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CHM'TER I 

INT RUL U:T Iulli 

Ootton is a cash crop of India and plays an 

important role in national economy. India ranks first 

hectarage under cotton in the world but stands fourth in 

production. In India cotton is grown over the area of 

about 7.765 million hectare with production of about 

6.~~ million bales annually. Maharashtra is the larg ~ st 

cotton growing State in the country with an area of about 

2.~3 million hectare with production of about 1.17~ million 

bales. In Vidarbha, area under cotton is about 1.79 million 

hectare producing .4~ ~illion bales, 

c ~no~y of Vidarbha farmers ~a inly depends 

upon the production level of the cotton. Amongst the 

various factors of the production, plant population per unit 

area is an important one. There are two categories of cotton 

crop namely,Gossipium Hirsutum(~rican) and Gos ~ ipium 

arboriua(Deshi) which are sown 1n Vidarbha. For these, 

American and Deshi cotton, there are various high yielding 

hybrid varieties adopted by the farmers. 

According to the various varieties,different 

optimum plant spacings are to be maintained to maxl~ise the 

production. .~st common, plant spacings are from 30c.X~cm 

to 120cmxl20cm for dif f erent varieties of both Deshi and 

/>< erican cotton in different type of »Oil. In Vidarbha, 

cotton crop is sown manually which consu~s more t ime and 
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money. Inspite of this t he crop is to be sown within the 

stipulat ed ti~ period. 

For American cotton varieties, 110st of tho! 

farmers have adopted t he check row planting ~thods. These 

check rows are ~rked with the help of marker operating fro• 

two direct ions i.e. crosswise. After ~uf!icient rain has 

occured, sowing is done Jn each cross marking or cross hill 

manually by means of labour. The sowing of crop is the 

placement of seed in the soil at the proper depth, with 

proper ~oisture and the soil temperature. The seed ~own 

should be in proper quantity to achieve t he desired plant 

population. Precision and timeliness are important aspects 

of modern 49riculture. 

~owing i~ done manually at each cross, three or 

four seedSare sown . If moisture zone is not available, then 

the germination is not succes~ful. Thus ~owing at proper 

depth of moisture zone in the soH 1 s tmportant factor for 

successful sowing of cotton which cannot be ac hieved manually. 

turing the peak periods, particularly during sowing 

season, the labour supply fall ~hort . Ekilled labour for 

sowing is not available which cau~e delay in sowing of cotton. 

This ultimately ham p<l!1"5 the yield of cotton. The experiments 

have shown that delaying sowing by one day results in 

reducti~n of yield of cotton to the extent of 20 kg per acre. 

Thus timeliness precision can be achieved only i f 

•nec hanical device is introduced in sowing of cotton ver ~:o ality 

of imple nent widens the ~cope of improved implement. Thus 

sowing unit which could cover larger crops varying soils and 
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seed rates per hectare is most acceptabl ?. 

Moreover it should be easy in operation and 

adjustmen t . It should be rigid and maintained any adjustment 

t hroughout the operation without break-down or any other 

disturbances. 

Considering all the above points, it was felt 

i ulJ>erative to tackle the problellls of planting ot cotton crop 

in Vidarbha. An atte npt, tnarefore, has been made to design 

and develop the co tton planter with a view to incorporate as 

many of the desirable features as pos sible. In designing the 

cotton planter, t he field experience research resul ts of 

previous workers have been con sidered. 

The proposed cotton planter is e x pect~d to perform 

the following functions: 

1. To place cotton seed(Deshi)un1for t)t1 in lines at a 

required distance. 

2. To adjust spacing within and between the rows as well 

as for adjustment of depth of sowing. 

3. To sow three to four seeds of Aaerican cotton in each 

hill at a required hill spacing. 

•· To adjust plant spacing within the hill and between 

the row from ~claX<45clll to 120c:i11Xl20c u. 

~. covering the seed after they are dropped in the furrows . 

6. To disengage the s~eding mec hanism whenever required 

so that ~eeds would not drop even when thd ground wheel s 

are in r.otion. 
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7, t he feeding unit &hould not damage the ~eed. 

8. It &hould also able to &ow he intercrop like 

mung, udid etc . in batween the cotton. 



CriAFTER II 

HEVli::. W O.r LITEtiATLIRE 

The indigenous seed-drill used for sowing in many 

par t s of India has r emained basically unchanged in its design 

uptill now. However, the seed drill s for sowing the grains 

in rows designed fabricated in India, fulfil the ~ximum 

conditions and gives good performance. The research and 

d evelopment for precise planting achine f or a particular 

crop like cotton i ~ very less in India because it requires 

sotae complicated ,.echanisll for s;ati sf ying the conditions 

required for planting, hence limited literature is available 

in India. 1n United .,tates of Anlerica and other wes;tern 

countries, the progress of far~ mechanization started in the 

middle of the century and as such fully mechanised sowing 

and fertilizer placenent device have al~st reached t o a 

perfection. Planting equipment con s ist of different part s 

or unih to fulfil the different require ent. The following 

paragraphs indicate the review work of past worker s on 

various aspect s and designs on planters in India and abroad . 

Tne review work i s ca t egori sed as follows: 

1. Agrotechnical requirements 

2. Precision planters and metering devices 

3. Hill drop ~~echanis111 

<4. Furrow opecer s 

5. ~eed tubes 

6. Testing 



2.1 A9rotechnical Requirements 

2.1.1 Seed Characteristics 

Kanwade and Kashyap(1981) 

Seed dimension, thousand seeds weight, true 

density, bulk density and angle of r epo~e of cotton aeed 

of J-34, L. S . S.(A~erican)and G-27(Desh~) varieties were 

studied with respect t o delinting method~. _....AG.!<l delinted 

cotton seed were ~ost convenient for handling, proces~ing 

and planting as they had good flow characteristic s . In 

t heir study they have deriv d some physical characterstics 

of the cotton seed( rable-2.1). 

~ .1 .2 : ced ..:mergence 

~taut !.1 .!J.. (1960) 

Laboratory experiments were conducted to determine 

the effect of co~paction on emergence of seedlings fro~ 

sandy clay loam at various moisture con t ents. Field conditions 

were simulated by placing on 20 em layer of undist ributed 

sub-soil in a box and covering it with an 20 c~ layer of 

tilled top soil. water was added to each box at he botto~ 

40 em below the surface. Heat lamp s were placed above t he 

soil surface and a B Knph wind was simulated by dr~ing 

acros~ the soil surface. The air temperature was maintained 

at ~°F. Emergence of sugarbeet bean and corn seedlings was 

observed after the soil was compacted at the surface or at 

the seed level. 

Under t he condition employed in this labora t ory 

study, pressure in exce ss of 0 . 035 kg/c~2 was applied at 



Table ? .1: ~orne phy iced char acteristics of unue lin t ed and d~linted cotton seed . 

Variety Trea t me n t 1rue Axial d imen~i on s Poroci t y Th ousand Percent 
density in mm per cent seed fuzz by 

g/ml a b c weight(g) weight 

J-34 Undelinted 0 . 909 9 . 59 5 . 52 5.13 10 .30 5~ .30 7.38 

Mechanically 
delinted 0 . 909 9 .27 5 .1 2 4. ~4 57. 54 53 .46 4.56 

Acid del inhd r . 952 7.16 4. 12 3.75 41.18 50 .48 c.oo 

L. s.s . Undellnted 0 . 952 9 .21 5 .49 5 . 05 69.54 59.91 5 . 95 

1..\echanlcally 0 . 952 8 .18 4 .67 4.12 53 .53 57 . 88 4 . 04 
delinted 

Acid delinted 1.000 6.93 3 .92 3 . 7!\ 43 . 00 65 . 06 o.oo 

G-27 undelinte d C .9!'::2 7.22 4.51 4 .28 53.45 45 . 23 4.99 

Acid de lin ted 1.000 5.50 3 . 64 3 . 52 41.20 42 . 98 c.oc 

•• :ujor axi s , b= Ainor axi &, C= is perpendicular to •a' and •b• 
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the surface usually suppressed e~rgence of seedling. 

Pressure of 0 .35 to 0 . 70 kg/c~2 was applied at seed level. 

These results indicate that planter should be design~d to 

apply the higher pressure to the soil at seed level but should 

place relatively loo&e soil above the seed . 

2.1.3 Plant spacing 

According to the P. K.V.Diary(l988) , t he ~lant 

spacing for different varieties of cotton and for different 

soil types are shown in Table 2 . 2. 

Recom~nded plant spacing of cotton for 
Vidarbha region. 

Type of 
cotton 

r eshi cotton 

A'llerican cotton 

~pacing 

45 X 22.5 
60 X 15 
60 x30 

90x 60 
90 X 90 

120 X 90 

ern 

em 

Clll 

CEll 

Cll 

Clll 

Phnt population 
per hectare 

100000 

111000 

56000 

18000 
12000 

9GOO 

Daterao(l976) stated that planting one plant per 

hill resulted in increased dry atter weight per plant , 

more number of harvested bolls and higher seed cotton 

yield per plant. However, in respect of seed cotton yield 

per hactore, two plants per hill was outs~anding superior 

to single plant per hill. 

Crop quality was not i 'llproved e ither by kee ping 

one plant or two plants per hill. 
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2 .1.4 Depth 

Batchelder , Galen and 1Aughtit~(1979). 

Two planting devices used with and without depth 

control bands and three row spacing were evaluated for 

dryland and cotton production over a three year period. 

Highest emergence was obtained for a precision planter, 

the use of depth bands, <ff a 2~.4 em row spacing. Highest 

yields were associat ed with t he precision planter, the use 

of depth bands ·fo~ cotton plant · d in the 2~ . 4 c~ and the 

1.02 ~ row spacing. 

2 .2 [) lfferent Precision Planter and .oAetering Devices 

Bainer(1947) observed in te sting the unifor~ 

metering rnetering of seeds, it is essential t nat the cells 

in the planter feed t he seed to be planted. !he diame ter of 

the cell should be 0.4 larger than the maxi ua dia~ter 

of the seed to ensure proper clearance . ,\\ove:t~ent of the 

seed though seed cell is further !~proved by tapering the 

cell wall fro~ top t o bottom. Tapering to an inclined angle 

of approxima t ely 12 dig. is sufficient t o ensure free move nt 

of the seed through thd cell. Proper plate thickness depends 

upon the t ype of seed. 

Arthur(l947) stated that the increase in pl ate 

speed always decreases the percent of call fill and, therefore, 

also the planting rat e . If seeds are large in rela t ion t o 

the seed cells, there is a great variation in planting rat es 

resulting fro~ change in ~peed. 
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Futral and Allen(l9~l) studied on development of a 

high speed planter and investigate ao~e reasons for the drop 

in plant ing efficiency at higher speed . 

1. The plates of the inclined Clilll plate type were 

rotating so fast that seeds were frequentl y carried past the 

drop out opening. 

2. The inertia of the spr ing loaded kick out mechanis• 

used on the flat plate type planter was too high to function 

pro perly and damage resulted to the seed when spring tenaion 

was increases. rnerefore, a belt type planter was developed. 

A belt perforated by properly sized holes runs at a ~ deg. 

angle through the hopper. ~eds fall into the holes and are 

carried up and out of the hopper . Near the top oi the belt 

path a so!t rubber retaining but contact the seed belt and 

presses against it during the vert ical descent, thereby 

holding the seed in place until the belt seperate at the 

bo t t o~. The ac cion of t he seed belt in changing fro• a 

vertical to a horizontal pos itions imparts to the seed a 

positive downward velocity resulting 1n th~ ir being thrown 

to the ground. 

Bainer !l al.(l950) have men t ioned that horizontal 

rlate planters have s;Jring loaded cut off devices t hat ride 

or. t he top of the plate and "wipe" out exce ~ a s.-~tds aa the 

cells move beneath them. • pring loaded knockout devices 

push the seeds from the cells when they are over the seed 

tube or boat. 
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Brand t and Fabian(1954) reported that the horizontal 

ro ta t ing seed plate in hopper botto~ has been es t ablished to 

be the most economical and dependable m.tering de le a , 1n ey 

further found that if the seed cell did not fill within the 

first five centi .. ters of exposure beyond the cut-off cup, 

it seldom got filled throughout the re~ining exposure . 

Increasing t he number of ca l ls per plata beyond 16 and reducing 

the R. P •. A. did not increases cell fill ac curacy i n jJroport i on 

t o t he increase in numLer of cells. 

El mer Hudspeth and wanjura(1970). 

The use of vacuum for metering singld cotton seed 

has not b .. n fully evaluated with the benefit of previous 

research and experience a vacuum wh ~el t o meter single 

chemically delint ed co t ton seed was constructed. In t h is, 

the vacuum part was located on the front side and not the 

end of tho spoke . This gave t he wheel a mechanically as sisted 

pick-up . A seed hopper was a t tached in a position t hat 

exposed the wheel t o the seed supply for about 90 deg of its 

ro t ation. Each suction part picked up seed while passing 

t hrough the s~ed box, re t aining it until t he botto~ cen t r e 

point of its ret ~ntion was approached. The vacuu~ wa s broken 

at the bottom centra point and the s~ed was r e l ea sed . 

M~et ering comporison ware made botween the vacuum 

wheel and a conventional grain double run, while planting 

t he cotton seed. The •eed hed a ger~ination of 90 per cent. 

Seed spacing of 10 em and 20 em ware u5ed for the vacuu• wheel 

and a metering rate equal to 10 em sp1c ing was p lanted wi th 

the double run ~tering wheel. 
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The ~etering ~as superior of vacuua wheel. ~el 

speed from 20 ~o 50 rp~. of the vacuums of 2.5 em to 12.5 c• 

of which had only minor influences on the performance of t he 

spoked vacuu• wheel . Other sets showed that the ~echanis~ 

a s isted vaeuua pick-up was superior than a syste~ using only 

suction. 

