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I .  IHTRMXJCTIPH

Hnergy has always been the key to 089*8 greatest goals and to his dreams 

o f a better world, the most distinguishing feature o f the present day 

societies in contrast to the traditional ones 1$ the high desand for energy. 

Contrary to the ancient civilisations t&lch depended on their hunan slaves 

for a ll their work, today's world is  entirely dependent on various hoardeds 

o f  energy alaveB-machlnea, tfceee appetite for energy exceeds manifold the 

demand for food by the ancient slaves.

The conversion along the path o f civ ilisation  started after man had 

utilised the energy in fire  for heat and the energy in his body through the 

club and bow, for food and survival* In the centuries since then man's 

quest fo r  material well-being has bean tried largely to the harnessing o f 

various forma o f energy-ln coal, in petroleum and in e lectricity . With the 

development o f science and industries, the countries aspiring for modernisation 

depend on large amounts o f energy as a basic need and man has developed 

increasingly complex and effective means o f tapping energy for more d ifficu lt 

goala for  accelerating economic growth and to provide a good standard o f  living 

for the people.

However, the recent o il oriels resulting in steep price hike o f petrole­

um products and the importing o f 2/3 o i l  needed with no means o f reducing the
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gap bad lad tha nation to rethink on renewable energy sources and modes 

o f  energy ueuages, Moreover tha fast dwindling supply o f traditional fuels 

d eo  peace a challenge la finding and developing new and Infinite courses o f

energy for  the future,

fhe global energy erlele has h it the doneatla foal consumption consider- 

•hly, Tha fast that fuel Is lqsortant in everyday cooking for preparing 

palatable steal a, for lighting tha house and for various other pnxpoees else 

necessitated the eo an try 's  energy polloy to incorporate reseaoh for 

exploration o f  new energy re so urea and for tha development o f  batter methods 

o f  utilisation  o f  conventional forms o f  energy.

The conversion o f organic waste# to fuel le  a step towards a healthier 

environment with the added bonus o f  providing some energy. Gowdongj gobar 

i s  an igpertant raw material for producing fuel gas as well ae superior 

quality organio manure, ho cording to Srlnlvasan (1978) the conversion o f 

waste to fe rtilise r  or protein w ill not make cqr significant dent in the 

overall picture, this mi g it make a greater contribution by relieving the 

energy subsidies going Into production o f  fertilisers  and livestock feed.

The Indian Agricultural Research Institute (IASI, 1974) enlifhtens that 

the duel purpose utilisation  o f bovine dung is  being ptopogated in the country 

since the th lrliee. The recent hike In the price o f  erode o il by the o il 

producing countries has necessitated the consideration o f this technology
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W  a ll directly or indirectly concerned with I t  . Specially In India Where 

oowdung and agricultural wastes arc used extensively as direct sources o f  

energy, the present energy cris is  has focussed each attention on the u tilisa­

tion o f  blogas produced from such wastes.

Singh (1978) estimates that thougi this technology is  s t ill In its  

infancy the 50,000 plants installed under the Khadl and Village Industries 

Commission (KVIC) Blogas Programme are already producing 99*82 million cubic 

netres o f  gas equivalent to 62 a lllion  litre s  o f gas valued at Re. 62*49 million 

aad 11,20 laid* tonnes o f high quality orgafl&o manure worth Be. 50.86 B illion ,

Sc promising are the fuel possib ilities that the proper recycling o f  watte 

can produce as much energy as the Hatton's entire consumption o f e l l .

Sathi ana than (1975) opines that utilisation  o f vegetable waste prodaoes 

about 7 c .f t  blogas fo r  each pound o f  dry weight fbd Into the plant. He 

further states that tha gas production with cowdung can he maximised by 

substituting a portion o f vegetable waste for an equal amount o f  dung thus 

obtaining more gas from the same amount o f  fe rtilise r .

Taahane etal (1970) noveal that organic fertilisers  contain mere nutrients 

for co ll than chemical fe rtilisers . they bring about improvement In to ll 

structure, water holding oapaclty, microbial population and its  activity , base 

exchange capacity and resistance to ere son.
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Indravati (1970) and Laura and Zdnans (1972) report that spent slurry 

fro* go bar gas plant gate better response to crop than faro yard manure.

Singi (1975) and Biswas (1977) opine that the residual slurry composted with 

fans yard refuse, unused vegetable natter, fallen tree leases and weeds 

aakes an excellent manure and red uses the expenditure on ehenloal fe rtilisers .

Added to these fasts, the rapid rise in the price o f chemical 

fertilisers  baa doubled the importance o f  organic manures. Recycling waste 

therefore w ill not only provide essential nutrients at a lower price, but 

also laprove the conditions o f the soil thus enhancing the benefits from 

chesdloal fe rtilisers  sad improving the environment. Thus this Is an 

innovation i f  properly exploited and extended would go a long way in meeting 

the domestic fu el and fe rtiliser  needs o f the population.

Considering the present shortages o f commercial cooking gas and other 

fuels and shooting priots o f fe rtilisers  horns garden wastes can be considered 

as the most appropriate, economical end easily available resource material 

for production o f fuel*gas and manures.

therefore the objectives put fo rth for the present study on utilisation 

o f  Boms Harden wests fo r  Production o f Biogas and Organic Kanaure are as 

follows*

I
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To understand the effect o f inktraction o f eovdung, digested 
oowdung slurry and hone garden; waste on methane gas production*

2* fo investigate the u tility  value o f the recovery fr->m hose 
garden waste arising out o f tftologiaal deo^i^osltlon.

9* To Interpret the net return fm » the a* than* gas production as a 
substitute for cooking gas, and the fertiliser  equivalents froa 
the digested materials.

and 4* to stud)' the combination e ffect o f organic waste In augmenting 
fe rtilise r  for agriculture.

It in hoped that the findings cf thin p ilot study vnUld enll^iten 

the scientists working In thin field  mi possible use o f  garden waste fo r  

biogas production and follow up activities to be undertaken.
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I J .  m im  OP IJTERATURE

The literature pertaining to the study on the F osib illtles o f U tilis­

ing Base harden Waste f& Blogas Prod notion and Organic Manure Is reviewed and 

presented under the following head si

A. Energy erlsls

B, Waste reoyollng to vest the energy demand,

0* Blogas plants

0« Factors affecting gas production

S. Organic waste as fe rtilise r ,

P •Influence o f organic manure on tee intake o f nutrients 

end 0, Bffeet o f organic manure on orop growth.

A. iatergr C rlalai

Srlnlvasan (197B) is  o f the opinion that energy In diverse font is  

needed for accelerating eeononle growth and to proride a good standard o f 

liv ing for  tee people. Stout (197S) views that energy which Is an essential 

ingredient for  human existence Is consumed in different fonas. fuels like 

oosl, o i l ,  natural gas, firewood'", eowdung and vegetable wastes are primary 

sources o f energy. The fir s t  three are o f high heat value fuels, while the 

la st three are primitive fuels o f lew heat value. C'oal, o i l ,  natural gas, 

town gas, eleotrinity are referred to as ceanerclal energj^oarees and firewood,
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charcoal, oowdung and vegetable. wastes as non»c©amencial energy sennas 

(Venugepal, 1977} Santhi ana than, 1977 and Gupta, 1977).

Sathna (1977) and Chosh (1979) state that energy oriels Is the 

foremost concern o f today. Chandra (1976) Is o f  the rlew that due to rapid 

Industrial expansions and Increasing standard o f liv in g, energy generating 

capacity has not been able to keep pace with the growing demand* According 

to Marion (1974) MM energy erisls  la n cop ies  aerlea o f  preULeaa-scientific, 

technological, socia l, aeoOonio sad politica l* Many factors oonsplre to 

prodoea a potential shortage o f energy eventhough there can ba plentiful 

«9>ply frve the varied resources particularly the renewable resources.

Kashkain (1975) remarka that^Indla la a tlll heavily dependent on 

traditional aojroea o f energy. Firewood contributes five tinea as nosh to 

her energy consumption as electricity  does*.

lunar and Sampath (1976) and Adam and Tyner (1977) opine that India 

has large i f  not lavish supplies o f the renewable energy so tube a, coal and 

hydro power. Icwever as Singh (1974) and Petal (1975) state the o i l  ezisla has 

brought to an sad ths era o f cheap scares o f energy.

Sr£^khande (1976) observes that sons o f  the factors that nay have led 

to the development o f  e ris ls  on the energy front in India la her dependence

on non-commercial sources o f energy In some section and insufficient
’’V

attention being paid 1<? develop a ll sources ©f commercial energy. Marlon 

(1974) asserts that the increasing demand for energy is  not onLy doe to 

Increasing world population bat else due to the individual damand Increasing for 

product and service*
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Ramaohandran (197#) and fteib ( 1979) are of Ik* view that the n l*  

of various oon&entloaal and bob oonvsntional energy regoaree la rapidly 

expanding energy demand which la United by major oonetralnta aoah aa 

Capital lntengiTeneia and aeaxttl̂ r of petrol ana fuels.

Slnghal (1977) and Gadgil (197#) are o f the opinion that while a total 

energy oooeept la  required and ha developed, the urgency far energy 

management la  the eause o f the fear that the planet may run oat o f fuel 

reserves. Ihla ia a eerioua thoutfxt aid prompt atepa need to be taken to provide 

the required energy for the future.

Slaghal (1977) estimate a that 24 per eent ooantrlea o f the world 

containing 37 per eent o f the world population Imre annual eleotrleal 

energy cona'anptlon o f  about two lakh Capita.

Sathlanathan (1977) puts forth two e a time tea o f future requirements o f 

energy available fo r  Indley ftae made by the fuel Policy Qoao&ttee (B*C) (1976) 

end the other by Part!* (1976). FPG (1996) predicts an estimation o f flee  

fold Increase in conamption leve l, Parlkh (1976) predicts even higher 

consumption by the end o f the century. Be estimates an Increase In eonaumatlon 

o f  8.5 to 9 fold for coal, 6 to 9*5 fold ft? eU  and 13.5 to 14 fold ftr 

e lectricity .

Solentlets and teohnnloglata everywhere are engaged in experiments 

to nobUlse solar energy, sea water energy, manure energy and no an, the 

e ll  blackmail has thus forced the world to find a substitute for o i l  urgently.
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A part solution fo r  India's energy orlg is «s  reconmended by Hahar (1976)

Jfande (1977) sad Allsen (1978) tsb logas er  'gobar* gas*

B. Waste Recycling to Ifcst the &ergy Pea* ad. '

fi»a Aaerlaan Public Work I s o la t io n  (1971) and krmM  (1971) da fin* 

waste as deal ess, unwanted or dlsoarded material from normal oommonltgr 

activ ities lnolndlng solid , liquid and gaseous* According to Otar (1976) and 

61 erne at (1976), waste is  a Material which la in the **roag plaoe at the 

wrong time, a looatlottal change with re fa reuse to the time frame and henoe 

tftohld bo converted Into useful material,

% s solid wastes o f  any oontnunlty which are eellsotlvely ca lled  

refttsa ars elaeifled by tha American Public Health Association domlttea (1966) 

and Turk at al (1972) aat

a . garbage-kltohen waste (animal and vegetable natter)

b, Combustible rabbieh-paper, rags and leaves

and e . son combustible rabbi A-metals, cans, glass, bottles and smokery.

