoso but much more thnn group C lly doy 28 Group I· 

mn1zc show'Cd mean length of lco,·cs of 44.2em ¼. 2. IS. 

The incrc:isc in lengU1 of leaves of Group I' over control Group C y,-ns significant (P " 

0.01) from day 6 (Group C mcrut wus 6. lem "'0.44, ond Group f me:in ,ws R 1cm :1:

0.53) 

Tables IO and 11 sho,v length of shoots for Groups C ond F rcspc:cth·cly.

Table 10 sho,vs that length of shoots of maize plnntc<l ,vith "C"-cdu" but wubolll mulch in

Group C incn:ascd steadily up to a mean length of9.0cm :i:0.18 by day 28.

Table 11 shOY.'S that length of shoob of maize in Group f' plnntcd with "c\\cdu .. .111<l

mulched ll1so sbo,vcd steady incrca.'IC bul much more than group C Dy dny 28 Group I ·

maize sho,\i::d mean length of shoob of I 5.4cm :1: 0.23.

Th · · 1 th r h ,. f Group F over wn\rOI Group C \\-U.S siBJ1iliau11 from
C Ulcn:o.se JO c:ng O S OQ.., 0 

-'- b I ... h of I Scm :t: 0 OS for Group C and I .lien,± O.Oll
u.sy <! (P < 0.01) ,vith mean s 001 c:no� · 

for Group F. 

. ul f th t t of  �inniliconc:c for the length of lc:1,c, nod lcni;th
Append,� 6 sho,vs the res t o c c::. � .,... 

of &hoots for both groups C and F 
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Length of Leaves (cm) 

I so 1 
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I 
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3S 
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Mulch) 
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Chart 2: Graph comparing the Lerigth or leaves or M31Ie planted with "ewcdu' 

weeds (with Mulch and without Mulch) 
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ro.blc 10: Lcnbrth of shoots of maize planted ,vith "c\\edu" (,vccds) in Group c (,Yithoul 
mulch) 

POT I POT2 
DAY Sht I Sht2 Sht I S1112 

(cm) (cm) <cm) lcm)
1.0 0.8 0.9 0.8 

-

4 1.5 1.5 1.4 1.4 
6 2.0 2.1 1.9 1.9 

8 2.8 2.9 2.6 2.7 
10 3.5 3.5 3.4. 3.5 

..
-� -

12 5.1 5.0 4.8 4.9 
14 6.0 6.0 5.8 6.0 
16 6.4 63 6.2 6.5 
18 7.0 7.0 6.8 7.1 
20 7.S 7.4 7.3 7.S
22 7.8 7.8 7.6 7.8 

' 2-1 8.2 8.2 8.0 8.1 
26 8.4 8.S 8.3 8.4
28 8.9 9.0 8.8 8.8 

POT3 
Sht I Siu 2 

. 

lcm\ {cm) 

1.0 0.9 
-

1.4 J.4 -1.8 1.9 
2.6 2.7 
).3 3.S
4.8 s.o 

5.9 6.0 
6.4 6.4 
7.1 7.0 
7.6 7.4 
7.9 7.8 
8.2 8.3 
8.4 8.6 
9.1 9.2 

• 

71 

._ P9J4 
-

Shi I 

(cm\ 

1.0 
1.5 

-- - - - -

1.9 
2.8 
3.6 
5.1 
6. I
6.S
7.1
1.S

7.9 
8.3 
8.S
9.0 

Sht2 
tc1n) 

0.9 
--

LS 
2.0 
2.8 
3.6 
5.1 
6.2 
6.6 
7.2 
7.6 
8.0 
8.4 
8.7 
9.3 

Mc.in Stnndard 
Length dcviotion 

0.9 0.08 
I.S 0.05 
1.9 0.09 
2.7 0.11 
3.5 0.01 

--

5.0 0.13 
6.0 0.12 
6.4 0.13 
7.0 0.12 
7.4 0.10 
7.8 0.12 
8.2 0.13 
8.S 0.13 
9.0 _ 0.18 
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r11blc 11: Length of shool� of muizc planted ,,;u1 "<:wct.lu" then covered wilb fwUicr 

mulch in Group I •  

POT I POT2 POT3 POT4 
-

�lean Standard 
DAY Sbt I Sbt2 Sht I Sht2 Sl11 I Siu 2 Sht I Shi 2 Length deviation 

(cm) (en,) (cm) (cm) (cm) (cm) �'!11 C"!l
3 0.9 1.0 l.O 0.9 0.8 0.8 I. I 0.9 0.9 0.10 
4 I.S 1.6 l.7 1.6 1.5 1.6 1.7 1.6 1.6 0.08 
6 2.4 2.S 2.6 2.5 2.3 2.4 2.7 2.4 2,5 0.13 
8 3.8 4.0 4.2 4.0 3.9 4.0 4.4 4.2 4.1 0.19 
10 6.6 7.0 7.4 7.2 6.8 7.2 7.5 7.3 7. I 0.31 
12 8.0 8.2 8.S 8.2 8.1 8.4 8.S 8.4 8.3 0.19 
14 9.1 9.3 9.4 9.3 9.1 9.4 9.4 9.4 9.3 0.13 
16 9.6 9.8 9.9 9.8 9.6 9.7 10.0 9.8 9.8 0.14 
18 10.4 10.6 10.7 10.6 10.4 10,S 10.9 10.7 10.6 0.17 
20 10.8 I 1.0 I I. I 11.0 10.9 10.9 11.4 11.2 I 1.0 0.19 
22 11.5 11.7 11.7 11.6 I l.S 11.S 11.8 I 1.7 11.6 0.12 

