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Preface 

Recenty I had an opportunit y to v isit Ta iwan. I was able to 

drop in at sever al firms and institutes involved in the study of 

agri cul tural machinery there. I was also fo r tunate enough to be 

able to see the T aiwan Agricultural Industr y Ex hibition wh ich 

was being held then. At the exhibition, I sa w va ri ous kinds of 

parts for mach ines and also Deise l engines, combines, power 

t illers and man y other things which were made in Taiwan , dis

pl ayed. 

My impression is that in Tai wa n they already have the ability 

to manufacture most of t he agri cul tural machines by themselves. 

I believe that not onl y in Taiwan bu t also in the Phi lippines and 

in other developing countries, the manufacture of machines is 

improv ing teadily. I th ink the industry in these countries w ill 

promote rapid progress in the agricu ltural mechanizat ion of Asia . 

It is essential for those count ri es to obta in technica l aid so as 

to increase the product ivi ty more, in their agricultural machiner y 

industr y. 

I suppose. in that sense. these co unt ries should not onl y import 

complete products or machine parts, but they should also accept 

capable researchers in a.gricul tural machinery who are ready to 

set tle down there perm anent ly. At the sa me t ime advanced coun

tries should prepare to send these experts rather than just end 

onl y those who write reports and stay there for a short time. I 

believe that the most important point is to bring up specia lists. 

especiall y design engineer s in plenty in order to acce lerate the 

technolo.I?;Y transfer to the developing countr ies. 

I hope many of you w ill contribute to the special issue of AMA 

which we are planning to· publish on this problem. 

Chief Editor 

Yoshisuke Kishida 
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Row Cost Primary Cultivation-

a Proposed system 

for developing countries 

by T .B.Muckle, C.P . Crossley and J . Kilgour 
National College of Agricultural Engineering 
Silsoe, Bedford, UK 

The Snail Concept 

The Snail tractive system has 
been deve loped to ena bl e the 
traditional farmer in a developing 
country to ach ieve timeliness of 
cul t ivat ion at a price which he 
can just ify as a resul t of the in · 
creased yield obtained. 

The machine consists of two 
parts- a se lf-prope ll ed winch 
powered by a small eng ine. and a 
modifi ed ox too l frame imple
ment which is attached by a 
cable to the winch unit. Two 
operato rs a re required, one for 
each part. and operation is in 
termittent, allowing the operators 
to rest a lternately. It is also se lf 
contai ned and can deal with any 
field s ize or shape. 

The operat ing procedure is for 
the tract ive winch unit to be 
driven forward a di stance of 30m 
paying out the cable. whil e the 
implement remains s tat ionary. A 
simple control on the tractive 
unit then allows dri ve to be di s· 
engaged from the wheels and 
engaged to the \ inch. As the 
cable tightens it causes an inclin-

ed plate or sprag on the rear of 
the tractive unit to penetrate into 
the g round so that it acts as a 
winch anchor, allowing the winch 
to draw the implement towards 
the tracti ve unit. T he cycle is 
t hen repeated. 

The adva ntages of this ar
rangement a re that a high pro
portion of the eng ine power is 
transmit ted direct to the imple
ment witho ut being lost in whee l 
slip, and that the pull exerted is 
t hree times the we ight of the 
t ractive uni t. (A si ng le ax le trac
tor of equi va lent size and weight 
would lose up to 40-50% of its 
power in whee l s lip and its pull 
wo uld be limi ted to approximate
ly hal f its we ight.) 

T he machine is designed to 
allow manufac ture in developing 
countri es us ing some bought in 
components. The production cost 
wi II depend on the manufacturing 
and marketi ng system applied, 
but mater ia l and component costs 
fo r the machine could be in the 
region of £100 (1973 figures). 

S PRING· 1!)7!l· AGRI . "L'I' URAL MECHAN IZATIOi\" I i\" ASIA 

Background to the project 

W hen comparing far ming sys
tems in deve loped and developing 
coun t ries, one striking dif ference 
is in the yie ld achieved per uni t 
area. Many factors influence 
yie ld . and very considerable im
provements fo llow the introduc
ti on of new crop va rieti es. ferti
li zers and pest icides. Another 
factor of primary importance is 
that of timeliness of cu ltivat ion. 
In those areas of t he world where 
there a re distinct wet a nd dry 
seasons it is important to plant 
as soon as possible a fter the 
beg inning of the rains. since la te 
sowing and de lay in weeding 
depress yields. To achieve this 
objec ti ve it is necessa ry to ca rry 
out primary cultivation during 
the dry season, when the force 
required to pull even one ti ne 
through hard so il is very high. 

Readers will then realize that the), 
shou ld interpret these figures in a more 
rea li stic way. if re lating them to current 
price levels. 

9 



Fig.!. The plough remains stationary while the power unit drives off to the limit 
of the cable's length. 

Fig.2. The power unit is now stationary and draws the plough towards itself by 
means of the cable and winch. 

Power requirements for agricul
tural operations 

Land preparation can com· 
mence as soon as the soil is in a 
suitable condition for the avail· 
ab le equipment to operate. Where 
distinct wet and dry seasons 
occur, ploughing will normall y 
await the onset of the ra ins when 
the shear strength of the soi l 
reduces to a ie vel suitable for the 
available power source, which , in 
many developing countries may 
be an animal. 

In non·manual cultivation sys· 
tems power is used to provide a 
tractive effort for ploughing, 
cu ltivating or ridging. FAa 

Development Paper No. 67 
(Appe ndix 1) specifies the trac· 
tive effort required for various 
operations in medium loam soi ls, 
and also the potential pull from 
different animals. The figures 
show that one or two anima ls 
should be able to provide suffici· 
ent pull for the operations listed, 
but two factors affect the situa· 
tion. The first is that the pull 
required is greatly increased in 
dry soi l and rise to " to 5 kN for 
a single tine operating at a depth 
of 100 mm . The second is that 
the performance of individual 
animals varies greatly due not 
only to their we ight, but a lso to 
their physical conditions, which is 

often poor during and shortly 
after the dry season. The farmer 
is therefo re obI iged to delay 
1l11tiation of land preparation 
until the draught requirement has 
fa llen to a level at which hi s 
an ima ls can operate. The en· 
forced delay freq uently means 
late planting and consequent loss 
in yield. 

Where the source of power is 
entirely manual , land preparation 
is the most energy consuming 
operation and this factor tends to 
limit the area under cult ivation 
even where more land is avail · 
able. The power output of man is 
about 0.075k W , but the same 
variations in performance must 
exist as with draught anima ls. 

Other agricultural operations 
rarely require as great an energy 
input as land preparation, but 
some, such as grain harvesting, 
may require high inputs over a 
short period of time. 

A vailability of power 

The power available per unit 
area culti vated varies greatl} 
between developing and more 
developed countries and may be 
corre lated with yields achieved. 
(Fig. 3). 

To increase available power by 
introducing more men or animals 
is usually not feasible while, if 
mechanical power is to be used , 
it must be appropriate in quanti· 
ty, form and price. In this con· 
text it must be noted that the 
size of the average family hold· 
ing in developing countries tends 
to be small , of the order of 2 to 5 
hectares, with 3 hectares as an 
approximate average figure. This 
paper wi ll consider the power reo 
quirements of a holding of about 
this size. 

Existing sources of mechanical 
power 

The single axle tractor 
These machines have been 

successfu l in some farming sys· 
tems for 'certain operations, such 

10 AGR ICULTUHAL MECHANIZATIO . IN ASIA • 1~J76· SPHING 



as seed bed preparation and 
weeding in moist and wet so il s. 
For primary cultivation requiring 
tractive effort they are not able 
to develop sufficient pull in hard 
dry so ils. 

The small tractor 
It has been frequentl y assumed 

tha t small farms need small trac· 
tors, and many attempts have 
been made to produce suitable 
machines. The highl y successful 
Ferguson Model 20 had a 17 k VV 
engine and a mass o f 1200 kg. It 
cannot be classified as a small 
tractor. 

It is suggested that the sma ll 
tractor is not a viable concept. 
This judgment is based prim ar il y 
on two counts-cost and perfor· 
mance. The cost of even a fairl y 
s imple sma ll tractor is at least 
half that of a la rger conventional 
general purpose machine. This is 
far more than a small farmer in 
a developing country can normal · 
Iy afford for hi s own use. S ince 
tractive effort through rubber 
tyres is generated by contact 
area and weight, the performance 
of the small tractor cannot 
approach that of the convent iona l 
machine. In many so il conditions 
the tractive effort avai labl e can 
be taken as half the weight of the 
tractor. Thus to achieve a pull of 
4 to 5 kN would require a tractor 
of 1000 kg mass, which is greater 
than that of most small tractors. 
(Ref. 11). 

The conventional tractor 
The required power level could 

be provided by the use of a 33 
kW four wheeled general purpose 
tractor. From a knowledge of the 
energy requirements for a cerea l 
crop (Johnson 1963, ref 3) the 
number of hours required per 
hectare can be derived (Appendix 
I table 3). It must be emphasised 
that the values quoted for tractor 
hours per hectare are lower than 
would be obtained in practice 
s ince for low draught operations 
the tractor wou ld not be working 
at full power, while fo r primary 
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til lage its power output would be 
limited, by its traction capability, 
to be low its full potential. 

As a result the total tractor 
hours per hectare could well be 
twice the nominal figures shown 
in table 3, say 18 to 25 hours with 
a 33 kW tractor. Taking a 3 ha 
farm the requirement becomes 54 
to 75 tractor hours per yea r. It is 
obvious that such a requirement 
cannot justify the use of a con· 
ventional tracto r, except on the 
bas is of a co·operat ive sharing 
scheme or t ractor hire se rvice. 
Such schemes are potentia ll y 
viable economicall y and represent 
a feasible form of mechanisat ion, 
bu t past ex perience shows that 
there are many soc ial and 
organisational probl ems in their 
successful implementation. (Ref. 
12, 13, 14) 

The characteristics of an al
ternative power source 

Level of tractive effo rt requir · 
ed 

A minimum pull of 4 to 5 kN is 
needed in order to 0\ ercome the 
potential draught of a s ing le tine 
in hard soil. The form of the unit 
should be such that the perfor· 
mance charac terist ics are similar 

to those of the dra ught animal in 
that they do not decl ine with in· 
creasing leve ls of so il moisture, 
unlike the characteristics of con· 
ventional tractors. 

Power required 
For a g iven draug ht force , the 

power required at the implement 
depends on the speed of work. 
With the draught esta bli shed 
above at 5 k I the speed of work 
could be se lected to acco rd with 
the time available to carry out 
the necessa ry operati ons. ln ad· 
di t ion, however, the speed should 
be such that it is convenient for 
the opera to r. In the case of an 
operato r on foot the working 
speed could reasonably corres· 
pond to a s low walking pace, 
s imilar to the ploughing speed of 
oxen, i. e. a bout 0.4m / s. T a king 
thi s figure together with the 
req uired pull of 5 k ,the power 
at the implement i 2 k W. 

T o assess whether this leve l of 
power gives a reasonabl e annual 
utilisat ion, a simil ar exercise to 
tha t for the large tractor (Ap
pendix I table 3) can be carried 
out as follow s:-

This leads to a n annual utili sa· 
tion of up to 564 hours, assuming 
that the machine can be used for 
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Table 1. Operati ng t ime w ith a 2 kW engine on a 3 ha holding and secondl y the overturning 
moment generated by the cable 
tension at a cer ta in height above 
the ground must be resisted by a 
greater moment consisting of the 
weight of the dev ice act ing about 
the sprag contact point. 