Holt (1996) classified  solid mats as (a) organic natter, consisting 

o f  peelings, waste food, tea leaves and clothe end Inorganic matter o f 

cinder, metals end ash, Gilbertson (1969) and Turk etal (1972) opine that 

tha significant ch eras t  eristic a o f solid waste are density* moisture, combustible, 

compostable and thermal Value, Kolmar and Sarag (1977) are o f  the opinion 

that the nest significant characteristics o f liquid waste are these o f  Hod



10

bacteria, nitrogen, phosphoric cold , potash, suspended u tte rs , snluable 

d irt and traces o f  food,

Tlaal (1976) states that waste, I f  properly exploited can provide an 

array o f useful economic products slid at the same tlse , i f  neglected can he 

a source o f greet nuaianoe. According to Dual (197*?) waste management is  

apre than paper flying around olty diû ps and much attention has been focussed 

in recent tines on recycling o f waste,

Ha^erty etal (l973),d±nold (1974) and Ramaohandran (1977) opine that 

recycling Is the process ty which waste materials are transferred into new 

products in such a manner that the original products may loose their identity,

Slngi and Mukerjee (1979) claim that proper recycling o f waste can 

produne aa much energy as toe nation's entire consumption o f o i l .  Stout 

(1979) claims that there Is growing interest in the use o f organic waste as 

fu el, the method generated by the decomposition o f organic matter under 

anaerobic conditions. Start (1979) suggests anprobic digestion o f organic 

wastes including agricultural and agro-industrial waste materials with toe 

exception o f materials tfaioh are primarily cellu losic such as saw dust,

%  the process o f pyrolysis organic materials including garbage may be 

converted into methane gas (Span, 1978).
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Desai (1976) states that the iso o f  m n l wastes fo r  n*thane 

generation rather than directly as fual or fertilij^ tyyields throe diroot 

benefits (1) the product energy resource that enn be stored and need note 

e ffic ien tly , (2) the creation o f a stabilised resides that retains the 

fertiliser Telus o f  original natorlal and (3) the earing o f energy- required 

to prod use an equivalent o f nitrogen containing fe rtilise r  by synthetic 

processes. He further states that sewage o f 19,26 people whan digested w ill 

satisfy the demand o f  eh Individual for  h is donestie ftt*l needs*

Ghgiang et al (1976) ebservs that wests materials fro* agriculture ean 

ba eaaverted into valuakLc fuels. k study la  Ghana densnetratad that 

weed, sawdust, groundnut shells and rles straw ean be oonverted to eharooal, 

o i l  and gne by pyrolytic conversion.

Patel (1979) states that tbs KVIG and other organisations have 

estimated that the fermentation o f the dung collected free 79 par cent o f 

the country‘ s 226 million cattle ( 1961) census livestock) eodLd possibly 

ylbld about 199 n illlon  mwts o f  energy per year (which ic  equivalent to about 

24 n illlon  litre s  o f £»noa*a§).

C, Blftgaa Planter

9re IABI defines eovdung g&a plant as n ehj&qp end simply operated 

plant in tfcleh dung la  digested anaerobically so ee to yield sufficient 

quantity o f  combustible gas which can be utilised for cooking puxpeess and tha
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residue for isamrt without •ny lo w  o f msuurial constituents. Under anaerobic 

conditions the oxygen o f  fementsble Material produces on couplets oxidation, 

the produots oxygen, methane and hydrogen (Dcsal end Biswas, 194?).

Assemble digestion Is e tern oonnosly applied in waste treatment process 

in whloh the wastes are stabllsed In the absence o f atmospheric oxygen with 

the production o f  methane and earhon dioxide (QLoueka, 1974)*

Ihe wnrlene uses o f eowdung gns plant as listed  out by Patel (1964) 

are as follewst It provides

a. fuel which is  efficien t

b. H&nure having high nitrogen eentsnt and

o. %genlc and sanitary conditions la the cooking area and around the heu

Qae us fuel*. Patel  aid Patel and laraslrttan (1966) opine that go bar gas 

contains 59 ?•*“ cent methane and 49 p*v sent carbon dioxide Approximately, 

the oalorfle Talus o f go bar gas as estimated by Patel (1974) la 990 Bw/euft. 

According to Bajva et al (1979) tho heat efficiency o f  ’ ghbar' gae Is 

ebiut 60 p6r cent. j

Sli^h (1974)| KHC (1979); Ssthlanathan (1979); Patel (1979); Ssmpath 

and fcimar (»976)j Biswas (1977); Laura and Idnanl (1977) and Adams etal (1978) 

stats that the gaseous product o f fermentation eould he advantageously 

used for domeetie and I n d u s t r ia l  purposes as a cheap Bourse o f oo^nstlhLe 

energy for l i f t in g ,  heating and cooking purposes and fo r  providing motion 

power to run small scale Industries.
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Qhittaranjan (1966) and Slngx <1974) opina that tha gaa can be utilised 

for popping water for  Irrigation and drinking eater supply, and fo r  running 

agricultural industries as shelling o f r ice , grinding o f flour, crushing 

needs and cutting fodder.

Singh (1974)| E7IC (197?) and Biswas (1977) remark that tha residual 

slurry can be utilised In various ways* Zt can nest profitably ba applied 

to the faro directly by nixing with irrigation water because I t  le  In a 

condition that nixes well with s o il. Paul (1974), Sathlanathan (197?) 

and Biswaa (1976) report that toe residual blurry composted with farm yard 

refuse, unused vegetables, fallen  tree leave# end needs w ill mate an 

excellent manure and w ill reduce the expenditure o f farmers on ohsnioal 

fe rtilisers .

fry  (1974)} Sathlanathan (197?), Bahar (1977), Kiglanl and Singh (1977)| 

Sse (1977)} Sln^i (1978) and Minds (1978) state that toe anaeroble digestion 

o f eowdung pro duos a manure o f better quality rich la humus content. Zt le 

finely divided and gets more easily nixed wlto toe eo ll. Ihe h nsua helps 

to Improve toe structure o f soil by lne res sing its  eapeeity to retain nolature 

preventing water legging and by providing good aeration.

Singh (1977) and QiawLa (1979) opine that the snrlshment o f  slurry 

by eosposting with other organic matter provides agronomical manures from 

toe limited quantity o f digested slurry available from too gas plant. Verna 

(1978) states that digested slurry can be dehrydrated qolsKLy by absorbing **
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la the lea f powder, paddy husk ©r in  saw daat and ean be farther dried in the 

•an, and stored for use when required,

Sathienethan (1975)) fekholm (1976); S in#el (1977)) Pathl (1977) 

and Miraleedharan (1977) remark that the loss In quantity and quality o f 

manure obtained from the gas plant ia less *i»en oosqposted. It la found 

that this manure contains about 1 par cent o f nitrogen as against only 

0.75 P®r aent o f ordinary farm compost.

Bajwa et al (197?) and Ghavla (1979) state that there is  only a 

relative Increase In the concentration o f total nitrogen o f the residue, due 

to doooapostation o f a part o f organle constituents resulting in almost its  

complete coassrvatloq/darlng the process, theoretically the increase in nitrogen 

content o f the residual aLcurry w ill be proportional to the extent o f  deeoiqposi- 

tlen which ie  about 2$ to 30 per cent.

Patel (1955) is  o f the opinion that the nitrogen content o f  the 

digested manure from 226 million cattle would be around 3*5 tonnes which ia 

more than the nutrogen fertiliser  capacity established in the country so far.

Sanitary benefit!

Satfalanatfaan (1975); Baddy (1976)) Patel (1977) and Srlnlvaaan (197ft) 

remark that the digestion prooass and the bacteria present In the digested 

manure prevent the breeding o f file s  and mosquitoes*
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#• Factors Affecting Qaa Froductlom

Ihcre are a number o f environmental faotora A leh control the evolution 

o f gas tqr anaerobic fermentation la  a oleaad system. Qm n  factors have 

been at tidied either under laboratory eeadltleae or la  working gas pi ant a*

Some o f  the inp&vtant aapeota are discussed below*

?fflg?en 1ag>l

*ingh (1974), a e ffe r  (1974)} Kaande (1978) and Stoat (1979) state
Clthat the ore ra il digestion ly  the baoterl, oeeare at temperature ranging 

_ " o
from to I 96 F» However the production o f  gas decreases rapidly below 

60*F and praotloally atopa at fO°F eventheugh the digestion continues,

Dcbo!  (1951) end Idmanl and Vard«rajan (1974) reveal that there la  praotloally
 ̂ a O

no gaa production below 3D ° t  optimist teaperaturo being 40 • « d  •$ e ,

Idnanl and Va^darajmn (1974) **d Biavanl (1978) observe that the gaa 

production la p^tlaum during summer monthe and lower during winter nentha,

Adam and fyner (1977) recommend covering the gaa pleat with am alkallna 

doth  fixed on to a woodm frame to Inoremee gaa pmduetlon during winter 

nentha, Verna (1978) suggests addition o f  eattlo urine to the dung approximately 

la 1*9 proportion to Increase temperature, to speed up fermentation and 

enhance gas yield ,
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Srl'vaaan (1978) Is o f the oplmn that the detention period Is directly 

depended upon the temperature as I t  would decide the state o f multipli­

cation o f the methane fementlng bacteria and the velocity o f fermentation. 

Menon (1978) reveals that the basic problem Is to develop micro-organ leas 

which can ferment dang at a temperature lees than 25 oolsuls.

greasarw

Aeharya (1957) observed that gas production was eras what higher when 

the Interval gas pressure is maintained at a level o f 2 to 4 (5 to 10 g«is) 

o f water below atmospheric pressure.

£& t The PH optimum has generally been found to occur between 6#7 and 7*4 

according to McCarthy (1964) and between 7.2 and 8.2 according to Shame 

(I97i»). Stout (1979) euggeets Cheeking o f PH at the beginning for good 

results. Xdq^l, 7pn3arajan and Ioahr (1974) and Jewell et al (1976) 

state that anlaal  wastes generate high level o f amm l̂a, and When high loading 

rates are used toxicity nay occur especially at high PH where ammonia la not 
lornlsed.

Fatal ( 1968) states that methane formers thrive best In neutral to 

slightly alkalirf madia and become Inactive below PH 6,0.

M-profriftl &agfrig°fijL

£loa etal (1978) state that the anaerobic utilisation  o f bensolo acid during



17

fomentation was fir s t  reported by Travin and Buswel in 1934* confirmed 

by ^.ark and Flna in 19 52 and later by Hethlngham and Hungate in 1969. ?ina 

and Fiakin (1960) established that carbon o f the benaolo acid is  cenrerted to 

methane and carbon primarily to carbon-dioxide and the same may subsequently 

be reduced to methane.
•

Sing* (1974); Slmth and Fehr (1976), If agar and T letljjen  (1979) 

and Stout (1979) observe that methane production through an^reoblc 

digestion is  a two stage biological process;

&. %e soluable osrbohydrates are converted to organic acids and

b. %e organic acids are converted to methane and carbon- dioxide 
by methane forming bacteria.

Carbon nitrogen ratioi

Sharaa (1974); (1974) and Stout (1979) state that the amount

o f carbon and nitrogen in the material to ba digested affsots the nature o f the 

process. Singh (1974) points out that the suitable 6/tl ratio In the raw -  

material is  about 30/1 for optimum digestion process, the other conditions being 

favourable. Glass etal (1976) observe that animal wastes or other substances 

with a Q/H ratio around 30 w ill generally produce a mixture o f gases containing 

60 per cent methane.

i
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According to Sharma (1974) very high C /l ratio w ill lead to early ex-

bastion o f nitrogen with carbon le ft  over and consequently slowing down the 

reaction to a stop and vice versa*

$lngh (1974) points oat that eowdu7ng has a G/B ratio about 25«1 which 

sake8 It very suitable for gas production. Addition o f vegetable waste 

w ill change the ratio and i t  must be ensured that the ratio o f the Mixture 

is  not too hi#i for gas production. Mskhljan (1975) points out that the 

0/8 ratio o f crop residue with or without Manure is  generally too high for 

satisfactoiy bio gas production. He further states that the ratio can be reduced 

by adding human excreta including urine or chemical nitrogen .

Qi&ng etal (1976) state that large amount o f a material with a lower 

G/B ratio can be mixed with dung to ensure greater gas production without 

exceeding the o/M lim itations.

Cellulose and hemlcllulosei

Swaminathan ( 1973)j %ulchLa (1976) and Msnon (1978) opine that the 

production o f gas is  high in the ease o f materials which are rich In 

cellulose and herai cellulose and at the same time contain some proteinaceous 

substances. Prasad etal (1961) point out that ooaplex poly eacharid*s are 

more favourable for methane formation. Materials having a hole .cellu lose gets 

decomposed into methane*

5
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Additive a for eas production!

Singh (1974) points nut that substituting a portion o f vegetable waste 

■ay be ap to ‘iO per seat o f the dry weight o f the mixture w ill give a n  

amount o f  fas for the same amount o f fe rtilise r .

Aroklaswamy (197S); Manon (1978) and Majuadar (1978) state that a ll 

vegetable wastes, alga*, weeds, sheep and poultry wastes, fish  wastes, 

oareaasesa nd vegetable wastes can be dlgeated In proper biogae plants. 

Sharsa (9174); Singh (1974) and Munde (1978) oplna that addition o f urina 

during winter months atlaulates haeterlal activity and thus lneraaaea gas 

production. 3

Ghawla (1973) observe* that by addition o f one per cent wheat straw 

or bajra leaves finely powdered in combination with urea to dung at 

fortnightly intervale inoreaaes gas production to the extent o f  30-50 per 

sent during winter aonths.