Jafari and Fornstro~{1972) studied on a precision 

punch planter for sugar-beet. fhe obj ectives of thh study 

were to design a sugar-beet plant~r which would ~aintain 

uniform seed, ~pacing and depth, plant single seed without 

any seed damage, plant resonable planting speeds , and provide 

a seed environment which ~ight promote emergence . 

A whe 1 having cones on its periphery was ua d to 

estab lish conical identation in the row for each individual 

seed. f he seed tering syste~ employed a vertical rotating 

disc to drop single seed into the ground holes. The system 

was independent of speed, as it gave& se~d zero relative 

velocity with respect to the ground. 

As a result of laboratory and field test it was 

concluded that the planter met the design objectives. The 

planter was si~ple in design and operation would ~reatly 

i~prove uniformity of seed placement and spead of sugar-beet 

plant&r. 

According to Bernacki .!1..!!.·{1972), control of 

seeding r~te by ~ans of studed rolls 1& posoible only by 

changing t air peripheral speeds , i.e. by ~intaininq a 

constant size of the opening 1n the hopper. This favours 
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keeping the seed strea~ sufficiently uniform even if the 

seeding rate per hectare is lo•. Moreover, the frequency 

of imm diate influence of studed roll on seed layer in the 

slot is higher than that of fluted roll . Also the damages 

to ~deds are very dight(Le. frota 0- 0.1~). 

According to Kepner !l al .(l978) the cell dia~ter 

or length should be about 10 per cent greater than the 

maximum seed dimension& and the cell depth shoulo be about 

equal to the average se d diameter or thicknes!>. t'erformance 

would be improve by graddd seed •ithin close size tolerance. 

c~ll size •as las& critical •1th pneumatic metering devices 

ano was not a factor •ith vacuu• pick-up device. 

hey also stated that the •ost seed damage 1n 

horizontal plate or vertical rotor ~tering units was caused 

by the cut-off device. The perc~ntage of da~ged se d 

increases as the cell speed is increased. Damage is also 

grdater if the cells are too large . 

Wilkins, Adrian and Conley(l979). 

A two row punch planter was designed, developed 

and tested with let tuce seed . The planter had a notched seed 

wheel that rotates in a vertical plane to individually ~ter 

coated vegetable seed . ~eeds were transferred by ~gnetic 

punches. The .aed coating contains an iron oxide(Fe3o4) 

which makes them attract iv e to ~gnats. The punches firmly 

imbed the seed ~ into ~he so il and ideally, the holes r emain 

uncovered . The test showed that the punch planting sy ste·J 

resulted in a shorter ti bet.een planting and emergence 

the~ when a conv_ntional planter wa s used . 
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Wilkins and Lenker (1981 ) . A micro-1-'roce ssor 

con '.: roll ·d pl enter wa s desiqned f ')r metering raw lettuce 

seeds. The planter con t isted ') f a syn t rom feeder for s ~ ed 

delivery, ligh: emi ~ ting diad and photo transi stor for seed 

detection, magne t ic pick-up for planter displac e'11<?nt , air 

stream for se 1d seperation and a microprocessor to control 

the timing of seed seperat1on. Labor atory test on a greased 

belt inoicat ed that the micro processor contro l l eo pl anter 

metered raw letthse seeds with fever errors than a John deere 

vegetabl e planter, ~etored- e ithe r raw or coated l ett uee seeds. 

' ur _ndra ~ ingh, Aat zen and Pedersen (l 983) . 

rhe effectivene s~ of two commercial ~eeding machine 

was studied with spring wheat and oat s in t he fiel d on a sandy 

loam soil. From the result achieved, it appears :hat the use 

of a seeding machine with peg t ype nylon seed 'lletering device 

gav ~ batter s~ed emerg ence and grain yield than that of a 

machine having helical flutted type nylon ~eed metering device. 

rhere was no significant dif f erence in t he dry ma t ter 

accumulation per unit area in wheat and oat plot s for both 

the drills . Thh was :niiinly because of high growth rat e 'l'lc!IY 

be due to more row to row spacing and less .. ed ~mergence a ~ 

co:~~paired to the !Jlots 5own by the uchine having peg type 

~e~d wheels. 

Add toya and Buchele(l987). A rolling punc h planter 

with a camacuet ed opening lli!chanis-n wa s developed to plant 

ma ize(and other similarly size grain)in tilled and un t illed 

~oil s . Field tests showed •ha t satisfac tory plant ing of the 



seed ~as ach1Jved in an untill•d field with upto 7~ per cent 

residud cover(at about ~~00 kg/ha). The within the row spacing 

of the punch~ hole• and the depth of plant ing of the ~dedi 

were ind~penoQnt of the txave! speec. ihe percentage of the 

punched hole r. con ta ining a aingle se ed decnlaso!d as the 

travelapeed increa!ed. 

2 .3 Hill rrop Aechanhra 

.. 1ller(l949) :.tudidd ~ he rotary valve which wu 

1 ~ ern in <'ia:neter and contained 8 cells. : ince i' was only 

neces.ary for the valve to revolve once in an appr~xi~tely 

3 1etre while plac ing 8 hills of &e ~d in furrow, the seod 

fee l ~ore evPnly di&tribtted fro~ the seed tube into each 

call with a ~inimum of bouncing about. 

The lip and flaper t ype valve Wlls not hold up to the 

fasl reciproca t ing ~ve~ent necesaary at high speeds and was 

not accurately sepera ' e the seed. The hill drop plates ~• 

so far fro~ the furrow where t he seeds are placed that during 

t~e fall through the &eed lube and furrow opener. It was 

tend to sca ~ ter so that they were 11ore nearly urill~d ttti.n 

than hill dropPed . A r~~dy for this would to place th~ 

hol:)per illlnediately above the fu:rrow o;>eneib. 

Artry and chr~d~r ( !9~3) in test with hill orop 

plate s in a conven t ional horirontal plate panter, without 

boot valve~ . found that dispersion occur 5 as{a)ae seed leave 

the call, (b)6eed fall through the throa t and the seed tubes 

and(c) set!d scrilte~ ~he furrows . The results of ~hese 
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investigations are summarisad as follows: 

1. Highest accuracy can be obtained by using co~pact 
type of cells i . 4, short and broad rather than long 
and narrow. 

2 . 5low plate speeds(below 9m/'nin)rasults in higher 
accuracy and higher cell fill. 

3. Accuracy is affected less by changes in the number 
of cells per plate, than the speed changes , con ~equently 

rates ahould be varied whenever pos ~ible by plate 
chMnges rather than plate speed changes. 

4. I hare 15 a little effect of number of cells per plate 
on dispersion within the range from 4 to 1~. This 
chardcteristics permits the u~e of more cells to 
obtain a closer spacing without affecting dispersion. 

A trajectory type of seed tubes conveys the seed more 
nearly through their normal path and greatly !~proves 
dispersion for all seed plates and speeds. 

6. Ground »tattering is decidedly affected by heig ht of 
t he fall, but it may be reduced by partial restriction 
of the furrow and by lhe height of a hopper ~ em or lesa. 

7 . By selecting the proper ratio of ground speed to the 
plate speed(about 8:2), the effect of the ground ~peed 
on dispersion can be kept to a mini m. 

According to Kepner and!! al.(1978) the valve 

mechanism ~as originally developed for check row corn 

~lanting but can also be used for rando~ hill oropping. 

~otary valves, however was more suitable for high speed 

operation. In a reciprocating valve arrange 1ent, a ca~ 

on the feed shaft op•r.s 'h ,J two valves si1Jolltaneously for 

each hill . ~eeds that had momentarily resting on the lower 



valve are ej ec ted down and rearward a relatively short 

distance into the furrow, while seeds accumulated on the 

upper valve are released to fall down on to the lo"•r valve. 

rpring action closes bo th valves. 

2.4 Furrow Opener s 

Reachy et al. (l '~ Sl) xpla ined t he function ~ ot 

sh oe t ype furrow opene rs, such as ~edge ~haped bl ade opens 

:he soil enough for t he boot at th~ r ~ar t o depo ~it the seed. 

fhe sharp blade cuts through clods and sodes. It open the 

!oil enough for r ~ceiving the seed wi h a ~ini~um of 

' hturbanc es and draft, The notch or slag just bo•;ind the 

bo t tom r ortion of the 9WO r d allow t he moist soil to cover 

~ he seed before t he dry upper soil closes over it. 

According to Bernacki !l al.(l972) the ~hoe opener 

and a hoe opener each of the t ypes of furrow opener s ~aintains 

an approximately cons t an t feed depth requir9d and en sure that 

seeds are fully coverwd by a scarifi d layer of earth at 

various individual sowing depth r equired, The draft of shoe 

openers varies from 2-!> kg at h = 2-6 em, whereas in hoe 

openers resistance a1110unts to 3-3.5 kg. fhe re sis t ance of 

dis~ opener s in operation varies ; subject t o the t ype of soil 

with in limits of 5-12 ~g . 

According to Kepner!! !!.(1978), the optimum depth 

of planting varies wi de ly with different crops and is 

influenced by soil moisture condition, soil temperature, 

aeration etc, ~~me seeds are rather sensative to environmental 

condition s and require care f ul control of the pl anting depth. 
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The full runner is a simple aev ic e t hat works 

well at ~ediu depths in ~ellow soil, free of trash and 

weeds. It lS suitabld for the average conditions encountered 

by corn and cotton planter . 

Hoe type openers •hen equipped with ~pring trips 

are suitable for stony or root infested aolli. 

risk type open rs are suitable for trashy or 

relativ ~ly hard ground. In wet , sticky soils they are 

more satisfactory than fixed openers because they can be 

kept resonably clean with scapers. 

Morrison and Gerik ( 1985) • 

Planter depth control with four wheel design WI& 

evalu1ted on the basi~ of predicted effect on simulated 

e•nergence for four crops. A linked front and rear depth 

control wheel designed performed similar to rear and front 

depth control. ~ido wheel produced the best performance but 

they are too wide for solia seeded planting narrow rows in 

crop re sidues. Depth control wheel position varied the 

simula ted emergence as much as 35 per cent. 

2.5 ~ ... ed Tubes 

According to Ber nacki !l !1. (1972), the size of 

spreading of freely falling sedd depends on height of dropping 

and is increasing with increa se in that he ight. It is, 

t herefore, clear that a free fall of seeds m1y be ~nsured by 

tubes which widen down their length. In tubes so oesigned, 

t he greater part of the seed(60-80%) drop down freely without 

coming into contact with the walls . Ihe other prerequisite 
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i~ that walls of tubes ~hould b~ smooth. 

Exce ~ ive deviation of t he tube fr om the ve r tical, 

or their possible deflection, aoc' s to the irregulari t y of 

falling seed qualities t o opener in a unit of ti 1e. In 

such an instance, a considerable portion of seud strikPs 

agai•Ut the walls of the seed tubea in filling down and 

rebound s in various oirectlons a ~ variou s speeds . 

2 .5 Tuting 

Hung {l960) explained that •the planter ~•Y be 

ckecked for parformance in the labora : ory by powing the 

rive wheel of t he positioned l ever. The seed is hen 

caught and exa~ined. A test ing f or grouping of seeds in a 

hill may be acco plished by running t he planter over a 

grea<e board. The seeds are trapped in grease at : he point 

when they just drop". 

Ac cording to Kepner!! !1.(1978). Although a 

ulti~ate criterion for evaluating a co~plete planting 

operation i s the ~tand obtained in the f ield, t hese result s 

are influenced by ued viability and environmenul factors 

beyond t he control of planting machine. The effect of 

different types of f urrow openers or pre s~ wheel s can only 

be deter nined by field e ergence trials, but the performance 

of a seed metering device can Ge checked nore read ily and ~ore 

reliably in the laboratory than in the fie ld. The r esulting 

e ~d pattern on a grea&e board, is represen tative of t he 

perfo~ance of metering devic e wi t h a seed tubes , but does not 

~'·ow t he eff ect of bouncing in the furrow. Pho to sen ;o 1t1ve 
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device and electronic uni t s have also been used o record 

the paths or frequencies of falling seeds. 

~ave and Paul~on(l979). Five corornercial plan t er 

meters were compared . A flutted rolle r oeter, an air disk 

meter , a sin9le run feed c ub ~eter , an air dru~ meter and a 

horizontal plate planter . [ eed quality co~pari son were made 

based on ger~ination ~e st, percentage of ~plit s and p rcentage 

oi seed coat cracks of the soybean ser.d . 

~eed damage evaluation was carri~d out by taking 

the soybe~n sa ples collected from each planter tteter, sa ples 

taken fron the free fall drop and t he control sa nples were 

evaluated by ~ans of germination tests, t etrazolium tests, 

test for percentage of seed coat crack s . f or 1he !.e-!!d .;pacing 

test, soybean seed were collected from a sand track 14 m long 

and 0 .~ m wide that had a layer of fine white sand about ~ em. 

deep. Eac i1 of the five planter was pulled over the sand track 

at 8 . 8 km/hr. The distance between ind ividual soybeans was 

recorded for a 3111 section for each treatmmt. Seed spacing 

was set to provide about the sa e population for each planter. 

