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ABSTRACT

Manngement of waste featheys in Nigeria is of grcat cootern due 1o large quantities
genontal daily. For wastance, in Ibsdan over 30,000 binls are slaughteted daily by two
poultry industries geuerating large quantity of featbers. These feathers continoe to cnd up
in Jandfills and opco dumpsites polluting the cnviroumen. Feathers contain 91% {ibrous
protcin which is very difbeult to degade natunilly due to oumerous cross-linkages in the
structure. lnformation on gracessing wasic feathers for cohancing ciop growth fas not
been well documented. This stwly was therefoic aioed at assessing the cffeet of
processcd waste feathers on weed grewth and crop cnbancement.

The study design vvas experisnental and laboraiory based, using ninizc 7.5 1est crop.  Waste
chicken feathers obtained from a poultry industry were washod, air-dricd, ground into
bits, theo annlysed for pitrogen, phosphorus and potassiuci contemis. Eighty grams
feather-bits were mixed with 27g of glycerol plasticiscr w 65°C 1o obtain a paste, then
pressed for ten minutes into flaltcocd organic mulciv Twenly-four 14cm diansetcr pots of
1.5 liters capacitly were obtaincd and divided into six groups of four repllcates cach in o
completely sondomized denignn  Groups A, D, C, wen: controls and D, E. I, were
experimcntul groups. One kilogtaminc sicved soi] was placed in each pol. Maizc sceds
were planted 10 groups A and D, seexds of Corchoruy olitorius (“"Ewetu™) being uscd ng
weeds, wero planted in gioups 3 aod B, whilc Maize and “cwedu™ were both planied in
groups C and F. Surfaces o fthe soil m the expeninental groups were covered with feather
mulch while coniro!l groups were nol mulched. All pots were sprinkled with witer daily.
Growth of weed and crop were measuncd for 28 doys using {lexible mcaswing tapc. Dato

were analysod using descniplive statistics and student t-test.

About 4980Kg of feathers sc gencrated daily from [wu industeies (0.166Kg or 8.52% by
mass per chickcn). Feathers contained 14.1% niltogen, 0.2% phosphoius and 0.6%
polassium. Mcan Jength of maize shoots in group D (mulched) shuwed signilicant
increase (p< 0.01) on dny B at 3.3 £0.1cm against 3.1 20.Jcm for contio] group A. while
mcon Jeogth of leaves showed signif cani increase (p< 0.05) on day 20 at 27.8 #2.2cn
over control at 25.6 £1.6cm. Mean length of maize shoolal planted with weed 10 gioup T
showrd signilicent incrcasc (p< 0.01) on dsy 4 ot 1.6 10. lcm over control group C at 1.5
I
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+0.1cm, ond signifieant increase (p< 0.01) in mesn length of leoves on day 6 a1 8.1
+0.5cm ogainst 6.1 £0.4cm forcontiol There was 2€10 weed growth by day 28 in gfoups
E and F with mulch ogaiast control groups B and C showing 6.78 20.1cm and 5.8 £0.lcm
repectively as mean leogth of shoots of weeds. The mulch tofally contiollcd weed

: 4
growth by 100% and jncreased growlh of maize shoot and lcaves by 71.1% and 61.9%%
cespeeti vely.

. 4
Orgaaic mulch mudc from processed waste feotbers was cffective in weed contre! an

L
crop enhancerment. Therefore, it con be nuselu) stratcgy for waste manggemen

KEY WORDS: Organic Mulch, Feathers, Weed control, Waste mansgement
WORD COUNT: 498
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CHAVTER ONE

INTRODUCTION

1.1 Background of Study
A “wuste™ is any matcrial resulting from domestic activitics or indusmal cpcrations for
whicb there is no economic demand and so must be disposed of (Siidbar, 2000). Al
over the world millions of tons of solid wasle arc gencrated from hwinaa activaties in both
urban and rural settlements. The burden of solid waslc macagement s of particuiar
concern in many cities of the world due to nual-urban migiaiion and globalization. For
instance, in the United Statcs alone, more than 229 mijiioa lones of solid wastes were
gencrated in 2001. This approximates 4.5kg of waste per person perday (USEPA, 2001).
Brazil gencrotes about 90 tones of solid waste doily (Wells, 1994). In Nigerio, solid
waslc gencrntion bas becn on the increase. By the twm of this century, it is estimated that
Nigerian cities will produce between 8,518 tones of municipal wastes in New Bussa and
98,081 tones in Lagos per year at the rate of 0.43kg per copita per doy (Sridbar, 1997). In
Dugbe, one of the markets in Ibadan, 1t was estimntcd that the total wastes gencrated per
year was over 827 tones (Oluwandc. 1983). The nepative impact of solid wastes on the
enviroament is on the ncrease despilc measures put in place by stakcholders in waste
management.  hdojor cilies around the country are characterized by ojxn dumps in
strotcgic locations even to the disappointing visitors. Aparl from 1he usatiractive sight
caused by solid waslcs, the increase in the incidence of vector-bome discases as a resull
of poor solid wastc manngement is o source of concem.,

The conlribution of waste feathers to the quantity of solid wastes gencrated world-wide
hns been on the increase since there is o rise in the consumption of chickens all over the
world. In the United states alone, more than 8 billion broiler chickens arc produced
ycarly (Baionc, 2004). Rough estimotes put the amount of feather wasle gencrated by the
pauluy industry in the USA between 2 and 3 billion 1b (0.9 to .4 billion Kg) per year.
Getting rid of these feathers is very difficult. They are cither bumexl, buricd, or ground up
into feathcr meal and fed to livestock. These methods of waste feathcr management ase

costly and controversial
!
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1.2 Statcment of Problem

In Nigeria. poultry chickens form major sowtes of cheap animal protein for the
population. Scveia] festive seasons celebrated almost cver) month of 1he year also make
deoand for poultty pioducts very high. In fbadan. two poulty industiies in Oluyole
csiate sloughter over 30,000 chickens per day and thcicfore gencrate large amount of
poulsy feather wastes of up to 4980kg (about S tons). In the United States, the poultry
industty discards 2 million 1ones of chicken feathers as wastes annually (Schmidt and
Baronc, 2004). 1n oddition, sevctal thousands of tones of poultry feathers are generated
annually ofter slaughteting the chickens. Chicken feather wastes contain {at, waler,
blood and soluble proteins. These poultty feathers are usuplly disposed of in landfills
whcete they constitute envitonmental problems because they are not casily biodegradable
in the soil. Although some of the wastc feathers can be outoclnved and tumed into low-
value animal feed, the rest must be disposed of and thus stili create a large waste problem
for the poultry industry. The practice of converting waste [eathers into animal feed is still
not well practiced in Nigeria and where it is praciiced, it has not been economically’
viable. Fuithcrmore. the use of wastc feathess fot making organic mukch has not yet been

wcll documented in Nigeria. Hence this siudy intends 10 ideotify a more economically
sustinable method of handling wastc fcathers.

LYOBJECTIVE
1.3.1 Broud Objective
The broad objcctive of this study is to process waste feathers into useful mulch for the

dual purpose oi controlling weed growth and cnhancing crop growth.

1.3.2 Speceific Objectives

The specific objectives are:

L. To assess the quantity of pouluy waste feathers genermted in sclecled poultry
industry in Oluyole Estale arca of Ibgdan

¥ To detctmiae some physico.chcmical composition of the waste fcathers

). To cstablish suitable and sustainablc method of convening the waste feathers into
mulching film.

2
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To measure the cfficiency of the mulching film on weed control and plant
developmcni in a greenhonse expenment using a seiccted Crop.

1.4 Siguificance of the Study

The magnitudc of solid waslc gencration in major cities in Nigaio bas reacbed an
alasung rate 1hat calls for concern Citics Jike Lagos and Ibadan generate olmost 0.5Kg
wasw/capita/day while the nutional avernge wus 0.45Kg waste/capita/day (Sridhar, 2001).
Whilc attempts are being made 1o reduce, reuse and recycle theses wastcs, the coe:mity of
wasic feathers geneated still constitutc nuisance to the cnvironment. This hos aitacied
aftention o r=s&rchers in the past 10 attempt a sustainable waste managcracat technique
for the feathers. Icnce, poultty feathers have been put  vardeus uses 0 the past.
Products like handbags, wicalls, shawts, decosations, hand fans and so on bave been
madc from poullry feathers. The demand for these products however, has oot made the
use of the feathers in these directions very visble. There iz nead to carty out further work

to achicve a more demanding product from the feuther wastes. This project intends to

convert the resource iz poultry feathers into o product which will significently reduce the

burden of agncultwral weeds and uliimately seduce the cost of food pioduction. in

* addition 10 increasing crop yicld, thereby promoting food security.

1.5 Justificalion of the Study

l'euther wastes can be trmiiaformed inlo useful matcrials such as protein-based mulching

films arc not yect in use in Nigerie Other ovailable mulching incihods include

polycthylenc mutching films, However, unlike polycthylenc mulching films which aced

to be collected ai ihe end of the growing sesson duc tu their non-degradebility, the

protcinbased films described herein will slowly degrade into (hic soil within six nionlhs
, to onc yeas before the next plannng season.  The slightly high cost of the protcin-bascd
filn\s 1s morc than olfsct by the lock of labour costs to collect it finm the [icld after the
planting scason, thus making it highly competitive with other prevailing tncthods of
mulching. As soon as water oxchanges with the plasticizer is the protein structuce, the
lilms will be cinbrittled and will begin 10 crock under cnvitonmental sicess such as wind,
rain. and mictobial acllvilies, Wlicn the ficld is tumed over lor the next planting scason,
the films will be easily broken up and incorpornted intu the soil. Proteins degiade when
cnzymes atlack them ond the cunzymes thot degrode kerotin naturally occur in the soil
3
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microorganisns. Proleins contaio 1arge amount of oitrogen and thevefore bave the added
bencfit as seniog as additional nitrogen sowrces, or fenilizer, for the sojl as thc)‘ arc
cazymatically degraded. 1t is therefore beacficial 1o invesiigate the cony crsion of feather
keratin into the mulching {iims as mecans o [ mannging the feather wastc.

|
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CHAPTER TWO

LITERATURE REVIEW

2.1 Selid Wasic in the Eavironmcent

1he environment refers 1o all exicma! factors which arc living ood noo.living matcrials
that surtound mes, These include the socinl und cconomic conditions in which man lives
(Puk. 1997). The World Health Ocganisdtion (WHO) dcfioed Health as a3 sute of
compleic physical, meatal and social well.beiog and noy just the absence of discases ot
inlinpity. Hences Eoviroomental Health could be defined as *ali the exicrual foctors that
surrounds @an. which cas maiatain his complcic physical. mental and social well-being
ood not just pscvent discase or infirmity”. This nyakes the term *Eovironmentul d lcolth’ a

better replacement for the term *Environmental Sapitation’ which mainly focuscs on

abscnce of germs.

To cosure completc health of the caviroament, WHO hns identified the following as the

mojor componenis of cnviroomental healihi

1, Woter Sourees and Quality
b, Solid Wastc Managemcot
3 llousing Quality and 1 {caiib

l'ood Sofcty ond Hygicnc
Scwage Muhsgement

4
5
6. Yccetor Contsol
A Air Pollution and Control
8

Hazasd Maongement.

The manogentent of wusic poultry feathers comes under the component of solid waste
manngement. -

Waste cao simply imply anything ‘uscless or volucless® or any substonce which is broken,
\worm-oul, contamitlcd or spoilt and is required to be dicposed of. Sridhar (2000) on'the
olher hand dclined wastc as ‘any snwanted matctial generated froin domestic activaty o
industcin] opcmutions for which theee is 10 economic dcmand and which must be
disposcy’.

5
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Wastes cao be classified as gaseous, liguid or solid waste depending on (heir physicai
state (Peavey ¢f al, 1985 Sbcuna and Kauz, 1994). Solid wastes are wastes resulling
from domestic, industrial and agriculbzal activiies which cacomgass wastes from
mumcipal and commecreial schivities as well as homogenous wastes from siimlar

industnes and institutions (Stidhar and Taiwo, 2000). Solid wastes include waste poulTy

feathers uader study in this project

Solid wasic management includes all 1he processes and stages involved in the lundling of
| solid wasies that lead to its control. So far several measures arc curreotly employcd 1n
solid waste mansgement.
Waste Generntion encompnsscs acliviuces in which matenals arc idenaficd as no longer
being of value and are cither thrown away or gathered together for disposal. In Nigeria,
municipol solid wasio is pioduced nt 0.43kg per head per doy und 60-80% of it is organic
| in nature (Sridhar, 1999). Wasic handling and scpatation 1nvolves the actvities associated
| with mmageainens of waste until they are placed in storage containers for collection.
| Handling also cncompasscs the movement of loaded containess to the point of collection.

i Scporation of wustc components is an unpotteni stcp in 1he handling and stomge of solid

wasic ol the source. This stage requires a !ot of undessiending and cooperation by those
tbat generate the solid waste. This stoge helps to scpainic thc wastes info vatious
catcgorics such as tccyclables and non.recyclobles, 10 casc subsequent stages of
mansgement

Waste Collection s tlic most diflicult and most cxpensive aspect of refuse disposal
practice. 11 can cost up 10 80% of the total cost of refuse disposal (Oluwande, 1983). 1he
process involves stozage in production preinises, collcction at intervals and transport to
disposal sitc. ‘Thesc three steps require proper 1ecsource pionning, cmployment of
approprinic lechnology und community mobilization for sustainability, Occasionally,
soinc [acilitics are used for the recovery of wuste matenals that have been separnted at the
sourcc. These include curbside collection, drop olT and buy-back centers. ‘The irmnsler of
wusies may be from the smaller collection vehicle 10 the lorger tanspoit equipment or the
subsequent triisport of the wastes usually over long distances, to a processing or disposal

: site. Waste Disposal tclers to the processes adopiced 1o cosure that the solid waste docs not

causc nwisance uny longer in human environment. Various optioas arc available for use

depending on governmcent poliey and tyJx of wanste gencrated,  Gencrally, common
6
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methods employed include Sanitary londfill in appioved dump sites, Composting,
Incincration (controllcd or open-air), Disposal in the sca, Bailing and Compression,
Pyrolysis and Pulverization
Today Lhe disposal of wastes by land filling or land spicading is the ultimaic fate of all
eolid wastes, whether they are residential wastes collected and teansported directly 1o a
landfill site, residusl materials from materials recovery focilitics (MR)Es), residue from
combustion of solid wastes, compost or other substances from various solid waste
processing (acilitics. The proportion of Nigciian houscholds who dispose refuse through
personnl aod govemment bins is 13%. The others (80%) dispose around the homes and in
placcs where it constitutes health hazands (FF.0.S., 1996). A modem sonitary land is not o
dumpsitc bul an cngincered fucility used for disposing of solid wustes on land without
creating nuisance or luzands 10 public health safety, such as the biceding of iats and
[nsects and the contamination of ground water. Some of these othicr methods are hygicnic
and cnvironmenially fiiendly while others are nol. The best option however depends on
the type of waste to be handled. There is thereforc (he nced o first determine the
composition of the waste before ascertaiaing the hest disposal method to manage such
wasle,
Wasic Charclenzation involves the detcrmitiation of the physical and chemical
composition of the wastc wilth the aim of scparutiog them according {0 similaiity in
composilion (Stidlas, 1999).
Physical Composition of wasics varics eccording (o standard of living. customs, the food
habits, climatic condilions and other fnciors. Vatialions elso occur in waste quantily and
quality with days o Ntic weck, wilth weeks of the month, and even months of the seasons.
Quantity of solid wasic produced at weckends is often more than thot of other days of the
week due 1o weckend shopping.  Quantity and quality of solid wasic also vary with (be
people in diffcrent parts of town.  Solid waste from the govenment reerved wrea (GRA)
of Ibadza comprise of about 65% gubage. while the old town arexs have their solid waste

maxfic up of over 81% lcaves (Oluwande, 1974).
Chernical Composition of wasie is niso important becouse it abows the chonica) make-up

of the wastc and helps in the sclection of the ngpropnsic dicpass] method. Westes that
are suitable for composting mre determined by their chenlical composiioa. Wastes with
nccaastry aoban-nitiogen ratio wall oake cxcellent material for composting (Ohrwunde,

1974).
?
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2.2 Solid Waste Monagement

For proper and cfficicnt waste manogement, there is nced (o adopt sanitary ond fricadly
practices which caonble c(icient monogement of our solid wasies. Various refise
managemcat methods can be giouped under various catcgorics based on the objective of
the mcthod.