Singh (1974)} Paul end Sharaa (1975) and Khan (1977) suggest addition 

o f poultry exeerta to speed up and Increase gas production.

®* Organic Waste as Fertiliser!

The current fe rtilise r  shortage has prompted man to study the 

possib ilities o f producing organic manure from the many waste materials
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arellable (Joshi 1974). Yimel (1995) Saha (197*0| Shantilal (1976) 

and Venaa (1976) regard this possibility aa a great challenge.

Pal (1962) states that conversion and utilisation o f organic 

wastes and byproducts is  an important line o f activity Connected with agrioult-

Yeraa (1976) and Seminar on Complementary fse o f Organic and Inorganic 

Fertilisers (1976) reveal that organic fertilisers  keep the sell in good 

physical condition and supply the energy needed by the nioro-organlsaa 

to £&Lp concert complex sub stances into s i l l e r  forms for the plants to 

absorb, besides supplying major nutrients in a form available to th^planta and 

Mono nutrients important for crop growth not usually available in 

fertilisers .

Agricultural Wiste i

Stout (1979) states that agriculture la essentially an energy oonver- 

sion process, the transformation o f solar energy and fo ss il fuai^roduota 

(fe rtilise rs , Pesticides, dlssel fa d  ste) to food end fibre for mam. Stout 

(1979) further c that the cost o f collecting agricultural residues

is  s formidable obstacle fo r  a ll processes,

Verna (1976), Invention Intelligence (1977), and lbnsyama etal (1977) 

opine that waste materials o f various kinds such as plant residues, cereal 

straws, crop stubbles, cotton staples, groundnut hud farm weeds, grasses end
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similar organic Materials can be deaoapoaed Into rich manure thnougi composting.

As stated by the Ministry o f  Agriculture, flaharlea and Food (1967) 

the diminishing supply o f faffs yard manure has oaased many market gardeners to 

use straw as an alternate source o f  organlo natter wj ploughing direotly into the 

soil or partly decomposing into conpsot.

She Ministry o f  Agriculture, FI she re and Food (1968) reports that fresh 

sea weed ie  similar to fa n  yard manure In organic matter and nitrogen 

content. The Ministry also remarks that the residues from the extraction o f 

vegetable o ils  fmm seeds such as rape or castor are useful as nitrogenous 

fe rtilisers  s in e  they oontaln five to six per sent o f nitrogen.

Final (1976) remarks that due to the llaeeellulosie nature areoanut 

husk an important by pnsduot available in large quantities now practically 

going wants, in oertaln places, deoomposes vary slowly into so il, however I t  

een serve as a loca l material for manorial purposes.

PUvat (1976), Ticker (1976) aid Stout (1979) opine that another major 

source o f organic residue is  animal waste, Slngt (1974) states that 

research has been going on since 1930 in many countries to improve the 

composting process used extensively to convert fresh dung late farm 

mature.
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1h« Ministry o f  Mrloultare* Fl Aerie* nod food (1978) reports that farm 

yard manure which la an excellent eouroe o f organic aattar rarioa greatly In 

quality depending on, the kind o f  animal p inducing the manure* the nature 

and amount o f lit te r  used and it 'a  state o f decomposition# They farther state 

that horaea produce m4R»re that famenta quiokly with eonsldsrahle heating 

whereas dong o f cattle and plga foment no re slowly and laate longer*

Airing the stud lea an coapoat asking from dairy faro wastes* Peal (1976) 

notleed that while good quality oompeet ean ha aada fr̂ m oowdung* I t  was 

next to impossible to oanvai^iliy fodder waste into eompoat. On the other hand 

I f  fodder waate eould ha nixed with oowdung, both together would produce a hi^i 

quality compact* in larger quantity than i f  only oewdung was used fo r  so#*oat 

■eking#

The Rational Goamission on Agriculture (1976) stataa that utilisation  o f 

animal byproducts and animal pgatsa la  vital and la  naed extensively for 

lndoatrial purposes as a fertiliser*

Stent (1958) is  o f  the opinion that hide waste la  a useful raw notarial 

for producing nitrogen as fe rtilise r , leelakantan (1974)* Gomey etal 

(1979) • Wenowat (1976) and loebr (1976) state that although poultry manure 

la not available In large amount as banana waste# its  high nitxogen content 

makes i t  a valuable material where nitrogen la  scarce#
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Verna (1976) and ShtdTla (1976) point opt that Industrial byproducts can 

bn utilised for recycling to enrich the i^>9ve.visL*c<) soils . Ssoyellng o f 

Industrial waste depends upon tits nature o f the notarial 2oneerned(P*ul,

197^1 ^oeetimes i t  nay be costly to recycle Industrial waste In %diieh other 

reateriels o f oomjjkroial value are preaent.

lbs Ministry o f Agriculture, fisheries and Food (1969) opines that 

spent hops and sa lt culms are bulky organic manures which I f  used In large 

quantities may benefit the physical state o f  the so il.

Final (1976) Ghsttiar (1979) and Patel at al (1979) point out that 

fire  to six million tonnes o f dry bagasse produced every year la a valuable 

raw material for manure. Jadha* and Savart (197?) stats that In d istillery  

Industry spent wash Is one o f the hf products obtained from yeast fermented 

maltose after removal o f rectified  sp irit. The wash any be seed as s manure.

Town and K inU lpsl Waster

BanagaopadfcPgey (1976) and Ramacbaadran (1976) remark thst in India 

more than 79 per cent o f the urban wastes remain unutilised fbr aiy profitable 

purpose.

The Ministry o f Agriculture, Fisheries and Food (1969) and Paul (1976) 

state that people living In towns and c itie s  produce large amounts o f  garbage
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and sewage everday Wxloh oan toe easily decomposed Into compost after 

removing the nondseoaposable materials.

Singh <1973) claims that the availability o f manurlal constituents 

f i t s  waste alone anoints to 3»12» 490 tonnes o f  nitrogen, 1*37,964 twines 

o f  phosphoric Mid and 1*81,785 tonnes o f potash. Zt Is estimated that 

15 million towns o f urban compost o f  good quality containing about 1*5 

per seat nitrogen and one per cent phosphoric acid which is  superior to 

Sending and farm yard manure oan be prepared every year Aren urban waste 

available in the country.

Paul (1976) holds the view tin t sewage sludge oan be pxoeessed to give 

sewage gas end the waste studge can be utilised for eeapost making along with 

garbage,

*• Influence o f Organic Wwuro on the Lbtaks o f fetrlentsi

laik  and Ballal (1968) reported tin t except for nitrogen, the uptake o f  

other nutrients was not very much improved toy the application o f  manures or 

fertilisers* Hertenstlns end Ibthwell (1969) stated that la  oats, nitrogen 

uptake was greatly increased toy the application o f compost. Straps and 

Kalbe (1968) observed that there wasJLnerease in yield o f  root crops by in 

per cent due to application o f organic manures over the control•

Hortenstine and Both vail (tf73) farther state that the 'Xptake 

o f  e l l  nutrients except Magnesium was Increased toy the application o f compost.
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Mishit* et al (1973) state that application o f organic Batter Increased the 

nitrogen and potassium In plants.

Pooaa and Bhumbla (1973) observe that application o f fanqrard manure 

Oansed gradual inoreas^in the dry weight o f  dhainoha top and i t  also caused 

a gradual increase in the content o f Magnesium and Potassium and decrease in the 

content o f Qe, X&, V and P. Purves and Jean Mackenzie (1973) report
I

that the application o f deepest Increased the uptake o f Ga» ltd and B for 

lettuce and beans.

The results Area the co-ordinated project on Assessment on the Affect 

o f  Fertiliser use and pest Management 5n Changing Etavlronnent Under Intensive 

Cropping reveal that the intake values o f MfP, K, Qa and Xg by ragi 

crop from HPK and farm yard manure plots were significantly superior to 

other treatment*. Me significant difference in the nutrient content o f 

amaranth us could be observed except in  Nitrogen and Calcium which were high 

in pots treated with oowdung sherry. (Philosenr 1978)«

A ffect o f  Or amnia

Carg etal (1971) observe that eompcst and farm yard manure had the 

sane e ffect upon crop growth, i t  was observed that application o f fan* 

yard manure and compaost significantly increased the yield o f  rice , wheat and 

sugarcane over control.
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Hebeln et al (1972) obaerre that application o f cattle aluny plas 

straw increased the yields o f naise and potato crop a. Sharda and Koala 

(1973) obaarra that organic fertilisers  were more affectire with cereala 

and root crops, lab (1974) reports that la a long term tria l conducted 

at fhalran from 1926 to 19*7 on rice , orRanio manuring was found better 

than inorganic on the basis o f equal amounts o f nitrogen.

Laura and Xndnanl (1971*72) report that spent slurry and sundired 

slurry were superior to farmyard manure and coh ost and they alao stated 

that spent slurry gave better response than sundired slurry In respect o f 

wheat grain. Ihey further state that sundried slurry with urea gars better 

response than eras alone In respect o f the yield o f wheat grain and etsaw.

Kutsenke et al (1973) report that la a long tern experiment, 

application o f ffcrn yard manure plus XFK fertilisers  increased the yield 

more than that with ammonium sulphate, superphosphate, potasium chloride.



in. KX.PERIMJJTAL PHDC£DUR£

fo« experimental procedure for the study on the fea sib ilities  o f Uti­

lis in g  Hone Garden Waste for Production o f Blegae and Organic Manure 

eonelated o f the following aspcotnt

A A tillaction o f  eeleoted waste fmn hone garden for  bio gas production 

and B, Preparation and evaluation o f organic manure

A* O till cation o f Selected Ideate from Bone Harden for MsT^aa

fo ie  aspect o f the study oonelsted o f toe following stepst

1. Selection o f  organic materials for gas production

2. Selection o f  test cans for anaerobic fermentation o f organic 
materials

3* Determining the proportion o f oo^>o cents to be need for gas production

4. 4cperlmcntal set up

5* Assessing toe volume and composition o f gas produced 

and 6, Analysing the manorial value o f digested residue

1. Selection o f organic materials for gee production!

Loehr (1975) remarks that leaves o f  various shrubs and plants 

lik e banana toleh can be grown without much attention, u tilising mate 

from toe kitchen, give substantial amount o f  renewable waste which can 

be recycled fo r  gas production.
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la  larger Tillages, towns end c itie s  not served by modern sewage 

fee i l l  tie s , provision is  usually Bade to lead the discharge from the 

house drains to the backyards where a kitchen garden with a few clomps 

o f banana plants can be raised to avoid slueh (National Go rail salon o f 

Agriculture, 1976). Various parts o f plantain plant are utilised to serve 

a variety o f purposes. Flaatlsas, paradostea and lnflorsseene oan be 

consumed while the unbroken leaves are used mainly for serving meals.

Die remaining parts considered as mate are often discarded In the absence 

o f eattls In the house.

Similarly new trees are ooranon in the backyard o f many households In 

Coimbatore and the ffcllen leaves are often dunked into p its though considered 

valuable in the medical fie ld §

Hence, waste portions from banana plant v is , stem, leaves and peels 

and fallen  neem leaves along with fresh eovdung and spent cowdung slurry 

were considered for  the experiment Involving production o f blogas.

2. Scleetlan_Qf test cans for anaerobic fermentation o f the organic materials!

Since the experiment was planned to be eondueted an laboratory basis 

utilising waste from home garden, o il oans o f five lit r e  capacity were 

selected as test cans (figure 1 ). A total number o f  20 cans were required 

for the experiment and these were purchased froa the local market.

Pe termini the proportion o f components to be used for sea production!

Sines the experiment was designed to study the possib ilities o f 

u tilising organic waste materiel from horns garden, the proportion o f eowdung,
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ELECTED TEST CONTAINERS
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slurry and water were maintained in the same proportion for a ll, with a 

'Variation In the proportion o f waete material added,

fable I presents the various proportions o f selected materials 

utilised for the experiment.

TABLE .  I

SELECTED PROPORTIONS 0? ORGANIC MATERIALS FOR BIOGAS PRODUCTION

3 . No. Test material 

(«■)

Cowdong

(g»)

Spent
cowdong
slurry
( f r i

Water

a l

Proportion

1. 666 666 666 1000 1*1*1

2* 1000 500 500 1000 2t1i1

3 . 1200 400 400 100 0 3*1*1

4 1333 333 333 1000 4t1i1

5 1426 266 286 1000 4s1i1

The total weifht o f a ll the components together in each o f the test 

can was maintained as two kg. The same proportions were followsd fo r  a ll 

organic materials such as banana stem, peals, and leaves o f  banana and neem.
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4. iacperl mental set upi

Cowdung, spent cowdung slurry and the test Baterial were gathered 

fir s t  and weighed as per Table 1. The garden waste material was out Into 

bits o f one on else for easy and qulek decompostltion.

