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Abstract

Mechanization of field operations
on experimental plots is considered
a key input to agricultural research.
However,  with the introduct ion of
mechanized, accurate and rel iable
plant ing systems, even smal l  y ield
g a i n s  m a d e  i n  v a r i e t a l  i m p r o v e -
ment  may eas i l y  be  no t iced .  The
use o f  mach ines  fac i l i ta tes  p rec i -
s i o n  a n d  t i m e l i n e s s  i n  o p e r a t i o n
and reduces  drudgery ,  wh ich  are
a l l  c r i t i ca l  to  the  produc t iv i t y  o f
c rops .  The t rac to r  d rawn Oy jord
plot drill (Wintersteiger) was evalu-
ated for seed placement unifbrmity
at four operat ional speeds (4, 5,  6
and 7 kmih) and two types of seeds

IRapeseed (Brassica juncea L.)  and
Pea (Pisum sat ivum L.) l  with three
l e v e l s  o f  s e e d  r a t e  i n  e a c h  c a s e .
The experimental work was carried
out at the Crop Research Centre of
GBPUA&T,  Pantanagar .  The p lo t
drill seed uniformity was described
with respect to coefficient of unifor-
mity and standard deviation. Results
showed that an average seed drop
could not be achieved in to ground
wheel skid. Seed rate and speed of

operat ion did not have signi f icant
effect on coeff ic ient of  uni formity
between rows for rapeseed (Brassica
juncea L . ) ,  wh i le  speed o f  opera-
t ion had a highly signi f icant (1 %)
effect for peas (Pisum sat ivum L.).
At 4 km/h, standard deviat ion was
m i n i m u m  ( 0 . 1 0 , 0 . 1 4  a n d  0 . 1 9  a t 2 . 5 ,
3.0 and 3.5 kg/ha seed rate for rape-
seed (Brass ica  juncea L . )  and 0 .09 ,
0 .10  and 0 .17  a t  80 ,  85  and 90  kg /
ha seed rate fbr pea, respect ively).
The p lo t  seed dr i l l  covered more
distance than the selected test run,
as  per  manufac turer ' s  ca l ib ra t ion
tab le .  where  the  percent  var ia t ion  in
distance coverage was almost equal
to the ground wheel skid. Therefbre,
in order to obtain correct seed rate.
the quantity of seed for a particular
distance had to be increased or dis-
tance shown in the calibration table
had to be decreased in accordance
with the sround wheel skid.

Introduct ion

Uni formi ty  in  seed spacing has
been demonstrated to be a signif i-
cant factor in quality and yield for

crops .  Wi th  un i fo rm spac ing ,  the
roo ts  can grow to  an  op t imum s ize
and filI the row space without being
pushed out of the row by a neigh-
bor ing  roo t .  Th is  ensures  tha t  a l l
of each root can be gathered from
the row by the harvester.  With un-
even plant spacing, some roots may
be too smal l  to be gathered by the
harvester, or some roots may be too
large, and may be damaged by the
topping implements, or the l i f t ing
whee ls  o f  the  harves ter  (Jaggard ,
1990).  Tradit ional methods of crop
plant ing have involved plant ing of
excess  seed and la te r  on  th inn ing
of the result ing plants to obtain the
desired plant populat ion at uni form
p l a n t  s p a c i n g .  A d v a n c e m e n t s  i n
plant establ ishment pract ices such
as seed bed preparat ion, high qual-
i t y  s e e d ,  a n d  p r e c i s i o n  p l a n t e r s ,
h a v e  p r o v i d e d  h i g h e r  a n d  m o r e
consistent seedl ing emergence. As
a resu l t ,  c rops  are  p lan ted  a t  the
desired populat ion, in contrast with
p lan t ing  excess  seed and th inn ing
to a desired stand populat ion. The
p r e c i s i o n  s e e d i n g  o f f e r s  n u m e r -
ous advantages to the researchers,
which include lower thinnins costs.
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reduced compet i t ion between the
young plants and reduction ofshock
to  p lan ts  du r i ng  t h inn ing  ( l nman ,
1968). Hence, mechanization of f ield
operat ions on exper imenta l  p lots
is  considered a key input  to  agr i -
cu l tura l  research.  However.  wi th
the  i n t roduc t i on  o f  mechan i zed .
accurate and re l iab le p lant ing sys-
tems,  even smal l  y ie ld gains made
in  va r i e ta l  imp rovemen t  e f f o r t s
may easi ly  be not iced.  The use of
rnachines fac i l i ta tes prec is ion and
t imel iness in  operat ion and reduces
drudgery,  which are a l l  cr i t ica l  to
the product iv i ty  of  crops.  Keeping
these f-actors in view. the coefficient
of  uni formi ty  lbr  the Oyjord p lot
dri l l  fbr two types of seed and fbur
levels of speed was determined fbr
evaluating the field performance of
the exper imenta l  p lot  dr i l l .