Operat ion 

Primary ti ll age 
Secondarv tillage 
Pla nting' 
Weeding 
Harvesting 

Energy input 

(kW hours) 
165 - 276 
155 - 276 

39 - 105 
99 - 198 

384 

a ll operations I isted. If the ma
chine could a lso be used exten
sive ly fo r transport or as a 
stat iona r) power source, the 
annual usage would be consider
abl y higher. 

It may be noted that for a 3ha 
holding a 2 kW power unit pro
vides 0.7 k W / ha . T he present 
level over much of Afr ica is 
about 0.04 k W / ha and it is sug
gested (Ref. 4) that a tenfold in
crease in the ex isti ng leve l, to 0.4 
k W f ha, is necessary in order to 
achieve reasonable productivity. 
On this basis the 2 kW uni t wiIl 
provide a level comfo rta bly in 
excess of the proposed threshold. 

Economic assessment 
The object ive is to provide a 

powered device at a cost which 
can be just ified on the bas is of 
extra income accruing to the 
fa rmer from its use. Increased in
come may arise from an increase 
in the area which the fa rmer may 
culti vate effectively or from in
creased yields obtained by im
proved effici ency and timeliness 
of farming operat ions, together 
with the ability to realise in cash 
the va lue of t he extra produce. 

Appendix II shows a preli
minary assessment of the opera t
ing cost (excl uding wages) of a £ 
150, 2 kW diese l unit opera ting 
for fo ur yea rs at a usage of 500 
h/ yea r. The opera ting cost wo uld 
be in the region of £lOO/ year. 
Whether this represents an ac
ceptable cost depends on the 
circumstances of the individual 
case. 

Summary of target costs and 
performance 
Power requirement ··· ··· 2 kW 
Tractive effo rt ........ · .. ·4 to 5 kN 
Annual use .. ................ 500 h 

12 

Operat ing time with 2kW eng ine 

(hours) 
75 - 125 
75 - 125 
18 - 48 
45 - 90 

l75 

388 - 56'1 

(days) 
9 - 16 
9 - [6 
2 - 6 
6 - lJ 

22 

48 - 71 

Required life ···_··· .... ·· ··2,000 h 
Target cost . .. ........... .. .. £ 150 

The technica l feas ibility is to 
be examined at thi s stage. E
conomic feas ibili ty wi ll be in
vestigated in the light of perfor
mance achieved. 

Design of the Snail 

Although two bas ic parameters 
were those of low cost and high 
pu ll , an additional requirement 
was taken into account. It is 
desirable to manufacture as much 
as possible in the country con
cerned in order to conserve 
foreign currency by minimising 
the import of finished compo
nents, to generate useful industry 
and employment, and to a ll ow 
design changes to cater fo r loca l 
condi t ions. Thus the machine 
should be capab le of being as
sembled and eventually manufac
tured in the developing coun try 
concerned, using indigenous 
labour and loca ll y available 
mater ials (i.e. with the exception 
of bought -in components like 
engines and bearings). As a resul t 
of this requirement the man ufac
turing processes needed to con
struct the device were limi ted to 
sawing, drilling and we lding and 
some simple lathe work. No 
grinding. milling or heat t reat
ment should be required. 

Design of the tractive unit 

Having dec ided to investiga te a 
device using a winch-drawn im 
plement the bas ic des ign was 
estab lished from a simple as
sessment of forces- firstly the 
tension in the cable must be 
resisted by a sprag in the ground, 

The layout consists of a ra il 
chassis with the sprag plate 

. across the rear and the eng ine 
across the fro nt. The winch, to be 
dri ven by the eng ine, could from 
a · functiona l point of view be 
placed in any suitable position, 
but its locat ion was determ ined 
by the fact that the winch a nd 
wheel ax le were to be coax ia l. 
This was done so that onl y two 
bear ings wo uld be required for 
carryi ng both the wi nch load and 
the wheel loads. 

Drive is taken via vee belts 
fro m the engine to a transverse 
tube located in plummer bl oc k 
bearings. The winch, which is a 
loosely fitting tube outs ide the 
"drive tube", can thus be driven 
by doggi ng it to the dri ve tube, 
the cable force being transm itted 
to the chass is via the bearings 
and thence to the sprag. On ly 
when unreeling under light load 
does the winch rotate on the 
drive tube. which then acts as a 
s imple large area bear ing. 

In a similar manner the wheel 
ax le- a shaft passing through the 
dri ve tube- can be engaged, the 
load being carried on the same 
plummer block bearings, and the 
dri ve tube only rotates over the 
shaft during wi nching, when there 
is virtually no load on the wheels. 

Given an eng ine power of 2.2 
kW allowing if necessary, fo r the 
derati ng effect of temperature 
and altitude, and the specified 
minimum cable pu ll of 5 kN , the 
cable speed of up to 0.5m/ s 
automatically fo llows. T he onl y 
remaining consideration is the 
speed of the winch (and thus of 
the dri ve tube and ax le) and the 
corresponding winch dia meter. 
The possibilities vary from a 
sma ll high speed winch to, at the 
other end of the sca le, a large 
diameter winch rotating at a 
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lowe r speed. 
Freedom of choice was limi led 

by two factors, t he ma jor one 
being t ha t in order to keep the 
g round s peed to a reasona ble 
value the dri ve tube a nd ax le 
must rotate quite s lowl y. In 
additi on, there is a minimum 
winch di amete r required in order 
to g ive reaso na le cable life, and 
to avo id too much d rop in pull as 
the e ffect ive drum d iameter in · 
creases due to ca ble wind·on. As 
a resul t of t hese requirements. 
the vee belt step down was made 
as la rge as was feasibl e in one 
s te p (about 5 : 1) so t ha t with a 6 
: 1 reduc ti on box on the eng ine 
the dri ve sha ft would rotate at 
just over 100 rev/ min . 

Sprag des ign 
Des ign of t he sprag was carried 

out a t the Co ll ege by Spoo r us ing 
theories deve loped by Payne 
(Ref. 5) and Reece (Ref. 15). T he 
theory shows tha t in cohesive 
so il s an inclined pl a te is ef fect ive 
as a sprag as long as it is a ll ow· 
ed to penet ra te deepl y enough, 
although penetra tion to an y sig· 
nifi cant dept h is di ff ic ult in very 
hard so ils. In fric ti on so il s how· 
eve r the effectiveness of the 
sprag is inc reased by incorporat· 
ing a hori zonta l pl ate which uses 
the we ig ht of the tractor and 
possibl y the ope rato r to a ppl y a 
surcharge to the so il. It is s tre 'S' 

ed that cable he ight is importan t. 
too low a I ine of pull ca using 
sprag break out and too high a 
cable resulting in t racto r rea r. 
Ma x imum pulls a re obta ined \\ ith 
the tractor wheels about to leave 
the g round, when a ll o f the 
we ight of the machine is carri ed 
on t he surcharge plate leading to 
maximum resis tance to s hearing 
of the soil under the sprag. 

Investiga tion was m ade of 
some of the factors limiting Sn a il 
operation. 

(I)Winch pull. Wi th a cable 
leng th of 30 met res the build 
up of cable on the drum 
causes the pull to drop from 
5 to 4.2 k . The a va il a ble 

SURCHARGE PLATE 

T 
~.-- . -- . 

z 
~ 

Fig .. 1. 

winch pull is t hus a lways 
between these li mits. 
(2) lmplement dra ught. De· 
pending on the so il be ing cui· 
ti vated the dra ught for a 
s ing le t ine could be anything 
up to 4.4 k.. In lower 
streng th soil s t he fi tt ing of 
t hree or five tines would be 
possible. 
(:1)Rearing. Prov ided t he 
cable overturning mome nt is 
less than the restoring couple 
produced by t he tractor 
we ight acting a t a distance 
from the sprag, rea ring will 
not occur. The cable he ight 
should be adjustabl e for dif· 
fe rent condi t ions and the 
appli ca tion of we ight to the 
front of the t ractor should be 
cons idered. 
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(4 )S prag drag. The ra ti o 
between the cable pull and 
the tracto r weight has con· 
s iderable s ignific ance. s ince 
thi s a ffects not onl y the 
magnitude but a lso the direc· 
tion of the resul tant fo rce. 
The sprag ma y fa il in drag 
by moving s ignificant ly when 
engaged in so il which is too 
wea k to sustai n t he pull 
be ing a pplied , or it may s kid 
over ha rd g round due to 
inadequate penetration. 

P redicted perfo rmance 
The g ra ph (Fig. 5) shows the 

predicted pe rforma nce of t he 
w inch a nd sprag. toget her wi th 
the predicted draught require· 
ment of 1,3 and 5 tines in so il s of 
inc reas ing cohesion. A number of 
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s implificat ions ha ve been made:-
(1 )The sprag cur ve assumes 
t he machine to be on the 
point of rea ring a t the lower 
end of the curve (where the 
to p pla te is important) and 
does not show the discont inu
ity a ri sing from remova l of 
the to p pla te_ 
(2)As cohesion increases, fri c
tion tends to drop for wet 
clays but to rise slightl y for 
dn soils_ The tine pulls \\ ere 
ca lcula ted fo r hard dry so ils 
(the worst case), while the 
sprag res istance was ca l
culated for wet clays (aga in 
the worst case)_ 
(:I)Sprag resistance is shown 
for full penetra tion_ In prac
ti ce in hard condi t ions the 
penet ra tion would decrease, 
reducing the a va il able resis
tance as shown by the dotted 
line, and in the limi t penetra 
t ion would be imposs ibl e_ 
(4)Soil cohes ion values a re 
shown up to 100 k N / m2 
above which the pull required 
by a s ing le tine is like ly to 
exceed that a va ilabl e from 
the power unit At these high 
so il strengths however it 
becomes deba tabl e whether 
the cohesion is grea ter within 
clods or between them, i_e_ 
the so il is lik e ly to "sha tter" 
into s la bs_ 

The graph illustra tes clea rl y an 
important feature of the Snail 
principle-tha t al though the hold 
ing power of the sprag decreases 
with weakening so il , so does the 
draught requirement of the im 
plements_ The inclusion of the 
top plate on the sprag ensures 
tha t the implement cannot in 
weak so ils demand more pull 
than the sprag can exert At the 
other end of the sca le there will 
come a point when the imple
ments, once penetrated in to very 
ha rd so il, will require more fo rce 
than the sprag can produce with 
its limited penetration_ This is 
lik e ly to be a limitation to per
formance, which wo uld be im 
proved by ca reful des ign of the 
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sprag fo r max imum penetrat ion 
in very ha rd conditions_ 

Pro totype 
A prototype of the tracto r 

dev ice was buil t us ing rectangu
lar ho ll o\·\ secti on fo r the chass is 
and an inclined steel pla te fo r the 
sprag. Separate dog clutc hes con
tro ll ed the winch a nd the whee l 
ax le, while the ma in dri ve clutc h 
incorporated a principl e a lready 
proved to wo rk satis fac toril y on 
a di ffe rent machine (Ref. 7)- tha t 
a vee belt tens ioner would oper
ate as a c lutch if a close fi tt ing 
hood was provided aro und the 
small pulley. 

The whee ls used fo r the first 
prototype were from an ex ist ing 
s ing le a x le t racto r but when the 
Sna il was used to propel itse lf 
fo rwa rds a di sadvantage of the 
s imple t ransmission could be ob
served; this was tha t the for ward 
speed was still inconvenientl y 
high fo r an opera tor walking 
behind. T his draw back was re
duced by construc ting and fit ting 
sma ll diameter stee l whee ls, and 
by sett ing the eng ine so that it 
would run governed a t approxi
mate ly ha lf speed_ Less tha n 1 
kW is avail able at thi s speed, but 
it is suffi cient to a llow the ma 
chine to move itself under most 
conditions. The poss ibility is 
being invest iga ted of replac ing 
the present petrol engine with a 
di esel, \\ hich wo uld produce more 
torque a t low speed. 

