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I. INTRODUCTION

Energy has always beon the key to men's greatest goals and to his dreans
of a better world. The most distinguishing feature of the present day
societlies in oontrast to the traditional ones 15 the high demand for energy,
Contrary to the ancient civilisations which depended on their human slaves
for a1l thelir work, today's ugﬂd is entirely dependent on various hoardeds
of energy slaves-machines, vhese appetite for energy exceeds mamifold the
demand for food bty the ancient alaves,

The conversion along the path of civilisation started after man had
utilised the epergy in fire for heat and the emergy in his body through the
club and bow, for food and survival, In the centuries since then man's
quest for material well-being has been tried largely to the harmessing of
various forms of ensrgyein coal, in petroleum and in electricity, With the
development of science and industries, the countries aspiring for modernisation
depend on large amounts of energy as a basic need and man has developed
increasingly complex and effective means of tapping emergy for more diffioult
goals, for accelerating eeconomis growth and to provide a good standard of living

for the pﬂopl..

However, the recent oil orisis resulting in steep price hike of petrele-
um products and the importing of 2/3 o1l needed with mo means of redueing the



Eap had led the mation to rethink on reneusble emergy scurces and medes

of snergy ususges, Moreover the fast dvindling sipply of traditional fuele
also poses a challenge in finding and developing new end infinite sources of
energy for the future,

The globul energy orisls has hit the domestis fusl consumption considers
atly, The fact that fusl is important in everyday eooking for preparing
palatable meals, for lighting the house and for various other purpeses alse
necossitated the country's energy peliey to insorperate reassash for
exploration of new energy resourcs and for the development of better methods
of ntilisation of conventional forms of energy,

The conversgion of organis wamq to fusl is a step tovards a healthier
environment with the added bonas of providing some energy, Gowdm/gphu'
is an important raw material for produscing fusl gas as well as saperior
quality organic manure, According to Srimivasan (1978) the conversion of
wvaste to fertiliser or protein will not make any signifisent dent in the
overall picture, this might make a greatsr contributi~a dy relieving the
energy suboic!'"n going into predustion of fertiligers and livestoek feod,

The Indian Agriculturs]l Research Institute(IARI, 1974) enlightens that
the dual parpose utilisation of bovine dung is being propogated in the comtry
since the th!.r“n. The resent hike in the priece of erude oil by the oil
produeing countries has neceapitated the consideration of this technolegy



by all direstly or indirectly concernsd with it , Specially in Indis vhere
Sowdung and agricultural wasies are used extensively as direot sources of
enorgy, the present energy erisis has fooussed mash attention on the utilisa-
tion of blogas predused from sush wastes,

Bingh (19'{8) estimatas that though this teshnelegy is still in its
infenoy the 50,000 plants installed under the Khadi and Village Industries
Commission (KVIC) Biogas Programme are already producing 99,82 =illion eudde
motres of gas squivslent to 62 million 1itres of gas valued at Rs. 62,49 mlllien
and 11,20 lakh tonnes of high qualily orgamc mamire worth Rs, 50,86 millien,

80 proamising are the fuel possibilities that the proper reeysling of wahte
¢an preduce as much emergy as the Nation's entire consumptien of oil,

Sathianathan (1975) opines that utilisation of vegetable waste preduces
about 7 o,f% bisgas for each pound of dry weight fed into the plamt. He
further states that the gas produstion vith cowdung oan be maxizised by
mbstituting a portion of vegetable waste for am equal amount of dung thus
obtaining more gas from the same amount of fertiligser,

Tashane etal (1970) geveal that orgamic fertilisers contain mere mutrienmts
for soil than chemical fertilisers. They bring about improvement in sofl
strusture, water holding capacity, microbial population and its sctivity, base
exchange capacity and resistance to erosom.
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Indravati (1970) and laura and Jdnans (1972) report that spent slurry

from gobar gas plant gave better response¢ tc crrop than farm yard manaure,

Singh (1975) and Piewas (1977) opine that the regidual slurry composted with
farm yard refuse, umissd vegetable l-ttar, fallen tree leaves and weecds

makep an excellent manure and reduses the expenditure on chemicel fertilisers,

Added to these facta, the rapid rise in the price of chemlcal
fertil¥gers has deubled the impcrtarse cf organic mgmires, Recycling waste
therefore will not only previde essential mitrlents at a lower price, but
also improve the conditions of the soil thuas enmhansing the benefits from
chemical fertilisers and improving the enviromment, Thus this 1s an
innevatinon if preperly exploited and extended would ge a long way in meeting
the domestic fuel and fertiliser meeds of the population,

Congldering the present shoartapes of commercial c-oking gas and other
fuels and shooting prices of fortﬂ.lsem}hom garden wastes can be considered

as the most apprepriate, ecrnomisal and easily available resource material

for produstisu of fuslegas and mgnures,

Theref~re the objestives put forth for the present stady on utilisation
of Home Garden wasts for Production of Blogas and Organie Mamnure are as
followss



1. To understand the effect of intevacti~n of cowdung, digested '
" cowdung slurry and home garden. waste on methane ges production,

2, To investigate the utility value nf the recnvery fr-m home
garden waste arising out nf bhological dec~mposition,

[
3¢ To interpret the net return from the mithane gas producticn as a
sabstitute for cooking gas, and the fertiljser equivalonts frmm
the digested materisls,
and 4, Io study the combinsticn effect of orgsnie waste in angmenting
fertilicer for asricsulture,
I% 1s hoped that the findinrs of this pilot stidy wewld enlighten
the scientists working in thig fleld en posslbh use of garden waste for

biogas production and follow up activities te be undertaken,



I1¥. REVIEJ OF IJITERATURE

The literature pertaining to the study on the Posibilities of Utflis-
ing Home Garden Waste fo¢ Biogas Production and Organic Manure is reviewed and
pregented under the follewing heads.

A, Energy crisis

B, Waste recycling to moet the energy demand.

C. Blogas plants

D, Faoctors affecting gas predustion

B, Organic waste as fertiliser,

F .Iafluense of organic manure on the uptake of matrients
snd @G, Effect of organie manure en srop growth,

A. bnergy Ori 3

Srinivasan (1978) 1a of the opinion that emergy in diverse form is
needed for ssoelerating esonomie growth and t~ previde a good standard of
living for the people, Stout (1978) views that energy which is an essential
ingredient for human axistence is consumed in different forms, JFuels like
coel, oil, natursl ges, firewocd; oowdung and vegetable wastes sre primary
sources of energy. The first three are of high heat vabue fuels, vhile the
last three are primitive fuels of low heat value, GC-oal, oll, natural gas,
-town gas, electrisity are refsrred to as commercial emrgy/somn and firevood,



charecal, cowdung ani vegetable. wastes as Bommcommercial ensrgy ecurces

(Yenugepal, 1977; Santhianathsn, 1977 and Gupta, 1977).

Sethna (1977) and Ghosh (1979) state that enmergy crieis is the
foremost soncern of today, Chandra (1978) 1a of the vieu that due to repid
industrial expansions and increasing standard of living, emergy gemerating
capacity has not been able to keep pace vith the growing demand, Acoording
to Marion (197,) the energy erisis is a crmplex series of problems-seientifis,
technolegloal, seeial, sscpomio amd politieal, Mamy fastors eonspire to
produce a potential shortage of energy eventhough there can be pleﬂtiﬂ_:l
sapply fr-a the varied resources particularly the renswshle rescurces,

Kashkein (1975) remarks that"!ndh is still heavily dependent on
traditional mo.rces of energy, Mirewncd contribates five times as mush to
her energy consumption as electrisity does®,

Kumar and Sampath {(1976) and Adam and Tymer (1977) opine that Indla
has large 1f not lavish sapplies of the remewable emergy souses, coal and
hydre power. Howover as Singh (1974) and Patel (1975) state the o1l crisis has
brought to an end the era of cheap snurve of emergy.

Srf khande (1976) observes that some of the factors that may have led
to the development of orisis on the energy front in Indis 1s her dependense
ol Non=osommaroial a::\umes of energy 1;1 sone gntion and insuffieient
attention being paid Yo develop all sources of commersisl energy. Marion
(1974) asserts that the inereasing demand for energy is mot enly dus to
fnoreasing world popalation but also due to the individual damand inereasing for
product and service,



Remachandran (1978) and Ghosh (1979) are of the view that the role
of various condentional and non conventional energy reseures is repidly
expanding snergy demand vhieh 1s 1mm by major constraints such as
sapital intensiveness and soareity of petroleun fuels,

8inghel (1977) and Gadgil (1978) are of the epinien that while a total
energy conoept 1s required and be develeped, the urgency for energy
management 1s the cause of the fear that the planet may rum out of fusl
reserves, This is a serious though! and prompt steps need to be taken te provide
the required energy for the future,

Singhal (1977) estimstes that 24 per eent sountries of the world
containing 37 per eent of the wnrld population have annual electrical
energy counsmption of about two lakh gaplta,

Sathianathan (1977) puts forth twe estimamtes of future requirements of
energy avallable for India, Om® made by the Fuel Follocy Commlttee (FDG) (1976)
end the other bty Pariih (1976). FPC (1976) predicts an estimation of five
fold inorease in consumption lewel, Partkh (1976) predicts even higher
consumption by the end of the century, He estimates an inerease in consumptien
of 8,58 to 9 fold for coal, 6 o 9.8 fold ff oll and 13,8 to 14 fold {ér
electricity,

Solentists and technnlogists everyvhere are engaged in experiments
to mobilise soler energy, sea water energy, msnure energzy anmd se an, the

oil hWlackmall has thus forced the world te find a substitute for oll urgently,



A part sdlation for India's enargy orisis as recommended by Rahar (1976)
¥ande (1977) and Alieon (1978) £5 blegas or 'gobar' gas.

B. Wgpte Recyoling to Meet the Energy Demgnd. °

The Ameriean Publie Work Assoolationm (1971) and Armeld (1971) define
waste as ussless, unvanted or disearded naterial from normal community
activities inoluding solid, 1iquid and gaseous. Aocording to Dhar (1976) and
@lement (1976), waste is a matorial vhich ig in the wromg place at the
wrong time, & locatlomal change with referemse to the time frame amd henoe
should be converted into useful material,

The 0114 wastes of any eommunity whioh are collestively ealled
refuse are elasified by the American Fublie Hoslth Assssiation Gommittes (1960)
and Turk et al (1972) ass

&, farbage-kitchen vaste (animal end vegetalle matter)
b, Gombustible rubbish-paper, rags and leaves

and 6, mon cembustible rubbish-metals, cams, glass, bottles and emckery,

Bolt (1956) classifiod s01id waste as (a) erganic matter, consisting
of peelingas, waste food, tea lesves and clethe and imnrganic aatter of
einder, metals amd ash, Gilbertson (1969) and Tark etal (1972) opine that
the sigificunt charasterigtios of solid waste are dengiiy, #ol sture, coghuatihlo.
compostable and thermal value. Holmer and 8arag (1977) are of the opinien
that the most significent characteristiscs of 1iquid waste are thoze of BoD
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beeteria, mtrogen, phosphosic acid, potash, saspended matters, scluable
dirt and traceg of food,

Vinal (1976) states that waste, 1f properly exploited san provide an
array of useful eésonomic products and at the same time, 1f neglested can be
a source of grest nusiamee, According to Duel (1975) waste management is
more than paper flying arcund city dumps mnd mach attention has been focussed
in recent times on resycling of waste,

Hazerty ctal (1973),4tmcld (1974) and Remachendran (1977) opine that
reoycling is the process bty vhich waste materials are transferred into new

produsts in mach a magnner that the original producis may looss their idenmtity,

Singh and Mukerjee (1973) claim that preper reeyeling of weete can
produoe as mach amorgy as the matl-n's entire consamption of oil, Steut
(1979) claims that there is groving interest in the uge of orgsnic waste as
fuel , the methed generated by the decompesition of orpanic matter under
anserobic conditions, Start (1979) sugesste anercbic digesti~n of erganie
wastes including sgricultural and agro-industrial waste materigls with the
exception of meterials whioh are primarily cellulesic such as saw dust,

By the process of pyrolysis organic materiale including garbage may be
donverted into methane gas (Span, 1978),
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Desai (1976) states that the :se of rursl wastes for nethane
generation rather thean directly as :aol or fertilisx ' yields three direoct
benefite (1) the preduct energy resource that oan be stored and zsed more
offieiently, (2) the oreation of a stabilised residwe that retains the
fortiliser value of origina) materisl and (3) the gaving of snergy required
to produge gn equivalent of nitrogen conteining fertiliger by synthetlie
prooecses, He further states that sewage of 15,26 people when digestad will
satisfy the demand of an individual for his demestic fusl neods.

