
LIBRARY 
New D e lhi 

Call No. 

Ace. No. 



ANALYSIS 011' HllliVF.lSTIN'G A.ND TBHJ!lSHING SISl'l!4'IS OF I{RBAT 

VIJAY KUMAR MITTAL 

A Thee1p 

submitted to the ffsoulty of the Post-Graduate School, 
Ind~an Ai5rioultural Reeearch lnutitute. New Delhi, 

in partial fulf~lment of tho ~equ1remente 

T3009 

1111111111111111111111111111 
IARI 

for tho degree of 

JJOCTOR 0]\ I'HILO:;Ol?HY 

AG·RlCUL'rURAL ENGINElSRING 

Division 01" Agrioul tu.ral Eng!lneer:1JlS 
Indian Agricult;ural ReosoQroh Institute 

NEW DELHI 

1976 



ANAL'ISIS OF HARVESTING Al:W THI1ESHING SYlJTl!I.·lS Ob' WHEAT 

By 

VltJA.Y KUMAR MITl'AL 

A Thes1e 

eubmitted to the Fnoulty of the Post-Graduate School, 
Indian Agr1QU.ltural li.esearoh Inat1tute, Ntliw Delhi, 

in partial fuJ.:fUment ot the requirements 

Approvod by • 

for the deGreo of 

DoaTOR Oll' PfIILOSOl'llY 

:in 

AGRIOUr;£UlUL ENGINEIilHING 

Im\/ .DELHI 

1976 

\\ . M " \""c ,--~~_J 
••••••••••••••••••••••••• C1ha.1rman 

Members I 

(Dr. ~~I.J~~Cha_~l) 

•••• • ~.:#"· ......... tt • ••••• 

(Dr. T.K. Sarkar) 

...... ~~ ..•........ 
( Dr, C. C. rJ;i)k 

............ ~~.f. ...... ;.0.(. 
(Dr. A.S. Sirohi) 

J "vv~_,-,-,A/~l" 
.............. U.4~.-.-.-..-;-;rr .... 
(Shri O. K. UahoJe) 

t~l)Ol ~---~-



Dr. A.M. Miohael, 
projeot Direotor, Water Teohnology Centre WId 
Head, Division of Agrioultural EnGineering, 
Indian Agrioultural Researoh Institute, 
New Delhi. 

This is to oertify that tho thesis entitled, IIAnalysis 

of Ml"Vest1ne and threshing systems of llheat" S\l.bmitted in 

partial. ful.filment ot tho raqu.irements ;for the degree of 

DOCTOR Oli' PHILOSOPHY IN AGRICUli.rUML ENGINfJERING of the Poot. 

GrsdU!lte SeMol, Indian Agrioultural Researoh Inut1tuh. NeW 

Delhi, 1s a reoord of llsmaf1do research oarrled ou.t by 

Shri Vijey KUI'IlIU' ~1itte.l Wlder my guidanoe and ouporvie1on and 

no port of the theeia haa been submitted fl)).- e.ny other d$gree 

or diploma. Tho assistanoe and help received by 

Sllri Vija,y Kumar Mitts]. during the oourse of the investigations 

hava been duly aoknowledged by him. 

New Delhi 

Dated the June 11, 1976 

t1 .\'v'\, M,~) 
( A. Dl. Mi0hael) J 7 (r;J ' 

Rosearch Gl.Ude Imd Cha.irman 
Advisory C ommi'ttea 



DEDICATED 

to 

ahri GinaX' flinall and smt. Shanta Devi 



AClWOWLlllDGElIIENTS 

DU2'ing Jnomeuta of solitude and introspection in 

the oourse of tllio stu.dY'. I ha.ve gathered the feeling of 

an appreciation and admiration to many' kind people with 

whose enoouragement, inspiration and help. tho present 

etlldy wae made 'poss1bl.e. It is to them that I want to 

p~ tD¥ homage today. 

In the in.itlaJ. stEl€eB of tho reeetll.'ch work 1n the 

Division of Agr1cultlU'al Engineering at I.A.R.I., 

Dr. S.B. HillY was my major e;uide and chairman of the 

Advisory Committee. He had encouraged me to take up the 

present proj aot and S\1pported me right through my work 

llith both men and material.. I eJ.waYEl foel grateful to 

him. 

I have been fortunQte to be aseooiated. with 

Dr. A.r~. Mj.ohael undor whOse able gu.1dwlce. enooU%'a&ement 

ond inspiration, the present s'budy could be oomplated. 

I am deeply indebted t<l him for taking me .under h1.s wings 

and tor tho guidanoe nnd sl1:pport he has given. me all alon,s. 

J: am 0opec1ally thankful to tho other members of 

IllY adviaory oommittee, Drs. T .K. Sarkar, C. O. Maji.. 



vi 

A. S. Sirohl and Shri S.X, Reheja. all of whorn greatly 

helped me at every atag~ in my theais. I am prlrt1cul~rly 

indebted to Sh. S.K. Raheja for his oontinued 1ntereat, 

guidanoe and help during the ent:l.re oourse of researoh 

and analysis of data. 

I also wiah to express ~ gratitude to 

Sbr1 P.J. Zachariah, Sh. P.N. Pangot~a and Shri R.N. patil 

Of the M:l.niatry of Food and AGricuJ..ture, New Dellli for their 

sUf;goat:1.one and help during the course of this study. 

I owe my the.nka to Shl'i y.e. Arya. end Shri K.K. I{aul, 

Departmont of ;&'Il.rm MMageruent and Oporations, tor their 

tillJ.41ly pl'oviBion of va;rioue typos of asrll. ~ll.ine:cy ana 
help to carry out farm-oporationa in experimental fields. 

r wouJ.d l;1.ke to thank Shr;!' Shr;l.mQban and members Of 

ataf:f of l'lnter Teohnology Centro :tor providill8 Laboratory 

fa.cilitiee and messers ]3.C. Srivastava , H. D. Rao. 

J.D. GaltlclJlu' Md members of the fJtaff of the D:1vlaion of 

Agr1ot1l. tursl Engineering who acsisted me a great d.eal, 

. during the period of raising 'Wheat oroll and d.ata. collection. 

I am gl"atefu.l to maaDers D.K. 14oreY, P.K. ITiI3wn, 

B.L. Raepsna, r·laninder .tl:l.ngh, und manr other friends :tor 

the:J.r t1llloly suggeat100a end help du.:ring vul'ioua otages 

of the researoh. 



vi;!. 

Today, when I lwve the satisfaction of acoomplishing 

the work here at I . A.R.I., I remember Prot. S.V. Arya, 

1fJY ma.;lor Gu ido :tor the M.Teoh. <1081'00 in 1966 at 1.1.1'. 

Kharagpur and my senior colleasues, Doctors A. s . Dhillon, 

B. S. Pathak, R.K. Varahney, R.K. Srivastava, S. ft . Vl)l'ma 

Md others at pun j ab Agriou.1tural University, Ludhiana. 

Of'ton and fr qllont;Ly they have helped and encouraged me 

to get indulged in academia poreuita. 

I dsh to eXl'rees my partioular gl'atitude to the 

Indian Oouncil of A,gricl.ll tural Reaearoh for providing the 

tinMO:ial. boolp to oez:ry Ollt the present work on th.e 

analysis of harvesting and threeh:in1i5 fil,Vstema of wheat. 

I!':l.nally, I w1all 'III) plac e on rooo1'(1 t.lla1; I woUld 

cherish moro thon any other, the encouragemoot, support 

and love of my w;J.fe V0$l16 whioh enabled me to faoe ou.t 

the problema anti. v1oiasi.tudae during th.~ period (If tbi.e 

stu.dy. 

New Delhi 
.Tune J.5, 1976 ( VIJAY KUIMJ:l NI~~TAL ) 



Chapter 

I 

II 

III 

TABLE OF CONTENTS 

Title 

DEDIOATIOlf 

AClrnOltLEDG J:IftENT 

TABLE Oli' CONTEN1'S 

L!ST OF TABLES 

LIST OF FIGUR.ES 

AEBRE VI.AT IONlJ 

INTRODUOTI<n 

1.1 GeneraJ. 

1.2 Importance of tho project 

l., Speoific objootives 

DEFINI'UONU OF TERMS A.'liD CONCEPTS lJSED 

viii 

Page 

iv 

v 

viii 

xiv 

xvU 

1 

1 

5 

8 

10 

2.2 Terms aesocill.ted i~:l.th eoonomi.cs 11 

2., Tarms na~ooiated with aystems 
approach 12 

2.4 Conoept "lied in the present 
study 14 

lmv:n:\'J OF 1.r.rl';RAT1JRE 

3.1 General 

3.2 Hand tools 

•••• oontd. 

17 

17 

18 



Table of oontenta oontd. 

Chapter Title Page 

3.3 Rea.ping machinery 19 

3.4 Threshing and winnow~ng 20 

3.5 Oombined-harvoster-thresher 22 

,.6 Moohanizat10n in relat~on to 
harvesting and threshing 23 

'.7 Design and development of 
hanestine and threehill8 machinery 30 

3.8 Gtudiee in rolati.on to energy and 
co~!,b i:nvo~ved in narveating and 
threshinG 33 

3.9 Loeseo and adjuetmente 43 

3.10 Conclusion of roview 51 

IV llARVES'rING MD TInrESHlNG- MAOJUNEIU 55 

4.1 General 55 

4.2 Hand siokle 55 

4., .Reaper 56 

4.4 011'od thresher 57 

4.5 spike tooth 'thresher 58 

4.6 Hammer mill type thresher lI.1thout 
sieving and b~e1ng arrangement 
(drummy thresher) 59 

4.7 Hanuller mill type threeller' with 
a1ev1tlG and baa;c;1ne; arrongemen t 
(Ludh1ana type thresh.er) 60 

••••• contd. 



Table ot oontents contd. 

Chapter Title ;Pass 

61 

62 

64 

64 

v 

4.8 Combined-harvester-tbreaher 

4.9 rlilinowing fan 

MA'l'EHIALS AND f-11:;THODS 

5.1 Gene:r.al 

5.2 GBosraphical location and olimatic 
oondit1Qll8 64 

5.' ~o11oy variables 

5.4 Land area allocation and 
preparatol1f tillage 

65 

69 

5.5 Experimental detail$ 69 

5.6 l>etQ11a of the orop and variety 72 

5.7 Preharv9sting studies 75 

- Plant population 75 

- Number o~ total and effective 
tillers 75 

- Plant height 75 

- Prebarvesting lose 75 

- Lodging 76 

5.8 Studies at harvest time 

- Lengtll of earheruio 

- Number of graino .iler earhead 

- ThouS~la kernel weioht 

••••• contd. 

TI 

77 

77 

77 

x 



tab~e ot contents contd. 

Chapter 

VI 

T1tl.e Page 

- 'Yield of the plots If1thout 
lOBS.fJ and gra:l.n-8trf.U~ ratio 78 

- MO:i.ature content oj' grain 79 

- Dl01eture oontent ot straw 79 

- Outt el' bat' loss 79 

- Oylinder loso 80 

- Rack 10ee 81 

- Gathering and bundling lOBS 81 

- 'threshinG floor :LOI9B 62 

- Ileisht of stubb1eo 62 

- gffeotivG field capacity 8, 
5.9 Operational studieo 

5.10 Stud1eo related to threBhing 

a, 

84 

84 

85 

85 

85 

86 

67 

as 

89 

- Grain content of tailings 

- Cleanliness of grain 

- Vioible eeed 4nmage 

- Inviaible soed damage 

5.11 Fuel conaumption 

5.1:2 Cost of oper(!t:l.on 

5.1, Statistioal analysis 

REfJUVI'S .Ai. D DISC\J~SION 

6.1 General 89 

6.~ ~tud1eo on plant.oharaot ristioB 90 

G.} studioD on grain 101968$ 94 

••••• oontd. 

xi 



Table of oontento oontd. 

Chapter T1.tl-e Page 

VII 

6,,4 Height of' stu.bbles 16ft ai'ter 
harVesting 105 

6.5 Effeotive field oapaoity Of 
harvesting maohines and effeotive 
performanoe of threshing machines 107 

6.6 Operat1.onal. atud1.s 111 

6.7 Labour requirement 121 

6.6 Studios rolated to threshing in 
d1t:terc.nt pol1oies ot haneflting 
and threslling l~ 

6.9 Studies related to tho cost o:S: 
operat:l.on involved in eaoh policy 
of harvesting and thrash.1118 135 

6.10 The optimality ot the sYstem 

StJ~mAnY AND COHCLlJuIONa 

DIBLlOOIl.A..li'H! 

A 

B 

c 

D 

r-teteorolog ioal da.ta. 

Important speoifications by 
tractors, engine, eleotrio 
motor, combine, tllreehers und 
ll:lnnOW:Lng :tun 

(a) LOd.$ing in experi.olonts A 
andB 

(b) Fooled data analys:Ls 

I'lethod of oaloulation of the ooot 
of operation 

••••• contu. 

183 

l83 

199 

206 
206 

207 

x:1.:I. 



~abls ot oontentB oontd. 

Ohapter 

E 

]' 

G 

H 

J 

K 

L 

N 

Ti.t~e 

Co~t data about h6rvesting and 
threshing whaat 

2oo2ed datn analysis of yield 

Pooled data analysis of lOases 

Pooled data analysis of tiroe­
elements in operations 

DetnilB abou.t workers 

Systems, specifioations and 
1lI80hillee used 

.lU:trao t .from Indian minimum 
seed ol!ll't:t.1'loation IJta.nderds 

Eoonomics of diffa~ent crop 
rotat1crJ.B in Inul.t1ple cropping 

Cost Of operation of individual 
polioies 1n rupees per quintal 

x111 

209 

211 

212 

21~ 

214 

215 

216 

217 

218 



LIsT OF TABLES 

1.1 Aroa. and produotion of wheat in India 

1.2 Farm holdings in India - estimated 
number and area operQted by sime, 1961-62 

~.l Req"irement ot energy end coet of 
oporation of harvesting and thresh.1.ng 
of wheat 

~.2 Energy requirement and cQst of operation 
of harvesting and threeh1Jl8 wheat 

}.3 Bnergy reqUirement and coat ot operation 
of harveetin6 and threeh:ltl,g o:t wheat 
in heavy and light I!IClUS 

;.4 Energy and ooat ot harvesting and 
threshing wheat 

'.5 EnQrgy and coat per hectare of harveet~lg 
and tbreahill6 wheat 

3.6 Requirement of energy and ooot ot 
operation of hurveetiug and throshing 
l'lhoat 

3.7 Oomparative performanoe at threshers 
using wheat crop 

5.1 t'leteorologioal data at 'the eXperimental 
area., 1974-'75 

5.2 Details of operations and maohinery used 
for preparatory tillage of the 
experimental field 

5.3 Fort1l1zera appliod 

•••• COllo.ta.. 

xiv 

6 

41 

44 

48 

66 

70 

T3 



.xv 

List of' Tables contd •. 

Tab~e Title Page 

5.4 Irrigation sohedule 74 

6.1 Mean values ot plant cnaracteristics in 
plots to b$ harvested and threshed under 
ditterent poltoj,ee in exper1ments A and :B 92 

6.2 I<lean values of different t.ypes of 1013see 
in experiments A and B 96 

6., Losse8 expressed as peroontBGe of the 
yield without loases and averag percentage 
losses of experiments A and B 10' 

6.4 The height of at"bblee 10£t in plots 
atter b.arveetins Wlde:r dt£;forollt policies 
in e::r.pel'imente Po. and .B 106 

6.S ~ffeot1ve field oapacity of harveuti~ 
maoh:l.nee employed in d.1.t:rerel'lt pol.ioiee 
in experiruente A and B 108 

6.6 Bffeotive periol'lllllnoe (thresh:l.ng capaoity) 
ot tlwoahing mach:l.nes "sod tor thresl'.ling 
in different polioies in exporimento A 
and B 109 

6.7 Mean values of time elements involved per 
hectaro - orop prod"oo in difforent 
operations in experiments A and B 112 

6.8 l'1ean Val\16S of time &lamento pel' qu.intal 
of grain bacia involved in difforent 
operations in eXper:Lmenta A and .B 119 

6.9 Labour roq~romont for operut1na. 
harvesting and threshing mnohinae 

employed :In e:r;per1menta A and n 1.22 

6.1.0 Stud10a relatod to porforwwloO of th~oOhGrs 
u.eod in lliHorent poH.oioli in e.xper:l.mento 
A an(l B 124 

••••• contd.. 



:x:vi. 

List of Tables contd. 

Tabl. Title Page 

6.11. Studies related to threshing in dif:t'arent 
policies in experiments A and B 126 

6.12 Per:t'ormanoe of spike-tooth thresher 
prod~cing long straw 128 

6.1, Performance of hamruer mill type thr~aller 
with sieving and bagging attachment 
produoing short straw 129 

6.14 Performanoe of hammer mill type threaher 
without sievinG and bugging attaohment 
producing ahort Gtraw 1'31 

6.15 Performanoe ot olpod throcher operated 
by a. pair ot bu.l.lockD 1:'3 

6.16 Ooat data of maohinery omployed £01' 
harve",ting, threahine and w1nno'iing 
opornt1ono 136 

6.17 Coat datil of the trailer end different 
power units used for operating the machines 
f or harvestill8 and threahi!)6 138 

6.16 Coat of oporat~on of different muohinea/ 
tool and po~er unite used in experiments 
A and :B l.40 

6.19 Average total CO$t of operationo of 
d1tfercnt ayatoms of llarveoting Md 
threshing of lqhea.t 142 

6.20 tho optimality of a policy ot harvesting 
and threshing of 'Wheat 144 

6.21 The quantity ot bhuaa obtained under 
individual po1io:he and 1tCl C()st 148 

6.22 Nett (lost o~ operation undor individual 
polic:1oa 150 



3.8 

Title 

concept of mlllti.ple oropp:J.n& ~ eequetlco 
of four food oropa 

Hand tools ueed for harveeting wheat 

Hussoy's American reaper, 1851 A.D. 

McCQrmick's hand binding harvester, 
1880 A.D. 

'val ter A. \~OOd' e hurvester llith. eel! 
tlinding meohanism, 1876 A. D. 

Nineteenth oent~,ry thrashing soene 
in :Britain 

l·iaohine for hArveet1ns, threshing, 
'Winnowing and bagging grain. U.S, 
patent, ],636 

Relationship between average aggregate 
yields ot major orope and power-input ,' 

Relationship between oropping intensity 
and farm 8.12e (:farme not uoing 
combmee) 

oomparison of l:aa.rvesting costs 1ncludir~ 
oredit to the eelf-propelled combine 
for releaOing n tractor and char~ing 
the :ClUJ. type for both field openil1(; 
losaos and a oum reprosenting 
inoonvenienoe loss 

••••• contd. 

xvi:!. 

7/8 

18/19 

19/20 

19/20 

19/20 

19/20 

21/22 

22/a, 

25/26 

29/'0 



List of f1gQree oontd. 

4 .. lf 

4.5 

4.7 

4.8 

Title 

Ef~aot of oylinder speed on unthrsahed 
grain and external drunoge on two 
var~etias of wheat 

Overloading grain losses as affocted 
by he~t of ou.t and rate of travel 

General shapeo of band-siokles and 
details of conatruotion 

l~hoat orop be.in6 harvetlted with 
a rea.p.r 

Wheat crop being threshed with an 
olpod thresher 

~fork1xlg of a puJ.J.man thresh r 

Hammer m.111 type thresher without 
eiev:!.ng and bOS6:Lng a.r:rangemen t 
(drummy thresher) - oonventional type 

Hammer mill type threoher lllth. 
sieVing and bagging arraneemont 
(Ludhiann type thresher) 

1<'10\>1 pa.th 01' grain and straw in a 
oombme 

SChomatic ar:raneelllsnt 01' the 00610 
functional oomponEl'llte of a oombine 

4.9 (n) Field operation of tructor side 
4.9 (b) mounted pto operated oombine 

4.10 

5.1 

Winnowing :fan 

»'low ohart for whoat harvesting 
syotemo 

•••• 

xviii 

:Page 

50/51 

5l/52 

55/56 

57/58 

57/58 

56/59 

58/59 

60/6l 

61/62 

61/62 

61/62 

62/63 

66/69 

oontd • 



List of figures contd. 

l)'1gure 
No. 

5.4 

G.l 

Title Page-

Layout of oxperiments A and B 71/72 

Sartorius automatio weighing pan 
balanoe 79/80 

Germination toot 86/87 

~rypoJS of losses in d;l.f'forent polio;l.elil 
Wlder llarvesting and threshing 
systems 95/96 

Total loa·eea as peroenta,gG of yield. 
without losses in different policios 
undor harvesting and thr oshme; 
~stems 102/103 

Types ot losses expressed as 
poroentage of total lOBS in each 
policy (based on average 10s9 ot 
both experiments) l02/103 

Q·raill lossee expressed as percentages 
of' total y1014 in each policy under 
harvesting and threshing systems 102/103 

Total oporational time taken by 
different polioios under harvesting 
and threshing aystoms in GXperimonts 
A and B 111/112 

Time tween by individual operat~on 
expressed aa percontage of total 
time involved in each ~olicy (average 
of experiments A and 13) 121/122 

A oomparison ot total coat at 
oporation involved in eaoh polioy 
under harvesting and threshing syeteJlls. 143/144 



ampere 
average 
oentimetre 
degroe 
(i.,iameter 
gram 
heotare 
horae power 

kilogram 

kilowatt 

kil 0'16 tt ... ho'lU' 
litro 
metre 
minute 
;Paise 

pOlier take off 

quintal 

ABBREVIATIONS 

revolutions par minute 
Ru.pees 

aqllare centimetre 
square metre 
volt 

A 

a.vg 

om 
<leg 

d1a. 

g 

ba 

hp 
kg 

kw 

kwh 

1 
m 
min 
p 

pto 
q 

rpm 

Rs 
cm'2 

'Ii 
v 



CHAPTER I 

Ill'TRODUOTION 



CfiAl>TER I 

INTRODUOTION 

Wheat is one of the major crops of India. It 

ooc~plea the seoond position ~ r apect of area und~ 

cultivation and total. produ.ction and is aecond only to 

rlioo. It'rOlll the global. point ot new_ India ranks third 

amQJ1g the major wheat growill6 cOWltr1ee. tlith a 

proci~ot.1on t'ie:ure of 26.5 mill:Lon tonnes and an ar,ea 

of 19.2 milllon heotarGs in 1971-72. Table 1.1 gives 

the prodllOt;l.on ;f.1glU"es of wheat in India for the period. 

of 1964-65 to 1974-75. 

Table 1.1 l'(lveale the ilDpaot oj! the Sl'eet1 

rev~1~t1m1. In 1965-66, the total production of wheat 

wag about 10.4 million tonnee ~om an area of abou.t 

12.6 million heotar a of land. 'rho produ.otion :figures 

rOeo to 26.4 million tonnes in 1971-72 fI'om an area 

of abou.t 19 million heotares, although su.baequantly, 

thero was a decline mainly on account or adverse weather 

cond~t1ene, inorease in prioe of' fertilizers and en GrB'1 

crisis. The deolining tendonoy was overoome subsequently 

and the produ.ot:l.on figures oontinued to increase trom 

~974-75 onwards. The breQltthrough in ~lhea.t production 
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Table 1.1. Area and produotion of wheat in lndi.a 

81. A81'11. Area l?l'Qdl1otion 
No. year .... ('000 ha) (1000 tonnes) 

1. 1964-65 1., ,422 12,257 

2, 1.965-66 12,5'12 10,'94 

,. 1966-67 12.836 11,'9' 
4, 1967-68 14,998 16,540 

5, 1966-69 15,956 18.651 

6, 1969-70 16,626 20,09' 

7. 1.970-71 16.241 2'3,8'2 

8. 1971-72 19,1-'9 26,41Q 

9. 1972-7'3 19.46, 24, 7'~ 

10. 197'-74 19,057 22,07'3 

11. 1974-75 18,108** 24,4i!'5n 

*' A15,toiC)uJ.t1U'Ul Yl'ltU' 10 :from July to June. 
Directorate ot ECQnomics and Statistics. 1975. 

** Eat1matGd .. The ~et1mated production of wheat 
dU1'ing 1975 .. 76 is 2'1 million tonneliJ (Times at 
India, June 5, 1976). 



was made pooaible by the incorpo~at1on of ~odern agricul­

turo.l. technology in. whaa.t-farm1n8. The inorease in 

produotion over the past several years haa brough.t ;In 

it. we.k. new problems. r'che inereaeil:lB trend ie hot/ever 

expoct$d to cont:lJlue. 1n v10w of' the :Lnoreae:1ng emphasis 

on improved teohnology in a~1cul.tu;l'e to raise produotion. 

One of the main problems rolated to the production 

of wher.t orop oonoerns id.th the harvesting and tbreshing 

op9ratio~ Thes~ operati~8 may bo e~thElr traditional, 

modern or huving a com~;Ln!;ltion of both, \i1th varying 

degrees of aeCbauiza.ticn. ~he harvesting and threshing of 

wheat involve many problema becAuse of the ahort harvest­

ing r.sc son for ml1ltiple and intensive cropp:;\ng, uncel"tainty 

and vagaries oi' wl;lo.tber, shortnge of la-boar dllrine the 

peak e.a.t;lOn and the importanoe of the timelllneaa :factor 

dl1. to the 11 ehnolog1oal MaJlGee, e9.PeciaUy :from. tho 

point; ot view of obtaining Q better prioc.. In a.ddition 

to those problems the farmore, in genar: 1, try to cOIl1plete 

the harvest~ng and threshing of the orop as qu14kly BO 

possible tn order to avoid heavy field 1088.$ reeulting 

trom thEl delBiY ~.n harveating c.nd tllroah~ and save 

th.msel~Gs trom the ~ag~ry in tho hottest per10u ot the 

year .. 
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Several systems of harvesting end threshing o£ 

.(heat exist. :eho fSl"mer is faced wit1'1 the dilemma. ot 

4GOid:Lng \'Ibich oystem suits hie requirement. A s;yote.m.a 

approach wbJ.ch deals with the ianumarable problema. ext. 

harvesting and threshing is d~e1rBble in det~rmining 

the most suitable herve8tin~ and threshing syste~under 

the cond:l:t :l.cm.a generally pr;nailing in India.. TIle 

suitability of such a syatan will be govorned by !ts 

performanoe. both :in termEl of efficiency and aOQl1omy. 

The meol:t.anizat:l.on of' harvesting and threshing 

operations involved in a part1cuJ.ar ll;Yatem. (a.s ellv1eased 

in this work) BPlloars to be ocourrit18 in rClspona to 

oh.e.ngea in the demand for tarn. energy l'ela.Uve to ·t:.he 

oupp~ ot labour. ~raotor~ and improved ~r1o~tural 

1mplem.ente iii em to oontr1bute to inoreasad :farm 1'rO(1uo­

t:1.QI1. Tho long-term ef:hot Of farm mechan1zaf;1on in 

thG oontoxt of term employmont is important and baa to 

b41 given due conl3iderut:Lon. ROll ever , at the Qamo time, 

care:fuJ. considera.tion io $100 to bo g1vcn to the produ.o­

t1v1.t:y oonoepts to be incorporated in aSrioultural 

operations. 'Rules of thumb' which presume that maohines 

diapl~ce labour or ~eato additional ~Aployment. otfer 

n9ither ndvontagea nor any guidance tn formulating a 



elli table polioy. The main cona:lderation in this respeot 

is to be given to the ooonomio stimuli generated in 

order to w:fke the machine prQfitable to the .:I.ndiv::l.dWill 

operator. Suitable policy deoision oan then b$ formulated J 

bas~ on this intolt'matiQll. and ha:ving dUf) regard for the 

social bene£ite and tho costs to be incur1"ed by the 

individual tarmer. The returns are to be assessed in 

relation to a particular a;yetem involving a single machine 

eX' a. groups of mach:Lnea 1n the harvesting and threeb1ng 

of wheat. 

1.2 Importanoe of the projeot 

Tbe problems assooiated w;1th the harvesting and 

threshing of ~heat crop, ero to be examined with epeoial 

reterenoo to the oond:ltiona provailing .:I.n the major lIhea't 

growing regions of India. The olutiono based on the 

eoonomiC and statistioal modele as evolved and developod 

in the western oount:ri •• aro rarelY applicable to Ind1a 

:I;n their entirety. They are to be enalysCild in :relation 

to the spec11'1c oonditione ex1st:l.nG in India. 

Xh. major arM in India under wheat lies to tho 

north Of the Vindhya Illountain range. A glonce ovaX' the 

diotr1'bu.tion of holding" ('ra.ble 3..2) makes it runply 

olear thAt the same type of eYatOlll of harvesting and. 
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Table 1.2. Farm holdi.nge in India - 6et.1.matea number 
and area. operated by sillle, 1961-62*. 

61 .. Area oj!' 02erat1onal ao.~~g 

No~ 
llo1dil18e Ifwnber Percen.t Area Percent (heotaree) of ot total operated of total holdings hol-dings , '000) area. 

( • COO) 

1. Upto 0.20 4,8,8 9.71 464- 0.'35 

2. 0.20- 0.40 4,2" 8.54 1,245 0.94 

,. 0.40- 1.01 10,772 21.62 7,284 5.50 

4. 1,,01. 2.02 11,151 22.44 16,224 12.25 

5. 2.02- 3.04 6,156 12.}6 14.979 11.31 

6. ~.04- 4.05 3,476 6.98 11,947 9.0:2 

7. 4.05- 6.07 ;,681 7.79 16,569 14.02 

8. 6.07- 8 .. 09 1,64' ,.70 12,582 9.50 

51" 8.09-:1:0.12 1,111 2.2, 9,600 7.30 

10. 10.12-12.14 66, 1." 7,165 5.41 

11. 12.14-20.2, 1,121 2.25 16,569 12.51 

12. 20,,2, and 
above 52, 1.0!) 15,148 11.89 

All sizes 49,024 100.00 1,2,444 100.00 

* Souroe I Indian. S6l."Jlclllturo in brief'. I"ow:-tee.nth 
Edition (April, 1975). 1Be~ed by the 
Direotorate of Eoon. and sta~. tttn. of Agr. 
and lr3;'. Govt. of Indj.a. New Delhi. pp.1-269. 



7 

threshing ~e noithor dee1rab~e nor poasiblo to be ad~pted 

in 6'l1I!iry type of holdin_g cOllliliderine rl1de variation in. 

area of holdings. 

At tho Game time, inoorporation of prod~otiv1ty 

concepte.in gr1CuJ. tura]. produ.ction ~etemliJ 10 lLmperative. 

In ttl" hist()ry o:t mankind, 1nol'eaaea in tiLe demand tor 

tood are der.ived trOJll the growth in populathn. Sinoe 

the time of MaJ.thus. the foolli. lll'Oblom. hat) been viewed 

as a food own population problem (Brown and Bckholm, 1975) . 

Theretore, to tight the Melthu.saan speotre, productivity 

ot eaoh farm~unit mutlt be mOl'EluaOd thl'Ough the tra.n~or­

mation ot traditional aar.icultur$ u~to mode~11~ed 

B8:riouJ.ture.. This 10 possible only through the maximum 

~tiliBation of mOdern technology in crop production. 

The modern multiple oropping teohnology makes it possib~e 

to have four flOod orops j,n a year (F~. 1.1) . Grouins 

folU' food crops frglll the aallUl unit r:rl 18l'ld Voawmany 

problema assooiated w1th . harv.$t~ and tbre$hing. 

Time11ness of operations 1m one of th e major oonstraints 

whioh callQ for tho Adoption ot sUitable maohin ry. 

Sever21 alternatives GXist for. the farmor to adopt 

Ql on(l of the oombination Clf operati.one (polioy) of 

hnrveati.ng and tllreabtng ot whoat. Th..o m.ajol' quest:s'o:tul 



Fiq 1.1 concept of [llul tipiL r~i"~f.lpi, I~J~ 5 ~ql.! '';'I)( 

n l' . fo 'Iii' j'O(JrJ c.r'\JP '" 

SOUI'Cit f'lI,CIo.I1'(, ~"'I?~~r,tflrf.'h nil tT,lIttip!.:~ 'I npPlr1\H 

1 .. 'I..RI. 3'il1. (r·!aw ',~rj~ ,j ~.o ll, i'Jll!V; f)"!t,,v,S)1;! 
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before! :tarlllero in a speoi:tio O;fOP s:l.tuatlon are .. whiQh 

comb1na.t1on is to bID Bolected, on what 0&6:1.8 and on what 

coat. 

The above considerations indicate noed to deve~op 

in;tormat1on end data in relati.on to the d:1fteren;c BY"tems 

Qf haM'oet:1:ng nnd threohing either in vo81w or l:Lkely to 

bo adopted. 

\fith the underlying tho~ts and conoepts anUInerated 

above, &fiOl1ts have b~en made t1) dev.lo:p suitable informa­

tion :tll~rt:l.nent to the poaeiblo polioios 01' harvosting atl(l 

threllhing ot lihoat. in thl.o £Itudy. 

1., SpeQi~io objeotives 

The :foUowing arc the ba.sic obj ootivee of the study 

r.:porloi in tbis thesis I 

A. To GVaJ.ua to 'the tollow!U.18 opo:t'atiQn-oombino.U.<ma 

to)!.' lulrvof;'lt:Lng and threahin,g (pol:i.01eo) , 

( a.) Traotor operated oomb~e ha~aster oum 

threahel'_ 

(b) Hanper harvesting and manual bundling ... 

staoking ... thresbe1' (not bhuaa makirlg) + 

bagging. 

(0) Reap~r harv.st~ and manual buncll1ng of' 

rutaoking ... thresher (bhuaa :prOducing) ", 

wUmo'Wing nnd olee.n1ng ... bagging. 



(d) Reap0%' harveatins ", manual. b1mdling + 

ataoki.n8 + d~ thresher ... winnowing, 

clean:lng and bagg.ing. 

< e) S:l.aklo harvOBting + llUlnual b\mdl:ln6 ... 

stacking + tnreab.er (bhu.sa prOdI2.C1ng) ..­

baeginth 

(t) S10kle barve.tine; ... manual bundling ... 

staoking .~ drummy thresher + winnowing. 

olean.:l.ng + ba&3i.nS. 

9 

(g) Siokle harveatinS + manual bundling ... 

stackinG + animDl thresb1n8 with olpod 

throaho~ + winnowing, cleaning and bagging. 

Thoae policies are to be evaluated with respect 

to (8) field 10ases (b) maohine losses (0) labour 

requUomont ( d ) operational time inwlvCJCi and ( e ) coat. 

B. To asoertain optimal systems ~or harvesting 

and threshing ot wheat orop in northern India on the 

ba.1s ot the oriteria i.e. ( 8 ) bimelinesB ( b) cost 

ettio1enoy and (0) por:formanoe o:fticienoy. 



C HAP T E R II 

DEFINITIONS OF TERI-1S AND OONOEPT USED 



CHAl'T.B.R II 

iJ,Wi'INI'I! IONS OF TEHj;~S I\.f.\lD OON"OE!'T USED 

2.l Terms u.oed p:r1ma.rilJ for IllY stems aDelya1s 

I Field efticienoy 

]JI:Leld e:ffi~1oncy 1a the rat1.o of effeotive 

f1.1d capaoity to t~e th.o~et1oal field oapacity usually 

expreeaed in peroentage. 

II Etteotive field ca»ac1ty 

Aotual rate of pertorcanoe of land or orop 

actually prooessed in a given time, based upon total 

field time ie termed 6S effeotive field oapacity. 

III Theoretical field oapaoity 

Theoretical. £1.1d oapao1.ty 10 the rate of 

performanoe obtained 1f a maohine per.tormB its fUnotion 

100 percent of tho time at thE! rated operating speed, 

ueiAg 100 p~oent Qf its rated width. 

IV Field time 

Field t1m. is tho time, a machine spends in 

the field measured from the start of functional activity 

to tho time, the tunot1onaJ. aotiVity for tho :f1eld 16 

oompleted. 
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V FlLeld opeU 

Field speed o.t a machine i6 avorage rate of 

travel in the field dW:'i.ng en uninterrl.1:pted period of 

funot~ona1 activity. 

VI Eoonom.1o 11.:1'. o:t maohino 

l'he WJe:ful servioe 111'e of a IIIElchine before 

it becomes unprofitable for ita original purpose d~e to 

obaolellQftce and/or wea.r, ie taken an econoll11o life of 

maohine. 

VII ~luoh1n. OYliltem. 

