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Chapter I

IMIHODBGTXGH

Hie© i s  the stap le  food o f approximately h a lf  o f the 
world* s population, in the In ternational Hie© Year celebrated 
under the auspices o f the united Nations in  1966, i t  was 
described as the 'g ra in  o f life*  , and the emblem of the 
celebrations carried  the monogram 'Freedom from Hunger*» which 
bore testimony to the importance o f r ic e  a s  an important food 
m aterial on the in ternational horizon* Rice produces! maxima®

i
calo ries per u n it area o f land among the cereals and i s  adaptable 
to a wide agro-aLiisatic conditions*

Ind ia , the country having the o ldest known rice  specimen 
of the world, i s  also the second la rg e s t r ic e  producer, with an 
estimated annual cultivated  area o f 33.6 m illion hectares and 
production o f b-3.8 m illion tonnes o f r ic e  (76)* The area and 
production o f r ic e  in  India fo r  the l a s t  one decade ending 1977? 
are shown in  Fig. 1.1.

Among the various method* of ra is in g  n e e  crop, western 
countries have adopted d ire c t seeding, as the labour i s  scare© 
and c o s tl ie r  and the area i s  extensive, but in  the South-East 
Asian countries where 90 per cent o f the w orld 's r ic e  i s  grown 
and consumed, two th ird  o f the rice  i s  s t i l l  transplanted under 
water a v a ila b ility  conditions, despite i t s  higher labour 

requirements (12)•
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transp lan ting  which e ssen tia lly  re fe rs  to  the planting 
o f seedlings grown in  a nursery, in  the prepared field! with the 
recommended p lan t h i l l  density , has a se rie s  o f advantage* lik e  
( i)  the occupation time of the f ie ld  i s  2 to  ^ weeks le s s  than 
with d ire c t seeding (in.) le s s  seed requirement (H i)  permits 
rearing healthy  seedlings in  the nursery (iv ) helps the p lan t 
a b e tte r  s t a r t  over the weeds due to  thorough cu ltiva tion  and 
homogeneous puddling (▼) invigorates the p lan ts  Wien planted 
by putting  fo rth  fresh roo ts in  a l l  d irec tions with an extended 
root system thus f a c i l i ta t in g  a b e tte r  u ti l is a t io n  o f p lan t food 
from a l l  around Cvi) le s s  sensitive to  drought and heavy rainy 
conditions (v ii)  allows b e tte r  water management preventing 
percolation (viii) allows easy weeding and other in te rc u ltu ra l 
operations (ix ) permits optimum plan t spacing, which I s  c r i t ic a l  
fo r higher y ie lds and (x) ensures a uniform stand preventing 
tendency fo r  XodglngCM )*

The advantages o f machine transplanting  are well-known. „
I t  provides r e l i e f  from a tedious and awkward bending posture, 
avoids dipping o f the fingers in  the puddled so il and reduces 
the human energy expenditure. Vos (Bo) reported tha t in  bending 
posture sim ilar to th a t followed in  paddy transplan ting , an 
extra energy expenditure o f about 2 kcal/nin  and h eart-ra t*  
increase o f 35 per cent was required. Some other known advantages



of machine transplanting are (a) uniform and desired p lan t h i l l  
density and depth of p lanting (b) saving in  labour during peak 
period (c) tim eliness of operation and (d) l in e  transplanting  
a t  no ex tra  cost making weeding and in te rcu ltu re  eas ie r.

In  In d ia , transplanting o f sic© la  s t i l l  done toy manual 
labour, mostly the hired labour. The bunch o f seedlings i s  held 
in  the l e f t  hand and 2 to  b  seedlings separated by the rig h t hand 
are fixed in  the puddled f ie ld . This obviously i s  quite t i r e 
some, inconvenient and i r r i ta t in g  to workers* Garg and Singh (70) 
reported th a t the number o f h i l l s  per square metre in  the paddy 
transplanted by hired labour ranged from 18 to 28 as against 
the recommended about 33 M ils  per square metre* Baini <6*f) 
alap reported th a t 9o per cent o f the 1QQG fie ld s  surveyed in  
Punjab, had le s s  than 30 h i l l s  per square metre* The labourers 
paid on the basis  o f area covered known to  keep plant h i l l  
density low in  the centre o f the  f ie ld . The human e rro r also 
increases exponentially with the ra te  o f planting* Huang and ' 
S p lin ter (22) reported th a t fron the human engineering point 
o f view, the maximum transplanting speed should be lim ited  
to 2 .^  kmph, while the contract labourers attempt to exeed th is  
lim it to  a bid to cover mors area. Fig. 1.2 shows a typ ical 
paddy transplanting  scene on an Indian farm.



FIG. 1.2 Manual transplanting of paddy in India

FiG. 1.3 Machine transplanting of paddy in Japan



In  the area o f v e t-rlco  e s t iv a t io n ,  Japan happens to be 
the most mechanised country in  Asia and the world. I t  has an 
average y ie ld  o f 6, 185 kg/ha as against 1,877 kg/ha o f India 
(77)* Japan has halved the to ta l  labour requirement fo r  paddy 
e s t iv a t io n  from 212 man-days to  about 100 man-days, in  which 
the labour fo r  transplanting has been reduced from 30 aan-days 
to 15 man-days with the use o f machine transplanting (18).
In  1976 as many as 1,07 B illio n  transplanting machines were 
reported to  be in  use in  Japan. Also of the to ta l 2. ?2k- m illion 
hectares o f paddy area, 88. ^ per cent was mechanically transplanted 
(37)* Fig. 1*3 shows a typ ical machine transplanting on a 
Japanese farm. The to ta l  labour-requirement fo r v e t-rice  c u l t i 
vation in  Ind ia  ia  reported to be varying from 133 to 181 
man-days/ha, under conventional method, out o f which 2*5 to  30 
man-days are fo r  transplanting alone (56, 71)- In certa in  
countries l ik e  Senegal, transplanting  requires H*? man-days/ha (1b-).

Although Japanese machines are functionally  sa tisfac to ry , 
there arc many problems lik e  complex mechanism, high in i t i a l  
and running co st, d if f ic u lty  in  coping with the f ie ld  m d  seedling 
conditions, and d if f ic u lt  technique o f seedling raising  (16, 67). 
Those are beyond the capacity o f an average farmer of conservative 
nature and moke the Japanese machines unsuitable fo r Asian farms*

Considerable progress has been made in  the area of d irec t 
seeding of paddy in  conjunction with chemical weed contro l, yet
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transplanting  continues to be the moat widely accepted method 
in  India and most other Asian countries# Hence e ffo r ts  to 
develop paddy transplanting saehanisms and devices fo r convem-

oftio n a l seedlings continue to be Lconsiderabi e in te re s t to the 
farmers in  India and other rice-growing countries. I t  was, 
therefore , decided to  develop and te a t a paddy transplanting 
mechanism fo r  conventional seedlings, which, should be v e rsa tile  
enough to  operate with human, animal and mechanical power 
sources.

The following ob jectives were se t fo r  the research reported 
in  tliis  th e s is ;

1. To design and develop a mechanism for transplanting  
conventional paddy seedlings.

2. To te s t  the transplanting mechanism under laboratory 
conditions.

3. To id en tify  the parameters and estab lish  tb o ir  range 
fo r optimal operation o f the u n it designed under 
objective (1 ).



working environment, increased resting  time and reduced mental 
load fo r  safe and precise work (78). Manual transplanting of 
paddy i s  qu ite  tedious* Besides, approximately 30 per cent of 
the to ta l  labour required fo r r ice  production i s  accounted fo r 
transplanting  (29). Attempts made to evolve different, mechanisms 
fo r paddy transplanting hare been b r ie f ly  reviewed.

2.1.1 Transplanting aids and semi-automatic transp lan ters

Although, i t  was hardly a decade bads th a t the transplanting 
machines were successfully introduced in  Japan, the dream of 
mechanising th is  d if f ic u lt  operation had bloomed in  the minds of 
Japanese farmers towards the end o f  nineteenth century, when the 
f i r s t  patent fo r a transp lan ter was obtained in  1898 ( 60). However 
the f i r s t  transplanting device was used in  Taiwan in  early  ninteen 
f i f t i e s  (13, 71}. I t  was a  simple aid consisting of an iron  rod 
with a fork forged a t  one end. A wooden handle was f i t te d  a t  
the o ther end. I t  had a length  o f k5 m  (Fig. 2 .1 ). Two to 
four p lan ts  were slipped on to. the fork and the tool was inserted  
in to  the mud and then withdrawn leaving the seedlings in  the 
puddled s o il .  This contributed to increased ra te  o f transplanting 
by about 20 per cent but as i t  required considerable s k i l l  and 
experience i t  soon became obsolete. The major drawback th a t the 
depth of p lanting  could not be sensed by the operator, was over
come by adding a small base p la te , but i t  s t i l l  did not become 
popular.



FIG. 2.1 HAND TRANSPLANTING AID (FAO, 1966)

■••• j  — disk w ith grab*; i - n r t i i  
.1— cam closing the grab.; 4 — pres*- and disk-driving wheel; S — cjaner; 3 — 
coverer, 7 — cart holding seedlings; I  — water container; 9 —elastic hcee; i9  — hall 
Valve; 11~~,valve-pressing spring; J3— occea beam; 13 — platform; 14— support 

beam; a) detail oi  an automatic w ater-sprinkling device.

i ■
1*10. 2.2 8BMI-AUTOMATIC TRANSPLANTER(Bernaoki «t al9 1972)



FIG. 2o3 Semi-automatic transplanter in operation
(Mechanical Transplanter Co., UoS.Ao, 1979)



Semi-automatic machines were developed for transplanting 
seedlings o f crops l ik e  tomatoes, tobacco, cabbage e tc . In 
western countries (3)# Their p rincip le o f operation i s  shown 
in  Fig. 2.2# Usually drawn by a tra c to r , such a device consisted 
o f a furrow opener, a revolving disc with a series  of rubber 
padded grabs a t  i t s  periphery and a pa ir o f press-wheaLs. The 
workers s i t t in g  on the seat provided, picked the seedling® fro® 
the container and placed them upside down between grab jaw® 
opened by a stationary  cam. The seedling® were taken to the 
furrow and planted in  an e re c t position . The press-whe.eis 
compacted the surface to ensure fir® planting o f the seedlings 
(Fig. 2.3)# Used under dry f ie ld  conditions, these machines 
were sometimes provided with a water tank and automatic valve 
system to water th© seedlings being transplanted.

A three-row transplanting  aid fo r paddy was designed a t
I . I .T . , Delhi (**3). I t  consisted of a main frame, three 
seedling-dropping tubes, a spring loaded and hinged seedling 
re ta in e r  a t  the bottom, three planting fingers -and an actuating 
mechanism (Fig. 2. .'**>• The device and seedling tray  wore 
suspended from the neck o f the operator who picked a few seed
lin g s and dropped them through the tubas. These remained 
upright on the re ta in e r p la te . On l i f t i n g  the handle o f  the 
actuating mechanism, the fingers were opened to grasp the 
dropped seedlings. The finger assembly was then moved downward
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I. Main frame , 2, Seedling tubes 3. Seedling retain®!.’
4. Planting fingers S. Finger actuating mechanism ®. Handle fcf *5'

FIG.2.4. THREE- ROW TRANSPLANTING AID ( Mandhar, 1975)



and the fingers  wore again opened to leave the seedling a erec t 
in  the s o i l .  This device was reported to  require about 300 
man-hours/ha which p ra c tic a lly  saved m  labour*

Ben-HUn (2) reported the design o f a  wooden ric e  trans
p lan ter platform  th a t could be drawn over the paddy f ie ld  by a 
single animal (Fig* 2*5)* I t  was 2bQ cm long, 70 en vide 
and 12 cm high with eigh t ad justable pegs fo r m iking underneath. 
The persons s a t on the platform in  cross-legged posture. A 
worker picked up 6 to  8 seedlings from the bunch kept on M s 
lap , divided them in to  two halves and then transplanted by 
both hands in  two adjacent markings l e f t  by the pegs. I t  was 
daimed th a t four tra ined  workers and a d river could do the 
work o f  f if te e n  labourers (2).

2*1*2 Transplanters with picking and p lan ting  fingers

Transplanters belonging to th is  category are mechanical 
contrivances designed to replace the hursan fingers by mechanical 
fingers , which pick up the required number o f seedlings from a 
tray  and p lan t them in  the puddled f ie ld , sim ilar to  I:Land- 
transplanting  • These are o f  two types* One, using vashed-root 
seedlings (conventional) mid, the o th e r, using non-Gonventional 
seedlings, i . e .  band-type, continuous band-type o r mat-type 
seedlings ra ised  in  a special nursery using trays o r o ther 
frame work.
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2.1.2.1 Transplanters using conventional seedlings* Stout (13) 
described a Chinese hand-operated transp lan ter (Fig. 2 .6 ). I t  
consisted o f a box to hold the seedlings, mounted on a sledge 
platform, a movable p a r ti tio n  pushed the seedlings to the 
rear o f the box. A se t o f seven pincers, controlled by the 
operator through the pivoted p a ir o f handles, grasped the 
seedlings from the box and forced thorn in to  th© puddled ground. 
A sim ilar machine was contemporarily developed in  Japan had 
the same method of operation (13).

These machines are reported to  have fa ile d  dug), to the 
following reasons*

1. These were uneconomic -  the increase in  ra te  o f 
planting was in su ff ic ie n t to  ju s tify  th e ir  cost.

2. The plants did not se t in  the mud* a f te r  opening, 
the p im er did not release the p lan t properly.

3* The number of p lan ts  se t varied considerably
especially  when there was v a ria tio n  in  p lan t s ize .

bm Wastage of p lan ts often resu lted  from root entangle
ment; p lants were pulled out o f the box and lo s t  
before being properly s e t. ,

A two-row manually operated transplanting  mechanism was 
tr ie d  a t  Coimbatore In 1962 (63). I t  had eigh t tweezer-type 
pickers (Fig. 2.7) and i t s  working was sim ilar to the Chinese
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FIG. 2.7 Hand-operated double tray transplanter 
(RNAM, 1979)

FiG. 2 .8  Animal-draun ^-row transplanter (KNAH, 1979)
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version. As the performance was not sa tisfac to ry , I t  was aband
oned and the development o f a *f-row animal-drawn transp lan ter was 
taken up (63). This consisted o f a shaft driven by the ground- 
wheel which carried  8 rad ia l cylinders (Wig* 2 .8). At; the end 
o f each cy linder, four pickers were fixed p a ra lle l to  the shaft.
A wire comb was fixed inside  the seedling tray  to keep the seed
lin g s  in  position . She tray  was moved to  and fro . Asi the 
pickers entered the tra y , they picked the seedlings, and planted 
them in  the s o i l ,  when they reached the bottom most pqisition.
'EMs mechanism was reported to be needing fu rther improvements 
fo r sa tis fa c to ry  functioning (63).

A four-row wooden paddy transp lan ter was developed in  
196^ by H.I.A.E. (13, *4-9, 71)* I t  consisted of a f lo a t which 
carried  the main frame with two members on e ith e r end., These 
members had grooves a t  th e ir  inner side through which a h o ri
zontal member, with fo u r-se ts  o f fingers could slide  up and 
down by manually l i f t in g  and lowering the handle f i t te d  to i t .
A lev er provided a t the upper end of th is  handle actuated the 
fingers to  pick the seedlings from a box* and to  release them 
in  the so il  (Fig. 2 .9 ). A spring loaded movable p la te  pushed 
the seedlings towards the opening o f the seedling box., This 
transp lan ter was also te sted  a t  Tractor Training and Testing 
Centre, Budni in  1966 and i t s  capacity was reported to be 
2 acres/day under optimum f ie ld  conditions (71,79). However, 
labour saving was su b stan tia lly  reduced due to loss o f time in
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FIG.2.9.MANUALLY OPERATED PADDY TRANSPLANTER (N.I.A.E, I964J



washing, pruning and arranging the seedlings in  the box and 
periodical cleaning o f the fingers against sticking soil*

Miura <h6) reported a pow er-tille r operated machine 
Introduced in  Japan in  1965 (Fig* 2*10}* i t  used vashod-root8 
conventional seedlings which were kept in  the upright position  
in  the seedling bos* On engaging the dutch*  the planting 
claw saved to the seedling box and grasped a h i l l  o f seedlings* 
p d le d  thera out and transferee to the ground levelled  by a 
board attached to the aecimniaa* The daw  opened on touching 
the ground leaving the seedlings erec t and then returned to 
i t s  o rig in a l position  to repeat the operation* A device to  
check the taking out o f unwanted seedlings due to root entangle- 
Kent was provided* The seedling box was moved transversely  
a f te r  every picking so th a t the daw  could grasp now seedlings 
regularly* This had six  d iffe ren t a iscs o f interchangeable 
daws to accomodate d iffe ren t seedling diameters to ensure 
correct number o f seedlings per h i l l .  The depth o f planting was 
adjusted by moving the le v e llin g  board up o r down with the help 
o f  a turn buckle* The row to row distance was 30 era* while the 
h i l l  to h i l l  distance was adjustable from 12 to  18 era * by 
Changing the b e l t  pulley. S atisfacto ry  performance, a t  a ra te  
o f 100 to  120 M ils/ra in  per row, requiring 30 to  35 hrs/ba* 
could be obtained only when seedling height was between 18 and 
35 era, root length was le s s  than 5 era* number o f t i l l e r s  was less
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FIG. 2.10 POWER-TILLER ATTACHMENT FOR TRANSPLANTING 
PADDY SEEDLINGS (Miura, 1966)
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IMPROVED ATTACHMENT (Hoshino, 1969)



than two and they ware hard* the f ie ld  was ploughed leas  
than 1i? era* unaatured compost o r cut weeds ware not strewn 
on the f ie ld  surface and the eo n  was not so hard and compact 
a f te r  about 21* hours o f carefu l puddling* Any change in  
these conditions resu lted  in  higher percentage o f missing, 
f lo a tin g  o f seedlings, improper depth and d iff ic u lty  in  
forward movement o f the machine.