Sadachari ~ingh Tomar(l983 ) . ~tudies on performance 

index of sowing machinery and sta t ed that , to expres5 t he 

relative performance of variou& sowin9 machines, a general 

formula has be n evolved by which relative performance index 

of si'ttilar nachinery tasted unoer identical conditions with 

respect t o ~nergy used; quali ty and quantity of work can be 

cal culated. t~in factors which affects he perfor~ance of 
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3owing in the labora t ory as well as in ·he actual field 

conditions have been t aken into account . He has given 

t he gen ral perf ormance requirP~ents of t he sowing machines 

as follows which are desirable as per the I <-7<,25-197!) and 

I' 6813-1973. 

i) The inter-opener variation in seed and fer ilizer 
shoul d not be ~ore than 7 per cent and 12.5 per cJnt 
respectively . 

ii) fhe variation of actud seed and fertilize r i &charge 
rate should not be ~re than 7 per cent ano 12. 5 f er 
cen t respectively wi th des ired discharge rate . 

iii) The visible da~age after calibration shoulJ not be 
~ore than 0 . 5 per cent. 

iv) The varia t ion of discharge rat e due t o d if terent 
hopper capacity(three fourth, half and one fourth) 
shou l d not exceed 10 per cent. 

v) he variation in qu£nti t y of seed discharge should 
no t be ~re than 1- per cont due to change in soeed. 

vi) The variation in quantity of seed discharge per meter 
of row leng t h should not be more than 10 per cent. 

vii) he ground whee l slip should not be more than 
10 per cent. 

viii) fhe owing ~~~achine sho~ld be able to drop seed upto 
10 em depth and 2.!) em s ide to fert ilizer. 

ix) The field preparation in which the machine has t o be 
tested must be in de sir ~d condition. 



CHAPTER III 

THt:OhE llCA1.. CO. _l ~..EMT 10.11 ~ 

_very machine is expected t o do i l s work 

accurat e ly for which it is meant. The machine as a whole 

i s co~posed out of the nu~ber of differ4nt components which 

does it s specif ic function irrespective of the ot hers. Like 

the other machines, the sowing or planting ruachine is elso 

prepared by the compo sition of various components which perform 

t heir specific f unctions in di f ferent condition s with wi e 

variations. To get the di ff erent functions done by t he 

componen t s, t hey shoul d be designed accura tely for their shape, 

size and the material to be used . This chapter i s dealt with 

the theore t ical con siderations for the design of th~ co , ton 

planter. 

3 .1 Feed ~ets 

The f unction of the feed sets i s to form a layer of 

seeds fed fro n the box and al~o t o shif t it s imultaneously 

aiside ana push into the se i!d tubes strea:n-like. In fluted 

roll and studed roll, t he feed set consist of two parts, the 

r otary element di splacing seeds also called as fe ed roll, and 

i nobile guidiny surface cal led the bot to~ . The slot be tween 

the roll and the botto~ is to a greater or lesser extent 

filled with seeds. The feed rolls and t he botto plate are 

protect ad by wells f ixed on either sides of the box , forming 

what i s cal led a feed cup. 
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Volume of seeds ted by on~ flute as accep,ed 

theoretically is expre• ~ed by the followiny equation. 

Vt a (F 1 + F2 ) 1"' Fl (Cu C11) 

Where F
1 

and F2 - areas of eros , •ections oi ~he 

one flute( sq.cm) 

1 - length of the flut e(cm) 

.he volume V0 of seec~ fed by one t urn of t he fluteG roll 

can be ca l culat ed either by assuming t he r equ ired quantity 

{in kg )of se eds of sta t ed bulk density Y ( in kg/c uoec i~) fed 

per hec tare, inter-row wi dth a ( in em) , [r iving wheel diameter 

r k(in m)and tota l drive transmi ss ion ratio 1, or assuming 

value D(in m) d(in m), 1 ( in ~)and the number of f lute s z. 

The volume V0 of seed fed by one turn of the roll 

can be calculat ed by the equation: 

TI Dk a ha a 

1000 yi 

I 

Vo 
= ---(Cu CID) 

i 

wh ereas the volume of seeds fed by one turn of the ground 

wheel(drive wheel)is 

I n Dk a ha a 
v 0 = --1-000~-y--- Cu Cm . 

Tne actual total volume of seeds delivered by one ' u~n of 

the roll by • aking into account the ac t ive layer is a~pressed as 

Vhere 

Vrs'"' (E r z' +IT Ds;') 

F F 1 + f-2 

r. t he co-efficient of filling flutes with seed s 

l active length of the roll 

z 1 = number of flutes 
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The va lue of E depends on the size and shape of 

ued5 as also flute profile s and on the direction s of feedi09 

grains t o cups . 

b 
<>C. 1 = arc Sin i; 

IV 2 <in b r 2 = arc _ 2r 

1I' b = D v ir! 2- b 

A~suroing C, d and 1 ( em) a s g iven i n figure and taking into 

con~ideration the volume of seeds dis plac ; d by flut es 
rr 

v ~ = -4-- 1 ([ 2 - d2 ) cu c~. 
The total volume of seeds sown by one t urn of the roll 

ac cept ed in theory i s 

V 
5 

= 1[ 1 ( (1-a) (r.2-d2 )+4 ( r + ~ )+!". ) em em. 

inc e t he actual volu~e of seeds r eooved i s always somewhat 

l ower than t he theoretical value V
0 

then Vrz = B v
0

(E i s t he 

coeff icient of ma t erial feed r eduction equal to c.6- O.S)the 

voluMe of eeds fed during one turn of t he ground wheel of the 

dr ill i s equal to 

, rr , 
vrz = 4 ln J( (1-

where n• i ~ t he number of revolutions of the fe ed roll per 

turn of t he ground wheel. 

To relat e t he parameters o f t he feed set with the 

quantity of seed sown per hectare , t he following euqation can 

be used . 

Q ha = Vha Y (kg/hectare) 



Fig 3 1 Example of var"1ation in the index o f seedinCJ 

~rreCJu l ar1ty 6' as a function ot the seedi nCJ rote 

tor llutet.J unit (dashed l1nes ) a1od tor stud;:u 

und ( full lmes) 

I' 
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wh~re Vha i s he volume ot seeos sown out per hec are. The 

area of sown during tha traval of per metre amount6 to 

(II) 

M. ter substituting in the above expression values f or V~z 

and f?r ob t ained from the euqation::. I and II, respo:Jc t ively, 

we get 
a ln

1

jl (l-a) (D2-d2 ) + 4 (l'rS) 
Qha = 10,000 ------------ ----

4rA. 

:r om t hi s epxre .; sion -.e ar e al. l e • o calculate the outer 

d ia~e t er of he feed roll a s follows. 

\) 
Za q ha ( 

L = K , • •• III) 
2806 y 11 (1-a) )3 1 n 

here K is the coefficient wh ich takes i nto account the 

width of t he ::.lot. For Flu : ed rolls K a C.80 - C.90 and 

for studed roll s K = 0 .90 - 0.98 

v,hen making . he use of f ormula(t)and (111), it is nece£sary 

to adopt coefficient a = 0 . 30 - 0.40. 

3.2 esistances •nd Eff iciency of Drill ~ 

The weight of dri lls d~ends on t he ir worki ng width, 

t he t ype of machine and ~ h e c'e s i gn solution s of individual 

types. It may be assumed that the specific weight L; fo r 

horse drawn drills vary within limits of 190-230 kg/m . In 

,ounted drill of shorter longitudinal d imension s 

c ' = 130- 18 kg/m. Approximately 8~ per cent of weight 

fa lls to t he rear axle and some 1~ per cent to ~h f ore-carriage 

axle. 



r e drills total res is ance in operation o al draft 

Pu) a'llounts to 

Pu = Pit + Pr " Pt 

where Pit - rolling resistance of wheals 

Pr - resistance of p~ners in operation 

Pt - fr icti:ln resistance i n bearings and drive 
gear transmis s ion. 

As is ell known, Pit depends on the valu a of reaction 

of soil, theref ore , on loading of wheel s , th~ type ana state 

of soil and the type and di!IM!nsionr. of the wheels. _ince the 

mo en t required to put in motion the ~ov ing parts of ~he j rill 

is relatively low , it 'llay in calculation of consunption power, 

be altogether disregarded . In other words Pk can only be 

considered for traction wh ~els during : ransport. leaction of 

t ha soil to the wheals with opener $ lower ed. 

H • = G
1 

1- Q +- G 

.. here Q weight of se ds 

G = weigh t of operator 

G1= G i r' weight of the drill wi t h lower d 
operating openers 

i = number of openers 
I 

r = vertical reaction of soil to a hoe opener 

In the case of hoe openers , the direction of operation 

of this component as known changes 3- 3.5 itg. fhe r olling 

resistance of a semi-mounted drill in motion is calcula t ed 

according to t he si~p lified equation. 
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~here 

• • 
Pk = R - horizontal component of soil reaction 

(rolling resistance in motion) 

R1 - Ver• ical component of soil r eaction 

rk- wheel dianeter 

f - ar.~ of rolling friction dependent on di~ensions, 

t yp~ and state of the soil and the apeed of the trav ~l. 

Hence 

1he resistance of the travellin~ drill c uring sowing 

Pk ~ f P~ = (G1 r Q ~ G) f 

where f is the coeff icient taking into account the value 

f and the friction r es is t ances in bearinqs , in pr ac t ice 

f' = 0 . 12 - 0 . 22 . 

3. 3 Flow of ' eeds through Lrill Tubes 

rhe ~tion of the eeds through the drill tubes is 

governe by the law s of free fall of a body . Ho~ ever, the 

motion of a se~d is affected by its aerodynamic properties, 

f riction, impact on the wall of the drill tube and design 

f eature s and dimensions of ~ he tubes. It is difficult to 

consider all these para~ters. Hence, for practical purposes, 

we may assume that the motion of the seed is re presented by 

that of a freel y falling body with the influence of all other 

factor s being accoun ted for by an overall coefficient . 

The differential equation for the ~tion of the 

seed may, therefore, be written as 
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2 
m d z = G 
d7 

On integrating we ge t , ...2.!... = gt + c , 
dt 

~here c i s the cons tant of int egration equal o ,he vertical 

component Uv, of th~ velocity with which the se is del ivered 

by t h e feed unit ~ubstitut ing C = Uv we get ~ = gt + uv 
Integrating again 

z "' gt2 h + Uyt 

If Z is equal to Hd , the length of th~ drill tube, the 

duration for wnich he seed is 1n residence within -;he tube is 

t = - uv !' V v} + 2 Hd g 

(F or feed units of sedd drills Uv = 0) 

To con sider ;he rest of the factors affecting the motion of 

seed, let us assu111e tha t t 18 = )J- t . 

where t 18 is the ti e required for he notion of the $&ed 

through the drill tube. fhis accounts f or the factors 

affecting t he f ree fall of the seed. 

~ is a coefficient which varie s from 1.05 t 1.1~ for 

drill tu~s during sowing and 1,3 - 1.45 for furrow opener s 

of square row or hill drop seed drill&. 

3 .4 turrow opener 

The direction of operation of the f orces affecting 

a hoe opener is different from that oi the shoe opener. In 

the hoe type opener, the reaction of the ~oil i s directed at 

a certa in angle of its horizontal component R' coincides with 

th at of the weight G of the system. COnsequently, if the 

upper soil layer offer s an incr·:a sed r esistance, the opener 
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b) 

c) : I 
~ 
~ 
~ 

i ! 

F ig . 3 3 a) Forces acting on a hoe opener; b) r~oct ion 

o1 soil to the formin9 o1 a fur r-...~w by an 

o ;:;ene r, c) cxcmp:e of di splacemen t of the 

upper so·li loy.z r af~..:r pa ss1ng of an opener. 
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hows no t end ~ncy to"ards running shallo or even rising 

entirely over the soil surface as is h ~ case in open rs 

wi t h an obtuse angle y. It i 1; th ereofre apparen t . at a hoe 

opener is better adopted for cultivation of co n~ac t and lu~y 

~oil s . 

;;,ince t h" resultant ~ '"R ~ t is oirec <ed t o t he 

horizontal plane at a \l reater angle than in · he c a ~ e ot shoe 

opener. he res i st ance of a hoe opene r amount $ to 3 -3 . ~ kg. 

3.5 Roller Chain 

he po er required for the operation of hill dro p 

mechanism seed ~:ering unit and agita tor was decided t o be 

tran smit ted wi h t he h ~l p of roller chain from t he shaft of the 

ground wheel s . 

Lriver procket is a~sumed to ro t ate at a unifor~ 

~peed t he driven ~pocket ro t a t es at a varying speed that 

f luctuates above and below some average value . Because of 

t he chordal action , the average speed of a sprocket can not 

be calculated in term~ of the pitch diamet ers but is equal to 

t he length of the chain passing arounQ the sprocket in a uni t 

time. 
p X N x RP ~ 

rhu s v = 376 
\'>here v average chain velocity m/sec 

p chain pitch, i n 
N = Number of tee t h on sprocket 

RP:A = sprocket speed, rpm. 
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~ imilarly, the sp-~d ratio of a chain can not b calculated 

in t e r ms of : he pitch diame ters but can be calculated f rom 

For s implicity, t he chain length i s calculated in t erms of 

: he pitches, and t he re sult is multiolied by the chain pi tch 

to obtain the actual chain length . 

Th~ approximate l ength of a chain drive in pitches is 

Where c = Centre d i stance in cha in pitchPs 

J'i.2 = Num er of teeth on bigger sproc ket 

Nl= Number of teeth on smaller ;;pr ocket. 

The approxi~ate length , if fractional, must be modified to • 

Ylh ole , and pref erably, to an .av en numbe r of pitche • • !he 

centre distance may be corrected for t he revi sed coa in lengt h 

by solving the above equation. 

The exact chain c en t r ~ d istance oi a chain drive in 

pitches is 

c = 
4 

the pitch d iamet er of a sprocket i & R = 
p 

~ in ( 1~) 
1·,here P = chain pitch, in 

N = Number of t ae th on t he sprocket 
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3.5 . 2 Cha in forces 

The chain pull or working load can be calc ula ted a~ 

follo\~& . 

C = l.OOO 2._ v 

~nere P & Power Kw 

V = Chain velocity m/sec. 

The force r at ing f or a s ingle s trand chain can Le de:er mined 

by t he following emp iricil equation. 

--?(. 0 4~ri CoNs 180 ·] ) r = C.273 v-1.~100-11~ V ' l1 +2!>(1- ~-iT-"'=- J 
~here F = Force lb . 