Machine E\Y'atem 1e an ~rangelllent of two or 

lIloro meohan1exne to IlCh:l.eve a desired ou.tpu.t. 

VIII T1meUneslS 

Timeliness of an operat:lon or maohin is its 

ability to perform an a.ctiv1ty at D~oU B time that 

quality and quantity of prodoot are opt:l.m.1z04. 

2'.2 Terme associated w1.th ooonomios 

I Operating coats 

Operating ooata are those ooate which depmd 

direotly on the 8I!IOWlt of ~ge. 

II .FiXed ooats 

Fixed ooate are thoe. ooate whioh are 1ndQDe~ 

dent of tho maoh1n19-uao end :tnclude Qosta Booh lill!! 
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depreciation, interest 011 1nv~stlmElnt. taxes, insuranoe 

and stoX'86e. Ji'iXed oosta mu.st Too charged regardless of 

maohine produ.ct~v1ty. 

III Total. cost 

Totel cost 1a the sum ot tixed and operating 

IV Depreoiation 

Depreo.:l.atj.on 113 the reduot1on in valu.e of 0. 

maohine due to obeolesoflnoo. ,~ear and tear. 

2.~ Xorma aaaociated with oyetem~ approaoh 

I SYliltem 

A system 1 an a •• emblnge of interrelated 

parts ():t a l'Ihole w1th a oonceptWll. boundary prov:l.d1118 

a atru.oturaJ. autonom;v to 1t from the EIllv1ronmGrlt. The 

ont1tlea exoluded by the boundary form tha euv.l.ronlnont 

ot the !System. 

II Systems oonceptG 

ayatema conoepts inolude general theory and 

pr1ncil'los. The emphasis is on th~ philoaophy and the 

view point is conoeptual. 

III Systems manag~ent 

Systoms manaeament involv$s applioatiQn of 

theory to mM-lllQch1n.e ay"tema. AltOl'na.t1ve names for 



thi5 are management sCienoe O~ Qperat1anal ~ea.arch. 

It .1s s. way to orBanize X'esQuroea and tb.e v:i.&W point :i.s 

p~·agma.tic. 

IV Systems analysis 

SYBtem analYois forro~atee modele for 

e.ne.l.v's11l1 and plans out methode to solve problems. The 

view po1nt 19 planning and oontrol. 

V Syuteme approaoh 

'l:his :1nolUClea Bystema concepts, eyetellUil 

management and oystems analysis. The bounda:t'1$s ass1e;lled 

to these diVio1cne of the systems approach Uo blurred 

sud a dtWll.tion may incorporate all three t atW'es in 

vnry1nS proportions. 

VI Performance of Q ayatem 

The D rformanoe of a physioal sYstem dep nda 

upon thnt of all its components, but transcends that of 

any ono portion. Tho essenoe of this conc ept ;La that 

eYBte~p rtormance oannot be doter.mined from the perfor. 

manco ot lta indlvidual components alone, A ayatom'e 

oharaoter1otioG are more than the eum Qf the oharacter­

istics ot its components and are der:1vQd 1'~om the nature 

Qf the interoonneotion Qf tl'Ul linClividuaJ. ol.emento. 



2.4 ConCGllt used in the lire sent otu.lS¥ 

are, 

BaS~Cally, the wh~at harvesting-thresbing systems 

I Non-mechanized system of harv.Gt~ and 

threshing 

XI Part1ally meohaD.leed system o~ harvelltlZl8 

end threllfob.ine 

III Fully mechanized system of harvesting and 

'threshing. 

In the present etlldy. the :first system is 

oharaoterized by dokl ... .bArv.st:i.llg and three.h1llg by 

bullook tread1.ng coupled. ~Ilth the Ilae of olopod thresher. 

P6rt16lly mecbani~ed aystem of harvesting and 

threshing oOllsist o~ soveral oombination of oporat1ono 

ouch aD 8iokle-harv.stl~ or reaper-harvesting ooupled 

with ane of the tbreah1nB methOde IJlleh 80 threshinG 

with opike tooth thresher or hammer mill tYlle thresher 

with ai.vine and basg1.ns arran.g ment or hwnmer mUl type 

threab.er withou.t aievin,; and bSGSlng e.rrangamen.t • . 

L'u.J.ly m.ohat\lzed. eyetem has been tlnv1.eaged to 

completo eJ.l ;lobe of ho.rveat1ng and threeh1na aimu.lta­

neouely. Such a maohine-syetem oonsists of oombine 

harvQs~Gr-thrGah~r. 



The conoept lwe boetl presented :1n Fig. '5.1 in 

whioh a oombination of maohines or tool seleoted to 

per;fol'm the taeks of harvesting and threshing has been 

envisaged or termed as a~, ~o obtain desired 

product (the grain) f~om the standing orop. 

Thus, thGl pol101es (lonat:l.tuting anyone of tile 

alte:rnate oombine:t1ona or arrsngexuent Of harvesting a;nd 

threshing maohines have been 19l'lvisased as f'ollowo. 

~ l'ol.;!.c:r 

s - 1 

s - 2 

iii - , 

a - 4 

s .. 5 

traotor operated oombine harvester cum 

tbreaher. 

reap$l"-harveeting and wanu.eJ. bundling + 

staoking "" threaher (not bhuaa tiJSk11l,g) + 

winnowinS and oloan:Ln,g + bagging. 

reaper-harvestins and manuaL bundling + 

stacking + thresher (~ px'ouuoing) w:ith 

siov:l.ng end. bagging ax'rangemente. 

reaper-harveaUns ... llIBnual bundl1ng + 

etaokinu ... thresher (~ produoing) without 

sieving and b~:lng arrangement + winnowing 

oleaning and b~ging. 

Siokle-harvesting ... manual bundling 'I­

stacltinS ... thresher (~ prQdMing) w:1th 



S - 6 

s - 7 
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sieving an.~ bagging Br~l3ement. 

aiokle-l:I.oomItet1n.g of' manu.al. btmdl1ng "I­

atsoking ... thresher (~ prod\lOins) wi thola.t 

sieving and baisginG arrangement. 

eiokl ... harvelilting ... manua1 bWlCJl.1ng ... 

stacking ... bullook treadine w1~ olpOd 

thresher ... w1QnowinB. cleaning and bagg:i118. 

In aotual praot1oa too, Bonae of these pol1oi 0 

ar. being tollo~led by Indian flU'lnera growing wheat :tor 

haryeating and threonine operat~one. 



CllA'J'lT£R III 

),{BVIllW 011\ LITERATURE 



CIi.tt.PTER III 

REVU.l\1 OF LITERATURE 

Berveetin& Illey bo defined £1,8 the .IllaL'l8 detachment 

of t.ne erop plants, us~Uy by tlutt1nth with the heJ.p of 

blades and their reJDoval from the [told to .1.o01ate and 

concentrate the desired plant part, usually the gra:1n. 

Tbreshing. on the other hondo oonsists of a group of 

oporations that are 4elJ:S.gnod to dotllOh the doa1red 

pl.'Oduct trom the maes of the harveet.o. C1"ol> matorial and 

to aoparate it ~rom the mixed mae., Tho threshing oper~~ 

tion$ usually mean the detaohment of grains from the 

plants by boating or rubhing and the separation of grains 

from the lMOB of straw by meana of screens or blowillG the 

stX'a'l'f 8.1Ia;1. 

Harvesting and throshinG syetems employed in wheat 

otllUvat:1on depend \lpon the deviooo usod to harveot and 

thr$M and the so1U'oee of pOller uead. A particular ayet~ 

of harvesting and thr.shillg to be adopted by Cl faI'InQl' 

d.p~ds upon the factors like ai.ze 0:1: :fa.rm, oap1tnJ. 

investment onpaoity t teQhnicnJ. aWMran.~8, labour availa­

bility and importanoe- attached to timeJ.inesa. Th<;ll'e havo 
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been attempts by earlier workers to investigate tho 

variflblec influenoing the .teaa1b:1.lJ.ty and effioiency of 

hll.J,'veat~ and thr.sb.1ng systems. Tho 'Work most pel'tillent 

to the prea.nt study is revi.ewed in ttUs chapter. 

B lliator1cnl developments 

3.2 Hand tools 

Tho oarliest ment!l.on of the e1okl.e in Indian Vedio 

Literature :1.13 found in Shntapncia Brahlllcm (oiraa 2500 IlO­

!';laO llC) in wtUch a re:forenoo bac been made not only a.bout 

the eiokle (~ ,r!D~) t b\lt alISo about the thret311ing 

floor (~). dave (ill!!!!) and winnowing fan (~). 

In ancient t1lllae, the Egyptia'ns \lsed to harvest 

both l~ild and cu.l.t.1va.tGd whoat with a primitive form of 

Biokle. The Romans ueed a one-handll!d :l.nstrwnont with 

the blade set out at right angles to the handle. This 

\faa the earliest torm Of oytha. A oUl:'ved :!:.ron siokle t 

a.lmont s1m1.la't' to the mod.ern one, was llidoly \16ed dUl:'1ng 

the Middb Agea. In th.o nineteenth oentUX'y, the oradle 

soy the uao being 11doly Wlod for the purpose of cu.tt:l.ng 

whent. 'Hainault soytha' anCi. mowmg acythe were :I.n u.se 

:l,n Europe during the Middle AB(ls _(1'El.rtr1<lge, 197:~)~ 

Fig. 3.1 shous aome of hand tools \lsed for barvesting 

. tlheat. 
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~ India, major~ty of ~armera use oiokles for 

hAZ'VGlsting oel'esl. orope. ThesE) a;iokl.es l!U'a e.ither p~ano 

blade typG or eox'rated bl.ade type. 

3.' Heaping machinery 

Amon.gst the outstandine developments of the nine­

teen.th oentlU."y llae the gradual. perfection of e. wheat 

reapins maohine and ita subsequent development into the 

reap1ns and b1nd1n6 llIJiIohine. Josoph Boyle of London. 

(partr;idse, 1973) seou.red the firet pa.tent fOl" a roaping 

maohine in 1.800 :Lnool'por«l.t1rlG a O~OUlBl' iron plate being 

rotat d thl'o"8h Gearing :from the ha.v Uing wheels. An 

:i,mportant oontribution wa.s made by Henry Ogle (:Pntrid8e. 

197'}) who invented a reaping maohine oapabl.e i)f l.a;ving 

the wheat orop 10 plU'oel or aheavEla. However, two 

American models made by l'loOormioi5: Emd Hussey (l'atridge, 

197') oaused Q sensation ut the Great EXhibition of 1651 

:in Bri.tain (Figs. 3.2 and ,.'3). The credit for developing 

the f'irl3t practically auoQGlileflil reaper ,goes to l-lcCorm.ick 

(pa.tridge, 197'3) tfho marketed hio firat r.aaper in l840. 

By 1860, reapers llith sheaf b:ind:l.nB .meohan1am were 

:Lntroduood in U. S.A. ~1i6Ul'e ".4 showa l''loCormiok' e hand 

bindhlg harvester. The meohanioal ahea:t b1.ndar. WBS the 

f1l1a.l Dtago :j.n reaper developMont. An Amorioan, llnlter .A. 
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WOOd (Patrid(£e, 197'.5) patented a w.1re sheaf binder :in 

1671 which lIIlII exhibited in lihlgland some five yenro 

later (P~. '.5). 

;).4 threshing .ew.d w.t.nnow1Ug 

The earl:1.eet known method of threshing wae to 

boat tho srairl ~2'om the 8Sl". of wheat lJi th & at:1ok. 

The Bgyptians and. Indiana (in tho Vedic times) \teed to 

sp't'end Ollt loosened sheaves on a uide l!U'ea. of ti't'l'll 

gro'lmd and then u"ad to separate out the grairt by 
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driving oxen to tread over the spr~ad heap of barvast®d 

mater:l.al. The Roman. used theU' 'tr:Lbulum' (a heavy 

1fooden plat:f'orl'll lXlo~ted uPQn rOllers) :for th:reshing 

(Patridge, 197'). It _ae 4r08ged by oxen. The 'flail' 

VBB being uo.4 during Middle Ageo in Europe and oontinued 

to b in 1108 until the 1a1:l0 n.ineteenth oentury. 

XhreBhmg tloor we. an iaPQrtant feature in MY 

village, coaununo or farm ill BeOpe upto the end ot' 19th 

century and is very much common even'now in the develo~­

inS and under-dovoloped oountr~ee. 

Biohsel l-Ienziee (Fl&See1. 1952) invent'Qd tile i'irst 

mechanioal thresh~r in about 17,2 incorporating a number 

of tla110 attaohed to a horizontal beam turned by a 

,.gigantio water wheal. Ildorton of Aln:wiok. Nortl'~UIXlberlo.nd 
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(Fuae$l, ~952) was tho first to oonstruct a thresher 

using the ~dea of rubbing the grain tree by paseins the 

eheaves between two rollera. Alll!lrell Meikle ot East 

Lathian (1766) conetructed euocessfullY a threshing 

maohine on an ent1re.l.y :new principle (lI'I1Bsel, 1.952, 

Pa.tridge, 197') . The gra.:la in th:l.s machine, WRS 

separa.ted trom the stra.w by means ot a revolving oylinder 

eubeequontl.y oalled a threshing drum, whioh 'lIae furnished 

on the outoide with tour longitudinal beater bare of 

wood faoed with iron. The dl"um 'ina operated by a water 

whoel. He reoeJ;ved 811 :E.ngl1sh Patent tOl' this maohine 

in 1788. Sl1beequent).y bOlo'S -powered ' machines wore 

doveloped whioh were beirlG used on individual. .farms and 

also beiIlB l1Sed for oUato1l1-hir:i,ng in mid-nineteenth 

oont~y (PatriAso, 197,), 

In the Un.ited stat • ." H1ram and J'ohn P;l.tt (1837 ) 

of \'(intlu'QP, Maine were thE) tirut to produce a combined 

thrllleh:ing and winno":I..rl6 maohine. With the advent Of 

t'il'st steam ell81110 and then the internal. combustion 

engine, mOdified vorsions of thr.8hera carnEl into USG. 

FiSUl'e 3.6 depicts a ty»1.oa.l nineteenth-centu:rEl tbreah:1.ng 

soene :in Great Brite.1n. The UElfJ ot the threohi.ng machine 

remained. oon:finad mainly to tha ElU'opean countI'i0S and 
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'tille Un1.ted States untll about the year ~940. The idea. 

of winnowing by mechanical mOan6 was introduoed in 

Uoll-and dur:l.:ng the eishteenth century by James l4:eilda 

(Patridge, 197'). 

James SharI) (1710) oonstruoted a more oompQct 

version Of winnower. By 1795 winnowers oou.pled with 

thrashers (lame into use. 

3.5 Combined-n.rveater-throshcr 

A oombined-harv,ater-threeher or 'combine' (as is 

known today) 1e the machine 1'Ih1oh does th.e eiroultM.eous 

job of field.harvesting, threshinG, cleaning e.nd 

oollection ot grQ$n. The development of. the oombined 

harveeter-thr4Ulhflr (lollllllenoed lli.th tho U. S. Patent ot 

samuel Lan4l in 1628 (Patridge, 1973). Measel'S ll. Moore 

end J. Hasoall (Patridge, 197~) of M1chiBan,U.S.A. 

devel.oped the f1ret praotioal oombine in l8}6. P1Buro 3.7 

above schematioally the early moael of a machine £Qr 

harvesting, thr(lShinG, winnOl"'il'l8 and ba.gs.1.nB. Dy 1860, 

110 was furtb.ar modified and perfocted. The early comb1:nes 

were drawn by heroes. storun tractors alld interna~ 

oomb~tion ensino t~aot~a we~. usod l~ter. the 301f­

prepellfJ<l combine "las introdllced in England in 1928 

(Patridgo, 197,). 
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BY' 1940, Qomb1nlils we:re be1ni!; used ;for barley, 

oate and pl.llsea. Xhe total. number of oombine" 1.n. the 

world "as abou.t '0 lakb.e by 1960 and their lUIe "aI'S 

extendod to ho.r~eet1ne; of a.ll graine, beans, pulaGf.I and 

maize (Fe1ffer und Fe1fier, 1969) . 

In India the u.se ot combines until 1965 was 

11lll:Lted only on some b1g private and gove.rnment farma. 

\~lth the advent of the green revolution, these 'Jere 

introdu.oed to a 111!l4.ted ext«1t to handle the large 

produ.ct1on 'Volume of whent of h18h ;yieldinG varieties. 

Varlouo modele of eelf-propelled and p\~l t~pe oombines 

wore imported from U. $ • .h.., U.K." liest Gormany, Italy, 

U.S,S,R. and Bast European oountries (Patll, 1976). 

I·teasers Vieon L1m1tod Banga10re started tho manui'notu.re 

and mQ1'ket1ng of V1con pull type <lombine around 1970 

(Rao, 1972). 

o Mechan.izat;S.on in relation to harveating and thral.'lh.1ng 

3!.6 The threehing and tbreahin6 ~Iyatam£l :t:w ~lholl.t can 

'be viewed as conventional.. parti.IaJ.~y- Jlleohanized or 

completely- meohanized ayatOllls in tho ov,",rall context o'! 

meohan:l.zat ion. 

MeohanizatiQn per se haa been both fnvoured and 

d1ofavQu:red by- various authorities. Hilt, oOnl!lldl!lt'ing 



the 1nco~porat1on of productivity concepta in thQ 

prooGs$ of :food prol!lllction, meohaniza.tion fSoom£l not 

only to be neoesaary but also 1mperat~ve. 
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'.rhe "lJorld' s principal unrealized potential. tor 

expanding tood productiQn is now oonoontrated in the 

developing countries, inoluding India. (.fix-own, 1975). 

India' B area of crop land 1$ roughly oomparable to that 

of the United Stateo. Yet, ~t h~veetD only about 100 

mlll~on tonnee Of grain while the United utates hnrveatn 

about 250 IIIillion tam.e. Low prorluot;1vity due to 

bnltinG teohnologioal prOBrOD8 is the .maiu. cnuee of t~e 

unreal.1~ed potentinl.. Lack of llloohsnua.t1on is Olle of 

the main deterrontop 

f.l0ohonu:1l'le the harvo.3ting a.n<l thl'eohing opera­

tions ot wheat - paX'tially or oompletely w:flu.rooea the 

produat:1v1.ty ot labour, MarGY oonoumption POI' unit of 

land, labour employment, t1.mel1neos of f1eld operations 

and 8X'ain lOSSGs. In this regard, the OOlllllcnto, obuarw­

tiona lIJld f.1n.d:lngB of variQus resoaroh wor}cQre oro north 

nOUl'lth 

MolloI' (1967) observed that one ot tho Ultimnto 

objcotlv80 :In a developing oo~try 10 the increaaod 

productiv1ty o~ labour. Labour prod~otiv1ty refleoto 
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the quantity of goods and servioes available to man 

for oQnSUDlption. Johnston, l'a,se Md \'1arr (1972) arsu.ed 

abou.t the possibility and desirability of implementing 

E18r:ioUltural stra.tegies having m.ultiplo objeotives, one 

of which is tho increased farm outp~t at low coat. 

BUlings and Singh (1969) otated tbat a de.mand by iii 

fermer for energy va., a i'unotion o:f (1) the orop 1'&1804. 

(2) the type of eol1, (,) the level of rainfall, (4) 

1nt~D1ty of oropping, (5) the crop rotation followed ~d 

(6) the teohnolo~ used. The timeliness and intensity 

ot operation wore thoU8bt to bo associated with enorgy­

avallabil~ty. the laok of which resulted in 108ses to 

both the fanners and the sooiety. 

Aocording to Oottrel (1.955). thorQ Has OOl.'relatiQn. 

between. wQ6e rates and horao-power per heotare in moat 

of the oountries and meohanizat1.on in th:Ls respeot, 

played a vital role to increase farm productivity. 

Giles (1967, 1975) extunined the rela.t1onehlp 

betweeXl the y!l.elds of various orope and pOllor used :in 

41~feront countries. He observed that the average 

aesresate yield a of major oropa por hectaro was a 

funotion of the numb9l" of horse pow&%' aVailablo p0r 

heotar~ of oultivated land. It appears that 0.50 to 1.00 
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horae power per bectare waa reqUired to obtfdn 2.00 to 

,.00 tonnes yield p(lr hectare. F18ure 3.8 shove the 

x'elationship between average aggregate yield a of major 

crops in kilograms per heotare tor major food crops in 

seleoted countl'ie8/oOIl.t:l.n~ts of the world in. 1964-71 and 
pO\~er input. 

Billings and Singh (1970) projeoted meohanization 

and rlU'a1 employment in Pun3ab throUBh 1963-84. They 

expeoted i'arm I·Iaollinery to beoome a OOlllllon foe.turo in. 

punjab when 100 per cent of wheat would be .mechanioally 

threshed. They antiOipated h1gh yielding varieties 

nlonsw1th ml.llt1ple oropping to requiro more labour than 

would be available, using the present lavel of mechani­

zatiOn, Inoraaoed mechanization could offset the 

inoree.eed labour de'lland to the extvnt thl~t the alll.OWlt 

and durat;l.on of eeaeollul def.;l.c.:l..t would romain tho aa.me. 

Johl (1970) reported that due to the Uee of 

traotor power and pump sets. tue intensity of oropping 

in Pun3ab increaetd trom 126.70 per oent in 1966-67 to 

144.26 pC' oent in 1969-70. D\U'ing tho same podod. the 

oropped aroa and oult;l..vated urea in the state increased 

by 26 per oent and 11 per cant, respectively. Thera wall 

an aooompanied inorease in labour-employment by 58 par 

cent. The bullook-pow 1', of courSQ, was substituted with 
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tractor powor .. 

Singh (1973) concluded that the uae of inanimate 

enGrgy reaourcao was linked with h1.sher orOll y1el.da 

beonuso of the PQael1lUity of applioation of largo 

alllQunts of energy in a short period of time eo that 

oulturElJ. praotiooe oo\iJ.d be oarried Qllt at a nearly 

opt1nulm time than mi&ht be case when aU enOJ:'gy' must be 

provided from animnte souroes, 

Rno (1975) on the basis of studien on the ooste 

of harvesting and thre311:1ng wheat 1.n l'llInjab during 1970~ 

72, made the following oonclus.ionEIl 

(1) use of combinod-hB.rvester-thl:leshor turned 

out to be the costliest t:zoom the speoial point of view 

bCHlauae of its labour d1oplllcin8 potential aq thEt'le.bour­

input aOCowltu for OVer 70 per cent of tho (lost under 

traditional method, 

(2) from the point of viet of the individllal 

farmer. the use of a oombined-harvoeter-Uu'eohor waa 

cheape~ than the t~aditional method of ~eat1ng and 

threElhi.nB and 

(:3) manual nfll"Vceting, oombined ,qi th moohanical. 

threshin{) ,~aa tho o,heapest fot' the individual f armer aa 

01011 as ,the aocial point of vie.,. 

In reaohing the aiOl'{j.IlIent1oned oona.lua1ona, it 
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mu.st be pOintw 01410 that thG eoat.oaloulations did not 

tako into acoolU1te the unoertainties of hil.·~d.-llilbour­

availability, lfeather-ha2U;l%'de and the valUEl of t1me­

lin(lSll. 

In a sUl"Vey of the impact ot agricUltural lll(!C}la... 

n1mat1on on employment in District muzat$arnegar 10 

Uttar ;L>rt\d9S1l. Bhe.tty ~ ,It:!.. (1973) observ.ad that 'With 

the aoql11s1tion of a thresher in addiUon to too tl'aotor 

and th tubuwell, there lIRS additio.ueJ. la'bour input per 

hootore in crop ol1ltUl'e :1u both small and medium size 

farma, oompared to those f'arlllo ha.ving ()nly tubetlS11 and 

traotor. \lben. all :f'1l.¥'lIl and hon :term activitios ~10;t'El 

cons1dered thoro3 wao large%' io.crea~e in labQ1,U'-mpllt 1n 

amo.J.l Zarrllll bllt :1Jl UlOd11ll1l farms tllel'l) ~las a sl1gb.t 

deoline • 

.ilem.·wal and Hisra (197,) I'Op ortQd tihe :favourable 

rospOf1oo of ta.l'merG to oombin£ld-harv'eotOl'I3. Tho :farmers, 

ae per tbeir studY, rapened the ad'V'O.lltagos s~ing that 

(1) the comuines aJ.1evia'tied the acu:te labour .. 

soaroity dlU'in6 rabi hlllX'vest:l.ng, 

(2) tho combines redll.oQd tho riak o:t' wlllul4Je 1Jy 

inolemont l'reatl~er by ehortonlne; the harvostitl6 prooess, 

(;.s ) the ftU'moro cmd their :i'amUy~mmllbora were 



saved ~om the druggory and tcnoion associated with 

harveat:l.ng, 
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(4) operation with tho !.lombine hul'veBter-t,hreaher 

lias the oheapost and 

(5) _tra time wne available ta the Ellttent of 6 

to e wQoke for grQwing additional crop. 

Agrawal EUld l<lilll'fl (197') sllggoflted that aimllltanaolla 

otope to have El6ro- baaed :l.ndustri os like dairying, pol1l try, 

p~e:e:cy and naro-eervice oentres collld be made to abaorb 

tho released labour as a roslllt of introduoing mechani­

zation in harvesting ond throshine. At the SaInO time, 

agr1cU).tlU'e ooUld be maae more intensive to have inoreased 

productivity per unit of land and ·labour. 

A 8tudy oarried out in punjab and Haryana by 

National Council at Applied Economio Researoh, New Delhi 

(1974) indioat d in onee of farmers not using combines 

the cropping int(lnsity was high with the roduction in tarm 

sil!;iIl an4 ao the farm-esizG increased, oropping intensity 

deere a d because of oonstraints dQQ to labour, timeliness 

and other tecbnolog1o!i\l faotors. F:1gure}. 9 b1gblightD 

this pOint. 

Bal."ger (1946) x'sported that the coat of oombining 

with the seJ;t-propellod type ma.ohine was higher for the 
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amaUor areas of land but became lowl)r than thQ pull type 

when 100 heotares or more lHwe hurveoted (li'1g. 3.10). 

Zaohariah (1974) hae shown that Baving in grain 

on aooount of macr~iaed harvaB~in8 (due to combines) 

alone woUld be 0.561 mUlion tQlUlEl ot wheat end 0.,60 

million tonne Qf pa.ddy Pel' year. He further l'ointed ou.t 

that in monetl~y terms, it would result in a aavins ot 

wheat wortn 67.71 ororee (@ ~. 110/- POl' quintal) and 

~. 26.64 ororea tor paddy (Q~. 80/- pOl' quintal) annually, 

His estimate on the requlremant of oombined-harvesters 

for a minimum level of meohanimation in the statee of 

Uttar l'radeeh, Punjab, Haryana and Rajasthan USe 4050 

aelt-propelled and ,$60 pull type oombines. However, 

probably 'tho a.uthor ill not claar about tho o:l.zo o£ land 

holctingB whUe making h113 proj (lotions. 

D D.e~gn end development of harvesting and threshing 

maohinery in India 

~. "1 In India, the design and dovelOpment rork o~ 

threalll91'l1 has pl'C!lcQded toot of the h.arvest1n6 machinery t 

the main cause for this. perhapa. lfere the delay, drudgery 

wld riek. and unoertaintiee involvod in b~look-tread1ng 

method of thl·oBh:J.ng. 

As en im'pX'O'110DlMt over the bullock treading metllod 
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of throsh1ng, tho olpod thresher, first designed in 

Q,u.jurat was introduced and popl1lar.1sed. among small :t'a:rmcre 

having 1 to 2 hectares of orop (Khardokar . 1972) . The 

olpad thresher, it baa been reported, does the j ob of 

4 to 5 pairs Of bullocks. 

In iWJ.jab, S.K. Faul, an agr1cllltural ong:L1leer in 

oollaboration with Sunder S1ngh. a manui'aoturer of 

agriol1l.tureJ. implemGl1to in Ludhiane. ( India) deeisned 

and developed around 1960 a wheat thresher on the principle 

of hammer-lUill oapablEl ot pl'oduc1nB ~ and separating 

it. !l'om ~rlilin by al1ction &nd blowing (Pe.ngotre., 1975) . 

Later on, those thr abera, known as Lildhianll type threshers, 

became popular witb tho farmers in Punj ab and Haryana in 

th~ wake ot ereen revoilltion. 

Petor (1965) ~1al'S reported to have developed a 

~Ihtllat thresher with a oapacity of 6-7 qll:intala per hour. 

The throsher ~I!1a oonstrlloted on the prino:1Jillea Qf f.I 

throsbingwfa.n and oentrifugal tb:t'esbing with tll:lpira.toX' 

oleenll1l3, I1tU!zing a 5-7 h P prime mover. 

During 2969, tho reaearoh seotion ot the Division 

of Agr1.culturnl Engineering (Indian AgricUltural R.esearoh 

J.nl3titu.t~). Nel~ Dolhi) designed and developed three 

different aiz6a of threahers (1 irJDal anA Luthre., 1970, 



UirolJj., 19(9). '.£hase threshers were multi. orop throBhera 

0'£ sp1.ke toothcd cylinder type. ]'lll'theX' development and 

design-modifioations are bei.ng carried out at Zonal 

ROIlC3ClrOll Centre, I.A.H.I. f New Delhi (Sirohi. 1975). 

With tho advent of green revolution, efforts were 

initiated to dovelop or adopt sUitable ~'vesting 

maohinery to cope with tho inoreaued production due to 

hi6h yiolding va;r1 ty (HYV) prograrAlll&. 

Khanna (1970, 1973) dooigned ~lnd devolo_(ltii(l a 

bullook cwn ens:Lno operatod l'ooper with a cunter bar of 

1.$ m and field capacity of about 2 to 2.5 hootarea of 

land p(*t' day. Ho, later on, was awarded a. pril1lO by 

Invention Promotion Donrd or India (SirOhi, 1970). 

V~a and GarS (1971) reported 1::h development 

and design of tractor rear mounted, P.t.c. operated self 

rums reaper alld tho tractor front mountad reaper­

windrower ,and their satisfactory performanoo for Wheat 

harvestint~ at tilG punjab Agrioultux'al University, Ludh1ana 

~ 1971-72. ThOBe reapers, as reported, were designed 

with n o~ttor bar poak volooity of 100 m~m oorresponding 

to tractor p.t.a. speed of 540 rpm. 

Ohau.han (197;1) reported the work: of Clooisn and 

dflvGlopmcu't; ot II self-propelled typo of reaper and binder 



beins carried out after ncceeSBr,1 adoptive and test 

tl'iBle on an ItnJ.~an imported reaper binder. A au.eceas­

ful modif1ed dee:l,gn ID.isht provo ver:y uuetul. to sneller 

farm era. The roap~r binder, Q~ reported, is a solt­

propell d unit opera.ted l~1th a 9 hp diesel IilnginO with 

a GuiltEll' bar of 1.,6 metres hav~ 60° t;oSangular l!n:1:t'o 

rutotione. 

H stUdies in relation to energy and coat involved in 

hlU"Veetins and throBhing 

~.8 The 1nv •• t1~tione reported by Ojha (197') nbo~t 

tilO requ..:b'emont of GnGrGY' :lor harvElst1ng and, threah1Dg 

ot wheat and r apective oOat of opera.t1cna at KharagploU', 

WeBt Bensel In' 1l~1zod in 'ra'ble '.1. 

'l'ho reaultra of tho pro3ect abol.lt the mergy 

requirement and ooat Qt operat~ono of l~estlng and 

thresh1,ng, aa reported by Singh, .!11t~. (1f}7.,), are 

eWlllll8X'iaed 1n. Table '.2. 

Kulahrelllhtha .Ii,M. (197') etlldied the f3'tUll'gy 

requirem.nte 10 intensive agr1a~tural prOduotion at 

Pantnaaar, uttar Pr .. deoh and also conducted a village 

survey. Their findine;s 111 l'.'elo.t1on to harvesting and 

th.'reshia:lg !ll'e nl1lnrll.arized in Table ;I.' a.nd 3.4. It 'tlas 

concluded tba1a 
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(J.) for both the energy and ooat per heotare, the 

use of the combined-harvester-tl~eru1er was least energy 

consuming and had the I minimum cost'. 

(2) in the village survey. the coat of harvesting 

and threshing wheat on small holdings (0-3.00 ha) was 

found to be the least while the energy consumed per 

heotare was minimum in the case of medium holdings (3.00-

6.00 ha) as indioated in Table 3.4. 
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Arya ~ U. (1975) reported that in large aize traotor 

plata, the requirement at energy for harvesting and threshing 

was respectively 19.2 and 13.42 per oent of the to'cal energy 

requirement of l266.75 hp-hours per heotare for wheat orop, In 

the case of bullock operated farma the respeotive figures for 

harvesting and tbr ealling were found to be 2.62 and 18.38 per 

oent of the total energy requirem~lt of 518.12 hp-hoUTS. 

The results of the study of energy reqUirements in 

harvesting and threall:lng operations for wheat in the 

Intensive Agricultural Froduotion Frogramme in Ludhiana 

(l'unjab). candua ted by Singh ~!Q.. (197 5) are sum.rnarized 

in Table '.5. One of tho main observations was that a. 

35-hp tractor with a small combined-harveeter-throsher 

would be able to narvest and thresh ~lheat orop :from 40 

heotares of land in 20 days. It was observed that for 

harvesting and threshing the crop area with bullook power 

and traotor with mat.,hing im'plemonts, it would take appro­

ximately 40 and 28 d~s. respectively, provided at least 

40 or more persons are employed daily for these operations. 

It was also reported by Singh ~~. (1975) that 

75 per oent of the lJloney spent in harvesting and threshing 

(using bullook as well as tractor d;r.'a.wn equipment) oould 
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be oaved by 1ntl'od\loing new mac~ar», (combino). 

~ho res\llta of tho investigations reported by 

Ojha a.G1. (19'15) on tho energy requirements and OOfJt 

of harvestine and threshing of wheat are presented in 

Table ,.6. It.may be seen that harvesting end threshin8 

together oQnswned 11.69 per oent. 8.60 per cent and 19.15 

per oent o:t the total enersy in tho three enerGY 

treatments .. 

The studies reported abave, point out the 

inlporta.nolt of harVestin6 and threshing operationa 

requiring substantial &mOlUlt of human labour. enerBY and 

involv~ high cost. Those fagtora are greatly influenoed 

by the level ot meohanization. However, the studios 

oonducted so tar do not revoal the losses of grain, 

oporat:tonsJ. time involved in varj.ous bnrvestins and 

threah1n8 systems and the suitability of ~ partioular 

oystan tor Q speoifio tarm situation. 

11' Loss • ., Illl.d ad;luatllumts 

}~9 Xh. loosea and adjustments in harvestinB and 

threeh1ll& machinet'y oro int.rrelatod as these a:ffeot . 

mQch~e ef~ioiency, power requiroment and quality of 

tlork. 

Siroh1 .n~. (197l) preaented a compurativo I.'ltudy 
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Qf drummy thre\3here - th. first with. a. w:lnnowmg ::fan 

w1.th. G. drum d:1Q1lletlor of 90 oentimetres and olearanoe 5 

oEllltim.catre$ and the other threohar with a dl.'UIlI. d:l.ameter 

01: 100 oentimetres oom.}?leh 1~1th. winnowing tan, sot at 

vibrating soreens and a~er and having olearanoe of 5 

o.mt1me1;.roa. :rhey reoommended a speed of 475 rpm of 

thr.8h1ne drum for the boat por~ormanoe of both the 

thre8hCtX'a. 

Po.thak (1970) reported that in tho caee of an 

u1e.l threshing oylind.er the :fineness of m-14:1aing wa.s 

r gulated with the cylinder opeed and the depth o£ the 

oounter te.th.. It was obearved that c;ylmder speeds 

of 266 to 30 metros per seoond resulted in a better 

ClLQch1no pGrfOX'lll8llClO. ':1'ho brw.liIing 1I0d not fine onough 

at htgncr molgture oontent. 

The etwl.1ee oarried aut by Singh .Wi.ill. (1973) 

in oonneotion w1ith the harvoat:l.ng and threlllhi.nG of 

grain a.t d;l.f1Grent mOisturE!! contenta 1nd:1oatCid that, 

(1) thG total lossee inoroaa,d with the increaae 

in lIIoJ.ature oQntoot :tor the 8iven. range of 6 to 11 pOX' 

coot and 

(2) the breakael41 O:t gra1n w:1.th the combine was 

lIIor~ at higher moisture contenb. 
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PathBk ~ J1.1.. (197') reported th&t tho threehirg 

'pcroentage, ~lhioh ,"so un indirect 1I1Elaaure of enorg;y­

trana~er, . was a funotion of peripheral velocity, moiat~re 

C)Qntent. mlatoria.l and ahape o'f the impaot membor. There 

WUD a non-lineAr in~roaoing relationship between moisture 

content and thl'ef.lhil1~ p4Woontage. 

