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Abstract

A double row manual-cum-bullock
drawn seed-cum-fertilizer drill
{Vivek seed-cum-fertilizer drill; cost
INR. 2000/=) suitable for sowing rice,
wheat and lentil has been developed
at Vivekananda Institute of Hill Agri-
culture, Almora, India. The machine
was fabricated using locally available
materials. It consists of an MS body,
inverted T-type furrow opener with
25° rake angle, adjustable MS beams
for man and bullock power, seed box
with fluted feed metering device,
fertilizer box with agitator, plastic
delivery tube, and MS transportation-
cum-power wheel. The weight of the
seed-cum-fertilizer drill is 23 kg. It
can be operated by two persons for
sowing in a prepared seedbed and by
a pair of bullocks in case of no-ull
sowing. The machine has the capac-
ity to sow 0.025 to 0.04 ha'hr. Line
sowing of wheat and lentil with zero-
till seed-cum-fertilizer drill (power
source: 2 men) resulted in saving of
INR 5039 and INR 4206 respectively
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as compared to traditional practice
{two passes of ploughing with indig-
enous plough + Manual clod erush-
ing + Two pass of wooden plank +
Manual broadcasting; Power source:
| Man and 1 bullock pair). Energy
savings in wheat and lentil sown with
zero-till seed drill were 1,305.3 MJ/
ha and 1,106.6 M/ha, respectively, as
compared to the traditional method
of broadcast sowing. Study of soil
physical properties showed that soil
water content at all the studied soil
depths were higher in plots under line
sowing without seedbed preparation
(T2} than those in plots under line
sowing with seed bed preparation
(T.). The values of soil bulk density
at harvest under T; were higher in
0-15 em soil depth. Initial infiltration
rates were greater in the plots under
T, than those in T;. However, the
steady state infiltration rate and mean
weight diameter (MWD) were higher
in the plots under T than those under
T.. The advantage of zero-tillage with
animate (man + animal) power source
could be realized by using zero-till
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seed cum fertilizer drill.

Introduction

Unlike in plains, the green revolu-
tion has little impact in hilly areas.
The reasons could be difficult ter-
rain with undulating topography
with small and scattered land hold-
ings on steep slopes and lack of
mechanization. Mechanization of
agricultural operations in plains has
played a vital role in efficient field
operations thercby reducing the pro-
duction cost. Whereas, Indian hill
farming is almost untouched as far
as mechanization is concerned.

The productivity of major cereals
in hills is much lower than the pro-
ductivity of those crops observed in
plains of Uttaranchal. This may be
due to poor germination and popula-
tion because of traditionally popular
broadeast sowing in hills. Broadcast
sowing not only requires more seed
rate but also makes the intercultural
operations cumbersome and labour
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intensnive. Line sowong. where seod-
ing is done ot appropriate depth,
gives 10615 % mote grain yickds than
broadcas sowing across the crops.
It his been estimated that aboit
15 %% of the wial energy available
fior the raral sector i weed for agri-
culrural production (Singh, 19#97) of
which sbout 20 %, v comumed oaly
in sopdbiod properation {Anomyimous,
1984}, Srudies in India have shown
that a yield increase of 10 o 12 %
obeatned in whest and maize can be
schieved with the use of seed-cum-
fertilizer dnill and plantors. Due 1w
lack of a proper sowmg device, the
sdoption of linc sowing s almost
negligible in hill farming. In hills,
agriculture is performed on small g
#ag berrsces and (ArmeTs SIe Fesource
poor. The bullocks available with
the farmers ase smaller i sire and
less in power than plain arcas. Con-
sidering these points, efforis were
made to develop a small compact
and lightwelght seed dnll marching
cuiding farming resownces and ste-
ations. Farmers. io hills are penorally
poor and the higher prodoction cout
(almost all the agriculiural vpera-
tioms are dooe mamuslly) is 8 malier
of concern. Therefore, during the
sced drill development, the priority
wis whether the maching shosild be
dual purpose, i.e. suitable for both
ploaghed (power sowrce: 2 men) and
un-ploughed [power source | man
and two ballocks) conditions and
also had the phovision 1o place the
fertilusers ot the proper place.
Further, hills generally receive
very high rasnfall pnd sosl o prone o