Hoshino (19) reported a pow er-tille r driven p.fc.o. 
operated transp lan ter which was marketed in  the s ix tie s  in  
Japan (Fig* 2.11)* I t  was equipped with a ro tary  take-out 
arm which picked out 2 to  b seedlings by i t s  claw and placed 
them over a • seedling receiving spring* as shown in  Fig. 2.12. 
Thesa were subsequently received by the »pinch spring* of 
the planting arm and planted in  the s o il .  The device could 
transp lan t two rows o f paddy a t  30 cm spacing with an 
adjustable h i l l  to h U l distance o f 12 to 18 cm a t  a  ra te  of 
120 to 180 h illa /m ih  per row and required 10 to 12 h r s/ha.

Mahapatra (h-2) developed a ten-sow manual device 
known as Annapurna Paddy Transplanter, i t  resembled the
H.I.A.B. design in  construction and operation. |4ade of 
iron  and wood, i t  measured 100 cm in  leng th , 10 cm in  width, 
60 cm in  height and weighed 35 kg (Fig. 2 .13). The base of 
the device served as a f lo a t  and carried ' a detachable seed
lin g  tra y . The ten se ts  o f  fingers, when actuated by the



FIG. 2.13 ANNAPURNA PADDY TRANSPLANTER C'fehupatra, 1973)

FIG. 2.1 'i JiUTA.OCK-DRAWN PADDY TRANSPLANTER (Sandhu, 1975)



operator through the linkages f i t te d  on the handle, passed 
through a  feeder s e t ,  picked seedlings frora the tray , returned 
and planted thea in  the so il*  Though the feeder se t m s  to 
keep bads the  excess seedlings, i t  m s  not- very effec tive .
A s lid in g  sscohanisia raoved the tray  to and fro  enabling the 
fingers to  pick up seedlings system atically. A p a ir of 
wheels, provided fo r easy forward raeveraent, had to  be removed 
in  puddled and loos® s o i l .  I t  planted the seedling; a t  an 
adjustable depth o f 2 to h cm a t an angle o f  about 75°  with 
a h i l l  to h i l l  distance o f 10 om. Bow spacing was adjustable 
around 20 era. S@edS3.ings o f 20 to 30 days age and 15 to 20 cm 
height with 3 to ^  era long roo ts were id e a l, length of stem 
and roots were cut to the required s is e .  Transplanting could 
be done in  standing water o f  1 to 2 eta depth with a  puddled 
depth o f  6  to  8  c d *  I3hder ideal f ie ld  conditions, raisaing 
h i l l s  o f lo ss  than 10 per cent was claimed, but in  actual f ie ld  
conditions as  mach as 37 per cent isissing and 500 man-hours 
o f labour requirement was reported ( 70) .

Sandhu (66) S p o rted  a bullock-drawn mechanism fo r 
conventional seedling#., i t  consisted of a  wooden c irc u la r  
disc o f  75 era diameter, with a dosen spring loaded fingers 
o f 15 era length  arranged ra d ia lly  a t  the periphery* The disc 
was driven by a ground wheel by means o f a chain & sprocket 
as the moh&nxm wa# drawn forward (Fig. 2 .1b). The seedling©



arranged in  a bos* a f te r  ©leaning and siz ing  were gripped 
and released in  the so il by the finger* th a t were opened 
and closed by a p a ir  o f  s ta tionary  wooden cams, su itab ly  
positioned. The frame work had no f lo a t f bu t a gauge wheel 
a t  the rea r  could be moved up or down to ad ju st the depth 
o f planting* Though the performance was encouraging, the 
unpredictable behaviour o f the seedlings presented a p ra c ti
ca lly  in e ff ic ie n t operation and the designer tr ie d  five 
d iffe ren t seedling feeding mechanisms, namely5 ( i )  seedlings 
held in  a box and pushed a t  the root by a  member loaded by 
a compression spring, towards the narrow opening ai; the root 
level o f the box fro n t, ( i i )  seedlings suspended by hand and 
arranged by both the hands ( i i i )  seedlings held by c lip  
loaded by a torsion  spring with the roo ts downwards, the 
c lip  pressing the middle o f the p lan t (iv ) seedlings pressed 
by the c l ip  but arranged on a  horizontal platform th a t re c i
procated ro o ts  pro jecting  out o f the platform fb r gripping 
by the fin g ers , ( th is  was also tr ie d  in  v e r tic a l p o sitio n ), 
(v) displacing the picking fingers in  a  ad g-sag manner a t  
the disc periphery, seedlings being fed through a box and 
reta ined  loosely  by a l i t t l e  force a t  the leaves only. 
However, observations showed th a t fu rth er improvements were 
required <66) .

para da and baa (55) reported the laboratory te s t  
re su lts  o f an experimental automatic transp lan ter developed



.at I*1*T*» Kharagpur. Xt consisted o f  a  tra y  to hold and 
feed the seedlings., a finger mechanism to  .pick up and release 
the seedlings, and a. mechanism to o s c il la te  the finger assem
bly between the points of picking and re lease  as shown in  ■
Fig* 2-15* The seedling tra y  of 92 cm as 22 cm x 15 cm s i ze 
had two compartments inside I t ,  which held the seedlings* By 
means of a screw- feeding system the seedlings were pushed 
continuously towards the tray  opening with the aid  o f a cam 
and follower p a ir and a  gear box. The tra y  'mowed forward a t  
the time o f picking the seedlings and then backward* A se t 
o f  lin g ers  were, mounted on a  platform. The finger-head 
passed through a square sh a f t, the o sc illa tin g  motion of which 
transm itted the power to the linger by two pairs o f  s lid e r  
crank arrangements*' The square shaft was o sc illa ted  by a cam 
and follower p a ir , which allowed the fingers m  open and close 
a t  .specific distance along the path of th e ir  movement. The 
platform with fee fingers  moved up and down by a s lid e r  crank 
mechanism fe a t converted the  input crank ro ta tio n  in to  re c i
procating motion o f the finger-head,. The stroke was so adjusted 
th a t the fingers  released the seedlings 5 cm below the so il 
surface*. The overall construction of the mechanism was quite 
cumbersome employing too many components. Laboratoiy te s ta  
showed t h a t . the number o f  seedlings par h i l l  varied from 
1 to  8 and planting was dona a t  angles of 60° to  90° with 
percentage o f  missing h i l l s  ranging from 12*5 to 21*



FIG. 2,1? AN EXPERIMENTAL PADDY TRANSPLANTER (Parida and Bas* 1977)
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FIG, 2.16 A 12-ROW CHINESE TRANS PLANTER (RNAM, 1979)



A self-propelled  12-row transp lan ter fo r seedlings o f 
20 to  30 cm length with washed and trimmed roo ts , was rejjorted 
to be used in  china (63)* Having a working width o f 210 ©a, i t  
covered 0.1*f to 0.23 ha /h r. The row spacing was adjustable 
from 10 to 20 cm and planting depth from 3*5 to  7.0 cm. Powered 
by a h hp gasoline engine, i t s  fuel consumption was reported 
to be 0*5 to 0,8 l i t r e /h r .  I t  weighed 310 kg. The p lanting  
un it was hitched to the fro n t frame having engine and steering 
(Fig. 2 ,16), For i t s  smooth working, i t  was reported th a t fee 
f ie ld  should be level with standing water o f 2 to  if cs depth.

Further codifications in  th is  machine were carried  out 
in  Korea and a 6-row u n it was developed (Fig. 2.17), The 
engine mounting and power transmission of th is  was so designed 
th a t those could be used f o r , other fam ing operations! l ik e  
weeding spraying, manure d is trib u tio n  e tc . a lso , Weighing 29Q 
kg, i t  could be worked a t  speeds o f Q.36 to  0,50 m/sec and 
covered 0.125 ha/h r, with a row spacing o f 1b cm. Two persons 
wore required* Problems l ik e  excessive number of 3 11
se e d lin g s /h ill , higher missing li i l la  upto 50 per cent were found 
in  i n i t i a l  t r i a l s  in  Pakistan (35, 30). However, on modifi
ca tion , missing was reported to have been reduced to about 8 
per cent. A 7-row animal drawn machine was a l #  reported to be 
under development in  Pakistan (63).

In  order to reduce the labour requirement o f uprooting 
the conventional nursery, a seedling plucker was developed in
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FIG. 2.17 A 6-ROW KCREAM TRANSELAWER (RKAM, 1979)
!

2 .  S o i l  Hod

F IG . 2 . 1 8  A SEEDLING PLUGKER FCR CONVENTIONAL NURSERY
( H o s h in o ,  1 9 7 2 )
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Japan (20). Having an overall dimensions o f 115 cm leng th ,
52 cm width, 85 cm h e i$ it and 35 kg weight, i t  was adaptable 
fa r  d rilled -nursery  wife a row spacing of 75 cm and width o f
1.0 cm (Fig. 2 .18). I t  was powered by a two-cycle, air-cooled 
engine o f 1.7 hp. The process of plucking consisted of soften
ing the s o il  around the roo ts o f seedlings and cutting  longer 
roo ts by fee ro ta ting  so il breaking rod, grasping, pulling and 
conveying the seedlings by the p u llin g -b e lt moving in  the 
upward d irec tio n , and f in a l ly  storing fee seedlings in  the 
seed boxes. The rea r wheel drove fee machine, while the fron t 
wheel helped to ad just the depth of s o il  breaking and pulling . 
a  so il take-o ff apparatus to  clean the ro o ts  m s provided 
below the b o lt .  Two b o lts  moving a t  d iffe ren t speeds aided 
in  adjusting  fee posture o f seedlings. The machine worked a t  
a spaed o f O.36 to 0.5b kmph and took 10 to 15 h rs to pluck 
fee seedlings to be transplanted, in  1 ha. A spongy rod type 
so il take-o ff arrangement worked well in  dry s o il ,  f e l la  a 
comb daw  type had to  be used for wet soil* Further improve
ments were reported to be underway.

2 .1 .2 .2  Transplanter* using non-conventional seedling*? As 
fee reduction o f  labour was not substan tia l and the d if f ic u lt ie s  
in  performance were unavoidable, fee trend in  Japan wa* to 
ra ise  seedlings with s o li .  These were ca lled  mn-washed 
seedlings and were o f four types v iz . band-type, continuous 
band-type, pot-type and mat-type (19)• These were ra ised  in



boxes* In  the band-type, the box was divided by p a rtitio n s  
to provide bands o f seedlings which were 7 to  10 sea wide*
The bands were cut a t the t la e  o f transplanting  f Into blocks 
of 10 to 1 $ m  length*

in  fe© continuous band-type, the p a rtitio n s  .did not 
span fO T edge to edge,, so 'feat fee seedlings when grown, 
took the shape o f a continuous band extending fron on© corner 
of. fee box to fee diagonally opposite corner (Fig. 2*19)*
Shis was also  to be cut in to  blocks a t  the t i m  of transplanting*

In  the pot-typo, fee box was divided in to  blocks or 
pots by l a t t i c e  l ik e  p a r titio n s  (Fig, 2*19). The- seediinga 
grown in  th is  were ready to  use without cutting*

In  the sa t-ty p e , the box was kept ©pen without any 
p a r titio n  and fee seedlings grow lik e  a mat, wife th e ir  roots 
interwoven* The transplanting, unit had a  cutting  edge to 
s lic e  out blocks o f seedling# from fee laat.

The non-washed seedlings were ra ised  in  green houses 
on a co-operative basis* A green house o f 9*6 m x lu,%  m s ire  
■isade o f s te e l structure and covered wife 0*5 am polyfeyLene 
sheet could ca te r fee need o f 30 ha of f ie ld  in  15 days (39). 
Accurate p lan ters  fo r unifora seeding and steaa o r e le c tr ic  
gerainators to ensure mxinirss gem ination were invariably  
employed, as the eh arac te ria tic s  o f  the nursery determined the



Pot-typ* nowerjr box. , foMd-type nutfHiy bos.

F IG . 2.19 SEEDLING BOXES FOR UNO OrlYENT I ON AL NURSERIES ( F u j i  1 ,1969)

®  S ta r  w h e e l : to  c u t an d  p la n t s e e d lin g s  
@  C o n v e y o r  b e lt  : to c a r r y  see d lin g s  
©  H a n d le -b a r  c o n tro lle r  ‘ to  a d ju s t  th e  a n g le  

of h a n d le -b a r  to  th e  m ach in e  body 
®  F lo a t c o n tro l le r  fo r v e r t ic a l  d ire c tio n  
©  S e e d lin g s  flow  c o n tro l le v e r  : to  c o n tro l

s e e d lin g s  flo w in g  o u t from  th e  se e d  lin g  has
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performance o f the machines (3D* The sea ding ra te  depended 
on the ag© o f seedlings required* Thus, fo r fourth le a f  stage, 
the ra te  was b gralns/1 * 5 sq.m and fo r f i f t h  le a f  stage I t  
was b- grains/1 *7 sq.cm* Higher seeding density  dtop;ped the 
le a f  elongation soon a f te r  the th ree -lea f stage (D* Sim ilarly, 
a lower density  resu lted  in  sore aliasings (3D* su b stitu tes  
fo r hod s o i l ,  l ik e  pic* h u ll ,  paper pulp and sludges, crushed 
r ic e  straw , processed c a t t le  excretion, p la s tic  powder and 
some s o il mix, were tr ie d  ami found to  he sa tisfac to ry , thou$i 
the missing and floa ting  o f seedlings were more than natural 
s o il  (53)* Bed so ils  of over ho v a r ie tie s  were reported to be 
commercially available in  Japan (18). liaising the seedlings 
consisted o f preparing and trea tin g  the bed so il with chemicals0 
d is in fec tan ts  and f e r t i l i s e r s ,  seeding with selected and d is
infected  seed, pregem inated to  about 1.00 im a t  the rat® o f 
200 to 250 gm/box, and caring lik e  supply o f ample water, and 

incubation a t  30°G fo r 2 to 3 days. At the 2 to 3 le a f  stage 
a f te r  15 to  25 days of sowing, the seedlings would be o f 8 to  
12 cm height and ready to transp lan t (15)* Around 100 to  150 

nursery boxes were needed/ha*

Kiura (hd) reported th a t the transp lan ters for non
washed seedlings appeared in  Japan in  1966, fo r the f i r s t  time 
(Fig. 2*20). Though transp lan ters using seedlings 5 to  6 le a f  
stage wore introduced, those using young seedlings of Zto 3 le a f



.stage were more popular, as these seedlings had le ss  so il 
th ickness. Seedling bands of about 7 mm width were pulled out 
from seedling holder and cut to about 1 cm by a blade and 
s ta r  wheel. The claw then planted them by pushing in to  soil#

The machine performed s a tis fa c to r ily  only when ( i)  
seedling b e lt  had no gap more than 1 ©a, ( l i )  roots were well 
developed and held an optimum amount o f so il  among themselves,
( i i i )  the s o il  was not too wet a t the time o f transplan ting ,
(iv) the s o il  surface was compact and ra th e r  hard, 2 to 3 days 
a f te r  puddling, (v) i t  was lev e l and even (v i) water lev e l was 
2 to  3 ess only# Any break in  the seedling b e lt resu lted  in  
more missing and feen the s o il  clod was too wet i t  stuck to 
the sheet below and hindered the smooth movement. Vihen the 
f ie ld  was too so ft the f lo a t  was sinking and made i t  hard to 
d rive , whereas, when the f ie ld  was not lev e l and even, the 
seedlings submerged in  fee lower part# Under ideal conditions, 
the machine transplanted to a depth o f 2 to  3 ©a a t  a rat® of
1 ha in  30 h r3, with missing h i l l s  o f  le s s  than 10 per cent, 
but th is  could not be used fo r  la te  transplanting .

Another transplanting machine reported to  be operated 
wife a power t i l l e r ,  used continuous band-type seeding®. I t  
was a b-rov machine w eld ing  ?0 kg and had 30 ©a row spacing 
and ad justab le  h i l l  to h i l l  distance from 9 to  18 ©a by 
changing fee b e lt  pulley. I t  took 10 to  15 hrs/ha and missing 
percentage o f h i l l s  was 1.6  to 8.2 (38) .
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As an improvement to avoid sinking and to achieve 
b e tte r  manoeuvrability, f lo a ts  were provided to support the 
weight o f  the machine p artia lly*  Out o f  the various m aterials 
tr ie d , l ik e  f ib re  g lass, p la s t ic s , polythylene and s tee l p la te , 
the l a t t e r  two were reported to be nost su itab le fo r f lo a ts  
due to  th e ir  lower abrasion resistance (23)*

In  a 2-row s e lf  propelled machine f i t te d  with a f lo a t  
C2ftg« 2.21), using continuous band-type seedlings, the end of 
the band was carried  to the fixed edge o f the  r o l l .  Here, 
a c u tte r  s liced  the band Into blocks which were then planted 
in to  the f ie ld .  A seedling stop-net controlled the movement 
o f the seedlings on the seedling placing board throujjh pushing 
the lo a f - t ip s  o f the seedlings. I t  a lso  helped the seedlings 
to laove in to  the planting system regularly* The height o f the 
net was adjustable to s u it  fee seedling heigh t. Fig. 2.22 
shows the s lic in g  and planting  operations (19).

as feo labour required and expenditure incurred in 
raising mat-type nursery ware la ss  than other types, transplanters 
for this type of nursery were introduced in seventies (21).
These were most popular in  Japan and were reported to be manu
factured as many as 16 manufacturers (10), A typical machine 
(Fig. 2*23) had provision to  carry enough ex tra  seedling mats
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FTO. 2 . 2 3 A G J& ^O FEIIiSD^^NSH JIITINO  MACHINB F(® !
MAT TYPE NURSERY (Yaraaar A g r ic . Equip. Co. f Japan»1979)
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^ F I G . 2 . 2 ^  MOVEMENT OF THE SEEDLING"PLACING B O A R D (H o sh in o  , 1 9 7 ^ )
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and was self-propelled  (82)* Though there* were minor v a r i
ations between d iffe ren t models* the underlying princip le 
remained the same fo r a ll#  The seedling placing board moved 
side ways along a guide p la te  which had s i l t s  a t  fixed in te r 
va ls  through which tho planting fork could separate small 
blocks o f seedlings to be transplanted as shown in  Fig. 2.2^. 
as  the nursery placing board reached one end* a lower layer 
o f seedlings was removed* the mat was pushed longitudinally  
downward by a conveying daw  and then th© board reversed 
i t s  d irec tion  along the guide plate* D ifferent arrangements 
o f tiie p lan ting  forks to  out ami release the seedlings could 
be seen on transp lan ters made by d iffe ren t manufacturers, but 
a l l  o f them worked by a lin k  mechanism driven by a crank arm 
mounted on a shaft th a t was powered by an engine as shown in  
Fig* 2.25* In one arrangement the fork® got displaced with 
respect .to each other to release the seedlings* Fig* 2.2? 
shows th is  type. In another type the planting fork ro ta ted  
tiirough c e rta in  angle to  widen the gap between them and thereby 
release the  seedlings* while a  th ird  arrangement employed 
a supplementary fork to  push out the seedlings from the claw 
o f tho p lanting  fork. F ig. ■ 2.26 i l lu s t r a te s  these. These 
machines were reported to bo highly re lia b le , accurate and 
most popular., Out o f 13 models o f transp lan ters th a t had 
undergone national te s t  in  Japan in  197?, H were of th is  
type <**■?)• The important technical specifications o f these 
were given in  Table2-1 •



FIG. 2.2? LINK MECHANISM OF THE PLANT?ING FORK FOR 
MAT TYPE NURSERY (Hoshino, 197M
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fab le 2*1 Specifications of transplan ters tested  in  
Japan in  19750*7)

Sr.
m .