'24 12.3 12.4 12.4 12.3 12.3 12.4 12.6 12.S 12.4 0.10 
--

14.0 13.9 13.9 14 2 14.0 14.0 0.11 26 13.9 14.0 14.) 
28 15.2 15.4 I 5.5 IS.4 15.2 I 5.1 15.8 15.6 15.4 0.23 

,, 
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-t.7 [ffcct of "£"·cdu" "ccd� on l\1111,c cru11 \\ ithoul l\1ukh Application 

�lru,c crop plnnlcd ,vtth the introduction "c\\cdu" ,vct.·,l\ in Uruup c; \\!15 computed w11h 

nu1i1c plnntcd ,v1lhout lhc "�"\.'U� in Group A 111 order to dclcnnlnc 1hu eflcct or the weed, 

introduction on the gmwU1 of mo11� crop without n1ulch 11pphc11tion 

l'ublcs IS nnd 18 ,huv. length t1f lca,·c, lor liruupi A lllld C rc•,pcclivc:ly ,,bile 1 uhh:� H

1111d 10 �ho\\ length llf shoot!I for Group•. A 1111J C n: ,pccthcl)'. 

RC5ults fru1n U1c:sc t.1hlc:.. showed Uiut Group \ m1111c without "ewcdu" weeds hnd longer 

lcnsth oflc;l\c:1 ond lcnlllh ol'shtltlt!I thun C,ruup C. ha\11111! "c:\\cJu" Y.1:cds introiluccd. 

The incn:asc in length of lc11vc, \\11.\ .11,1111icw,t (I' < 0.01) fruru dny K (C,roup ( mc:M 

wu.., H.Scn1 :t: 0.52, und Group,\ mQI\ \\u., IUJc111 .l 1,0-1). 1110 intrl!il.,t an length ol 

W>Ot "� also :.ignilicnnt lr-0111 J.iy 4 (I' 0.01) ,vith 111c1111 1h1X11 lcniitJ1 or 1.5·1a1n .t

0.0S for Group \ und 1.45cm ' 0.0S for Group C 

Thi, result sho,,-s thnt U1c ,vecds slo,,-cd do,vn the rote of ivowlh of the mai1c crop. 

Jl 
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l'obh: 12: I est of Signilicn.ncc; Ellcct of"t:w"'\lu" \\cc:(I� uu l'vl11i,� (Oroup /\ 111ni,c 
\\ithuut "uwc<lu" ,vcc<I�. Group C 11111i1.c ,,ith "cwcdu'' ,,c'--<ls) 

Tc,t Group N Doy �lean 

I c:ngih of 1\ 8 II 10 2Scm 

Lc:.:i,� C 8 8 11.SJcrn
• ---

lc:nglhof ,, II .. I S41:n1 
I Shoal� C 8 1.i I •I Scn1 

• 
SD 

LOI 
-

0.S2
-

0.052 . 
- .

0.0'1,I 

or 

14 

14 

I 

. 
4.2115 

1 3.32<-, 

p. 
vnluc 
0.001 

o.oos

ltc:rnllll. 

Slgnlficunt 
Ill r< 0.01 
- -

SlgnlOcunt 
nt p ... o.o I 
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.t.8 f(Tcctivcn�, or 1\1 ulch \pplil'ntlon un \Vcctl ( onlrul 

The opplicauon of fcuU1cr n1ukh to cunlrul the l!f011 th of "c11cJu" 11't4:tls )ho1100 to111I

pro1llnl1on of I\CCO gm,vth Piute 33 c11111p.trL'O yroup II pols h11vi1111 'c11L-<lu" plnntcd 

3lonc \\ithoul 1nulch untl group I• fllll!\ lmving "c11ctl111 pluntcd nlonc 1111J then with 111111th 

oprll1:<1llon. Uy Juy 18 rclUlt:-. �ho1 1L-d no growth ol ·c11cJu" o�rvcd 111 l'mup I! pol� 

with n1ulch \\hilc there 11n, 11n111th uf"c11L-du" in group n pol• 11i1tinu1 111111th 

funhcm1orc, li.,r the 'cl\cJu .. 11cctls pl,u11cd 111111111.J the nHii,c crops, pl1 11c 34 compa11:d 

11roup C flOL\ "ithout 11111kh shuwin� g111wth of 'c\\L-du" 11hllc In iruup I )1011 with 

n1ulth there \\US 1cn1 gro11th ot "c11cJu" on tiny 2H. 

