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INTRODUCTION

Agriculture 1is the backbone of Indian economy . The
pace of agriculture and rural development can only be accelerated
by assured and reliable supply of socio-—technical infra-
structure. To improve agricultural productivity, our villages

need cheaper and reliable technology in the field of agriculture.

Rice is the unique major food crop of the world by the
virtue of its extent and variety of uses and adaptability to a
broad range of climatic and cultural conditions. About half of
the world's population is dependant on rice as their principal
energy supplying “food grain+: Consildering -the -importance of rice.
it was described as the "grain of life" by the United States in

1966.

India is the sSecond largesat rice producing country in
the world and is charecterised with high population density and
generally small farm holdings. According 1992 census, Indian
population is about 886 million and the per capita consumption of
rice 1is 74 Kg /year. So with the explosion of population, the
demand for food grain is increasing day by day. This can only be
achieved by increasing the production through intensive cropping
and by enhancing “produectivitys: Indian agricultures 1s . .of -the
subgsiatence " type. =Theteliscnotemich=Scopeshforerdncreasing,. the
cultivable area. Therefore the only way is to improve on vyields
per unit area by intensive agriculture through better inputs and
better management. Increased power inputs for agricultural

operations is vital for efficiency and timelineas.



Kerala State has a total area of 21.84 1lakh
hectares under cultivation of which about 5.6 lakh hectares |is
under paddy with a productivity of about 1900 Kg sha. Average
size of operational holdings in Kerala is only ©.36 ha and more
than 67.5% of the operational holdings are of the size below 2ha.
Yearwise data on the area of cultivation under paddy and average

production is given in the table.

Year Area Average yield
X 1009 ha Kg/ha
1980-81 896 .99 1587
1981-82 806 .87 1660
1982-83 778 .49 1678
1983-84 740.01 1632
1984-85 730.38 1729
1985-86 678.28 1729
1986-87 664 .00 1708

e e e e e T e

Source: Directorate of Economics and Statistics, Trivandrum.

From this table, it is clear that the area under rice
production 1{is drastically decreasing though there had been a
considerable increase in average yield. Reduction in area under
paddy 1is mainly because of the reason that rice cultivation is
now a days becoming uneconomical owing to the high labour cost

and low level of mechanisation. Since we have reached saturation



points in case of area under cultivation, usage of high vyielding
varieties of crops and fertilizer application, we have to
introduce specific machines for tillage, transplanting,
harvesting and threshing operations to make rice cultivation

profitable.

Energy plays a key role in the developmental process of
a country and the gquantum of energv inputs in diftferent sectors
including agricultuwe determines the level of progress and  the
standards of living of its people. It is known that production on
a farm is influenced by the energy input to the farm. It is an
established fact that nations having higher power availability
per unit area have also higher agricultuwral productivity
An estimate showed that power availability on Indian farm is
@.65%5 kW/ha which is still below the minimum recommended level of
h.74¢ kWs/ha (ICAR, 19&5). This demand for increased power input
can be made available +rom one, or a combination of three
alternatives: wviz. hand labow-, dranght animal or engine power.
The decision as to which of these three and to what extent will
vary with the situation such as soil conditions, size of

holdings, availability of labourers etc.

Moreover, the world is passing throogh an energy orisis
and so, etficient and economical utilization of available enerqgy
resources 1s essentially needed. Technically, sowcoces of enerqgy
in agriculture are classitfied into commercial and non—-commercial,
and renewable and non-rencwable. Conmercial sowrces of energy are

direct as coal g il retin al gas, sl electricity, and indirect



such as chemical fertilizers, plant protection chemicals,
macrhinery etc. NMon-commercial energies could also be direct such

as human labouwr, draught animals, vegetative tuels as well as
indirect like seeds, organic manwes etc. Coal, oil, natural gas
and fossil tuels are non-renewable  where as  solar  energy,
biomass, wind enerqy, human labows  and  draaght  animals are
renewable. In view of observed correlation between the commercial
energy inputs and agricultural productivity, (Fathak, 1985) the
demand for commercial energy in the agricultuwral sector is likely
to increase very rapidly. On the other hand, the global
availability of conventional energy resowrces 1is expected to
diminish sharply by the turn of this century. The combination of
these twn factors, namely, the increasing demand for commercial
energy inputs and possibhle constraints of  commercial eneray
supplies will force the planners and technologists to give
increasing attention to more efficient uwtilisation of energy

sources in production agriculture.

Another aspect of energy consumption pattern in
agriculture is of its peculiar natuwre. Agriculture is a seasonal
industry where demand of energy fluctuates through out the year.
There are certain months of the year when agriculture needs more
energy to meet its requirements to complete crucial operations
like land preparation, sowing, transplanting, harvesting,
threshing etc. in time. This is achieved by energy efficient and

suitable equipments and machineries.

There is lack of knowledge in the farmers of

Ferala regarding the efficient and economical utilisation of



agricultural production system. Farmevs are using traditional
tools and implements for different agricultuwral operations, most
of which are not energy efficient. There 15 a need to substitute
these implements from available efticient implements in order to
obtain high yield per hectare. Ouw ultimate aim is to attain sel+f

sufficiency in the field of food production.

Agriculturists are constantly attempting to modity,
through cultuwral practices, the chemical and physical environment
of soil to make it more favouwrable for plant growth. One such
practice is tillage ie. mechanical manipulation of the soil for
the preparation of seed bed and vroot bed destroying weeds,
incorporating plant residoes and chemioals, establishing desired
s0il contfiguration and controlling soil erosion. Tillage produces
changes in soil water, soil temperatwe, nutrients supply,
composition of =oil atmosphere and soil strength (Chaudhary et.
al, 1982) . 1t is noted that about 30-35%4 of energy required is

for tillage treatments.

There is a need to assess the present status of enerqgy
available and utilised tor difterent farming svstems on fields
since such studies have yvet not been conducted in Eerala State.
Hence a study was conducted to analyse the energy inflow-outflow
pattern in paddy cultivation with specific reference to tillage

treatmets, with the following obiectives:



To quantify the energy input and

cultivation

To find out the input-output

treatments

To identify the most

energy etficient

output in paddy

ratio for different tillage

tillage practice



REVIEW OF LITERATURE

A brief review of tillage equipments, conventional
tillage practices and research works conducted in this field are
discussed under the following headings.

1. Tillage equipments
2. Conventional tillage practices for paddy and

3. Studies on enerqy flow pattern.

Rice can be grown in three seasons as indicated below
depending on the availability of water and other local

conditions.

Virippu - First [autumnl crop, Apmril-May to Bept.-Oct.
Mundakan - Secondlwinter]l crop, Sept.-Oct. to Dec.-Jan.
Funija ~ Third Csummerl crop, Dec.~-Jan. to March-April.

2.1. Tillage equipments

Soil tillage consists of breaking the compact surface
of the earth to a certain depth and to loosen the soil mass, 80
as to enable the roots of the crops to penetrate and spread into
the soil. The primary obiectives of tillage are
i) to prepare suitable seed bed
i 1) to destroy competitive weeds

iii) to improve the physical conditions of the soil.

Tillage equipments are classified as
a) Frimary tillage equipments and

b) Secondary tillage equipments.



Equipments used to open up any cultivable land with a
view to prepare a suitable seedbed for growing crop are known as
primary tillage equipments. It mav be tractor—-drawn or bullock-
drawn implements and it includes indigenous ploughs, mouldboard

plonighe, disc ploughs, chisel ploughs, subsoil ploughs, etc.

Secondary tillage ftAhee CEEIrE AN - Ot s0il at

comparatively shallow depths. The main objiectives are

1> to rulve 1se the soil of the seedbed in the field

11) to destroy grasses and weeds in the field

iii) to cut crop residues and mix them with the topsoil and

iv) to break the big clods and to make the field surface

uni form and levelled.

They include various types of harrows, cultivators,

rollers, pulverisers and rotary cultivators.

2.2. Conventional tillage practices for paddy cultivation

Conventional tillage is the method commonly found all
over the world when horses and cattle were used as the main power
sources. Tractor power is also used in extensive manner later on.
Flonghing, disking once or twice to break the clods and harrowing
to pulverise the soil and to collect the plant materials are the

coemon practices for a number of yeare,

2.2.1. Conventional tillage tools

The various conventional tillage tools used on the farm



includes desi plough, mouldboard plough, rotary tiller, cage

wheel, disc harvow, cultivator, leveller, etc.

2.2.1.1. Desi plough

[esi plough is one of the most common implement used by
the Indian farmers. In addition to ploughing, it is used for
sowing crops like paddy, wheat, barley, agram, etc, for
interculture and harvesting the underground parts of the crops.
The main parts of the plough are body, shoe, share, beam and
handle, of which share is the working part of the plough and is
attached to the shoe with which it penetrates into the soil and
breaks it open. The beam, made of wooden piece connects the main
body of the plough to the yoke. Handle i= attached vertically to
the body and it enables the operator to control the plough. It is
made of wood. All India Implement Survey Report publieshed by the
ICAR repor ted that the shoe and the body are in one piece, in the
case of ploughs used in kKerala. Desi plough is making trapezoidal
furrows. The unit pull required by this ploughing is larger than

that of bullock-drawn mouldboard plough.