Waste Tinnsfer Methods involve removal of wastes from human cnvirosment to other
cnvironment such as duinping in Uic sca or other sites, it will be noted that this method
tends to further pollute the new receiving cnvironrnent and may adveisely afTeet
biodiveisity. Wastc Burying Mlcthoeds involve hiding the waste fiom hwnap ciivironment
such os landlills ond controlled tipping. These mcthods muy be fauppropeinte if the
wastes arc non-biodegmduble or not casily biodegradable and wili remain undegraded in
the cwwth fora long time. There is vlso the problem of leachate fion buried wasics which
may cventually pollute nearby underground water.

Wastc Conversion Methods arc those involving coaversion of wastes into other useful
forms such es recycling. This is the best method emiployed for non-biodegaulable wasies.
Of ail 1hese wasic monagement calcgorics, ihe waste conversion methods that involve

waste stabilizanon and conversion are Uie best environmentally-fricndly options.

Wastc Classification: Wastes c¢an be classificd bascd on dilferent critena. When
’ considcnng the possibility of being decomposed in 1he soil, we can have biodegradable,
scmi-biodegradable and non-tiodegrodable wastes.
Biodogradablc Wastes aro wastes which can casily be degraded by microorganizms afler
disposal. They arc casily acled upon by these micube ageots unul the wasles became
stabilized in the dsposal site. Such wastes are usually organic in natute. The peviod of
degroding dcpands upon the chemical composition of the wastes and the prevaliing
physica! conditions in the disposal sitc. Examples of biodegradablc wasics and the period
of their degradability arc banana peel (2 months), noicboak pap=r (3 monihs), comic book
(6 coomths) and wool mitten (1 year) (Comell Univ. Coopemtive Extension, USA).
Sami-Biodegmiablc Wastes are wasies that can also be dcgraded by microorpentsans but
will require longer peviod of degrading into stable composition. The wasies unmlly mev
peraist for yems before being degrwial  Such wastes ususlly oorsist of bigh molccola
mass chemicals. netural polymxrs and comples compownds as reyuire OcTtain TV YIEs
A
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{for degrading, Exwnples include poultey feathets, crab shells, groundnut husks, mclon
husks, Icather, com cobs, caconut shell, hait, hooves ond nails.

Non:Biodcgradable Wustes are waslcs thul connot e degroded natumily by
microorganisms and thus will remoin in the disposaf site.  Such wastes ore usually
synthclic potymecrs, plastics, mcinls glass, nylon, rubber und bones.

Recyclable Wastes arc wastes that can bo processed and converted back to the material
oncw or to another mutenial closc 10 the original onc in composilion. Mosl non-
biodegmdable wusle muterials are best hondled by being recycled back ipto wseful

products. LExasuplcs ol recyclable wasics nml their products include peper wasies

convertible 1o newsprint and tissuc paper, cuns convertible to new cuns axl cxtiacted

olumbiuumn, mciol wastes conventible 1o iron billels, plastic wustes convetted to plastic

pellcts, wood converled 1o parlicte boards und gloss converted o new bottles,

The focus of this project is on poulliy (eatlicrs which ure classiiied as scini-biotlcgradoblc

wasles. Despile the nnimat onigin, feathers contain high moiccutar moss chemicals which

arc tightly intcr-woven in their steucture. Thetr complex structure onkes it difficult for

microorgonisms 0 casily degrade the feothicrs hence their classitication as semi-

biodegradable.

2.3 Structure of a Feather

Fealbers arc tbe covering of roultry and bitds. Poultiy feothers formn between 6-9% of the
total weight of a chicken. Feathets nre composed of about 91% proicin, B% waler and 1%
tipids. The type of pivtein in feothers is called Keratin, sulfurcontnining fibrous proiein.
The stnucture of the keeatin gives the feather its sirength end supplcness. ‘The two types
of feathcrs mos! commonly used are the contour ond down [eathers. Canlour feathers
are those found oo the backs and wings,

Plaic 1 shows the structute of o feather with the main parts whilc plates 2 ond 3 show the
contour ond down feathers. The central sicm, or mchis. of the fcather 18 coastrucied of a
thin, solid outer layer. The intetior is thick and spongier, stiffencd by iniemal ndges.
The mchis is moic commonly referred 10 as the quill. Barbs project from either side of
the rachis to rmake up tbe body of the father, or vane. Each barb has o fine network of
basbules. Inlerfocking houklcts on ihe barbules give feathers their stiffness ond
flexibility, 1t 1s e undasrmged hooklcts which allow you to run your [ingers up a spiit
vane mruf make i whole ogain

9
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The down [cathers are usually found under the contour feathers where they provide
warmilh for the bird. Thesc feathers lwve shorter quills and basbules wilhowt hooklets.
This gives the dowo [cathers a softer, Rullicr appemance,

Platc 1 shows tlic typical suuctuc of a feather.

10
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Source- National Academy of Scicnce- Notional Research Councal,
USA. 1995
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Matc 3: Coalour and Down Festhers
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2,4 Chemicat Compasition of Feathers:

Feaihers have been found 1o coniain the protein keratin as the major Iutrogen-cantaining
substacce.  Keraiin is a fibrous suctura) protein normally found in hair, nails, booves,
woo), feathers and skin. A quarter of amioo acids in kaatin are cysiane, whos abiiity to
form strong bridging (disulphide) bonds with other cys\eioe units eccounts for keratin’s
great subility. Keratin does not dissolve in cold or hot water and does not casily uadergo

proteolysis (Schrooyen., 1999). lis bers are 10-12% loager at maximum walcr content
(ahout 16% than when dry), The sulpburous smell of buming keratin is dislioctve.

Keratin may be divided into two major classes, the soft kemtins (occurring in skin and a
few other tissues) and hard kealias, forming the motciial of nails, cluwy hair, hom and
plso in feathers and scales. The hanl kcratins may in twm be funther subdivided into
structurn] types described as a-keratin, [Y-keratin, or feather keratin. Kerabns of the a and
[} types have different predominant structural maotifs in tlicir proteins. [n the formcercase,
supramolccular strucrurcs based on tho u-helix secondary structure of protein chains, and

in the latter case on the f-pleated sheet motif.

All keratins are characticrized by o high level of the sulphur-contining dinmino-acid
cystine, which acis as a cross-linking point between piotein chains (Kaimnt, 1995). This
fcature of u high-fevel of Interchain cyoss linking through cystine gives the keratins,
cspecially the hard kerntin, their charncieristics of toughness, durabllity, resistance to
degmdslion, amd desirabic mechanicel propertics, Cystino contents vary widely in the
kemtins, which asc reflected in their vuristions in mechanical properties (Kiimm, 1995).
Kcratins ace major stiuctutal proteins of all epithelial cell types and oppcar 10 ploy n
major role in wound healing. The characteristics of toughness and insolubility typical of
hard keraiins gic cdesiruble propertics in many indusirial matetinls. [n addition, keratin
materials are biodcgradoble and produced from o sustainnble resource and as such they
bave signilicaat potential for use as a substitute for oil-based polymers in many
applications such as films, {ibers ond adhesives (Schrooyen, ¢t af,, 2000). Their use in
cosmelics and personal carc applicatioas is alecady well cstablished and an extension 1o
medicals bas been proposcd

The amino acid sequence of o single polypeptide chnin. B4, from fow! feather barbs has
been determined (Schrooyen ef of.. 2000). The B4 chain was found 10 consist of 96
14
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amno ncid residues and 10 have o muleculur weight of 16200 in 1be S-carboxymcthyisted
fom. The N-terminus of this protein was an N-ocetylscrine cesidue.  The B-4 pmtc;n
contained seven S-carboxymcethylcystine residues, six of which mre located in the N-
terminal region (cesiducs 1-26), aod other onc in C terminus, The ceatrl rc@on of the
peptide choin wus tich tn hydrophobic residues. There were homologous amino sc1ds at
66 positions in the sequences of the feather kersting of fowl, emu and silver gull. The

varintion (substitulion, deletion and insestion) in sequence was found 1o be localized in
both tcnninal sections of the polypeptide chain.

The B-4 protein stctulc was predicied to contain fi-sheet structure is oy loaded 10
the eentral region (residucs 22-70). On the other hand, both teispins! regons are alomast

devoid o { secondary structure.,
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‘Cable 1: Awino Acid Compunents of Featler, Huir & Wuo

cuctal chcll’uc Analysis  [Chicken II liur Fﬂu:cp- Wool
nalysis I'cuther | _
om%ncm Folnl Nitrogen |15, 0-16.2% |15.5- 16.6% [162-169%
Wmide Nitrogen  [1.09 117 1.1-1.37
Euler [~ R.).2,9% 0-5.24% .0:1{_%&___
lﬁonmolm « IXcmc 171.2-9.5 .1 ‘3; :.4
1lydtocarbon {Alanine 2,084 3, 5.9
Fesiduc Valine R [5;5.5 9 0.5,
[ oricing 7480 PpA-83 JuraN
Isoloucine 3-6.0 748 P45
Praline 8.8-10 13-9.6 15.3-8.1 :
Acidie Wspanic >.§-1.5 1.0.8.0 F;_*i-‘l R .|
rirmiduca iOlutnic pov? 13.6-17.9 [l_J:l- 160 |
[Aromotic il’hcu)_'.lnlnninc 0.2.5.3 R36 H‘_.:_“_ =
jduo T)vaslnw R.0-2.2 R0.2-3.5 +.0-6 i
J'ln Mhnlw ".7»0,0 b""’l .J " ﬂ 2; '
Masic residue Histidine 3-0.7 06-1.1 g. q-1. :1’
LyPine 1.00.7 {938 D83
Arginine 0.5-7.5 9.10.8 %._2.! 06
Qlydioxyl-lysine i-o Y f7§ -
hiydroxy-  [Serinc 102-13____ j7-3-10. 1.2:9.
nznnlmﬂn [Mrconine Baag 6385 6.6-6.7
Sulphur- ysline 6882 144.180 (11.0:13.7
pontzining Etahionine 0.4-0.5 0.5-1.0 ps07 |

Source: Schrooyen ¢f al. (2000}
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2.5 Agents of Physical Disruption of Feathers

‘More recantly, rssearchars have explored the failure propcrues of kerating and the
modulating influcnce of the cavironment on its propertics.  As featbers are placed on
the bitds only infrequenily at moult, they should be robust enough to withstand the
ngows of their environment. It hos long been known that fenibers conlaioing the pigment
mclooin, which gives rise to black and datk brown coloumtion, suffer less wear than
adjacent, pdler ercas of feathers. Microbardness tests confzrmed that this obs=rvalion bad
a basis in diflereoess in microbardness as melanic keralin is significantly banier thaa non-
melanic keratin. Various agents that caa lead to the disiuption of 1he feather stuchurc
mntegrity.

Infestation of featheis by iasects is quitc common. Because keratin con!2ins sulphur, it s
an allraclive food item to some types of insccts. Clothing moths and damestd beetles
ore especiolly fond of keratin-containing malcnals. In llawnii, the most common type of
clothing moth is the casc msking clothes moth Tinea pelifoniciia (1). 1t is approximately
% inch long, with a slender, dusty-brownish body. Go close inspection, the moths have a
chmacleistic pattemn of three indistinet dots or the iower poition of coch wing.  Adults
bavec oo mouth pasts and cannot cat feathers. 1t is the lanvac. idcolifiabfe by the tubular
shapod cascs that it spins, which causes damage. Often picces of the feather that the larva

i s feeding on aorc inclined in the cose so 11t cases are similar in colour and (exturce to the
feathers. Larvac caagol live outside oftheir cases. Dermestid bectles also feed on kerotin
contining matcnals. Two of tho many beetles found in Howmi are the common carpet
bectle Anthremus scrophuiariae (L) and the varied caspet beetle Anthiremus verbases (1),
Aguoin, it is lhe Inivac which feed on and damage feathers. The larvac appear fuzzy
because of the numcious hairs which extend from their bodies. A tell-1alc fcature of the
dcrmestid beetle is that the wil hairs are longer than the dorsal, or side baisrs. Lasvoe oflen
oppenr lacger than the mature adult beetle.

Dust is anothee agent that cea disrupt the feather strueture. Dust is readily caught and
embedded 1 Uic feather stevcture. Qils on the surface of the feather can also trap and
hold dust. Dust io some indusitial arcas commonly conlains mircial patticles and
ccllulosc fibres. The ohrasive goality of the mincral component can tenr or damage
hookiets and barbulcs if dust s not removed carcfully. The sait and fibrous componcnts

iend to atiract andd hold roisture. Dclctioration is occclerated, especially in very acidic or
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alkaline eavironments. Suiface detcrioration will result in loss of the sheen and smooth
nature of fcathets.

Apother obvious couse of damage to feather swructure and fading of feather colour is
exposurc to light. Although less obvious, light may nlso causc othor types of damage. As
the cnergy contained ia light stiikes 1he feathers, it will begin to break molecular bonds.
The bseaking of these bonds resulls in colour fading or chopnge, yellowing and
embrittlement of the feabers. If the feather is exposed (o direct and intease light, damage
occurs very quickly and is immedinicly obvious. fust as dangerous is the exPoswe 10
modctate light levels over exlended pcriods of time. Light demnge s however
cumulatve and will slowly build up over the years. Although decorniions made with
feather moy bave been hanging in a dim corner of the liviag room, over the years the
doily exposwe to fow light lcvels will odd to gradual deteriotation. Usunlly the first
indication of damage is a littering ol small picees of brokea feathee baibs on the floor,
Extreme pli volucs can also domoge Uic ialcgiity of feathers. pH is the arbitrory
measurcnienl of acidity aod alkalinity. Acidic eavironment (pH 6 or lower) will cause the
grudusl chemical breakdown of the keratin Icading (o weakeaing of the feather. ‘The rate
of damagc will incecase as ternpemiure and relative bumidity increasc. Alkali (pll 8 or
higher) can olso cousc feather 1o deprade.  Alkali wall affect much more of the kertin
sttucture than aclds, which ote fnirly specillc in breaking down only the amino acid
trytophan.

Temperature und Humidity will also greatly aflect fcuthers. Below 35% relative
humidity, fenthers rapidly desiceate, They becorne quile diy nnd bniltle, and barbs will
bicak off a1 the slighizst pressure fo conditicns of prolonged high bumidity, acid
hydrolysis i1s secclaaled ead cven low quantities of acid in the feather or surrounding
enviconment will eause fcather breakdowan.

lleat acts as a catalyst in mapy chemical reactions,  Fligh temperatures will speed the
breakdown of fcathess. In general, armbicm temperotuce and doily Buciuations have fewer
ncgalive cfTects on featlsers than scasonal chonges in humidity.

Mechanica! Abrasion is one of the casicst ways (o darnage fcathers Haadling or usc of
feothers will break the delicate hooklels and borbulcs to coatour fcathers. 1t is extiemely
casy lo bend or break the quills, und 1o abrade tic surface of the feathers destroying
swface pigmenltation and iridescence. The more handling the feather neceives, the likclicr
chnnces arc that ireversible domage will occur.

18
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2.6 Treatmceots of Kcratin

All feathers are composed of the natusal biopolymer fiber keratin Harvessing this fiber in
a viable commercially aseful lorm to make valuc-added products has proven successhul at
the pilot scale level. Prototype products fortnufations include: high flow. high surfoce atr
filters, light weight insulntion mats, composites with nohol and synthene pelymers,
strong lightweight protein based construction materials, snd biodegmdable agricultural
weed control films (Schmidt and Barone, 2004).

The fealher protein, Keratin has been subjecied 10 vatious mcthods of procesung using

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

desited end-resuft and the ultimate product expecied from kertin.