In C\Cf) pot IL1ving "c11cd11" pl,111tcd either ulonc or 01110111111111i1c crups tho.1111ukh tolllll) 

prc1cn1cd the gro11th ol "..:11L'tlu" 

J 
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GROUPC 
GROUPF 

(Maize Group D Group E (Maize Group B planted (Maite ·Ewedu. planted Group A 
"Ewedu" 

w,th pl.inted planted whh Maize planted "Ewedu" alone ;alone "Ewedu· planted 
alone} without with alone 

Mulch) mulch) 

Plate 16: Six 1roup1 of PoLS on day 4 

76 
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(Maize Malle 

·ewedu• planted planted 

planted w,th with 

alone) "Ewedu" "Ewedu" 
without covered 
Mulch) with Mulch) 

Plate 17· Malle development •nd ·ewt!du" on day 4 

n 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



GROUPC 

(Mal1e Malle 
pbnted planted (Maize With w,th planted "Ewedu "Ewedu* alone) without covered 
Mulch) with Mulch) 

Pli>te 18. Comparing growth of Maize crops on day 6 

78 
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Maize 

(Malie with planted 
"Ewedu" With 
without ·'Ewedu"
multh) with Mulch) 

Plate 19; Effect or Mulch application on growth 
ol Malit crop (day 10) 

79 

I 

... 
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GROUPF 

(Malui 

planted 

with 

"Ewedu· 
without 
mulch) 

("Ewedu" 
pl1ntl!d 

1lone 

without 
Mulch) 

Pia ti! 20. Comparing growth of "Ewedu· weeds {day 10)

80 
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GROUP C 
GROUPF 

(Malte M�lze 
planted 

with 
plonttd 

with 
"Ewedu" "Ewedu" 
without with Multh) 
Multh) 

Plate 21 Effect of Multh oppllc.itlon on M,1lze crops (day 121 

81 
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T:ible 13: Length of shoots ofwE"'�u ""1.� plnmed alone io Group B

DAY POT 1 I POT2 POTJ POT4 �1can St;uvhni Shoot Shoot Shoot 
I 
Shoot shoot d�i:uion 

(cm) (cm) (cm) (cm) length 

(cm) 6 0.4 0.4 O.J I 0 .4 0.38 0.0S 8 0.9 0.9 . 0.8 0.9 0.88 0.0S 
10 l.5 1.4 1.4 I.S 1.4S 0.06 
12 2.2 2.3 2.3 2.2 2.25 0.06 
14 2.8 2.8 2:8 2.9 2.83 0.0S 
16 3.2 3.3 3.0 3.2 3. 18 0.13
18 4.0 4.1 3.9 4 I 4.03 0.10 
20 4.5 4.6 4.5 4.5 4.53 0.05 
22 S. I S.2 5.0 s.o 5.08 0.10 
24 5.8 S.8 S.7 S.8 S.18 0.05 
26 6.3 6.-1 6.-4 6.S 6.40 0.08 
28 6.8 6.8 6.7 6.8 6.78 I o.os

82 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



T:lble 14· Length of shoots of"E1,1,'Cdu� plnnt.cd among 1n3izc in Group c

I DAY POTl POT2 POT3 POT4 , �1ean I S LMd.ord
Shoot Shoot Shoot Shoot shoot deviarion 
(cm) (cm) (cm) (cm} length 

fem) 
6 ! 0.4 0.4 0.3 I 0.4 0.38 0.058 0.6 0.6 0.5 0.7 0.6 l 0.08 10 1.1 ! I.I 1.0 I.I 1.1 0.0S
12 1.6 1.6 1.5 ' 1.7 1.6 0.08 
14 2.1 2.2 2.0 2.2 2.13 0.10 
16 2.7 2.7 2.8 2.9 2.78 0.10 
18 3.2 3.3 3.1 3.3 3.23 0.10 
20 3.8 4.0 3.8' 3.9 3.88 0.09 
22 4.3 4.4 4.3 4.4 4.35 0.06 
24 4.8 4.9 4.9 5.0 .t.9 0.08 
26 5.2 5.2 S.2 S4 S.25 0.10

28 5.7 5.8 5.7 6.0 5.S ! 0.14
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GROUPC 

(M.ai1e with 
·Ewedu"

GROUP A 
(Maize 
alone 

(Maitt 
alo�with 

Mulch} 

Plate 22: Compartna Maize crops In four groups 
on day 14 
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I 

GROUPC GROUPA GROUP F 
(Maltewlth (Maize (Matte (Mahe with 

"Ewedu" alone alone w,th •Ewedu•
without without Mulch) wtth Mulch) 
Mulch) Mulch) 

Plate 23: Comparing Malte crops In (our groups on day 28 
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GROUPB 
1·Ewedu• 
planted 
alone) 

• 

GROUPC 
("Ewedu" 
planted 

Plate 24 AsSeSSlnB the ellediVcness of the

mulch on weed conuol (day 6)
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GROUPF 

(Malte with 

•Ewedu"

covered

with mulch) 

GROUPE 
(•Ewedu" 
planttd 

,1lonc with 
Mulch) 

Plate 25 Mulch application showing total \Vctd 

control on day 14 
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("Ewedu" 
planted 

alone wllh 

Mulch} 

Plate 26: Effect of Mulch application on total

Weed control on day 14
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GROUPE 

("Ewedu" 

planted 
alone with 

Mulch) 

GROUPB 
("Ev.�u· 
planted 
;iJone 

without 
Mulch) 

Plate 27: Mulch appllatlon showing total Weed 

control on day 28 
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(Maize 
planted 

with 

"Ewedu• 
Wllh Mulch) 

(Maile 
planted with 

·Ewedu•
wilhOUl 

Mulch) 

Plate 28; Mulch application showing erfectiVe 
Weed control on day 28 
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OiAPTER ffi'E 

DISCuss10, 

S.I Gcnc111tion of \Valle Fc:itbcn.