The angle between the shoe and body varies from 116
to 180 . The length of shoe without joint varies from 45 to 90
metres, width from 7.5 to 22 cm and thickness from 5 to 12.5 cm .
The working of the share to the aground varies from 10 to SO =
The share is prepared from a square mild steel bai‘Q.ﬁ to 1 ..emn dn
lesgth  and 1.% to 2.% cm in width. In some cases flat iron bar,

shaped one end like a spear head is used as share. Handle is 0.6

to Im long, 5 to 7.5 cm thick and 7.5 to 12.5cm wide. The beam



size varies from 2.7 to 4.5 cm and in section from & = 7.5 to 10

e i )

2.2.1.2. Mould board plough

Iron mould board ploughs are commonly used by farmers.
In general, this plough is used in areas where there is
sufficient rainfall to produce a good crop. It is also used to
ttrn under  heavy growth of green manure crops to help  proper
decay and addition of humus to the soil. It consists of plough
bottom, beam, handle and clevises. BGauge wheels, coulter,
jointer ,etc are the plouvgh accessories which improve the
performance of the plough. The size of the ploagh is expressed by
the widlh of fuvow that it ie designed to cut. Walking type
ploughs are wusually availabhle between 1'5 to 12 cm. Among the
tractor-drawn ploughs 20, 2% and 49 cm plouah bottoms are used

commonly .

B B.1.3. Rotary tiller

Rotary tiller is a primary tillage tool commonly
operated by a 5 to 12 hp power tiller. It consists one or two
gangs of tyne section=. Each tyne section has 2 to 2 tynes. There
may be 2 to & tyne sections on a gang, depending upon the size of
the  power tiller. The tynes are either hook shaped or L-shaped.
The L-shaped tynes perform better hook shaped. Th* tyne sections
ar«  wrantosdt o a shaft which is driven by PTO of the tractor at

about 200 to 400 rpm. Fach gang is covered hy hood lo protect the



snil from Aflying avay and falling on the operator. The tynes
generally rotate in the divection of rotation of the tractor. The
forward speed is about 2 to 2 kmph. The action of the rotary
tillers result in a well pulverised and evenly distributed soil.

The crop residues and weeds are thorounhly cut by tillers and it

can also be used for manwe mixing and puddling of paddy fields.

2.2.1.4. Cage wheels

It is used with tractor and power tillers for wetland
puddling operations. It consists of a wheel structure on  which
tilling blades made of mild steel are attached. Cage wheel is
specified by its diameter and weight is also an important factor
in their selection. For use with power tillers, small diameter
wheels are used whereas with tractors, large diamter wheels are
employed 3§ corresponding changese in the weights are also

experienced.

2.2.1.5. Disc harrows

The disc harrow is desianed to work under different
soil conditions. It consists of discs, arbor bolts, spools,
bumpers, bearing frame, scraper and transport wheels. The discs
are made of hardened steel. Diameter of the disc varies from 4o
to 45 cm. Amount of concavity is about o to 19 cm. The frame is

made of steel.



2.2.1.6. Cultivator

The cultivator is employed for dryland farming
operations. It consists of shovels, tynes, frames, handle and a
lever. The shovels are used for stirring the soil and killing the
weeds. They are bolted to the tynes which are connected to the
tonlbar on the frame. Lever is provided for changing the spacing
between the shovels. Clevis is provided for changing the point of
hitch. The shovels made of high carbon steel are generally S to 7

cem wide and 228.5 to 25 cm long-

2.2.1.7. Leveller

In irrigated areas, land levelling is an essential

operation for farming. Levelled field receives uniform
penetration of irrigation water with high efficiency. The
possibility of water logging and so0il erosion is reduced

considerably. Land levelling is usually done in the slack season
when the field is free {from crops and the man and bullocks are
idle. Wooden logs or planks are the most common type of field
levellers used by farmers. They are operated in ploughed land to

collect the 1loose soil from high spots and to dump it into

depressions.

2.2.2.Power sources

Fower sowrces required for tillage oﬁérations in the

field are classified as human,animal and mechanical power .

Human beings are the main sources of power for operating



small tools and implements and for doing stationary works. 0On an

average, a man develops nearly ®.1 hp.

The most impm-tant sownce of power in the farm in India
is animal.Generally a medium sized bullock can develop between

9.5 to .75 hp.

Tractor is a self propelled power unit having wheels or
tracks for operating agricultw-al implements and machineries. In
agr icultuwre, ; 7 3 is . ased,. oy "plovghing, . harrowiog, FOW1nNg,
harvesting, transporting, pumping etc. Agricultuwaltractors are

generally of 25 to 5@ hp size.

Fower tillers are two wheel small tractors in the power
range of S to 12 hp. Fower tillers are being introduced in Indian
farming as a new source of power {for farmers 2 to 10 hectares
holding.group. These tractors have already gain@ﬂ wide popularity
in advanced agricultwral countries with small holdings like
Japan, Taiwan etc. Fower tillers are the only suitable mechanical
units for wetland cultivation. They are very suitable for
puddling of paddy fields. For tillage operations, they must be

provided with rotary tiller. their +ielo efficiency is

considerably high.

2.2.3. Conventional tillage practices

The conventional system usually prepares a firm seedbed
that is relatively free of clods and soil aggregates are are

finely divided. Under conventional tillage system, the tendency



of most farmers is to have a fine seedbed by ploughing a number

of times with traditional equipment.

Conventional tillage praciices can be classified as
i) Wet system practicos and

ii) [ry and semi dry system practices.

2.2.3.1. Wet system practices

It is practiced when there is an assured and adequate
supply of water. In this system, the land is thoroughly ploughed
with an animal-drawn country ov ivon mould board plough with 2 to
2 inches of standing water in the field. Mactors  and power
tillers fitted with cange uwheels are also used for the  ploughing
purposes., The field is ploonghed repeatedly three or four  times
with an intervel of about four days between each ploughing and
then levelled before planting with a wooden plank or leveller.
The aim of puddling coperation is to get a =oft s0il with a fairly
impervious subsoil so that the transplanted paddy seedlings can
establish quickly and the plant nutvients in the top soil are not
washed down too much. After preparation of the land, broadcasting
of seeds or transplanting of the eseedlings from the early
prepared nuwrseries are done. Cattle manmnre at about 2 tonnes per
ha ise scmetimes applied after the first two or three ploughings.
At the time of sowing wood ash is applied at about 119® kg per
ha.The seedrate used is 120 to 130 kg per ha in the case of
broadcasting. Now a days fertilizer mixtuwe [NFE] is applied just
before levelling the field. After one month of planting,

fertilizers are applied in Bplii doses also Flant protection



chemicals are applied as needed with hand operated sprayers,and

weeding, harvesting and threshing are done mnanually.

2.2.3.2. Dry and semi dry system practices

These systems of cultivations are met within all rice
growing states, but are mainlv confined to tracts which get
either the south--west or the north-east monsoon or both,and do
not have adequate irrigation facilities. In thise system, the land
is plouwghed a pumber of times with mould board plough or
indigenous ploughs operated with bullocks. Tractors with
mouldboard plouhgs, desi ploughs and harrows, tine ploughs and
cultivators are also used for land preparation. Fower tiller with

tilling blade attachment is also used.

Seeding behind the plough in the furrow is usually used
for scwiﬁg. In some areas, for drilling cultivator with seeding
attachment is also used. Fertilizer application is practised
along with sowing. Intercultuwre opevation with hoes, cultivators
etc. are done. Flant protection chemicals are applied as needed
with hand operated sprayers. Weeding, harvesting and threshing

are done manually.

2.3. Studies on energy flow pattern

Froduction on a farm is influenced by the total amount
of energy input to the farm. Indian farming suffers from lack of
sufficient energy spent on farm resulting in low yield per ha. It

is estimated that the availability of energy on Indian farm is



about @.4 hp/ha againgt the projected optimum requirement of
1 hp/ha [Maurya, 1985]1. An elaborate study in determining the
relationship between the yield and power per ha was conducted by
the Fresident’'s Advisory Committee in USA in the late sixties.
The result revealed that the rate of increase of vield per hp
showed a gradual decline and attained a constancy beyvond .87 hp.
It was therefore concluded that the power range for  satisfactory
vields should between @.5 and @.87 hp/ha [hgric. Engg. Today,

1967 .

A study conducted by Singh et. a&l.01%/3]) revealed that
rotary blade puddler and rotavatoyr performed better in terms of
energy requirements and overall economy as compared to cultivator
and double cage wheels. Rotavator gave hetter uniformity of
puddling and rotary puddler was economical to operate, but

required more times as compared to rotavator.