Description 2-row l~rov

1 2 3 h

1. Weight (including seedling mat) 
(Kg)

89-10? 15^179

2. Power (engine with reco il 
s ta r tin g )  (fap)

1.6-2.5 2 -  2.5

3. Inc lina tion  of seedling placing 
board (made of oliasiniunj o r 
p la s t ic )  (degree)

50-60 50-60

Bow spacing (not adjustable) 
(cm)

28*30 
31 a 33

28, 30 
31 a 33

5, H ill to  lu l l  distance (ad just
able a t  2 to U- le v e ls )  (on) 11-20 11-20

6. Plant h i l l  density 
( fh e o re tic o l-h il ls /s q .a .)

16.3-27*9 16.3-27.

7. Depth of planting 
(adjustable to 3-** le v e ls ) (cm) 2-^ 2~*f

8. Capacity (ha/hr) 0.11** O .I60
% Forward speed (kaph) 2.27 1.76
10. ELant h i l l  missing ($) 2 2
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th e 39 machines were reported to  b@ quite popular 
in  Japan*, Hany problems* such a®, d if f ic u lty  in  seedling 
ra is in s i  w ithering a f te r  transplanting* excessive t i l l e r in g ,  
comparatively higher costs of m aterials fo r  seedling ra is in g  
and higher cost o f machine® were s t i l l  being solved (68)*

Singh and Garg (&9t 70) reported the development of 
a ten-row tractor-mounted paddy transp lan ter using mat-type 
seedlings* in  the Department o f Farm Power <& Maehinary, PAtf* 
Ludhiana (Pig*- 2*2?) • I t  planted seedlings a t a  row spacing 
o f 26.6 cm and h i l l  to  h i l l  distance o f It- cm* She te s t  
re su lts  showed a capacity of 0*18 ha/hr a t  a  working speed 
of 1 . 2**- toph with p lan t h i l l  missing o f 12 per cent (58) .
I t  required 28 man-hrs/ha fo r  driving the tra c to r  and feeding 
the seedlings, $fee development was s t i l l  in  progress.

4 simple transp lan ter fo r mat-type o f seedlings 
was reported to  have been designed a t  !.R*R*I. which had three 
se ts  of pickers mounted on a shaft driven by a ground wheel 
though chains (J ig . 2.28) .  a  guide was provided to  prevent 
the seedlings from -dropping off the picker as they were pulled 
from the tray* & crank driven push rod planted the seedlings, 
l e s t  re s u lts  showed p lan t M il  missing of % to  37 per cent 
(28* 30, M+).

L
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A tractor-taaunted transp lan ter fo r o a t type, seedling# 
had been developed under a co-operative p ro jec t between 
Malaysia end Japan (63)* A fter laodlfying the in i t i a l  mode s i 
named * Taniiaa1 and •Ganti*, the la te s t  8-row version ’'Handai* 
(Fig* 2.29.) mounted on to  a h a lf-track  tra c to r  was reported to 
have M il  missings of 10 per cent as against h2 per cent in  the 
i n i t i a l  models (63)• I t  was reported to bo capable o f  operating 
in  10 es deep standing water a t a speed o f 0*3 m/sec* I t s  
capacity was about G«2** h a /h r.

A simple b~raw manual transp lan ter fo r so il bearing 
seedlings had been developed a t  (63)* I t  used
three-poin t non-grasping pickers* The downward stroke o f ' 
the handle picked and planted the seedlings and the upward 
stroke released  them (Fig* 2*30)* A tray  drive pawl and 
ra tchet mechanism along with a feeding frame were used to ' 
ensure positive  feeding o f seedlings* F ield  te s ts  and 
evaluation were In progress (63)*

2*1*3 Bom innovative approaches fo r paddy transplanting

The foregoing d ea lt with the transplanting  aids and 
machines, %here the process was e n tire ly  mechanical and was 
aimed a t  replacing the human fingers with mechanical. .fingers# 
Because o f the numerous d if f ic u lt ie s  encountered in  th is '
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process* sob?® en tire ly  new approaches had hem reported which 
are being b r ie f ly  reviewed,.

a  gravity-typ© hand operated transplanting  equipment was 
developed and tested  in  1959 in  Taiwan (13)* I t  planted:the 
seedlings with maall nnd-halls attached to th e ir  roo ts . As 
the device was drawn forward the mud-balled seedlings were 
dropped through a tubs from a height o f .about 122 cm. She 
k in e tic  energy acquired during the f a l l  and the parachuting 

action o f the leaves planted the seedlings quite erect* to  the 
required depth. The excessive labour requirement for making 
the isud-balls a t  the roots o f  individual h i l l s  forbade th is  
concept from popular use*

Huang and S p lin ter (22) reported the devaLopmant o f an 
automatic transp lan ter in  1968* which was meant fo r transplanting 
the s@ecD.ings o f tomato* tobacco* cabbage e tc . under the, dry 
H eld  conditions. The machine consisted o f ( i )  a grid  cartridge- 
carrying and feeding u n it fo r  seedlings * ( i i )  a  drop and 
suction device and ( i i i )  furrow openers and press wheels*
The f i r s t  u n it had a group of rectangular' cartridges of 
60 cm x 120 cd sise* which held .potted seedlings in  rows.. The 
bottom most cartridge was fed in to  a conveying mechanism which 
had a fixed bottom p la te  with a box., As the cartridge moved 
over the bottom plate* the saedling-pOt could be dropped



through the hoi©, when the pot coincoded with the hole* The 
drop tuba was f i t te d  with a suction device connected to a 
p . t .o .  driven blower, which created a th ru s t o f 0.68 kg a t 
fu l l  speed. This was inev itab le  a t  high forward speed for 
perfec t p lan ting . The opener was a spec ia lly  designed shovel 
with side and centre spikes to  pulverise the so il in  furrow 
so as to  absorb the impact o f fa llin g  o f  the seedling pots.
The press wheels se t a t  the angle o f to the ground closed 
the furrow around the transp lan ts without excessive compaction. 
The major disadvantage reported was preparing of the potted 
seedlings requiring higher labour and expenditure, sim ilar 
machine® were also tr ia d  fo r dry f ie ld  by o ther researchers

(75, 81).

A tractor-mounted manual jsotering type, 9-row paddy 
transp lan ter was developed and tested  a t  Tractor Training 
and Testing S tation, Budni <91,993* This consisted of seven 
tubas, each o f 1-00 cm leng th , mounted on a frame. Seedlings 
kept in  a container were separated in to  small M ils  and dropped 
through the tubes manually. These were planted due to  gravity . 
I t  was found th a t some seedlings were burled owing to the flow 
o f so il due to  wheel movement. This led  to improper planting 
as the seedlings were not carrying su ffic ie n t mud to Impart 
enough momentum for proper anchoring.
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In  the northern parts  o r Japan, use o f mat-type nursery 
with young seedlings resu lted  in  delayed t i l le r in g  and were 
prone to cool weather damage (32)* Shis led  to the tran s
planting o f paper-potted seedlings o f 30 to  35 days age by 
broad casting . Manufactured by several firm s, paper-pots are 
bottomless containers o f 1.5  cm x 1.5  era s ise  with 3 cm 
height (50) .  These were arranged on blocks each containing 
760 pots in  38 rows o f 20 po ts . 350 blocks/ha were needed. 
Lately, 12600 pots o f 1.9 ora diameter were tr ie d  on a single 
block as shown in  Fig. 2.31. These were f i l le d  with loan or 
clay loam s o ils  a t a ra te  o f  1800 kg/ha, using v ibrating  
tab le manually o r by power soil-packing and seeding machines 
aa shown in  F ig . 2.32. These required 21 and 10 to 1b- man-hrs/iia 
respectively* After proper earing fo r 30-35 days, the seedling 
h i l l s  were separated by holding the p lan ts of about 20 pots 
by hand and gently beating the so il , requiring 6 to 7 san-hrs/faa. 
The separated seedlings were carried  in  su itab le  containers 
and transplanted by hand broad casting about 10 to  15 h i l l s  
a t  a tiEi@s requiring 10 to  12 man-hrs/ha as shown in  F ig . 2.33.
A height o f f a l l  of 2 m was found to be adequate fo r proper 
planting o f  a h i l l  weighing 6 to 7 gra. This method was also 
practised by rid ing  on a platform o r t r a i l e r  attached to a 
tra c to r . Serai and fu lly  automatic d r i l l  p lan ters were also 
reported to be in  use, in  which seedling h i l l s  were dropped



FIG. 2.31 Paper pots for paddy seedlings 
(Kawa saki, 19 76}

FIG. 2.32 Soil stuffing and seeding machine 
for paper-pot seedlings 
(Kawasaki, 1976)



FIG. 2.33 Hand-broad casting of paper-pot 
seedlings (Kawasaki, 1976)

FIG. 2.3̂ + Semi-automatic planter for paper-pot 
seedlings (Kawasaki, 1976)



from a c e rta in  height through a chute to  p lan t them in  raws*
A 12-rov d r i l l  p lanter with 6 workers required about 20 oan-hrs/ha 
Fig. 2*3h shows th is  p lan ta r. Paper-pot transplanting .-..had the 
disadvantage tha t seedlings sqjsstin es  remained lying, on the 
so il surface o r got buried in  the s o il .  Further, I t  required 
sore labour fo r  so il f i l l in g  and separation o f  pot a, thinning 
o r supplementing when hand broadcast, and correct water lev e l 
in  the f ie ld .

Kawashama and Tanabe (33) reported th a t the growth of 
paper pot seedlings was accelerated in  nursery bed and was 
vigorous during the i n i t i a l  stage of f ie ld  growth. As the 
d irec tion  o f root growth was regulated by the pots, the d i s t r i 
bution o f the m o ts  concentrated near the surface o f f ie ld .
The, growth was depressed a f te r  the term inal period of vege
ta tiv e  growth with a reduction in  to ta l  dry n a tte r  and grain 
y ie ld . Forty day old seedlings were reported to bo b e tte r 
than 20 day old seedlings regarding yield*,.

i

Ching and Cuang (?) studied a  model seedling tube fo r 
use in  gravity-type r ic e  transplanter* They reported th a t the 
sueiional force created due to  f a l l  was proportional to the 
bed so il moisture content, uhen a seedling o f 3 pi weight was 
dropped from 58 cm height an impulsive force o f 3^8 gm was 
found to ac t b u t.th is  was in su ffic ien t to  p lan t the seedling 
when the bed so il moisture content was 20 per cent.- However,
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when moisture content 30 per cen t, the seedling*
could adhere to  the so il surface {?*)•

Bingh (72) reported the resu lt*  of another approach fo r 
transplanting ordinary r ic e  seedlings by pneusatic in jec tio n  
in to  wet soil* The concept was to make a, farrow in  the 
puddled so il by an a i r  j e t  o f ' su ffic ien t ve loc ity  cosing from 
a tube and then drop the seedling h i l l  tlirough th is  tube . so 
th a t these would get planted in  the- furrow already made*
However, investigations showed th a t th is  concept could not be 
put in  the development o f a rice  transp lan ter, because, the 
masassuza re la tiv e  velocity  o f 16 m/sec th a t produced a drag 
force of 2*1 gra on a typ ical seedling without any stem damage 
could mm® only a depth of penetration le s s  than 5 am, against 
the required depth o f  3 cm. He concluded th a t e ith e r a maehani- 
c&L opener with a seedling tube system o r a double tube system 
In  which one tube with high velocity  a ir - s t r e a a  for furrow 
making and the o ther with low velocity  alr-atream  fo r seedling 
in jec tio n  could be feasib le . A sim ilar approach using a je l -  
base f lu id  to  in je c t the seedlings was reported to  be in  
progress (52)*

Tap®- transplanting was also reported to  have been tr ie d  
fo r paddy transplanting <&, 13)* In  th is  process, ju te  s trin g s  
were pasted oh a base paper placed on a aees&ihg tray . Hater- 
soaked seeds were spread over the stringed paper using a spacer



grid . A fter sprinkling some water, the tray s  were kept on© 
above the other for 2b hours and a f te r  germination of the 
seeds these trays were kept open and water was applied 
frequently. Seedlings, a f te r  11 to 15 days, got attached to 
the s trin g s  by th e ir  roo ts. For transplanting , th© strin g  
carrying the seedlings was stretched across the puddled f ie ld  
and dipped in  the loose so il to  the required depth. Thus the 
seedlings were planted in to  the s o n . Though the correct 
economics was not known, i t  was claimed to fee more economical 
than hand-transplanting (8).

2.2 Agronomic Aspects o f  Paddy Transplanting

Paddy was a highly adaptable crop th a t was grown' under 
a v arie ty  of a g ric u ltu ra l, clim atic and so il conditions. Avail
a b i l i ty  o f water was i t s  primary need (2h). Owing to various 
advantages, transplanting was the more widely accepted method 
than d ire c t seedling with ordinary o r pregenainated seeds.
Hegarding the y ie ld , research findings were fo r and against 
the transplanting* limy experiments had shown an increase in  
the y ie ld  fey as much as 30 per cent, while many other experi
ments showed tha t d irec t seeding could give up to 26 par cent 
more y ie ld  than transplanted exop (6,2?,h1t 6l ,62). In  some 
other cases both the methods were reported to have comparable 
re su lts  (6 ,60). S c ien tis ts  had, therefore , concluded th a t 
there were no fundamental differences in  y ie ld  I f  good management
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was p ractised  in  cash method (2?)* But transplanting enabled 
easy management, saving in  t in e ,  water, weed and pest control 
expenditure and the maximum use of land*

Saini (6b) reported th a t a maximum y ie ld  upto 10,6?b 
kg/ha was obtained by line transplanting  while the average y ield  
by random transplanting was only 3700 kg/ha. He a ttr ib u te d  th is  
increase to several reasons such as optimum stand o f crop, uni
form distance between hills# more in tercep tion  o f so lar vadiatlon, 
©as y and e ffec tiv e  weeding with ro tary  weeders# easy in te r  cul
tu ra l operations etc* This also  helped to provide oxygen to 
the roots# stim ulated microorganism, mixed f e r t i l i s e r  thoroughly? 
fa c i l i ta te d  -top dressing of f e r t i l is e r#  provided immunity. against 
d iseases and insects# allowed effec tive  spraying# and protec
tio n  against wind and storm <6k)* Patel and Kumar (5 6 ) as well as 
lieddi (62) a lso  reported 6*02 and 2*** to 8*35* per cent increase 
in  y ie ld  by l in e  transplanting* Japan enacted alav so th a t 
farmers were forced to transp lan t paddy in  l in e  and consequently 
could double the production in  2 to 3 years (6*0.

!

Regarding some a l l ie d  aspects l ik e  optimum spacing o f 
h ills#  depth o f  transp lan ting , age o f seedlings# and time , o f 
transplanting# th© research findings and consequent suggestions 
and recommendations were not consistent*. Table 2*2 summarises 
the findings of various s c ie n tis ts  in  India and abroad re la tin g  
to  these aspects#



fable 2*2 Agronomic recommendations fo r paddy transplanting

sr.. Description Eecoiaae-ndatlon ReeoEmended by
Ho. -

1 2 3

1* Spacing 22»5es * 22;*5<sb ( f a l l  varie ty )
22*5 eis x 15cm (Media*!) 
l5em x  15cm (short)

2 5 cm x  2 5 em ( fa X I ) | 3 0 en x  1 5 c® ( f a l l  
lodging v a rie ty ); 25cm x 25cm (Medium)
20cm x 20cm (Short)

15cm x 25cm (Medina)

10cm x 1Qcra( Short, and increase according 
to duration)

30em x 30c® ( f a l l  in  poor s o i l ,  v e t season) 
25cm x 25cm (l&s&inm in  poor soil., wet season) 
200® x  20cm (Short in  poor s o i l ,  wet season) 
35c® x 35cm ..(fall in  f e r t i l e  so il,, wet season)

Mahap&fcra e t  a l  (*+1)

Bhan (k)

Paul and Mitra (5?) 

Panda dnd Leeuwrik (5*0

X.E.B.X. (27)



25cm x 25cra ( 'fa ll In  poor s o i l ,  dry season) 
30cm x 3Gcia ( f a l l  in  f e r t i l e  s o i l ,  dry season)

2Gcia
20cm

20 era 

15C13

20 x 

15 x

20 era 
15cs

20eze

15cm

x 15cdi ( tiharif) 
x 10ea (Eabi)

x 15csi (F&rmaX) 
x 15cm (Late )

2003 (T all); 20 X l5(Madima); 
15 (^bort)

x I5ca (J4ediuin) )
) 1 s t crop 

x 10cm (Short) J
)

p.A.U. (59)

F.A.1. <11)

X 1UOT CMBdiuB) ) ^  A 3rd crap K.A.U. <3M
x 10caa (Ohort) )

)



T a b le  2 . 2  c o n t d . .