by resailt in Iweakdown of asggregates.
lemvimg the soil valnerabie to crosion.
Tillage incorporates organic matier
i soal surface layvers, which aliers
the distribulion and may ipcrease
decomposition. In soils with kow 10
medium clay conient (sandy clay
boarn sodl ], boss of SOM can be mini-
mised with the use of conservation
tillagge, which retain crop rewidocs
on the seal surface and minimizes
sonl disturbance. Zero-tillage prac-
thoes maodify sl phaysical propertics
inchading sl structure (Kay, 1990,
dry bulk demsity (Wu o1 al, 1992),
water distribution (Axoor et al..
1994, pore sire ditribution (Kay,
100y sl oot alistribmtionns  Lad ot mll.
1989L Thus, conservation tillage re-
sults in mpeovement of dorage snd
transmasssn of air along with water
and solites, which i tisin may lead
tir improved crop perfamuances.
Considering thede facts, a light-
werght, two-fow seod-cum-fertilizer
il was desspned and developed at
this Instirate, which not only cnabies
the placernent of seods and Fertilizer
at proper sl depths but alss coosd-
erably reduces the comt of culthvatson

Materials and Methods

Design of Various Comgponenis
In halls of Unaranchal, the soils

range from Light textured sandy.
sandy loam, loamy sand and leam
in upland 1o medium textured silty
¢lay loam in valley arcrs. Before the
development of the present seed-
cummefertilizer doll (Fig. 1), a survey
wia condocied to find out the suit-
ability of machine considering the
logal situstions, Following points
emerged during the process.
» The weight of sced drill should
be limited to 25 ki so that it
can be casily carried by a sin-

e porso,

= Preferably it could be operated,
both manually and by bullocks,
and

= |t should be casy in operatinn

and mainicnange.

A rero-till seed-cum-fertilizer
deill of 300 mm widih and |.640
mm length was developed st VP-
KAS (ICAR) Research Farm, Ha-
walbagh, Almora, The technical de-
iy of the drill are given in Table
1. There are four assemmblics in the
maching, i.¢. furmow opener, framc,
seed-cum-fertilizer bon and trans-
portation-cum-power wheel Physis
cal atwributes of the grains bave
major consaderation on designing
pammeters. The theoretical bashs of
the design of different componcnia
% grven i subregusent sorions,
Frams

The Framse of the machine 18 made

Table | Techaical details of the seod-cum-fontiliser-drill

o Compoeess |
Bondy

e . Dewriplen
Mikd vieet boudy, 60 mm length snd S5 mm
| wndleh

Tramsportation dum power wheel | Mikl wicel, 290 mm dismeteon, & no of spolies and

different kind of degradstion. Under 2% mum lug heighi

such sitmation, sowing under sero-till  Number of furmow openay Tuw

condithon can be & sultable answer Fuarrow v ftros spasing | Adiunanbde, 15 o 23 ¢m

1o reduce the degradation process. Fusiow apemer Biverticd T type

The tmprovement of soils structure Shank Mk stoed flag, 30 & mam skee sed 300 men lengih
is important for contralling water Shine | Mk wapel, hardenod by shc wielding griding
crosion processes, Eifea of coliva- Fettilirer mad sood bow Mk steed shaft of | mem thicknes

tiom of soils in structursl degradation Vadome of seed hax | 010056 cum

and decrease in soil arganie matter Vidkume of fertifirer bon | BO0tS ca.m

{SOM) has been well documented. Wiraght of e seed drill kg

Oracies (1993) statedd that the repested Seed and fortiliner tube Plastic nube of 1 mom dasmeter

cultivation of soils, combined with Handle | Ml aacel pipe of 23 mm dsmeter

limited SOM inpuis, would cventual-  Besm {45 heut gy o 5 e memeter
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of mild steel square box and MS an-
gle having length and windth of 216
anel 180 mm, respectively. The frent
sem, on which the furfow openers
are mounted, is made of M5 square
hox (30 = 30 = 5 mmj) to provide
mare strength wheress, other arms
are made of M3 angles (30 = 30 =
& mm) 10 reduce the weight of the
machine. In the front arm. cipcular
bl (10 mm) ax o regular imervals
{2 e} have been made for adjusting
e spacing hetween furmow ogeners
1o wuit the spacing requitement af
diffierent crops, In the same frame,
seed hox, fertilizer box, adjusting
bearn and adiustable guisle arms arc
fited. The size and 1ype of the ma-
terial af the frame has been sebectod
on the basis of several tesl runs
Furraw (pener Assembly