Singh and chancellor(1374]1 observed thatthe total
enerqgy used per ha of growing crops increased with increase  in

mechanisation levels.

Shyam Murari and Nagaich, B. B.L1981]1 rveported that
draft  power accounted for about 24% o5f the total ensrgy demand
and it is significant to note that most of the draft power was
contributed by animals whereas fone irrigation, maz: i mum
contribution was ot eileclrical power followed by diesel and

animals.



utt, E.E.C19382]1 found thst aming different phases of
transplanted rice produclion, ma=zimum energy was takem by
tillage. Human eneragy involved in tillane was 21.54 and 29.3%4 in
Eharif and Rabi respecltively and those of bullock energy was
£4.7% and 47 .2% respectively. The total input energy was 172680.1

Mcal and 17822.8 Mcal in Eharif and Rabhi respectively.

Fen raising the ty ansplanted paddy, 1t was observed
that the effect of tillage including puddling operation was found
to be more significant on yield (ICAKR, 19281, Theyefore, puddling
equipments and improved matching imp lements should be
popularised. Transplanted paddy resulted in 20 to 49% more vyield
than the broadcast one. The interculturing weeder which saves
energy and cost for weeding in paddy should be encouraged. In
paddy-wheat rotation, use of rotavator over disc harrow saved 10
to 26% ererqy for dry seedbed preparation and puddling. The
bullock—-drawn improved implements not only require less enerqgy
but are economical also. The use of energy for the cultivation of
paddy had direct relationship with the production of farm. About
£9 to 35% of the total energy for the paddy cultivation was only
for chemicals, fertilizers and seeds The field operation had a
meagre share of less than 7%. Hence research efforts cshould be
directed towards reducing  the component s of chemicals,
fev tilizers and seed through better application and proper
management . The manual operation of paddy transplanting was the
co !lie~l opevation which accounted for 26 to 24. of the total
energy cost. However, the share of human labouwr in total energy

requirements  wa« 4.2 tao £.2%. The energy inflow of paddy-wheat



rotation on tractor farms was 18297, on bullock farms 17771  and
on power tiller farms 188350 MI/ha, out of which the share of
energy from fertilizer and seed were 1323388 and 20237 MI/ha. The
divect enerqy varied according to sowces of power and it was
250 on tractor farm, 2350 on bullock farm and 2735 WMIZha on
power tiller farm. The output-input ratio on the basis of main
product as well as the total product was higher on tractor firms
as compared to bullock and power tiller firms because of
comparatively higher vield. For raising paddy crop, the energy
inflow on tractor, bullock and power tiller farming were 968,
4e. and 9508 MI/ha respectively. The energy on account of
fertilizer and seed was 78660 and 23860 MI/ha respectively on  all
types of farming. The divect energy on tractor farming was 1458,
bullock farming 1202 and power tiller farming 1268 Ml/ha. The
total output—-ipput ratio in tractor farming was found to be the
highest [(11.®] followed by bullock farming 2.27 and power tiller
farming 7.£1, The tillage operation consumed 30 to 354 of the
direct eneragy followed by irrigation 28 to 20%4. Harvesting and
threshing operation consumed 20 to 2%9%% of the direct energy. The
tillage, irrigation, harvesting and threshing operations consumed
together about 85% of the direct energy. The vield of paddy was
found to be highest on tractor fayming, ie. 4% q/ha followed by
bullock farming 22 g/ha and by power tiller farming 26£.2 qg/ha.
The yield on tractor farming was high because of the good quality

puddling.

Fanesar et. al. [1982] showed that the major operations

like seedbed preparation, sowing, irrigation, harvesting and



threshing consumed more than 8% of the total energy for field

operation.

ICAR  [1934]1 reported that in kharif season, paddy is
the major crop which is sown over 38.7%4 of the area. Energy for
the crop production is provided by human [1.21%1, animal [4.21%41,
diesel E192.26%1 electricity Le.07%]; sead L33.614%1,
fertilizer ([(19.85%1 and machinery [15.294). Tractor operated
farms LTOF] consumes 52.14%4 enerqgy whilebullock operated
farms[BOF] consumes only 47.86%. The energy input per ha on BOF
and TOF is 936280 kcal and 2367130 Kcal respectively. Output-—
input ratio for the two farming systems are 18.91 on BOF and 9.07

BRsTOF - withian overallarpatan OofF 18470«

[lhewan et. al [1385] stated that energy requirement for
paddy varies from 2324 Ml/ha to 7700MJ/ha. It means that there
exists a lot of variations in the enerqgy requirement for paddy

crop.

Studies on energy requivements on farm [ICAR, 13985]
revealed that in mechanised farming, power tiller as well as
tractor were found to be equally efficient for paddy production.
The puddling index achieved in this tillage level varied from 70
to 7%%. Manual uprooting and transplanting of paddy required 320

to 49 mandays/ha consuming about 22 to 24% of total human energy.



For paddy and wheat cultivation, it is observed that two passes
of power tiller rotopuddling and two passes of rototilling
respectively gave the highest output-input ratio of 4.27 and
3.57. Total power availability on selected West Bengal farms in
different agro-climatic zones varied from @.44 to 3.86 kW/ha for
doing different farm operations. The average value was

1.33 kW/ha.

ICAR [198&]in a study on energy requirements in
agricultural sector stated that the use of bullockdrawn mould
board and soil stirring ploughs for wheat and puddler for paddy
gave 24.8 to 49.3% higher output—-input energy ratio for paddy-
wheat rotation as compared to tractor-dvawn  disc harvow and
rotavator. However, the difference in vield was not significant
under these treatments. For paddy, marginal farmers obtained
ma::imum output—input ratiao of 4.38 -and specific energy
requirement was lowest ie. 5.21 Ml/kg and were found to have
better management of energy inputs. The enerqgy inputs: through
fertilizers for paddy was &%4 more as compared to recommended

doses.



Status of energy needs for paddy crop production under

irrigated conditions in Funjab [C[ICAR, 198r].

Farameters Obhserved values

1. Total energy in operation (MI/ha ) 1 BEEO

2. Energy operationwise (%)

Seedbed preparation H.5H
Sowing b7
Bund making o.3
Irrigation 81.9
Weeding M .]
Fertilizer application e
Harvesting and threshing 4.2
Transportation 155
Fost-harvest operation 0.2
2. Total eneragy input (MI/ha) 33410

4. Energy sourcewise, (%)

Human (s
Animal 1
Diesel 29,3
Electricity oo 1
Fertilizers and chemicals 82 .1
Machinery (% |
5. Yield (kg/ha) S
£. Output-input energy ratio 2.95¢
7. Specific energy (M1/kq) Saciv

8. Nonrenewable energy, % of total energy ]



Study on energy requirement for the cultivation of rice
under different puddling implements was carvied out by ICAR
£13828]1. Results showed that among different puddling implements
under bullock as the source of power, total enerqgy required for
puddling was found least in treatment- one MB ploughing + 2
passes of factory, BBESR made bullockdrawn puddler (£42.5 MI/ha)
followed by treatment— one MB ploughing + 4 passes of drum disc
puddler (5.6 Ml/ha) and treatment— one ME ploughing + 2 passes
of desi ploughing (1249.£ MI/ha). No significant difference in
yield was found due to different puddling treatments under

bullock as the source of power.

ICAR [1923] revaeled that the total energy required for
different field operations for the production of aman paddy was
found to be minimum (4279 MI/ha) under treatment - one
bullockdrawn MB ploughing + 2 puddling with puddler as against a
maximum enerqgy (£299 MI/ha) in case of treatment- rototilling = 3
with power tiller. OFerationwise, for aman paddy production among
the major field operation, field preparation consumed maximum
amount of energy (19% to 45%). This was followed by idirrigation
(22 to 41%) 3 transplanting (12 to 20%) 3 harvesting and threshing
(11 to 16%) of the total operation energy under different
treatments. Enerqy from commercial souwces contributed 78% for
growing aman paddy and 22% from noncommercial sources.
Statistical analysis of yield data of paddy indicgtes that there

was no significant difference at S% level.



ICAR [1989] conducted a study in village Thulsigata in
West BEengal and reported that the farmers raise only aman paddy
in kharif season and cropping intensity is 10%4 only. Sourcewise,
energy contributed for cocrop production is  maximum by  human
(38.71%4) followed by animal (13.88%4), seed (17.67%4), fertilizers
(12.86%) , diesel (7.41%). Farmyard manuwre, machinery and chemical

are not used by farmers at all.

Md. Saleque Uddin and Forde, M. ShahlC1989]1 reported
that field capacity of tvactors and power tillers was higher than
that of bullocks but the cost is lesser than that of bullocks and

aleo operations are energy efficient.

Jan HMuhammed Raloch, et.al.[1391]1 repoted that the
power requirement is dependant variables of soil moisture content

and type of soil.

