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Original Research Article

Effect of processed feather waste as mulch on crop growth and soil fertilization

Abstract

Management of waste feathers in Nigeria is of mubalth concern due to large quantities
generated daily from poultry industries and slowgrdéation in soil. Information on
processing waste feathers for enhancing crop growah not been well documented,
particularly in Nigeria. This study assessed tfiece of processed waste feathers on crop
growth and soil fertilization in order to providecheap and sustainable source of organic

fertilizer for use.

The study design was experimental and laboratosgdhausing maize as test crop. Waste
chicken feathers were washed, air-dried, ground ipits, and analyzed for nitrogen,
phosphorus and potassium contents. Eighty grashdebits were mixed with 27g of
glycerol plasticiser at 6& to obtain a paste and then pressed for ten nsirinte flattened
organic mulch. Eight 14cm-diameter pots of 1.5rditeapacity were obtained and divided
into two groups(A and B) of four replicates eactainoompletely randomized design. Maize
seeds were planted in 1 kg sieved soil in the gaisfaces of the soil in the experimental
group B was covered with feather mulch while cangroup A was without mulch. All pots
were sprinkled with water daily to water holdingpaaity. Length of leaves and shoots of
crop were measured at intervals for 28 days usiegible measuring tape. Data were

analysed using descriptive statistics and studtastt

About 4980 kg of feathers are generated daily fi@8000 chickens from two industries
(0.166 kg or 8.52% by mass per chicken). Feathergamed 14.1% nitrogen, 0.2%
phosphorus and 0.6% potassium. Mean length oftshimogroup B (mulched) showed
significant increaseR= 0.01) on day 8 at 3.3 +0.1cm against 3.1 +0.1lanténtrol group A,

while mean length of maize leaves showed signifitacrease P= 0.05) on day 20 at 27.8
+2.2 cm over control at 25.6 +1.6 cm. The mulchréased growth of maize shoot and

leaves significantly by 6.5% and 8.6% respectively.
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It is concluded that organic mulch made from preedswaste feathers was effective on crop

growth and soil fertilization and it can be a usstwategy for poultry waste management.
Key words: Waste feathers, feather mulch, soil fertilizatiplasticizer, keratin.

Introduction

The burden of solid waste management is of padfcabncern in many cities of the world
due to rural-urban migration and globalization. Nigeria, solid waste generation has been
on the increase. Nigerian cities produce largentities of waste at the rate of 0.43 kg - 0.52
kg per capita per day [1]. Cities like Lagos arlthdan generate almost 0.5 kg
waste/capita/day while the national average wa$ kg waste/capita/day [2]. While
attempts are being made to reduce, reuse and eethetes wastes, the enormity of waste
feathers generated still constitute nuisance tethéronment. This has attracted attention to
researchers in the past to attempt a sustainaldtewsanagement technique for the feathers.
The poultry industry is on the increase and therdmution of feather waste to the total waste
is substantial, as there is a rise in the consumpaf chickens all over the world. In the
United States alone, more than 8 billion broileickbns are produced yearly [3]. In the
United States, the poultry industry discards 2 ioilltones of chicken feathers as waste
annually [4][5]. In Nigeria, poultry form major sces of cheap animal protein for the
growing populations. It is also a main food iteem&d at various celebrations. In Ibadan,
two poultry industries located in Oluyole Estatauglhter over 30,000 chickens per day and
the feather waste is disposed off indiscriminafg]i6].

Some of the waste also goes into landfills and nereeger periods undegraded. The use of
waste feathers for making organic mulch has not lvegll documented in Nigeria. Hence
this study intends to identify a more economicalystainable method of handling waste
feathers by converting the resource into a produtich will release the much needed
nutrients into the soil. This will ultimately inease crop yield and reduce the cost of food
production, thereby promoting food security to mtet Millennium Development Goals
(MDG).