In the Tarrow epener sasembly,
the main compongats are shank,
share, and seed and fertilizer pipes.

af Shank

An inverted Ty pe Turmw opener
is fitted ot one end of the Shank
unel the other end of the shank 15 at-
1ached with frame by nuis and balts.
The thickness, widih and length of
the shank were deeited on the basls
ol design given bebow:

The section modulus of ihe shank
can be computed from the elasscal
fhexure formula (Seely e al, 1952
and Timoshenko et al., 1964) as
given belons

[ Ty ] ———— s i
where,

f, = Bending stress. kgl fem’

M, = Bending moment, kgl-cm
¥ = Distance from the peutral
surface to the fiber where the
stress is (b in em
| = Moment of inertia for rectan-
jpular cross-section about the neutral
axis in cm

From equation nurmber (1)
Sectaon modulus = Y =M=
| - P FRS— i)
Mb =L
where,

[, = Design draft in kgl which
should be kept 3 10 5 times ol
actunl draft for sufety point of
VEEW,
Actual drafl = ke A
where,

ko = Sobl resistanoe, kgfiem’

A = Cross-section area of furmow,
e’

Therefore M, = 5 ks A L .3

From equatkn {21

Hete the length of shank (L) = i

o

Aren of cross-section of furrow: =
4] cm”

f, for il atcel nectungular crocss-
section = 1000 kgfiem’

It is assumed that b d = 1 ord =
Al

b= 030

B=071 cmsay 7 em

Therefore d = 284 ¢m say 3 em

Srandard M5 flon of sige 30 = 6

i was used for fabricating the
shank of furrow openct
Destpn af Inverted T-ipe Furrow

The furraw opener is fitted with

Table 3 Seraring foiie Ebme regmi 1, dReEgy ComBITTpion
andd ot of wrwkngg fiar Lentil ctop
i — T THmrgycon| SoWE | wield,
T, Bulkock : Yield,
Tgat. Man-hr'ha surpiion, cial.
hrtha | hr'hn : ha
DN e | piehehs | “pgha | INRAa | T
Wheal
T 413 W72 1872 2UTAE 6975 L2
My | 83 00 BB B O S .| S
1entil
f Haw 1509 1309 1,908 i3 72
v ws w3 e w3 A6 A3
Lahour charge = INF ey 15 wosking hour i dayh
Pislhock pair change = ISR (44xtay (8 working hoat 5 & day)
1 Budlosck hour = %07 M (Body weagha less tham 350 kgh
| Mar hoar = 1.96 M)
.+ AGKICULTURAL AIECTLASIZAT

multl hole shank with nuts and

Thie depth of cut can be adjusied
by changing the hole order of the
shank and rake angle of the fur-
pow apener { Fig. 2. Generally the
druft increases with incrense in mke
angle and the rate of increase m
drafl becomes greater with tynes af
e than S04 rake anghe. This phe-
nomeon ks extremely inpartant for
reducing the draft {Osman, 1964),

Siermens of al, (1965) analyzed and
concladed experimentally that a fur-
pow opener with 257 ke angle gave
minimum draft, in this machine,
provision has beon made 1o change
the rake angle rnging from 15 o 25
i3 skt ifferens soil conditions. How-
ever, after several test runs under
JiiTerent soil conditions, it was fxmnd
that the Farrow apencr with 257 rake
anghe plmridﬂlnrﬂjmllquﬂﬂ flarve.
woil dismurbance and drafi. The fur-
mupmrrnnmd.cwdi!i i thick
mild steel plate. Foe hardening the
%0il culting edge of furrow openet,
are welding and grinding was dong.