Leonard, L. Bashford, et. al.l[1931] observed that the
choice of implements can result in reduced energy and fuel

requirement for some tillage treatments.

Faneswar, et. al.l1931] reported that the average power
requirement for seedbed preparation decreased linearly with

increase in time required to complete the seedbhed preparation.



MATERIALS AND METHODS

Study of eneragy requirement for the virippu cultivation
of paddy was carried out duwring the year 1992, Different tillage
treatments were taken to find out the most energy efficient
treatment under tractor, power tiller and bullock as the power

sources.

3.1 Field location

The place is near the bank of RBharatapuzha river and
is located at 10° 53’ 30" north latitude and 76° east longitude.
This area receives medium rvainfall of 10600-P@G6G mm with an
average rainfall of 150 mm per annum, mainly concentrated duwring

monsoon from June to October.

3.2 Field experiments

Field e=periments were conducted at The Instructional
Farm of K.C.A.E.T, Tavanur under Eerala Agricultural University.
The aim was to evaluate the energy requirements in various farm
operations for crop production, under varied tillage treatments
following conventional methods of farming with animal and
mechanical power souwrces, withk four eplications each. The
treatments followed in the field were:

-~

1. T1 - Bullock drawn Desi ploughing = 5 + levelling x 1
2. T2 - Fower tiller with cage wheel =« 4

T2 - Tractor with cage wheel = 4



The narhanjical cower souwrces used were 12 hp EUBROTA

power tiller and 3% hp HMT tractor.

The various implements and machines used in the field
during the course of the experiment are illustrated in the
plates. Details of the experiment are given in Appendix-1. Since
our main aim was concentrated to find out the effect of tillage
treatments, other energy inputs to the field have been kept
constant. Bund making and trimming of the previous bunds were
made manually. Uprooting, transplanting and transportations of
the seedlings which were raised in the nuwrsary have been done
manually. Since cultivation was done in virippu season, energy
requirements for irrigation puwposes is neglected. Fertilizer
application was done according to the recommendations of package
of practices. Factomphos and muwate of potash were spread
manually at the rate of 175 kg/ha and 27.5 ka/ha respectively.
Urea was applied after 28 davs of transplanting at the rate of
7% ka/ha followed by murate of potash at the rate of 27.9% kg/ha.
Due to unfavourable conditions, weeding and pesticide
applications were not done. Harvesting of the crop and its
transportation to the threshing vard were done manually. LCT

thresher fitted with 7.5 hp engine was used for threshing the

whole paddy.

3.3 Methods of Measurement of the Experimental Data

-
The datas recorded in conducting the field experiments
include time required for compleling .o icuz field operations by

different power sources like human, animal pair, other power



Plate No.2. Bullockdrawn Desi plough 1n



units and machines, fuel consumption by mechanical power souwces,

crop vield etc.

3.3.1 Operation Time

Time for each operation starting from field preparation
to threshing was recorded with the help of stop watch. Time at
the beginning of operation and time at the end of operation were
observed and recorded. Time spent on majior break downs or resting
time of the labower, if any was e=cluded from {ime difference
between the beginning of the operation and end of operation. Time
for minor field adjustments was included in the operation time.
Time for tillage, planting, weeding, harvesting, threshing etc.

were noted for each plot seperately.

3.3.2 Fuel Consumption

Fuel consumption for tractor and power tiller were
recorded by top filling method. Before starting the operation,
tractor or the power tiller was brought to a level around and
filled with fuel upto its byim. Then after completing the field
operation tractor was again brought to same level ground and
measured quantity of fuel was added to the fuel tank and
filled upto the top mark. This measured quantity of fuel was
recorded as the consumed fuel. Nhile.{illing the fuel in the fuel
tank, tractor was shaken at end to remove any air”Lubbles in the

fuel tank. Fuel consumption for stationary oil engine used for

threshing operation was also measwred by top filling method.



3.3.4 Physical Inputs

The physical inputs like seeds, fertilizers and
chemicals used in the experiments were as per the recommended

doses for this area. These amounts were measured.

3.3.5 Crop Yield

Bulk weight of the paddy as such from the field was
weighed. After threshing and winnowing operations the guantity of
cleaned grain was weighed for each plol seperately. Weight of

straw can be then obtained by deducting the weight of the grain

frum the bulk weight.

3.3.6 Total Energy of the Crop

To calculate the total energy of the crop, the energy
requirements for various operations are added; ie. it is the sum

of the energies contributed by human labouw, animal, mechanical

power sowrces and other physical inputs like seeds, fertilizer,

pesticides etlc. and iz exprevscd in MI/ha,

3.3.7 Specific Energy of the Crop

The specific energy of the crop for a particular

treatment was obtained by dividing the total energy requirements

-

of the crop and yield of main produce obtained in that particular

treatment and expresced in HMI/q.



Plate No.3. Bullockdrawn leveller

Plate No.4. Bullockdrawn leveller in operation




3.3.8 Output-Input Energy Ratio

To calculate the energy input and output, different
power sowrces and material parameters of seed, fertilizer,
chemical, machinery, diesel, petrol, human and animal were
converted to energy unit in MJ using energy coefficients. The
output energy was calculated by taking the energy for main
product as well as crop residues and the input energy was
calculated considering the direct and indirect enerqy consumed
for field operations . The output-input energy ratio was obtained

for the main as well as by-product and total product of the crop.

3.3.9 Statistical Analysis

The analysis of variance {for specific enerqgy and grain
yield under different treatments of the experiment were done with
respect to the plots to test whether there is any significant
difference in the vield of grain under different treatments by

calculating F-factors. .

3.4 Theoretical Considerations

Energy required for intensive agricultuwal production
is mainly obtained fvrom human, animal, mechanical (using fossil
fuels like diesel and petrol etc.) and electrical energy sources.

-~

3.4.1 Classification of Energy on the Basis of Sources

The energy can be classified as direct and indirect

energy on the basis of the sowce from which it is obtained.



3.4.1.1 Direct Energy Sources

The direct enerqy sources are those which release
energy directly like human labow, bullock, stationary and mobile
mechanical or electric power units such as diesel engines,
electric motors, power tillers and tractors. The direct energy
may be further classified as renewable and non reneswable sources

of enerqy depending upon their replenishment .

3.4.1.1.1 Renewable DNirect Source of Energy

In this category, the energy sowces which are direct
in nature, but can be subsequently replenished are grouped. This
energetics which may fall in the group are human beings, animals,

solar, wind and hydiro-power, fuel wood, agricultuwal waste etc.

3.4.1.1.2 Non Renewable Direct Source of Energy

In this category, direct energy souwrces which are not
renewable are classified. Coal and fossil fuels examplify non

renewable direct souwces of eneragy.

3.4.1.2 Indirect Energy Sources

The indirect energy sowces are those which do not
1elease energy directly but release it by conversion process.
Some energy is involved in producing indirect sources of energy
seeds, manures, chemicals, fertilizers and machinery are

classified under indirect sowces of energy. On the basis of
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Plate No.S5. Power tiller with cage wheel in

operating condition

Plate No.6. Tractor with cage wheel in operation



their replenishment, these can be further classified into

renewable and non renewable indirect zowces of energy.

3.4.1.2.1 Renewable Indirect Source of Energy

Seed and manure can be termed as renewable indirect
souwrces of energy as they can be replenished in due course of

time.

3.4.1.2.2 Non Renewable Indirect Source of Energy

The energy sowces which are not replenished came
under non renewable indirect cources of energy. Chemicals,
fertilizers and machinery manufacturing are the non renewable

indirect sources of energy.

3.4.2 Classification of Energy on the Basis of Comparative

Economic Value

On the basis of comparative economic value, the energy

may be classified as commercial and non—-commercial .

3.4.2.1 Non-commercial Energy

Each and 2Very source of eneray has some economic

val . - = '
ue Some energy sources are available comparatively at low

E 5 . = . .
ost where as others are capital intensive. The energy sources
" -

whicrh a)y e i “hes
A1 e available cheaply are called non-commercial sources of

E2Ee te i .
gy where as the ones which are capital intensive are called

commercial energy sources



Plate No#. Thweghing by LCT TThvesher
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FeFeHLH © o570 T 1B SPGB+ 11950
Direct ansegy b= tPeaper i .

(Ml/ha) £6A
where,
HILLH = Human labour hour
WL = woman labour hour

EFHl = Bullock pair hour

OC = Diesel consumption in litres
EC = Electrical consumption in kW, and
0A = Operational area in ha

Indirect enerqgy which ie a function of weight of the
machinery and power souwrces; life of the implements and
machineries and hours of use of the power souwrce is calculated by
the following equationg

(HEF = WE s« &4 .8) + (HUF % WH: = G&.7)
A EERE BB e s e e e e e e e e e e e

(M1/ha) 0A
where,
HUF = Hours of use of power sources
WF = Weight of power sources per life in hours
WM = Weight of machine per life in hours, and
DA = Operational area in ha

Assumptions made for the calculation of indirect energy

is presented in Appendi: J7T.