Mittal. (1972) reported that in Punjab 1,16000 

threul1el'EI, r&nG1n6 in their power~req~.ll.'ement from 5 hp 

to '5 hp, ware being used by the t'arm.ws in 1970-71. 

Acoord:lntl to tho reaulte of the field et~dy, a. majo:r;1.ty 

01' 'farmers lIe:t'EI not awa:re of the adjustments and their 

effeat on maohine pedol'llIQna. Mittal. (1970, 1971) ;in 

the course OJ! field etudi cae regarding the usc of Vic QrI, 

and G.D.n. E5l2 oombines, observed ({.rain 106aoo totalling 

6.4 end 0.5' per cent. respect:l..velYit 

S1n8h (1970) reported that the tbreehabU1ty and 

damage of wheat grl;lin war., :l..ntluenoed by the thrllOOil'lg 

oylinder tYQo, ~eed rate, QY1~dor speed and concave 

01 earanoe. It waa reported tht:l.t tbe beat per1pharaJ. 

speeds were 1450-1550, 1150.1250 and 850-950 metres per 

m:J.nllto. X'Gapaotlvel.y., far llWlUll4ill' type, £ltl"n1~t bar and 

ep.tk() tooth type cy1:1.ndera. The yi.e:l.ble damagoo at thliJ/3e 

QpeedS ~IG:t'O reported 1;Q bo :; .• a..4.2. ~.O-3.4 and 2.4-3.10 



pOl' oent and ~threshed 108a tn the range Of 1~4-1.', 

1.6~1.' and 0.5-0.,7 per oont, respeotively. It was 

observed tru~t the feed rates affGc~ed eeed losses and 

visible dnmesea. 

47 

The results o£ tho porfor~ce teste in harvesting 

wheat orop using some of thlt thresh rill manlifa,otlU'eO. in 

lnd;La r.portod by Xe.ul Md Ku.mar (197~ ) are presented in 

~a"ble '.7. The data presented :Ln table provide useful 

Wormat1on on the orop :blp~t oapac1ty. ener6Y COIlIiiJUIlIp­

t1.on. g:r."ain. 10s8, I.!j:!:'Mn c.raokaee, power Qonsumption end 

01.ltPUt,.. Howevp', it 0.081;1 not provi.de ~cn.·.matlon I)lJ. the 

alleed ot operation which happens to be one o£ the moet 

importWlt plU'am.oteru ~lUOBcing machine - porfol'manoe. 

~he lSI atandarda (IS, 6'20-1971 end ~S, 6264. 

1971) pr.aoribe the following criteria for the perto~ca 

aoceptability of threshers. 

(1) the oapaoity of thre6hor mould not bo loee 

tllan a, kG 0-£ wheat Qrop per lmh enorgy conoumod. 

(2) the throsilil'lg eUio;l;enoy should not bo leae 

than 99 pOl' cent, 

(3) tne ol.eaa.'lin,g aft1.ci<XJ.oy ahould not 'tie lelia 

than 96 pax' oent, and 

(4) tlle total 101:10 £Jh.ould not exoeed 5 'per eent, 

in wlUoh oraokaee sha;Ll not be 1Il000Ell than 2 pel' oont. 
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A number of studies have beon conduoted on lossee 

and th.1r rEilut10nship with opEWat.1onal parwueters in 

relation to the use ~f combinee. The resUlts of these 

I!Itudiee are equally applioable on the pedormance of 

rell.pera and th:reehere in goneral. ae flU' ae the outter 

bar and tnrecthing l08eea are oonoorned. 

BUanek:l. (1966) l'Gpol'hd that the high l'llOUiture 

sraine required more cmer,gy to produce cmckage bllt high 

moisture g1"aino got permanently d·eformed at a lower loed 

than drier grains. 

King md R:l.ddola (1962) reported d.creaIJe in 

vilsib1.e dEltll868 of l1heat grains with tho inQrGl8.se O't 

moisture cC)ntent dur:l.ng throslline but onJ.y Ilpto 20 per 

oent ll1oist1U'EI (lonten t. Beyond this, the dl!llllQGo inoress.d. 

~l:l.ey rlSported 'I;he incrosse in invisible damage durinG 

tnreml:l.ng with the 1noroQ~o in mOisture content. Beca~e 

Of this, 1t walll recolOOlGnd,d that the moisture content o;f 

the arairl. at tho timG Of harvosting obouJ.d not be JIlOre 

than 16 pEW Qent to mGot thG seed requirement of 65 por 

oent ~im~ germination. 

SinGll ~ AI.. (1975) reported the deor.o.liull in total 

1.060.0 with th~ inoreQs. ~ mo1st~a oontent at the time 

of hary_stillg w1.th tho oombine. The maximllm to'baJ,. loss 
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of 4.98 per oent ooourred at 7.8 per cent moisture 

content, while at 11.7 per oent moisture oontent, 'I;he 

total lose wa.s only 1,19 per cent, They reported the 

effeot of oylinder speed on unthreahed grain ~d external 

damage, thereby underlying the importance of proper 

acij1.lotment. Figure 3,11 shows the relationship between 

cylinder speed and unthreehed grain a.nd external damage 

on wh.eat. 

McOu.en (1952) reported the effeot; of height of out 

and rate of travel upon the grain losses, thuB underlying 

the iro:,PortElllce of proper adjustment and skill of operator 

(Fig . 3.12). 

G Conolusion 0::1.' reVia-li 

3.10 On the baais ot.' the review made in the earlier 

sectiona, the :following oonolusions can be derived I 

(1) In view of the inoreasing rate of hUlllaD. 

population. the productivity-conoepts are to be incorpo­

rated on a larger soale than hitherto, in agricultural 

produot~on prooesses. 

(2) The inoorporation of energy and mechanization 

in farm operations pave the way f or increasad produotivity 

from land and labour. 

(,) Harvesting and threshing operations required 
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\ 
of 4.~ Pal" cent oaOl,llTed at 7.8 pOl' oent moisture 

oontent, wbile at 11.7 per ~ent l!Ioioture oontent, uno 
1;ot£ll lo~s w~u, onl.y 1.19 pOlL" oent. They reported the 

effeot of "ylinder G,Peed on untlhreehed grain and exte:rnal 

dr.unaee, thereby underlying the importanCE! of proper 

adjustment. ~tgure '.11 showe the relationship between 

cyll.ndOl' epeEid and unthrelilh()(l. grain and extornGl damage 

on wheat. 

MoOuen (19'2) reported the ~tElct of height of out 

and ~Ilte of travel l4l)on the grain upcm tha sra:1n losses, 

thUG undorl.y1ng the !i.mportanotl) of lll'opor ru.lJuatmont and 

okill of op.rator (Fig. ',5.1.2). 

G ConclUsion Qf review 

".10 On the baeJ.e ot thlill review made in the OlWU<ilr' 

a ct1Q1la, the follow:l.n{l conQluo,i.o,tu3 OM be <'lel.·;1.vod, 

(1) In new of the 1nol'eae:ing rata or human 

Pc:lp'lllatiCll." tho prod\l.Otivity-oonoopts arc to be incorpo­

rated on il. larger eoole than h:I;t;h~1'to, in agriQuJ.tllX'eJ. 

production proooso.~. 

(2) ~he :1.noor'pQ:I.'Bt1on of energy md mechan1zBt;l.cn 

in :tarm oporat1ooG pave tho way for 1noraaaed prodllotiV1ty 

frQJXl land t'lnd labour. 

(,) HarveotinB ond throshing operations required 
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for wheat nead mechanization from. the ll0int ot view ot 

J.abour-producti.vJ.ty, profit, weather-risko, drlldgel'Y 

and timeliness of operatione. 

(4) The need for such mechaniZAtion ot harvesting 

and threshq operations hna been real.1zed. With this 

end. in view, work 011 tblil dee:1en and development ot 

ha.rvGst1.ng and threw ina macb:J.nery nne been donI!) by 

d11'taront reseuoh workers in Ind.ia.. whose work .has been 

reviewed. 

(5) The workers aro not unanilllouQ :l.n their approaob 

regaN.1ns tho lovel ot mechanize.t1on to be ~dopted in 

hazovest:t.ug and threlJh:l.ng operations. 

On a or1t1.oe.l examination of the roview, it JDey 

be eoon thnt hardly any work has been done to study the 

ha.rvoat:t.nei and tht'eillhing eystGliS based on the .methods 

OllIploying tho conventional m()enlll J.ik.e oio1£16 and animol 

tl'atIlpl1:ng to modern machino l;Ute oomb.ine-harvoster-throeh.er. 

'XhOlJ8h (l.1t:f&rcnt workers navo touched different aspeots 

ot ha.rv8stin& and thl'eah1n{!J machinery 1.0. cost, anergy f 

loeaea and adjuetmentll laboUX'-d1epla.cllllllwt and. :fSJ:'!l1ere l 

reaotion etc., yet the information available is in piece­

meal and not go.thm:'llId under un1:t'orm fi.eld oand1tiono. 



Thio somotimes causes apprehenaion about the eu1tabU1.ty 

of a :pa.rtlclalflr banestine; and thre8b.1ng f!lYstem to bo 

adopted. 

Henoe. as a logioal. step. the present etud,y has 

boen undertaken to develop systematio information under 

aotual. f$.eJ.d (lond.t.tione. It ie env1aaced that this 

in.to:rmat1.on will. be helptuJ. :tn t1le oeloo't.1011 and adopt:l.oo 

of a lIu1.table system 01' hervest~ and threshing under 

spooific farm oitue.tlon. Also the present etudy, it 10 

hop d. wiU previcle ()Ol1Ipe.rative data to dotem:1no the 

level of meol.':l.tm.1zut:1Q11 to be adQvted in harvesting and 

threllh:Lng OpOl'at1one for wheat undor wried oonditione 

~1:1tb. special rdOl'tlnce to Ind~ 
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CIiAP'fER IV 

HlIlt VEST nm AND TIIll.I:lSlllNG ~IAClIINJ~RY 

The harvesting and threshing systems of wheat orop 

are d.pendent upon the devicoo used to harvest and thresh 

!.Uul tho eO~oe o:t power availablo to operate them, The 

1m.p18llontl;) and mach1nery used in the preaent etudy in 

theso two operations are disoussod below. 

A Toola and m'aehines for harvastirlg 

4.2 Hand dOkle 

Tho moet oommon tool for harvosting cropa sinOG 

time immomorial has been tho siokle. The dokle is at1l1 

widely Mod in India and athol' leas developed Clountr1ee 

beoause r4 .i'ce being cheap, made locally and being oaey 

to operate. '.Che wQt"kor 113 1"eqllil'ed to oqu.e.t on the ground, 

hold. the plants by the other l1and. Tbe harvested plMte 

are tied :Into bundlellJ by the Dame worker l'l1th a tew plants. 

The bundle is left to be colleoted later uaUa1ly at the 

end of tho day, '~hen tho worker roaches the other end of 

the field. he turns around and !again repea.ts the above 

procesD jn opposite d1r()otion end goes on tW he tinla11sa 

cutt:lllg the area allotted to hilla., 



Thb method le slow and O(l\.\6~S ml.LCh fati8\1(1 to 

tho UQrktlll"e, epeoiall,J' if they are not ~Bed to tl11s 

postl.tt'o ot' sitting m.d wo:rld.llg. 

S5 

In anothGr method of harvesting with siokle, the 

lforker is :s."flql.1.1red to bend while standinG, hold thO 

plonte l!1i.th one hand and Cl.lt the plants near the ;t'O()t~ 

with the r~ht hand with the help ot sickle. This method 

a180 08.11888 fatigue, rellluJ.ts in Qonsi4el"able dl:'udgery ond 

io slow. 

IndiaJ 

'L'here i!lX'e two typGB of s1ok:l.a in QODlDlo:n. Ilee :I.n 

(0.) plain ac1ge a10ltle or blade edge a.1okle • .and 

(b) Borrated edBe siokle or saw biokle. 

Ii'or '1Ifhea~ harvGst1llg, the serrated odGe aioIa.a .1.$ 

moet oOlllll1only u.aed. Thl,:l 570tem of manual harvesting l11th 

fJlOkle oan be :I..lIlprovod to some extclnt by redea1&n1ng the 

o:l.ckle and manufaotl1l"lng it out ot better quality 01' 

eteetl. 

The handle of the sickle 16 uSWllly made of wood 

and thlii 'ttla4o mOstly 0;[ mUd steel. Theil total weight of 

the sickle varies ;from 0.2:; kg to 0.50 kg. l'igure 4.1 

shows th eeneral shEl'.oes of ha;rld Qiokl.ee and detailn of 

eonstrllotion of hand~6ioklea ueed in the Dolhi territory 



F ig 1.1 Gener'a I shapes of sicl<les 
Del h i reglol1 



end neighbouring areas. 

4.3 Reaper 

In the rea.per ueed in the pr aent study , the cutter 

bar gets power tranl!llJl1ttad from the ground wheels by meane 

Q! a. pa.ir of 1ntemal spur gears and e. pair o:l!' bovel gears. 

The pC~lor firanam.1tt1n.g unit coneiata of the 1l1n:Ul axle 

goarD, orank-ohaft, crank wheel and ll:l.tman. The main llXle 

rooaivee power from one 0:1' the transport-wheel, A apur 

g ar mounted on the main axle dr~veB tills spur pinion on 

one end 0'1 tIle counter-crudt in the gear box. The bovel 

60ar keyed to the other end of the counter.shatt engages 

with 'bovol pinion on the aranlt shaft. 'rhe orank wheel 

and the pitman !'We j~1Xed on tho Qute:r en(l of the crWlk­

shaft. The eccentrio wheal transi'orma the o1raular Illotion 

:l.n1:o reolprQoa.t1ng motion of tho knife in the Clutt.er bu. 

~he ltnUe iEJ connected to th p4.tman tdth a l)aU e.n(l sooket 

~o;lnt and reoiprocatea ,dtbin the ,guards, The toeth 01'1. 

the knUe (lra aQ adju.atod that; they Clut the arop f'zo()m both 

the aid.e ~lhGn the )m.ife reoiprocates, maJd.ng about 1600 

strokos per minuta. 

A pla tt. O:r:.al is provided on whioh thG Clt.lt orop ;falls, 

from wlua!t'0 it is oolleoted and t1.ec.l 3;nto sheaves.. A 

cluteh .is prov.ided on tho countet"-aha.:f't to engago or 



S'l 

disengase tho driving unit and b operated by- the foot of 

the operator s1tting on lU.e soat. li':l.gure 4.2 showB the 

wheat orop beiDa, harvested with a reaper. 

A11gnroent, lead and reglatrati.on are the neqeesary 

ohecks and adjustments to be made before takina the JIk'loh!l.na 

to tho 1'101d. 

13 Maohines for thr.eh11'lg 

4.4 Olpod threeb.r 

Amana: the SII'lall ftmnel'a throUghout wheat far.mmg 

areas in India, the olpod throsher :La !II popular thresbing 

lIlach;tn pUlled by til. pair of 'bullocks. tho uee of this 

machine is an :lJnprovement oval' the indi(;enou.a method of 

thrashinG by 1Il0W'UJ of bullock tread;lng on a charge of 

orop "grand in a c11.'ol8 over tho threeh:lng floor. 

The olpOO thr4lllooer oonaista of a fJqua:r~ ana._pod 

frame tlith two transport wheels, u.s~aJl;y made of oast 

i2:'on. The i'rame ie :fitted with thl'ee axlGle t11th the help 

of aide-brackots QOrl131oting ot Qal3t :l.X'o:!. blooks with 

wooden bGaringe. C:I.rcul.a%' notohed d:l.{lcll numbering 14 to 

21 and spaced 15 an, nra mounted on these axles ",ith 

otool or cast £ron I)pBOl)ra to sopar.e.tia them trom 01;\011. 

other. lila.()ll d:l.Q() iJ3 or 4$ cm d:1wllotar ond ., .mm thioknese. 

Tho d;lace are urJlull.J,y made up of 10 guo.ge st(lel with 2 deop 



.I."ig. 4.2 Hheat crop being harvcstcd with a re:;p 131' 

Fi.g. 4.3 "Ihea t crop being threshed wi.th an olpod thresher 
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rj.ba 1n OPPQ£lil..tHil direction to ensure maximum. J:'igid1ty. 

The operator can sit ovor the wooden plat£orm, 

provided as B cover on the discs and. having expanded metal. 

guard attaohed to it. li'igure 4.' shows the uheat orop 

being threshed with the hel.p of an olpod thresher. 

'rhroahing with un olpO{i throaher 19 oontinued till tho 

entue htU'Veated heap 01' Ol'Op becomes a hOlllOeenouB IJI.txture 

0'1 grain and ~ (chaff). 

4.5 Spike-tooth thr$sh~ - lone strow ~in8 type 

The thre~ machme ueed in the Gtwly \1nS a 

1'Iallman threehOl' which ie an imported machine developod 

by O.A. Vogel in 19,0. It. does not make ~ (w-Ilifled 

straw). I'll is a traUer mounted stationery i.h.reaher 

operated by g.2 11. p. pstrol ell8U1e. 

~he fa.der throat on tho hopper is 59.26 em lans 
and. ,4.se om wide. The threshing oylinder is of 29.64 om 

d1am<lter and 49.40 om t11do, havJn,g seven rOWB of a teeth 

spread on ita oyllnder1cal surfaoe. The operating speed 

mcy be up to 2400 rpm w.ith • olUtl-Ot&ll time of 6 seconds 

I1pprox1nui~tcay, Fi8ure 4104 sbI?Wa the working of the 

PuJ,J.Juan tl:l1'~ all (;)1". 



'-

~'ig. 4. ~· w o:r.lcin{~ Of U 1,ullllltln thresh or 

Fig. 4.5 Hammer mill type thresher without sieving 
and bagging arrangement (druLomy thre~lhcr) _ 
convontional typo 
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4.6 Iiamm.er m:Ul tYpe threl3her without aievi.ng and 

b~ing a.rreingernent (drl1llllllY th1'eeher) ~ oonv ent ional 

type 

Drwnmy thresher ( .Il'1gure 4.5 ) is very popular among 

the small ~armerB of India beea~e of its lQw ooot. It 

has a. threr;Jh1ng drum 1n which, l3enft'all1 12 beaters !U'$ 

provided to thresh tho orop. A w:!.nnow:Sng tan 10 provided 

Wldor the machine to blow ott 1Iho Jml!tm from the pain. 

~h. Grain fQll~ through 8r~t. b1 gravity along with aome 

heavier material like nodules, pod $ and ).'IIlthreohod spike­

lets makinl!; the 'It~owin,g operation a. neo.sElit;,. ~here 

i., nQ 'bagging ~4IJlent. The iIIIlohine Oporat88 at a 

epe.d of 470 to 550 rpm. The b,aters era fixed to the 

rotor vMeh beats the fed arop ae8U1st grated bar. The 

beaters work in a hOusing whiCh bas en opening for o1'op­

fe,ding. The drum diameter of the d%'Ulllll:l1 thresher used 

in thiG st\1dy ie 90 em Md clearanQe 5 C!II. 

A part of the grain and ~ get JlliKed and l2.oually 

are r~cycled ~ugh ·bhe blower tor fqrther oleaning. 

Some oleaning is aleo dcne using 11 broom. 'rhe proooe" 

is time conowning and the person nasi,sting in olean:l.ng 

hA to ta01"k in e comparativelY untavOllrable environment 

ot duet and. blown ~~ 



60 

4.7 Hammer mill type thresher with sieving and 

b~:Lng an-Mgamont ( Ludh:1ana type thresher) 

Ba$io~l~. tho Ludh.1..Bna. type tb,roshel' is aleo Ii. 

drlllnDl1 thresher ns far as the ba.sic pI'inciple of beating 

tho orop agatnat atatlon~ pla~. or rode are oonoorned. 

It io diU.l'ent hom. the PQ:1nll ot view of Bepara~on ot 

srain end atl'(l.w ana deUvery of pain. Both the operations 

lU'e aftected tllroueh the ulle of oecillating aieves and the 

au.ct1on created by the fane to lift or suck the ~ 

from the Jll.1xtUl'G end blow 1t off.. 

'.rho Lwih181'1.1l typo thresher enOl-In 1%1 II'i,gl1re 4.6 

hae a drum d.1e.moter of 100 QIIl and e. Clearanoe 01' 5 om. 

Threshing of the ::f ed orop 1e oarded inaide tho u rum by 

a nUUlber of ateel Ell."1ll$ (12 No.) with beater tips IllOWlted 

on a :l.'otor-belltll:t'. 'lhG mJ.xtUl"e of gJ."aj,n and straw 

(after tllX'e£lb.1n8) falls down through a grata 11hich fOl;'llltl 

the low or pa.t't of the periphery of the drliWl. this 

mixture ~s rece1v.4 on the Qscillatins sieves topped by 

Q sI1ct1on du.ot (eepil.rator). Two fans are pz'ovi.ded to 

olean the grain by bl.owinB out the.eA!!fm~ Thoae :fene 

8UClt the ~ through IiIn aspirator and blou it of:t 

through the otraw disoharge outlet. The nodeo and grain 

are separated on the oeo1l1ating s1evflo. ~rhro~l the 



,.. ----
~'ig. 4.6 litlJ0ll1 0I' mill type thresher Idth sieving 

and ba~-;ging arranGement (Lu.dhiana typo 
thr esher ) 
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oecillation of the sieves, the nodes ~eft out on the 

UPP"%, eleva tall out to the ground ~lhlle the grain peases 

d011n to the lower sieve. From the lower sieve, the grain 

Po.oss$ tOl~ardo an QUSeX' oarrying it to a buck&t type 

elevator for bBGBing. 

4.8 Oombined narveoter-thresher 

A oombined harvester thresh~r ( COlllUlonly mown as 

oombine) is Q machine Qons.:i.otina of r8!lpil:l.g, threah:l.ng, 

eeparat1ng, oleaning and oolleotillg unite ae oompcmente 

put tog.tller in a aynchronized manner in order to get tho 

maximum posdble olean grain yield trGlll the stallding f i eld 

orop. Tho flow path 01 6"a:in and straw in e. combine :La 

1l1uetrated in ]Iigure 4.7. 

Tho oomb1ne~ are olaea1f1ed as (1) eol£-propelled 

type, ( .ii) pto operated sid.e mounted and ( :111) tractor. 

driven traUed typo. 

Tho combino used in preeont etu4Y was a Vioon 

JJi' fJIaoh:l.ne whioh 1ft a. traotor mounted pto operated oombined 

harvester threa.l:uw. Fig1.U"8 4.B shows e. llJoh(llll8.tio arrange­

ment of the b8a;LQ :funotional oomponents ot the. lllI:loh1ne. 

k'igu.x'e 4.9 ( &) and 4.9 (b ) e}lOll tho field QI)aration Qt 

harvoet1ng wheat with the Qombino. 
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J"ig . 4.9 (a) 

FieJ_d operution oJ tractor 
sido mOLmted pto operated 
combine 

~'j.g •. 4.9 (b) ~'ield operat ion of tractor side 
mounted pto operat ed combine 



The ba.sio funotional. unite 01' a oombined harvester­

tlu.'G ah 6l' are i 

(~) helilder unit col'lsist~ of ou.tter bar, reel, 

header pl.' ..fo:tm, p1811,,£orm 8\1681' end feeder oonveyor, 

(2) tht \hl".eh1n8 unit oonaistins of a oylinder 

anel oOIle _, 

(,) the 8tParatillg Wl1t ooneiat1n6 mainly of etli'aw. 

walkGX'e, ~d 

(4) tn. oleaning un~t consisting of chaU ,:01' sieve, 

olean1n8 ai.va and fan-01ean.:l.n,g of seed from oho:f:t and 

other debris. 

'l:h. epooi:t1olil.t1 8 of tho Viow combirJ.o as providod 

by tho manu.taoturU' are S...... in Appendix B. 

e MaChine for ll:S.nx\OW1ng 

4. 9 ~J 1nnowing tan 

t/innow1ne operation 10 don to gat clean ,grain 

:l1ram the straw and Sn.1n miX. Winnowing as auoh., is 

the procees of t}GplU'ating gl'am from n mixture of grltln 

and ohair or ~ by nat~al a~~etream or oreated 

artifioally. Tho separation is effeoted by allowing the 

a:l:r stream to pa$1:l throUSh tho mixture falline; vertically 

dow. 'the chd! beinG lightElr 113 blown oft and the srain 

falls straiGht vortically,. 
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/, Fnlfllc .. SC411 p(l~ 1 

I , Fan po~t 
I . tl und tc Ilost 

Brackel 

~'ig . 4J.O 

~I .~ 

, . '. 
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'-0, . ! 
• '., '!.'. ,~~ --.:=_Jf"lJ L 

- -I 

1\ 1/\ IT !t 1 r\ \. :i U I/\ Rl 

M:Il~rI :lf fauril :l l cli Silt No. of 
from 

C IHl rtrlc l 75cnlx 4() min 
f\ nglc inm 25c.m x 25cm x 3mm 1 

A ngle' iron 25cm ;.· 25 em x 3rnm I 
Angle i ron 25cm;.: 25cmx 3mm 1 
Cn~t iron Cn~l ing 4 

Ylinnowlne fan 



The machine u.aod in the pre$cmt study is e. 

I Singh l'1in:n014ine fan l '~Etighing about 64 kg in ~Ihich 

tho i'an 113 oporatoo. through sprockets and chians. The 

taB consists of , blades, eaoh of whioh is 1160.10 om 

in diameter. Th~rQ 1e a seven-fold 8~eod-il1croae. 

tlu.-oU&h the use o:f' Do pair of sprookets and free llheele 

whioh provide" Q :ton speGd of ~ao rpm. The operator 

Bits on a Illaa.t (b'.:1g. 4.10) end works the fan by lIlQanf3 

of pedals as in the 00.00 ot an ord,1ne.ry oyolo. 



CHAPT~R V 

MATBRIALS AND M~TnODa 



MATlJaiIALS AND t-lh'THOD6 

Tho inveat1gat1ona reported :in this thesis were 

oonducted :in 1974 and 11)75 on the resoarch fliU'm and 

laboratories of the D1vision of Agrioultural EnGineerine 

and the ~Iater Toohnolo8Y O$lltl'O 0:£ the Indian Agrioultural 

Re0Qo.x'oll InsUt~t., New Delhi. 

5.2 Geographioal locat1Qn and olimatio oonuitions 

Delhi 1s situated at 28.40~ latitude and 77.10E 

lo~1tude and looated at an elevation of 226 ~ above mean 

eea level. 'rhe cl1mate 1e typioolly semj.-m'id and sub­

trop1oal with the oharacteristio of hot aummor and a cold 

winter. The tem.l,leratu.re r:ls$s aa high upto 46°0 dur1ng 

the summar months while the mininlum. temperature falls 

to nearly 0°0 :In the wi.nte't'. 1,!he dally miniml.Ull and maximum 

temperat~es :lncreaoo from li'ebruary to June a.nd d$OreElsG 

during July to September and drop fast fl."om October :I.n the 

winter a.tta:l.ning the minimum value in January. Tho 

8'1reraee annual preoipitJat.ion is 672 tll!l\ with heavy rains 

frolll JUly to september. High wind velooity is eXperj.enoed 

:from late winter onwards aooompanied by an absenoe ot 



rainfall. There is an abrtlpt riae :In temperature during 

the spring whioh hastens the maturity of wheat oirep. The 

meteorolog1eal data for the ;eriod of tho present investi­

gation recorded at the Meteorologioal Observatory of 

Indian Agrioultural RGB\'I~ch Institute, Nen1 Delhi are 

presented in Table 5.1. Detailed dailf meteorologiaal data 

are presented in ApJlendu A. 

5.' Polioy variableo 

Tho d;LtZeront polic;l.es co~at1tut~ tho harveat1ns 

an'" threshina opt)ratlcme invstltJ.8ated ~,ere aD followSI 

I 'J:ractor op01'ated oOlllbine harvesting own 

threeh.inG syotem (Ii e1Gnated as :3w 1). 

II Tractor operated reaper harvesting + manual 

bundling -jo atll(lk1ne; + thresh.or (not bhuoa maltirlg) .. 

19;4.nnOW.1ng and cl.eanin(5 if noooQsa.ry (dooignatod aa S-2). 

III Tractor operated reaper barvoet1nB + manual 

bundliD@: + etncking + hammer m:Ul typo thresher ~Iith 

e1evin.'/l and bagging (bhuoa. mruting) + wlrmowing end 

oleaninG ilf neoessary + ba..~1ne; (daai8no.ted QS S-3). 

IV Tractor operated reaper harvesting + manual 

bundl.1n{} + at.nclt~g ... hammor mUl type thrElsb.er withou.t 

s1Gv:l..ne and bagS1ne (drwllmy thra1'lhar) + winnowing I?.:nd 

elellninei .... ba,sei.rlg (doo1gllatCld as 3-4). 
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V S:1.o1tle barveatin8 + manual l:)\mdling + 

atEloQkillg + llnlll1l1el' mill. type threeher wlLth lJil$v1ng and 

ba/381ng (bllusa m.altina) + winnowing and cleaning + 

bassins ( d.8i~ated Be S-S). 
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VI 610][1& harvesting + manual bundlinG "" 

staok1ng ... haI:DsIler lll.1U tYi!e thresher without aievi.rl.s end 

bagg1n8 .( c11'UmIl!.Y threElher) ... winnowing and oloaning "'" 

'be.sg!DB (d..,1gnahd aa a-6 ) . 

VII Siokle baa;'Yeeting + manual bundliI18 1-

stacking ... an:llDBl threahin6 with olpod th.1i'eehor + 

winnowing and olean1.ng + bagsing (designated as S-7 ) . 

The above policy ooncept 1s 1lluotratGd sohemati­

cally in ll'igure 5.1. 

the above polioios Qf opGt'e.tion-oOlllb1natlon OOfllpl'lse 

the existing ones or tho so probable ones whioh could be 

adopted in the near futuro, oonsidering the ant1.oi,at04 

~.chnoloa1c~ progress of Indian agriculture and the 

d:1:fferent levliIla of tecbnolG&" posEluaed 'bf t h. wheat 

farmers in different parts of the country~ 

The speoifications of tho tractors, combine­

llM'veoter cum thl'esho:r.', reaper, thrOehlill'"S, w1mlOWUlg fan, 

internal combuatiQn engin$ and electrio mQtor ased in 

conduct1n8 the experiments. are given :I.n Appendix II. 
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5.4 Land oren allooation end preparato»y tillage 

An Ilpprox1mBte lEUld area of 1.4 hectares was 

allottlll~ on tbG researoh farm of tile Division ot Agricul­

tllX'al Engineer1ne; to rabe whoat crop and conduot the 

experimonh related to uystOlllf) ot hllrVesting and tbreah.1ne; 

indioated e!U'l;1.~. 

PrGOara;t:ory tAll06e o'perations of the E!Xpw1IIl8lltal 

field werG oarr.1ed out after the uoWll. pre.-sowing 

1.rriBat1on. The prestllwins Ull~e operllt1on& <Jl.lrried 

out in the exp4ll1'1mlilntal field are 11L1ted in 'l'a'ble 5.2. 

B Experimental '~echn1t~. 

5.5 EXperimental details 

'.ehe deta.1la of the exper1montal technique o-re g1von 

below I 

(a) Two exper1lnents titled A and B 1f'e:t'e condllC)t d 

at two different eow~ dates BQ indicated in artiole 5.4. 

Baoh xperiment had tnre. replications titled 6,b and c. 

The seven treatments indi.oatins oovon polioies 1:lere applied 

ae per randomized block daaign.. Tho plots havo been 

indiooted as A/S .. l/a to A/S-7/c 1n oxper:l.ment A and 

Il/fJ-l/a to 13/S-7/0 in cxper.:l.m.ent 13. A/S-?;/b, ;for example, 

1ndicatos t'lheat orop in pll'Jt Qf exPOJ;'iIllOllt A in the b th 

repllOation under po11oy ~,. , 
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(1:1) Layout tor exper:1Jnento A and B 

Deaign 

Replica.tions 
in eaOh 
experiment 

Total number 
of ploto in 
each expor1ment 

Total. area 
\Ulder both the 
experiments i.e. 
A and B 

Plot abe 

Net area. under 
plots in both 
the experilnonta 

(0) beatment", 

T£ta'SJnontg 

S-1 

S-2 

S-" 
9-4 

S-6 

3-7 

Randomized blook deB~ 

Three 

Twenty one 

2(107.' x 64.60) m2 

_1 • .,9 ha 

'30.5 m x 6.87 111 
_ 209.5'5 BQ_.II1. 

0.00 ha 

Main maohine; invOlved 

Vioen oombino 

Reaper and Pullman threllher 

Reaper and Ludh1e.na threaher 

Reaper and drummv threeher 

Siokle and LuUh1ans. tllrel3ner 

Sickle and drummv thresher 

IUoklo and olpod thresher 

(<1) Layout of experiment 

,P4gure 5.2 ehowlI the la,yo1o't plan ond neoossary 
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detallD of tho plote described 1a artioles 5.4(8), 5.4(b) 

and 5.~(c). 

5.6 Details of the o:uop and va.r1.ety 

(a > \~he9.t variety - Sonal1Je. 

All the seven eyetans of harvesting and tbreehin€; 

were tried with wheat as the teat QrOP. Wheat oro'p was 

seleoted oiRce it 1e the major and prem:2.er food grain 

crop of northern India. The sonal1ka wheat was grown. 

Bonalike. ~Iheat ie a ",:Ingle gene dwnrf variety 

4erived i'ro& Mexican Ol'Qcm (II S4 ::&: ,as x An) ::It (yt.54 ::&: 

N 1 .nB) LR XII a~2.7. the I$%'sins at'G bold I.iIlI.d flInbl.t%' 

colow:;-od. It is mOderatelY reaiatent to all the three 

rusts and performs well ;l1 timely sown. This 16 alao 

speoifically Guited to late DOWing conditions in mUltiple 

cropping system. 

(b) Agronomic practioes 

I Seed rate and spacing 

A Good rat~ of 100 ~ per hectare was used with a 

row ,to .1'0'1'1 spo.oing of 23 am (sharma .5lli JiQ. •• 1.975, Dhillon 

and Singh, 1974). 

II Time and method ot I'JGw:I.ng 

The sO'W:i.ng dates tor eltper:Lmanta A and B wero ~rd 

NO'l)'ember and 23rd December, 1?74 x'espect:1.vQly. 'the use 



of seed own tertll:Lzor drill was made to Elnel1X'e lm1:t'o~Jn 

depth of sowing. The eow~ depth was kept at 6 oru to 

ensure better e;erlllination (Krentz ~ l!.l. •• 1975, DhUlcm 

and Singh, 1974). 

III Fertll:L24W appUoati<m 

The ne.mes o£ the tertiliura end their rates of 

application in the • .xper1tnent are given in l'al;>le 5 • .,. A 

halt ot the quantity of nitrogenous ter~11iaer r.qu~~ 

and. tllll amoW1t ot phOlilphorlls end potaesiwn were a.pplied 

at tlle time of GQ1I:f..ng. The retna.1n:1ng doao of nitrogen 

was broadoast at the time ot t:l.rst 1n-~at1on (the 

timings of ~ri6ation in both experiments given vide 

Tabla 5.4). 

Table 5.,. ll'ertUizeX'a a.pplied 

81. 
Quant1ty o£ Fert;Ui.2ler Quantity of 

Nutrient nlltr:Lent terti1~el' No. iUb! used Silla 

1 N;S.tl'og(ln 12~.50 CAN (25 %) 494 

2 P'P5 61.75 Sllperpllos-
phate (16 %) 

38, 

, KaO 61.75 !lJ:ur~te I)f 49 
potash (60 %) 

TnE) seed oum £ert1lizor drUl was \laeel :tor the 

plU'pooe 0:1 band plaoement of the n1tr08et.10u.s. phor.:;phntio 
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end potassium fertilizers at ,.61 om depth and ,.81 om 

dietanoe from tho row of seede. 

IV lnteroulture 

One hoeing was done nfter 40 dAys from sowing in 

each experiment in order to contro1 weede. 

V Irrigation sohedule 

l!'ivo 1:rT:1aat:l.ona were given to each o:f! tb.e experi­

menta on tho d tee mentioned in Table 5.4. 