Fig. 1 VL seeid-cnmsfestilize deill
e 1
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The inverted T-type furrow opener
was selected because it caused less
soil disturbance with less draft and
firm furrow for better placement of
seed and fertilizer.
Seed and Fertilizer Bax
The size of seed box was decided
on the basis of field size and seed
rate of wheat crop. In general, the
available working field size in hills
is approximately 2 Nalies (0.04 ha),
which requires 4 kg seed at 100
kg/ha, The seed box was made of
mild steel sheet of 1.0 mm thick-
ness. The top length and width of
the seed-cum-fertilizer box is 320
mm and 260 mm, respectively, and
partitioned with 1.0 mm MS sheet
to have separate seed and fertilizer
boxes. The bottom length and width
of the box was 160 and 130 mm,
respectively, Aceording to RNAM
recommendation, the orifice diam-
eter for particle size of 5 mm should
be 25.1 mm and bottom width of
25 mm on cach side of the opening.
The volumetric capacity of cach of
the seed and fertilizer box was 0.005
cu. m. The height and inclination of
seed box was calculated as follows:
Average field size of Uttaranchal
hill’s field = 0.04 ha
Seed required for this area at 100
kg/ha =004 < 100 =4 kg
Bulk density of wheat grain (mea-
sured) = 0.79 glem’
Volume of 4 kg seed = 5050 em”
Reguired volume of seed box with
10 % free board = 5555 cm’ =
00056 m*
Calenlation of Height of Seed Box
Volume = ¥[(L, — Ly) = B, = h +
tBl_Bll}JIE L:\Ih"'thBl'xh]
= 5555
Orh = 2136 cm, say 22 cm
Side slope angle of the seed box =
width — Bottom width
Cot! Tw_'ﬁE@hﬁT’iE&"Hﬁ:i"d_
=Cot” .25
=75.96° say 76°
The side wall of fertilizer box and
seed box were kept 76" inclined,
which was greater than the angle of
repose of seed and fertilizer. The an-
gle of repose in case of wheat ranges

from 31.3 to 33.1° (IS: 6663-1972)
and is approximately 287 for lentil.
Seed metering and fertilizer agi-
tating device: For controlling the
seed rate, fluted feed roller type
metering device (Fig. 3) with ad-
justable opening is fitted in the seed
box. This type of metering device
is generally used for seed such as
wheat, barley, paddy, oats, maize,
sorghum. The exposed length of the
fluted feed can be calculated as fol-
lows:
Volume of seed grain required in
1.0 m running length,
V= /& [Ny % = (D % L]
L. =8V / (N, Ds)
where,
L, = Exposed length of fluted feed
roller, cm
N¢ = Number of flutes in fluted
feed roller
V = Volume of seed grain required
in 1 m running length, em’
D¢ = Diameter of semi circular
flute, em
The fertilizer box is equipped with
agitator and orifice with adjustable
opening. In this deviee, four flats of
25 % 25 mm size have been welded
on an agitator shaft vertically just
above the orifices of fertilizer box.
Power for the agitator shaft is from
the feed shaft with the help of chain
and sprocket, which receives power
from ground wheel. For controlling
the fertilizer rate, a sliding shutter is
fitted below each orifice of the fertil-
izer box, Plastic tubes of 30 mm di-
ameter have been used for providing
smooth seed and fertilizer flow from
seed and fertilizer box to furrows.
Power-cum-transportation Wheel
In this seed-cum-fertilizer drill,
the transportation wheels acts for
power as well as depth control.
Ground wheels or power wheels
were made of mild steel MS flat
of size 30 * 5 mm and round bar
of size 10 mm diameter. Lands are
stony in the hills, therefore, peg
type ground wheels were provided
for uniform power transmission to
the central shaft, which, in turn,
transmit power to seed metering

device and fertilizer agitating de-
vice. For removing the requirement
of an extra chain sprocket and cen-
tral shaft for the ground wheel, the
wheel size was increased to 490 mm
(diameter) with 25 mm pegs. It also
provided space for a furrow opener,
seed tube and primary hopper as
well as higher ground clearance.