Chplang et al (1976) observe thet wasts materisls from agricul ture can
be canverted into valughble fuels., A study in Ghana demonstrated that
wood, sadust, groundmt shellg and riee stirav can be converted to charooal,
oll and gas by pyrelytie conversion,

Patel (1975) states that the KVIC and other orgamisations have
ostimated that the formentation of the dung ecllected from 75 per eeat of
the country's 226 million cattle (1961) census livesteck) could posaibly
yield about 195 millien mwte of cnergy per year (which is equivaleat to gbout
2% »illion 1itres of Keroseni).

C. Biogas Plantgs

The IARI defines cowdung gas plant as a ch@ep and simply eperated
plant in vhich dung 1s digested anacrobiecally sc as to yleld suffictent
quantity of conmbustible gas vhich ean be utiliased for ecoking purpeses and the
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residus for mamre vithout any loss of manurial constitusnts, Under anservbie
conditions the oxygzen of fermentable msterial preduses on complete oxidation,
the products oxygen, methane #nd hydrogen (Desal and Plswas, 1943).

Anaerobie digestion is a term commonly spplied in waste treatmant process

in vhich the wagtes are stablised in the absence of atmospheric exypen with
the predwotion of wethane and oarbom dioxide (@oueka, 1974).

The variocus uses of cowdung gas plant as 1isted out by Patel (1964)
are as folleum It provides

a. Puel wvhich 1s efficient
b, Manure having high nitrogen content and
o, Hygenie and sanitary eonditions in the ooecking area and around the house.

Gas as fuel. Patel end Patel and Narasishan (1966) opine that gobar gas
eontains 55 per eent msthane and L& per sent carbon dioxide epproximately,
The oalorfie value of gobar gas as estimated by Patel (1974) 1s 550 BTU/sutt,
Aceording to Bajwa et al (197%) the heat effisciency of 'gbbar’ gas &s

ebdut 60 'pér cent, !
4

Sinch (1974); KVIC (197s); Sethianathan (1975); Patel (1975); Sampath
and famar (i976); Mavae (1977); Laura and Idnani (1977) and Adams etal (1978)
state that the gaseous product of fermentation could b advantagecusly
used for domestic and industrial purposes as a cheap souree of compustible
energy for lighting, heating and cooking purpeses amd for providing motion
power te rur amall scale industries,
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Ghittaranjan (1966) and Singh (1974) opine that the gas can be utilised
for pumping water for irrigetion and drinking water supply, and for ruming
agricul tural indugtries as shelling of riee, grinding of flour, osrushing
pseeds and outting fodder,

Slurry gas Manure:

Singh (1914);. KVIC (1975) end Blsvas (1977) remark that the residual
slurry can be utilised in varicus ways., It can most prefitably be spplied
to the farm directly by mixing vith irrigatirn water booguse it ig in g
condition that mixes well with sofl, Paul (1974), Sathianathan (197s)
and Biswas (1976) report that the residual slurry compested with farm yard
refuse, unused vegetables, fallea tree leav-a‘ and weeds will make gn
excellent manure and will reduce the expeniitare of farmeras on chsmical
fertilisers,

Fry (1974); Sathlanathan (1975), Nahar (1977), Miglani and Singh (1977);
Bao (1977); Singh (1978) and Mande (1978) state that the anaeroble digestion
of eowdung produces manure of better quality rich in humus eontent, It is
ﬂul-’ divided and gets more easlly mixed with the soil, The humzs helps
to improve the structure of soll by inorsasing its ospadity to retain meisture
preventing water logging and by providing geod aeration,

8ingh (1977) and Chavle (1979) opine that the enrishment of glurry
by cemposting with other organic matiter prevides agronomical manures from
the limited quantity of digested slurry avaligble from the gas plant. Verma
(1978) states that digested slarry esn be dehrydrated quiekly by absorbing it
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in the leaf powder, paddy husk or in saw dust and can be further dried in the
san, and stored for use vhen required,

Sathignathan (1975); Eokhola (1976); Singhal (1977); Patel (1977)
and Miraleedharan (1977) remark that the loss in quantity and quality of
mgnure obtained from the gas plant ig less vhen composted, It 1s found
that this manure contains abeut 115 per eent of nitregen as against only
0,75 per eont of ordinary farm compost.

Bajua ot al (1975) and Chawla (1979) state that there is only a
relative inoreage in the concentration of total nitrogen of the residue, due
to decomposition of a part of organie constitusnts resmlting in almost its
complete conservationdiring the process. Theeorttically the inarease in nitrogen
content of the residual slurry will be proportional to the extent of desomposi-
tion whish is about 28 to 30 per ecent,

Patel (1955) is of the opinian that the Qitmgon eontent of the
digested manure from 226 millicn cattle would be around 3,8 tonmes which is
mpre than the nutrogen fertiliser capasity established in the country so far,

Sanitary Deneflts

Sathianathan (1975); Reddy (1976); Patel (1977) and Srinivasen (1978)
remark that the digestion prooess and the bacteria present in the digested

manure prevent the breeding of flies and mosquitoes,



15

D, ¥ rp Affecti ductions

There are a nuaber of environmental factors vhich control the eveolution
of gas bty anasroble fernentation &n a olesed gystem. Thege factors have
been gtudied either under laboratory comditions or in working gas plants,
Some of the impSetant aspeots are discussed belows

Tegperqtures

Singh (1974), PLetter (1974); Mumnde (1978) and Stout (1979) stete
that the overall digestion by the bcotarl.a'mnu at tempergture ranging
trom 32° P to 1§°’. However the production of gas decreases repidly below
60°% and practiocally steps at go°r eventhough the digestiocn continues,
Dogal (1951) and Idnani and Vardarajan (1974) reveal that there ig prastically
So gas produstion below 300, optimsm temperature being 40%c and 40 s,

Idneni and Vardarajan (1974) snd Haavani (1976) cbserve that the gas
production is %ﬁtim daring summer menthe and lover during winter monmths,
AMan and Tyner (1977) recommend coverink the gas plant with am alksline
oloth fixad on to a woedm frame to inorease pas produstion during vinter
monthg, Vorma (1978) suggeets addition of cattle urime to the dung spproximately
in 135 proportien to increase temperature, te speed up fermeatation and
enhanoe gas yleld,
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Sr!,?mun (1978) 1s of the opinon that the detentinn period is direotly
depended upon the temierature as it would decide the state of multipli-
cation of the methane fermenting basteria and the velecity of fermentatioh.
Menon (1978) reveals that the basic protlem is to develop mioro-organisns
vhich can ferment dung at a temperature less than 25 colsuls.

Ersagires

Acharye (1957) observed that gas production was somevhat higher uhen
the interval gas pressure is maintained at a level of 2 to 4 (5 to 10 3“1:)
of water below atumospheric pressure,

£ + The PH optimunm has generally been found to cccur between 6,7 and 7.4
ascerding to Mc@arthy (1964) and between 7,2 and 8,2 according to Sharma
(1974). 3tout (1979) suggests checking of PH at the beginning for gnod
ruuli-. mu?u, Verdarajan and Loehr (1974) and Jevell et al (1976)

state that animal wvastes generate high level of m.?,ln, and vhen high loading

rates are used toxicity may ocour especially at high PH where asmonia is not
loyniged,

Patel (1968) atates that methane formers thrive best in neutral to
slightly alkalid media and become inactive below PH 6,0,

Microblal functicnag

Fina etal (1978) state that the amaerobic utilisaticn of bensole acid during
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fermentation was first reported by Travin and Buswel in 1934, confirmed

by %.u'k and Pina in 1952 and later by Nothingham and Hungate in 1969, Mna
and Piakin (1960) established that carbon of the bemmois acid is converted to
methane and carbon primarily to carbonedipxide and the same may subsequently

be redusced to methane,

Singh (1974); Slmlk‘th and Fehr (1976), Nagar and Tetijjen (1979)
and Stout (1979) observe that methane preduction through an‘q‘l‘obie

digestion 18 a two stage biologlcal proceas;

a. The scluable oarbohydrates are converted to orgamie ascids and
b. The organic acids are converted to methans amd carbn- dipxide
by methene forming bacteria,
4 nnit n _ratios

Sharma (1974); 3ingh (1974) and Stout (1979) state that the amount
of carbon and nitrogen in the material teo be digested affects the nmature of the
process, Singh (1974) points out that the suitable @/N ratio in the raw -
material is about 30/1 for eptimum digestion process, the other conditions being
favourgble, Klass etal (1976) observe that animal wastes nr other substances
with a 6/N ratie amund 30 will gensrally produce a mixture »f gases containing

60 per cent methane,
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Acocording to Sharma (1974) very high C/N ratio will lead to early ex~
hnils,'g.ion of nitrogen with carbon left over and consequently slowing down the

reaction to a stop and vice versa,

8ingh (1974) points cut that cowduing has & C/¥ ratio about 2511 which
makeg it very sultable for gas production., Addition of veretahble w=zgte
vill change the ratic and it must be ensured that the ratic of the mixture
18 not teo high for gas production, Makhijan (1975) points nut thet the
C/¥ ratio of orop residue with or without mamre 1s gemerally too high for
satisfact-ry blogas production. He further gtetes that the ratio can be reduced
by adding humen eéxorete inscluding urine or chonlon} dirogen ,

Chang stal (1976) state that large amoint of a material with a lower
C/N ratio can be mixed with dung to ensure greator gas production without
exceeding the g/M limitations,

Sellaloge and hemdollqloges

Swaminathan (1973), Shukula (1976) and Menon (1978) opine that the
production of gas is high in the case of materials which are rich in
eellulose and hermicellnlese and at the same time contain some proteinasecus
mibstances, Prasad etal (1961) peint out that ormplex poly sacharides are
more favoiurable for methans formation., Materials having a helo_cellulowe gets
deccmposed into methans,
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Additives for gag prodyctions

Singh (1974) points rut that substituting a portien »f vegetable waste
may be up to 50 per aent of the dry welght of the mixture will give mnre

amount of fas for the same amcunt of fertilisor,

Arokiaswany (1978); Mensn (1978) and Majmdar (1978) state that all
vegetable wastes, alga®, weeds, sheep end paulgfy vastes, fish wastes,
carcasses and vegetahle wastes can be digested in proper biegas plants.
Sharma (9174); Singh (1974) and Munde (1978) opine that addition of urine
during winter months atimulates baoterial activity and thus increases gas
preduction, 3

Chavla (1973) obeerves that by eddition of one per sent vheat straw
or bajra leaves finely powdered in colibinatinon with urea to dung st
fortnightly intervals insreases gas production to the extent of 30e50 per
| gent during winter months,

Singh (1974); Paul and Sherma (1975) and Khan (1977) suggest sddition
of poultry excerte to speed up and inerease gas production.

B, Crpania Wsgte ag Pe [

The current fbrtulgpr shortage has prompted man to study the
possibilities of producing organic megnure from the many waste materials



available (Joehi 1974). Vimad (1985) Seha (1975); Shentilal (1976)
and Verma (1976) regard this possidbility as a great challenge,

Pal (1962) states that conversion end utilisation of organic
wastes and hyproducts i{s an important line of eotivity eonnected with agriculte
ural advancement,

Verma (1976) and Seminar on Complementary ¥se of Organic and Tmorganie
Pertilivers (1978) reveal that organic fertilisecs keep the soil in good
physical condition and supply the energy meeded by the micre-organisms
to Klilp consert crmplex substames into simpler forms for the plants to
abscrb, besides supplying mejor nutrients in a form available &~ th#;hnta and

micro mtrients important for crop growth not usually available in
fertilisers,

Agriculturg) “astes

Stout (1979) states that agriculture is essentially an enmergy conver-
ﬁon process, the transformation of solar energy and fossil tut}&roduct-
(fertilisers, Pesticides, dissel fuel eto) t~ food and fibre for mam. Stout
(1979) furthar : atfiens: that the eost of dollecting sgricultural residues
is a formidable obstescle for all processes,

Verma (1976), Iavention Intelligence (1977), and Yonsyama etal (1977)
opine that waste materials of various kindes sich as plant residues, cereal

strawes, erop stubbles, aotion staples, groundmut husk farm weeds, grasses a nd



similar organic materials cen be decomposed into rich mamre through composting.