Table 5.4. Irr.:18ation sohedul.* 

51. 
.No. 

1 

:2 

:;5 

4 

5 

Irrigation 
eer1al 

First 
urisot1on 

Socond 
1rl'~nt1on 

Th.1,.rd 
1:rr:1~ation 

Fourth 
irrigation 

ll'i.fth 
11.·r1gat1oo 

Exp erimen t 
A. 

21.12.74 and 
22.12.74 

24.12.74 and 
25.1.75 

10.2.75 and 
11.2.75 

}.}.75 and 
4.}.75 

18.'}.75 and 
19.3.75 

Experiment 
B 

2l.1.75 and 
22.1.75 

1.2.2.75 Elll.d 
1~.2.75 

5~'.75 and 
6 .. ,.75 

20.'}.75 and 
21.}.75 

30.'}.75 and. 
31.:;1.75 

D\U'atton 
of irri­
gation in 
each plot** 

min 

15 

.20 

20 

20 

10 

* Tho 1rr1gat1on sohedule was fo~lowed ae reuownended 
by A1J. India l'lheat Ranearch Workers \qOrkehop • 1971. 
10M. No I Delhi. 

**' The diaoll31.'ge of irriga'tiion pUillp ~lE).a 600 l/min. 



5.7 PrehBrveating studies 

~ Plant popUlation 
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The fina.l plant populatJLon oount was ta.li:en a.t 

randomly selected spoto after throwing ~ otGel rod 

square of 100 em s~do in the plot under observation batore 

harveating. ThroB obaervations were taken 1n eaCh plot 

and the average plant popUlation (Noe.!oq. metro) wae 

"etertD1ned. 

II Number of total and ef~eotive tillers 

The numbor' ot total and effeotive billero were 

OQunt.cl. at the t~ o:t harvallltine the crop from three 

square metre area in 8noh plot. Tho avorQ8o number of 

tillers per square metre in each plot was determined for 

both experiments. 

III Plant height 

Ten plants were eel cted at random :from eaoh plot 

and t heir 1'1e.1g11t uaa taeuSlU"od with a steel meaeur:l.rlg ta.pe. 

The avera,ge height of the plunta :In ell.Oh plot was dotel."Gled 

for the experimonta A and B. 

IV PrG-harVeo~1ng lose 

Pre-harv,sting loee was dGtermined by oounting the 

number of kemola ehattqred on the ground. These kernela 

were Qounted from one s~ua:re metra aran marked by throwing 



the mUd steel rod square of 100 em side at random in 

each plot. The average of three observations in eaoh 

plot calculated and lnultiplled for the whole plot was 

determined. 

V LOdging 

76 

Lodging 1s defined as the mass falling of the orop 

plants and is mostly the result of rank growth, storms or 

inherently weak stems. TeahnioallY, the term ' lodg:ing ' 1s 

applied to the orop which is partly or completely laid over 

'ehe ground before harvest and gets more or le S8 entangled, 

resUl t:l..ng in diffioUlty to harvest and inoreased loss due 

to shedding of grain. Hayee and MoClelland (1928) have 

def in ed four classes of lodged plant s depend:lng on the 

degree of leaning towards ground i.e. by ( 1) 0° (1i) 20° 

(iii) 40° and (iv) 60° and vlorked ou.t a lodg ing index by 

multip1y:lng the number of plante in each olass by the 

angle of lodging and dividing the produot by the total 

number of plants. In this study lOdged plants were 

considered those having an angle of lodgiug of 30° or lesB 

mea.sured from the horizontal. Lodging of the crop in 

experiment.s A and J3 resulted due to a.dverse \~eather 

cond:l.t.1Q1ls on 23rd and 24th MI:U'ch, 1915 (AppendiX ./I.). 

In 'the present atu.d;y, the area of the lodged crop 

has been expressed as the peroentage of total area of the 



orop whioh haa lodged BS per the definition of lodging 

in eaoh plot and is designated as peroentage lodging, 

The dimenBiona of thE) lodBGd crop were measurea with a. 

measuring tape, the lodged area caloula.ted and then 

slltpresssd as pl.U.'oenta.ge of the total area of sao1\ pl.ot. 

The lodSing oltpreao.a 1n peroent86e ill reported 1n 

Appendtx C for both experiments A and B. 

5.8 StUdiea at harvest time 

1 Length 0:1: ea.'l"heade 
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Tern earh ado were ea.m;led out from tho ten plMte 

selected at random 1n eaoh plot from the second and the 

sixth. rowe and their lell6ths measured." The aver~e length 

of ea.ch e8X'hot\d waG oe.l.oulntod tor oaoh plot .1.n both tho 

eXpel'imen to. 

II Number of sraina per earhead 

Ten arheQdo from eaoh plot l lerEJ threshed in a. 

olOth baa man'WilJ.lY and gra1na, after cleaning '\fer." 

counted. The averagf,l number of grains per earhead. wa 

calculatod. 

III Thousand kernel ""l~ht ( ~\1 ) 

.fbmdom sempJ.es 'iere colleoted trom tile oleaned 

grains of ..wh pl.ot and one thousand grains werG oounted. 

The wOiGhte of these 1000 8l'lI1no lIere record¢ and the 



average TKW detorm:l.ned. 

IV Yield of the plots w1:thout lOEJIJE)s and the 

grn1n-et.:raw ratio 

76 

A mild ete$l rOd square ot 100 om ~ido wao tbrown 

at random in thGl plot under obearvat!on. The plants were 

cut manuaJJ.y with lIlintQm ~U.lJt\U'''baa(le ;Crom the aroa enclosed 

by the I3qW1X'e. TUEI crop plli11ltB wero t:t.ret weiehed and then 

.IlIIICu.a11y tllX'eohed .,ith grea.t oare and preotUlUon. 1'h& 

weight of Brains lfDo8 again notoCl. Thua, tbree obaoX'Vat;1.ona 

wore taken for 060h plot. An. average weight 0:1: a).'op plontli\ 

per squa1;'O motrE! and tho average wc~b,t Clf Brain.e per 

square Illetre was determined :tor 880h plot and tb,en. projeoted 

to doterm1no tho grain yield -tar tho wnole plot .• 

The weight of straw was calculated by Bubtrnot1n~ 

the wei8ht of €Wain from that of total. produce o:t one 

squaro metre area. from each plot. 

ThllG, the average Brain- etraw l"at;J.o :In eaoh plot 

ot both tho &:lI!perill1(1ll.ts was oal.ol.1lated on the bash of the 

fOllowing relationship J 

Grain-etrall r6t10 

6yeraaG w,;Bht of grainieauare mitre of 01'22 plaat§ 
"l Average lIIe:J..ght of -: f'lLVerage we;lght ot graino~: 

l orop plants per I : per square metro of crop f 
I_square metre J :~.planto _: 
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V Moisture content of grain 

The moiattu'e oontents (dry we~ht basis) of the 

graine were deterJll1ned by the standard. hot air oven Itlethod 

at 95°0. The grll1ne wet'e kept in the oven till oonstant 

wdght resulted. The Dloisture content (dry we,ight basis) 

was oalouJ.ated QJl tho basis ot the ~oll.GW1ng rel.lil.t1onabip. 

I-lO.ietw.-e oontent (dwb), peroentage 

WOa.Ght ot the sample,s - WeiAAt of dried s~ x 100 
.. weight of dried sample, 6 

For weighing the sWll:ples Sa.rtor1111l eutQme,tJ.o 

W01ghing pun balanoe (Bel£ 1nd1.eatJ.ng typo) W61i1 1.I.36d with 

a least oount 0;£ 0.01 g ( jjl~ln'. 5.~). 

VI Mo!at~G oentent of strew 

The moisture content of straw was aleo calcUlated 

on dry weight bailie ~ tho standard hot air ovon method at 

6,oC till tho (lonstant weight of stl'flw-samplo resulted. 

The Sartorlull autQmll.tic lfoigil1nS pan balance (self indica.­

ting type) was IlQeci for weighing tho oamplea. 

OalculnUons similar to those o:f artiole, 4.8-V 

wwe l'Ilade to determi.ne the moil1lture content 0:1: straw samples 

from the plot:,,; o:f OXporimlllut 0 A and B. 

VII OutteJ.' bar (or s1.Ckle) 10s8 

rho outter bar loae in harVesting maoh1nes (and 



i j .g. 'i.'::I :jarl.ori u.s uutomt,tic weighing pan ba lanr. e 



eiokl.o loss in the CBse of l.IUilllual hat'Vesting) hat:! been 

defwed 6119 tJ'!S grain lost in the :t~ld dlt6 to rough. 

handling of the cutter bar ( or siokle). 

The outter bar loss in eaoh plot was determined 

after throwing the mUd ",teel rod square (100 om s.2,de) 

I1t roodCll\ -.d col.leot:Lng the .8IIIount o:f' gra£,n fl'OIIl the 

ground oUl':taoo w.1th!n the aqWU'e. An aver~e ot three 

observations gave the total loss ;Lnolud:1.n8 the outteZ' bar 

and pre*harVeat 10GD e. :rho averagfl cu.tter bar (siokle ) 

101118 wa. c$l.cu.la.ted by l!Iubtrlloting the GIllount ot pre­

h!U'voet 10s8 fl'om the total lOJ;JO thlls dGtennined. 

VIII Oyl1n(ier 10Ds 

The oylinder loae in tbe case of the combine was 

determined at the timl9 of harvesting tho orop. In the 

oaso of t.brelBllas, tt was lietermined when the QX'I)ll 

harvested trom eaoh plot was threshed. 

The oylinder loes In eo threshing meolwn.!l.GJII is the 

amO\lDt Of @.'a1n lost OVer straw in th :form of Wlthrea:Hld 

ho.a4s. 

This was determined by colleoting the straw material 

d1sohargod oU tile raok of the oombine over a distance of 

10 metros' run. The loose g:t'o.in l~a(l shakQn and unthreshod 

grain oolleoted. Thif.l gX'am we-e thl:'eahlGd mmlunUy to get 



81 

the kernels. The total aJnount was lfeil3hed and the figure 

was projected in terms of the totoJ. oylinder lOBO per plot, 

IX. !taok loas 

'.rho raok loaa :in the comblne is the 10090 ,grain 

(threshed ont)) shaken out of the straw Qollected over a 

measureil area. 

:rhe rack loae in enoh plot under S-l wae mflullurell 

over a distance ot 10 metree' x'un collC1otil:lg the straw in 

Il cloth ahoot. The loose arain wile shaken out and weighed. 

rhO ruck loae in tho whole plot was tllen calcUlated. 

X Shoe 1089 

The rlhoe lOGS in the oombine wila deterliunGd by 

oollecting the matorial ooming from the shoe over a 

measured aroll of 10 metres' run with tne help of a oloth 

shoet. 

Xl Gathering and bllildl:1ng loes 

In all tho syatems exoept 6 .. 1, the gathering and 

bundling 10s8 was determined by colleotins the earhenda 

loft behind in tho plots by tho workers. This may happen 

uue to ne,gliBerlce, unmanageab1l1ty, ahatter:l.ng tendenoy 

of tho crop-'plunta or high ,~ind. Tho oarheo.da thus 

ooll"ctod~ WEll'O threshed manu.ally and the eruin wOighe(l. 



:rhe harvestod crop trom plote undOl' 6-2 , S-3. ::1-4, 

S-5 . 8_6 and S-7 11ere transported to threshing floor by a 

traotor-trolley. The sha.ttored grain and eM'heads laft 

in the trolley WElre oolleoted, threshed and cleaned.. The 

totlll amount of grain was we16hGd anr3. te:t'jfjod fl8 transport­

ing and oonveying loss. 

XIII XhromUWng floor loeo 

The harvElsted crop from eaoh plot ta aeually kept 

on tlw threehing floor in separate bundles t1ll it is 

thr slled. The amount ot era.in loot dll(J to bU·do. rodents, 

shattering etc. ~a t~rmed ao thresl:l1ng floor loaa. 

Tho indireot meth~d of oaloulation ehown below has 

been used to determine the t~eahing flOor lossl 

Ltt - G1 - G2 - ·L 

in lihioh, 

L 

= thrashing floor loee per p:t,ot. ~ 

grain yield bo:fore uaing the ayotero. kg 

grain yield obta.ined after the porfor~anoe 
of tho syatom in the plot. kg 

m all types of losses in the plot due to 
harvesting, threshi~. trtmsporting and 
bagging Gte •• kg. 

XIV Haigh·b of' I3tabblos 

The beight of tlHl otubbJ.Elo onolo/Jad within a square 

motre (usill8 a'!;~el IlIql.UU'e lllotbod) was measured and the 

average height of etubblee fl'om throo obfjorvatione \/as 

determ.ined ~ eaoh plot of both the ~perim.enta. 



XV E~!ective f~eld capaoity 

The effectiv~ field oapaoity of a machine ia a 

fu.nction of the rated ll.1dth ot machine , the peroentage of 

ratod width actually ut.11ized. the speed of travel and 

the BIllOWl't:; of field tae loot during tho operation 

(Bainer .i:Ja, .l'l., ~96'5). It ie defined aa tho aotual 

averaga rate of oOve.t'I)6Cl by the ma.ohine based upon the 

total ~1eld time (Bainer ~ ~ •• 196,) and is expressed 

in hectares par hOur. 

The Q££octive field capaoity wae determinod for 

oombine. rEla~er and labourer with o1ckle for harvosting. 

The time-data wus oolleoted for each plot in both the 

oxpor.1monts. A etop-watoh was ueed :tor keeping ti:le time 

end u d:l.al wei8hing balonoe (Plat' ,ftom type ) was I1sed for 

weighment. 

5.9 Oporl).t1onal studioo 

'rheae 6tl~d1eB l'Ia:7.·O made to determine the operational 

t~e involved in various operations in each system right ~rom 

the harveJilting operat1onll to the transporting of tho grllin 

for stor~e as applied to each plot in both the e1per1meato. 

ThOBe fJtud10a nero oonducted to determinfl) the time 

involved in ellch plot for the operations lilts harveatin~h 

gatheF:1ng and bundling. loadine; end unloading the trolley, 
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oarrying to throaher, throah1ng~ 1~in.nOWing, bagging and 

tranopot'ting to atorac;e and thercby to :find out the total 

time for the aYl:ltelll as applied to oach plot. stop watchell 

wore used to keep tho time-data reoorda. 

5.10 Studies related to thrashing 

Ap~t from the studies made in S-l to determine the 

cylinder loee, raok loss and shoe loss, the studies related 

to threEll11ng involved the follo~r.ing I 

a. 'f:;ht'eshing losa 

b. gZ'uin oontent of tho tailings 

C. olaa.n11naslS ot grain 

d. vioihle Beed damage 

e. :i.nvisib1e sGed damage. 

'l'he methodology and description of the above studies 

aro given a f0110\ll,II . 

I Grain oontent ot the tailings 

tlJ.o liJ'trall wac blo'WIl away upto a distanoe of 5 metl'oa 

from tho atra~! ou.tlet. The samplos of straw waro colleoted 

at the distanceD ot 0.1 m and 1-2 m. Tho samples were 

oleaned for gTe-in and weighed. Tne test wao oonducted for 

eaoh tlU'osbar at tlJ.a speed of throsh:l.ng drllm ae l'ooornmendod 

by the loonu.:facturer. 
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II Oleanliness of grain 

l'he oloW'!l:ll1oas o:f. grtaill waB d$terro.1ned by 'l!10ip")!1nS 

tne !lotuul a.moun'c of threshed grll1n frOlll the !$X'a1n-outlet 

and oxpreosing i.t as the peroentase of total llIrlount. The 

method ot calclUation is given below, 

CleanlinElGB (paroentllGl!!) 

Weight of the aample, Impux'it1eEJ or foreign 
( kg ) - ,!!l!.ltor3&.l. (!\;4l;) 

--_... ....... '--"':'w(-&"':'.i-gh~t~O~:l:-:"'th:-e-s=l.'.IIll~p.2.:-e==J(i':-k~8~)""""---- x 100 .. 
III Visible seed damage 

'.rhG vis:d.ble seed damage is n funot1on of the moisture 

content of the srain, s,Poed of thresh.:f.nel.; drum and the 

variety of the orop. It was oaloulated by taking threo 

samples of known weightB of threshed grains £rom eaoh plot 

yield at the speed of operation of the thral1hina drum £rom 

lrlh1ch the craOked or vi.eibly damaged. graj.n13 were aeparatad 

and weighed. The amount of Visibly damaged aoedo was 

oal.oulated by taking an average ot thene thr<&G sampleD 

from each plot-yiold. The viaible aeed dwnago was expressed 

as the ratio of the ,~ei,zht of the vi sibly cracked seede to 

the weight of sample of seeds taken at the reco~nended 

spoed o£ operation. It is expressed BS a percentage. 

IV Invisible seed damage 

Invisible aeed damage from eaoh plot was oaloulated 
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with th(l holp o£ (Jerm.:l.nation toot. Vis4.bly strong and 

heal thy seods werc taken and gcrmirmt;1on t eot llaa oarried 

out. Threo samples , each oonsisting of 50 seeds from the 

grain tl~eahod at reoomm oded speed of operation of the 

thresll1ng d:rUJn were takoo. The avorl-l89 dam£lt)e was deter­

minod ana expresaed 81;'1 percentage (1l'18. 5.4). 

The seeds were plaoed in petri dishea between 

mOistened blotting papers. The germinated see(ia wore 

oounted. and thereby invisiblo damage was calclllated and 

expreesed in percentaaa • 

.f!'ailure of' geil."lllinat:lon may be due to faotors other 

than inVisible seed damuge. The approach used in the deter­

mination of invisible aeed damrJ€;El assumes thut Beedo :fail. 

to gEll."minate only due to ilw1G1ble soed uUIJJ£IgEl caused by 

machine operation. 

5.11 FUEll conoumptlon 

For fuel consumption test, the oil tllllk of the 

engino wus tilled u.p'l;o tho top. 

III caBe of h&rve~;rting maohinoa. after harvesting 

eaoh plot under ~-lt ~-2 , fJ-} and 11-4, diesel oil tIllS 

filled U'pto the top of the tank :from Q measuring cylinder. 

The aIllOWlt of c).ioeol oil required to l."ofill the tank 'VIae 

noted. This g!lVO tho umount of diesel 011 oonsumed.. 1,lreD! 



~'ig. 5.4 G'ermimL"l;ion t es t 



th0 data, the tuel consumption per harvested plot was 

oo.loulatod. 
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S1llllla;l.'ly tor th'l'eshing Ill!lchinus the topp.ing up 

method (mentioned above ) tqaa used to ml(laaura the fuel 

consumption for threshing each plot under 11-2, S-3 und S-5. 

In case of S-4 and S .. 6, the drwnmy thresher walll 

operated by an fll.uctr1.c motor. Tnfl duration of operation 

was noted .,,1th the help of a atop watoh. The energy oon8 

sumed for threshinG the plot yield was dotermined trom 

tho differonoo in. tho road1nga ot the energy-met or. 

5.l2 Oost of operation 

The total coat ot operation of (looh poliOy comprised 

the costs of opfl~dtlon of harvesting and throshing machinery 

and the cost of labour involved. Acoordingly the unit cost 

of oporation WlLO determinod ae tollowl'u 

Cu.. iO x 00 

in ~lhich Cu '" unit oost of operation expressed either 
us im. /hr or ~./ha. 

Fe a f'iXed coot ot the lliLl0h:1no, i1lJ.laxmUJ~ 

00 = overhead coat of operational cl~ges t 
Ils. /hr or l!:l./h.a • 

.li. '" no~ of houra or hectaros for which mo.eb.iUe 
i.ta usod pOl' rumwn. 

ThO data colloote4 trom tho field utudiea of 



c~perimente A and B wld the market reports were uaed for 

maku1e assumptions regarding deprooiut1on, interest, 

ahelter, taxes, insurance and la.bour ohargee in order to 

caloulate the cost of operation of each system. r·10t11OO 

01' oalculation 10 given in AppendiX D. 

The data about the prevailing rates o~ custom 

service and the prlcoa collected fromneighbourinB ~GaG 

are reported :l.n Apl)end:J.x E. 

C atatistical analysis 

5.13 ThQ various data reoorded' in the exp~riments wore 

B8 

analysed statistioally by analya~ Clf variance of rlmdomized 

blook des1.gn no per proeedure given by Cochran and Oox 

(1957) wherover it USB cone1derod neCO(lSSCY.· The. standard 

error of moan WllH calculated for each i'tam of atu.dy and 

tho oritical differences at 5 % level were computed for 

oomparing tho troatmont means, wherevor F-test wee found 

to be sign:l.:f:l.oant. Tho anaJ.yBia o:f pooled dnte. of yield, 

lossos rold operational time for both e~per1m~nta are 

preaonted vide Apponilicoo Il' , G and H respectively. 



CIIAPTJ:iR VI 

RESULTO AN D DISCUSSION 



R~SULTS ru~D DISOUSSION 

The treatment of this chapter oan be grouped broadly 

into the follQwin{~ olasses I 

A Studies on tho plant aha:raoter1at~oB before the 

harVest1Jlg and tbreah1n8 Qperations. Tbese studies 

inoludo (a) pre-hurvestu1g atuAies and (b) Btud~eB 

at harvesting tillle. 

B Dctormination of the B%'a.in lODoea aool!'uing at 

d1tierent levels ot proceeo1ng (if ~Iheat crop by 

the opera.tions involved in harvcut1ng and thrcahillg 

systems. 

C Studieo raInted to tho height ot stubblee lett in 

the field atter the harvesting 01 the crop. 

D Determination of effeotive field oa.paoity/perfor­

manoe of harvesting and threshing maohmee~ 

E Operational studies related to the t1.mo involved 

in the porformanoe of different operations during 

the course of application of the polioios of 

harvesting Wld threshing. 

F Labour rsquiromont. 
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G Studies r elated to threshing jn different policies 

o~ harvesting and 'chreohtng. 

Studiea related to the cost of operation of each 

polioy of harvesting and threah.irlg. 

l'b.e details .0£ tho results of the aforementioned 

studies are reported ~'Illd disoussed in tho :i'ol1oI1i~ 

pnrsglI'sphs. 

6.2 Studies on tho plant oharaotoristieo 

J?re-harvlilst:t..ng studies ot the toUow1.oe OhU1.'Aoter­

iotics of the crop in both the GXperimontu ,Tel'e made: 

I Plaut population 

II l~umber ot total ana effoctive tillers 

III Plant he:l.ght 

IV Pre-harVestine 108S due to nAtural factors 

like gram-shredding, wind and b:l.:rdo otc. 

V Lodging 

The £ollouing F.Itlldies of tho plant oharnctora in 

both the exper1lllonta wero made at the t:l..rne of hurveatingl 

I Length of earhends 

II Number of gra.ins p or earhee.ds 

III ThQlloand kOrllQl weiaht 

IV Yield Of plote w~thout 1 0800a 

V Grain otlt'a1~ ratio 



VI !'loistu;re oonton'll of grain 

VII Moisture oontent o~ straw 

'rha realUts of thase otudies are presented in 

Table 6.1 in ~Ih;LQh the moan values of plant oharaotor.1otios 

under different pol1oies of harveatine and throwing in 

both the eXperimonts are given. 

On a oareful peruslll Qf Tllble 6.1, it is noted that 

the d1!te:rencea in plant oharacters 11k.e plant popula.tiQl'l., 

number of total ond effeotive tUlero, plant height, pre. 

harveating 1(1)8, lOliging, length of oarhoad, thol.\oand 

kernel weicht~ yield of plots ldthout lossee", grain-strt\~1 

ratiO and mo.iature oontents of grain anil. straw ~Iith:l.n tho 

aama experiment are nOn-aigni.fioant. T.ho.t means the crop 

oonditions in each oxporimonts wore uniform and didnot 

differ s:l.gn:i.fioe.ntly. Th1.a tqaa bt'1.t expeoted beeauae of 

the uniformity of aal'Qnomic and operational praotices 

!l.ppl:l.ed in each experilnon't. This :further makGs c~ear that 

the futuristio studies like studies on ~a1n loss nnd 

operational time in the tllO exporiJllants 1. e. A and B twill 

be , influenoed only by the porformance of the harvesting 

and throahlng policy nud not by any prO-h!lrvest.1nl,) :faotor 

oapable of influenoing grain losa and operational time. 

l!'rom Tabla 6.1 it may be concllldoo. the:t though the 
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plant charactere did not differ aignific!Ultly within the 

same exper:l..tnant, there is El dii"!erence in the same plant 

chnructer bet~le(ln (lXpel'itnEnts A and:8. It 10 evident in 

the case of lodging. On an analysis ot tho pooled data 

on yield without lossee from the plots of both the 

eltpex'iments (AppendiX F), it iu clear tJw.t there W8S 

signifioant d1f£erence between the yields of both the 

experiments. The average yield obtaincd from experiment 

B is more than that ot experiment A. Tilis d1:f'ferenoe, 

might bo due to the greater extent of lodging in expel'irnent 

A than that in 13 whioh ahows that lodging affected yield 

adveraely, This is espeoi.EU1;y truo in this CllsEl oonai­

dor:Lr1i5 that thero wae a differenoe ot' one month in sowinS 

dates of exporiments A !Uld B, yet the grain yield withoQt 

1080GB in expor~mont B was ~reater than thut in experiment 

A by 6.46 quintals per heotare. 

6.3 Otudiee on grain loases 

The following types of grain looses wero determined 

du.1.'ing thr~ period of oonducting studies on th.e parforllllilnoe 

of harvesting and threshing systems in both thG experimentsl 

I cutter bar lOBO 

II Cylj,nder loss 

III Rack loss 



IV Shoo 10sEl 

V G'athoring and bu.ndl~ l ose 

VI TI'ruloport:1ng und oonveyine l oss 

VII Threahing floor l oee 

VIII \'181€hing and bagging loea 
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The reaulto of tho atQd1ea are prOD ntod in Table 

6.2 and D'igure 6.1. Table 6.2 abows tll 0 mean vaJ.l.los of 

differont typeo of gruin looaee oocur~ in differont 

eyst8lllS of barvesting and throi£Jh:l.ng in experiments A 

and ll. 

It il3 evident from Table 6.2 that tbo Clltt(lr bill' 

loesoe, and tho gathering and bundling loases di:ffor 

signifioantly 1~1tbin eaob eXper1ment. These cU.:fferanoee 

raaulted due to different modoc of harvesting in tho 

different systems of harvesting and threshing for the 

former and hUlllon factor in th.e latter. ' It may be noted 

that the oystom having tractor sida mounted operated com,.. 

bino-hnrvootor-threohor (0-1) is diffe~0nt from th.o 

policios employirlg reaper 0.13 harvesting muolline (i.e. 

S-2, S-' and S-4 ) and tho polioios employing sickle 

h~rvoBt1ng (i.e. a-5. S-6 and ~~7 ) . It is inferred from 

the Wlal.ya:ia tho.t tho cuttol' bflr loss in S-l in both the 

experiments A ruld D d1f~~red significantly from the other 
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syst$!1lS. The ohief oause for tho higher loss under 8-1 

in experiment A may be the lodged condition of the cro:p 

in this experiment. 

The outter bar loss. in the case ot $-2. 13-' and 

S-4 dOGEI not vary sign1f:l.cant].y l;ithin thelle polio1oa. 

the reaeone for this being tho application of same mode 

of hB.rveat1rlg and non-s.1gmf1cmnt d1:f.feranoe in lodged 

oond.1t10n of the crop under these syutems. aimllarJ.y, 

the Qutter bar lose in a-5. 3-6 and s-7 does not vary 

s1gnti'ioant1y l11thin those polioies but differs aignifi­

oantly from the cutter bar lODe Ul 8-1. 

A comparison of the lllean values ot cutter-bar 

loee in experiments A and B indioate that f:1gures for 

the same aystcm were higher in experiment A than those 

in experiment B. This mako$ the effect of lodging olearly 

dieoernable. espeoially in vie~1 of the significant 

di:fforence bet~leen tho lodgina phenomena in both th 0 

experiments (AppendiX 0). 

An eXamination of the dnta on cutter bar 10SB in 

variolls policies of harvesting and threshing in exper;1menll 

B reveals tho samEl trend as in experiment A. The outter 

bar lOBS in 3-1 differs significantly from that 0:1' the 

rl!lst at the policies but th.e difference in tho figures 
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for outter bar lOllS between the other polioies viz. 9-2, 

9-3 , 3-4, 6-5 , 5-6 and S-7. are non-significant amongst 

themselves. 

On the basis of tho above, tho following oonclu­

sions may bo made on the Qutter bar loss I 

(a) The loee is the highest in S-l. 

(b) It doae not dUfer eisni:f1oantly between 'bho 

other policies involving two different modes of harvest:l.ng. 

(0) It is influ.enoed by the lodged oon.dition o£ 

'''he crop. 

The extent of th<!l cutter bill:' losD within the some 

sY~tem, may be influenced by such extraneous factors like 

maohino - adjUJ'ltm0nts and the ekUl 01: the operator. 

aparl from the :field conditions. Theoe factors ,lore not 

aceounted for in the present stUdy as they' ,qere considered 

to be conetant durill€ the period of' etudy. 

'rhe data on c;rlindor lOti'" in different po11oiee of 

harvesting and threoh:l.ng under expol':t.menta A and B in 

,Table 6.2 makes it cloar that thero was no Bi@1ii'ioant 

difforonce in oylindor loso ~I:1,.thill tho polioies in both 

experiments A and D. 

Tho data for gathering 'and bundling lOGe in '.cuble 

6.2 rovenls that there io n a~:1f1onn1; differ once within 
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tho polioies. On Ii oritical examination of thf) £iBures, 

the following pOinte arc evident, 

( 0.) Thera 1s no s:l.gni£icant dii'terellce in the 

gathoring a.nd bundlin& loan between S-2 and 3-3 . 3-;5 and 

0-4 in 8Xper1lllenta A. but thero 18 signifioant difference 

between S~2 and S-4 whioh ml\Y be dlle to lodging or 

variation in hUlllllll.-fa.ctor (Appendix J) l'oeponoible for 

gathering. bl,U'ldling and tying. 

(b) There io nO signifioant di£foronoG in tho moan 

values for gatherini$, bundling and tying 10sI) in 3-5, S-6 

and 3-7 bllt these figures ~ffer significantly from those 

of 0-2, .Il-:3 and 8-4. That means, tho gathering and 

bundling lose is greater in the caue of roapor-hurvostin6 

than that of' G:i.oklo barveot:l..ng. 

(c) Tho eDl1l0 trend is ovid en t .in exporiment D if 

the corresponding figures in experiment B are examined. 

'rho lo!)oeo dlle to transportirle and conveying, 

threllll.in" floor and we1ghine and bagging do not cliffer 

significantly (ao evident fl.'om l'able 6.2) ~Iithin the 

oyotema in both 'tho oxpl,Jrimento, exCGpt that of thx'eshing 

floor loos .in oxp rilnont]3. Threshing floor lOsaee are 

dependent I1POll the incidence of bird and rodent damage 

and 11otul'al ah%'eddine. In tho case of' experiment D, this 
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might have affected thG looses adversely. 

The total lOBS of grain in a policy is a sum o:t: 

oome or all tho 106sGe Inentioned eurlier like cutter bar 

lo&s, gathering and bundling loss, transporting and 

oonveying lOBO, threehing floor loes and woighing and 

bagging loas. In the polioy a-l, the combine-harveeter­

thresher perforate s1lllultaneotHl functions of harvesting, 

threshing, cleaning and baggina. Therefore, tho system 

is free from the 108ses like gathering and bundling, 

transporting and conveying, threshing floor and woighiQg 

Systoms S-2 to 0-7 do not have ehoe 

and raak 10es. The oolumn of total loasee in Table 6.2, 

shows tha.t the difference in the total loesee wi thin the 

pOlioi~B in both the Elltperimonto io D1.gn1ficnnt. l'ii.thin 

the same 0Jtperimant, thia:i:l due to p~'oponderanoo of one 

policy over the othor while in between the ex~orimento 

tho lodging of the orop may be attributed as the contr1. 

butine tootor. This becomes evident from the faot that 

total losses in exparirnont A oonet1tl1ted 19.39 per oent 

o:f the total yield, whUe in oxperiment 13 these oonsti.­

tuted l6.66 per oent.. lIllie di£:t'erenae in lossee; might 

be rosulting due to the differenoe in the oxtents of lodging 

1nc1dent. However, it might be pointod Ollt that on an 
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ana-lyei!;) of tho pooled data of total J.oooea in both 

th. , Gxperimenta, the differenoo in the total lossos in 

both the experiments was not signifioant, though tb. Ii) 

difference in outter bar loes in both the eXperiments 

wae significant. 'thin suggests that, in general, the 

cutter bar lossee are influenced Gpec~fioally by the 

incidenoe of lodging .more than the total losseD. HOllever, 

tho general differenco 10 evident (Tabl.e 6.21 Appendix G). 

On an evaluation of all tho policies rogara1ng 

loosee, it is cloar from the Tablee 6.2 and 6.~ and 

figu.ras 6.1, 6.2, 6., and 6.4 that $-l has the minimum total 

loss considering the average Qf both the experiments being 

10.06 per oent of tho total yield without lossee. The 

3-4 has the IllD.JCimum total losses, the figure 'for wIlleh 

being 21.51 per oent ot the total. 

Tho Ta.ble 6.2 ahows the break up struoturo of total 

losses :in all the Devon policies in both the experimwlts 

wi th £1su.reo af poracantago 101313 in parenthc DOll for the 

p\U'poao of GvaluEl'tion of lossos in d1f:f'arent systoms. 

~'igll.re 6.1 shows the type of loases in each policy of 

hr::wvootine and throilh:l.ng. 

'fable 6.3 and .I!'1gure 6;, present the losses 

expreesed as peroentage of the yield without looses and 
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percontage losses of $X];ler1.monts A and :B. 

Figure 6.3 depicts the type of losses expressed 

as peroentage ot total loee in eaoh policy, baaed on the 

Qveroage 10SB in both the experiments. It may be observed 

that the threshing floor loas ie e. major contributing 

faotor to total 10tiull in each policy. axe pt 5-1, which 

is solely due to the delay in complet1~ the threshing 

operation. 

6.4 Height of stubbles left after harvestill8 in plot s 

under d1fferant systems ill eXpol':l..men tEl A and B 

The height of the etubblee 1e dependant on the type 

of maohine or toola used for harveGt~, tho crop condition 

at the time of horveat1n{~ ana altill of the operator. 

Table 6.4 ShOllS the hei.ght of otubbloa left in the plots 

after tho ~ae of a harvesting machine or tool under diff­

erent aYBtems. Tho resUlts reveal that the differonce :l.n 

the height of aMbblco for different policies in both the 

GXper1Jnento is aign:l.ficant. The maximum height of 

otubbleo io in S-l in both tho experimanto followed by the 

height of etubblee 18 in ~-5. 3.6 and S-7. The significant 

d:l.tferenoG bot1:1<len the height of atubbles in 8-1 compared 

to other systems. Thit) is due to the incidenoe of lodging 
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Table 6.4. The height of atubleo ~eft 1n p~ots after 

harvosting under differont policies in 

oxperiments A ood D 

81. l4achina/ Hc~t gf Qt~2b.2§ 
Policy EXperiment A ~xpar1m~t n ll'o. tool used c om 

1 S ~ 1 Tractor side- 13.21 24.:33 
mountGd 
o omb 1ne 

2 S _ a Tractor aide- 5.39 4.41 
mounted 
reuper 

Iii - , 1',ractor sida- 5.29 4.54 
mounted 
reaper 

4 S - 4 Tr!~otor side- 5.~O 5.09 
moun'l;ed 
roaper 

5 a - 5 Siokle 4.63 4.27 

6 s - 6 Sickle 4.,:? 4.15 

7 s ~ 7 l;1ckle 4.31 3.77 
Average 6.06 7.22 

l!'-tcst o:t; 5% Big. Uig. 

S. Em. ± 0.7088 0.5595 

C.D. !J.t !J % 2.1837 1.7238 
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in eltper!m<ant A because of I'lhich the height of cutter bar 

of the combine wile adjusted low. The height 0:1' cutter 

bar in tho combine eoUld be adjustod from 5 cm to 46 em. 