Results showed tha.l the mean Y.-Cigbl of a broiler chitkcn \\11.5 1.8051.g \\iule for n lnycr, 11 

\\11S I 79kg and for a breeder il \\'llS 3.26kg. Tbc mcnn \\'Ci&)l1 oftbc breeder chicl.cn \\US

far !uglier lhnn the other t\\'O stocks as a n::sult of their prolonged pcnod of feating lllld 

longer life-span. Breeders OJC kept and fed for longer periods than the olhcr stocks. They 

are meant to produce quality vulhle eggs for producuon of ol!sprin@. Hence the need for 

lhem lO be kept in good nnd healthy condibon. The meao ·wei&)lt of m)'CIS \\US found to

' be slightly lower thnn thn1 of broilers as n result of the l.11blc eggs the} produce. lbcir

protein content is usually directed to laying of eggs for coosumption n11hcr than for their 
0\\1l personal gro,vth. The broilers on the other bnod ore kepi for their mc:it: hence they 

hove shorter life spnn. but grow fll)ler due 10 the bash proceinous content of their meal
In terms o f  qunnllly of fcnthers bo\\�er. thCT'C 1s more concentration on the broiler.; due

lo lhcir Lorge qunntity. Por the tv.'O Qllljor poullr} fnn11s visited. n lolll.l of over 30,000

broiler birds arc slnughccrcd dnily ond processed for their mcnL

h wns difficult 10 gel nn cxnct pcrcenwge offcalhcrs from c:ich broiler bird due 10 the low

d · 1 ·  ""t d nurrv nrul hence become
cnsny of the fe:i.thcr (0.89g/em1, Fenll1crs MC 1b'' 1111 ' 

d II)· plucked \\'l!l ,v!th \\'liter and
lfficuh to ,vcigb. Funbcnnorc. 11,e reather.1 arc iuua 

. stlmnlion of the pcrccnUlge of wustc
tbaeforc difficult t o  obUl.lll the dry \\'C1gbt. An c 

r 
. \,ilue of 11.519% wa:r Qbtru.ncd 113

,cathcr. per bird n., sho\vn i n  uiblc IO indicates n mean

b rd This is about 166g of fcnlhcrs per
l hc J)Crccntllgo by mll.Ss of fcnthcr.: per broiler 1 

. . ·1or in tenns of size. except some
broiler Most of the birds \vcrc found 10 be quile �,mi · . 

1 r Lthlcr broilers were found t o  conto1n
th.It \\CiQhcd hcnvicr lhllll olhers ·\s o rcsu 1• 1 

hi .. 1._ b llcrs. 
liU\-'T percentages of feathers tl1nn henvicr r o  

. cd houl 4,980kg per
\V fi s s1ud1cd runount 10 n 

IUlc feathers gcocrored from thuse "'0 onn . roted from 1,,-0 . This quontily wn.� gene 
da) at O 166Kg (166g) per biru for 30,000 birrls

"" I --� of lbadlln ..-vu try fnrms in one local government iu .... 
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u Cbc111lca l  Con1po�ltioo or l'oultf) t-eothcni
The chicken fc:llhers \\ere found lo conlllln levels of nulrlcn1.s useful for 50il cnrithmcnt.The 01uogcn contcnl of 14.11 �. for \\'bile feathers and J 6.46Yo for vnriegincd fcathcts Ille!ii� qUMtiUc:, thnt con be explored und converted for pl.n.nt growth. The higherp(11:cntagc of nit.rogcn in vnricgnlcd (coloured) feat.hers lhnn pl11.1n Y.h11c fc&lhcn v.11., as a �l of lhc pro1c1nous pigmcnl.� mostly melanin. present in the colon:d ft:llthci,, Themelnnln contnincd udditlonul nllrogcn content ,vilhin 11s protclll struc� Onsw oo !>Oilnutrient mting (Uponi nod Adcoyc, 2000). These nulncnt contents 111C luah cnou&h to
suppl)' rnlrogen nuLrilion lo lhc lcsl crop.

Phosphorus content of feathers ,vns foW1d to be 0.18% for "bile Wld 0.13''- for colourod
fc:uhcrs. Potnss,wn contenl \\'llS 0.6'Yo for \\bile Md 0.831/o for coloured fealhcrs. Using
the soil nutrient roting shO\\'O in Tnblc 6, the phospboru, IIIld powsiUID contenb or
fc.;ubcrs \\'CfC found to be high enough for soil nmcndnu:m. 
After processing the wnste feathers into mulching films some of lhc nuuicnt con1cn1s, 
�culnrly the high rulrogco, pbospbOIUS o.n.d poll!.SsiUID, Y.ill be a,-;illablc for pUllll

gro""th in lhe soil o.nd ,viii easily be rclC35Cd ioto ihc soil ,villuo monllu as lhc fc.:llhas 
be · dwil purposcs of "'0Cd controli:nidually degrade 111c film \\-ould therefore sesvmg 

llod soil enrichment.