As stated by the Ministry of Agricultire, Figheries am Food (1967)
the diminishing supyly of farm yard manure has oansed many market gardeners to
uge straw as an alternatcsource of organic matter my pleughing directly inte the
soll or partly decomposing into compeot.

The Minigtry of Agrioculture; Pishers and Pood (1968) reports that fresh
s6a weed ig similar to farm yard manure in organic matter amd nitrogea
content, The Ministry also remarks that the residues from the extraction of
vegetable oils from seeds such as rape or castor are useful as mitrmgenocus
fertilisers since they contain five to six per sent of mitmgen,

Vimal (1976) remarke that due to the linoeellulesic nature arecanut
husk an important by produst available in large quantities mow practically
going wuste, in certain pleces, decomposes very slevly into soil, However it
can gorve as a local material for mannrial purposes,

iwal yastes

Pavat (1976), Tiokar (1976) and Stout (1979) epine that another major
source of organic residue 1s animal waste, Singh (1974) states that
regsarch has been geing on since 1930 in many sountries to impreve the
csomposting process used extensively to convert fresh dumg inte farm

agmire,



The Ministry of Agrioculture, FPisheries and Food (1978) reports that farm
yard manure which is an excellent gource of organic matter varies greatly in
qualily depending on, the kind of animal preduwoing the manure, the nature
and amount of litter used end it's state of desemposition, They further state
that horses produce mamre that forments quiekly with congiderabtle heating
whereas dung of cattle and pigs ferment mere slowly and lasts longer,

Daring the studies on compost zaking from dairy farm wastes, Paul (1976)
notised that while good quality compost ean be made fr-m cewdung, it was
next to impossible to oemr#dn fodder waste into eompost, Om the other hand
if fodder waste could be mixed witk cowdung, both together would preduce a high
quality compest, in larger quantity than if only cowlung was used for compost
making,

The National Gomission an Agriculture {1976) stetes that utilisstion of
animal byproducts and animal wastes is vital and i used extensively for
industrial purposes as a fertiliser,

Stout (1955) 13 of the opinion that hide waste is a useful raw material
for preducing nitrogen as fertiliser, MNeslakantan (1974), Gomey etal
(1975) . Menowat (1976) and Loshr (1976) state that although poultry mamre
is mot available in large amcunt as banana waste, its high nitrogem contemt

makes it a v-luable material vhere nitrogen is starce,
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indugtrial Hagtes

Verma (1976) and Shu¥ la (1976) point out that industrial byproducts can
be utiliged for mecyoling to emrieh the impsvevished solly . Meoyeling of
industrial wvaste depends upon the nature of the materiel conserned (Paul
1976, Sometimes it may be costly to resyole industrial waste in which other

materials of con'fmm value are present,

The Ministry of Agriculture, Fisheries anl Food (1968) opines that
spent hops and malt culms are bulky orgamic mamares which if used in large
quantities may bemefit the physical state of the soil,

Vinal (1976) CGhettiar (1978) and Patel ot al (1979) point cut that
five to six million tonnss of dry bagasse produced every year 1s a valuable
rav material for mamure, Jadham and Savert (1975) state that in distillery
industry spent wash is one of the hy preducts obtained from yeast fermented
maltose after rermoval of rectified spirit, The wash may be used as a manure,

Trwn Haste

Banagacpadt_gay (1976} and Ramachandren (1976) remark thet in India
more than 78 per cent of the urhn wvastes remain unutiliged for any prefitable

purpose,

The Minietry of Agriculture, Pigheries and Pood (1968) and Paul (1976)
state that people living in towns amd citles produce large smsunts of garbage



and sewage everday which can  be sagily decomposed into compest after
_removing the momdeeomposable materials,

S1ngh (1973) elaims that the availebility of msmurial ecastitufents
from waste alone amounts to 2,12, 450 tonnes of mitregen, 1,37,965 tonnes
of phesphoric acid and 1,81,785 tonnes of potash, It is estimated that
15 million tonmes of urban compost of good quality cenmtaining aboat 135
per esnt nitrogen and one per sent pheosphoric acid uhich is superior to
sowdung ad farm yard manure ceh be prepared overy year frem urban waste
available in the country,

Paul (1976) holds the view that savage sludge can be precessed to give
sevape gas and the vaste sfudpe cean be utilised for eompost making aleng with

gartage,

Nalk and Ballai (1968) reperted that except for mitrogen, the uptake of
other mutrients was mot very much improved by the spplisation of manures or
fertilisers, Hortenstine and Fothwell (1969) stated that in oats, nitrngen
uptake was graatly insreased by the spplication of eompest, Mmlpo and
Kolbe {1968) observed that thon no?ineroan in yield of root evops by In
per oent dus to appliscation of organie manures over the eontrol,

Hortenstine and Bothwell (1973) farther state that the uptake
of a1l nutrients except Magnesiom was increased by the application of sompost,
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Kighita ot al (1973) state that spplication of organic matter inoreased the
nitrogen and potassium in plants,

Pooma and Phumbla (1973) observe that application of farmyard manure
csaged gradual 1mmo11n the dry weight of dhaincha tep and 1t also cuused
& gradual increase in the content of Magnesium and Potassium and decresse in the
content of Oa, Ne, N and P, Purves and Jean Mackenite (1973) report

that the appliocation of compost inaressed the uptake of Ca, Tn and B for
lettuce and beanse.

The results from the co-ordinated prrject on Assessment on the Effect
of Fertiliser use and Pest Management §u Changing Environment Under Intensive
Cropping reveal that the nptake values of M,P, K, Ca and Ng by ragl
crop from NFK and fa™m yard manure plots were significantly superier te
other troatmentg, Ne significant differomse in the maitrient content of

'amaranthus sould be obssrved except in Mitrogen and Galeium which were high
in pote treated with cowdung slerry. (Philemenc 1978),

iffect of Orgguie Magure op arop OGrowths

Garg etal (1971) observe that compost and farm yard manure had the
sape offest upon crop growth, I€ was observed that application of farm
Jard manure and compsost significantly increased the yield of rise, wheat and

[y

sigarcane over centrol,



Rebeln et sl (1972) observe that application of cattle slurry plus
strav inoreased the ylelds of maigze and potate crops. Sharda and Koula
(1973) observe that organie fertiligers were more effective with cereals
and root srops. Luh (1974) reports that in a long term trial condusted
at Thalvan from 1926 to 19«7 en rice, organio manuring was frund better
than inorganie con the basis of equal amrunts of nitrogen,

Laura and Indnani (1971=72) report that spent slurry and sundired
alurry were supérior to farmyard manure and eompns-t and they almo stated
that spent slurry gave better response than sundired slurry in respect of
wheat grain, They further state that sundried slurry with urea gave better
response them wrea alons in respest of the yield of wheat grain and stwaw.

Kutsenke ot al (1973) report that in a long term experiment,
spplication of farm yard manure plus ¥PK for’éul.nu inc eaged the yleld
more than that with ammoninm sulphate, superphosphate, potasium chloride,




III, EXPERIM-RTAL PROCEDURE

The experimental procedure for the stady on the Bossimluu of Ut
lising Home Garden Waste for Preduetion of Plegas and Organie Manure
consisted of the following aspectss
A Utilisation of selected waste from heme gardenm for blogas production
and B, Preparation and evaiuation of organie mamire

A, Utilipation of Selected &E&!&M&W

This aspsct of the study consisted of the following stepss

1. Selection of organis materials for gas production

2, Selection of test cans for anaerobic fermentation of orgenie
naterials

3. Dsternining the prepertion of compoments to be used for gas produstion
he txperimental set up
g, Asoeasing the volume and oompesition of gas produced

and 6, Analysing the manurial value of digested residue

1. Selection of organie materigle for gas productions

Loshr (197%5) remarke that leaves of various shrubs and plants
1ike banana wvhich can be grownm without mneh atteation, utilising wsste
from the kitchen, give substantial amcunt of renevable waste whieh cam
b® recycled for gas production,



In larger villiages, towna and cities not served by modern sewage
facilities, provision 18 usually msde to lead the dlscharge from the
house drains to the baskyards wherc a kitohen garden with a few clumps
of banana plants can be raised to aveid sluch (National Comission of
Agricultare, 1976), Various parts of plantain plant are utiliged te serve
a variety of purposes. Plantians, poéudosten and inflorescene can be
consumed while the unbroken leaves are used mainly for serving meals,

The remaining parts considered as waste are often discarded in the absence

of cattle in the house,

3imilarly neem trees are oommon in the backyard of many households in
Coimbatore and the fallen leaves are often dumped inte pite though considered
valuable in the medical fleldy

Hence, waste portions fram banana plant viz, stom, leaves and peels
and fallen neem leaves along with fresh cowdung snd spent cnwdung elurry

were considered for the experiment invelving preduction of blegas.

Since the experiment was plannsd to be sonducted an laboratery basis

utilieing waste from home garden, oil cans nf five litre capacity were
selected as test cans (Figure 1), A total number of 20 csns were required
for the experiment and these were purchased frmm the local market,

3. Detersind the preportion of compomsnts to be used for gag prductions

3ince the experimsnt was designed to study the possibllities of

utilising organio waste material from home garden, the proportion of cowdung,



FIGURE - 19

SELECTED TEST CONTAINERS




slurry and vater were maintained in the same propertion for all, with a
variatlon in the preportion of waste material added,

Table I presents the various propertions »f selected materials
utilised for the experiment,

TABLE - X

SELECTED PROPORTIONS OF ORGANIC MATERIALS FNR BIOGAS PRMDUCTION

3. ¥o, Test material Cowdung  Spent Water Proportisn
cowdung
(em) (gm) slurry al
(em)

~un W 9 = 0 W w e B WO H W » O G E G S S e W Se S O SO D eGP " e

1. 666 666 666 1000 LIAF)]
2. 1000 500 500 1000 28119
3. 1200 400 400 1000  3atet
4 1333 333 333 1000 L1 1sl
5 1426 266 286 1000 5111

- e @ W W eSS P e S e ® o E S e S S S eSS W O O WG SRS S O e ® S w W

The total weight of all the components together in each of the test
can was maintained as two kg. The same propertions were followed for all
organic msierials such as banam stem, peels, and leaves of banana and neem,
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4e Experimental set ups

Cowdung, spent cowdung slurry and the test material were gathered
firet and weighed as per Table 1, The garden waste material was cut inte
bite of one cm gize for easy and quick decompestition,

The cut pleces ,ere then mixed thoreughly with cowdung, spent cowdung
slurry and vater in a plastic basin and later the mixture was poured inte the
test can throughthe opening on top to 111 2/3 of its volume, The contents
of the test can were them ghaken thoroughly, The ope’hing was closed with
the help of a nipple soldered on tm it,

Rubver tubing of length ten ems was pageed through the nipple and the
tube was clipped with a pinch clip to prevent the escape of cas, The
atmosphere ingide mas thus rendered anaercbic, They were then placed under
direct munlight for pmduction of gas, which could be recogniged by the
hulge onthe gurface of the container, Gas thus preduced for the firat
three days was released as it generally containg a mixture of gases. Later
the test cans were kept for a period of eight weeks to record the volume of

gas produced,
5, Aspessing the volume and compnstinn nf gas produceds

The total wnlume of gas produced daily from the fourth day was
measured quantitively using the Gas Flow Meter Model IR 18 of recording

type having one litre capacity shown in Figure (2). The gas production was






recorded for a period of eight wesks in the case of neem leaves and for

four weeks (from fourth to sight week) in the case of banana refuse.