Mater ia ls and Methods

The  expe r imen t  was  conduc ted
in the ficld with sandy loarn soil by
using the tractor drawn Oyjord Plot
mu l t i - c rop  seed  d r i l l  a t  t he  C rop
Resea rch  Cen t re  o1 'GBPUA &  T .
Pan tnaga r ,  I nd ia .  The  expe r imen t
i n c l u d e d  t w o  t y p e s  o f  s e e d ,  p e a
(P i sum sa t i vum L . )  and  rapeseed
(B rass i ca  j uncea  L . ) ,  w i t h  3  seed
rates fbr  each type of  seed and 4
speeds  (4 ,  5 ,  6  and  7  km/h ) .  The
exper imenta l  p lot  was t i l led wi th a
tractor drawn rotavator and leveled
by leveler .  The exper imenta l  var i -
ables were:
Independent Variables

Types ofseed and seed rates;
'  P e a  (  P i s u n r  s a l i v u m  L . ) :  P  5 :

80, 85 and 90 kg/ha
'Rapeseed (Brassica juncea L.) ;

PYS 2919 :  2 .5 ,3 .0  and  3 .5  kg /
ha

Operat ional  speed;  4 levels  (4,  5,
6 and 7 km/h)

Dependent Variables
Seed distribution pattern: Number

of seed dropped
Mechanical seed damage
Variation in distance covered

Ground wheel skid
Experimentul Details

No. of Replications; 5
Fixed length:  15.21 m
Spacing: - * 4 rows 30 cm apart

for both seeds.

Oyjord Plot Dril l
The Oyjord p lot  dr i l l  had provi -

s ion tbr  sowing the seeds cont inu-
ously  wi th vary ing p lot  lengths be-
tween 1.23 to 20.81 rn wi th the help
of  a var iator  (Table 1) .  The basic
concept  of  the Oyjord system was
star  feed,  which cont inuously fed
on a rotat ing d is t r ibutor  fbr  equal
d is t r ibut ion of  mater ia l  in  the cor-
respond ing  seed  tubes .  The  exac t
e s t i m a t e d  q u a n t i t y  o f  s e e d  w a s
placed in the tunnel ,  which rested
over the cone.  In conjunct ion wi th
the  p lo t  l eng th .  when  a  l eve r  was
actuated,  the seeds were uni formly
d i s t r i b u t e d  i n  a l l  t h e  c e l l s  o f  t h e
d i s t r i b u t o r .  D u r i n g  t h e  o p e r a t i o n .
the star f 'eeder rotated and the indi-
v idual  ce l ls  pushed the seed into the
sl i t  through a noz,z, le  and the seed
f-e l l  over  the rotat ing d is t r ibutor .  A
slant ing notch over  the rotary d is-
t r ibutor  d is t r ibuted the seed equal ly
in the desi rec l  number of  rows and
the seed ultimately fbll in the furrow
opened by double disc type furrow
openers .  The  ro ta t i ng  d i s t r i bu to r
was mounted on a swivel  arm be-
neath the cel l  wheel  d is t r ibutor  and
was powcred hy an c lect r ic  Inotor .
The rotat ing d is t r ibutor  d is t r ibuted
the  seed  by  cen t r i f uga l  f o r ce .  A
brass nozzle was located beneath
cel l  wheel  d is t r ibutor .  which could
be easi ly  changed according to the
requirement of dil lbrent seed.