Feathers are the covering of poultry and birdsultRofeathers form between 6-9% of the
total weight of a chicken and are composed of aBd@b protein, 8% water and 1% lipids
[7]. The type of protein in feathers is calledder, a sulfur containing fibrous protein. All

keratins are characterized by a high level of thiptsir-containing di-amino acid cystine,
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which acts as a cross-linking point between protéisins [8][9]. This feature of a high-level
of interchain cross linking through cystine givhe keratins, especially the hard keratin, their
characteristics of toughness, durability, resistattc degradation, and desirable mechanical
properties [10][11].

Waste feathers can be transformed into useful mtef12][13] such as protein-based
mulching films which are not yet in use in NigeridOther available mulching methods
include polyethylene mulching films, use of comp@std stone and grass clippings. Plastic
mulch can provide earlier crop maturity, higherlgse increased quality, improved disease
and insect resistance, and more efficient water fentlizer use, but carries a high cost
financially and environmentally when it comes toowing the estimated one million tons of
mulch film used internationally each year [14][1]] carried out a study comparing black
and white biodegradable mulch films in two thickeess to traditional plastic mulch in the
production of tomato. The results of the study stwwhat lowest soil temperatures were
identified with the white films, which is also assated with the white film's higher rate of
degradation. However, unlike polyethylene mulchiigs which need to be collected at the
end of the growing season due to their non-degikiyalthe protein-based films will slowly
degrade into the soil within six months to one yegfiore the next planting season. As soon
as water exchanges with the plasticizer in thegimatulch, the films will be embrittled and
will begin to crack under environmental stress sa€hwind, rain, and microbial activities and
begin to degrade. The slightly high cost of thet@in-based films is more than offset by the
lack of labour costs to collect it from the fielflex the planting season, thus making it highly
competitive with other prevailing methods of muki Therefore, this study is aimed at

processing waste feathers into useful mulch foptimpose of enhancing crop growth.

M ethodology

The study was experimental and was conducted inre@nhouse using a completely
randomised design. It was carried out in the tugiof Agricultural Research & Training
(IAR&T), Apata, Ibadan. Maize was used as the tesp. DMR-ESR-Y (Downey Mildew
Resistance — Early Streak Resistance — Yellowistfamaize was purchased from the grain
store of IAR&T. Waste feathers were collected fraartech Industries at Oluyole Industrial
Estate, Ibadan. The company was registered inridige 1983 as an agricultural production

establishment and has several units of poultrygesiag.
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Large quantity of humus (top) soil sample was atéld from the arable field of Institute of
through a 3 mm pore-sized sieve to remove debiisadlow easy penetration of seedling
shoots and roots in the soil. Chemical analysese warried out on the soil samples to
determine its nutrient statds, viz. organic carbbotal Kjeldahl Nitrogen (TKN), potassium
and phosphorus. -
Eight plastic pots with capacity of 1.5 litres weaystained and divided into two groups of
four replicates each. The pots had diameter orfrm.4\0ne kg of treated soil was measured
labeled and seeds were planted as follows:

i.  Group A pots were labeled as Maize without mulckdore as the control group

ii.  Group B pots were labeled as Maize with mulch aayilon to serve as the test group

Four seeds of maize were planted in each pot amdedkdlings were thinned to two stands
per pot after germination. This is to allow onlgafthy seedlings to grow and to avoid
overcrowding. Chemical analysis was carried outtlom waste feathers to determine the

amounts of various nutrients present, particulaityogen, phosphorus and potassium.

Proportion of feather to whole chicken
It was difficult to determine the percentage by gieiof feathers in the whole bird because
the feathers are quite light and fluffy and as sulte not easy to be completely collected
together and weighed dry. Hence the average pagery weight of feathers in each bird
was determined by comparing the weights of livelkdns, dead chickens (drained of blood)
and completely de-feathered chickens. The formuszel are as follows:
Live Weight (LW) = weight of each live bird
Dead Weight (DW) = weight of each dead bird afampletely drained of blood
Weight of De-feathered Bird (WD) = weight of eadad bird after completely
drained of blood and completely de-festte

Weight of Blood (WB) = Live Weight less Dead Weight

WB = LW - DW

Weight of Feather (WF) = Dead Weight less Weidthbe-feathered

Comment [A2]: Please specify methods of
chemical analysis of soil used in the study

Comment [A3]: | am afraid that this is a mistake
here. Soil volume is about 1769 cm3 (7cm x 7cm
x3,14x11,5cm = 1769). It is about 3 kg of soil per pot
or diameter and depth of soil were lower than 14cm
and 11.5 cm respectively.
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WF = DW - WD

Preparation of feather mulching film

The feather mulching film was prepared in stageshasvn below in the flowchart given in
Figurel.