The Gas Flow Meler wus pleced on a horisontel plane and the triped
sorews were adjusted for levelling the instrument, The exporimental test
can was then placed on the same horigontal plane and was comected to the
Gas Flow Meter with the halp of a rubber tubing fixed on to the nipple,
The pinoh olip was then relessed to allow the gas to flow through the rubber
tube into the Gas Flow Meter and the reading as indicated nn the Meter
wvas recorded, The same procedure was followed for all the test cans to
record the dally preduction of gas from vhioh the trtal volume of gas produced
during a week wss oaloulated,

The percentage of wothane in the gas produced was estimated by
using the Gas Ghromatograph Pb@ol Perkin leven Fl11 Flame Tonishing
Detector. The peopak column 80=100 mesh w s 1sed. The column temperature
vas adjusted to 1‘;0’0.

The gas sample of 0,5 ml, wie collected from the test can and was
injected into the injection front of Gas Ghromatograph, the restention time
of gas being one minute, The percentage of methane present in the sample
was caloulatad by using the formula given belows
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Peak height x attution x range,

The methane content of blogas generated from seleated test samoles
were tested frr a threo week period in the case of sample A (neam leaves)
and sanples B,Candp(Banans refuss) at the end of the eighth week, Since
standard Methane was not available,’gobar' gas wvas considered as standard to
find out the methane content of the samples ,

6..Aualvaing the mamurial value of digested residuass

On completion of eight weeks, the test cans wers opened and the
ocontents wre dried under shade on pelythene sheets for twe days. ™
drying it was powdered throughly uaing a n&hr and pestle, BRoughly about ten
gns, of the sample wag used to estimste the mitrogen, phosphorus and
potassium content (NPK) of the residue on dry weight basis, following the
proeedure given in Appendix I

B, FPre tln i tirn ~ t $

The procedure for the preparatinn and evaluation of orgaric mamare

comprised the following stepss

1, Selestion of treatments.

2. Preparation of cempost

3, Estimetion of NPK in selected organic manures

4, Orowing plants utilising sslected organie and imnrganic manures

ard &, Comparing ‘amaranthus' grown using selected manures,



1+ Selestion of treatmentss

Ten treatuents with three replications vere selested, Randomised
Rlook Desizn vas salested for the experiment, The detalls regarding the
treatnonts are furnmished in Table II, N

TARLE - IX

SELECTED TREATVENTS FOR MANURIAL APPLICATION

- W B o a® % e ® a® S e eSO T e DO O e YOS Teesew e w

S.IQ. | Man Symbal

1 Gontrol (no manare) ) !;l

2 Fresh spent cowdung slurry '2

3 Dried gpent cowduns slurry 1.'3

be Dried cowdung ‘!,. )
5. Goapost (a) (Spent cowdung slurry + garbage) Ty

6, Gempost (b) (Cowdung. garbage) %

7 Inorganie L,

8, Ix'erganie + dried spent cowdung slurry Ty

9 Inorganie : fresh spent cowdung slurry %

104 Inorganie - dried cowdung Tw



The thres manures seleoted for the treatments included imorganie
fertiliser (urea, miarate of potash and super phosphate) and compest
prepared from

a. Fresh cosilung,dly leaves and oiinl stalk and

b, Spent cowdung slurry, dry leaves and ocereal stalk,
Organle fertilisers were selected due to itz high nitrogen content and
richneas in humus as compared to farm yard manure (T anmhane, 1970; Singh,
1973; and Biswas, 1974).

2, Preparation of compogts

The pit systeam conmonly considered as the best msthod was adopted

for preparation of compost.

This involved the following operationss
a., Selection of materials
bo 301001'»10! Of .’-t.

c. Preparation of comp ost

As suggested by Temhane (1970) fallen leaves and waste cereal stalk
from cattle shed were chosen for compest preparation,
b, Selection of gite:

The site selected for the pits for preparing the compost was near the

existing gobar gas plant in Sri Avinashilingem Home Science College campus,



The nearneas to the gas plant facilitated f1lling the pits.

G. Prepgration of comgoasts

Two pits of 1 x 1,5 metres each were dug, Cowdung, fallen leaves
from garden and cereal stalks were added alternatively in one pit for a
period of two weeks until 1t was filled. In the mecomd pit, spent cowdung
elurry, fallen leaves from garden and cereal stalks were added., The pitse

were later covered with s0ll and allowed to decompose for a period nf two

month B

To estimate the NPK content, two gns of each of the mamare was dried

in an oven at 1oooo, codled and weighed and analysed following the procedure

given in Appendix I,

The experiment was sonducted with the objective of studying the
comparative efficasy nf different sources of organic manure in relation
to the available matrients, Pot experiments were conducted in the follewing

oxrder,

a, Preparation of pota for cultivatioen.

b, Sowing seeds

o, Plant protection

d, Maintaining growth record of the plant
and o, Harvest



&, Pr tion of pet

Thirty earthen pots were purchesed and marked T 11 = Ti9 B3 for the
ten different treatments with three replications. Since red enil is
1ight textured, well drained and good for cultivation (Thomas, 1975) this vas
selectod for the experiment, Ome cart load of socil was purchased, The
holes in the pots were closed with stones to prevent leaching. Five Kg. soil
was used to f111 each »f the pots, Organic mamre of 100 gms was added
to the =01l in essh the pots T,, 1‘3, 14, Te» T4o Tgs Tgs Typ as por the
schedule presented in Table II, Calculated quantities of inorganie fertiliser
(Table II) in the order of 20350120 kg/hectare were added to treatments T,
Ta» Tgo and Typ. The contents of the pots were mixed well and left fora
week for proper distribution of mamure 1in soil,

b. Spuing geodps

" Amaranathws seed of Oo Variely was selected for cendnoting the experiment
because of their sultabllity to somson anmd short duration, Few seeds were
sowh in each of the pot and a thin layer of soll was spread over to cover.
the surface, 7The pois were watered dally using a water can taking care to
use the same quantity of water in each pet.

0. 11 toct

HHGQ ten per cent was applied around the pets to guard against ants and

mmt'o



a. the :

The record of gwowth of the plants was studied under the follewing
headss

1. Tine taken for germination of seeds
and 1%, Time taken for the third leaf it~ appear,

The above data were recorded, After the seventh day of germination
each pot was thinned to six plants per pot to facilitste proper grewth.

e, larvegt:

fAmaranthus' thus grown wns harvested after 25 days from the date of
sowing, The six plants from each pot were taken for further analysis.

To compare the greens groun using different treatments of manure, the
followving two steps were underteken:

a, Blometrical observation
and b, Chemical amalysis of plant material,

a. Blometrioal gbgervations
Blometrical obssrvation w:a done as follows:

i. Height of 'amarnsthus' in relation to manuraial treatments.
11, Yield of the 'amaranthus' in relation to manurial treatments.

and 111, Thickmess of plant stem in relation to mamurial treataents,



i, Height of 'ecmarpnthug' in $

The height of the plant was mevsured with the help of a scale after
harvesting and recorded,
u. I eld g

The yleld in relation to manurigl treatments was asesssed by taking
both the wet and dry weights of 'smaranthus’,

Wet ~eipghts 5

The plants on harvesting were washed with water to remnve scil, The
weight vas then determined using a balame, Thus the wet weight from each
set of six plants from eesh pot was determined and recorded for comparison,

Dry weights

. o
The different sets of plants were dried in an overy . at 100 ¢ for 24
hours, The dried materiagl wes then weighed using a balance and recorded for

GoEparison,

114, :mnnumm_mq.n_mmnm.:mm

The thiokness of the gtem of six plants from each pot was found out
with the help of a Serew Gange at the first mode of the plant and recorded. The

man thicknees was calc lated for comparison,

~



b, Cemieal snalysls of plaot meterials

The chemnical amalysis was droe for t~t,] mitregen, phaspharie aeld,
petassiua, caleium and magnecium frllsving the precedures riven in Appendix
1.



IV, RESULTS AND DISCUSSICNS

The results of the study on the Possibilities of Utilising Home Gardea
Waste for Production of Blogas and Organic Manure are discussed ander the
following headinge:

A, Use of homs garden waste for biogas production:
and B, EBvaluation of manurial value of organic and imorganic mermares,

This aspeot of the study is discussed unders

1. Yolume of bMogas produced from selected garden refuse
2, Percentage of methane in biegas preduced

and 3, Ratrient analysis of digested residues,

The volume of blogas predused from selected refuse is discussed under

a. Volume of biogas prduced from neom leaves base

b, VYolume of blogas produced from banans refuse and

e, ;l:::l p:oriou:? of gas produced from the selected samples during the
a. Jolume of biogas produced from peem Jleaves baser

The data on the volume of blogas produced are presented in Table I and
Figure 3 in terms of the avermge gas produoed during each eok and the total
volume ' produced duting the eight week test peried.



TABLE - XX

VOLUMS OF BIOGAS PRODUGED FROM NiiM LEAVES BASE (SANPLE 'A')

1. Proportion Blogas produstion/week in o.8 Total du

b., L T S e T RN, t.ltp.ﬁﬂdl‘)

Waste Dung Mlurrylet 2nd 3rd 4th Sth  6th  Tth  stx
525 815 630 %92 528 842 s  #0  35,59
675 817 870 292 788 628 432 294 37541
73 817 1083 1168 118 375 %2 A4Ts8
858 800 690 M2 1375 608  IE 140 I8
780 1208 1350 1375 1166 1333 670 %10 8,744
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The general pattern -howed an increased produotion of gas during the
fourth, f1fth and sixth weecks, while the following weeks recorded decreased
quantities. The gas produstion during the eighth week was comparatively lew,
only 27=48 per cent of the velume produced during the peak production
period except in preportion (1) which generated 68,7 per eent,

The data on the totel velume of gas produced during the test period
of eight weeks indicats that porportion (5) ylelded the maximum of 58,7 litres.
The next best result (44,1 1itres) was obtained from propertion (3)
while proportion (1) ylelded the lowest amount,

b. 3 LE UK .

The data on the volume of blogas produced from banana refuse base per
weak and that of the total volume produced during the eight week period are
discussed as gas prodused from

i, Banana stem = Seample B

11, Banana leaves = Sample C

and 114,Banana Peels = Sample D

The average weekly production of blogas from banama atem and the
total volume of gas produced from fourth to eighh week are presented in Table
IV. and Pigure (4).
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TABLE « IV

VOLUME OF BIOGAS PRODUCED FROM BANARA STEM BASE (SAMPLE B)

" W ow g TGS e S PO S E e EE® SR E G W B SN ® DD RS eSS ® e e S

8.%. Proporticn Gas production/ueek in e.0 Tatal dmnfl)

- W W e e e W E W R W e W W W EeEmEew e D me ®®® t.stpel'lod

Waste Dung slurry 4tk sth 6th Tth 8tk

. S ® BSOS DE SO OO e G Y e E e 0T oS B DD e®® e

1 1 ¢ 1t ¢ 1 615 1150 1350 1142 240 39,07
2 a ¢+ 1 1 1 570 750 1000 800 360 2430
3 3 0+ 1 s 1 60 700 1100 438 208 21,721
4 b ¢ v 3 1 750 850 1000 448 320 23.57
5 s 1 1 s 1 820 900 990 750 %60 W0

.-.--.---..--C.‘-.....-‘-.-.-.‘.-.-...........
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The gas production was recorded to be the maximmm during the sixth
week in all the proportions excepting im prepertion (1) in vhich the fourth
week was the pesk produstion peried. During the eighth week the generaution
of gas was the minimum vhen compared to that of the previous weeks.
Proportions(1) and (2) registered the lowest production being 17 and 19
per cent respectively while in proportions (2), (4) and (5) shout 32=36
per cent of the maximum was recorded,

Proportion (1) ylelded the maximum volume of gas during the total
peried of five weeks. Mot mich of a varlation was observed in the total
volume of gas produced during the test peried in the other prepertions.

i1, duced n s

The blogas produotion from banana leaves in terms of average weekly
produstion and tetal volume of gas produced from fourth to eigth week is
presented in Table ¥. and Figure (x),
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TABLE - V

VOLOME OF BIOGAS PRODUCED FROM BANANA LEAVES BASE (SAMPLE C)

Q‘-‘-.---.-“--ﬁ---.-.’ﬁ...----.-..‘..--....'