However, low height adjustment wae not advisable due to 

inoreaeed load on the maohine4 

6.S Effeotive field oapaoity of harvesting machinos and 

ef:feotive performance of threshing mnch:l.nee 

In each aystem oonsiderablo time ie involved in 

completing 'the i.l:l.dividllal ollerationa 0:1' harvesting and 

threshing. In view of this, tho effective field oapacity 

of harvesting roaohinea a.nd effective performance of tho 

threshing machines have speoial significanoe. as Ult1Jna.. 

tely influencing the overall performanoe of B ~yatem and 

ito cost ot operation. Tables 6.5 and 6.6 ehO\>1 tho 

resulto o£ tho observations made in relation to the 

ef:f'ective tield capacity of harvesting machine s and 

effective porformanoe of threshing maohines. It is evident 

from Table 6.5 that there is a:l.gnif1eant differenoe in the 

effective :field capa.citiee of t ractor-side mounted pto 

operated combine, rea.per operated '1i til tra.ctor and eiokle­

harvesting in both the experiments. ~h10 ouggcets tho 

suitability of a partioular method in a epeoif1c situation. 
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Ta.ble 6.5. Effective fiold capaoity of harvesting machinos 

emllloyed in different policier~ iu experiments 

A and B 

l~tfeotivc Ueld Average 
SJ:', l'o11oy l~ach:l.ne/tool cal2~i!::1iz of A No. uOfld I::xpt. A Bltpt. 2 andl} W!Lh£ halhr 

1 s - 1 Tractor s~do-mounted 0.1763 0.1859 0.1821 
oombine reaper ope-
rated with tractor 

42 S - 2 Traotor aide-mounted 0.1480 0.21011 
combine reaper ope-
l'o.tod with truotor I 

:5 S - , Tractor aide-mounted 0.1462 0.20771 0.1778 
combine reapor ope- A 
ra.ted with tractor I 

4 s - 4 Tra~tor aide-mounted 0.1469 0.20641 
oombine reaper ope- A 
ra.ted with tractor I 

5 s - 5 Sicklo 0,0088 0.00671 
6 s - 6 Sicld.o 0,0109 0.01161 0.0122 

I 
7 S - 7 Siokle 0.0250 0,0103 ~ 

F-hst (it 5 % sig. :l:Le;. 

s.Em. j: 0.00}605 0.006164 

C.D. at 5 % O. 011106 0.018989 
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Table 6.6. Effective performance (threshing capacity) of 

throDhins machines uIged for thrashing in 

different pol1cieo in experlloenta A and D 

1 

2 

, 
4 

5 

6 

7 

Polioy 

s .. 1 

S - 2 

S - , 

S .. 4 

S - 5 

S - 6 

s - 7 

lllachinG alongl1ith 
flourOEl of power 

Spi.ke tooth thresher 
nith petrol engine 

Hammer mill tYDG 
threshor produoinG 
short utra.w" 

Hammer mill type 
thresher produoing 
short straw"" 

Hammer mlll typo 
thrGshor produc:1ng 
short strnw" 

Hammer mill typo 
thresh or producing 
short stra\f'I'" 

01pou thI'eaher ope-
rntod by a pair of 
bUllocks 

:b'-tost at 5 % 
U.Em. .± 
C, D. at 591 

l'lnohWo per:t'ormancp 

1.69 0.6l 1.68 0.79 

7.06 2.39 'T.74 3.90 

4.76 1.75 4.82 2.03 

7.98 3.59 7.83 2.47 

4.66 1.::5'} 4.73 2.60 

0.94 0.38 0.95 0.36 

S1g. :JiG. !Jig. Sig. 
0.1410 0.3224 0.1371 0.4041 
0.4342 0.9931 0.4222 1.2448 

.. Hllllllller mill tYpe throoher produoine, flhol't stra.w wi't;h 
eiaving and bt\ft;gin,g u'ttucwnant wos oporated by 
1-111'-1035 trt.lctor. 

'It.. Helllmar mill typo t}U'eahor producing short stralf but 
Hitl'lout aioviIl.[:; and 'bagging attachinGnt. 1'II11S operated 
by an elGotr:L.o motor of 5.595 k,,}. 



llO 

In experiments A and B. hOllover. one notiocs the 

significant differenoe in effeotive fi old capaoitie B in 

S~5 and 3-7. though the method of hn.l'Vosti)lg is the same. 

This may be be08.uso of the variation in tho l~ork1ne oapa.~ 

oity of tho worker. wh.ioh, in general. dopends ",pon the 

faotoro like age. weight. experienoe, willingness to do 

a partiol1lar job and other extraneouo faotors like working 

oonditions. 

Table 6.6 shows the effeotive performance (threan­

i.n8 o£l.pBC1ty) ot the tbreebill8 JDl.lchinea used in different 

polioies in experiments A and B.. The lIltIohine perfo:rmanoo 

is given in terma of through Pllt (q/br) and grain ou.tput 

(q/hr) . The differenoe in the tlweeh1ng oapacitiea of all 

the threshors is significant. The hammor mUl type 

thresher producing ahort straw haa highest throUGhput 

(q/hr ) and highest grain-output (q/hr) ~Ihile the through­

put and grain-output are lowost in the oase of olpod 

thrcl)her. 'rho trond 10 similar in both tho experiments. 

This suggosts that a particUlar tYPG of thresher will be 

suitable to a specifio eit~tion. depending upon the 

requirement of throughput. desired graill-outpu.t and 

timelinoss. 
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6.6 Operational studies 

Operational studios were conducted to determine 

the time involved in various operations required in a 

particular polioy. 

The :following ·timings 'Here determined in eaoh 

policy on operation-oombination. 

I Operational time to harvest. 

II Operational time to Bather the bundle and 

tie it. 

III Operational time to load the trolloy. 

IV Operational time to transport the crop material 

to the threohing floor. 

V Operational time to unload the tl"olley. 

VI Operational time to oarry tho crop Illflterial 

to thresher 

VII Oporational time to threeh. 

VIII Operational timo ·1;0 winnow. 

IX. Operational timo to bas 

x. Operational time ·to tra.ll.eport the tbreehed 

grain to storage 

XI Totlll oIlarational time to harvest GUJ.d threl!lh. 

The reslllts of those sttldiell are preeen·bed 11'1 

Table 6.7 Ilnd figure 6.5. '.cable 6.7 shows tbe mean values 
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ot time elements involved per heotare orop produoe iII 

different operations in each polioy in experiments A 
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and B. There is a aian1fioant diffe~anoe in timo­

requirement :for harveating in the d:l..fferent policies under 

et\1cl;y. The dato. revea.]. that the max1mwn ti.me-reqlliroment 

to harVElBt in S-7 tollowod by S-5 and S-6. The JD.1n1Jnum 

time-requiremoo t is in S-l. On a oritical axa:nU.nat1,o1l 

of the data, it is clear that the difference is not 

siGnificant o.UlOngot tho 'policies involvixlS oombine­

operation (S.l) and the »0110166 involving reaper-operation 

(1. 0. B-2, S-~, and S-4) bllt they di~.fer significantly 

from the policies having sickle harvesting (i. e. 6-5, 

S-6 and S-7). This rua.y be dlle to the d:Ltferenco :Ln 

effective field capacities of machines and tool used 

for harvesting the crop. 

On a st\1dy of tho t:1.me roqUiromElllt foX' gathoring, 

bllUdl:Lng, and tying (Table 6.7). the dat a revoaJ. that 

there iG no significant d:l.fferenoe in policies 3-2 , S-3, 

S-4 , S-5, S_6 and 8-7 in exporiment J\ but there is 

significant differencQ in time-requi.rement in theBe 

oporationo in thGlse poli.oiEW in exper:1.roellt B. The main 

l'eason for this rnQ,y llEl the Val'iation :Ln human factor, 

~~eo.ther condit:1ona a.t the time of hal'vesting plots in 
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experimoot B (which lQas ha.rvested one month later than 

.A.). and oomparatively more yield of pl.ots :1n ex::par1ment 

D (Appendices J 6Uld K and Table 6.1 for ;yield without 

losses) . 

In the overall time requirement, thG time taken for 

tran8port~ tbe pl.'oduce from. a plot to the threshing floo:!:' 

hue also to be inoluded. However, the variation in the 

time factor for dii'i'erent systems being purely dua to the 

different distanoes of their oorrosponding plote tram the 

threshing fl,oo%'. they were averaged out and then added 

to tho overall timo (Tabla 6.7). 

Simllarly f the time taken for W1loading tho trolley 

haa a.130 to be inoluded in the ovoral:L time requiroment. 

However, the variation in tho tUne factor for different 

POlicies being dlla to norlootecl:inical {5rounda (in this case 

human-factor). the time-reqUirements :~or unloading the 

·trolley l~ere averaged out and then added in the oval'all 

t1roa requiremont (Table 6.7). 

An anal;yaia at tho time-requirement for carrying 

tho hurvea1iod crop to the thresh or rovoals thnt no signi­

ficant difi'()renco existo in tho d1:f:iCll.·ent policies in both 

tho experiments. 
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the anaJ.ys.1e of tho time-requirement :for tbreehing 

whioh aatuaJ.ly is oomposed of littlLng and feeding 

operations, reveals significant differenoe among the 

poliOiel!l in both the experiments. This d:l.t:ferenoe may be 

clu.e to the employment of a partioular type of throsh;!..ng­

maohine in a pol:l.oy, ~Ihioht varied in almost all policies. 

Tho exoept1ono wEIr. S-' and S-5 using hammer mUl type 

thresher with pieving and bagging attachment and S-4 and 

S-6 uoing hammer mUl type thresher without sieving and. 

bagglllg attachment. ;i:n between S-3 and S-5, a.nd bct'tlaen 

S-4 and s-6 tho difference in tima requirement 10r thresh­

ing was not signifioant. However, the data SueBGst the 

biggest timo.requirement for thl'eell1ng ill 1n S-7 and the 

leact in a-5 (~-l ie exoluded as in this case threahulg 

iii) done simultanoously with harvesting) . 

Xha additionoJ. time requirement for winnolfing is 

in 13-4, s- 6 end S-7. The data presented .in Table 6.7 

reveal that thore is siBnif1cant difference in S-4 and 

S.7, and 1:1-6 IIDd fl-7 but no signi£iClant d:l.ffereno6 in 

S-4 and ::1-6. Tho r GSul to are alike in ElXper1men te A. 

and B. This suggests that 13-'7 a'e'lu:Lrea the maximum time 

and henQCl results in maxjmum labour requirement, followed 

by the other t't~O polioiea uain8 hammel'-mUl type threflhera 
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wUhout l;l1eving Wld bagg1rlg attachment. 

ThGI data. for t1m.e-requirement :for bagging in both 

tho experiments (Table 6.7) reveal that thera 113 signll­

fiacent difference among the po11cies. The time required 

for bagging ie .maxiJllwn in 13-7 11h:l.lo in other pOlicies , 

thGrc 10 no suoh d1£teronoo. 

The analysis of ths data for the transporting of 

grain to storage revoals that there 113 no aiGll1:f:l.oant 

d.t:fterenoe in oxporinlent A but in experiment D. tlle 

difference in time requirement in different 

pOlioies is eignif1cWlt. 

Tablo 6.7, oolWllDe 2} W}4~ 24 awn up the mean values 

of t11ne-elements of operat1.ons required in each polioy 

in both the oxper:l..mento. '1'ne <ata roveal that there ira 

O.t6nificant differenco in total opora.ti~nal time in each 

rutpOI'irnent. In both the ox.poriJnonto. S-l han the least 

nwn'oer of l'lOUl'£l required to complete all tho operations 

while in the case of S·7. tho total operational time 

required ie maxilllUJ1l. Those import!lnt feat~'\reEl of total 

oporational time in each polioy in both tho experiments. 

are dopioted in Figure 6.5. n is ovid nt that :) .. 1 

(the modern. teohnological system) roquireo almoot one­

thirty fifth (1/35th) (lIJ)O\lll,t or '3 per oont Of the time 



required for B-7 (tho traditional s¥etem). 

Table 6.8 presents the mean valuos of the time 

period per quintal of grain basis invol'Ved in d1:f'ferent 

operations in experiments A and B. The figures in 

parentheses in Ta1i>le 6.6 indioate tho time requi.red in 

peroentaga of tota.l tilllil required for all the operations 

in a pol.1ay per qll1nfl8.~ baeJ.a in both the experiments. 

The data in Table 6. a reveal the followingJ 

ll6 

(1) The minimum total opOI'Ilt1onal time requ.ired 

par q\dntal ot Srain basis is in S-l being 0.2503 and 

0.2547 hour, reopeotivoly, in experiments A and E. Out 

of thie, approximately 50 per cent time is required for 

harvo[lt1l'lg and the rest :Ln baaging and traneport;lng the 

grain to storage. 

(11) The maximum total operat1onal t:1Jne reql11red 

per quintal of grain basis .1s in S-7 being 7.0914 and 

7.8841 hours, respoctively, in experiments A and D. 

(ill) 'rho rest of the syatewl;! exoluding S-l 

and 5-7 ) OCCI1PY int ermod:l.at e pOa:!. tiona :I.n l;'egard to 

their total operE,tiollal tim.e requi.roment per qu.i.ntaJ. 

basis ranging trom 1.0,68 una 1.4572 hours for S.3 in 

experiments A and B to 5.6997 mld 4.6877 hours for n-5 
in experimen't;e A and .8. reepeot:lvely. 
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Figure 6.6 shows a oomparison of tillll! requirement 

for an i.ndividutll operation in percontllge of toto.! tUllC 

required in a. POlioy. The figure shows that majo!' 

oontribution to inoroaaod ·time re~uir6ment is mode by gut~ 

erine, bind.1.ne; and tyil'l8, threshing end winnowing O'pcratians 

in all the aystems except in 0-1. 1 :l.nnowina; operat.1ono 

necessitate add~t1onal time reqUirement 1n S-4, 0-6 and 

S-7. 

6.7 Labo~ roquirement 

Table 6.9 shows the labour requ.ired ~or operating 

the lUlrvGstirlg and throBhtng mQChine. The .m.aximwn labour 

requirelncnt for one si1'lglo maoh:Ule is in the case ot the 

reaper. This is beoause, apart from the oper~\tor and 

holper, six porsons are required to (lope up with the work: 

of lift1.ng tho harvested mater1al.. bundl:1.n8 end tyj.11ll it. 

It may be noted here that reapers could no·" become 

pOIlUlar in India pa.rtly beoo.us() of this reason i.e. 

additional lL\bol11;' l'equiromant for short :periods in addition 

to the high cost involved in the polioy. The farmerElj on 

one hand, found it d1/,:CiollJ.t to empl.oy labour for ohort 

por1odo of haz"V'ontin6 tdth reaper and. on the ethel' hand, 

the laboursI'o llt'oferred to have more esainful employmoot 

tllroughout tho harvesting soaaon Ilvo.11(Lblo in tho case of 
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Table 6.9. Labour reqUirement' for oporatiZlg,harveotil'lg 

and tb.roab:!n~ mach:!nee employed in experiments 

I'll. 
No. 

1 

2 , 
4 

5 

6 

7 

a 

9 

A and. B 

Skilled Non-Bk.1Ucd 
Machine u~od labour labour 

Ne No 

Trnotor-9~de mounted 1 
oombine 

Reaper e 
IJiokle 1. 

Spike tooth threClher 4 
lfith engine 

ffanuner mill typ. 4 
with attaobr4o.nto 

Hammor mill typ EI l'lith- 4 
out Gttllchmenta 

Olpod throsher ., 
ll.1nnowing fan , 
Tractor - any typo 1 

Total lubollr reqll:l.roment for a machine ooml,rizsa 
tho non-skilled labour and tllo ol,Uled labour 
required to operate the powar-unit. 



manual hlU'veat:lnB with uickle 'Wal9 praotioed. 

6.8 ~tudiea related to threshing in different policies 

of harvesting and thresh~ 

In this act of studies, the performunoe of threohers 

used in d1fferont policiee in eltpor:I.IAentll A and B uno 

aX:llIll:i.ned De:smat th.e epeed of 0pEIl'ation rooonllClended by 

the manu:faoturero. The parameters otud1ed were /Fum-

stre.w ratio, qunnt1ty of orop coaterial threohezl per minute, 

gra:l.n-outpu.t, oylinder loes, grain content of tailings, 

cleanliness of grain, and visible and :invisible seed 

ducnege. 

l'h obeorvations and reoulto rogarding thoce 

parameters arc presented in Tables 6.10 to 6.15. 

Tho data in Table 6.10 indioate tho grain-strar 

rat:1o, quant:!.ty of orop lllater:!.al 1n k:Uograme POl' plot, 

time taken in minutes per plot produce and £,l'CCtlin-outpu.t in 

k~oeramo pOl" plot. As expeoted. there woe no difference 

in the experiments 1'Iith regard to grain-stra", ro.t:l.o and 

yield per 'plot etc. 

rhe analysis of the data revea.ls the f.ollo'~ingl 

( i ) There is e1gn.:1:ficant di.fteronoo in tho tim(J 

(minutes) taken :in tb:reah1ne; tho produ.oo! plot betl1een the 

pol:l.o1oo in both tho oxp rimonte. 
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(:11) There is no significnnt difference in the 

grain-output per plot for different policies in both 

the experiments. 
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'l'hia suggests that the time taken in threalUng is 

mainly dependent upon the maoh1ne~method used. Thus, the 

overall performanoe of ~ policy ia influenced b~ tho 

machine-perrorm~oe. 

Table 6.11 shows the resUlts of the stud;Les related 

to threei:dng in the different eyatQllls in el!pol.'imenta /l. and 

B. 

The MslyelB of tne date. reveaJ.o tho follo d.ngJ 

(1) '.1:hore is no aign:l.f1.cant differenoe in the 

mean values of oylinder loss in all the liJystemt). 

( 1.1) The grain content of ttdlin.gs is .IllaXimwn 

in ll-2 nnd minimum in 3-3 when the samples are collected 

from a distanoe of 0-1 metre, measured from the blow-off 

ond of tho thresher. 'l!he some trend .ie tL:ppa.rent in 

oxper1man t B. 

(ili) The grain oontent of taUine;s .i.e maximum in 

~-6 in both the Elxperimants and m:1n.:lmum in S-2 when samples 

are col.leotod from a diatanoo of 1-.2 metreo. Dloaoux'EXi fx'om 

tho blow- off and of the threahor :In both the experiments. 

(.iv) Thore 10 (lIie;nificunt difi'erenoe in the 
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oleanlinellls of grain 1'Ii thin tIle policies in experiment A. 

The maximum cleanliness was obtainlild in 8-2 and the 

minimum in 3-4. H011ElVar, there is no sien.1£.iolLlOt 

differenoe in oleanlineao of grain within the polioies 

in expe~'iment B. 

(v) There ie signitiolll1t differenoo in visib].e BO 

well as the 1nvioible ae~l damage between the policies in 

both the experiments. 

In both tlho experiments the ma.xi.lnwn v1eible 

damElBo was obporvod to be in S-2 , S-3 and S-5 while 

the invisible damage ilSS observed in all theca aystOOlD 

ao aloo in 8-4 l'eapeoti.voly. The lowest ValUEHJ of visible 

daJ1lago 1'II'U! noticed in S-4 and whUe that of.' inviaib1.e 

daJllO(:!;G :I.n 3-7. 

!l'z'om the point of ViOlt of lll.1n1.mwn aeed certification 

standards for whoat (AppendiX L) tho qual.;1:lly of era:l.n ou.tput 

f,..om all the .1)01.10100 wao aocoptabl<:l :fl'OllI the germinat10n 

point 0:1: v:l.e~l, 

Tables 6.12, 6.l~, 6.14 and 6.15 sho1i thtlt observed 

duta related to OllEled of oparat1on, \Hl1ght of crop material. 

grain-output, time taken in tllreshing, fuol conswnpt1on and 

Brain-distribution. These tables present duta. ,,1th regard 

to the pertol'[OanCe ot spike-tooth thresher produo:l.ng lonS 
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straw (Table 6.12) , halMlOX' mill type threshers with and 

-without oiaVing and ba,gg1l:1g attaol'llllcrlt prodUCing IJh01:'t 

straw (Table 6.13 and 6.14) and olpod threahor (Table 

6.15 ) • 

A perueal of data reveals the ~ollowing , 

(1) 'rhe spike tooth thJ:'eehor at tho reoommended 

speed of opoxoation Mowed an average throughput of 1.69 

quintals per hour, Iloveraee grain-output of 0.64 quintal. 

per hOIl't" and aver,ae;e :t'ueJ. conr.II,unption 01' 1.63 l.1treo per 

hour. 

(u) the haina.ler mill type threehor with sieVing 

and baggine attachment producing long stXOQW at reoommonded 

speed ahowed an averaee thro~ pu.t 01' 7.85 quintals pl3X' 

hour, average grain output of 2.~4 quintal. per hour and 

average fuel conSl4D\ption of "1.01 litrea per hour. 

( .1ii) The hammer mill type thresher without 

oieving and b~:Lng attsohmcnt producing tlhort-straw aho.Jed 

an a.verage throughput of 4.75 quintals PCI' hout'. average 

grain-ou.tput of ~.e6 quintals per hour and eleotr~c energy 

oonsumption o:f 2.91 kwh at reoommended speed. 

(:Lv) Tho olpOd throoher o];lCl'atod by a p(lir of 

bullocks sho~led o.n average throughpllt ot 0.94 qUilltoJ. per 

hOllr a.nd average grain outPllt of 0.:;6 quintal pel' hOur. 



6.9 stu.dies related t o the coat of operat~on 1nvo~ved 

in each P?lioy of harvestiQa and tbresh~ns 

The cost ot data of maohinery employed for 

harvesting, thl'eahing and winnowing opel'aticns are 

presented in Table 6.16. In this table, the figures :for 

effeotive field oapaoity are basod on aot"al observations 

and seema to be loeB than the aimi.l.ar f1eurea obtained 

from field studies. Th1a:l.o 3.ikEt17 du.e to limS.ted amount 

of exper:l.mental area, ol"Op~materia1 and e:s:tra-precslltiOllfl 

tllkc clur.'l.:l8 the oOlll.'ee of data-oolleotion. The purohase­

cost data waG oolleoted :from manu:t'llotu.rero. Department 

of Fe.rm Operations 1lII.c1 Man£l60111.ent (I.,A • .R.:t.) and tho local. 

market. The values of :rued-cost 1.teJl1B have been USatllUIU 

on the baoie of literature oon8~ted, diecu.eeiona with 

farmera and ~icul turlll engineers and informations 

collected from different places (Appendix E). The fisures 

fOr fllel ooneumpt.:l.on and oil and lllber1.oanta are baaed On 

;field o"bservat1ons cl.urinB the course of the experiments. 

Tho "lagos of tho oporator and la'bou:rol'e 0.1'0 baaed on tho 

rates prevalent in th.o Delh;l...a.rea ill tho 1975. 

Tho coat data. Of trailer and d1:ftel'ont pOl1(31' uxuta 

11684 for oporating the rouoh~oe for hnrveoting and threa~ 

ing has been WllIIDarized in Tabla 6.17. 'l'lle remarlte mentiooed 
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earlier about Table 6.16 hold true for the data presented 

in ''ctloblo 6.17 e.l.eQ. 

Table 6.16 summarizes the re~ts of cost-oalcula­

tions made to determino the cost Gf operation of different 

lllOohinee or tool and power un:l.ts Ilaed in exPGr:Lmente A and. 

B. The table is "'elf. explanatory f.llld shows the comparativE! 

tigu.ree foX' d;l.Uorent maohinea either in terms of coat of 

operat.:l.on in 1'U.ll8es per hecta.re or rupees pet' qw.ntaJ. 

Table 6.19 shows the average total ~ost of oporations 

of different policies of harvesting and. threshing of wheat. 

The fisuree in parentheses indioate tho cost of individual 

operationa ns peroentagos o£ tho total cost of tho policy. 

The f4lures are baaed on nverages of experiments A and .D. 

Th.is l Ias done beoauSG there waB no a1gnifioant differencea 

in experiments A end B as far ae the total' time of 

operntions and total los see IferE) concerned (Jl.ppendioes G 

and H'. 

The following interenoes may be drawn from Table 

6.19 • 

(1) The syatom involving tho use of tX'ClctoX'-aido 

mounted pto operated combmo (S .. l) has the minimum cost ot 

operation 1.e. ~. 407.15 per hootare. 

(:1.1) The policy oompr1z1ng reapor hurvesting and 



'" * ! fl; t<'\ 8 (\j it 
Il'I 

IC'\ M 
• 

~ 
• . ...r ~ 

~ 
~ ~ 

C\J ~ 140 11'\ M 
M 

< It\ 14) <'1.1 co co ll'I C\I U'\ 2 2 
""" ... • · • . • · !il a. '" U'I M 0 """ o.t> 

""" 
C\I l<'\ "" ~ 

i 1<\ co co 0 

co ID '" U'\ '" .~ d · · · "" 11'\ r1 
C\I M N 

'til . 
!j ~ 

1 tl 1i' 
lIJ "'~ ~~ "' ..... .j 6 
i ~ ~ OPt ..,,g< g ~I 

01>. . 
... ."1 ~.ol 1l~U'\ .[ ~ lO~i t"- o 

M~ rr £l:x. ~ ~~ ~15~ 
f!l ~!!IIII E-t~ ............ .... [-t......,. qS._. 

;to 
0 

~g+c:!l co ~ $ I>. 1iJ 
\Q N !iir M 1.1'\ """ 'd \Q . as • ~ · · ~ ~ § Po'''' 0 '" M 11'\ '" 0'" () M . ....... _-- ... 0'\0 

'8 tl '" III III .... .., I>. 8 0 0 8 0 ~ I>I~ 
'al- 'g ... ~ 0 IC'\ 0 

@ • . 
~ · • III C'" 

III !t~Q),. U'I ~ rl ll'I 0\ p:; 
.~ ""01» C\I 11'\ ~ ~ ~. 

1 l:- t<' () 

Mill lj 

j~ l:l ...,. 8 § ~ 0 ~ ~ ~ 
~ 

U'\ 
N C\I N C\I N .> 

~ ~ 
~ I» 
~ ~ ...,. iii 
'CI 'dO G'I ~ 8 ~~ ~~ 3~ 

t> 
~ 

• M al t(\ r-I .o-t 

~~ 1J' · <:) <:) ..,riJ. Ill) 
0 0 

Cl 
f~ 'H u .!i 

0 
...t 

~ ~E t g ... 
~ ~ ~ or! 

~ 
Qj~", .0 ~ 

g. 'd 1il l:!QjI1J ~li ~ III 

~ 
,.., 

~ .... 'd~ go 
\3 Q) 

'S Q) Qj<dO III il 

i 
0 

~ f;;IHl 'H 
+> I:l ... t:'2 g 

0 
Ol N ~ 

... 
0 .g 8~~ ~ t.) 

Ji 
.... Qj~ 

:.:: .~ 3' ~Ul~ 0 

t> .... ~ 0 
aj ,.., OJ ,.., fl III ~ • "'~~ ~ M .8;1 0 III ~Ulg8 . ... 

~ 
OJ ",o!,: 

'0 e~ ~ ~:li !~ ~<d I~;: E~ 

fI t: or! t:'~ ;ot)~ 1Xl.~~ 
~ 

() C/l ... . . 
'" ti~ IH ..-I ..-I C\I '" """ 

U'\ I.G 



~ rit l41 
~ . . 

~ ""' 
• 

(II Q\ 11'1 Q\ • h 0 '" 0 q "II" ~ n 0 
Q\ . · . ...r . 

11'1 '" ~ ~ 11'1 (II 
rl 

• III 

• S LC'\ fl. 0 ::J IX) cJ • 11'1 a rl 

'l<J0'l i 
~g "' ....... 

fl~ CII 

I 
.Q 

1:-0 

:j ~~ 
..., 

I:tI &-<~ 'EI 
O'l 
.-t 

(II Q\ ~ Q\ rt ~ I1J 
1:-0 ..., "II" S \0 c.J . • . • . 

(II 0 C\I <l' 0 
rl _g ..., 

11'1 0 0 ~ 8 g €1 
C\I '" 

...,. 
• . • . • . i '" aJ '" rl i '" ;:I 'C '" "II" '" .... 

~ '" '" ,~ '" oj.,> 
III 

0 Efi ~ ~ ~ § ClI 
'<I" It\ 

C\I rl til 
rl ~ 

() .... 
~~ ~~ ~ 

1<'0 d~ dcil .... 
() 

!:l r.& 

~ :j 
'" III ~§: . 11 .... ..a 
t-

Olll> 

41 
,15' 11' 0 

• rl ClIor; 

~ ! N ~ ~ i i: "" C\I .., 
() Jl~ J I , 0 'I(j 1'.1 ClI 

t{ ~ 
a 

~g 
~ ""8 ~ ~ 0 ..; i '&~ ;,t .... .., 

~ .~ . 
~ 

tl tI U 
I.Q ~ ~ ~ ~ ClI 

rl 
ClI o~ 31: E-< H E-< r"l <II 
:a t 
II t- tl) <l' g ::t C\I ~ '"' ... 



0 'H ... 0 bl i'4o 
~ I"i 18 I"i N IX) IX) \0 

~~<II~ 0 ..-;: '0 n ~ a 142 -§l . 0 • . o 0.<1 t.. "#' ~ U\ "" N N 
~ t 

F,-4 o.p CfJ @ IJ\ t<"\ t- S \0 ..,. \0 ..,. 
i~ M 

~ "" J .... () 

~ "" :'1~ '" 0 <II Il> 
~~ :f t-~ ~~ \I) ...... 0 ...... .......... t- ...... Q) 6l .p ., 

rlll'l .... "" t-;~ Ot- <'>!~ ~ <II 

lJ ~ ~ 
..... .'<1' .\0 '1'\ 1l~ II t<"\ 0 N • n 0 

'" 0 
1'\ 0 N • 14 .... 0 0 0 a \l) 8 .... "" go ... C-I· Ul ...... ~ -- ~ 'H 

i ttl 
,.. 

.~ 
(.I 

2G' 1("\'-" \0 ...... r- ...... 11\ ...... ..,.\ii' tl~'H1l 1("\0 "#'N ~~ ~~ ID "" E ~ 
.0 oN on o • 0<11 .... 

rl • M • M • rI' rI. l<"\Q o II O~L. 
0 0 0 0 ~ Jl~ ~ ~ f"l ~ ....,. 

OIl o ... 

j I 

"'~ f!)'i3 ~ ij 0... ,~ 

1: .... '" ~~ ~ !J • 0 
I ~cd dm 010 

~ 1<'\1("\ n'" '" +>l,j PI 
rI ...... t-t~ (\J'_' 

.... +> ~ II) 

~ J lJ 11 
Oil! +> lil "";::.-

,.. 
I'"\~ ~~ g.-. 

tl rlt'"" ~~ ~18 rI"," ~~ .~ ~ 3' t 01 ~ o • · . • • . . tr ll~'-1~QJ . ~e ~r:! ~~ \R~ ~Ri ~ • +>tl 
tl (.... .._" ~...., ..,.~ M'-' ...,.~ rl""'" lI\~ ~ 

~ M 

~.~ 
0 NJ. tJ ,.. 

:>.la 03~ t--- ;1Ii:; [2r:: t-~ "'~ ~~ 
Q> 

Q> ",IX) ..,. t<\ .... M ~m .tl 'H til ~ ... ~ .0 .N 01<"'0 .N .1("\ <.> 

~ 
M 0 rI • rI • .... . M • ... . . 

"" Co)"~ .~ 0 8. 8. 3 8 8 tl.~ 1>" ...... 'g<ll a 0 
M!;.1 'H o~ 0 H • Q) t>.. 
.t~ '0.<1 <II o~ (\I~ 03- C()..-. \O- lD ...... Q) l>-

(/) [-t ~ ... ::1 N.-I ~R;' It) en tl'\t('\. In LJ"\ \1)\0 

'§~ S • .-1 .1.1\ .lI\ .t- .N ...,,,\ "'i ;§ .~E N 8 ... . N • '" . 1<'\ • '" · .... 8. 3 0 3 0 ~ .~ 00 

~ 
n:: .._. ~ ~t: (.I 
r"l 

\U> t~ 1Il~ '..0 
0. Il< ;) 03 ...... "'~ o~ N ....... Kl'r:: \O~ 8 ... 0 ,-I 

t:~ t<'\t- ""'" rln U\ IJ\ ... ' 'O:s 0 a!Cl'd .", .U\ .n . ..,. oN <II 'H '" . '" . N • N • N • '" · ~~ g .... 0 o.cl 14 0 8- 0 0 0 8. t~""# -- -- ~ 

~: tl .<1 
'0'" 0 
.~ ~ i18 0 

I"i~ 

fB~ 
N_ IX)~ .......... 

~~ 
P<r-I 

~ '" 0\ en '" l"it- NII'I gJ a Ot, .. 
.0\ 'v .'" • .-1 

rl • · . n • (() . n • '" . * ~ .~ ~ 0 '<1' .... '" IJ\ "'t: "'~ .... ~ t<"\C ... -- t<"\ ...... :a.g~...,~ 
Q) J ~Q)O<ll'" 

I .alj:j0ll> (/) 
n-;; t<'\N 8~ 8~ 8~ ~..., U Jl <II "' ...... 

~1f 
t"'\O n-r t<'\co 

;~~~: .t- · . · . .. NN . · o • 0 .... 00 Nt" NU\ 
""'\0 '<1'N Vt'" iJ"IN I!'I t<\ IJ\rl . 0 .... 
rl ...... M-- .-I ...... .... -- M~ rl~ (/)~<II"""" ,.;.. 

~ III' .\:I Q) 0 M 
~t' .... tl~ . 

C\I '" ~ 'd rl t<'\ "'" \.0 t- ~ c! ,,~ I I J. • (~ ~ .. o g .. III ,.,. 0'.1 ttl II) 

:a Q) . . ..... 
~ t;~ * = ° rl (\j "" V u'\ It) t-



14~ 

spike-tooth thresher ( im;ported ) i. e. 0-2 haa the maximum 

cost at. operation of 1I.s. 207 2.86 per heotare. 

( iii) The othOl." pOl:l.c:1.es ( exc l uding iJ-l and 8-2) 

in order of their oosts o~ operation are as follows. 

(al 

(b) 

(0) 

(d) 

( ) 

.Polioi' 

Reaper harvesting, threshing 
If:l.th hammer mill type thres­
her wJ.thout sieVing aud bagging 
attaohment alld plUG winnowing 
(S-4) 

fi.ioklo harV'Gst1nS. throsh:l.ng 
wi th hammar mill type thl'osl'ler 
without oioving and bagginB 
attaohment and plus winnowing 
(S .. 6) 

S:1.ck1e btJ.rvestina. threshing 
with bnIIlInOr m:1.l1 \1:1 th aUving 
and bage:tne; attaohment (5-:3> 

Reaper harvesting, threohine 
with harnmor m:111 typo thresher 
with ' sieving and bagg~ 
attachment ( ~-3) 

S:l.okle harveat:lns, thrashing 
w:1.th olpad threeher (S-7) 

Cost of operation 
ll5/ ha 

455.~2 

653.01 

1012.06 

The abovementioned res~ltc have been presented 

in Pigure 6.7. 

6.10 Tho optimBlity ¢f th~ ayetcro 

An overall evalue.t:1.on and compariso'n of all the 

aevSl ayat me ot harvesting and thrashing has beon IJlQde 

in ~abl~ 6.20 frOm toe pointe of v~ew of (n) losses in 
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peroentage ot the total yield (b) time requirod (0) cost 

of operation and ( ~ ) 1n1tj.aJ,. investment requirod to own 

a particUlar system. 

It tEl evident from ~e.'ble 5.20 that :from tho or1 terie 

oL loaeea, the time r~quiTed and the cost of operation, 

the policy Iw.v:J..ng tre.otoil.·-dral~n oombine harvester tbreellar 

(B-1) is the optimal one. Xha figures for the aforementioned 

oriter:la, being, rospectively, 10.06 per cent, 10.69 hours 

per heotare and I~. 407.~5 per heot&l·e. On the othe~ band, 

the eooond and third baat systems of h91"Veet1ng and thresh­

ing from the po1nt of v:Llllw 01' losaee appear to bo, 

respeotively, tho ayetem having siokle-harvesting and 

threshil'lg uith olpod thresher (S-7) and the system having 

reaper-hBl'vesting and threshing <lith hammer IIdll type 

threGhor l11th sieving and basgins attacbment ( S-3 ) . However, 

:1.t 1a also evident that the lQl3ses ~ 3-1 aro almost haJ.! 