P = Chain pitch, in. 
V = Chain velocity f t /min. 
~ = Number of teeth on the sprocke t 

At lower speed~ , the hor se power capacity i & determined by 

t he fatigue life of t he link plate s , and is calculated as f ollows , 

HP = 0 , 004 1
1 •08n1°·9 p 3 •0 - 0 . 007 P 

:·,here N
1 

Number of teeth in th : smaller !.procket 
n1 = speed of the s~aller sprocket, rpm 
p Chain pitch , in. 

3 .~ r e s ign Con sideration for t he Shaf t 

The shaft of the ground wheel i ~ subj ecte t o combined 

twisting mo ent and rend ing mo ent. Ac cord ing t o maximum shear 

st re s~ theory, the roax imum s.hear stre., s in the shaft . 

f ,(·nax) = t ~fb2 + 4 f 5

2 

ubst it u . !.ng t he value s of fb and fs 

f 
5

(max) = tJ( ~ .\dJ) 2 ~ 4 (~ ) 2 

:..!L.~ 
Ild3 ~ ... . . 
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The expression~',2+ r 2 is known as equivalent twisting 

~oment and 1! denoted by Te • 

r· ro11 this expreu1on the dia~~eter of the shaft(d) ~~~ay be 

evaluated . ow according to . axi11u11 normal stress theory , 

the maximum normal stress in the shaft . 

fb(max) = t fb +\}t fb) 2 + f 5
2 

= ~3 [ t ('~ + \); + T
2 

) ] 

or ~ fb{roax) d3 = t (,.\ ~Fr2 ) 
The expression (t (.A + ,; + r2 ) is known as equivalent 

bend inq mome nt and may be written as 

·le =,( 'A ~P> 
= -H- fb d3 

3 .7 Cesign of Transportation Ground ~hee l 

The transport ation of ground wheel as a whole i s 

compo ~ed of axle, hub and spokes which are g iven in the 

bubsquent paragraphs . 

3 . 7.1 r e sign of axle 
Pl 2 

.1\axi num Bending moment = ~ 

.. here, 

P = Pres.ure on axle 
1 = Leng th of hub 
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\. e know M = 

f = permi ssible bending stress in mild steel 

:ectional modulus, z a~ 
for solid circular section 

z = I!o3 
32 · 

r sv 3
: 

3 . 7.2 Lesign of hub 

De sign equation = di d + 2C 

.vher e , 

di Int ernal diameter of hub, in em 
d dia of axle in em. 
c = Cl earance between the hub and axle 

Now P = Pr e5sure in tensity in kg/cm2 

P=~ 
di X J.. 

\,here , L = length of hub in c ·n, load i s du e t o v.e i ght 
of i nple'llent 

Factor of safety = 2 

Tota! load _ W x factor of safety 
axle - number of wheels 

The t hickne ss of the hub i s calculat ed by the ~quat ion 

\\her e , P = 
d 

f = 

t 
_ Pd 
---rr-

pre ssure i nten s ity in kg /cm2 

dia of shaft, em 
bending pressure, kg/cm2 

Outer dia of hub 
do :: d1 + 2t 

3 .7.3 res iqn of spoke 

.A = W x ct(+- ~ ) 

wh ere ~ = vertica l load on eac h wheel 
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t actor of s•fety - 4 

~ = Total lo d =Vertic 1 load x f ac tor of safety 
a nuiber of Wheel s 

Ct a Coef f icient of friction 
D a dia of wheel 
d d ia of hub 
· ~ = Bend in9 moment = f . z • 

. here z = . .lodulus of sect ion "' .1L d3 
32 

d = dia of spoke in em 
f bending s tre SIS 

f II d3 
32 

'Psign o ri~ th i ckne ss 
res ign .)quation 

t = bt-
where P = soil reaction, kg per cm2 

P .. !_ = fotal load in kg .JJ 
A Area of con tact of wheel wit h , em--

w 

[ 

f = 

Load on one whe ~ l x factor of safety 
numter of wheel s 

f in width .< d i stance be tween two consecut ive 
spoke s 

l la of wheel 

bending s tre ss 



CHAPTER IV 

;.&hTE.HIAL ANL .'.IETHOL.S 

The se lection of material is governed by the 

following important conditions. 

1. ~uitability of the materi1l for satisfactory working 
conditions during operation . 

7 . Amenability of the material to the ea sy proc~s~ 
r equired in ~king the co~ponents. 

3 . Reliability during proces s and operation or ~erv ico 

4. Co st 0 1 "he material in relation to selling pr i ce 
of the co~ponent of mac hine or i np lement. 

The sulection of material for the various co~ponent» 

of the planter was made after checking the I ~I t est code No. 

I 6813/1973 and t h ~ related litera ture tor plan ter . 

Zhe following paragraphs gives an account of 

f abrication of variou s components alongwith engineer ing 

drawings based on calculations for s t rength and power 

requirement. fh e cons ': ructional detail s are pr esented in 

the following order. 

4.1 Co nstructional Cetails of the Component~ 

l. Frame 
? . Grouno wheel 
3 . Tran smi s- ion for seed metering 
4. •eed metering unit 
~ . Hopper or seed boxes 
s . ~ed tube "' 
7. Hill drop mechanism 
8. 1· urrow openers 
9 . Clutch 

10 . Hitch and beam. 
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4 , 1 . 1 £!!!! ( 1 & 2 ) 

A hollow square bar was prepared by joining t he 

J~mm x 35m x 4mm A. S. angl e f or t he t ool bar having 1 ngt h 

of 1350 mm on wh ic h the f urr ow opener s wer e attach~d by mPans 

of ' U' bol ts (40mm x 30mm and 12!1Jll d ia ) l>o as to ac j u!.t any 

r equ i r ed r ow to row spacing . At a appro priate c i ~ ~ n ee , a 

35 nm x 35~ x 4~~ . our pi eces were wel ded nor~al to t he 

~r ev i o u &ly me n t ion ~d hollow square t ool bar , so t ha t bo t h 

gr ound whee l s could be suppor t ed by mean s of a shaf t anc xle, 

To connect the h itch and beam at a centre ot tool 

bar , t he two 45c:n l ong 35x35x4mm angl e s w.;re jo ineo f oNl a 

. r i ng le . rJr suppor t ing t he seed boxe s , seed me ter ing unit, 

h i ll dr op m~ch ani sm, c l utch and t~an smi _ sion ~y ste ~ boxes 

of angl e l eng th each having 40c rn 30 ·30x3mm s ize wer e conn10ctod 

by nu t and bol " ver • i cally on t he above men t ionec f ame, 

4,1 . 7 Ground whee l 

For r equ ir ·d ~ l a nt spacing to be ach i eved by t he ~eed 

~eter ing devic .. s and for pr oper hill dro pping ar ra ngement t he 

c i a~ ter ot he ground wheel wa s ~e lec ted as 58 em, 

con ~ i ering t he d iame er of the ground whee l, a r i~ width was 

se l ec ted as lOO:nm to ge : . he ~a x imu·n t rac t i on to dr ive the 

fee d ing unit anc hil l dr opping ~cha ni s~ . 

h ~ I i m of he grouno wh~el wa s ill<!d e of ... . !:. . f l at of 

! OOx~mm s i ze which wa s connec t ed to t he . ub by means of 12ma 

~qu a re bar s . The hub of one of the grouno whe el ~ ~1 ic h wa s 

used tor r an-~ itting t he po~er f ro n grouno to t he seed 
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4 .1.1 £!!!! ( 1 & 2) 

A hello~ square bar was prepared by joining the 

3 ~'11!11 x 35m x 4'11!11 1 . ~ .angle ! or the t ool bar i 1avin~ 1 ngth 

of l3!:.•C lliD on which the furrow opener s wer e attac h.d by rn£>ans 

of ' i.l ' bolts ( 401ll11 x 30m:n and 12m d li ) :.o as to a , ju!.t any 

requir ed r ow to row ~pacing . At a appro ~riate c i ~ ~ n ee , a 

J~ 'I'll x 3!:. rn x 4ll'tl, iour p i -. c i! !i were we l de d nor nal t .> the 

, .. rev i ou sly :ne n t ion :d hollow square t ool bar, so t ha t Lo t h 

q r ouno whee l ~ could tJe suo ,:.or d d by 'IIE!an s ot a snat t dOC axle . 

T connect t he h itch and b<~ am at a centre ot tool 

Lar , t he .wo 4~ c : 'l long 35x35x411111 angles ware joined torn a 

. r ing le. t Jr suppor t ing t ne seed boxe s , seed 'llet!r ing unit, 

h il l dro p n •c '" ani sm , c l u. ch and t :ran s71 i s ian ! y ste ~ boxes 

01 a ng l _. 1 •ng , h ea ch having 4Q c:n 3C 30x3rmt s ize we1 e connlictoo 

L> y nu t anc' bo l ,:. ve r, ically on · he above '!K!n t ionec trame. 

4 . 1 . ~ Ground whee l 

. or requir ci i l an t spacinq ~ o be a ch i ev -:o by t he !oeed 

net e r inq ~~vi c~~ anc' for proper h ill dr opp i ng arra nge'IIE!nt t he 

r i a,. c I? I ot he ground whee l wa ~ ~e lee ted a s 58 C"'. 
LOn - i r e ring tne c iame te r ot t he ground wheel , a r i~ widt h was 

~ .. l <> ct ec a ~ lOCCJ'TI to ~ e : . he 'la x i 'llu n t ra c t i on ;, o <.:r ive ,ne 

! e • di n" unit anc h il l dro~ping 'Tie c ha ni ~'ll . 

. h .! 1 i ·n ot ~ he g roun·J wheel~o~oa s .llilde of .. . _, f lat of 

l CC x5mn ~ i z e v.nic h ... a ~ connec t ed t o . he tub by '!le ans of 12llllll 

"qUdle bar~ . The h ub of one ot th e groun ,; whe el » w'1 ich wa s 

u&e n to r .r an _n i tting t he po~ e 1 f ra n grounu t o t h e seed 



Front view of co : ton pl~nter 

Rear view of cotton planter. 

Plate 4.1 
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!118tering unit, was of 25·mn hollow square section f or 

nounting on a square shaft tangentially rigid and axially 

fr~e for adjust ing the row to row spacing with ·he help of 

spacer . Other wheel was mounted on a 2~rnm circular axle with 

the help of bushes and spacer. Axial ~vement of the qround 

whee l on the shaft and axle were checked by 15mm check nut • 

. he wh eel base was adjusted according to the row ~~acing with 

the help of spacer. 

4.1 .3 r or varying peripheral speed of the ~tuded roller ( 

. lve 14 .eeth, two 18 teeth , one 21 teeth, one 24te~t ' and 

lwo 29 ceet sprockets were prepared from ~mm thic~ n . · . ~1ate 

on the milling mac hine as per the select ed chain pi · c• of 

12 . 5m.rn _ The roller ct1 aln was used with the above cl,a in oitch . 

ihe 14 te >th sprocket was mounted on ground wheel sl aft , 

clutch out J• ut shaft , final drive output sh.-,ft, stuc'Pc' roller 

Ehaft and aqita t or shaft. One 28tee<h sprocket wa• mounted on 

he clutch input shaft, on which earn plate for hill drop 

JEchanis"ll was also mounted with ~he help of nut. Another 

:?8 teeth spr ·lcket was mounted on the input of final drive shaft. 

Other 18 t eeth , 21 teeth and 24 teeth sprock,Jt" w ·r• 

ur,ed for different peripheral speeds of the ~tuoed roll~r by 

replacing tr.e clutch output sprocket which can be ea ily 

replac 'd Ly removing the nut and pres.,ing th<~ auto ·nd t c chain 

tensioner. 



Fig. 4.2 Peg type seed metering device . 
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By ~unting 14 teeth sprocket on clutch outpu t shaft, 

the sp0ed ratio would be reduced to 4:1 with ground wheel to 

studed roll 1r shaft, whereas, by ~ounting 18 teeth sprocket 

in place of 14 teeth sprocket the speed ratio wo uld be 4:1.28 

(ground wheel to final drive or studed roller shaft). 

~imilarly by ~unting 21 teeth sprocket, the ra tio would be 

4:1.5 anc with 24 teeth s-procket 4:1.71 .pl}ed ratio. 

Ho .... ever, any sprocket c :~ uld be noun ted on any :;haft 

and hence th ~re would be 50 c o~bina tions iro~ the ab:Jve 11 

~procket ' which give s 42 speed variation s. The a n: ange •~~ent 

of the automatic chain tensioner wa~ useful for irrJ ~iate 

replace'11ent of sprocket and i t could achieve any required 

cha in length. 

4 .1.4 eerl metering unit 

AE .he beed rate of .he cotton is very low i.e, from 

to 10 kg/ha and vary with differ~nt varietie s and soil 

typ . s , he studed roller was used to meter :he aeed, because 

it shift th• seed by frontal shifting of the :.tud . rhe 

! tuded roll ·r 11ade of polyamide with 18 stud 0'1 1 · s j:erl-hery 

in ~wo oarallel lines, ruch three stuoed r ller s w~re ~unted 

on a !>haft prepared fro11 20!!111 dia. 11 , s . pipe on which 14 teeth 

,procket was mounted with the hel p of spec ial nu ~ anc bolt 

prepared from 20m~ dia m.s . bar. 

4 .1. 5 Hopper or seeo boxes 

,h • three hoppers 11ade of 26 ga~o~g e G.I.she : , a ~ ,., .. r 

: he shape g iven in figure were mounted on an an,le nc 

flat with the help of nut and bolts. A common ag ita t0r >haft 



~ide view of cotton planter 

• 

Seed metering unit. 

Plate 4 . 2 
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~~~ m~unted in t he box~s on which studed agitator were 

mounted just 1bove the ~luice value for seed outlet. The 

volume of each box was about 0.0122 cu. ~. which could carry 

about ~.~ kg. of delent ed cotton seed at its full capac ity 

with .ith filling capacity which was about 4 kg. •hese 

hopper~ were provided with t h~ lids. 