F-or cereals and large grain seeds :
Nozzle 22 mm 4>

For rape and fine-grain seeds :
Nozzle l5  mrn <D

T h e  s e e d  o u t l e t  i n  t h e  f u r r o w
opener was designed so that  seed
velocity was reduced considerably,
which reduced seed bouncing. With
the provision of the variator provid-
ed on the star feeder, it was possible
to vary the plot length. The machine

cou ld  be  e f f ec t i ve l y  u t i l i zed  fo r
p lant ing breeder exper iments that
changed seed varieties in inter plots
without stopping the machine inter-
mi t tent ly  at  the end of  a p lot .  The
plot seed dril l  is shown in Fig. l.

Experimental Methodology
Observat ions were taken on the

number  o f  seed  d rop ,  mechan i ca l
seed damage, variation in seed dis-
tance and ground wheel skid of the
plot seed dril l . For evaluation of the
seed  d r i l l .  146 .02  g  o f  pea  (P i sum

Table I Calibration table
(Plot length. cm)

Minor
gear

nurnbcr
I
2
3
1
5
6
7
5

9
l 0
l l

t 2
l l
l 4
l 5
t 6
t 1
I u
l 9
20

Major gear number

TI
l l J

2,0nI 769 304
2,001 165 293
t.92t 134 2tt I
1,841 '704 269
t ;76t  673 257
1.681 641 246
1,601 612 234
|  5 )  I  S X )  ) ) )

| . 141  -551  2 l l
1 ,361 520 199
l.2lrtt 4e3 188
l,23tt 473 18 r
| .I ttg 45-5 l|74
I.140 436 167
1 .091  1 l ' 7  159
1.041 39rJ 152
egl 379 145
912 360 138
u92 34t  130
843 322 123

F-ig. I  Plot Seed Dri l l
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sat ivum L.)  seed (seed rate 80 kg/
ha) were placed in the funnel. The
seed dril l  was mounted on a tractor
and operated at 4.0 km/h forward
speed for a distance of 15.21 m. Out
of total run (15.21 m), 5 spans of I
m iength were taken at random. The
number of seed dropped in each I
m length at l0 cm intervals in each
row was determined. The average
value offive spans corresponding to
each row and each segment, i.e. 10
cm interval, were taken. The coef:
f icient of uniformity was calculated
w i th in  each  segmen t  i n  each  row
and a split plot design was used to
analyze for the effect of seed rate
and speed of  operat ion.  The tests
were conducted at 4,5, 6 and 7 km/
h speed of  operat ion.  Af ter  com-
pleting these tests with pea (Pisum
sat ivum L.)  seed,  s imi lar  data were
co l l ec ted  fo r  rapeseed  (B rass i ca
juncea  L . ) .  The  va r i a t i on  i n  seed
dropping distance from the prede-
termined 15.21 m was also recorded
in each case.  For  seed d is t r ibut ion
pattern, Christiansen's coefficient of
uniformity was calculated by using
following relationships:

(3)

d , r , :  15  x  n  x  D iame te r  o f  t he
ground wheel  assuming hal f  pen-
etration oflugs into the soil, cm

d,: actual distance covered in 15
revolution of ground wheel, cm

Results and Discussion

Seed distribution pattern for
rapeseed (Brassica juncea L.)

The average seed drop in each
segmen t  cou ld  be  2 .06 ,  2 .45  and
2.88 at  2.5,  3.0 and 3.5 kg/ha seed
rate,  respect ive ly  (F ig.  2) .  But  in
any case, this was not achieved due
to skid of the ground wheel of the
p lo t  seed  d r i l l .  The  ave rage  seed
drop in each segment  at  2.5 kglha
was 1.85,  1.88,  1.93 and 1.87 at  4,  5,
6 and 7 km/h with standard devia-
t i ons  o f0 . l 0 ,0 .13 ,0 .15  and  0 .15 ,  re -
spectively. The average seed drop at
3.0 kg/ha seed rate in each segment
was lowest (2.05) and highest (2.10)
at 4 and 6 or 7 kmih, respectively,
while standard deviation was high-
est (0.17) at 5 and 6 km/h and lowest
(0.14) at 4 kmlh. The average seed
drop in each segment  at  3.5 km/h
was lowest (2.32) and highest (2.40)
at 4 and 5 km/h while the high and
low standard deviat ions were 0.19
and 0.21 at  4 and 7 kmlh,  respec-
t ive ly .  The average seed drop and
standard deviation in each segment
are shown in Table 2. From Table
2, it is clear that standard deviation
increased with increasing seed rate
and speed of operation. The aver-