8.Ke. Proportion Cas produstion/week in cg0  Total during
test peried

Waste Dang Slurry 4th s5th 6th Tth sth

T TS R E R N U I B W R B B B SR B Y B L

1 1 s 1 3 1 400 378 300 s 178 10,535
2 2 ’ 1 ] 1 200 180 150 116 138 8474
3 3 ¢ 1 ¢ 1 500 350 400 2% 14s 1.412
b 4 % 1 1 1100 800 750 6% 18 23.849
5 5 ., 1 s 1 1200 990 800 766 628 30,688

- @ m T ® 6 e "E D ® B G ® 3 e EE T e ® W E S W E S OGS e DO "SR w

<
The reu;ﬁn week recorded the maximum production of gas in all the preportions

with a steady decline during the follewing weeks., During the eighth week the predustion

of gas was lowest almost about 11 per cent of the maximm produetion in prepertion
(4) and highest (63 per cent) in porpertion (2).

Considering the total wolume of gas prodused during he five week period, a
maximan of about 31 litres was observed in propertion (5). Porpertion (4) also
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ind!.cat?d gas prqdnqt-;ol to the tuns of 34 litres, vhile the remsining

three compositions gave s very meagre quantify between & and 11 litresy

11, Plogas pyoduced from banana pesls bast: (Ssmple D)s

The weekly average and the total wlume _of blogas produced £ rom
banana peels durj.ng tho.hurth-to the eighth weak are prﬁsented in
Table VI and Figure (6)s



TARLE o VI

VOLUME OF BIOGAS PRDUCSD FRAM BANANA PEALS BASE (SAMPLE D)

- o ® 0 e ¢ o o 0 ¢ O e e ¢ O O P O 60 0T e e e e % o Ye e e ow e s

8% ewe f':’:!f!:‘. cesovomacen Ea : 2’:‘?:122/.‘“:‘: ? ..:.: S ::It:lm during
Waste Dang Surry 4th &th 6th  7Tth  8th I-;a;t period

ccse Rt e st e e s et R Attt a et e e en et e
1 BRI SRR 400 312 176 100 122 8,190

2 2 ¢+ 0t 3 9 550 258 8§22 A 102 13,083 .

3 3 ¢ 1 4 1 50 410 198 2 168 10,710

o b 1 ] 1 M0 %6 300 /SR 7 10.1.?9

L 5 1+ 1 s $35 400 550 332 22 14,203

- G 060 D0 s 0000 et % e a0 0 O %00 OGS0 s Pe e

As seen in sample O, the production of blogas was at the maximun leve during
the fourth week followed by a gradual decline during the succesding weeks except im
proportions 2 and 8§ wvhish registercd an increase during the sixth week, levw gas
production wvas évident during the eighth weesk, which ranged between 18 and 38
por cont of the maximm during the peak peried,

§t was observed that the prepertions (2) ant () yielded the azaxinua quantiy

of 13=14 1itres during the test period, the minimun being eight 1itres from prepertien
(1.
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(m&&lgure By
Table VII [ presents the total volume of gas produced during fourth to

oighth woek frvm the selected samples-meem logves base and banana refuse bass,
TABLE = VII

TOTAL VALUME OF BIOGAS PRNDUCED PRAM SELECTED SAMPLES

S.¥o, Proporticn Gas productionfueek in 1itres

Waste Damng Slurry Jiesn leaves Banama stem Banana leaves Banana
sample A sample B sample C poels
sample D
1 1 g 1 1 1 N 21,39 39.W4 10.535 8.190
2 2 s 1 : 1 21.007 e 360 5474 13,083
3 3 ] 1 1 27.832 21.121 1’0411 10."10
b b 1 | 1 22.050 23, m 23, 8"09 1 0,479
5 5 ’ 1 s 1 38,31 26,1530 304638 14,203

-‘w----.----.-......-d..-.---ﬂ.'---.-‘.--0-.

From the data recorded 1t was observed thst banan b stem register-d the
maxizan gas produstion followed by that of neem leaves, ihile preportion (1)
gonerated a waximum of 39 litree cf biogas frra bamana stem, propertion (5) in
neea leaves evolved a mmximum of 35 litreé. A falrly good volume of gas was generated
in the case of banana leaves, only 23=31 1itres in perpertions (4) and (). The

gas production was considerably peor eight to 14 litres in the case of beanana peelas,
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The data thas reveal that a combinmation of neem leaves, dung and spent
dlurry may be used advantagecusly for blegas predustion ia two propertions
as 51131 and 33131 Benana stem, dung and sgpent glurry in equal proportions
and in propertiens 51131 aleo, may be effective for biogas prodition., Only
5: 131 properticn was found suitable with banana lsaves, dung and dlurry,

2, The g

The percentege of methane in biogas produced from the gelected
materials was estimated d:uhg the first, second amd fifth week of gas produstion
in neem leaves (Sample A) and for the eighth week in bamana stem (Sample) B),
banana leavas (Seuple 0) and Banans peels (Sample D), The percentage of
nethane present in sample A and samples B,0 and D ig depicted in Tahles
VII1 and IX respectively,

.
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TABLE - VIIX

PERCENTAGE OF METHANE IN BROGAS FROM MEEM LEAVES BASE

® e e e M awd e e e BT D U S P ST e o P W ® S ® S ®E e S e W

81.%o, P ropertion Percentage of nethane in wecks
Waste Dung Slurry 188 2nd sth
6w " 6y % oY s

- S " O a O 5 O 0 G e 9 e w S oGRS %GOG e O T e e ®

1 s 1 1.8 M2.42 0,013  2.8% 6.5 67241
1485 382,75 105 310,00 38 M0
0.9 186,20 3,38 699,0 5.1 527,58
1.3 268,98 1,6 331,00 2.5 268,6

18 31034 1.5 310,34 46 4788

1

2 1
3 3 + 1t

4 1

5 LI

alk o o o =

R R L L L R I

* Chart Unit
The various propertions of neem leaves in eombimation with dung and slurry
yielded higher percentage of methane tham that of 'gobar' gas dauring the first,
socond and rifth .eeks axcept in preportien (1) during the secend week wvhich
indicated only a very smsll percentage of mothane (2,8 per cemt),
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The higher percontage of methane in neem leaves in varieus combinations
vith dung and alurry imdicetes the definite possible mew avenue of utilising
this waste material found im abundance in many parts of the sountry for
producing m;hano for fael meeds,

», Percentage of pethane in besapa rofuses

The percentage of methane present in the dlgeated banana refuse at the end
of the eighth week ig pregented in the Table bdelow: -

TABLE XX

PERCSNTAGE OF METHANE IN BIOGAS FROM BANAKA REFUSE BASE

»> ® @ e WD PSP OB e "% Yo e e e B0 SO e

& .Heo Proportion B;:;:;o‘;.- ::11’: ]é.““ ::pi..: %“1.
P B TR A TR

@ e tteceseeesseeccecceccmcececnncanceen

1 1 1 1 58 600 4t . A3k13 00 10,%

2 2 1 1 b T4bed 2,0 206,89 097 100,3%

3 3 1 1 hel  4h2%e14 5.8 600 6.1 10,34

4 A 1 1 2,0 206,89 3.5 %206 0,17 17.58

5 s 1 T 48 496,55 6,2 641,37 0,025 2,58

- e o ® e e e oo

- G W g SO TSP O E D AN W0 O ee
¥ Capur  Ungy . .

On analysioc for methane content at the end of the eighth week 1%t vas
observed that banana lsaves in eombination with dung and glurry gencrated a



very high percentage of methane when compared to that of 'gobar' ges, Banam
stem alse showed similar results. The highest percentsge of methene gas was
observed in propertion (5) using banana leaves, The next two best sombinations
were banana stem with dung and slurry in ogual properticas and banana leaves with
dung and slurry ia preportion (3). Since the peraentage of methame

generated from banana peels was conmsiderably lov im all prepertions, this

¢al be claimsd unfid fort'éﬂ:q;:‘tion.

Thas the data reveal the possibility of high percentage of methane gas
gensration from banans leaves and sten in combination with dung end spent
alarry mainly im three preportions 131:1, 31111 and 121,

3. Eutrisat analyala of digested rezidaess

The nutrient analysis of digestod test sample A and that of sample:B,C

and D are presented in Tables X and XI vespechwely {Fovrests) velgstvales the
N\hm\ew ond Polasstum conteut ot J.taes{'ig,l =t Smplgg A,RC aud 0.

TABLE X

NUTRIENT ANALYSIS OF DIGESTED RESIDUE FROM .. N:tM LEAVES BASE

e I I T R T I X R I I I i Sy

Proportion Percentage

a::._l. ® @ & ® S e DR o e e PO e P o PP e e e e Y

Jaste Dung Slurry Nitrogen Phomphorus Potassimm
L T B B B Y B B S B B B N B K SR P N R R N I U I Y
1 1 1 1 2,30 0,19 0.90
2 2 1 1 224 0,17 0,90
3 3 1 1 229 Oté 0,90
3 4 1 1 L2 0,15 1.10
5 ] 1 1 2.10 0.13 0,70



M gable differense in mitregen, phosphoras and potash content could nnt be
observed within the selected proportions, However propertion (1) sppeared

to De a better scurce of mitmgen amd phosphorus while propertien (4) in potisesium
°°n”»,

TABLE « XX

NUTRIENT ANALYSIS OF DEGEST:D RESTOUE FRON BANANA REFUSE BASE

- & O @ O O OO 00T 0O e 0o eaD " oo e e E O P e % a0 % e e 9 6% e e ua s e

Proportion Sample B Sample G Semple D
Peroentage of

oS 5 o e % 9 S @ 5 O o e O e O P e e O S B e RO e 00O e oY e e eSS

;No, Waste Dung urry N P K | ) 4 K | 4 K

R I I R A N N N EEEE X R R W N N ar ar-ar S S a WP S

1 T 0 101 248 0,30 2,20 2,26 0.27 0.10 2.“ 0,21 2,20
2 2 . 11 2,87 026 30.9 2953 Ogﬁ 4,80 2.10 0,19 29’5
3 30 101 238 00 400 25T 0.6 2.0 22 0,16 4.0
' 4 1.1 2.? Qoa 3,60 2,18 0.2 2,20 2.2% 0,19 3,60
5 § : 1: 1 2,64 0,13 1,70 1.8, 0.11 2,98 OO 0,13 1,70

The mitrogen, phosphores and potash content of the digested residue of the
sslected ssmples was more or less similar im all the propertions. However propertiom
(3) resulted in maxivum pottasium content, in Semple B and maximum phosphorus centent
in Semple G, Hemce it can be someluded that the percentage of NPK of digested

residue frem banana refuse is more or less similar vhen any of the ab~ve propertions
are gelected,
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The results of the study on the mamuria) value of erganie and
finorganic manures using digested slurry frem the 'gobal'! gas plant are
presented and digcussed under the follewing headss

1. Butrient content of saleated nmamires
2, hiffect of selected manures on growth of 'amargnthus’
J.Height of 'anaranthug' in ralation to manurial treatments
4o Htokness of stem of 'smaranthus' in relation to mamurial treatuments
5. Yleld of 'amranthug' inrelation to menurial treatments

and 6. Mutriont content of famaranthus' treated with gelested xanures
1. Mt 1) nt

The mutrient analysis of selected manures visg,, fresh spent cowdung
slurry, dried spent eswdung slurry, dried cowdung, compost prepared using
(a) fresh slaryy,garbage and (b) fresh cowdung and garbage and that of

inorganie manures usad for the pet experiments is presented in Table XII,
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TABLE XII

WUTRIENT GONTENT NF SELECTED MANURES

db&a..ﬂﬁ...nqo.-.--.-.o.,--‘-&.-‘..--.-n-.

