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Kubota farm macﬁinery
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handles most any job on earth.

Wherever there's work to be done around the
world, you'll find Kubota on the job. Because
Kubota makes a comprehensive line of agricultural
equipment, including tractors ranging from light,
efficient 9-horsepower compacts to powerful giants
up to 105-horsepower. In fact, you can select from
more than 30 Kubota tractor models to handle
everything from home or commercial lawn care
and light construction, to the biggest jobs on the
biggest farms. And every piece of farm machinery

KUBOTA Corporation

that's come off Kubota's automated production line
for the past 100 years has carried our legendary
engineering for top performance and versatility.

So wherever you have a job to do, turn to Japan's
number one agricultural equipment manufacturer.
Kubota. There's nothing like it on earth.

IKiybhonta

Head Office: 2-47, Shikitsuhigashi 1-Chome, Naniwa-Ku, Osaka, Japan Phone: 06-648-2434 Telex: J65251 KUBOTA A
Tokyo Office: 1-3, Nihonbashi-Muromachi 3-Chome, Chuo-Ku, Tokyo, Japan Phone: 03-245-3635 Telex: 222-3671 KUBOTA J




2’ MITSUBISHI AGRICULTURAL MACHINERY GO, D,

2% MITSUBISHI AGRICULTURAL MACHINERY CO, LTD.

6-3, Kanda Kaji-cho 3-chome, Chiyoda-ku, Tokyo, Japan
TEL: Tokyo (03)258-0116 TELEX:2228052




OCHIAI is the top-ranking tea-leaf picker manu-
facturer in Japan. OCHIAI's products are used
in tea-producing areas worldwi__gle.

Clipper type tea-leaf picker V8-NEWZ2

type Clipper type tea-leaf picker V8-NEWZ2
pioxing width | 8507= | 1,000% | 1,070 [ 1,140 [ 1,210=
weight 11,4k | 11.95% | 12.15% | 12,35k | 12,6k
u engine 41.5¢¢(3.2PS)
e ~—| GUIDE 10 OCHIAI | w
Engine tea-tree trimmer

B Succeeded in devising Japan’s first automatic tea-leaf
E- 7. 750 picker in 1959.

W Received the Director of the Board of Scientific Tech-
nology Award in 1967.

Mini trimmer

E-7-600

B During the intervening period (1959-1967) obtained a
number of patents, as well as receiving a variety of a-
wards and prizes in the domain of science and technology.

B The top-ranking tea-leaf picker and tea-tree trimmer
producer, holding 60% of the shares in the same line
of business in Japan, surpassing the other manufactur-
ers in sales and product, and leading the related business
worlds in its expansion and development.

Self-propelled
tea-leaf picker
(one man, Clipper type)

7-200

B weight/150kg

Riding tea-leaf picker
OM-172 =0
S OCHIAI-SHOJI CO., LTD.

- < Head Office: 58, Nishikata, Kikugawa-cho, Ogasa-gun, Shizuoka-ken, Japan
PACENIENORT Tel. Kikugawa (05373) 6-2161~5 Telex 03965824 STPA J ATTN OCHIAI




FOR THE

Yamamoto Co., Ltd. was establijshed in 1918.

We have specialized in agricultural machinery and deeply committed
in research and development of the frield as long as more 70 years.
Our main products are Grain Drying & Storage Bin, Grain Dryers.
Pre-cleaners, Paddy Husking Machine, Rice Whitening Machines,
Soybean Processing Machines, Feed Cutters and Wood Chipping
Machines. Especially, our Grain Dryers and Feed Cutters have

been enjoying the biggest market share in domestic market. Our
agricultural machines will help you and your business.

DRYING&STORAGE BIN
PRE-CLEANER

SOYBEAN SELECTING
MACHINE

PADDY HUSKING MACHINE

RICE WHITENING MACHINE
(VERTICAL TYPE)

<{MAIN PRODUCTS>
¢ Dryer
(Paddy, Wheat, Soybean etc.)
#* Drying and Storage Bin
7 Seed Processing Plant
7 Pre-cleaner
¥ Paddy Husking Machine
7 Rice Whitening Machine
¥ Feed Cutter
(Cylinder Type & Wheel Type)
* Wood Chipping Machine

% Soybean Processing Machine i e, R
RICE PROCESSING PLANT (4~5t/n)

E2 YAMAMOTO CO..LTD.

HEAD OFFICE & FACTORY:404 OINOMORI. TENDO-CITY. YAMAGATA-PREF. JAPAN
TELEX:872266 YMCTNDJ TELEFAX:0236-53-3411




TEA HARVESTERS
PRUVING MACHINGES
| HEDGE TRIMMERS
‘ TEA PROCESSING MACHINES
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We are No.1
Machinery Maker of Manufactured Tea.

We promate high qualjty and high efficient tea production with our know-how in the manufacture of

tea processing machines which we have been producing for 80 years using the latest technology.

KAWASAKI KIKOCO.LTD KAWASAKIGIKENCO.LTD

KAKEGAWA-SHI-,SHIZUOKA-KEN, KANAYA-CHO, HAIBARA-GUN,

JAPAN SHIZUOKA-KEN, JAPAN
Phone.0537-72-1711 Phone.0547-46-1113

FAX.0537-27-1716 FAX.0547-47-3124




Fuji Robin’s
robin) Agricultural
- Machinery

ADVANCE YOUR FARMING WITH
VARIOUS ROBIN PRODUCTS!!

Power Rotor ¢ P PR500 Portable Tiller ST35
PR600O
PR750
Power Tiller ST4 | Bush-cutter NB23 |
ST52 >! NB3 I |
STEO0 (L 4
K1 % S— s o
I
NF21 1 Shoulder Type power Sprayer RS23 1
NF352 RS30 |
NF4 12 RS4 11|
NF512
Portable Pump SDEO4 | Fire Pump P203
sSDO8 P205
sSDYOS8 | P303
SDY20 | P408
P508

@“\\ FUJI ROBIN INDUSTRIES LTD.

@ SHINJUKU-BLDG, 1-8-1 NISHI-SHINJUKU SHINJUKU-KU,
TOKYO, JAPAN




VALIANT TEA HARVESTE

MCTI10

A Dependable Way of Making Tea Harvestlng a Lot Easier
® Picks Best Quality Leaves
©® Simple Operation; High Efficiency; Economy
® Uuique Design; Sturdy Construction; Long Life
@ Simple Design and Easy Operation
@ Crawler Type; Good Maneuverability
§ © Picks Best Quality Leaves
with High Efficiency
@ Unique Design; Long Life
@ Simple and Easy Operation
# © Self-propelling; Labor-saving

@ MATSUM()TO KIK() CO.,LTD

Head Office: 9325, MAKINOUCHI, EI-CHO, IBUSUKI-GUN, KAGOSHIMA-PREF:JAPAN
TEL.0993(36)1161 FAX.0993(36)2829




A line-up of superh, compact

agriculturall machines from OREC

HR-650 GR-700 SM-602A
HAMMER-ROTOR MOWER GREEN ROTARY MOWER AUTO MOWER

You are proud to own the best.
OREC Mowers are designed for big-job performance and capacity.

OREC AGRICULTURAL MACHINES CO., LTD.
Tel. 0942-62-3161~ 4

Head Office : 23-4 Jyojima-machi Mizuma-gun Fukuoka 830-02 Japan  Tgjafacs 0942-62-6078

<> AGRICULTURAL MACHINERY

SUEn@imA)
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baleded People. Vain Niplo Products

ROTARY TILLER
DRIVE HARROW
FLAIL MOWER

DEEP ROTARY TILLER
DIGGER

MATSUYAMA PLOW MFG. CO., LTD.
Head Office & Factory: 2949, Shiokawa, Maruko-machi, Nagano-ken, 386-04, JAPAN
Telephone: Ueda (0268)35-0300 Telex: 3327589 NIPLOJ Fax: (0268)35-3231




< YANMAR

DIESEL POWER TO PLOW LIFE INTO LANDS

Yanmar power. It works for
you in many better ways.

Across vast stretches of the world where terrain
and weather combine against agriculture,
Yanmar’s rugged machinery is working on the
side of the farmer. Built from generations of

g g

experience in fieldwork this equipment has

a natural ability and durability that few other
agricultural machines possess. It is designed
to give the farmer the advantage of modern
efficiency in his fight to claim the land for his
crops.

Diesel Pump

Air-cooled Diesel P;xmp
YDPseries 500 ~ 2100¢/min.

YKS(C)series 280 ~2500/min.

Diesel Tractor
YMseries 16~33hp Fseries 26~97hp

YANMAR AGRICULTURAL EQUIPMENT GO.LTD.

1-32, Chayamachi, Kita-ku, Osaka 530, Japan Telex: 5233623 YMR AGJ Telephone: 06-376-6336 Facsimile: 06-373-9474

YANMAR DIESEL ENGINE CO.LTD.

1.1 2.chome. Yaesu. Chuo-ku, Tokyo 104, Japan Telex: 0222-4733 Telephone: 03-275-4932 Facsimile: 03-272-0687 Cable: YANMAR TOKYO
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EDITORIAL

Greeting the 1990s

Through this special winter issue of the AMA, the entire AMA staff takes the oportunity to
greet all AMA readers, contributors, co-editors and the general clientele a VERY HAPPY NEW
YEAR!

In retrospect, we bid goodbye, not only to the last year just ended, but also to the last de-
cade gone by. As we are ushered into the threshold of the 1990s, we suddenly realize that we are
actually only another decade away from the 21st century. And as we have of sign of “How time
flies” relief, we become aware that 1980s, we recall a few notable and relevant events that have
taken place and their implications in the 1990s— events that we identify as areas of concern.

First of these areas of concern is the comparative change in world population on one hand
and, on the other, available cultivated land areas, i.., a fast rate in population increase against
a stagnant, if not decreasing cultivated land areas—give and take a few pluses and minuses due
to slopeland development and the encroaching urban spread, respectively. What this implies is
a widening gap between food supply and demand. Unless the yields of crops and livestock are
increased considerably soon, the food crisis that was experienced in the 1980s will continue to
haunt mankind in the 1990s.

The second area of concern noted in the decade gone by is the threat of what is now fully
recognized as the ‘“greenhouse effect’” —a phenomenon that highlights the urgent need for man
to be in harmony with the ecological system about which the interactive relationship between man
and the system has yet to be fully understood, hence an urgent need for basic research on this
subject soon into the 1990s.

The third areas of concern pertains to the international tension brought about by such man’s
wickedness as terrorism, massacre, assasination and drug problem, among other. However, with
the current efforts being exerted by the world powers and many other well-meaning world bodies
and governments, the world situation should ease considerably in the 1990s.

The fourth area of concern pertains to the well-being of the world’s teeming millions of
rural dwellers and marginal farmers who comprise the majority of the population in most coun-
tries. They are usually the poorest of the poor who rightfully deserve a little more roof over their
heads, a little more cloth on their backs and a little more food in their stomachs. Concerned govern-
ments are being called upon to put on some speed in the dissemination of agricultural technology
and agricultural mechanization technology for the benefit of the marginal farmers and other rural
dwellers.

[t is in this fourth area of concern that this special winter issue of the AMA carries special
sections introducing a large number of Japanese agricultural machinery industries — not only be-
cause they have hardly been disseminated in the past due to the language problem but more so
because it is a response to the need for technology transfer to the less developed countries in the
hope that farmers, big and small, might benefit from the Japanese experience.

Here’s wishing one and all a more productive 1990!

Yoshisuke Kishida
Chief Editor

Tokyo, Japan
January, 1990
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Analysis of Tractor Test Procedure

at the Nebraska Tractor Test Laboratory

by

Bai Youren

Assoc. Prof.

Dept. of Agric. Engg.

Northwestern Agric. Univ.

China
Abstract

Current test procedure at the
Nebraska Tractor Test Laboratory
is analyzed primarily based on the
present test results (data and
curves). The purpose of this analy-
sis is to update the test procedure.
The results indicated that the sug-
gested Tractor Test Procedure could
be more suitable to the present
situation (advanced instrumenta-
tion and improved tractor perform-
ance) and the test length may be
reduced by 14 hours. This will be
beneficial to the companies as well
as the tractor test laboratory.

Introduction

The Nebraska Tractor Test is so
famous in the world that many
country’s tractor companies try to
submit their tractor models to be
tested in order to get credits in
international market., During the
testing career as long as 66 years,
more than 1600 tractor models
coming from different countries
have been tested. The test reports
are mailed to the subscribers, re-
lative magazines and tractor com-
panies in the world to be used as
an important data or basis for not
only evaluating and selecting trac-
tors but also studying and im-
proving tractors.

Louis |. Leviticus
Prof., Dept. of Agric. Engg. and
Chief Engineer, Tractor Test Laboratory

US.A.

The tractor test procedure is
a law to test tractors. It should be
updated as agriculture, industry
of tractor (engine included) and
testing technology develop con-
stantly. In this paper, the authors
discuss  the current Nebraska
Tractor Test Procedure with the
test results and present some
conclusions.

Testing and Analyzing

The current Nebraska Tractor
Test Procedure consists of four
types:  Power Take-Off  Test,
Drawbar Test, Sound Level Test
and 3-Point Test.

PTO Test

The PTO Tests are conducted
indoor. The dynamometer is con-
nected to the PTO with transmis-
sion shaft. The tests not only deter-
mine PTO performance but also
estimate the engine behaviour.

| The characteristic tempera-
ture of the fuel system and tractor
adjustment test— In the current
Nebraska Tractor Test, such a test
is conducted only as an auxiliary
test before official test. This is not
reasonable because three objectives
are to be achieved in the test.
a) To warm up the tractor until it

reaches a certain stable tempera-

ture state in order to get reliable

Univ. of Nebraska

data.

b) To make necessary adjustment:
let the tractor operate under its
optimum conditions. It makes
the testing results show the trac-
tor performance more actually.

¢) To determine the characteristic

temperature of the tractor fuel
system. According to a vast
amount of testing and studying
at the Nebraska Tractor Test
Laboratory, it was found!!!
that with every 5°C (or 9°F)
increase in the fuel temperature,
there would be an 1%-2%
decrease PTO Horse Power. The
amount depends upon engine
type, size, tank location, amount
of return, etc. This is because
with the increase in temperature,
the density and viscosity of the
fuel decreases. It causes the fuel
to produce less performance per
unit of volume and higher see-
page losses may occur in some
pump systems. Therefore, every
tractor before official test, the
characteristic temperature of the
fuel in the injection pump is de-
termined and the fuel tempera-
ture is maintained at the prede-
termined level during all maxi-
mum power tests.

