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CHAPTER X

INTRODUCTION

Wheat iz one of the major crops of India, It
oceupies the second pesltion in respest of ares under
cultivation and total production and ie second enly to
rice, From the global point of view, India ranke third
among the major wheat growing countries, with a
production figure of 26,5 nillion tonnes and an area
of 19,2 million hectares in 1971-T72, Table 1.1 glves
the production figures of wheat in India for the periocd
of 1964-65 to 1974-T5,

Table l.l weveals the impaect of the green
revolution, In 1965-66, the tobal production of wheal
wag about 10,4 million tonnes from en ares of about
12,6 million hectares of land, The production figures
rose to 26,4 million tonnes in 1971-72 from an ares
of about 19 million heestares, although subgequently,
there vas a decline mainly on account of adverse weather
conditions, increase in price of fertilizers and energy
crimip, The declining tendency was overcome subsequently
and the production figures continued to inecrease from

:}974—75 onwarde, The hreakthrough in wheat produstion



Table 1.1. Area and production of wheat in Indim

* 81, hgeil, Area Production

No, year® (1000 ha) ('000 tonnes)

1 1964-65 13,422 12,257

2, 1965-66 12,572 10,594

-1 1966-6T 12,838 11,393

4y 1967-68 14,998 16,540

Se 1968-69 15,958 18,651

6, 1969-70 16,626 20,093

Te 1970-T1 18,241 23,832

8,  1971-T2 19,139 26,410

9e 197273 19,463 24,4735
10, 1975=T4 19,057 22,073
11, 1974-15 18,108#¥ 24, 235%%

* Agrioultural year is Lfrom July te June,
Direvtorate of HEconomlcs end Stebtistics, 1975.

*» Bptimated, The estimated production of wheat
duzring 197576 is 27 million tonnem (Times of
Indie, June 5, 1976).



vep made popsible by the incorporation of modern agricul-
tural technology in wheat-farming. The increase In
production ever the past several years has brought in
its wake nev problema, The increasing trend ie however
expected to continue, in view of the inereasing emphasls
on improved technology in agrieulture te raise production,
One of the main problems releted to the production
of wheat crop conceins with the harvesting and threshing
operations, These operations may be elther traditienal,
medern or having & combination of both, with varylag
degrees of mechanizabtion, The harvesbting and threshing of
vheat invelve many problems because of the ghort harvest-
ing season for multiple and intensive eropping, uncertainty
and vagaries of weather, shortage of labowr duwring the
peak peapon and the ilmportence of the timeliness factor
due to the technological chenges, eepecilally from the
poink of view of obtaining a better prige, In addibion
to these problems the farmers, in general, try te complete
the harvesting and threahing of the cvop as quickly es
possible in order to aveld heavy fileld losses resulbing
from the delay in harvestlng and thresghing and aave
themselves from the drudgery in the hottest peried of the

vear,



Several systems of harvesbing end threshing of
vheat exigt. The farmer is faced with the dilemma of
declding which gystem suibts hie requirement, A systems
epproach vhich dealg with the lnnumerable problaema of
harvesting and threshing is desirvable in determining
the mest spuitable hervesting snd threshing systen under
the conditicns generally prevailing in India, The
pultability of auch a systen will he governed by its
pexvformence, both in terms of effilciency and econony,

Ihe mechenization of harvesting eand thrashing
operations invelved in a particuler systen (as envisaged
in this work) appears te be ocourring in response to
changes in the demand fov farm energy reiative to the
aupply of labour, Tractors and lmproved agriculturael
implenents seen %o contribute to increaped farm produc-
tion, The long-term effect of farm nechanizsbion in
the eontext of farm employment ie important and has te
be glven due c¢onsidevation, However, at the sane time,
careful conplderation is almo to be given to the produc-
tivity conceptes to bhe incorporated in agriculbural
oporations, 'Rules of thumb' which presume that machines
dipplace labour or oreate addiblonal enployment, offer

nelther advantages nor sny guidance in formulating e



suitable policy, The main conglderation in this respect
im to be given to the sconumic atimall generated in

order to make the machine profitable to the individusl
operator, Sultable policy decision can then be formulated,
besed on this information and heving due regerd for the
social benefits and the coste to be incurred by the
individunl farmer, The returns are to he eapsessed in
relation to a particular gyetem inveolving a single machine
or a groups of machinem ilu the harvesting and threshing

of vheat,

1.2 Impertance of the project

The problemps assoclated wlth the harvesting and
threshing of wheat erop, are to be examined with speecilal
refevence Lo the conditions prevalling in the major wheat
growing regiong of India, The solutions baged on the
gcononic and ebatistical models ag evolved and developed
in the western countries are rarely applicable to India
in their entiwvety, They are to be analysed in relatlion
to the specific conditiong exligbting in India,

The major eren in Indin under wheat liee to the
north of the Vindhya meuntein renge, A glence over the
diptribubtion of holdings (Table 1.2) mekes it amply
clear that the meme type of gystem of harvesting and



Table 1.2, Farm holdings in India - estinmated number
and area operated by slze, 1L961-62%,

51 Area of erat Q.
*  holdings Kunbex Area
No. (hecteres) of :gf‘r:oeg:l operated 1;;:- :::zl
holdingms '
(*000) holdings ('000) area
1. Upto OQ 20 4'838 9071 4“ O|35

2, 0420~ 0,40 4,255 8,54 1,245 0,94
3, 0.40- 1,01 10,772 21,62 7,284 5,50
4 1,01 2,02 11,181 22,44 16,224 12,25
54 2408« 3,04 6,158 12,%6 14,979 11,31
6. 3,04~ 4,05 3,478 6,98 11,047 9,02
Te 4,05~ 6,07 3,881 TaTO 18,569 14,02
8. 6,07~ 8,00 1,843 3,70 12,582 9,50
9e 8,09-10,12 1,111 2, 2% 9,688 T+30

10, 10,12-12,14 663 1,33 T,165 Sedd
11, 12,14-20.23 1,121 2,25 16,569 12,51
12s 20623 and

above Sa% 1,09 15,748 11,89

All sigea 49,824 100,00 132,444 100,00

* Jouree 3§ Indian sgriculture in brief, Iourteenth
Bdibien (April, 19Y5), issued by the
Directorate of Leon. and Jtat, Min, of Agr,
and Xrr, Govt, of Indle, New Delhi, pp.l-269,



threshing is nelther despirable nor possible to be adopted
in every type of holding considering wide variation in
araa of holdinge.

At the pame time, incorporation of productivity
concepts in agricultural production systema is imperative,
In the history of mankind, increapes iu the demend foxr
food are dexived from the growth in population, Since
the time of Melthus, the food problem hasp been wiewed
as & fopd cum population problem (Brown and Rekholm, 1975).
Therefore, %o fight the Malthwslan mpechtre, productivity
of each frrm-unit nust be increaased through the trensfor-
nation of traditiomel sgriculture into modernlzed
agrioulture. This is possible omly through the maxloum
utdldgation of modern technology in erop preduction,

The modern multiple eropping technelegy wakes it posaible
to have four food erops in a year (Pig. l.1), Growing
four food crops from the same unibt of land posesmany
problemg aspoolated with harvesting and threshing.
Timoil.nou of operations ds one of the major constralants
vhieh calls for the adoptien of puitable mschinery,

Several alternatives exiat for the farmer to adopt
any one of the combination of opevatlons (poliey) of
harvesting and thresghing of wheat, The major quasticmma



a2nce

sequ

Concept of multiple cropping

Fig 11

of.-four food crops

Source t Recent research on ultipte croppings

Bull. (New Scries) No. 8, New Delhiy 1977
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before farmers in a gpeaific crop situaticn ave - which
combination %s to be gelected, on what basls and on what
coat, ‘

The above congiderations indicate need to develop
information end deta in relation to the different systems
of harvesting and threshing either in vogue or likely to
be adopted,

With the uwnderlying thoughts and concepts snumerated
above, efforts have boen made to develop suitable informe.
tion pertinent to the poselble policies of harvesting and
threshing of wheat, in this etudy.

1.3 Speeific objectives

The following are the bagic objectives of the gtudy
reported in this thesls :

A, To evaluate the fellowing operation-combinaticns
for harvesting and threashing (policiem) s

{a) Tractor operated combine harvester cum
thregher,

(b) Reaper harvesting and menual bundling +
stacking + thresber (not bhupa making) «
bagging,

(e) Resper hervesting and manual buadling +
atacking + thresher (bhuga preducing) +
wianowing and cleaning + bagging,



{d) Reaper harvesting + menual bundiing +
stacking + drumny thresher + winnowing,
cleaning and bagging.

{e) sickle hervesting + manusl buandling +
stacking + thresher (bhusa producing) +
bogging,

(£) sickle harvesting + nenual bundling +
etacking + drummy thresher + winnowing,
oleaning + bagging.

(g) Siokle harvesting + menual bundling +
stacking + enimal threshing with olpod
thregher + winnowlng, cleening and bagging,

These policies are to be evaluated with respect

to (a) field losses (b) machine lopses (c¢) labour
regquirement (d) eperational time involved and (e) cost,

B, To apcertain optimel systems Lfor harveasting

and threshing of wheat erop in northern Indie on the
basis of the criberia 1,0, (a) timelinesse (b) cosb

efficiency and (¢) performsnce efficlency,
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CHAPTER IX
JERINITIONSG OF TERME AND QONCEEPT USED

2,1 Terme used primarily for systems analysis
I Field efficiency
Fleld efficiency is the ratic of effective
field capacity to the theoretlical field capacity usually
expressed in percentage,
Il ZEffective field capacity
Astual rate of performance of land or crop
actually processed In a given time, based upon total
field time im termed ma effective fleld capacity,
III Theoretical field capacity
Theoretical field capmoity is the rate of
performance obtained if a machine performs ite function
100 ﬁam.nt of the time at the rated operating speed,
ueing 100 percent of ite rated width,
IV Field tinme
Pleld time is the time, a machine spends in
the field measured from the start of functional activity
to the time, the functional activity for the field ls
completed,
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V Fileld mspeed
Pield speed of m machine ies average rate of
travel in the field during an uninterrupted period of
functional aectivity,.
VI ZEconomic life of machine
The useful service life of a machine before
it hecomes unpreofitable for its original purpose due to
obaclescence and/or wear, ia taken as economic life of
nachine,
VII Machine systenm
Machine gystem is an arvangement of two ox
nore mechanleme to achieve a desived outpub,
VIII Timelinems
Timelinese of ean operation or machine is its
ability to perform an astivity at such a time that
quallby and quantity of product are optimigzed,
2v2 Terms amsociated with esonomica
I Operating costa
Operating costs are thome costs which depemd
direetly on the amount of use,
II Pixed coets
Pixed copts ave thosge costs which arve indepen-

dent of the maghine-use and include cogte such ag
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depreciation, interest on investment, taxes, insurance
and sborage, Pized costs must be charged regardless of
nechine productivity,
III Totel cost
Total cost 1s the sum of fixed and eperabing
conta,
IV Depreciation
Depreciation is the reduction in value of a
nachine due to ohbmolescence; wear and Gear,
243 Termp asmociated with eysbemas approach
I 3ystenm
A gpystem lg an eapsemblage of interrelated
pertes of a whole with a conceptual boundary providing
s sbtructural autonomy to it frem the environment, The
entibles exoluded by the boundary form the environment:
of the system,
II Systems concepts
Systems concepbs include general theery and
principles, The emphasis ia on the philosophy and the
view point im conceptuail,
III Systems menagement
Systema management Involves application of

theory to men-machine aystems, Albernative names fLor
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this are management gpcilence or eoperatiocnal research,
It 19 a way to ovganize remources and the view point is
pragnatic,
IV Systema enalysis
gysten anelysis formulates models for
analysis and plang out methods to solve problems, The
view point im planning and comtrel,
¥V Byestems approach
This includes sysbtems concepts, systems
menagement and systems analyeis, The boundevies sseigned
to these divisionsg of the systems approach are blurred
and & pituation may incorperate all three features in
varying proportions,
VI Performance of a syaten
The performance of a physical system depends
upon that of all ite components, but branscends thet of
any one porbion. The essence of this concept is that
syesten-performance cannot be determined from the perfor-
pance of its individual components alone, A system's
characteriptics are more than the sum of the character-
iptios of 1te componeats and ave derived from tho nature

of the interconnection of the idndividual elements.



2.4 Concept wsed in the present study
Bagically, the wheat hervesting-threshing systems

I Non-mechanized system of harvesting and
threshing

II Partially mechanized aystem of hervesting
end threshing

III Fully mechaniszed system of harvesting and

threshing,

In the pyesent study, the Lirst eysten ie
characteriged by eickle-harvesting and threashing by
bullock treading coupled with the use of olped thresher,

Partinlly mechanized system of harvesting and
threshing conslast of several combinabion of oparations
push as slehkle-harvesting or resper-harvesting cowpled
with one of the threshing methods such ag threshing
with spike teooth thresher or hammer mill btype thresher
with spieving and bagging sxrangement or hammer mill type
threahor without sileving and bagging arrangement, -

Pully mechenimed system has been envisaged to
complete all jobs of hervesting snd threshing similte-
neously, BSuch a machine-pystem conslets of combine
harvester-thresher,
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The concept has been presented in Fig, 5,1 in
whlch a combination of machines or tool selected te
perform the tapks of harvesting and threshing has been
envisaged or bermed as a policy. Ho obtain desired
product (the grain) from the stending orop,

Thus, the policies constituting any one of the
alternate combinetione or arvangement of harvesting and
threshing machines have been envisaged as follows,

Symbol, _Policy

8« 4 tractor eperated combine harvesbter cum
thresher,

8- 2 resper-hervesblng end manual bundling +

gtacking + thresher (not bhupa making) +
winnowing and cleaning + bagging,

8«3 yeaper-harvesting and manual bundling +
stacking + thresher (bhuge producing) with
gleving end bagging arvangeuents,

G- 4 reaper-harvesting + manual bundling +
staoking + thresher (bhugs producing) withoub
pleving and hegglng arrangement + winnowing
cleaning end bagging,

=95 dickle-harvesting + manuval bundling +
stacking + bthresher (bhuga producing) with
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sieving and hagging arvrangement,

-6 slckle-hervesting + manual bundling +
atacking + thresher (bhuga producing) without
sieving end begging arvangement,

8«17 sickle-harvesting + manvwal bundling +
stacking + bullock treading with olped
thrasher + winnowing, cleaning and bagging,

In actual practice too, some of these policies
are being followed by Indien farmers growing wheat for
harvesting and threshing operations,
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CHAPTER ITUX

REVIEW OF LITERATURE

Hervesting may be defined ap the mags debachment
of the erep planbs, usually by cubtting, with the help of
blades and their vremoval £rom the field to ilsolate and
concentrate the deslred plent part, usually the grain,
Threshing, on the other hand, consistm of a group of
operations that are designed to detavh the desired
produst from the mame of the harvested crop material and
to aeparate it from the mixed mass, The threshing opera-
tions upually mean the detachment of graing Lrom the
plants by beating or rubbing and the separation of graineg
from the magps of straw by means of screens oy bleowing the
ptraw away.

Hervesting and threshing systems employed in wheat
cultivation depend upon the devices used to harvest and
thresh and the sources of power used, A partlcular asystem
of harvesbing and threshing to be adopted by a farmer
depands upon the factors like sime of farm, ocmpital
investment capacibty, technical awareness, labour availle.

bility and importance attached to timeliness, There have
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been attenpts by eariier workers to investigate the
variables influencing the fLfeasibility and efficiency of
harvesting and threshing syastems, The work most pertinent
to the present study is reviewed in thig chaepler,
B Hiptorical developments
52 Heand toolm
The earliest mentlon of the sickle in Indian Vedie
Literature is found in Shatapada Brahmen (oirea 2500 BQ-
500 BC) in which a reference has been made not only aboub
the sickle (datra greni), but also about the threshing
floor (khela), mieve (fitau) and winnowing fan (purpa),
In encient times, the Egyptians used to hervest
both wild end cultiveted wheat with a primitive form of
sickle, The Romanm used & ocne-handed ingbtrument with
the blade get out at right engles to the handle, This
wag Bhe earliest form of meythe, A curved iron gickle,
alnoat similer Lo the modern one, was widely used during
the Middle Ages, In the nineleenth century, the cradle
veythe was being widely used for the purpose of cutbing
wheat, ‘'Hainanlt scythe' and mowing seythe were in use
in Burepe during the Middle Ages (Partridge, 1973).
Pige J+1 shows eome of hand Lools used for harvesbing
- wheat,
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Fig 3.1 Hand tools for manual harvesting



19

In India, majority of farmers use mickles for
harveeting ceresl orvps., These sickles are elther plane
blade type or merrated blade type.