4 .1.6 eed tubas 

Ju~t below the seed metering uni t , a pl aetic funnel 

was attac~ ed on which 40 mm dia corrugat~d rubL er tub~ ~a& 

atta cher. The maximum streched l eng th wa5 about 4~ c~ . The 

ro~ to row spacing wa ~ adjusted by the ~inimu~ se ~d tuLe 

c~viation. 

4 .1.7 Hill drop mec hanism 

For hill dropp ing a f lap type spr in , lo•Jed boot value 

wa ~ att ached just behind the furrow opener . Th ~ valve wa~ 

rested on seed cell of 30mm dia m. s . pipe attached with t he 

seed t11be at upper end and the lower end wa~ clo sed by t hl' 

spr ing loded valve. These t~rae valve s of three furrow 

openers were connected with a lev er by means of ~bike brake 

cabl -= . The lever was so hinged ju3t below the ca•n phte that 

the openin , of valve could be adjusted as desired. A circular 

plate of l~cm dia. ~as used as a cam pl ate on which there was 

an arram ament to fix 2,3.,4 . ~,and 6 cams at a time with the 

hl'lp of nut and bolt which could ~aintain a cetir~d ola nt to 

plant spacing. This cam plate was driven by the chain and 

~ procket fro~ the ground wh eel. The speed ratio ior this was 



Transmission system. 

Clutch and ca~ plate assembly. 

Plate 4.3 



Fi g.4 3 

I so:uetric of toetering and hill drop mechanism. 
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2 :l(ground wheel to ca~ plate). 

4 . 1.8 Furrow openers 

fhree hoe type furrow opener~ were fabric ated ou of 

45mm x lOmn f lat. The shape of ' he furrow openers was •c• 
type , keeping 30° angle with the horizon tal p lane. It was 

connected t o the tool bar with the hel p of four bar linkage 

and ' U' bo lt b, ihe f our bar linkage was loaded wi.h . pring 

to co ntr ol t he depth . The wing was provided on both sidE' of 

! he f urr ow o p~ners(wer a proviced)to ke ep : he boot va lve soil 

f ree for it ~ asy operation. 

4 . 1.9 Clu . ch 

1wo circular plstes of l Ocm d1a were used fo r 

in terlock i ng the two f ree shafts. One of th 1 circular plat~s 

wa s with d x f l at s equally welded nor'lli)l to t he ola : es surface 

and with a 2~mm squa r e hol e t o mount a~ially free on he input 

~ h a f t . Ot her circular plate was al so f abr1ca :ect with ~ ix 

f lotes equally ~ paced and v..e l d,;d on th~ plane of the plates 

and rig i ul y welded to t he output shaft. The .pring " as 

providec i n be tween t h~se two pl ates. 

Two rel ical pl ates we re used to pr e ss t he ax ially 

f ree pl at e to in te rloc k wit h ot her plate s t o trander v 1e 

lower •o the o t her shaft . The shifting of clu tch ~a ~ 

ac h iev ~ d by means of the clutch cable. Howev er , t ~~ I el a se 

of clutch pl at e s was achievad by means of a relea e q.r ing 

~rov i ~ed in be tw~en these t wo plat es . 
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4 . 1 . 10 Hitch and be~m 

As t he plant er was to put in the fie l d and would 

have to opera e parallel to the ground level for a bullock 

p ir of any h~ight, a beam was hingeo at it s end by nut and 

bolt in the cl i ts . The height of the yoke point roul j be 

ad ju sted with ~he help of nut and bolt vertically r e sting on 

t he bea ,n, for a . justing downward and u ard '!lOVe nent of the 

bea;n. Th i :> nu t bol t was joined at th ~ t op of two ar allel 

22cm angle s which re strict th • lateral ~ov e nt af t he b1am. 

i or be a~ , 40rnrn r ia G.I. pi pe wi t h a length of 2.7~ rn va• used . 

4 , 2 .. orking rinciples or Opera ion of 
t he Planter 

The rotation of tha ground wheel ( 4 } driv ~s t he 

metering unit (view I B}t hr ough the shaft and spr ocket 

~uba ss e1t lle s , clu t ch 15}, transmi ' ting unit re sulting in 

seed droppin int~ the ~eed cell through t he >eed ~ub ! (5 • 

The seed metering uni t d ischarge 2 to 3 saeds of co t ton on 

i ' s 1/8 revolution. ,uring thi s 1/8 revolution of ~he 

metering unit, t he ground wh al moves t of its peripheral 

distance, by which "he cam plate(view AA)rnoves to itE 

t revolution hence one cam conies in contact wi t h the lever 

(view AA)and oushes it back . On the other end of the lever 

two or t hr •e cables (as ~er the row spacing)are connected, 

which opens the boot valve (l 2)and allow the seed in the 

s ed-cell t drop i nto the just open~d furrow . Im~ediately 

af ter • hi5 t he boot valve closes the ~eed cell by means of 

spring . r ue to this peculiar arrangemen t of th cam and lever, 
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4.3 Testing 

Testing of cotton planter was carried out in 

laboratory anc field. The procedures are described in the 

fo llowing paragraphs. 