()f th() lo('.IIlos incurring in otb.el' ayetoma of h(\rvel'lt~.ng 

and thl'eshing, 'l'hu.s, it seema to be loa:l.oal to rec()IIlJllend 

the adoption of 8-l over the rest of the systems as far as 

the lossee are oonoerned. It mu.et be pOinted Ollt that '11th 

the advanoement o£ teob.nology IlInOll8 the :t'arJllol.·O. thclilo 

~08e e con be further reduoed. 

Keeping in view the or:l.ter1on of tha time requi.z'ed 
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per hsotar$. the data presented in Table 6.:ao revoal 

that the totaJ. numb«r ot houra req,uired in the polioy 

having traotor-drawn pto operated oombine are 10.69. 

ThQ aecond beat system appears to be the Bystem. Qav::ln.g 

reaper harvqet:in8 and threching w1tll the hammQr mUl type 

thrower with sieving Md 'bar.;ging c.ttaehment (S-;I). 

followed by the policy hav:ln6 aioklf:)ooharveot~ and 

threeh:lne with hammox' IlIill type threoher without siavin,S 

and begging arrangement (S-4). 

It mey be noted that the time roquired in S-3 Wld 

0-4 are, respectively, almost 8 end 12 times the time 

required in S-l. It ia aleo evident from Table 6.20 that 

the least effioient method in this reopoot is S-7 --

the polioy incorporating siokle harvesting and tbroahing 

with olpod thresher, in wh:l.ch almost 35 timee more time 

is required pOl' hectare. 

Considering the oompaJ:'at:1.v. coat fi«Ures of' the 

coste of operation of all tho seven po1101oa, tIle polioy 

hav~ traotor-aide mounted pto operated combine (S-l) is 

leal',lt oostly followod 'by the polioy ha.vj.ng rea.per 

harvesting and thz'ooh:l.ng tIlth the hammer mill ty.!?!) threahe1' 

without s1.eviul5 and b~6in8 attachment (0-4) and th.e 

policy having siol\:lo hQl"Vost:l.nS and throalUrl.B ~I1tb hruumer 
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mill typo thresher '~ithou.t aioVina end bagging a.ttaohnumt 

( S.6). In this case, the oosts of operation of S-4 and 

8-6 are, rospeotively, almost 1.12 and 1.16 times that 

of 5-1. However, if the gain of ~ (bruised straw) 

io oonsidered by the farmer as sdd1t1onol and neceBaa~ 

requirement, then its coot mu.at be taken into acoount for 

oornpar.inoli different syete.ma. As earl:ler mentioned 3.1 

and S-2 do not make~. The sale price ot maohine­

threshed bhuaa by the farmer at the tilll!! of ha:rveet 'WillS 

a.pprox~teJ.y Ila. 7.50 POl.' qUintal .in 1.975.. 'rho atra.w­

yield per neotare oorresponding to an average yield .in 

eaoh polioy in both tho experiments (i.e. yield without 

loaaee at corresponding Grain-straw ratio) is given in 
• 

Table 6.21. Cona:Lder:iJ:Ig the :Looa80 .in each oyatwn as 

given in Ta.ble 6.20. the cQrr&epondtng etra.,f-y1elda pel"' 

hootare wore oalculated to be as ebown in Table 6.21. The 

cost of ~ oaloulated at the rate of lis. 7.50 per 

quintal has been shown .in TabJ.e 6.21. 

The nett ooat of operation of adopting a part1cl11er 

p01:1.0:\, on hRl"vesting and. threshing 190110y will be dependent 

uponl 

(a) cost of operatioll 

(b) cost duo to loseae as dioadvnntnge 

(Q) coat ot bhuea ao add1t~onal advantr~e. 
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Table 6.21. The quantity ot bhuea obtained under 

individual po11C.1.ee and i.ts cOat. 

Quantity of bhuea C oat of bbuoa 
S.No. Policy obtained @ r",. 7.50/q 

g/ho. Ils' /he: 

1 5 - 1 0.00 0.00 

2 s - 2 0.00 0.00 

3 fj - 3 62.00 465.00 

4 s - 4 56.00 420.00 

5 S - 5 61.00 457.50 

I) s - 6 56.00 420.00 

7 S - 7 61.00 457.50 
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Table 6.22 ind1Qa.tOilt'l tbeae costs_ The nett coat 

of operation, calculatad in torms of thene costs has been 

determ;i.nilld as fOllows I 

Nett cost of operation (~ha) 

.. Cost of operation + Cost dUt;) to lol3sl9s - 1'r1oe o:f bhuea 
(Ils/lm) (il3/ha) (,Ils/ he.) 

Tberefore ·taktng into account tho nett oost of 

operation, theee polioies of operation combinations in 

bAn-esting and threol11l!lg pOliciell) woUld be ranked 1n the 

fOllowing order I 

I Oombine-harvesting and tareshirlg nystcm (9-1) 

II l:IiokJ.o harVltst:l.ng , threahillG l~ith hammer mill 

type th:resher without; si.eving and bageing attacilllJent, 

lI:1.nnOIf inS ( s-6) 

III Siclao l:wrvoot:l.ng, threshing w.:Ltb hammer mill 

type tbreuher wUh e1ev:1.l:l8 and bo.gging attacbment ( ::1-5) 

IV Rea.per hm'veeting, threshing with llallllll.er 

mill type thr'oaher without eievUl8 snd bags:1ng attachment, 

W1nnO~I.1.nS ( S-4 ) 

V Reapor harvestinG. threshing ~Ii th hammer .mill 

type threahcl.' ll1.th oi.(lv:l.ni,; and bagg1.ne; nttucbment ( .. -3) 

VI Siok.lo harv~atine. an1lnal throahi.ng 'lith olpod 

threDher, winnowing fan (S- 7) 
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VII Reaper l'u:Irveat:l~, thl'aelling w1th spike 

tooth tku'Elaher (ilnpor'lled) (",-2) 

1S1 

It is to be mentioned here that the coot of 

operation of 8-1 is dependent "pon the eti'GQtivo :.f'i 14 

capacity of thO harveoting maolUne wh1oh, as mentioned 

earlior. was low in exporiment fields. The ~1eld studies 

at the farmers' fields have shotm the effective f101d 

capaoity of a traotor-drawn pta oporated combine to be 

'Val'.vin8 between 0 • .,0 to 0.40 hoc tare per hour. llu.ri.rlg 

the co u:t'se I of the elCper1menta, the etfeotive :f:Le1d 

capaoity was determined to bo 0.19 hectare per hour. 

That means, w1th the effeotive field capaoity beooming 

double tho.t of the o:x:per1mentaJ. area, th4'l ooot of 

oporation per hectare may be rod~oed to almo~t ~. aoo.oo 
per hectare. 

Therofore, in the 11Ght of tho eXL)or:1mE)ntaJ. 

ovidence, it oan be concludo<l th.at 13-1 jtaS the least nett 

oost of operation whether making of bhusE.I is Q cDnsidera. 

t10n or not~ In COoO(l, the gl.'ain anti, bhuM (as wall ) 

bElin(; the dc£;1:t'ed final 1>%'O(l,UOt8, th~' polioy compriz:t.ng 

sickle harvesting, threshing with haauaer mill type 

threQher without sievine and baggulg nttaohment p1ue 

winn()1d.ne (S-6 ) would have 'the least coat of operut~on. 
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Lee.villg aside S-2 beine (lltception.aJ., beca.use of 

two :factors, namely. ( i ) thresher not capable of 

producinG ~ and (11) tne machine hav1llB very high 

coot duo to the reasons of being imported and operated 

by petrol eng:LD.e. 2-7 can be oompared with S-l I.Illd 5-4 

tOl.' overBll performanoe. To compare 13-7 ~J1tb. U-l on 

one hand and with S-6 on the other "ould be both natural 

and deBirab1e because S.7 is the moat w;l.dely followed 

policy in the wheat-growing areas of the OOWltry. 

On the barli." of tbe data presented in Tables 6.20 

and 6.21 and 6.22, the following conolusions ann be 

arrived at a:f'tor due comparisons amongst S-l, S-4 and S-71 

I S-l;La the beet polioy tram points ot view 

of m1n1lllum loeo and maximum timeliness (requiring 

miniJnum time J:lor hectaro) and also of minimum nett coat 

of operatiCll. 

II $-6 is the eeoond bost polioy from point of 

view of minimum cost and the beot among partially 

mochanized policieo in onea grain oo\d ~ are deoirod 

producte. though the total t1m.e required par heotare ill 

22 timee moro than that of 8-1. 

III U-7 10 tho aeoond boot polioy from point of 

view of looaos, though 108000 differ signifioantly from 



those of 13-1. It has 'the highest ooat of' operation 

whether bhU§Q ~a a desired produot or not. It ia also 

the least efficient policy from point of view of the 

time required per heotare. 

l'herefOl'."8, it oan be safely and logioally !ll'j)ued 

that the system inoorporat~ng siokle harveetin8. olpod 

thrl!lsher and winnow.ing fan does not all.it the demand of 

1Il0delln fnrm-technology ~lb.er. lIluJ.t1.ple-cropp1ng, Md 

t:LrneJ,.inesa and efficiency Qf opel!atiOl:\B are the paramoWlt 

oone1derat101lf4. 

Tho Ol~lY po:l.nt :f'llvoura.ble to 8-7 is the requirement 

of initial inveetment. The constraint of initial invest­

lllent by tho farmer 113 to 'be given due conaideration. It 

is clear from Table 6.20 tbat on the one hand S-l and 0-6 

require tho initial investments to the tune Q£ ~. a~760 

and ~. 5106 respeot1velY~ and on the other hand 8-7 

l'equ.it'eEl the irI.:1.t1al investment ot 113 • .,906. That meana, 

the C~nbU1Q-hnrveating threshing policy (S-l) requires 

a.lmost 22 times and policy of o1ckle harvestin8 ui th 

halrullElX' mill typo tl:l.reGher without si ev.i.ng and bagg1n(5 

urri.Ul(:;ement (S-G) requ.i~ea 1.;S1 timos mOl'a oo.p.itaJ. ae 

1ni'tiD,l inv6otmont than that rl~qui.red by the system having 

aiokle harveatioB with OlpOd thre he~ (5-7 ) . 



The abovEI oonolusions poce the queot:Loll of the 

oapaoity of the farmers to have this initial tnvElstment 

to the extant of above Rs. one lakh to adopt 5-1. Out 
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of this only~. 40,000 are required to own the oombine­

harvester threahew. The rest of thQ amount ia required 

for Ei tractor which is used :I.n mu1tip~e ways as B source 

of power for various tarm opo~ations effeot1ne their 

productivity. However, a eWll of Ihl. 40,000 i.e still Q big 

amount whioh is usually beyond the capaoity of an average 

1'armer.. ~hia faotor aota as a barrier inspite Of the othEl1.' 

advanta,t.$ of the system. 

Thus, coneiderll.ng the aforementioned facte, the 

problem of selecting a suitable policy leads to the 

soleotion of any one policy f~OID amongst a-l. 8-6 and 5-7. 

The selection o~ any partioular policy to a specific farm 

aituat10n oan e.lso be oonsidered from sevoral pointe of 

view. 'rheae 1nolwle productivity, timelinEIIJ6 of opora­

tions, proteotion of prodaoe against weathor-hazards, tire 

and theft, investmont oapaoity of the :fIU'ID0r end labollr 

displacement. 

li)ach policy out of the po11ci<!lB S-l, 3-6 and 8-7 

:1.13 diaoussed in dotll:l.ls kesping in V:l.~111 tho pOinte 

mentioned earlior. 
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.All far IlS ths poin te of produotivity, timeliness 

o£ operations, proteotion of produce against weather 

hazardt!l, tiro and theft 1U'8 ooncerned, the merits of 6-1 

evidentlY woUld outwe1gh those of others even though thia 

was not apecifioa.lly ~rit.ied in this stu.dy. This 113 

beoause it results in almost halt th9 loosee compared to 

those of $-6 and B-7, a»d require 4.53 per oent time of 

S-6 and 2.84 por cont tU!e of fJ-7. 

It thia polioy (S-l) is considered from tho 

mll.1tiple-oropp1ng point ot View, a reference to AppendiX M 

makea ov14ont that multiple oroP.PinG involving the uoe of 

more than ;S orops gives a profit of 128 per oent over the 

expenditure involved. Th1s ow). be znade pOssible onlY 

when harvost1n£l and oOw1l18 operations do not overlap 

neoesD1tating the timeliness of operation. Thus, advanoed 

farm-teohnology involVir1l5 the use of mUltiple oropp1og 

justifies the Uge of 3-1. 

Justifioation of the use of 8-1 poses the queation 

wllethor 0-1 be usod tbroU(Sh private ollnorah1p or ou.stom­

ael'1l1oc~ 

l'r1vate-olmerebip involves the question of init11!lJ. 

investment o.f about lb. 1 lakh. A ro:forenoe to. TBble 1.2 

IUld 6.16 me.kee i.t evident that tor an. onnu.al use of 200 hra 
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per year :for a oombine-harvester thresher an area ot ;6 

heotares is required and the nwnber of operat:1cnol. boldin8e 

hawg this muoh or greater area oonstitute only ll.69 per 

oent of the total. Therefore, tor a gront IlIAjOl'1ty of 

farmer, the question of private ownership is beyond the~ 

oapaoity. Therefore, in this oonneotion it is Duggested 

that farmers' servioe oo.oparatj.vel9 with su.fi'ioient 

government loans and subs:i.111ee be Bot up in 01'1'101' to 

provide oustQm-hiring facj.lities for the combine-harveeter 

thresher. This lIouJ.d prove a boon for BlD.all farmers to 

enable thEllIL to GO for more productive farrninB. This viell 

:i.e further wppo:t'ted by a otudy tiUed "Economic analySis 

on multiple oropping in HarYBnntl (Singh S Wo. t 1973) aooor­

ding to whioh "adoption of muJ.U.ple oropp1ng wouJ.d requ.1re 

more funds for finanCing agrioultural operations. Small 

farms would not be able to £ollow the multiple cropping on 

r000mmendad lines unlese adequate and timoJ.;y £lupply of 

oredit at reasonable rate of interest is made available to 

them." It hae bean :r urthex' argued in the aaid study 

(Singh ~ .w.o, 1973) that an offioient and economic ouatom 

oorvio4!l organization haa to b(l doveloped to meet th IS dema.nda 

of multiple-cropping technology. 

Regarding the d:l.~plo.cemont of labour. a et~y in 
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Punjab (N1.ttaJ., 1975) has po1nt4!ld Out that reapers and 

oombines d1splaue th.e labour as followB , 

(i) Tractor front mounted reaper 
(labour tor binding and 
threshinG) 

(1i) Tractor aide mounted oombine 

'0 persons/machine 

60 peraona/ ma.chine 

Therefore, the above stUdy, which waG not on 

GXhau.etive evaluation, b:t·1.n,ga to liGht the point that th(l 

question of labour-displacement hae to be oonsidered not 

f:r;oClln farmer ' a profit po1nt of v:J.ew bllt from a wider 

national anale so as to avoid eoo1o-eoonoro1c :1mbalanoes. 

In this oonnection .it would be worth~Th;Lle to refer 

to the studies made 1n Punjab which i1s a major tlheat grow­

in8 atate and aleo more mechan1lted than tho reot ot \lheat 

growing areas :1.11 India. It baa been po:l.nted ou.t tha.t if 

a combine-harvesting threshing ayetom is considered to be 

a part of an ovorall meohanized system on a farm whioh 

aotu.a~ it ie, the complimentary effoots of adopting 

this system can not be overlooked. Evidence (R.E.O., 

1969-70) eXieta to ohOl~ tho superiority 01' tractor-farrns 

over bllJ.look; farms. The etudiee in Punjab, Andhra 

I'radeah llXl.d TllIIl11nauu (P. E. O. t 1969-70) reveal. that in the 

OilS of traotor farmll, oropping intensitY' inOrGIlBOa with 

tho riB. of tar~B1zea. In Ferozep~ District, tho 
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employment ot ~abour among the samp~e tar'lllS inoreased 

:trQlll 51.38 IIlEU>.-aaya per cropped (planted ) heotare in 

1954-55 to 60.52 man-da;ys in 1969.'70 or by 16 per oent, 

despite Q d$oline in labour input tor wheat owing Jnainly 

to ~be wide-spread use of meohanioal ~eshers (Kahlon 

.!U: !!l., 1971) 0 The rate of rise :i.n total f'arm employmGll.t 

has boen muoh higher owing, amons othor things. to the 

rise in the oropping intensity (R.ahlon ~ Abo. 1971) from 

11'1 in 1954-55 to 1'0 in 1969-70. 

Thl,f.o, :1.:1: !L~ npp~:t'ent that in view of the camp1i­

mentat·y e~£eot$ of farm_meohan1~at1Qn in general, on the 

adOptioll ot othor inputs to :farill1n8, the adopt1.on of 

aombine-harvast.i:1:I8 threshing is muoh. help:fUl and oontr1-

butory to havo multiple Ol.'Opp1l:lg. 

now , S-6 in relation to 5-1 and S-7, has hi-c. 

the 100[ol8a of $-1 und allnost equal to 13-7 (non-s:1gn1fiCf.l.n1: 

d:LffOI·er~oo ). require" 22 t::l..mOj;5 tho time roq1.\.1.red by 9-1 

and 6~ per cent ot the timo r$quired by S-7 (~able G.20). 

1'h0 nett coot of oporation 10 . almost ~.16 times ot 

~-l and 67.72 pOI' oont of D-7. The labour-diBplaoemant 

h almost negligiblo. ::C~!e initial invf;lI:rtmont req14ired ia 

5.95 por oant of that requ.1rod :tor 6-1 SUltl 1.'1 timos more 

thuu tIl t requ1roil. 'by &-7. 
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Therefore, taking an ove;x'all v:iew of all the 

poliniofil of: harvesting r;md thl'esh.:1.ng, the follow1n/iS can 

be inferre<'h 

I The grain losses can be brought sbollt to 

auntmwn with tho adoption of tlHI combine-harvesting 

threllbiLn,g pol.:Lcy (13-1). This may effeot the eavin8 O:f 

Sram worth IG. 525.00 per heotare (at 10 p9r cent lossee 

in $-01 and 20 per cent 10861e8 in other polioies, assw:n:W.g 

the yield of wheat ae 50 quintal.e per hectare and the px-ice 

o;f wheat ~. 105.00 per qUintal). 

II :rhe tim~ requ.1red is min:lmum in S-l ofterilll,; 

the advantage of maximum t1melineaB, not only to the 

operation of harvesting and tbreehins but slao to facilitate 

other operations to be per:tormed at the proper timo. 

III Tho nett cost of operation is minimum in the 

case of S_l. 

IV Initial investment in S-J. is maximum wh.1ob 

calla for government subsidy, incentives to farmers and 

governmental polio1es to help make the service-oooperatives 

to GllW.ble the farmers to hire the machines, 

V CombinoD d:l.aplaoo labou.r, bl.'l.t because of' th.o 

complimentary effeots like timeliness of operations and 

morea.ed crop-inteusity etc. I thQ displaced labour io 
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absorbed. HO~llilver. in case of the introduction of 

comb:lnaa. on iii big Bcale. 'steps must be taken eilllulta­

neollaly to have ~,gI'O-based ind\:tBtries like dairy-illS, 

poultry, piggory and agro-sGl'ViCe oantree. Tlle looal 

entrepreneur may be oncourSBed to llIanutaoturo comb.:l.nGIil 

in ll'.I.dia rather tha.n iUlportillg them. This will open "l' 

fresh avenues :Cor increased employment oPPQrttmit1ea. 

Agrioulture, tilus, could be made more :lntOll.eiVQ to hay. 

increased productivity per unit of land and labour. 

VI pol1Cy S~l is reoomULanded in those plaoe. 

where (a) the lI;no~l-how :tal" advanoed :tar.llling_tlilchnology 

exiata among the farmers, (b) there is no oonstraint due 

to 1nit:l.e.l 1nvestment. (0) the CttetOJll>ohiring :fac:U:i:ties 

are present and (d) the question ot ..12!m.u 113 not the 

consideration. 

VII pOlioy 8-6 holds an intermediate position 

among the polioies stUdied. It ia :reoommonded. whore 

(6) the q~est1on of getting ~ 1a a main oonsideration, 

(b) labour is available and ita utilization i a a considera­

tion and (0) oapaoity to 1nveet existD. 

VIa Under the farming cond.;l.t:Lons Of 6ubaiatenoe­

level and abjoot poverty and -w:Lth no constraint due to 

labour. there ia no alternative exc~t that of S-7, 

tho~h it haa the highest oost of operation and 1a the 

leaot effioient oYstem. 
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CIlAl'TER VII 

SUMNARY AND CONC LUSI OIW 

During the oourse 0:1' the Btudy reported in this 

thesis, the harvest:tng and threshing systems of whGut 

were analyzed and evaluated trom the po:tnts of V10tl of 

(a) total losses ( b) total time requireu (0 ) aoat of 

operation and (Ii) ini.t1al investment requ.:lred. ThoEle 

systems were analYzed from the viow-point of hav:1ng 

s8veral alternatives termed as polioies. Each policy 

consisted of a group ot operations performed by selected 

hQrvest:l.ng and threeh:l.ng maoh:1nos or methode as alter-

natives. Each policy oould be selected under a speoific 

orop situation. Those policies canoi-sted the following 

operation-combinations I 

A. ~\ully 

mechanized 
system 

D. Partially 
meohanized 
system 

Policy 0nerntion_oombinqtiop, 

S-l Oombining l~ith traotor-opel'atod 
combine-harvester oum thresher 

8-2 £leaper-harver~tillg, manual bund.­
ling t otack:lng, threshing 111 th 
ap:Uco tooth thrasher (not bhuen 
making), bQggUlg 

S-3 Reaper harvesting, lnatlual bund­
ling, ataoking, threshirlG 1'11 th 
hammer mill type thresher 
(bhllse. pl'oduoi,ng ) witll sioving 
and oll88i.ng arrangement 



C. !1on­
mechanized 
eyste.m 
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Qperat1on-combinat1gn 

S-4 Ronper-harvest.i.ng, manu.a~ 
bundling, staoking, 
threelling with hemmer mlll 
type thresher (~ 
pl'OduQing) without siev.1ng 
and baeg ing, winnow:1.r.1g 

s..5 Sickle ht1rvoating, mannual 
buncUin6, etaokin8~ tbroshing 
w:J.th hEUlllller rolll type thrasher 
(~ prOducing) u~"tlt 
sievinG and bas8l.ng 

8-6 Sickle ho.rveetillg. lIIf.Inusl 
bundl1ln.g f ataolc:1ng threshing 
dth hallWler llIill type thrasher 
(~ produoing) l1ithout 
ai.V1ng and baeging, 

S-7 

W1nnO~I:I.ns 

O.:l.okle harvesting, manual. 
bundling, stacking, tlu'eellirlg 
with bullook-drawn olpod 
tbreall.r. winnowing. 

To evaluate and asoerta.in the opt:l.rual1'ty of eo 

policy, two field exper~Qnt6, eaoh with three repli­

oations and t~10 d1:fferent dates of sow~ werE) laid out. 

l3onal:J.ka variety of l1hoo.t was Brown in both the 

eXperimental :fields under similar agronomic practices. 

The pOlicies on harVesting and threshing wore 

studied and evalunted undor tho field oondltionB oxieting 

at the experimental site. 

The tnv0st~ations yielded the following principal 

result.,. 



1. The total grain losses on account of e~tter 

blU', oylinder, ra.ck, ehoe, gather1.ns end bundl.:lng, 

thz'eehing floor and weighing and bogging vary f'rom 

10.06 per oent 'to 21.51 per oent in the seven pOlioies 

on harvesting and threshing syotems ot whG~t. The 

lowest vaL~e of t ota! srain loss was f ound to be in 8-1 

anll the hiBhest vall.le in 9-4. 

2. Tho 'total time required to completo all 

operations ie m:1nimum in poli.oy 3-1 1nvolvill.8 combine 

ha.rveotifig and 'threshinG (10.69 bra/ha). Due to th1.s 

theI'1il 1e Ill!\zimum advantage Of t.1melinGIilS of' the opera­

tiono not only to the operation ot harvesting and thresh­

ing but to the other farm operations l1h1ch oan be 

porfO:t'med at the proper time. The 000000 beat method 

forom tho point of view of timeliness is policy $-3, 

though it rsqu.i'l·ea almost e timas mar time than that 

required by S-~. 

3. Th~ nett coat of operation, taking into account 

the cost of operation. coat ot ~ and cost ot 10ssos, 

113 lIlin1m\lJJl. in tho oa£le of 3-1. Tho eeoond beet pol:l.cy 

from '~he view pOint of nett coat of operat1cn iii! S.6. 

4. Initial investment in 9-1 is maximwn ",hi-oh calls 

tor governmental Gubsidy, inoentivea to farmers and 
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governmenta.l polioies to holp ma.k:e the aen1oEl-cooperativea 

to ena.ble the i'lU'IlIera to hire agricultural machinery. 

5. Combines displaoe labour, bat beoauee of the 

complimentary effects like timelineas of operations and 

increased orop-intensity etc., the displaced labour ie 

aboorbed. HQwever, in case of the introduotion ot 

oomb.1l'les on a big soale, steps should be taken simulta­

neoualU to haVQ agro-baaed induatries. 

6. Policy B-1 involving combined harv'sting and 

tbreshlll8 system is recommellded in those pl.aces where 

(a) the know-how for advanoed farming teehnology exists 

among the farmers, (\I) there i. no constr£dut due to 

initial investment, (0) the cUBto~h1ring ~ac11ities are 

prefJsnt a.nd (d) ·l;l1e qu.estion of ~ 10 not the 

oonsideration. 

7. Po11oy ~-6 holds an intermediato position among 

the polioieo atuclled. It 1e the ssoond best policy from 

the view points of nett Cloat of operation and 1.n!tial. 

investmont. It io rooo.llllllendod ,",here (a) tho qu.estion of 

getting Rhusa is a main conoideration, (b) labour is 

available end ito utilization is a consideration and (0) 

the capacity to invest eXiste. 
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8. Under the farmllns condit ians of sub£Iisteno e 

level and abjeot poverty and with no constraint due to 

labour, there is no Ell terlUlt1ve except that of 13-7 f 

though it has the hisneat cost of operation and is the 

least efficient llIYetEllll. Replacement of polioy 3-7 "ith 

1:1-6 or 13-1 j,1l desirable and is in tbe national :l.ntex'oet 

from the ,Pointsof v:l.ow of produotivity in :f'arlll;i.n8 

operations in genS1'aJ. and multiple oropp:iJ:1g in partioular. 



BIDLIOGJl.Al?HY 



BIBI.IOGRAl?HY 

( it _ referenocG not seen ) 

1 Aoook, 1>.1,1. (1950). Progreslil and eoonomic problema 
in l!lwrm I>lochanization, FAO. Rome. p,.l ft. 

li! i.Il'DC-MI. (1965). Progreso Repol,·c-I. Agr1cu.l.tural 
:Lmplemonta and l)Oller develo,pment centre. 
Agril. Inett. lJ.lld •• Tune p.14. 

} ASAE Datal .AWLE 1)230.1. (1967). .I!'arm l-laohinory coote 
and uee. 1967 ~ Agricultural h~ineera 
Yearbook, ASaJiJ. 420 Hain atrect, Saint 
Joseph, MiohiGan. pp. 252.258. 

4 ASA~ and FEI. (1962). Conforence Procoedingol Tooling 
for l'I'ofit, ASAI:: and l!'arm EqlliII. lnstt. 
Chicago - Illinois. p. 1 if'. 

5 AOAB standards ASAE S~22. (197 2). Uniform terminolOGY 
for agr1eulturnJ. .machinery managoment. 1972 -
1.griou.ltural Engineers Yearbook. pp. 297-'30'7. 

6 '*Agrawal, <J.D. (1949). Doonomica of mechanization 
of' agriculturo. The Incllan Jour. of Agri. 
Eco. Vol. IV. pp. 90-104. 

7 AgrQ\qaJ.. P.C. o.nd !<I . S . lUcre. (197'). The comb1.no 
harvoster end ita impact on labour - A 
study in Ludhia.na. Indian Journal of 
Industrial Relations. Vol. 9. No.2. p. 1 ff. 

a 11.1'YI1, a.v .• I~.P. S1ne;h and D.P. Hotiramani (1975). 
Yearly Report of (Joord. Scheme for noo. on 
~nOl'BY l,oquirwacn'i;;o :l.n Intensive Agr. 
I'roducticn. Col1 • .II.g1'. Bnag., J. N.K . V.V., 
Jabalpur, pp. 1-54. 

9 Daliu, John (1964). A I'ltudy of farm ],)OHW un1tc and 
th0ir perioX'mOllCG ana coato. J'our. ,of Ag. 
Ensg. lSAD. Vol. 1. No.2. Doc. 



167 

10 Darber, Ola.rence L. (1971). Report of tbe Royal 
C olllllliesion on li'arm f<lach:Lnery. IHb'OltMll.Tlill 
Canada, Otte.~Ia. p.l ff, 

J.l !lorgor, .l:!.L. (1948) . Engineering management 6opcota 

Barger, 

13 Damos, 

of self propelled farm maChines. Agr. 
Bugg., 29(') I 106.108. 

1$.L •• J.B. Liljedahl, ~/.H. Carleton (lnd D. G. 
I1ckibbcn (196'1). Truot01'B emd their 1'01101' 
units. 2nd edt ~111oy Easterll :pvt. Ltd. 
Ne~1 Delhi. pp. 524. 

Kenneth K. (1962). Machinery l!W.nBgomcnt 
pl'oblEllte BIS seen by tho a,griouJ.tural 
engineer. (In, Ocm:f. proo. - Too1inB tor 
Fnrm Profit). ABAE and ]'arm Equip, Instt. 
Ohioago - Illinois. pp. 16-17. 

14 Bhardwaj, R.B.L., N.K • • Tain, Bill C. Wright, K.C. 
Sharma, G. S. Gill and B.A. Krroltz 
(compilers) (19'15). The ABX'onoroy of D\1urf 
l~houte. rOAR, Ne~1 Delhi. pp. 1-94. 

15 *:al1anski , 1'1 . 10.. and :.J.P. Dongre (1968). TroufJport1n6 
~Ihoat grain along the ooml);ine oboe. Agr. 
~ngg. AsA~. 49(7) J 408. 

16 B11ansk1~ I/ .K. (l966). DOIIIflgo l'osista.uco 0:1:' seed 
grains. Tranao. A:lAIl. 9(3) , 360-}63. 

17 Dil2ingo, Hartin H. and .A.rjan Singh (1970). 
r'laobanization und rural employment ~J:1:th 
Ilom.e im.p1i.cations for rural income distri­
bution. Eoonom.io an.d P olitioal. Ronew. 
p;p. 61-72. 

28 Dillinc;o. 11urt:ln II. (19'71). Tractor Elubsicliza'l;iOIl 
pl'tI()tiCOS in India and other less developed 
countries, U.S.A.I.D. Am.orioan Embassy, 
Now DOlhi-21. 

19 Dillings , Mar'bin n. !lnd Arjan 9ine;h (1.969 ) . Conven-
t:l..onal Gn0r(!,"IT an a oonstraint to the [,'1'een 
revolution 1964 - 68. i'he Punjab cuse. 
U.S.A. I,D • .A.lllo1'iean Embasoy, N('nJ D lh1~21. 



168 

20 Bowers, ~Iondoll (1970). Modorn C~oepta of ]i'arm. 
I·!e.ohinory Management. StiPlIIs FllbliahiJ:IB 
00., Ohampaign. Illinois, 61820. PP. 1~60. 

21 Bri.dle,.r . lJ) . (1971). Opt:l.m:l.zine the decis:l.ons u.sed 
in distir18uish:lng classes of dete.. SGluinar 
01'1 Optimisation, NUB. Sileoe (U. K.). 

22 Drown, Leet~r and E. Eckhol.Jn (1975). 'rhe 1$10001 
crisis. 1ho ADlor1oan Rev-lew. Autu.mn. 
PP. 14-2~. 

2, Carroll, T. (1948). Ba.sic roquiromonta :In tho desiGn 
and dovelopment of tho self-propelled 
combino. Agr. EnB8. 29, ],01 .. 105. 

24 Chano allot'. 1'1. J. (1956). 
cutting to:l.'a.,go. 

liJnerBY reqUi.rGlllonts for 
Agr. Engg. 39. 6'3-636. 

25 Chancellor, \i.J. (J.969). I,gr:!.l. 11echtmization and 
World Food Needs. Agr. Engg. AS.\E. 50t 456. 

26 Ohauhan, ll.. ;:'1 . (1972). l'esting and fieJ..d evaluution 
of reaper birlder. (rn, Ann. prog. Report. 
li'arm Necn. Dov • .l?roJ. inelud:1.n8 RTTO SchGlUe). 
Coll. of Joe:!:'. Bne..e;. Punjab Aer. Varu:l.ty, 
1udh1nna. pp. 69-73. 

27 Chuuhan, A.H. (1973). POWQr till or front mounted 
reaper. Jour. Agr. Engg. lSAE, x, 65. 

26 ChaUha.n, 1I. . N. and H. S. Kalkat (1975) , DO$;1.gn, 
devolopment and ovaluation of traotor :t:'caper 
mountEtd roa.per binder. ( Ina Ann. Roportl 
l)ev. o f b'erm l<Ja,cl1.ir1ary and Equip" J)opt. 
of ll'tu'ln 1'0\-101.' M d loiach. Pb. AgT.'. Varsity, 
LudhianQ) pp. 1-7. 

29 Oooharun. '·I.G , and G·. l~. Cox (1957). EXperimental 
Deo:leno. 1:1 Bd •• 1ohn Wllay M(l Sons. 
NQ\J York. 

30 Costa, .1:: • .1:' . V. Da. (197'). Development rooonfJiderod 
(Hov:l. !ill'l ). Span. USIa AmeriQan Embaosy. Now 
Delhi. June. pp. 46-48. 



31 *Oottrel, Fred, (1955). Energy and Sooiety I The 
relation. between energy, sooiel change 
aod eoonomic development. Mo~raw Hill, 
Inc. New York. 

32 Dahl, J:.7.11. and vl.G. Aandorud. (1968). rlJuohinel'Y coato-
own, lease or oustom hiro. lilxtn. oiroular 
664, SQuth Dakota. state Unive."t'sity and 
U.3.D.A., Brookings. n.d. 

3' Del.ong, M.H. IUld A.J. SchwMtoa (1942). Meohon1oGl 
injury in thl:'oehinB ba;t"l&y. Agr • .G1'lgg. 
2" 99-101. 

34 Dhillon. A. S. and S. Singh (1974). package praoticos 
for Rnb1 oro-lJ1ii of punj ab - 3.974-75 
(compilat1on). l'l;blishod by Directol'ato 
of Extn. Edu. Ph. Ag~10. Vareity. L~dh. 
pp. 1-21. 

35 *DUft D~t, (~971). soma economic oonsiderations in 
the moc.h$n1zation Of' seall versu.s largo 
:farms in l1est l?ak:ietan. Irul.I. Loe Banoe. 
laguna. Philippines. 

36 11 . A. I. (1974). Nheot. Booklet Agro. ,1974. :rhe 
Fertilizer Assoc. India. new Delhi. p. 1 ff. 

37 Feiff'e~. Peter (~969). The comb~e harvester and 
ita opera.ting oonditiono. .<\oia Publishing 
House . Bombo.y ('rranalat:Lon :from GoX'man). 
pp. ll8-1'33. 

38 lJ'e1:ffer, l?eter and ROBam.e-rie l!':l.e:ffer ( ~969). Tho 
combining of var:l.ou.a crops. As:l.a Pu.blitJhiug 
H01lse, Ilomblli'/ (Translation :from GOl'man) 
~969. p. 9, 26-30. 

39 Fortson. James c. (1959 ) . Break-Hven POints for 
harVGst:t..ne much:Lnes. Georgia Ag:!.'. Expt. 
!lto.. Georgin. U. U. A., pp. 1-91. 

40 1'u(;)sol. a. E. (1952). FarUlor~ toole - 1500 to 1900 
A.D. The H:i.!ltory of B1.'1tiah Farm Implements, 
Toole and vlo.ohinery before tho Tractor 
Olllno. Al'ldrsu Hofrooo, London. pp. 115-138, 
153~179. 



1"(0 

41 Gaea, J.R •• R.A. Kepner and L.G. Jones (1958). 
]?$r:f'ozolllanco oha..:t"lloteriatiofl of thEI grain 
combino :1.n Burley. Agr. l)ngg. 59t 69'7"702. 