Onc process for the solubilization of kcrauns is using sodiuin sulphide whereby the
cystine/cysiclne groups remain essentially unmodifieddt. The kcratins asc again cxyucted
using o mctol sulphide solution, Wreated with ao atkali meial sulphite solution, and then
acid-precipitated. The resulting protein product is described as being dispersiblc in watcer-
alcohol mixtures, and can be used for preparing films and coalicgy. The process niso
describes alicrnative processes for extructing and solubilizing {eather kesutins. including
trtesunent with mercoptocthanol-alcoliol-walcr mixtures; or treatment with alkoline
nicrcaptocihonol-nlcohol-woicr cuxtwes containing nlknli metal hydroxides. [{owevcr,
accord:ng 10 Schrooycn (31992) (he cystinc/cysicinc groups remain csecntially unmodificd,
A najor disadvantoge of solubilised keralins with cssentiolly’ unmodified cystine/cysicine
is that tiey do not allow cescarchers 10 produce kemiin-based products, in pariicular (ilms

aod coatings, with the desired mechonical propettics. [n parSeular, such films suffcr from
britticness.

The pH o1 which Uie kcrating arc solubilized is alknline, i.e. higher than pH 7.0.
Prelcrably however, solubiliation is pciformed at an slkaline pl{ thot is al leost pH 8.0,
8.5, 2.0, 9.5, bowever, more prcfcruhly the pH s at teast or higher than pH 10.0, 10.5,
11.0, 115, 12.0, or 12,5 becousc ot a pH at higher than pli 10.0 the dissociauon
equilibrium of sulphide shifls towards S, which is o stronger reducing ngent than is 1S
However, the pl{ should not be higher thon pk{ 13.5.
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The least temperature at which the keralins aic solubilized is at 20°C. ljowever,
preferably higher temperatutes are used for solubilizalion, such as a temperatuic of 30,
40, 50, 60, 70 or 80°C but preferably not higher than 100° C.

The duration of (be keratin solubilization step is primarily' chostn such (hat the desited
degrce of hydrolysstion of the solubilized keratin is obtained under the given
solubilisation conditions. Typically the solubilisation will skc between 10minutes and 24
houss. The duration of the keratin solubiisation may be further optimised for the yield of
solubi isation. Thus the skilled person will empirically optimisc the set of conditions for

keratin solubilisation in order 1o obtain at least tbe desired degree of keruiin hydiolysis

) and prefcrably the highest yicld of solubiliscd kcentin

Most of the methods mentioned thus for dates back to the laie 1960's and early 1970's
Nevertheless, in the 30 years following, these metheds hove not led to any widespread use
of the kcratln-dctived products disclosed therein. This is probnbly because the pioducts
and processcs described are not cconomically viabie-«lespitc the fact that thcy employ
waste feathers a3 a starling material-~and/or beceuse the kemiin products obtairied do not

show the properties requited for pmctical (c.g. commercial) use.

Somec of these problems arc npddressed in the thesis of one of the invientots that deseiibes
keratin-derived products obtuined by parual modilicotion (i.c., alkylation) of intact
feather kcratlns using monoiodoncctamide. monoiodoacctic ncid or monobromosuccinic
acid in concentrated aqucous urca solution and in the presence of 2-mercaptocthanol. The
Keratins wers madified to degrees of modilication varying between 25 and 87%,
calculated cn the basis of the wnount of rcnaining (ree —SII groups. This panial
modilicauon provided stablc dispersions ol essentially intact (i.c, non-hydrolysed).
pastially modified keratins, which could be uscd (o cast strong [ilms with desired thermol
and mecbanicoal propcitics. 1iowever, cxtraction and solubilisstion of csscatially intact
kerntins (or partial modification requires the usc of high concenuotions of chemicals such
a3 urca ond 2-mercaplocthanol. Thie usc of tliese chemicals a1 cxperimental scalc is
acccplablc, Flowever, their usc at large scale is not cconomically feasible because the use

of these chemicals is expensive, also in vicw of the environmental and occopattonal
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Barards associated with the use of these chemicals, requining cxpensive precsufionary
Mmeasures.

Thus, thete is still a noed for an economically viable method for the processing of karaho-
coolaining (wasic) malenals such as feathers, which can be used lo provide g range of

keratin-based products, in paticulor llms and coatings, wilbh proparties accepiablce for
practical/commercial applications.

It bos now been found that unproved keratin-based products can be obtained by a process
which involves a combination of partial degradstion, usually by mcans of hydrolysis, of
the keratin molecules and potial modification of tbe frec -Stl groups, i.c. the free —Si
groups resulting from cleavage of the disulpbide bonds . In pxmcular, the method
provides such a partially degraded and pastinlly modified product that is dispersible in
water and that can be used in o rangc of applications, including but not limited 10 those

discussed hcrein below.

[
I
HI

Thermally processing npturnl kemhin is difficult because of the permanent cross-links.
The keratin must first be reduced (i.c., covnient sulfur-sulfur bonds must be broken) to get
a soluble fractioa for Muthcr proccssing (Bonser ef ai . 2004). Therc are muany lechnlques
to reduce keratin such as acid and nlkaline hydtolysts, alkalinc sodium sulphide rentmem,
cnzymalic tieatment and ammoniwn copper bydroxide treatmient. Thesc result in S-S
reduction und peplide bond breaknge. The sulfur-sulfur reduction is an advaniage but
peptide bond break is « dissivanlage Sullitolysis with perfomuc acid and use of thiols in
concentrated utea solutions ot nlkaline pH will sclcciively reduce S-S bonds without
peptide bond breakage. The thiol technique appears 1o be the currcntly prefcrred method
beepusc the S-S bonds cen cc-formn casily alter processing. 1lowcever, reductioo 1cquires
multiple chcmical reatment sicps, sufTicicnt time for reaclion nnd subscquent processing
to climinate the cliemicals uscd for treatment. Therefore, reduction ofeven small amounts
of kcrutin 1equircs hours 10 days.

The reducing agent for solubilisation at alkaline pll may be chasen from sulphides, thiols,
boric hydride nnd phaosphines, or combinations thereof. Prefcired sulphides arc allali

mctal sulphides, such as sodium sulphide. At lower alkaline pH. e.g. at a pll lower than

10, 9.5 or 9.0, amimonium sulphide may also be uscd as reducing agent for solubilisation,
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the use of which allows to avoid a salt residue in the ipa) product Preferred thiols are
dithiothreitol, 2-mevcaptocthano] and thioglycolate and a prefesred phasphine is tri-n-
butylpbospline.

The condilions of solubilisslion, (i.c, 1the concentrations of the keraun-fibre containing
stanung molcrial, the rcducing agent(s), and buffer, and the pH, tempaatuse and dutalion
of solubilisalioo) are preferably choscn such that a satisfactoy yicld of solubilised
keratins is oblaiocd, preferably at least 10, 20, 30, 40, 50 oc 60% of the keratin in the
keratin-fibre containing starting malerial arc solubilised. The coaditions of solvbilisation
are further pre{crably chosen such that the solubilised keratin is partially Lydrolysed.

Kcratinasc isolated from Bacitlus licheniformis PWD-1 was immobilized on controllcd-
porc glass beads. The immobilized keratinase demonsttated protevlytic activitics against
both insoluble feather keratin and soluble casein. It also displayed a higher level of beat
stability and on increascd toloance townsd acidic plis compaied with the free keratunase.
During a conlinuous rcaction at S0°C, the immobilized keratinase retained 40% of the
original enzyme activity afler 7 days. The unmiobilized kcrxtinase exhibits improved

stability, thercby increasing ils potcatinl for use in numerous applications.

Corboaized chicken feather libers which can hokl vast amounts of hydtogen bave now
been made (Wool, 2007). Ciucken fenthee fibers are mostly made of keratin, a natural
proteln thal forms steong, hollow tubes. When heated, the protein creates cross links,
which strengthen its structure, and it also becomes more porous, increasing its surface
arca. 1he resuit iz carbonized chicken feather libers, which can absorb as much or
perhaps more hydiogen than carbon nanotubes or metal hydrides, two otbet matcaals
being siudicd for 1heir hydrogen storage potcntial. They are also chcap. The project goal
is to dewclop ncw low cost hydrogen storage substtates from the wasle matenal chicken
fcathers. The results show that casboanized chicken feathers have the potential to nicct the
depastment of cnvironment requitcments {or I; storage of 81 grams H; per litee in 2015
and arc conipetitive with carbon nanotubes and mcinl hydrides ot o tiny fraction of the
cost, When keralin based chicken fcatbers are heat treated by a controlled pyrolysis

proocys, hollow carbon microtubes are formed wilth nanoporous wulls, Theie specilic
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suface area wncreases up to 450w’/ by ihe formation of fractals and micropores thus
enabling more hydrogen adsotptioo than the raw, vatbreaiad feather fibers.

According to the USDA / Agnicultural Researeh Savice (ARS) (2005) scenlists have
developed a mcthod to tumn chicken featbers into plastic products with the aim of banging
technology closer 10 \he markctplace. ARS chemist Walier Schmidt developed the
technology o clean feathers and scpasaze them inlo chopped fibers and quill pieces. Now
Schmidt and fellow ARS chemist Justin Barone have devcloped and applied for a psteat
for a process 1o conven clcancd and chopped feather maierial into plastic predusts on a
loboratoty scale According 1o Schmidt and Baronc (2004), the material 1s madc on
waditional plastics processing cquipment using chopped chicken feathers and other casily
obtainahle, naturally derived materials. The feather-derived plastic can be molded just
like any othcr plastic and bas progerlies very similar 10 commoity plastics such as
polycthylenc and polypropylene. This makes the feather.dcnved plastic a unique matcnal
for packaging or any othcr applicaion wharce high sireogth and biodegradobility nre
desired. Previous research by Schmidt and Barone {2004) found that feather fiber could
be added into currently uscd plastics to moke composites. The fibas stengihen the plastic
| componenls, and reducc the weight of thie maierial. Cucrentiy, the additives and lillers
used in plastics by the automobilc industiy, for cxample, add significant weight lo car

parts, Usiog {cother fiber is o viable altcmauv'c 1o these additives.

Scalling flower pois ninde ftom {cothers insicad of pcat nioss can be purchased
commcecially. Product devclopment research may be the pre-requlsite tu linding
Increasingly vitluabic uses for Ieathess tiint ulilize a lerger fractlon of the quantity of the
rencwable featiicr fiber supply presently being gencroted. Two chatactenstics of fcather
fiber thwt make it unique are its molecular order and \s morphological oider, The fiber iy
boill highly microcrysiallinc and very durmble, i.e., resistant (o both mechanical aud
therma) stress. The best processes thot incorporate festhers inlo value-added products
alter i's micro~/macro-scopic ntorphology but prescrve much of its desiroble onginal

molecular propcrtics,

Inspired by the cmibedment of cmission specics 10 synthetic photonic crysials to display

novel optical propertics, the natural photonic ciystals within peacock fcathers are chosen
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the matrx to embed ZoO aancpasticles through an in situ appeoach, Peacock feathess
unction as the supporting substrate and provide reactive sites for lbe in situ synthesis of

'hmgonal Zn0 nanopanicles (Han, 2008). Heawin, ZnO aanoparticles exhibit
photolumiaescence in the visible range and arc supposed 1o be tailored by the peacock
feather, having potential applications in optoelecironics and optica) communications.

Film, fibre, l[oam and adhcsive materials hove been produced from soluble S-sulfonnted
keratins. Once formed. the films, (ibres, foams or adhesives are treated o modi& the
propetties of the materials, in particulnr to improve the wet stength of the caieials.
Treatments used include removal of the S-sulfonatc goup by treatment with a reduciog
pgent, treatment with an ocid or treatment with a common protein craszinking agent or
treatment with o reduced form of keratin or keratin protcin. The {ilms are made by solvent
casung a solution of S-sullonated kerutin proteins, the foam mode by freez-diying 2
F_i solution o S-sulfonated kemtin proteias and the {ibres made by extruding a solution of a

X | S-sulfonated kcvolin protein.

['cathers have also been made into Shutllecock with luminescent means. ft is one object
of the invention to provide o shuttlecock which has luminescent means that produces a
brillinnt bluish lumioescence by means of o chemical reaction. 1t Is anorher object of the
present invention to provide & shuttlecock with lumincscent mcans which has o
replaceable base that can be repisced ofler the chemical tcaction is over, Acconling 1o one
aspect of the present invention, the shultlecock comprises o hase delining a water-tight
space, a fenihees unit detachably fastened to the base, an alkaline solution filled in the
woter-tight space, and a flm-covered luminol ball disposed in the alkaline solution,
wherein the lwninol of the luminot ball is sctivated by the alkaline solution to produce o
brilliant biuish luminescence when the luminol ball is broken by an cxtemal force being
applicd to 1he base, According to anothicr aspect of 1he present invention, the feathers unit
comprises a front coupling neck and an outside annulnr groove around the pesipbery of
the front coupling neck; the base comprises a cop-like inner shell snugply receiving the
front coupling ncek of the feathers unit, the cap-like inner shell having an inside annulor

flange engaped with the outside annular groove of the front coupling neck of the [cothers

unL
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2.7 Degrading of Waste Fealher
Fensher contgins the complex Prolcin kestio which is o
found in bair, nails, hooves,

filrous stiuctural protcin also
woo), feathcrs ond sien. A guatter of amino acids in keratin
are cysteine. whose ability to form suong bridging (disulphide) bonds with other cysteine
units accounts for keratio's great stability. Keratio does oot dissolve in cold or hot water
and does ot easily uadergo proicolysis (Schrooyen, 1999). This makes it very difbeult
for feather 10 deggade hence its classification as being semi-biodegradable. However
attempis are beiog made (o make it casier for waste feathers 10 usulergo biodcgradation.
Latecf of al. (2009) has isolated 2 locs) strain of Bacillus cereus LAU 08 from a chicken-
feather disposal site in Ogbomoso, Southwest Nigeain for the production of kcrafwase (o
degrade feslher keralin. . Production of kcratinase was induced using Wric S0UKCES of
kesatin, namcly: hooves, born. and feather, at o growdh lemperature of 37 °C. In cach
case, high titers were recotded for both kerotinolytic and proteoly

enzymc aclivitics weitc obtained within 24-96 h of cultiv

tc ectivitics. Maximum

ation, depending on the kemlin
substtate used and the octivity under study. While maximum keratinolytic activities of

67.9. 63.1, and $1.7 U ml' were obtaincd using cozymes induced by hooves, hom. and
feather, respectively, proteolylic activities of 11 360, 820, und 126 U ml” werc obtaincd
using cnzymes induced by feather, hooves, and horm, respectively. The optimal conditioas
for 1he keratinolytic aclivity were deten Jined 10 be 11 7.0 and temperatuse of 30°C;

however, the enzymc displnycd more 1baty 50% activitles within the broad range of pH 7~

9 and temnperaturc of 40-70 “C_In sddition, the isolatc was oblc 10 compleicly degrode o

whola chicken feather wililin o pctiod of 7 days al reom lemperuiure (3042 °C). L.

cerous LAU 08 is thereiore a promising strain for the managcment of chicken feather

waste through biotschaological processes.

2.8 WEED MANAGEMENT

A weed (s any piaot mowiag where it i$ nol wasited, particutasly whete man is attempting
to grow something else (1sely, 1960). In esscnce. even com may be considered as weod if
it growa along o highway shoulder, yc! it is an impottont ¢Top plant. Grassisa valuablc

plant for lawns and sporls ficlds, yet it is 8 noxious weed in cultivated Saraanda (Fogg.
1945).
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y. \bare are many plants which usually grow where they are not wanied, have no

omic value and usually interfere with the production of cullivated crops or with the
Ifarc of liveswock. These planis are always conndered as weeds

ceds in general usually possess a3 number of specific attnbutes which render their

possible and conuibute 10 their ability to parsist in spite of man’s efforts (o stop

their growth. Somc of these attributes are:

1. Pagennial Uadaground Roots or Stems — weads that possess these structuwes wiill
persist from ycar 10 year even if their sced pioduction s prevented.  The
undergsound part will sprcad rapidly in all directions, sending up acrial st buds at
regular intcrvals. Fustbermote, cultivation procedures may help spread picces of such
roots fiom o limited patch over much of the field, thus greatlly cugmenting the weed
infcstation. Example is the ciceping roots of Canadian thistle (Cérsium).