4.3.1 Llboratory testing 

For laboratory te sting , three varieties of cotton 

~~~eds i.e . PJ<H-4 (Cesh i)l1nted , rHY-285 linted and de lin ted 

were u ~ed . 

Fo r the variety AKrl-4, all hopper s were ~ illed with 

1 kg . of seed . The boot va lves were kept ~pen by locking 

the ca~ lever . The planter was raised f ro~ the grounc, 

keep1nq its l evel parallel to ground. Three piec ' s of clotha 

were plac ed below the f urrow opener s to collect the l'll4ttered 

5a~d. ~~ tran smiss ion ratio was set on its ~th setting 

(i .e,2:1 ground wheel to studed roller ~haft). The ground 

wh ee l fro n which power was taken, was narked at ce r tain point 

to count it s revolutions. After making t he equal opening of 

all seed boxes, 55 rev~lutions of the qround wheel were made 

with a c on stant spe t~d . ~ a .1ples were collect t~d from all furrow 

openers and weighed on the balance separately. 

In the second te st for t he cotton seed ~f variety 

frY- 286 ( linted), the position of the ~ lanter was kept same as 

in t he firs t test. Previous seed from the seed boxes were 

re::oved and the 1 kg . seed of I HY- 286 variety was plac ed in 

each seed box. Ca~ lever was kept unlocked. ransmission was 

et on its fi r st setting ~ i.e , at 4:1 ground wheel to studed 

roller) . On the cam plate four cams were at ta cht~d at equal 
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peripheral distance. Theoratically this setting of hill 

drop mechan i sm give s 90 c~ . pl ant to plant spacing wit~ a 

clust~r of 2 t o 3 seeds . 

The ground whee l was ro t ated for its ~~ revJlutions . 

~ a J~les from all the three furrow openerb were collected 

zfter each boot valve opening and co Jnted the nu~ler of seed 

in each cluster and r ecorded. The total collected sa~oles 

from eac ~ furrow open~rs were weighed on the balancP ~e~a r•tely. 

In the l hi1d test the del in :e c' seed of vari •? ty ; "tY-286 

~ith 74 per cent germination was used . For the . er nination 

test , l OC seeds vere taken randomly an germinated in 

laboratory . Previou s seed was re11ov ~d fro~ thl' boxes and 

f illed with 1 kg. of oelinte~ seed of variety ' Y- 285 in each 

box. a ther se;:tings were kept unchange d. ' ame orocetun' 

v.a s adoptee and :he ~>a!Dples from eac ~l furrow o::>eners were 

taken and we ighed on the balance ~eparately. Rando~ly 100 

seeds were taken fro11 the all the thre ~ sanple s of 1etered 

~eed s for the germination test. 

4 . 3 . 2 ~ iel d t est 

The cotton planter ~as t~sted on the fa r 11 of Agri l . 

' ngineering, . K.V. , Ako l a on an area of C.2 hectar E' . The 

~ ize of the field was 80m x 25m • 

. he ~lanter was attached to the bullock 8air 

a longwit the proving ring t-y mean~ of r Jpe. ill '"rop 

~ec hanis 1 was unlocked . .J.uice gate ot t h ho pker -..£>re open 

~ o cPrtain open ing. The :.eed metPring botto·n tlap ,._ ,' TP 
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adjusted and the clutch was engaged. re linted co tton 

variety of rHY-286 was used by filling 1 kg . of seed in each 

seed box . Tran s i oE ion was set on it s first et•ing(i. e . 4:1, 

ground wh !e l to seed meter lng unl t) • Th planter "''H operat•d 

in the fie l d by one labour. The following observ ations were 

~ade during fie l d test. 

1. 

2. 

3 . 

4 . 

5 . 
7. 

fl . 
f) 

\oisture content of so il 
easure~ent of p~lllng force 

~ peed of operation ana t i11e requirec for turnin•d 
epth of plac emen t of seed 

Ground wheel slip 
Fielc capacity 
Fiel performance index 
Hill ~pac ing and row to row •pacing 
Numbe r of plants ob serv ed in eac h hill 

4 .3.2.1 ~ ~ i st ure content of so il 

Five sa~ples were collected rando~ly at a depth of 

l~ cm fro~ the plot and the moisture cont ent of eac ~ ~a~ple 

was calculated by gravi~e tri c method by using th 1 ~llowing 

formula. 

1 Jistur e content 
(d .b.) 

X 100 

Initial ,,eight oi ~oil sa~ple 

~ Oven dr y weight of soil ~ all > le 

4 . 3.2.2 -1easurement of draft 

Calibra t e proving ring having capacity to measure 

fo rce ranging from r-~ro kg $ was at -ac hec betwe n -h · cotton 

olanter and yoke by means of a rope anc d ivi sion we r p 

r ecorded during operation of co t ton ~lanter a : ar average 

speed of 1. 6 Km per hour of bullock pair . Three ob , ervat ions 

were taken i n each pa ss of planter along the row . ' uch 
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FIG . N0 .4 ·4: CALl 8Rt., TION CH.C..RT • 
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1~ obse rvations were ' aken in rando~ly se l ec t ed five row ~ . 

4 . 3 .2 . 3 l.e a surement of sp~ed of operation 
and turning ti~e 

fhe speed of t he bullock pa ir during operation of 

the co tt on planter ~as measured by r ecord ing the ti~e requ tr.d 

t J cover 80 'lletre distance. Also tine requ ired for turning 

the cotton planter w~s recorded. 

4 , 3 . 2 .4 Depth of placement of seed 

fhe loose soil on the observed hill droo, rand~~ly 

!~ lect ed , in a row was removed till seed~ ob~erved in :h~ 

furrow. By placing flat norlz~ntal on the grouno l eve l, the 

cepth or ~eed was measured by :neue rule. ' uch oL~erv a tions 

were taken from entire fie l d , randomly ~e lecteo at one Place 

in each ~ lanter row during operations. 

4 . 3.2 , _ Ground wheel slip 

l-or determinati on of ground whee l slip, nunber of 

rev olutions of the grouno wheal fran w~ich power has been 

taken were coun ted in a BO metre length. Five ~uch 

observations were recorded during th~ operations f rom entire 

fie l d. 

4 , 3 .2. 5 f i eld capacit y 

The f i e l c' ca pacity includes theor ~t ical . i el c caaacity 

and ac t ual f ield ca oaci t y. 

4 . 3 .2 . 5 .1 Theoretical f i <! l d cat;:acity 

I'1e t eoretical i ielo capacity GS e t er ilin .? .:! by 

taking the t 1eor ": ical wi dth cover .1c' by h~ planter and it 

i ~ equal to , he row s.pacing ·nulti tJ liec by number or rov. ~ 



Field trial of cotton plant•r 

~aaureaent of Pulling force . 

Plate 4 . 4 



Furrow opener s in operation. 

Plate 4 . ~ 
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cov red . The t i 'le required o plant the seed in a row 

length of 80 metre was recorded and t he 5peed in kilo~ter 

per hour was calculated. Th~ ·heoretic al fie l d ca pa~ity was 

determined by using the formula as follow5: 

1heoret ical fie l d 
capacity (ha / hr) = 

Theoretical 
width ( _.) x 

10 

~.peed 

Km/hour 

4.3. ? . 5.2 Ac tual f ield capacity 

:he f:. lanter w3s co ntinuously operated in the f ield 

fo r t he soecific ti ne period . The length ano widttl or t>st 

plot wa5 m ~a~ured and :he area covered dur ing th e te ~~ ing 

~eriod was deter~ined . The actual or ef rective , ielo capacity 

was exr resseo in hdc are ~er da y. 

4 . 3 . 2.7 fie l d parfor~ance index 

l '1e fiald pertornance index was ~eter minec by uEing 

th e values ot the theore tical and actu al field c a~acilieL . 

h0 fiel u p?rtorrnance inc' ex of mac ine was given by 

4 .3. 2 . 8 

' f = To X 100 
Te + Th +- T a 

\'.here , 1o firne required to covary one hect are 
theoret ically 

Te Time required t0 covPr one hectare considering 
overlap . 

Th fi me lo st in turning 
Ta fine lost i nfilling se.:?d hopper n0 

oth r in terru~~ ion 

il l ~pac i nq anJ row t~ row ~?ac ing 

The distance Letwee hills in a r 'Jw was 'll· a&ureo 

.... ith the help ot steel tape after ge r;ninat ion i.e . l C cay» 

after ~owin_, at rando:nly select~c lCO h ill pair ~ . , i 1l ilarly 
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the distanc e betw~e ~ tw) r ows was ~ ;asured wi t h the h lp 

of st He l t ape at the ~ arne ~ ine at randonly se lect ed 100 

place s . 

4 . 3 . 2 .9 umt er of plant ob ~ervad in each hill 

, umber of plant in a hill ~as counted at randonly 

~el ~cted 100 hills and recorded , 



CHAPTER V 

RE-ULT AND ul8:U~ION 

fhe bullock dr.wn cotton phnter wu. tested in the 

laboratory as well as in the field to assess its accuracy in 

seed metering, hill dropping, ~chanica! damage and germination 

percentage. Cotton AKH-4(linted ), rHY-2B~(linted and 

del1nted)varieties wl!re used for the above t es t s wh i ch is 

pre&ented through the following paragraphs. 

Test procedure was followed as per I SI standard 

(I S ~813-1973) and the result and discussion is given in the 

standard for~t. 

~ .1 ~eed metering test for Deshi Cotton 

While conducting the laboratory test,the variation 

in seed metering mdchanisa per furrow opener vari -d from 

~~gms to 78gms(average of five replications)(Table-~.l)which 

corresponds to ~~ revolutions of ground wheel of the planter 

and 100 m2 area unoer test theoretically. Ihis gave the 

seed rate of 21.~ kg per hectare as against reco~ended seed 

rate of 1~ to 20 kg per hectare. Thus, it indicated the seed 

rate at high setting. The percentage of variation was 

7.~ per cent above the recommended seed rate sine ~ the 

metering mechanism was set at higher metering level. It is 

clear that the recom, ended seed rate could be accomodated and 

the planter has acceptable accuracy of the metering m~chani sa . 

For the other vari ~ti s also th ~ seed aetering could be 

properly adjusted and thus it was observed that t he planter 

was accurate within the tolerance limit. 



49 

Table: ~.1- Observation of ~etering of Deshi cotton 
of AKH-4 

Furrow weight of seed Vuietion in 
openers 11etered percent 

1st 72 gil& 10.7 
2nd 6~ gms 
3rd 78 gas 20.0 

Tohl 21~ 91115 

So far as th~ variation between the thr .. 11etering 

mechanis111 is concerned, it was 10.7 per cent and 20 per cent 

respectively above th~ reco~ended seed rate of 6~ g11s. fhe 

reasoning for variation in the three .. tering 11echanis11s was 

due to linted seed coated with uneven layer of mud and cow 

dung peste. Moreover seed siz ti also played an. important role. 

In linted seed the seed size variation can not be totally 

~ limina ted. However, this variation could be adjusted to 

bring the uniformity in the seed 11etering .. c:hanisll by 

adjusting bott~~ flaps provided at pach of . t he studed rollers. 

This variation is adjustable. Thus planter takes care of this 

variation. 

~ . 2 Hill Lropping Test 

Cotton CHY-286{linted and delinted) was used for 

testing th~ hill dropping mdchanisa. The seed dropped at each 

hill dropping of the boot valve were no ~ ed and average of 

10 droppings were calculated which worked out to be 3.4 to 6 

in furrow opener I, 2 . 6 to 4.9 in furrow opener II and 3.0 to 

4.~ in furrow opener III respectively(Table-~.2.1). 



Table 5.2.1- fable showing ·the average of ten observed 
value of se~d d~~~ing for DHY-286 linted 
seed. 

~r .No. Furrow oeenera 
lst 2nd 3rd 

l 3 . 4 4 . 8 3. 2 

2 5 . 1 4 .9 4.9 

3 4.0 3 . 6 4.9 

4 4.2 2 .8 4.6 

5 5.2 3 . 4 4.2 

5 4 . 0 3 . 9 3.8 

1 4 . 5 4 . 5 4.6 

8 4 . 7 4 . 9 4 . 6 

9 4 . 0 4 . 6 3.0 

10 5.1 3.6 3.7 

ll 6.0 3 . 3 3.1 

Average 4 . 56 4.02 4.05 

Average seed per hill 5 4 4 

Since these variations for 3xll0 droppings i.e. for 10 m3 

area worked out to vary between 4-5 seed per dropping against 

3 seed(theoretically)per dropping. This variation for delinted 

seed was minimised and observed to be 2 . 5 to J.O in furrow 

opener I, 2.3 to 3.0 in furrow opener II and 2.2 to 3.0 in 

furrow opener III respectively( Table 5.2.2}. It wu 

ascert ained that delinted cotton seed ) ave accurate dropping 
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Table 5.2.2- Table showing the average of ten observed 
s.ed in a cluster for DHY-286 delinted seed. 

~ . N:> . Furrow openers 
Ist 2nd Jrd 

1 2 . 6 2.7 2.8 

2 2.7 2 . 9 2.6 

3 2 . 9 2 . 7 3.0 

.. 2 .7 2. 3 2.7 

5 3 . 0 3 .0 2.8 

6 2.-4 2 . 5 2.-4 

7 2.7 2 . 7 2.-4 

8 2 . 7 2 . 7 3.0 

9 2 . 9 2 . 9 2 .8 

10 3 . 1 2. 7 2.2 

11 2. 7 2 . 7 3.0 

AveraQe 2.76 2 .70 2.7 

Average seed per hill 3 3 3 

of average 3 seeds per dropping. Thus it could be concluded 

t hat the delinted seads gave better hill droppings over 

linted seeds in the cotton planter . 

Germination percentage was tested to check the 

mechanical da~ag , if any, while passing through the ~etering 

mechanism , seed tubes and boot valve . fhe observ~d germination 

percentage 1s given in Table 5 .2.3 . The vari<ltion in 

ger ·uina t ion prior to 111etering tha seed and after Mtering 



Table ~.~.3- Germination percen t ot seed before and 
after •etering from the planter . 

Furrow openers Germination percent Ger~ination percent 
before !ll&tering after ~~etering 

lst 74 73 

2nd 74 74 

3rd 74 73 

Average 74 73.33 / 

was very low i.e. from 0 to 1.3 per cent which is negligible 

and it was concluded that the planter could not damage the 