Indirect energy provided by physical jnputs such as
seeds, fertilizers, chemicals etc. were converted into respective
energy equivalents as presented in Appendix 11 and added to get

the total indirect energy supplied by them to the field which



when divided by the operational area gives the

indirect
supplied in MJ/ha.

enerqgy
This is added to the value obtained from

above

the
equation

to get the total indirvect enevgy
(MI/ha) . Since the application of physical

a constant,

to the field

inputs was kept almost
it will mnot have any pronounced effect.

Output energy from sach plot is seperately calculated
from amount of main products as well as by products. The enerqy
coefficients used for the conversion of

these products

in Appendi= 11.

into
equivalent enerqy are presented

Using these values of input and output

enargies, the
output—-input ratio

for each plot is calculated seperately.



RESUL. TS AND DISCUSSION

Field e=periments were conducted with conventional
practices using conventional implements as well as farm power
machinery package prevalent in Eerala State to establish the
energy requirement of transplanted paddy. All the three power
sources namely tractor, power tiller and bullock were utilised
along with their matching implements for the production of rice.
Under bullock as the sowce of power, the implement treatment
combination used was [Desi ploughing five times followed by
levelling once with a wooden plank. Under power tiller and
tractor as the power souwrces, fouwr passes of cage wheel were
carried out. These treatments were designated as T1 ,T2 and T3
respectively. The main aim of the ezperiment was to find out the
most energy efficient practice of tillage under these three
treatments which are prevalent all over the State of Kerala. The

results of the study are discussed below.

q.1 Total Input Energy Requirement

Least total input energy was found in the case of
tractor as the power source (T2) followed by bullock as the power
source (T1). This 15 because of the good quality puddling

obtained by T2 compared to the other two. Total direct energy was

found to be the lowest in treatment T2 and the lowest total
: : ® o W

indirect energy was found in Ti. This is because reason that

tractor consumed less fuel and less man hours due to less working

hovrs when compared with the other operations and in the case of



Table 1. Total input, direct and indirect energy flow

Treatments Total input Total direct Total indirect
energy (MJ/ha) energy (MJ/ha) energy (MJ/ha)
T3 14186.47 4385.27 9081 .20
T2 14928.49 4920.60 10007 .89

T3 13935.20 4034.16 9901 .60



Ly indirect energy contribution due to machinerv was very less.
The values of total input enerqy, dirvect energy and indirect for
the three treatments are given in Tahle: 1. Total input  energy
variation under different treatments  is  shown in  the bar

diagram:7.

4.2 Operation Wise Energy Requirements

The operation wise energy  cegquirements fFor paddy
cultivation under different tillage treatments are presented in
Table:2. It is observed that the energyvy reqguirement is very high
in the case of field operation under T2 when compared to T1 and
T2. The energy requirement for field preperation are 1225.21,
2068.11 and 1161.96 Ml/ha respectively for bullock farming, power
tiller farming and tractor farming. It constituted 8.64 %4, 14 %4
and® 884 % “of “the total input energy for Ti g e and T3
respectively. This suggests that minimum energy is required for
field preperation under tractor farming followed by  bullock
farming. Though irrigation is regarded as a major energy input to
the field, its contribution in this experiment has been neglected
owing to the high rainfall received dwing the season. For
transplanting 4.85 %, 4.5 % and 5.9 % of the respective total
energy were used. Slight variations observed in this energy
requirement of transplanting may be due to the extend of tilth.
Out of the different operations, fertilizer application gave the
highest energy input to the field. It is computed that S50 %,
47.94 % and S0.4 % of the total input energy were contributed by

fertilizers ‘under = T1, T& “and .. 13 respectively. Weeding and



Table 2. Direct and Indirect energy (MJ/ha) requirements for the cultivation of wet land paddy under different

tillage treatments for field preparation. K.C.A.E.T., Tavanur, 1992.

No. Operations/ Direct energy Indirect energy
treatments e e e e 2
Renewable Non repewable Tolal Renewable  Non renewable Total Grand total
Tillage/ T1 1195.99 e 1195.719 == 29.°2 29.22 1225.21
1 Puddling T2 £8.54 183,61 1892.15 == 175,96 175.96 2068.11
13 15.57 1017.37 1932.94 = 129.92 129.02 1161.%
Mursary 11 66,15 241.93 205,08 i14a.90  231.22 1371.22 1679.30
2 Prepa- e 66.15 241.93 308.08 114900  231.22 1371.22 1679.30
ration 13 £6.15 241.93 208.08 1149.00  231.22 1371.22 1679.39
Mursary  TI 328.29 == 328.20 = S = 328.20
uprooting

3 and tran- 12 e, = 2e8.ra o o e 308.20
sportation T3 308.20 = 328.20 = = = 328.20
Bund for- T1 1.69 = 81.69 == 85.36 95.36 86.96
4 ming and T2 B81.69 = 31.k0 == #5.36 95.36 86.96
trimming 13 8l1.69 = 81,60 == 95.31 05.36 86.9
Tl 328.14 i 228,14 == = == 328.14
5 Trans- 12 288.20 = 268.20 =— = = 288.20
planting T3 318.13 = 318.13 = S == 318.13
Fertilizer TI 2.4 -- £9.40 == £990.10 £990.10 7019.50
6 appli- e 29.49 = 27.49 e £930.19 6399.10 7019.50
cation 13 29.49 == £9.40 &= £999.10 £990.10 7019.50
T 3.3 == 32.36 e = = 32.26
7 Bap 12 2.3 e 2.3 7 = s 32.36
filling T3 32.36 == 32.36 = = wee 32.36
T 798.20 == 742.20 = = = 798.20
8 Harvesting T2 Tareal e 731.31 == S o 731.31
13 £29.15 ZE 620.15 = = = 620.15
Tl 150.80 = 150.89 = == K= 150.80
9 Trans- 12 150.89 v 159,89 = = = 150.80
portation T3 150.80 == 150.80 - = o 150.80
11 £55.94 876.56 1132.50 = 145,30 1405.30 2537.80
19 Threshing T2 253.94 876.56 1132.50 e 1495.30 1495.30 2537.80

13 299.% 876.56 1132.50 = 1405.30 1465.36 £937.80



pesticide applications were not done owing to wunfavourable
circumstances. Harvesting and transportation contributed 6.7 %,
6.0 % and 5.6 % of the respective total energy and threshing
consumed 17.9 %, 17.0 % and 18.4 % of the total input energy
under TI1, T2 and T3 respectively. These results are represented

in the pi-diagrams 1, 2 and 3.

For operations 1like nursary preparation, fertilizer
application, harvesting, transportation and threshing, the
consumption of the energy have been almost same for all the
treatment combinations. The slight variations observed in the
energy requirement for harvesting and threshing operations may be
mainly due to the variation in the quantity of crop harvested and

amount of weed growth.

Energy required for puddling under different puddling

treatments are represented in the bar diagram: 24.

4.3 Source Wise Energy Requirement

Gource wime energy requirement for the cultivation of
paddy under different tillage treatments are presented in
Table: 3. Under tractor and power tiller farming, maximum
energies were contributed by fertilizer and chemicals followed by
diesel, human, machinery and seed as presented in Table: 3 and
pi-diagrams 4 and 5. Under bullock farming also, fertilizer and
chemicals contributed about S51.3 % of the total energy followed
by human, machinery, =meed, diesel and bullock as presented in the

pi-diagram: 6 and Table: 3.



TABLE.3.

Sourcewise
paddy

preparation.

energy requirement for the

under different tillage treatments for

cultivation of

field

1. Human

2. Bullock

3. Plegel

4, Seed

5. Fertilizer & Chemical

6. Machinery

7. Total energy

226517

1001 .61

1118.49

11490.00

7194 .48

1466 .72

14186.47

2038.45
2942.10
1140.00
7194 .48
1613.46

14928.49

1898.24

2135:87

1140.00

7194 .48

1566 .90

13935.11



FIE —  DIAGRAMS

Source Wise Energy Components Under T1,T2 & T3

i.
F.C - Fertilizer and Chemical
F.C
nn H - Human Energy
M - Machinery
12
u:u S - Seed
D - Diesel
B - Bullock Energy
T1
2
F.C
4829

743




Operation Wise Total Energy Requirement

Under T1,T2 & T3

F = Fertilizer appln+ fertilizer

T - Tillage

B - Bund forming

N - Nursary preperation

TR - Transplanting

HT - Harvesting and Transportation

TH - Threshing

ir 13



Human energy contribution was 2265.17, 2038.45 and
1898 .24 _MJ/ha respectively under. Tl, . T2..and T3  ie. Tractor
farming required 1less human energy where as bullock farming
consumed the highest. Diesel consumption was highest in the case
of power tiller farming system. Fertilizer and chemicals together
accounted for a constant energy input of 7194.48 MJ/ha and seed
contributed a constant input of 1140.0 MJ/ha for all the three

treatments.