SJ Errccth cncss or 11'cuthcr l\1ulcbiug Flint 
L1 b. . film in \\1:Cd conLrol \\11$ �- > The effectiveness of the \\11SLC fcnthcr mulching 

1 ..... "� d ds of corchonu o ltorrw a.s u"' using seed, of mn.11.c o.s the sample: crop nn ,cc 
. lcl . • lilm "hic.h pn:,-cntcJ . h pots with the: mu uns The m.uit,.C showed incn:uscd gro,vlb IO I C 

G th -nonU'f-h. film ro" ,---·-···lhout mule 1ng 1 the v.ccd 111owth. moro thnn tho pot, \\"I 

�I w,:nicnt� \\ctt 1.,u.c:11 o'"cr o
d I , lb o( 5hOOl'I, • COS me.tslllcd were length of ICllvcs ru1 ens 

Ptriod or lv.cnty eight dny1 

d ·'11h n111lch npplklllll•ll 'll"'"�..i a
.... 1 ,lone nn w S;,.;ciliC.lllly, the mni,.c crops plunu;u 1 

.,0 n,c n1cnn kn&lh \\,1."

0 OS) till d1I) • .  
•l1111lfrc.an1 lncrcu�c In lcn11lh uf lcil\i:!> (Jl · 

• ol �S.b(n\ :tl.b lur t:J"UP
lie 1111111 ng;1hisl II in�:111 

27 llcrn l 2 2 ror uniup ,..,111111111ld1 upp • 
1 ., ,.., Ibis :,ho\\ thnt theo 

I 11ht1II ,, ,ne, 
1 1111 in�rc11�c o Without tnukh 11pplh:atl1111 1"11I 1 \\ii

')1 
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ciakh oppliaitiori provided addit1onal nutricot for soil o:u:ic:hmcnt ,,tiich helped in lhc�wtll of rnau.c lca\ics. 

�WI£ crops p lanted ,,ith �cv.cdu" and thco ""11.h mulch application also sllo\\-cd 311jl)CfCaSC ll1 length of lcnvcs. The inc:n:ase Ul lcni,lh of lc:a,'\'.S v.-a.s significant u, < 0.01)&om day 6 (Group C mcnn wu.., 6.lc:m t 0.44 .,..ithout mulch. Qll(} Group F mcu \\a,I.Ian-: 0.53 ,vith mulch). This increase ,,;:is about 62% o,c:r mau..e crop v.ithou.t mulch
application. This brge incn:asc ,,'3S possibly due to the mulch proviiling addition.al
IIU1rient for soil enrichmenL Also, llic "ew�luft competed for soil nulrienl\ \\ith the
m:,.izc ns they were both gro,Ying together 

Tom ,vas an increase of 13.6o/o (p< 0.01) in length of tcu,1:3 of m:iiz.c containing
·�tdu" seeds over I.he mai1,C planted alone ,vithout �C\,"Cdu� 5CCds (Groups r nnd D
n:speclively). Since both groups had mulch oppliaition. this increase ID length of leaves
wa.s possibly due to the n::lcasc of cxua outricnLS into the soil from the decomposed

"ew«lu" seeds tluit were mulched.

f.. cd "obsavcd from "C\,cdu" A 17.91% reduction in the gro,,'th oflcngth ofshootso c,, u 

planted o.looe o.nd those plnntcd among mou.c \\'I\S due to soil nulricnl compclilion. '"'.ere 
. nil conllllnlng mulch oppllC411on.was u:ro gro,vili of .. c\\-cdu" (10Ull "·ccd conuol) ID pot.s 

. ..� .. b . the feather mulch. This shows I 00% reduction 10 ,,,ccd groww > 
_,.r. r tb . . .· tljQffletcr of 14cun, hcnco the �w,acc o c Thi, project mnde use of plll!lllO pol.!! hu, ing 

T 1 0(lllldc of 14cm d1omc1cr per pol. ",: " JOil needed 10 be covered ,vith mulching lilm 
11 ulching film from lhc \\'DSIC fc::ithcrs. ,c m Pols \\-Cre covered ,vith mulclung film mnd.o 

• 'lllcnt 10 nbout S8%
6 f \\11SlC feather cqul\ made for twelve pots required ubout 9 g O 

. [ii . •nougb 10 mulch 24 • . . lit)' of ,nulching I m ,s c 
<111..lnltly of fc.ubcr from one bird. nus quo.o 

� 1 N·r pot). This comes t (8 of \\'DStC ,rot JCT .,-secdlin� of mru7e crop 01 2 seedling) p,:.r po 8 
. .,1 ·1bis shows that . mulch one lnn11.c �ecu 11111 to obout 4g of ,vnstc feather requircd t o  
1 of \\'tlSte f�1hcr thereby

·u ust O lnrge nmoun Pmducing enough fllm for o formlwul "1 

f fi lnnd ,vill lhcrcforc require • 
... One hcclDI'C O rum reducing the \\'llSlc burden of the fc.au,crs. . lh ,vnsic feathers gcncrotcd 

ulch it /\t this rote. c about S.19S tonnes of,vnste feother 10 m . 
(4 95 tonnes • opproXl.llllllely S

fi I Estnlc. lb:idnn
This 

rom the t\\o pouJ•rv forms in Oluyo c 
becuuc of fnrmlnnd -, 

.. h mulch for one tonnes per dt1y) co.n be used to produce cnoulY' 
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mukh prc1,a.rutio11 ,vi II �crvu us l ., • II h C,luY f1.'tiJ)ic111 or ull