363 Reaping machinery

Amongst the ouwtastanding developments of the nine-
teanth century was the gradual perfection of a wheat
»oaping machine and ite subseguent development into the
reaping and binding machine, Jeseph Boyle of London
(Partridge, 197%) secured the firet patent for a reaping
machine in 1800 ilncovporating o civcular irven plate belng
robated through gesring from the travelling wheels, An
important econtributilon was made by Heary Ogle (Patridge,
1973) whe invented a reaping machine capable of laying
the wheat crop in pargel or sheaves, However, twe
American models made by MeCowmick snd Hussey (Patridge,
1973) eaused a genpation alt the Great Exhibition of 1851
in Britain (Pigs. 3.2 and 3,3). The credit for developing
the firet practieslly successful reaper goes to MeCormick
(Patridge, 197%) who merketed his fivet reaper in 1840,
By 1880, reapers with pheaf binding mechanilsm were
introduced in U, 8,4, Pigure 3.4 shows MoCormick's hend
binding harveaster, The mechanical gheaf binder was the
finel stage in resper development, An Americen, Valber A,
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Pige 3,4 McCormick's hand binding harvester, 1880 A,D,

Mg, 3,5 Walter A, Wood's harvester with self
binding mechanism, 1876 A,D.



Wood (Patridge, 1973) patented a wire sheaf binder in
1871 which was exhibited in Ingland some five years
later (Pige 3e5)

Jed Threshing and winnewlog

The earliest known method of threshing was to
beat the grain from the ears of wheat with a esblolk,

The Bgyptianag and Indiang (in the Vedile times) used %o
spread out loosened sheaves on a wide aves of firm
ground and then used to meparate out the grain by

driving oxen te tread ever the gpread heap of harvested
material, The Romans used their 'tribulun’ (a heavy
wooden platforn meounted wpen rollers) for threshing
(Patridge, 1973). It vas dragged by oxen, The 'flail’
van heing used during Middle Agem in Rurcpe and centilaued
to be in uge unitil the late nineteenth century,

Threshing floer wam an imporiant feature in any
village, commune @r farm im Burepe upto the end of 19th
century and is very much commen even now in the develope
ing end wnder-developed sountries,

Michael Menziea (Fuseel, 1952) invented the fired
mechaniocal thresher in aboub 1732 incorporating a number
of flaile atitached to a horizontal beam burned by a
-gilgantic waber wheel, Ilderton of Alnwiclk, Neovthumberland
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(Fuagel, 1952) was the first to construet a thresher
uging the idea of rubbing the graln free by passing the
sheaves between two rollers, Andvew Melkle of Lasb
Lathian (1786) constructed suceessfully a threshing
machine on an entirely new principle (Fussel, 1952
Patridge, 1973). The grain iu this mechine, was
separated freom the aetraw by meang of a revelving ecylinder
subsequently called a threshing drum, whioch was furnished
on bhe oubside with four longltudinal beaber hars of
wood faced with ivon, The drum waa operated by a water
wheel, He repeived an BEnglish Patent for this machine

in 1788, Submequently hovee-povered mechines were
developed vhich were being used on individusl farmes and
alpe being used for sustom-hiring in mid-nineteenth
contury (Patridge, 197%).

In the Unlted States, Hiram end John Pitt (1837)
of Winthrop, Maine were the first to produce & combined
threshing and winnewlng mechine, With the advent of
Tiret sbeam engine and then bha internal combustion
engine, modiflied versiome of threshers came into wse,
Flgure 3.6 deplcte a typieal nineteenth.cenbure threshing
seene in Greal Britein, The use of the threghing machine

resained confined mainly to the Burcpean countries and
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the United States until aboub the year 1940y The idea
of winnowing by mechanical means was introduced im
Helland during the eighteenth century by James Melkle
(Patridge, 1973),

demes Sharp (1770) conmtruected a more compaet
varsion of winnower, By 1795 winnowers coupled with
threghers came inte use,
3¢5 Conbined-harvester-thresher

A combined-harvegter-thresher or 'combine' (aa ia
known today) is the meghine which does the simulbtaneous
Job of field-havvesting, threshing, cleaning and
colleotion of grain, The development of the combined
harvesbter-thresher cemsenced with the U, 3., Patent of
Samuel Lane in 1828 (Patvidge, 1973). Messera H, Moove
and J, Hascall (Petridge, 1973) of Michigan VU.5.A.
developed the firet practical combine in 1836, Figure 3,7
shows schematileally the early medel of a machine Lfor
harvesting, threshlng, winnowing and bagging, By 1860,
it wee further medifled end perfected, The eurly combines
were drawn by horses, Sbteam tractors and inbernal
combustion engine travtors were used later, The seli-
propelled combine was introduced in Ingland in 1928
(Patridge, 1973).
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By 1940, combines were beilng used for harley,
oats and pulmes, The total nunber of combinea in the
world was about 30 lakha by 1960 and their use was
extended to harvesting of all graing, besng, pulsea and
nalze (Feiffer end Feiffer, 1969),

In Indie the use of combines uatil 1965 wasg
limited only on some big private and governuent favms,
With the mdvent of the green revelution, these were
introduced to a limibed extent to handle the large
productbien volume of wheat of high yielding varieties,
Various modeln of pelf-propelled and pull type combines
were imported frem U,S5,A., U,K.; Vest Germany, Italy,
U,8,%,R. end Bagt Buropean countries (Patil, 1978),
Megsera Vicon Limited Bangalore sterted the manufascture
and mavkebing of Vicon pull type combine around 1970
(Rag, 1972).
¢ Mechanization in relabtion te harvesting and threahing
Ba6 The threshing and threshing systems for wheat can
be vlewed as convenbtlonal, partielly mechanized or
completely mechanized aystens in the overall context of
mechbanization,

Mechenization per se hag heen both favoured and

diefavoured by various avthorities, Bubt, considering
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the incorporation of productivity conceptes in the
process of food production, mechanization meems not
only to be necessary but also imperative,

The world's principal unrealized potential for
expanding feood production 1ls now congentrated in the
developing couwntries, including India (Brown, 1975).
India's avea of crop land is roughly comparable to that
of the United Statea. Yet, it harvests only aboubt 100
nillion tonnes of grain while the United States harxvests
about 250 million tonnes, Low productivity due te
halting techmologioal progress ils the main couse of thip
unrealized potentinl, Lack of mechanipation is one of
the main deterrants,

Mechanizing the harvesting and threshing opera-
tions of wheat - partially or completely influences the
productivity of labour, energy consumption per unit of
land, lahour employment, timeliness of field operations
and grain leosses, In thls vegard, the comments, o¢bserva-
tione end findings of various research workers are worth
noting,

Hellor (1967) observed that one of the ultimate
objectives in & developing countyy is the increased

produetivity of labour, Labour productivity reflects
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the guantiby of goods and services avallable to man

for consumption., dJohneton, Fage and Warr (1972) srgued
sbout the possibllity and deplrability of ilmplementing
agricultural strategies having multiple objectives, one
of which is the increaged farm oubtput at low cost,
Billings and Singh (1969) astated that a demand by a
farmer for energy was a functlon of (1) the crop raised,
(2) the type of moil, (3) the level of vainfall, (4)
intensity of eropping, (5) the crop votation followed and
(6) the technology used. The timeliness and inbensity
of operation were thought to be asaociated with energy-
availebllity, the lack of which roaultﬂ in lossmea to
both the farmers and the soclety,

Aceording to Cottrel (1956), there was correlation
between wage rates and horse-power per hestere in moat
of the countries and mechanization in this respect,
played a vital role to inevease farm productivibty.

Giles (1967, 1975) ewamined the reletionship
between the yields of verious crops and power used :in
different countries, HNe observed that the average
aggregate yields of major orops per hectare wap a
funotion of the number of horse power available per

hegtare of cultivated land, It appesrs that 0,50 to 1,00
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horgse power per hectare was required to obtain 2,00 to
5600 tonnes yield per hectare, IFigure 5.8 shows the
relationghlp between average aggregate ylelds of major
¢rops in kilograms per hectare for major food crops in
selected countries/continents of the world in 1964-71 and
power input,

Billings and Singh (1970) projected mechenization
and rural employment in Punjab through 19835-84, They
expected favn lachinery to become a common feabure in.
Punjeb when 100 per cent of wheat would be mechanically
threshed, They antioipated high yielding varieties
alongwith multiple oropping o require more labour than
would be availlable, using the present level of mechani-
gatlion, Increased mechenization could offset the
ingreased lahour demand to the extent that the eauwount
and duration of peasonal deficit would vemmin the same,

Johl (1970) reported that due to the usme of
tractor power and pump sets, the intensity of cropping
in Punjab increased from 126,70 per cent la 1966-67 to
144,26 per cent in 196970, During the same perdod, the
cropped area and cultlveted area in the state increased
by 26 per cent and 11 per cent, respectively, There wag
an eccompanied lucrease in labour-employment by 58 per

cent, The bullock-power, of course, weas subptituted with
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tractor power,

Singh (1973) concluded that the use of inanimate
energy resources was linked with higher crop ylelds
because of the poseibility of application of lerge
amounts of energy in & ghort period of time go that
cultural practices could be carried out at a nearly
optimum time Ghen might be case when all energy must be
provided from animate sources,

Reo (1975) on the basle of studies on the costs
of harveating and thraghing wheat in Punjab during 1970«
T2, made the following econclusiong:

(1) usa of combined-havrvester-thresher turned
out to be the costliest from the speclal point of view
becange of ite labour displacing potential as the labour-
input acecounts for over T0Q per cent of the cost undex
traditionel nethod,

(2) from the point of view of the individual
farmer, the use of a combined-harvester-thresher was
cheaper than the traditional methed of hervemting and
threshing and

(%) manual harvesting, combined with mechenical
threshing was the cheapest for the individual farmer as
well as the poclial peint of view,

In reaching the aforementioned conecluslong, it
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magh be pointaed out that the cost-celeuwlations did not
take into accounts the uncertainties of hired-labour-
avallability, weather-hazards and the value of time-
linesa,

In & survey of the impact of agricultural mechas
nigation on employment in Diatriet Muzaffarnagar in
Uttar Pradesh, Bhatty gt al. (1973) observed that with
the aequisition of a thresher in addition to the tractor
and the tubewell,; there was additionel lahour impubt per
heetare in crop culture in both smell and mediwm size
farns, compared to those farms having only tubewell and
trmotor, When mll favm end non farm activitles were
congldered thers was lavger increasge in labour-input in
anall farmg bud dn mediwn farns there was o slight
decline,

Agavwel and lisra (1973) veported the favourable
regponge of farmers to combined-harvesters, The farmers,
ap per their study, reported the sdvanteges saying that

(1) the cembines alleviated the scute lahoure
gearedity during vabl harvesting,

(2) the combines reduced the rigk of damage by
inclement weabher by shortening bthe hervesting process,

(3) the farmers and thedr Lamily-members were
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saved from the druggery and tension associated with
harvesting,

(4) operation with the combine hayvesber-thresher
wap the cheapest and

(5) extra time was aveilable to the extent of 6
to 8 weekas for growing additional crop.

Agreavwel end Misra (1973) suggested that simultaneous
steps to have agro-based industries like dairying, poultry,
plggery snd agro-gervice centras could be made to absorb
the releaged labour as a result of introducing mechani-
gation in harvesting and threshing, At the same time,
agriculture could be made more intenasive to have increased
productivity per unit of land and labour,

A study carried out in Punjab and Haryena by
National Council of Applied Eccnomic Research, New Delhl
(1974) indicated in case of farmers not using combines
the cropping intensity was high with the reduchbion in ferm
plize end as the farm-sige incressed, cropping intenslty
decreaged because of coastraints due to labour, timeliness
and other technological factors, Filgure 3.9 highlights
this point,

Bavger (1948) weported that the cost of combining
with the self-propelled type machine was higher for the
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smaller aveas of land but became lower then the pull type
when 100 hectares or morve were harvested (Fig. 3.10).

zacharish (1974) has shown that maving in grain
on account of mecheniged harvesting (dwe to combines)
alone would be 0,561 millicn tenne of wheat and 0,360
million tonne of paddy per yesmr, He further pointed oub
that in menebery terms, 1t would result in & gaving of
wheat worth 67,71 erores (@ M, 110/~- per guintal) and
sy 28,84 crorem for paddy (@ ls, 80/~ per quintal) annually,
Hig eptimate on the requivement of combined-harvesters
for a minimum level of mechenization in the states of
Utbtar Pradesh, Funjab, Haryana and Rajasthan was 4050
salf-propelled end 3860 pull type combines. However,
prohably the author is not clear about the size of land
holdings while making his projections,
0 Design and development of hervesting and threshing

machinery in India

FeT In Indie, the deslgn and daevelopment work of
threshers has preceded that of the harvesting machinery,
the main ceuse for this, perhaps, were the delay, drudgery
and riske and wncertainties involved in bullock-treading
method of threshing,

Ap an improvement over the bulleck treading method
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of threshing, the olpod thresher, first designed in
Gujarat was introduced and populerised among smell farmers
having 1 to 2 heotares of ecvep (Khardekar, 1972). The
olpad thresher, it has been reported, does the job of

4 %o % pelvs of bullocks,

In Pupjab, #,.K, Paul, an sgricultural engineer in
¢ollaboration with Sunder Singh, a manufacsturer of
agriculturel implenents in Ludhiane (India) deslgned
and developed mround 1960 a wheat thresher on the principle
of hanmer-mill gapable of producing bhugs end separating
it from grain by suebion sad blowing (Paugotra, 1975).
Later on, these threshers, known ag Ludhisna type threshers,
becane popular with the farmers in Punjab and Hawyana in
the wake of green revolubtlon,

Petor (1965) was reported to have developed a
wheat thyesher with a capaelty of 6-T7 quintals per hour,
The thresher was constructed on the principles of a
threghing~-fan and eentrifugal threshing with aspirator
cleaning, wutilizing a 5-7 h p prime mover,

During 1969, the research section of the Division
of AMgriculturel Engineering (Indian Agricultural Research
Ingtitute, New Delhi) designed and developed three
different slzes of threshers (Nirmal and Luthra, 19703
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Sivehd, 1969), These threshers were multi crop threshers
of gpllke toothed oylinder type, Hurther development and
design.modifications ave being carried out at Zonal
Research Centre, I,A.K.I., New Delhi (Sirohi, 1975),

With the advent of green revolution, efforts were
Initiated te develop or adeopt suitable harvesting
naghinery to cope with the increased produetion due to
high yielding variety (HYV) prograime,

Khanna (1970, 1973) designed and developed a
bulleck cum englune operated resper with e cutier bar of
1.5 m and field capesily of about 2 to 2,% hectares of
land per day, He, later on, wes awarded a prize by
Invention Promotion Board of India (Zirehi, 1970).

Verma and Garg (1971) veported the development
and demign of tractor vear mounted, p.L,0, Operated self
raking reaper and the tragtor front mouwnted reaper-
windrower end thelr satisfactory performance for wheab
harvesting at the Punjeb Agricultural Unlverslty, Ludhlana
in 1971-72, These respers, as reported, were designed
with & eubtter bar peak veloeity of 100 mpm corresponding
to tractor p.tev, speed of 540 zpmn,

Cheuhan (1973) veported the work of desmign end
developuent of a self-propelled type of resper and binder
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bheing carried out after necessgary adoptive snd test
trinls on an Italien imporited reeper binder. A puccess-
ful modified demign might prove very useful to smaller
farmers, [The reaper binder, as reported, iz a self-
propelled uwnit operated with a 9 hp diesel engine with
a cutber bar of 1,56 metres having 60° trisngular Inife
sectlone,
B Studies in relation to energy and cost invelved in
harvesting and threshing

5,8  The investigatione weported by Ojha (1973) abous
the requirement of energy foxr harvesting and threshing
of wheat and gespective coslt of opevatima at Kharagpur,
Went Dengal are pummarized in Table J.la

The repulte of the project about the energy
reguirement and cost of eperations of harvesting and
threshing, as reporbed by Singh, et &l (1973), are
sunnariged in Table 3.2, s

Kulghreshthe ot al. (1973) studied the ensrgy
regquiremente in intengive egricultural preductlion at
Pantnagar, Uttar Pradesh and slso conducted & village
purvey, Theilr findings in relation to harvesting and
threshing avre sumnariszed in Table 3,3 and 5,4, It was
coneluded thabs
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(1) for both the energy and coat per hectare, the
uge of the combined-harvester-thresher was least energy
congumning and had the 'miniwmum cost',

(2) dn the village survey, the cost of harvesting
and threshing wheat on small holdings (0-3,00 ha) wasg
found to be the least while the energy consumed per
hectare wasg minlmam in the cage of medium holdings (3,00~
6,00 ha) as indicated in Table 3.4.

Arya et al, (1975) reported that in large silze tractor
plots, the requirement of energy for harvesting and threshing
wag respectively 19,2 and 13.42 per cent of the total energy
requirement of 1266,75 hp-hours per hectare for wheat crop, In
the case of bullock operated farms the respective figures for
harvesting and threshing were found to be 2,62 and 18,38 per
cent of the total energy requirement of 518,12 hp-hours,

The results of the study of energy requirements in
harvesting and threahing operations for wheat in the
Intenslve Agricultural Production Programme in Ludhilana
(Punjab), conducted by Siagh et al, (1975) are sumuerized
in Table %,%, One of the waln obgervations was that a
%5-hp tractor with a smell combined~harvester-thresher
would be mble to harvest and thresh wheat orop from 40
heotares of land in 20 days., It wes obaserved that for
havvesting and threshing the orop area with bullock power
and tractor with matehing lwplements, 1t would take appro-
ximately 40 and 28 days, rospectively, provided at least
40 or more persons are employed dally for these operations,

It was also reported by Singh et al, (1975) that
75 per cent of the money spent in harvegting and threshing
(using bullock as well as tractor drawn equipment) could
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be gaved by latwoducing new machinery (combine).