1 2

2. Age o f seedlings 
(days)

3* Tiae o f trans
planting

SB to 35 (Tall) 21 to  28(Short) 30(.Short duration
varie ty )

Kahapatra e t  a l  (M) 
Sanchesard Larreat (65

35 to  38 (Tall) 2H to  28(Medina) 21 to  2*4- (Short) 
21 (Short and increase according to  duration)
21 to  2B(Hediuzs and change according to duration) 
25 to H2 for 120 to  180 days o f duration

30 (Short)
25 -  35 ( f a i l )
HO (T all) 20 to 25 (Mediuj2-2nd & 3rd crop)
18 days(Short-2nd & 3rd crop) 25 (Short-1 s t  crop) 
35 (MsdiiEB-Ist crop)

June 25 to  July  10 (Punjab) 
hat® July to August (Orissa)
June 30 to  Ju ly  15 (B areilly)
June to  JxslyCShort) Mid-July to  August (Tall) 

April-May (1st crop) Sept-Oct. ( I I  crop) 

£ee.-January (111 crop)

Haveten (1?)
I.C.A.E. (25)
I.'H.H.i. (27)
F .A .l. (11)

P.A.tJ. (59)

K.A.U. (3*0

Sood and Singh (7**) 
Mabapatra e t  a l (H-1) 
Singh e t  a l  (7 3)
P .A .0 . (5-9) C/5

or-
K.A.0. (3*0



T a b le  2 . 2  c o n t d . • •

1 2

*f. Depth o f
Transplanting (cm)

5. Number o f aeed lings/h ill

 3 _

2.5
2 to 3
3 to  i* 
3 to  b

2 to  3

6

if

F .A .I. (11)
P.A.U. (59)
Haveten< 17); K*/uU.(3b) 
Hair e t  a l  (**8)

P.A.U. (59); K.A.u.(3I+)l 
Mahapatra e t  a l  (VI);
I .R .R .l. (27)if .A .I . ( li

i

Dhan (if)



C h a p te r  X II

MATERIALS Al© METHODS

This chapter deals with the design d e ta ils , modifications 
incorporated during the course o f development and te s tin g
procedures used fo r a new type of paddy transplanting ' \ \
mechanism developed fo r th is  study- I t  i s  arranged under 
the following t i t l e s ;

1- Design considerations and development o f 
the transplanting mechanism

3- Test set-up and procedures used

A c r i t ic a l  review o f  the m erits and demerits and the 
d if f ic u lt ie s  encountered in  the performance of the tran s
planting mechanisms already developed fo r conventional 
seedlings revealed the following fac ts ;

t

\\

(a) The time required fo r  washing, pruning and 
separating the seedlings was considerably 
high which reduced the economy o f machine 
transplanting (?09 79)

(b) The reciprocating o r o sc illa tin g  type o f 
picker assembly had lim ited operating speed 
and hence le ss  capacity (13 , 70)



(c) Th© positive convoying of seedling a to the 

p ickers was d if f ic u l t  and th is  resu lted  in  
higher missing h i l l s  (66)

(d) The roots wore entangled and in  most cases 
seedlings pore than required were pULied and 
scattered  on the f ie ld  (13 , 66)

(e) Vhen the same fingers were used fo r picking and 
plantingf seedlings often  struck to  the fingers 
due to th e ir  passing through the mud and were 
not properly released (70, 79)

(f) The mechanisms were e ith e r power o r  manually 
operated but were not v e rsa tile  enough to be 
operated by human, animal or mechanical power.

I t  was, therefore , decided to design a paddy transplanting 
mechanism su itab le  fo r conventional washed-root seedlings to 
overcome the aforementioned drawbacks as fa r  as possible.

3.1 Design Considerations and Development 
o f the Transplanting Mechanism

Based upon idle agronomic aspects o f r ic e  transplanting 
reviewed under section o f 2.2 of Chapter I I ,  and with a view 
to  overcome the shortcomings of the e a r l ie r  designs en lis ted  
above, the mechanism was designed to s a tis fy  the following 
requirements:
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1* I t  should transplan t seedlings with a h i l l  to 
h i l l  distance of 15 ova and row to row distance 
o f 20 cm

2* She number o f seedlings per i i i l i  should be two 
to three

3* I t  should be able to transplan t seedlings with 
missing plant h i l l s  not exceeding 5 per cent 

k . I t  should not cause seedling damage more than 
1 per cent

$. The depth of transplan ting  should be between
3 and k  cm

6* The seedlings should be transplanted , as far 
as possib le, e rec t 

?• I t  should be able to  use the seedlings with 
minimum root-washing and preparation 

8* I t  should be able to  use seedlings of a maximum 
length  o f 30 cm 

9. I t  should bo able to pick out 2 to 3 seedlings 
from the seedling box without pu lling  out extra 
seedlings

10, She seedlings picked from the seedling box should 
be e a s ily  released by the p ickers, but be planted 
by a separate planting finger so as to keep the 
p ickers free o f mud*



11 • i t  should be portab le , cheap, simple and easy 
to  maintain by an average Indian farmer.

In  order to achieve toes® objectives a  transplanting 
mechanism comprising the following systems was designed, 
developed and tested*

1 . Seedling holding and conveying system
2. Seedling picking and releasing  system
3. Seedling planting system

Two mechanisms one with tvo-p icker-sets and another with 
four p ick er-se ts  were designed and constructed. The mechanism 
with two p icker-se ts  w ill ,  h e reafte r, be denoted as seohaniam-A 
and th a t with four p ick er-se ts  as meehanism-B.

Fig. 3* 1 shows toe mechanism developed, with the re la tiv e  
positions o f various components.

3*1.1 Seedling holding and conveying system

3* 1.1.1 Seedling box* I t  was decided to  provide a seedling 
box of adequate capacity to hold toe seedlings to tnm sp ian t 
an area o f 10 sq.m. A width o f 20 cm fo r the box was chosen 
such th a t another sim ilar u n it p a ra lle l to th is  with a row to 
row distance o f 20 cm could be conveniently accomodated. The 
depth o f the box a t  toe rea r side corresponding to  th is  was



1. Seedling box 
3, Pivoted picker 
5. Gam for pickers 
7. Wooden float 
9. Seedling rake
11. Main support

2. Seedling ejector 
b. Fixed picker 
6, Stationaery frame 
8, Main shaft 
10, Support-seedling box

FIG. 3*1 Paddy transplanting mechanism-complete view
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found to be 1j?#5 cm. Therefore, a seedling jbox of 30 cm 
length , 20 cb width and 15.*? cb average depth was fabricated  
out o f  p la ln G .I .  sheet o f 26 G« The top and fron t sides were 
kept open fo r  easy loading o f the seedlings* I t  was counted 
such th a t the seedlings were kept p a ra lle l to  the d irection  
o f travel*

3*1 *1*2 Seedling conveying systems The seedlings were to  be 
picked from the box through an opening in  the r ig h t hot ten- 
corner a t  the rea r  end o f the  box. I t  was presumed th a t given 
a su itable slope to the bottom o f the box the seedlings would 
move towards the opening due to gravity  and s lig h t Vibrations 
induced by the Mechanises when in  motion. By placing; the 
seedlings on an inclined p la in  G .I. sheet and changing i t s  
in c lin a tio n  gradually i t  was found th a t a slope of about 3$° 
with the horizontal was adequate to  overcome the f r ic tio n  
between th© sheet and seedlings and to  elide the seedlings 
downward* In  the i n i t i a l  design th is  slope was provided to 
the bottom of the box. Th© size o f opening a t  the lig h t 
bottom corner o f the box was 1.5  ea wide, 1*5 m  deep and 
h . 5 cm long (Fig. 3 .2 ). This was found to  be adequate to 
permit the pickers to grasp 2 to 3 seedlings from the box in  
each picking. In  order to check the proper movement o f the 
seedlings due to the in c lin a tio n  provided to  the bottom, seed
lings a t  the ra te  o f 2 to  3 per l i i l l  were pulled out by hand.
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I t  was found th a t a f te r  taking out 2 to 3 h i l l s ,  the space 
a t  the r ig h t bottom corner o f the box became void and the 
slop© provided alone could not move the seedlings p o sitiv e ly  
to the opening* A a e ta l sheet with some weight on i t  was 
kept over the seedlings in  tide box to press them down, but 
th is  did not lead to any improvement. I t  was, therefore, 
concluded th a t a positive seedling conveying mechanism was 
in ev itab le .

m  endless lea th e r b e lt  o f 1 cm width was provided with
i t s  on© side running over the bottom o f the box, a t  a distance
of 2 .5  cm from the rea r end and p a ra lle l to  th a t. I t  was
carried  over a pa ir o f M.S. pulleys o f 2 cm diameter mounted
a t  the bottom of the box, along i t s  leng th . The shaft o f one
o f the pulleys was ro ta ted  by hand and seedling h i l l s  were

«

removed through the opening. After taking out 2 to 3 h i l l s ,  
the space near the opening remained empty and fu rther picking 
was not e ffec ted  ind icating  th a t a smooth b e lt  would not serve 
the purpose. Then, m etallic  projecting s tr ip s  o f $ x ? mm 
s i sm cut in to  a tooth l ik e  shape, were fixed on the b e lt  a t  
©pacings o f 2 cm as shown in  Fig. 3*3 (a ) . Seedling h i l l s  were 
pulled out by hand and i t  was found th a t as much as 8 h i l l s  
could be taken out. T hereafter, the seedlings moved in  a 
t i l t e d  fashion as the drag by the b o lt was applied ©my near the 
roo ts. Hence another sim ilar p a ra lle l b e l t  was provided a t  a 
distance o f 8 cm from the f i r s t  and was driven by pulleys on
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X  <■> -X  V  X
Bottom of seedling &oK|

(a)  B E L T  C O N V E Y O R

Bottom  of the se e d lin g  bos

Cb) S C R E W  CONVE YO R

dimensions 5r& mm

F3 6 3 . 3.DE TAILS OF THE SELT ANO SCREW  CONVEYORS

i
MMCattftSKz:



a common sh aft with she f i r s t  se t o f pu lleys, as shown in  
Fig. 3 A (a ) . T ria ls  by hand using th is  showed th a t th is  
could move the seedlings towards the opening. I t ,  however, 
presented two major d if f ic u lt ie s .  F ir s t ly ,  the m etallic  
pro jections tended to  entangle with the roo ts  and loaves 
and pulled the seedlings down o r they wrapped over the 
pulley near the opening. Secondly the movement was not 

regular and consistent and as such the feeding was not 
uniform, leading to irreg u la r  pickings.

A screw conveyor o f diameters b*5 cm and 1*5 cm a t  outside 
and in side  respectively  and a  f lig h t p itch  o f 1.5  cm was tried® 
Fig. 3*3 (b) shows th is  conveyor. I t  was sad# o f G .I. sheet 
o f 2SG* l-lounted a t  the rea r  bottom end o f the box i t  was 
kept pro jecting  1.5  cm above the bottom o f the box as shown 
in  Fig. 3.** (b ). On t r i a l  by hand, i t  was found tha t th is  
could move the seedlings positive ly  and regu larly , but had 
one drawback th a t many a times the seedlings were pulled down 
a t  th e ir  roo ts when these @»t in  between the conves'or and 
the rea r side p late o f the box. Thus, a b e tte r  cornreying 
method was considered necessary. Another attempt made to  
taekLe th is  problem was the use o f a  seedling rake (Fig. 3*£)* 
Made of M.S. sheet o f  1bG with M.S. n a ils  o f 1*5 CD height, 
braaed to i t  in  two rows with 8 cm spacing in  between a t  a 
centre to centre distance o f  2 cm, i t  was driven by a p a ir



Lift

1» B e lt  con veyor w ith  2 .  D r iv in g  p u l le y s
meoal s t r i p s  1+. Screw conveyor

3 . S e e d lin g  box op en in g

FIG* 3*U- M ounting d e t a i l s  o f  th e  s e e d l in g  con veyors
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1 . N a i ls  o f  th e  s e e d l in g  rake
2 .  S l i t s  i n  th e  "bottom o f  th e  "box 
3« S e e d lin g  "box op en in g

FXG« 3*6 S e e d l in g  rake -  p la n



of cranks, each of 1 cm radius# The cranks were so positioned 
th a t the upper h a lf  o f tho c ircu la r lo c i i  o f the n a il t ip s  
projected above the bottom plat© o f  the seedling box through 
the S li ts  provided as shown in  Fig# 3#6# They ro tated  d o ck - 
wise when viewed from re a r , so th a t the seedlings were moved 
towards the opening a t  the r ig h t side o f  the box. T ria ls  
shoved th a t th is  arrangement was the most sa tisfac to ry  one. 
Even though th is  moved the seedlings to  the opening, to enable 
the pickers to take out the seedlings without missing, i t  was 
essen tia l to  employ a seedling e jec to r (Fig. 3*7). This m s 
a spring loaded, pivoted rod o f 3 mm diameter, welded with a 
plate-cam o f M.S. sheet. This was positioned in  such
a way th a t th is  could be saoved down by the pickers forcing 
the seedlings rigfrt in to  the jaws of p ickers, ensuring positive 
gripping every time as depicted in  Fig. 3-8# She cranks of 
the raks were Joined through a coupling rod of 3 m  diameter 
(Fig# 3-5) • A J o b  diameter endless le a th e r  rope and a pulley 
arrangement was used to drive th r rake from the main shaft 
o f the transplanting  mechanists, a t  a speed twie* th a t o f the 
main sh a ft. This speed ra tio  was found to  be optimum when 
tr ie d  with d iffe ren t speed ra tio s  of 1.5, 1.?5* 2.00 and 2.25 
between main shaft and seedling rake. The crank radius o f 
1 cm was also  selected a f te r  t r i a l s  with cranks o f 0.75 cm,
1.00 cm and 1.25 cm ra d ii ..  The bottom o f the box was provided 
with slopes o f k .8° long itud inally  and 5*7° transversely as 
shown in  F ig. 3*2, so th a t the roots o f the seedlings remained



S. S e e d l i n g  <?ject©r 2. Cerrt for susdiing e|®eS@t?
Dimension g Sira m jvt

F ! G . 3 . 7 D £  T A IL S  O F  T H E  S E E  D U N G  E J E C T O R



1 . S e e d lin g s
2 .  S e e d lin g  e j e c t o r
3* PD.ate cam o f  e j e c t o r

FIG. 3 .8  O peration  o f  th e  s e e d l in g  e j e c t o r



uniform a t  the rear-most end o f the box and were moved regularly  
to  the opening.

3.1 .2  Seedling picking and releasing  system

The seedling picking and releasing  ayatera comprised the sets 
o f seedling pickers mounted on the sa in  sh aft and a sta tionary  
p la te  cam mounted on the main frame.

3-1 . 2.1 Seedling picker sets* Each se t o f the picker consisted 
o f two members namely one fixed and another pivoted and spring 
loaded at one end. These are shown in  F ig. 3.9. The pickers 
were made of 6 mm diameter M.S. rod. Two spider a, each consis
ting  o f a hollow boss o f  3 ass thickness, carrying two arms of 
M.S. f l a t  welded to th© boas to  mount the pickers ra d ia lly , 
were provided. The fixed picker th a t passed through the seedling 
box had a f l a t  scraper with a curved and chamfered leading edge. 
This enabled the pickers to take out the seedlings even i f  the 
roots were s lig h tly  entangled o r interwoven, without any bending 
o f the stem. In  th© i n i t i a l  design the width o f both the picker 
heads were kept 10 ram, but th is  caused bending o f the stem as 
the roo ts were entangled. The picking end o f the pivoted 
picker was fla ttened  to  improve the gripping and to reduce th© 
pressure on the seedlings. The other end was connectsd with a 
tension spring to  th© flangedend o f the boss through a machine 
screw and nut so th a t the force a t  the picking end could be



t* p ichor 2 . S p i d e r  for f ix# d  p i c k e r  %. P i v o t e d  p i c k e r  <4. Sp ide r  for  p i v o t s d  p i e k e r
D i m e n s i o n s  in  mrn
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1 . S e e d l in g s  . ’
2 .  P iv o te d  p ic k e r  
3# F ix e d  p ic k e r
b ,  S e e d lin g  e j e c t o r

FIG. 3 .1 0  G rasp ing th e  s e e d l in g s  by p ic k e r s



adjusted to obtain b e tte r  picking with minimum damage# The 
bo ©see o f  the spiders were provided with 6 rnn tapped holes, to 
secure thea firm ly with the main sh a ft, by b o lts . 5he main 
shaft was turned and fin ished to a diameter o f 26 onu I t  was 
hollow with a thickness o f 3 mm. I t  was supported by a p a ir of 
brass bushes. The dimensioned exploded view o f the picker 
assembly i s  shown in  F ig. 3.9 and i t s  operation explained 
in  Figs. 3.10 and 3*11,

3.1 *2.2 Main frame, and the stationary  cams The main frame 
consisted o f  a c ircu la r member mad© of 25 m  % 5 ®a M.S. f l a t ,  
and a main support made o f £0 rap x 6 ssn M.S. H a t ,  both being 
welded tog©ther to form an in teg ra l p a rt (Fig.- 3*12). The 
diameter o f the c ircu la r member was kept as 230 mm as the 
length o f  arc  between the points o f picking and releasing  
was 35 cm# This accomodated a maxi,mum seedling length of 30 
cm with a clearance o f 5 cb. The c irc u la r  member ad.so guided 
the seedSLlngs pulled out o f the tray,, which in  burn avoided 
any bending, o r breaking.’ One of the two bush bearings was 
provided a t  the centre o f  th is  member to. support the main shaft. 
The main' support was bolted to  a wooden f lo a t  a t  the bottom.
This had a  thickness o f 30 m. and- width o f 36G aim with 100 ms 
high fro n t fend®f of G .l. sheet o f 26 G, to prevent water flowing 
over the f lo a t .  The ax is o f the main sh a ft was 12 css above the 
top of the f lo a t  (Fig. 3 .12). A cam of 325 ma length and 33 or: 
width made out of 3 mm th ick  M.S. sheet was provided to open
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1 • S e e d lin g  r e le a s e d  
2* Cam o p en in g  th e  p iv o te d  p ic k e r
3 .  C oupling rod  o f  s e e d l in g  rake  
5-. P u L ley -d r iv e  f o r  s e e d l in g  rake

FIG. 3.11 Releasing the seedlings hy pickers



and close the pickers. An in c lin a tio n  o f 30° with the direc
tion  o f trav e l of the p ickers, provided a t  the ends o f  the can, 
was found to be ideal fo r  sa tisfac to ry  operation o f the pickers* 
This was selected  a f te r  te s tin g  d iffe ren t inc linations from 
25° through kQ°, An in c lin a tio n  o f hQ° offered greater re s is 
tance to ro ta tio n  o f  the p ickers, while a lower in c lin a tio n  
o f 25° resu lted  in  delayed opening and irreg u la r release of 
the seedlings.