Percentags of
- ™ e @ o DG e e eoe e ses
8l .Fe,. Manures Nitrogen FPhosph orous Potassium

PR RS I S RS RS S E . R N W B R B W B B BB B

A. Organic manures Y

1, Frech gpent cowdung mlurry 2,0 0.17 0,65
2. Dried spent cowdung slurry 1.7 0,17 0.68
3. Dried cowdung 16 0.17 0,65
he Gompost {a) cowdung slurry garbage 1,09 0.08 0,07
5 Compost (b) Cowdung garbage 1.06 0.1 0.5
B, Inorganie

1. Urea 46,00 - -
2, Saperphe sphate - 1800 -
3. Mirate of potash - - Gé.m

e e R r e R e E RN s R e e e e AT rE A et e R e e e ...
The organic and inorganis mamires gelected for the experiment on

anclysis for thelr chemical composition shiowed the following remlts. Inorganie

manure registered maximum peroentage of mutrienty in terus of mitropen,

phesphorous and potTassium when compared to organie manures, - fresh spent

Sowdung slurry, dried spent cowdurg slurry and dried cowdung, were found to be

rich in mitregen. and potessium though not in phesphorus content,



b

2. Bffect of selected mamres on crowth of 'syaranthua’s

The effect of selected manures on the growth of famarwnthug' wvas
evaluated in terms ofy

a, fine taken for germination of scaeds
and W, time taken for arrival of third leaf
8. Iime teken for germination of geedss

The time taken for germinati-n of sveds in the three replicated
pots treated with sslected manures is given in Tahle XIII and Pigure(9),

TABLE - XXIX

TIME TAKEM FOR GERMINATINN OF'AMARARTHUS*SEZDS

G ® e EwE 0GOS GO eSO EE S e %6 e 0SS B e Ve

Time taken in heours

S.IQ. Treatments C L I B B B A N A K I R R R I I BN R

Y % L Nean

]
S ® B e de e st e d e e e e P e RN C O e S OO e e s S

1 % 9 90 98 9%.3
2 1'2 60 72 72 63,3
3 L) 60 72 60 6440
4 T, 72 T2 80 Tash
] ?’ 72 80 60 70,6
6 % 8o 7 72 74eb
7 T, 60 72 90 The?
8 60 98 72 76.3
9 80 72 98 83,3
0 Ti0 80 98 90 8943
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The variation in mesn time takem for germinatiom of meeds as seen from
the Table indicates that in centrel pot (t,) the gecds took & maximum of
9% hours vhereas treatment (!3) vith dried spent cowdung slurry took a
minimm of 64 hours and treatment (2,) vith fresh spent sowdung. slurry
tock 68 hours thus indioating that addition of organic manure in the form of
sp@t slurry hastens the germination process, 3Soil treated with cempost
using a 6onbination of spont cowdung alurry . garbage (?5) and eowdung + garbare
(%) germinated faster vhen compared to that of inerganic fertilisers vhich
required 83 and 89 hrurs in (19) and (2,4} respectively,

When statigtically aralysed the treatments were feund te be gignificant
at 5 per oent level, The treatments Ty, T4y and Ty vero found to be on par
as 1s dennted by the eritisal differeme = 24,13 (Appendix III A),

The abnve results indioated the beneficial influsnce of erpanie

manures over the onmbination of organie and imorganic fartilizers partisalarly
with referonce te germinaticm of sveds,

b, Time n for the th 0

The effocts of treatments with physiologieal astivity vas also svaluated

in terns of time takem for the third leaf to appear and the data are
presented in Table ﬁ’l.



HouR S

TivE T

Tine

tia

Taken Tor

A 1
A‘HF\-RQ‘\')THU.S

SCALE -

low = L6 Houks

. Ge TREATNENTS

urRe - 9

GerumaTion

Ceens

=




és

TAELE » XIV

TIME TAKEN FOR EMERGENCE OF THIRD LEAF IN'AMARANTHUS'

. W e E e OO0 G N O 0 gt n e ® e Yy e

Time taken in hours

8. Ne, Treatments =evweccesuscscescsscsccasses
b B b Noan
1 T 168 168 160 165,3
2 T, 144 160 144 149.3
3 1 104 120 104 10943
4 T, 44 120 1% 16,0
5 1, 144 78 120 1%.0
6 % 160 144 “s 17,0
7 L, 120 %4 168 14440
s Ty 120 144 120 18,0
’ % 27 168 160 19743
1o T1o 168 144 168 160,0

i,

Gonsidering the growth of plant with regard to time taken for emergence
of third leaf, it was observed that treatment (23% nsing dried spent cewdung
alurry as mapure toek a minimum of 10,9 hours compared to that of centrel

(31) which tock a maximum of 165 hours, Both the treatments using dried sowdung



-h

(‘!6) and the compost using slurry +garbage (Ts) took 136 hours each whereas treatment
('33) using a combination of dried spent cowdung slurry and imorganie mamre
took only 128 hours (ippendix IIT B),

Statistical analysis showed that the difference in ireatments were
significant, The favourable influemce of spent cowdung slurry on time taken
for the emsrgence of the third leaf indicates the role ~f digested dung in
hastening the physioclogical sctivity of the plant,

3. Height of 'ysqranthug’ ip relstlon %o mencrial ireatmentgt

The height of famaranthus! inmlation to manarial treatwents is
presented in Tahle IV and portrayed in Pigure (10) ant ().

TABLE = XX
HEIGHT OF AMARANTHUS IN DIPFERENT TRZATMENTS

n‘i.ght in omg,
S.%o. Tmtmt. - e R E DS w S eSS ® DB M S W W s ®a
x % N Nen
1 T-' 6.6 he35 6.1 5468
2 T2 143 10,75 15,0° 13438
3 3 13,0 10,60 16,75 13445
4 7, 1641 16,40 7.80 13043
3 T, 14,92 14,60 12,50 14,01
T 14490 12,83 13,80 13,84
7 ‘g 8.6 %.28 184,30 12,05
8 Tg 11,30 7.80 11.25 10,11
9 % 9.0 10,60 9.90  9.83
0 20 8416 8.8 9.66 8,87

.--.‘...-.-.‘.---.-.----Q------.‘--.-.--..
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‘amaranthus’ grown in eoil trested with compost prepared from spent
cowdung slurry;garbage (15) sh~wed s maximm provth in terms of height,

Treatments T,, ‘1‘3' 3 A and T, using fresh spent cowdung slurry, dried spemt
cowdung slurry, dried cowdung and crmpost prepared from cowdung ; garbage

respoctively recorded a height varying between 13,3 and 18,8 cu. The shortest
growth (5,60 cm. ) was ebserved in the case of scontrol (!1).

Eventhough profound differences were not observed am-ng the organie
amd inorganie manurial treatments, they recorded higher walue for the tr:s: enis

height cf plant compared to the control and the differemse in the gbove

treataents also attainsd the level of gigniffcarce,

The thickness of 'amgranthus' stem in relation to manurial treatments
is depiotad in Table XVI,
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TAELR - XVI

THICKNESS OF 'AMARANTHUS' STEM IN DIFFsRINT TREATMURTS

- = o W %S e o0 S0 ®eE S e " O e G ® DD DD e ® e o

Thickness in cns,
S.He. Treatanents - e W B M E WS T Ee® E %W % W E e S =

S T

o G S > g O e e w O T e E % W ®E S W P e D e S e @m e O W g e s D

1 T, 1.05 1,14 1.10 1,1
2 T, 1.77 1.90 1.94 1,87
3 T, 2,23 1.97 2,50 2,23
o % 2,39 2,42 1.58 2,12
5 s 2,48 2,38 2.12 2,30
6 T 2.9 2,22 2,06 2,22
7 % 1,18 147 2,03 o5
s g 1.80 1,60 1.83 1,78
9 % 1043 1.93 1.94 1.73
10 0 2,16 1.90 2.30 1.88

The mean thickness of the stem in treatzents !3,2‘ a7 0 found
to be greatest ranging from 2,12-2,30 om, as compared to treataonmts I,, rs,
!9 snd Tyq which recorded a thiokness between 1,86 and 1,85 om. The
thickness of stem had shown an insrease vhen inorganic fertiliser was used
in combination with organio manures as indicated by treatments [28, Ty and T.4)e
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The thickness of stem in treatment (‘1‘1) wvas foumnd to be the minimn,

Satistically the differences observed gmong the trsatmenmts were found te
non~significant (Appendix IXIX D)

A}

4e 11814 of ‘amaranthns' in wil‘xflon in menarial treatasutss

The effect of different mamires on the yleld was assessed bty taking
a, Wet welght soon after harvest:
and b, Dry weight on oven dry basis
a, ket yoighis

The total yield obtained frrm the three repliocates receiving the
different treatments is given in Table; XVII and Mgure 13,

TABLE XVII

WET WEIGHT OF AMARANTHUS GROWN USING SELECTZD MANURIAL TREATMaNIS

- % e e " A S ® DO N ORS¢ e e T O % e esw G e ® e

Wet weight in gm,

s.'o. rnamnt. - . e e e e e o e E S E DO R e e aee
L] Ry Ry Mean
1 1, 1,2 1.2 1.4 1,23
2 Tz 8.9 12,7 7.0 9. 53
3 ;3 8.9 6.2 15,9 10,33
4 % 12,4 12, 3.4 9.33
s Ts 12,3 9. 7.6 10,03
6 T8 he3 6.9 9.0 6.73
7 . 2,0 2,2 3.0 2443
8 3 6.0 8.6 4e2  5.26
9 % 2.’ 6.0 6.9 ’.23
0 r‘IO 6.9 4e 8 6.0 5,80
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The treatment (!3) using dried slurry as manure reo~rded the highest
yield of 10,33g fellowed by treataent (2,) using slurry+ garbage o-mpest,
The treataent ﬁdng f'rod“ spent cowdung slurry (T,) and dried cewdung (r‘)
registered an approximate yleld of 9.5g,, vhile the centre]l tregtaent
replatered the lowest ye1ld of 1.23 g.

Statistically 1t was found that ths treatwents vere gigquifiecslly
different frm eontrel (!').} The treatrents T,, T,,T, ,%4,T¢,and T vere
found to be on rar, As observed in the Momstrio ebeervation, the abeve
results alge alearly indicatc the hemefieial infl :ence of erganic mamaring

on geruth of ‘amgranthug® (Agpendix IXX 0),
%, Dpy Jelghts
N
The wean dry weight ef ‘amarsnthas’ is riven in the folloving Tablemvi
and Figure (IX)
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TABLE IVIIX

DRY WEIGHT OF *AMARANTRUS' QROWN USING SELECTED MANURIAL TRFATMENTS

| OE e W od S W W S R S S W W W m W W Tem @ W WA e e D e S

Dry welight in g,

3,.Ko, Trestnents I L A T T I I T I
& R R Moan
1 7, 0.2 0e2 0.2 0s2
2 T, 1eb 1.6 1.0 1.3
2 1 1.2 0.8 24 1.3
4 L 2.1 1.8 0.3 1.4
3 I 2.3 1.4 1.1 146
6 T 0.4 1.0 R 049
7 ¥ 0.2, 0.3 0.7 0.9
8 Ts 0.8 1.0 0.9 049
9 Ty 0u8 1.0 1.0 0.8
10 %40 1.0 1.0 0ok 0.8

.-n-.q---QOOOCQQO-¢.--~-.-.-..O.--¢.0--.O

The mean dry weight of the yleld obtained from the various
treataonts indicated that an approximate yield of 1,3 = 1,6 g., on dry
weight basls was obtained from T5,T;, T, and T,. The yteld from sentrol(Ty)
was found to be the least,

Statigtically the treatments were found to b nom significant,
(Appendix III E)
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TABLE IIX

UsING

RITROG:N, PHOSPHOMIS AND POTASSIUN CONT=NT OF YAMARANTHUS® QROWN SELECTED
MANURIAL TREATM:NTS

..----..----"-.-...-.-.-.-.----.ﬁ---.-.-

Pereentage of

S.Noe Treatrent c e s ceerecacces bt eNsetecsmne
HMtrogen Mosphorus Potassiun

1 % 49 0,18 he3

2 Ta 5.2 0,18 3.9

3 S 4eb 0,20 4eS

4 T, 449 0.18 A9

5 g beS 015 he8

6 T 5e2 0,17 4D

7 z, 4eb 015 4ol

8 T‘ l..? 0.20 4e3

9 % 4db 0420 43
10 %0 5eb 0,25 4eb

B e Te %R e T OO e O RE S s O® S a S Al O e EOe®ee

On analysis it was observed that nlamts gro'm in treatment (1'9,
using cowdung and inerganie had the highest percentage of 5.4 nitrogen
followed Wy plante treated using frogh spent sowdumg slurry (!3) and onmpost

rod N
prepored from cowdungigarbage (Tc). The treatments Ty T, and T, (ore aleo
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fraree -3) ~ :
found to be rich ia nitrogen cont A In the case of phosphorous, plants

grovn using ingrganio mamuiros recorded a higher pereemtage, Polassium
content was resorded to bs high in the case of treatment§ Ty ' (eentrol)