1. Pretreatment stage: This involved washing the feathers in mild “Omdétergent
prepared by dissolving 10 g of detergent in 1 lidfevater. The detergent solution was used
to remove traces of fat and dirt from the wasteétfeis, rinsed properly in water and air-dried
the feathers. The fibers were subsequently takeheddammer mill at Aleshinloye market
waste recycling plant for grinding.

2. Grindingthefeathers: This was very difficult because of the fluffy neg of the feathers
which prevented good friction with the grinding gmuent. The fluffy feathers lacked
enough brittleness to be properly ground. A thirbyse-power grinding machine was used to
grind the feather into tiny fragments until alimgstwdered state was obtained. The total
nitrogen, phosphorus and potassium (NPK) in theevizathers were determined.

3. Mixing feather with glycerol: The mixing ratio for glycerol to feather-fibensas 1:3 by
mass. Hence, 80 g of the feather fiber was medsand placed in a large crucible, and then
27 g of glycerol was added. The feather-glycerotune was properly mixed into a paste for
about 15 minutes until the fibers became stickye glycerol was used to act as a plasticizer
in the mixture.

4. Making the feather film: The sticky feather-glycerol mixture was trangdrunto an
aluminum foil and sandwiched between the foil, tipe@ssed into flat film under heat of an
electric iron for about 10 minutes. The film waen allowed to cool to room temperature.
The prepared feather mulch is as shown in Figureltie feather film is to act as a mulching
film to prevent weed growth thereby reducing coritjmet for nutrients in the soil. The film

is also to release the nutrients in the feathew the soil over time after the plasticizer
material diffuses out of the hydrogen bond it fodwéth the feather protein.

5. Application of mulching film unto the soil: After three days of planting maize, the
feather mulch was applied upon the soil surfac@adts of groups D, E and F. Enough
quantity of feather film was sliced out and placedthe soil to cover the surface of the soil
alone but avoiding the germinated plant shoot.ufe shows the application of the feather
mulch on the soil surface. In all the afore-mergiranalysis, data were analyzed using

descriptive statistics and student t-test.
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2. Washing of waste feathers
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3. Air-drying of waste feathers
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4. Grinding of dried waste feathers
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5. Weighing of ground feathers
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7. Air-drying of mulch into film

I
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Fig. 1. Flowchart showing the stagesinvolved in mulch preparation
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174  Fig. 2: Sample of feather mulch before application on soil
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179  Fig. 3: Application of feather mulch on soil surface after germination of maize seed
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183 Results

184

185 1. Nitrogen, phosphorus and potassium (NPK) and caibhothe soil sample: The

186 results of the analysis of NPK in the soil samgieveed that the soil contained 1.8

187 g/kg of nitrogenl 12.6 mg/kg of phosphorus, 62.4kg®f potassium and 22\.4 g/kg. - | Comment [A4]: These data are in the table.
. . ) . - Please do not repeat them in the text. | suggest
188 of carbon. Table 1 shows the result of these mifsieontained in the soil sample. place comments in the description concerning the
level of the individual components (high? Low?
Average?)

189
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Table 1: Characteristics of soil used in the experiment

Soil nutrient Quantity in soll

Organic carbon 22.4 g/kg

Total Kjeldahl Nitrogen 1.8 g/kg

Phosphorus 12.6 mg/kg

Potassium 62.4 mg/kg

2. Amount of NPK available in waste feather

The percentage of total nitrogen, phosphorus ataspum (NPK) in waste feathers were
obtained and the results are shown in Table 2. t&Viamthers were found to contain
14.11% N, 0.18% P and 0.6% K, while the waste feathwith coloured patches

due to the presence of the proteinous colour pigmestanin, which contains additional
nitrogen.