The eat pieces ^ere then nixed thoroughly with cowdung, spent cowdung 

slurry and water in a plastic basin and later the mixture was poured into the 

test can through the opening on top to f i l l  o f  its  volume. The contents 

o f  the test can were then shaken thoroughly, the ©penning was closed with 

the help o f a nipple soldered on to It ,

Rubber tubing o f length ten erne was passed through the nipple and the 

tube was clipped with a pinch clip  to prevent the escape o f gas. Ihe 

a too sphere Inside n s  thus rendered anaerobic. 2h«y were then placed under 

direct sunlight fo r  production o f gas, which could be recognized by the 

bulge on the surface o f the container. Gas thus produced for the fir s t  

three days was released as i t  generally contains a Mixture o f  gases. Later 

the test cans were kept for a period o f eight weeks to record the volume o f 

gas produced.

5. Assessing the volume and coapoetlon o f gas produced!

The total volume o f gas produced daily from the fourth day n s  

measured quantltlvely using the Gas flow Meter Model IR 13 o f recording 

type haring one lit r e  capacity shown In Figure (2 ). The gas production was
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recorded for a period o f eight weeks In the ease o f neem leases and for 

four weeks (fro* fourth to «l|ftt weak) In the oaae o f banana refuse*

The Qas How Me êr was placed on a horlsontal plans and the tripod 

screws were adjusted for levelling the lnstrvraent. The experlaentel test 

can was then placed on the sane horlsontal plane and was comooted to the 

Gas Flow Meter with the hsQLp o f a rubber tubing fixed on to the nipple.

The plnoh d ip  was then released to allow the gas to flow through the rubber 

tube Into the Gas Flow Meter and the reading as lndlsated on the Meter 

was recorded* The sane procedure was followed for a ll the test cans to 

record the daily produotion o f gae from whioh tha total volume o f gaa produced 

during a week wea calculated*

The percentage o f methane In the gas produced was eatlnated by 

using the Gas Girona to graph Model Perkin leven f l l  FLame To nixing 

Detector* Die peopsk column 80*100 mesh w 9 used. The column tesperature 

waa adjusted to 1*$0%*

The gas Maple o f 0,5 n l. vna collected from the test Can and waa 

injected Into the Injection front o f Gas Ohro aato graph » tha retention tins 

o f gaa balng ona minute. The percentage o f methane present in the sample 

waa calculated by using tha formula given bslovt
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P*ak height x attution x rang*.

the methane content c f  blogas generated from seleated t*et sables 

w*re tested tvr a three week period In the ease o f saj^la A (neem leaves) 

and eanplea B,Cando(Banana refuse) at the and o f the eighth week, Sine* 

standard Methane was not available, 'gobar' gas was considered as standard to 

find out tha methane onntent o f the samples .

(>* iim lv ln g  thy e»enrl*l valJS o f divested residues!

On oospletlon o f  e lg it weeks, the test oans were opened and the 

eontents were dried under shade on polythene sheets for two days. On 

drying I t  was powdered througily using s mqtor end pestle, fcughly about ten 

gms. o f the settle was used to estimate the nitrogen, phosphorus and 

potassium content (HPK) o f the residua on dry weight basis, following the 

procedure given in  Appendix X

B. Preparation, and V aluation , o f  Test Maourest

Hie procedure for the preparation and evaluation o f  organlo manure 

eonprised the following steps*

1. Selection o f treatments.

2. Preparation o f compost

3* Satimstlon o f NPK In salscted organic manures

4. Qtowlng plants utilising sal sc ted organic and Inorganic manures 

and *5. Comparing 'aaaranthus * grown using selected n*nures.
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1* Selcetton o f  treatments!

Ten treatments with three replications were selected, Randomised 

Hook Design was selected for the experiment. Die details regarding the 

treatments are furnlahed in Table II.

ZABLE -  ZZ
\

SELBJTSD TREATMENTS FOR MANURIAL APPLICATIPI 

3 .Vo. Treatment Symbol

1* Control (no manure)

2* Fresh spent oowdung aLorry

3* Dried spent oowdung slurry

4« Dried oowdung

5* Cbapost (s ) (Spent oowdong alurry ■+ garbage)

4* Compost (h) (Gowdungn- garbage)

7* Inorganic

3 .  InPorgan!e + dried spent oowdong alurry

7 * Inorganle t fredi spent oowdong slorry

10* Inorganle t- dried oowdung
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The three manures selected for the treatments Included laorganle 

fe rtilise r  (uree, a&Arate o f petaA and super phosphate) and compost 

prepared from

£
a. fresh co«lung,&y leaves and cseal stalk and 

h. Spent ooudung slurry, diy leaves and eereal stalk.

Organic fertilisers  were selected due to its  high nitrogen content and 

richness in hunus as compared to farm yard manure (r'anhane, 1970; Singh, 

1973; and Biswas, 1974),

2,  flrttfrPBtipn Of 9P Trait*

The p it system commonly considered as the best method was adopted 

for preparation o f compost.

This involved the following operations!

a. Selection o f materiels

b. Selection o f site

o . Preparation o f oomp?ost

a. Selection o f materials!

As suggested by Tamhane (1970) fallen leaves and vaate cereal stalk 

from cattle shed were chosen for compost preparation.

b . S election  o f  s lte i

The s ite  selected for the p ita  for preparing the compost was near the 

ex istin g  gobar gas plant in  Sri Avinashilingam Home Science College oaiqpus.
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nearness to ths gas plant facilitated fillin g  the p its.

0. Preparation o f Comooatt

Two p its o f 1 x Y .; netres *aoh were dog, Cowdung, fallen leaves 

from garden and cereal stalks were added alternatively In one p it for a 

period o f two weeks until it  was fille d . In the second p it, spent cowdnng 

slurry, fallen leaves froa garden and cereal stalks were added. The plte 

were later covered with soil and allowed to decompose for  a period o f two 

■onths.

3. gatluatloa o f HPt In selected organic raamreei

To satinets Hie MPt content, two gms o f each o f the manure was dried 

In an oven at 100°o , coiled and weighed and analysed following the procedure 

given in Appendix I .

4. Growing plant* utilising selected organic and inoreanle nanurest

Ihe experiment was conducted with the objective o f studying the 

comparative efficacy o f different sources o f  organic nanure in relation 

to the available nutrients. Pot experiments were conducted in the following 

order.

a . Preparation o f pots for cultivation

b. Sowing seeds

o . Plant pnoteotlon

d. Maintaining growth record o f the plant 

and e. Harvest
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Preparation o f  pots fo r  cu ltiva tion !

Thirty earthen pots were purchased and narked *1 *! -  *10 *3 for the 

ten different treatments with three replications. Slnoe red eoll Is 

l lg i t  textured, well drained and good for cultivation (Thomas* 197*5) this was 

selected for the experlnent. One cart load o f soil was purchased* The 

holes In the pets were closed with stones to prevent leaching. Five Kg. so il 

was used to f i l l  each o f the pots. Organic nature o f 100 gas was added 

to the soil In each the pets I2» T̂ f T̂ f T^, T f̂ Tg, T̂ 0 as per the 

schedule presented in liable XX. Calculated quantities o f inorganic fe rtiliser  

(Table IX) In the order o f 2©l*50i 2T> kg/Viectare were added to treatments 

Tg, and T̂ q. The oontsnts o f  the pots were mixed well end le ft  for e 

week for proper distribution o f manure in so il, 

b. Sowing seeds*

Aaaranathas seed o f  Go Variety wee selected fo r  conducting the experiment 

because o f  th eir su ita b ility  to season and tfiort duration. Few seeds were 

sown in  each o f  the pet and a thin la yer o f  s o il was spread over to  cover 

the surface. The pets were watered daily using a water oan taking ears to 

use the sans quantity o f  water in  each p et.

«• ELant protection!

ffiO ten per cent was applied around the pete to guard against ants and

inaeots.
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ycnrd o f thsflantst

fhe record o f gmowth o f the plant* was studied under the following

head at

!• Tins taken for gemination o f seeds 

and 11. fine taken for the third lea f to appear.

The a bo re data were reooxded. After the seventh day o f gemination 

each pot was thinned to six plants per pot to fa cilita te  proper growth.

e. Harvests

<Anaranthasl thus grown was harvested after 25 days fron the date o f 

sowing, the six plants fron each pot were taken for farther analysis.

5* Comarlng_SM.Mth.tff* grown using «w>ia«tart «.*«»■»..

fo compare the greens grown using different treatments o f manure, the 

following two steps were undertake ns

a. Biometrical observation 

end b . Chemical analysis o f plant material.

a. Biometrical observation*

Biometrical observation was dons as follows:

1. Haight o f 'amamathus1 In relation to manoralal treatments.

11. Hold o f the 'amaranthus' In relation to manorial treatments, 

and i l l ,  Ihleknsss o f  plant stem in relation to manorial treatments.
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1 , Height p f ^marpnU^j1 I n j e ^ ^ a  V

The height o f the plant was aea-aured with the help o f  a seal* after 

harvesting and reoorded.

11. fie ld  o f * am re nth as1 to relation to manorial treataentei

The yield in relation to manoriel treatments was assessed by taking 

both the wet and dry weigita o f 'anaranthns**

Wet «e lriiti

The plants on harvesting were waAed with water to m ove so il. The 

weight was then deta rained using a bale no e . Ihaa the wet w el^t from eaeh 

set o f six plants froa esoh pot was date rained and recorded for comparison.

Dry welchti

o
The different sets o f plants were dried in an overf at 100 e for 24 

hoars. The dried materiel was then weighed using a balance and recorded for 

comparison.

i l l .  ThlQln»<Mt r,f plant «!t—In Halation to

The thloknsss o f the stem o f six plants fmn each pot wee found out 

with the help o f u Screw flange at the fir s t  node o f the plant and recorded. The 

seen thickness was calculated for oonparieon.
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*• a>— t f i l y i i  r f  plant w atarlali

Dm  oh«a&Ml aaalyaia waa dr a* Ite* WW1 attmitaBu pMaphrrlc aaid, 

pcU uiiiiti sal aim  and aajpMaluai frllrwlnp tha proeadtrae r tiw  la Appaadlx 

U .



IT. RESULTS AND DISCUSSIOMS

Ihe results o f the study on the Possibilities o f U tilising Home Garden 

Waste for  Production o f BLogas and Organic Manure are discussed under the 

following headings*

A, Use o f hone garden waste for biogas production 

and B. Evaluation o f manorial value o f o’-ganie and inorganic manures.

A. U tilisation o f Eons Garden Waste tor Blonas Prod action*

This aspect o f  the study is  discussed under*

1. Volume o f  bio gas produced from selected garden refuse

2. Percentage o f methane in  biegae produced 

and 3. Uutrlent analysis o f digested residues.

1. Volume o f  b locs a produced from selected garden refuaei

The volume o f biogna produaed from selected refuse la dleeuesed under

n. Volume o f bioges produced from neen leaves base

b. Volume o f biogas produced from banana refuse and

cv Total volume o f gas produoed from the selected samples during the 
test period.