The results of the investlgations reperted by
Ojha et als (1975) on the energy requirementas and cosb
of harvesting and threshing of wheat are presented in
Table 3,6, It may be seen that harvesting and threshing
together conpuned 11,89 per cent, 8,60 per cent and 19,15
per gent of the total energy in the three enevgy
treatnenta,

The studies reported above, point out the
importance of harvesting and threshing operations
reguiring substantial amount of human labour, energy and
involving high cogt, These factors arve greatly influenced
by the level of mechanigzation, However, the studies
conducted mo far do not reveal the losses of grain,
operationsl time involved in various harvesbting and
threshing systems and the sultability of any particular
pysten for a mpecific fLfarm mituation,

P Losses and adjustments

569 The lomses and adjustments in harvesting end
threshing machinery are interrelated as these affact .
machine efficiency, power requiremsent and qualilby of
Worlt,s

Sirehi et al, (1971) presented a compoarative study
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of drumny threshers ~ the fivet with a winnowing Lan
vith & drum diameter of 90 centimetres and clearance 5
centimetres and the other thresher with a drum diemeter
of 100 centimetres complete with winnowing fan, set of
vibrating sereens and auger and having clearance of 5
centinetres, They vecommended a mpeed of 475 rpm of
thresghing dram for the best performance of both the
threshers,

Pathal (1970) veported that in the cage of an
exial threshing cylinder the fineness of brulsing was
rogulated with the cylinder gpeed and the depth of the
counter teeth, It wam observed that eylinder speeds
of 288 to 30 metres per mecond resulted in a hetber
machine performence, The hrulging was not £ine enough
at higher moimbture content,

The studies carried out by Simgh el al. (1973)
in eonnection with the hervesting and thresghing of
grain at different moieture contents indicated thabs

(1) the total losses increased with the increame
in moisture content for the given range of 6 to 1l per
cent and

(2) the breakege of grain wilbth the combine wes

more &b higher moisgbure contenb.
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Pathak et ai, (1973) reporbed that the threshirg
percentage, whlch vas an indivect meseure of energy-
tranefer, was a function of peripheral veloecity, moisture
content, material and shape of the impact membery, There
vag 8 non-linear incressing velationshilp between moisture
conteat and threshing percentages

Mittal (1972) reported that in Punjab 1,16000
threshers, ranging in thelr power-requirvement from 5 hp
to %5 hp, were being used by the fermers in 1970-T1l.
Acoording to the results of the field sbudy, a majoriby
of farmers were not aware of the adjustments and their
effect on wachine performence, Mittal (1970, 197L) in
the course of field studles vegarding the use of Vicen
and ¢,D.R, B5l8 combines, ohserved grain loassges totalling
8.4 and 0,53 per cent, respestively,

Singh (1970) veperted that the threshability and
denage of wheal grain were infiuenced by the threshing
oylinder type, feed rate, eylinder speed and concave
clearvancae, It wag reported that the bhest peripheral
ppeeds were 1450-1550, 1150-1250 and 8%50-950 metrves pexr
nionute, respectively, for hauner type, stralght bar and
gpike toeth type cylinders, The visible damages ab these
ppeede were reported to be F.8-442; Fe0=3s4 and 2,4-3.10
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por cent and unthreshed loss in the range of 1.4-1,5,
1:6-143 end 0,5-0,3T7 per cent, respectively. It was
obmerved that the feed rates affected seed losses and
viglble damsges,

The results of the performance tests in harvesting
vheat orep waing some of the thrashers menufactured in
India reported by Keul end Kumar (1975) are presented in
Teble 3,7« The date presented in table praovide usefuld
information on the owvap inpubt capacity, energy conglup=-
tdon, grain leosas, grain crackeage, power consumption and
outputs However; it does net provide information on the
speed of eperation which happens to he one of the most
dmportent peraneters influencing machine - performance,

The 181 standerds (ISt 6320-1971 aad I9s 6284«
1971) prescribe the following eriteria for the performence
acceptabllity of threshers:

(1) the capacity of thresher should not be less
than 85 kg of vheat orop per kwh enexgy consumed,

(2) the thresbing efficiency should not he less
than 992 per cent,

(3) the cleaning efficiemcy should not be less
than 96 pewr scent, and

{4) the total loss sbould not exceed 5 per ecent,
in which orackage ghall not be more than 2 per sent,
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A number of studies have been conducted on losses
and thelr relationship with operational pervameters in
relotion to the use of combiness The results of these
studles are equally applicmble on the performance of
reopers and threshere in general, as far ap the cutter
bar and threshing losses are congerned,

Billenekd (1966) reported that the high molsture
gralng required more energy te produce crackage but high
moipture graine got permemently deformed at & lower load
than drier graing,

King snd Riddels (1962) reported decrease in
viaible damage of wheat grains with the increase of
moisture content during threshing but only upto 20 pew
cent molgture content, Beyond this, the damage increased,
They reported the increase in invieible damage during
threshing with the increase 1in moisture content, Becauge
of this, it was vecomended that the moisture content of
the grain at the tlme of havrvesting should not be more
than 16 per ecent to meet the peed requirement of 85 per
cent minimam germination,

gingh et al, (1975) reported the decrease in total
lomses with the inoresse in moigture content at the time
of harveesting with the combine, The maximum total loss
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of 4,98 per cent occurred at 7,8 per cent moisture
content, while at 11,7 per cent moisture content, the
total loes was only 1,19 pexr cent, They veported the
effect of eylinder speed on unthreshed grain snd externsl
damage, thereby underlying the importance of proper
adjustment, Flgure 3,11 shows the relatioaship between
cylinder speed and unthreshed grain and external damage
on wheat,

MeQuen (19%2) reported the effect of height of cub
and rete of travel upon the grain losses, thus underlying
the importeance of proper adjustment and skill of operator
(Pig . 3.12),

G Conclusion of review
310 On the basig of the review made in the earlier
sgctions, the following conclusione can be derived i

(1) In view of the increasing rate of human
population, the productivity-concepts are to be incorpo-
rated en a larger scale than hibherto, in agricultural
production processes,

(2) The inecorporation of energy and mechanization
in farm operations pave the way for increaséd productivity
from land and labour,

(3) Harvesting end threshing operationa required
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damage, thereby underlying the importance of praper
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for wheat need mechanization from the point of view of
labour-productivity, profit, weathev-risks, drudgery
and timeliness of operatilons, '

(4) The need for such mechenization of harvesting
and threshing operationg hes been realized, With this
end in view, work on the deslgn and development ef
harvesbing and threshing machinery has been dene by
different research workers in India, whoge work has bheen
reviewed,

(5) The workers are not unanimous in their approach
regarding the level of mechanizetion to be adopted in
harvesting and threshlang operations,

On a eriticnl examination of the review, it may
be seen that hardly any work has been done te study the
harvesting and threshing systens baped on the methods
employing the cenvenblonal means like sickle and snimal
trampling to modern machine like combine-harveaster-thresher,
Though different workers have touched different aspects
of harvesting and threshing machinery i,e, coat, energy,
losses and adjustnenty labour-digplecenent and fermers'
reaction etc,, yeb the informetion available is in plece-
meal and not gathered uader uniform field condlilons,
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This sometimes cauges apprehension about the suitability
of a particuler harvesbing and bthreshing aysbtem to be
adopted,

Hence, as 8 logical atep, the present study hes
been underteken to develop systematlie information under
sctual field conditlons, It il envigaged that this
information will be helpful in the seleotion and adoption
of a suitable system of hervesting end threshing uwnder
specific farm pituation, Alee the present study, it de
hoped, will provide comperative data to determine the
level of mechanization to be adepted in harvesting and
thresghing operations for wheat wnder varied conditions
with gpeciol reference to India,
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CHAPTER IV
HARVESTING AND THRESHING MACHINGRY

The harvesting and threshing systems of wheat orop
are dependent upon the devices used to harvest and thresh
and the souree of power avallable to operate them, The
implements and machinery used in the present study in
thepe two eperations are discussed below,

A Tools and machines for harvesting
4,2 Hand plckle

The most commen teol for harvesting crops since
time immemoriel has heen the sickle., The sickle is sbill
widely used in India and other less developed countries
becange of ites being chesp, made locally and being easy
to operate, The worker is mequired te mgquat on the ground,
hold the plents by the other hand, The harvested plants
are tied into bundles by the seme worker with a few plantse
The bhundle is left to be collected later upumlly at the
end of the day, When the worker reaches the other end of
the field, he turne evound and agein repeats the above
process in opposite direction and goes on t1ll he finishes
cutting the aves allotted to him,,
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This method is slow and causes much fatigue te
the workers, specially if they are not used to thig
posture of sitting'md working,

In another method of harvesting with sickle, the
worker is reguired %o bend while standing, hold the
plentes with ome hand snd eut the plants near the roote
with the right hand with the help of sickle, Thls method
alaso caunmes fatigue, resulte in conglderable drudgery and
im slow,

There are two types of sickles in commen uge in
Indias

(a) plain edge sickle or blade edge sickle, snd

(b) moxrrated eidge mickle or saw pickle,

Ior wheat harvesting, the serrated edge slokle iam
most commonly wsed, The syetenm of memwal harvesting wibth
pickle can be improved Lo some extent by redesigning the
plekle and menufacturing it out of better quelity of
wtoel,

The handle of the sickle ls ususlly made of weod
and the blade mestly of mild steel, The total weight of
the sickle varies from Q.25 kg to 0,50 kg, Figure 4.1
shows the general shapes of hand sickles and details of
congtruction of hend-sickles used in the Delhi territoery
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end neighbouring areas,
443 Reaper

In the reaper used in the present study, the cutter
bar gets power transmitted from the ground wheels by means
of o pair of imternal spur gearm and & pair of bevel gears,
The power transmitbing wait consista of the maln exle
gearsy, crank-shaft, orank wheel and pitwen, The maln axle
receives power from one of the transport-wheel, A ampur
geay nounted on the main axle drives the spur pinion on
one end of the counter-shaft in the gear box, The bevel
gear koyed to the other end of the counter-shaft engeges
with a bevel pinion on the crank ehaft, The erank wheel
and the piltmen are fixed on the cuter end of the cranike
shaft, The eccentric wheel transforms the cirveular motion
inte veeciprocating mobtlon of the knife in the eubtter haw,
The Imife im connected to the pitmen with & hall end socket
Joint and reciprocabes wibhin the guards, The teeth on
the lmife are so adjusted that they cut the owop from both
the sides when the knife reciprocates, making sbout 1600
atrokes per minute,

A platform is provided on which the cut eroep fallas,
fron vhere it is collected and tied. into sheaves. A
cluteh is provided on the cownber-shafi to engege ox
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digengage the driving unit and ie operated by the fooh of
the operator sitling on his seat, Figure 4,2 shous the
wheat erop being harvested with a reasper,

Aligament, lead and registratlon are the necessary
checka and.ad:]natmontc to be mnde before taking the machine
to the field,

B Machines for threshing
dod Olped threshex

Among the spall faymers bthroughout wheat farming
areas in Indis, the olped thresher im a popular threshing
machine pulled by a pady of bullocks. The use of this !
machine is en improvement over the indigenous methed of
threshing by means of bullock treading en a charge of
crop spread in o cirele over the threshing f£loom,

The olped thresher consists of a pguare shaped
frape with two transgport wheelse, wsually made of cast
irons The freme is £itted with three axles with the help
of pide-brackets consimbting of cast iven blocks with
wooden bearinges Civoular notehed discs numbering 14 te
21 and gpaced 15 em, are mounted on these axles with
gteel or cagt lron gpacers to separate then from gsch
obhex, Each dige is of 46 cm diaueter and 3 mm thicknesae,
The dises are usally mede up of 10 guage sbeel with 2 deep



Fig, 4,2 Wheat crop being harvested with a resp er

I"ig, 4,% Wheat crop being threshed with an olpod thresher



ribs in eopposite direction to ensure maximun rigidity,

The operator can sit over the wooden platform,
provided as a cover on the dises and having expanded mebal
guard attached %o b, Figure 4,3 shows the wheat crop
being threshed with the help of em elpod thresher,
Threshing with an ¢lped thresher is continued till the
entilve herveated heap of crop becomes 8 homogenous mixture
of grain end Phuge (chaff),

445 Spike-tooth threshey -~ long atraw making type

The threshing machine used ln the study wes a
Pullman thresher which is en lmported machine developed
by O.A. Vogel in 1950, It does not meke bhuga (bruised
straw). It is & treailer mowted statlonery thresher
operated by 9,2 hop- petral engine,

The feeder thyoat on the hopper is 59,28 en long
and 94,58 on wide., The threshing oylinder is of 29,64 em
diemeoter and 49,40 om wide, having seven rows of 8 Leeth
spread on ite uylinderical surfase, The operating speed
nay be upto 2400 rpm with a clean-out time of 8 meconds
approximetely, PFigura 4,4 shows The working of the
Pullnan threshor,



Fig, 4,4 Working or a pullman thresher

Fig. 4.5 Hammer mill type thregher without sieving
and bagging arrangement (drummy thresher) -
conventional type



59

4,6 Hammer mill type thresher without sileving and
bagging arrangement (drummy thresher) - conventional
type
Drumny thresher (Pigure 4,5) is very popular among

the pmall farmers of India because of its low coste It
hap & threshing drum in which, genevrelly 12 beaters are
provided to thresh the cvop. A winnowing fan is provided
undex the machine to blow off the hhups from the grain,
The grain falls bhrough grate by gravity along with some
heavier matevrial like nodules, pods and unthreshed spike-
lets malking the winnowing eperation e newsessiby. There
is no bagging arrvangement. The machine opevates at a
speed of 470 to 550 rpm, The beaters are fixed to the
rotor which beats the fed crop againgt grated bar, The
bheaterm work in & hoveing whioch has an gpeaning for erops
foeding, The drun diameter of the drummy thresher wused
dn this study de 90 en and clesarance 5 cm,

A part of the grain end bhuga get mixed and wsually
are rocycled thyrough bthe blower for further cleaning,
Some clemaning is alao done using a broom. The process
is time aonsuming and the person assisting in cleaning
hag to work in o comperatively unfavoursble envivonment
of dugt and blown bhupe,
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4.7 Hammer mill type thrcshqr with spleving and
bagging arvangement (Ludhiena type threshexr)
Baglically, the Ludhlana type thresher ig alsc a

drunny thresher as far as the basic principle of beating

the crop againgt stationary plate er rods are concernsed,

It is different from the point of view of peparation of

grain and ptyav and delivery of grain, Both the operations

are affected through the use of oseillating sleves and the
suction created by the fens te 1ift or suck the hhuga

from the mizture and blew it off,

The Ludhians Ltype threspher shown in Figure 4,6
ham a drun diameter of 100 ¢m and a clearence of 5 cm,
Threshing of the fed crop is carried inside the dxum by
& number of sbeel arms (12 No,) with beeber tips mounted
m 8 rotor-beater, The mixture of grein and straw
(aftber threshing) falle down throuvgh a grate which forma
the lower part of the periphery ¢f the drum, This
mixture is received on the esmclllabing sieves Gopped by
& puction duet (agpirator), Two fone ave provided to
clean the grain by blowing out the bluga, Thewe Tfang
suck the bhugs through an aspivator end blow it off
through the straw discharge outlet, The nodes and grain
are gepevated on the oscillating sieves, Through the



I'ig, 4,6 Hammer mill type thresher with sleving
and bagging arrangement (Ludhiana type
Lhresher)
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opeillation of the sleves, the nodes left out on the
vpper pleve fall oubt to the ground while the grain passes
down to the lowexr sleve, From the lower sleve, the grain
peeses towards an augey carrying it to a bucket type
elevator for bagging.

4.8 Combined harvesher-thresher

A combined harvesbter thresher (commonly known es
combine) is a machine conslsting of wreaping, threshing,
geparating, cleaning and eollecting unite as compenenta
put together in a synchronized manner in oxvder to get the
maxinaim poseible clean grain yield from the standing fleld
erope. The flow path of grain and etraw in a combine iwm
illuegtreted in IMgure 4,7.