Thus it can be seen that the
characteristic temperature of the
fuel and tractor adjustment test
provides a basis and lays a founda-
tion for the following tests. So it

VOL.21 NO.1 1990 AGRICULTURAL MECHANIZATION IN ASIA, AFRICA AND LATIN AMERICA 15



Table 1 Variation of Tractor’s Average Performance with Operating Time

Tract Test 1597 Test 1599 Test 1589 Test 1590
Iactor Kubota M7030DT Valmet 980 FWA John Deere 3150 John Deere 4050
Specific fuel . Specific fuel ... , Specific fuel Specific fuel
Operated PTOHI;,O‘WI cgnsumption PT(()HI;,O)WU cé}nsumption P %ﬁ,o“ T consumption PTO power consumption
Miniies HE) (1b/hp.h) (1b/hp.h) (1b/hp.h) (1b/hp.h)
10 min. 68.970 0.4250 87.85 0.425 96.280 0426 105.730 0.406
20 min. 68.905 04245 88.02 0425 96.290 0426 105.550 0.407
30 min. 68.877 0.4246 88.016 0.425 96.150 0.426 105.710 0.407
40 min. 68.875 0.4245 88.00 0425 96.080 0.426 105.793 0.407
50 min. 68.864 04246 87.99 0425 96.054 0.426 105.81 0.407
60 min. 68.845 04240 87.98 0.425 96.066 0.426 105.79 0.407
70 min. 68.841 0.4240 87.97 04246 96.074 0.426 105.81 0407
80 min. 68.840 0.4240 87.98 04246 96.087 0.426 105.83 0.407
90 min. 68.850 04240 87.99 0.425 97.073 0426 105.833 0.407
100 min. 68.846 04240 88.00 0.425 96.066 0426 105.888 0.407
110 min. 68.868 04240 88.01 0.425 96.069 0.426 105.888 0407
120 min. 68.867 04240 88.01 0425 96.063 0.426 105.887 0.407
should also be included in the of- [os gkl R ettt JIECIL STt SPEOL SOt P AP A

ficial test codes.

2 Two hours maximum power
at engine rated speed test — In this
test, the maximum power the trac-
tor is able to deliver continuously
and the corresponding fuel con-
sumption measured on PTO are
determined. The test is performed
for 2 h, and every 10 min to take
reading and record it.

Table I shows four tractors’
average power and specific fuel con-
sumption in different testing period.
Figure 1 illustrates their variation
with operating time. From Table 1
we can see:

(1) As testing time goes on, the
data measured become steady grad-
ually .

(2) After 20—30 min, the first
digit after decimal point for the
PTO power becomes constant (In
tractor test report, the two digits
after decimal point is used. The
first digit after decimal point is ac-
curate, the second digit includes
carried number.); after 1h, the
variation of PTO Horse Power tend
to disappear (Fig. 1). There is al-
most no difference in average of
PTO power between 60 min and
100 min measurement (Table 1).

(3) The average of specific fuel
consumption becomes completely
constant only after 20 min.

From the testing results above,
we can come to the following con-
clusion:

The 2-hour maximum power at

o]
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Fig. 1 Variation of tractors’ average performance.

rated engine speed test could very
possibly be reduced to ONE hour
without losing any information on
the tractor/engine performance.

3 Two hours varying power test
— The test consists of six different
load tests, each load being held
constant for 20 min.

The load sequence is always the
same:

a. 85% of the torque at maxi-
mum load

b. 0-load — this gives the so-
called “high idle” speed of the
engine

c. 1/2x85% of the torque at
maximum load

d. Maximum load (full torque
at rated engine RPM)

e. 1/4 x 85% of the torque at
maximum load

f. 3/4 x85% of the torque at

maximum load

It is clear that in varying power
tests the basic load standard is 85%
of the torque at maximum load,
that is, the 85% of the torque at
maximum load is used as a rated
(normal) load. This is unreasonable
because according to the basic
working principle*) | if a tractor
[engine can always work on maxi-
mum load (at rated engine RPM),
it is very desirable. But in the past
time, the capability of diesel engine
to overcome the excess load was
not good. As a mater of record(4]
the torque rise (a ratio of maximum
load to rated torque) of diesel
engine was only 1.05 — 1.15. The
tractor, however, often works
under varying loads. When the load
increases the engine revolutions
drop quickly and the engine even

16 AGRICULTURAL MECHANIZATION IN ASIA, AFRICA AND LATIN AMERICA 1990 YOL.21 NO.1



stalls. Therefore, at that time when
the test procedure was worked out,
85% of the torque at maximum
load had to be used as a normal
load and 15% of that was set aside
for torque reserve to overcome the
excess load.

Due to the combustion process
of diesel engine and performance
of injection pump-governor have
been greatly improved in the past
few decades, this has resulted in
improvement on capability for
diesel engine to overcome the
excess loads. Fig. 2 is a test result
of John Deere 8850 tractor in
accordance with OECD standard
code. From the figure, we may see:

(1) The capability of coping
with excess loads has been greatly
improved. The torque rise is 1.25.

(2) After the load has exceeded
its maximum value at rated engine
RPM, the power of PTO/engine
still tends to go up for a range of
engine speed from 2100 — 1936
RPM while the engine torque in-
creases with the load increases. This
means that when the load of the
tractor exceeded the maximum
value, the tractor is not only able
to overcome the heavier load, but
also its productivity can increase.

(3) Even when engine’s torque
reachers maximum value, the speci-
fic fuel consupmtion is still kept
at nearly minimum value.

All of these behaviors tell us
that when the tractor/engine works
on the exceeded load position
(state) in certain range of the
engine RPM, efficiency of both
power and economy can be im-
proved, comparing with maximum
load as well as 85% of the maxi-
mum load.

According to record of the test
materials!5! at the Nebraska Trac-
tor Test Laboratory, this is an
universal law resulting from im-
provement of internal combustion
engine performance. Some tractors’
(e.g., Steiger PTA-280) torque rise
can reach 1.556; and after the loads
exceed its maximum value at rated

l - 1400
Equivalent crankshaft toroue ! 1 !
//’—‘\\\ 1200
' ‘ \ 1000
I l | :
=
1 =]
; 4
- - 80O &
2405 - i <
H )
3
-5
e i :
| [
200 600 E
I / =
Power tke-off y l _g
power | -5t z
180
; \
-
|
2120 ' 200
c Standard p.t.o, speed
bt 1000 rev/min  ———
1
80 0 T B8O
- /4/ 1E
=
Fuel wnmn&/ }
0 = - 40
1/ ‘\ 20
0.4 / \ '1
é a3 Specific fuel consumption L/ l Jo
; l
2 500 1200 1400 1600 1800 2000 2200 2400
Engine speed, rev/min
Fig. 2 PTO test and equivalent crankshaft torque.
engine RPM, the engine power Drawbar Test

keeps up the increase until the
engine speed decreases to 70%
of rated engine RPM.

The other respect in which the
tractor performance has been im-
proved is the use of the torque
converter or automatic shift-down
of the transmission. This makes it
easy to change gears, and even to
do so “on the go.”

The facts above prove that there
is no need to use 85% of the torque
at maximum load as the normal
load standard. The maximum load
at rated engine speed ought to be
used.

Drawbar tests perform on con-
crete track with the help of a test
car, a number of load tractors and
a lot of instruments. The tests
consist of six different tests.

1. Two hours test at maximum
available power in a “rated gear’
(mostly around 4-6 mph) and at
rated engine RPM. — This test is
to show how much maximum
power the tractor can transmit and
the corresponding fuel consump-
tion measured on drawbar. This, of
course, is of great interest to users
/farmers.

The test at the Nebraska Tractor
Test Laboratory is conducted for
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Table 2 Comparison of Different Measuring Periods

Measuring by Every 10 Minutes

Measuring by Every 1 h

: Drawbar Fuel Specific fuel : Drawbar Fuel Specific fuel
(;It:lg:ley E()llg power used consumption o];l:inaey power used consumption
(HP) (Ib/h) (Ib/hp h) (HP) (Ib) (Ib/hp.h)
13:10 3207 47.29 24.9 0.527
20 3209 47.34 25.0 0.528
30 3207 47.26 25.0 0.529 13:25 47.26 Not Not
40 3208 47.28 24.9 0.527 v i measured measured
50 3208 47.36 25.0 0.528
AVG. 3207.8 47.306 24.96 0.528
14:00 3204 47.24 25.0 0.529
10 3208 47.24 25.1 0.531 Not Not
e s ens i e Ol ol
40 3202 47.23 25.0 0.529
Total avg. 3205.2 47.25 24.98 0.5287 3203.5 47.24 49.875 0.528

Remarks: 1. Start time 12.55. 2. Fuel used in 10-min. measuring is Ib.1h;in 1-hour measuring is total in two hours.

2h, and the readings are only
taken at the end of each hour.

In order to reveal how much
time is enough to operate the test,
the more detailed test has been
done. In such kind of test, the
readings were taken and recorded
every 10 min. instead of 1 h. With
a few calculations to the data,
Table 2 is obtained. In Table 2, the
data measured by every 10 min. on
the left side of the table and the
right side’s data are measured by
1 h.

Comparing the data of two sides
with each other, we could reach
following conclusions:

(1) Using two different ways of
measurement, the average of draw-
bar power (HP) and the specific
fuel consumption reached almost
the same results separately (last line
on Table 2).

(2) After 1h from the first
reading taken, the drawbar power
and the specific fuel consumption
basically reached a steady state.

So ONE hour is enough for this
test to operate.

2. 10-hour continuous test in
the rated gear at 75% of the pull
obtained in maximum available
power test — This test started in
1920. The initial purpose was to
test the endurance of a tractor
because at that time, the manufac-
turing quality was not good, the
endurance was a very important

target of quality besides power and
economy performance. But today,
the 10-hour test is really no use
since manufacturing quality has
improved greatly and free competi-
tion between companies guarantees
that only durable tractors can
remain on the market!2]

So, the 10-hour test that has
lasted for more than 60 years really
does not need to be conducted any
more under today’s science and
technology condition.

3. Two hours test in rated gear
at 50% of the pull from the maxi-
mum available power.

4. Two hours test in rated gear
at 50% of the pull from the maxi-
mum available power, but in a
higher gear and a lower throttle
setting. This is called “‘gear up and
throttle down” test. — These two
tests are used to compare the fuel
consumption savings at part load.

(1) The “gear up and throttle
down™ is an operating method used
in the farming operations. Such
kind of farming operations have
two features:

a) The loads are light (not heavy)

and

b) The tractor travel speed is
limited (not fast).
This is particularly true in

cultivation and division harvest of
wheat etc. Thus, if we use high
gear (with the throttle full open)
the tractor travel speed will be too

fast, while we use lower gear the
load is too low, causing the fuel
consumption to increase. So we
have to use the high gear and lower
throttle setting.

Only a few farming operations
are able to use this method.

(2) The need to save fuel in
using “gear up and throttle down”
method is illustrated in Fig. 3.

In the upper part of the figure
it shows that engine response and
the lower part shows the tractor
travel speed for each gear.

Supposing the required speed of
farming operation is V1, and cor-
reponding load (power) is Ne1 .

From the figure, it may be seen
that the gear II, III, IV may be
used separately. But use different
gear, the throttle must be set in
different position (ie., setting 1,
2, 3), and it must have different
fuel consumption (Gt1 > GT2 >
GT3). Because the gi = GT/Ne, if Ne
keeps constant (Ne1), the decrease

Ne
G
/7]
< : —
v V\JY \1 I I

Fig. 3 Saving fuel in gear up and throttle
down.
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of GT must cause the g to be
decreased, that is, the fuel effi-
ciency has been improved.

Comparing the operating state of
the engine in one gear with after
shifting into a higher gear, it can be
seen that in higher gear, the engine
load degree (the ratio of actual load
to the maximum load at a certain
throttle setting) has increased (in
gear iv, the engine is in full load).
This is a common law that when
internal combustion engine oper-
ated on its part load, if the load
degree can be increased, the effi-
ciency of both power and economy
will be improved. So if we want to
know the fuel savings, the charac-
teristic curve (like Fig.2) may be
taken and analyzed or compared
with each other. There seems to
be no need to conduct such kinds
of two tests.

S Maximum power in selected
gear tests — These tests are to show
how many gears of the tractor can
be used in the heavier load farming
operations.

6 Lugging run — The purpose
of this test is to check the lugging
ability —the capability of the trac-
tor to overcome the heavier loads.

These two tests are necessary
and the test contents are correct.

Summary

. The characteristic tempera-
ture of the fuel and tractor adjust-
ment test is a basis of PTO Test and
Drawbar Test. It should be included
in official test code.

2. According to testing data, the
lesting time of maximum power
at rated engine speed on PTO may
be reduced from TWO hours to
ONE hour.

3. Under the present technology
level of internal combustion engine
and tractor, using 85% of the tor-
que at maximum load to plan the
varying tests does not seem to be
adequate any more. Instead, the use
of maximum power (full load)

should be considered.

4. The time of maximum avail-
able power test on drawbar may be
reduced from TWO hours to ONE
hour.

5. The initial purpose of 10
hours test at 75% of the pull from
maximum available power test is to
check on endurance of the tractor.
However, the manufacturing quali-
ty of tractor nowadays seems to
have made this test unnecessary.

6. Comparing the two hours test
at 50% of the pull from maximum
available power test with the “gear
up and throttle down™ test can
show the fuel savings. But it is a
normal law that when the engine
load increases from part load to-
wards the full load, the fuel con-
sumption  decreases. Therefore,
there seems to be no need to
conduct such kinds of two tests.

Suggested Test Procedure

PTO Test

I. The characteristic tempera-
ture of the fuel and tractor adjust-
ment test at maximum power and
rated engine speed.

The purposes of this test are:
firstly, to warm up the tractor and
make it reach a certain thermo-
dynomic state; secondly, to adjust
the tractor to work under its op-

timum conditions, if necessary,
and; thirdly, to determine the

characteristic temperature of each
fuel system of the tractor.