age seed drop might be achieved if
ground wheel skid were taken into
consideration, i.e., quantity of seed
must be increased. Distance covered
by seed dr i l l  was more and which
was equal  to  ground wheel  sk id.
The seed rate and speed of opera-
t ion was wel l  matched to achieve
required seed rate wi th less var i -
abil ity within rows (Fig. 2). The co-
efficient of uniformity between the
rows for seed rates 2.5. 3.0 and 3.5
kg/ha ranged f rom 87.14 to 94.74,
87.18 to 95.00 and 79.01 to 95.83 %.
respectively, at 4 km/h. For 5 km/
h, the coefficient of uniformity be-
tween the rows varied from 80.00
to 95;/1,82.05 to 93.62 and 83.33 to
96 Yo at  2.5,3.0 and 3.5 kg/ha seed
rates, respectively. The coefficient
of uniformity between rows varied
f r o m  8 2 . 3 5  t o  9 6 . 5 1  % ,  t l l . 0 8  t o
93.62% and 88.37 to 96.34 To at2.5.
3.0 and 3.5 kg/ha, respectively. at 6
km/h speed. The coefficient of uni-
formity between rows ranged from
19.73 to 95.45 %,80.95 to 96.34 %
and 86.36 to 95 oh at 7 km/h speed
for seed rates of 2.5, 3.0 and 3.5 kg/
ha, respectively. Analyses of vari-
ance for coefficient of uniformity
between rows are shown in Table 3.
The ANOVA table reveals that coef-
ficients of uniformity between rows
were not significant with seed rate
and speed ofoperation.

Seed Distribution Pattern for Peas
(Pisum Sativum L.)

Seed distribution pattern of peas
(Pisum sat ivum I . )  for  d i f ferent
speeds of  operat ion and d i f ferent
seed rates is  shown in F ig.  3.  The

-d, t ,  d .  x  100

where

Average, X,,:LP ( l )

C hr ist iansen's coefJ'ic ient of uni-

formfty (CU), %
\ - t - - *

I  t ' . ^ ^u  ^ "  ^  l oo  , a ,n  4 , ,  . . . . . . . \ Z )

where
X"  =  Ave rage  number  o f  seed

dropped in a segment.,
n - Number of the segments
The wheel skid was calculated by

the fo l lowing re lat ionship.
Ground wheel skid, ou

Table 2 Average seed drop and standard deviat ion in segment of l0 cm

Type ofseed and seed
rate (kg/ha)

S of' at ion. km/h S.D ,
A 5 6 l between

speedMean S. D. Mean S. D. Mean S.  D Mean S. D.

Rapeseed
(Brassica
juncea L.)

z . )
3.0
3.5

r .85
2.05
2.32

0 . l 0
0 .14
0 .19

1 .88
2.06
2.40

0.  r3
0 . t7
0.20

1 .93
2 . 1 0
2.26

0.  r5
0 .17
0.20

1 .87
2 . t 0
2.21

0 .1  5
0 .  l 5
0 .21

0.032
0.025
0.081

Pea (Pisum
sativum

L.)