The combines ave classified as (1) self-propelled
typey (ii) pto operated side mounted and (iil) tractor-
driven tyailed type,

The combine used in present study was a Vieon
JF Maghine which is a trector mounted pte operated combined
harvester throshci'. Pigure 4.8 ghows a schematic avrrange-
ment of the basle funetional components of the machine,
Flgure 4.9(a) and 4,9 (b) show the field oporatim of
harvesting wheat with the cowmbina,
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rige 4.9 (a)

Pield operation of tractor
gide mounted pto operated
combine

g, 4,9 (b) Field operation of tractor side
mounted pto operated combine
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The bapic funotional wnits of a combined harvester-
thresher ares

(1) heador unit consisting of cutter bar, resl,
header plat form, plat form auvger and feeder conveyor;

{2) the threshing wnit consisting of a cylinder
and cencayej

(3) the sepavating unit conslsbing nainly of strew-
walkers, sand »

(4) the elemning unit consisting of chaff er sieve,
cleaning gleve and fan-e¢leaning of seed from chaff and
other debxis,

The specifications of the Vicon combine as provided
by the manwfacturer are given in Appendiz B,
¢ HMachine for winnowing
4.9  Vinnowing fan

Winnowing operation ls done to geb clean grain
from the straw and grain mix, Winnowing as such, is
the process of meperating grain from e mixture of grain
and cbaff or hhuga by natural ailregtream or oveated
evtifically, The asparation is effected by allowing the
air ptream to pase through the mixture falling vertically
dowme The chaff bedng lighter io blown off and the grain
falls straight verticellys
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Size .H.a,;or
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[ Frame Chanael 75cm 40 mm 1
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3, Fan post Angle iron 25em 25emx 3
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The machine used in the present study is a
taingh winnowing fan' welghing sbout 64 kg in which
the fan ie operated through sprockets and chiang, The
fan conelsts of 3 blades, each of which ia 1160,10 em
in diamoter, There is a seven-fold speed-increase
through the use of a paixr of gprockets and free wheels
which provides a fan speed of $20 wpme The operator
pits on & seat (Pig, 4.10) end worka the fan by meansg
of pedals as in the caspe of am erdinary cycle,
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CHAPTER V

VATERIALS AND METHODS

The investigations weported in this thesis were
conducted in 1974 and 197% on the remeareh farm and
laboratories of the Divigion of Agricultural Engineering
und the Water Technology Centre of the Indlan Agricultural
Regeaveh Institute, New Delhi,

5.2 Gepgraphioal locabion snd climatic conditions

Delni is situated st 28,4°% latitude end 77.1%
longitude and located at an elevatlon of 228 u above mean
sea level, The climate la typlcally seni-arid and sub-
tropical with the chavacteriphiic of hot summer and a cold
winter, The temperature rises as high upto 46° ; during
the gummer monthe while the minimun temperature falls
to neavly 0% in the winter, The daily minimum and maxlmun
temperatures ingrvease from Pebruary to June and decrease
during July to September and dvop fast fxom October in the
winter attalning the minimum value in Jenwary, The
everage annual presipitatien is 672 mm with heavy rains
£rom July to September, High wind veloclty is experilenced

from late winter onwerds accompeniled by an absence of
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rainfalls There is en abrupt rise in temperature during
the apring which hastens the maturity of vheat orop. The
neteorological data for the period of the present investi-
gation recorded at the Meteorological Observatory of
Indien Agricultural Remearch Institute, New Delhi are
proepented in Table 5.l. Detalled delly meteorological data
are presented in Appendix A, ‘
Hed Polioy variables

The different policies constitubing the harvesting
and threshing operations investilgated were as followss

I Tractor operated combine harvesting oum

threshing aystem (designabed am S-l1),.

II Tractor eperated reaper harvesting + manual
bundling + stacking + thresher (not bhusa making) +
winnowing and c¢leaning if necemsary (designated as -2),

III Trector operabted reaper harvesting + mnual
bundling + etecking + hammer mill type thresher with
pleving and bagging (bhusa meking) + winnowing and
cleaning if necegesary + bagging (deglgnated as =3),

IV Traetor aperated reaper harvesting -+ manual
bundling + stacking + hammer mill type thresher withoud
sleving end bagging (drunmy thresher) ¢+ winnowing end
elesning + bagging (designated as 9-4),
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V Silckle havrvesbting + manual bundling +
stecking + hammer mill type thresher with sieving and
bagging (bhusa making) + winnowing and cleening +
bagging (designated as 8-5),

VI BSickle harvesting + menual bundling +
stacking + hammey mill type thresher without sieving end
bagging (Arummy thresher) + winnowing and cleaning +
bagging (designated ap 8-6),

VII Sickle harvesting + mespual bundling +
stacking + animal threshing with olped thresher +
winnovwing and scleaning + bagging (desiznated ap 9-7),

The above polioy conecept is illustrated schemati-
cally in Pigure 5,1,

The ebove policles af operation-combination comprige
the existing ones or those probable onee which could be
adopted in the near future, ocongidering the enticlpated
technologleal progress of Indian egriculbture and the
different levels of technology peossessed by t he whoal
farmere in different parte of the counbry,

The specifications of the traectors, combine-
harvester eum thresher, reaper, threshers, winnowing fan,
intexrnal combustion engine and electric metor used in
conducting the experiments, are given in Appendix B,
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5e4 Land ares allocation and preparatery tillage

An approximate lend avea of l.4 hectares was
s.lla’f.tﬂ‘ on the research farm of the Division of Agricul-
tural Engineering te railse wheat crop and conduct the
experiments related to aystems of harvesting end threshing
indicated earlier,

Preparatory tillage operations of the experimental
fileld were carried out sfter the usual pre-powing
irrigation, The presowing tillage operations carvied
out, in the experimental fleld are listed in Table 5.2,

B Experimental technigue
5.5 xperimental detalls

The detiailsm of the experimental technilque are gilven
helow &

(a) Two experiments titled A end B were conducted
at twe different sowing dates ms indlcated in artiele 5,4,
Each experiment had three replications titled a,b amd c,
The seven treatments indlenting seven policies were appliled
ag per randomized block demign. The plobts have been
indicated ag A/S-1/a to A/ST/c in experiment A and
B/g-1/6 to B/§=T/c in experiment B, A/3~3/by for example,
indicates wheat erep in plot of experimeut A in the \:"'h
replication under peliey Js
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(b) Layout for experiments A and B

Design
Replications
in each
experiment
Total number
of plote in
each experiment
Total area
under beth the
experiments 4.6,
A and B

Plot size

Net area under
plote in both
the experinents
(¢) Treatments
Ireatumenty

Sel

Se2

8-3

8-4

G5

S=6

8.7

Randomized bloeck design

Three
Twenty one

2(107.5 = 64,60) n®
—1.39 ha

50,5 m x 6,87 m
— 2094535 8qems

0488 ha

Malo machines involved

Vicon combine

Reaper and Pullman thresher
Reaper and Ludhlena threghex
Reaper and drummy threshex
Sigkle and Ludhiana thresher
gickle and drummy thresher
8ickle and olpod thresher

(d) Leyout of expewimenb

Figure 5,2 shows the layout plan and neccssary
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details of the plote deseribed in articles 5.4(a), 5.4(b)
and 5¢5(c).
546 Details of the crop and variety

(2) Wheat variety - Sonalika

411 the peven eystems of harvesbting and threshing
were tried with wheat as the test erep. Wheat orop was
seleocted since it “ip the major and premier food grain
crop of northern India, The Sonallke wheat was grown,

tonalike wheat is a pingle gene dwarf variety
derived from Mexilcen avoem (II 54 X 388 x An) = (Yb,54 x
N 1 DB) LR III 8327, The sraina are bold and amber
coloured, It is moderately resistant to all the three
rustes and performe well iI¥ timely sown, Thisg is also
specifically puited teo late gowing conditicns in multiple
cropping syetem,

(b) Agroneomie practices

I Seed rabte and spacing

A seed rate of 100 kg per hectare was used with a
row to row spaecing of 2% om (Shavma et al., 19753 Dhillon
and Singhy 1974).

IT Time and method of mowing

The sowing dates for experiments A and B weve 23vd
RNovembor and 23rd December, 1974 respectively. The uge
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of peed cum fertilizer drill vas made to ensure uniform
depth of sowing, The sowing depth was kept at 6 em to
enpure better germination (Krentz et al., 19753 Dhillan
and Singh, 1974).

III Fertilizer spplication

The nemes of the fertilizers and their rates of
application in the experiment are given in Table 5.%5. A
half of the guentity of nitrogenous fertilimer reguired
and full amount of phosphorus snd potassium weve applled
et the time of egowing. The remeining dose of nitrogen
was broadcast at the time of first irvrigation (the
timinges of irrigation in both experiments given vide
Table 5.4).
Table 5,5+ Fertilizera applied

Quantity of Quantity of
five  Nutrient nutrient Pertillser gertilizer
3 Hitrogen 123,50 CAN (25 %) 494
2 P205 61475 Sup erphog- 383

phate (16 %)
3 K20 61,75 Muriete of 49
potash (60 %)

The seed cum fertllizer drlll was wused for the
purpose of band placement of the nibtvogencus, phosphatic
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and potassium fertilizers at 5,81 em depth and 3,81 om
diptance from the row of seeds.

v Intu'oult‘m

One hoeing was done after 40 days from sowing in
each experiment in order to control weeds,

V Irrigation schedule

Plve lxrigations were given to each of the experi-
mente on the detes mentioned in Table 5.4,

Teble 5.4. Ivrigation schedule¥
Duration
Irrigation Lxperiment Experiment O:tmi-i'n
perial A B &
each plot#¥
adn
Pivet 21,12,T4 end 2le1:7T5 and 15
irrigation 22,12,74 22,1,75
Jacond 24,12,7T4 and 1262.75 and 20
irrigation 25,1.75 132,75
krigaticm 110 2075 6.3.75
Fourth 353675 and 20.%75 and 20
jrrigabion 44375 Rle3eTH
ifth 18,%,75 and %0.%e75 and 10
irrigation 19575 3143275

The drrigation pohedule was followed as recoumended
by All India Vheat Research Workers Workshop - 1971,

ICAR, New Delhi,

#% The discharge of irerigatlon punmp was 600 1/min,
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5.7 Preharvasting studias

I Plant population

The final plent population count was talen at
randomly selected spote after throwing mild steel xrod
square of 100 em side in the plot under observation befove
harvesting, Three observations were taken in esch plot
and the average plant population (Nos,/sq, netre) was
determined,

II Number of total end effective tillera

The number of total and effective tlllers were
counted at the time of harvesbing the orvop from three
aguare metre nrea in each plot, The average numbevr of
tillers per sguare metre in each plot waas determined for
hoth experiments,

IIX Plant height

Ten plante were selected at rvandem from each plob
and thelr helght vwas neapured with a sieel measuring tepe,
The average height of the plants in each plot was determined
for the experiments A and B,

IV Pre~harvepting loss

Pre-~havveating loes wes debermined by eounting the
nunber of kernels shattered on the gvound, Theme kevnels

were gounted from one gquare matre aves marked by throwing
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the mild steel rod square of 100 cm gide at random in
each plot, The average of three ohservatioms in each
plot calculated and multiplied for the whole plot was
determined,

V Lodging

Lodging 1ig defined ag the mags falling of the orop
plantg and ig mostly the result of rank growth, stormg or
inherently weak stems, Technically, the term 'lodging' is
applied to the crop which is partly or completely laid over
the ground bhefore harvest and gets more or less entangled,
resulting in difficulty to harvest and increaged logs due
to shedding of grain, Hayes end MeClellend (1928) have
defined four classes of leodged plants depending on the
degree of leaning towerds ground i,e, by (i) 0° (11) 20°
(iid) 40° and (iv) 60° and worked out & lodging index by
multiplying the number of plants in each class by the
angle of lodging and dividing the product by the Lotal
aumber of plants. In this study lodged plents were
congidered those having an angle of lodging of 300 or less
weapured from the horizontal, Lodging of the crop in
experiments A and B resulted due to adverse weather
condltiong on 2%rd and 24th March, 1975 (&ppendlx A),

In the present study, the arve of the lodged orop

hag been expregsed as the percentage of total area of the
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crep which ham lodged as per the definition of lodging
in eagh plot and ip demignated as percentage lodging.
The dimensions of the lodged cxop were measured with a
neasuring tape, the lodged area caleculated and then
exprepped as perveentage 0f the total area of sash plot,
The lodging expressed in persentage is reported in
Appendix ¢ for both experiments A end B,
5.8 Studiea at barvest time

I Length of earheads

Ten earheads were sampled out fwrom the ten plante
solected at random in each plot from the second and the
gizth rows and their lengths memsured, The average length
of eech earvhead was caloulabed for each plot in hoth the
oxperimente,

II HNumber of grains per earhead

Ten earhends from eash plot were threshed in a
eloth bag manwally and grains, after cleaning were
counted, The average number of graine per earhead wes
calovlated,

III Thoumand kernel welght (TKW)

Randon gamples were collected from the clesnaed
graing of eech plot and one thousand grains were counted,
The welghte of theme 1000 graing were recorded aﬁd the
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average TKW determined,

IV TYield of the plots without losmes and the

grain-gtraw ratlio

A mild eteel rod sguare of 100 om side wasg throun
at random in the plot under observation, The plents were
cut manuelly with minimunm disturbance from the area enclomed
by the square, The crop plents were firvet welghed and then
penually threshed with great cave and precuation, The
weight of greins wap egsin neted, Thus, three eobservations
were taken for eash plet, Ain average welght of crop plents
per squave metre and the average weight of grains per
square netre was determined for each plot and then projected
tp determine the graein yield For the whole plot,

The welght of straw was caleulated by eubtracting
the weight of grain from that of total preduce of one
square metre area from each plot,

Thag, bthe average grain-gtraw ratlo in each plot
of hoth the experimente was caleulated on the basls of the
following relationship 3

Graine-gbrav ratlo

Avarago we:le:ht of g:'ai.ns

veragewei,ght of e
pex square metre of crop |
B H

!
i erop plants par
|_mguare mebre
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V Meisture content of grain

The meisture contents (dry weight basis) of the
grains were determined by the standard hot air oven method
at 95°%, The graine were kept in the oven till constant
walght resulted, The molsture content (dry weilght basis)
wag calevlated on the bapis of the following relationships
Moisture content (dwb), percentage

elght of dried gampile,

= x 100

Foxr weighing the mamples Sartorius sutonetic
welghing pen balence (self indlcabing type) was used with
n least count of 0,01 g (Figure 5,3),

VI Moisture content of mtraw

The moigbture content of straw was also caleunlabed
on dry welght bhasls by the standard hot miv oven mebhod at
65% ti1l the consbtant weight of straw-ssmple resulted,
The Sartoriue automatic welghing pan balence (aself indica-
ting type) wae used for welghing the samples,

Caloulations sinilar to those of avtiele, 4,8-V
vere made to determine the molmture content of atraw manples
from the plots of experiments A and B,

VII Cutber bar (or sickle) lose

The cutter bar loss in harvesting machines (and



sartorius antomatic

weighing pan balance



plckle loms in the case of manusl harvesting) has been
@efined ag the grain lost in the fileld due to rough
hendling of the cutter bar (or sickle),

~ The cubter bar loss in each plot was determined
after throwing the mild sbeel rod square (100 cm side)
at rondem and collecting the amount of grain from the
ground purfaece within the square, An average of three
obmgervations gave the total loss ineoluding the eutter bar
and pre-harvest losses, The average cutter bar (sickle)
lose was caloulated by subtrsobing the amount of pre-
harvest lose from the total loes thus determined.

VIII Cylinder loas |

The cylinder loss in the cepe of the combine wam
doternined at the time of havyesting the crop, In the
case of thweshers, it was determined when the cxop
hevrvested from each plot was threshed,

The eylinder lose in a Shreshing mechanism is the
amount of grain lost over sbraw in the form of unthreshed
heads,

This was determined by collecting the straw materisnl
Aischarged off the muck of the combine over a distance of
10 metrea' wun, The loose grain was shaken and wathreshed

grain collected, This grain was threshed mamually to get
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the kernelss The total amount was weighed and the figure
was projoeted in terms of the tobtal oylinder loss per plob,

Ii Rack loas

The rack logs in the ¢ombine lg the loome grain
(threshed one) shaken out of the straw collected over a
measured aves, ‘

The rack loss in each plot under S-1 wag measured
over a distance of 10 metres® run collecting the straw in
a cloth gheet, The loome graln was ghaken oub and weighed,
The wack loss in the whele plot wes then caleulated,

X Shos loss

The shoe loes iu the combine was debermined by
collecting the material coming from the ghoe over a
meapured avea »f 10 metres' run with the help of a cloth
shoet,

LI CGathering and butidling loss

In all the systems except S-1, the gathexring and
bundling loss was determined by ceollecting the earheads
left behind in the plote by the workers, This may happen
due to negligence, wnmanageablliby, shattering tendency
of the crop-plants or high wind, The earheads thus

colleckbed, were threshed manual;y exnd the grain welghed,
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A1l Trangporting and conveying loss

The harvegted crop from plota under 5-2, 3-5, S-4,
G=5, S=6 and 9-7 were treneported to threshing f£loor by a
tragtor-trolley. The shattered grain and eavheasds left
in the trolley were collected, threshed and cleaned., The
total emcunt of grain was weighed and termed as transport-
ing and eonveying loss,

XIII Threshing floor loss

The harvested crop from each plot ie usually kept
on the threshing floor in separate bundles till it i
threghed, The amount of grain lost due to birds, rodents,
shatteving etc. ls termed as threshing flocr lons.