The test-operating time is to be
determined according to the actual
situation.

2. One hour maximum power
test at rated engine RPM.

This test determines the maxi-
mum power that the tractor is able
to deliver continuously and the
corresponding  fuel consumption
measured on PTO.

3. One hour maximum power at
standard PTO speed test. This
either at 540 RPM or at 1000 RPM.

This test is only conducted if

the PTO speed does not occur at
rated engine speed.

4. Varying Load Tests

There are six different load tests.
Each test runs for 20 min. The load
sequence is as follows:

4-1. O-load, this gives the so-
called “high idle” speed of the
engine.

4-2.1/4 of the torque at maxi-
mum load.

4-3.1/2 of the torque at maxi-
mum load.

4-4.3/4 of the torque at maxi-
mum load.

4-5. Around 90% of the turque
at maximum load.

4-6. Maximum load (full torque
at rated engine RPM).

5. Excess Load Test

The test starts with the engine
on maximum load at rated speed.
Then each test runs by increasing
the engine load in steps to produce
reduction in engine speed of 10%.
There may be six or more steps,
depending on the location of the
point of maximum torque. After
maximum torque, two or more
steps are enough.

Drawbar Test

1. One hour at maximum avail-
able power test in a “rated gear”
(almostly around 4-6 mph) with
full open throttle.

This test is to show how much
maximum available power the trac-
tor can transmit and the corre-
sponding fuel consumption meas-
ured on drawbar.

2. Maximum power in selected
gears tests

The purpose and requirement
are all the same as before.

3. Lugging run test

This test is not only to test
lugging ability of a tractor but also
for its reliability. The condition and
methods of the test are the same
as before.

Sound Level Test (the same as
before)

Hydraulic Lift Test (the same
as before)
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Conclusions

The Suggested Test Procedure
has advantages as follows:

1. It is more adapted to the
present technology level and actual
situations.

2. The test results will be re-
ported not only in the form of the
table but also in the form of
characteristic curve (current test
procedure reported only in the
form of table).

The form of table is clear at
a glance, and one may see the data
directly, but its data are separate,
static and limited. The form of
characteristic curve shows the vary-
ing regularity and tendency of the
performance parameter measured as
well as the value of specific point.
Also, the data on the curve are
unlimited, ie., one may use the
data as needed.

Clearly, using both forms to
report the results would give more

complete information on tractor
performance. Especially, the char-
acteristic curve has the value on
researching and improving tractor
(included engine).

3. There could be 14 hours
reduction in testing time as com-
pared with current test procedure.
This is significant. Firstly, it short-
ens the whole test period. Second-
ly, the test time will be reduced
mainly in drawbar tests. Thirdly,
it has great economic efficiency.
According to the payment of the
Tractor Test Lab. staffs, plus the
fuel and oil consumption and the
fees for instruments and facilities,
there would be savings of about
USS1200 for each tractor model
test.

4. Using the maximum load as
the load standard in varying load
tests is not only a great benefit
of the tractor test but also guides
tractor owners to improve effi-
ciency of power and economy.

38}
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Tractor Ownership Costs

Abstract

A cost model for tractor owner-
ship is presented. Results indicate
that a 2-year old tractor is the best
purchase option where annual use
levels are less than 800 h. A reduc-
tion in the repair cost bill (by care-
ful operation and maintenance) can
result in a significant reduction in
total ownership costs.

Introduction

The agricultural tractor is the
contemporary “work horse” of
agriculture and represents a sig-
nificant capital investment and
operational expense. It is impera-
tive that the appropriate tractor is
selected to suit the particular farm
size and operational requirements.
There are two overriding considera-
tions to be taken into account in
the selection process: i) The tech-
nical specification of the tractor
(Ward, 1988) and ii) the cost, in-
cluding the initial capital cost and
subsequent operating costs.

This paper analyses the owner-
ship costs of agricultural tractors
and examines their sensitivity to
different purchasing options and
maintenance regimes.

Cost Model

by

S.M. Ward

Agric. and Food Engg. Dept.
University College Dublin
Dublin 2, Ireland

The capital costs (TC) associated
with the agricultural tractor are
given below:

If r=g, then
TC = To/N.A (£/h) (2)

or

If r#g,then
TC=To(1 + )N — g)

/10 +g) (1 +n)N
— (1 +g)N]/A (£/h) (3)

where,
r =interest rate on investment
(decimal)
g =rate of inflation (decimal)
N =years of ownership
A = annual use (h)

To=1lo+ MNP — SAL 4)

where

lo=Am [(1 + )N — 1]

[A+0N £ ()

where,

Am=P.i(1 +)N/[(1 + )N - 1]

£/annum 6)

where,

P = tractor cost (£)
i =interest rate (decimal) on
borrowed money
MNP = maintenance costs (adjusted
to account for inflation and
and interest rates)

= ;éanp(l +2)"1 +1)"£(7)

where,
Mp = Cumulative repairs and main-
tenance in year n
=0.01k (Up" — Un—1%) (8)

where (Ward, 1985):
k= 0.042 (2WD) or 0.04055

(4WD)
F=1.895(2WD) or 1.923
(4WD)
Up = accumulated use factor
= An/120 )

SAL = Trade in value of the tractor,
adjusted to account for in-
flation and interest rates

=SnP (1 +g)N/(1 + )N (10)
where, Sn =0.68 (0.92)N 1)
The above model can be used to
evaluate the total costs as a func-
tion of annual use and projected
ownership period and the contribu-
tion of repairs and maintenance
costs can be evaluated.

Applications

Cost Components

Examination of Figs.1 to 3show
that repair (including maintenance)
costs become the dominant cost
element at high annual use levels
(in excess of 500 to 700h), de-
pending on whether the tractor
is new or second hand. The repair
cost equations are based on those
presented by Ward (1988); and,
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while these equations represent the
likely repair cost bill, actual repair
costs can be reduced by careful
maintenance and operation proce-
dures. For example, a 20% reduc-
tion in the repair costs at an annual
use level of 1000h would reduce
the total ownership cost for a 4
year tractor by in excess of £1/h.

Purchase Option

It is clear from Figs.1 to 3 that
the total ownership cost of a trac-
tor (viz. capital and interest repay-
ments, repairs (including mainte-
nance) and the salvage value), ex-
pressed as £/h, is dependent upon
the annual use and the age of the
tractor when purchased. For exam-
ple, the purchase of a new tractor
(valued at £20 000) has an owner-
ship' cost in excess of £7/h for a

22

Repaic Costs

farmer with an annual use of 300 h,
while the corresponding hourly
cost, if the farmer purchased a
2 year old version of the same
tractor (at €11 511), is approxi-
mately £5/h.

This latter effect is summarized
in Fig. 4 which shows that:

1. New tractors are very expensive
at annual use levels below ap-
proximately 500 h;

2. A 2-year old tractor is, in
general, a better buy than a four
year old tractor. This is due to
the higher repair costs associated
with the latter;

3. A new tractor is the best option
where annual use levels are high;

4. Tractor ownership is prohibitive-
ly expensive at annual use levels
less than 200 h.

vear oid troctor L)

Annunt use(h)
4 yrar oid troctor

Fig. 4 Annual use vs ownership cost, for 3 purchase options.

Conclusions

The examples presented above
show that good second-hand trac-
tors (less than 4 years old) are the
best option for farmers with low
annual use levels but a new tractor
is the preferred option where an-
nual use levels are high but tractor
ownership is prohibitively expen-
sive at annual use levels less than
200 h.

The breakeven point between
buying a new or second-hand trac-
tor is dependent on the repair
costs and any reduction in repair
costs (achieved through careful
operation and maintenance of the
tractor) will shift the threshold to
the right (i.e. above 900 h). This is
shown in Fig.5 where a 20%
reduction in repair costs results in

AGRICULTURAL MECHANIZATION IN ASIA, AFRICA AND LATIN AMERICA 1990 VOL.21 NO.1




3 purcnoas options, 207 leas repows

Total Coswd/n)

purehase oplions,20% mere repoirs

Tetar CosutL/n)

10 = \/
a4\ N\
\ \
3\ \ |
7ot s N\ 28 e
\ 8 - /
- o
. il
B\ 8. b ; o o
NN o _— T
=4l o, S F— S X, Sty ¥ / a——a—
i — —i—s s—= 5 - ——— g ———e——°
|
t 7 T T T T . . . a T T r v T T T - T T
100 200 00 400 500 500 700 8OO 900 1000 1100 1200 1200 1400 100 200 300 400 500 500 700 8OO 300 1600 1100 1200 1300 1400

sonuel uae(h)
2 yror old troctor
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less repairs.

the threshold moving to above 900
h. Similarly, a 20% increase in
repair costs results in the threshold
value decreasing to less than 800 h
(Fig. 6). Furthermore, the magni-
tude of the total costs is higher in
the latter than the former, due to
its sensitivity to repair costs.

The model presented above can
be used to evaluate the ownership
cost of other machines, with in-
dividual factors changed as appro-
priate (Ward, 1985). While the
results presented in Figs.1 to 6

o 3 year old trocler 2

more repairs.

indicate the trends associated with
tractor ownership costs, neverthe-
less each farmer’s circumstances are
unique and the components of the
model (e.g. rate of interest, tractor
maintenance and operation proce-
dure, purchase price, etc.) must be
adjusted accordingly. The most
efficient method of achieving the
flexibility to adjust the model
to each farmer’s needs is by use
of microcomputer spreadsheets. In-
deed, the graphs presented here
were generated in this manner.

year ol

Annual wae(h)
4 trocter o 4 year old troctor

Fig. 6 Annual use vs ownership cost, 3 purchase options, 20%
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Effects of Plow Sole on Soil Infiltration Rate

and Crop Yield in Irrigated Soill

Abstract

The effects of plowsole on grain
yield and soil infiltration rate were
evaluated for an irrigated soil. The
plowsole was shattered by chiselling
and subsoiling to a depth of 25 to
30 cm and 35 to 40 cm, respective-
ly. A randomized block design was
used for wheat crop under a basin
system.

The dense plowsole was located
at 15 to 20 cm below the surface
with an average bulk density of
1.71 g/cm?. Breaking the plowsole
by deep tillage increased grain yield
at 5% probability level. Soil infiltra-
tion rate was increased by about 3
to 8-fold and the bulk density in
the otherwise dense plowsole region
was reduced to 1.61 and 1.58
g/cm® by chiselling and subsoiling
respectively. In the second year, the
deep tillage plots showed a decrease
in soil infiltration rate, a slight
increase in bulk density and no
significant difference in grain yield.
The results conclude that shatter-
ing the plow-sole can affect tem-
porary improvement in crop yield
but cannot be sustained for more
than a year.

Introduction

Acknowledgements: The author is
grateful to the Director, Institute for
Agricultural Research, Samaru — Zaria,
Nigeria for the financial support to
conduct this research.

by

A. Ahmed

Dept. of Agric. Engg.
Institute for Agric. Research
Samaru, Zaria, Nigeria

Machinery traffic over the years
results in a compacted layer at
some depth just below the plow
activity zone, commonly referred
to as plowsole, and is characterized
by abnormally high bulk density.
The plowsole has the effects of
reducing soil infiltration rate, re-
stricting root penetration and could
reduce soil water-holding potential.
The effects of tractor traffic on
soil compaction were studied by
many researchers (Doneen and
Henderson, 1953; Oni et al, 1982
and Adebayo, 1984). Deep tillage
(chiselling or subsoiling) is often
used to shatter the compacted
layer. There is, however, a diverse
opinion on the effects of deep
tillage on grain yield. Robertson
et al (1957) reported that sub-
soiling did not effect any significant
increase in grain yield but is an
advantage when moisture is limiting
due to deeper root penetration
giving the crop a larger soil-root-
volume to extract more moisture.
Rosenberg and Willits (1962) and
Wiltsell and Hobbs (1965) reported
an increase in crop yield after deep
tillage. Duley (1957) reported that
changes in soil physical properties
brought about by tillage are often
transitory. However, one generally
accepted fact is that the develop-
ment of plowsole to the extent
that it affects crop yield takes
several years.

Many of the irrigated lands are
cultivated twice a year (rainfed and

irrigated). On such soils, there is
a heavier tractor traffic and plow-
sole could develop faster. The re-
sulting low infiltration rate after
soil compaction could cause longer
irrigation application time with
subsequent high labour costs. There
may be a lower grain yield level and
more frequent irrigation demand.
This paper reports the findings of
an investigation on the effects of
plowsole on soil infiltration rate
and grain yield for an irrigated
wheat crop at Kadawa, Nigeria.

Methods and Materials

The experiment was conducted
in the Kano River Project, Kadawa,
Nigeria (11°8'N, 8°15'E), for two
successive irrigated wheat cropping
seasons during 1984-86. The soil of
the experimental site is a deep
loam texture and had been under
intensive cultivation (twice a year)
for almost 15 years. A completely
randomized block design was used
and tillage treatments were applied
in the first year only and are as
follows:

(a) Conventional plowing: The
normal tillage in the area
which consisted of plowing
to a depth of about 10 to
15 cm, harrowed and followed
by rotary cultivation before
planting.

(b) Chiselling to a depth of about
25 to 30cm, harrowed and
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rotary cultivated.

(c) Subsoiling to a depth of about
35 to 40 cm, harrowed and
rotary cultivated.

An average net irrigation water
of 45mm was aprlied under a
basin system at 7-day intervals, The
experiment was replicated four
times in 5mx 5m basin plots.
Wheat (Siette-cerros) was planted in
rows 25 cm apart and 60 kg N/ha,
60 kg P/ha and 60 kg K/ha was ap-
plied as basal dose fertilizer. A top
dressing of 60 kg N/ha was applied
4 weeks after planting. Irrigation
was cut-off 13 weeks after planting,.
In the first year, the crop was
planted on 17th December but in
the second year planting could not
be done until 24th December
which was very late. The optimum,
planting time for the area is 15th
November to | 5th December.

After harvest, two plots were
randomly selected from each tillage
treatment and infiltration rate was
measured using double-ring infiltro-
meters. On each tillage plot undis-
turbed soil samples were taken
for determining soil bulk density.
The soil core samples were taken
from 0 to 45 cm depth with 10 cm
increments. A total of our sam-
ples were taken for each depth
increment.