*• Volume o f  bioaas produced fion  neen leaves base*

The data on the volume o f biogas produced are presented in  Table HZ and 

figure 3 in terns o f  the average gaa produoed during each week and the total 

volume produoed during the eight week test period.
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TABUS .  nz

VPUJMiS OF BIOQAS PRODUCED FHOM HiLEAVES BASS (SAMPLE »A<)

1. Proportion Kogan pnoduotlon/veak In e.n Total during
b . tast parlod(^)

Waata Dung Slurrylot 2nd 3rd 4th 5tt  6th 7th 8 th

1 » 1 t 525 «15 680 592 525 *42 53* 560 35*539
J 2 i t  1 675 817 870 892 758 625 432 294 37*541
> 3  : 1 1 783 817 820 1083 1168 11"8 375 242 44*758
► 4 1 1 1 858 800 690 592 1378 608 375 140 37*435
* 5 * 1 1 780 1208 1350 1375 1166 1333 670 5IO 58 .744



u

The general pattern showed an increased preduction o f gas during the 

fourth, fifth  and sixth weeks, while the following weeks recorded decreased 

quantities. The gas production during the eighth week was cooperatively low, 

only 27-48 per cent o f the veilme produced during the peek production 

period except In preport ion (1) which generated 68.7 per eent.

the data on the total volume o f gas produced during the test period 

o f  eight weeks indicate that porportlon ( 5) yielded the maximum o f $8.7 litre s , 

the n«rt best result (44*1 litre s ) was obtained from proportion ( 3) 

while proportion ( 1) yielded the lowest amount.

the data on the volume o f biogas produced from banana refuse base per 

we«k and that o f  the total volume produced during the eight wade period arm 

discussed as gas produced from

&• Banana atom -  Semple B 

11. Banana leaves -  Sample 0 

end ill.Banana Peals -  Sample D

i .  Blgfies .arpjfrco.fl from

the average weekly production o f biogas from banana stem and the 

total volume o f gas produced from fourth to eigkfc week are presented In Table 

IT. and figure (4)*
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TABLK «  XT

VOLUME OF HOOAS P80DB01SD FROM BANANA STEM BASS (SAMPLE B)

S.Bo. Proportion Gun production/week 1b e.o Total during
test period(l)

Vest* tang slurry 4th Mh 6th 7th Oth

1 1 • 1 t 1 61? 1150 1350 1142 240 39*074

2 2 * 1 i 1 570 75© 1000 800 360 24*360

3 3 * 1 « 1 660 700 1100 430 205 21*721

4 4 t 1 « 1 750 65O 1000 445 323 23*576

5 5 * 1 i 1 020 900 590 750 360 26*740



The gas production was recorded to be the maximum during the sixth 

week In a ll the proportions excepting in proportion (1) In which the fourth 

week wee the peek production period* During the eighth week the generation 

o f gas was the minimum then compared to that o f the previous weeks* 

Propertlone(l) and (2) registered the lowest production being 17 and 19 

per cent respectively while in proportions (2 ), (4) end ( 5) about 32*36 

per cent o f the maximum was recorded.

Proportion (1) yielded the maximum volume o f gee during the total 

period o f  five weeks. Rot meh o f a variation was observed In the total 

volume o f gas produced during the test period In the other proportions*

11. Blogaa produced from_ h*n**»fl baas fSamsle-ch

biogas production from banana leaves in terms o f average weekly 

production and total volume o f gas produced from fourth to elgth week is  

presented in Table f , and Figure (■>)•
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TABLE -  T

VOLUME OF BIOGAS PRODUCED FROM BANAHA LEAVES BASE (SAMPLE C)

S .lo . Proportion Qas pnoduotinn/week in  oee to ta l daring
teat period

Waste Dong Slurry 4th 5th 6th 7th 8th

1 1 1 1 1 1 400 375 300 275 175 10.535

2 2 1 1 t 1 200 180 150 116 13* 5.474

3 3 t 1 « 1 300 350 400 236 145 n u n

4 h 1 1 1 1 1100 soo 750 639 118 23.849

5 5 1 1 1 1 1200 990 800 766 628 30.688

the fouth week recorded the warl mm production o f gaa in a ll the p report Iona 

with a steady decline daring the following weeks. Daring the eighth week the production 

o f gas was lowest alaoet about 11 per oent o f  the maxima production in proportion 

(4) and highest (63 per oent) in poxportlon (2 ).

Considering the total volume o f gas produoed daring tie five  week period , a 

maximum o f about 31 litre s  was observed in proportion ( 5) .  Borpertlon (4) also
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indicated gas production to the tune o f  l i t r e s , \fcile the resmlnlng 

three oouposltlonB gave a very meagre quantity between $ and 11 litr e s *

i l l ,  B le iy  p^daaed fm « h«—« . m il*  hmm^ tM ^ im  Tl\t

The weekly average and the total vblome o f  bio gas produced f  rom 

banana peels during the fourth to the eighth week are presented la  

Table VI and Figure (6)*

1



TABUS • T2

VOLUME OF BE0QA8 PBODUCED PBOM BAHAMA pfifliS BASK (SAMPLE B)

S.*o Proportion Gas produetlo n/week la e.o. lota l
• volant during

Waste Dung Slurry 4th 3th 6th 7th 3th test period 
<1)

1 1 • 1 1 1 400 312 m 160 122 3.190

a a t 1 a 1 99® 39S 922 437 102 13s033

3 3 • 1 1 1 930 41® 193 224 168 16*710

4 4 • 1 » 1 41® 364 300 m 347 10.479

5 5 • 1 a 1 W 400 990 332 212 14*203

As in n  la  sagple Q, the production o f  Megan wee at the naxtnun level during 

the fourth week followed by a gradual decline during the succeeding weeks except la 

proportion* 2 and 9 whleh registered aa Increase during the sixth week, lew gee 

production was evident daring the eighth week, whleh ranged between 14 and 38 

per eent o f  the Taxlaua during the peak period.

f t  wae observed that the proportions ( 2) and ( 9) yielded the ntaxlnua quantity 

o f  13*14 litre s  daring the teat periods the mini mum being Sight litre s  from proportion
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C. Total volume o f  b lo g a a  arndnoed from .a»1 fe tfd  U P l f  f lt tr tM  fra* W l f i d *

Tabic T ll  presentf the tota l volume o f  gas prodaoed daring foarfch to 

eighth week frr,m the selected Babies-nee** leaves base and banana refuse base*

TABLE -  ?H

TCTAL Vfl^ME OF BIOGAS PRODUCED FROM SELECTED SAMPLES

S.Mo. Proportion Gas production/week In l it r e s

Waste Bung Slurry Ms«a leaves Banana stem Banana leaves Banana
sample A sample B sample C peels

saeple D

1 1 l 1 1 1 21.399 39.074 10.535 8.190
2 2 1 1 1 1 21. 00? 24.360 5.474 13*033
3 3 t 1 1 1 27.332 21.721 11.417 10.710
A A 1 1 t 1 22.050 23.576 23.849 10.479
5 5 1 1 1 1 35.373 . 26. 140' " 30*633 14.203

from the date ! & 2. c* was observed th&t bench's stem registered the

wrlimro gee predaction followed by that o f men leaves. While proportion (1) 

generated a navlwn o f 39 litre s  o f biotas frraa banana stem, proportion ( 5) in 

ne** leaves evolved a maximum o f 35 litre s . A fairly good volume o f gas was generated 

In the ease o f banana leaves, only 23*31 litre s  in porportiens (A) and ( c) . The 

gee production was considerably poor eight to 14 litre s  in the ease o f banana peals.
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The data thus reveal that a combination o f neon le«T«a, dong and spent 

alorry may ha used advantageously for blogaa preduatlon la  two proportions 

as f»ft1  sod 3»1*1 Banana stem, dung and spent marry la equal proportions 

and In proportions 9t1»1 also, may ha affective for blogaa prediction. Only 

9*1*1 proportion mas found suitable with banana leaves, dung and marry,

3* The percentage o f methane la Means produced*

The percentage o f methane la  Mogas produced from the aelaetad
V

materials was estimated daring the fir s t , aeeoad and fifth  week o f gas production 

in naem leaves (Sample A) and for the eighth wade In banana stem (Sample) B), 

banana leaves (Semple 0) and banana peals (Sample B)« The parsantoga o f 

oath ana present In sample A and samples B,0 and & la depleted la Tablea 

V2XX and XX respectively*
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TABLE -  Y in

PERCENTAGE OP METHANE IB BBOGAS FROM NSEM LEAVES BASE

SI.No. ro portion Percentage o f methane In week#

Waste Iking Slurry 1st 2nd 9th

6,0 * % GJJ * G.V %

1 1 t 1 i 1 le t 372.42 0.013 2.034 6 .5 672.41

2 2 t 1 i 1 1et5 3*2,75 1*5 310.00 3 .* 393.0

3 3 i 1 i 1 ©•9 1*4.20 3.3* 699.0 5.1 527.5

4 4 I 1 i 1 1 .3 26*.9* 1 .6 331.03 2.5 25*.6

5 5 i 1 « 1 1.5 310.34 1 .5 310.34 4.6 478.5

\

* C h a rt B a lt

The various proportions o f  nee* loaves in ooablnation with dang and slurry 

yielded higher pereentags o f  methane than that o f  ’ gobar' gas during the fir s t , 

second and fifth  creaks except In proportion ( l )  during the second veek uhleh 

indicated only a very small percentage o f  methane (2*8 per cent).
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lhe hlgier percentage o f  methane la neem leaves in varlams combinations 

with dang and alurry indleatea the definite possible new avenue o f utilising

thia waste material found in abundance in many parte o f  the country fbr
\

prodnolng methane fo r  fhai needs.

K  Percentage n f methane in  w » » »  «

the percentage o f  methane present In the digested banana reffcsa at tha and 

o f  the eighth week la  presented in  the Table below*. •

TABLE m

PERCdfXAOS (V METHANE IS BXOOAS TBPM BASASA SETOSE BASE

Bantna stam Banana leavea Banana peals
SI.Ho Proportion Sample B Sample 0 Sample D

Waste Bung Slurry 0.0* % 0,0 % 0.0 %

1 t 1 1 M 600 4.1 424.13 0.1 10*34

2 2 1 1 1.4 144^ 2*0 206.09 0.97 100.34

3 3 1 1 4.1 424*14 9 4 609 0*1 10.34

4 4 1 1 2.0 206.69 3.5 362.06 0.17 17.50

5 3 1 1 4*0 496.5*5 6. 2 641.37 0.025 U3i

* CnHUT UNll
On analysto for methane content at the end o f the el^ith week i t  was 

observed that banana leaves in combination tilth dung and slurry generated a



very high psroantaga o f methane when eompared to that o f  'gobar* gae* Banana 

atom alao Mioved similar r«salts* tho highost psroentsge o f  methane gas was 

observed In proportion ( 5) using banana leaves* The next two best combinations 

were banana stem with dung and slurry in equal proportions and banana loaves with 

dong and slurry in proportion (3 ). Since the percentage o f methane

generated fzon banana peels was considerably lew in a ll proportions* this
4-uel

can bs claimed unfit fo r ,>generation.

Thus the data reveal the possibility o f  high percentage o f  methane gas 

generation from banana leaves and stem in cental nation with dung end spent 

slurry mainly in three proportions 1»1t1( 3i1t1 and 5*1*1.

3. narirali at fltotalfflfl r?gldaw»

Ths autriont analysis o f  digested tost saaqilo A and that o f samplesB,0

and D are presented in Tablea X and XI Tr̂ spefeKvelvi ( ttie.
Potassium Cowteû  <4 digests^ tesb Sample.?  ̂■

TABLE X

NUTRIENT ANALYSIS Of DIGESTED RESXD3S FROM h NEIM LEAVES BASE

SI.Re
Proportion Percentage

Waste Dung Slurry Nitrogen Phosphorus Potassium

1 1 1 1 2*30 0.19 0.90
2 2 . 1 1 2*24 0.17 0.90
3 3 = 1 : 1 2.29 0.14 0.90
4 4 1 1 2.21 0.15 1. 10
5 5 1 1 2.10 0.13 0.70



Sisahl* d lffira n t In nitre gen, phesphnru and potaA oontsnt so old net bn 

observed within the seine ted proportions. However proportion ( 1) appeared 

to bn • bnttor souroe o f nitrogen and phosphorus while proportion (A) la potassium 

content,

TABLK • ZZ

NUTRIENT ANALYSIS OF DEQ5ST4 ) HES'JOBS FROM BANANA ROTISK BASS

Proportion  Sanpln 1

B;No. Hants Dong Slurry I F K

1 1 : 1 1 2*54 @•30 2.20

2 2 : 1 : i 2.57 0.26 2.*5

3 3 : 1 i 2.3B 0.27 A«00

A A : 1 . 1 2.57 0.20 3 ^ 0

5 5 ; 1 : 1 2.04 0.13 1.70

S e tt le  6 Sanpln B
Percentage o f

I > K I F I

2*04 0 .2 7 0 .1 0 2.10 0.21 2 .2 0

2 .5 2 0.26 4.8© 2 .1 0 0 .1 9 2 .8 9

2 .5 7 0 .3 6 2.90 2 .2 4 0 .1 0 4 .0 0

2 .1 5 0 .2 2 2 .2 0 2.24 0 .1 9 3 .6 0

1 .0 4 0.11 2 .0 5 2 .0 0 0 .1 3 1 .7 0

Hha nitrogen, phosphorus and potaA eontant o f  tha dlgasted rssidaa o f  tha 

aalnetad sanplas wan nom or lean slnilar la  a ll the proportions. However proportion 

(3) re sol ted in maxtnun potta ri.ua content, la  Sa^xla B and earf-imm phosphorttn nontent 

la Saî pln 6. Hanes i t  can bn cow l tried that the percentage o f NFS o f dlgasted 

residue ikon banana refuse is  wore or lees sln ilar whan any o f  tha ab^vs proportions
are ssleeted.



l
\

OKI
W

...... 0 S
v\v
k mr o sIf-.*-

T ♦

3a
t£<

c/)

u-
<D

(ft
i
b
G!
3
c l

. -3 
> S  

l-
02
£
S

»b
Q
t/s

*0+mt
!£~
J
4z

2
b
o:
5
-2

VJ-ag^zia^ c*( -LCV3iyaYJ(>j



60

®* ftralaatlon o f the Manorial Talus o f Orsanle and Inorganic ttaurcet 

Hi* results o f the study on the manorial Tala* o f  organic and 

inorganic manures using digested dur^r from tbs * go bat* gas plant ars 

presented and dismissed under the following heads!