The indirvect methed of caloulation shown below hag
been used to debtermine the threshing Lloor losss

Lyg = @3 = G, - L '
in which,

Ltf = threghing floox lose per plet, kg

Gl = graln yield before uslng the sysbem, kg

1}2 = grain yleld obitained after the performance
of the system in the plot, kg

L = all types of losses in the plot due to
harvesting, threshing, trangporting and
bagging etc., kge

XIV Heilght of stubbles

The height of the sptubbles encloged within a sguare

metre (uslng steel square method) was measured and the

average height of mbtubbles from three observatlions was

determined in each plot of both the experiments,



£V Lffective field capacity

The effective field capacity of a machine is a
funetion of the rated width of machine, the percentage of
rated width actually utiliged, the speed of travel and
the amount of field time lost during the cperation
(Bainer @b 8l., 1963), It ig defined am the actual
averege rate of coverage by the machine hased upon the
total field time (Bainer gt al., 1963) and is expressed
in heectares per hour,

The effective field capaclty was determined for
combine, reaper and labourer with sickle for harvesting,
The time-data was collected for each plot in both the
experimentes, A sbop-watch was used for keeping the time
and a dial weilghing balance (Plat.foxm type) was used for
welghment,

59 Operational studies

These studies were made to detexmine the operational
time involved in wvarious opervations in each systen wight from
the barvesting operations to the trensporting of the grain
for storage as applled to emch plot in both the experiments,

These ptudles were conducted to determine the time
inveolved in each plot for the operations like harvesting,
gathering and bundling, loading and unloading the trolley,
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carrying to thresher, threshing, winnowing, bagging and
trangporbing to storage and thereby to find ocut the total
time for the pystem as applied to each plot. GStop watches
were uped to keep the time-data records,
5,10 dtudies related to threshing

Apart from the studdes made in 8-1 to determine the
cylinder loss, rack loss and shoe loss, the studiees related
to threshing involved the following :

a8, Tthreshing loss

b, arain content of the teilings

Ce Cleanliness of grain

de vipible seed damage

@, invigible geed damsge,

The methodology and deseription of the above studies
are glven ag follows:

I Grain content of the tallings

The gtraw was blown away upto a digtance of 5 metres
from the strawy outlet., The samples of stwaw were cellepted
at the distances of 0-1 m and l-2 m, The pamples were
cleaned for grain and weighed, The test was conducted for
each threpher at the gpeed of threghing drum ag recommended

by the mamufacturer,
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II Cleanliness of grain
The eleanliness of grain was determined by weighiag
the sotual smount of bhreshed grain from the grain-oubleb
end expresging it as the percentage of total amount, The
method of calculation is given below:
Cleanliness (pereentage)
WB:Lght( g:)th.e sauple, __ Ilmpurities or Lorelgn

Weight oF the eamphe (kg ¥ 200

III Visible seed damage

The vigible peed damege im a function of the molgture
content of the grain, ppeed of threshing drum and the
variety of the erep. It wae calcuwlated by taking three
samples of known weighte of threshed graing from each plaet
yield at the speed of operation of the threshing drum from
which the cragked or vislbly demaged gralns were geparabed
and welghed, The amount of vielibly damsged seeda was
caleculated by taking an average of these threa samples
from each plot-yield, The vimible seed damage was expressed
ag the ratico of the welght of the vislbly cracked seeds to
the welght of sample of seeds taken at the recommended
speed of opewations It is expressed as 8 percentage,

IV Invigible seed damege

Invigible seed damage from each plob vas calculated
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with the help of germination test, Visdbly strong and
healthy seeds were teken and germination test was carwied
out, Three samples, each congiating of 50 seeda from the
grain threshed at recommended speed of operation of the
threghing drum were taken, The average dauage was deter-
nined and expressed as percentage (Fig, 5.4).

The meeds were placed in petri dighes between
noiptened blotting papers, The germinated seeds were
counted and thereby invigible danage was calculated and
expressed in percentage,

Failure of germination may be due to factors other
than invisible seed damage, The approach wsed in the deber-
mination of invisible seed damage emsumes that geeds fall
to germinate only due to luvigible seed damage cauged by
nachine gperation.

5,11 Huel consumpbion

For fuel congumpition test, the oll tank of the
engine wag £illed upto the top,

In cape of harvesting mechines, after bhavrvesting
gach plot undexr 9-1, 5.2, 8~% and S-4, diesel ¢il was
f£filled upto the top of the tank from a messuring eylinder,
Ihe amount of dlesel oil required to vefill the bank waas

noted., This gave the amount of diemel oil consumed, From



pig, 9,4 Germination test



a7

the data, the fuel congumption per harvested plot vas
caleulated,

Similarly foxr threshing wmachines the topping up
method (mentioned above) was used to measure the fuel
congumption for threshing each plet under -2, H~% and H-5,

In cese of =4 and 8«6, the drumnmy thresher was
operated by an electriec motor, The duration of operabiom
was noted with the help of a stop wateh, The energy con-
suned for thresghing the plet yleld was determined from
the difference in the readings of the enevgy-mebter,

.12 COost of operation

The total coast of operation of each pelicy comprised
thg coate of operatilon of harveating and threshing machinevy
and the cost of labour involved, Accordingly the unit cost

of operation was determined as follouss

Cu = E" z 0o

in which (u = unit gost of operation expressed either
ag Rs./hr ox s, /he,

Fe = fixed copt of the machine, R,/annus

O¢ = overhead cogt of operationel charges,
Rie /BT OF I3e/h&e

A = no, of hours or hectares for which machine
ig used per annwm,

The date collected from the field sbtudles of



experiments A and B and the market reports were used foxr
making asppumptions regarding depreciation, intervest,
shelter, taxes, insurance and labour charges in orvder to
ealoulate the cost of operation of each gystem, Method
of caleulation is gilven in Appendix D,

The data about the prevailing rates of custom
mervice and the prices collected from neighbouring areas
are reported in Appendix L,
¢ gtatisbical analysis
5.1% The various data recorded in the experiments were
analysed sbtabtlstically by analysis of veriance of vandomlzed
block design as per procedure given by Cochran and Cox
(1957) vhervever it was congidered necemsary, The standard
error of meen was caleulated for each item of study and
the eritical differences at § % level were compubed for
gomparing the treatment meanm, wherever P-test was found
to be pignificent, The analysle of pooled data of yleld,
lopsen end operational time for both experiments ave

pregented vide Appendices Fy, ¢ and H respectively,
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CHAPTER VI

RESULTS AND DISCUSSION

The treatment of this chapter can be grouped broadly

into the following classes i

A gtudies on the plent characteristica befors the
harvegting and threshing operations. These studies
include (a) pre-harvesbing studies and (b) studies
at hervesting time,

B Determination of the grain loesses accruing at
different levels of processing of wheat crop by
the operations involved in hervesting and threshing

gyatemng,

Q

fGtudies related to the helght of stubbles left in
the fleld after the barvesting of the crop,
D Deobermination of effective field capacity/perfor-
mance of hervesting and threshing machines,

=

Operational studles related to the time involved
in the performance of different operations during
the courge of applicatiqn of the policles of
harvesting and threshing,

» Labour reguirement,
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G Studiem related to threshing in different policies
of hervesting and thresghing,

H Studies related to the cost of operation of each

policy of harvesting and threshing,

The details of the remults of the aforementicned

studles are reported and digeussed in the following

paragraphs,

6,2 Studles on the plant characterigtica

Pre-harvegting studies of the following character-

letice of the erop in both the experiments were mades

1
II
IIT
v

v

Plant populatlon

Number of totel and effective tillers
Plent height

Pre-harvesting loas due to natural factors
like graineghredding, wiad and birds ete.
Lodging

The following studles of the plant characters in

both the experiments were made et the time of harvesting:

I
Ix
IIx
v

Length of earheads

Number of grains per earheads
Thougand kernel weight

Yield of plote without lomses

Grain straw ratio
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VI HMoigbture content of grain

VII Moisture content of gtraw

The results of these studies are presented in
Table 6,1 in which the mean velues of plant chaeracteriptics
under different policies of harvesting and threshing in
beth the experiments are given,

On a eareful perusel of Table 6,1, it ip noted that
the differences in plant characters like plant pepulation,
number of total and effective tillers, plant helght, pre-
harveating loss, lodging, length of earhead, thousand
kernel welght, yleld of plotes without losses, grein-sgtraw
ratio smd molgbture contente of grain and straw within the
gane experiment ave non-glgnlficant, That means the erop
conditlons in each experiments were ualform and didnot
differ significently, This wae but expected hecause of
the wmiformity of agrenomic and operaticnal practices
epplied in each experiment, This further makem clear that
the fubturlstic sbudlesn like ptudies on gwain loss and
operational time in the two experiments i,e., & and B, will
be, influenced enly by the performance of the harvesting
and threshing poelley and not by any pre-harvesting factor
capable of influencing grain lose and operstional Lime.

Prom Table 6,1 it may be coneluded that though the
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plant characters did not differ signifigantly within the
game experiment, there ig a difference in the seme plant
character between experimeats A and B, It la evident in
the cape of lodging, On an analysis of the pooled data
on yield without losses from the plots of both the
experiments (Appendiz F), it is clear that there was
significant difference between the ylelde of both the
experimente, The average yleld obtained from experiment
B ip more than that of expevriment A, This difference,
night be due to the greater extent of lodging in experlment
A than that in B which shows that loedging affected yield
adversely, Thim is especially true lu this case congi-
dering that there was a difference of one month in sowing
dates of experiments A end B, yet the grain yield without
lossea in experimeant B was grester than that in experiment
A by 6.46 quintels per hectare,
64% Gtudies on grain losses

The following types of grain losses weve determined
during the peried of eonducting studies on the performance
of hervesting and threshing systems in both the experiments:

I Cutter bar loss
II Cylinder loss
IIT Rack lose
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IV BShoe loeas
V Geathering end bundling loms
VI Transporting and conveying loss

VII Threshing floor loss

VII1 Vvelghing and bagging loss

The results of the studles arve presented jn Table
6,2 and Plgure 6.1. Table 6.2 showa the mean values of
different types of grain lospes ooccuring in different
gystems of harvesting and threshing ln experiments A
and B,

It is evident from Taeble 6,2 that the cutter bar
losses, and the gathering end bundling losses differ
significantly within each experviment, Thesme differences
resulbed due to different modes of harvesting in the
different systems of harvesting =snd threshing for the
former and humen factor in the latter, It may be noted
that the system heving tractor slde mounted operated com-
hine-harvester-threghor (3-1) ig differvent from the
policies enploylng reaper as harveating mechine (l.e.
H-2, 83 and 9-4) and the policies employing sickle
harvesting (L.@s 8-9, S-6 and 5-T), It is inferred from
the analysis that the cubbew bar loss in S-1 1n both the

exporinentsg & and B differed significently from the other
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mystemp, The chief cause for the higher loss under S-1
in experiment A may be the lodged condition of the crop
in this experiment,

The cutter bar loss, in the case of {2, 57 and
=4 does not vary significently within these policies,
the reasone for this being the application of same mode
of harvesting and non-significant difference in lodged
condltion of the crop under these systems, Gimilariy,
the eutbter bar loss in §-5, §-6 and S-7 does not vary
glgnificantly within these poelicles but differs signifi-
eantly from the cutter bar lose in -1,

A comparison of the mean values of sutter-bar
loas in experiments A and B indicate that figures for
the pame aysten were higher in ezperiment 4 then thome
in experiment B, This makes the effect of lodging clearly
discernable, especlally in view of the significant
difference between the lodging phenemena in both the
experiments (Appendix ¢),

An examination of the data on cubter bar loss in
varlous policiles of harvesting and threshing in experiment
B raveals the same trend as in experiment A, The cubter
bar less in S-1 differs signiflecantly from that of the
rest of the policies but the difference in the figures
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for cutter bar loee between the other policles viz, 9-2,
G=3, Be4, S=5, S=6 and $-7, are non-gignificant amongst
thempelves,

On the bagls of the above, the following conclu-
glons may be made on the cutter bar loss i

(a) The loss is the highest in S-1,

(b) It does not differ significantly betwesn the
other policies involving two different modes of harvesting.

(e) It is influenced by the lodged condition of
the erop.

The extent of the cubier bar loss within the pame
gymstem, may be influenced by such extwaneouns factorsg like
maching - adjustwents and the skill of the operatar,
apaxrt from the field conditions, Theme factors were not
accounted foxr in the present sbudy as they were conesldered
to be constant during the period of study,

The data oun oylinder loes iIn different policies of
harvesting and threshing under exzperiments A and B in
.Table 6,2 makes it clear that there was no significent
difference in cylinder losas within the policies in both
experinents A and B,

The data for gathering end bundling loss in Table
6,2 reveals that there ieg a significant difference within
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the policles, On a eritical examination of the Ligures,
the following points are evidents

(a) There is no plgnificant difference in the
gathering and bundling loss between §-2 and S-3, -3 and
3-4 in experiments A, but there ia significant difference
between S-2 and -4 which may be due to lodging ox
variation in humen-factor (Appendix J) responsible for
gathering, bundling end tying,

(b) There is no pignificant difference in the mean
values for gathering, bundling and tying lose in g-5, S9-6
and 9«7 but these figures dlifer significently from those
of 5-2, 9-% and 8-4, That means, the gathering and
bundling lose ls greater in the came of reaper-harvesting
than that of egickle harvesting,

(@) The same trend im evident in experiment B if
the corregponding figures in experiment B are examined,

The logses due to transporting and conveying,
threshing floor and weighing and bagging do not differ
significantly (as evident from Table 6,2) within the
pyestems in both the experiments, except that of threshing
floor loss in experiment B, Threshing floor losses are
dependent upon the incidence of bird and rodent damage
and netural shredding, In the case of experiment B, this
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might have affected the logses advergely,

The total loss of grain in a policy is a sum of
gome or all the losses mentioned earlier like cutter bar
loass, gathering and bundling loss; Gtransporting and
conveying lose, threshing floor less and weighing and
bagging loss, In the poliecy §-1, the combine-harvester-
thresher performe simulbtaneous functione of harvesting,
threshing, cleaning end bagging, Therefore, the system
ig free from the losses like gathering and bundling,
trangporbing and conveyilng, threshing floor and welghilng
and bagging lomses, Systems 9-2 to 8-7 do not bhave shoe
and rack loss, The column of tobtal losses in Table 6,2
shows that the difference in the total lomees within the
policles 1n both the exXperiments is significant, Within
the same experximent, this &3 due to preponderance of one
policy over the other while in between the ezxperimente
the lodging of the crop may be gbtributed as the contrie-
buting factor, This becomes evident from the fact that
total logees in experlment A constitubted 19,39 per ceub
of the total yield, while in experiment B these conetis
tuted 16,66 per sent, This difference in losses might
be resulting duve to the diffevence in the extents of lodging

incident, However, it might be pointed out thaet on an



102

analysls of the pooled data of total losses in both

the experiments, the difference in the Ltotal losses in
both the experiments was not significant, though the
difference in cukter bar loms in both the experiments

vas silgnificant, This suggests that, in general, the
cutber bar losses are influenced speecifically by the
incidence of lodging more then the total losses.s However,
the general difference is evident (Table 6.2; Appendix G),

On an evaluation of all the policies regarding
losses, it is clear from the Teblem 6,2 and 6,5 aud
Pigures 6,1, 6.2, 6,3 and 6,4 that 5-1 hes the minimum total
loss conslderiung the average of both the experiments being
10,06 per cent of the total yleld without losses. The
S=4 hag the maximan totel losses, the figure for which
bedng 21,51 per cent of the total,

The Table 6,2 shows the break wup structure of tobal
losses in all the seven policies in bobh the experiments
with figures ¢f pevcentage lose in paventheses for the
purpose of evaluation of losses in different systems,
Plgure 6,1 shows the type of lomses in each policy of
hevyvesting and threshing,

Table 6,3 and Pigure 6,3 present the losses

expresped as percentage of the yleld without loasses and
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percentage losses of experiments A and B,

Figure 6,7 deplcts the type of lopses expressed
ap percentage of total loes in each policy, based on the
average lose in both the experimente., It may be observed
that the threshing fleoor leoss ie a major econtributing
factor to totel loss in each pelicy, except S-1, which
ig solely due to the delay in complefting the threshing
opexation,
6.4 Height of stubbles left after harvesting in plots

under different symbtems in experiments A end B

The height of the ptubbles ls dependent on the type
of machine or tools used for harvesting, the crop condition
at the time of harvesting and akill of the operabter,
Table 6,4 shous the height of gtubbles left in the plots
after the use of a harvesting machine or tool wnder Adlff.
erent gystems, The results reveal that the difference in
the helght of smbbles for different policiles in both the
experiments 1p significent, The maximum height of
stubbles is in 3-1 in both the experiments followed by the
height of stubbles is in =5, 8-6 and -7, The ailgnificant
difference between the helght of stubbles in G-l compared

te other mystems, This is due to the incidence of ledging
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Table 6,4« The helght of stubles left lun plote atter
harvesting under different policies in
experinents A aad B