Results and Discussions

Soil Bulk Density

The average soil bulk densities
for different depths in respect of
tillage treatments are given in Table
1. The density for the surface soil
(0O — 10cm) were low, about the
same for all the treatments, ranged
from 145 to 1.52¢g/cm®. In the
first cropping year, there was a
significant difference in bulk den-
sity between the tillage treatments
at 5% probability level. This is
clearly seen in the 10 — 20 cm as is
shown in Fig. 1a and Table 1. The
conventional plowing shows an
abrupt increase in bulk density

Table 1 Effect of Tillage Treatment on Soil Bulk Density

Depth, cm
Treatment
0-10 10-20 20-30 30-45
1985 Cropping season
Subsoiling 1.47 1.58 1.56 1.54
Chiselling 145 1.61 1.63 1.63
Conventional plowing 1.50 1.94 1.65 1.57
L.S.D. (5%)
Tillage 0.045
Depth 0.044
Tillage vs depth 0.077
1986 Cropping season
Subsoiling 1.49 1.61 1.58 1.58
Chiselling 1.48 1.64 1.63 1.62
Conventional plowing 1.52 1.70 1.63 1539
L.S.D. (5%)
Tillage NS
Depth 0.035
Tillage vs depth NS

NS: Non significant

from 1.50 g/cm® on the surface
to 1.71g/em® at 10 — 20cm
depth. The compacted layer (plow-
sole) is evident under the conven-
tional plowing and is concentrated
between 10 to 25cm, consisting
of two layers (10 — 20 cm and 20
— 30 cm). Taking average profile
depths for these two layers, the
plowsole can be said to exist
between 15 to 25cm from the
surface. As for the other treatments
(subsoiling and chiselling), the
densities are quite low in this region
indicating how the deep tillage
effectively shattered the plowsole,
resulting in a significant difference
in bulk density between tillage
treatments.

After the second cropping year,
there was an increase in bulk den-
sity, especially in the subsoiled
plots (Fig. 1). The density increased
from 1.58 to 1.61 g/cm® for the
subsoiling and from 1.61 to 1.64
g/em? for the chiselled plots in the
10 — 20 cm layer.

Soil Infiltration Rate

The average soil infiltration
rates for the two seasons are given
in Figs. 2a and 2b. The rate in the
compacted soil was, on the average,
3.0 mm/h in the first year. This rate
was increased by about 7-to 9-fold

—#——— Subsoailing
201
- —o— —-o—- Chiselling

—+ &= —4—- Conventional plowing

N

BULK DENSITY (gm/cm?)
; T T
\
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\
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10 0 20, 30 (x
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»-\E e
o MG
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=
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Bk (1b; 1985/86 )
=
2
10 .
0 20 30 0
SOIL OEPTH (am)
Fig. 1 Soil bulk density showing com-

paction at different depth.

after subsoiling which showed an
average rate of 25.0 mm/h. The
chiselling increased infiltration by
2- to 3-fold with an average of 8.0
mm/h. This is another confirmation
on the existence of plow-sole in the
conventional plowing plots. At the
end of the second cropping season,
there was a decrease in infiltration
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Fig. 2 Average soil infiltration rates from tillage treatment plots.

Table 2 Grain Yield of Wheat (t/ha) as Affected by Plowsole.

Block

Treatment "
I 1T 111 v Mean
1984/85 Cropping season
Subsoiling 5:22 5.50 4.75 5.75 5.31
Chiselling 5.5 4.75 4.63 4.88 5.00
Conventional plowing 4.38 4.38 3.50 4.77 4.26
L.S.D.(5%)
Tillage 0.635
Block NS
1985/86 Cropping season
Subsoiling 3.24 4.00 3.48 3.92 3.66
Chiselling 3.90 3192 2.96 3.29 3.52
Conventional plowing 3.84 2.46 2.94 2.81 2.96
L.S.D. (5%)
Tillage NS
Block NS

NS: Not significant

rate, especially on the subsoiled
plots with an average rate of 15
mm/h. Chiselling and conventional
plowing have average rates of 8.0
mm/h and 3.5 mm/h, respectively.

Grain Yield

The yields were higher in the
first year than in the second year
(Table 2). This difference in yields
over the two years was attributed
to late planting in the second year.
There was a response in wheat yield
to tillage treatments at 5% level, for
the first year. The means from
subsoiling and chiselling were not
different but the conventional
plowing diferred significantly from

the others. This concluded that
chiselling to a depth of 25 to 30 cm
was sufficient to break the plow-
sole and effect soil improvement.
However, there was no response in
yield by the tillage treatments. This
indicates that the changes in soil
physical properties brought about
by deep tillage could not affect
grain yield for more than a year,
at least on these soils.

Conclusions

Plowsole has developed on these
soils with an average bulk density
of 1.71 g/em® and is located at

about 15 to 20 cm below the soil
surface. Subsoiling improved the
plow=sole region by reducing the
bulk density to 1.58 g/cm? and in-
creased infiltration rate by about
7 to 9 fold. Chiselling similarly
loosened the plow-sole, reducing
the bulk density to 1.61 g/em?
with subsequent increase in infiltra-
tion by about 2- to 3-fold. After
breaking the plow-sole, there was
an increase in grain yield for the
first year only and chiselling to
a depth of 25 to 30 cm is sufficient.
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Abstract

The speed has important effects
on the type of work done. At
normal soil conditions the higher
the speed within normal limits, the
greater is the pulverrizing effect.
Keeping in view the importance
of speed, a project was undertaken
to study the effect of different
speeds on the performance of the
moldboard plow. The moldboard
plow was tested in silt loam soil
at 17.8% moisture content at
three different plowing speeds. The
performance parameters studied
were depth and width of cut,
draft of plow, field capacity, wheel
slippage, soil transport and soil
inversion.

It was found that field capacity
and draft of plow increased as the
speed is shifted to higher gears.
It was also found that as the speed
is increased the wheel slippage
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increased. The depth of cut de-
creased because the plow was
dragged out little from the soil at
higher speeds. It is suggested that
high speed moldboard plow with
small moldboard be designed and
tested for better results.

Introduction

Plowing is the most important
operation at the farm. The es-
sential feature of plowing by mold-
board plow is that a layer of soil
is separated from the underlying
sub-soil and is inverted so that any
vegetation or manure present on
the surface is plowed under and a
layer of soil from below is brought
to the surface where it is exposed
to the action of weathering agents.
Tillage and weathering modify
the air spaces in the soil as well as
the sizes of soil particles. Further
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advantages of plowing are that
the entire field is plowed whereas
alternative implements may leave

- uncultivated sections between tines

and land can be set up to assist
drainage.

The purpose of tillage tool is
to manipulate the soil required to
achieve the required soil conditions.
Hence the moldboard plow is
selected to evaluate its performance
at different speeds. The moldboard
plow is a primary tillage imple-
ment consisting of a warped surface
equipped with cutting edges that
crumble and invert the soil. The
plow gives best the residue coverage
and superior pulverization under
ideal conditions.

The objective of the research
was to evaluate the field perform-
ance of the moldboard plow at
different plowing speeds. Speed
has important effects on the type
of work performed where the soil
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is in a normal condition for tilth
formation, the higher the speed
within normal limits, the greater
is the pulverization effect.

Experimental Procedure and
Methods

The Tandojam University farm
was selected for evaluating the
performance of the moldboard
plow at different speeds. The
parameters studied were draft,
speed of operation, travel reduc-
tion, depth of operation, width of
operation, soil inversion, and soil
side transport.

All the performance variables
were measured and recorded ac-
cording to the recommendations of
RNAM test codes and procedures
for farm machinery, technical series
No. 12, 1983. The instruments
and machines used in the research
work were: Belarus 10M3-6AA
tractor, Ford4600 tractor, mount-
ed moldboard plow, hydraulic
dynamometer (0-5000 1bs), stop
watch, vernier caliper, ranging poles,
steel tape (50 m), steel tape (small),
soil sampler (core), sample contain-
ers, half-meter square frame, half-
meter scale, physical balance, oven,
polythene bags and white chalks.

Machines

Three-bottom 40-cm moldboard
plow with general purpose mold-
board with 21.5 cm extension of
moldboard to improve soil pulveri-
zation and vertical clearance of
68 cm were tested. The moldboard
plow was powered by a Belarus-

10M3-6AA diesel tractor with 15.5-
38 rear tires and 7.5-20 front tires.

Soil Type

The soil type available at Tando-
jam University Farm was selected.
The soil was silt loam with sand
20%, silt 54.2% and clay 25.8%.
The mechanical analysis of the soil
was done by Drainage and Reclama-
tion Institution of Pakistan (DRIP).

Soil Moisture Content

Soil moisture content on wet
weight basis was determined by
taking 8 samples of soil at depth of
20 cm from different locations of
test plot which were randomly-
selected locations. The wet soil
samples were weighed in a physical
balance and the weight of each
wet soil sample was recorded.
The samples were placed in a hot
air oven maintained at 105°C for
24 h. The dried soil samples were
reweighed in a physical balance and
the weight was recorded. The soil
moisture percent (wet weight basis)
was calculated by using the formula:

Soil moisture (%) = [(Wt. of wet
soil sample) — (Wt. of dry soil
sample)/(Wt. of wet soil sample)]
x 100

Data Collection

Operating Speed

Outside the long boundary of
the test plot two poles 50 m apart
were placed approximately in the
middle of the test plot. On the
opposite side, two poles were

@

also placed in a similar position,
50 m apart so that all four poles
form corners of a rectangle, paral-
lel to at least one long side of the
test plot. The speed was calculated
from the time required for the
tractor and implement to cover
the distance of S0 m between the
assumed line connecting two poles
on opposite sides AC and BD (Fig.
1). A stopwatch was used to record
the time of travel of tractor and
implement for three gear speeds.

Working Width

The working width of an imple-
ment was measured by using a
steel tape. The width was measured
from the furrow wall to the total
tilled area at four stations, 10,20,
30 and 40 m for each test run.

Working Depth

The working depth was meas-
ured with the half-meter scale.
The depth was measured from the
bottom of the furrow to the
surface level of the soil at stations
located at 10,20,30 and 40 m for
each test run.

Soil Side Transport

Maximum lateral soil transport
stations selected at 10,20,30 and
40 m for each run was measured
with steel tape.

Wheel Slip

A simple method in determin-
ing the amount of travel reduction
was used by making a mark with
the chalk on the drive wheel of the
tractor and a distance the tractor
travelled in 10 revolutions with no

r— Position under no load after a givin numoer
of revolution of wneei

Position under load after a given
number of revolution of wheel

Qirection Wheet

of lruvex &

Marx on lhe

} 50 m !
A Pole t 8 Pole
T
|
|
|
|
|
%K[ lt%<[chhmes
|
|
|
|
I
1
| |
C Pole ¥ + 0 Pole

wneel

Fig. 1 Measuring of operating speed.

A

Fig. 2 Measuring of wheel slip.
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load (A) and with load (B) was
measured (Fig. 2). The travel reduc-
tions was calculated by using the
formula:

Travel reduction (%) = [(Distance
travelled with no load) — (Dis-
tance travelled with load)] /(Dis-
tance travelled with no load) x
100

A—-B
TR(%) = ““A—— x 100

Draft of Moldboard Plow

A hydraulic dynamometer was
attached to the front of Ford-4600
tractor on which the moldboard
plow was mounted. Another auxil-
iary Belarus tractor was used to
pull the moldboard plow mounted
tractor through the dynamometer.
The auxiliary Belarus tractor pulls
the moldboard plow mounted
tractor in neutral gear but with
the moldboard plow in the oper-
ating position (Narayanrao and
Verma 1982 and RNAM 1983).
The draft was recorded in the
measured distance of 50 m as well
as the time taken to traverse it.
On the same field, the moldboard
plow lifted out of the ground and
the rear tractor was pulled to re-
cord the idle draft force. The
difference gave the draft of the
implement. The measurement of
draft is shown in Fig. 3.

Soil Inversion

Before the operation of the
moldboard plow (Fig. 4) the weeds
and stubbles were collected from
eight randomly selected places at
the site by using half-meter square
frame. The average weight of weeds

DYNAMOMETER

IMPLEMENT

Bste—————" %100

where,
F = Soil inversion, percent

Wp = Weight of weeds and stubbles
before implement operation,
g

W = Weight of weeds and stubbles
on the tilled surface after
implement operation, g

Field Capacity

The field capacity of the mold-
board plow was calculated in
hectares per hour by using the
Hunt’s formula assuming 70% ef-
ficiency of the plow.

_ SWE
¢5 10
= 007 SW
where,

C = Field capacity, ha/h

S = Speed of operation, km/h
W = Width of implement, m
E = Field efficiency, decimal

Results and Discussion

The research study was conduct-
ed with a view to determining the
effect of different speeds on the
performance of moldboard plow
under depth of cut, width of cut,
draft of plow, field capacity,
wheel slippage, soil transport and
soil inversion. The moldboard plow
was tested in silt loam soil (Latif

Fig. 4 Three bottom mounted mold
board plow.

shifted from lower gear speed to
higher gear speed. This is in agree-
ment with the findings of Singh
et al (1979), Davies et al (1982),
Bainer et al (1972).

However, the unit draft remain-
ed nearly the same because at high-
er speeds the width of cut increased
in proportion to the increase in
draft. The depth of cut also de-
creased as the speed is shifted from
lower gear speed to higher gear
speed.

When the speed of tractor was
shifted from speed-I to speed-II
the depth of cut decreased to
143%. The decrease in depth of
cut between speed-lI and speed-III
was 21.1%. However, 7.9% decrease
in depth of cut was recorded when
the speed was switched over to
speed-IIT from speed-I1.