T he winching perfo rmance of 
the proto type was in most res
pects very sa tisfactory, a lthough 
the nylon and terylene cables ini 
ti a ll y used proved unsui ta ble 
since they were subject to ex
cess ive e last ic stretch a nd fa iled 
after a short t ime. They were 
replaced by a stee l cable which 
has 0 pe ra ted successfull y. 

Des ig n of the implements 

There a re a number of opera 
t ions required by the farmer in 
hi s mechanisation programme:

( 1) Primary cul t iva tion 

- chi se l pl oughing mould 
board pl oughing 
ridgi ng tie ridging 

(2) Secondary culti vations 
- in terow 

weeding 
(:1) Pl anting 

- seeders 
('I ) Spray ing 

cul t iva ti on 

- weed and pest cont rol 
(:l ) Ha rvest ing 

- in so il e.g. groundnu ts 
a bove so il e_g. cereal s 

(r;) Stat ionary power unit 
- water pumping 

c rop spray ing, milling 
and process ing 

(7) T ranspor t 
- in fie ld 

on road 
T he present equi pment has 

been designed prima rily to deal 
with opera tion (1) and secondl y 
opera ti on (2). The first operat ion 
must usua ll y be ca rried out in 
very hard, dry conditions just 
befo re the ra ins, at a time when 
dra ught anima ls are often in poor 
condi t ion, a s itua t ion where 
mechanisati on has a s ignificant 
role to pl ay_ 

There are a number of improv
ed designs of ox equipment 
avail able which have proved 
sat isfac tory fo r (1) and (2)_ The 
Sna il implem ents are based on a 
range of equipment des igned by 
S tokes (Project Equipment Ltd ., 
Newton T ony, Wil tshire) and 
modified s lightl y to mak e them 
sui ta ble fo r cable traction. 

Ox dra wn impl ements 
T o understand wha t modif ica

t ions a re necessary a con venti on
a l ox plough a nd its operat ion is 
considered. 

The fo rces a re ba lanced by ad
just ing the height of A and the 
length of the draw chain AB so 
that the implement wi ll run a t 
the required depth with little 
effor t req uired by the opera tor 
walking behind. T o ma ke the im 
plement run deeper A is lowered 
and the chain leng thened. If the 
implement is set correctl y it will 
run a t a constan t depth , but if it 
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encounters a hard patch it will 
tend to rise out of the g round. In 
hard conditi ons penetra t ion may 
be a problem a nd here particul a r 
a t tent ion must be pa id to the 
des ign of the tine to g ive 
adequate penetra tion, lowest 
draught and good so il shattering. 
T he rake ang le of the ti ne is the 
most s ignificant fac to r and an 
ang le of about 45 is the best 
compromise. (A : hitch point B : 
Yoke) 

T he best shatteri ng effect a lso 
occurs up to about 45' and the 
soil fo rces a re s light ly down· 
wa rds or hori zonta l, i.e . no up
ward forces to impa ir penetra· 
tion. For light dra ught operat ion· 
s, i.e. type 2. the implement is too 
hea v) and the anima l cannot be 

i 

M OTION 

-- ----~
. 
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RA K E 

ANGLE 

be sma ll, n smg in we tter condi · 
t ions bu t a t most proba bly not 
more than 10% of the tota l 
dra ught requirement. 

Cable drawn implements 
Cable drawn implements must 

be hitc hed different ly (Fig. !)) be· 
cause the I ine of pull is hori zon· 
ta l a nd just above the surface of 
the g round. 

T he so il force X suppor ts the 
wheel or kid ; the loads are 
higher than on the sk ids of the 
ox a rrangement, but under the 
worst condi t ions the draught 
res istance wi ll proba bl y be no 
more than 20% of the total 
draught fo rce. This is not too 
serious since with thi s ty pe of 
opera ti on the max imum dra ught 
which can be exer ted is high and 
does not depend on direct trac· 
t ion from wheels. 

The gra ph (Fig. 10) shows the 
skid pos ition required fo r va rious 
pulls. The cable should be as 
close as poss ible to the ground to 
keep the overa II length of the 
implement as sma ll as possible. 

t SOIL FORCE ON DEPTH SK ID 

T o avo id the necessity for 
moving the skid backwards and 
forwa rds on the implement pro· 
totype design the sk id was made 
long so that it wo uld cover the 
who le range, and the depth was 
controll ed by a s imple verti ca l 
adjustment. T o increase the 
depth of work the skid is ra ised. 
(F ig . 11). 

coup led close ly enough; here 
sma II s kids or wheels a re necess· 
a ry to ta ke pa r t of the im plement 
we ight. The) will a lso give better 
depth contro l which is often 
necessa ry for such opera t ions. 

In dry cond it ions the dra ught 
resistance of the skid is lik ely to 

Operat ion 

Wi nch operat ion is not a new 
concept. It was used in the last 
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century with steam ploughing , 
and is sti ll used today in Europe· 
an vineya rds for cultivating steep 
s lopes. In both there cases how· 
ever the anchored power unit 
stands on the head land and "vhen 
the implement has been drawn up 
to the headland it is necessa ry 
e ither for the ploug h to reverse 
its directi on or for it to be 
dragged back to its sta rting point 
manuall y. Another a lternative, 
invest igated by N .LA.E. (Ref. 8) 
used a winch and pl ough mounted 
on a sing le ax le tractor which 
drew itse lf up to an anchor on 
the headland and then reversed 
across the fie ld to its sta rting 
point. 

VVith the Sna il , neither the 
a nchor nor the revers ing is neces· 
sa ry. Operation is intermi ttent , 
allowing the operators to rest 
alternate ly. This aspect is reo 
garded as important s ince in 
man y t ropica l conditions it is not 
possible to operate continuously 
at even moderate leve ls of act ivi· 
ty without exceeding the body's 
anaerobic limit. 

Two operators a re required, 
(Fig . 12), one on the power unit 
and one on the implement. The 
sequence of operat ions is as 
fo ll ows:-

(I ) "Au drives forward a 
ma x imum of 30m laying 
out the cable 

L-______ ~~_.=-_-==-_-~--~~ 

Fig. 12. 

(~ ) "A" di sengages dri ve to 
wheels, engages drive to 
winch 

(:1) The implement , steered 
by "S", is drawn up to 
"f\ " 

(.1) "Au disengages dri ve to 
winch. engages dri ve to 
whee ls and moves for· 
wa rd up to 30m. 

For primary cul t ivat ion the 
a rea can be culti va ted aga in if 
necessa ry at roughl y r ight angles 
to the orig inal direct ion to ensure 
that a ll the land is broken up. 
The work rate for primary cui· 
tivat ion under the worst condi 
tions is est imated to be 0.4 ha for 
an e ight hour day. 

The implement and power unit 
is transported from fi e ld to fi e ld 
by plac ing the implement on top 
of the power un its in the brac
kets prov ided and the whole out· 
fit dri ven off by one operato r. 
Fie ld transport (operation 7) 
could be a rranged by winching a 
pal let with 500kg pa yload on· 
sk ids. 

Safety 

Ini tia ll y, doubts were expressed 
concerning the possible danger to 
operators in the event of cable 
brea kage. The machine possesses 
an inherent safety factor in that 
the ma x imum pull which it can 
exert is onl y one-th ird of the 
ra ted brea king load of the cable, 
minimis ing the ri sk of cable 
brea kage. To invest iga te the 
effect at brea kage a quick re
lease mechanism was constructed 
and attached at the implement 
end. When the maximum load 
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was reached, it was released to 
simu late cable breakage. It was 
fo und that the free end of the 
cable only t ra veiled a few metres 
along the ground and presented 
no hazard to either operator. 

Utili zation 

The utilisa tion of di ffe rent 
types of "power unit ", including 
animal power, depends large ly on 
whether the pull that the unit can 
provide is greater than the pull 
demanded by the s implest effec
tive implement . Detaled perfor
mance will vary with a number 
of factors, bu t it is suggested that 
the genera l trend might be as 
shown on the diagram (Fig. 13). 

The pull required to cul t ivate 
with one tine increases as the soil 
becomes harder until partway 
through the dry season the ox 
pai r is unable to opera te . Provid· 
ed that a small tractor is made 
sufficiently heavy it can operate 
throughout the dry season, but 
with increasing moisture levels 
following the first ra ins it rapidly 
loses the ability to obtain trac
tion; so that the required imple
ment pull might drop to the level 
where the oxen are again able to 
culti vate, but the small t ractor 
cannot. 

The pull obtainable from the 
Snail will vary s lightl y with soil 
conditions, but should always be 
in excess of the required pull. 
Uti lisation is thus possible 
throughout the year. 

Cost 

Material and component costs 
for the first prototypes as con
structed were a bout £ 100, but it 
is stressed that the actual cost 
per unit of a production run 
would depend on such factors as 
the labour and material costs and 
the marketing system within the 
country in which the machine 
was being produced. A s ignificant 
part of the component cost will 
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be tha t of the eng ine and to keep 
this cost Iowa petrol engine is at 
present used. Such an engine 
could be either a very low cost 
"throw-away" type or a more 
robust version, the life of which 
could approach the machine 
design li fe of 2,000 hours. This 
would increase the initial cost, 
but reduce the running costs for 
repair and replacement. 

Alternatively a diese l engine 
could be considered. Apart from 
the extra longevity which would 
be essential if the Snai l were to 
be used for tasks such as pump
ing, the diesel would give more 
economical fuel consumption and 
more suitable torque characteris
tics. There would however, be a 
considerable increase in first 
cost. The answer might be to 
offer a choice of engines for dif-
ferent uses. 

Disadvantages 

(il l Cost: Even the bare 
material cost of £ 100 may be 
three t imes the cost of a pair of 
oxen in some countries. The fact 
that the Snail is able to develop 
three times their average pull 
may not always be sufficient 
just ificat ion for its use. 

(bl Rate of work: The Snai l 
is not a fast machine. Taking 
into account the transport and 
turn around ti me it seems likely 
that the overa ll speed over the 
ground will be of the order of 
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0.3m/ s. The \\ ork done depends 
on the width of so i I disturbed. 
With ti ned cultivation in normal 
so il s the operator will have the 
opt ion of a wide, shall ow area of 
dis turbance using several tines, or 
a deeper and narrow cut using 
fewer tines. In very hard so il s a 
s ingle t ine will normall y be used, 
its depth of engagement being set 
so as to load the engine to its 
maximum. 

(c ) Two man operat ion: Thi 
requirement cannot be a voided 
and can be regarded as a di s
advantage in areas where labour 
is at a premium. Such conditions, 
however, a re not the norm in 
most developing countries, where 
it is considered essentia l not to 
cause redundancies by introduc
ing machines which di splace 
la bour. The Snail requi res one 
man to guide the power unit and 
one to control the implement; a 
very s imilar situation to that of 
the traditional ox cultivation. 

(d ) Inflexi bilit y: The present 
machine is designed basica ll y to 
cultivate. Although it could be 
used as a power source for sta
tionary work, it is not suitable at 
the moment for light direct trac
tion work such as weeding and 
transport. These aspects are dis 
cussed in Section 7. 
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Future developments 

Other operations 

Seconda ry cul t iva t ion could be 
ca r r ied out by d irect t raction if 
the power un it was equipped with 
an additional reduction gea r. 
This would add a bout 25% to the 
cost, but would ena ble t hese 
operat ions to be ca rri ed out m ore 
convenientl y. Fur t her operat ions 
such as spra ying could then be 
attempted. v\ ith an additional set 
of whee ls and a centre pivot the 
uni t could be made into a power
ed t r a il er (using t he implement 
s kid as the trailer chass is) to 
carry out transport opera ti ons, 
with a speed of 9 km / h on a hard 
leve l road and 500 kg payload. 