Table 2: Available nutrientsin waste feathers

Nutrients(NPK) in feather Amount found ir  Amount found infeathers

white feathers with coloured patches
Total Kjedahl Nitrogen, % 14.11 16.46
Total Phosphorus, % 0.18 0.13
Potassium, % 0.6 0.83
3. Average weight of chicken

By taking the live weights of ten samples of thegecies of chickens, results show the

species respectively as seen in Table 3. Thesevidights show the variation in the mass of
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live chickens based on their species. The avdiageveight of breeders was found to be the

highest compared to broilers and layers.

Table 3:Average Weight of Chicken

Chicken Sample Broiler (kg)  Layer (kg) Breeder (kg)
1 2.02 1.65
2 1.69 1.85 3.6
3 1.34 1.45 25
4 1.37 1.55 3.5
5 2.05 1.85 4.0
6 1.85 2.10 25
7 1.92 1.68 3.4
8 2.10 2.05 2.4
9 1.74 2.05 4.2
10 1.97 1.65 3.3
Mean Weight  1.805 1.79 3.26
Standard 0.27 0.23 0.63
Deviation

4, Per centage by mass of feathers per chicken

Table 4 shows the results of percentage by massatifiers per chicken.

_ - -| Comment [A8]: the data in this column should
be provided with the same accuracy as in columns 1
and 2

Due to the light

weight and fluffiness of the feathers, it was difft to obtain and weigh all feathers from

each bird. An estimation of the mass of feathers made by comparing the live weight with

dead weight (less blood) and the weight of defeathéird (less blood and feathers). The
result showed that on the average, each bird cwdaabout 0.166 kg (8.52%) of feathers

when compared with the total body mass.

Table 4: Percentage by mass of feathers per chicken (weightsin kg)

Chicken Live Dead Weight Weight of

(Ltw)  (Dw)

Blood (WB Weight of
Sample  Weight (Less Blood) Defeathered = LW-DW) Feather
(Less Blood
& Feather)
(WD)

% by
Mass
of
Feather
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1 1.69 1.65 1.50 0.04 0.15 8.88
2 1.8% 1.8C 1.64 0.0t 0.1¢ 8.6t
3 2.1C 2.0¢ 1.8¢ 0.07 0.1¢ 8.57
4 1.97 191 1.76 0.06 0.15 7.61
5 2.05 2.00 1.83 0.05 0.17 8.29
6 1.76 1.71 1.55 0.05 0.16 9.09
7 1.92 1.8¢ 1.71 0.04 0.17 8.8t
8 1.8¢ 1.8¢ 1.67 0.0t 0.1¢ 8.51
9 1.75 1.70 1.55 0.05 0.15 8.57
10 2.08 2.02 1.85 0.06 0.17 8.17
Mean 1.905 1.853 1.691 0.052 0.166 8.519
Value
Standar 0.1t 0.14 0.1: 0.01 0.01
Deviation
5. Effect of mulch application on maize crop

Maize crop planted alone without mulch applicafioiroup A was compared with Group B

having Mulch application. Figure 4 shows lengtHeafves for Group A compared with that

of Group B while Figure 5 shows length of shoots Goups A and B. Results from this

study showed that maize with mulch had longer Isarel shoots than maize without muich.

Results show that length of leaves of maize plariede and without mulch in Group A

increased steadily up to a mean length of 35.2% ¢tm by day 28 while the length of leaves

of maize in Group B planted alone and mulched slsmwed steady increase but much more

than group A. By day 28 Group B maize showed meagth of leaves of 38.9 + 2.1 cm.