42 . ;'Garg, J. S. and B. B. Singh (1971 ) . Farm raechan:Lzution 
for agrioUltural development. Paper 
preeonted at Al~ Ind~n Symposium, U. l?I.A . ~. 
Ka.npur. p.l f:f. 

4~ G.D.P.U.A.T. (197,). I.C.A. ft . COQrdinated Erojeot 
on Post Harvost ToohnoJ.os:r. studios on 
Mt"V09t1.ng and threahixlg ot grl'.dn at 
dif':teront moisture oontents anti eva,l.uat3..on 
of feed losses. G.B.P.U.A.T. ~antnugar. 
(Annual. L'rosresa Report) p. 1 ft. 

44 *Gilos, O.lt . (1967) • .tteport on Il(.;riaultura.l power 
and eq,uipment. The \lor1d b'Qod l'roblem. 
u.~. presidont's Oeieneo AdvioO~ Committoe. 

45 a·uas, G. lf. (1975). l 'lle :reorientation of OBricultural 
Inoohan:Lzat1on tor the dlllveloping oOWltri.as. 
p t. 1- Policies and attitudes for Botion 
progrruns. Aer. J.loch. :I.n A.s1.n. .I!'arm 
I·lnohillcr,r Industria,l. Reo. O~. l'okyo. 
Japan. VI. 

4G (J-l'ant, Jam iii .L'. (1976), Development from below. The 
Amerioa.n lievielq. m:lIS , Ncnl Delh!. 20( 2[3) I 
71-80. 

4'7 *llnr1'inton , lloy E. , B.L. Bondur!;ll'1.t and G. il. QUau 
(1972). Agricul.turnl r·lechanizat:l.on in India.. 
The J!'ord FOlUldlltion, N atl Delhi. 

48 Hondorson, a.rii. and H.t. Perry (1965). lLzr icultural 
£1'ocoo£l I>'nginoering. 2nd l!!d • .Tohn \J iley 
and Oona, n, Y. pp. 430 • .... 

49 Hubor. (l . G. nnd B.J. Lamp " '1959), Roduc:i.ng tractor 
couto 11Y tho uea ()l~ ollt;:l.mUlll opeede. Puper 
ll O. 59-610 at AflAE ~1:l.11tel' Hoet1n~. 1959 
Chioago. Illinois. p. 1 ff. 



17J. 

50 Uunt. D. R. and R. ]3. l'attel'Bon (1966). Evalunting 
timelinoss in £iold operations. Pap or 
presented at tho oompu.ters and Form 
Jlluohinery lllanvge.ment Semirwr at Ohicago, 
III. Dec. 1968. I'. 1 :!:f. 

51 Hunt, Donnel R. (1970). Farm po~/er ancl l-la.ohinery 
Management . 5th Ed. Iowa s t ate University 
Preas. Aliles Iowa, PP. 292 .. 

52 Hurst, V/. M. and lUi. F1U111p]u:'ioo (1937) . Results of 
fiel d studies of small comb~ea. Agr. 
Ensg. lB. 265-267. 

53 1.0. A.It . (1971), Reoom.ti1endatione and Pro~eodings of 
tho loth All India Wheat Res. ~iol'kera 
Workshop &I tJleetinga hold at Kanpw.'. A~. 
25-:31, 1971. rUAR. NO~l D9lhi. 61-62. 

54 I. S.I. (1971). 131 atnndards No. ISs 6320-1971, and 
I';;. 6284-197J.. Indian. Standard Inet:!. tu.t.1on, 
f,lanak Dhavan, N'oll Delhi. 1971. p. 1 ff. 

55 *.Tohl . O.S. (1970). ~1ecbanize.t1on, labour-uee and 
produotivity ~ Indian ae;rioUlture. :i!:oon. 
oold Sooio. Oooasional paper no. 23. Ohio 
State University. Oolumb~a. Ohio. 

56 Johnson, Loyd (1964). r.1achBnilllat1on to 1IIlprove tho 
standard of living in tropical rice gro1~:1ng 
I.1.rOBS. PIlPOl' no. 64-642 a.t ASAE r~oeting. 
1964. P. 1 :ff. 

57 Johl'l.{:)on, \I . ll. (l959). Harvesting and dry:l.ng ot high 
moisture whea.t. Ohio ALrci. Expt. ste.. 
\'Iooster, Ohio. sept. 1959. P. 1 ff. 

56 .Tohnson, \lillillIll ll. (l959). Mnollma and roothocl. ef:ei­
ciency :l.n oombinine tlheut. Agr. Ilngg. 40, 
16-20. 

59 *Johnston, n . F . tlith .r.H. P!~e. Jr. and Pate1' 1-1arr 
(1972). Critoria for the design Of 
ueric~tural devolopment stra.togies. Food 
Iteseareh Institute studies in Agrioultural 
l!iconomioa. Trude and Dovolopment. l:l to.ndforo 
Univeraity , California. X( 4 ) 1 p. 1 ft. 



172 

60 *KahJ.on. A.S. and A.O. Sharma (1969). Patern 0:£ 
meohaniza.tion :for 10-12 aOTIJ farms :In 
Ludhiana district.Punjab. A8~i~. 
Situation in India Nel~ Delhi. l?l? 11-13. 

61 *Ksru1l.a;ra tno, C. R. ond H. L. B. IUlegala (1954). 
tilth tractors at Hingul'ak_goda. ParIII. 
Agr. Ceylon. 1101 8-11. 

Thre shing 
Trop. 

62 Kaul, It . N. Md Ramesh Kumar (1975), Typoo and uoage 
ot t"lhQat threahera in L'unjab. D~ptt. of 
lJ'arm l?oller and Na.ohinery. Punjab Agr. 
University, Ludhiana. p. 1 ~f. 

6, ~K9¥ol, A.K. (1958). study of some m~jor ~actorB 
t\.ffecting the per:£or.manoe of e. ld,nnowing fan. 
Theeis fol' M. Tecb. Ind:l.(1ll !nott. of Taoh, 
KMrF.l.gpur. 

64 Konneth, Salisbury Jr. (1954). Kant' fJ 14echanioal 
.B.Il6inoera· Handbook. 12th ed. Power volume 
.July. P. 1 if. 

65 Khanna, .; . K. (1970). l'usa roaper inoorporatoD novel 
features in design. Inllitln l:'a:.rming leAH. 
XX(4)J Jll1y. p. 1 ft. 

66 Khanna . :'.K. (19'72). Applicat.1.on Of Uyatome Enl$inoer­
ing Approaoh to tho Design of a Simple 
Whea.t Harveoter for Uttar Pradesh. IndiA. 
H. So. (Ag. .!meg. ) D.1.saertation (unpublished). 
IIfCAE Uilaoo. England. PP. 1-120. 

67 Khruma. :J . IC . (197-,) . Daa:4Jn cons:l.dero.t3.one of harvost-
:Lng aquipmont in IIlUlt:l.plo cropping, /'.gr. 
IIi.cch. in Asia (Jour.) Vol. IV. No.2. 
Autumn 1973. pp. 31-~4. 

68 Kherdalcor. D.N. (1959) . Agr:LculturOl Engineering fol' 
E:x:1:enaion ~rorkarl.l. Direot. of Ext. rllin. 
of Food and Agr. NOI') Delhi. pp. 1-1l0. 

69 K'herdeko.r, J).lf. (19'72 ). '£hreohers Wld Wirulollero. 
rCAR Tech. Dull. (Aer:Lo.) Ho. 41. p.l ft. 



173 

70 King, D.L. and A. ~I . Riddoltl (1960) . DUlll!Igo to wheat 
seed and pea seed ;In t;.hresh.1ng.. .T. Agrio. 
Engg. Hes. Silaoe, Bodtordshire. 5, 38'7-'59"", 

71 Kohli , S. P. and K. K. ~lukh(lrjee (1966 ) . Lodging:ln 
Oereal orop .l?lants (A Reviow). IClUt - Tooh. 
Bull. (Agria. ) No.7. First Print1ne p. 1 rf. 

72 itKolsanov, K. G. (~956 ) . Meohanical Druna,ge to gra:l.n 
during threshillS. Sbomik Trudov P 0 ZOlllb­
dyelakoi Mekhanika. 3. 23l. 

73 *l{oniger, R. (1956 ) . Thoughts on tho thI'eeh;lng proaeoliJ. 
Grundla. Land Tech. 7J 111. 

74 K~ehrsahtha, S.P. (197,). Annual Report s Energy 
Roqlliroments :In Intenai:vli) Agricul.tul"al 
Produotion. G.D.P.U.A . T. Pantnagar. 1972-
7'}. p. 1 ff. 

75 *Lwnp Jr., Donjaroin .T. (1959). h study ot the threshing 
of uhoot by centri:fugaJ. :foroe. Ph.D. 'thesis 
(unpublished) Uchigan Iiltate Univerl)ity 1959. 

76 Larson, G- . li., G.l:l. Ptd.xbankli) and .b'.C, lJ'enton (1960). 
tlbat it costo ,to Use farm l.Uaohmcry. Kane. 
Agr. Expt. sta. nul. 4~7. P. 1 ff. 

77 l>!cGuen, a. . Ii. and S. O. Huoor (1952). HarvestinG 'Iith 
combinoo. Ohio Agr. 0011. Ext. Bull. '30. 
P. 1 ff. 

78 McGuen. G. \~ . and L. A. Silver (19'58). RGsul.to of field 
toste on omall comb:l.nes. .l\gl'. Engg. El'C • 
• Toooph. IUoh. 191 207-210. 

79 l1cKibbcn. B. G •• .0. O. Heady and ,T. A. llopltine (1942). 
Duty of a field machine. Agr. Bneg. AWlE. 
2" 357-159. ,66. 

60 .It}1o1lor •• Tohn H. (1967). Najor dotorm;inu.nta of tho 
productivity of la.bour. Oornell Int~r.national 
Ae:rlouJ.tural Development. Mim€lo. 23, August. 



81 f1iohaol, A. n.l . and T. J? Ojb.a (1966). J?r:l.nCiploo of 
AgricuJ. tural Engineering, Vol. I.JL'lin 
D~oth~s. Jodhp~'-Jaipur-Udaipur-p~an~ 
Bhopal. pp. 1-451. 

82 H:l.roni, J.1;'. (15)59). Bi':t:eot of hWllid.i ty <~nd other 
factors at harvest' em quality. Calidad 
( QuIl11ty) Ax·roz. (ll.rgentina) 5, 3-4. 

83 Mitobell, F.B. and F.Y.K. Caldwell (1962). lnfluence 
of varia.tion ill harvesting and. illitial 
storage on tlhea.t kopt :for several yeure. 
J. Agr. Eng. Res. 7$ 27.41. 

84 MHtaJ., V. K . (1966). Produotivity atudiee in 
harveoting a.nd thrf!lsh1rle of paddy and 
testing of Kubota PO~Ie;1.' tb:roehor. M. Tooh. 
Thesis. I. I. T. Kha~pUl'. June 1966. PP. 1-
240, 

85 MittQ.l , V.K. (1970). l?rocaeding~ of users' seminar 
on Combine Operation and Adjustments. Deptt. 
o~ Agr. Engg. p~mjab Agr . University, 
Ludhiono, June 19, 1970. p. ]. f:f. 

86 IUttal, V. K. (1971). l'rooeedings of Cleoond U~erfl 
sem.inar ou Comb;l.ne op~ration and adjufJtlllonto. 
Deptt. of Agr. Engg. ~unjab Agr. Uuiveroity. 
Ludhiana, June 16, 1971. p. 1 ff. 

87 l-l;l.ttaJ., V.K. (1972) . lI. field study on tho us& of 
thrashers :I.n Punjab. l'apel' preaontod at 
lSI~l:l Convooti.on, Jabalj,lur. 1972. p. 1 ft. 

80 MittnJ., V. K. (1975) . ~he lllUllaeement and (lxperience 
Id.th combine harvosting ;Ln northern Ind:Lu. 
l'opor pl'~eontod at • ational ~elllino;t' on 
l'lurkcting Md ~\a;l.ntenonoEl of Agro.-hach:l.nary 
o:r.ganizod by Inott. of lliarket ing and. 
Hunagemont. NO\~ Dolhi. PI). 1-13. 

89 Nathan, KUl"t (1949) . .I\n economic study of combineo • 
. Agr. lllrl.gg. 30, 274. 

90 NOA]!;'[l (1973). Impact of Folochan1l3o.t:1.on in aer1culturo 
on elllployment. National Coul'loil of J\.lJp1:1..C!Jd 
Eoonomic ROGoc:>1:'oh. Ncm DeJ.hi. Nov. pp. 1-76. 



175 

91 NCAER. (1974) . Demand for harvootGr oombines. Report 
publifmed by Nutional Counoil of Applied 
BconoJll1c flesearoh, ~Tew Delh.:l.. p. 1 ff. 

92 Neal, Allen B. fM~d Gooffrey F. Cooper (1968) . 
Per1'orma.nco testing ot" C'omb:1.nes in the lub. 
st. Joseph, iUohigon. Ae;r. ];ne;g. A£lAE. 49. 
397. 

9' Nee1kllnta, J. (1972 ) . Poot_Harvest TechnoloGY of Food 
ex'ops - l'roblEllllEJ and. perepeotivo. Prooeod­
ingG of tho EJeminnr held at New Delhi on 
Post.Harvest Teohnology of cereals and pulaes. 
I'ublished by I.l~ . S.A . , I.e.,i)..It., C.s.I.R. and 
l!'.C.I. New Delhi. Dec. pp. 22-25. 

94 IUrmnl , T.ll. and P.L. Luthre. (1970). l'usa 20, 50 and 
40 modol throahera. Indian Jj1arming. 
Special Edit.:l.on. 

95 Nyberg, Chris (1957). Highlights in the dev~lopment ot 
the oombino. Agr. Bneg. 28, 528-529. 

96 Ojha, T . P., D.S . Rajput and N.P. Cbattopadhyey (1973). 
lU1llWll Heport J Energy Reqlliromont .in 
111tensivo Agricultural Prod\J.ction. Deptt. 
Af!,'r. Enwg. lIT K.hel.ragpur. pp. 1-52. 

97 Ojhll, T.P., D.S . Rajllut, Ii.P. Chattopndeyay end V.V . 
Singh (1975). Tll Coordinated Reoearoh 
},laheme on Enorgy Haqu:1.remente in Intensive 
Agl.'ioultural. Produotion. Annual lioport 
(April, 1974 ) - Harch, 1975). Doptt. 11((,1'. 
~n(!S. Ind. hlott. Toch., Khar~pur. pp. 1-98. 

98 l?angotra,.J:'. r~. (1975). l'(,)reonal COllllllUJl.:1.cnt:1.on, Aug • • 
(pangotrt\ , .I?N. Dil'octol' 0:1' Agr. lmpl. 
il:iniat ry of Agr~ .• Kriahi 13ho.van, Ne~q Delhi). 

99 .l.'artr:1.dgc, t-lichael (19'73). l!'arm 'rools through the 
ageD. P\J.bliahed by Oobrey Publishing Ltd. 
707 OXford Road, lloadine, Dorkohll'o. U.K. 
P. 1 ;l:'i'. 

JOO Pathak, n. s . (1970). NechAn:1.omo for straw bruising. 
Jour. of Agr. :b'neg. VIII: 47-&0. 



176 

101 Pathak, n.s. (1972). Annual Progress Report: Farm 
Maohinery Devolopment Proj ects inolutlirl~ 
UTTO Sohemo, Call. of Agr. Engg., pu~ja1 
il(!;X'. Un:Lve:t'o:Lty, Ludhiano.. l?P. 1-79. 

102 Pathak, B.S., l' . K. Gupta Md .B.C. Thakur (1972). 
~nergy roquirements in ag~iculture. 
A.gricultural ];)ngineerUl8 Doptt. Pu1.Ijab 
Agricultural University, Ludh;!.ana. P. 1 ft. 

lO} Pathak, B.S. (197}). Impuot phenomena in tbreshinB 
affocted by different parameters. Jour. 
Agr. Eneg. l SAE. XI 54-64. 

104 pat:!.l, R.N . (1976) . Personal OQmlIlunioation. JanUtill'y. 
( .fatU, R.N., Dy. Oomm.. Minil)t:cy of Agr:l.. 
Kriah1 Bhavan -' 1>1 Ovl Della). 

105 I'etor, B. O. (1914). Thrasher development for India. 
Development con.tre, Agr:J..l. motto AlJ.a.hnbrad. 
P. 1 :et. 

106 *Ph1111p , L. (1950). Measurement ot grain shedding of 
wheat uith grain Gar centrifuge. Z. 1I.okor-u. 
~fl. Dau. 1061 15', 

107 l'in,gley, O. V. (1.972) . DryinG of f oodgrt:dns. Jour. 
Ab-r. Engg. IDAE. rr. I 17-20. 

106 Praood, Ja,edish (197,) . ]i'arm structura, level of 
employment on mochMized farm :in block 
Kalyanpur, Diott. Knnpur CU. l' .) -
Unpub11ahod X·I.So. Ag. 'rhasi0. U.P.A. S. 
Ko.npur, 1973. 

109 *l!ueaohev, A.hi. (1962). Effeot of moistu.re oontent of 
gl'a.1n on lIIoohuniooJ. Ilo.mogo oau.ped to it in 
combine harvesting. Vcstn. Sollr.hoz. !lauk1 
71 89-91. 

110 *J?u.zoy, Goorgo A. and .i)onuQl Hunt {196t3}. .II'iold 
Maohine r pa1:!;' coot pattorn. Ag1' • .Lffigg. 
AS1.E. 49. 1·%). 



177 

111 Raj aQnal.·Y, J. (195'). otudy of the work ot combillea. 
Rech. Agron. r,lnci!:l.gascnr. 21 127-128. 

112 Rao. C. H. IIanumantha (1975) . T eclmologionl change 
and di13tribut,ion of gains in Indian 
agri0 Ulture. l1aomil1an 00. of India Ltcl., 
Delhi. pp. 1-243. 

113 Rao, M. R. A. (1972) . Exp&riance in combino harvesting 
and mod1f1oations made in V;Lcon combines 
durinl3 the last y~ara - future plans (Private 
communication ) • 

114 Reed, A.D. (1967). Maohinex'y (louts and pel,·.formanoe. 
Extn. BUll. University of Ca11:1!ornla. Aug. 
pp. 1-17. 

115 Roy, ;'.,1;;. (1960). Development of harveElt;J,ne; und 
threshing equ.1plller!t tor India. The Agr. 
lillBineer, 5. 4'7-59. I·lm·ch. 

116 saijipaul. K.K., :J.G. Huber and II.J. Bm'1'El (1971). A 
cost analysiCJ o:f t-Ihea.t llArvost:Lng syotelllEl 
for northerll India. Jour. Agr • .IIongg. VIIIs 
::n-44. 

117 Sandhu, II. D., G. l> . Gill filnd o.a . Bru.(HfB). 
Economics of regional pruotices in multiple 
cropping. Mul:t; iple QrgpPYW. l'roceedinge 
of symposium hold on Oct, 7~8. 1972, 
Indian Sooiety of Agr~lomy. lnditUl Agr11. 
Res. Inett. NEI11 Dolhi. Dec. 11)7'. pp, 121-
123. 

118 Saxena, J. P . (1969). Power requirements of n drum 
type thresher. 1~.Sc. (Ag. Engg. ) Thooio 
(Unpu.bliohed) IAttI, NO\>1 Delhi. 

119 aaxenu, J.P •• B. U. Sironi ~ld .K. Sharma (1970). 
l'O~Jor roquiroment of Cl:rum tYllO throOOe:r.o. 
:P0Jilor presonted at r S.l\.W ConveIl"l;ion, Udaipur. 
Dec. !lp. 1-8. 

120 Saxona, J.P., B.S. strohi and A.K. Sharma (1971). 
Fouer re!J.U1rcnl lta of Ludhiana. typo th:r.ooher. 
Jour. of Agr. Engg. ISAE. VIII I pp. 35-43. 



178 

12l. Sohnollbooh, O.A. (19~2). JIIelr dOD:i6'l for oom.bino 
cylinder.s. Agr. El1{1'.,g. st. ,Joseph. z.t:.l.chjgan. 1,. 36. 

122 Sohultz, N. H, (1956 ) . Eoonomio OQmpllIl:'iaon of some 
grain harvesting methods. Land tachrllk, 
Munioh. 11s 314. 

12, *Scllulzo, K.Ii. (1956). Cinematographic etudy Qf the 
threshing prooees in beat~r drums. GrunQl. 
Land teoh. 7. ll~. 

124 Seferovicll , Geoz:oge n, (1962). Farm machinery manage­
ment - aomo grase roots problems. Conferenoe 
proceodings. Tooling tor Form Protit. ASAE 
and Farm Equ.ip. 11.1.a"l:.t. Ch:1o>llGo. Illinois. 
PP. 1-0. 

125 *nogler, G. (1954). Tho ideal threshing methods. 
Lo.ndb. Ji'orech. Volkcnrode. 4. 27 (Gorman). 

126 JJe.1bold, t .• H. (1953). :rho perfornonce of oombine 
ha:rveoteru. Land t<:\oh. 'orsoh. rr.unioh. 3165. 

127 *Sh£111., !:l . L. and L. il. S~h (1970). The impaot of nelf 
a(b'l'iculturaJ. techno).o&, on X'lU'al employment 
.in north 'lest U.P. Indian Jour. Agri. :U:oon. 
Vol. XXV, No.3. 

1 20 .':lh::.rlllll , I).L. (l969). lICil'vooting und threahiug maohino:fl 
- a cost £U'l.aJ.Yois. The J?unja.b Agril. 
University, LuClliian.o.. 

129 Uhurlll1\. K. O. t B.A. Krantz, K. ~J. BainlJ, i~ • . 8. L. Bhard~laj. 
i'i .K •• Tain, V, ,j, 1" tel, I~ . K . Redtli1, h. lt , 
Sharma.,. G. ;:] . Shekbe.~latt R.R, Singh, ~l ,r.I.l? 
Sllr ivastavn and nUl C. 1jright (l975). Datos 
Of sotdng. se u rates and vt),I'icties ( In I 
Agronarny of dllurf /heot - compila.tion) I •• ".R. 
Now Delhi. pp. 80-94. 

130 "'~ho:li. b'. rmd H. Horish;i.ma (1959). O '~udi(la on the 
d i stribution of throohed materiulo under 'l;ho 
concuvo si~ve Of u overfed sy~tero thraohing 
maahine. .r. ::100. Agl'. t·~o.ch •• Tnp£U'l.. 20.167-
170. 



1.79 

1}1 ~'Shoj1, F. und .l!'. Sana (1958). An on J,ytica]. oxomplo 
on threahing prooass of threshing oylinder 
by high spood camora. J. SOQ. Aar. Mach. 
Japan. 19. 167-170. 

1}2 Shoji, F. and K. Yoab.1da (1957) . studies on the 
diatr.1but1on of threshed llU.torials under 
the c onoava l3iove o:f threolung Jll(;Ioh:ino with 
solf :feeder. J. Soc. 1I.gr. Iilach. Japllll 191 
117-120. 

133 s.1lver, B.A. (1942). Efficiency of oombinG at various 
stubble heights. Agr. Eng. st. Joseph. 39: 
168. 

1:;4 Singh, Daohohan (1970). Effect o:l oy1inder type on 
threahabU1ty and keJ.'nel d8JIl~gl\l to ~1hoat 
grain. Paper proeented at ISAE Convention, 
Udaipux'. p. 1 ft. 

135 Singh, C.P. (1965). Report on thresher testing at 
Arrah fmd Allahabad. Agrioultural implem.ents 
[Irld power dovolopm(Jnt 'oentre, Agrioultural 
Inotittlto, Allahabad. P. 1 ff. 

~36 Singh, C. 2 . (19'15). Am1.uul l?ro(p:ol;ll3 Report I Develop­
ment of' Farm. 1l1achinery and Equip. Deptt • 
.I!'urro Power und Hachinary, l'b. Aer. Univer­
~1tYI Ludhiana. pp. 1-43. 

137 ;)ingh, 0.1'., 3.S. KahlQn, G. S. Randhawa and B.S. 
l?o.noeGU' (1975). Annl1lll Report l .imargy 
lt6CJ.uirClIlonts ill Intenaive Agricultural 
Produotion Programme (ICAlt coord. Projeot). 
Doptt. Ji'arm 1:'o~ler and 1I1ach. , Ph. J\gr. Univer­
sity, LudhiRna. PP. 1-36. 

138 Singh, Go.jandrn (197'3). Energy inrJutfl and agricultural 
production under variotla r06imoa of meohani­
zation in northern India. Ph.D. Thesis 
(unpu.b1isllcd). University of California 
Davie. pp. 1-210. 

139 Singh, J. (1966). J\nalys10 of farm maOhinery 1,100 as 
a j?l'oduotion funot,ion. l.'o.poX' llX'oe<;;ntol at 
India l'rodl.1otivtty Year (1966) Uern:1nf.J.r nt 
UPAU, puntnagar. p. 1 ff~ 



lao 

140 51118h, K. (1962 ) . Deoie;n and oonstruction of a grain 
orop-hEll-VElotor. 11. Tech. Thesis ( Wlpubli.ohod) 
Indian Inett. of Teoll. Khurogpl.ll'. 

141 Singh. lLN • .sUi 1Y.. (1975 ) . Oombine operation for 
minimum lOl:ls~s. Deptt. of Agr. Lnt;g. 
G.D.P.A. U. T. l?antnagar'. Dull. l~o • .AE 3. 
p. 1 ft. 

142 Singh, L. 1'. s1t~. (197'). Annual report of 00-
ord1nated SohOI.ilEl tor Research Qll imerl3Y 
Roquirement .in Intensive AgricUltural. l'roduc­
t;Lon, .r.N • .K .V.V., Jaba.lpur. 1971-7'. p. 1 t;f. 

143 *SinBh, L,R. (1971). Effoct of farm mechanization on 
rl1X'ol employment QI'lcl land valueD in north­
woatElx'n \.T.P., Deptt. o:.t: ABril. J~con., U.1'. 
AgriJ.. University. Pantnagar. p. 1 tf. 

144 rJ1ngh, R.I. and H. L1 . Bhatia, (1971). Impact of high 
y~cldins vnriety on inoome distribution 
and saving. Paper preeented in All India 
SympomiumU.l!.I. A. S. Kanpur. p. 1 ff. 

145 Singh, R.P., D. S. Uamlal and Laltnhrnan ~ingh (197:3). 
l)ooooro1c analysis on multiple cropping in 
Haryann. Hul tip1' OroppiM. Proceedings of 
symposium held on Oot. 7-8, 1972. Indian 
Soc. Of Agronomy. Division of Agronomy, 
Indian Aeril. Roa. Inett. l'O\~ Delhi. Doo. 
197'. PP. 129-134. 

146 Sinha, h .P. (1965). lioport on trial of 'po~lor thr sher. 
Agricll1turaJ. Res. IllI3tt., Sabour. Bhago.lpur. 

147 ~iroh:l., 13. D. (1975). Annual Progress Report of Zonal 
Itoaoll:t'ch Oontro for Researoh and Dovolopment 
of l1'arm Implel.llents and Haohine:cy (1974- 75). 
1. i" H. I.. Ne\~ 1)elhi. 1975. ],lp. 1-10. 

148 Slo.tOl', Gooreo, R. (1962) . Ji'arm man!!.6ruont i'undaman­
t;aJ,s (In: ConforMCl) PI'oooed.:Lng81 Too1il16 :tor 
FIJlll l'l'ofit). 1 •• 1.3 . A.E. and li'arm J:)Cluip. hlStt. 
Chicago. Illinois. pp. 12-1~. 



181 

149 Dmith, Easloy s. (1965). Estimating furm maohin~ry 
costs" Bull. 290. Vireinia. Poly'bechnique 
Instt. Virginia, U. $,11. . p. 1 ff. 

150 Smith, H.I'. (1965). Farm I1achinary and .Bquipmant 
(5th ed.). rl}cGraw-Hill Book 00 •• New York. 
pp. 329-341. 

151 Srivastava, ~.X •• (1961). ~argy requirements of some 
hend Qperated. hc1l'veatill8 1mp1001ontl3. r·r . S. 
Thesis (unpublished) tln:l.v. of I>lassaohussetts. 
Amherst. 1.961., 

152 :;lr:l.vtilstava. R.K. and Johnson, U,).. (1962). I::nergy 
roqw.rolllOnt, hm'veut.rato8 and effioiencios 
cQl,lIpared for several hand hoxvEleting 
imploments for grain in ~or-deve1.oped 
oOWltriElil. AllAll papOX' no" 62-104. l~aohinl);ton 
JJ .C. p. 1 ff. 

153 IJtaplaton, H.n, (1967). Ana1YlllUlg :fl.old maohinery 
aystoma by oomputoJ.'s. II.gril. :LIngg. 481 
202 .. 205. 

l54 Stipp1er, n. n. (193ft). A Germun combine development. 
A.cri. Enea. st. Joseph. Hioh. 13, 35-36. 

155 Suanaon . Earl R. (1962). f1auhinory managOJuent 
pro bleroe a !leen by a :fa.rm eoonomist. ( Inl 
Conference J?rooacd:tm.gas Tooling for ll'arIG 
Profit). A~AE and Farm Equip. Inatt. ChicQCo­
IllinOiS. P. 17-18. 

156 Tung-I,1w:Ie; (1971). Dio Production Equipment 
Seleotion. A SC.lparab1c Pl'ogx'3mnine approaoh. 
J. Agr. l~ng. Ros. 161 269-279. 

15'7 Vauc;h, 1;I. (1962). Uu.bbe1' rolls as IJ. thre13.h.iJ:l.5 daivco. 
'''gr. Eng. aor:l.ea 2. OIl.10 A(1,.1'. l:lXl1t. sm. 
\'I oooter. 1962. pp. 1-13. 

158 Vaue;h, 1)1. (1962). Developmont of a tll.l'Gohill8 maohinE! 
for India. 1\.[;1', 1~l1.g. Series a. Ohio Aer • 
.l!iXpt. Sttl. tlooator. 



ltJ2 

159 Vaugh. Mason (196, ). Harvostin.6 of ro.bi crops ill 
Ind :l.H. The Agr. Bngr. 7 f 4-7. !·laroh. 

160 V<m:na. S.n . and R. t. Garg (1971). Doai,gn and 
development ot traotor fi·ont mounted 
reaper. J our. of Agril. Bngg. ISAB. VIII: 
55-59. 

161 Verma, 

162 Verma, 

U.R. and n.s. Xulkat (1972). HnrvestinG 
aCj.uiplilonll tor oereala at1d pulses. ( In I 
l'rocoaciine;s of tho seminur on Poot 
Uarv()st Toch. of cereals and puloefl) -
a joint publication of IN:::A ~ lOAR, CSIR 
and FO!. New Delhi. pp. 21-23. 

~ . R. and V. Y. . IU:t;ttll (1970). l'l'ecent status 
of mochanical hurvesting - paper prosented 
at 9th All India Wheat Research Horkers 
\·orkl3bop, Indian Agril . U06. lnlJtt., Ne~1 
Dolhi. AUB. 25-28. 

16, Za.chariah. £ •• T. (1974) . !~atir.malo in m(leb.a.ni~tion 
01' hllrvost:1n~. fUn. of Agr. l~e~1 Dolh1. 
pp. 1-29. (~rivate communication). 



APPENDIOJ))S 



It\ 

~ la, 
..... to .. !lg III 

Ii .... ,.ct~~ 080 0000 000 0 
.." sJ .... H co ~ , , • • • • • •• • .... ~C\lEoe 000 0000 000 0 
to N .... ~ .... GO • 

0 < iUi~ .... 
.... 
I'-
0'> ~~ .... ..... t-

~j8'#. 
['- • .. ~~~ ~~~~ ~~~ '" 13 ..... 

..... . 
.Q ~.l:I~ . 
~ 'd 

!) i 121 Q)1>o 18 ~~ 
0 

eI \,!) • e ~i8~ ~&tc; t-U'\0'It- t<"Il.I'\\,!) ~ -« 1f\U'\"'",," LAID I:-
'H oJ • i ! l>I.tIb 

,.. 
~ Q) ll< 

P, .... ~ .... C:;) In C\I NIl'\Ll'IC\I 0'<1''''' I:-

,~ §~ 1.1'\ · . . • • • • ::i"'::i • 
-c .... 

~f 
0° ~~~ ::l:::tgg g 

~ ~ 
'H ::<: .... 

Q 

~ ~ ~ $ 1=1 

m~ ~ 0'<1' (\1 OOIl\CO C\I\J) 0 S 

~ i" 0° 
.... • • • • • • • II • • • z .......... 0 Rfmrogj' ~~~ (j\ 

'" '" t<"I 
C\I . ..... 

~..., 

~ 
Ol 

~ g 
~ ~ 1>:00,1:1 .... .... t<"I '<t '<t\() N O\CO N t- 'OI'ON 1.0 

;:' • .-1 0(\1 ~ t<"I • • • If • • • · . . · ~ • g ~.f.> NNt<"I ,4'\1.1'\ It\ '" 
'" '" '<I' 

IJ'\ 

oS ~oJ..., ~ 

~ 
-<i1 I>CIlP< 

:$ B ........ ~. ittt~t! .... """""" 1'-1'-1:- I:-I:-t-
CII 

~~~ '...t • • ...r • • ~;a t!, ~ .-I .-I;.:t ..... .-1 
N 0-1 .... 0-1 ............ ~ III 0 Q • •• • • • • · . . 

~ 
..... Nt<\ '<l' I.I'\\() ['- comg 1"..:1 

00\ ." 
g .... • • 011 l~ .g ... 1 .... (\11"\ 'OI'1t\\'!)t- co"'g a: 



184 

0000 000 0 0000 000 0 • • •• ••• • •••• ••• • 0000 000 0 0000 000 0 

P3 to-
U"\ 

to-
IQ~~~ · · ~~ro N ~~~~ ~lQ~ IQ .J <\I 

:4 
(,I 

<0 ~ .... 
N 

'" !2~1£~ 
• 

1li'~~[8 
• ~ 2~~ ~ ~S;$ ~ 

til : 
.... U'\ 

00000 '01'0\1) .... ..,.0100 00'" N 
LI'\ • III •• • • • • • • • • . . . • 

~~:q0\ 00 .... 0\ ::1 co 0\10 to- ooll'\ .... to-.... 

0<00 ~ . .. . 
~rere ~ 

0000 
~r.O~~ 
NNNN 

~ 
N 

""' .... 01:- NO'\N ..... \I)\() ,<"\<0. 0 
t<'\ . . . . • • • . • • • . . • • • 

.... t<'\t<'\t"\ N .... * N N .... .-4N U'\"'t"\ t<'\ 

. :s ~ .~ g 
~~t!:~ ~~~ t!!:~;:!:~ t!t!~ .14 

0 QI 0» ~ 

"':~";,..f · ~ . ~l,1I • • ',..f • • • 
~~ N .... .... rl~.-4 ......... .-4 

.............. .-4 rl .... iii Q) 
.... .-4 .... ............ 

• • • • · .. 
a) • • • 

• •• 
~ ::l~ .... ~ U'\ '" t- 1>::;3 gjt!,H~i .-4 ........ .... ::;@~ ~ ... 
1 

I'll 

~~~@ ~ .... ::I N 1','<1' U'\ \D I:- ~~~ ........ .-4 .... 1"4 ..... 



co 

I:'-

1.0 

In 

000 000 0 • •• ••• • 000 000 0 

~C$~ 

$18S 

0 .... 0 · .. \.OU'>U'> 

ONO 
• • • It'I LI'\ I!\ 

(\INN 

t:tt:tt! . . . 
.-I .... r-I 
.... .-1 .... 

• 0 0 
I!\ U'> I:­
NNN 

t~Ki' g 

~6tg m 
U'\ 
@ 

OU'>O U'> 
• • • • \.0 U'I U'> 

~ 

OI!\N m . ,. . 
-o..,.1t'I Cl) 
N(\IN l1l' 

IX) 0'\0 
NNt<'\ 

o 0 

o 0 

I:-
In 

0 
C'II ~ (S C'II 

I:-
It\ . 