seed during metering. 

~.2 retermination of Pulling force 

Jhe ,bservations of the proving rings are recorded 

in the tabl~ 5.3. 

Table 5.3: Pulling force required to pull the planter 
at an average speed of 1.6 km/hr. 

~. Civisions Force in 
No. observed kg. 

1 170 87.5 
2 150 83.5 
3 160 83.~ 
4 115 91.5 
5 160 83.5 
6 175 91.!> 
1 150 75.0 
8 17~ 91.5 
9 180 95.0 
10 190 101.0 
11 180 95.0 
12 180 95.0 
13 180 95.0 
14 11!> 91.5 
1!> 180 95.0 

Average 172.65 90.33 kg. 



It is se~dn from the Table ~ .3 that the force of pull 

varied from 7~ to 101 kg.(l~O to 190 divisions of proving 

ring) averaging to 90.33 kg. at an average speed of 1.6 km. 

per hour. As per the I SI code I ~ 5813(1973) , t ~e draf t of 

an imal drawn seed drill per pbnter, should not be more than 

12~ Kg f. Observ <td plan t er pulling force is well below that 

::>f the force recoiWllended in I C. I. I hus the plilnter i& not 

s t raneous for continuous work to the animal . 

~ . 4 Depth of Placo1:uenr of seed in the Furrow 

Depth of placement of seed was evaluated by ta king one 

observation in each planter row. Such 18 observations wer e 

recorded in the Tabl e ~.4. 

fable ~ .4-- Depth of place~en t of seed in the furrow with 
34 per cent soil ~isture content. 

..I . Ex pee ted depth Observed depth Ceviation 
No. Cll , ( _: ) cm(O) (D-E } x2.{ 0- El 

~ 

1 ~.00 ~ . 2 + 0 . 2 o.ccs 
2 4.8 - 0.2 0 .008 
3 4,3 - 0 .7 0 ,098 
4 4.~ o.~ o .o~o 
~ 4,6 - 0,4 0 .032 
6 4,4 - 0.6 0 .072 
7 4,8 - 0.2 0 ,008 
B 4, 2 - 0 . 8 0 .128 
9 ~.1 + 0.1 0 ,002 
10 ~.3 + 0 . 3 C. Ol 8 
11 4,8 - 0.2 0 .008 
12 4.9 - 0 .1 0 ,002 
13 4 , 8 - 0.2 0 .008 
14 4.8 - 0 . 2 c.ooa 
1~ ~.9 + 0,9 0 .162 
16 ~.3 + 0.3 0 . 018 
17 ~.8 + 0.8 0 ,128 
18 6,0 .. 1.0 0 .200 

Average depth 4 .97 em x2 • 0 .9~8 

2 



In the tabl~ ~ .4 the observations are tested with 

: nu statist i cal method of Chi square method for goodness. 

~. depth of seed ranged between 4 . 2 to 6,00 c~. The 

average depth of placem~nt of s.ed was 4.97 em. It wa s 

deviated from -o.a to +0.9 em. The Chi square value of the 

observation was 0 . 9~8 . The table v~lue of the C•i square 

at ~ per cent l ~vel and with 17 degree freedom i s 8 ,67. The 

Ch i square value of t he ob servation~ wa s less than the table 

value a t ~ per cent level. Hence the depth of placement of 

seed wa s acceptable. Fro~ this it could be co~cluded t hat 

t he springs tension which was given to the furrow opener met 

the r~quirement. Dur ing operation it was fur t her observed 

that t here were no ~bslract1on of the soil to t he boot valve 

and no chocking of boot velve due t o soil. 

It was concluded that the arrangement of depth 

control and boot valve met t he I ~ I r ~quirement. 

~ .~ Ground ~heel Slipage 

Ground wheel slip was determined by counting the 

number of revolutions in the row length of ~0 etre. 

observa t ions were taken in randomly selected 5 placement 

rows and calculated from the following exprds&ion. 

Ground wheel 
slips xlOO 

where r
1 

= theoretical revolution of wheel 

r 2 = observed revolution of wheel 

Observations dur ing operation and the percent slip is g iven 

in Table ~.5 . 



!able ~. 5 : Ground wheel ilip per cent at 34 per cent 
soil a~oisture content. 

' r. Expected nu ber observed nua~ber Ground wheel 
No. of revolutions of revolutions .. lip i n 

of ground wheel of ground whe~ l percent 

1 43 . 95 40 8.98 
2 43.95 41 ~.71 

3 43.95 39.5 10 .12 
4 43.95 39 11.26 

~ 43.95 40.5 7.84 

Average slip per cent 8.98 

From the ~ able it was found that the average ground 

wheel slip was 9.98 per cent at 34 per cent soil ~isture 

content (Appendix-C). !hough the ground wheel dip per cent 

was in acceptable limits even then it is necessary to reduce 

as precision planting is required for cotton crop. 

~ .6 Field Performance Index 

Table 5.6 indicates the ti~e required to cover eac h 

row of 80 m length. In all 18 plan ter rows were covered. The 

r ow spacing was 45 em. The minimu• t ime required was 2.75 

minute and maximu~ was 3.083 minu t e . The av~rage be i ng 2 .9~ 

minutes to cover the lengt h of 80m row length. The calculated 

~peed ranged between 1 . 556 to 1.745 KD per hour. The field 

performance index under specific field dimensions calculated 

to be 81.98(Appendix-u ) . 

On the perc ntage basis it was observed that out of 

t ~ to t al ti e for planting operation the t ime loss i n 

turning wa s 15.56 per cent. 



r ro~ the above discussion it was concluded that the 

fi -•ld capacity of the cotton planter wu acceptlble with c .155 

ha. par hour. Thus in a day of 8 hours working ,the planter 

could cover 1 . 24 ha . per day with one labour. 

Table 5 . 6 Ti~ required to travel BOm. distance and 
ti~e required ior turning during operations . 

rr. 
NO. 

1 

2 

3 

4 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

Time required rime required 
to travel distance for turning 
along the row 
Min. Sec. 

3 
(3.00) 

3 
(3.083) 

2 
(2 . 965) 

2 
12.95) 

2 
(2 . 916) 

2 
(2 .833 ) 

2 
(2 .966) 

2 
( 2 . 7S) 

2 
(2.956) 

2 
(2 . 75) 

2 
(2.833) 

2 
(2.833) 

2 
(2 .916) 

2 
(2 . 966) 

2 
(2 . 95) 

3 
(3.00) 

3 
(3.083) 

3 
(3 . 083) 

00 

05 

58 

57 

55 

58 

0 

48 

45 

45 

40 

45 

45 

45 

40 

40 

35 

40 

45 

45 

45 

40 

40 

40 

Average 2 . 935 
Total 52.85 min. 12 .0!> 

rpeed 
Kill/hr . 

1.6 

1.555 

1.618 

1.627 

1.646 

1.694 

1.618 

1.745 

1.618 

1.745 

1.594 

1.694 

1.646 

1.618 

1.627 

1.600 

1.566 

1 . 566 

1.637 



~.7 Hill spacing, row to row spacing and 
Plant per Hill 

Plant to plant spacing, row to row spacing and 

nu~er of plants on each hill was obaerved after ger~ination 

in the field and recorded(Appendix-G). The data was teat~ 

for significance with the Chi square aethod of analysis of 

stat istics. The significant level for plant to plant spacing 

was tested at 10 per cent level and for row to row spacing at 

2.~ per cent level. The values are given in Table ~ .7. 

Table 5.7- Chi square values and table values for 
the observations. 

Pholt to row to row Number of 
plant spacing plant pe r 
spacing hill 

Calculated Chi 53.744 1.7987 
square value 

r able value of 81.4 
Ch i square at 
10 per cent 

1 able value of 73 .... 
Ch 1 &quare at 
2 . ~ per cent level 

Average 3.84 

• Plant to plant distance significant at 10 per cent l~vel. 
Row to row ~pacing significant at 2.5 per cent level. 

Fro~ the table it was concluded that the plant to 

plant spacing was significant at 10 per cent level. 

:.. imilarly th ~ row to row spacing was also dgn1ficant at 

2 . 5 per cent level. The average nu~ber of plants per hill 

were 4.00. The expected plants were 3 to 4 plants per hill 

which were acceptable. 
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Fro~ the above i t was concluded that the planter 

designed with the specific seed 111etering and c', .zogeble 

peripheral spead of the seed •tering was co11aiderably 

acceptable for thd hill dropping and precision planting. 

After going through the all laboratory and field 

tests , it could be concluded that the planter designed for 

the purpose of hill dropping could be acceptable for the 

celinted cotton seed of any variety with the r~com~nded 

pl unt spacing . 

The ~echanical da~age s were negligible and accept able 

for de linted seed also. 

The force required to pull the planter was b~ low 

the I ~ I li~it and hence i t could not be strain~ou s to the 

ani~l to work throughout the day. 

fhe field perforiUnce index watt 91 . 98 per cent 

which met t he requirement of I ~I and henca it could be 

more economic for planting the cotton. 



CliAPTEl{ VI 

Cotton is an important cash crop of ~harashtra 

.-tate ranks first in growiOQ of cotton crop. Vidarbha is 

the major cotton growing region in the Maharashtra State. 

The economy of the Vidarbha farmers depend on the cotton crop. 

Due to ~re row to row and plant to plant spacing, 

there is a practice to dibble the saed in the field by means 

~f labours with the traditional .. thod which consume more 

time money. In the traditional method of dibbling of cotton 

seed, there may be l e s s germination due to improper depth and 

covering with dry soil. 

In view of t hh, it was felt neces .. ary to design .nd 

develop tne cotton planter with the following objective s . 

1. To design seed .. taring suitabla for drilling of teshi 
cotton crop . 

2 . To design suitable hill drop ~chanism suitable to plant 
the cotton seed of ~erican varieties from 60cm to 120ca 
plant to plant distance. 

3. To design the planter with the adjustable row to row 
distance from 4~cm to 120cm. 

4. To design the furrow opener alongwith boot valve to 
operate suitably in the field at required depth of ~~. 
with depth control m~chanism. 

The machine was designed under ten major parts 

according to their functicns and was fabricated independently 

which were t~an as se~bled. Those are giv an below. 



1. Frame 
2. Ground wheels 
3 . Transmission for seed metering 
4, ~eed metering unit 
5. Hoppers 
~. _eed tubes 
7 . Hill drop mechanism 
8. Furrow openers 
Q , Clutch 
10 . Hitch and furrow openers . 

The machine was bullock drawn, suitable for planting 

cotton from 1 .2m x 1 .2m to 0 .60 x 0 . ~~~~~ spacing. The 

transmission ratio for se.;?d ~~~etering unit was adjustabl ..1 wit n 

the 1:4 to 4:1 from ground wheel to seed metering unit. 

The hill drop mechanis. was consisted of boot valve 

actuated by cam plate. Frequency of boot valve actuation was 

adjustable with changing the cam on the com plate. 

The planter was tested in laboratory as well as in 

th~ field to as~ess its accuracy in seed metering, hill 

dropping, mechanical damag e , field performance index etc. 

The planter wa s tested for Deshi cotton of variety AKH-4 

and r HY-28~ for linted and celinted seed in laboratory and 

r HY-28~ ( delinted seed)was tested in field . 

The conclusions drawn were as follows: 

1. The seed metering mechanisa meter ed Deshi seed within 
the acceptabl e l imit . 

2. The hill dropping mechanism was -est suitable for 
celinted cotton than that of lint rld seed. 
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3 . The damage to seed due to seed metering unit, seed tube 
and boot valve was negligible . 

4. The pulling force was 90 .33 kg . wh i ch was suitabl~ to 
continuous operation without straineous to ani~l. 

5 . 

The field performance index was 91 . 98 per cent. 

The depth of placement of seed in the furrow was 4.2 to 
6cm with th e average of 4 . 9 em which was acceptable. 

7. Plant to plant and row to row spacing in the field was 
within the acceptable limit. 

The overall perfor~ance of the plantei during the 

operation in t he field was found to be satisfac t ory without 

break down. 



CHAPTER VII 

SlmEST IO~ FOR FUTUHi. t.ORK 

1. The exhaystive field trial~ should be conoucted in 

Kharif season in order to evaluate the perfo~nce of 

the uchine . 

2 . fhe improvement in ground wheel should be made in order 

to reduce its slipaQe. 

3 . The perform•nce of the hill drop ~chanism ~hould be 

improved by providinQ the low tension, spring so as to 

reduce the 9round wheel slipaQe. 

4. The planter should also be tested for different crop 

and for inter row crop drilling with the co tton 

plantiOQ. 
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APPEJIDIX A 

Dealon of tranaport wh .. l 

To drop the .. ed at pre-determined apacing the dla•ter of 

wheela of planter la taken ~ em, then wheel la dealoned 

only whith following aapecta, 

1] Deaton of hub 

11) Deaton of apoke 

111) Detion of ria thlckne••· 

(1) Dealon of Hub. 

Nature of loading 

Material of hub 

Dedon equation 

- Preaaure due to weioht of 
lllple•nt 

-Mild Steel 

- dl - d + 2 c 

re, 

. . . 
Now, 

dla - Internal diameter of hub c:a 

d - dia of axle in c:a 

c - Clearance betw .. n hub and axle 

di • 2.5 + c (0.1) • 2.7 ca 

P - pressure 

p- ~ CII'"""i L 

1ntena1ty 1n kg/ca2 

4o I 2 • Oiro • 1.48 kg ca 

L • length of hub, in em load la due to weight of 

laple nt 

• 80 kg (40 kg for one wh .. l) 

Factor of aafety - 2 
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T t 1 1 d/ 11 w x F,a 
0 a oa ax e • Nb. of Wheela 

• 80 X 2 
2 • eo kg/ axile 

The thlctneaa of hub 1a collected by the 

equation, 

t • Pd/2f 

P • preaaure 1ntena1ty 

d • dlam.ter of axle 

t • bending preaaure (Aaau.e 2,30 kg ca2 ) 

t• '1"' ~ 2,~ x .3o 

• 0,8043 ca 

- o.e ca 

- e.o • 

OUter di ... ter of hub • d
0 

• dla + 2 t 

d
0 

• 2,7 + 2 x o.a 
• 4,3 

Say • 4,~ Clle 

2) Deai9D ot apote 