For ha rvesti ng operations a 
collector could be moun ted on the 
uni t for ha rvest ing s ingle rows of 
crops, t he threshing and c leaning 
being done at the edge of the 
fie ld or at the fa rme r's store 
us ing another attachment with 
t he unit as the power source. 

There is considerable scope for 
improving the versat ilit y of the 
machine . but each change would 
probably result in a n increase in 
cost , ra pidl y reduc ing the origina l 
cheapness a nd si mplic ity_ At this 
stage in the deve lopment it is fe lt 
that the important constraint to 
food product ion- that of hig h 
pull requirement in primary cul
tivation-should be tackled first. 
If this can be done cheaply and 
effectively, other deve lopments 
will follow. 

Ride-on version 

Proposed specification: Engine 
5 kW diesel 
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2 forward speeds us ing chain 
and vee belts 
Winch 1.7 km / h ma x. pull 9 
kN 
Secondary cultivation 6.4 
km / h 
Transport 16 km / h 
Ride-on 3 or 4 wheel rubber 
ty res 
1 metre track , 1.2 metre 

wheelbase 
This machine could do fi e ld 

opera ti ons at tw ice t he work ra te 
and other opera t ions more con
veniently due to the higher power 
and longe r chassis for ease of 
mounting. 

For transport operati ons a 
conventional sma ll t rail er of 
about 1000 kg capacity could be 
used. Transport pl atforms \-\ ould 
a lso be provided. 

The large r vers ion to be 
des ignated Spider , is a ride-oil 
sma ll t ractor with the perfor 
ma nce cha racteris tics of t he 
S nail. The two m achines are in 
tended to comple ment each othe r , 
us ing a common implement for 
winching. The cost of the larger 

machine is lik ely to be approx
imate ly three times that o f the 
Sna il, wit h a "minimum" pull of 9 
k N even in poor so il conditions. 
Thi . is ap prox imate ly twice the 
pull that a normal sma ll tractor 
could deve lop in such conditions 
a nd s ince the cost is lik e ly to be 
less than t ha t of a small tractor. 
the cost-effect iveness of the 
Spider should be several times as 
hig h_ Whethe r thi s machine is 
viable in the agricu ltural context 
of developing countries remains 
to be seen as t he programme 
develops. 

Appendix I 

Table L Draught requirements of some fa rm impl ements for opera tion on 
medium loam so il s 

Operation 

Ploughing fa ll ow la nd with sing le m ouldboa rd 
114 mm wide, 127 mm deep 
140 mm wide, 127 111m deep 
165 mm wide. 152 111111 deep 
250 mm wide. 180 mill deep 

Ploughing fa llow land w ith double mouldboard 
:WO 111m wide. 150 111111 deep 

Harrowing ploughed so il 
IS-t ine peg tooth harrow. 63 mill deep 
5 spring t i nes. 11 4 mm deep 
heavy har row ing 1650 mm- 3200 mm wide 
light harrowing 3200 mm wide 

Leve lling ploughed so il with a ISOO mm long-board 
ridden by a person of 53 kg 

Ro lling 
Cu ltivat ing. 3-t ine cul tivator. 90 mm deep 
Seed drilling 1750 mm -2000 mm w ide. 11-13 openers 
Wheeled transport of loa ds up to I tonne on ave rage 

farm roads 

Source: FAO development paper No . 67 (Ref. I ) 

Table 2. Potentia l pull of va rious a nim a ls 

Average Approximate Average 

Draught 
requ i rements 

k N 

0.87 
0.92 
I. J 9 
I. 67 

I. 14 

0.45 
1.16 

0.78 - 0 . 98 
0.88 

0.88 
0.94 
0.52 
0 .88 

0.88 - I. 18 

Power Animal weight pull s peed of work deve loped 

kg k N M/ s kvV 
Light horses 400 - 700 0.6 - 0.8 1.0 0.6 - 0 . 8 
Bullocks 500 - 900 0 .6 - 0.8 0.6 - 0.85 0.36 - 0 .68 
Buffal oes 400 - 900 0.5 - 0.8 0.8 - 0.9 0.4 - 0.72 
Cows 400 - 600 0.5 - 0.6 0 .7 0.35 - 0.42 
Mu les 350 - 500 0.5 - 0.6 0.9 - 1.0 0.45 - 0 .6 
Donk eys 200 - 300 0. 3 - 0.4 0.7 0.21 - 0.28 

Source: as above 

Table :3. Energy. requirements for a ce rea l crop. Man hrs. a nim a l h I'S. and 
rated k !lowatt hours per hec tare 

Operat ion kW hours/ Man hours / Anim a l hour s / Trador hours / 
ha ha ha ha 

Primary t illage 
(33kW) 

55 - 92 120 - 250 40 - 80 1. 7 - 2.8 
Secondary t i lIage 55 - 92 250 - 500 64 - 100 1.7 - 2 .8 
Planting 13 - 35 20 0.4 - 1.1 
Weeding 33 - 66 80 - 330 10 - 211 1.0 - 2 .0 
Ha rvesting 128 80 - 160 3.9 

284 - 413 550 - 1260 11 4 - 204 8.8 - 12.6 
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Appendi x II 

Fixed cosL it 500 h/ yea r (2kW diese l eng ine) 

Initi a l cost £ 150 
Costly r depreciation (4 yrs. life) 
In terest 6% on half origina l cost 
Fixed cost per year 

Var iab le cost 

Fuel (0.38 I / k 'vV / h 
at 3/2 ra ted output) ·2!iO l /vea r 

Cost of fue l a t I p/ litre -
Repairs 100% cost of uni t / li fe 
Variable cost per yea r 

T ota l cost per yea r 

Appendi x III 

Sprag Calcula t ions 
The sprag dimensions can be 

ca lculated using Reece's genera l 
soi l equation (Ref. 15):-
P= p g Z2N y+ C2Nc + CetZN et + qZ 
Nq 
i.e. force per unit w idth = gra vity 
effects + adhesion + surcha rge 
effect. 

¢ (angle of shearing resista nce) 
a (angle of so il / metal frict ion) 
a (sprag inclinat ion a ngl e) 
p (density) 
CCi (cohesion) 
C (adhes ion) 
q (surcharge pressure) 

The components of the a vai l
ab le so il reactions fo r a sprag 
150mm deep are fo und to be: 
P = (0.66 +0+ 0 +5.4) k N / m for 
friabl e so ils and 
P = (0.65 +10.2+ 1.66 +1.65) kN / m 
for plastic soi ls , g iving available 
soil reaction forces of 3.6 and 8.5 
k N respective ly for a sprag 150 
mm deep and 600 mm wide. 

It can be seen that for friab le 
so ils the surcharge effec t, that 
arising from the application of 
weight to the sprag top plate, is 
the most s ignificant, (it is assum
ed that in these circumstances 
the operator wi ll stand on the top 
plate) but even then the tota l 
resistance is somewhat less than 
the pull wh ich the Snail winch 
will be capable of producing. In 
these light soi l condi tions how
ever the implement draught force 

£ 37.50 
£ 4 .50 

£ 17. 50 
£ 37.50 

Taking two types of so il liable to 
be limi ting i.e. " fri a ble" so il a nd 
"plastic" so il - t he terms in the 
a bove equation can be g iven 
appropriate va lues. 

The corresponding Reece so il 
facto rs are:-
Ny 1.8 
1 c 0 
N et 0 
Hq 3.6 

Fria ble soi l 

35' 
20' 
45-

1660kg/ ni' 
o 
o 

IOkN / m' 

l.1 
l.7 
0.13 
l.7 

Plastic soil 

10' 
20' 
45' 

2660kg/ ni' 
40kN / n! 
85kN / n! 
lOki / n? 

would be correspondingl y re
duced. 

The plast ic so il gains m ost of 
its resistance from the cohesive 
component although a certain 
effect is fe lt f rom the surcharge. 
In practice the top plate would be 
removed in these conditions to 
prevent build up of so il beneath 
it , a nd the sprag wo uld penetrate 
more deeply into the soi l much as 
a convent ional sprag drags the 
back of the tractor down. 
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Agricultural 

of China to 

The Fifth Five Years Plan and 
the Policy for Agricultural Mod
ernization 

China expressed the main sub
jects of the Fifth Five Years P lan 
which wi ll be excuted from thi s 
yea r in the genera l report by 
Vice Prime Minister Hua Kuo
feng on ovember 19 last yea r 
on the clos ing of the National 
Conference on Learning from 
Techai in Agricu lture. 

They are: 
a) The genera l principle to 

develop national economy tak ing 
agriculture as the found ation and 
industry as the leading factor, 
which is Chairman Mao 's direc
tive, should be followed and ac
complished, 

b) The Farmland Capital 
Construction, which includes 
three agricutural c ivil works, i.e. 
leveling of land, perfection of 
irrigation facilities and soil im
provement , should be pushed 
forward in large sca le. 

c) Implementation of agricul
tural machinery at the people 's 
commune, which remains average 
30% at present, has to be pro
moted to about 70% in five years 
by 1980 and overall agr icultural 
mechanization should be realized 
basically. Such agricu ltural 
mechanization will be a key fac
tor in agricultural modernization 
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Mechanization 

be Realized 

by 

Jinzo Nagahiro 
Professor 
Tokyo University of Electrical Engineering 

Program 

1980 

2-2, Kanda Nishikicho, Chiyoda-ku, Tokyo, Japan 

and will increase productivity of 
agr icu lture specia ll y of food 
grains thus attaining firm self
suffciency level. 

At present there are over 300 
advanced counties of Tachai-level 
which have food productivity of 
750 kg per ten are and about 700 
moderately advanced counties 
whose productivity exceed the 
target set by the National Pro
gramme for Agricul tural Devel
opment( *) among 2200 counties 
a ll over the country. The impor
tant task and the target of the 
Fifth Five Years Plan which is 
going to be excuted from this 
yea r, are to increase the number 
of the advanced counties of 
Tachai-Ievel by average hundred 
annually during five years, 
making more than one-third of 
the counties or over 800 counties 
into Tachai-leve l, and at the 
same time, backward counties, 
which count more than half of all 
at present, will be promoted to 
moderately advanced ones as far 
as possible that exceed the target 
of the Nationa l Programme for 
Agricultural Development. 

It is stipu lated that, in this 
nation-wide mass movement "in 
agriculture, learn from Tachai", 
the county Party Committees, 
which are the leading organiza
tions to communes and brigades 
directly , are to be leading cores. 

The resolution of the Nationa l 
Conference also clarifies that the 
provincial , municipal and 
autonomous regional Party 
Committees, the various depart
ments under the Party Centra l 
Committee and the government , 
the Central Committee and the 
State Council have to be respon
s ible to the movement according 
to their duties in its own level. 

Then, how China can push 
forward the Farmland Capital 
Construct ion in large sca le and 
promote implementation of agri
cultural machinery in communes 
from 30% to 70% and realize 
agricultura l mechani zation basi
cally, within such a short span of 
time of five years? 

Regarding the former, which 
consists of large sca le civil con
struction work, it has been 
carried out mobilizing about 100 
million people during farmer 's 
slack season, bringing forth 1600 

(l1£) The grain I'ield targets set bl' the 
Na tional Programme for Agricu ltural 
Development for different areas of the 
country are: 300 kg pen 10 a re for areas 
north of the Yellow Ri ver. the chinling 
Mountains and the Pailung River; 375 kg 
for areas south of the Yellow River and 
north of the Huai River; 600 kg for areas 
south of the Huai River. the Chinling 
Mountains and the Pailung River. 

Genera ll y. to surpass the 200 kg per 
mu (one· fifteenth of a hectare) target is 
desc ribed as "crossing the Yellow River" 
and to exceed the 400 kg target as 
"crossing the Yangtze River .. ' 
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thousand hectare of land in to 
irrigated area annuall y. It is sup· 
posed that fro m thi s year on, 
such a mass mobil ization will be 
strengthened much further. On 
the other hand , resea rch and 
development works of medium / 
large construction mach inery a nd 
the production increase will be 
accelerated , in paralle l with the 
importat ion of the machines to 
sa ve the accute shortage. 