3*1.3 Seedling planting system

The seedlings released through the open tmpeaoidal s lo t 
in  the wooden f lo a t were expected to  be la id  in  a harlaontal 
posture in  the puddled f ie ld . The s lo t  in  the f lo a t was 30 cm 
long with a  width o f 9 cm a t  the fron t and cm a t  the re a r .

In  order to incorporate a su itable planting finger, seed
lin g s  were placed on the puddled so il and then these were 
pressed down a t  about 1 ea above the roo ts  by a *1 * ^shaped rod. 
This helped to p lant the seedlings a t  an angle o f 60° to 80° 
with the ho rizon tal. A planting finger o f sim ilar simp© and 
o f 11 cis length  Bade o f £ ma x  3 mm M.S. f l a t  was pivoted on 
the c irc u la r  frase o f  the mechanism (Fig. 3.12). The upper 
end o f th is  finger was spring loaded. The pivot point and 

length o f the planting finger were selected in  such a way th a t, 
on re lease , the finger touched the seedlings lying 011 the p u d d l e d  

so il a t  about 1 om above the roo ts and as the machine moved
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forward* the seedlings were pressed down to  a depth o f about 
b cm. Fig, 3*13 shows the schematic of the operation o f the 
planting fin g er.

3.1 A  Constructional d e ta ils  o f Hechaniam«B

the  mechanism developed in i t i a l ly  and described h ith e rto  
had only two se ts  o f p ickers. Since the ro ta ry  speed o f the 
pickers was inversely proportional to  the number of pickers 
for the same f ie ld  capacity  and the t ip  v e lo c ity  o f the 
pickers was evidently an important fac to r affec ting  the missing 
and damage, i t  was decided to  design and fabrica te  a second 
mechanism, w ith four picker se ts  having reduced t ip  ve locity , 
to  study the e ffec t of lower t ip  ve lo c ity  on the performance 
of the transp lan ter. This mechanism was based on the same 
concept as mechanism-A, but to  accomodate four picker se ts  the 
diameter o f  the c ircu la r member arid s ta tionary  can was increased 
to  bOO mm against 230 mm fo r  mechanism a . The dimensions of 
the pickers were also  increased proportionately, but those 
o f the picking ends were kept unaltered. The pivoted pickers 
were rsade o f 20 mm 2 3 ram M.S. f l a t  With stronger springs o f
1.5  am w ire, but y; th e ir  securing arrangement was tha same 
as fo r aechanism-A, so th a t the tension was adjustable. The 
flsed  pickers were made o f  12 caa M.S. rod. The speed ra tio  
between the main shaft and seedling rake was also increased 
to h9 using a driving pulley o f 10 cm diameter. All other



components l ik e  main shaft, seedling box, seedling rake, 
bearings^ wooden f lo a t ,  seedling e jec to r etc* were kept o f 
the same specifications as fo r transplanting  aechanisa-A.
Fig* 3*1*1- shows the d e ta ils  o f  th is  mechanism*

3*3 Test Set-up and Procedures

Testing o f the two transplanting  mechanisms was carried  
out mainly in  the laboratory but a H a lte d  t r i a l s  were also 
attempted in  the field*

3-3*1 laboratory  te s t  set-up

The laboratory te s ts  were aimed a t  to  study the performance 
of the two mechanisms in  respect o f  the picking and releasing  
o f the seedlings* A te s t  set-up was designed and fabrica ted  
fo r ti iis  purpose* as suggested by previous researcher* i t  was 
decided to observe the performance of the mechanism fo r a  
minimum o f 100 strokes o f  continuous running* The te s t  set-up 
was, therefore j provided with canvas conveyor o f 20 a length 
capable o f  holding about 125 seedling h i l l s  released by the 
mechanism with provision to  unwind and rewind i t  fo r each test* 
The d e ta ils  o f th is  set-up are shown in  Figs* 3# 15 and 3*16,
The set-up comprised a variab le  speed u n it to drive the conve
yor and the transplanting mechanism synchoronously a t d ifferen t 
speeds, a ft.S* angle frame to clamp the mechanism being tested  
and a winding drum to unfold the conveyor*



ELEVATION

*

a.
n .
56.

Wl«f pUUfys- 
R oller c h a in  

C a n v a s  ro ll 

V -S e !l pu ll»y ,!)5 ‘S'

3 .

7.
M.17.

1~®PLAN1V-8«U p«ll*y,*S* 3.V-8*U pattoy, 80 ̂Orivtn *procheij20T. 8. Ropt winding drum Canvas convtyor 13.G«ar boxEloclor motor l&..$peid comro(l*r-conv*yor IP.Friciicn lining
0 6 3 4 5  L A B O R A T O R Y  T E S T  S E T - U P

O im tn s io n e  in  isara

4. O&pvi 5A®f3-#**.-fc9K 3. Driving sprocm- 1ST .9. Nylon rope i& Tionsplanting meetiarfsira K pullty,3tÔ  13, Floating con!??
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3*3*1*1 Variable speed drive» The variable speed drive 
consisted of an electric actor, a floating centre vari-speed 
pdLXey sad a five-speed gear box, all supported on a frame 
work (Fig. 3.15). Speeds ranging from 15 to 1075 *3?mi coULd be 
achieved at the output shaft of the gear box corresponding 
to aotor spaed of 960 rpa« The specifications are given vide 
Appendix-B. The gear box had provision to engage and dis
engage the power to drive the transplanting mecharcupja at the 
required speed. The output shaft of the gear box and main 
shaft of the transplanting mechanism were connected through 
a pair of sprockets and a seller chain of 12.*? cm pitch#
The driving sprocket had 15 teeth and the driven sprocket, 
secured by bolt to, the main shaft of the mechanism, had 20 
teeth. Th© transplanting mechanism was mounted on a M. S. 
angle frame, using 6 mm bolts. The frame composed of two 
angle iron members each of adze 50 x 50 x 6 mo and 750 mm long 
which were joined by two M.S. flats of 50 x 6 x 500 ara size.
The frame was kept on the floor (Fig* 3*15)*

3*3*1 *2 Conveyor arrangement: A canvas conveyor of h-Q cm
width and 20 m length was used to retain the seedling* released 
by the pickers of the transplanting mechanism. The canvas was 
wrapped over a 25 am diameter hollow shaft, held on the supports 
fixed to the frame. The outer end of the canvas was tied to a 
rope that passed over an idler pulley of 60 ram diameter, fixed 
at a distance of about 20 m from the mechanism (Fig. 3*15)*



The other end o f the rope was tied  to the winding drum, by 
changing i t s  d irection  with the help o f an id le r ,  The Ending 
drum was supported on two bearings mounted on the sane frame 
as th© variab le  speed driven The drum was driven by a 7-b e lt 
and pulley drive from the main shaft of the mechanism. The 
speed ra tio  wag selected such th a t the seedling h i l l s  were 
released a t  a regular spacing o f about 15 cm, so th a t the 
missing h i l l s ,  i f  any, could be ea s ily  counted* Etg# 3 .17 
shows a section o f the conveyor holding seedlings* She driving 
pulley was secured to the main shaft o f  the mechanism using 
6 sis bolt* At one end o f the canvas-roll shaft a spring loaded 
f r ic t io n  lined  brake was provided to achieve constant speed 
of the conveyor, as i t  was pulled over the floor* rIhe re 
winding o f  the canvas was done with a hand crank a t  the other 

end of the  canvas-roll sh aft.

3*3*2 Test Procedure

3*3*2.1 Preparation o f seedlings* Seedling grown in  the 
corwetional nursery were used to study the performance o f  the 
mechanisms* The roots o f the seedlings were washed to  remove 
the mud* The leaves were pruned. to  the heights o f 2,0, 25 and 
30 cm, as required fo r the test*  The bunch o f seedlings were 
separated, but th e ir  roots were not cu t. These seedlings 
were then loaded in  the seedling box*
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1 . Canvas
2 .  S e e d lin g  h i l l s
3 . P la n t h i l l  m is s in g

FIG. 3*17 Portion of the conveyor holding seedling 
hills

1. Splitting of stem
2. Damage to lover leaf
3 . Bending of stem
FIG. 3*13 Damaged seedlings
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3#3*2#2 Method of the tests Before the start of •&<& tost 
the canvas was wound completely on the roll# The driven sprocket 
was kept loose on the sain Shaft by unscrewing the securing bolt* 
The rotor was started and the speed of the driving sprocket 
was measured with the help of & hand-tachometer#

Adjusting the floating centre and selecting the suitable 
gear, the speed of the tsaiix Shaft was set to 15?, 22.5>, 30, 37* 

b5>, 60 or 75 rpa, as required to suit the treatment combinations*. 
The rotor was then run for about five minutes to ensure the 
stabilisation of the ad justed speed. The gear was then kept 
in neutral and the driven sprocket was secured to the main 
shaft# The gear was re-engaged end the transplanting mechanism 
and the winding drun were both operated, resulting in the 
picking of the seedlings from the seedling box and placing them 
on the canvas«*convey©r, whose movement was properly synchronised 
with the speed of the transplanting mechanism# When the conve
yor was completely stretched, the gear was disengaged thereby 
cutting the drive to the transplanting mechanism end the winding 
drum# The following observations were taken?

1# Hate of picking the seedlings in hills/min 
2* Number of seedlings in each hill 
3# Number of damaged seedlings in each hill



b» Tin* taken for one revolution of the energy 
are ter dlec when the mechaniaa was in operation 
in seconds

5# Tine taken for one revolution of the energy laeter 
disc when the aechaniiH m e  not in operation in 
seconds.

2hese observations were taken to evaluate the performance 
of the transplanting aeohanisns with respect to the following 
indices*

1. Percentage of Biasing hill.a 
2* Seedling distribution and average nuaber of 

seedlings/hill 
3* Percentage of seedling daaage 
b» Power consumption of the nechanless*

The daaaged seedlings were distinguished by visual obser
vation* Fig* 3*18 shows a group of danaged seedlings (defini
tion vide Appendix-A).

3*3*3 feat conditions and variables studied

’Variables which load bearing on the performance of 
the transplanting sechanisia were indentified as follows*,



Variable* relating to seedling*

1* Seedling age
2. Disaster and length of seedling a ten
3. Length and number of roots

Variables relating to mechanism

1* Geometry of the picker jaw
2. Number of pickers and their speed 
3* Geometry of the seedling rake 

Geometry of the seedling ejector 
5. Slope and aise of seedling box 
6* Sise of opening of the seedling box 
'/• quantity of seedlings In the box 
8. Position of points of picking and releasing 
9* Hate of picking

Variables relating to field

1 * Type of soil
2* Depth of standing water
3* Degree of puddle

'She variables relating to seedlings and mechanism will 
affect the seedling damage9 number of seedlings/hill* ability 
of the mechanism to take out 2 to 3 seedling* from tide seedling



box and to release them, where as the variables relating to 
field will affect the depth and angle of planting* However, 
the study reported in this thesis was confined to tliree vari
ables only, nambly, rate of picking, seedling height, and 
number of pickers* Table 3*1 shows the test conditions of these 
variables*

It was obvious that the performance indices, naisely the 
seedling distribution, plant hill missing and seedling damage 
would be influenced, among other variables, by the tip velocity 
of the pickers as the time available to pick the seedLings 
varied Inversely as the tip velocity. 2br the sake of 
comparison of the two mechanisms and to decide which of the 
two mechanisms was superior in performance, it was decided to 
test both of then against a given rates of picking* This was 
done as the Ultimate objective was to evolve a mschstnlsn with 
minimum seedling damage, plant hill missing and recommended 
number of seedlings/hiH with maxiaiss field capacity* As the 
number of pickers and their length were fixed in each mechanism, 
the tip velocity of the pickers remained directly pi'oportional 
to the rate of picking

As Shown in Table 3*1, 35 to bo days old seedlings of 
Hl-106 paddy variety were used for the laboratory test* Two 
mechanisms, each at four different speeds were tested*
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Table 3*1 Test conditions and variables

Sr*
No.

Variables Level* of variation

1 2 3

1 . Seedlings
(a) Paddy variety
(b) Age (days)
(n) Height (cm)

One; PK-1G6 
One) 3S? to bo 
Three1 20, 25» and 30

2# Transplanting Twof with two pickersets 
and four pieker-sets

3« Bate of picking 
the seedlings 
(hiUs/aln)

Pour) 60, 90, 120 
and 1£Q

The study was planned with & factorial experi
ment on a randomised block design, the factors being, rate of 
picking at four levels (?»**), height of seedling at three 
levels (H s 3) and type of mechanisms at two levels (M s 2), 
with three replications (H « 3). There were treatment 
combinations and 72 sets of observations to be made# After 
preparing the list of treatment combinations, these were 
randomised by drawing lots# The experiment was then carried 
out in accordance with the procedure outlined under section 
3*3#2#



3*3A  F ield  test

Mechaniam-A was else tried in the puddled soil., firstly 
in « trey of 1.5 x 0.5 » sise with 15 ca depth filled with 
puddled soil to simulate alsost a field condition* It was 
later tried to a Hatted extent in the actual field,) puddled 
with a power tiller. The standing water ranged fron 0.0 to
2.5 ca in one teat and 2.8 to k*2 cm the second. However, 
the field tests could not be pursued due to ashy prcblecss, 
discussed in Chapter IV.



C h a p te r  IV

RESULTS AND SlSCHSSiai

This chapter presents the results of the testing of the 
transplanting oechaniKss designed and developed for this 
study. The results and discussion have been arranged under 
the following headings;

1. Effect of rate of picking on seedling 
distribution, plant hill Biasing, seedling 
damage and power consumption

2. Effect of seedling height on seedling 
distribution, plant hill Biasing, seedling 
damage and power consumption

3* Effect of the mechanisms on seedling 
distribution plant hill Biasing, seedling 
damage and power consumption.

lf.1 Effect of Rate of Ricking

The effect of the four levels of rate of picking On 
the following indices was studied:

**•1.1 seedling distribution! The percentage of trills with 
0, 1 , 2 to ^ and 5 to 8 seedlings in each hill was computed



and tabulated vide Appendix-F* The results are represented 
in Bigs# b*1 through b*9* Though the mechanism was designed 
to pick 2 to 3 seedlings/hill, 2 to b seedlings/hill was 
reported to he well within 'the acceptable limits (b, 9, bo).
It was found that ?0#b to 82.6? per cent of the hills contained 
2 to b seedlings/hill.- The statistical analysis presented 
vide Table b*1 indicated that the rate of picking was signl* 
ficant at 5 per cent level, with respect to avemgt number 
of seedlings per hill* Both the first order interactions 
vis* speed x seeding height.and speed s mechanism, as,well as 
second order interaction vis*, speed x seedling height X 
mechanism were also significant at *> per cent level* The 
critical difference at 5 per cent level of significance' was 
also calculated and compared with the treatment mean 
differences* This showed that there was no significant 
difference between the rates of picking of 90 and 120 hills/min 
but between ell other rates of picking the differences were 
significant at % per cent level. The average number of 
seedling per hill was between 1*7 and 2.6 as against the 
functional requirement of 2 to 3 of the mechanism*

The rate of picking was significant,- because ’the time 
available for picking the seedlings from the box decreased 
as the rate of picking increased and this resulted in varying 
number of seedlings per hill as the rate varied* ‘The nature
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tab le  h.1 Analysis o f  variance for average nussber o f
seedlings/hill

Source d.f s .s M.S.S. Fobs Ftab
'1 2 3

Replications <Il) z 0.0070 0.0035 0.3259 3.20
Rate of picking (P) 3 1.1228 0.37^3 ^.8538’* 2.81
Height of seedlings 

01)
2 0.8679 0.b3k0 M).M25<p 3.20

Mschanlsffl CM) 1 0.0176 0.0176 1.6389 h.05
Rat© of picking x 
Height of seedling

6 0.2085 O.03H8 .  j*3.^05 , 2.30

Mechanisas x Height 
of seedling

2 1.0769 0.5385 50. 1 3̂/ 3.20

Mechanises x Rate of 
picking

3 1.8576 0.6192 57.6583" 2.81

Picking rate x seed
ling height x 
Mechanian

6 0.U678 0.0780 7.2632** 2.30

Error h6 0,0107 «* „

total 71 6*1201
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of variation is showi in 2Fig« V.10. It was evident that the
i

average nuraber of seedLinga decreased as tbs rats of picking

S383**

*v 
J

par ©ant fbr iseehaniso-A. and B respectively at a rata #f 
picking of 150 MXXa/miu However, within the range of 60 
to 120 hiXXs/jsin5 the Digging of hiXXs ranged frois J+.09 to 
£.69 per ©ant for seohanigHHA and 6.9£ to 10.76 per .cent
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Tabl* h»2 Analysis ©f variance for plant bill alasiog

Boures d»f  S»S» H.S,8 Fob# ^tafe
1 2! 3 b 5 6

Replication# <E) a 0.02k© 0.0120 0.032,0 3*20
Hate o f picking <P) ' 3 ik^ .kooo k8k-,8000 1 ^ . 1 092# 2.81
Haight o f  asadlinga 

CH>
a 1.1377 0*5689 1*70$t- 3.20

Mechanisas (H) 1 96,1*f20 96.1 If 20 288.3758* k.05
Hat® of picking x 
Haight o f soodling

6 2,9863 9.k977 1.U928 2*30

Saadling height x 
Ifechaniaa

2 1*7773 0.8887 2.6656 3.20

Rat© of picking x 
MeehaniSB

3 67,6180 22*5393 67*6061* 2.81

Picking rat© x seed-* 6 
ling height x iaoehaniaca

3.2097 0*5350 1.57k? 2.30

Error U-6 15*3360 ' ©,333k - m

T o ta l 7116*f2f6310
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**.1«3 Seedling damage: The data were analysed statistically 
and the analysis of variance for saddling damage is presented 
in fable **.3. It was found th a t the rate of picking was 
significant at 5 per cent level, with respect to seedling 
dosage* All the interactions of first and second order were 
non-significant at 5 per cent level, The critical difference 
at 5 per cent level was computed and compared with the treat
ment mean differences. This showed that the differences 
between 150 and 60, 90 and 120 hills/nin were significant at 
5 per cent level.