The increase in width of cut
between speed-I and speed-1I; speed-
I and speed-II1 was nearly the same
which figured to 48.2% and 53.2%,
respectively. However, the increase
in width of cut was estimated at

Table 1 Soil Moisture Percentage (WB)

Soil  Weight of Weight of Moisture

and stubbles thus collected was Farm) at three field speeds. S‘.‘E‘op_le “’C‘gsm‘ d’ygso" CO'}/:f:“‘
recorded. After the operation of = : s

moldboard plow, the same pro- Draft of Moldboard Plow é: 188 2(1):0 19:19
cedure was repeated for collecting The draft and unit draft of Z. gg ;g.g ig.gg
the weeds and stubbles left on the  moldboard plow is shown in Tables 5t 95 81.0 1473
tilled soil surface at stations select- 2 and 6. The parameters are re- g gg ;gg ?1.23:13
ed at 10,20,30 and 40 m. Hence  corded at three gear speeds. The 8 101 820 1818
the soil inversion percentage was data shows that the total draft is T 1 5 s
calculated. increased as the tractor speed is i
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Table 2 Total Draft and Unit Draft at Different Speeds by

Moldboard Plow

Table 3 Field Capacity of Moldboard Plow at Different Speeds

Replica- Depth of Width of Total Unit Replica- Speed of Depth of Width of Field
tions plowing plowing draft draft cation plowing  plowing plowing capacity
cm cm kN N/cm? km/h cm cm ha/h
Speed-I (4.72 km/h) Speed-I
1. 28.5 120.3 11.32 3.30 i, 4.86 28.5 120.3 0.41
2 28.1 119.6 11.54 3.43 72 4.71 28.1 119.6 0.39
3. 25.5 119.5 11.10 3.64 3% 4.60 255 119.5 0.38
Average 27.36 119.8 11.32 3.46 Average 292 0.39
Speed-11 (5.91 km/h) Speed-I1
1. 2347 180.2 .54 3.17 1 5.76 23.7 180.2 0.73
2 22.5 175.9 .76 3.48 2 579 225 175.9 0.71
3. 242 176.5 .32 3.12 3 6.19 24.2 176.5 0.76
Average 23.45 177.53 54 3.26 Average 591 0.73
Speed-III (6.55 km/h) Speed-I11
1. 21.2 189.1 14.49 3.61 1 6.66 216 189.1 0.88
2. 215 178.8 14.65 3.81 2. 6.55 21.5 178.8 0.82
3 22.1 182.7 14.87 3.68 3 6.44 22.1 182.7 0.82
Average 21.6 183.53 14.67 347 Average 6.55 0.84

3.4%between speed-IT and speed-I11.

The increase in total draft
amounted to 19.6% when the
speed-l shifted to speed-II and an
increase of 30.0% between speed-I
and speed-III. These findings are in
agreement with the work of Davies
et al (1982). The plow showed only
about 8.4% draft increase between
speed-II and speed-III.

The plow showed decrease of
58% in unit draft between
speed-I and speed-II, and an in-
crease of 6.94% between speed-
I and speed-IIl. However, the
unit draft doubled to 13.5%
when the speed-II was changed to
speed-111.

Field Capacity and Soil Disturbance
Field capacity is one of the
major parameters in evaluating the
performance of moldboard plow.
The data regarding the field capaci-
ty by the moldboard plow at speed-
I, speed-II and speed-IIl is pres-
ented in Table 3. The comparison
in percent is given in Table 6. The
field capacity was greater at higher
speeds than lower speeds. As the
tractor speed is accelerated, field
capacity was also increased.

When the speed-I was changed to
speed-II, there was an increase of
87.2% in the field capacity. Be-
tween speed-I and speed-III, the
increase in field capacity recorded
was 1154% whereas a small per-

Table 4 Wheel Slippage of Moldboard
Plow at Different Speeds

Replica- Distance Distance  Wheel
tions  travelled travelled slip
without with

load load
m m %

Speed-I

1. 4423 38.41 13.16

2% 43.50 37.60 13.56

3. 43.41 37.91 12.67
Average - - 13.13
Speed-II

1. 44.14 3751 15.02

2 4478 87.:9)1 15.37

2. 44.16 36.85 16.55
Average - - 15.65
Speed-III

1. 44 .32 36.21 18.29

25 44 .27 36.59 17.34

3% 44 .35 36.73 17.18

Average - — 17.60

centage of 15.1% was recorded
when the speed-lI was shifted
to speed-III. This was due to
the small depth of cut which
was nearly the same for both
speeds.

Wheel Slip

Wheel slippage affects the trac-
tion efficiency of the pulling
machine. Less wheel slip means
greater pulling efficiency of the
machine. The data regarding the
wheel slip is given in Tables 4
and 6.

The wheel slip was greater at

Table 5 Soil Transport and Soil Inver-
sion at Different Speeds by
Moldboard Plow

Repli- Soil Soil
cations transport inversion
cm %
Speed-I
iI5 172.5 85.22
2 190.1 85.95
3. 188.3 88.18
Average 183.6 86.45
Speed-II
1 201.4 92.61
2 205.3 91.13
3 208.1 93.34
Average 207.3 92.36

Speed-III

1. 2254 97.04
2. 224. 96.31
3. 2389 9593
Average 224.6 96.43

speed-111 than speed-II and speed-I.
Also, at speed-II the wheel slip was
greater than speed-1. The wheel slip
at speed-I, speed-II and speed-III
was 13.1%, 157% and 17.6%,
respectively .

When the speed-l changed to
speed-II, the increase in wheel
slip was recorded to 19.2%. The
increase in wheel slip recorded
between speed-1 and speed-IIl was
34.1%. However, 12.5% increase in
wheel slip was noted when the gear
speed-II was shifted to gear speed-
[11.
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Table 6 Comparison of Moldboard Plow at Different Speeds

Speed-I Speed-II Speed-II1 Difference Increase/decrease %
Depth of cut S
27.36 23.45 - 3191 - 14.29
27.36 — 21.6 5.76 - 21.05
- 23.45 21.6 1.85 - 7.89
Width of cut
119.8 177.53 — 57.73 48.19
119.8 — 183.53 63.73 53.19
— 177.53 183.53 6.00 3.38
Total draft
181139 13.54 - 2.22 19.61
151532 — 14.67 3.35 29.59
- 13.54 14.67 1513 8.35
Unit of draft
3.46 3.26 -~ 0.20 - 5.78
3.46 — 37 0.24 6.94
- 3.26 3.9 0.44 13.49
Field capacity
0.39 0.73 - 0.34 87.18
0.39 - 0.84 0.45 115.38
- 0.73 0.84 0.11 15.07
Wheel slip
13.13 15.65 - 2.52 19.19
13.13 - 17.60 4.47 34.04
- 15.65 17.60 1.95 12.46
Soil transport
183.6 207.5 - 23.7 12.91
183.6 - 224.6 41.0 22.33
- 207.3 224.6 1i7:3 8.34
Soil inversion
86.45 92.36 — 5.91 6.83
86.45 - 96.43 9.98 11.54
- 92.36 96.43 4.07 441

Soil Transport and Soil Inversion

Soil transport is the side throw
of the soil by the moldboard
plow during operation in the field.
The higher the speed of operation,
the more will be the side throw of
the soil.

Soil transport and soil inversion
at speed-1, speed-Il and speed-III
are given in Tables 5 and 6. It is
evident from the data that the
soil transport is nearly the same
with different speeds.

The data in Table 6 shows that
the soil transport increased by
12.9% when the speed-I is switched
over to speed-Il and 22.3% in-
creased between speed-l and speed-
ITI1. There was a small increase in
soil transport when the speed-II is
shifted to speed-IlIl which figured

speed was changed from speed-I
to speed-II and speed-1I to speed-III.

It is further concluded that there
is no effect of different speeds
on soil inversion. Very little in-
crease in soil inversion was record-
ed between speed-I and speed-II
which was only 11.5%. However,
the higher the speed the more was
the pulverization of soil (Figs.5,6
and 7). The soil tilth was improved
at higher plowing speeds.

Conclusions and Suggestions

The field test to study the
performance of moldboard plow
at different plowing speeds was
undertaken in silt loam (Latif
Farm) soil during February 1986.

Fig. 5§ Land plowed by moldboard plow
at speed-1.

Fig. 6 Land plowed by moldboard plow
at speed-2.

Fig. 7 Land plowed by moldboard plow
at speed-3.

study.

It is concluded that field capa-
city and draft of plow increased
as the speed is increased from lower
to higher gear speeds.

It is also concluded that as
the speed is increased the width
of cut and wheel slippage also
increased and depth of cut de-
creased as the speed is switched
over to higher gear speeds because
the plow is dragged out little from
the soil at higher speeds.

It is suggested that high speed
moldboard plow with small mold-
boards be designed and tested for
better results because the plow
used in the study was a general
purpose moldboard plow which was
not suitable for plowing at higher

to 8.3%. The draft, soil inversion, soil plowing speeds. L]
It is concluded that there is throw, and wheel slippage, field

no effect of speed on soil transport, capacity are the important per-

because the increase in soil trans- formance parameters which were

port is nearly the same when the taken into consideration for the
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Evaluation of Puddling Treatments

Using Animal-drawn Implements

Abstract

In a 2-year field investigation on
a calcareous sandy loam soil, pud-
dling treatments using animal-drawn
implements were evaluated for their
puddling efficiency in terms of
puddling index, cost and influence
on the grain yield of rice. Puddling
treatments consisted of two or
four plowings by local or mold-
board plow followed by planking
and an additional treatment con-
sisting of two plowings by local
plow followed by one operation of
bullock-drawn puddler and then
planking.

Two plowings either by local
or moldboard plow followed by
planking were found to be suf-
ficient to give the same puddling
index (PI) and grain yield as four
plowings. From the cost point of
view, however, two plowings by
moldboard plow followed by plank-
ing was cheapest and hence recom-
mend to the farmers of the area.

Introduction

In several developing countries,
the use of draft animal for carrying
out various agricultural operations
is very common. One can see a
variety of locally-developed imple-
ments in several Asian and African
countries where the use of draft

by

R.B. Sharma

Soil Physicist

Dept. of Soil Science
Rajendra Agric. Univ.
Pusa, Bihar, India

animal is on the increase (Bansal
and Thierstein, 1982). According to
the National Commission on Agri-
culture (NCA 1976) about 47% of
India’s cropped area which is under
holdings of less than S5Sha will
continue to depend heavily on
animal power. The same holds
true for many a developing coun-
tries in Africa. (Kline et al, 1969;
Shulman, 1979).

In Bihar, India, about 5.5 mil-
lion ha are planted annually to rice.
Animal-drawn puddling implements
are in common use by the farmers
for carrying out puddling opera-
tions at the time of transplanting
of rice. However, in the absence of
any precise information, farmers in
the Gandek Command area of
North Bihar carry out puddling by
plowing the fields five to six times
using local plow followed by
planking (Mishra, 1981: Personal
communication). The objective of
this investigation, therefore, was to
determine the appropriate level of
puddling and the type of animal-
drawn puddling implements which
would be most economical and at
the same time not to affect the
yield adversely .

Materials and Methods

The experiment was carried out
for two years (1982 and 1983) in

a field with sandy loam soil texture

at the Research Farm of Rajendra

Agricultural University, Bihar, Pusa,

India.

The following five puddling
treatments were used:

T, — Two plowings (at 90° to each
other) by local plow followed
by one planking.

T, — Four plowings (at 90° to each
other) by local plow followed
by one planking.

T; — Two plowings (at 90° to each
other) by moldboard plow
followed by one planking.

T, — Four plowings (at 90° to each
other) by moldboard plow
followed by one planking.

Ts — Two plowings (at 90° to each
other) by local plow followed
by one operation of bullock-
drawn puddler followed by
one planking.

Each of the five treatments were
replicated four times in a ran-
domized block design in a plot size
of 10x10m in 1982 and 8 x 8 m
in 1983 with a head land of 0.5 m
between the plotsand I m between
the blocks. All the plots received
the same quantity of water whether
supplied through irrigation or rain-
fall. Twenty cm high bunds (dykes)
were made around the plots to
prevent overflow from one plot
to another in case of excess rainfall.

While carrying out puddling
operations the actual time required
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Fig. I Local plow used for puddling in
Tifand ;.

Fig. 2 Moldboard plow used for
puddling in T, and T4

Fig. 4 Animal-drawn plank used in all
puddling treatments.

for each treatment was noted and,
subsequently, the number of work-
ing days required to carry out
puddling in one hectare for each
treatment was calculated. The cost
of puddling was then calculated
on per hectare basis for different

puddling treatments by using the
prevailing hiring charges of USS
2.6/day at the University farm for
a pair of bullocks, plow man and
the implements. An attempt was
also made to evolve a puddling
index (PI) which can be measured
in the field itself. For doing so,
immediately after completion of a
puddling treatment, 500 ml of soil-
water suspension was collected
and allowed to pass through a
6.35 cm diameter hole in the bot-
tom of a measuring cylinder and
the time was noted. The ratio of
this time to that required for
500 ml of irrigation water to pass
through the same hole was de-
signated as puddling index (PI). At
least five samples of soil-water
suspension were collected from
each plot for measuring the pud-
dling index.

Twenty-two to 25 days old
seedlings of paddy (Oryza sativa L.)
cv. Pusa 2 — 21 were transplanted
on 17 - 20 July in 1982 and 28 -
30 July in 1983. Fertilizer was
applied at the rate of 100: 60: 40
kg N, P,Os and K, O respectively
per hectare. Half of the nitrogen
was applied at the time of trans-
planting, 25% at 35 days after
transplanting and the remaining
25% at 55 days after transplanting
in both years. Phosphorus and
potassium were both applied in full
doze at the time of transplanting.
The crop was harvested on October
13 in 1982 and October 25 in 1983.

Results and Discussion

The date for 1982 and 1983 on
number of work days (1 day = 8
h) required to complete puddling
1 ha for various treatments are
given in Table 1. It is evident from
the average values for two years
that minimum time (6.1 days/ha)
was required when puddling was
done by two plowings using mold-
board plow followed by one
planking. Four plowings either by

local or moldboard plow took
nearly 1.8 times as compared with
two plowings by the same plow.
The time required for treatment
consisting of two plowings by local
plow followed by one opeartion of
bullock-drawn puddler and then
one planking was about 1.2 times
(9.8 days) than that required for
the treatment consisting of two
plowings by local plow followed by
planking. This excess time was
required for carrying out addi-
tional operation by bullock-drawn
puddler.

The maximum puddling time
(14.8 days/ha) was taken when the
field was plowed four times by
local plow followed by one plank-
ing. Comparatively less time was
required for similar opeartion in the
case of moldboard plow than the
local plow as the former covered
greater area per unit time.