Tq(dried spent alurry) and g (ocmpost from cowdung + garbage) '\ Flaure- 1) -

Thus it ocan be stated that epplication of srganic menure enhanced the
nutrient quality of the plant, since mitrogen constitutes the wvariocus
amine acids, whieh in turn is the building blesk »f proteins, The application
of crganis or imerganic menures did m~t have any prefound influence on
the potassium céntm of the plant,

The statistical sorutiny of the data pertaining tn the study indioated
that fertilise¥ application slene promoted the mitrogen and phosphorus
content of ‘amaranthus! (Appendices « YIX &, K F and T) ,

b. Saloim and magpesim gontent of ‘agaragthugs

The following date preserted in Tatle XX and Mgure (15) veveal the
caleium and magnesium content of the selected plant samples,
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TABLE « XX

GALCIUM am Mmﬂmm CNHNTENT c@’ 'AM&RANTI!{B‘ GRWN USING SJLme mrmu.
. TREATM:NTS. - :

cq-h‘-béQpnéu.dqﬁis--qa.-onaﬁoo-‘c--6--',-'-.--'udflr

- Hatrientg in: percantape

is,lo.‘- Trestmonts P N T R R R WA I N AR
Caleium Yagsnesinm i

A S
1 T 2.8 312

2 2 2.8 2.8

3 r 2.8 2,88

4 T z;§ 2,88

5 3 2.0 3012

6 T 24 3.12

7 T 2,0 2,16

8 ] 2.8 2,64

9 T 2:0 3.1
10 T 2.8 2.&

L B B NS SN BN AN N K B AN BN NN SN SN R O W I N R R R R e R P B

The ealoivm content wms found to be the highest im the sase of

treatments %, T,, T3, %3 and Tyg , Substantisl variaticn wes mot observed
in between the treatments im the case of ecaleinm content.
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Similer te caloium éentent of the plant material, sppreciable variati~ns
were mol observed ia the cass of magnesium content et_' amrant ssmples, The
statistical snalysis of the date portaining %o magnesium sontent was found
%o be sigaiffcant, (perenewx .k,

+

h san thus be sencluded that organie mamurse of spent cewdung
sturry, cnrmpost prepared frem spent oowdune; alurxl-nv.gart.mga and. c#udnng»,gar&'go
lmpreved the mitrogen content of the plant, and merranic msnare inflienced
the phosphrous eontent ef the plant while the remaining nutrients mre;
not influenced by any ef the treataents,



f

- V. SUMMARY AND CONCLUSION

The investigation on the Possibilities Of Utilising Hrme Gardenm
Waste for Biegas Preduotirn and Organis Manure onmprised the following

major aspects,

A, Utiligation of home (aardon wvasts for blogas production,
B, Zvaluation of namuirisl value of organic and inorganic manures,

A, Utiliy

Four samples nf waste sush as neem lcaves, banana stem, banana leaves
and banana pedls in combination with digested spent cowdumg slurry amd
freosh cowdung to form propertions as 11151, 28151, 38181, 4siel and 53131
wvere seleatsd for blogas prrduction,

The ges produstion wap recorded for oight weeks in en‘_a!’ neen
leaves base and frem the Fifth Yo tho eighth week in the sase of banana
refuse basa, The pereentage of methane was estimated for the first, sscond
and Fifth wecka in neem legves bese and at the end of the eighth week in

banans refuse base,

The mtrient anaiysis for mitrogen, phosphorus and potassium content
in the digested residues vas ecarried out towards the emd of the study,



B, Evaluation of Manurial Value of Organie and Inorganlc Manuress

Ten treatments as Ty - sontrel, '!2 « fregh gpent cowdung slurry
!3 - dried spent cowdung slurry, '!‘ « dried sowdung, .!f fresh spent

sowdung slurryigarbags, Tge frosh cowdungigarbage, T, Inorganic, ¥, dried

8
spent cowdung adurryr Inorganc, 19 fresh slurry +Inorganie aod !19 dried
cowdung+ Inorganic were selected for pot experiment using red soil and co«

variety ‘amaranthug! seeds,

Urea, super phosphate, marate of potash, fresgh and dried spent sowdung
slurry, drisd cowdung snd compost '
as Prepared vith a combination of spent sowdung slurry.garbapge and
b, dith a combination of cowdung,garbage were selected to study the
effect of these mgnures on plant growth in terms of yleld aend
autrient content,
Biometric amd chemical analyses were dons for plant samples eollecied

on the 2sth day,
The findings of the various aszpects of the study are as given below..

1. Banans stem in combinaticn vith cowdung and spemt eowdumg slurry ia
equal propertien generated a maximum amount of 39 litres of gas,

2 Both neem leaves and banana leaves gomerated approximately 31 litres
of gas vhen used in the preportion 53151 vith fresh cowdung amd spent
cowdung elurry,
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3. Banana peels as base in the five propertions produced only a
negligible amount of gas varying betvween 8=14 litres,

he Biogas generatei from nsem leaves, banana stem and banana leaves had
a high percentage of methane ranging betwsen 189 and 699 pt,bent
being 12 times sreater than gobar gas crnsidered a s standard,

5 A high percentage of methane about 282 litres was generated in

proportion (3) of neem leaves,

6. Similerly a high percentage ranging between 600-650 pg:;@ont vas
registered in proportion (1) in bansna stem and in preportion (%) of
banana leaveg being 10 times greater than that of gnbdar gas.

7. Percemtage of methane w:s lov in blogas prodused frrm banana peels
compared to other waste proportions selected,

8.  In the digested residues the selected swmples sisable difference could
not be noted in terms of nijyrogen, phosphorus and potassium,

9. The digested residues ~f the samples registersd a higher percentage
of NPK c-mpared to that of spent cowdung slurry from gnbar gss
plant,

10, Mtrogen content in glurry and compost was 211 pu?bont and 1,6 poer
respectively vhich indicated the richmess of slurry in terms of nitrogea

aontent,
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11, Barly ger minatinn of seeds was noted in pnts treated with cowdung

slurry,

12, Plants registersd a maximum height of 143 oms during the 25 days study Peviwl
vhen treated with compost prepared frum cowdung + garbage (!5) and
that of fresh gpent cowdung slurry (‘l‘z) and dried spent cowdung
alurry (73)0

13. A higher yiald in terms of welght was registered fr-a a e¢~mbination
of organic and inorganic fertilisers,

e There vas no significant difference in the mitrient centent of
‘amaranthue' in different treataments except in mitrogen and caleim
vhich vere considerably high in treatments using cowdung slurry as

manird,

Hence it can be concluded that neem leaves and banans refuse often
dumped into pits can well be utilised for optimising predustion of blogas
with highor persentape of methane, whieh can thereby reduse the expeanditure
on fusls. The efficient recysling of these garden wastes in an anserobie
digestinn mit may not only result in saving of fuel meney, but also in
inoreasal prmdustion of orops by utilising the rich manure left as dijffested

residue as plant food,

The present study, a humble effort to utilise selected wauste for
blog:s produstion, throws light cn the possibllity of recycling several
other organic waste materials considered as pollutants haraful to human
oxistence,
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APPERNDIX = I

2ROCEDURE FOR ANALYSIS OF DIGESTED TEST RiSIDUR

El_‘gOOduNi

Fitrogen uas estimated ty Kjeldahl®s method and Phosphorie acid and
Potagh s estimated hy precipitating thc- .s phosphe ammenium mplybdate and
soduim petasium cobalt mitrate frem the Hel extraot,

The o-tf;mations were carried out as deteliled-Nitrogen was estinmated
by Kjeldahl s methnd, Hol extrest was taken and from that Phesphorie
asid and potash wvers estimated volumeirically. hy precipitating as
ammonium phesphomolybdate and acduim, potassuim cobelt mitrate respectively,

A, Bptimation of Nitrogens

About 240 gms of the sample was digested with oonaeny:g H80,,
Potagsium sujphate and copper silphate and digtilled, The distillation
was carried ocut with eons, 40% RACH, The evolved amronia was treated in a
known excess of N/10 Hp30, taken in a f0e tumbler, When the evelution was
over the excess of N/10 K,50, left over wss back titrated against N/10
KOH, using methwl Yed as indicator from the titre value the amount of
nltrogen was ¢alculated,

B, Phosphoric Acids

5+0 gmg of the material was digested vith Coms. Mol (30 e.e¢) for
eight times, "hm extract was collected im a 500a]l volumetric flask,
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The volume was made upto Sn0ml with distilled water, Form the extrast

20ml of the 1liquid was taken and P205 was precipitated 1#1(1 media with
precipitating mixture (20ml of anmonuim melybdate and 743 HNO; and H,0).
The precipitate was washed free of asid and dissolved in a known excess of
0.1619 N, KOH, The excess of 0,1619 N was back titrated against 0,1619 ¥
ENO; using Phemvlphhalin as indicator, From the titre valus the amount of
phosphlic acid was calculated,

c. Potaaguin

From the Hol extruct s0ml was pipetted out int~ a silica dish and
evaporated to drynmess, It wasonroled a' with the additien of and vigorous
stirring with 1,5l of glacial acetic acid, 10ml of soduim chloside, .sml
of NaROy and Sml of cobalt intrate, petash was precipitated, The precipitate
was loft overnight end then filtered using good crdfoible with asbestes. First,
the precipitate was washed with 3% pofoent alochol and them with distilled
vater 3 or 4 times, The precipitate was dlsolved in a known quantity of Oe1N
KMIO,. The cantents was then titrated against /10 exalic acid, From the
titre value the amount of Potassuim was calculated,



AFPPENDIX - IT

PROCEDURS OR PLANT MATERIAL ANALYSIS

A, For Nitrogens

0+2gm woll pewdered plant mterial was taken and digested with
Sulphuric acid using, Potassium Gulphate and fopper sulphate as catelyst.
The digested material wzs made up to known volume, A known aliquote was
disiifbed after adding excess alkell, The distillate was collected in borte
e0id and it wvas titrated against W/50 1,80,, The indicator used wes the
doulile indicator (Bromocrysol green and methyl red), From the titre

value nitrogen puf'at was caloulated,

B, Phosphori Acid:

0e5¢g of the material was subjected to wet digestion (Sulphurie acid,
perehloric acid and Nitric ecid mixture), The digested material was

made up to mown velume, .Sal of the 1iquid was takem and Ammonium meta
benedate was added and the Venade melybdo phesphoric yedlow oslour was
developed and it was read in the gdlorimeter, From the readingthe
phosphric asild content was caleculated,

C. Potassiums

The aliquote mentioned under phosphoric was q:roctly fed inte the
tﬂou photometer and from the reading the potassium content was caleculated,
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D. Celoium gnd Megneglum

Known aliquote from the materlal mentioned under P was taken and
titrated against 0,02 N EDTA using erichrom blackdale as indloator, This
gives the titwe value for Galoium and Magnegium, Moreover for this titration
the buffer solution was also added before starting the titration, For
estimating Caloium alone, known aliquote was taken and titrated against
0.2 N EDIA using murdiite as indicaters, Here before starting the $itration
exnoss amount of XON NAOE vas edded , This gives the titre valwe for
€alolun alone,

By mubstracting €alcium value frem €aloium + Magnesium, the titre
value for Wagnesium was arrived and the cantent of faleium and Magmesium

were worked eut,



APPRIDIX - IIX

ANALYSIS OF nn’hmcs POR BIOMSTRIC OBSERVATION
THE 'PY BATIO FOR GARMINATION OF SEEDS.