This increase in length of leaves of Group B owvartml Group A was significanP(= 0.05)

by day 20. Group A mean was 25.6 +1.6 cm and GB®upean was 27.8 £ 2.2 cm. This

shows an increase of 8.59%.
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Figure 5 shows that length of shoots of maize plhrdalone without mulch in Group A
increased steadily up to a mean length of 12.7 éh2% by day 28 while the length of shoots
of maize in Group B planted alone and mulched shsawed steady increase, but much more
than group A. By day 28 Group B maize showed nieagth of shoots of 14.4 cm + 0.35.
The increase in length of shoots of Group B overtrd Group A was significant from day 8
(P = 0.01) with mean shoot length of 3.1 cm £ 0.08Gooup A and 3.3 cm + 0.08 for Group

B. This is an increase of 6.45%.
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254  Table 5: Test of significance on the effect of nmubn maize planted alone (Group A without
255  mulch, Group D with mulch)

256

Test Group N Day Mean SD Df t P- Remark
value

Length of A 8 8 3.113cn 0.08: 14 -4.19¢ 0.001 Significant
Shoots B 8 8 3.288cn  0.08: atP=0.01
Length of A 8 20 25.6¢n 1.641 14 -2.25¢ 0.041 Significant
Leaves g g 50 27.763cn 2.15¢ atP=0.05
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Discussion

5.1 Generation of wastefeathers

The mean weight of a broiler chicken was more ss ke same as that of the layer, while the
mean weight of the breeder was relatively highemthoth. This is as a result of the

prolonged period of feeding of the breeder chickad their longer life-span. Breeders are
purposely kept and fed for longer periods thandtier stocks. They are meant to produce
quality viable eggs for production of offspring.orRhis reason, they are kept in good and
healthy conditions. The slight differences in thean weight of layers and that of broilers

could be as a result of the table eggs the layerduge. Their protein content is usually

directed to laying of eggs for consumption rathemt for their own personal growth. The

broilers on the other hand are kept for their meatice they have shorter life span, but grow
faster due to the high proteinous content of time@al. In terms of quantity of feathers

however, there is more concentration on the bitkre to their large quantity. For the two

major poultry farms visited, a total of over 30,0bfiler birds are slaughtered daily and

processed for their meat.

To obtain the percentage of the feathers from éactter bird posed difficult due to the low
density of the feather (0.89 g/@mFeathers are light and fluffy and hence, reqséesitive
weighing scale to obtain accurate mass of the éeath most cases, the feathers are usually
plucked wet with water and this also influence we#ght. An estimation of the percentage
of waste feathers per bird as shown in Table 4catds a mean value of 8.519% as the
percentage by mass of feathers per broiler birds habout 166 g of feathers per broiler.
Most of the birds were found to be quite similaténms of size, except some that weighed
heavier than the others. As a result, lighter breilwere found to contain higher percentages

of feathers than heavier broilers.

Waste feathers generated from these two farmsestuhounted to about 4,980 kg per day at
0.166 kg (166 g) per bird for 30,000 birds. Thisntity is large, especially as they are
generated from only two poultry farms located ie diwcal Government Area (LGA) of
Ibadan, Nigeria. In some cases, more than 2Gnydarms of similar sizes are located in

one LGA in Southwest Nigeria. This implies thatthiguantities of waste feather, which is 20

times more than 4,980 kg, may be generated pefrdaythe poultry farms. This
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development therefore, calls for effective and ansible method in managing the waste

feathers, such as the method employed in this study

5.2 Chemical composition of poultry feathers

The chicken feathers were found to contain enowsgfiul nutrients for soil enrichment. The
nitrogen content of 14.11% for white feathers aB64&% for variegated feathers are high
guantities that can be explored and converted fantpgrowth. The higher percentage of
nitrogen in variegated (coloured) feathers tharnplehite feathers could be traced to the
proteinous pigments mostly melanin, present incblered feathers. The melanin contained
additional nitrogen content within its protein stiwre. Based on soil nutrient rating [17],
these nitrogen contents are high enough quantittésh can be released for soil nutrient

enrichment.

Phosphorus content of feathers was found to be%®.ft8 white and 0.13% for coloured
feathers. Potassium content was 0.6% for white @88% for coloured feathers. After
processing the waste feathers into mulching filsasne of the nutrient contents, particularly
the high nitrogen, phosphorus and potassium, wilhiuch available for plant growth in the
soil. The nutrients will therefore be released $jowto the soil within months as the feathers
gradually degrade. The film would therefore beviegr dual purposes of soil enrichment and

enhancement of plant growth.