The v aria tio n  in  seedling damage with ra te  o f picking 
i s  shown in  F ig. V.12, The seedling damage ranged from 0.71 
to  1,1*2 per cent fo r mechanisa-ii and 0.53 to  0.88 per cent 
fo r mechanism-B, a t  ra te s  o f  picking o f 60 to  150 h i l l s /a in  
respectively . However, with in  the range o f  60 to  120 hills/m in 
o f ra te  o f  picking, the seedling damage in  both the asbhanism* 
did not exceed 0,8 per cent as  against the designed value o f 
1.0 per cen t. I t  was reported th a t 11 to  1*2*3 per cent o f  the 
damaged seedlings sustained the in ju r ie s  caused by the tran s
planting  aaehinss in  Japan (51)« The exact percentage Of 
damaged seedlings could, therefo re , be assessed only a f te r  
verify ing  i t  th ro n g  ac tual transplanting  in  the f ie ld . The 
in ju r ie s  caused in  these tnechanisas can be a ttr ib u te d  to the 
higher t ip  velocity  o f the pickers.



Table km 3 Analysis of variance fo r gaodlinG damage

Bouree d .f 8 .8 . 14. s . a ^obs "tab

1 2 3 k 5 6

Replication (R) 2 0,6^78 0.3289 1.8222 3.20
Hate of picking (p) 3 2.7378 0.9126 5. 0560** 2.81
Height o f seedQ-ingCH) 2 0.2312 0.1156 0.6h0lf 3.20

.Mechanisms (M) 1 0.8889 0.8889 ^ .92̂ 7* if. 05
Hate o f picking x 
Height o f seedling

6 1.2622 Q.21C&- 1.1657 2.30

Beedilng height x. 
Mechanism

2 0.8711 0. if 356 2.VI33 3.20

Hat a of p i citing s  
Mechanism

3 0.7^67 0 .2**89 1.3789 2.61

Hate of picking x 
Height s  Mechanism

6 2.1866 0.3^1- 2.0188 2.30

Error 8.3022 0.1805 -

Total 71 17.831#



FIG-4I2EFFECT OF RATE OF PICKING ON SEEDLING DAMAGE FOR THE 
TWO MECHANISMS
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If. 1.1* Power consumption: The power consumption was found to
vary with the ra te  of picking with a co rre la tion  co effic ien t of
0.999* The equations connected the power consumption, Y and 
the ra te  o f picking, X were I  s  G.SSMf X and Y = 0«282*f X for 
nechanisns-A and B respectively* The v a ria tio n  o f power consum
ption with the ra te  o f picking i s  shown in  Fig. *+.113. The 
lin e a r  increase in  power consumption with ra te  o f picking can 
be a ttr ib u te d  to the work dona which i s  proportional to the 
ra te  o f picking,

*w2 E ffec t of Height o f Seedling

The e ffe c t o f 3 le v e ls  o f seedling height was studied 
for the following indices:

*+.2.1 Seedling b i l l  d is trib u tio n : The percentage of h i l l s
with 0 ,  1 , 2  to ^  and lj  to  8  seedling in  each h i l l ,  were tabu
la te d  and the  re su lts  are represented in  F ig . W-.1 through U-.9.
The average number o f seed lin g s/h ill was computed and Fig. if. 10 
shows the e ffec t o f seedling height on average number of 
seed lin g s /h ill. The re su lts  were s ta t i s t ic a l ly  analysed and 
the analysis o f variance fo r the average number o f seed lings/h ill 
i s  presented in  %Table ,if.1. I t  was found th a t the main e ffec t 
o f  the seedling height and the f i r s t  order in te rac tions, v i s . ,  
seedling height x ra te  o f picking, seedling height x mechanism, 
as well as second order in te rac tio n  v ia . ,  seedling height x 
ra te  o f  picking x mechanism were a l l  s ign ifican t a t  $ per cent



R&W& EFFECT Of RATE OF PICKING ON POWER CONSUMPTION
FOR THE TWO MECHANISMS
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le v e l. The c r i t ic a l  difference was computed and compared with 
the treatm ent mean d ifferences, This indicated th a t a t  the 
ra te  of 60 h ills /m in  a l l  the seedling heights were s ig n ifican tly  
d iffe ren t a t  5 per cent le v e l.  At 90 h illg /ia in , seedling 
heights 30 and 20 cm, as well as seedling heights 25 and 20 era 
were s ig n ifican tly  d iffe re n t. At 120 h ills /ra in , a l l  the 
seedlings heights were s ig n ifican tly  d iffe re n t, whereas seedling 
heights 30 and 25 cm were not s ig n ifican tly  d iffe ren t a t  5 
per cent lev e l a t  150 h i l ls /n in .  This meant that as the height 
o f the seedlings was reduced to 20 cm, the number of seedlings/ 
h i l l  was affected  and the e ffec t was to pick up a higher number 
o f seed lin g s /h ill. This was because, as the length o f seedling 
was reduced, i t  could be ifloved to the opening of the seedling 
box as well as pushed down by the e jec to r eas ily  and enabled 
the pickers to grip better*

If*2*2 Plant h i l l  missing: The data was analysed s ta t is t ic a l ly
for p lan t h i l l  missing and the analysis o f variance i s  shown in  
Table if*2. I t  was found th a t the seedling height had no signi
fican t e f fe c t on the p lan t h i l l  missing a t  5 per cent le v e l. All 
the f i r s t  and second order in te rac tions were also non-significant 
a t  5 per cent le v e l. Shis showed th a t seedlings of any h o i$ it 
between 20 and 30 cm could be used without remarkable eiiange 
in  p lan t h i l l  missing.
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l+#2*3 Seedling damages The s ta t i s t ic a l  analysis of the data 
was done and the analysis o f variance fo r seedling damage i s  
shown in  Table U-,3. I t  was found th a t the main e ffec t as well 
as in te rac tio n s  o f the seedling height were not s ign ifican t 
with respect to the seedling damage a t  per cent le v e l. Thus, 
i t  co hid be in f  ere d th a t the seedlings o f  any height between 
20 and 30 css could be used without appreciable change in  
seedling damage,

b .2 .b  Power consumption: The observations for power consum
ption fo r the transplanting mechunisina-A and &> showed th a t, 
the power consumption was not affected  by the change in  
seedling height and as such seedlings o f 20 td 30 en height 
could be used without any change in  power consumption,

^•3 E ffect o f  the Kechanisia

The e ffe c t of the t ip  velocity  of the pickers fo r 
the mechanism-A with two se ts  o f pickers and mechanisa-B with 
four se ts  o f  pickers were studied to evaluate th e ir  performance 
on the following ind ices, namely; seedling d is trib u tio n , seed
lin g  damage, p lant h i l l  missing and power consumption.

lv.3,1 Seedling d istribu tions The percentage o f h i l l s  with 
0, 1, 2 to b and l$ to  8 seedlings in  each h i l l  was ©Disputed and 
tabulated. The re su lts  are represented in  Figs. W1 through 
U-,9* The data were analysed s ta t is t ic a l ly  fo r the average
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number o f seed lin g s /h ill. The analysis o f variance i s  shown 
in  Table *f.1. I t  was found th a t the main e ffec t o f the two 
mechanisms was non-significant a t  5 per cent le v e l, while the 
f i r s t  order in teractions namely; seedling height x mechanism, 
ra te  o f picking x mechanism as  well as the second order in te r 
action , seedling height x ra te  of picking x mechanism were a l l  
s ig n ifican t a t  5 per cent le v e l. This i s  because, basica lly  
both the mechanisms are the same and so the seedling d i s t r i 
bution was not s ig n ifican tly  affected* However, the combined 
e ffec t o f mechanism, rat© o f picking and seedling height was 
sig n ifican t and i t  i s  d i f f ic u l t  to a t tr ib u te  fee reason for 
fee in teractions*

if.3,2 Plant h i l l  missings The s ta t i s t ic a l  analysis o f the 
data and fee consequent analysis o f variance, for p lan t h i l l  
missing, presented in  Table *f.2, showed th a t the main e ffec t 
o f the two mechanisms, and the f i r s t  order in terac tion  i . e .  
ra te  o f picking x mechanism were both s ig n ifican t a t  5 
per cent le v e l.  The c r i t ic a l  difference was computed and 
compared with the treatment moan d ifference, which had shown 
fea t the two mechanisms were s ig n ifican tly  d iffe ren t a t  £ 
per cent le v e l, with respect to  plant h i l l  missing.

The e ffe c t of the mechanisms on p lan t h i l l  missing i s  
represented in  Fig. I t  was evident th a t regarding plant



h i l l  missing, meehaaism-A was superior to mechanisaa-B, a t  a l l  
picking ra te s  studied* The plant h i l l  missing ranged from 
^•09 to 16.8 per cent fo r mechaniaa-A and from 6.9!? to 16.M* 
per cent fo r meehaniso-B, when ra te  o f picking varied from 
60 to 150 h ills /ra in , but a t  a ra te  of picking of 120 h il ls /p in , 
the missing o f plant hill®  was 5*69 and 10.76 per cent fo r 
mechaniam^A and B respectively , as against the required 5 
per cent. I t  i s ,  therefore , evident th a t aeehanisiu-A i s  
adaptable upto a speed of 120 h ills /ta in , as the p lan t h i l l  
missing exceeded only 0.69 per cent.

The increase in  p lan t MIX missing in  mschanism-B could 
be a ttr ib u te d  to the geomtry o f the mechanism. The locus of 
the p ick e r-tip  of the mechanisa-B was a c irc le  of h7 cm 
diameter, while tha t of mechanism-A was a c irc le  o f 30 cm 
diameter but the other components lik e  seedling box, seedling 
rake, seedling e jec to r, were of tiie same specifications in  
both mechanisms. This showed tha t the p ick er-tip  o f meehanisa-B

!
trav e lled  a longer distance and remained fo r more tin e  in  1
seedling box, than fo r mechanisa-A. This offered an obstru
ction to the seedling movement and led  to higher p lant M il  
missing.

^•3*3 Seedling damages The data were analysed s ta t i s t ic a l ly  
and the analysis o f variance i s  presented in  Table ^ .3. I t  was !
fo u n d  t h a t  t h e  s e e d l i n g  d am a g e  w a s  s i g n i f i c a n t l y  d i f f e r e n t  i n



the tw  transplanting jseahaniaaa* a t  $ per cent le v e l. All 
the f i r s t  and second order in te rac tions were not s ign ifican t 
a t  $ per cent lev e l. The e ffec t o f the J3@chard.s0 on seedling 
damage i s  shown in  Fig.' The c r i t ic a l  difference was
computed and compared with treatment means, which allowed th a t 
there was no sign ifican t difference a t  9G and 120 h ills /ra in , 
while the damage was s ig n ifican tly  d iffe ren t a t  other ra te s , 
i t  was evident th a t the seedlings damage was more fo r E»chanisy~< 
than fo r BBcimnlgsss-B except a t  the ra te  o f picking o f 90 h i l l  3/12; 

Though the maximum seedling damage was l A  per cent a t  the 
ra te  o f  picking of 1^0 h ills /ra in  fo r mechanism-A, in  the range 
of 60 to 120 h ills /ra in , the seedling damage in  both the mecha
nisms did not exceed 0.8 per cent as against the designed 
maximum lim it o f 1 par cent.

The higher percentage o f seedling damage in  mechanism-A 
could foe a ttr ib u ted  to following reasons?

1. The velocity  of the p icker-tip  of raechaniara-A was 
more than th a t of mechanism-B (Figs. and k. 1 £)
and' th is  increased the scratching and rubbing o f the 
scraper o f the fixed picker with seedlings.

2.- us the picker of the rsechaniam-B travelled  a  longer 
distance in  side the seedling box a t  a  lower speed, 
i t  did not hurt the seedlings much.;.

mailto:J3@chard.s0


0 A— Forward velocity of machine I 30cm/s*dOB— Peripheral velocity of peekerig^ „ „ )\ 0 C— Resultant » » v ( §5 ** •* ^

VELOCITY DIAGRAM AT THE POINT OF PICKING

VELOCITY DIAGRAM AT THE’ POINT OF RELEASE

FIG4.&. VELOCITY DIAGRAMS FOR MECHANISM ~A AT A RATE OF PICKING 
120 HILLS/min



O A -  Forward velocity of machine i 30cm /sec)

O S —  Peripheral velocity of picker ( 73-8 ** » ) 
0 C ~  Re sultant  >> •> »  (4 4 »» , J )

H-2®

FfGA./S-VELOCITY DIAGRAM AT THE POINT OF PICKING FOR 
MECHANISM- 6  AT A RATE OF PICKING 120HILLS/min



I

3. as the length o f the pickers o f meehanian-A was 
le ss  than th a t of mechanism-B, the angle between 
the p icker-tip  T elocity  and seedlings was loore 
in  the case of median! arn-A* than in  mechanlsra-B.
Tills caused bending o f the seedlings and thus 
damaged then*

U-.3A Power consumption! The power consumption a t  various 
ra te s  o f picking for the two mechanisms was computed and i t  
was found th a t the mechanisn-B consumed more power than 
xaochanisa-A. At the lowest ra te  o f picking i t  was 13*58 and 
17.07 w atts fo r medhanlsa-A and B respectively . I t  varied 
lin e a r ly  in  both the eases with a co rre la tion  coeffic ien t of
0.999* and a slope of Q.22M- and 0.262^ fo r Bechaniaaa-A 
and B respectively .

was
The-power consumed ft© overcome the f r ic tio n  a t  the 

bearings•and cams and also to open the pickers against the 
spring force. The higher power requirements of meclianiam-B 
could* there fo re , be a ttr ib u te d  to the higher spring force 
and la rg e r f r ic tio n a l torque.

The comparison o f various treatment means with th e ir  
c r i t ic a l  differences and the table o f means and standard 
deviations o f the performance indices are given in  Appendsces- 
H and X*

124



The various performance indices are p lo tted  against 
the t ip  Telocity  o f the pickers a lso , and shown In  Fig. If. 16.

i!'
Thai laboratory te s tin g  o f the transplanting  mechanisms, 

in  the movable so il bin f i l le d  with puddled s o il ,  bad shown 
th a t the mechanism could not p lan t the seedlings perfec tly  
erect* Out o f f if te e n  observations, the angle o f p lanting 

ranged from 9° to  **6° with a mean of 27*22°* The depth o f 
planting also  varied from 1*0 to *f*1 cm with a mean of 2.68 
cm in  these observations, as against the required 3 to  H cm 
depth. However, as the mechanism and so il bin were separately

i :
driven, there was no synchronisation between the forward 
movement o f the bin and the ro tary  speed of the mechanism, 
and hence did not provide a perfect simulation of the ground-i'
wheal driven mechanism, but i t  did help to  provide a  v isual 
ind ication  of the functionab ility  o f the planting system.

!
The transplanting raochanisa-A was f i t te d  with a ground-I

wheel and subjected to a  lim ited  preliminary t r i a l s  in  the 
actual field* These t r i a l s  revealed the following points*i

I
1* I t  could piclf and release the seedlings without 

fa?-l, but could not p lant them in  the upright ,, 
posture properly. The seedlings remained lying 
almost ho riso n ta l, with th e ir  roo ts s lig h tly  
dipped in  the puddled soil*
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2* A fter covering a distance o f  3 to U- ia o f forward!
tra v e l, the mud got deposited on to  the earn of 
the seedling e jec to r and picker assembly, which
hampered with th e ir  proper functioning and offered

i
considerable resistance to th e ir  movement. This

i
led  to  the skidding of the ground wheel. j

r
3. The planting fin g er, moved by the pickers, carried  

a good amount o f mud and threw forward which stjiruck 
to the t ip  of the pickers.

I
The hinge o f the  planting finger did not function

■!
properly due to the mud stick ing  to  the hinge-point. 
Thus the planting finger acted as a s tra ig h t piece 
in  e ffe c t, which led  to  the throwing of more and
more raud as the finger passed under the puddled!
so il surface. !

* ■ i1

In  order to reduce the hazard o f stick ing  mud, i t  was
i

tested  in  a  puddled f ie ld  with standing water o f 3 to t  cm
!■

depth. This led  to  reduction in  the mud-sticking tendency 
on various p a r ts , but could not elim inate the problem e n tire ly  
Measurements re la tin g  to actual planting could not be taken 
due to the improper functioning o f the mechanism in  the f ie ld . 
However, the picking and releasing  system worked quite s a tis 
fa c to r ily  5 the planting system and the ground-wheel drive w ill

1

therefo re , bo improved fu r th e r .
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The mechanists could not plant the seedlings e rec t, 
because, a t  the tine o f re lease , the seedlings were inclined  
to the horizontal a t  an angle o f about 2^ with th e ir  leaves 
touching the puddled loose so il (Fig. U-.17)* This prevented 
then from being planted e re c t, even when the planting finger 
pressed a t  the roots*

a s  a comparison with the commercial models o f tran s
planting machines, th is  newly developed mechanism had a reasona! 
ra te  of picking of 120 h ills /m in , as against 100 and 120 h i l l s /  
min of ifiost o f the Japanese transp lan ters using conventional 
seedlings (**6). The p lan t h i l l  missing a t tills  ra te  was 
5*69 per cent fo r sadmnism-A, while moat o f the transplan ters 
had shown as much as 12*5 per cent itlssing (36, 38, 58). The 
te s t  rep o rts ’, of three commercial machines, for the accuracy 
of p lan ting , showed 5,6 to 22.1 per cant of floating  seedlings 
and 36*8 to 72.7 per cent leaning seedlings (36).

I t  was found th a t on an average 7.5 minutes o f time was 
required fo r  washing and loading one box of seedlings fo r the 
newly developed EJechanisms, which could be planted m  10 sq.a. 
o f area , and th is  amounted to 125 man-hrs/ha. I f  a ij-rov 
bullock-drawn version was used the transplanting  tin s  would be 
about 12 h rs/ha , which could substan tia lly  reduce the labour.