2. Abundont Seed Production — many weeds are camable of producing liteially

thousands of se¢eds which are castly dispersed over o laipe cxpanse of land. Example

el pigweed (Amaranthus),

i 3. Long-l.ived Soeds — Sceds of many weeds muy retmn their vaahility in the soil for

10-50 years (Ablgien er al. 1951). [xawoples are pigweed (Amaranthus) and
primrosc (Ocnothera)

4. Rapid Growih - Weeds arc frequenty capable of growing 10 matucitly and sctting
sccd within a very shon pciiod of time (3060 days). Jlence such weeds produce
their sceds before adnquaic contro) measures can be tnken. Example 13 foxtail
(Sctaria)

S. Compclitive Ability — Many weeds can overtake and rctard crop plants even though
the latter have aad o head star  Thus weeds are oflen successful tn oulcompeting
crops for light and soil nutnents.

6. Unpa!mability o Livestock - Fiegquently weads which are success(ul are distasteful
or poisonous (o animals, or are protecied by spines ond similar struclures. They arc

thus free 10 reproduce and speead unimpeded by noimal grazing Example i
Canadian thistle (Cérsium).

‘1he adverse cflcets of weeds on crop production and ultimatcly on the cconomy is as
gienl as (he losses caused by insect injury o crops and plaut discases combined (Iscly,
1960)  Such losécs resulting from weed infecsintion are not as striking as those duc 10
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d1scascy and insecl oulbreals heoce are often taken for granted Weeds reduce crop yield
duc to their compebiive effects, bence reduce agriculural tocome. Snudics on weed
conttol in socghum showed that with @aderaie ralafsll, one weed per two linear feet of
row, teduced yicld 40 peroent (Philips, 1958). Some weeds have been found to have
higher waler requirement than crops. Example is the Cocklebun (Xayvhiunm). Some
other weeds have high mincral requireinents. Example is (he common mustatd (8- assico)

which requires iwice as much nitrogen, twice as much pbosphorus and four tames as
much potash,

Weed conirol measwes whetcby weeds are maintained at ‘moderate’ inicstation levels
cost millions of dollars every year, Much of crop cultivation would nct be occessary i
nol for weods, Chemical control incaswes, though repidly grining gounds, arc quite
expensive. The persistence of ithe herbicides and their adverse cavironmental
implications on the soil and ground water 19 slso of grest imporiance.
Apat from their effect on total crop yicld, wreds serve as hosts for insect and discasc
pesis. thereby assisting in the reduction of quality of crops by the insects and pests.
| Ccrtain weeds are poisonous to man and animats, causing hat fever and so on. Some
other weeds like the quackgrass, releasc poisoaous substances into the soil (Ouabem ¢t
af.. 1956). Wceds intetfere with telephone lines, cause obstructions o power lines; they
teduce vision on roads and reduce acstheucs environmentally. Economically, weeds lead
lo increase in the cost of agrcuiitnal labour amd cquipment.
However, some bencficial effects of weeds include the prevention of wind and water
erosion, and they provide habitotion for diveise insecls and animals.
The nccd for weed control onginated from the adverse effects of weeds on agiculture and
crop production, Wccds compete with crop plants for light, woter and soil nutricnts
thereby reducing yield of crops. The cheapest way 1o control weeds is not 10 have them
in the first plocc. Most of the weeds are introduced one way or the other through weed
secds by vorious mcans includitg ogticultural products and equipment. lHence the
avoidance of acw infesiations (rom sucb sources s the cheapest weed conrol mcasure,
To achieve this weed pcvenlion technique, sced shnuld be putchased from high quality
sced processing and storuge facilities 10 casure seed qualily, The 1LA.R.&T. groins storc
at Apalo. Ibadon, isa good example. If sceds are purchased (rom neighbourheod farmers,
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such seeds should be examined and custom-cleancd and tested for poxiows wods and
total weed seed content before planung.

Various methods available for weed contiol can be grouped as follows:

1. Mechanical Mchods - These include seed bed prepauation to reduce weed seed
populzatioas in the upper soil layer. it ts canted out by plowing and barrowing. Other
mechanical meaas are band operations such as boeing and hand removal of sutviving
weeds. This meihod involving the hand is still the widely used Worldwide in the
production of more than half the total produciion of food.

2, CulturaV Croppiog Mcthods -~ This iavolves the use of strong germinaiing sceds as
against the use of poor sceds The strong sceds will give the ciop @ vigorous head

[[ stari against the weeds and compete better for soil pulrients thasi the weeds. The use
of smother crops which prevent weeds from geiting epough air (alls under this
method.

3. Buming ~ This bas been used to destroy weeds by many people, but its oticadant
cnvironmental pollution is discouraging the meidad. The method contiibutes easily
to the green house gases which arc adversety contributing 10 global warming.

4. DBiological Mciliods — This involves ihe encowragement of cciaia pests or parusiles
of these weeds. Tuls mcthod has however prosented other challenges such as
relationship of the pest wath the plait which might also be anacked. The inttoduction
ol mulching GIm prcparcd ffon) wasie feathers as weed contliol measucre falls under
the biological control methods.

5. Chemical Methods —-This is the use of weed killer chemicats known as herbicides.
Various herhicides avpilable are classified based on their formulation. manncr of
opplication, manncr of Killing and their degree of selectivity.  Some herbicides are
poisonous o oll vegetation, hence when applied at proper dosages will provide a
complete kill. Exoamples are chlomics and borax compounds. Other herbicides aio
sclcctive in their action. ‘They are capable of killing some kinds of planis but will

lcave others relatively unharmed. Tle selective or non-scleclive naturcs of these
herbicides arc betier coasidercd quantiintively miher tan qualitatively, [For a

herbicide to act selectively is dependent on proper usc of the right dosoge,

formulation, right timing and manncr of application. The dangers of herbicide
residues on bumnn food have been the mojor concemn in the usc of herbicides us
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weed control chemicals. Also herbicide residues on forage plants which act as food
for apimals should be avoided. Animals should ot be allowed 10 @REZE in @STWTS
unless after two weeks of spraying with conmct herbicides
Plant paris intended for humao consumption should never be exposed 0 weed sprays.
The most spproptiate weed control mcthod used tbeiefore, will ultimaiely depend on the
scole of [arming, legislation guiding use of herbicides and cost of the weed control
measurc. The nim of this project is o produec a cheap weed control mulehing film from

wasic feathers and make it applicable for many crops.

2.9 MULCHING AS A MEANS OF WEED CONTROL

According 10 thc Ameciican Society for Hoiticuloual Science, in 1959 mole than 30
million acres efagricultuzal fead worldwide were covercd with plastic mulch, and thosc
oumbecis have been increasing significantly since then. With the recent trend toward
"going green”, rescarchers arc sccking eavironmentolly friendliec altemstlives to
coaventional plastic mulch.

Plastic mulch can provide caslicr crop mziurity, bigher yiclds. increased quality,
improved disease and inscet resistance, pod moie eflicicnt water and fertilizer use, bul
catries o high cost linoncially and cavironmentally when it comes © removing the
estimotcd onc million 1oas ofmulch film used intemationally caeb year.

Ngouajio ¢/ al. (2008) conticd out a study comparing black and white biodegradable
muich films in (wo thicknesscs io tredtional plastic mulch in the production of tomato.

The results of tho study showed thal Jowest soil temperotures were idenlified with the

white films. which is clso associated with the white film's higher rate of degradotion.

Breakdown of white mulch occurred early and cxposed the bed for weed growth, cresting

competition for auuicnts between woods and tomato. As the weeds grew, ihey tore the

mulch, leading 1o futther degradation. Furhermore, the weeds hosied a large insect

population that reduced the quality of the tomato. Weed control levels for both

thicknesscs of the block biodegrodable mulch were more than 90%. Black biodegradable

muich performed well in the ficld, ptoducing tomato crops siinilar to conventional mulch

during both yecars of the study.

Mulching is tie practice of placing a loosc suifacc onto the surface of soil in flower or
vegclable garden in otder 10 protect, insulote and beautily the nrea (Durham et al., 1956).
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This loose covering is called mulch and it can be either of ss organic or inorgamic
voricty. Examples of mulches include compost, stonc and grass clippings. EveT).
gacdency should wnderstand the many benefits of mulching the soil in their gatden.

Mulch is a ptrotective matenal for the soil wbich helps 10 reduce weed growth and also
keeps the soil eool and moist. The mulch can also help o preveat soil crosion thereby
helping the soil 10 sctain the much need soil nutnents. In the winter mulch helps protect
the plant from domoge due (o freczing and thawiag,

, Bencfits of Mulching include the picvention of soil erosion. Soil ctosion hepocas when
winds or walcr slowly wears away the surface of soil and remove it. Muiching your soil
will ptevent this as there is now a protective, replacesble laycr thet comes between the
surfacc of the soil and the forces of marure above it.  Another benehi is that mulching
insulales the soil in wintee The harsh tempetures of winicr can bo unkind. Mulchiog
the soil ino wintcr will insulote the soil preventing it from repcoied pattems of freezing and
tbowing ond wiil insulote plant mots. bt prevenis heaving (buckling upward) of soil in
spting. Mulch should be applicd to the soil when it bas frozen and removed in spring only
when there is no donger of fisther [rosts. Winter-ulched soil thaws out moie quickly in
the spring.
Mulching also cools down the soil in summer, A laycr of mulch in summcr protects the
soi] beneath from the extreme heots of summcer and reduces the need for constont
watcring i.c. watcs reicniion is impsoved. Mulching belps ogainst soil compaction. The
laycr of mulch acls as a bufter or extin lnycr belween cntities thal can couse compaction
on the soil below ¢.g. pecople, cquipment. and heavy rins. Mulch applied to the plant bed
can make it Jook moie complete and altsactive. This vancs from mulch 10 mulch as somce
gre mote pttractive ond ontural looking than ofhcrs,
Onc of the more usefu] benclits of mulchiog i3 in weed prevenlion. While the mulch itself
will not stop weeds from gemninating, it sceves to act 85 a barricr between the weeds and
the outside world above, When a sveed reaches the mulch Inycr it will not be able to break
above it and it will eventually dic back, Somc mulches perform this weed preventjon
feature beiwer thon others. Depth of mulch is nleo a eontributing factor. Carc should be
taken however when selecting mulches as some mulches like grass clippiogs and stzaw
may actually contain weed sccds, Finally, o Jaycr of mutch rcducces the chances of fruit
and vegelables getting dirty from splashces from the soil below,
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The technique of applying mulch bas been employced as a means of weed control over the
ycars. Maony diflcrent materinls can make good mulches. I'or weed contiol and moisture
reicntion, the type of mulch used depends on thie cost and the need 10 replenish the mulch
over ime. llcnce the foctors to be considered in the choice of the type of mulch to be
selecied arc:

1. Sall il suitubility - Some mulches fike bark nwlch snd pine needle mulch can effcct
tsc pi! valuc of soil so they arc best uscd on soils containing acid-loving plopts

. 2. Rcmnvnl in spring - Cetdain mulches need to be removed in spring because they can
F smother cnicrging plonts. Exarnplces include stonc mulch and bark chips
3. Cost - Is cost a limting loctor in your choice of mulches? If so you can {ind your
] muich for free if you choose certnin types. If you keep a comypost heap then you will
have compost for mulching. Other ficc mulches (if you iave the sources) are pinc
ncedles and grass clippings.

4. Appearaocc - If onc carcs about how the bed wiil ook when the mulch is opplicd
then appearasce becomes an importont factor. %ach mulch adds a diffcrent look and
dcpending on the design of your gmden you imay wani to choose a mulch thot matches
itin colour nnd tcxture,

5. Penctration by walcr and air - Somic mulches arc better at nllowing watcr and air to
pass through them Wan othcrs. Thts may be important depending on a plant’s wotcring
requircrnents.

6. Addition of nultricnis (o the 20il - Qrganic mulches add outrients back into the soil
when they decompose. The nuttient types and their amnounts added back into the soil
depend on ili» mulch and it varies quitc o bit Uswsg compost as a mulch guaranters

plenty o nutrients for your plants,

A Muk:t, can cither be ozganic or inoigunic in narure
Orgaaic Mulch: This type of mulch once used 0 be living matcrial and as such will

decompose over time. Duiing their decomposition vital nutrients will be added back into
your soil. However you moy want to avoid using organic muiches if ynu have radent

problems. Some common organic mulches are:
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. Wood Chips and Bark

Wood chips and bask arc among the mulches most comtnonly used in landscaping,
Woods such ns ccdar, cypress, and pine are popular because they are durable, look good,
ond smell yreat- Larger pieces af woad or bark don't break Jown us quickly as shredded
wood niches: hut may float away in henvy rain. Shredded mulch is eapecially useful on
slopes ar paths. beeauso it doosn't cagily waslt away, Wood chip and hack mulchea can b
purchased ot ganien centers and sometimes it cin be obuined free of charge. Roud
workers genemlly shad the overhanging bmnches they remove lrom roodsides info
coarse mulch, aud often they will give the mulch awny. ‘There ia nlways soiris poasibility
thot the otiginal trees were diseased, hut many gondences have vsed this {ro¢ mulch for
vears with no difficulties.

2. Slraw

Because if's ot very omamental, suaw is best used in vegewbic gardens or over newly
scoded lavwns. It works well in vegetable gondens becovse it improves the soil as it decoys,
and makes wulking around the ganlen casier in the mcantime. Stmw is rlso a good
malerial) lo usc as winter mulch for perennials S+ caseful not to use hay or staw that
contains 100 rsuch weed soed or there will be a ganlen full of weeds in the spang. It
sbould be applicd (0 a depth of 6 - 8 inches.

3. Pioe Ncedlex
A two-inch lsyer of pine noodies makes oxcellent. aitmactive muleh for acid-loving trecs

and shyubs It is cheap, looks gren: and allows water o pass through freely o the soil
below. jt decomposes quite slowly bowever nod should be applied © a depthof | - IS
ioches.

4. Cocoa Bezo !fulls

Many gardcmers use cocoa baan hulls as a mulch. They are a beautiful color and bave an
sxctve (ragmxs. Howove, coam bean mulch ahould be avoided if pets erc allowed in
the mrem. 1t coqiaios theobrammnioe, which is highly wxic to dogs und cats. Meny dogs ere
srtrected (0 cacat bean hulls, and the result can be deadly

S. Comapast or Shredded leaves

These e excellen types of mulch for pardens texmese they add outricats i the el @

they bk down Thwy're also remhly available. Afee the iuvew decorngeise, dig them
iﬂ,hnlmduﬂnmhmoowv Orxes clipyiregs cn b 2l M yomr lewh OF wnoid
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ta mulch vegetable or flower gondens. lowever. onc shouldn't usc clippings from Jawns
that were treated with herbicides.
6. Ncwspaper - Provides great weed control and ls rendily yvallable, [ is ndvisable

apply another type of mulch on top ta kecp the newspaper in place.

Inorgunic Mulch

Inorganic mulchts are fucrt mnaterlols (hot have not originated  from [lving materlal,
Sometimes inorgaic and organic nmulchey are used in conjunctlon with one anuthc. For
cxample a geolextile (anorganic mulch) may be covercd nnd licld in place by Lk chips
(organic mulch). Some contmon inorganic nulclies are:

1. Rocks/Stone - looks great and pruvides geeat insulntlon. If renavol in spring is a
factor 1n your cholce of mulch avoid using stone. Degrodes very, very slowly.
Landscape rocks mie available in mooy sizes, ahapce andd colors. )Rocks don't do
anything for the so0il nuniyonally, but o onc- or two-tiich layer will help suppress
woeds. Rocks are hard to get 17d of once you have them, so thcy arc best used for
pormaoent planlings. Rocks rcflect solar sudintion and can create a hot landseape
dining the summer months. They look good in desert or xeriscnpe gardens.  Should
be applied to a depth of 2 - 4 inches

2. TPlastic - Does nol deccompase so it does not add anything inlo the s0il. Acts as a
great weed contiol and i3 easily laid. Must be perforated to allow water 10 pase
through, . Black plastic does a good job of warming soil up in the spring, so you can
get an early start on planting tomntoes and other vegewhles 1hst [ike warm soil.
Apply in a thicknexsof | - 6 mm.