1 . Nutrient content o f eelnoted manures

2* Effect o f selected manures on growth o f  •ann ran thus*

3*Hcight o f  'anarunthus1 In relation to manorial treatments

4« %lokness o f stem o f 'amaranthus1 In relation to mam ria l treatments 

5. Yield o f  'amaranthus* lnbrelatlon to manorial treatments 

and 6. Kotrlent content o f tamarantfauel treated with selected nanurea

1‘  riant content o f malaafd mam.ira«

Ihe nutrient analysla o f eeleoted manure* Hs*» fresh spent eewdung 

darry, dried spent eeiwdung slurry, dried eewdung, eonpost prepared using 

(n) frerii dorry+garbap^ and (b ) frsrii eewdung end garbage and that o f 

inorganic manorea used for the pst experiments is  presented In Table XII*
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TAILS 1 8

WTRiarr cniTaT of sslbctsd m am m

Percentage o f

SI .Be. Manures nitrogen Phosph orous Fstasdum

A. Organic manures e

1 . Fred spent oowdung slur 17 2.0 0.17 0.69

2. Dried spent eovdung slurry 1.7 0.17 0.69

3. Dried eedung 1*6 0.17 O.69

A* Compost (a) oowdung slurry garbage 1.09 0.0S 0.07

5. Go^jost (b) Oowdung garbage 1.06 0.1 0.9

B. Inorganic

i . Drea 46.00 • d

2. Superphosphate - 18-00 m

3. Mutate o f  potash m * 60.00

the organics and Inorganic saamrec selected for the experlaent on 

a&olyds for their chedcal ooposition  dewed the following results. Inorganic 

nannre registered maximum percentage o f nutrients In tonu  o f nitrogen, 

pheaphotnue and po transit® when compared to organic manures, Fred spent

oovdung aluriy, dried spent oowdung slurry and dried coudung, were found to be 

rich la nitrogen, and potassium though not in phosphorus content.



6a

2.  Effect rtf saluted mmrninm  gnawtfa o f ls>tara?ithaa*»

Ihe affect o f aalaotad mawrea on the gxrvth o f  •anarenthne* waa 

evaluated la  ten a  oft

a, tine taken for gemination o f  seed a 

and h* time taken for  arrival o f third lea f 

*• Tine taken for gemination o f  aeodat

The tine taken for gemination o f aeada In the three replicated 

pete treated with aalaotad manures la  given In Table XXII and figure(9)#

TAELS -  XIXX

TINS TAKSM FOR QBWIIlATinS Of* AHA BARTHES • 8RSD3

Tina taken in hevtra
S.So. Treatmeata

*2 Rj Naan
4

1 *1 93 90 98 99*1
2 ** 60 72 72 63*3

3 *3 60 72 60 64*0

4 ** 72 72 30 74e6

5 *5 72 SO 60 70.6
6 h 30 72 72 74*6

7 h 60 72 90 74.0
3 60 98 72 76.3
9 30 72 98 33,3

10 *10 30 98 90 39.3



63

The variation la wan tins takoa fo r  germination o f seeds as seen from 

the Tabls indicates that In control pot (T.j) the seeds took a maxima o f 

99 hours lAereas treatment (T j) with dried spent sewduag slurry took a

0f  64 hours and treahseat (fg ) with freA  spent oowduag, slvrxy 

took 68 hours thus indicating that addition o f organic manure la the form o f 

spent slarxy hastens the germination process* Soil treated with congest 

using a oonbination o f spent 00wdting slurry 4 garbage ( I 5) and eowdung 4 garbage 

(T^) germinated faster when cohered to that o f  inorganic fertilisers  ifcloh 

required 81 and 89 hours in (T^) and (T^q)  respectively*

then statistically  analysed the treatments were found to bo significant 

at 5 per eeat level* the treatments Tff Tj0 and I 9 were found to be on par 

as le  denoted ty the erltlee l difference -  24*13 (Appendix HI A),

The above results indicated the beneficial influence o f organic 

manures over the combination o f organic and inorganic fertilisers  particularly 

with reference to germination o f  seeds*

*• £ ■ » .taken for the arrival o f third lea fi

The effects o f  treatments with physiological activity was also avaluatad 

la terms o f tine takoa for the third loa f to appear pud the data are 
presented la  Table IIV.
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TAELS -  m

TIMS TAKEN FOR EMERGENCE OP THIRD LEAF R f'A lfA ItA nH B S'

S.Me. Treatments
Time taken in hours

*1 "2 b Mean

1 160 168 160 16*5.3

2 *2 144 160 144 149.3

3 *3 104 120 104 109.3

4 ** 144 120 144 136.0

5 ** 144 144 120 136.0

6 h 160 144 168 157.0

7 h 120 144 168 144.0

8 ** 120 344 120 128.0

9 344 168 160 157.3

10 *10 168 144 168 160.0

Considering the growth o f plant with regard to tins taken for emergence 

o f  third lea ff It was observed that treatment (T ^  Hieing dried spent oovdung 

slurry as manure toek a mini atm o f 10.9 hoars compared to that o f  control 

(T-|) which took a maxima o f  I65 hours. Both the treatments using dried oovdung
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(X.) and the compoet using slurry + garbage (X-) took 136 hours each idiereas treatment 

(Tg) using a ooablnatlon o f dried spent oovdung slurry and lnorganle mature 

took only 123 hours (Appendix HZ B).

8tatlstieal analysis showed that the difference in treatments were 

significant. The favourable influence o f spent oovdung slurry on tine taken 

for the emergence o f the third lea f indicates the role r f  digested dung in 

hastening the physiological activity o f the plant,

3. Height o f 'anaranthne’ in relation to nsnurtfil treatments*

The height o f * amaranth us* In fla tion  to manurial treatments is  

presented in Table XT and portrayed in figure (10) O')

TABUS -  XX

HEIGHT OP AMARANTH OS IN DIFFERENT TREATMENTS

3 ,Ho, Treatments

1 h

i

rf* 
1 ^i■■

2 14*3
3 *3 13.0
4 *4 16,1
l 14.93
6 b 14.90
7 *7 3.6
3 *3 11.30
9 9.0

10 *10 3.16

Height in o n ,

■S Mean

4.35 6.1 %68
10.75 15.0 13.35
10.60 16.75 13.45
16.40 7.30 13.43
14.60 12.50 14. 0!
12.33 13.30 13.84
9.25 18.30 12.05
7.30 11.25 10.11

10.60 9.90 9.83
8.3 9.66 8.37
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•Aaaranthue1 grown in aoil treated with compost prepared from epent 
Oowdung slurry* garbage (T^) ri-ved a maxima growth la term* o f height.

respectively recorded a height varying between 13,3 and 1$*8 ca. lhe shortest 

growth ( 9.60 oa. ) was observed la the ease of control

tfventhough profound dlffarenoas ware aot observed amng the orgaalo 

and inorganic aaaurlal treatments, they recorded higher value for the tr??: 

height o f pleat compared to the control and the dlfferenee la  the above 

treatments alao attained the level o f dgnifleance.

frlofcmaa o f stem o f •aaeranthuw* in terms o f

The thickness o f 'amanaathas' stem in relation to aanurlal treatasata 

la  depleted la  Tabla XTI,



FIGURE - 10

RTVTH OF * AMARANTH US* HAST
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TABLE -  XTZ

THK3QN&S o r 'AMARANTH®' S?9 f IN DIFFERENT TREATMENTS

S. No. Treatments
Ihiokneaa in eras.i

*2 *3 Mean

1 1.05 1.14 1.10 1 .1

2 *a 1.77 1.90 1.94 1.87

3 *3 2.23 1.97 2.50 2.23

4 ** 2.39 2.42 1.55 2.12

5 *3 2.4* 2.35 2.12 2.30

6 *6 2.39 2.22 2.06 2.22

7 *7 1.18 1.47 2.03 1.56

8 1.80 1.60 1.83 1.78

9 *9 1.43 1.93 1.94 1.73
10 *10 2.16 1.90 2.30 1.85

The Man thioknees o f  the stem In treatments T̂ fT  ̂ ^  ^  was found 

to be greatest ranging from 2, 1M «30 on. ae compared to treatments Zj, 

and which recorded a thlokness between 1*56 and 1.85 cm. The 

thickness o f stem had shown an Increase viien inorganic fe rtilise r  was nsed 

in combination with organic manures aa Indicated by treatments (tg9 Ip and T̂ q) ,
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Hie thickness o f atom in treatment (T^) m s foiad to be tha ninlmn,

Satlstloally tha differences observed anong tha treataents ware found to 

noa-algnlfloant (Appendix IZZ D)

4 .  T*o1d " f  *a».r.nthii«< in  sral^-fcl^a tn — iBirt.1  tra «ta * tttl

The affaot o f  different natures on tha jia ld  was assassad by talcing 

a* Wet weight anon after harvest: 

and b. Dry weight on oven dry basis 

*• Wet weight!

The total yield obtained from tha three replicates receiving tha 

different treatments is  given In fable; XYH and Figure 11,

TAHLS XTII

W$T WRIGHT OF AKA RAN THUS GROW USING S4LBCTaD MANORIAL TRSATMiiNlS

S.Bo. Treatments
Wet weight in gn.

*1 *2 *3 Haan

1
k

1.2 1.2 1.4 1.23
2 8.9 12.7 7.0 9.53
)

%
8.9 6.2 18.9 10.33

4 12.4 12.3 3.4 9.33
5 A 1J.3 9.2 7.6 10.03
6 56 4.3 6.9 9.0 6.73
7 *7 2.0 2.2 3.0 2.43
8 6.0 8.6 4.2 8.26
9 *9 2.8 6.0 6.9 8.23

10 *10 6.9 4.8 6.0 5.80
T
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Xha treatment (1^) uaing M ad glurry u  aunr* rao^rdad tha kldhait 

/la id  o f  10*33g fcllowad ty traataant (T^) aging atony t  garbag* o-^mat.

&• tia itu B t aging fradb ipent oevdung atony ( I j )  and driad oovdong (T^) 

raglatared a a approxiaat# yiald o f  9«4g*> whlla th« oentrol traataant 

rgglatored tha lewoat yalld o f 1.23 g.

Statiatieally I t  was found that tha traataanta vara glgni finally 

d I f  fa rant from aentrol (Z|)^ Tha traatmantg T ^ T ^ f 4,T£,and vara

found to ba on par. &g obaarrad ia  tha Maaotrlo obgarvatloa, tha abora 

rasults alga alaarly lndloatr tha baaaftgial inflianoa o f  orgsola oanorlng 

on growth o f *angranthos* (Appandlx HZ ©)*

b . Dry W alght*
s

H»a naan dry weight o f  'ana ran than* ig  givan la tha fallowing YahlaKvft 

and figura (I ) }



•2.
G

> 3



72

DU WRIGHT 07 •AMARANTH®* QROVN flSINCi SSLBCTED MAHURIAL TREATMENTS

TABUS XfXIX

Dry weight In gn.
S.Ho. Traetnents

*1 ** ■S Mean

1 *1 0.2 0.2 0.2 0.2

2 ** 1*4 1.6 1.0 1.3

a *3 1.2 0.8 2.4 1.3
4 ** 2.1 1.8 0.3 1.4
5 *5 2.3 1.4 1.1 1.6

6 o.t 1.0 1.1 0.9
7 *7 0.2 0.3 0.7 0.8

8 *8 0.8 1.0 0.9 0.9
9 *9 0. f 1.0 1.0 0.8

10 *10 1.0 1.0 0.4 0.8

.9

1h« mean dry weight o f  the yield obtained fron tha Tarlous 

treatments indicated that an approximate yield o f  1*3 * 1.6  f , ,  on dry 

«e i# it basis was obtained from  *4 and T?. 3be yield tenm control (T-j)

waa found to be the least.