As for the latter, promotion of 
agri cul tura l mechani zat ion, it is 
clar ified that thi s will be per· 
for med making five small indus· 
tr ies i.e. ironao nd stee l. coal , 
chemica l fertili zer, cement and 
machinery , which have been con· 
structed a nd developed tak ing 
advantage of individual situat ion 
and exploiting loca l resources in 
each prefecture and county , with 
the aim of attai ning se lf·suffic i· 
ency system within province and 
count y by the Fourth Fi ve Years 
P lan, as nuclei for that. These 

five sma ll indust ries are def ined 
as agricu lture·supporting indus· 
tries and are ex pected to suppl y 
machines and other materia ls 
necessa ry for agr icul tura l 
mechani zat ion, chemical ferti li z
er , agri cu ltura l chemicals, etc. to 
communes and br igades thus as
s ist ing deve lopment of agricul 
ture and agricul tura l machinery 
industry which are in agreement 
of each prefec ture and county. It 
fo llows that establishm ent of 
some counter-measures for the 
product ion increase of these five 
sma ll industri es will be hastened 
as an urgent task in order to 
cope with Quant itative demand to 
these industri es which will in
crease yea r by yea r in propor t ion 
to the progress of the Fifth F ive 
Years Plan. 

China has cla rifi ed that they 
are go ing to start their magni f i
cent strategic programme to push 
the national economy fo rward so 
that she will be advanc ing in the 

Fig-. 1. A view of Taichai 
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fro nt rank of the wor ld before 
the end of thi s century by the 
achievment of modern ization of 
industries, agriculture, defence, 
science and technology, in the In
dustri a l Acti vity Programme on 
the occasion of at ional People's 
Congress, J an uary last year. The 
F ift h Fi ve Years Pl an which in
cludes rea li zation of agr icultura l 
moderni zat ion as the most im por
tant target is the sta rt ing point 
for th is great strategic program
me. If the modernizat ion of agr 
iculture could be realized, then it 
will induce modernization of in
dustries, defence, science and 
technology and as resu lt con
structs strong materia l founda
t ion to protect China from war 
a nd natura l d isasta rs. This i the 
bas ic principle of the Fifth Five 
Yea rs Plan. 

21 



Present Status of Agricultural 
Mechanization in China 

Summing up present status of 
agr icultural mechanization in 
China, it can be sa id that it is on 
the way to extend and develop 
mechanization on and a round 
tractors as the case of Japan in 
the past. Taking the example on 
rice cul tivation, overal l fa rm 
mechanization system, sta rting 
from nursery, and then plowing, 
puddling, transplanting, weedi ng, 
desease a nd pest control, reaping 
and harvest ing, drying, husk ing, 
milling and sto rage, is not yet 
completed unlik e tha t of Japa n. 
It seems research and develop
ment work of upl and farm 
mechanization system is much 
a dvanced compared to tha t of 
rice cul t ivat ion. However it a lso 
is not yet completed to form 
overa ll fa rm mechanization sys
tem which includes \ a rious types 
of working machines. 

Adding to this, there a re bas ic 
problems they have to so lve prior 
to farm mechanization. In China, 
southern rice g rowing area and 
northern upland one are distinkt
Iy different in natural and climat
ic conditions. In the case of the 
former, there must be irrigation 
and drainage facilities such as 
pump stat ion in order to extend 
agrarian land utili zing abundant 
suppl y of water. In the case of 
the latter, there must be in-iga
t ion fac ilit ies such as deep-well 
pump station in order to cope 
with dra ught. Such eq uipm ent has 
to be studied, deve loped and 
supplied in huge quantity. Above 
that, total area of agrarian land 
of China is so wide that the re
quired quantity of various types 
of fa rm machinery inclusive of 
t ractors is quite large. 

They ha ve to accelerate re
search and development of 
underdeveloped farm machinery 
and production increase of ma
chines already completed bu t not 
yet sufficiently dist ributed . 

H ow these problems will be 
so lved will ma ke a great in-

22 

fluence on the success of the 
Fifth Five Years Plan. 

ow let us have a look at the 
present sta te of progress of agri
cultura l mecha ni zat ion and its 
resea rch and deve lopment wo rk 
in southern rice growing a rea a nd 
in northern upl and area which 
represent agr icult ure in China 
today. 

Southern rice growing area 
As t hi s area is endowed with 

the most advantageous climatic 
condi t ions in China, they can 
practise double or tripple c rop
ping in a yea r. It fo llows that 
working time of tractors can be 
as long as two to three hundred 
days or 1000 to 1200 hours in a 
yea r , e ither fo r plowing of paddy 
field and upland or trailing and 
stationa ry use as pumping, 
depending on the place to use. 
Their programme of agricu ltura l 
mechanization in this area is to 
use small and medium s ize trac
to rs, i.e. 20 to 40 hp wheel trac
tors, 10 to 12 hp hand tractors of 
dri ving type and 2 to 5 hp hand 
tractors of traction type for hill y 
land and minor tillage. 

Rice transplan te rs and reapers 
are developed a lready a nd they 
are going to be di stribu ted from 
now on. 

Most of spraye rs are of manual 
type. Sma ller types of povver 

sprayers, dusters, and mist bl ow
ers such as knapsack type a re 
go ing to be used. 

Regarding to the machines 
re lated to harvest ing , the only 
one used now is power threshers 
made in people 's communes. 
They a re now putting much em
phasis on research and dve lop
ment work on Japanese type 
combine harvesters, both thresher 
type and ear-cut ti ng type. They 
say that practical experiment of 
trial machine with 15 to 20 hp 
engine is now on the way. Utili
zat ion of combine harvesters 
necessitates gra in dryers and 
drying facilities. These are being 
studied in each leve l of central, 
provincial , county and commune. 
Hov\ever it is reported that re
search and development works of 
combine is go ing a head of these. 

In shor t, in this a rea, present 
stage of progress is on the ex
pansion of agr irian land with the 
aforesaid irrigat ion faciliti es and 
agricultura l mechanization with 
the introduct ion of sma II and 
medium size tractors. In the case 
of Japan , it too k about 30 years 
to attai n estab li shment of overall 
farm mecha ni zation system of 
rice cuitivation sta rting from the 
introduction of dri ving type hand 
tractors right after the end of 
war. As China still stays on 
introductory stage of tractors 

FiJr.2. Power ti lIer before the shipment 

AGRICULTURAL MECHANIZATION IN ASIA ·197G · SPRING 



Fig.:!. Rice hervesling by reaper Fig..! . Rice harvesting by head feed combine 

which are the main core of However in thi s northern area , Nanking, Kwangchow, thus 
mechani zation , she will not be utmost priority has to be g iven to bringing for th adva nced agricul-
able to atta in sim il a r degree of the countermeasure aga inst tu ra l mechanization to those 
mechanization as in Japan by the draught. The prerequisite fo r the communes in these terr itor ies. 
end of the Fifth Fi ve Yea rs Plan complet ion of farm mechani za- However, what matters grea tl y is 
which starts from thi s year. It is t ion by use of medium or large the progress of ir rigation con-
assumed that it will not be until machines is to increase the st ruct ion works and agricul tura l 
10 yea rs after from now to attain irrigated acreage by digging mechanizat ion in the remote area 
that, when the coming S ixth Five wel ls, construct ing pump stat ions other than suburbs of Cities, 
Years P lan will be over. and arranging irrigation channels. which are rathe r difficult to 

Nort hern upland area 
In this area , contra ry to 

southern rice growing area , agri
cul tura l mechani zation have been 
pushed fo rward cons istentl y 
aiming at the complet ion of 
medium o r large machinery utili
zation system. Ma in tractors used 
here are crawler type of 80 to 120 
hp. When wheel tractors are used 
they a re over 40 hp. Farming 
works such as plowing, harrow
ing, leve ling, seeding, fert ili zer 
a pplication, etc. are perfo rmed by 
use of attachments to these 
large r type tractors. All of the 
ha rvest ing of main crops i.e. 
wheat, maiz, sorgham a nd beans 
is carried out by use of la rger 
type combine harvester of 100 hp 
class. Farm mechan izat ion by 
la rger machines in th is area has 
progressed a head of southern 
area, being assisted by technical 
coopertion of Soviet Russia in the 
beg ining stage af ter the libera 
tion . This has been steadi Iy 
advancing s ince then even after 
Russia n eng ineers had gone in 
1960, keeping the s logan o f se lf--

Today in China, irrigation sys- observe fo r us. It is assumed that 
tem has a lmost comp leted around backward comm unes and bri-
the large cit ies such as S hen - gades in such a remote a rea a re 
yang, Peking, Tientsin, Shanghai , highl y considered in the Fifth 

riliance. Fig.;'. Harrowing by tractor·d rawn di sc harrow 
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Five Years Plan which mobilizes 
mass movement "in agr iculture, 
learn from Tachai". 

Problems and Subjects of St udy 
in Promotion of Agricu ltural 
Mechanization Programme 

T he author has already report
ed on Novem ber 1974 in my 
lecture titled "Present Status of 
Agricultural Mechanization in 
China" on the occasion of the 
lecture meeting he ld by Interna
t iona l Agricul ture Mechanization 
Committee that China has a dopt
ed fo ur principles for agricu ltura l 
mechanization long before sta r t
ing the Fifth Five Years Plan. 
They are; 

a ) Progressive promotion of 
the Farmland Capital Const ruc
tion , 

b ) Improvement and re-
plenishment of management, 
facilit ies and technology concern 
ing the production of farm pro
ducts and agricul tura l machinery, 
in other words, overa ll practice 
of Eight-Point Charter for agri
culture, 

c ) Combination of full· 
mechani zat ion and semi-mechani
zat ion according to the situat ions, 

d ) Education and training of 
farmers for the machine utili za 
tion technology. 
In the Fifth Five Years Plan also , 
these four principles a re adopted 
as the keys for the promotion of 
agricultura l mechanization. In 
regards to above a) and b) speci
fically, there a re severa l diff icult 
problems and some subjects to be 
studied. They are as follows; 
( I ) The Farmland Capital Con
struct ion, wh ich has been carried 
out since 1970 with mass mobili
zation in winter season, consists 
of three major components 
leve ling of land, ex pans ion of 
irrigation faci lities and soil im
provement. Each of these in 
vo lves large scale agricultural 
c ivi I construction works. If the 
Fa rmland Capita l Construction 
should be promoted in much 

la rger sca le than eve r in the Fifth 
Five Years Plan , then the way to 
do thi s as in the past which have 
been chiefly re lyi ng upon mass 
mobilization partly assisted with 
minor number of machines will 
not be suffic ient. Na turalil y 
la rger number of hea vy construc
tion equipment such as bulldoz
ers, power shovels. dump t rucks, 
etc . are required. From this point 
of view, much emphas is has to be 
placed on the production increase 
of these machines and the im 
portation might be necessary in 
conside ra ble quantity from 
abroad as Japan, as the produc
tion capac ity in China is ext reme
ly low at present . 
(2) In the southern rice growing 
area, fo llowing points ha ve to be 
so lved in order to promote agri
cultural mechani zat ion. 

a) How to expand the pro
duction facil iti es and increase the 
production capacity rapidly on 
small and med ium size tractors, 
irrigat ion equipment and facilities 
which are expected to increase 
the demand urgent ly. 

b) How the production of 
rice transplanters, weeders, 
reapers, etc. can be increased and 
they ' could be successfully intro
duced to peo ple's communes who 
are seek ing for leveling up of 
mechanizat ion in order to im
prove the product ivi ty and 
promote modernizat ion of agri 
culture. 

c) How the research and 
development works and the mass 
production of combi ne harvesters, 
g rain dryers and drying facil ities 
for rice can be attained which 
are essential for the complet ion 
of overa ll farm mechanization 
system. 
(:1) In the northern upland a rea , 
following two points make the 
bas is for the promotion of 
mechanizat ion. 

a ) One is the expansion of 
irrigated area which is one of the 
important tasks of the Farmland 
Capital Construction. Contrary to 
central and southern areas, water 
resources is short, rainfall is less 

and much dry climate is there in 
this area. In order to expand ir
rigat ion, they have to locate un
derground water and dig deep 
wells there at the various points 
so as to cover the vast range of 
the north-east area which is the 
ma in fa rming area of China. 
Adding to this, of course, deep
well pump facilities, irrigation 
channels, water gates etc. ha ve to 
be equipped to these. 