The corresponding data on the
cost of puddling per hectare for
various treatments for two succes-
sive years are presented in Table 2.
As the cost is directly proportional
to the time required for carrying
out the treatment, it was found to
be lowest (USS 16.0) for the treat-
ment consisting of two plowings
by moldboard plow followed by
one planking. The cost of puddling
was highest (USS 38.6) for the
treatment that required four plow-
ings by local plow followed by one
planking. The cost for the remain-
ing treatments was intermediate
between these two extremes. Tyagi
et al (1975) also found that pud-
dling cost using local plow was
higher than that of moldboard
plow.

Table 3 contains the data on
puddling indices as observed for
various treatments. There were no
significant differences in the pud-
dling index for various treatments
indicating thereby that the degree
of puddling achieved by using
different puddling implements did
not differ.

Paddy grain yield data (15%
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moisture content, weight basis) for
1982 and 1983 as influenced by
various puddling treatments are
given in Table 4. It is evident that
puddling treatments did not affect
the grain yield significantly. The
grain yield for 1982 ranged from
3.26 to 331 t/ha and that for 1983
from 3.04 to 3.35t/ha. Thus the
average grain yield was slightly
higher (3.29 t/ha) for 1982 than
that for 1983 (3.14 t/ha). However,
the differences were statistically
non-significant.

Conclusions and
Recommendations

From the results presented
above it is evident that two plow-
ings done at 90° to each other
either by local or moldboard plow
followed by one planking are
adequate to puddle the light
textured sandy loam soil for paddy
transplanting. Since the time and
cost involved in any operation are
important considerations in recom-
mending any practice for general
use, the use of two plowings by
moldboard plow followed by one
planking is recommended because
of its lowest time and cost involved.
Also, the puddling index and grain
yield obtained by this practices
were similar to those obtained for
other costlier methods of puddling,
reinforces the recommendation.

In several countries in Africa, in
general, and Tanzania in particular,
where animal traction is catching
up with the farmers and the im-
proved designes of animal-drawn

Table 1 Number of Work Days per
Hectare for Various Puddling

Treatments
Year
Treatment —————  Average*
1982 1983
103 7.9 8.4 8.1+0.3
6 14.6 151 14.8+0.3
15 6.0 6.3 6.1+0.2
iz 11.0 117 11.3:%:0.5
i 9.4 10.2 9.8 +0.6

* Figure with # are standard deviations
for years.

Table 2 Cost of Puddling (US$/ha) for
Various Puddling Treatments

Year
Treatment ————————  Average*
1982 1983
i, 20.5 21:.8; - 21:1610:9
I 38.0 39.3 38.6+0.9
i3 15.6 16.4 16.0 0.6
B, 28.6 3014:1729157£513
s 24 4 264 254+14

Table 3 Puddling Index (PI) for Various
Puddling Treatments

Year
Treatment —M ——— Average
1982 1983
i, 1.02 1.02 1.02
Ty 1.01 1.04 1.02
i 1.00 1.05 1.01
T 1.03 1.05 1.04
i, 1.02 1.04 1.03
F test ns* ns

* ns = non significant.

Table 4 Paddy Grain Yield (t/ha on 15%
w/w Basis Moisture Content) as
Influenced by Various Puddling

* Figures with + are the standard devia-
tions for years.

implements have been introduced,
investigations like the one reported
here should form the basis for
recommending the appropriate tech-
nology to the local farmers.
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Selection of Seed-cum-Fertilizer Drill:

Technical Considerations

by

Pakistan
Abstract

In Pakistan, traditional seed
placing methods are still in vogue.
The hand broadcasting, dropping
the seed behind a “desi” plough
and pouring through a funnel
attached to country plow are very
common in irrigated and “‘barani”
areas. The conventional sowing
practices are one of the reasons for
low crop yield in the country.
These practices also hinder mecha-
nized interculture and harvesting
operations.

In order to mechanize crop
sowing operation, a suitable drill is
vital as it places the seed and
fertilizer in the zone of adequate
moisture and at desired depth. The
locally manufactured drills are
mostly  for monocrop seeding.
These are not properly designed for
accurate metering and placing of
seeds.

Power transmissions, metering
and seed placement mechanisms of
two imported seed-cum-fertilizer
drills SPSC/200-NARDI and 1116-
AITCHISON were studied to as-
sess their suitability in Pakistan’s
agriculture. The Aitchison drill with
infinitely variable speed oil-bath
gearbox was found more suitable
as it can deliver a wide range of
seed rates to suit most of the com-
mon crops grown in the country.
The soft and resilient sponge discs

Abdul Shakoor Khan
Farm Machinery Institute
PARC, Islamabad

M. Afzal Tabassum
Farm Machinery Institute
PARC, Islamabad
Pakistan

metering mechanism of the drill
does little damage to the seed. The
inverted “T” furrow openers are
best suited for better seed germina-
tion. This drill can be used in both
tilled and no-tilled field conditions
and for direct seeding of wheat on
rice stubble fields.

Introduction

Cereals, with the exception of
rice, pulses and oil seeds are mainly
sown by hand broadcasting in ir-
rigated areas of Pakistan. These
crops share the major cultivated
areas in the country. Table 1 shows
the area planted to these crops
(Anonymous 1987). The use of
seed drill is very limited as is
evidenced by the sale of only 5000
drills (locally made and imported)
during 1984-85. The use of “‘kera”
(dropping of seeds manually in a
furrow opened by a desi plow and
then covering it by planking) and
“pora” (dropping of seeds through
a funnel shaped tube attached
behind a desi plow) are more com-
mon in barani areas as there is not
enough moisture on soil surface
and farmers have to place seeds to
a depth of 8 cm or more in the soil.

The conventional practice of
hand broadcasting randomly scat-
ters the seeds on the soil surface.
This results in seed damage by birds

Jandool Khan

Farm Machinery institute
PARC, Islamabad
Pakistan

Table I Crops Statistics

Crop Area Yield

(000, ha) t/ha
Wheat 7556.000 1.886
Rice 2082.000 1.691
Maize 815.000 1.363
Cotton 2498.000 0.531
Gram 1055.000 0.567

Source: Ministry of Food & Agriculture
(1986-87 E)

and poor germination due to insuf-
ficient soil moisture at the surface.
The broadcast crops also lack
evenly-spaced rows which hinder
interculture and pesticide applica-
tion operations. The old farmers
are expert in even broadcasting but
they are becoming scarce. The
young generation is reluctant of
doing this operation. The result is
that increase in crop yield is not
satisfactory despite better seed and
high fertilizer inputs and good
water management and pest control
practices. Therefore, there is a need
to mechanize the sowing operation.

Literature Review

The proper placement of seed
and application of basal dose of
fertilizer can help in achieving
better yeilds which are directly
affected by healthy germination,
crop stand and plant population.
Sirohi (1980) reported that germi-
nation of seed was uniform and two
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days quicker with the use of seed
drill as compared with kera. Timeli-
ness in sowing is another important
factor as it helps in taking full
advantage of the soil moisture. The
use of seed drill gave an increase of

12.5—32% over traditional methods

(Roy and Vishwanathan 1977, Bahl

et al 1980; Sharma et al 1983;

Singh and Chancellor 1977). The

germination of 224 seedlings/m?

with the seed drill against 158

seedlings/m? achieved by the kera

method was also reported by

Sharma et al (1983).

Seed drills are used for random
dropping and covering of seeds in
furrows to give definite rows.
There is a provision of simultaneous
dropping and covering or just
broadcasting of fertilizer by attach-
ing another fertilizer box in a seed
cum-fertilizer drill.

The operational requirements of
a combined drill are (Hansen, 1962
and Bwernacki, 1972) as follows:
(a) The number of seeds placed

simultaneously in particular
rows should be roughly the
same over each meter of row
length. This criteria should be
met for various kinds of seeds
and fertilizer too and at
various seeding and fertilizer
application rates.

(b) There should be a provision of
changing seed rate from 6-300
kg/ha.

(c) Metering of the required seed-
ing and fertilizer application
rate should be reliable and
easy to adjust.

(d) Provision for changing row
spacing between seeds and
both vertical and horizontal
distance between seeds and
fertilizer deposition in soil.

(e) Placing of seeds at an appro-
priate depth and covering with
soil layer.

(f) Seeds should not be injured by
the seed metering and place-
ment devices.

(g) Insensibility of working ele-
ments of the distributors to

corrosive action of fertilizer by
employing suitable structural
material such as fibre glass,
stainless steel and metal coat-
ing.

(h) Easy removal of the fertilizer
left in the box and easy access
to clean the inside of the
machine.

(j) Operating efficiency of the
drill should not be dependent
on its inclination when seeding
undulated fields and should
remain unrelated to the travel
speed (4-8 km/h).

The locally manufactured drills
are mostly for seeding and are
monocrop. These are used for sow-
ing cotton and maize in irrigated
area and peanut in barani area.
There is no provision for fertilizer
in these drills.

The locally built seed drills are
not properly designed for accurate
metering and placing of seeds. The
fluted rollers have improper groove
clearance which results in grain
damage. There is also a substantial
wear and tear of fluted rollers
because of poor quality material
used in their fabrication. There is
only one fixed gear ratio between
ground drive wheel and fluted
roller shaft. The only possibility of
changing seed rate is by varying
the exposed length of fluted
rollers under hopper orifices. The
furrow opener (hoe type) does not
make proper furrows and there is
no provision to cover the seeds
effectively.

The imported drills are multi-
crop and have provision for ferti-
lizer application. These drills are
very precise in metering and placing
of seeds and fertilizers but are very
expensive. These drills cost up to
Rs 40,000 ($2300) per unit as
compared with local seed drills
being sold at prices ranging from
Rs.5000 to 10 000 (US$300-570).

Very little work has been done
on testing, evaluation and standard-
ization of seed drills in Pakistan. As
a result, no effort has been made

for design/development of a suit-
able seed-cum-fertilizer drill. This
paper describes the various compo-
nents of imported drills (SPSC/200-
NARDI and 1116-AITCHISON)
with an objective to select a suit-
able design of seed-cum-fertilizer
drill with the following capabilities.
(1) Can drill rice, wheat, maize,
sunflower, chickpea, mung-
bean, cotton, and groundnut
both in irrigated and barani
areas under tilled and no-till
field conditions;
(2) Can be operated with 35 kW
tractor; and
(3) Can be manufactured locally at
reasonable cost.

Materials and Methods

There is need for certain re-
quired plant population to achieve
optimum crop yield. Suitable row
spacing is also needed to facilitate
the interculture and harvesting
operations. The plant population
and row spacing depend on the
growth pattern of a particular
crop and set of conditions.® “In
upright crops, increased popula-
tions may increase the tendency for
stalks to lodge or break, which is
undesirable from the harvesting
standpoint. Narrow row spacings in
corn or cotton may increase yields
but they also increase the costs of
planting and cultivating and require
changes in the design of harvesting
equipment.”

In order to find sowing and
fertilizing variables of various crops
mentioned in the previous sec-
tion, the information was collected
through literature search and per-
sonal discussion with commodity
coordinators at the National Agri-
cultural Research Centre, Islamabad.
Table 2 shows various sowing and

*Narrated from Crop Planting Chapter
of Principles of Farm Machinery, Third
Edition by Kepner et al. 1978. Published
by AVI Publishing Company, Inc. West-
port, Connecticut, USA.
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Table 2 Seed Sowing and Fertilizer Placement Variables of Different Crops.

Fertilizer requirement

kg/ha
Bulk density Row spacing Sowing depth Seed rate Wt. of 100
Crop (gm/cm?3) (cm) (cm) kg/ha grai?]s (2) Barani Irrigated

N P K N P K
Rice 0.467 30 3 100 24 — — — 125 100 -
Maize 0.777 1) 5 30 214 80 40 — 150 75 -
Wheat 0.783 15 4 100 3.6 41 217 - 55 45 -
Chickpea 0.768 30 6 75 12.6 20 50 — 25 60 -
Mungbean 0.783 30 6 20 3.87 25 60 - 25 60 -
Sunflower 0.297 75 6 9 5425 60 60 - 85 60 -

fertilizer variables. Two multicrop
seed-cum-fertilizer drills have been
imported by CIMMYT and Crop
Maximization Programme of Paki-
stan Agricultural Research Council.
These are 1116-Aitchison and SPSC/
200-NARDI manufactured in New
Zealand and Italy, respectively.
These drills were studied for their
power transmission, metering and
seed placement mechanisms etc.
The objective was to select a suit-
able drill design with the capabili-
ties mentioned above.

Machine Details

1116-Aitchison Drill

Aitchison is a tractor rear-
mounted drill (Fig. 1) mainly com-
prising of seed and fertilizer hop-
pers, depth control wheels, sponge
feed metering mechanism, infinitely
variable speed gear box to vary seed
rate from zero to maximum and
inverted “T” furrow openers. The
input to the gear box can be changed
by interchanging the sprockets A
and B shown in Fig. 2. The drill
sowing width is 2.4 m and it re-
quires a 45-kW tractor. An initial
setting for seed rate can be chosen
from seed chart and then the opera-
tor can do his own calibration for
his seed. The fertilizer rate can also

Fig. 1 Rear view of Aichison drill.

drive the fertilizer auger and others
for the infinitely variable speed
gear box.

Seed Metering Mechanism:

a) Infinitely  variable speed
gearbox: It takes the drive from
sprocket A and rotates the input
shaft. Two plastic cams with an
eccentricity of 56 mm are spaced
at an angle of 180° from each
other on the shaft. These cams
rotate two followers in the curved
grooves with fixed vertical dis-
placement. The followers are con-
nected through flat bars to ratchet
bearings mounted on the output
shaft. The distance travelled by the
followers on the curved grooves
and hence output shaft speed is
varied by changing the inclination
angle of the grooves with the
horizontal axis. This is achieved
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Fig. 2 Power transmission system.

through a spring-loaded lever used
for the seed rate indexation. The
output/ input speed ratio of the
gear box was found to vary from
0.00 to 0.0559 (Table 3).

b) Seed feed mechanism--sponge
feed: A soft and resilient sponge
rotates against a specially shaped
groove of seed metering plate. It
envelops the seed irrespective of its
shape and slowly pulls it down the
groove where it is released and
dropped down the seed tube
(Fig. 3). The seed agitator is used

Table 3 Output/Input Speed Ratio of Gear Box for Various Seed Rate Index Lever

Poisition

Seed rate Ground wheel  Gear box input Gear box Output/Input

be controlled by a lever with four index lever revolution revolution output ratio

Tabs i position G) (G x 38/17) revolution
different positions.