During development of this sced-
cum-fertilizer drill, main emphasis
was given to make it lightweight so
that it can easily be carried in hilly
terrains. The total weight of this
seed-cum-fertilizer drill was 23 kg.
It could be operated by animate (man
and animal both) power source. It
was named the Vivek zero-till sced-
cum-fertilizer drill.

The speed of power wheel, centre
shaft and fluted roller was worked
out as follows

Normal man speed = 2 km/h

Wheel diameter = 490 mm

N = [V /aD] = [(2 = 1000) / 60] =

[1/(3.14 = (.49)] = 22 rpm
If we assume slippage = 6 %
Then N for fluted feed roller = 21

rpm
In hills, row to row spacing for
lentil = 16 cm

Total running length of the fur-
row in one ha field = 62500 m
Distance covered by ground wheel
in one rotation = d = 3.14 = 49
=1.34m
No. of rotations in | ha = 40584
Seed rate for wheat crop = 100 kg/
ha
Seed of wheat required in one ro-
tation = 2.46 g
Adjustable Beam
Adjustable beams have been pro-
vided to make it manual as well as
bullock operated. For manual op-
eration, the beam was made of 25
mm OD/22 mm 1D MS pipe having
total length of 1200 mm and a grip
of same MS pipe having 370 mm
length was welded on the beam per-
pendicularly. The beam is fitted with
the frame with the help of two nuts
and bolts. While designing the beam,
the ergonomic aspect was taken into
consideration. The position of the
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beam could be adjusted according to
the height of the operator using two-
point linkage system. For bullocks,
beams could be replaced by 45 mm
OD/M42 mm 1D MS pipe. The total
length (3000 mm) of the beam was
made using three MS pipes (length
of each pipe = 1000 mm), which
were joined with each other using
nuts and bolts during operation.

Characterization of Physical
Properties of Soil

Soil bulk density was measured by
core sampler. Soil moisture content at
different soil layers was determined
by gravimetric method. Infiliration
rate was determined by a double
ring infiltrometer. Aggregate size
distribution was determined by wet
sieving method as described by Yo-
der (1936). Approximately a 50 g soil
sample (2-4.75 mm) was immersed
in water on a nest of sieves (2, 1, 0.3,
0.25 and 0.1mm) for 10 minutes be-
fore the start of wet-sieving action.
The sieve nest was then clamped and
transferred 1o the drum securely. The
sieve assembly was oscillated up and
down by a pulley arrangement for 20
min at a frequency of 30-35 cycles
min-1 with a stroke length of 4 cov in
salt free water inside the drum. The
water stable aggregates retained on
sieves were then backwashed into
pre-weighed containers, oven dried
at 50 0 C for 2 to 3 d, and weighed.
The MWD was calculated taking
mto account the sand content in each
aggregate size fraction, using the fol-
lowing relationship:

MWD (VanBavel, 1949) = Exiy1

Where, %1 is the mean diameter of
the soil aggregate size (mm) frac-
tions and vi is the proportion of
each aggregate size with respect to
the total sample weight.

Field Evaluation

Seeding performance of this seed-
cum-fertilizer drill was studied. on
a sandy clay loam soil at the Experi-
mental Farm (Hawalbagh) of VP-
KAS (ICAR), Almora. Both wheat
and lentil was grown under rainfed

condition. Soil characteristics in the
plots where wheat was sown were
57.2 % sand, 20.1 % silt, 22.7 %
clay, 0.95 % organic carbon, mois-
ture content 16,12 % (d.b.) and 1.33
Mg/m3 bulk density and in the plots
where lentil was sown had 58.5 %
sand, 19.7 % silt, 21.8 % clay, 0.92
% organic carbon, moisture content
16 % (d.b.) and 1.34 Mg/m’ bulk
density. Time required for sowing,
energy consumption and cost of
sowing were calculated for cach of
the following treatments.

T, = Two passes of ploughing with
indigenous plough + Manual
broadcasting + One pass Man-
ual clod crushing + Two passes
of wooden plank + Line sowing
by Vivek seed-cum-fertilizer
drill {Power source: 1 man and
I pair of bullocks).