3. Geotextile/Lomiscape Fabric - Expaxsive blankct-like synthetic 1iber that provides
preat wecd control and allows for watr ponctation.  Matonals woven of G,
plastic or pep st avuilablo at gardan centers and ofien types of mulch wsed by
profesiocasllandsapax, These materials arc toated ©© remst doamposyuan. but
wnlike black plastic. Ibc (abrics allow water and air 1o move through them
Landaspe Eabvic ocods to be @acmed down with pins 30 it will not be paadied up by
peainaial weods, You will wam o cover the fateic with a fow inches of another
mulching mwtrrial sueh a8 wood chips, both 10 hide the falvic and Cecnmee M i
poesibie for eccds © sfrout VP on WP of e (abrit. { arde P forunc 1§ best e fow

ey purenenens Slardings becatse 1 0 More 5Tl b trasiplast plants hat s
"
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gowing in fabric. Almost always used in conjunction with a cover mulch (e-g. bark
chips). Apply in a single layer.

The muich lo be produccd from waste {eathers in this pioject is organic in nature and
hence will possess the vistues of organic mulch which includes iofuston of nutiients wnto
the soil apart fiom weed conirol and prevention of soil erosion. Nuwients 1a the soil must
reach cortain level for the soil to be coasidered suitable enough 10 suppart plant growth,
Particulorly the nitrogen, phosphorus and potassium levels in the soil can be corsidered as

l low, medium or high according lo the soil autrient ratio (Uponi and Adeoye, 20C0).
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Table 2: Soil Nutrient rating

iNutricnl Low value Mcdium P{igh

N <0.10% [:10-0.15% pO.IS%

EP k10ppm 10-20ppm |>20ppm |

K <0.15meg/ 100g soil Fs-o.zs P0.25moq/100g sa !
Source: Uponi and Adeoye, 2000
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CHAPTER THREE

METHODOLOGY

3.0 I'rojcct Design

This project work is cxperimental in paturc and laboratory-basad, with six Ucatinents of
four replicales coch asranged in a completely randomized design. It was inended o be
corticd out first on o loboratory scale o determine the cilicicncy of the mulching Gim
produced {rom waste feather in weed control and impioved erop yicid. This loboratosy
scalc will be used 10 assess the faasibility of a lasge scale production and use of the wasie

feather mulching film 1n weed control and crop production.

3.1 I’rojcct Site

The Institute of Agriculture Resecarch & Training (1.A.R. &T), Apati, was sclecled as the
project sitc. This is duc to the easy avallability of the screcn house facilitics, loboratosics,
test crop seeds and closcness 10 the Zurtech Industries within the saoe local povermment

asrca.

3.2 Somplec Collection
Materiols nnd samples tequired for this project work sverc sourced fiom locations witlin

the southwest asca of Ibadan havinpg two large poultry formis that ture oul laige quaantities

of waslc feamiiers.

. Wastc Feather Collection
Waste feathers were collected from Zartech Indusines at Oluyole Irdastciol Estate,

lbadan Thc company was registered in Nigeria in 1983 as an ogriculiuzal production
establishment and began full fanm operations (starting with pouivy farming) in 1984 it is
occupying an arca of over 75 Hestares of land. Over the ycars Zottech Forms has
divessified exteasively into fishieey farming. liveslock farmming, animal feed production,
hosticulture and fosiculture, Also it hos cstsblished more fanns to cater for the increasing

dcmaads for her products. Zartech curvenlly owns and maintnins s¢veral beenches. farsns
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and direct salcs outlets aationwide. The industry is one of ibe largest poultry industries in
the Southwest of Nigeria slaughtering over 20.000 birds par day, heoce geoerating toncs
of waste feathers., The wasie feathers were collected wet and unclean as they were being
washed out of the production line a1 the slaughtes house. Piate 4 shows the collection of
wct waste feathers from Zaricch Indusuics, Oluyole estate, lhadan,

A second poulty industiy also in Oluyole Lstale, Bronco Farmms, slaughter about 10,000
birds daily and also produces cnoimous amount of waste feather. Zancch industry was
bowever selecied duc to the larger production capacity. Between these two poullry farms

alone, over 30000 birds arc slaughtered daily generating toncs of waste {eathers.

2. Soil Sample Collection:

Two 20 litse buckets full of humus (1op) soil samplc was collected Gom the aruble ficld of
jastitute of Agricultural Research and Training (ILA.R and T.}, Apaa, |badan, wsing n
sake 10 clear the suiface debris, then a shovel and hoe to pack the soil into the contniner,
The soil sample was coliected around 10.00AM before the sun wus too hot 10 prevent
excessive loss of soil humidity, Thie soil sampic collected was sieved thirough o 3mm

pore-sized sieve 10 allow easy penetration of scediing shoots and roots in the soil.

A chentical analysis was carried out on the s0il sample to determine its nulricnt starus,

naincly pitsogen, potessium and phosptiorus. This helps © determine the fertility sating
of the soil before introducing the 1es! sceds.

3. Expcrimentul Sceds Colicction

To cHcclively monitor ihe ability of the waste feathcr mulching film m conlsolling weed
growth at a taboratory scale, {1 Is Impornant (o usc u ccreal crop which germinstes qulckly
with meesurnhle shoot and leives, Moizc crop was therefote selected due 10 ils
availability and being a very common crop in the southwest of Ibadaf. Maize secds were
purchused from Grain Storage at LAR & T, Apaln, lbadan. The Downey Mildew
Resistsnce - Early Streak Resistance - Yellow (DMR.ESR-Y) sceds were pucchnsad for
use. These were sclected becausc they gertninaie Quickly with good yicld. Plate 7 shows

the seeds of DMR-IESR-Y maize used.
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4. Weed Samplc Collcticn

WS DECERETY > sele'ct & vegrtnbic © e as “woads” agiemt B paioe tost crop.  Asa
- result. socds of Corchorns alitgrixs ‘Evieda’ Sy were selowd for . Ewexhi mody
wore acicered 0 be texd &3 sty bocaose e soixis v twy and oo be pinking an the
30il surfasc & Mrgdom end also beoke (hey gerositio quiikly 10 alltre: cewy ExPXTing
and sesummmcrt. The micds wese alao parchined from e Griiss Saxege s JAR & T
Apas, adas. Plmr 8 shows the seeds of Owrthoru olitiron (CE woda™)

33 Sample Preparation

The research laboratiny of Federal Calkgy of Agrdhee within O AR & T, cammpus
way sclecied for wse due 1 svazlainly of ST Exd DrocEary o IIK TR, apyaiRs and
chemicals for use in the resenrch. Al the sutpies collasd s<or moved to the hibovmsors:
and tha seeds were prepmrod far plaating. The v fosthiws callocted ware also
subjecind 1o xromary prepazations before ose.

. Soil Preparation

Having sleved the soil sampie, a chan] analysis was catriod owt on the sample to
detcermine sonw so0ll manan manm, rancly nitrogen, phopiunn aod potassium, This
wil] help 1o (e termine the fertility soxnim of the sol) sample collocted and its suitabwlity for
the crop germination.

One kilogramme of roil w3 oamwxd intw cach of twenty fixz plastic pots ws be used to
plani the test crvp.

1.
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Platc 4: Resecarcher Collecling Waste Feathers (fom
Zartcch [ndustries, Oluyole Estate. [badan.
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3, Po1 Preparation: The experiment consists of two faclors.

Factor 1 comptised of the processed feathers (mulch) with two options Fy for “abscnt™
and F2 for *present™.

Factor 2 comprised of the crop (maize) and weed (“cwedu™) svith three options C; (maize
alonc), C; ("ewedu™ alone) and C; {maizc with “cwedu™),
The two factors and the options are presented on a 2 x 3 table (Table 3). 1ence there are

6 treasiments teplicated 4 times cach, giving a 1otal of 24 trcalmenls 1n a completcly
randomizcd design.

The 24 plastic pots with capacity of 1.5 lizes were obtaincd and divided into six groups
of four rcplicates esch. The pots had digmcter of ldcm. One kilogromme of treated soil

was measured into cach pot and the soil had a depth of about 1§.5cm inside cach pol.

The pots were labeled and sceds were planted as follows:

Group A polts were labeled as Maize alonc without mulsk

Group B pois were labcled as "1iwedu™ alone without mulch

Group C pots were Jabeled as Maize and “Ewedu™ without mulch
Group D pots were labcled as Maize alone with mulch application
Group E pots wete lubeled as “Ewedu™ alone with mulch application

Group F pots were labeled as Maize and “cwedu” with mulch application,

Groups A, 13 and C pots had the same sceds planted in them just like groups D, E and F
respectively, excepi thai groups D, I and F pots were covered with festher mulch on the
thitd day while groups A, B and C pots had no mulch applied,

l{ence, Groups A. B and C were the controls while Groups D, E and F were the test
groups
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Table 3: Prepusstion of pats into groups

& C: i+ C
(maize) (“ewedu™)* (mwize and “ewedu®)
¥y FiCh G FiG 1
(no feather mulch) Group A Group B Group C
{maize wiltbout (“cwedu” (maize and “cwedu™
mulch) without mulch) withou! mulch)
k1 FaC, FiC; €16
(with feather mulch) Group D Group E Group F
(maize wilh (Mewedu” wiih | {malze and “ewedu”
|| mulch) mulch) with mulch) |

suewedu” is Corchorus olitorius
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Plate 5: Groups A, B and C Pots (without mulch)

L P
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Plate 6: Groups D, £ 3and F Pats {with mulch
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3. Seeds Planting:

The sceds were planted inside the soil in the pots as were labeled.

Group A pots: Maizc sceds were planted alonein the group A pots. Four seeds of marze
were planted in cach pot and he seedlings were thinned to two stands per pot after
germination. This is 1o allow only healthy seedlings to giow and 10 avoid overcrowdiog.
Group B pots: "Ewedu" sceds were planted alonc in the group B pots. Duc o the vety
liny sizes of the seeds and the need to ullow equa) tealments all through. the Uny
“Ewedu" sceds were weighed on an electronic balance. Equal mass (0.96g) of “cwedu"
seeds were sprinkled on and slightly mixed wilh the soil.

Group C pots: Maize sceds were planted a3 in group A, but “ewedu” sceds were spninkled
over and mixcd slightly with the soil on thc thitd day as soon as maize germunated. All
“ewedu"” sceds were planted on Uic same day.

Plate 5 shows the pots in Gioups A. B and C after gemmination.

Group D pots: Maize sccds were plapted alonc just i2ke gioup A pots, bul the soil surface
was coveicd with feather mulch three days later as soon as the majzc genninated,

Group E pots: “ewcdu” seeds were planied alone just like in group B pots, but the soi!
surfoce was covered with feather mulch on doy three immedialely the “ewedu” seeds
were planted.

Group F pots: Maize Seeds werce planted and “ewedu” sceda sprinkled over the soil three
days iater jusl like in group C pois, but the soil surface was covered with feather mulch on
day.threc as soon as thc raaize germioated.

Platc 6 shows the pots in groups D. E and I afler gemination and mulch applicstion.
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Plate 7: Sceds of DMR-ESR-Y Maize purchased from Grains

Storage ol Institute of A gti;fal;uml R scarchand Tmining. Apaie,

fbadan.
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< B: Sceds of Corchorus olitorius (“Ewedu™)

Plot .
' ins Stomge of Instilute ol Agncultural

purchased (tos Gra
Rescarch and Tramning. Apata, 1badan.
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3.4 Processing of Wastc Feathers
1. Feather Deasity

* the density of feather fiber was determined by displacing a known

volume and weight of cthanol with an cquivalent amount of flber, This was done
according to standands of analysis of chemicals.

2. Proportion of Feather to Whole Chicken: 1t was difficult to delemiine the percentage
by weight of feathcrs in the whole bicd because the feathers arc quile light and fuily, as a
rcsult not casy to be completely collected 1ogether ond weighed dey. Hence the aversge
pereentage by weight of feathets in cach bird was detennined by comparing ih= weights
of live chickens, dead chickens (dtained of blood) ond complelely de-fi eather=dehickens.
The formulac used asc as follows:
Live Weigbt (LW) = weigbt of cach live bird
Dcad Weight (DW) = weiglit of cach dead bird after compleiciy:
drainegd of blood
Weigh!t of De-feathered Dird (WD) = weight o fcach dead bicd alier complelely
draioedt of dlood and complelcly de-feathered.
Weight of 8lood (WB) = Live Weight less Dead \Veight
WB=LW_DW
Weight of Feather (WF) = Deud Weight less Weight of De-{ eathicred
WF=DW-WD
3. Exuaction of Soluble kemlin from Fealhers: Soluble keratin was extracled from
feathers by reduction with ammoniam sulphide solution. A total of 60 g of cleasn, dry aod
chopped feathers were mixed with 1.5 liters of 0.1M hol aqueous ammonium sulphide
solution. ‘The mixtuie was stirred continuously ond maininiocd a1 60°C and siifred for
onc howr. Undissolved feathers wxie scpamoled from the dissolved keratin by filtcring
uslog a clean white cotton cloth. This gives about 59.5% keralin in 1he filtrate. After
cooling lhe filtralc was tested for protein using the Biurel lest.

3.5 I'reparation of *cather Mulchlng Film: The fcather mulching film was prepaned in

stoges as showt in the flowchartbelow:
1. Pre.Treotment Stage:  This involved washlng the fcithcrs in auld “omo™ detergent

grepared by dissolving 10 grammes of detergent in | litre of woter, The detergent sajution
“was w to remoOve races of r.l M‘d diﬂ ﬁom the woste fCﬂlhm then l)mpcr]y nm‘ng in
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waker, then air-drytng the fealhers. Plate 10 shows the washed and dricd waste feathers
ready for grinding. Aflerwurds, the fibers were takun to the mill at Aleshinloye @market

wasic recycling plant for grinding,

2. Grinding the Feothers; 1lis was very diflicult because of the {lu{Fy nature of the
fcathers which pievented good friction with the grinding equipment. The {lully fcalhers
lncked cnough britticness to be properly grinded. A thirty horse-power grinding machine
was uscd to gnnd the feather fibers into liny frogments until almost powdered stote vwas
obtaincd. Plaic 11 shows the wusic feathers being ground in the machine while platc 12

shows 1he collection of ground waste feathers.

3. Mixing Fcother with Giyccrol: ‘The mixing ralio for glycerol to feather-fibers was 1:3
by mass. 1icacc, 80g of the fcather fiber was measnied and place! in o laige crucible, and
then 27g of glycciol was added. The featber-glycerol mixivsc was properly mixed into a
paste for about 15 minutes until the fibers became stcky. The glyceio]l was to act as a

plasticizer in the oixture.

4. Making the Feather Film: Thestlicky feather-glyceral mixture was ransferred unto an
aluminum foil and sandwiched belween thic foil, then pressed into flat (ilm under heat of
an clectric [ron for aboul 10 minutes. The (iim was thep ellowed © cool 10 room
icmperatwre.  Plate 13 shows the prepared feather mulch on an aluminium f(oil being
exposed for eic drying while plate 14 shows a sample of the prepared festher mulch. The
fcarber film is 10 act 0s o muiching (lm to prevent weed growth thereby reducing
competition for nuwienis in the soil. The lilm is olso (o relcase the nuliienis in the feather
inlo the soil over time ofler the plasticizer motcrial diffuscs oul of the hydrogen bond it

formed with the feather protein.

5. Application of Mulching Film unto the Soil: Afier thirce days of planling the maijze, the
feather mulch was applied upon the soll sutface in pots of groups D, E and F. Enough
quantity of fcother fllm wis sllced out and ploccd on the soll to cover the surlace of the

s0i] alonc hut avoiding the germitated plant shoot. Plate 15 show3 the application of the

feasher mulch on the soil surface.