80
85
90

1.40
1.48
1 .58

0.09
0 .10
0 .17

1.44
1 .49
1 .65

0 .12
0 . 1 5
0 .18

1.47
I  . 53
t . 6 1

0 .14
0 .14
0 . 1 6

t .46
t .57
1 .58

0 .14
0 .18
0.21

0.030
0.040
0.035
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average seed drop in each segment
within row at 80 kg/ha was highest
(1.47)  fo l lowed by 1.46,  1.44 and
1.40 at  6,7,  5 and 4 km/h,  respec-
tively. Standard deviation was low-
est  (0.09)  at  4 km/h.  The average
seed drop and standard deviation in
each segment are shown in Table
2. The average seed drop at 85 kg/
ha was h ighest  (1.57)  and standard
deviat ion was h ighest  (0.21)  at  7
km/h fo l lowed by 6,  5 and 4 km/
h,  respect ive ly .  The average seed
drop in each segment  at  90 kg/ha
was  1 .58 ,  1 .65 ,  1 .61  and  1 .58  a t4 ,5 ,
6 and I  km/h,  respect ive ly ,  whi le
standard deviations were 0.17, 0.10,
0 .16  and  0 .21  a t  4 ,5 ,6  and  7  km/h ,
respectively. From the Table 2 it is
clear that average number of seed
dropped and standard deviation in
each segment  were increased wi th
increase of seed rate and speed of
ooeration. At 4 km/h. the coefficient

of uniformity between rows ranged
from 88.46 to 94.83 o/o,  85.11 to
92.86 % and'71.43 to 95.71 oh at 80,
85 and 90 kg/ha seed rates.  Simi-
larly, at 5 km/h, and 80, 85 and 90
kg/ha seed rates the coefficient of
uniformity was varied from 80.00 to
94.44 %,82.76 ro 94.83 % and 80 to
94.12 %, respectively. At 6 km/h for
80, 85 and 90 kg/ha seed rates, co-
efficient of uniformity between the
rows varied from 80.00 ro 95.45 o/o,

78.57 to 94.12 % and 89.39 to 94.83
0%, respectively. The coefficient of
uniformity between rows at 1 kmlh
was 78.57 to 94.00 %,77.42 to 94.83
Yo and 70.27 to 95.00 % at 80. 85
and 90 kg/ha seed rates. respective-
ly. The statistical analysis between
rows is presented in Table 4 and in-
dicates that the seed rates and speed
of  operat ion have non-s igni f icant
effect on coefficient of uniformity.
Interactions between seed rate and

speed of operation, also, have non-
significant effect on the coefficient
of uniformity between rows.

Ground Wheel Skid
The wheel  sk id increased wi th

increasing operat ional  speed.  The
average wheel skid at 4, 5, 6 and 7
km/h  was  5 .59 ,  6 .79 ,7 .61  and  8 .51
o%, respect ive ly ,  in  the f ie ld.  The
statistical analysis (Table 5) showed
tha t  t he  speed  o f  ope ra t i on  had
significant effect on the skid of the
ground wheel at I % level of signifi-
cance.

Variation in Seeding Distance and
Seed Damage

The variation in seeding distance
covered by the p lot  seed dr i l l  in
comparison to the distance claimed
by the manufacturer was observed
for  d i f ferent  speeds and var ious
tvoes of  seeds.  A test  run of  15.21

Fig.3 Distr ibution ofaverage number ofseed dropped for pea
(Pisum sativum L.) at distances from reference point

Seed rdte, 8t) kg,&E

Fig.2 Distribution ofaverage number ofseed dropped forrapeseed
(Brassicajuncea L.) at distances from reference point

Seed rate. 2.5 kg/ha
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m was selected to operate the seed
dr i l l  in  the f ie ld exper iment .  How-
ever .  some var iat ion in  seeding d is-
tance coverage was observed in all
cases. Variation in distance covered
by seed dril l  was minimum at 4kml
h speed and increased with increas-
ing the speed for all types of seeds.
T h e  a v e r a g e  d i s t a n c e  c o v e r a g e
for  rapeseed (Brassica junc 'ea L. \
s e e d  w a s  7 8 .  l 0 l ,  l l 0  a n d  1 2 8  c m
more at  4.  5.  6 and 7 km/h speeds.
respectively, fbr a pre-selected test
r u n  o f  1 5 . 2 1  m .  T h e  v a r i a t i o n  i n
seeding d is tance for  peas was 90.
102.  I  1 ,1 and 134 cm at  4,  5.  6 and
7 km/h,  respect ive ly .  The percent
variation in seeding distance cover-
age was almost equal to the ground
wheel skid percentage. From above
data.  the seeding d is tance cal ibra-
t i on  t ab le  made  ava i l ab le  bv  t he