Considering over all energy requirement from different
sources, tractor farming accounted for the minimum total energy
(13935.105 MJ/ha) and power tiller farming required the highest

(14928.485 MJ/ha).

Components of total energy contributed by renewable and
non renewable energies are presented 1in Table: 2 and by

commercial and non-commercial energies are given in Table: 4.
4.4. Man-hour Requirement

Table: S shows the man-hour requirement for cultivation
of wet land paddy under different treatments for field
preparation. From this table, it is obvious that tractor farming
required less man-hours (968.2 man-hours/ ha) where as bullock
farming required the highest (1078.49 man-hours/ha). This has
been resulted from the difference in mechanisation levels of TI
and T3 . Out of the different operations in the field, harvesting
and transportation accounted for the highest man—- hour
requirement followed by transplanting and nursary uprooting and

transportation.



Table 4.

Commercial and non-commercial

enerqy requirement for cultivation of

paddy under different tillage treatments for field preparation KCAET, Tavanur.

No. Operation/ Commercial energy
treatnents
Tillage/ T 29,22
1.  puddling T2 1999.57
T3 1146.39
Nursary T 1613.15
2.  Preparation T2 1613.15
13 1613.15
Nursary T =
3.  Uprooting
and trans- T2 =
portation T3 =
Bund forming T1 5.36
4, and T2 5.36
trimming T3 5.36
Tl =
5. Transplant- T2 ==
ing K] =z
Fertilizer TI 6990.10
6.  Application T2 6990.10
K} 6999.190
T -
7. Gap filling T2 =
3 o=
T =
8, Harvesting T2 -
n -
by | =
9, Transpor- T2 =
tation LK) o=
T 2281.86
10. Harvesting T2 2281.86
T 2281.86

Non-commercial energy

1195.99
68.54
15.57

66.15
66.15
66.15

328.20

328.20
328.20

81.60
81.60
81.60

328.14
288.20
318.13

29.49
29.40
29.40

32.36
32.36
32.36

798.20
737.31
620.15

150.680
150.680
150.80

255.94
255.94
255.94

Total enerqy

1225.21
2068.11
1161.96

1679.30
1679.30
1679.30

328.20

328.20
328.20

86!96
86.96
86.96

328.14
288.20
318.13

7019.50
7019.50
7019.50

32.36
32.36
32.36

798.20
737.31
620.15

150.80
150.80
150.80

2537.80
2537.80
2537.80



Table 3.

preparation, K.C.A.E.T., Tavanur, 1992.

Manhr requiresents for the cultivation of paddy under different tillage treatments for field

Operation/ Average values of man-hr/ha required for various operations
{reatments ~ Average
Tillage/  Bund Mursary Nursary  Transplanting Fertilizer Harvesting total
puddling  forming prepa-  uprooting and gap application and trans- Threshing
ration  and trans- filling portation
portation
m 99.20 41.63 8 i) 167.18 183.93 15.00 407.24 130.56 1078.49
T2 34.97 41.63 33,09 167.18 163.555 15.99 452.07 130.56 1038.69
13 #7.94 41.63 33.75 167.18 178.e2 15.00 333.02 130.56  968.20



4.5 Crop Yield

Table:6 represents the average yield of main produci
and by product. It is found that among the tillage treatments,
tractor farming gave the highest grain yield (33.28 q/ha),
followed by bullock farming and power tiller farming. In case
of by product also tractor farming gave the highest yield

(45.86 q/ha), followed by Tl and T2 respectively.

4.6 Total Energy Inflow-Outflow pattern

Total energy inflow is obtained by the summation of
energy under different sources for a particular treatment
combination. Details of input and output energy obtained for each
treatment combination is shown in Table: 7. From that Table it is
noted that maximum energy output (107999.6 MJ/ha) was obtained
from tractor farming (T3), whereas it was minimum (82930.5 MJ/ha)

in the case of power tiller farming (T2).

4.7 Output-Input Energy Ratio

Total output—-input energy ratio obtained in different
treatment under power tiller as the source of power is minimum
(5.56), where as tractor farming evolved a maximum ratio of 7.74.
The calculation of output—inpul ratfossfors maln products, Dby
products and total product are given in Table: 7. Bar-diagram: 4§
represents output-input raties for T1, T2 and T3 « The resylt
indicates that tractor farming is energy efficient since it

evolved the maximum output-input ratio and hence tractor with



Table 6. Operation wise energy requiresents for the cultivation of paddy under different tillage treatsents for field

preparation, K.C.A.E.T., Tavamr, 1992.

Treat- Average values of energy requiresents of various pperation (MI/ha) Average fverage

ments yield of specific
Tillage/ Mursary MNursary Bund Tranc- Ferti- Gap Harve- Trans- Thresh- Average cropl(g/ha energy
puddiing prepa-  uproot- form- plant- lizer f1ll- sting porta- 1ing total of crop
ration ingand 1ng  ing appli- 1ng tion (Ml/a!

transpo- and cation
rtation tries- Main  By- Main  Bv-
1ng prod- proc-  prod- prod-
uct uct ack  ued

T1 1195.99 308.68 326.20  81.60 328.14 23.00 32.3; 796.20 156.8¢ 1132.5%¢ 4325.27 30.60 37.5¢ 143.30 116.94
T2 18%.15 3e8.e8 3C.cé Bl.60 288.2¢0 29.40 32.3 737.31 150.80 1132.5 4920.66 27.50 32.97 178.93 149.24

T3 132,94 308.60 36.0¢ Bl.6e 318.15 29.4¢ 32.36 620.15 150.80 1132.5%¢ 4¢34.1f 35.26 45.8¢ 121.22 B7.97




TABLE.7. Output-input energy ratio for the cultivation of paddy
under differnt tillage treatments for field

preparation.

Parameters T1 T2 T3

A. INPUTS
a. Field operations 4358.43 4953.71 4034.21
b. Seed 1140 1140 1140

c. Chemical, fertilizer

& Machinery 8688 .04 8834.78 8760 .99
d. Total inputs 14186.47 14928.49 13935.2
B. OUTPUTS
a. Main product 46506 .3 41743 .00 50579.9
b. By-product 46917 .2 41187 .5 57329.7
c. Total products 93423.5 82930.5 107909.6

C. OUTPUT-INPUT
ENERGY RATIO
a. Main product 3.28 2.80 363
b. By product % . o) 276 4.11

c. Total product 6.59 5.56 7.74



TABLE.7. Output-input energy ratio for the cultivation of paddy
under differnt tillage treatments for field

preparation.

i o e e S S —— ——————— —— ——— ——— i T . T T T —————— — ——— —— — ———————— -

Parameters T1 T2 i .

A. INPUTS
a. Field operations 4358.43 4953,71 4034 .21
b. Seed 1140 1140 1140

c. Chemical, fertilizer

& Machinery 8688 .04 8834 .78 8760 .99

d. Total inputs 14186 .47 14928.49 13935.2
B. OUTPUTS

a. Main product 46506.3 : 41743 .00 50579.9

b. By-product 46917 .2 41187.5 5732957

c. Total products 93423.5 82930.5 107909.6

C. OUTPUT-INPUT
ENERGY RATIO
a. Main product 3.28 2.80 3.63
b. By product q. 2.76 4,11

c. Total product 6.59 5456 7.74
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cage wheel can be recommended as the energy efficient

conventional tillage practice.

4.8 Specific Energy of Crop

Specific energy of crop was maximum under power tiller
farming (178.93 MJ/q) and minimum under tractor farming (121.22
MJ/q) as represented in Table: 6 and bar-diagram: &. This
indicates that for the production of wunit amount of paddy,
highest energy was required under power tiller farming and least
energy was required under tractor farming. Hence it indicates
that the tractor farming is the most efficient practice prevalent

in the region.

4.9 Statistical Analysis of Data

The yield of paddy under various mechanisation systems
varied from 27.5 to 33.28 q/ha, the lowest being under T2 and
highest under T3 . However, these differences were not

significant at S percent and 1 percent levels of significance.

Total 1{input energy varied from 13940 MJ/ha to 14930
MJ/ha, the least is for T3 and highest for T2 . The differences
in this energy levels under different treatments were significant

at 1 percent and 5 percent levels of significance.

Total output obtained from the three different levels
were found to be significant at 1 percent and S percent levels of

significance.



TABLE.8. Statistical analysis of energy data of field experiments

S1.No. Parameters Level of significance

P = 0.05 P = 0.01
1. Total input energy S 5
2. Crop yield N.S. N.S.
3. Total output energy S s

4. Output-input energy ratio S S



Total —output— input energy ratios uander the three
treatments were found to be varying between 5.56 and 7.74 for T3
and T2 respectively. Statistical analysis showed that these
differences were significant at 1 and 5 percent levels of

significance.

The detaliled procedure for analysis of variance are

given in Appendix III and results were given in Table: B.