To what extent these la rge 
sca le agricultural civil construc
tion works can be performed in 
the Fifth Five Years Plan? It is 
supposed it wi II take cons iderable 
time for such an ac hievment even 
for China who is stri ving for the 
construction of the nation 
unanimous ly under a s logan of 
"Catch up and surpass" . 

b) The other is how to in
crease the mumber of larger type 
combine harveste rs whose pro
ducti on is rather low coin pared 
to that of larger type tractor of 
80 to 100hp class which are also 
necessa r) to be increased. Even if 
the tractor production might suf
fice the demand, we ll-balanced 
agrirultural mechanizat ion cannol: 
be completed in upland area if 
combine suppl y falls short of. It 
is reported that considerable per
centage of harvest ing is still 
being man uall y performed even 
though it might be in the poorly 
irrigated land. 

Thus, the pressing problem to 
be so lved in the northerm upland 
a rea for agricultural mechaniza
tion is not the study of under
developed agricultural machines 
but the improvement and the 
production increase of ex isting 
machines. 

As can be concluded from 
above (2) and (3), the greatest 
problem for up-lifting the deggree 
of agricultural mechaniza tion to 
70% within the term of the Fifth 
Five Years Plan li es in the 
strengthening of the production 
of the various types of agricul
tural machinery. For this purpose 
Vice Prime Minister Eua Ktio
feng stressed, in his general 
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repor t on the Nat iona l Confer
ence on Lea rning from Tacha i in 
Agricultu re, the importance of 
agricu lture-assisting five sma ll 
industries in each county to 
cooperate for the development of 
agricu ltura l machinery industry, 
to supply machines, s teel and 
other necessa ry materi a l for 
agricultura l mechani zation , 
chemical fert ili zer, agr icultural 
chemicals, etc. to peopl e's com
munes and production brigades, 
a nd the necessity of sett ing up 
self-sufficient system in each 
prefecture and county. Produc
tion increase of five sma ll indus
tries in each prefec ture wil l ca ll 
for the deve lopment of basic 
heavy chemical indust ry such as 
iron and stee l, e lectric ity, fe rtili z
er , petro-chemica ls. run by pro
vi nces or central government. 
From this point of view, trade 
between Japan and China will be 
expanded further on the bas ic 
ma teri a ls such as steel or fer
tilizer which a re in short in Chin a 
for the execution of the Fifth 
Five Years P lan and the pla nts 
for the production of these, 
rather than Japanese agricultura l 
machinery whose durability does 
not ful fi l the ir requirement. 

Conclusion 

Main targets of the Fifth Five 
Yea rs Plan are, as ment ioned 
above, to carry out large sca le 
agricultural civil construction 
work named the Farmland 
Capital Construction to the full 
ex tent, to complete agricultura l 
mechanization by leve ling up 
degree of implementation to 
about 70% from 30% at present 
thus modernizing agricu lture and 
increasing food production effici 
ent ly and to attain se lf-suffic i
ency of food and to establish 
sufficient food storage system by 
1980. 

This programme makes start
ing point of execut ing the grand 
strategic scheme that ma kes the 
national economy advance in the 

front rank of the wo rld before 
the end of this century. It makes 
us understand how China highl y 
regards the importance of agri
cul ture as the fo undation of 
na tiona l economy. To perform a ll 
of above within short t ime span 
of onl y five yea rs must be rea lly 
spectacular one. Quick and rapid 
production increase of construc
tion machines, agricu ltural ma
chines, iron and stee l, fertili ze r, 
electri c it y, etc . must be pushed 
forward vigorously. The fund fo r 
importati on might be secured to 
some extent by production in 
crease of petrol. 

The first key in making the 
Fifth Five Years Plan result in 
success lies in the fact whether 
or not the production and supply 
of above mentioned machines, 
bas ic material , e lect ricity, etc. 
can be increased keeping pace 
with the annua l operation pro
gramm e of the Farmland Capital 
Construction Five-year Pro
gramme and farm mechanization 
five-yea r programme. 

The second key lies in the fact 
whether or not the comple ti on of 
overra ll farm mechanization 
system suited to each area in 
China, and then the production 
and suppl y of va rious types of 
farm machinery needed for the 
moderni zation of agr icu lture at 
the communes can be successfull y 
completed and achieved with the 
annua l operation programme of 
far m mechanization five-year 
programme. T aki ng the example 
on southern rice growing area, it 
means that various tasks such as 
a) quick complet ion of thresher 
type combines, dryers and drying 
facilities which are still be ing re
searched and developed, b) estab
lishment of the mass-production 
system of rice transp lanters, 
reapers etc. which are a lready 
developed but not yet distributed 
sufficient ly and c) educati on and 
training of farmers on the opera
tion technology of these. Those 
are very ardous tasks as the pro
verb-" it is easier to preach than 
to practice" -goes. 
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Judging from the present state 
of affairs in China at any rate, to 
ac hieve a ll of above with short 
time span of onl y five years must 
be super t roublesome works 
required to be matched aga inst 
the biggest tr ia l. 

j ow let us estimate whether 
China can successfull y atta in the 
targets of the Fifth Five Years 
Plan. 

First we make rough est ima
tion of future on important items 
basing upon the accomplishment 
of past four F ive Years Plans 
and s imple extrapo lat ion. 

j ext we .,vork out the expect
able figures in five yea rs after 
from the trend curve of second 
degree draw n out from above 
data e liminati ng noises by the 
method of least sq ua res. 

In these two ways we predict 
the average growth rates of im · 
portant items in these five years 
and assume that agri cul tura I 
mechanization progresses in pro
portion with these g rowth rates. 
Then we can pred ict that there 
ex ists the possi bility of atta ining 
70% of degree of agricu ltural 
mechan ization in five years after, 
sta rting from the figure of 30% 
at present. 

Of course a bove is onl y a bold 
trial of est imat ion. Howeve r, on 
est imat ion, the fighting spriri t of 
Chinese people cannot be disre
ga rded. They a re trying ex treme
ly hard aga inst difficulti es. being 
lead by Chairman Mao T se-tung 
under the ban ner of se lf-re li ance. 
T hey look forward tomorrow and 
the day after hopefully, trying to 
"catch up and surpass". Consider
ing this factor together with the 
above est imation, the auther 
myself firml y be lieves that they 
a re sure to perform the F ifth 
Five Years P lan successfull y. T he 
author wants to clea rl y mention 
also that, as a friend of Chinese 
people, supports fro m the bottom 
of hi s heart for the ir success in 
the digantic s trategic National 
Economy Constructi on Program
me before the end of this century. 

• • 
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Transfer of 

Agricultural 

A good s ta rting point is to 
identify the Agricu ltura l Engi· 
neering T echnology. It covers: 
1. Fa rm Power and Machinery. 
2. Soil & Water conservat ion 

engineering , inc luding water· 
shed management, command 
area development , conserva· 
t ion IrrIgation and fie ld 
drainage. 

3. Irrigat ion Eng ineering, in· 
c1uding surface/ ground· water 
development and irrigation 
equipment (such as pump· 
sats, sprinkl er irrigation , drip 
irrigation). 

4. Rural Electrification. 
5. Agricu ltura l Process ing 

Eng ineering, including post · 
harvest technology, handling 
and storage of fa rm produce. 

6. Farm structures and fa rm · 
stead layo ut, including rural 
water suppl y, sewage, roads 
and landscape. 

7. The Agro·industry-its pro· 
duct ion, marketing and 
management aspects. 

Next, we must identi fy various 
Agencies concerned with the 
t ra nsfer of this technology; they 
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1. The academy- teaching, reo 
search, training & extension 
inst itut ions; where the tech· 
nology is developed, adapted , 
rece ived and transformed. 

2. The government- various 
departments such as Agricul · 
tural Engineering, Agricul . 
ture, Soi l Conservation, Ir· 
rigation, P.W.D., Rural 
Development, Loca l Self 
Government, Forests, Ground 
Water Sur vey & Develop· 
ment etc. 

3. Semi·government, such as 
Municipa l Corporat ions, 
Civic Bodies, Zilla Parishads, 
Panchayats etc. 

4. P ubl ic Sector Corpora t ions, 
such as State Agro·Industries 
Corporations; Corporations 
dea ling with manufacture of 
Tractors and Farm Equip· 
ment, State Farms, Irrigat ion 
Development, La nd Devel· 
opment, Ground Water 
Development and Warehous· 
ing e tc; Fertilizer Corpora· 
tion of India , Food Corpora· 
tion of India , Ind ian Dairy 

Development Corpora tion, 
Nationa l Seeds Corporati on, 
Rura l Electri fication 
Corporation; Com modity 
Corporations such as those 
deal ing with cotton, tea, 
coffee. cashew etc.; Oil 
Corporations (laC, I-I P, I BC, 
NOC); Insurance Corpora· 
tions (LIC & GIC) with 
emphasis on safety. 

5. F inancing Institutions, includ· 
ing ARC, AFC, ID BI, ICICI, 
IFCI, State Bank Group, 
nat iona lised Banks a nd 
others. 

6. The Agro· Industry-ma nu· 
facturers , producers, distribu-
tors, dea lers, stockists, 
agents, representatives; 
market ing , sa les and serv ice 
organi zations. 

7. Voluntary ser vice organiza· 
tions; Trusts, Welfare 
Agencies, Foundations, 
Charitable Insti tutions, Trade 
Bodies, Farmers' Assosia· 
tions, Professiona l Bodies 
ISocieties, Co·operat ive In · 
stitutions and Consultants 
etc. 
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8. Self employed entrepreneurs. 
9. Farmers, their families, 

assoc iates and empl oyees. 
10. Advertising Agencies and 

Specia lists in mass commun i· 
ca tions. 

Next, let us identify the Rural 
Masses; they a re: 

1. Farmers, the ir familiti es, 
associates and employees. 

2. Landless labour, farm la bour . 
3. Rural youth. 
4. Small-sca le industry, cottage 

industry. 
5. Artisans, including opera tors, 

cleaners, mec hanics, black 
smiths. carpenters. 

MEDIA 

Having identif ied the tec hnolo
gy, the agencies and the audience , 
we can now take stock of iVledia 
available to us for this purpose. 
The items are films. cinema 
s lides, cinema vans; Hoardings, 
wall paintings and posters; boo ks , 
periodicals, journals, magazines, 
newspapers anel rural publica
tions; and auelio-visual training 
material , training aids. charts, 
mode ls , cut-outs, hand-outs etc . 

Literacy in the rura l areas 
being poor, be low 20% . the 
choice of ef fect ive media of 
communication to reach our 
message to the rura l audiences 
has to be essent iall y visual or 
a udio , preferabl y a combination 
audio-v isual. 

The most effective medium for 
reaching rural audiences, there
fore, would be films- particularly 
those which have been spec ia ll y 
produced with a s imple visua l 
treatment and a direct varba l 
meggage. 