Power  Transmission  System: 0 0 0.0 0 0.0
p 5 Jiosheeltt i 10 117 261.5 2 0.0076
ower from ground whnee lll‘OUg‘l 15 74 165.4 2 0.0121
chain and sprocket is taken to a 20 43 96.1 2 0.0208

i e G 25 26 581 2 0.0344
shaft on which two sprockets are 30 20 44.7 5 0.0447
attached to transmit the motion 35 17 38.0 2 0.0526

2 / 375 16 35.8 2 0.0559
(Fig. 2). One sprocket is used to
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Fig. 3 Seed feed mechanism.

Fig. 4 Seed and fertilizer placement
mechanism; (A) Seed delivery
tube. (B) Inverted-V furrow
opener.

only with larger seeds to avoid
bridging around the entry point
of the seeds in the groove.
Fertilizer System: The fertilizer
system is designed for use with a
well granulated fertilizer. It takes
drive from sprocket C and rotates
the fertilizer auger shaft (Fig. 2).
The fertilizer delivery rate is con-
trolled by variable gate openings.
Seed and Fertilizer Placement
Mechanism: This comprises of feed
cups, delivery tubes and inverted
‘T* furrow openers (Fig. 4). There
are two lines of feed cups, front for
fertilizer and rear for seed. In each
line, the feed cups are evenly
spaced at 15 cm apart. The spiral
delivery tubes are made of rubber
plastic. These tubes are flexible
in nature to compensate the fur-
row opener’s impacts when oper-
ated in no-till fields. The inverted
‘T” furrow openers create seed
groove micro-environment best suit-
ed for better seed germination.
The openers shatter the sub-
surface soil to facilitate the root
and shoot penetration, Studies
have shown 65% and 300% better
plant establishment with inverted
‘T’ seeder in maize and mungbean,
respectively, than seed dibling/
covering by hand (Chaudhary et al,
1987). In narrow spaced crops,
like wheat the fertilizer with this

drill has to spread on the ground
to avoid toxic effect by close
contact of fertilizer with seed.

SPSC/200-Nardi Drill

This is also a tractor rear-
mounted drill (Fig. 5) mainly com-
prising of seed and fertilizer hop-
pers, spring-loaded single disc open-
ers, seed covering spring harrow,
fluted roller metering mechanism
for seed and fertilizer, two fixed-
speed gear boxes driven independ-
ently by two ground wheels. Its
sowing width is 1.62 m and requires
35 kW tractor. An initial setting
for seed and fertilizer rates can
be chosen from seed and fertilizer
chart and then the operator can do
his own calibrations.

Power  Transmission System:
There are two gear boxes, one on
each side of the machine to drive
half length of the seed and ferti-
lizer metering shafts. The power
to the transmission is provided
by pneumatic ground wheels. There
is a fixed gear ratio of 14/22, 14/23
and 14/14 for seed, fertilizer feed
and seed and fertilizer agitator
shafts, respectively , (Fig. 6).

Seed and Fertilizer Metering
Mechanism: The aluminium fluted
rollers mounted on seed and
fertilizer feeding shafts are located
at seed and fertilizer hopper side
walls. The seed and fertilizer de-
livery rates can be varied by chang-
ing the exposed length of fluted
rollers through a lever. Agitators
are provided to prevent the bridging
and for smooth flow of seed and
fertilizer. The flow of seed and
fertilizer can be blocked to feed
cups through sliding gates. There is
a provision to increase the orifice
area of seed hopper for large seeds.
Since the seed has to flow between
fluted roller grooves and side metal
plates, there is some breakage of
seeds for various crops found in
seed damage test (Table 4).

Seed and Fertilizer Placement
Mechanism.: This comprises of feed
cups, delivery tubes and spring

Fig. 6 Exposed view of Nardi gear box;
(A) Seed metering drive. (B) Seed
and fertilizer agitator drive. (C)
Fertilizer metering drive.

loaded single-disc furrow openers.
There are two lines of feed cups,
one for seed and the other for
fertilizer. In each line the feed
cups are evenly spaced at 15cm
apart. The feed cups of each row
are combined in a single unit
before entering the spiral delivery
tubes made of rubber. The single
disc furrow openers are spring-
loaded to vary the sowing depth.
These are also equipped with
scrapers to prevent clogging while
working in wet soil conditions.
These disc openers are suitable for

Table 4 Seed Damage Test for NARDI

Drill
Crop Seed damage (%)
Rice 0.27
Maize 0.23
Wheat 0.38
Chickpea 1.70
Mungbean 0.78
Sunflower 1).37
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both shallow and medium drilling
but have wider transverse sowing

wheat on rice stubble in rice-
wheat cropping pattern (Byerlee

80-0106. Cited by Sharma et
al. 1983. AMA. 14(2).

width (Ozmerzi, 1986). It is very et al, 1984). 3. Byerlee, D., A.D. Sheikh. 1984,
difficult to adjust the exact spacing 7. It can be used for deep sowing M. Aslam and PR Hobbs.
between consecutive rows of crops in cultivated fields in barani Wheatéin ithe Rice |- flbased
and between seed and fertilizer area by placing hoe-type tines Farm.mg'System of the Funjab.
: : : ! : S Implications for Research and
placement in this drill. There is on existing furrow openers. : v ; i
also a shallow placement of seed 8. There are two pneumatic depth L:xte.nsm?n. ARG
S e ¢ ) 3 £ ‘ Publication, Islamabad. PP49.
and fertilizer in rows behind the wheels to control accurate sow- 4. Chaudhary, M.A. 1987. In-
tractor rear wheels than the rest of ing depth. verted-T Seeder for Rice Based
the rows. Crops. RNAM Newsletter No.
26.
Recommendations 5. Hansen, C.M. et al 1962. Grain
Selection Criteria for Drill Design from an Agro-
Aitchison Drill There is a need to incorporate nomic Stand Point. Transac-
a few changes in the design of tions. of the ASAE.
On the basis of description of this drill for its adoption under 8 BCrl]Z.lel_ ”'I_{' i ul,‘ L02
. 4 : : Aten : - = Seeding Machines. Agricultural
both drills above-cited operation- Pakistani farming conditions. The S ol ;
- i : : Machines Theory and Construc-
al performance and desired capa- following  recommendations are tion. Vol. 1. US Department of
bilities of needed drill, the made: Commerce. National Technical
Aitchison drill, was found more . The existing steel ground wheel Information Service, USA.
suitable than the Nardi drill as works very well in no-till field 7. Ozmerzi, A. 1986. Seed Distri-
explained below: but does not provide good bution Performance of the
I. It has an infinitely variable speed traction in cultivated fields. Furrow Openers Used on Drill
oil-bath gear box which is very There is a need to replace it Machines. AMA. 17(2) 32-34.
simple in operation and needs with treaded pneumatic wheel 8. Roy, K. and Vishwanathan,
a little maintenance. It can give for working in both types of K.N. 1977. Increased Agri-
a range of speeds to obtain seed field conditions. cultural productivity through
rates of all the crops mentioned 2. This drill needs 45-kW tractor tccl?nology. Alzeview. Proc.
earlier. and its working width has to be National = Seminar on Tech-
2. It has soft and resilient sponge adjusted from 2.40m to 1.80 nology for Agr.w“m“e, Deve—l-
x - - A s s : opment, Chandigarh. Page 85-
discs mounted on feed shaft and m for its operation w1.lh 35-k.W B3, Clted by Totma. etoal
hence causes no damage to the tractor, commonly found in (1983) AMA 14(2).
seed. Pakistan. i
3. The distance between consecu- 3. There is need for seed covering 9. Sharma, D.N., Bansal, N.K.,
) : . ) o and M.L. Jain. 1983 Design,
tive crop rows can be easily and device to operate the drill in De . -

J : : evelopment and Testing of
accurately adjusted by eye bolts C\l]llVﬂl?d fields. o Brullokadrasn, Single Row
of clamps mounted on the frame. 4. There is need to mount row Seed-cum-Fertilizer Drill, AMA,

4. The coiled shanks made of marker similar to Nardi drill 14(2).
special steel spring back in case for maintaining accurate row 10. Singh, Gajendra and Chancel-
of an obstruction and serve as spacing. lor W.J. 1977. Relationship
overload protection device. between Farm Mechanization
5. It has inverted ‘T" furrow open- and Crop Yield in an Indian
ers which create seed groove REREFENCES Farming District. Proc. Na-
micro-environment best suited tional Seminar on Technology
for better seed germination. 1. Anonymous. 1987. Pakistan for Ag”“‘““” Development,
6. The narrow edge furrow openers Agriculture. Basic  Statistics. C.Ylanfi1garé1,P291§%3¢11)49‘. P
have brazed steel hardened tips ADBP, Islamabad. Mopditohu, sl Siesian nams
meters of Manual Operated
and can work in no-till fields. A 2. Bahl et al, 1980. Design of Seed-cum-Fertilizer Drill. In-
substantial savings in land prepa- Single Row Bullock- Drawn dian Society of Agricultural
ration cost and precious time Seed- Cum- Fertilizer Drill. Engineers, New Delhi. Paper
have been reported by the use Indian Society of Agric. Engi- No. 80-0161. Cited by Sharma
of this drill in direct drilling neers, New Delhi, Paper No. etal (1983) AMA. 14(2). ==
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Design and Development of Potato Grader

by
M. Shyam
Head

Abstract

Prototypes of potato grader
were designed, developed and oper-
ated satisfactorily at the Central
Potato Research Institute for the
past few years for sorting seed
potatoes for supply to the National
Seed Corporation and various State
Governments. This paper describes
design considerations, construc-
tional details, method of operation
and field performance of these
graders. On an average, these
graders sorted 20/25 q/h of seed
potato into 4 to S sizes employing
10-14 attendants. The screen effi-
ciency of the oscillatory sieves
ranged from 80 to 90% and average
tuber damage was found to be
within 2%.

Introduction

Grading of potato tubers is an
important operation in potato
production. Grading requirements
vary with the end use of the potato.
In India potato grading usually
involves their sorting into two or
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more grades depending upon one or
more parameters, viz. size, shape,
colour, harvest damage and disease
and insect infestation. Manual grad-
ing of potatoes by hand picking
is very slow, labour intensive and
costly. Disposal of potato from
the fields is many a times delayed
due to slow grading process which
results in qualitative and quantita-
tive losses. A few machines primari-
ly for sorting potatoes into dif-
ferent size/grades were developed
during the last two decades (Grover
and Pathak, 1972; Singh, 1980;
Verma and Kalkat, 1975) but none
were acceptable to the users.
Details of all such machines and
important reasons for their non-
acceptance by the users were
discussed by Shyam (1984).

Sorting of potatoes into many
different size or grades by manual
sieving using a set of steel sieves
with round holes of different sizes
is common in Bihar State. Power-
operated and hand-operated oscil-
lating sieves, which employ com-
mercially available mild steel sieves,
have been successfully designed,
developed and used extensively for
potato grading at the Central
Potato Research Institute (CPRI),
Shimla. The design, development,
construction, method of operation
and performance of these graders
are presented in this article.

Materials and Methods

Design Considerations
The machine should be simple in

Central Potato Res. Station

R. Singh

Foreman

Central Potato Res. Station
Jalandhar 144003, India

construction and capable of sorting
potatoes into 4 or 5 different size
or grades with high sizing efficiency
and 20 to 25q/h throughput
capacity. The four grades recom-
mended by the CPRI, Shimla are:
small — below 25 g, medium — 25
to 50¢g, large — 50 to 75¢g and
extra large — above 75 g (Rana and
Chauhan, 1985). The machine
should have adequate provision for
manual quality selection and also
for bag filling and be suitable for
handling freshly harvested field
cured potatoes, i.e., total tuber
damage should preferably be within
2%.

Selection of Sieves

The recommendations of CPRI
on grading of potatoes is based on
tuber weight rather than their geo-
metric dimensions. Shyam (1982)
reported that size-grading of potato
tubers of K. Chandramukhi, K.
Jyoti and K. Sindhuri varieties
according to their maximum width
resulted in lower grading error on
weight basis as compared to grading
according to thickness. Therefore,
the commonly used steel sieves
with circular perforations which
sort potatoes according to width
were selected for the machine. The
size of perforations was computed
using the quadratic regressions in
square root of tuber weight on
critical tuber width as suggested
by Shyam (1982) for the tubers
of K. Chandramukhi, K. Jyoti and
K. Singhuri varieties.

Machine Parameters
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In a study involving sorting of
potatoes with an experimental
power-operated oscillating sieves,
the authors tried many different
combinations of sieve speed, stroke
length and sieve slope for satisfac-
tory operation and high screen
efficiency (1979). Sieves of 60 cm
x 120 cm with round perforations
of 504, 44 and 35 mm diameter
were used. Screen efficiency of
about 90% was obtained by pro-
viding little manual assistance to
take care of the blinding of sieves
perforations. Sieves of 60 cm wide
were found easily accessible by
hand to take care of blinding of the
sieves. Screen efficiency of sieves of
length lower than 120 cm was poor.
A combination of medium sieve
speed of 462 strokes/min, low
stroke length of 31.75 mm, and
sieve slope of 14.5% for which an
average screen efficiency of 89.6%
and throughput rate of 37 g/h
was selected. Normal flow of
potatoes on the sieves and very low
sieve blinding was reported for such
a combination of machine para-
meters. Further, low stroke length
and sieve speed were desirable to
keep machine vibrations at low
level.