COMPARISTON OF TRATMANTS

8. Yo, -Some of Variance D.P 8.8 NS ) 4

1 Treatments 9 2515.2 2'79.466 2,656 ®
2 Bepliocations 2 357,97 178,538
3 Error 18 1893.6 108,2

Total 29

LA B B R N N A L E  E E E E E N E Y N N ar awraws

LB oy % % T, 3 1 T B8E 0D
9533.68.0 6400 Theb TO0H Thb  ThO 763 83,3 89, 8.3 1745

Gonelusions

’1 T10 19 '!a ‘r., ’6 T T 4 ?3 4
Notes
8.8, s Standard errer differense
C.D., 1 Oritical difference

& ¢ 8ignificant at 5 peroeat leve)

®(Any two mosns differing, greater then the C.D, are said to be significant)
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B. The 'F* Betion for the Arriyal of the Third leafi(omparigen of Treatpegts

® e ® e e O G EEGW® O RE DD E S G0N eSO O S ESedw

8, Jo. Seures of variance by 8.8 s 4

- B E S S E S e T E W dw e S e e PSS S S DWW R R SsSE e =

1 Treatment 9 80(.0.93 8?3.3’ he§
3 Brror 18 3562.67 197.92

L L B BN 2K B B R B I I R R o
Total 3

. S eew PO e ® PP T O Gy O SO e ST DS OB® O e e S

lhan.

L T, T, T, T, L % L P 8.2 6.D
165.3 149.3 109,3  136.0 1440 18,0 147,3 160,0 11.48 2413
Soncjuglon

Mo T LT, Ty T3

Ktes |
8 Significant at 1 peroent level



105

bdﬂOonoobonn.-uu..a‘.n--hdooooooabn--.--.

8, lo. Source of Varianoe D.y 3.8 K3 ) 4
1. Treatnent 9 205,404 22,823 2,88 *
2 Replication 2 12,1278 6,068

Means

honL, o, T o % T 1 % 1 SE 0D

5068 13635 13,45 13a83 14,90 13485 12,05 10,11 9,283 8.87 4715 a:g
Sonolusiopns

% T10 % Ts %, ’5 T

Bote: /

® S1gnificant at § per eent level,
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P. THE 'P' MATID POR THE THICKNESS OF AMARANTHUS STEM(COMPA-ISON OF TREATNANTS
S
8:% Source of Variance ».? 8.8 .3 4
ceeeccececcnccceceanaccnattsecantmananocan
1 Treataents ’ 38707 644300 043 #

2 feplicatiom 2 8,01613 0,008 |

% Beror 12 1441007 0,078

LR R N N R E E R I T TN Y N R T N YN T T YN E TN Y Y

fotal -

L I I I A N g R P E T T T T YN T ey orwre s

Conclusions K.S,
Notes

w

N8, Mon Significant
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THE ‘P! BATID FOR THE WET VEIGHT OF &HLR&NTHUS) YIELD: CMPARISON OF TREATMENTS

- 5 " oaposw S e e E GO OO0 0® S WS O e @ e T Ewe S ® O e

3, ¥o. : Scuree of Varisnce o.F 8.8 N8 r

1 Treatnents | 9 2771163 20,797 4,01 #*

2 Replication 2 25,1687 124584

3 Brror 18 138,1847 7,677

ceeccemmecmmecasecceccecccnsccceececene
Total 2

cecmecmsegecectetececeaaacasccccsennseae

Moans

nOn L YL % 1 T Y, % T SE 0D

1623 9653 10633 9433 10413 6473 2443 5450 85,23 5,60 226 4401

Sonslusions

|
tz 13 L7 'r,r, 0% T, % Ty
Note:s
* 3ignificant of 1 per eent level,

-
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7. THE 'PY RATIO POR THE DEY WEIGHT OF AMARANTHUS YIELD:COMPA-ISON OF TREATMENTS

- o B 0 % oG TP O OWw e P e G 0 G o WNe e 0 D Oe S D0 et e YRR

8. Yo, Source of Variance D.¥ 5.8 M8 ’
seeeecececicacetccccaccacccccccncacancanan
' Treatment. ' 9 58213 0.64628 0,35 @
2 Replioation 2 0.07 8,077

3 &rror 18 4NZT 0212

LA A A B X N LRI N N RN NN LA L T R YT Y EYT Y

LA AL B R L AR I I N i E L L Y YT YIEES

leuggm

L3,

K.8: Non Bigmificant,
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@ THE 'F* RATIO FOR NITRNGEN OO RTENT OF PLANT HA;I‘ERIAL

.Q.b_--.‘..-‘-...---.-.-.--‘.---“"..‘.C‘

8. M, Treatments Replications Total Mean

» e B By S g oW P WA ED s =S

IR ¥

nm e EmeEE® e ® O g Ga W S EE EEe®eE® e %N G s e R e

1 ) e 5.1 49 hed A9
2 T2 &9 %3 Sk 15,6 5.2
3 T3 deb AsT heS 13,8 heb
A T, 5,0 49 49 4.7 4o
5 T, 4o hob ok 13.5 5.2
6 % 9.2 49 5.5 15,6 4ob
’ L hb 4ob heb 13,8 4ol
8 Ty hod 4e3 4e2 12,9 4eb
9 L] 47 hoS heb 13.8 5.2

10 T10 505 8eb 5.5 1644 5ok

Total 48.1 4843 8.4 14448

Ud-'--n-a--o‘.-.--..--...-h.-.-o--.-----.--
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COMPARISON OF TREATMENTS

O N R R R N N I e P S S T )

S. o, Scurce of Variance | % 4 8.3 Ms 4
ﬁ.-a.._-.s.d.....--....f......_......Q"....-j--.
1 Trostments 9 30713 Q.{.?ZS 14e8 89
2 Replicaticns 2 0.606 0_.903 ‘

3 Error 18 0,50 0,0278

-
- o " o e oGO0 RO 0O a0 P00 0PSO

49 5e2 4ob 409 4Le8 B 4eb A3  4eb Sede DaOh 0,093

T, T T, T, LK T T
Note

** Jignificant at 1 pervent level



mn

+9 THE 'P* RATIO FOR PHOSPHORDS CrNT:NT OF PLANT

..‘-‘_-‘.“.-..--..Q-.‘Q..--...-‘-----..-..

8.} Treatment Replioatiens Total Mean

e ® ® P S e e PO BE e et B e e e e e RS aEee

<) 0,16 0.8 0,14 045 015

1

2 T 014 0,16 0,18 0.45 0,15
3 I, 019 0,19 0.22 0.60 10420
4 78 0.5  0.15 el 5 0.45 0a35
s L 0.16  0.16 0,13 0,48 0.15
6 T 0,18 0,16 0.17 0.5 0.17
7 % 0.1  0.15 0at4 Osk’ Nets
s s 0.2 0.2 0.20 0,66 022

9 % 0.19  0.21 040 0,20 020
10 Ty0 0.2% O 0.25 0,75 0.2%

Lo L B B S B B B R R R R B R R R R e G

Total 1.82 .79 176 5.97

‘Qw-nc»nn-;-q-acpq----'—-8’"—-..--..--‘.ds-----c.
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OOMPARISON OF TREATMENTS

004:co-guo..audoonocco‘.ub.c..'.ﬂdd.é.o...o

3, Mo, Sourca of Varismes .y s.8 ns 4
feccrrsnenecerascevcnnrtcccanceesanananan
1 Treatuents 9 o.om | oe;m 23,9 o
2 Replications 2 0,00021 "0;99919

3 fryo® 18 é.@9 .0001;6

LA L I B A IR B I I A N I T R I I O e N T R R E LR N

Lota 2

-

‘d..a.-qd.d.nna..oo.Oana.b.oaouchOhtco-“

Mean:

% L % % % YH T '9 o S.E 6D
a&’s 0,1’ 0,20 0.19 Q.'s 0.1‘)‘ 0.‘, 0022 0,20 0023 0,003 0,007
Sonc) uglons

hnne Th % Ty T

Koter

™ Signifioant ad ¥ per cent level
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1) THE *F* BATIO FOR POTASSIUM CONTENT OF PLANT MATIRIAL
n.ﬁ.-.o.--«-.bn.o-do‘tqnnooonh"m-q.unﬁo.“

8, Yo, Tregtuents Replications

- cmoneoneasen Total Mean

T S

B G W DS WSS E R e e WS ®ER e R ® R ® e e @ A ®e NG e e

1 T bk he2 b2 129 43
2 T2 40 339 3.8 17 39
3 T, bob bb hed 135 48
4 T, 49 49 4 el 49
5 Ty S 53 47 135 4:8
6 % 48 5.0 49 Tl  4e9
7 T 4.1 4.2 4e0 123 4l
8 T 4e2 32 3393 123 4ol
9 5 b2 4e2  heS 129 43

10 Tio 42 b2 heS 138 43

.*'ﬂ--P-.‘b'ﬂﬂ‘..‘ﬁ‘--‘--‘..ﬂﬂﬁﬁh..*",‘-

Total b 442 437 132.3

p.-.-‘--hd-Q-..-’-...--‘..‘..._n-.n...q.-‘.
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COMPARISON OF TREAT:<NT
o P O OO OO OO OGO e e e -0 e PG00 g =0 -

8 * bo Sourge of Vurianse D.rF 3.8 M8 r

- O mEw e BB e PO O e GO RO RGO N0 EEEE® Y 00O e a e

1 Trogtinents 9 2,1%0 ‘239 13,27 »®
2 Replicatinng 2 0,029
3 Error 18 0,331

" ew e PO ® P 00 P SN e N DB e S D O el
fdtal 2

® ® - o eSS Yo a "o ® g e e TGS s Y oo 0w

siepn o
4 h B T % % n % % %0
43 3.9 4o 49  4e% 49 Gel  4ed 43 4.6
s.€ ¢p
Copc)uginng 010 023
LT, BTy
Note:

*® Signi(icant at 1 per eent lovel
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APPENDIX i

j) THE 4P RATIO POR CALCUDM CONT.NT OP PLANT MATKRIAL

.u---._‘&.--.dab-----.d-h‘o-o.-o.u....o&

8. No, Treatments Replieations Trtal Mean

" % e
1 2, 2.7 2.9 28 8eb 2.8
2 2.8 2.8 2.8 8eb 28
3 1, 26 2.8 3.0 8.4 2.8
4 LA 19 201 2,0 6.0 2.0
5 1, 2.0 201 1.9 6.0 240
6 % 2.6 2.2 24 7e2 2.4
’ , 2.0 2,0 20 60 20
8 Tg 2.8 2.9 2.7 8.4 2.8
’ Ty 14 1,9 242 60 2.0
to To 2. 2.8 2.9 8eb 2.8
Total 2440 s U7 T2
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ConpaRSION  GF  TREATHENTS

- B O 0 0 0 6 G Ve O e eSS e e 0O 9O OGO

3.¥o, Source of Variance pr 83 M3 )
P R E T N E Y Y Y E FYTYY YN Yy I WA I NP N N
- ,

1 Treatments 9 4eZ12 04746 2,409 '

2 Replicatinna r3 0,026
3 frror 18 3846

Total 2
Megps . .
T - -
2.8 2.8 2.8 2,0 2.0 24 20 2.8 2,0 2,8 0,19 044
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Yotes
#% Signifiocant gt § perveni level
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THL $FY RATIO FOR MAGN:SIUM CONT.NT OF PLANT MAICAIAL
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8. ¥o. Treataents Faplications  Totd  Mean
S, %

g
1 T, Iont M2 21 9% 312
2 1, 2489 287 2.8 0.4 2.88
3 1, 2488 276 3400 a.%u. 2,88
'S T, 2,88 2.87 2,89 8.54 2.83
5 , 311 2R3 W12 9% 3.12
6 T 3.13 314 312 9.% .12
7 T, 2.13 2,18 217 6.8 2,16
s 7, 2464 265 263 792 2.64
’ 1 R W % 9% %2
18, 40 2,64 260 266 792 2064

‘.ﬁ_..‘-..-.-‘,.’d..“-.‘-._.q-.-.-.y.-..-.....-ua.
Totd 28,52 28 obds 8B,72 ‘,.62
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3. Mo, Source of Variance D.?F 8.3 N3 ) 4

1 Troataents 9 2,578 0,286 258,011 an
2 Replications 2 0.0613

3 Brror 18 0.0325 0,00181

Total -2

Megns

R B T % % % T % T
3,12  2.88 2,88 288 3,12 312 2,96 2,64 3.12 264
Sonclusions

WL, BB %Y %S Mo
Kte
" enifioant at 1 per cant level.