(-] T b,
5le  poliey liachine/ Txperiment A LXperiment B
Hos tool used
e Qm.
1 8«1 Tractor side- 13,21 24053
mounted
conbine
2 8 - 2 Trastor plde- 5.39 4,41
mounbed «
reaper
) 8 ~3 Tractor side~ 5429 4454
nownted
Teaper
4 4w 4 Trachkor side- 5230 5,09
" mounbed -
reaper
5 ﬂ - 5 uiﬂkle 4.63 4.27
6 5 -6 Sickle 4,33 4,15
7 8 -7 gdckle 4431 5eTT
hverage 6,06 Te22
T-test at 5 % Sig, Sig.
Se Bm, + 00,7088 045595

G.D, at 5% &,1837 1. 7238
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in experiment A because of which the height of cutter bar
of the combine was adjusted low., The helght of cutter
bar in the combine could be adjusted from 5 ¢m to 46 cm,
However, low height adjustment was not advigable due te
increaped load on the machine,
605 Lffective field capacity of hervesting machines and

effective performance of threshing machines

In each system conslderable time is involved in
completing the individual operations of harvesting aund
threshing., In view of thils, the effective field capaciby
of harvesting meschines and effective performance of the
threshing machines have specisl significance, as ultima-
tely influeneing the overall performance of o sysbem and
ite coet of operation, Tables 6,5 and 6,6 show the
results of the observatlons made in relation to the
offective field capacity of harvesting mechines and
effective performance of threshing mechines, It is evident
from Table 6,5 thet there is significant difference in the
effective flield capacitiem of tractor-pide mounted pto
operated combine, reaper operated with tractor and sieckle-
harvesting in both the experiments, Thils suggests the

sultabllity of a particular method in & gpecifie gituation,
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Table 6.5. Effective field capacity of harvesting machines
employed in different policies in experimenta

A and B
iffective field
B st i Machine/tool capacity g
No, ¥ uged Expt, A Expt, 2 and B
ba/hr . ha/br
1 &8 -1 fDPractor side-mounted 0.,1783 0.1859 ©,1821

combine reaper ope-
rated with tractor

2 8«2 Tragbor side-mounted 00,1480 00,2101
aombine reaper ope-
rated with tractor

%5 8 -3 Tractor pide-mounted 00,1462 0.2077%F 01778
cambine reaper ope-
rated with tractor

4 35 -4 Tractor gide-mounted 00,1469 00,2084
conbine reaper Opee
rated with tractor

8=-5 gickle 0,0088 000067
6 86 glckle 0,0109 0,0116§ 0.0122
T 8«7 Silckle 0,0250 0,010%
P-teat at 5 ¢ 2ige Sig.
S,Em, 4 0.00%605 0,006164

0,0, at 5% 0, 011106 0,018989
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Table 6,6, Iffective performance (threshing capacity) of
threshing machlines used for threshing in
different policies in experiments A end B

)5 formane

5% poriey Jeehine alongwith o onGreind Throu- Grain-

Ho, gourge of power :
ehput output ghput oubpub
g/he __gq/he ! g/hy  _q/hr

4 8 e 1 - - - - -

2 8 -2 gpike tooth thregher 1,69 0,61 1,68 0,79
with petrol engine

3 g -3 Hamner mill typ. T7.88 2,39 T T4 390
threshey produscing
short straw*

4 8 -4 Hemner mill type 4,78 175 4,82 2,03
thresher producing
short strawh#

5 8 -5 Hamner mill type Te98 3,59 T7.83 247
thresher producing
phort straww

6 9«6 Hewmer mill type 4,68 1.53 4T3 2,60
thresher producing
ghiort gtrawt®

T 8 =7 0Olpod thresher ope- 0.94 038 0,95 0,56
rated by & palr of

bullocks
Patest at 5 % 8ilg, Sige. 8ig, 3ig,
Golim, % 061410 0.3224 Qs 1371 0.4041
C.D, at 5% 064342 0,9931 0,4222 1,2448

#*  Hammey mill type thresher produecing short straw with
gleving and bagging atbachment was operabed by
MP-103%5 tractor,

*%  Hammex mill type thresher produeing short gbtraw bub
without sieving and bagging attachment, was operated
by an eleetric motor of 5,595 kw,
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In experiments A and B, however, one notilces the
plgnificant difference in effective flield capacities in
g=5 and 4=T7, though the method of harvesting is the same.
This may be besause of the variation in the working capa-
city of the worker, which, in general, dependa wpon the
factors like age, weight, experience, willingness to do
e particular job and other extraneous factiors like working
conditions,

Table 6,6 shows the effective performance (threshe
ing capacity) of the threshing muachines used in different
policies in experiments A and B, The machine performance
ig given in terms of through put (g/hr) and grain outpub
(g/hr). The difference iu the threshing capacities of all
the threshers is significent, The hanmer mill type
thresher producing short straw has highest throughput
(q/hr) and highest grain-output (g/hwr) while the through-
put and grain-output are lowest in the case of olped
thresher, The trend is eimiler in both the experiments,
This suggests that a particular type of tlwesher will he
gulteble to a specific situation, depending upon the
requirement of throughput, desired grain-oubtput and

timelinens,
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6,6 Operational studies
Operational studies were conducted to determine
the time involved in various operations required in a
particular policy.
The following timings were determined in each
policy on eperation.combination,
I Operational time to harvest.
II Operational time to gather the bundle and
tie 1t.
I1I Operational time to load the trolleys
IV Opevaticnal time to transport the crop meterial
to the threshing floor,
V Operational time to unload the trolley,
VI Operational time_to earry the erop material
to thresher
Vii Operational time to thresh,
VIII Operabtional time to winnow,
I{ Operational time to bag
L Operstlonal bime to transport the threshed
grain to storage
&1 Total operaticnel time tio harveat esnd thresh.
The resualts of thesme studlies are pregented in

Table 6,7 and figure 6,5, Table 6,7 shows the mean values
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of time elements involved per hectare crop produce in
different operatlons in each policy in experiments A

and B, There ip 8 pignificant dlfference in time-
requirement for harvesting in the dlfferent policies under
study. The date reveal that the maximun time-requirement
to harvest in §-7 followed by 9-5 and §-6, The minimum
time-requirenent is in S-1, On & oriticel examination

of the data, it is clear that the difference ls not
pignificant amongst the pelicies involving combine-
operation (8-1) and the policies involving reaper-operatlon
(1ee, S=2, S=3, and §-4) but they differ significantly
from the policles having gickle harvesting (1.,e, $-5,

B=6 end 9.T7)s This may be due to the difference in
offective field capacities of mechines and teel used

for harvesting the crop,

On a pbtudy of the time reguirement foxr gabhering,
bundling, and tying (Table 6,7), the date veveal that
there is no significant difference in policles 3-2, H=3,
Gedy S=5, 5.6 and S-7 in experiment A bub there is
slgnificant differemce dn time-requlirenent in these
operaticns in these policies in experiment B, The main
reagon Lor thim may be the variatlon in human factor,

weather conditions at the time of harvesting plobte in
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experiment B (which wag harvested one month later then
&), and comparatively more yield of plots in experiment
B (Appendices J and K and Table 6,1 for yield without
lossea).

In the everall time requirement, the time taken for
transporting the produce Lrom a plot te the threshing floor
hap also to be included, However, the varietion iu the
time factor for different systems being purely due to the
different digtences of thelir correspeonding plote from the
threshing fleowr, they were averaged out and then added
to the overall time (Table 6.7).

Similarly, the time taken for unloading the trolley
haa alse to be included in the overall tilme reguirement,
However, the variation in the time factor for different
policies belung due to none-technlcal grounds (in this case
hunen-factor), bthe time-requivements Ffor unloading the
trolley were averaged out end then added in the overall
tine requirement (Table 6.7)a

An analysis of the time-requivement for ecarrying
the harvested erop to the thresher reveals that no signi-
ficant difference existe in the different policies in both

the experimenta,
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The analysis of the time-requirenment for threshing
which setually ils composed of lifting end feeding
operaticne, reveals significant difference eamong the
policiem in both the experiments, This difference may be
due to the employment of & particular type of threshing-
maehine in a policy,whleh, varied in almost 811 poliecies,
The excepblong were S-73 and 5-5 using hammer nill type
thregher with pieving and bagging attachment and S5-4 and
g-6 uweing hamner mill type thresher without sieving and
bagging attaghment, In between -3 and S=5, and between
=4 and 8-6 the difference in time requirement for thresh-
ing wes not eignificent., However, the data muggest the
biggest tine-reguirement for threshing is in $-T7 and the
leagt in =5 (9-1 is excluded am in this case threshing
ig done gluwulteneousgly with harvesting).

Lhe additlional time requirvement for winnowing is
in Ged, S=6 and S-7, The data presented in Table 6,7
reveal that theve is significant difference in 9-4 and
S=T, ond H=6 and 8«7 bub no mignificant difference in
Se4 ond 8«6, The results are alike in experiments A
and B, Thip suggests that U-7 requires the maximam btime
and hence results in maximum labour requirement, followed

by the other twe policies using hamner-mill type threshers
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without sleving and bagging attachment,

The data for tilme-requirement for begging in both
the experiments (Table 6,7) reveal that there 1s signi-
fiscent difference among the policles, The time required
for bagging is maximum in 9-7 while in other policlies,
there is no suech difference,

The analysils of the data for the transporting of
grain to storage reveals that thﬁre le no slgnificant
difference in experiment A but in experiment B, the
difference in time requirement in different
policles is significant,

Table 6,7, colume 2% and 24 sun wp the mean values
of time-elements of operations required in each policy
in both the expeviments, Thedta reveal that there is
significent difference In totel operational time in esch
experiment, In both the experiments, S=1 has the least
number of hourg regulred to complete all the operations
while ln the casge of 3=-7, the totai operational time
required ls maximum, These iluporbant feabures of total
operationnsl time in each policy in both the experiments,
ere deplcted ln Pigure 6,5, It is evident that G-l
(the modern technological sysbem) requires almost one-

thirty f4fth (1/35th) smount or % per cent of the time
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required for S-7 (the traditional system).

Table 6,8 presents the mean values of the time
period per quintal of grain besig involved in different
operatione in experiments 4 and B, The figures in
pavrenthemes in Table 6,8 indicate the time reguired in
percentage of total time required for all the operatima
in & policy per quintel basls in both bhe experimente,

The date in Table 6,8 vreveal the following:

(1) The minimum total operational time reguired
per quintel of graln basis is in §-1 being 0,2503 and
0. 2547 hour, respectively, in experiments A and B, Out
of this, approximately 50 per cent time is reguired for
harvesting and the rest ln bagging and trangporting the
grain te mtorage,

(i1) The maximum total eperationsl time required
per qulntal of grain bapis lg in -7 belng 77,8914 and
T.8841 hours, respectively, in ezperiments A and B,

(1ii) The rest of the systems excluding S=1
and §-7) oceupy intermediate positions in regard to
their tobtal operational time reqgulrement per guintal
baels rangilng from 1,0368 and 1,4572 hours for §-3 in
experinents A and B To 5,8997 and 4,6877 hours for S5
in experiments A and B, respectively.
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Filgure 6,6 shows a comparison of time requirement
for an individual operation in percentage of total time
reguired in a poliocy. The flgure showse that major
contribution to increased time regulrement is made by gath-
ering, binding and tying, threshing and winnowing operations
in all the systems except in S.1, Winnowing operations
necespitate additional time reguirement in S-4, 9-6 and
8-Ts
6,7 Lebour requirement

Table 6,9 shows the labour reguirved for operabing
the harvesting and threshing maehine, The maximum labour
raquirement for one single machine is In the came of the
reaper, This is beceuse, apart from the operator and
helper, six persons are required to gceps up with the work
of 1lifting the harvested material, bundling end tying it,

It ney be noted here that rempers could nobt become
popular in Indils partly because of this reason l.e,
additional labour requirvement for short periods in addition
to the high cost involved in the policy. The formers, on
one hend, found it difficult to employ lebour for short
periods of harvesting with reasper and on the other hand,
the labourers preferred to have mo:ée galnfnul employment

throughout the havvesting seapon avellable in the case of
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Table 6.9. Labour requirement' for operating,harvesbing
and threshing machines employed in experiments
A and B
a1 Non-gkilled
I = Machine umed labour
. o,
1 Tractor-side mounted 1
combine
2 Reapexr
2 glclkle
Spike tooth thresher
with engine
5 Hammer mill type 4
with attachmente
6 Hammer mill type withe 4
out atbtachments
7 Olpod thresher
8 Winnowing fan
9 Tractor - any type -

1

Total labour reguilrement for a machine comprigzes
the non-gkilled lebour and the gkilled lebour
roquired to operate the power-unilt,
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manwal harvesting with sickle was practiced,
6.8 Studles releted to threshing in different policies
of harvesting and threghing

in this set of studies, the performance of threshers
uped in different policles in experiments 4 and B wam
examined sgainagt the apeed of operabtion regommended by
the manufasturers, The parameters studied were graine
straw ratio, quantity of crop material threshed per minute,
grain-output, cylinder loms, grain content of tailings,
¢leanliness of grain; and vislble and invisible seed
damneges

The observations and results regerding thece
paraneters are presented in Tables 6,10 to 6,15,

The data in Table 6,10 indicate the graln-gtraw
ratlo, quantity of crop material in kilograms per plot,
time taken in minuteas per plot produce mmd grain-ocubput in
kilograms per plet, As expected, there was noe difference
in the experiments with regard to grain-stvaw ratio and
yleld per-plot etc,

The analysis of the data reveals the Tollowings

(1) There is glgnificent difference in the time
(minutes) taken in threshing the produce/plot between bthe

policies in both the experimenta,
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(11) There 18 no glgnificent difference in the
grain.output per plot for different poelicies in both
the experimenta.

This suggests that the time taken in threshing is
meinly dependent upon the meochine-method used, Thus, the
overall performance of a policy ip influenced by the
mechine-perfornenge,

Table 6,11 shows the results of the studies related
to threshing in the different systems in experiments & and
B,

The analysis of the data reveale the following:

(1) There is no significeant difference in the
mean values of ¢ylinder loss in all the systemsa,

(1i) The grain content of tailinge ie maximun
in §-2 and miniman in S-3 when the semples are collected
from a distance of Q-1 metre, measuvred from the hlow-off
ehd of The thresher, The spame trend is apparent in
oxXperiment B,

(111) The grain content of tallings ie meximum in
=6 in both the experiments and minimum in $-2 when samples
are collected from a digtance of 12 mebres, measured from
the blow-off end of the thresher in bhoth the experimenta,

(iv) There is slgnificant dlfference in the
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cleanliness of grain within the policies in experiment A,
The maximum cleenliness wag obtained in §-2 and the
mindmum in S-4, However, there is no significant
difference in cleanlinesm of grain within the policiles
in experiment B,

(v) There is significent diffevence in visible as
well ag the lnvielble seed damage between the policies in
both the experiments,

In both the ezperiments the maximum visible
danage wag obperved to be in §-2, $-% and 9-5 while
the invisible damage was observed in all these systemp
ap also in d=4 respectively., The lowest values of vigible
damage was notlced in S-4 and while that of invislble
damage dn ST,

PMeom the point of view of minimun seed certification
standards for whoalt (Appendix L) the qualiby of grain oubtpub
from all the policles was acceptable from the germination
point of view,

Tables 6,12, 6,13, 6,14 and 6,15 phow thalt observed
date related to speed of operation, welght of crop meterial,
grain-oubput, time taken in threshing, fuel congumption and
grain-digtribution, These tables present data with regard

to the performance of spilke-tooth thresher producing long
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ptrow (Table 6,12), hamaer mill type threshers with and
without gleving and begging attachment producing short
gtray (Table 6,13 and 6,14) and olpod thrasher (Table
6415).
A perupel ef data yeveals the following i

(1) The spike tooth thresher at the recommended
apeed of operation showsd an average throughput of 1,69
quintals per hour, average grain-ocutput of 0,64 quintal
per hour and average fuel conpumption of 1,63 litres per
houx',

(11) The hommer mill type thresher with sieving
and bagglng atbtachment producing long straw at recommended
speed shoved an average through put of 7.85 quintals per
hour, average grain outpubt of 2,94 quintale per hour and
average fuel consumption of 7,01 litres per hour,

(4ii) The hammer mill type thresher withoub
sieving and baggilng attachment producing shorteetraw showed
an average throughput of 4,75 quintels per hour, average
grein-output of 1,86 guintals per hour and slectric energy
conpunptien Of 2,91 kwh at recommended speed,

(iv) The olped thresher operated by a panir of
bullocks shewed an average throughput of 0,94 quintal per
hour and average grain oubput of 0,36 quintal per hour,
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609 Studies releted to the cost of operation involved

in each ppliey of harvegting and threshing

The cost of data of machinery employed Tor
harveating, threshing and winnowing operationsg are
preasented in Table 6,16, In thip table, the figuves for
offective field capsclty are based on actual cobeervabions
and peems to be less than the gimilar flgures obtained
from field studies, This is likely due to limlted amount
of experimental area, crop-material and extra-precautions
taken during the course of data-collectlon. The purchase-
copt data was collested from manufacturers, Department
of Fexrm Opewvations and Memagement (I,A.R.I.) and the local
markét. The values of filxed-cost ltems have been assumed
on the baels of literature congulted, digcusslons with
farmers and agriculiural engineers and informations
collected from different places (Appendix B), The figures
foxr fuel consumptlon and 0il and luberilcants avre hosed on
field observations during the course of the experimenta,
The wagea 0f the operatwr and labourers are based on the
rates prevalent in the Delhi-area in the 1975,