11-�sic 1nJu\lrics.
Wll\lc fonthcr11 �tnc:nalcd tinily 111 

tolh1111ng succes�l\11 ,vccd conirol 11 • ' icrc ,� nu need lo I • 
,.,ii bc.:.tu�c ii ,viii conlinuc lo Ltn1d II 

1:111uvc lhc n1UlthlnK Olm from the
llll )' dcGn1dc: lntu the II I 

Olhcr nulricnl conlcnl or fculhcr k . . 

llCI re cui,lnl! the n1uugcn lltld 
cmhn HIio tho 110H 11 

cnridu11c111 ror �ub!,cqucnt plnnli 11 l 

. ICM nu1nc11t, will adJ lo .tOll

' • 
IIIJ, I , 111nkcs the 111ulcl1111s Oln, u14:ru1

rwPO\CS or \\'Ced contrul. ,1111cnnchrnc1111111d ww.1. Ii I 

fur llucc 
c cat ,er rruumgcrncrll 

�-1 l'ubllc 1 lc.illh Sl�nlncnntl' 

ibe lar\;e quantities of "'u.slc lcuthcrs gcncrutcd tl4Jly could hAvc pnd--' 

dum . 

• "" up DI open
rs11� \\here ll1cy could hn\e negative health DOd I I 

\\hich arc. 
cwnom c mpllc:411ons amoo& 

I 

2. 

3. 

4. 

s. 

6. 

7. 

Environmental degradation by tho aolid wL,lo feather, 
,\ir pollution orising from odour of d1:c11yiog .... ei fclllhcn rni:1tcd ,.;11, 

blood 

Vector prohremuon due lo 0Yllilabili1y or large or�suc "llSte tor the 

VCICIOCS 

locl'C!ISOO conLa.mirullion of underground ·waltr due to pucolmloo of 

le.u:balc into the ground 

Increased possibilhi� of blocking of dnlino&C::S by the 901id "-au fcamct'I

lncrcllSc.:d po sibilily of flooding du.: to blocking of dnliaoscs DDd 

Economic lo� Olri!ting fwm unnoc� C-'pcndil\ll'CS on "'tilC collection

ond U'tlllSportation. 

All 1bcsc will result in poor htllllth condition) of midents lll'Ound the dumpsito tluoU&h

'la.or-borne di.sca5cs, \\'titer borne disco5d onll uir-bomc: JiSC35C5- Thb \\ill awo IQ.110

lllOtc economic loss 1n cos I oftJcJlmcnl5 IU\d lo�s of 11\411,'lllbour houn due ID IU-lt.llth. 

On 
the other hand, the use of rroccs.� \\'t\5t<' fc:ithcn for \\l'\.'1 control mll1 rnr 

�1ncn1 tw l!J'dll ruhlic hcullh v11luc uf prc,-c111i11g the hc:allh h:inlN' hstcJ DN\-C

Ind 11 lhc me time helping 1n\\11nU P(hlc,hlll Ill<: �hllcnnluni tll..-.ct.;pi)Clll l 1'

O,U>oi} Qf reducing hunger an1I hl(ft':Ulnt, tbOd fll'"llKtlon. lfll(l('1'1� 11\3-trn� and

� ht.Ju, and "'hlc�lnu cnvfronn1cnt.,I 1\1,tnin:ihlht) • 
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CRAl''rl!lt SIX 

CONCLUSION AND IU:COl\ll\lENDATION�

6.1 CONCLUSION 

Fron, lhc results of this Jll'OJccl, the findings huvc sho,\n thnl 111wu,scmcnt or wu.,tc
re:ilhers should no longer be o burden 10 poulll)' industries. A� 0 mn1ter or foa1, reaihers
should no longer be con$tdercd ns ",vostc" but rc)Ource mo1cn11I which could be u!l<:d for
soil nutrient cnriebmcnL The objcct.ivc of lhu1 project v.hich includo:s the �mcnt of
the QIIJOunt of ,vnslo fcotl,cr gcoerotcd hos revealed thlll pouhry industries do genc:rulc:
about S tones of rc-usoblc ,,·nstc feathers. R�ults from this study lwvc oho sbown WIii
thctc is o sUSllliooblc method of converting lhc useful nutrient content of lhc feathers into

ll�ful products such ns the mulching film. TI1e mulching film bns been shown to be 

efficient in the conlIOI of ,vccd gro,vu, nnd \hereby cnhnncing crop dcvclopmcnL 

SlllCC lhc economic values of poultry fculbcrs bnvc been mode csUlbl.Wied. consequently 

\\-.i,ste feather generation can be n1onitorcd ond belier mllllllgcd. 