Films can be shown to the 
rural people through touring 
cinemas which camp at a central 
and strategic village, or a small 
'mandi ' town. for about s ix 
months and then move on to the 
next vi llage or 'mandi' town. 
Villagers from nearby vi ll ages 

usuall y VISit such cinemas in a 
fair number every evening for 
re laxat ion and a visua l t reat. 

The onl y problem wou ld be 
how to physically check and 
ensure that our fi lm, fo r which 
we a re pay ing to the touring 
c inema, is reall y ex hibited to the 
audiences. Perhaps, some satis· 
factory system, through the aid 
of village school teachers or 
Postmasters, can be evo lved. 

The other effect ive method to 
reach our message to the rural 
audiences is through the use of 
Mobi le Cinema \ ans. The Mobi le 
Vans can be operated as Pro
paganda-cum-Cinema Vans or 

onl y as Cinema Vans. 
Propaganda-cum-Cinema Vans 

can, during the da y time, conduct 
verba l propaganda sess ions 
among groups of audiences 
collected at strateg ic points by 
playing recorded loca l music or 
conducting other inte resting 
activities suc h as Puppet Sho ws 
or ] ugglers' Shows, etc. 

Even during the day time fi 1m 
exhibitions can be arra nged by 
building spec ia l iVlobile Units 
which ha ve sheltered viewing 
sc reens to a void g la re of sunlight 
ant on wh ich the projection of 
the film is done from wi thin the 
va n by using spec ial lenses. Day 

I A g ricultul a l Eng ineering Te chno logy J 
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time Cinema Vans ha ve a lso 
proved fair ly successful. 

Besides films a libera l use of 
large size (30 " x 40" or 20" x 30") 
printed pos ters which are specia l
ly designed to put across the 
message to illiterate or sem i
literate audiences through a 
strong visual consent, can prove 
exceeding ly useful and economi
cal. Such posters can be easi ly 
put up all over the selected vill 
ages as space ·for putting them up 
is free ly ava ilable. There being 
very few such colourfu l posters in 
the small towns and villages, 
these usuall y command good 
attention and interest. 

Large, medium or small -size 
hoarding structures can be ar
ranged to be put up in the rural 
areas at a rehltively low cost. 
The rentais wi ll be neg ligibl e and 
the Municipal restrictions wi ll 
not hinder their use. On ly the 
design to be painted on the 
hoardings will have to be bas ic 
and bold. Written words will 
need to be as few as possible a nd 
the message should be conveyed 
visually through human interest 
which involves the viewer. The 
life of a hoarding structure ca n 
be taken to be around three to 
five yea rs and the painted des ign 
can be expected to last easi ly for 
four to six months even when 
exposed to direct sunlight, dust 
and rain. 

Another medium is Shandy 
Markets. Speciall y designed, 
co llapsible, mobile sta ll s can be 
put up at the weekly or monthly 
Shandies and other vill age 
market locations. These sta ll s 
can display, through strong visual 
representations, messages that 
are desired to be conveyed. The 
attendant at the stall can be 
trained to deliver occassional 
talks, wi th the aid of graphic 
charts and other material , to 
dem onstrate the points he wishes 
to make. Such mobile stalls at 
the shandies have proved effec
tive in collecting large groups of 
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people and have evoked con
siderable in te rest. 

For reaching our message to 
the rural a udiences eigher we 
have to pull the people to the 
spot where we have stat ioned 
ourse lves by promlS1l1g them 
enterta inment, fun and education; 
or we have to go to the spots 
where they have a lready ga there
d. Fairs and Festivals, which are 
large in number in all the parts 
of the country, provide a very 
good oppor t uni ty for t he com
municator to set up a small show 
of hi s own and put ac ross the 
message that he wishes to. 

Some Companies, who have 
been leaders in marketing con
sumer products, have successfu ll y 
set up impressive, yet inexpen
sive, shows at fa irs and fest iva ls 
in the diffe rent parts of the coun
try for the purpose of com
municating t heir message to the 
rural audiences and ha ve emi 
nent ly accomp lished their objec
tives. 

In the rural areas, newspapers 
are usuall y read by onl y the well
placed and aff luent vi llagers. If 
the message is meant to reach 
this Target Group, newspapers 
can prove a fair supplementary 
medium . Simil ar ly, rural publica
tions, which are specia ll y devoted 
to Agricul ture and a llied subjects, 
are read by the so-ca ll ed 'e lite'. 
The Village Panchayat Offices 
and the Community Centres, 
usually , keep a copy of such 
publications for reading a nd 
reference by those who are in· 
terested in such journal. . Again, 
as in the case of newspapers, 
these publications ha ve on ly a 
limi ted reach. 

ACTION PLAN 

Now, with the background we 
have covered so farm here are 
some suggestions on an Action 
Plan: 

1. Establ ish a Nat ional Inst itute 

of Agricu ltu ral Eng ineer ing 
(N IAE)- a premier research 
sta t ion well equipped with 
properl y qualified and ex
peri enced personnel, req ui red 
equipment and other ancil 
lary faci lities. 

2. Establish a Nat ional Institute 
for Training in Agro-Serv ices 
(NITA)-an apex Training 
Institute for t raining of 
trainers and product ion of 
training mater ial. 

3. Organize a net-work of train
ing centres for training of a ll 
concerned on a mass sca le. 

4. Adapt po lytechnics, industri a l 
t ra ining inst itutes and simila r 
establishments into "agro
tec hnics" for train ing of 
operators, artisans, fi e ld 
workers, 'bazar mechanics ', 
owners and employees of 
way-side garages etc. 

5. Ensure proper after-sa les 
ser vices on farm eq uipment 
including warra nty services, 
prompt supply of spare parts, 
trai ning in operat ion, main
tenance and repai rs, suppl y 
of well illustrated operators' 
manuals and spare parts 
cata logues in regional 
laguages, refresher courses, 
service clin ics, check-up 
camps, service contracts , 
24-hour service during the 
season etc. Establ ish proper 
inspection agencies. If such 
services are not fo rthcoming 
voluntar il y from the input 
suppliers , suitable measures 
wi ll have to be devised. Items 
like crankshafts and trClctor 
rea r tyres a re reported to be 
in short suppl y. 

6. Establish a large number of 
agro-service centres, not onl y 
for retail sa les of inputs bu t 
also for contract and custom 
services of a wide var iety, 
including topographica l 
surveys, lanel development, 
li ft irrigation schemes. fa rm 
operations such as ploughing, 
cu lti va ting , harrowing , puddl-
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ing, spraying/ dust ing, chaff 
cutting, ha rvest ing, threshing, 
haulage etc. Some of these 
serv ices are required on a 
turn-key basis. 

7. Ensure uninterrupted power 
suppl y. at least during the 
season. Prevent wide voltage 
F luctuation. Attend to break
downs promptly. Cut down 
delays on new installa-
tions/ connections. 'Wh i Ie 
number of pump-sets ener· 
g ised and villages elect ri fied 
do make an impressive read· 
ing, do not ignore the qua l ity 
of power suppl y. 

8. Ensure prompt and ragu lar 
suppl ies in required quanti
ti es cl ose to poi nts of use of 
unadul terated fuels (hsd. ldo, 
kerosene. motor spirit etc .) 
and lubricants. Organize a 
Farm Fuels Advisory Ser
vice, now that a ll the fuel 
suppl y for farm prime
movers is through the na
tionalised Oil Companies. 
Develop patrol pumps as an 
important base of operat ions 
in agro-services. 

9. Reduce hazards arising out 
of farm mechanization a nd 
greater use of farm chemi 
cals. Arouse safety con
sc iousness. Impart tra mmg 
on safety measures. Install 
protective frames on tractors 
to prevent overturning . Fit 
'cats' eyes' (reflectors) on 
bullock·carts to ma ke night 
plying sa fe. Get Life In · 
surance Corporation a nd 
General Insurance Corpora· 
tion to take a meaningful in · 
terest and play a posit ive 
role in promoting farm safe· 
ty and providing proper 
under-wr iting serv ices on the 
equipment, owners, operator
s, livestock, farm structures, 
and farm produce (crops). 

10. Survey farmers' needs on 
equipment and services. 
Work out a time bound, re
sult oriented programme to 

cater to his needs. Iden t ify 
gaps in mechani za tion. 
Today, farme rs are loo king 
out for good seed -cum ·fer
tilizer drill s, harvest ing e
quipment for wheat , paddy 
and suga rcane (somethi ng 
more than a s ick le/ harvest
ing knife), Don't they need a n 
improved pneumatic t) red 
bull ock·cart and a low priced 
tractor? Pro per assessment 
of demand is a good start ing 
po in t. 

11. Com pile classified li sts of 
input manufacturers a nd 
supplie rs , t ractor owners , 
farmers etc. for direct 
mailing campa igns and 
developing communica tions. 

12. Get financino insti tutions to 
play a more pract ical role, 
particula rl y in developing 
logist ics, technical gu idance, 
tra ining and encouraging 
better services and ethics of 
bus iness by input suppliers. 
Farm fi nancing policies 
require to be streaml ined and 
pr ior ities determined. 

13. Esta blish a Nationa l Farm 
Equipment Counci l- a for um 
which wi ll bring together the 
industry, the government, the 
academy and the farmer. 
The Counc il should be an 
effective link for co-ordina· 
t ion. 

14. Reorganize government 
departments a t the centre 
and in the States so tha t a ll 
matters pertaining to the 
Agricultural Engineering di s
cip line are handled by an 
effective authority, 'ay o f a 
Comm iss ioner 's rank . T ech· 
ni cal personnel should be en· 
couraged and developed to 
head technical ac tivities and 
take overa ll responsibilities 
including administrat ive. 

15. Revitalise academic inst itu· 
t ions to shoulder greater res· 
ponsibil it ies as seats of lea rn 
ing. beacon light for devel
opment and catalyst for 
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accelerating transfer of tech
nolagy and its pract ical utili · 
zation. Quant ity and quality 
of inst itut ions should both 
receive dus attention. 

SUMMARISING. the direct 
need of the hour is Training of 
trainers and of all concerned 
agencies on a mass sca le. also 
preparation of t ra ining mater ia l 
sui tab le for our local conditions. 

Emphasis should be both on 
quantity and quality; this applies 
to all aspects of t ransfer of tech
nology, including teaching, testing 
and research instituti ons, agro · 
service centres. villages e lec tri· 
fied and pumps energized, retail 
out lets etc. 

Give the farmer a good quality 
product, backed by prompt a nd 
efficient after·sa les services. Onl y 
then will he rea ll y benefit from 
the technology provided. Provide 
logistics to enable the benef iciary 
to deri ve maximum benefit. 

Research, development, teac h
ing and extension should be 
practical , topica l. result or iented. 
\\ ith emphasis on immediate 
benefit to the masses and with a 
high cost-benefit ratio. • • 
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Agricultural 

In Turkey 

Mech.anization 

Agricultural S tructure 

Turkey is a predom in a nt ly 
agricultural country with a 
population of about 40 million 
a nd an a rea of a bout 78 million 
hectares. The ratio of the rural 
population has decreased to 62% 
in 197 ( I), but st ill very high com· 
pared to industri a ll y developed 
countri es. The average of this 
rate in Asia is 64%, in Europe 
23% , in Wor ld 52% and in the 
U.S.A. 6% ext remely (2). The 
goa l of the planning in Turkey is 
to decrease thi s ra tio to 53% in 
1977. Also the ratio of the agri· 
cultural active group to the total 
economic active populati on is 
very high with a bout 66% (:1). 

The ratio of t he consumers to the 
agricultura l workers in Turkey 
fo r 1970 was 3.6, whereas the 
same rela tion in Eng land is 54.2, 
in the U.S.A. 40.4 , in Spain 7.7 (2). 