T: = Line sowing with Vivek seed-
cum-fertilizer drill with out
seedbed preparation + One pass
planking {power source: 2 men).

Result and Discussion

Time Requirement for Sowing
Operation

The sowing of lentil crop, using
newly developed seed-cum-fertilizer
drill, was successfully carried out
under zero-tillage condition. Time
requirement { Table 2) for sowing
operation was less by 630 % in zero-
till condition sowing of wheat crop
compared against the sowing in pre-

pared seed bed. A similar trend was
observed in lentil crop sowing.

Energy Requirement

Use of the above mentioned seed-
cum-fertilizer drill resulted in
considerable reduction in energy
consumption for sowing of both
crops. The consumption of energy
for wheat sowing was 768.3 MJ/ha
in the plots under T treatment. This
increased to 2,073.6 MJ/ha in the
plots under T,. A similar trend was
observed in lentil crop sowing. In
prepared seed bed sowing, energy
requirement increased due to the
involvement of extra energy in seed
bed preparation (Table 2),

Cost of Sowing

The sowing cost of wheat and len-
til crops by the traditional method
comes to INR 6,975/ha and INR
6.122/ha. However, it was only INR
1.916/ha for zero-tillage (T2} with
the newly developed seed-cum-fer-
tilizer drill for the both crops. Thus,
line sowing with Vivek seed-cum-
fertilizer drill not only saved time
and energy but also considerably
reduced the cost of sowing.

Crop Performance

The plant stand was up to the
mark both under prepared seed bed
and zero-tillage conditions. It was
38/m and 49/m row in ploughed
plots and 42/m and 46/m in un-
ploughed plots for wheat and lentil,
respectively. Only 59.0 mm rainfall

Table 3 Soil bulk density and mean weight diameter (MWD) at harvest of wheat crop

Trear  Soil bulk density. Mg m’ MWD.mm

" 0-15 [ 15-30 [30-45 [ Mean | S.D. | 0-15 [ 15-30 [ 30-45 | Mean | S.D.
Initial | 133 135 139 136 002 112 101 094 102 007
T 1.33 1.36  1.39 1.36  0.03 .09 099 094 Lol 009
o 135 138 140 137 002 193 103 095 104 0.09

Table 4 Soil bulk density and mean weight diameter (MW D) at harvest of lentil crop

Soil bulk density, Mg m”

et 17015 11530 [ 30-45 | Mean | 5.0, 0-15 | 15
| 34 136 140 137 003 110
T, 133 136 139 136 003 108 .02 081 L0l 008
T 13 137 140 138 0@ 112 103 091 101 0097
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was received during the entire crop
season and, as a result, the grain
vield was low. The grain yield of
wheat and lentil crops under two
situations did not differ significantly
being 3860 kg/ha and 394 kg'ha
in ploughed plots and 39.1 kg/ha
and 383 kg/ha, respectively, in un-
ploughed plots.

Soil Bulk Density

Treatments were imposed for 2
years. Results showed that, with
increase in soil depths, bulk density
values increased and the highest
bulk density value (1.40 Mg m™)
was observed at 30-43 cm so1l
depth (Tables 3 and 4). Al harvest
of wheat and lentil crops soil bulk
density was higher in plots under T:
at the soil surface (0-15 ¢m) com-
pared with tilled T,. There were no
variation in soil bulk density values
due to tillage management at the
other two studied soil depths (15-30
and 30-45 cm soil layer), The higher
value of soil bulk density under ZT
at the surface soil layer might be
due to non disturbance of soil ma-
trix that resulted in less total poros-
ity compared to tilled plots,

Mean Weight Diameter (MWD)
Aggregate stability 1s a soil qual-
ity indicator directly related to soil
organic matter (SOM). The stability
of soil surface aggregates relies on
SOM. enabling them to withstand
mechanical forces due to tillage
implements. The results indicated a
deeline in MWD after plowing for
both the crops in plots under T, treat-

Fig. 3 Fluted feed roller type
metering device

ment (Tables 3 and 4). After harvest
of both wheat and lentil crops it was
observed that plots under T: had
higher MWD than that in the plots
under T, in all the studied soil layers.