6.2 IlECO��lENDATIONS 
V · �n•<>cm.cnt am n:sult into wealth llllous other projects have revealed that proper ,vastc 01--

cn:uion from \\'llStcs. 1111s study h11S l1lso sho,vn tbnt pouluy \\"llSIC fco1hcrs Cl10 be

I I ., TI we of \\.ulC: fcolhc:rs 10 Rcncntcanploycd for the conv�ion of"\Va.stc to \Vent 1 ,c 

V.ealth can be SU!llllincd for tho following rea.c.(lru: 

I fi 1h being gcncrutcd daily.· There is a I urge quantily of v.11Slc ea e.rs 

, ·uogeo in lhc \\.istc fcnthcrs- The 11vailabili1y of cbc;ip source of ofl!All10 111 

. . the resource coolcnl of tllc \\UStc3• There is a sustainnblt: means of con,c:rtuig 

s 

feathers into mulc.hu,g film 
f rop dcvclopmc:ul 

1 l1n<I enhancement o c 
The efficiency of 1be film 10 "-ced contro 

h:is bcc:n !-hown. . pl'O\'C rood 5('CUTlt) ,n \be
n,duction anJ 10 ant 

There is the need to incrc.a.sc crop P 

. d lopmcnt i;onls.
country in meeting the millcnn1un1 C\C 
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11 is hoped that future ,,ork can further cxplon: the u.sc of chtapcr sources of phutici,.crlb.in gl)·ccrol in ordcr to druslicnlly reduce co�t of producing the mulching film and Lo
m,,J.c il:i production n,orc protiutblc. l'innlly, there ls need for Ocld vnlidauon of lhc
!tSlllts obuunc<l in U1is ,vork. 
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Al'PENDICES

APPENDIX I· Tobie of Lcnglh oflcnvcs of mai1..e plontcd lllonc m Group A

POT I POT2 
DAY Lfl Lf2 Lfl-Lf2 

(cm) (cm) (cm) (cm)
4 S.5 3.6 5.6 3.4 
6 7.S 4.8 7.2 4.4 
8 11.0 9.0 10.9 9.0 
10 14.0 13.0 14.J 12.8

-- -

12 16.2 14.4 16.0 14.S
+- ·- -

14 19.0 16.S 19.1 16.3
16 22.0 17.8 22.2 17.S
18 25.4 22.0 26.0 21.7 
20 26.8 24.3 27.4 24.0 

. 22 28.6 25.S 29.0 25.0
24 32.0 28.6 32.1 28.2 
26 33.2 32.0 33.S 31.6
28 36.4 34.6 36.8 35.0 

PQIJ
JlOT4

Lfl Lf2 Lfl Lf2 
(cn1) (cl1}2_ (cm) (cm)
s.s J.3 5.4 3.6 
7.8 4.5 7.3 4.4 

11.2 9.1 11.0 10.8 
14.0 12.9 14.0 13.1 

- --

IS.8 14.3 16.3 14.3 
-- ,-. --- , -18.8 16.0 19.3 16 I 

22.0 17.2 23.0 17.2 
25.8 21.8 26.1 21.7 
27.1 24.0 27.2 24.0 
28.6 25.2 28.9 25.2 

32.3 28.4 32.6 28.2 
33.8 31.S 34.0 31.7
37.0 34.7 37.8 35.2 

. 

�lean � 
Stnndnrd

Lensth Jevi11lion 

-4.S , 1.08 
6.0 -

• 

10.3 
13.5 
I S.2 

· - -

17.6 
19.9 
23.8 
25.6 
27 

30.3 

32.7 
JS.9 

. -1.58 
1.01 
0.62 
0.92 - -

1.52 
2.63 
2.16 
1.64 

----

1.91 
2.01 
1.06 
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APPENDIX 2: Length of leaves of maiu: pl11J1tcd nlone .,.,;th lift•th lch . G ..... er mu 1n roup D

POT l POT2 POT3 POT4 :-.-fcan Slllndnrd 

Length deVU1Uon 
DAY Lf I Lf2 Lfl Lf2 Lfl Lf2 Lfl Lf2 

<cm) <cm) (cm) Ccm) <cm) (cm) (cm) Ccm\ I
4 5.5 3.5 5.5 '.l.4 5.6 3.6 5.6 3.8 4.6 1.06 
6 7.5 5.6 7 .. 2 5.5 7.6 5.8 7.8 5.8 6.5 1.06 
8 12.2 9.3 12.0 9.3 12.0 9.6 12.3 10.9 I 1.0 1.36 10 16.0 12.5 16.1 12.8 15.9 12.8 16.0 12.2 14.3 1.84 
12 18.4 15.0 18.5 15.4 18.3 14.9 18.8 14.4 16.7 1.93 
14 20.3 17.6 20.4 18.0 19.9 17.7 20.5 1 7 .5 19.0 1.4 . . - - -; 16 23.4 19.2 23.4 19.4 23.0 19.8 23.6 19.0 21.4 2.1 S 

! 18 25.5 22.0 25.8 22.2 25.4 22.5 26.1 21.9 23.9 1.9 
20 29.7 25.6 29.6 25.8 29.8 26.0 30.0 25.6 27.8 2.2 

22 33.0 28.2 32.8 28.5 33.0 28.8 33.4 29.0 30.8 2.4 

24 36.3 31.6 36.0 32.2 36.1 33.0 35.9 32.7 34.2 2.0 
. 26 38.8 33.2 38.2 35.0 38.4 36.5 38.3 35.8 36.8 2.0 
. 28 

-

40.5 35.8 41.0 36.4 40.2 38.4 41.0 37.5 38.9 2.1 
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APPENDIX 3 · Test of Signilicance: Effect or Mulch on Maize planted nlone (Group A

111U10ut Mulch, Group D \Vlth �tulch) 

Test Group N Day Mean so Df I p. Remark 

value 

Lcngthof A 8 8 3.113cm 0.083 14 -4.194 0.001 Signific::int 
. 