Chapter V !•

SWMARlf AMD COHCLlKaWS

iI'
For over h a lf  o f the world* 3 population, rice  provides 

the main d ie ta ry  source of energy and hence i s  one o f the cost
1

important food materials* In  the Far-East, where 9® per cent 
of world* s r ic e  l a  grown, transplanting i s  widely practised  
due to numerous advantages offered by th is  method* Manual 
transplan ting  being a ra th e r tedious operation, paddy tran s
p lan ters had been developed and introduced in  several countries 
notably Japan* Transplanters using conventional seedlings,

1

however, are s t i l l  receiving world wide a tten tio n  as the
i,

coBscercial transp lan ters such as in  use in  Japan were c o s tlie r  
and employed special type o f  nursery ra ised  with much care and 
sk ill*  I t  was, therefo re , decided to  develop and te s t  a new 
type o f paddy transplanting mechanism, with the following 
specific  objectives?

1 * To design and develop a mechanism fo r transplanting  
conventional paddy seedlings j

2 . To te a t  the transplan ting  mechanism under laboratory
I

conditions
3* To id en tify  the important parameters o f the mechanise 

and estab lish  th e ir  range for optimal operation of 
the u n it designed under objective (1 ).



Accordingly, a pdddy transplanting  mechanism vaa 
designed and developed. Attempts were made to  overcome, as far 
as possib le , the drawbacks o f sim ilar mechanisms already 
developed and reported. I t  was a single-row un it with provi
sion to  add more such u n its , so as to make a multi-row 
machine with a row-spacing o f 20 cm. I t  was designed to 
transp lan t washed-root seedlings o f 20 to 30 cm length a t  a 
h i l l  to h i l l  distance of 15 cm, with 2 to 3 se e d lin g s /h ill, to 
a depth o f 3 to b cm, with not more than 5 per cent missing 
h i l l s  and 1 per cent seedling damage. Made mainly o f M.S. 
and supported on a wooden f lo a t ,  the mechanism weighed 9*5 
kg without seedlings. The important components of the mecha
nism were a seedling box to hold the seedlings, a seedling 
rake and seedling e jec to r fo r positive conveyance of the 
seedlings in to  the picker-jaws, a p a ir o f picker se ts  mounted 
on the main shaft and actuated by a sta tionary  cam to pick 
and re lease  the seedlings, and a planting finger to  p lan t 
the seedlings, la id  horizon tally  on the ground aft©]* re le a se , 
by the p ickers. The main shaft was ro ta ted  by a ground wheel, 
aa the mechanism was drawn forward by manual, animal or 
tra c to r  power.

In  order to study the e ffe c t o f reduced t ip  velocity  of 
the p ickers, another mechanism with four p icker-set is, based on 
the same concept as the f i r s t  one, but with proportionately
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i'
la rg e r dimensions o f  p ickers and s ta tionary  cam, m s also 
fabricated* The components l ik e  seedling box, rake, e jec to r

’ i
and main sh a ft were reta ined  with the seme specifications 
as fo r the mechanism with two p icker-se ts . This mechanism 
w eired  11 *75 kg against 9*5 kg for the f i r s t  mechanisi^. The 
mechanism with two picker se ts  was designated as mechanism-A 
and th a t with four picker se ts  as mechanisa-B fo r convenience*s'

\ !|
I.

The two mechanisms were tested  in  the laboratory to
i

compare th e ir  performance in  respect o f  the plant h i l l  missing,
seedling damage, seedling d is tr ib u tio n , average number of!
seedlings per h i l l  and the power consumption* The te s ts  were 
conducted with U- ra te s  o f picking, i . e .  60 , 90, 120 and 1?0
h iils /m ln  and 3 seedling heights i . e .  30* 3$ and 20 cm 'for

! |

bota* m ehanxm  A and B. ^
!'
r

The laboratory te s t s  revealed th a t as  the ra te  off picking 
increased from 60 to 1^0 h ills /m in , the missing h i l l s  increased

y
from U-.09 to  16*8 per cent and 6*95 to 16*UU- per cent; seed
lin g  damage from 0.8 to 1 .U-3 per cent and 0.53 to 0.89 jper cent; 
and power consumption from 13*6 to 33.6 and 17.1 to U-2.i1 watts

;i
fo r mechanisms A and B respectively . The average number o f

I
seedlings fo r both the mechanisms studied, decreased frpm 2.U-

' i

to 2.0 fo r 30 cm long seedlings as the ra te  o f picking Increased
i

from 60 to  150 h ills /s in *  However* upto a picking ra te 1 o f 
120 h ills /m in , the missing h i l l s  were 5*69 and 10*69 per cent
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fo r mechanisms A and 3 respectively , as against the desired 
5 per cent Kissing h ills*  Seedling damage was le ss  than 1 
per cent and average macaber o f seed lin g s/h ill was above 2*00 
in  both tiie mechanisms with a varia tio n  o f O' to 8 seed lings/h ill 
with a maximum standard deviation of 1 *32*

As the seedling height was reduced from 30 to 20 cm, 
the average number of seed lin g s/h ill was found to increase 
from 2*36 to  2.^5 a t  the ra te  of picking o f 60 h i l ls /p in ,
2.11 to 2.39 a t  90 h i l l  s/ioin,- 2.07 to 2.39 a t  120 h iils /m in  
and 1.99 to 2.09 a t  150 hills/m iru& t a l l  seedling heights, 
upto 120 h ills /m in , the average number o f seed lin g /h ill was 
above 2*00, which was w ithin the required lim it.

On comparing the performance of the two mechanisms, 
i t  was found th a t there was no difference between the two 
regarding th e ir  a b i l i ty  to  pick the number o f seed lin g s /h ill• 
However, missing h i l l s  were more in  mechanism B as compared 
to mechanism A. For a ra te  of p i c k i n g ,  upto 120 h ills /m in  
mechanism A had acceptable missing h i l l  of 5*69 per cent as 
against the recommended 5 per cent* while mechanism B, had 
10.67 per cent which was considerably higher than the acceptable 
lim it . 'Hie seedling damage,upto 120 h ills /m in .ra te  o f picking 
was under 1 per cent fo r both the mechanisms.

Limited f ie ld  t r i a l s  revealed th a t the planting finger 
provided in  the mechanism did not function sa tis fa c to r ily  and



as such the plant? were not properly planted* Deposition 
o f mud on the stationary  cam and seedling e jec to r m s  a
problem noticed in  the field* Consequently, the free ro ta -

!
tio n  o f the main shaft was hampered which in  turn led  to 
the skidding o f the ground wheel* This called  for fu rther 
improvements in  the design o f the planting finger and ground- 
wheel drive.;

I
i

I t  was concluded th a t mechanism A could pick the seed
lin g s from the seedling box and release them sa tis fa c to r ily
on the ground upto a picking ra te  o f  120 h ills /m in . The

!'
missing h i l l s  and seedling damage were within acceptable

i
l im its . Trouble-free working o f the transp lan ter f i t te d  with 
such mechanism would have a  capacity o f about 0*0216 ha/hr 
per row* The forward speed fo r the ra te  o f  picking viz*
120 h ills /m in  comes to about 1*08 kaph. The mechanism could 
not p lan t the seedlings e re c t and improvement on planting 
finger was needed. About 125 man-hrs/ha were required to wash| 
and load the seedlings and i f  a l*-row bullock drawn version \\ 
could be used, i t  would require about 1bO man-hrs/ha a s  against 
200 to  250 man-hrs/ha in  hand transplanting . This would ju s tifyi!
fu rther developmental e f fo r ts  and refinement of the mechanism.



SUGGESTION FIl FUTIBE W B K

An im proved arrangem ent fo r  s e e d l in g  p la n t in g  

sh o u ld  b© d ev e lo p ed  and in c o r p o r a te d -

I t  may be w orth w h ile  to  im p ro v ise  th e  power 

tr a n s m is s io n  system  o f  th e  e x i s t i n g  m echanism . 

The g e a r s  i f  p o s s ib l e  sh ou ld  be e l im in a te d  •

An im proved and e f f e c t i v e  groim d-w heel d r iv e  

sh o u ld  be d e s ig n ed  and in c o r p o r a te d .

A p r o to - ty p e  w ith  b  t o  6  rows u s in g  u n i t s  

s im i la r  to  th e  one d ev e lo p ed  i n  t h i s  i n v e s t i 

g a t io n  sh o u ld  be f a b r ic a t e d  and t e s t e d  i n  

th e  f i e l d .
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Appendix- A 

mFIi12TiaiL OF TERMS

1. Conventional seedlings: These are seedlings pulled 
up from a trad itio n a l nursery f ie ld . After pulling up, 
the roo ts are washed o f the so il and separated from 
each o ther.

2. Unconventional seedlings: These are seedlings which
are raised  under controlled conditions in  seedling boxes, 
trays o r special nursery f ie ld s . Seedlings grown by th is  
method w ill have th e ir  roo ts inter-woven wrth the nursery 
bed m aterial inbetween,to form a seedling mat or band.

3. Plant h i l l s  This re fe rs  to the group o f  seechings 
picked and released in  one stroke of a picker se t.

b» Plant h i l l  missings This re fers  to the non-pi citing or 
to ta l absence of a p a rticu la r  h i l l  (expressed in  percentage 
o f to ta l  strokes performed).

5. Plant h i l l  density1 This re fe rs  to  the number of p lan t 
h i l l s  per u n it area of the transplanted f ie ld  (number of 
h il ls /s q .m .)•

6. H ill to  h i l l  distances This i s  the distance between two 
consecutive h i l l s  in  a row (cm).

7* . How to row distance o r row spacing*. This i s  the distance 
between two adjacent rows (cm).



8* Field capacity* This re fe rs  to the area covered by the 
transp lan ter in  unit time (ha/hr) •

9. Hate o f picking (p): This i s  the number o f lu l l s  picked
from the seedling bos in  un it time (h ills /d in )*

10* Needling height (H)s This i s  the to ta l  length o f the 
seedling stem including leaves* This excludes the length of 
roots (cm)*

11* passaged seedlings* These are seedlings found damaged 
by scratching, s p li t t in g , o r bending due to Dechanical
picking and dragging by the  pickers, distinguished v isu a lly , 
as shown in  Fig* 3*18 (expressed as a percentage of the to ta l 

seedlings released)*

12. Average number of seed lin g s/h ill; This i s  the to ta l  
number of seedlings released in  h i l l s  divided by the to ta l  
number d f pieker-strakas perforated (seed lings/b ill)*

1.3* Angle o f plantings This i s  the angle between the seedling 
stem and horizontal (degrees).

1b-. Depth of plantings This I s  the v e r tic a l depth of the 
lowest end of the seedling stem from the f ie ld  surface (cm).

Tip Velocity Of the pickers? This i s  the tangential 
velocity  of the outer cost point o f the ro ta ting  picker 

(cm/see).
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16. Forward velocity  of the mechanism * I t  i s  the lin e a r  
distance eiovad by the mechanists per unit-tirae (ktaph).

17. Mechanisn-A(M.)s 1’he transplanting mechanism developed 
under th is  p ro jec t, having two picker sets*

18. Mechanism-B (Mg): The transplanting mechanism developed
under the p ro jec t, having four picker se ts .



Aop©ndix-B

SH8C1F2CATI 3HS OF THIS VARIABLE SPEED- DRIVE AND 
INSTRUMENTS USD IN THE LABCRA3NBY TEST

1. Variable speed drive

Crompton Parkinson, India >
3 92 ~ 6 im  
960 rpra
20 hp |

i

3 phase, a*c«, 
b00/¥*0 v , 50 cpa

i!27 A © Delta i
li !

i
Siemens India
Push button automatic star-D olta 
m s JjBO/K 987-SP-2a ];
B i-relays 12-2b A ,.
Rating -  25 kw* M5 v , 3 phase

50 CpS |;l'
Floating cen tre-vari speeds ■

Maximum pi&ley diameter -  18 cm 
Minimum pulley diameter -  6 cm! 
Maximum speed ra tio  -  1:9

E lec tric  motors

Make s
Frame No 1 :

Speed «
Output :
Input supply :

Current s

S ta r te r :

Make s
Type :



Gear box?

Type : Hand sh if t with *> forward and 1
1 reverse speeds

Gear Ratio3 5 Gear- I I I  I I I  IV V R
Input- 6 3*5 1*83 1 0*83 6
Output-1 1 1  1 1  1

Speed range available at output shaft ) 15 to 1075
corresponding to no to r  speed o f 960 rpn rpm

Instruments used 

Tachometer;

Make ; * VERT IRS* Smith In d u stries , London
Type s Hand Tachometer, Indicating
Range s 0-MJ0 rev/ialn-Green d ia l

0-2000 rev/nin  -  Blue d ia l 
0-10,000 rev/ialn -  Red d ial

Stop Watch:

Make s RACER, Switzerland
Range : 0 -  30 sec/rev. of centre hand



Energy Meter:

Male©

2ype

Eating

Constant

: Jaipur K lectrlcald  Ltd, India \  ̂ ^
: Rotating d isc , recording type, \ \ \

\ '
3 phase, h wire ‘ \

No: K 3^ "

: 2*4-0 v/phase» 30 A:,, /phase 50 ops.

s 60 revoluMon/kwh



Appendix- C 

CHARACTIiJlISTlCS OF THE SELLINGS

V ariety * HI 106, Medium
Date o f  sowing : 20-6-1979 and
Nurseries 25-6-1979

!
Date o f Testing s 25th, 26th, 27th and 28th Ju ly , 1979

and 1 s t, 2nd, 3rd and bth  August, 1979

Age of seedling ? 35 to  bO days
and le a f  stage

5 to 6 le a f  stag©

Height o f  seedlings? 28 to  32 cm



Append! x-i)

BTATIST1 GAL LAYOUT OF THE EXPERIMENT

S ta t is t ic a l  layout 
of the experiment

b x 3 x 2 Factorial, with 
3 rep lica tions in  Randomized 
Bloch Design

Factors:

1. Hate o f picking (P) if le v e ls :

= 60 hills/min.
= 90 h ills/m in  

p^ = 120 h ills/m in  
Plf = 150 h ills /m in

2* Beedling height (H) : 3 levels:

3. Mechanisms (M)

H1 = 30 cm 
Hg = 25 cm 

= 20 cm

2 le v e ls :
M. = with 2 picker se ts  a

= with b picker se ts

*f. R eplications (R)



f a b l e  D .1  O b s e r v a t io n s  o f  t h e  l a b o r a t o r y  t e s t  (R ^ )

0 1
Number o f  see&Linss/hlLl 
2 3 *  5 6 7 &

Ho* o f  
damaged
seedlings

fot&l
h i l l s

A*v number 
o f

seedlings/
h iH

&.D.

1 2 3 i* 5 6 7 8 9 10 11 12 13

Humber o f h i l l s

M P \  1 Hi 5 22 3k 28 29 7 if . 125 2.60 1.28

a2 26 52 23 11 7 1 1 2 125 2.16 1.19

H3 6 20 33 30 26 10 2 125 2. 6V 1*32
P2 H1 6 26 1*7 22 17 6 1 3 125 2.32 1.26

Ha 7 33 if2 3^ 6 3 1 125 2.06 1.08
H 6 2*f 1*9 19 20 6 1 3 125 2.36 1.27

P3 «1 7 25 i*o 27 18 7 1 2 125 2.39 1.30

K2 7 17 **3 27 20 9 2 1 125 2.57 1.3k
VI
“3 8 21 i*5 27 15 6 3 If 125 2. 1f 1.33

_ _ V Ht_ 22 25 3k 16 22 6 3 125 2.02 1.39
h2 20 36 1*3 19 3 if 2 125 1.69 ^ 1;17

h3 2t 35 30 23 1if 2 h 125 1*8*f 1.31

xxw



Table D.1 con td ...