Soil Infiltration Rate

The initial rate of infiltration
through the soil profile at harvest
of both the crops were higher in the
plots under T, than that observed in
the plots under T, In comparison,
the steady state infiltration rate in
the ZT system (T:) was slightly
higher at harvest of the crop than
that in the plots under T, (Table 5).

Soil Moeisture Content

In plots under T, seedbed was not
prepared before sowing and hence
the sowing time moisture contents
(average of 4 samples) for both the
plots were considered the same. As
we imposed two passes of plowing
in the plots under T, before sow-
ing of lentil on the same date in all
the plots, soils under T, for both the
crops contained different moisture
content (Tables 6 and 7). Soils un-
der T contained more soil moisture
than soils under T, at harvest of both
the crops, irrespective of the date of
sampling at 0-15 and 15-30 em soil
depths, suggesting significant re-
arrangement of pores near the soil
surface (Table 5). In contrast, the
differences in soil water contents
were small at the 30-45 cm soil layer,
The average soil moisture content of
11.57 %a in plots under Ty was greater
than in the plots under T, (10.86 %)
up to 45 em depth of soil profile at 60

Fig. 4 Lentil crop sown by
VL seed-cum-ferti drill

days afier sowing of lentil. A simi-
lar trend was observed in the wheat
growing season also, Greater water
retention in the 0-15 cm soil depth
under ZT than under conventional
tillage (CT) was also observed in
a silt loam and sandy loam soil by
Azooz et al, (1996) in Canada,

Discussion

The developed seed-cum-fertil-
izer drill was compared with the
performance of traditional method
of sowing (in prepared seed bed) of
wheat and lentil crops. For wheat
sowing, the traditional method (T))
covered only 0,028 ha area in a day
(8 h duration) with a pair of bullocks
and one labourer. But Vivek zero-
till-ferti- seed drill with zero-tillage
sowing {T;) covered 0.21 ha in the
same period of § hours with the
same number of bullock and one ad-
ditional labourer i.e., with 2 labour-
ers (Table 2).

The developed seed-cum-fertilizer
drill saved 1205.3 MJ/ha and INR
5059/ha in sowing wheat and fertil-
izer application over the traditional
methods. A similar trend was found
for lentil sowing. The use of the de-
veloped seed drill was really advan-
tageous for the resource poor hill:
farmers as it save time, energy and
money and also more area covered
under favorable climatic conditions
to get higher yields and returns.

Trends in soil bulk density are gen-

Table § Infiliration rate (om min) of
soil at harvest of wheat and lentil crops

T Wheat |
min _TI_ I "-r:
5 I:I.|.‘..i"mi-]-.-|."(;- 018 0.14
] 017 015 017 014
20 014 012 012 010
0 01 009 0107 008

45 0085 0076 0081 007
60 | 007 0068 0068 0065
90 | 0064 0061 0.053 0053
120 | 0.051 0053 0.045 0.046
180 0031 0042 0032 0,037

*Cumulative time
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erally considered a rough approxima-
tion of soil structural changes (Lichig
et al., 2004), Several studies have
reported higher bulk density under
zero-tillage (ZT) at the soil surface
compared with tilled soil (Wu et al.,
1992, Hill, 1990). Tillage loosens
the soil and decreases soil macro
porosity (Vazquez et al., 1991). Sig-
nificantly lower core (0-15 em) soil
bulk density with conventional till-
age (CT) system could be due to the
incorporation of crop residues by till-
age to the surface soil depth.

The effect of tillage methods on
soil structural properties needs to be
discussed in terms of tillage-induced
differences in: (1) soil organic carbon
(SOC) content, and (ii) activity of
soil fauna. Higher SOC content in
the surface layer of ZT system (mea-
sured by us) may lead to more and
stable aggregation. Tisdall and Oades
(1982) indicated marked reductions
in water stable aggregates following
cultivation. The decline in the size
of aggregates with tillage could be
credited to mechanical disruption of
macroaggregates, which might have
exposed SOM previously protected
against oxidation. Although we did
not measure root density of soil,
from the results we can speculate
that T;would have resulted in greater
root density at the surface soil layer
due to greater aggregate stability.