A8
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1.COWLECTION OF
WASTE FEATHERS

S —

e ——

B

2.WASHING OF
WASTE FEATHERS

——

l

3.AIR-DRYING OF
WASFE FEATHERS

1

4.GRINDING OF DRIED

WASTE FEATHERS

l

S.WE!IGHING OF

GRINDED FEATHERS

LY

—
6.MIXING OF
FEATHERS WITH

GLYCEROL INTO PASTE

l

———

7.AIR-BRYING OF
MULCH INTO FILM

jXe

8.SLICING OF
MULCH FiLMm

9.APPUCATION OF
MULCH FitM UNTO

SOIL SURFACE

Plate 9: Flowehart showing the stages Involved in Mulch Preparation
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Mate 10: Washed and Dried While ¥Feathers
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Plate 11: Grindiag of dried feathers in ¢ mill at

Waste recycling Plant. Alcshinloyc, tbadan
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Piste 12: Collection of ground fealhers
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Plate 13: Drepared Festher Mulch on alumintum foil
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Plate 14. Sample of Feather Mulch before applicatsion on <oil
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Plate 15: Application of feather mulch on soil surface aflcr
germination of masze crop
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3.6 Chemical Analysis for N ulrients

Analysis Was carried out on the soll sample and on the feathers to dcterminc the amounts
of various nutrienis present,

1 Total Organic Carbon: The lotal organic carbon was determincd as follows: Reagents
uscd were KaCra07, Conc H:SO4 and 0.5N FeS04.711;0. One gramrne of sample was
mcasurcd into a 500ml Erlenmenyer flask and 10ml of N KaCrO; was added. The
mixturc was swirled gently fotlowed by thc addition of a mixture of 20ml conc. H:SOq,
300ml of distilled water and 25ml of 0.5N FeSQOi. The resulting solution was titrated
against siandard KMnO, from a burelic using illumination from a bulo 'amp. A colour
change from decep green 10 putple signiticd the cod point. This was rcpeated for the
blank Thc conceniration of carbon in the sample was calculated as follows:
T'ric % organic carbon = N(T-B) x 0,390
1%

Wherc W = weight in grams of samplc

T = volume of KMnOi used intitrating the sample

B = Volume of KMaO. used ip titrating the biank

N = Nomajity of KMnO;

2. Total Kjeldahl Nitrogen: Tota!l nitrogen was delermnined using the Kjeldahl distillaiion
and 1rimctiic mcthod and the result expeessed in percentnge (%). The reagents used are.

). Boyic acid 4% solution. Dissolve 40g Boric acid in 1 litre distilled water

2. Zinc gronules
3, Sodium hydroxide solution 40%. Dissoive 400g NaOH pelleis ) distilled water,

cool and moke up to 1 litre mark with distilled water.
4. 0.2N HC. suandandized
5. Sulphuric acid, 11:SO;4 (S.G- 1.84)
6. Sodium Sulphote (anhydrous). and

7. Cupric Sulphate,
Analysis was donc by weighing 0.5¢ of the samplc into a 560ml Kjeldah) flask

Approximately 0.65g of cupric sulphote. 15g of anhydrous sodium sulphalc and 25ml of
conc ’ulphun'c ucid were addcd to the content of the flask. Tl\c ﬂnsL conients were

tligested for at beast | hour or until frothing stopped. Aller this, the sninple was cooled
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and carefully transfcrred into 8 500ml volumeuic flnsk and madeup to the mark. About
100ml of the sample was pipetic out of the 500m! flask into another Kjcldabl flask and
S0ml of 40% NaO} was added, together with [cw drops of zinc granules plus 100ml of
 distilled water 10 reduce the risk of boiling off and crackiog the flask. Ioto a 250m]
Erlenmeyer flask, 100m! of 4% bonc acid wns addcd plus 3 drops of bromocicsol green
indicator. The Kjeldab] flask was connecied to the distillation unit aad distilled 10to the
boric acid- Distillation continucd unli] Lhc solution twmced dark- red. ‘The volume of veid

(VHCI) used was recorded. The concentration of tolal nitrogen in the sampic wus
calculated as follows:;

% N=VIC] xNHCIx VT x 100x 14
Vsx 100 x w
Wheze VHC] = valume of HC] used
NHC! = normaslity of HCE used

VT =towl volume made up ofler digestion

w  =weight of samplc used
Vs = volumc of sample uscd.
3. Phospborus Content: Determiastion of total phosphorus in fonin of P20s was carried
out spacirophotometrically using the molybdovanadate mcthod according fo Standard
Mcthods (1980). Tlic reagenis used in the analysis were
1. Conc Nitrie acid
2. Perchloric acid (70-72%)

3. Molybdovanadate rcogent.

Fourty gramme (408) ol ammonium molybdotc tctrohydrate was dissolved in 250ml of
70% perchloric acid. Ammonium molyixlnoic solution was added gendually to the
mctavanadate solution wbile stiing. This was cooled and madc up to 2 litses with waler.
Standurd phospborus (P203) was preparcd by weighing 0.95888 of potassium dibydiogen
phoaphate (Kkf2P04) after oven-drywng at £0S°C for | bour into a litre volumetric flask,
dissolved in distilied woter and made up to the mark. (Yml = 0.5mg i0s). 40m] of this
solotion was pipelted into o 500ml volunictric flask ond minde up 10 the mark withs
distilled water thys giving @ 03 sonceniration of Iml = 0.04m8 205, Suiwnble

propartions of this solution were nken: Oml, S5mi, 10m), 15m), 20m), 25m}, and the

S)
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ocresponding absorbance reading taken at 400nm with liflerence absorbance values
sspectively A sample analysis was done by weighing 0.9g swnple into a 250ml
Erlenmeyer flask, 20ml conc nitric acid was added and boiled and allowed to coo] before
imm!'cning quantitatively into a litre volumetric flask and 50ml distilled wuter plus tOm!
of molybdovanadate reagent and made up to the flask. This was tcpeaied for the blank

and allowed to stand for 10 munutes before rcading absorbance at 660om. The

cooceanuation of P;Osin the sample was colculated as follows:

1 %P20s= Abs x Fx 1000 x 100
Sx1000x W

‘ Where F = P;0s fictor obtained from calibeation curve
Abs = Absorbance (Dillereace between absorbaoce reading of samplc ond

absorbance reading o fblunk)
WV = wcight of sample used

% P = Mol. Weightof Px 2
Mol. WeightofP20;

4. powssiurn Conlent:
Delennination of lotal powsssium was done using hydeolluotic nnd perchlodic ocid

digestion nccording to AOAC (Associalion of Ofiicial Analytical Clemists) methods of

analysis. Reagenlts used ip the analysis ose:
1 tydrofluotic ncid (HF) 48%

2.  Perchoric acig (HCIO,) 70-72%

31 Hydrochloric acid (11C]) 6M

Preciscly 0.5 of samplc wus placed

the sample (0 make it

crucible was tben
alid. The crucible was heated o 200-25

The cruciblc heated on a hot plate for
dissofved completely '
contents were made wp (0 tlic appropristc volume, Total powssium was then deicrmined
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CHAPTER FOUR

RESULTS

4.0 This chapicr presents the observations and rosults of the vatious analysis camicd out
on the chicken fcatbers, on the soil samplcs and also the ccsults obtained from the

grecobouse cxpenments using feather mulch and the test crops.

4.1 Characteristics of Soil uscd

i. The pH of Soil Sample: The soil sample showed a pH of 6.9. This pH was found to
suppott the growth of the potted plants.

2. Somc Nutticats io the Soil Sample: The result of tiic analysis of some required
nutrients (NPK - nitrogen, pbosphomis and powassium) in the soil sample is shown in
Table 4. The soil contained 22.4g/Kg of cacbon. 1.8g/Kg of nitrogen, 12.6mg/Kg of
phosphorus and 62.9mg/Kg of polassium.

The various amounts of ihe soil nutiients in the soil sample is considered high enough to

support the growth of the potied plaots in this work acconfing to the soil nulrient rating in

Table 2.

42 Composition of Feathers
1 Density of Feather Gbre: A density value of 8.9 x 10*%g/cm” was oblained.

2. Amoun! of some nutrients available in waste feather weic apalysed and the results
obwincd prc shown in Table 5. The percentoge of total mirogen, phosphorus and
Potasstum (NP'K) in white and variegated feathers were obtaned. Whitc Feathers were
found to contain 14.11% N, 0.18% P und 0.6% K. while the vanicgntcd feathers containcd
16.46% N, 0.13% P and 0.83% K. The higher percentage of nitrogen in the varicgatled
(coluured) fearhers (16.46% agninst 14,11% in while feathers) was probably due 10 lie

prescnce of the proteinous colour piginent mclanin, which contains additional plirogen.
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4: Charnctenstics of soil usex in the exponmens

————

Soil Nutrien P\moum ipsoll |
bt_{m_ic Carbon 22 4g/Kp 1

Tatal Kjeldahl Nivogen '!s 8e/Kg
F’ﬁhﬂm ‘12.6018’ Kg

I

Potassium [624mg/kg

il .
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le S: Available Nutrients in wasic feathers

Some I\iuuicnls in feather |Amount found in ‘Anmuul found in

‘While Fethers  Variegated
Feathers
Total Kjednh] Nitrogen % [14.1) 116.46
Total Phosphorus % 18 a3
{2 ! o
F’olnssium % 06 0.83
4 e
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4.3 Average Weight of Chicken:

By taking the live weights of ten samples of three species of chickens, result shows the
average weights to be 1.805Kg, 1.79Kg and 3.26Kg for Broilers, Layers and Bieeders
species respectively as scen on table 6. These live weights show the variatioo in the maoss

of live chickens based on their species. Avcrage Live Weipht of breeders was found 10 be

the hiphest (3.26Kg) compared to broilers (average of 1.805Kg) and layers (average of
1.79Kg).

4.4 Percentage by Mass of Feathers per Chicken:

Tuble 7 shows the rcsults obtnincd for the detcrmination of peicentage by mass of
feathers per chicken. Duc 10 the light weight and fluffiness of the feathers, ii was diflicult
10 obtetin and weigh all {cathers from each bird. An estimation of the mass of {cathers was
made by comparing the live weipght with dead weipht (Jess blood) and the weight of
defeathered bird (less blood and feathers). The result shoswed that on the aversge, each
bird contained about (1.166Kg (8.52%) of feathcts when compared with the total body

Mass.
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Table 6: Average Weight of Chicken

1Ehicktm Samplc I[lroilcr (Xg) 'ﬁ,nyer(kg)

Brecder (Kg)
[ 2.02 ~|res 3.2
F 1.69 - res ?.6
8 1.34 145 0.5
'p 1.37 1.55 3.9
i.s 2.05 1.85 E.o
5 .88 2.10 P-S
f 1.92 1.68 ?.4
ts D10 P 05 _tu |
3 t.74 2.05 B2
10 1,97 ies B3 |
t.\_!cnn Weight  [1.805 1.79 _E‘_jﬁ__
[Standard 27 023 .53
chvintion 2 r

6)
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Table 7: Percentage by Moss of Fealhiers per Chicken
(Weights in Kg)

gblckcn \l\--‘f? cod Weight [Weightof  |Blood  [Weight of#eby Mass
nmpie Veight  |(Less Biood) Dcfeathered (WD =  [Fenther of Feather
W)  (owW) KLess Blood & [LW-DW) (WF =
E’culbcr) DW-WD)

= [ WD) "__Iﬁ : £
1 1.69 1.65 1.50 'LJ.M 0,15 R B8%
R 1.85 1.80 .64 005 1016 865% |
] 240 1203 L85 007 018  837%
4 197 g 1,76 006 0I5 T61%
E 2.05 R.00 1.83 005 017  8.29%

1.76 1.71 1.55 .05 016  [9.09%
n 1.92 1.88 1.71 004  D.i7 8 85\
8 1.88 1:83 1.67 00s  0.16 8.51%
) 1.75 1.70 .55 005 1S BSTR_
[I(o pos bm 1.85 006 BT RATH
Umn 1.905  [1.853 1.691 bos2 D0.166 [3.519%
Volue 1
Standard 005 .14 43 p.ol .01
Deviation _ ,
(4
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4.5 Lffect of Mulch Application un Malze crop witliout
Maizc ctop planted ulonc (withoul “cyvedu™ w

was compared with Group D having Mulch

“Ewctdu” weels:

ceds) and no mulch upplicalion in Group A
application.

Chart 1 shows the graphical Prescutalion comparing the length of leayes in Groups A and
Group D. The chart shows an increase in length of lcaves of maize in group D (with
mulch) over thosc in group A (without tnulch).

Appendices 1 and 2 show dctails of measurements of length of leaves for Groups A nnd D
respectively,

Agpendix 1 shows Length of lcaves of maize plantcd alone but without muteh in Group A
increascd steadily up to o mean length of 35.9cm 41.21 by day 28.

Appendix 2 shows the lenglh of leavcs of maize in Group D planted nlone und mulched
also showed steady increase but much motc than group A. By Jay 28 Gioup D maize
showed mcan length of leaves of 38.9cm+ 2.1. The inercasc in length of leaves of Group
D over control Group A was signilicant (P < 0.05) by day 20. Group A mecan was 25.6cm
#1.6. and Group D mcan was 27.8cm + 2.2).

Tables 8 and 9 show lcngth of shoots for Groups A and D respectively.,

Table 8 shows length of shoots of maize planted aloac but without mulch in Group A
Inowased steadily up to a mean length of 12.7am £0.21 by duy 28-

Toble 9 shows the Icngth o shoots of mauize in Gioup D plantcd alonc and mulched also
showed stendy increasc but much more than group A. By day 28 Group D maize showed
mean Jength of shogts of 14.4cm £ 0,35.

The increase in length of shoots of Group D over control Group A was significant from
day 8 (P < 6.01) with mcan shoot tength of 3.1cm # 0.08 for Group A ond 3 3cm £ 0.08

for Group D.

Appendix 3 shows the result of the test of significance for the length of lcaves und length

of shoots for both groups A and D
Results from |hc3¢8 mb‘;:. and char show 1hav majze with mulch had longer Jcaves and
r

1b00ta than munize without mulch.
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of Leaves (cm)
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28 - =2 Lengthof Lesve: G:p A (nO
- mulch)

—E—lengtholLlcaves GrpD

15 4 (rulzhed)

10 |

0 = —p— te—

4 8 12 16 20 24 28

Days to Maturity

(hart 1, Graphcomparing the Length of Maize Leaves (with Multh and without
Mulch)
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abic 8: Length of shoots of maize plunted alone in Group A

POT 1 rOT 2 POT 3 POT 4 Mcan | Standard

AY [ Skl (Sht2 |Shil |Shi2 |Sw1 [Shi2 |Shi1 [Sm2 |Length | deviation
(c) | (cm) |(cm) |(em) |(cm) |fcm) |(cm) |(om)

1.0 0.9 10 |08 0.8 0.9 [1.0 L0 |09 0.10
1.6 1.5 1.5 1.5 1.6 15 1.5 1.6 1.5 0.05
2.1 2.0 2.0 1.9 2.0 2.0 2.1 2.1 2.0 0.07
3.2 3.0 3. 3.0 |3. 3.1 3.2 32 31 | C.08
4.5 43 43 42 |4.5 44 |d.5 45 |44 10,12

62 [s9 |60 [60 |65 [e1 [65 [63 |62 023

1.0 6.8 70 6.9 1.4 69 1.2 70 170 0.20

79 |75 180 |75 1|83 |77 |81 (18 ‘L_ 0.28
90 |88 190 |87 |91 87 |90 |87 .89 [0.17

9.5 9.2 94 9.1 9.6 90 |96 o1 [93 0.24
108 (105 (108 |10.6 |10.9 104 [11.0 l‘OS 10.7 1022

112 (1.0 [11.1 11.2 _Ill.-t 11.0 lu$ 11.0 [11.2 0.19

(26 120 (118 |11.8 (119 [122 [116 122 (117 (119 (022

%8 127 |12.5 1128 1126 130 |124 [i2.8 [124 [127 |02l
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ablc 9- 1'ength of shoots of mmze plunted alone wils leathee mulch in Group D

POT | POT 2 pPOTY T POTA4 | Mean | Standard
Shil | Sh2 Skl |82 | ST | Sm2 Skl |St2 | Length | deviation
cm ._lcml_.E'rl_..(cm..‘.i@)__.Em, (em) l(em) |

1.0 1.1 1.0 09 108 10 [00 108 109 0.11

.6 (16 (15 |14 14 (16 e T3 tis loio
2121 |20 (20 |21 |22 [2a 20 |21 [006 |
33 (32 132 (32 33 (34 |34 (33 133 1008

45 |45 (46 |45 |46 (47 (46 45 T46 | 007
66 |68 |70 |70 172 (75 [74 |68 |70 |03t

15 |18 (78 |79 179 RO (79 78 174 Jo.1s
(78 |82 |81 (82 |83 |83 |84 |B2 82 [0.8
838 (90 [90 [82 [94 193 [94 60 190 039
98 [10.1 |102 (97 104 104 [105 ji0.0 [10.  |0.29
1104105 _110.6 |104 |109 110 [I11.1 ;104 [107 1030
1.2 (N4 (4 [1ta |06 [119 1120 112 (115 (03
126 1128 127 [12.7 129 [136 1133 |127 [128 1023
140 1142 |12 [14.2 |199 |148 (150 (142 144 [035

!

d
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46  Etfect of Mulch Application o Maize crop planie

. d with “Ewedu™ weeds:
Maize ctop planted with

. the niroduction “cwedy™ weeds in Group C wus compared with
meize plootcd with the weeds but with mulch application in Group F.