Statistic a lly  the treatments were found to be non significant. 
(Appendix in I )
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TABLS XIX

USIM &>
HITBPGiSH. PH5SPBPM8 AMD POTASSIUM Ĉ ST̂ NT OF *AMA HAN THUS* QHOWl̂ SaBCTffi

MANURIAL TRBATMSKTS

3.Ho. Treatment
H in ges

Feraentage o f  

A ositon s Petasalu*

1 *i 4.9 0.15 4*3

2 *2 5*2 0.15 3.9

3 *3 4*6 0.20 4*5

4 ** 4.9 0.15 4.9

5 4.5 0.15 4.5
6 *6 5*2 0.17 AA

7 *7 4»4 0.15 4.1
8 * 4.3 0.20 4.3
7 4 * 0.20 4.3

to *10 5.4 0.25 AS

On analysis i t  was ©bserred that plants Krona In treatment 

using oevduag and Inorganlo toad the highest percentage o f g,4 nitrogen 

fallowed Igr plants treated using frorfi spent eowduag slurry (I2)  and aoqpest 

prepared fron oovduag+garbage (T^). The treatments t y  and
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I ttOjUlWr-o}
fo o d  to be rich la  nitrogen content^ In the oase o f phoaphoroac, plaate 

g le n  using inorganic manures raoorded a higher percentage, Fotassium 

Content was reaorded to he high la  the ease o f  treatments Tj (control 

T̂ ( dried spent slur 17) and (eripcst from eowduag-t- garbage) v. { fk»cir6 > iU) *

Thus i t  eaa he stated that application o f organic manure enhanced the 

nutrient quality o f the plant, since nitrogen constitutes the various 

amino aside, which in turn Is the building faloak o f proteins* &e application 

o f  organic or inorganic manures did not have nag profound influence on 

the petasslim content o f  the plant*

the statist leal scrutiny o f the data pertaining to the study indicated 

that fe rtilise*  application alene proaeted tba nitrogen and phosphorus 

content o f lamaranthue* (ippendio«a • XXI F and £) .

h . PglTfiTg pnd iHagnaal-jM contact o f i—

lha following data presented in Xh&e SC and figure (15) -reveal the

od e  Ion end magnesias content o f the selected pleat settle a
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TABU -  XX

CALCIUM AND MAGNESIUM CONTENT Of •AMARANTHIB* SHOWN USING 8AL3CTED MANUBXAL
THEATMENT3 .

H atrlentg 1b  percentage
8* No* Treatments , * « » • • • • • • * » • • » »

C alclua lfcgnaaltiB

t 2*8 3.12

f 2.8 2.88

V 2*8 2.88

1 2.0 2.38

f 2.0 3.12

t 2*4 3.12

t 2.0 2.16

1 M 2.64

* 2.0 3.12

f 2*8 2.64

The ealoltrm content w i  found to he the highest 1b the ease o f  

treatment# ^  ^  and f|0 , ^hbatantlal rariatlo# «aa aet observed

la  between the treatments In the case o f ealelan content.
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similar to calcium eentent o f  the plant material, appreciable variations 

were net observed la  the case o f  magnesium content o f different smnplea, Ihe 

statiatittal analyala o f  the data pertaining to magnesium eon tent was found 
to bo significant, [*we*»\x «. kJ.

It Can thus bo oonolnded that organic manures o f  spent covdung 

blurry, compost prepared from spent cowdung slurry .fgarbage and eowdung+garbage 

improved the nitrogen content o f  the plenty and Inorganic manure Influenced 

the phoaphmus content o f the plant while the remaining nutrients were 

not influenced by aqr o f  the treatments.
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T. su m  hi aitd ^NOLasm*

Dm Investigation on the FOsaiMlities Of U tilising fcue Garden 

Waste fo r  Biogas Production and Organic Manure comprised the following 

major aapeets.

A* Utilisation o f ^on» ojanden waste fo r  Mogas production,

B. Evaluation o f mamrlal value o f organic and Inorganic manure#.

A. U tilisation o f Howe Qardcn Waste Ibr Blague Production!

Four sample# o f  waste such a# naaa loaves, banana aten, banana leave# 

and banana peal# is  combination with digested spent cowdung slurry «nd 

fresh oovdung to font proportions aa 1*1*1, 2*1*1, 3*1*1, A*111 and 9t1s 1 

were selected fo r  Megan production.

Ihe gas production waa raeorded for eight weeka In case o f  neea 

leaves base and from the fifth  to the eighth weak In the case o f banana 

refuse base, Ihe percentage o f methane was estimated for  the f i r  at, second 

and fifth  week# In neea leaves base and at the end o f the eighth week in 

banana refuge base.

the nutrient analysis for  nitrogen, phosphorus and potassium content 

In the digested residues wss carried out towards the end o f the study.
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1* Valuation pf Ihtnurlal Value 0f  Organic and Inorganic Manures!

Ten treatments aa -  oontrol, * fresh spent oowdung slurry 

f  j  .  dried spent oowdung slurry, * dried oowdung, fresh spent 

oowdung slurry^garbage, Ig . fresh eowdungfgarbage, Tj Inorganic, Tg dried 

spent ccwdung tfLurtyt Inorganic, ^  fresh slurry + Inorganic and T ^  dried 

oowdungt Inorganic were eeleoted for pet experiment using red soil and so* 

variety 'aaa ran thus' seed**

Urea, super phosphate, an rate o f potash, fresh and dried spent oowdung

alnrry, dried oowdung and eenpest

a* Prepared with a combination o f spent oowdung alurryvgarbape and

b. ilth  a combination o f cowdung* garbage were selected to study the 
effect o f these manures on plant growth In terma o f yield and 
nutrient content*

Biometric and ohenlaal analyses ware done for plant samples Oollacted 

on the 25th day.

Die findlnge o f  the various aspeots o f toe study are as given below:.

1. Banana stem In combination with oowdung sad spent oowdung slurry In 

equal proportion generated a maximum amount o f  39 litre s  o f  gas,

2 : Both neea leaves and banana leaves generated approximately 31 litre s

o f  gas when used in  toe proportion 51I1I with fresh oowdung end spent 

oowdung slnrry*
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3* Banana peela aa base In the five proportions produced only a 

negligible amount o f gas varying between A>14 litres*

4* Bio gas generated from ns am leaves, banana stem and banana leaves had

a high percentage o f methane ranging between 189 and 699 peasant 

being 12 tines greater than gobar gas considered a s standard.

5* A high percentage o f methane about 382 litre s  was generated In 

proportion (3) o f  neon leaves.

6* Similarly a high percentage ranging between 60Ĉ 6gO poten t was

registered in proportion (1) In banana stem and in proportion (g) o f 

banana leaves being 10 tines greater than that o f  go bar gas.

7* Percentage o f methane w i low in biogas produced firm banana peels 

compared to other waste proportions saleoted.

8* In the digested residues/the selected sample sy si sable difference could 

not be noted in terms o f nitrogen, phosphorus and potassium.

9* B»e digested residues o f the samples registered a higher percentage 

o f BPS compared to that o f spent cowdung slurry from go bar gas 

plant.

10* Atzogan content in slurry and compost was 2s 1 pedant and 1*6 percent

respectively which indicated the richness o f slurry in terms o f nitrogen

content,
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11 • flatly germination o f seeds was anted In pots treated with crwdtung 

blurry.

12* Plants registered a maximum height o f 141 oma during the 2*; days study pevioi 

v&en treated with compost prepared frann oowdung f- garbage (1 ^) and 

that o f fresh spent oowdung blurry (T^) and dried spent oowdung 

slurry (I3) .

13* A higher yield In teres o f weight wag registered fr-m a combination 

o f organic and Inorganic fertilisers .

14. There was no significant difference In the nutrient content o f

'anaranthue* In different treatments except In nitrogen end calelam 

Wxioh were oonalderahly high in treatments using oowdung slurry as 

manure.

Hanes i t  can be concluded that neem leaves and banana refuse often 

dunped into p its can veil be utilised for optimising production o f biogas 

with higher percentage o f methane* whleh can thersby reduce the expenditure 

on fuels. The efficient recycling o f these garden wastes In an anaerobie 

digestion unit ngy not only result In saving o f fuel Money, but also In 

increased production o f crops by u tilis in g  the rich Manure le f t  as digested 

residue as plant food.

The present study, a humble e ffort to u tilise  selected waste for  

blog; s production, throws light on the possibility o f recycling several 

other organic waste materials considered as pollutants harmful to huaan

existence
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APPSTDH -  I

/HPG£DUR£ FOR ASALISIS OP DIQESTBD TSST R33IT0R

Amljylp o f 6p*>oit fpr lltrogen .

Procedural

Xltregea was estimated ly  Rjeldahl*e Method and Rioapbnrie s a lt  and 

Potash taws estimated by precip itatin g the ^  phosphe ammonium Molybdate and 

Bodula petaslum cobalt nitrate fron the Bel extract.

The estimation* were carried out as detailed—Hltxegea was eatimated 

by Xjeldahl,n method, Hoi extraet wae taken and from that Phespborle 

Mid and potash were estimated Tolumetrically; by precipitating ae 

ammonium pho aphomolybdate and soduim, potasauim oobalt nitrate respectively.

A» Satlmatlon o f Mltregeni

tJr
About 2«0 gas o f  the sample wae digested with ooncen^ed HjSO ,̂ 

Potassium sulphate and copper sulphate end d la tilled . The d istillation  

was carried eat with eone, 40% KAOB, The evolved ammonia wan treated la  a 

knomi excess o f  1/10 HgSÔ  taken in  a ioe tumbler. When the evolution was 

ever the excess o f  ^10 l̂ SO  ̂le ft  over wee back titrated against M/10 

JEOH, using aethissd Ted an Indicator from the titre  value the amount e f 

nitrogen was Calculated.

B" fbomohoric Acidi

5 .« gas o f the material was digested with Cbae. Hoi (30 e .e ) for 

eight times. Hie extract wae collected la  a *$0al volume trio flask.
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lha volume was nade opto 9D0sfl. vlth d istilled  water. Form the extract 

2Qnl o f the liquid was taken and PjO  ̂ was preelpitated iip&eld nedla with 

precipitating nixture ( 2Qnl o f onmonuln nolybdate and 7l3 HHÔ  and HjO).

The precipitate was washed free o f acid and dissolved in a known excess o f 

0.1619 >» KOH. The excess o f 0.1619 V was back titrated against 0.1619 *

EFOj using ffccitolplhalin as Indicator. From the tltre  valuc  ̂the ancont o f 

phoqihlle acid was calculated.

G» PctgBjqly

Fron the Bel extract «jQsl was pipetted out lnt^ * sllloa  dish and 

evaporated to dryness. It u<x£ cooled «••• '• with the addition o f and vigorous 

stirring with 1 . 50!  o f glacial acetic acid. Kkd. o f soduln ohloslde, .^nl 

o f KaiiOg and 9s l o f cobalt lntrate, potash was precipitated. Die precipitate 

waa le ft  overnight and then filtered  using good cru cib le  with aribestea. F irst, 

the precipitate was washed with 3  ̂ percent alcohol and then with d istilled  

water 3 or 4 tinea. The precipitate was dlsolved in a known quantity o f 0.1V 

KMRO4. Ihe oantents waa then titrated against F/10 exallc sold. Fron the 

tltre  value, the anount o f Potassulm was calculated.

)



Apparoxx -  xx

PROCEDURE FOR PLAMT MATERIAL AMALXSXS

A. Per  Hltroeeni

o .2gm vail powdered plant material was taken and digested with 

Sulphuric mold using, Potassium & alpha to and Copper sulphate as catalyst, 

the digested material was made up to known volume, A known aliquots was 

dlsllM ed after adding excess alkali. The d istilla te  was collected In boric 

acid and I t  was titrated against ^$0 IgSO^. The indicator used was the 

double indicator (Broasoiyeol green and methyl red). From the t it  re 

▼clue nitrogen parent was calculated.