From the analysis of results obtained from the
experiments, {t i3 seen that tractor farming consumed least
energy and evolved higher output energy in respect of the other
two tillage practices. Hence, it should be recommended as the
most energy efficient tillage practice for virippu cultivation of

paddy rather than the power tiller and bullock farming systems.



SUMMARY

Paddy 1is a major crop of Kerala. The introduction of
high yielding varieties of paddy requires'appllcation of advanced
technology., higher level of commercial energy inputs through
fertilizer and chemicals and timeliness of various field
operations for higher productivity. Thus, the use of efficient
farm power and machinery system became more relevent and
important to achieve timeliness of field operations for higher
agricultural production. The conventional method of cultivation
carried ~out by the local farmers need also to be analysed from
the point of view of judicious use of available energy resources
through energy audit for different field operations in the crop

production system.

Keeping the above point in view, the field experiments
were conducted at the Instructional Farm of Kelappaji College of

Agricultural Engineering and Technology, Tavanur during the year

19927

The field experiments conducted with three different
levels of tillage under bullock, power tiller and tractor as the
sources of power, for the cultivation of paddy in virippu season.
The statistical design adopted for conducting the experiment was
randomised block design (RBD) with four replecations. The plot
size selected were of @.1 ha, @.1 ha and 0.2 ha under bullock,
power tiller and tractor farming. Red Thriveni was selected as.
the crop variety. The various field observations recorded

include operation time, fuel consumption, crop yield etc. The



computation of energy values were done following the procedure

detailed in Chapter I11.

The results of experiment, have been presented and
discussed under Chapter 1IV. The salient findings of the

experiment are summer ised below;:

1. The total energy required for the cultivation of virippu
paddy was found to be minimum (13935.20 MJ/ha) and under
treatment T3 (Tractofwith cage wheel x 4) as against maximum
energy (14928.49 MJ/ha) in case of T2 (Power tiller with cage

wheel x 4).

Z . Operation wise, field preparation consumed maximum
energy(1892.15 MJ/ha) in case of power tiller farming. Least
energy was consumed by tractor farming (1032.94 MJ/ha) .
Tansplanting consumed a maximum energy (328.14 MJ/ha) under

bullock farming and least for power tiller farming (288.20
MJ/ha). Threshing required a constant input energy of 1132.50

MJ/ha under the different treatments.

3. Crop yield was found to be maximum (33.28 g/ha) under tractor

farming and least for power farming (27.50 g/ha).

4. Tractor farming gave the highest output-input ratio of 7.74,
followed by bullock farming (6.59) and power tiller farming
(5.56)., This shows that tractor farming is the most energy
efficient tillage practice for the cultivation of virippu paddy.

5. Specific energy of the crop was maximum under power tiller

farming (178.93 MJ/q) and minimum under tractor farming



(121.22 MJ /q) which indicates that tractor farming is the best
method for maximum production paddy with minimum enerqgy

requirement.

6. The statistical analysis of crop yield data of paddy
indicated that crop yield obtained from tractor farming will not
vary significantly to respect of the two farming systems. The
F- test reveals that the effect of input energy. output energy
and output—-input energy ratios were significantly at 1 percent
and S percent levels of significance. Hence, it is concluded that
tractor farming emerged as the most efficient farming system

comparing with bullock and power tiller farming systems.



REFERENCES

Ali Irshad.(1963). Farm power machinery and surveying. Kitab

Mahal, Allahabad. pps: 64-66, 141-159.

Chaudhary, M R., Gajri. P.:R.. Prihar, 5.5. and Khera,
R.(198S). Effect of deep tillage. on soil physical

properties and crop dgrowth. Dept. of Soils, PAU,

Ludhiana.

Dhawan., K€ Mittal., V., K. and Mittal, Jd. P.(1985). A survey
analysis-energy requirements for crop production in India.

Proc. SJC. ISAE, Bhopal. pps: 1-59 - 1-69.

Dutt, B.K.(1982). Comparative efficiency of energy use in
rice production. Agric. Engg. Today, Vol.6, No.5. ISAE, New

Delhi. pps:25- 30.

Elhance., D.N. and Elhance Ve®sna. F19%6) . Fundamentals of

statistics. Kitab Mahal, Allahabad. pps:26.1-26.11.

Gupta, S.P.(1988). Statistical methods. Sultan Chand and

Sons, New Delhi. pps: A-6.2 to 6.12.

ICAR.(1982). Research digest on enerqy requirements in

agric. sector. College of Agric. Engg. PAU, Ludhiana.

ICAR.(1986). Research digest on energy requirements in agric.
sector. 1n° the State of Punjab, Dept. of FPM, PAU,

Ludhiana.



ICAR.(1988). Research manual on energy requirements in agric. .

sector. College of Agric. Engg. PAU, Ludhiana.

ICAR. (1989). Energy requirements in Agric. Sector. Annual

Report. Dept. of Agric. Engg.IIT, Kharagpur.

ICAR.(1989) . Energy requirements in agric. sector. Annual
Report. College of Agric. Engg. Jawaharlal Nehru Krishi

Viswa Vidyalaya., Jabalpur.

ICAR.(1989) . Energy requirements in agric. sector. Annual
Report. Dept. of Bioenergy. College of Agric. Engg.TNAU,

Coimbatore.

ICAR.(1989). Energy requirements in agric. sector. Annual

Report. Agric. Engg. Division. CRRI, Cuttack.

ICAR.(1989). Energy requirements and planning of village

Biradia in Orissa. Agri. Engg.Division. CRRI, Cuttack.

ICAR.(1989) .Energy assessment and planning of village
Tulsighata in West Bengal. Dept. of Agric. Engg. IIT,

Kharagpur .

ICAR.(199@). Energy requirements 1in agric. sector. College

of Agric. Engg. PAU, Ludhiana.

James Shaji, P.(1991). Design, development and evaluation of
a power tiller operated bed former. M. Tech. Thesis. Dept.

of FPME. KCAET, Tavanur.



lan Muhammed Ealoch. et. al.(i1=291). Fowser requirements of

tillage implements. AMA. Yol .23, Ho.l.

Jose, C. M.(1990). Development and performance evaluation of
a rotary tillage attachment to a KAU garden tractor.

M.Tech. Thesis. Dept. of FPME. KCAET, Tavanur.

Kepner, R.A., Bainer. R. and Barger, E.(1978). Principles of

farm machinery. AVI Publishing Company. Inc. USA.

Khan, V. Amir. and El-Sahrigi Ahammed . (1990) . Selective

mechanisation of rice farming systems in Tropical Asia.

Agric. Engg. Today. Vol.l14. ISAE, New Delhi. pps: 40-52.

Leonard, L. Bashford., Durane, V. Byerly. and Rebert, D.
(1991). Draft and energy requirements of agric. implements

in semi-arid regions of Morocco. AMA. Vol.22. No.3.

Michael ., A.M. apnd Ojha, T.P.(1966). PBripciples of agric.

engg. Vol.l. Jain Brothers., New Delhi. pps:187-257.

Md, Saleque Uddin. and Ferouk.,M. Shah.(1989). Draft power
selection for puddling operation in small farms in

Bengladesh. AMA. Vol1.20. No.3.

Panesar, et. al.(1991). Optimum combination of tillage tools
for seedbed preparation of wheat after paddy harvest. AMA.

Vol.22. No.2.

Pange ,V.G. and Sukhatma,P.V.(1954) . Statistical methods for

agric. workers. ICAR, New Delhi. pps:145-152.



Jan Muhammed Baloch. et. al.(1991). Power requirements of

tillage implements. AMA. Vol.22. No.l.

Jose, C. M.(1990). Development and performance evaluation of
mn rotdary - titflilage ‘st¥achment ' Stol’‘ss KA “*garden’' “rractor..

M.Tech. Thesis. Dept. of FPME. KCAET, Tavanur.

Kepner, R.A., Bainer, R. and Barger, E.(1978). Principles of

farm machinery. AVI Publishing Company. Inc. USA.

Khan, V. Amir. and El-Sahrigi Ahammed . (199Q) . Selective
mechanisation of rice farming systems in Tropical Asia.

Agric. Engg. Today. Vol.l14. ISAE., New Delhi. pps: 40-52.

Leonard, L. Bashford., Durane, V. Byerly. and Rebert, D.
(1991). Draft and energy requirements of agric. implements

in semi-arid regions of Morocco. AMA. Vol.22. No.3.

Michael, A.M.Soandna0ghash - T- PRl 96694 " Prineiples - of agric.

engg. Vol.l. Jain Brothers, New Delhi. pps:187-257.

Md, Saleque Uddin. and Ferouk.M. Shah.(1989). Draft power
selection for puddling operation in small farms in

Bengladesh. AMA. Vol.20. No.3.

Panesar, et. al.(1991). Optimum combination of tillage tools
for seedbed preparation of wheat after paddy harvest. AMA.