Source

manLrf 'acturer  of  the p lot  seed dr i l l
d i d  no t  i nc lude  g round  whee l  sk id
rvh i l e  es t ima t i ng  seed ing  d i s tance
to be covered at dilferent lever posi-
t ions.  I t  was.  therefore,  necessarv
to  de te rm ine  the  co r rec t  g round
wheel  sk id before conduct ing an
actual experiment in the field. Later
on. the quantity of seed determined
fb r  a  pa r t i cu la r  d i s tance  mus t  be

increased or  d is tance shou'n in  the
tab le  mus t  be  dec reased  i n  acco r -
dance  w i th  t he  g round  whee l  sk id .
The samples were col lected f iom
di f ferent  furrow openers to deter-
mine the mechanical seed dama_ee.
No mechanical damage of seed u'as
obse rved .  Th i s  i nd i ca ted  tha t  t he
seed  me te r i ng  dev i ce  used  i n  t he
rnachine worked satisf-actori lv with-

Fig 4 Etfect ofopcrational speed on ground wheel skid

' Iab le  
3  Ana lys is  o f  Var iancc  o f  C.U.  be tween rows in  rapcsced (Brass ica  juncca L . )

S. s.  I  M.  E.1.  F value I  nemark
Segment

Seed rate (M)

Error (a)

Speed (S)

M x S

Error  (b )

Total

Seed rate (M)

Error (a)

Speed (S)

M x S

Error (b)

140.5411
14.9'750

270.5458
29.9150
50.5250
I  238.375
17,1.1.93tt

non signi i icant

non signif icanl

non sisnif icant

non signif icanl

non signif icanl

non signif icant

9
2
t8
3
6

8 l
l l 9

I  5 .6157
7.4815
15.0303
9.9917
8.4208
I  5.2886

0.4981

0.6535

0.5508

0.4168

1.7096
1.6732

S E M I  -  0 . 6 I 3 0  S E M- 0 .7139 SEDI  -  0 .1 i669 SED2 -  1 .0096 SEDI  -  l .74116 ShD.1-  1 .1449

' tab le  4  Ana lysrs  o l 'Var iance o f  C.U.  bc tween rows in  pea (P isum sa t ivunr  L . )  c rop

S o u r e e  I  u . F .  \ s  N l F s .  I - r a l u c  - R c m a r k
e :5t . l58r
2 21.2750
l 8
3
6
Iil
l t 9

sEMl . -  0 .6130 sEM2 -  0.8666 SEDI -  1.2067 SEt)2 = 1.225s SED3 -  2.1226 SED.t  -  2 . l9 l t9

Table 5 Analysis of Variancc fbr ground r" hccl skid

Source oF i_-ss  I

s24.2042
I  1  5 .541  7
226.  l  583
IU2.1.73t3

1 1.863,s9

2U.0509
t2. t375
29.1225
38 .51  39
37.6931
22.5276

0.02770996
3.717509

0.  r  092733

Remark
Replrcation

Speed (S)
Frrnr  th l

Total

2 0.05541992
3  1  1 .1  5253
6 0.6556396

0.2535rJ4 t
6.167251

non srgnif icant

Highly signif icant

l l

sEM = .1908518  CV -  4 .694972
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out mechanical damase of seeds.

Conclusions
The coefficient of uniformity be-

tween rows and number of seed drop
were decrease with increase in seed
rates as well as operational speeds.
The average ground wheel skid was
5.59 ,  6 .79 ,  7 .61  and 8 .51  % a t  4 ,  5 ,
6 and 7 kmlh speeds of operat ion
of the plot seed dr i l l ,  respect ively.
The p lo t  seed dr i l l  covered more
distance than the selected test run
as  per  manufac turer ' s  ca l ib ra t ion

table where the percent variation in
distance coverage was almost equal
to the ground wheel skid. Therefore,
in order to obtain correct seed rate,
t h e  q u a n t i t y  o f  s e e d  d e t e r m i n e d
for a part icular distance had to be
increased or distance shown in the
table had to be decreased in accor-
dance with the ground wheel skid.
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