Chart 2 shows the grophical prescntation compating Group € gnd Group T, The chant
shows an increasc in lenglh of leaves of maige

in group I (wilh mukh) over those in
group C (without mulch),

Appendices 4 and 5 show dciails of measurcments of iength of lcaves for Groups C wl T
tespectively

Appendix 4 sbows thint length of Icaves of maize plantcd with “cwedu” but vwithou! mulch
in Group C increascd steadily up 1o a incan fength of 27.3em £1.6 by duy 28,

Appeodix 5 shows that length of Icaves of maize in Group F planted with “cwedu™ and
mulched also showed sicady increase but much more than group C. By day 28 Group [
tnuze showed mean length of lcaves of 44.2cm+2.15.

The increase in length of lecaves of Group I over conirol Group C was significant (P <
0,01) rom day 6 (Group C mcan was 6. lem + .44, and Group F mean was 8.lem +
0.53)

Tables 10 and 11 show length of shoots for Groups C and F respectively.

Tablc 10 shows (hat length of shoots of maize planicd with “cwedu™ but without mulch in
Group C increascd stcadily up toe mean length of 9.0cm +0.18 by day 28.

Table 11 shows that lenpth of shoots of maizc in Group F planted with *“ewcdu™ and
mulched also sbowee! sx\;ldy increase but much more than group C. By day 28 Group F
maize showed meas iength of shoots of 15 4cm 0.23. 5

The inerease in kength of shoots of Group ¥ over controf Group C was sigsulicant from
day 4 (P < 0.01) with mean shoot lcagth of 1.5cm & 005 for Group C and 1.Gem + 0.08

for Group F.

e Eh the result of the st o [ significance for the lcngth of leaves and length
Ampeadix 6 shows
of shoots for both groups C and F
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of keaves {cm)

'507— .

45 -

9 -

38

30

2 —o—Length of Leaves Gen C (no
Muich)

0 =& Length ol Leaves Grp F
(Mulched)

Chart 2: Graph somparing the Length of Leaves of Mal:e ptanted with “ewedy
weeds {with Mulch and withaut Mulch)
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nble 10: Length of shoots of maize planted with “ewedu™ (weeds) in Group C (without
l'gulch)

DAY [ Sht 1 | She2 TShe 1 [Sht '2==Shl ' I h n andar

Sht2 | Sht] | Sht2 | Length | deviation
(€m) | (cm) | (em) |(em) | (crm) | (con) | fem) | cem)

3 1.0 |o8 |09 |o8 |10 109 [10 |09 (09 0.08
4 1.5 ()38 114 |14 114 T14 Ta1s TS 1.5 0.0
: )$

6 120 20 |19 (19 [18 (19 (19 |20 119 1009
8 128 (29 (26 |27 [26 [27 [28 [28 [27 '0.l

10 |35 |35 [34 135 [33 |35 [36 [36 [35 |00l
12 |51 [s50 [4.8 149 (48 |50 [s1 [S1 (so [o.13
114 60 |60 |58 [60 [59 [60 [6) |62 |60 [0.2
16 164 |63 162 [65 [64 |64 165 |66 164 10.13
8 (70 [70 |68 [71 [70 |70 [71 |92 [70 ]0.12
20 |75 |74 (73 125 176 |74 [75 (76 |74 [0.10
122 |78 |78 176 |78 |79 [78 [79 (80 |78 10.12
29 [82 |82 (80 (81 |82 |83 |83 |84 (82 [0.13
26 |84 |85 |83 |84 |84 (86 I[85 |87 |85 013
28 |89 (90 (88 |88 |91 (92 (90 (93 {90 _JO.18

L2
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Table 11: Lcngth_of shoots of maizc planted with “ewedu” then covered with feather

POT | POT 2 POT 3 POT4 {can '
DAY |Sht | | Sh12 | Sht) | Se2 [Sht 1 [Shi2 [She1 Sht2 L'ingzh gclili‘:!?:l
{(em) | (em) |(cm) | (cm) | (cm) (cm) | (em) | (em)

09 110 10 |09 [08 [08 [1.i |09 |09 [0.0
L3 116 [E7 116 |15 [16 |17 |36 [16  |0.08
24 125 126 (25 |23 [24 [27 24 (25 1013
38 140 142 |40 [39 T[40 [ad4 [42 [41 1019
66 170 |74 |72 |68 |72 [75 [723 |71 To31
8.5

9.4

10.0

—_— ———

80 |82 |85 |82 [81 [84 B4 183 (0.9
91 [9.3 (94 [93 [9.1 [94 94 193 013
96 198 |99 [98 (9.6 |97 100 (28 [98 [0.14
104 [10.6 [10.7 [10.6 [104 [10.5 [10.9 |107 [i06 [0.1?
1108 [11.0 [11.1 [11.0 109 [109 [1i4 |112 [11.0 [0.19

115 | 117 [117 [116 [115 [115 118 |19 116 |02
124 123 [124 T124 [123 [123 |124 (126 [125 [124 |00
26 [13.9 [14.0 [141 [14.0 [139 1139 |142 |14.0 [140 |O.11
152 | 154 [15.5 [154 [152 [i5.1 |158 [156 |154 |03

n
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1.1 Effcct of “Ewedu™ weeds on Maize crup without Mulch Applicatlon

Maize crop planted with the intcoduction “ewedu®” weals in Group € was compared wih

maizc planted without the weeds in Group A in order 10 detennine Uie effect of thie weeds
initoduction on the growth of maize crop without naslch upplication,

Tobles 15 ond 18 show length of leaves for CGiruups A anid C respeciively while Tables 8
and 10 show' length of shoots for Groups A and C respectively.

Results from these tables showed that Group A maize without “cwedu™ weeds had longer
length of leaves and length ot shoots. than Group € having “ewedu™ weeds introducsd.
The increase in length of lcayes way signilicast {I* < 0.01) from day 8 (CGroup € mean
was 8.5cm + 0.52, and Group A mean was 10 Jem 4 1.04), Tho increase {n length of

shooty wus also significant from day 4 (I < 0.01) with incun shoo lenyih of 1.5%ain
0.05 for Gioup A and 1.45cm £ 0.05 for Group C.

This result shows that Uie weeds slowed down the rate of growth of the muize ciop.
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able 12: Test of Significance: Eftcct of “cwedu™ weeds on Maize (Group A 1nize
itheut Mewedu™ weeds, Group C thnize with *cwedu” weaeds)

Group | N Day_rMcnn SD DF |1« 1. Remark
value
Lengthof | A 8§ |8 11025cm 11.01 [147|4285 | 0000 | Significant
| Leaves C 8 !8 |BSIem [0S2 at I'< 0.01
(D i
Length of | A B 14 |1Sdem 10052 {14 (1326 | 0.005 |Signlficant .
Shoots C 8 14 |laSem |0.054 | at P<301
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.8 Effcctivencss of Mulch Application un Weetl Control

The application of {cuther mulch to controd the yrowth of “ewedu™ weeds showed total
pmvunlion of weed growth. Plute 33 conpand group 13 pots having *cwelu® plaated
alonc without mulch and group K pois having “cwedu” planied alone nnd then with muteh
opplicntion. By day 28 rcsults showed no growth ol “evedu” obscerved in yroup £ pots
with mulch while there wats growth af “eswedu™ in group 13 pots without ardch,
Furthermore, for the “cwedu™ weeds pluited snwng the mpize crops, plute 34 compare)
group C pots without mulch showing growth of “ewedu™ while in group I' pots wiiy
mulch there was zero growih of “cwedu' on day 28.

In every pot having “ewedu™ planted cither alone or among maize crops e mulch lotally
prevented the growthof “ewedu”,
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GROUPC | | |

GROUP F

(Maize GI'OU.D D Group £ (Malze
planted (Maize *Ewedu: ptanted
y with ) planted planted with
Ewedu alane alone “Ewedu”
without with { then
mulch) | mulched

\ & - 3 -

® C - i, =y L r
SN
¢ -

b

Plate 16: Six groups of Pols an day 4
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a—

GROUP C GROUP §
(Malre Malee
planted pianied

with . < with
® | 'E?vedu' bt “Ewedu®
>N, without - A : covered
Mulch) - P with Muich)

Plate 17: Maize development and “tEwedu® on day 4

X4
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"aaah GRCUP C

GROUP F

GROUPA ey s
(Mdize with o
planted “Ewedu” b % %
alone) without o e

',’ covered
Mulch) with Muich)

Plate 18: Comparing growth of Malze crops on day 6
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‘.;

GROUP F

GROUP C

Matze
(Malze with pianted
“Ewedu” with
without “Ewedu®
mulch) with Mulch)

Plate 19: Cffect of Mulch application on growth
of Malze crop (day 10)
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[ Vi -."-' GROUP F 1 1 . = GROUP B

(M&Ite | r . - | ('Ewedu'
planted planted
with slone
*Ewedu’ without
without sMuichi)

mulch)

Plate 20: Comparing growth of "Ewedu” weeds {day 10)
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GROUPC |§ GROUP §

{Maize Malze
planted planted
with with
“Ewedu” “Ewedu*
without with Mulch)
| Muich)

Plate 21. Effect of Mulch application on Malze crops (day 12)
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¢ 13: Length of shoots of “Ewedu “weeds planted alone i Group B

82

DAY POT1 | POT2 [POT 3 [POT4 |Memn  TSiandard
Shoot | Shoot | Shoot | Shoot [shoot | deviasion
(cm) |(cm) [(cm) |(cm) length

- . (cm)
0.4 0.4 0.3 04 |038 0.05

8 09 |09 0.8 09 |088 0.05

i0 15 |4 14 |15 135 | 006

12 22 23 23 22 |2.25 0.06

14 28 |2.8 28 |29 |28 1005

16 32 33 3.0 (3.2 318|043

18 40 4.1 39 |3l 4.0) 0.10

20 4.5 46 35 |45 153 005 |

22 5.1 52 50 S0 |5.08 0.0

24 5.8 53 5.7 538 5.78 0.05

26 6.3 6.3 6.4 6.5 6.40 0.08

28 6.8 63 67 168 |68 0.05
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ble 14: Length of shoots of “Ewndy” planied amODg maizz in Group €

IDAY  TPOT1 [POT2 | pOT3 POT4 ) Mean | Standard |
Shool | Shoot | Shoo: | Sboot |shoot | deviazion
(@) (@) |(om) |(cm) length
{am) |
5 104 104 To3™ jos4 | o38l00s
8 106 106 (05 |07 0.6 }0.08
10 1.1 1.1 10 |1 1.1 10.05
12 16 |16 |15 |17 1.6 | 0.08
14 2.1 22 120 |22 213]0.10
16 27 |27 |28 29 | 2mj0.0
18 32 133 (3¢ |33 | 3230.0
20 38 |40 [38 |39 3.88 | 0.09
22 43  [44 J43 T[ad 1.3510.06
24 48 149 J49 |50 %9008
26 52  [52 [s2 Is4 | 5250
28 57 |58 |57 160 5.8]0.14
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GROUP C
{Maize with
“Ewedu”
without

Mulch)

GROUP A GROUP D LA
(Maize (Malze (Maize with
alone { alonewith | “Ewedu
without Muich) withMuich)

Muich) “i\;
s

Plate 22: Companing Maizz crops in four groups
on day 4
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GROUP C . GROUP A GROUP D
(r\:\aize w:_th . (Maize (Malze o (Maire with
Ewedu alone atone with *Ewedu”

without without Mulch) with Muich)
Muich) Muich)

Plate 23: Comparing Maize crops In four groups on day 28
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GROUP C
GROUP B | (“Ewedy”
{“Ewedu” olanted
planted among
alone) O Maize)

™

Plate 24: Assessing the effectiveness of the
mulch o n weed control {day 6)
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GROUP E

GROUP F _ (*Ewedu®
(Malze with | planted
“Ewedy” alonc with
covered Mulch)
with muich) ‘

Plate 25: Muich application showing total Weed
control on day 14
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GROUP B

GROUP E {"Ewedu®
("Ewedu® planted
planted alonc
alonc with without
Mulch) Mulch)

Q112 26 Eifect of Mulch applikation on 101a)
Weed eontrol on day 14
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Ke

N
/

GROUP E GROULP 8

{"Ewedu” {"Ewedy”
planted planted
alone with zione
Mu](h, — --{." ~ithout b
L ™ule)

Plate 27: Muich app!ication showing total Weed
sontrolon day 28
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5
O

r:'i'l-. et 7 }'
SRR GROUP F PR GROU? C [
i (Maize ) e W] (Maize -g:!
planted planied with
with ! "twedu®
‘Ewedu” |  without
with Mulch) L Mulch)

Plate 28: Mulch applicotion showing efiective
Weesi cantrol on day 28
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CHAFTER FIVE

DISCUSSION

5.1 Generation of Waste Feathers

Results showed thatl the mean weight of a hroiler chicken was 1.805kg while for a layer, u
was 1.79kg and for a biceder it was 3.26kg. The mean weight ofihe breeder chicken was
far higher thon the other two stocks as a cesuli of their prolonged period of froding and
longer lifc-span. Breeders are kept and fed for longer periods than the oiher stocks. They
are meant 10 produce quality vrahle cggs for production of offspring. Hencee the need for
hem to be kepl in good ond heallhy condition. The mean wesght of layers wes found to
be slightly lower than that of broilers as n cesult of the tohle cggs they produce. Their
protein content is usually directed 1o tayiog of cggs for consumption rather than for their
OWD personal growth. ‘The broilets on the other oncd are kept for their meat; henee they
bave shorter Jife span. but grow faster due to the high proicinaus content of their meal-

[0 1erms of quentity of feathers however, ibere is more concentration on the beoilers due

o their Jarge quantity. For the two major poulty fomis visited. o totad of over 30,000
broiler birds arc slnughtcred deily ond processd for their meat.

b was difYicult 10 gel an cxact percentage of leathers from each broiler bird ducto the fow
' m
deosity of 1lic feather (0.89g/em’). Featbers ase light and flully end beace become

ith water and
difficutt 10 weigh, Funhennore, lie feathcss ore usually plucked wet Wi hw
n cstimotion of the pereentage of wasic
519% was abtaincd as

bercfore gifEicult 10 obtain the diy weight. A

Ly B
f&l'ths per bird as smwn in mb’c 10 lndlca‘CS a mean miuc Of

(e perccMage by mass of fcathers Per broilce bird. This 18 about 166g of foatbers per

. clar in lenins Of Size, CXcepl some
broiler, Most of the birds were found to be quite similor In

. ‘ . found (o contain
that weighed licavicr than othegs, As O icsulk Jichter bioileys wete

K :or broilcis.
Bher percentages of featbers than heovier studicd Uinountcd 10 about 4.980kg per

W tvwo {anns
83IC featbers gencrated from these Thig Quantity Wos generoted rom twe

dﬁ)’ at O-IGGKB (l668) pc' b'u,d fOl' 30,000 birds-

Puluy farms in one local govemnment 260 i
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Chemical Composition of Poultry Feathcrs

The chicken fcathers were found 10 contain levels of nuirient

" The fitogen CoOntent of 14.1 1% for whiie feathers gnd 16.46

8 useful for soil cnrichment,

o for varicguied feathers are

. | plont growth, The k;
perccntage of nitrogen in varicgatcd (coloured) feastiers than plaj ' =

result of the

‘ligh Quontities thot can be cxplored wnd converted fo
r

proteinous pigmenly moslly mclanin, Present in the colored feathers. The
miclanin conlnincd additionu) nisogen content withia its protein sincwre. Boscd oa soil

nutiicnt rating (Uponi ond Adeoyc, 2000). These nutrent contents arc high cnough to
upply milrogen nuintion o the test crop.