B. Phosphor! Acldi

0»5g o f the material was subjected to wet digestion (Sulphuric acid, 

perchloric acid and Nitric acid mixture). The digested material was 

made up to known relume. . 5ml o f the liquid was takes and Ammonlw mats 

benadate was added and the Venadc molybdo phosphoric yeklow colour was 

developed and i t  was read in the calorimeter. From the readlng^the 

phosphrle acid content was calculated.

C. Potassium!

Ihe allquote mentioned under phosphoric was c^rectly fad into the 

f^one photometer and from the reading the potassium content was calculated,
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B. Caloliun ^nd

Known aliquot• fron tho material mentioned under P was taken and 

titrated against 0.02 2 jSDTA using erlohroa blaokdate as Indicator* This 

glses the tltae raise fbr £eleiun and Magnesium. Noraoear for this titration 

the buffer solution mas also added before starting the titration . Ifcr 

estimating Chlolum alone, known aliquots was taken and titrated against 

0.2 I  Bftk using muroiute as Indies tore. Bare before starting the titration  

assess amount o f Z6M NAOfl was added • Ihls glraa the tltra  value for 

(alalum alone.

aubstrac ting fialelum ralae f  ren ta l slum + Magneelua, ths tltrs

▼slue fo r  Magnesium was arrived and the eantent o f Calalom and Magnesium 

were worked out.



Apporoxx -  u x

ANAL35I3 07 YA&NCS FOR BIOMETRIC OBSERVATION
fi­

rm  *F* RATIO FOR GEMINATION OF SRKDS.

GOMPARX̂ M OP TREATMENTS*

S. lo . Sonroe o f  Variance D.F S.S M.S r

1 Treatments 9 2515.2 279.466 2 .656 *

2 Replications 2 357.07 178.535

3 B rro r 18 1893.6 105.2

t o t a l 29

Naan

f 1 *2 *3 *4 *5 h *7 *8 * , *10 »•* 0.9

9$S3<69.0 64*0 7U >  70.Q  74*6 74.0 74.3 83.3 89.3 8.37 17.5

OanglBglgn*

T1 * »  * , *» *7 *6 * , \  h  *a

Sot*
S.R. i Standard •xver dlfferaasa

Q.D. a Grttloal dlffarenoa

* t SignLflaant at 5 paroant lrre l

•(Any two naana d iffering, graatar than tha C.D. am aaid to ba aignlfloant)
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B. n »  «f* Sat^ n far the Arrival o f the Third U aftContoarlyQ o f 'I& tW tfit

8 . Mo. Sean* o f variance 8.F 8,8 US F

1 Treatment 9 8040.53 893*39 4*5 **
2 9eplloation 2 104.87 53*31

3 In tr 18 3542*89 197*92

ToWl 29

Meant

*2 *4 *5 V *1© 8.X 0.9

145*3 149*3 109*3 134.0 144*0 128*0 1*3.3 140*0 11 *48 24*13

S ayla ilM ____________________

*1 * »  v >  *? ** *a
-

iaix*

** Significant at 1 percent lerel
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0. Th> »f« B*tt* fey tha length

8. Ho. Sown* of Variants* 8.F 3.8 48 r

1. Traatmont 9 209*4046 22.823 2*88 •
2 Baplleatlon 2 12.1279 6*0638
3 j&Tor 18 142*8074 7*934

Meant
*• *2 f  t3 4 *4 t

7 *. 4 1|g S*6, 0,B

5»68 13*39 13*49 13.43 34^0 13*84 12*«9 10*11 9*83 8*87 9-7 s'
Conolualofli

*1
Sotat

f 1© ^
i

h *5 ** *> *a
* Significant at f  par east lara l.
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S, THE »F» RATIO FOB THE THICKS ESS Of AMKRAffTHUS STEM V^MPAHlSOS OF TREATMaSTS

S.Ho Soon* o f  Vartans* D.r S.S M.S F

f Treatment* t 3,0707 0*4300 0.39 •

2 Explication i 0.01613 0.006

Error 10 1*41007 9,0783

% tal 29

Goaolualons S .S. 

Motai

S.S. Son Significant
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S B  * 7* BATS) IDR TBS VIST VISIGHT OF AMARANTHUS HOD*- CTHPARI30B 07 TRBATH3TTS

1 » Ho. Heave* o f Tirlinee 0.7 8.8 N.S 7

1 Treatnenta 9 277.1163 30.79.7 4.01 *

2 Replication 2 2S1M7 12.984

3 fitter 18 138.1847 7.677

fetal 29

Meant 

*i ** *3 *4 *» *4 *7 *« *9 *10 S.£ 0.0

1*23 9.93 10.33 9.33 10.13 6.73 2.43 9*60 9.23 9*60 >̂•24 4.01

Conclualoni

*2 T3 *4 *9 *9 * 1 0 * 8 * 7  *6 *1

Hot* t
S ign ifican t o f  1 por cen t la v * l
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F . THfc »F« RATIO FOB THE BBT WEIGHT eF̂ AKARAIRHlJs' HisLD.’ GOMPA lISON OF TRSATMEITS

3. Bo. Soars* o f  Variance D.F 3.3 M.3 F

$ Treatment f 5.8213 0.6468 0. 35 •
2 Replication a 0.074 0.077

3 4rror 18 4.9127 0.272

*etaL 29

Oonelttalom

1.3.
lotai

■5f
H.Si Ben Significant.
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Cy tes »r* ratio for nit rooks mm sm  of flast material

S. &>. Tr*atnestg Replications 

** *3

fetal Ifaaa

1 *1 4*9 9*1 4.9 4.9 4.9

2 t a 4.9 9.3 3.4 19.6 9.2

3 *3 4.6 4.7 4.9 13.9 4.6

4 *4 9*0 4.9 4.9 14.7 4.9

5 *5 4.5 4.6 4.4 13.9 3.2

6 9*2 4.9 9.9 19.6 AtB

f *7 4 ^ 4.6 4.6 13.9 4.3
B * 4.4 4.3 4.2 12.9 4.6
9 4.7 4.9 4.6 13.8 9.2

10 *10 9*5 9.4 3.9 16.4 9.4

fetal 48.1 49.3 48.4 14U8



COMPARISON ©T TRSATMiarrs

S. fe . Scare* o f  Varlane* 2.F S.3 M,S f

1 Traatnenta f 3.713 0.4125 14.8 H

2 Raplloatlona 2 0.606 0.003

J Error 18 0.501 0.0978

UaoBL

*1 *2 T3 *4 *5 *6 *7 *10 3.S O.D

4.9 5.2 4«6 4.9 4*5 5.2 4.6 4.3 4.6 5.4 0.04 0.093

* * * "  *1 *4 V* *9 T,  T8 * »

Kata

M Significant at 1 pareant laral
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f) THE 'F« RATIO FOR PHOSPHORUS CONTEST 07 PUNT

i .  Ho Treatment Replication# Zetal Mean

*1 ** %

1 *1 0*16 0.15 0.14 0.45 0.15

2 *2 0.14 0*16 0.15 00,5 0.15

% S 0.19 0.19 0.22 0.60 0*20

4 ** 0*1 5 0*15 0.15 0.45 0.15

* *» 0.16 0.16 0*11 0.45 0*15

6 % 0.16 0.16 0.17 0.51 0.17

7 h 0.16 0.15 o*u 0.45 0.15

« % 0*22 0.24 0*20 0.66 0*22

9 *> 0*19 0.21 0j60 0*20 O-iO

10 *10 0.26 0^4 0.25 0.75 0.25

*otaI 1.82 1.79 1.76 5.17



113

COMPARISON OF TR&ATM&STS

S* So, Source o f  Variance W *.8 V

1 Treatment! 5 0,0397 .00397 23.9 **
a Replication! 3 0.00021 0.00019

I irror 10 0.00299 .000166

*otJ, 29
*

• m m

Jfeftfil

% *2 *3 ** **. % V A V T10 s*a 0.0

0«1f 0.15 0.30 0.19 0.19  0.17 0.15 0.22 0.20 0.29 0.003 0.007

SaflEmfifl-w

T1 *2 *4 *5 •A %  *« *»0

** S ign ifican t a t  1 per oent level
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i )  JHS »?» u n c  fCH FOT&SSIBM COMTiST OF KAMI IftTiSMAI,

2. Mo. Treatments

N

Replication*

*s b

Tbtal Mean

1 T1 4.4 4*2 4.2 12.9 4*3

2 h 4*0 3*9 3*8 11.7 3.9

3 b 4*4 4*6 4*3 13.5 4*5

4 *4 4*9 4*9 4.9 14.7 4.9

5 *? 4*5 5*3 4.7 13.5 4.5
6 % 4*8 5.0 4.9 14.7 4.9
7 *7 4*1 4.2 4.0 12.3 4.1
8 % 4*2 4*a 3293 12.3 4.1
9 >* 4.2 4.2 4*5 12.9 4*3

10 *10 4*2 4*2 4*5 13.8 4.3

Totol 44.4 44.2 43.7 132*3



COMPARISON OF TRBATMiHr

S . lb . Somee o f  Varlam s B.F S.S M.8 F

1 Treatments 9 2*190 *239 13*27 ••

2 R eplication# 2 0*029

3 Error 0.331

l'Stal 29

ijepn i

*1 *2 *3 ** ** *6 *7 *» Tio
43 3 .9 4 .5  4 .9  4 .5 4 .9 4*1 4*1 4*3 4*6

s -6
'lalngt 0.10 0*33>

* 4 %  * 1 0 * 3 * , *»
fetei

** Slgnl Cleant a t 1 per sen t level



m

APPfiMDU

j)  the tfi RATIO FOR CJILCUIK CORTOT OF PLANT MATERIAL

S. No. Treatments Replications Total » «

*1 S -3

1 *» 2 .7 2 .9 2 .8 8*4 2.8

2 *» 2.8 2 .8 2.8 8*4 2 .8

3 *3
2*6 2 .8 3 .0 8 .4 2.8

4 ** ta t 2.1 2 .0 4 .0 2 .8

5 *5
2*8 2a1 1 .9 4 .8 2 .0

6
*6 2«8 2 .2 2 .4 7 .2 2*4

7
«r 2 .8 2 .8 2 .8 4 .8 2 .8

8 *8 2.8 2 .9 2 .7 8 .4 2 .8

t *9 t r f 1 .9 2 .2 4 .8 2 .0
to

T10 2 .7 2 .8 2 .9 8*4 2 ^

letal 2 4 .0 24.5 24.7 73.2
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. CoUPAftSlOW Q> p

3.Ho* So arc* o f  Variance 9 J t 8*8 X.8 f

1 Treatments 8 4*272 0.4746
♦*

2*409

2 Replications 2 8.026

3 Jfcrror 13 3.446

total 29 '

Mean) .
■

*1 h * , »4
*  ^ *« T10 8.8 8.8

2*8 2*8 2*8 2«e 3*0 2*4 2*0 2.8 2*0 2.8 0*19 0*4
flonelaaloiu

f 1 Ta T3 T6 *10- V ?

Significant at X percent level
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THifi «F* RATIO FOR MAGNESIUM OOHT̂ HT Of PU«T RAT̂ 'llAL

8. *o. Treatments

■S

Replications

1
2

ft
3

Total Mean

1 3.11 3.12 3.13 ♦•34 3.12

2 ** 2*89 2.87 2.88 8.64 2.88

2 *3 2.88 2.76 3.00 8.64 2.88

4 ** 2.88 2.87 2.89 8.44 2*6$

9 3.11 3.13 3.12 ♦.36 3.12

4 h 3.13 3.11 3.12 ♦.36 3.12

7 h 2.13 2*18 2.17 6.48 2.14

• T8 2.44 2.49 2.43 7.92 2.44

f 3.11 3.11 3 .U ♦.36 3.12
10. *10 2.44 2.44 2.44 7*92 2.64

lo t i 28.92 28.44 28.72 89*42
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Comparison Gf- 'TReftTfievrr<> ■,

3 . 8a . Souraa o f  V a rla m s B .F 8 .8 H»8 F

1 Treatments 9 2.578 0.286 258.011 «

2 R eplications 2 0.0813

3 Jferor 18 0.0325 0.00181

To ta l 29

lfeas*

*1

3.12

*2 T j  

2.83 2.38

T
4

2.38

*5

3.12

*6 <7 

3.12 2.14

* *

2 .4 4 3.12

*10

2 .8 4

*1 *2 h h *5 * *1 * *9 *1*
M ftp lflia B t  at 1 par oant l m l .

* 'N.^X