Shoots D 8 8 3.288cm 0.083 0.1 P< 0.01 

Length of ,\ 8 20 25.Gcm 1.641 14 -2.256 0.041 Si gni.ficant 

Lt.aves D 8 20 27.763cm 2.158 nt P<0.05 
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APPENDIX 4 • Length of leaves of maize planted 'th .. \\1 cwcdu" (v.---'·) · G (llilhout mulch) .,._. Lil roup C 

POT 1 POT2 POTJ POT4 l\.1ean I SUUJdard I 
DAY Lfl Lf2 Lfl Lf2 Lf I Lf2 Lfl Lf2 Lcnglh · deviation 

(cm) (cm) (cm) (cm) (cm) (cm) (cm) (cm)
� 5.5 3.5 5.5 3.6 5.5 3 .. 5 5.4 3.6 4.7 1.02 
6 6.5 5.5 6.4 5.8 6.5 5.6 

- ·  
6.4 S.7 6.1 0.44 

8 9.0 8.0 8.9 8.1 9.0 7.9 9.1 8.2 8.5 0.52 
10 13.0 11.2 12.9 11.0 13.4 10.8 13.2 11.0 12.1 1.15 
12 14.S 12.0 14.0 12.3 14.4 12.0 14.1 12.4 13.2 113 -· . -

14 I 6.5 14.6 16.2 15.0 16.3 14.8 16.0 14 9 15.5 0.78 
16 18.2 16.4 18.0 16.9 18.3 16.6 17.9 I 6.8 17.4 0.79 
18 19.l 18.0 19.2 18.2 19.6 18.3 19.0 18.4 18.7 0.57 

20 21.5 19.4 21.8 19.5 22.0 19.5 21.2 19.7 20.6 I.IS

n 23.2 20.8 23.4 21.0 23.8 21.2 23.0 21.4 22.2 1.24 

24 26.0 22.3 26.4 22.7 27.0 22.6 26.1 22.9 24.5 2.0 
-

26 27.1 23.5 27.8 23.9 28.2 23.8 27.4 24.0 2.5.7 2.07 

28 28.8 25.7 28.6 26.0 29.4 25.8 28.2 25.8 27.3 1.6 
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APPP.-:DIX 5: Length of lc:i,l.'S of m:lit.c pla.ntcd with.. cal � thco
Cllch in Group P 

C\li u cmcn:d with fc:alhcr

POT I POT2 
. PO'I 3 I POl 4 Mam Simdff'1 

DAY Lfl Lf2 Lf I Lf2 Lf 1 Lf2 'Lfl Lf2 �gth � 

' (cn1) (cm) (tm) {tm) (cn1) {cm) (cm) (cm)

I� S.6 3.5  S.5 3.5 S.5 3.4 s.s 3.6 4.S 1.08 
6 8.S 7.6 8.6 7.5 8.5 7.4 8.6 7.8 8.1 O.S3 

I 15.2 14.0 lS.O 13.8 IS. I 13.6 lS.4 14.0 14.S 0.73 
10 19.0 17.6 18.8 17.2 18.9 17.2 19.4 17,8 18.2 0.88 

112 
. . 

21.4 20.0 21.1 19.3 21.0 19.2 21.8 20.0 20.S 0.98 

, 14 27.6 24.4 27.0 241 28.0 24.3 28.4 25.1 26.1 . 1.80 
I 16 30.2 28.4 29.7 28.0 30.8 28.6 31.0 29.0 29.S 1.13 
18 32.3 31.0 32.0 30.8 33.S 31.2 33.9 31.7 32.1 1.14 
20 34.4 32.7 34.2 32.3 3S.O 32.2 35.8 32.7 33.7 1.37 

22 38.2 3S.5 37.8 35.S 38.8 33.8 39.0 34.0 36.6 2.13 

24 42.0 38.S 41.6 3 8 8 42.3 37.2 42.9 38.2 40.2 2.23 

26 43.2 40.0 43.1 40.4 44.0 39.8 44.9 40.0 42.0 2.0S 

12g 45.S 42.2 45.2 42.8 46.6 41.9 47.0 42.0 44.2 2.IS 
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\1'1'1:NI >IX <>: I\: ,1 of Sl1111i ht .1ni;c: I I le�, ur �lulch t1n �lni,c pl.,ntcd 'With "cwi:du"
wt,."' (Onn1p C \\"ithn11l �lulch, lnuup I ,,ith �lukh)

-
T� (1n1u11 N 1>.iy l\.ll·nn l>J 

I 
I I'• l<trrwk 

\'lhic, 

l.fflt\h uf (' R (1 ,, o,nn ll•l3k I ·I •II 2•12 "1)()0 �runlOUUII -
tu,a I II Cl 11.llacrn II 5 1-1 1111• 001 -

-
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- -
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