The cost data of trailer and different power vnite
uged for oporating the wachines for harvesting and thresh-
ing hes been punmarized in Table 6,17, The remarke mentioned
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earlier about Table 6,16 hold true for the data presented
in Table 6,17 aleo,

Table 6,18 summerizes the results of cost-caleula-
tiong made to determine the cost of operation of different
machdnes or toel and power units used in experiments A and
B, The table is emelf-explanatory end shows the comparative
figures for different machines eilther in terme of aest of
operaticn in rupees per hectere or rupees per quintal

Table 6,19 showe the average total cost of eperations
of different policles of havvesting and threahing of wheat,
The figures in parentheses indicate the cost of individual
operations as percenteges of the totel cost of the pelicy,
The figures are based on averages of experiments A and B,
Thie was done becmuse there was no gignificent differences
in experiments A end B as far as the totel time of
operations and total losmses were concerned (Appendices G
and HY,

The following inferences may be drawn fwom Table
6,19 1

(i) The gmyetem involving the use of tractor-side
mounted pto operated combine (S-1) has the minimum cost of
eperation i,e. Rie 407,15 pexr hectare,

(41) The policy compriszing resper harvesbting and
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spike-tooth thresher (imported) i,e, H«2 has the maximun

cost of operation of R, 2072,86 per hectare,

(1i1) The other policles (excluding H-l and S-2)

in order of thelr cests of operation are as follows:

(a)

(w)

(e)

(a)

(@)

Poliey Comt of operatlon
ha
Reaper harvesting, threshing 455,32

with hammer mill type thres-
her without sieving and bagging
?ttm;ahmmt and plus winnowing
3-4

Sickle harvesting, threshing 472,38
with hammer mill type thresher

without mleving and bagging

?tt:?hment and plus winnowing

=

Sickle harvesting, threshing 679,68
with hammer mill with sleving
and bagging attachment (S-5)

Reaper harvesting, threshing 653401
with hammer nill type thresher

with gleving and bagging
atbtachmeat (8=3)

Sickle havvesbting, threshing 1012,06
with olpad thresher (F-7)

The ebovementioned vesults have been presented

in Filgure 6,7,

6.10

The optimality of the aystem

An ovevaell evalustlion and compaxdison of all the

soven systems of hervesting and threshing has heen made

in Table 6,20 from the points of view of (a) losses in
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pevcentage of the total yield (b) time required (c) coaet
of operation and (4) initisl lnvestment required to own
a particular sysbtem,

It is evident from Table 5,20 that from the criteria
of losees, the time required and the gost of eperation,
the policy having tractor-drawn combine harvester thresher
(S-1) is the optimal one, The figures for the aforementioned
eriteria, being, respectively, 10.06 per cent, 10,69 hours
per hectare md fss 407,15 per hectare, On the other hand,
the pecond and third best systemps of harvesting and thresh-
ing from the point of view of losees appear Lo bhe,
regpectively, the system having sickle-harvesting and
threshing with elped thresher (3-7) and the system having
reaper-harvesting and threshing with hammer nill type
thresher with sleving and bagging ettachment (5-3), However,
it ils algo evident that the losmes In -1 ere almost half
of the losses incurring in other systenms of harvesting
end threshing, Thug, it seems to be loglecal to recomnend
the adoptlon of S~1 over the rest of the systems as far as
the loasmes are concerned, It masgt be pointed out that with
the advancement of technology among the farmers, these
losses can be further reduced,

Keeplng in view the criterion of the time required
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per heobare, the data presented in Table 6,20 reveal
that the total number of hours reguired in the peolicy
having tractor-drawn pto operated combine ere 10.69.

The second best system sppears to be the gystem having
reaper harvesting and threshing witlh the hammer mill type
thregher with plieving and bagging atbackhment (8-3),
followed by the peolicy having sickle-harvesting and
threshing with hammer mill type thresher without sieving
end bagging arrengement (S-4),

It may be noted that the time reguired in S-% and
=4 are, respectively, almost 8 and 12 times the tine
required in S=1, It is also evident from Table 6,20 thab
the leamt efficient method in this respect 1l §-7 ——
the policy incorporating sickle harvesting and threshing
with olpod thresher; in which almost 35 timem more time
is required per hectare,

Congldering the comparative cest figuves of the
coste of operation of all the meven policles, the policy
having tractor-cide mounted pto operated combine (8-1) ia
leasgt costly followed by the policy having reapex
harvesting and threshing with the hammer mill type threshex
without eleving and begging atbechument (8-4) snd the
policy having sichle harveating and threshing with hammer
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mill type thresher without sieving end bagging attachment
(9=6)s, In this cage, the costa of eoperation of S-4 and
8=6 are, respectively, almost 1,12 and 1,16 times that

of 9-1. However, if the gain of bhuga (bruised straw)

ip conpidered by the farmer as sdditicnal and necespary
requirement, then its cosbt muet be taken into account for
comparing different systems, As earlier mentioned Sl
and §-2 do not make bhuga, The sale price of machine-
threshed bhuga by the farmer at the time of harvest wes
approximately fse 7.50 per gquintal in 1975. The strau-
yield pexr hectare corresponding o an average yield in
each policy in both the experiments (i.e., yield without
losses at corraspondiztg grainegtray ratio) ls glven in
Table 6,21, Considering the losses in each system as
given in Table 6,20, the covresponding strav-ylelds peor
hectare were calculated to be es shown in Table 6,21, The
cost of bhuga caloulated at the rate of Ry, T.50 per
quintal hapg been ghown in Table 6,21, .

The nett coat of operation of adopting a particular
policy on harvesting and threshing policy will be dependent
upons

{a) cost of operation

{b) cost due to J.osseq ag dilsadvantege

(©) cost of bhuse ve addibtional advantage,



148

Table 6.21, The guantity of bhusa obtained under
individual policies and its cost,
Quantity of bhusa Copt of bhupa
Selige Policy obtained @ Ise 7.50/q
g/ha fsa/BE
1 9«1 0.00 0,00
2 S -2 0.00 0600
3 §=-73 62,00 465,00
4 8 -4 56,00 420,00
5 8-5 61,00 457450
6 8-6 56,00 420,00
7 8-7 61,00 457450




149

Teble 6,22 Indicates these coats, The nett cost
of operation, calculated in terms of these copts haas bean

determined as £ollows @

Nebtt comt of operation (Ry/ha)

= Comt of o?oratum + Cost due to lomses - Price of bhusa
(hs/ha, (Ra/ha) )

Therefore taking into aceount the neth cost of
operation, thepe policiezm of operation combinatione in
harvesting and threshing policies would be ranked in the
following orders

I Combine-harvesting and threshing system (8-1)

II Sickle havvesting, threshing with hanmer mill
type thresher without sieving and baggilag atbashment,
winnowing (5<6)

1Ll Bilckle harvesting, threshing with hammer mill
type thresher with sleving and bogging atbachment (8-5)

IV Reaper harvesting, threshing with hammer
nilll type thresher without sileving and bagging atbtachment,
vinnowing (8-4)
V Reaper harvesting, threshing with hammer mill
type thresher with sieving and bagging abbechment (S-3)
VI Sickle harvesting, asnimal threshing with olpod
thresher, winnowing fan (5-7)
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ViI Reaper harvesting, bthreshing with spike
tooth thresher (imported) (s.2)

It i1s to be mentiloned here that the cost of
operation of 8-1 ie dependent upon the effective fileld
capacity of the harvesting mechine whioch, as mentioned
earlier, was low in experiment fields, The field studles
at the farmera' fields have shown the effective Lield
capaciby of a tractor-drewn pto operated combine to be
varying between 0,30 to 0,40 hectare per houw, During
the couwrse' of the experiments, the effective field
capaclty was detiernined to be 0,19 hectare per hour,

That meanp, with the effective field capaelty becoming
double that of the experimental area, the cost of
operetlon per hectare may he reduced to alwost Rse 200,00
per hectare,

Therefore, in the light of the experimental
ovidence, it can be concluded that -1 has the least nett
coat of oeperation whether meking of bhusa 1s a considerae
tion or not, In cepe, the grain mnd bhupa (28 well)
being the desired final producta, the poliley comprizing
pickle harvesting, threshing with hammer mill type
thremher without gleving and bagging atbtachment plus
winnowing (85-6) would heve the least cost of operation,
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Leaving aglide 8-2 belng exceptional, because of
two factovas, namely, (i) thresher not capable of
producing bhuga and (4i) the machine having very high
cost due to the reamons of being imported and operated
by petrel englne, 8-7 can be compared with Sl and §-4
for overall performeance, To compare -7 with 8-3 on
one hand and with 8-6 on the other would be both natural
and desirable because 3-7 ig the most widely followed
policy in the wheat-growing areas of the country,

On the bagls of the data presented in Tables 6420
and 6,21 and 6,22, the following concluplons can bhe
arrived at after due comparigons amengst S-1, 3-4 and 9-T:

I g-1 is the best policy from points of view
of minimum loms and maximum timeliness (requiring
minimum time per hectare) and also of minlmnum nett cost
of operaticn,

II 9-6 im the second best poliey from point of
view of minimum cosbt and the begt among partially
mechaniged policiles in case grain aud bhuge ere desirved
productes, though the total time reguived per hectere is
22 times more than that of S-1,

III 8«7 is the second best pelicy fyoem peint of
view of loasses, though losses differ significantly from
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thoee of 8=1, It hes the highest cost of oeperation
whethex bhuge is a desired product or not, It in also
the least efficlent policy from peinlt of view of the
time required per hectare,

Therefore, it can be safely  and loglcally argued
that the system incowporating pickle harveating, olped
thregher and winnowing fan does not sult the d emand of
nodexn farm-techanology where multlple-croppilug, and
timelinesn and efficlency of opemations are the paramount
aonpideratime,.

The enly peint favourable to 8-T7 is the reguirement
of Initial investment, The constraint of initial investe
ment by the farmer im to be glven due conslderation, 1t
ig clear from Table 6,20 that on the one hend S-1 and §-6
vequire the inltial investments to the tune of s, BATEO
and fse 5106 respectively, and on the other hand §-7
requireg the initial investment of Hse 3906, That means,
the eombine-harvesting threshing policy (8-1) requires
almost 22 times and policy of sickle harvesbting with
hamnmer mill type thresher without sleving and bagging
arvangenent (9-6) requires l.%1 times move capiltal es
initiel dnvestment then that required by the system having
sickle harvesting with olpod thresher (5-7).
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The above consclusicons pose the question of the
capacity of the farmers to have this initilsl investment
to the extent of above s, one lakh to adept S-1, Out
of this only e 40,000 are reguired to own the combine-
hervester thresher. The rest of the anount is requlred
for.u tractor which is used in multiple ways as a source
of power for various farm operations effecting their
productivity. However, & sum of f3, 40,000 is ptill a big
amount which is usually beyond tGhe esapacity of an average
farmer, Thip factor acte ag a baxrier inppite of the other
advanteges of the system,

Thus, conmldering the aforementioned facts, the
problem of melecting & suiltable policy leads to the
selection of any one policy from anongst Hel; =6 and §-T,
The melection of any particular policy to a specific farm
situation cen also be consldered from geveral polnts of
vlew, These include productiviby, timelineses of operse
tlons, protection of produce sgainst weather-hazards, fire
and theit, lavestment capacity of the farmer end labour
disgplocement,

BIiach policy out of the pollcies 8~1, S-6 and $~7
lg discusged in detaills keeping in view the points

mentloned earlier,
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Ap far ag the pointe of produetivity, timeliness
of operations, protection of produce againgt weather
hagards, fire and theft are concerned, the merits of S5-1
avidently would ocutweigh those of others even though this
wag nob specifically verified in this ptudy., This is
because it results in almost half the loeses compared to
those of S-6 and 8-7, and yequire 4.53 per cent time of
G-6 and 2,84 per cent time of 9-7,

If this poliey (9-1) ia cenmldered from the
multiple~evopping point of view, & reference to Appendix M
makes evident that multiple cropping involving the use of
more than 3 crops gives a profit of 128 per cent over the
expenditure invelved, Thip can be made possible only
when harvesting end sowing operabions do not overlap
necespsitating the fimeliness of operation, Thus, advanged
farm-technology invelving the use of wultiple eropping
Justifies the use of S-1l,

dJugtification of the use of g-1 poses the guestlon
vhether 9-1 be umed through private ownerghip or custom-
pervice,

Private-ownershlp involves the quesgbtion of initial
investment of sboub i, 1 lakh, A reference to Table 1,2
end 6,16 makes 1t evident that for an annual use of 200 hye
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per year for e combine-harvester thresher an ares of 38
hecteres is required and the number of operational holdings
havidg this much or greater avea constitute only 11,89 per
cent of the total, Therefore, for a great majority of
farmer, the queation of private ownerghip is beyond their
capacitys Therefore, in this connection it is suggested
that farmers' service ce-operatives with sufficient
government loans and subsidies be set up in order to
provide custon-hiring facilities for the combine-harvester
thresher, Thls would prove a boon for mmall farmera to
enable them to go for more preductive farming, This view
ip further supported by a study titled "Hconomic analysis
on multiple cropping in Haryeana" (Singh et gl.y 1973) aceor-
ding to which "adopbtion of multiple eropping would require
more funds for financing agricultural operabions, Swmall
farms would not be eble to follow the multiple cropping on
reconmended lines wunless adeguate mnd timely supply of
credit ab reasonable rate of interest is made avallable to
them," It has been further argued in the said study
(singh et al., 1973) that an efficlent and economic custom
service organlzation haa to be developed to meet the demsnds
of multlple-cropping technology,

Regarding the digplacement of labour, a study in
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Punjab (Mittel, 1975) has pointed out that reapers and

combines digplace the labour as follows s

(1) Tractor front mounted reaper 30 personp/machine
(labour for binding and
threshing)
(ii) Tractor side mounted combine 60 persons/machine

Therefore, the above study, which was not an
exhaustlve evaluation, bringes to light the point that the
question of labour-displacement has to be consildered not
from farmer's profit point of view but from a wider
nabtimal angle so as to aveid soclo-sconomic imbalances,

In this connection it would be worthvhile to refer
to the atudlies made in Punjab which i1s & major wvheat grow-
ing state end also more mechanimed than the reat of wheat
growving areas in India, I% haa been pointed out that if
a combine~harvesting threshing system is considered to be
a part of an overall mechanized system on & farm which
asctually it is, the complimentary effects of adopting
this syetem can not be overlocked, Lvidence (P,B.0.,
1969=T70) eximta to show the superiority of tractor-farms
over bullock farmsm, The studies in Punjab, Andhra
Pradesh and Tamilnadu (P,E,0., 1969-T0) reveal that in the
cage of tractor farme, eropping intensity increases with

the rige of farm-pizes, In Feroszepur District, the
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employment of lmbour among the sample farms increased
from 51,.%8 man-days por cropped (plented) hectare in
1954«55 to 60,52 man-dayes in 1969-70 or by 18 per cent,
despite a decline im labour input for wheat owing mainly
to bhe wide-sprend use of mechanical threshers (Kahlon
et ale, 1971)s The rate of rise in total farm employment
has been much highex owing, among other things, to the
rige in the cropping intensibty (Kahlon gt al., 1971) from
117 dn 1954-55 to 130 in 1969-T0.

Thus, it is aepparent that in view of the compli-
nentary effects of farmemechanizatlion in general, on the
adoption of eother impute to farming, the adoption af
combine-harvesting threshing is much helpful and contri-
butory to have multiple cropplng,

How, 8~0 in velation to Sl and 8.7, has twice
the lossmes of S-1 and almost equal to ¥-7 (non-significent
difference), reguires 22 times the time required by S-1
end 63 per cent of the time required by -7 (Table 6,20).
The nett cost of operation is ~ almost 1,16 times of
=1 and 67,72 pexr cent of 5-7, The labour-displacement
is almost negligible, The initial inveastument regquired is
5:95 per ceat of That required for -1 snd 1,31l times more

than that required by G-T,
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Therefore, taking an overall view of all the
policien of harvesting and threshing, the following can
be inferreds

I The grain legses can be brought about to
minimam with the. adoption of the combine-harvesting
threshing pelicy (#-l1), This may efifect the maving of
grain worth l, 525,00 per hectare (at 10 per eent losmes
in 8-1 and 20 per ¢ent losmes in other policies, assuming
the yield of wheat as 50 quintals per hectare and the price
of wheat l, 105,00 per quintael).