C'II .... \0 
I:'- \0 I:'-

rI II) f;; 
• • • 0\ In IJ\ 

o N fO • • • re ~ ~ 

IJ\ l:-. . 
t<"\ I!\ 

o 00 000 
• J.t •• ••• 

OE-iOO 000 

::l~lQ~ ~2<t 

~~6t~ $~$ 

It'I .... NO 001n · . '. . • • • cn:al:'-r- t<"\\O\D 

U'\OCOCO NOC'll • • •• • •• 
~~~@ @2@ 

.... -.1- ........ ...,...,...,. 
1-1:'-1:'-1:- 1:-1:'-1:'-. . .. ... 
NNNN (\IN(\! 
........................ rI . . .' ... 
N t<"\""'U"> \D I:'-CO 

las 

l8 • 
I~ 

• 'Q 

0-
§ 

I:-

<III 

!t 

~ 1 
Po 

• ~ U'> 



I:-

\D 

U'\ 

~ 

N 

0000 OO~ . .. .. ... 
0000 OON 

~~~~ ~~U::1 

8)'g~EO g~~ 

""lI'\Lf\N 01"\10 • • • • . . . 
r-~~I.D \DLf\U'\ 

CO"""""" NOll'l 

~N~~ 
. . . 
~f\If\I NN N 

U'\ 
Q) 
• co <1;g$~ '" 

&\ · co U'\gog 
I:- Ol ~rl 

fi\ ONQ)t" 
• • . . . U'\ U'\~IDU'\ 

t! If\OOO 
• . .. • 
~ ~~~~ 

000 • • • 000 

~~~ 

@~~ 

-.t'''IO · . . tl'\fC"\1"\ 

In N CO •• 
• IX) t() 
~rl"" 

r!:rti! • • • NNN 
rlrlrl 
• • • 
~@~ 

~ · N 
Lt'\ 

~ • 
~ 

Lt'\ 
In 
• II' 

N 
0 • <0 .... 

~ 
• LI'\ 

186 

.J g 
Q 

< 
.~ 

1 
~ 



co 0000 000 
o o • 0 • • • 0000 000 

t-
~~~~ ~lR~ 

100 

~SS\~ ij$~ 

011'\1"0 ONN 
11\ • • • • · . . .,. 1'"\"""" 10 \0 t-

0000 10..,.\0 

2@;d~ @l'i~ 

co 1<"\(7'\ 'II" In \0 t.n 
t('\ ~";tJc-S • • 0 

t<'.ril"\ 

:8 
g ........ ..,..,. 

~t!~ C) t- t-t- t-
N'''' .~ ~~tJ 

cIj C\I '""!'i'i'i .... riri • • • 
!1 [q'<1'Il\\.O I:::i~ro C'\INN 
'd 
ij 
Q, 

~ .... ~~IR~ fn:R~ 

..,. 
ri • 
~ 

~ 

C\I 
0 · t.n 

N 
N 
• @ 

~ • tr'I 

!l 
Q)~ 
~~ 

!~ 

00 t-· · . 00 .,. 

riN f!- In 
tt"I I" "" ~ 

1B!6' t.n S ~ 
N 

01C'l 0 t-• • . • 1O'Ot' 

~ 
Il\ 

riO .... 0 · • • . 
U"\ 'II" .,. '" Il\ 

1~ 
.... v El ~:t3 
t-t- ~~ is • · C\IC\I 'h ~ t:l ........ • • !H~ ~.~ 
~~ ~ <II .... 

0 .... 
\.Oo.Q 

.,..,.000 · . . . . 
~I"OOO 

s:. ~ ~ !;; rrl 

S;~s:.18l8 

11\11\00000 · • • • 0 
0\""",,,,11' 

OONOO • • • • • N(\J\Ot-CO 
N ..... -1 .... ri 

1<'\1<'\(7'\00' · . .. . . COII\ .... .,.C\I 

t.n 't'\l.1'\ 11\ U'I 
t-t-t-t-t-· . . .. . 
.... ri ri ... 1 .... • •••• .... C\ll"\vl.t'\ 

~~;!;~~ 

3,87 

C\I ..,. 
• I.CI 

t.n 

• 
~ <d 

· ~ .... CI 
(7'\ C) 

"'" 
g i 
~ ~ 

In 
• .,. 

~ 
Q)~ 
&fll: 
~ OJ 

~!l 



t-

\0 

11\ 

C\I 

t-IDIJ\t--
c<'Ilf'","'" 

;r.f8g~ 

IJ\tn..,.", 

~":'cr1~ 

NNO"lt • • • • <00'100"1 
........ N .... 

000 • • • 000 

~NIlI 

"""'" 

gt-r:--
riO'lO"l 

<'II"'''' • • • t-t-\O 

I.t'IIlI'\ Lr\ 
~-c- c-· . . ...... -1 .... · . . O..-tN .............. 

~ 
~ • 

:$ 
• 
~ 

11\ ...,. 
• \0 

"It 
r:--
• "It 

0000 000 . . .. ... 
0000 000 

~~~~ 

m:B~~ 

\OC\lI4llN 
• • • • 
"'"ltCO~ 

01t'\00 • • • • O'IO'IOt-......... "' .... 

~~l\j 

~ct~ 

ONO • • • OJ) If' C\J 

kt'IOO • • • 
@~~ 

lC\ (\, 0 
• • • '<1"\0 Ll'I 

• .... • 
~ 

re 
• 

f;; 

$ · Il'\ 

8 • 0"1 .... 

N • IJ\ 

lea 

. 
~ 
C) 

<II 

~ 
i 
p, 
0, 

-001 



t-

\D 

1.1'\ 

..... 

• 
~ 
g 
U 

N 
< 
.~ 

1 
~ .... 

0000 000 • • •• ••• 0000 000 

~~~at IR~~ 

r-Ir-IOt-
0'\1:-0'\0'\ §18S; 

~U'oott NOCO • • • • o • • 
I.I'\Q)~O'\ It\1t'I ..... 

000£\1 ll\C\l0 . . .. ... 
~~~f,l ~~~ 

\O<Or-It- t-t-r-I 
• . . . . . . N ~ 0'\\0 Nt- II\ 

1t\lt\1t'I1.t\ 
'" '" U'\ t-t-t-t- t-t-t-. o • • • • • rlr-Ir-Ir-I r-Ir-I.-I 

• . . • • • • 
~@~~ ~"''''' NNN 

S~~~ ~~&i 

N 
~ 

o 
N 
It\ 

~ 
0 

0 
0'\ 

It\ 
I:-• \D 

It\ 
0 

II\ 

,~ 
IIlGl 

lf~ 
~ GI 

~:& 

000 ott ... ~ . 
OQ080'\ 

f;;~~~g 

!&'~~~8 
r-I 

Cl)OIt\U'\~ . • to • 0 

• I:-t-~~ 

\O ..... t-COo,\ . . . . . 
\!)1t\!X)l{\L{\ 

Ll'lt\lt\I.t\JrI 
t-t-t-t-t-• • • • • r-Ir-I .... ""' .... . .... 
~~~~~ 

:B~&~~ 

N 
r-I • 

~ 
N 
It\ 

~ · N 0 
0'\ 0'\ 
~ 

~ It\ 
~ • • 

~ 
\!) 

It\ 
10 C\I 
• • N I.t\ 

<0 
r-I 

~t1 :1 o;;j§ ~. 
fil Q) .j.>1Il 

0.&:1 !;:S 1;-< .... 

08 
• • 00 

~~ 

\;!B 

\DO • • CO • 

0'1<0 • . (\It-

~~ • . !\IN • • r-IN 

~~ 

189 

t-
It\ 
• 
~ 

.,J 
~ .... g 

III 

~ 

CO ~ <0 
0 ~ t-

8: 
ell 

ott 
r-I 

0 
\0 

!I 

~1 
~~ .... 



00 0 0 • • • • 0000 

t--
~~~~ 

\Q 

~-a;rtS 

I,I'\NOII\ 
U'\ ., . . . 

t<'. \0 "'::l 

t-CO",,,, 
t<'. •••• \0"" "" ", 

i 
CJ ",o.t'Io.t'Ilt\ 

1:'-1:'-1:'-1:'-
N . • • • NNNN • • • • 

i 1<'\'<1' "'"'' 

11'1\0 t- «) g: .... 0'><:1\(J' 0"1 

008 • • • 000 

1,1'\",00 
t<"\ t<"\ It\ 

fBl8!B 

NIl'O · . . 
I:'-"'~ 

1,1'\1,1'\0 
• • • 
gj~!O 

tX)N'" 
• • • I<'\Nlt'\ 

U'llt\ U'\ 
I:'-I:'-t-· • · NNN · . · c-COO'l 

~S~ 

~ • N ..,. 

&:\ 
• 
~ 

N 
rt · CO 

0000 · . .. . 0000 

~~~~ 

~g~~ 

OOON .... 
0"'''' N rt rt 

.i ONOO 

2 ~~gi~ 

I:'-
0"1 ('II .... rt...,. 
• • • • • ...,. 0\0\0\0 

rt 

~ 
QI~ Il'\ U'\ It'II.I'I 

W t-t-t-I:'-
NN'NcJ ~Q) • • • • 

~:S ~::l~!Q 

~~~~ 

000 • • • 000 

N 

"'" . 
~~l{) I:'-

t<"\ 

N ..,. 
prtt-

0"1\0 
g 

11'111\0 
rt 
It'\ 

• • • • :;::""'-0 «) 

It\ 
001,1'\ 0"1 · .. . 
~~~ @ 

01:'->0 f:;) 
• • • • 

'" t" \0 \0 

:J 
11\ It\ Il'\ CIIil 
t-t-t- ~CI) · • • ~: NNN · . • ... ""'" rt ......... ~:fi 

\Q t- co 
~~~ 

190 

• :s 
Id 
8 
-< 

~ 
fa 
A 

~ 



t-

14) 

In 

1<'\ 

. 
'd ..., 
g 
u 

(\j ..., 

~ 
~ ..... 

0000 000 • • •• ••• 0000 000 

~~~~ 

~g~?f:: 

OOCXllt\ • • • • ..... t<"....,.CO 

OO'Ol'lI'I • • • • COCXlOCO 
..-I..-IN..-I 

C\I ('I ",,0 · • • . 0)11)""'1.1'\ 

""Lrll"U'\ l-c-t-t-· . .. . C\lC'\IC\lN 
• • • • 
~~~@ 

O\08a ~~ 

~1R~ 

&l~;g 

ONO · . . COl.Ot-

000 • • • N..-I(\! 
NC\lC\I 

...,.r-tt-
• • • U, If\ 1l'\ 

IJ'\lI'\lt'I 
c-t-t-· . . NC\lN · . • @gj~ 

..... "" 
~::l~ 

co 
N • 
~ 

~ · ~ 

~ 
• In 

8 · \0 

~ 
Q)~ 

~: 
~:B 

00000 • • • • • 00000 

:t'~~(!S'~ 

&1~(J;tTl1X 

00000 . . . . . 
\Ot-COCO~ 

COI.I'\t-NCO · . • • • 1<"\""'1<"\1"'..-1 

~~~~~ • • • • • (\f(\fC\l(\l(\f · . .. , . 
~~~~:::n~ 

l.Ct-roO\~ 
::1::l::l::l 

S · $ 
0 

lR 
..... 

~ · ~ g 
N 
N 

~ .. 
• · @ t-

g "" ...,. 
• . 

N In 
'-" 
rl 

~ 
.~ ff '-':5 

f.l i! :5: 
0..<:1 !4:S e-I.p 

00 • • 00 

;S:~ 

g~ 

o. 
• • 

::1::1 

..-10 • • 
\Q "" 

it'lL" 
t-t-• • 1"1<"\ · . r-1N 

l'1R1 
.....r-t 

~ · g 

at 

'" 0 • 
'" 

U'\ · Il\ 
N 

8 • ".I' 

!'t 

il 
4) G) 

~:S 

191 

. 
'-0 

S 
() 

..., 

.~ 

~ 
g: ..., 



000 • • • ClOO 

c-
~!Q.:J:f\j ~~~ 

\.I) """"'0 ..... 2$g! 1:-1:'-1:'-0' 

ONC\lO ('1100 
U"I . . . . • • • ::l."'tn N I"\N .............. ............ 

OOONO (l)0U'\ 
..". . . . . • • • t'-lONO ~hi~ NNI<'\I"'\ 

lO'<I"Nt'"- .... ,('\CO 

'" • · • • . . . 
0>'1)1:-'1) "'''' .... 

• 'd 
+> g 
U u"I ..... Ii"' tt\ 1t'\1t'\ll'\ 

I:-I:-I:-t- 1:-1:-1:-
N . • . • • . • 

.ool 1" In t<'I 1"\ "'t<'I~ • · . .. . . . 

.::\ 1"""-"'''' c-lO(» 

~ 
~ ~ ... 1t\1,Q ~CQC7\ 

~ r-I .... ~~~ ..... ~~ 

o • o 

'" co · .... 
1"\ 

;:!j 
• 1.0 

t-

(X) · ~ 

I,Q 
I:-

~ 
N 

.... 
1.0 • \0 

.f.! 
~~ 
~ :.> 
tlm 
". oCt ..c.p 

~&'~~ 

~~f:!~ 

",,"Ot;OlI' . . . . 
I1'\LnOlO 
roi ........ 

lOOtnN 
~a)~.J 

"'NN 

"<I' N'I)O . ~ .. 
~ ",(X) 

~~~~ . • . . 1"'\ t<"\ '" ,,,, . • • • 
g~~~ 

~MC\I,,", 
.... ~!Q!!:I' 

192 

000 0 · .. . 000 0 

~ 
• 

Fiir,j'~ I:-
C\I 

t! • J-"'It\ N • 
"'''''t'- c- 'S 

§ 
() 

18 
< 

N\Q 0 i · . . • 0'1 a) 0'1 0 .... 
! 

",gLn ~ 
• · . . 1.0 

K1~~ N 

IJ) 
.... ..;-It'\ ~ • • • . 
0'" (X) (X) 
r-I 

;1 
Q)~ LC'Ilr\\C\ c-t-c- gfllJ . . . 

"''''''' !~ • • . ..r-lC'\\CJ 
.... .-1 ... 

""" It"" :Q~~ 



t-

\0 

11\ 

C\I 

0000 00 .... ::: 0000 000 8 
dodd o&~ <:) c!ddd d&d r: 

~~~~ ~~fR 

~fj:;Jt~ ~~~ 

11\000 000 • • • • . . .. 
~~"'~ ~2~ 

0000 000 · .. .. .., 
~rehi:<i ~~~ 

..,.1<\ · . t-0'I1 
"'0 co .. . .. 
O'ICOC\l .... 

LC"\ 
«\ 

It'\ 
\0 

It'I • 
!Q 

;p;~~~ ~~N 

.... ..,."'U'\ \Qt-t-\Q '" t-\Q 1..0 U'>..,. 

OOLnLn oco", 

·d · · • • • 
~ 0"\0'1 ~~~ 

""t-o..,. ""'1.1"\ .... . . .. ... 
1J'\\Ot-..,. ..,.co..,. 

'" ", '" t- t-t-
• • • 

"" «\ t<"\ . .. . 
co 0'10 
('\I N «\ 

~, 
• U'I 

t<'\ 

fn .. 
«\ 
\Q 

\0 
t-.. 
::I 

° .... • • ° ~ 

Ln 

~ N 

C\I g U'I 
@ 

° . Kl b; 
«\ 

LC"\ 
C\I .. 
C\I 
t<'\ 

0 
t-

2 
• C\I .... 

C\I 
N • t-

.,J 

8 
() 

<o<l 

!1 
1 g; 
..: 



N 

0000 00 • • II. •• 
0000 00 

tt'l000 •••• (\)01.0<0 ..--..--"'''' 

t-. ..... 

0000 000 • • •• • •• 0000 000 

000 . . . 
In '" 0' .............. 

o o a;) ••• a;)0\'<t 

U4 



t-

\D 

l{'\ 

V 

"" . 
~ 
§ 
() 

N 
"'II 

i 
g: .-t 

""" 

0000 00 
• • •• •• k 0000 OO~ 

~~~~ @~~ 

~~~~ ~~~ 

OOON "<toot" • • • • · . . 
~~~~ 1S'I0l1'"\ 

..... .-tN 

\0000 U"ILI"IO 
• • • • · . . 

IJ\ '" "'" """ 
~ I:- 0'1 

t"\1'"\""'''' 1'"\ 1'"\ t(\ 

\(0)1I'\t- NN\D · . . ~ · .. . 1S'\t-t-1S'I L-t("'\\'() 

~~~~ II'\ It'\ '" t-t-t-• • . . · . . -.1" '¢ '¢...r """ .... ...r " . . .. · . . 
;:!;:Q,;\~ ~~~ 

&rI\O t- 0) 0'\0 .... 

~~';\~ ~:=:i~ 

re 
N 
N 

~ • ~ 
'" 

..... ..... • t-
.-t 

2 • IS'I 
t(\ 

N 
N • -.0 

.~ 
Q) ,~ 

~: 

i~ 

0800 · . , . 0000 

~""'(\jU'l Nt<"\N 

~~~~ 

00""1,,0 • • • • 
~::::J~@ 

Q)IJ\\OU\ · • . . ~~~~ 

VI> ..... "'t'-· . . . 0)(\11<"\1:-

~~~~ • • • • "<tq...,...,. 
• • • • 
@gjlO~ 

N~ ..... tt\ 
!:;i-I~~ 

o 0 
d~o 

~~~ 

~~~ 

1..000 • • • 
~@~ 

.00 

iRi~ 

.... (\11'"\ · · • ",t-.,.. 

U'lU'\'" t- c- r-• • • .,...,...,. 
• • • 
~~!\j 

1.0 ~ 0) 
~ ..... ~ 

~95 

~ • 
10 

8 • 0-
ot" .d 

.j.> 

g 
() 

~ cC 

~ · ~ 
~ 
A 
t>. 
-.l 

t-cn 
• 0) 

t<"\ 

~ · \0 

.~ 
Q)'iJ 
[1jl~ 
~ CI) 

~:a 



t-

\D 

U"\ 

000 • • • 000 

~~H 

~~~ 

Olt'.O • • • 
~~@ 

U"\oo • • • \0 r- t-
1<'11"'\1"'\ 

.... C\lN · . . ooco 

.-in 

~ 
It\ 

! .... 

It\ 

\R 

000 
dodt.: 

&3 • 
~ ~HI'R1ro 

$ 
• 
'" ~~~lR "'" 

IE' NOOO 

~ •••• 
~~10~ .-i 

Fa · ~ 

~ 
• N ..,. 

U"\ 
0\ · 2 

&3 
• 0'1 

~"'~c: C:~~ 
0£.f00 000 

gj~~~ ro~hi 

~fi:;w,~ i1\:;~ 

0 .. 1.0 .... 0 1~1n 

gi~~~ ••• 
~~~ 

196 

N 
..q · ~ 

.J 
F:! § • 
~ IJ 

-at 

In 
j 

0 i · ro 



t-

'" 

tn 

t<'\ 

.' 'cI 
4,) 

g 
<) 

N 
<I 
H 
~ g 
~ .., r-i 

0000 00 · . .. .. ,.. 
0 000 00s;.. 

~~~~ 

rl..,. "'Ill) 
tr\I"\l"I"\ 

""..,.tnU'\ • • • • 
~1l'\Cl'0 NNI"\ 

O"'U"\U'\ · . . . NNNN ..,...,..q-..,. 

..,.'" M ..... · '" .. ONt<'\N 
I'"il'"irll'"i 

U'\1t'\U'\LI'\ 
t-t-t-t'-
• • • • 

U"I Lt'I U'I '" 
N' • • • I"\'<d-U'\ 
rlrlr-il'"i 

1"'\""""'" "'m <:1\ <7\ rlr-irl .... 

~~~ 

~C\I"'" 
'" It'\ 

NON . . • 
~U~~ 

CO \0 t-• •• CO COm 

Lt'ItnLt'l 
t-t-t-· • • Lt'ILt'ILt'I 
• •• tOt-CO 

r-irlr-i 

t-COm 
mCl'O'> 
.... .-i.-l 

~ 
• R? 

N ..,. 
• 
~ 

t-
I'"i · ~ 

@ 
• 10 

I'"i 

!I 
ClI'tl 
~.~ 
lit' 
III III 

t:f3 

00010 000 · .. .. .... 
01000 0010 

R"1~~~ R!.~~ 

~~!;t!~ 11'\ ..... '" ."...,.U"\ 

\DCON \DOO 

rJrJrei • •• 
~~~ 

",,"CO ",,"0 NC!'\O 
• . . . . • • .-it-t-I'"i t-vl'"i 

r-i I'"i .-I 

U'lLt'lIr\LI'\ ",,1.1'\11'\ 
t-t-t-r:- t-t--t-• . . • . , . 
L('\ Lt'IIl'\ It\ 1I'\lt'\1l'I · , . . 
~@@g: ~.J~ NC\I 

8.-1NI"\ 
N@~~ 2@2 

197 

~ · (\j 
1"\ 

~ • • 'd 

~ i 
u 

-OIl 

r,i ~ 
• til ~ g: 

< 

&i • CO 

,~ 
G)~ 
:fill 
I. :-
III CII 

t~ 



co 

t--

I.D 

IJ'\ 

.... 

t<'\ 

• :s 
g 
CJ 

C\I 
.04 

,~ 

1 
! .... 

0000 
•••• So4 Jot 

OOOOE-tfi.f 

~~~~~~ 

~~~~~~ 

000000 • • • • • • 
~~remre~ 

1J'\1J'\0 ... t-0 . . . . . . 
t-t-t-"'~~ 

~te~~te~ . . •• • • IJ'\ ,'" IJ'\ U'\ IJ'\ IJ'\ . . . . . . 
~~~ro~~ 

~~@~~~ 

co 
~ 

l1\ 
~ 

~ • IJ'\ 

~ 

lR 
(\i 

r-l 

~ . 
~ 
N 

;t:S 
:~ 

CIl 
... CI) 
0.<1 
IH .... 

~ · ~ 

r:-

'" • 
~ 

8 • IJ'\ 
N 

t-
'" . 
'" 

$I 
-{3 

~~ 
~ QI 
1'> ,<:1 
"':+l> 

C\I . 
U"\ 

\0 ... 

0\ 

'" 

0 . 
N 
N 

o • 0\ 
tt'\ 

'"'! 
a .... 

LI'\ 
I;-
• \0 . .... 

~ 

198 

l;-
IJ'\ 
,..j 
t<'\ 

IJ'\ ro . 
U"\ ... 

co 
C\I . 
'" N 

~ • 
'" 

$I 
G>{g 
lifO> 
~~ 
4 ~ 



199 

APPENDIX. B 

Important specifica.tions of traotol'G, en.g:l.no. electrio-motor, 

o OllIbinCl, threshers and winnowing :fan used in the harvesting 

and threshing systems 

1 l-IF J.O'5 traotor 

~lnnu;faot\lred by. 

Bore I 

s t roks $ 

D1splaoeroent , 

compreosion rat1o~ 

lJ'iring order , 

hp , 

Dleotrical aystem. 

Power take off, 

b'ill Ill? data I 

Cooling syatom, 

Fllel tank oapao! ~'I 

Mis Tra.ctors and li'a.rm .Equipmont 
L:Lm:I, t e(I. • I-Iadrae 

Diesel 

89 IDIl1 

127 rom 

2.,6 11trea 

16.5 , 1 

1, 2, , 

·32 bhp at 2000 rpm 26.4 dbb.p 

12 volts 

Spline - 34.9 rom 

Control - , posit1cn ahUt lovor 

rodu.otion betl~oen engine speed 

and pto shutt - 2.78 , 1 

7 ~5 l;).tree 

'4 litres 



Appendix B contd. 

'franemission • 

stoer1ng geer box! 

Engine sump. 

- Air-cleaner bowls 

Electrioal system. 

30.28 l.1tros 

0.946 litres 

7 .. 3 litX'es 

0.4' J.itree 

12 V 

200 

Voltage control reg~lator Luoas RB-10B 

13attorYI 

2 Z.tor 2011 • tractor 

Y~ufuctured by/ 
dealer 

Engine types 

bhp , 

- rpm at normal engina 
speed s 

No. of oylind~ro J 

Compression ratiol 

l!'uel tank oapaoitYI 

lIeight in kg 

Number Of spoeds -
forward 
rovers. 

Maximwn speod 

AMOO type 3A57TD Two 6 VOlt, 
115 Amp. hour Capac~ty at 10 hour 
d18charge rate, oonneoted in 
ser1ee, Spoo.1f'.1o gravi:l<y -0 
fUlly oharged 1.25 - 1.'(16 C~ 

1"1/1ll Hindulltsn I-laohine Toole 
L:Ln:Ltod. 1'.O. Pinjore. 
Dlett . Am'bala 

.Diesel. ~IC 

22 

2000 

2 

1'7 I 1 

40 

1300 

10 
2 

24 km/hr 
••••• oantd. 
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Appendix B eontd. 

, Gaso1E11lfl engine fitted on spike tooth type thresher 

(Pullman threeher) 

- 11odel. 

Type I 

Cylinder volume I 

- ])'l1e1 oonsum.ption , 

- FI1Ell tank ca.p., 

- Fuel I 

Lubri.catin8 oll I 

Lubricating method. 

Spark plU& $ 

- Horoe-pOlier, 

.I.lW! 

1600 
2000 
2400 
2800 
3200 

~/1Boonsin Motor Corporation, 
Milwaukee 4, Wisconsin (USA) 

AENLD Sl. NO. 4401026 

\iisconsin air-cooled single 
oyl:1nder engine 

:576.26 em3 

1.6:5 liAr 

6.75 11tres 

Good quality o~ garolene 
( 74 ootane no.) 

Summer - SI\lI '0 ... 49°0 to 4.5°0 

Hinter - SAE 20-20\i 
... 4. ,0C to _ J.50c 

~orce feod oum splash type 

Champion No. e oommeroial - 64K 

1m 

4.5 
5.8 
'7.0 
7.9 
6,2 

The hp given is for an 
atmospherio pressure and 
tomperature of 76 om and 
15.55°0 at eea level. 

••••• oontd. 
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4 Electr~o motor 

I-lanu.:tactured by I 

- Make I 

hp • 

rpm, 

VOltago • 

Current I 

Cyoles/oeo, 

- Phase I 

Serial No •• 

Framit I 

5 Energy meter 

- ~1anlU!aotured by • 

~1ake I 

Volte I 

Fuel load ampere I 

- Revolutione/kwh s 

:Phase I 

Serial no, I 

Hie. cTyoti Ltd., Baroda 

AC motor - induotion type 

7.5 

1.440 

400/440 V 

lO.50 A 

50 

'5 

22870 

11101 - 1 
E 4009 A 

202 

M/s. J:Jleotra plant, Bulgar1.u 

Typo lEA 4 - } TH, 

4 wire meter 

400/440 V 

3 It }O A 

80 

., 
9166005 

•••••• contd. 



Appendix n oontd. 

6 stnrt er 

- V~~aotured by I 

_ lIIake I 

- Kilowatto I 

Vol.tage I 

- Phalle I 

Cyol.es/oeo I 

- AmpElX'eo' 

Coil. • 

20' 

M/ e. Siemena India. 

DOL starter LBO/K915 SP 1114 - 1 

7.5 

415 v , 
50 

611. - l2A 

'20 V 420 V 

7 Tractor oide mounted pto operated oombine 

- Manufactured by • 

\'Iidth of ou.t I 

Drum spoed I 

Speed of piok up 

reel 

stubble height I 

- l'o~IQr requ:l.remen t I 

Driving speed I 

\'Ieight I 

Overall 1ensth 
(with torpedo) 

M/a. Vioon Ltd., Lavelle Road, 
DBll8alore 

1.5 III 

860 - l460 rpm 

Intin1tel.y variable, 

16 - 40 m/ sec. 

S om - 46 em 

'.55 hp and abovo 

2 - 6 km/hr 

1150 kg 

•••• oontd. 



Appell.d1!t B oontd .. 

I~idth (with traotor}s 2.90 m 

~I idth (withol;lt 
traotor) J 2.00 III 

Combing capacity $ 0.:;0 - 0.40 hA/h:r 

St at1Qner.y throabing 
capacity , 15 - 20 q!h:r 

B Hammer IIIUl t.vpe thresher "Iii th sieving and baseing 

(Ludhiana type thro6her) 

204 

Manufaotured by I M/ B. li'l'iendB Own ll'oundary Work­
shop, Gill Road, LUdh:I.anD. 

D:l.am.eter of 
thr ash:1ng drt:ull I 

Overo.ll lGllGth , 

Overall width I 

1 m 

2.147 m. 

1.245 III 

21 em x. 26 Om 

9 Hammor mill type thresher ~/ithou.t sievinl:; and baggillg 

( drW'lllllY type tllreebar ) 

f!lG.llu.i'nctured by, Mia. I,and Bquiplllent Corporation, 
37. No.rwula. KCIl'ol bagh, 1'1 e,q Dolhi. 

~lodill : Everest thresher cum w:Lnno~7er 

Dillmeter of threshing 
drwn I 0.90 m 

•••• (lontd. 
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AppGndix B contd. 

10 Spike t ooth t ype tbresher (Pullman thresher ) 

Manufactured by I 

Size of feeder 
throat I 

Threshing cylinder 

Speed of cylinder I 

Overall d:1.J1l6!l s 10n s : 

Op er at.ed by I 

11 McCormick reaper 

Manufaotured by I 

Size of wheels I 

Mi s. Bill's Welding 
Pullman, We.ehington (U. S. A. ) 

61 om x 35.5 em 

30.5 om(dia. ) x 50.80~~ength ) 

2400 rpm ( maximum) 

2.43 m (length) 

1.02 m (w:Ldth) 

2.13 m (height) 

9.2 hp petrol engine. 

Imported one* 

0.80 m (with lugs) 

Length of cutter bar I 1.33 m 

Type of drive I Ground traction 

*Tho reaper was loaned from Agrononw Div:l.l-J:I.on, I.A.ll. I. 
The original pap ers inc1ucltng opElrator's manual 1qere 
not traceable as the reaper 1.as :Lrnported long back. 
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Al?PlilNDIX C 

(a) Lodging in expel"imanta ]I. and B 

LOdS1nt!h ~ 
EXI.!!!o!r1mSlnt ]I. EX[!!£im!2!!~ B 

3l. 1'01101 Aotual Angular Aotual Angular 
No, transtOl'- transfer-

tigW'08 mations fieu.res mat.:Lone 
~Avi.l tAVfill ~ AI13.l 'AVB. l 

1 s - 1 56.9 49.~ 0.'0 5.05 

2 S - 2 29,5 :ns, 5.' 1.,.87 

:; a - :; 5:;,4 47.21 0.5 5.?,} 

4 ~ - 4 51.7 46.26 1.2 7.42 

5 S - 5 46.5 43.23 20.6 'n.:;s 
6 s - 6 5'.4 47.21 10.2 19.15 

7 s - 7 50.0 45.30 5.2 13.8'7 

F-test at 5 % N. S. U.S. 

S.Em • .t 6.78 7.08 

C.D. at 5~ 

(b) Poolod datil nnalyeia ot lodging :I.n eXporiments A and B 

]Jxper1ment Angular Percen- S.b. e.D. 
l:r51ngtQ~ta:on taSf) at J! 'j6 

Experiment ]I. 44.55 48.7 
.t 2.56 7.45 

Experiment II l',.21 4.7 
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Al'l'ENDIX D 

Method ot' caloUlation oj:' tho (lost o:f ope:mt.:l.Q.tl 

.i'e 
011 til r + Oc 

in whlQh CU n Unit cost of opera tion 

Fe • Annual fixed cost . £i.S/Y1' 

X .. Number of hOUl.'Cl for whioh maohine is 

used in a year 

00 _ Operational cost, Rs/hr 

2 lI'iXed coat per annum oOlllprisea the :eollol1~ , 

(8) Depl'eci.8.t1.on (us/ year ) _ P i. S 

in l,hiob. l? .. Initial. coat of a maoh:Lna, lie • 

B '" lJalvaga valu.e, Ha. 

L ... Li:te 1i1. years 

( b) Intl.'ll'oat (ns/yaar) ~ P :I' ~ni .. 2 

in which i .. Annu.a1 X'ELte of interact, per cent 

( 0 ) Insurance, J.lm/ yr .. 0.01 l? 

(d) Taxes, Re/y1' _ 0.02 P 

( 0) Housing, RS/yr • 0.015 P 

••••• oontd. 

2.07 
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Appendix D Qontd. 

, Operational cost pElX" hour cOJIlpriese the following I 

(I).) Repair and rruaintenenee par hour '" 0.10 FIX 

(b) Cost of fuel.. lI'uel consumption x Cost of tue.l 
(l/hr) (por l~tre) 

(0) Cost of oil and lubricants 

(d) Wages of labour pOl" hour 

(1) akUled 

(ii) non-skilled 

4 Coat of power unit per hour 1 

(exoluding items 3 b end , c ) 

5 Cost of operation of a maohino per heotaro 

Unit cost 
= Ef:f'eot1ve 
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APPENDIX J 

Deta11a about the ilorkers employed in the harvesting and tht'sshing 

o_pcraticme 

:1. Name of the worker ABe weight Educa- TrainiJIg E:&per1enoe 
2. YE, kS t1gn lit· 
1 Rem 8hreohtha I'andit 25 66.40 Metric 4* 
2 Kamal .Poddar 24 46.60 IV pass S* 
) Shiva Bh!ljan 2, 47.50 V.(lase '* 
4 Swami Nath 2, 52.SO VII pass 4* 
5 Surinder S1ngh 27 46.00 IV pails 4t" 
6 Om Prakash 25 61.00 III pass 4" 
7 HoshiaI' Singh " 48.00 III PIlSI! 4" 
8 HQl'pal Singh 27 52.50 lilt. 9* 
9 Mata :Badal 24 42.50 Ult. .,* 

10 Dayanond 40 45.00 lilt. n da;y 
~ trainulg 

7* 

I in com.-
§ bine 
a harvest 

11 Bah/ant Sin gh 45 62.00 VII ;; Anny 20* 
Pass I teoh. 

ltrainin€ 
12 I·1M S:Ln,gb. 55 64.8 I11t. 20* 
13 Md. Ainul 29 50.5 I paea 4* 
14 MOOa Singh 28 S8.0 VI 4* 
15 Arjun Singh 24 57.0 VII pass 7* 
16 Prabhu 36 54.5 IV pass Driver's 10"'. 

lioenoe 

17 Deep Chand '9 55.6 Literate 14n 

18 R~ub:lr Singh 38 52.0 V paea Dl'iver'lI 11"* 
lioenoe .. Non-8kill~d work6r .. " Skilled labour 
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AP:PmTDIX L 

Extraot ;(rom Indian H.in;l.mum S<!)ed C ert:1:f'ioution standards 
prepared and. pllbliehod by tho Oentral. Seed COLllluttee, Deptt. 
of .1181'1., M.:I.n1stry of E'ood., AgriolJ.ltllre, aommun1ty Development 
and Cooperation, Nel" Delhi - Maroh, 1971 and. corrocted upto 
d.ate. 

• •••• 
Minimum seed cortification standards £or wheat (.r1ti9um spp.) 

Seed Ilta.nd£lNe 

Factor Foqndat!on Qert1~iSd 

Pure seed (Mi.n1lIlum) 98.0 " 

lnhert matter ( ~tax1m\UII) 2.0 ~ 

Other orop oeeda (~!alt:lll1U111) lO/lr8 0.10 % 
*Obj cctionabla weea seeds (MaximUm) 2/kg SIltS 

N(!lJIlQtode gatta of tundu/ 
earcookle or easdv infeoted 
by Kamal bunt (maximum) 0.10 % 0.50 % 

Germination (min;l.mu.m) 
(by nlllJ)ber) 

Ilarley, oats and 11hoClt as l' as" 
paddy 00% 8O,," 

r'[oisture (ma.x:Lml.lll1) 12.0 % 12.0 % 

.I/'or vapour-proof oontai.naro 
(maximum) 8.0% 8.0 ~ 

.. Object:!.onable weede are the oame as given a:t IV.]) ab~·' 
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APPENDIX N 

Ooat ot Iperation 0:1' individual polioiee in rupees 

per qu.tn;al 

Grain-olltput Coat of Oost of opera-
Sr. P4.1oy (atter dedllc- operation tion .P~ 
No. tinG losses ) quintal 

g,ha HeLM Rlil 

1 5- 1 ,S.07 407.15 10.69 

2 s- 2 38.79 2074.86 53.49 , s- :5 39.84 65}.Ol 16.39 

4 s- 4 37.75 455.32 12.06 

5 s- 5 35.97 6'9.66 17.78 

6 ll- 6 ~6,,}6 472.;;8 12.99 

7 :: - 7 .,8.65 1012.06 26.16 

1lirotel The cost of bhllsD. has not been taken into 
account in oalcUlating tho cost of operaobion 
per qun1t&1. 