The high initial infiltration rate
in the plots under CT system might
be due to high soil porosity at the
surface soil layer, The effect of ZT
management might be 1o reduce the
volume fraction of large pores and
increase the volume fraction of small
pores with better pore continuity
relative to CT management, which
ultimately resulted in higher steady
state infiltration rate under 2T sys-
tems. Final infiltration rate is highly
dependent upon the size, continuity
and arrangement of pores. Greater fi-
nal infiltration rate in tilled soils was
an indication of better pore continu-
ity. as the proportion of larger pores
was comparatively less. Greater
content of water stable aggregates in
the reduced tillage system T: prob-
ably also contributed to its higher
final infiltration rate (Singh et al.,
1994). Although infiltration rate can
be extremely variable, it is possible
that the higher steady flow rates for
the plots under ZT might have been
partially due to the burrows of the
endogenic earthworms (Joschko et
al., 1992),

Considering the performance of
the present seed-cum-fertilizer drill
and its operational feasibility in hill
farming, it can be concluded that
Vivek seed-cum-fertilizer drill is an
effective mean for reducing the cost
of cultivation and offers good scope

Table 6 Soil moisture during wheat growing season

Soil depth, | _S-_gfiglgimr_ #l? _dgg-t after s;;ving_ | Harvest
o T, T; | T T
0-15 | 1612 16.15 11.86 12.01 9.86 10.03
15-30 15.22 15,59 10,93 11,06 8.68 891
30-45 13.09 13.99 822 817 7.09 7.23
Mean | 14.81 15.24 10,34 10.41 8,54 873
SD. | Ll 1w 1.34 1.62 1,49 1.71
Table 7 Soil moisture during lentil growing season
Sail depth, | Sowingtime | 60 days after sowing | Harvest
em | T, | T T T olaT =
015 | 1547 15.99 12.22 13.15 10,21 TRENE
1530 15.01 15.44 1110 12.12 8.7 9.58
3045 | 131 13.85 925 9.44 7.0% 7.33
Mean | 14.56 15.09 10.86 1157 8.68 9.35
5.D. 1.15 1.07 1.44 1.82 .70 1.80

for mechanization in hill farming,
having small and scattered land
holdings.

Conclusion

The following conclusions are
drawn: The machine is suitable for
zero-tillage sowing as well as sow-
ing in prepared seedbed for wheat
and lentil crops, The saving of 157
% energy, 650 % time and 264 %
money as compared to prepared
seedbed sowing (T,) can be achieved
with help of developed zero-till
seed-cum-fertilizer drill in zero-till
sowing of wheat crop (T,). Similar
trends can also be achieved in lentil
sowing. Yields were comparable
under tilled and un-tilled conditions.
In this sub-temperate climate of the
Indian Himalayas, a sandy clay loam
soil can effectively be managed with
conservation tillage to increase water
storage and transmission properties.
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betel leaves. This may have been
due to the favourable environmental
conditions that prevailed inside the
zero energy cool chamber as shown
in Fig. 1. Although there was no
appreciable difference in range of
temperature as well as RH of the
ambient conditions with respect to
optimum storage conditions of betel
leaves, the zero energy chamber
maintained a relatively constant
environment, which probably pre-
vented the spoilage of the biochemi-
cal qualitics of the leaves. Leaves
stored in ventilated packs main-
tained nutritional qualitics almost at
par with those in other packages but
the freshness of the leaves were lost
because they did not obtain sensory
acceptability.,

Conclusion

The study exclusively concludes

that though there was a change in
all the biochemical qualities, The
changes were not noticeable 1o an
extent that could affect the nutri-
tional quality, The zero energy cool
chamber gave better performance in
comparison 1o ambient conditions in
storing green betel leaves for a short
period. Among the different packag-
ing system used in the experiment,
the leaves store.d in traditional
package fetched highest sensory ac-
ceptability. Ventilated polyethylene
packs are not to be recommended at
all as it losses the moisture rapidly.
Polyethylene packs are to be used if
the leaves are 1o be stored for a lim-
ited period only.
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