II The time requived is mimimun in 8-1 offering
the advantage of maximum timeliness, not only to the
operation of harvesting and threshing but mlso to faecilitate
other operaticns to be performed at the proper time,

III The nett cost of operation ie mimimum in the
cane 0f Sal,

IV Initial investment in -1 is maximam whioh
calls for government swbaidy, incenbives to farmers and
governmental polleies to help make the service-cooperatives
to enable the farmers Go hire the machines,

V Cembines dieplece labour, but beceause of the
complimentary effects like timellness of eperations and

increaped crop-intensity ete,, the displaced labour ls
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abporbed., However, in case of the introduction of
combines, on a big scale, steps must he talten simulta-
neoualy to have sgro-based industries like dalyying,
poultry, pilggery and agro-service ceatres, The local
entreprensur nay be encoursged to manufacture combines
in India rather than lmporting them, This will open up
fregh avenues for increased enployment opportunitiewm,
Agriculbture, thus, could be made more intensive to have
increased productivity per unlt of land and labour,

VI Policy 8-1 im recommended in those places
vhere (&) the know-lhiow for advanced farming-technology
exipte among the farmers, (b) there im no eonstralnt due
to dnitiel invesbment, (e¢) the custon-hirving facilitles
are pregent and (4) the question of bhusa is not the
conpideration,

ViI Policy 8-6 holds an intermedlate poeltion
among the policles studled, It ils rocomnended where
(a) the questlion of getting bhups is a main consideration,
(b) labour is avallable and lts ubilization is a considera-
tion end (e¢) capacity to invest exipta,

VILI Under the favmiong condillons of subsistence-
level and abjeat poverty and with no congbralnt due to
lebour, there Ls no alternative except that of 5.7,
though it has the highest cost of operaticn and is the

least efficient system,
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CHAPTER VIX
SUMMARY AND CONCIUSICNS

During the course of the study reported in this
thesls, the harvesting and threghing systems of wheat
were analyzed and evaluated from the poinks of view of
(a) total losses (b) total time required (c) cost of
operation and (d) initial investment vequired, These
systengs were analyzed from the view-point of having
peveral albernatives termed as policies, Lach policy
congiated of a group of operations performed by selected
hazrvesting and threghing machines or methods as alber-
netives., Bach policy could be selected under a specific
crop situstion, These policies coneisted the following

operation-combinations 3

SByatem Policy Operation-combinntion
A, Milly 9-1 Conbining with trastor-operated
nechaniged combine-harvester cum thresher
aysten
B. Partially G2 Hesper-harvesting, manual bund-
mechanized ling, stacking, threshing with
systen spilte tooth thresher (not bhuge

making), bagging

g=3 Reaper harvesting, menual bund-
ling, stackilng, threshing with
hanmer mill type thresher
(bhuge produging) wibth sieving
and bagging arrengement
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gyetem  Poliocy — Qperabiom-combinetion

=4 Reaper-harvesting K manual
bundling, stacking,
threshing with hemmer mill
type thresher (
producing) without sieving
and bagging, winnowing

B dickle harvesting, mannual
bundling, etacking, threshing
with hemwer nill type thresher
(bhups producing) with
gloving and bagging

S-6 Slckle harvesting, manual
bundling, stecking threshing
with hammer mill type thresher
(bhuge producing) withoub
gleving and bagging,

winnowing
Co lone 3= Sdckle harvesting, manual
mechaniged bundling, stacking, threshing
syatem with bullock-drawn olpod

threpher, winnowing,

Teo evaluate and apcertain the optimality of a
policy, two field emperiments, each with three repli-
cations and tuo different dates of eowlng were laid out,

gonalika verileby of wheabt was grown in hoth the
experimentsl fields under similer esgronomic practices,

The policies on harvesting and threshing were
ptudied and evaluated under the field conditions eximbing
at the experimental site,

The idnvestigatlions yielded the following prineipal

resulbte,
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1. The totel grain losses on account of cutter
bar, cylinder, rack, shoe, gathering end bundling,
threshing floor end weighing and bagging vary from
10,06 per cent to 21.51 per cent in the seven policies
on harvesting and threshing systems of wheat, The
lowest wvalue of total grain loss was found to be in 8-l
and the highest value in S-4,

2. The total time required to complete all
operations is minimum in policy 8-l invelving combine
harvesting and threshing (10,69 hrs/ha), Due %o this
there i maxinum advantage of timeliness of the opera-
tions not only to the operation of havrvesbtbing and thresh-
ing but to the other farm coperations which ean be
performed at the proper time, Thq second bhest method
from the point of view of timeliness is policy 9-3,
though it requires almost 8 times more Gime than that
z;equired by 8-1,

%e¢ The nett cost of operabtion, taking into account
the cost of gperation, cost of bhuss snd cost of losses,
is pinimum in the case of J-l, The second beast policy
from the view point of nett cost of operatimn is =6,

4, Initial investment in §-1 1 maximun vwhich cellp

for governmental subsidy, lncentives t farmers and
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governmental polilcies to help make the serwice-cocperatives
to enable the farmers to hire agricultural machinery,

%, Combines displace labour, but because of Tthe
conmplimentary effects like timeliness of operations and
increaged erop-intenplty ete,, the dimplaced labour is
ahaorbed, However, in case of the introduction of
combines on a big scale, steps should be taken simulia-
neougly to have agro-based industries,

6, Policy 8-1 invelving eombined harvesting and
threshing syeten is recommended in theose places where
(a) the know-how for advenced farming technolegy exists
among the farmeras, (b) there im no constraint due to
initiel investment, (c) the custem-hiwing Lfacilities ave
present @nd (d) bthe question of bhuga is not the
conglderatlon,

Ts Polley $5-6 holds an intermedinte positlion among
the policies pbudied, It is the mecond best policy from
the view points of nett cost of operation and iufial
investment, It is recommended where (a) the guestion of
getting bhusa is a main consideratiaa, (b) labour is
available end iLte utilization is & congldevation and (e)

the cupacity to invest exista,
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8, Under the farming condit ions of subpistence
level and abject poverty and with ne constraint due to
labour, there is no alternative except that of H-7,
though it has the highest coet of operation and is the
least efficient system, Replaoomgt of polioy $=-7 with
8=6 or S-1 18 desirable and ls in the national interest
from the pointsof view of preoductivity in farming
opexrations in general end multiple czopping in particulax,
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APPENDIX B

Important specilfications of tractors, engine, electric-motor,

combine, threghers and wimowing fan used in the harvesting

and threshing systems

1 MP 1035 tractor

Manufactured by:

Engine-type
Bore 3

gtroke:
Displacement s
Comprespion ratlo:
RMring ovdexr 3

hp &

Llectrical system:

Power teke offs

i1l up data 1
Cooling oystemns

fuel tank capeciby:

/s Tractore and Fawm Hguipment
Limited, Madras

Diewmel

89 mm

127 nm

2,36 litres

1665 8 1

1, 2o 3

32 bhp at 2000 rpm 28,4 dbhp
12 volts

Spline = 34,9 mm

Control - 3 popitiam ghift lever
reduction between engline speed

and pte ehalft - 2,78 ¢ 1

Te5 litres
34 litres

sssontd,
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n

Tranemission ¢
Steering gear boxs
Ingine sumps
Alr-¢leaner bowls

Slectrical systems

200

50,28 litres
06946 litres
Te3 lityres
0.4% litres
12V

Voltage conbrol regulator Lucas HB«-108

Battery:

Zetor 2011 - tractor

Menufactured by/
dealer

Engine types:

bhp 8

rpm at normal engilue
gpeed 3

Ho, of oylinders t
Conpression ratiog
Fuel tank capaclbys
Welght in kg
Nwaber of gpeeds -
forward

reverge

Maximum gpeed

AMCO type BASTID Twe 6 velit,

115 Amp, hour Capacity at 10 hour
digeharge rate, connected in
meries, Specifle gravity - 5
£fully cherged 1425 « 1.3 (16°C)

¥M/@ Hindusten Machine Tools
Limibved, ©,0, Pinjore,
Digtt. Ambale

Diegel, WC

22
2000
7 s L

40
1300

10

24 km/br
aavas QONGA,
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% Gasolene engine fitted on spilke tooth type thresher
(Pullman thresher)

Manufactured bys

Models
Type @

Cylinder volume i
Iuel consumnptlon i
Fuel tank cap.s

Tuel 3

Lubricating oll 3

Lubriceting methods
Spark plug s
Horwme-pover §

Tpm

1600
2000
2400
2800
3200

Wiscongin Motor Corporation,
Milwaukee 4, Wisconein (USA)

AENLR 81, Ne, 4401028

Wiscongln air-cooled single
eylinder engine

576,26 cm®
1.6% 1/br
6,75 Litres

Good quality of garolene
(74 octane na.)

Summer - 9AB 30 + 49°C to 4.5%

Winter - SAE 20-20W
+ 4,5% to = 15%

Force fewd cum splash type

Champlon No, 8 commerclal - 64K

The hp glven 1ls for an
a8 atmonpheric pregsure and
70 tenperature of 76 om and
9
2

15,55% ot sea level.

so0 0 contd,
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Appendix B contd,
4 Blectric motor

- Manufactured by i ¥/B. Jyoti Ltd,, Baroda
- leke @ AC motor - induction type
- hps 7.5
- rpm s 1440
- Voltege s 400/440 V
- Current 3 10,50 A
- Oyoles/mecs 50
- Phage 3 b
= Serial No, ¢ 22870
- JFrame 3 MO - 1
B 4009 A

5 Inergy mneber
- Menufagtured by i M/s, Blectra plant, Bulgaria
- lake Type 1EA 4 - 3 TH,

4 wire meter

-~ Volts 3 400/440 7
= Fuel load aumpere 3 x B0 A
= Revolutiong/kwh 2 80

- Phage i 3

- Herial no, s 9166005

ssenee GONLd,
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Appendix B contd,

6 Starter
- lMapufactured by M/8. Slemena Indla,
- DMake s DOL starber LBO/K915 8¢ 1114 - 1
- Kilowatts s Te5
- Voltage s 415 V
- Phasge i 3
- (Cyeles/sec 3 50
- Amperes ¢ 64 - 124
- Coil s 320V 420 V

7 Tractor pide mounted pte eperated combine

- Manufactured by s M/@, Vieon Ltd,, Lavelle Road,
Bangalore

-~ Width of cubt s 1.5 m

= Drum gpeed 860 - 1460 rpm

- Speed of pilck up Infinitely veriablae,
reel 16 - 40 m/sec,

- gJtubble heilght s 5 cm - 46 cm

- Power requirement ¢ 35 hp and above

- Driving speed s 2 - 6 km/hr

- Weight 3 1150 kg

« (Overall length 6,6% m

(with btorpedo)
weee contds



204
Appendix B contde

= Width (with tractor)s 2,90 m

- Width (without
tractor) 3 2,00 m

- Combing cepeclby 3 0e30 = 0,40 ha/hx

- Stationery threshing
capaclty s 15 - 20 q/hr

8 Heammey mill type thresher with sieving and bagging
(Ludhiane type thresher)
= Manufactured by : M/8, Friends Own Foundary Worlk-
ghop, G1ll Road, Ludhiana
= Dismeter of

threghing drum 3 ln
- Overall leagth s 2,14T n
= QOverall width s 1.245 m
-~ DBlow off outlet 21 em 2 26 om

9 Hammer mill type thresher without sieving and bagging
(drunmy type thresher)

- Menufactured bys M/s, Land Equipment Corporation,
%7, Warwala, Karol bagh, New Delhi,

- lodel & Lverest thresher cum winnower

= Dismeter of threshing
drum g 0490 m

seae QONGAL



Appendix B contd,

10

Manufactured by ¢
gize of feeder
throat

Threghing cylinder :
Speed of cylinder

Overall dimenslons 3

Operated by @

MeCormick reaper

Manufactured by i
Silze of wheels :
Length of cutter bar

Type of drive 3

205

gpike tooth type thresher (Pullmen thregher)

¥/8. Bill's VWelding

Pullmsn, Weshington (U.S,A.)
61 cm x 35,5 om

30,5 cm(dia,) x 50,80cwiength)
2400 rpum (maximum)

2.43 m (length)

1e02 m (width)

2,13 m (height)

9«2 hp petrol englne,

Imported one
0,80 m (with luga)
1,33 m

Ground traction

* The reaper was loaned from Agronomy Diviglon, l.AK.T,.

The orilginal pepers ilucluding operator's menual were
not traceable as the reaper was lmported long back,
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APPENDIX C

() Lodging in experiments A and B

e Tolgli, 7
. L — S
T, b GO, S
(LY,

1 $-1 56,9 49.23 0.30 5,05

2 8-2 29,5 D333 53 13,87

3 g -3 5304 4721 065 5673

4 5«4 51,7 46,26 1.2 Tob2

5 -5 46,5 43023 20,6 27,38

6 5-6 534 47,21 10.2 19,15

1 a-17 50,0 45,30 5e2 13,87
F-test ot 5 % N.8. N.8.
S.Em, 3 6,78 7,08
C.D. at 5% - -

(b) ©Pooled date analysis of lodging in experiments A and B

. Angular FPercen- & C.D,
Lxperiment t f G tage 8,8m, et B %
Experiment A 44,55 4847

b 24 56 T .45
Gxperiment B 13,21 44T
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APPENDIX D

Methpnd of calculation of the cost of operation

Cu = ¥+Oe

in which Cu = Unit coat of operation
Pe = Annual fixed cost, Re/yr
X = Number of houts for which mechine is
uged in a year

Q¢ = Operational cost, Hg/hr

Pixed coph per annum comprises the following s
(8) Depreciation (Rs/year) = -E—E-g—

in which P = Initlal cost of s machine, Rs,
4 = Salvage value, Hs.
L = Life in yeavrs

i
(b) Interest (is/year) = -Q?—%-ﬁ)——

in which 4 = Annual rate of interest, per cent
(¢) Insurance, is/yr = 0,01 P
(a) Texeam, Re/yr = 0,02 %
(e) Housing, Re/yr a 0,015 ¥

esoeees contd,
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% Operational cost per hour comprises the following @

(a) Repair and naintenence per hour = 0,10 P/X

(b) Cost of fuel = Fuel congumption =x Cost of fuel
(1/hr) (per 1litre)

(c) Coat of oill and lubricants
(d) Wages of labour per hour
(1) skilled
(11) mon-skilled

4 Cost of power unit per hour 3
(exeluding items 3 b and 5 ¢ )
5 Cost of operation of a machine per hectare

Unit copt of operatilon, Relhr
Effective field capacity, ha/hy
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Debails about the workers employed in the harvesting amd thresghing

operaticne
85le Age Veight Lduca-~ Experience
Muamo of the worker ot lea tdon Training w
1 Rem Shreshtha Pendit 25 66,40 lMetric - 4%
2 Kama) Poddar 24 46,60 IV pams - 5%
% @hiva Bhajan 23 47.50 V pess - i
4 Swani Nath 23 52,50 VII pae = 4%
5 gurinder Singh 27 46,00 IV pass - 4L*
6 Om Prakagh 25 6l.00 III pass = 4#
7 Hoshier 8ingh 33 48,00 III pass - 4%
8 Herpel Singh 27 52,50 Iilv, - -
9 Mata Badal 24 42,50 Illt, - : d
10 Dayanand 40 45,00 I1lt, {3 dey T
training
5 in com-
bine
{ harvest
11 Balwant Singh 45 62,00  VII Aray 20%
Pagg § btech,
{ training
12 Men Singh 55 64,8  Illt, - 20
13 Md, Ainul 29 5045 I pasa - 4%
14 Maha Singh 28 58,0 Vi - 4x
15 Arjun Singh 24 57,0 Vil pages =~ T
16 Prabhu 38 54,5 IV pagss Driver's 1Q¥+#
licence
17 Deep Chand 39 55,8 Literate e 14%%
18 Reaghubir Siogh 38 52,0 V pass Driver'a 1ll¥#
licence

*  foneskilled worker

A

Skilled lahour
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APPENDIX L

Lxtract frem Indian Minimum Seed Certification Standards
prepared snd published by the Central Seed Coumitbee, Deptt,
of Agri,, Minlistry of Foed, Agriculture, Communiby Development
and Copperation, New Delhi - Mareh, 1971 and corrected upto
date,

seve e
Mindnun geed certification stunderds for wheat (Lriticum spp.)
Seed Standards

Fagtor
Pure peed (Minlmum) 98,0 % 98,0 %
Inhert matter (Maxzimum) 2,0% 2,0 %
Other crop weeds (Maximwn) 10/kg 010 5
#“Objectionable veed seeds (Maximun) 2/kg 5/kg

Nematode gattes of bundu/
earcockle or seeds Infected

by Karnal bunt (maximum) 010 % 0,50 %
{by number)
Gevmination (minimux)
Barley, oats and wheat 85 % 85 %
paddy 80 % 80 %
Molgture (maximum) 12,0 % 12,0 %

For vapour-proof containers
(maximum) 8.0 % 8,0 %

* Objectionable weeds are the same ag given at IV,B above
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APPENDIX N

Coat of peration of individual policias in rupees

per quinal
Grain-output Coat of Oost of opers-

B e (fmghe sese degs

-.a/ba Rg
1 8- 1 38,07 407,15 10,69
2 g- 2 38.T9 2074.86 5%.49
3 8- 3 3984 653,01 16439
4 8- 4 3775 455.32 12,06
5 8- 5 3997 639468 17.78
6 a-6 356,36 472,38 12,99
7 E-7 38,65 102,06 26,18
1Notn The cost of bhusa has not been taken into

aceount in caleulating the cost of operation

per gunital,
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