5.3 Effectiveness of feather mulching film

The effectiveness of the waste feather mulching fin growth of maize was established.
Growth parameters measured were length of leavddegth of shoots. Specifically, the
maize crops planted with mulch application showesigaificant increase in length of leaves
(p = 0.05) on day 20. The mean length was 27.8 @®tfor group with mulch application
against a mean of 25.6 cm 1.6 for control groughedt mulch application. This was an
increase of about 8.6%. The increase in lengtshobts of Group B over control Group A
was significant from day 8P(= 0.01) with mean shoot length of 3.1cm + 0.08G&soup A
and 3.3 cm + 0.08 for Group B. This is an increasabout 6.5%. This shows that the
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mulch application provided additional nutrient feoil enrichment which helped in the

growth of maize leaves and shoots.

The pots used in this project required coverindhwatulching film made of 14 cm diameter

per pot. Twelve pots were covered with mulchinmfimade from the waste feathers. The
mulching film made for twelve pots required abo@td@of waste feather equivalent to about
58% quantity of feather from one bird. This quantif mulching film is enough to mulch 24

seedlings of maize crop at 2 seedlings per potqBwgaste feather per pot). This amounts to
about 4 g of waste feather required to mulch ongenmseedling. This shows that producing
enough film for a farmland will use a large amooftwaste feather, thereby reducing the
waste burden of the feathers in the farms or enwment. One hectare of farmland will

feathers generated from the two poultry farms imyOle Estate, Ibadan (4.95 tonnes -
approximately 5 tonnes per day) can be used tougee@&nough mulch for one hectare of
farmland. This mulch preparation will serve asteady recipient of all waste feathers
generated daily in these industries and for imptlosanitary condition. In other words, the
waste feather that would have constitute nuisam¢ke environment is converted to resource

materials to produce mulch; a strategy for effectiaste management in the industries.

After the planting season, there is no need to ventioee mulching film from the soil because
it will continue to gradually degrade in the sadleasing the nitrogen and other nutrient
content of feather keratin into the soil. Thestiants will add to soil fertility for subsequent
planting. This makes the mulching film useful fdretpurposes of soil enrichment or
amendment, plant growth and waste feather manageifiea use of the mulching film by
farmers in Nigeria will no small measure, increasmps yield and reduce over-dependent on
chemical fertilizers, which has been adjudged tdriaecessible and affordable by peasant
farmers. In addition, adequate and sound feathstenrmanagement can result into economic
empowerment of the peasant farmers through itsersion to organic fertilizer and its use to

improve crop yields [18].

Conclusion

The amount of waste feather generated showed thétrp industries generate large amount

and this could be considered as resource materiahfilch and organic fertilizer production.

Comment [A9]: The dose of nitrogen brought to
the soil with such mass of feather is 750-800 kg N
per ha. Such large amounts of nitrogen are very
harmful to the soil and the quality of the crop
grown.
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The economic values of poultry feathers have beenotstrated in this study; therefore - ‘[Comment [A10]: No economic data have been }

presented

waste feather generation can be monitored andti#bcmanaged. In addition, the process
adopted is a sustainable method of converting sleulinutrient content of the feathers into

useful products such as the mulching film. Theahing film has been shown to be efficient

in enhancing crop developments and improve sailifgt - ‘[Comment [A11]: No data concerning the effect }

of feathers on soil fertility have been presented

It is becoming a common knowledge now that propester management can result into
wealth creation from wastes, including waste feahdhe use of waste feathers to generate
wealth can be achieved and sustained for the fallgweasons:

i. There is a large quantity of waste feathers beereated daily.

ii. Waste feather is a cheap source of organic nittogen - ‘{Comment [A12]: No cost data have been

B presented

iii. There is a sustainable means of converting theuresacontent of the waste

feathers into mulching film.

iv. The efficiency of the film in the enhancement abgidevelopment has been
shown.
V. There is the need to increase crop production arichprove food security in

the country in meeting the Millennium Developmema® (MDGS).

It is hoped that future work can further explore thse of cheaper sources of plasticiser than
glycerol in order to drastically reduce cost of guoing the mulching film and to make its

production more profitable.
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