Yol:iZ227V Noi25

Panse,V.G. and Sukhatma.,P.V.(1954). Stétistical methods for

agric. workers. ICAR, New Delhi. pps:145-152.



Pathak , B. 5.01985} . Energy demand growth in Punjab
agriculture and the changes in agric. production. Energy-

Agric. 4: 67-78.

Sahadevan, P.C.(1966). Rice In Kerala. Agric. Information

Service. Dept. of Agriculture. Kerala State.

Sahey Jagadiswar.(1977). Elements of agric. engq . Vol.l.

Agro Book Agency, Patne. pps:163-224.

Sandge, R.P.(1986). Energy requirements for some selected
primary tillage operations. Agric. Engg.

Vol.10.No.1. ISAE, New Delhi. pps:18-21.

Shrinivasan.(1972). Measurement of ecnergy inputs to various
farm - operations. M. Tech. Thesis. Dept. of Agric. ERNgg.

IIT, Kharagpur.

Shriram, S.. Swaminathan,K.R. and Martin, G.J.(1980). Energy
requirements of crop production. Paper presented at XVII

Annual Convention of ISAE held at IARI, New Delhi.

Shyam Murari. and Nagaich. B.B.(1981). Prospects of meeting

energy demands of rural India. Agric. Engg. Today. Vol.S5.

No.5. New Delhi.

Sodhi, K.S., Mittal,J.P. and Dhawan,K.C.(1985), Effect of
tillage treatments on crop yield and energy requirements.

Farm Proc. of 8JC.Power and Machinery. Vol.l. ISAE.

Eps: 11.19-11 .25,



Wilkes Smithi.(1977). Farm machinery and equipments. Tata
Mc. Graw-Hill Publishing Company Limited, New Delhi.

PPS:114-160.



APPENDIX I

Details of the experiment

Location : §5 5 1 block in the instructional farm of
KCAET ,Tavanur

Crop Virippu-paddy
Variety : Thriveni
Year of experiment : 1992

Source of power : Bullock, power tiller (KUBOTA,12 hp) and
tractor (HMT. 35 hp)

Implement treatments for tillage

a) Bullock drawn Desi ploughing x S + levelling x 1
b) Power tiller with cage wheel x 4
c) Tractor with cage wheel x 4
They were designated as T1 , T2 and T3 respectively
No. of replications: 4
Plot sizes:
a) For bulleck plot — @.1 ha
b}  FEor power tiller plof — @.1 ha
c) For tracter plot @2 ha
Experimental design: Randomised block design
Observations made:
a) Labour and energy inputs through each operations in the
production of paddy
b) Operation time
c) Crop yield
d) Energy consumed for each operations and total enerqgy
e) Specific energy of the crop

f) Output-Input ratio



s APPENDIX

II

Equivalents for direct and indirect sources of energy

Particulars Unit Equivalent Ramarks
energy
(MJ)

A. INPUTS

1. Human labour

a) Adult man Man—-hr 1.96
b) Woman Woman-hr Fu?
&) Child Child-hr ©,98

2. Animals

a) Bullocks Pair—-hr 1@.19

b} He-buffa- =go= 1515
loes

3.Diesel Litre 56.31

4 .Petrol i n 48 .53

5.Electricity kWhr L3

6 .Mechinery

a) Electric kg 64 .80
motor
b) Farm machin- kg 62.70

ery excluding
self propell—
ed machines

7 .Chemical and
fertilizers

a) Nitrogen kg 60 .60

B)aP=0 kg 11.10

adult women = .8 adult man

child = @.5 adult man

Body weight 350-450 kg

He-buffalo = 1.5 medium
bul locks

It includes the cost of
lubricants

Distribute the weight of the
machinery equally over the
total life span of the
machinery (hrs).

Estimate the quantity of

PO and K O in the chemical

fertilizer



)

8‘

a)

K O kg

Seed

Output of crop
production syst-
em and it is
not processed

B. OUTPUT

1.

a)

a)

Main products
Cereal crops, kg
such as: oats,
paddy., wheat

By products

Straw, vines, kg
etc.

Assumptions for

Life of power unit

Life of thresher (7.5 hp)

Life of tillage machine

Life of motor (5 hp)

Life of power tiller

Life of pump

Weight
Weight
Weight
Weight
Weight
Wweight
Weight

Weight

of Desi plough

of Leveller

06 .70 .

14.70

12.50

Then compute the amount
energy input from chemical

ferti

Same as that of

lizer

output

crop production system

of

of

The main product is grain

Dry m

indirect energy

I

of cage wheels(Power Tiller)

of cage wheels(Tractor)

of Thresher
of tnactor
6f Power Tiller

of KUBOTA engine

12000

2500

2500

10000

51%1%1%]

5000

12

29

44

202

2000

485

145

ass

and cost
hours
hours
hours
hours
hours
hours

kg

kg

kg
kg
kg
kg

kg



APPENDIX III

Randomised Block Design (RBD)

Randomised block experiment is a term that stems from
agric. research in which several ‘variables' or ‘treatments* are
applied to different blocks of land for replecation =} =
repetition, of the experimental effects, such as yields of
different varieties of paddy., or the quality of different makes
of fertilizers. The blocks are formed in such a way that each
contains as many plots as there are treatments to be tested, and
one plot from each is randomly selected for each treatment. Let
there be four treatments (A,B,.C.D) in six blocks of four plots.

The arrangement on the field might be as shown below.

A D B C c A
g
e N
Falldigasmii

The analysis of variance table for a randomised block

design will in general have the following form.



ANALYSIS OF VARIANCE TABLE

Source of 5SS DF MS F F F
var iation observed 1% 5%
Column

treatments 558C (C=—-1) MSE MSC/MSH

Row treatme-

nts(Block) SSR Gl ) MSR MSR/MSE
Remainder
{Error) SSE (F—-1)ic—1) HMSE e
Total SST rc-1
where,
SSC = variation between column means

SSR = variation between row means

SSE = variation within or for errors

SST = total variation

MSC = SSC/(c-1), mean square between column means
MSR = SSR/(r-1), mean square betwcen row means

MSE = S5SE/(r-1) (c~1)

c = No. of column treatments, and

r = No. of row treatments.

By comparing the treatment mean sSquare with the
remainder mean square, we can decide by an F-test whether the
treatments have any effect, regardless of whether there is a
significant variation from block to block. F-ratios at 5% _and
1% levels of significance are available from a standard table and

compared with the computed F-ratios.



APPENDIX 1V

PLOTWISE DATA UNDER T1. T2 AND T3.

1. Yield of paddy (q)
Treatments Replications
1 2 3 4
T1 39 .36 31.87 20 .86 30.40
T2 30.00 25.86 31.63 22.40
H 38.00 42 .27 26.69 26.16

Treatments Replications
1 2 3 4
T1 14139.85 14246 .60 14150.67 14203.32
T2 14971 .39 15003.41 14906.12 14835.31
T3 13900.72 13942 .99 13963.11 13933.92



3. Total output energy (100@ x MJ/ha)

Treatments Replications
1 2 3 4
T1 132.98 91.92 59.22 89.57
T2 105.80 75.18 85.45 65.29
T3 144 .34 114.74 83.34 89.21

4, Output-input energy ratios

Treatments Replications
1 2 3 4
T 9.41 6.45 4.19 6.31
T2 T 5.01 Deld 4.40



APPENDIX V

Energy parameters supplied by

various sources.

Operations

Nursary TI1
Prepa- T2
ration T3

Tillage/ T1
Puddling T2

T3
Bund 1
forming T2
T

Nursary TI
preparat-
ion and T2
transpor-
tation T3

frans— T1
plant- T2
ing T3

Fertili— TI1
zer T2
T3

Harvest- TI
ing and T2
transpo-

Etation T3

Thresh- TI
ing T2
T3

Human
(hr/ha)

33.75
33.75
3375

99.20
34.97
7 .94

41.63
41 .63
41 .63

167.18

167.18

167.18

83.93

163.55
178.82

15.00
15.00
15.00

407 .24

452.07

393.32

132.56

130.56
130.56

Animal
(hr/ha)

Diesel
(1/ha)

99.20 s
o 33.00
=== 17 .25

— 15.63
e 15.63
=== 15.63

Seed

75.00
75.00
75.00

N P K
3.13 ——  -—-
3.13 —- -—-
3.13 —— -

75.0
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ABSTRACT

Considering the judicious use of available energy on
the farm for the production of paddy, three conventional tillage
practices prevalent in Kerala State namely, bullock operated Desi
plough together with wooden plank levelling, power tiller
operated cage wheel and tractor operated cage wheel were tested
to find out the most energy efficient tillage practice. Energy
inflow-outflow pattern of these three treatment practices were
studied and hence computation of output-input energy ratio and
specific energy of the crop under each treatment were done. This
study revealed that tractor farming is the most energy efficient

tillage practice to be followed in virippu cultivation of paddy.
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