en, 

Nature of load - bending aa.ent 

Material of apote - MUd ateel 

Design equation - M • x ct ( D/2 - d/1) 

W • Vertical load on each wheel 40 kg 

Factor of safety • 2 

w • Total load • Vertical load x factor of aafety 
No, of ,lliieela 



10 

ct • Coefficient of fraction • 0.2 

D • d1 ... ter of wheel • 58 ca 

d • di ... ter of hub • 4.~ ca 

Thus, 

a • 40 x o.2 ( 58/2 - 4~/2) 

- 214 kg. 

Also bending aOMnt 

M • F. Z 

Z • Modules of section • s/32 ~ 
Aasu.ing d •1.2~ ca 

••• Z • s/32 (1.2~) 3 

- 0.1917 

Now, 
t • 100 to 

• 700 X 0.1917 

- 134.19 kg 

As this value ia lese than M • 214 tg froa desio-ed 

equation the d1 .. eter of 1.2~ ca 1s tolerable. 

3] O.alon of r111 th1ctness 

where, 

Design equation, 

t • PD/2t 

P • Soil react1o~· ltg/ca2 

P • W/A 
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• toJ:! load 
of contect of Wbiel with aoll 

W• load on jbe•l f factor of safety 
NO. otlitl .. s. 

- 40! 2 - 40 k9 

A • Ria width x diatance between two conce.atiwe 
apolte 

( Per1pher1./ No. of apltea) 

• 10 x 22.776 ca 

• 227.76 ca2 

b • 10.18 bending atreaaea 

t • E!l7;f x f sa • o.ao ca 
X 0:1 

- , -· 
Reaultu 

i) Diameter of wheel -~ 

11) No. of aptlea -a 
Ui} dia .. ter of bub d

0 
- ... , ca 

d - 2.7 ca 

1¥) Lenoth of hub - 10 Cll 

v) Width of ria - 10 c:a 

vi) Lenoth of ap6ke -~., 

Yii) Di ... ter of aplte - 1.2, ca 

YiU) Thicltneaa of ria - ,_ 
lx) Tbictneaa of hub 

-8 -· 

•••• 
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APPENDIX B 

Determination of diameter of shaft 

As the abaft of planter is ••lbjected to shear force 

aa wll aa bendino IICIIMnt, it ia necessary to calculated 

the di ter of shaft aaau.ing both twisting .a.ent 

and Bending •~nt. 

Bending ao.ent, 

• Length of aban • 3~ ca 

• Weight of planter • 80 k9 

As wioht of planter is distributed owr two 

wheela .. ioht on one ahaft • 40 k9 

Tozque 

Now, 

Then Bending ao.ent 

M • -t- 3~ X 40 • 7 00 kg - C11 

• Y·p X 4~00 
1E X 33 

• ~.~Ito ca 

Fa • ~aa2 

• ~.42~ to a 

Fb • ~00 
• 600 Ito ca

2 

for twist!~ aoaent 

Te • J,} + .jl • ~ (700)2+ (~.~)2 

• 88,.61 Ito Cll 

Using Te • •/16 Fa d3 

d3 • Te X 16 
1E X F a 

d • J 88~.61 x 16 • 2 •46 ca 
~ W X 300 



and for Bendiftg aa.ent 

c • 112 c M • J .il • r> 
• 1/2 ( 700 + 88!1. 61) 

• 792, 80 k9 ca 

Now USlftg 

2 , 46 ca, 

lllc - h Fb d
3 

d3 • Me x 32 
•• lb 

d • . :r/ 792, 80 ! 32 
\J •• 606 

d • 2 , 37 ca 

tt which 1a ;raater than Bendiftg IIOMnt value 

d~er of ahatt conveniently aa1actad •• 2,!1 ca 

---



s:r. 
No. 

1 

2 

3 

4 

5 
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APPENDIX • C 

Soil Moiature Content 

wt.ot wt.ot wt. of wt.of wt.of Moilture 
eapty bod box 1011 1011 content 
box with wl th 1011 before after (d.b) 
(aa) a oil umple '.;d"ing dryinq in aaaple after ( \'\) (~ ) percent before oven 

over rtno (ga) (ga) 

~tll9 

68 115.0 102.0 47 34 38.25 

64 112.0 99., 48 35.5 35.20 

55 1oo. o 89.0 45 34.0 32.25 

70 120.0 108.5 50 38.5 29.85 

58 99.0 88.5 41 30.5 34.40 

Soil aoiature content (d.b) • wl - "2 
W2 

xlOO 

- 45- 34 • 100 
34. 

ZVe:ra;e 
u.c. 

in " 

34.00' 
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APPENDIX D 

Pield pe~formance index.of 

T...__ •• al fi ld 1- 'l'a.G~etical X Speed 
·-~• .... c e capac -z • yJ,cStb hN !c!IIN 
(ba. pu N . ) 

10 

~ placter w.. designed fox plating 

tl~ee ~ow at a u- aDd zov to xow llpaciDg waa 

4!> em. ~ theoretical width C~Wer by the plcta~ 

.,... determined aa, 

~heoratical width covera~ • Row apacin9 x no. of ~ow. 

• 45 X 3 

Theoretical field 
c~ ty( h.;hr. ) 

• 135 aa 

- 1. 35 • 

1, 35 X 1. 67 
10 

• 0 . 22 he per hr. 

2 • Actual f .\e ld CaJ'i)GCi tr I 

Aa the planter w .. op, rated liu ckilling, 

thexa waa DO overlapping in the operation. The 

actual field cepact ty -• found by including turning 

ti-"Je The ~al field capacity wu {0\ll\d by includiag 

turr.ing tina. The plantar -• operated in the field 

fo~ 1. 085 N:a. and ate c:owered ..,a• 2000 square -tar 

1 . •~ o.:a ~w. 

'l'ba u- lost in turt:tng wu 0.2 ~·· 
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Total time to COYe~ 
0.2 heoure uea • 1.085 + o.a 

• 1.285 hra. 

al f 1 ""' C!Cl'fiUd Aetar ie d cap~i~ • Actual ttme required 
(ba. pe~ hr.) to ccwe~ the area 

o,a 
• 1.285 

• 0 . 155 ba. per h.r. 

~: J'1el4 pe~fonumce indexa 

It ia giYeD by tbe equetiOD •• 

li:f. To 
" 101) Te + Th + Te 

To • Tillie reqU.lxed to ccwer one hectare 

theoreticall.r 

• 1 

0.22 

Te • Tiln requir•d to cover cme bec:UII:e 
conaidering o.erlep. 

• 0 ( aa there ia ~o OYerl!fP) 

Ta • Tt- lc»t per bectue d• to u.e tabD 

to tur!Uno. 

• 

• 
r:h • 

0,2 
o.2 

1 ho~ 

a_ X 1()0 
k 

• ~X 100 
10 



t'b • ..l',Q_ X 100 
k 

• ~X100 

• 4.55 h%s. 

Ef -~1 X 100 

• 81.98 

Field peEfo%m40Ce index • 81.91 

....... 
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APPENDix- E 

(l)ser.aUona of 2nd Teat 

sr. Furrow •m• 
No. 1 2 3 

1 .. 6 ~ 

2 2 • .. 
3 1 7 3 

.. 6 .. 3 

~ ~ 2 1 

6 3 1 7 

' 7 8 7 4 

8 6 .. 3 

9 1 ~ 2 

10 8 4 0 0 

11 6 8 6 

12 7 4 9 

13 6 4 8 

14 ~ 2 7 

1~ 3 8 2 

16 3 3 3 

17 8 6 2 

18 2 5 7 

19 8 2 3 

20 3 7 2 

21 2 1 7 

22 0 6 3 

23 ~ 4 7 

24 3 2 9 

2~ 7 7 8 
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APPENDIX- E 

Observation of 2nd Teat 
Contd ••• 

Sr . 
fu,~;a 21i!!"•ll 6 

No. 
1 2 3 

26 2 1 3 

27 6 2 1 

28 ~ 4 3 

29 6 6 6 

30 .. 3 2 

31 8 2 6 

32 7 6 3 

33 ~ 2 7 

3<4 6 ~ 4 

3~35 1 4 6 

36 2 0 4 

37 5 6 8 

38 0 1 3 

39 ~ 2 3 

40 3 0 2 

41 4 ~ 6 

42 5 3 2 

<43 6 6 8 

.... 7 3 3 

4~ 8 4 ~ 

<46 9 2 7 

47 0 0 2 

<48 7 6 3 

49 2 2 1 



Conld ••••• 10 

Sr. furrow Op!Dtr! 
No. 

i 2 3 

~0 4 3 ~ 

'1 6 5 4 

52 0 2 1 

53 7 2 3 

~ 3 2 1 

55 5 6 4 

'6 2 4 6 

57 6 5 3 

58 4 3 5 

'9 2 4 3 

60 5 6 8 

61 2 3 0 

62 4 5 7 

63 3 6 4 

M 6 4 5 

65 4 5 7 

6a 4 3 6 

6. 5 2 3 

68 4 4 6 

69 5 6 2 

70 8 7 6 

71 8 6 8 6 

72 ' 2 0 

73 5 3 7 

7"" 7 6 6 

75 4 7 3 



Contd-

sr. Furrow tpener 
No. 1 2 3 

76 4 7 3 

77 0 6 2 

78 7 4 3 

79 4 5 7 

80 4 5 7 

81 4 5 2 

82 3 7 4 

83 5 0 3 

84 3 6 4 

85 5 4 2 

86 4 6 0 

87 5 4 6 

88 6 5 3 

89 0 6 4 

90 7 5 5 

91 5 6 4 

92 4 3 2 

93 3 0 5 

M 4 2 6 

95 ' 6 4 

96 8 3 0 

97 6 4 6 

98 4 3 2 

99 5 4 3 

100 6 a 4 

101 7 4 3 
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Contd ••••• 

sr. Furrow opener 
No. 

1 2 3 

1~ 6 4 3 

103 4 2 3 

104 ' 2 4 

1<:0 6 4 3 

106 3 2 4 

107 4 3 2 

1<:15 ' 7 3 

109 4 3 2 

110 2 4 3 
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APPENDI X -F 

Cbaerwd Hill drop!nq of de11nted Cotton 
Variety DHY 286 

s:r. Fu:rrow openers 
No. 1 2 3 

1 2 3 2 

2 4 2 3 

3 3 4 2 

4 3 3 3 

~ 4 3 4 

6 2 3 2 

7 3 3 3 

8 3 2 3 

9 2 3 4 

10 1 2 3 

11 2 3 2 

12 ::: 3 3 

13 4 3 2 

14 3 4 2 

1' 4 3 2 

16 3 4 2 

17 2 3 4 

18 3 2 4 

19 1 3 2 

20 2 1 3 

21 2 2 2 

22 4 2 3 

23 3 2 4 

24 3 3 3 

2 ' 4 4 3 
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Contd •••• Appendix -F 

sr. Furrow opener 

No. 1 2 3 

26 2 4 3 

27 3 3 4 

28 3 2 3 

29 2 2 3 

30 3 3 2 

31 2 2 4 

32 3 2 4 

33 4 3 2 

34 3 3 4 

35 2 3 4 

36 4 3 2 

37 2 1 3 

38 2 2 1 

39 3 3 3 

40 3 2 1 

41 3 3 3 

42 3 2 3 

43 3 2 2 

44 4 4 3 

45 3 4 3 

e6 3 3 3 

47 3 2 3 

48 3 4 3 

49 3 3 3 

50 2 3 2 
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Contd • • •• Appendix -F 

sr. FUrr ow opener 
No. 1 2 3 

~1 3 2 2 

~ a 2 2 

~ 1 3 3 

M 2 2 2 

55 3 2 3 

~ 3 2 3 

~7 3 3 3 

~ 2 3 3 

~9 3 2 2 

60 2 2 1 

61 2 2 2 

62 3 2 2 

63 2 3 3 

64 4 3 3 

65 4 4 3 

66 3 2 3 

67 2 3 2 

68 2 2 2 

69 2 3 2 

70 3 3 2 

71 2 3 3 

72 2 2 3 

73 4 3 3 

74 3 3 3 , 3 3 4 

7 
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Contct ••••• Append1x - F 

Sr. Furrow Op!!!!!' 
No. 1 2 3 

76 2 2 2 

77 3 3 3 

78 3 3 3 

79 2 3 3 

80 3 2 3 

81 3 3 2 

82 4 3 3 

83 3 3 4 

84 3 3 3 

' 3 3 2 

2 2 2 

fl7 3 2 2 

88 3 4 4 

89 4 3 3 

90 1 3 3 

91 3 2 2 

92 2 2 4 

93 3 3 1 

94 3 3 3 

" 4 3 1 

96 4 4 2 

97 3 3 4 

18 2 2 2 

99 4 3 3 

100 3 2 2 
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C ontd. •. Appendix- F 

Sr. Furrow opeiWer 
No. 1 2 3 

101 3 3 a 
102 2 3 3 

103 2 2 2 

104 4 3 3 

10!> 3 3 4 

106 3 3 4 

1C17 3 4 3 

1C8 2 2 2 

109 2 1 3 

110 3 3 3 
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APPENDIX -~ G 

Ca1cu1atlorw far Chi ~an teat f~ a!vn1f1cance 

E) Expected -1ant to plant diatance Expected :row to :r• 
dbtance• 90 em diatance • 45 Cll 

s:r. (])served Dev1a- :; 2 Row to oev1- ;~ No.of 
No. r1ant to Uon • (rE} Row atlon . ~ plants 

p ant (0)-(E) diat- (~E) 
cr1 tiatance a nee 

(em) (0) (CII) (0) 

' 2 1 ! 66t 5 6 I 8 

11 96.5 8.5 0. 803 45.5 0.5 o.oe& 5 

2 93.0 3 . 0 0.1 45.0 o.o o.o 3 

3 96.5 6.~ 0.469 44.5 -0.5 o.oe& 2 

4 99.5 9.~ 1.CJ03 46.5 1.5 o.~ 4 

5 98.5 e.~ 0.803 45.5 0.5 o.~ 3 

6 97.5 7.5 0. 65 45. 0 o.o o.o 3 

7 99. 5 9.5 1.003 42 . 5 ...2.5 0.139 2 

8 100.5 70. 5 1.2~ 42.5 ...2.5 0.139 5 

9 100.5 10.5 1.225 43.0 ...2.0 O.C89 2 

10 99.0 9.0 0.9 44.5 -o.5 o.oe& 1 

11 95.0 5.0 o.27T 45.0 o. o o.o 3 

12 96.5 '·' 0.469 45.5 0.5 o.oe& 4 

13 92.5 2.5 0.069 44.5 - o. 5 o. oe& 2 

14 99.5 9.5 o.625 45.0 o.o o.o 4 

~ 91.0 1. 0 o.ou 44. 5 -0. 5 o. cx:& 5 

16 92.0 2 . 0 o. 044 45.0 o.o o. o 4 

17 93.0 3 . 0 0.1 46. 0 1.0 0.022 3 

18 98.5 8.5 0.803 45.5 0.5 o.oe& 2 

19 99.0 9.0 0.9 44.5 0.5 0.005 3 

20 100.5 10.5 1.225 43.5 -1.5 o.~ 4 

21 98.0 a.o 0.711 44.5 -o.5 0.005 3 

22 99.0 9. 0 0.9 45.5 -o.5 0.005 5 
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1 2 3 4 ~ 6 ., • 
23 99.5 9.5 1.003 4~.o 0.0 o.o 4 

24 98 .. ~ 8.5 0.803 45.5 0.5 o.cm 4 

25 99.0 9.0 0.9 44.~ -o.~ o. ~ 

26 96.5 6.5 0.469 4~.~ 0.5 o.oc::e 4 

21 98.0 e.o 0.711 44.0 -1.0 0.022 4 

28 97.5 7.~ 0.62~ 44.0 -1.0 o.er22 4 

29 98.~ .5 o. sCXJ 43.5 -1.5 o.ceo 3 

30 98.5 a.~ 0.803 46.0 1.0 0.022 4 

31 99.0 9.0 0.0 46.0 1.0 0.022 ~ 

32 98.5 8.5 0.803 45.~ 0.5 o.oce 4 

33 99.5 9.5 1.003 46.0 1.0 .022 ' 
34 100.0 10.0 1.11 4~.o o.o o.o 4 

35 98.5 8.5 o.eoo 44.5 - o.5 o.oce 4 

36 98.0 a.o 0.'711 46.0 1.0 o.c.a 5 

3'7 ~.o 5.0 0.211 45.0 0.0 o.o 4 

38 9t.o 4.0 0.18 44.0 -1 •• O.C22 3 

39 99.0 9.0 0.9 43.0 -4.0 o.at9 4 

40 97.5 .,_, 0.625 42.5 -4.5 o.l 9 4 

41 100.5 10.5 1.225 46.0 1.0 o.C22 ' 42 98.0 a.o 0.711 43.5 -1.5 o.ce 2 

43 97.5 7.5 0.625 <M.o -1.0 C22 2 

44 94.0 4.0 0.18 44.5 -o.5 Oc& 4 

45 95.~ ~., 0.34 ""·~ o.~ 0.005 5 

46 96.~ &.~ 0.469 46.5 1.5 o.ce 4 

4ff 97.5 7.5 o.62~ 4441 -o.9 o.018 3 

48 98.~ .. , 0.801 4~.~ OeO o.o 4 

49 99.5 9.5 1.003 43.~ -1.5 o.ce 4 

~0 95.~ 5.5 0.34 44.5 -o.~ 0.005 ~ 
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c...u •••• Appendla a 
1 2 3 4 ~ 6 1 • 
~1 98.~ e.s o.:soo 4~.o 0.0 o.o ~ 

~ 99.1') 9.0 o.? 4~. 0 o.o o.o 

~ 99.0 9.0 o • ., 44.~ -o.5 o.~ ,.. 100.~ 10.~ 1.225 4!).~ +OeG o.OC6 

55 99.!\ 9.~ 1.003 45.0 o.o 0.0 

" 98.~ s.~ o.eoo 45.0 o. o o.o 4 

51 97.~ 1.!.'! o.~ e.o 0.0 0.0 

" 98.0 e.o 0.'711 4~.0 o.o o.o 

~9 98.!) .. , o.coo 44.~ -o.$ o.~ 

60 97.5 7.5 o.~ot5 45.5 O.$ o.Ci05 

61 97.!> 1.5 o.6~5 44.5 -o.!!l o.c~ 

62 98.0 e.o o.1u 45.0 o.c o.c 

63 99.!; 9.5 1el.'03 45.0 o. c o.o 6 

... 99.0 9.0 0.9 46.5 1.0 o.C22 2 

65 98.!j a.s o.tso:! 45.8 o.5 o.~ 

66 98.~ a.s o.aoo 45.0 0.0 o.o 3 

61 98.0 e.o Oe'ill 45.0 o.o o.o 3 

68 99.0 9.CI o.~ 45.5 0.~ o.~ 

69 96.c '·" 0.4 43.5 -1.5 o. m 4 

70 91.0 1.0 o.ou 45.5 0.5 O.O(l) 

71 93.5 3.5 o.3A 45.0 o.o o.o 

12 92.5 2.5 0.069 45.5 0.5 o. 3 

73 95.0 5.0 o.:rn 45.~ o.5 O.O(l) 3 

94 96.5 6.5 o.-469 45.5 o.5 o.<>a) 3 

15 97.5 7.5 o.625 45.0 o.o 0.0 4 

16 91.5 1.~ o.~~ 44. 0 -1.0 o.C22 3 
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1 2 3 4 ~ 6 7 8 

77 92.0 2.0 0.044 44.5 -0.5 o.oce 3 

78 92.0 2.0 0.044 4~.0 o.o o.o 4 

79 91.5 1.~ o.025 45.0 o.o o.o 1 

80 93.5 3.~ 0.38 .5.0 o.o o.o 3 

81 93.5 3.5 0.38 45.6 0.5 o. oce 4 

82 99.5 9.5 1.003 45.6 o.o o.o 5 

83 98.0 8.0 o.n1 45.0 o.o o.o 5 

84 99. 0 9.0 0.9 4~.0 o.o o. o 4 

85 97.5 7.5 0.625 45.0 o. o o.o 4 

86 97 . 0 7.0 0.544 45.5 0.5 0.00!:1 4 

87 98.5 8.5 0.803 45.0 o.o o.o 4 

88 99.5 9.5 1.003 4~.0 o.o o. o 5 

89 100.5 10.~ 1.22~ 45.0 o.o o.o 6 

t o 93.8 3.0 0.1 44.5 -o.5 o.oce 4 

91 98.5 8.5 o.803 45.0 o.o o.o 5 

92 99. 5 9.5 1.003 46.0 1.0 0.022 4 

93 95.5 ~-~ 0.34 46.5 1.~ 0.05 5 

91 92.5 2.5 0.069 43.5 -1.~ 0.05 3 

~ 98.5 8.5 0.803 <43.5 -1.~ 0.<:6 4 

96 99.0 9.0 0.9 44.5 -0.5 o.oce 4 

97 97 . 0 7.0 0.544 44.5 -0.5 0.00!:1 4 

98 98.~ 8.5 0.803 47.0 2.0 o.oo9 5 

99 99.0 9.0 o.9 46.0 1.0 0.022 4 

100 98.~ 8.5 0.803 46.0 1.0 o.o22 4 

63.744 1.7987 3.84 
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