Phosphorus content of feathers was found to be 0,18% for wbile and 0.13% for eolourcd
feathers. Potassiun conlent was 0.6% for while and 0.83% for coloured feathers. Using
tbe soil nutricnt rating shown in Tablc 6, the phosphorus aud powssium conlents of
feathers were found to be high cnough for soil amendmens

Afer processing the waste feathers into mulching flms some of the nuuient contents,
parucularly the high nitrogen, pbospborus and pclassium, will be availabic for ploat
gowitl in the soil arvd will casily be releascd iaio the soi] withio months as the festhers

gradunlly deprmde. The film would thecfoee be serving dual purposes of wocd cantrol
30d soil ensichment.

$.3 Effcctiveness of Feather Mulching ¥ilm

The efyectiveness of the waste feather mulching film in weed conizol was assrssed by

WIng secds of maize as the sample crop ond sccds of Corchorus offforius as the weeds

The muize howed increased growll in the Pots with the mulchng [ilm which prevented

the weed growth, more thon the pols withour mulching lilm. Growth parameter»

‘ ' of @
Mmeasured were length of leaves and length of shoots, Measurcments were taken ov

PeTiod of twenty cight doys.

Specilically, the maize crops plunh:d glone ond with mulch application showed a
05) on day 20. The meon length was

significant [ teaves (b <0,
Incrense in lenglh © inean o] 25.0¢m 21,6 for group

Ation agalns! ®

4 S ic
8o 1 2.2, for group whl nulch upl"' shaut 86%. This shows that (e

: ‘ i of
Wit gyl ), upplication. This was tn 10CTERSE
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maich opplication provided additional nutrient

i i : .
rowih of aize lcaves. Or sol] enrichmeny which helped in the

81cm + 0.53 with mulch). This increase wag about 62% Over maize <rop without muich
m

applicabson. This large incresse was possibly due 10 the muleh providing additions)

muneznt for Soil enrichment Also, the “cwedu™ competed for soi) Dulzients with the
maize as they were both g@lowing together.

| Ibere was an increase of 13.6% (p< 0.01) in leogb of leaves of mrizs cogtaiging
“ewedu” sceds over the maize planted alone without “ewedu™ secds (CGroups F ond D
aspectively). Since both groups had mulch application. this increase in length of leaves
Was possibly due 10 the release of exma wumients into the soil from the decomposed
“ewedu” seeds (hat were mulched.

A 17.91% reduclion in the growth of leagth of shoots of “ewedy™ obsesved from “ewedu™
planted alone and 1hose planted among raaiz was duc to soil nukient competition. Thar
¥as 2010 growth of “cwedu™ (towl weed contof) in all pots containing mulch application,
This shows 100% reduction in weed growth by the feather mulch.

This project made use of plastic pots having dsamelcr of 14cin, lience the surface of the
$0il needed 10 be covercd with mulehing (ilbm made of 14cm diamcter prer pot. Twelve
POIs were covered with mulehing (ilm made fiom the waste feathers. Thie mulching film

made for {welve pots required ubout 968 of wasic fcather cquivalent 1o sboul 58%

qunntity of feather from one bird. This quantity of mulching film is cnough lo mulch 24

seedlings of maize crop at 2 scedlings per pot (8¢ of waste Feather per pot). This comes
10 about 4g of wastc feather fequired to mulch one maize seedling. This shows that
PRducing enough film for a farmland will use 8 large amount of “‘ifSle feather “‘“cF’Y
l feducing the waste burden of the feathers. Onc hectare of fariland will therefore require
DU 5.195 tonnes of waste feather fo mufeh it. At this tete the waste feathers Bencruted

2 moiely S
W ibe two poultey farms in Oluyole Estate, 1badan (4.95 tonnes - OPPIOXUID

0
'ON0eS per day) con be used to produce CrovaR mulch for one bectie
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mulch Prepastion Will serve is i sicady recipien ot ull waste feathers yenesated daily i
these tndustrics. &t

Fahowing successiul weed conlrol, there is no need to remove the mulching flm ftem the

soif because it will continue 1o gradually degmde into the soll rxlcasing 1he nitrogen and

These nutrients will add 1o seil
erichinent {or subsequent planting. This mikes the mulching fim useful for threo

puposea of weed control. suil entichment und wasie feather manogensent,

other Putricnt content of feather kemtin inlo the soll,

54 I'ublic Health SignlAcance

The large quantitics of wusic feathers geneiated daily could have ended up m open
dumpsites where (hey could have negptive health and ecenomlc impiicancns emong

which are:

. Environmental degradation by the solid waste feathers
g Aar pollution orising from odour of decaying wei (cathers mixed with
blood
3, Veetor proliferation duc 10 availability of large organic wesic for the
vectors
4. lncreased contamination of undetground waier due (o pereoiatioon of
leachate into the ground
lncreased possibilities of blocking of drinages by the sotid weste feateen
ncimased possihility o ( flooding due to blocking of nt .
ponditures oo wase collecum
'J. ECODOH\CC .;S arisxng f[om unnw (A 9 on Ww
and transporiation. :
- . (he dumgsites tyough
Al these will resuit in poor health conditions of resideots asound .
- . ~Yordt dierascs This will also lesito
veclor-boms diseases, water boic Jiseases omi 8

1 how's due 0 m-bm’th
0Wre econumic loss tn cost of trcatments and loss of e

ntrol 8Dl
® the ather hand the use of processed Wasic i ﬂ:;.w:cdm:\h listed od\ve
@hancement has greal public bealth value O LR

fum 1Developuncnt Choats
% &t the pame time helping (owaads Sevind i ::;' wi
tlony .
‘L"th of ‘.dUCing hunger and increasing food r“ﬂlll

- slily.
m“ u‘hw uhlcving cnvi“’nnuvnml '\l“ﬂlmb‘l 0y
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CHAPTER 1%

CONCLUSION AND RECOMMENDATI®NS

6.1 CGeNCLUSION

From the results of this rroject, the findings huve shown thot mugenicnt of waste

feathers should no longer be a burden to poultsy industrics. As a maiter of faqt
should 1o longer be considercd as *

fenthers
waste™ but resource moteninl whick could be used for
soil nutrieat carichment. The objeclive of this praicet which includes the rascssment of

¢ amount of waslo feather gencented has revealod that poultry industrics (p generalo
obout § tones of re-usable waste feathers. Results fom this siudy have also shown dwt
therc is a sustainablc mcthod of converting the useful nutrient =onicnt of the feahers into
wseful products such as the mulching film. The mulehiag 1iim bos boca showp to be
efficient in the conlro! of weed growth and thereby enhancing erop development.

Since the economic values o[ poultty [cuthers have been made establislied, consequently
wasic feather generation can be monitorcd and better manoged.

6.2 RECOMMENDATIONS
Vanous other projects have revesied that proper waste managtment can result inlo wealth
edlion from wastcs. This study has also shown that pouluy wasie fealhers can be

amployed for the conversion of “Wasic 1o Wealth™. The usc of wasie leathers to gencrate

Wwealth can be sustained for tho following reasons:

There is a lnege quantity of waste feathers being Beoaaled daily.

The gvailability of cheap sourccof o7ganic mUCECo in lhe wastc feaibers
There is a sustainoble means. of conveitipg the fesouree conlent of the waste
feathers into mulching film.

The efficiency of the film 1 weed contro!
bas been shown.

There is the necd to increase ¢rop producliOB
country in meeting the millennium development goals.

apd cnhancement of crop development

anx) to improve food secunty in ibe
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gis hoped that future work cun further explore the use of cheg
wao @lyeerol in order to deustically reduce cost of producing
make its Productlion miore profitable.

cesults obtauncd in Lhis work.

Per sourees of plasticizer

the mulching flim and 10
Finally, there §s neeq for ficld validmion of the
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AIlPENDICES

PPENDIX 1: Table of Length of fcaves ol maize planted alone wn Group A

POT 1 POT 2 ret 3 POT4 | Mean | Sundad
DAY [LEY |LE2 |LEt TLE2 | et TLe2 [Lf1 Tur2 Length | deviation
(cm) | (cm) | (cm) | (cm) | (cm) | (cm) | (cm) | (cm)
55 136 |56 134 [55 [33 [S54 136 |45 (1.08
6 |75 (48 |72 [44 |78 4.5 |73 |44 |60 | is8
8 |110(9.0 1109 (9.0 [112[9.1 [11.0[108[103 [5.01
10 140 ]13,0 |14.3 |12.8 [14.0 [ 12.9 | 140 [13.1 1135 [062
121162 144 116.0 |14.5 [158 [143 1163 [143 (152 (092
8 {190 116.5[19.1 |16.3 [188 [160 [193 116} |176 |1.52
16 1220 [17.8 [222 [17.5[220 [172 [0 [172 [199 [2.6)
18 1254 122.0 |26.0 [2).7 [25.8 [21.8 [26.1 [21.7 [23.8 [2.16
0 1268243 274 [24.0 [271 [24.0 {272 [240 1256 |16¢
2 [286 [25.5 [29.0 [25.0 [28.6 [252 |249 !252 27 1.9
23 132.0 |28.6 [32.1 |28.2 [32.3 [28.4 |326 |282 [J03 |20l
% 1332 [32.033.531.6 |33.8[31.5[340 317|327 |106
238 1364 [34.6 [36.8 [35.0 [37.0 [34.7 |78 [352 |35.9 [1.2)

100
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APPENDIX 2: Length of leaves of maize Planted afone with feather muleh in Group 1)

POTt | POT2 POT 3 POT 4 Mean | Standard

Lf1 [LF2 |LfY [LE2 (L0 [Le2 [Lf1 TLr3 g b
(cm) | (cm) | (em) | (cm) | (em) | (em) | (cm) | e
55 |3.5 155 134 [56 |36 |56 |38 las
7.5 |56 [7.2 |55 |76 |58 |78 [58 (65 11.06
122 193 1120 /93 [120]96 [123 (109 [13.0 (136
160 [12.5 [16.1 [12.8 [159112.8 | 160 [ 122|143 184 |
184 | 15.0 {18.5 | 15.4 | 18.3 | 14.9 [188 [144 [167 [1.93 |
203 117.6 {204 |18.0 |19.9 [17.7 [20.5 175|190 114
234 119.2 [23.4 {194 (230 {198 [23.6 1190 [214 [2]5
25.5 [22.0 [25.8 [22.2 [25.4 [22.5 [26.1 [21.9 [39 |19
29.7 125.6 [29.6 |25.8 [29.8 1260 300|256 [27.8 [22
33.0 128.2 [32.8 [28.5 [33.0 [28.8 334 [290 1308 |24
363 [31.6 [36.0 [32.2 |36.1 |33.0 [359 [327 {342 |20
38.8 |33.2 [38.2 [35.0 [38.4 365383 3581368 [20
40.5 | 35.8 [41.0 | 36.4 [40.2 [384 410L37s 389 |21
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APPENDIX 3* Test of Siguficance: Effect of Mulch on Maizx planted alone (Group A
without Mulch, Group D with Mulch)

Test Group | N | Day | Mean SD |Df |t P- Remark
- value
[Togbof |A 8 |8 [3.113cm | 0083 |14 |-4.193 | 0001 | Significant
@B D |8 [8 |3.288cm |0.08 o1 P< 0,01
l
Loghof |A__ |8 [20 |256Gem | 1.641 |14 [-2256 | 0.031 | Significant
|D 8 120 |27.763cm | 2.158 al P<0,05
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APPENDIX 4: Length of leaves of maize planted with “ewet. ¢ :
(without mulch) Wilb “ewedu™ (weeds) in Grouwp C

POT 1 POT 2 POT 3 POT 4 Mm]
LF1 [LE2 [LFT [Cf2 [Lf1 [LF2 [LfT L2 | Length
{cm) | (cm) | (cm) | (cm) | (cm) | (cm) | (cm) | (c)
5.5 |35 |55 [3.6 [S5 [3.5 (54 |36 |47 102
65 |55 |64 |58 |65 |56 |64 |57 161 |0a4s
90 180 |89 [81 [90 |79 (91 [82 [85 [052 |
13.0 [ 112 | 129 | 11.0 | 134 [10.8 [ 132 [11.0 [121 | L.1S |
14.5 [12.0 | 14.0 (123 [14.4 [ 12.0 [ 141 [124 [1D2 [ 1.13
165 | 14.6 | 16.2 115.0 | 163 |14.8 | 160 1149 [155 [0.78
1182|164 18,0 | 169 [183 [166 [179 [168 [174 | 0.9
119.1 [18.0 | 19.2 | 18.2 | 19.6 | 183 [ 190 | 184 [18.2 057
215 | 194 [ 218 | 1951220 (195 (212 [197 1206 [1.15
232 |208 |23.4 |21.0 123.8 [21.2 [230 [21.4 |22 [1.24
260 1223 1264 1227 270 122.6 1261 {229 1245 |20
271 123.5 1278 |23.9 | 282 [23.8 274 | 240 |25.7 207
588 1257 128.6 1260 [29.4 1258 | 282 [258 [273 |16

Standard |
deviation
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APPENDIX 5: Length of lcaves of majze planted with & .
auich in Group F ith “ewedu” then covered with feathey

POT | POT 2 POT3 #0714 | Mcan |Standed |
Lf1 [Lf2 [LfL [Lr2 [te1 [Lr2 TLTT [Lf2 | Lengh | devimina
{em) | (cm) | (cm) | (cm) | (cm) | (cm) | (cm) | (ern) |
56 |3.5 |55 |35 |55 [34 |55 |36 [45 |1.08 |
85 176 186 (7.5 |85 |74 186 |78 |81 |053
15.2 [14.0 [15.0 [13.8 [ 151 [13.6 [154 140 [145 [0.72
19.0 | 17.6 | 18.8 |17.2 | 189 |17.2 [194 [17.8 | 182 |0.38
214 120.0 |21.1 | 193 [21.0 [19.2 121.8 [200 [205 ,0.98
27.6 | 24.4 |27.0 1242 | 280 | 243 [284 |25.1 (261 | 1.80
302 | 28.4 | 29.7 | 28.0 | 30.8 | 286 [310 [290 ' 295 [1.13
323 [31.0 |32.0 |30.8 [33.5 1312 [339 [2i7 1321 |L1d
(344 [32.7 [342 |32.3 [350 [322 1358 1327 (337 |137
382 135.5 |37.8 |35.5 |38.8 |33.8 | 390 |34.0 |366 21)
320 1385 [416 1388 1423 |372 (429|382 [402 |22
432 1400 [43.1 [40.4 |44.0 [36.8 | 449 [400 | 420 i‘l’i
455 (422 [45.2 |42.8 | 466 (41,0 |47.0 |42.0 | 942 —
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APPENDIX 6: Test of Significance: LNdh of Mylch unt Mnize planted

wreds (Group C wathout Mulch, Group 1 with Mylch) RS
lrm Gooup | N I\)J)'ﬁ Mcan IS0 Tori; I Nemark
= : _ - vnlue
lemghof | C R |6 605em 10438 |14 [.R242 [ 0000 | SigniNcant
t«:\ﬁ t rj ¢ 8.06cm | 0,534 al P00}
engthof [C |8 |4 I'ld4Secm | 005 |14 |48 | 0060 |SVignicart|
Socts  [F 1R |4 [ L6tem | 0.0 |0

i
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