1 2 3 b 5 6 7

P1 H1 7 28 H5 2b 8 13

H2 8 39 Hi 2b 8 5

H3 7 8 Hi Hit 19 6

P2 « i 9 33 %6 26 8 3

W2 10 32 39 28 11 5
h3 10 0 **3 H6 22 b

F3 H1 13 H6 Hi 22 2 1
h2 13 87 63 18 H 2
h3 1*+ 8 50 30 18 5

\ H1 20 20 Ho 35 7 3

H2 21 12 HH 2b 19 2 3

H3
20 16 33 .29 18 6 2

9 10 11 12 13

1 125 2,30 1.32
2 125 2.00 1.17
2 125 2.62 1.1H
1 125 2.00 1.11
3 125 2.10 1.23
2 125 2.66 1.12
1 125 1.66 0.99
2 125 1.70 0.95
2 125 2.36 1.25
3 . 125 1.98 1.23
3 125 2.21 1A3
2 125 2.32 1.5H

;/
a

X



T a b le  D .2  O b s e r v a t i o n s  o f  t h e  l a b o r a t o r y  t e a t  ( 1 1 2 )

o f  seed lin g s/h ill Ho. of T otal
M ils

Air* hutaber
of seedlings/ 
M il

S.D.
1 2 3 k 5 6 7 cuisageu

seedlings

1 2 3 k 5 6 7 8 9 10 11 12 13

Jltaaber o f h i l l s

“a  P1 “1 k 25 k t kk 13 8 3 125 2.k l 1.19

H2 5 25 kkT'T 29 10 10 1 1 3 12? 2,k3 1.36

H3 6 2? kG 26 20 6 .2 125 2.36 1.25

P2 H, 6 38 38 28 10 5 k 125 2.10 1.18

H2 6 3? k2 33 7 2 0 125 2.05 1.05
h3 7 38 kG 1? 3) 3 2 125 2.11 1.23

? 3 H, 7 22 32 31 18 12 3 1 125 2.63 ■ 1.kk

H2 6 18 k6 29 16 8 2 2 125 2.50 1.29

a 3 8 22 38 3k 12 9 2 3 125 2.kk ■ 1.3k
' H-T 21 10 39 m  17 5 3 125 2.11 1.38

H2 22 HO 38 15 8 2 3 125 1.62 1.18

h3 20 32 37 13 19 3 1 k 125 1.9k l.ko
V/»
%



Table I). 2 contd..*

1 2  3 b 5 6 ?
» « W in i * i i i i  ■ >u» « ii ■ i'm 1 m «i i iw u i u m i "  ■«hi» — i 'w l * i a m  n  n  m m ' « ***■■ «■ " ■

p
“1 H1 8 30 ifl 27 7 12

K2 8 3b- b-5 25 7 5 1
H ' 3 7 7 b8 b6 13 b

PA2 * , 11 b-3 27 30 8 6

H2 9 19 55 32 9 1

H3 9 7 b-3 bb 13 5 b-

P3 H1 1b 50 36 23 1 1
H0£m lb- 30 50 26 5
ts

3 13 10 3b- 37 2b 7

Pb *» 21 28 35 22 15 3 1

% 21 11 ■ 38 28 21 1 5

h3 20 15 30 39 21 6 i

»w*i — n̂ if  i«i m hi no « i»m» i n.iUmwMW**i*ii iHftum'rtû — >i T̂ i>npmiuwa*»J-1

8 9 10 11 12 13

2 125 2.25 1.32
1 125 2.06 1.20
i 125 2.50 1.05
1 125 1*99 1.27
2 125 2.13 1.02

3. ’ 125 2.61 1.27
0 125 1.60 0.99
2 125 1.82 1.01

3 125 2.56 1.32
2 125 1.96 1.38
b 125 2.32 1.51
1 125 2.38 1.57

xix



Table D*3 Observations of the laboratory test (R̂ )

’ito. o f Total Av. niaabor ’̂ s IbT
0 1 2 3 " V <7 7 8 OEusagea

seedlings
XlXJLJLS os seeaLxngs/ 

h i l l

1 2 3 1* 5 6 7 8 9 10 11 12 13

"a P1 H1 5 26
Hiiiober o f M ils  

¥* 23 16 10 1 3 125 2A2 1*32

H2 5 30 38 29 17 5 1 2 125 2.3^ 1.25

U3 6 23 ' 36 3b 19 7 1 125 2.1*6 1.2l*

pa H1 7 31 1*9 27 7 2 2 2 125 2.08 1.11*

u2 6 36 38 28 12 if 1 1 125 2*16 1..22

H3 0 kk 32 27 12 3 2 125 2.02 1 *18
p3 H1 6 20 36 36 19 8 2 125 2*53 1.21*

H2 7 27 ■37 23 19 11 1 2 125 2*1*7 1.1*5

H3 6 1*6 25 11 3 1* 5 125 2.18 1.33

»1 20 29 39 23 13 1 2 125 1.86 1.21*

H2 21 1*6 33 13 . ? i* 1 2 125 1.63 1.27

H3 22 bQ 25 21 *• n
»Y 2 5 125 1.80 1.35

x'k
k



Table B.3 ean td .«

1 2 3 li 5 6 7 8

P1 7 36 36 20 15 7 1 1

H2 9 33 **8 23 9 5

H3 6 8 M) Mi 20 7

^2 “ l 10 3.2 ko 2b 9 9 1

H2 9 10 51 36 1^ 5
H,3 11 5 Mi, 39 16 9 1

P3 « , 13 Mi- itS 19 1

H2 12 32 50 21 9 1
H-3 15 S b$ 36 16 3 2

\ •s 21 19 b? 19 15 li

H2 20 19 • 32 32 ik 2- 2

H,3 21 20 30 27 18 7 2

9 10 11 12 13

2 125 2.22 1.M3
1 125 2.0W- 1.18
2 125 2.68 1.1U
•2 ■ 125 2.17 1.3k
2 125 2A1 1*1**
3 125 2.60 1.28
2 125 1.61 0.89
1 125 1.89 1.G€
2 125 2.38 1.29
3 125 1.99 .. 1.33
2 125 2.25 . 1 S b
2 125 2.26 1.5?



A p p e n d ix -E

fable E.1 Seedling distrxbution

Number of seedlliiKg/bill Av. no. Av. no. Percent'
0 1 a 3 if 5 6 7 8 o f seed

l in g s /h i l l
o f  damaged tag© o f  
seedlings damaged 

seedlin

1 a 3 5 6 7 8 9 10 11 12

Percentage of h i l l s
?•! ? A 1 H1 3.73 19A 7 31-73 22.67 15.^7 6.67 0.26 2.H8 3.33 1.07

H2 3.73 21.60 35.73 21.60 10.13 5.87 0.80 0 .53 2.31 2.33 0.80

H3 U-.BO 18.67 29-07 2^.00 17.33 6.13 2.*f9 1.66 0.53

P2 111 5.07 25.33 35. 7^ 20.53 9.07 3.^7 0,80 2.12 3.00 1.07

K2 5.07 27.73 32.57 25.33 6.67 2.k0 0.26 2.09 0.67 0.27

H3 5.33 28.27 32.27 16,80 13.87 3.20 0.26 2.16 2.33 0.80

P3 *, 5.33 17.87 28.80 25.07 1^.67 7.20 1.07 2.51 1.66 0.53
h2 5.33 16.53 33.60 21.07 tW6? ? M 1.07 2.51 1.66 0.53

?i3 6.W0 20.53 32.00 22.93 10.13 if. 80 2*lf0 2.3** if.00 1.33

*, 16,80 19.20 29.87 17.07 13.87 3.20 2.00 2.66 1 • u/

H2 16.80 32.53 30.M) 12.53 if. 80 2.67 0.26 1.65 2.33 1.07

1 lo 16.80 28.53 2V.53 1^.67 13-33 1.87 0.26 1.86 ^.33 1.87 >



Table £.1 contcl...

1 2 3 b 5 6 7 8 9 10 11 12

P1 H1 5 &7 25 60 32.53 18.93 8.00 8.53 0.26 0.26 2.26 1.66 . 0.53

H2 6 6? 28 27 35*20 19.20 6.1f0 if. 00 0.26 2.03 1.33 0.53

3 5 33 6 13 35.73 13.87 0.26 2.60 1.66 0.53
p*2 8 00 28 80 30.13 21.33 6.67 1f.80 2.G5 1.33 0.53

h2 7 h? 16 27 38.67 25.60 9.07 2.93 2.21 2.33 0.80
h3 8 00 3 20 . 3^*67 13.60 if.80 1*33 2.62 2.66 0.80

*3 H1 10 6 ? 37 33 33*33 17 .G? 1.0? 0.53 1.62 1 .00 0.53

H2 10 Uo 2» 1*0 if 6.80 17.33 ' h,B0 0.27 1.80 1.66 0.80

H3 11 20 6 93 27.^6 15 . ̂ 7 6.00 0.53 2.^3 S. 33 0.80
16 53 17.87 32.53 20.27 9.37 2.67 0.27 1.98 2.66 1.07

H2 16 53 11 .20 30,if0 22. kO 1*f..l+Q 1.8? 2.67 0.53 ■ 2.26 3.00 1.07
16 27 13.60 2I+.8O 22.93 15.20 5.07 O.80 1*33 2.32 1 .66 0.53



Sable F .t  Percentage o f h i l l s  m th  0, 1, 2 to  b and 
5 to 8 seed lin g s/h ill

A p p e n d ix -F

f a i l l
0 1 2 to b -“' ■ ' y t o B  ^

' -1 2 ■ 3 b

' Percentage, of h i l l  a

HA P1 H1 3*73 19.b7 69.36 6.93

H2 3.73 21.60 67, b7 7*20
H b .80 18.67 TO.bO 6.13

"S % 5.07 25.33 62.67 b.27

H2 5.07 27.73 6b, 53 2.67

H3 5.33' 28.27 62.93 3.b?

P3 «S 5-33 17.80 68.53 8,27

H2 5.33 16,53 69.33 8.80

H3 6.kQ 20.53 65.87 7.20

«1 ' 16.BO 19.20 60.66 '3.20

i[2 16.80 32,53 50. bo 2.93

b3 16.80 28.53 • 52.53 . 2.13

mB *1 5.86 25.60 59* b6 . 9.07

% ■ 6.6? • ■28*27 68.89 b,27
h3 5*33 6.13 8b. 00 b .50

P2 « r 8.00 28.80 • 58-13 5.07

H2 7.b? 16.27 73.33 2.93

H3 8.00 , 3.20 82,67 6.13



X.KX.V

'.fable F.1 confcd. • •

1 2  3 b

H1 10.6? 37.33 51.^7 0.53

H2 10.if0 26„*K> 62.93 0.27

«3 11.20 6.93 77.33 53

16.53 17.87 62.6 7 2.93

!!2 16.53 11.20 69.87 5.07
H_3 16.27 13.60 62.93 7.20



A p p e n d ix -G

TWO-WAY TABLES FOR m  I n  3 X 2 FACTORIAL KXHBaXHBBT 

Table G.1 Two-way tab le  fo r average number of seed lin g s/h ill 

Between Hate o f Picking (P) and Height o f , Seedling (H)

Average number o f seed lin g s/h ill Total
P1 P2 P3
1 2 3 k 5

H1 1U.20 12.66 12.U2 11.93 51.21

H2 13.03 12.91 12.96 11.72 50,62

h3 15.27 lU.36 1U.31 12.5U 56. m

Total U2.50 39.93 39*69 36.19 158.31

Between Rate of Picking (P) and l-SsehanistDs (M)

ma 21.82 19.26 22.11 16.52 79.71

}1J 20,68 20.67 17.58 19.66 78.59

Total U2.50
\

39.93 39.69 36.18 158.30

Between Seedling Height
»1 H2 

!!. 27.U-9 25.6 9Ji

(H) and Mechanisms (M)
Total

26.5U 79.72

"b 23.72 2U.9U 2<).9h 78.60

Total 51 .21 50.63 56, US 158.32



Table G.2: Two-way table fo r percentage o f plant h i l l
rais3lng

Between Hate of Picking (P) and Seedling Height (H>

Percentage o f txLant h i l l  o issing Total
p1 P2 ’P3 \

X, 1 2 3 h 5

H1 28.8 39.2 **8.0 100.0 216.0

h2 31.2 37.6 k?*2 100.0 216.0

H3 30. **0.0 52.8 99.2 222. b

Total 90. if 116.8 1U8.0 299.2 65*+

Between Hate of Picking (P) and Mechanises (M)

% 36.8 **6.1+ 51.2 151.2 285.6

^3 53.6 70.** 96.8 1*+8.0 368.8

Total 90A 116.8 1H8.0 299.2 65*+.*+

Between Height o f Seedling (11) and Mechanisms(M) 
H1 Hg H3 Total

ha 92.8 92.8 100*0 285.6
123.2 123.2 122.*+ 368.8

Total 216.0 216.0 222.*+ 65*+.l+



Sable G.3 fwo-v/ay tab le  fo r percentage o f seedling damage 

Between Hate of Picking (P) and Height o f Seedling (H)

Percentage o f seedling damage . , „ Total
»1 P2 P3 pl*

ns 3 V~ "
M1 #.B ‘'T+.B"’" 3.2 .6.V 1"9.2

H2 i*.0 3*2 U-.O 7.2 18.1*

H3 3.2 k.8 6.1* 7.2 21.6

Total 12.0 12.8 13-6 20.8 59.2

Between Hate of Picking (P) and Mechanisms (M)

KA 7.2 6*1* 7.2 12.8 33.6
M'13 l*.8 6.1* 6.1* 8,0 25*6

TOTAL 12.0 12.8 13.6 20.8 59.2

Between Height o f  seedling (H) and MeohaiiisrasCH)

»1 Hn h3 Total

ma 11.2 8*8 13.6 33.6
8.0 9.6 8.0 25.6

Sotal 19.2 18A 21.6 59.2



A p p e n d ix * !!

COMPARISON OF TREATMENT MEANS

Comparison of treatment means fo r average number o f 
seed lin g s/h lll

Standard e rro r difference due to Hate o f Picking;,

B.K (d) a /-&A.<L»01QZ „ 0.03̂ 5 
v/ 3 x 3 x 2

C r i t i f ie a l  difference = ^ 6,0.02 x *>•&(<*) -  2*0li+ x °» °3 ^

= 0.0692

Treatment mean difference between ra te s  of picking o f ,

60 and 90 b ills/ra in  = 0*1^ ' "  j 60 and 120 M lls/m in

60 and 1?0 h i l ls /b in  s  0.2290*590 and 120 hills/min=:O.Ol39 

90 and 120 h ills/m in  s  0.1166*; 120 and 120 hills/min=0.1027*

standard erro r of difference due to seedling height,

C ritic a l difference = 2.01^ x 0.0299 = 0.0601M-

Treatment mean difference a t  60 h ills /m in  beveen the 
seedling height of



30 and 25 era = 0.198% 30 and 20 cs as 0.180*
25 and 20 cm = 0*3/8*

At 90 h ills /m in  > between seedling heights o f 30 and 25. cm

as 0,0»+2?
30 and 20 cm = 0. 28*; 25 and 20 cm s  0. 238'*'

At 120 h ills /m in , between seedling heights o f ,

$& ss30 and 25 era = 0.090 ; 30 and 20 cm a 0.320 5

25 and 20 cm = 0*230*

At 1I>0 h ills /m in , 30 and 25 cm s G.0^0; 30 and 20 em=jG.1G0*

25 and 20 cm == 0. 1UO*

2 . Comparison of treatment means fo r p lan t h i l l  missing 

Standard e rro r o f  difference due to Hate o f Picking,

S,E(d) = » °« ’925

C ritic a l difference = *1*5 g., 0*7 x 8.E(d) = 2.013+ x 0.1925

= 0.3877
treatm ent mean difference between ra te s  o f picking of#

60 and 90 h ills/m in  ss 1.19 S 60 end 120 h ills/m ins 3»20 
60 and 150 hills/iain=  1 1 *59; 90 and 120 h ills/m ins 2.01 
90 and 150 h ilis /ra in  s 10.M)*; 120 and 150 h ills /m in  = 8.39

XL



standard erro r difference due to Mechanism,

w ' «  = J j f & f

= 0.1361

C ritic a l difference s 2.01k- x 0.1361 is 0*27k-1

Treattaenfc mean difference between the mechanism a t  
ra te  o f picking of

60 h i l l  s /s in  = 1.87*s 90 h iils/m in  = 3.20*

120 h ills /n a n  3 9.07*5 190 liilis/m in  as G.36*

3. Comparison of treatment aeana for seedling damage

Standard e rro r of difference for Hate o f Picking,

„ /2 x 0.1809 f\fa.Ind) = J "3"g 3 " ;1  = °*1M6

C ritic a l difference 3 % £ f o ^  sc B.B(d) » 2.01k- % O.lk-16

™  0.2892
Treatment mean difference between ra te s  o f picking o f,

j

60 and 90 h i l l  3/ s in  = Q.Qkk-91; 60 and 120 h ills /m in  s= 0.0889 
60 and 190 M Us/wlns 0.^890% 90 and 120 hills/cjln=! O.OMA

90 and 1?0 h ills/ra in  == 0 9 ^ ;  120 and 190 hills/islnc: O.hQQO*

Standard e rro r of difference fo r mechanisms, s.B(d)=:

S 0.1001



C rit ic a l difference = 2.G1*f x 0.1001 a 0.2017
Treatment mean differences between :i2echaniass a t
ra te  of picking o f 60 h ills /io in  -  0.27*5 MlX^/min s 0

120 h iila /ia in  a 0.0890s 1i?0 M lls /s in  = 0.^33*

o o o o o



Appendix-1

Table 1.1 Means and standard deviations o f various 
performance ind ices

H ates o f  p ic k in g  ( h i l l s / m i n )
6b 90 120 190
1 2 3 If

Av. n o . o f  s e e d l in g s /  
h i l l  a t  v a r io u s  
s e e d l in g  h e i s t s  (cm)

■

Moan 2.36 2.11 2.07 1.99
30 S .P . 1.09 1.22 n s k 1.33

Mean 2.17 2.19 2.16 1.99
m y *B* 1.2k 1.13 1.29 1.39

Mean 2 . 0 2.39 2.39 2.09
20 B.D . 1.20 1.29 1.32 1 . 0

P ercen ta g e  o f  p la n t  
h i l l  m is s in g  f o r  
Mechanism a and B

M Mean 0 0 9 9.16. 9.69 16.80
aa 5 . S . 0.59 0 . 0 0.99 0.69

llBZ
Mean
B.B*

5.96
0.6?

7.B2
0.63

10.76
0.67

16*^1f 
, 0 . 0

P ercen ta g e  o f  seed 
l i n g  damage fo r  
Mechanism A and 13

ma
Mean
S .D .

0.80
O.38

0.71
0 . 0

0.80
0.38

1 .M-2 
0 .9 0

fSB
Mean
B .33*

0.93
0.38

0.71
0.29

0.71
0 . 0

0,89
0 . 0



A p p e n d ix - J

T a b le  J .  1 Power consum ption  o f  th e  laechanisra a t  v a r io u s  
t e s t s

Time f o r  on e  r e v o lu t io n  Power
o f  th e  e n e r g y  m eter  d i s c  ( s e c )  consumed
V&fcia m ech an ics wlUubut Eacha-* (w a t t s )
i n  o p e r a t io n

2

MA

M,B

P1 H1 95.0 93.0 13.58

& 95*0 93.0 13.58

H3 95.0 93.0 13.58

p2 1J1 96.0 92.5 20.16

Ha 96.0 92.5 20.16

■ H3 96.0 92.5 20.16

p3 H1 96.5 92.5 26.89

K2 96.5 92.5 26.89

H3 96.5 92.5 26.89

pi(- H1 97.0 92.0 33.62

a2 97.0 92.0 33.62

H3 97.9 92.0 33.62

P1 H1 95.0 92.5 : 17.07

H2 95.0 92.5 17.07

H,3 95.0 92,5 17.07

P2 H1 98.5 9^.5 25.78

Hg 9S.5 9^.5 25.78

H, 98.5 9^.5 25.78



X.LV

Table J.1 confcd..•

_| _ J L I  J.1H ■- - n r ~ r 1  l  ■ i  t —— i  - ' m u i .  i» n  t  m ■ ui. r r  i  w m »  i i»h <*i»i iiniiMinr r  i  ir r -  r  » t  r  - T"

1 1 2  3 _______ _

H1 97.0 92.0 33.62

h2 97.0 9 2 . 0 33.62

V 97.0 9 2 . 0 33.62

H1 9 5 . 5 8 9 . 5 *+2.12

H2 9 5 . 5 8 9 . 5 *1-2.12

3 95*5 89*5 *+2.12

I