Construction and Development

The schematic diagram of the
power-operated grader is shown in
Fig. 1. It consists of a steel frame,
power transmission system, a set of
two oscillating sieves, a stationary
sieve, feeding chute, sorting plat-
form and bag filling device. The
main frame was made of mild steel
angle of 65 x 65 x 6 mm size. Two
mild steel sieves of 120 x 60 cm
size were fitted one over the other
and suspended from top of the
frame. The upper sieve had per-
forations of 50 mm diameter and
the lower 40 mm diameter. Blind
sheet of about 20 cm at the upper
end and 53 cm at the lower end was
provided along the length in both
sieves. Before fitting the wooden
frame on the sieves, commercially

Fig. 1 Power-driven potato grader in
operation.

available gasket insertion sheet of

2.5mm thickness which is rein-

forced with fine cotton fibres was

pasted on the sieves using com-

mercially available adhesive and
undersize holes of appropriate
diameter were punched in the

rubber sheet corresponding to each
hole in the steel sieve. The values of
cut widths as reported by Shyam
(1982) in respect of tubers of
three important varieties (Table 1)
were used to select the size of sieve
perforations. Sieves were staggered
by about 10 cm along the slope.
A stationary sieve of 90 cm x 60
cm size with 28% slope was pro-
vided below the oscillating sieves.
The upper two sieves were oscil-
lated by a single step V-belt (B
Section) driven crankshaft. A single
phase, 1hp electric motor of
1440 rpm with speed reduction
ratio of 6.25:1 was used to operate
the sieves. Overflow from the upper
sieve was discharged into a sorting
platform with a gentle slope of
about 20% to allow rolling down of
potatoes under gravity. At the
lower end of the sorting platform
and the lower oscillating sieve
separate provisions for hanging two
gunny bags of 110 x 67 cm size,
which are commonly used for 80 kg
packings, were made. A flow
diverter was provided with the bag
filling device. The overflow from
the lower stationary sieve was
channeled into a basket. A wood-
en chute for manual feeding of
potatoes with baskets or bags
was provided above the upper sieve.
A small platform for the attendant
to ride on for easy feeding of
potatoes into the machine was also
provided. It discharged potatoes

Fig. 2 Hand-operated potato grader.
Table 1 Values of Cut Widths in Respect

of Tubers of Three Important
Improved Varieties

Unit: mm
Tuber K. K. K.
weight Chandra- Jyoti  Sindhuri
range, g  mukhi
<25 3341 33.62 34.14
25-50 43.67 4297 44 49
50-75 50.03 51.00 53.30

(Shyam, 1982)

onto the raised blind end of the
upper sieve. To check the sideways
movement of the oscillating sieve-
block, one guide was provided on
opposite sides of the sieve-block
towards the lower end. In addition,
four transport wheels were pro-
vided to facilitate moving from
one field to another.

The hand-opearted grader (Fig.
2) was identical to the power-
operated grader except for the
power transmission system. A fly-
wheel as used on the common
manual chaff cutter was fitted on
the driving shaft and a single step
V-belt was used to increase the
speed from driving shaft to crank-
shaft in the ratio of 1:6. The weight
and the outer and cranking dia-
meters of the flywheel used were 25
kg, 97 cm and 74 cm, respectively.

Method of Operation

The machine was installed on
level ground and the lower half of
each transport wheel was buried
into the ground to provide stability
to the machine during opeartion.
After harvest, the potatoes were
left in heaps in the field with suit-
able cover for a minimum period of
25 days for curing. Curing period
could be shorter for late harvested
crop. The cured potatoes were
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filled into baskets or bags and
manually discharged into the feed-
ing chute. One or two attendants
standing by the side of the sieves
kept on removing the undesirable
potatoes from the sieves by manual
picking and also unclogged the
sieve perforations as and when
necessary. The potatoes discharged
on sorting platform and rolling
down the lower blind portion of
the lower oscillating sieve were
also subjected to manual quality
selection. When a bag was filled up,
the flow of potatoes was diverted
to the other bag and the filled up
bag was replaced by an empty one.
Small tubers discharged from the
lower stationary sieve were col-
lected into a basket and then
transferred into bags manually. A
view of the machine operation is
shown in Fig. 1.

Results and Discussion

Prototypes of the hand-operated
and power-operated potato graders
were put to extensive field testing
and their performance were noted:

Throughput

The average throughput of 25
q/h for the power grader and 20
q/h for the hand-operated grader
were normally achieved. The average
throughput was greatly influenced
by continuity of feeding potatoes
into the machine. Effective super-
vision was found important for
ensuring uninterrupted feeding.

Screen Efficiency

Screen efficiency of the oscil-
lating sieves varied between 80 and
90% and was in conformity with
the results reported earlier by the
authors (1979). In fact the flow of
potatoes on the sieves was observed
to be better in hand-operated
machine than the power-operated
one primarily due to the effect of
varying the angular speed of the
flywheel in hand-operation as com-

pared to the uniform speed in

power-drive.

Labour Requirement

In general, 10 to 14 attendants
were required for the operation of
this machine. The break-up of the
attendants engaged was 7 to 9 for
feeding, including filling of baskets,
2 for bagging and 1 to 3 for quality
selection and unclogging of sieves.
The hand-operated machine re-
quired one less attendant for feed-
ing but required an additional
attendant for rotating the flywheel.

Power Requirement

The average power requirement
of the electric motor-operated
grader was measured to be 450 W
at 250 rpm of the crankshaft.
Therefore, 1hp (746 W) motor
was provided on the machine. The
hand-operated grader was easily
operated by one man of average
physique. During field operation it
was found convenient to replace
the operator every half hour
with the other labourers attending
the machine. The average speed of
rotation of flywheel was found to
vary from 30 to 35 rpm and the
corresponding speed of crankshaft
from 180 to 210 rpm.

Tuber Damage

Scuffed tubers (with surface
abrasion damage to skin) and
those with flesh damage were
separated from each fraction and
their percentages based on the
weights of the corresponding frac-
tions were taken as tuber damage.
Tuber damage was found greatly
dependent on maturity of crop and
curing period. The average tuber
damage for K. Chandramukhi, K.
Jyoti and K. Sindhuri varieties at
full maturity and after curing for
a minimum period of 25 days
was found to be about 3% in large
tubers, 1% in seed-size tubers and
negligible in small tubers. Longer
curing period was necessary for
immature crop and shorter for

late harvested crop. Much of the
damaged tubers were scuffed. Some
of the damaged tubers, particularly
large ones, sustained flesh damage
to a shallow depth of less than
3 mm.

Long Duration Testing

Prototypes of the hand-operated
and power-operated potato graders
are being used satisfactorily at
Kufri (HP), Modipuram (UP),
Gwalior (MP), Patna (Bihar) and
Jalandhar (Punjab) stations of the
CPRI for the past few years for
sorting seed potatoes into 4 graders.
During the operation extra large
tubers (generally >100g) were
hand picked from amongst the
tubers discharged on the sorting
platform. Some mechanical prob-
lems reported for the earlier proto-
types were taken care of by effect-
ing design changes such as strength-
ening the main frame, improving
the joint between sieve hanger and
sieve frame, replacing vertical
mounting of bearings with hori-
zontal mounting and using bearings
of larger size. The drawings of the
grader may be obtained from the
Director, Central Potato Research
Institute, Shimla-1, India. A few
farm machinery manufacturers, in-
cluding  Punjab  Agro-Industries
Corp. Ltd., Chandigarh, India have
undertaken the fabrication of this
machine.  The  power-operated
machine costs Rs. 6 000 to 8 000
(USS 456 to 607) at Jalandhar and
Ludhiana during 1985-86 and cost
of grading seed potatoes at the
CPRS, Jalandhar assuming 25 g/h
throughput, employing 12 labour-
ers hired at the rate of Rs. 15 (US$
1.2) per day and 8 years as useful
life of the machine with average
200 h of annual use was worked
out to be Rs. 31.85 (USS 24)
per h or Rs. 1.25 (USS$ 0.1) per q as
against Rs. 3.75 (USS 0.3) per g in
manual potato grading by hand
picking.

(Continued on page 49)
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Performance Analysis of

Ridge Profile Rotary Weeders

Abstract

The development of appropriate
technology for effective weed con-
trol is of utmost importance to
small- and medium-scale farming
systems in Nigeria where crops are
commonly grown on the ridge.
Research has shown that weeds
account for about 50 — 75% reduc-
tion in yield due to lack of satis-
factory weed control methods.

Two types of rotary weeders,
as reported in this paper, were
developed for the draught animal
farming areas of Nigeria. These are
the high clearance Straddle-row and
the  Emcot-attached (interrow)
rotary weeders. Weeding perform-
ance of these two implements were
compared with that of Strad,
the commercially available rotary
weeder and also with the manual
method of weed control.

Results show that the draft
requirement for the Straddle-row
weeder averaged 1.0 kN when oper-
ared at a speed range of 0.60 —
0.62 m/s while that for the Emcot-
attached rotary weeder averaged
0.80 kN for the same speed range.
The draft of the Strad could not
be monitored because of the fixed
connection between the implement
and the yoke. Weeding time was
about 4.0 h/ha for both the Strad-
dle-row and the Emcot-attached
rotary weeders and about 3.0 h/ha

by
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for the Strad.

The resulting yields of crops ex-
perimented with, using the two pro-
totype weeders, compared favour-
ably with that from Strad. Though
the manual method showed a slight
advantage in yield, particularly for
maize, the weeding time was
considerably higher than for the
ridge profile weeders.

Introduction

The major factor regarding in-
creased food production in Nigeria
is the inability of farmers to effec-
tively control weeds at peak grow-
ing seasons (1). Weeds account for
about 50 — 75% reduction in yield,
particularly in the humid tropics
where torrential rainfall significant-
ly interrupts work on farms in the
season.

Manual weeding is labour-inten-
sive, accounting for about 80% of
the total labour required for pro-
ducing food in Nigeria (2). Clearly,
therefore, the problem of weeds
must be given high priority for
boosting agricultural production.
Weeds on the farm may be con-
trolled chemically by the applica-
tion of herbicides which kill weeds
selectively without injuring the
crops; or mechanically with appro-
priate weeding tools. Although the
latter is safe and reasonably effec-

tive, the traditional method of
hand-hoeing is time-consuming. A
combination of mechanical and
chemical methods, on the other
hand, has the advantage of effec-
tively controlling persistent weeds
which evade control when chemical
or mechanical methods of control
are applied exclusively.

Existing or traditional farm tools
are not totally effective for weed
control in the manual and draught
animal farming systems. Typical
examples of such devices are the
traditional hand-hoes (manual), and
the very popular draught animal-
drawn Emcot ridger which is suit-
able only for ridging. In 1890 the
recognition of the problem of
weeds on farms led to the develop-
ment of the rotary hoe (3), but this
development was relevant only to
weeding on flat soil. The concept
has, however, been adapted to ridge
profile weeding.

Development of
Ridge Profile Weeders

In Nigeria, ridge cultivation is
widely practised by small- and
medium-scale farmers. In the case
of small-scale farmers, the need
to boost agricultural production
through effective methods of weed
control led to the development of
two types of draught animal-
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Fig. 1 Draught animal area in
Nigeria.
drawn rotary weeders in regions of
the country characterized by farm-
ing with draught animals (Fig. 1).
These are: a)the high-clearance,
Straddle-row rotary weeder, and b)
the Emcot-attached rotary weeder.

The Straddle-row Weeder

This ridge profile weeder con-
sists of two pairs of rotary hoes
mounted on a straddling tool bar.
This arrangement, which straddles
the ridge, provides clearance for tall
crops up to a crop height of 1 m,
beyond which usually no weeding
is necessary. The inclination of the
rotary hoe to the ridge profile
conforms with the angle of repose
of the ridge, its alignment being
such that the amount of weeds
removed is maximized. The clear-
ance between two adjacent hoes
at their closest points at the top of
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Fig. 3 Emcot rotary weeder.

the ridge ensures that the hoe
tines do not injure crops above the
ridge top. An isometric view of
the straddle-row weeder is shown in
Fig. 2.

In order for this weeder to
perform efficiently, it is important
that weeding commences about two
weeks after planting, as delayed
weeding is likely to reduce the
effectiveness of the tool. Suitable
for weeding in cereals (corn,
sorghum and millet), the straddle-
row rotary weeder can also be used
in legumes (peanuts and cowpeas)
at early stages of growth.

The Emcot-attached Rotary Weeder

The effectiveness of the Emcot
ridger, which is a draught animal-
drawn tool-bar widely used by
farmers practising draught animal
farming in parts of Northern
Nigeria, was inhibited by the lack
of a suitable weeding attachment,
the development of which has now
enhanced its versatility.

The Emcot ridger, with its
rotary weeder attachment, is ‘inter-
row’ in its operation. It consists of
a pair of rotary hoes mounted on
the rear of the ridging body, each
of the two hoes weeding one-half of
adjacent ridges. The major advan-
tage of this ridger is that its opera-
tion is not limited by crop height
(Fig.3). The tool-bar is hand-

Fig. 2 Bird’s-eye view of straddle row-weeder. guided, unlike in the straddle-row

Fig. 4 Orientation of a rotary hoe.

weeder on which it is necessary for
the operator to ride.

The straddle-row weeder and
the Emcot weeder, both conform
reasonably well with ridges con-
structed with animal-drawn and
tractor-drawn ridgers, provided that
the field is cleared of stumps and
other obstacles likely to hinder
their operation. They are also good
pulverizers of soil, when the soil is
moist but not too wet.

Analysis of Draft of
Rotary Weeders

In the absence of suitable equip-
ment to measure draft forces, or
when it is difficult to access such
equipment, analytical procedures
can be employed usefully to
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predict the draft and, subsequently,
the energy requirement of rotary
weeders. Analysis of draft, the
horizontal component of the force
to be overcome along the direction
of travel, of rotary hoes operating
on inclined planes can be conve-
niently visualized with respect to
the Euclidean vector space. The
major vectors to be considered are
the position vector, P and the
radius vector, R (Fig. 4); the axis of
rotation is defined by D. The
analysis is given in sections 3.1 and
3.2.

Incipient motion
At the incipient motion, the
position vector, P, is defined as:
P=D+R

But D is defined as:

| Sin8Cos¢

D=ID| |SinfSing | ..... (i)
Cosf

\ﬁ’here:

D = varying length of the rotary
hoe axle whose line of

action is along axis of
rotation.

6 = angle that D makes with
Z — axis

¢ = angle that D makes with
the X — Z plane i
Equation (i) shows that D is a

product of the scalar quantity, D

The vector components of equa-
tion (iii) are equal to the direction
consines of the line of action of D.
The kinematic parameter, A in
equation (iii) is:

Ax = (Sinf Cos¢) x
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