Soil and climatic conditions, 
c ropping systems and far ming 
methods vary grea tl y in Turkey. 
Table L shows the distribution of 
arab le land and fo rest a rea in 
1973. About one third of the total 
a rea is under cultivat ion. The 
distribution of water sources and 
the land used enables to irrigate 
8.5 million hecta res of the cui· 
tivated a rea. But for the time 
be ing only abo ut 2.4 million 
hectares can be irrigated, which 
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is only about 10% of total used 
la nd. 

The tota l a rea of a rable land 
and fo rests pe r active person in 
agriculture is 2.8 ha in Turkey (if 
meadows and pas tures included 
5.7 hal. Such a vast a rea can not 
be prod ucti ve wi thout mechanica l 
power. In order to increase the 
agr icultural product ion, a la rge 
additional acreage could not be 
ta ken into consideration. Thus 
the only possibility is to increase 
the yie ld or in other words "to 
rea li ze higher production t hrough 
less population. " 

Most of the far ms in Turkey 
a re sma ll and a bout three qua r t· 
e rs of the farmers own their land. 

Table 1. Land use 1973 (l000 hecta res). 

The rest a re part owners or 
share opera tors. Table 2. shows 
the dis tributi on of farms and cui· 
tivated a rea by farm s ize. It is 
clear that very many far ms are 
small ones between 0.1-5 hec· 
tares. Furthermore, a single farm 
is genera ll y composed of many 
land pieces in dif fe rent places. 
Table 3. shows the distribut ion of 
farms by field pieces. For ex · 
ample, an average fi e ld piece of 
a ll farms is of 5 pieces, in fact 
very high (4). Opt imum mec·ha ni · 
zat ion in sma ll and excesively 
di vided farms is f inanc iall y and 
technically ve ry diff icul t. 

Turk ey's econom y is supported 
above all . by agricultural produc· 

Area c ul tivated Area of vegetables. vineyards, oli ve and fruit 
and frui t t rees 

Area sown Fa ll ow Vegetable Vineyards Orchards Oli ve Forests 
gardens g roves 

16,061 8,950 530 816 1, 153 775 19,136 

Source: Agri cul tura l Statistics of Turk ey (Note: Meadows and pastures a re 
excluded). 

Table 2. Distributi on of farms a nd cult ivated area by fa rm s ize. 

1963 1970 

Farm size Distribution Dist ribution of Distribution Distribution of 
of farms cul tivated a rea of farms cu lti vated a rea 

(decar) (%) (%l (%) (%l 
I- 50 68.8 24.4 75.1 29.6 

5HOO 18. I 23.9 14 .7 23.2 
101-200 9.4 23.7 7. 1 21. 8 
201- 500 3.2 17.0 2.6 14.3 
50HOOO 0.4 4.5 0.4 5.7 

larger 0.1 6.5 0.1 5.4 
Source: Agricultura l StatIstIcs of rurkey. 

AGRICULTURAL MECHANIZATION IN ASIA · 197(i • SPRING 



Table 3. Distribution of farms by fie ld pieces Table tI . I umber of agr icul tu ral equipment a nd machines 

N umbe r of field pieces 1950 
of a s ing le farm ( % ) 

1 5. 4 
2 -3 22.7 
4 - 5 23.2 
6 - 9 26 .1 
more 22 .6 

Source: Agricultu ra l Statist ics of Turkey. 

tion . The share of the agricu lture 
in gross nati onal product ion is 
abo ut 28%, a lthough it decreases 
year by year. The largest section 
in agricultural production is the 
vegetal products with a share of 
about 62%. Among others the 
major products are the field 
crops such as cotton, tobacco, 
sugar beets, ce rea ls, pulses with a 
share of about 65% of tota l 
vegeta l producti on va lue (:~) . 

Many kinds of other crops, such 
as olives, fi gs , nuts, grapes, c itrus 
fruits, tuber crops , sunflower, 
opium, hemp and fla x are a lso 
important. 

Recently the export of miscel
laneous manufactured art icles 
have grown up, however major 
commodity ex port group is still 
agricultural products, with a 
share of about 70% of total. 

Present S tate of Mechanization 

It is clea r that the role of the 
mechani zation is ver y important 
in making use of the agr icultural 
potentia l of a country. According 
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HP per hectare 

Fig.!. M inimum pOlVer l imits for the 
optimum yield (5) 

1963 1970 (1000). 

( % ) ( % ) Equ ipment a nd machinery 1969 1973 
9 5 16.0 Tractor 96 156 

Plows, tractor drawn(all ki nds) 119 168 20 .8 30.4 
19 .9 21.'1 One ways 6 8 

Disks 37 61 
Cu lti vato r. 22 34 

24.9 19 .4 
24.8 11. 6 

Ro llers 28 33 
I~ak es (all kinds) 520 495 
Wa lki ng plow 1447 1480 
Wa lk ing cul tiva tors 38 46 
Spike tooth harrows 33 55 
Wooden pl ows 1908 1555 
Trailers 80 133 
Grai n drill s (a ll ki nds) 98 106 
Mowers 26 23 
Binders 4 5 
Combines 8 10 
Threshers II 29 
f:a nning mills 74 77 

ced cleaners 3 3 
Cy linder cleaners 8 7 
Corn she llers 5 6 
Hay mowers 5 4 
Hal' rakes 23 13 
Baiers 2 3 
Sprayers (a ll k inds) 202 255 
Centrifugica l pumps (farm·use) 26 36 
Motor·pumps (fa rm ·use) 69 101 

Source: Agr icu ltura l Statistics of Turk ey. 

to the researches made by F AO 
to find the minimum HP/ ha to 
increase the production and 
optimi ze the output , it has been 
found as 0.5-0.8 1-1 P / ha for 
deve lop ing cou ntr ies (;'i ). Figure 1. 
shows that Turk ey is just at the 
beginning of the product ion in
crease curve . The tractor fl eet of 
Turkey has been increased to 
159, 139 in 1973 (:ll , but st ill the 
mechanical power per uni t area 
is very low, such as 0.18 HP / ha. 
As it is seen from these figures, 
there is a great mechanization 
def ici t in Turkey. If 0.8 HP/ ha i 
taken as the aim , in according to 
the State Planning Organization 
resea rches and certain statist ica l 
data , 30,000 tractors must be 
added to the park annua ll y. But 
la test experiences have been 
showed that , t his amount is also 
far from being suff icient. In 1975, 
50,000 additiona l t racto r were 
necessa ry. and for 1976 it has 
been cal cuI ated as 70,000. 

Although tractor use is increas
ing a ll over the country, animal 
drawn implements st ill perfo rm 
the major par t of farm opera
tions espec iall y in some districts. 
The amount of draft animals in 
Turk ey is about 2 million pairs. 

The ratio of tractor power to the 
tota l power needed is on ly a bout 
30% . The same rat io in 1965 was 
90% fo r Europe and 98% fo r 
U.S.A. 

On the other hand the rural 
e lectrif icat ion degree of Turk ey. 
which is a sca le for indoor 
mechanizat ion, was 4% in 1970. 
The agricultural use of e lectri c 
power in the tota l consumption is 
onl y 0.6% . The Average spec ific 
e lectric power consump tion in 
1970 was 2 k 'i\ h/ ha, which is 
onl y 2% of the a imed leve l of 100 
kWh / ha (G). 

Present state of the agricul tur
a l machinery park can be follow
ed from Table 4. Some of the 
coeff icients for the planning of 
Turkey's agricultural fleet a re 
being selected as fo llows: For 
every 100 tractors 100 pl ows, 50 
cultivators, 50 spike tooth 
harrows, 30 disk harrows, 5 roll
e rs , 5 rotovators, 30 walking cul
tivators, 20 grain drills, 5 other 
planters. 30 fertil izers. 

Trends Relating to Farm Machin 
ery Use 

The benef its of the agr icultural 
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mechanization is not only to in
crease the yield but also shorten 
the duration of operations and 
improve the quality, thus making 
it possible to yield a second 
round of crop. On the other hand 
the pastures used for draft 
animals can be a lso econom ized. 
Besides, the agricultural mecha
niza tion helps to improve the 
comfort, health a nd standard of 
li ving of the farmers . The con
serva tive behaviours aga inst 
machinery have been overcomed 
toda y, but there are some aspects 
based on the above stated agri
cultural structure and the social 
structure, which retard the 
mechanization in Turkey. 

The agricultural income per 
farm in Turkey is very low and 
the initial cost of the machinery 
is often beyond the means of in
dividual farmers. Lack of ad
equate and easy credit facilities 
is an additional obstacle. Thus an 
investment for mechanization is 
rather difficult. The optimum 

Fig.2. Harvesting colton with machine 

ratio of yearl y purchased ma
chinery costs to the gross product 
of a farm is calculated about 1.0 
for large farms and 1.5 for small 
farms(7). 

Since the contractors in 
Turkey do not have enough ma
chinery to meet these mechaniza
tion demands, Topraksu (Soil 
Conservation and F arm Irrigat ion 
Directorate) has been organized 
to become well equipped in order 
to supply, by renting the necessa
r} machinery for soi l improve
ment and land leveling to the 
farmer, who can not purchase 
them by their own. The activities 
of Topraksu had been given posi
tive results and previously un
known machines in Turkey such 
as fl oa t, scraper, subso iler , chisel 
and two-way pl ow had been 
manufactured with loca l possibili
ties completely. But this organi
zat ion has enough machinery to 
meet the need of onl y 25,000 hec
tares. 

On the other hand, although the 
ratio of rural population is quite 
high, in some places, spec ia ll y at 
harvest t ime and when other 
agricultural operations overlap, a 
shortcoming of \vorkers is 
noticed, thus bringing the work
er's wages up. According to the 
statistics of the Social Insurance 
Institution for the years 1965-69, 
total cost of living is increased 

Fig.3. A team of bullocks drawing a cart (Dincer's co llection) 

by 21.6%, while an increase of 
100% in the wages of the insured 
agricultura l workers has been 
ascertained. In anticipa t ion of 
such increases o( wages and con
siderations like the difficult y in 
finding a great number of wokers 
avail able at a short notice a nd if 
available, the socia l problems 
that ma y arise from a great 
number of workers working to
gether, the farmer is inevi tably 
led towards the employment of 
mechanization. Consequently, 
though none of the demands of 
mechanica l harvest ing of co tton 
is ful filled as yet, mechanized 
harvest ing is actua ll y being em
ployed (Fig. 2). But at the same 
time one can observe a team of 
bullocks drawing a cart of straw 
(Fig. 3) and may use the term 
"contradictions of agr icultural 
mechani zat ion". 

In conseq uence of the soc io
economic factors, an entirely new 
type mechan ized service has 
come into ex ista nce. The majori 
ty of combine ha r vester owners 
in Turkey have either no land or 
land not big enough to furnish a 
need fo r a com bine. Si nce har
vest ing time graduall v recedes 
from the coast line into the 
hearth of Anato lia , these so-ca ll 
ed contractors rent their com
bines throughout a period of 
a lmost three months. Thus the 
farmer who can not afford to 
own a combine has an easy 
access to it. Also private owners 
of tractors and some specia l 
machines frequentl y hire out 
their machines to other users. 
Hence, it is clear that, the 
cooperative ownership of costly 
machines, where individual 
ownership is not feasible, can be 
a so lution. But this is not widely 
practised throughout Turkey. 

Supplying Agricultural Machinery 

Demand for the farm machi 
nery in Turkey exhibit a rapid 
increase in relation to mechan iza
tion rate. The agricultural ma -
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chinery industry has increased in 
the years between 1962-72 from 
3.9% to 9.3% among other in
vestment commodity manufactur · 
ing industry groups (I). In fact 
only the increase in tractor 
manufacturing was carried out 
successfully in planned develop
ment period. Manufacturing of 
the other farm machines has not 
shown the same improvement. 
The State s upports the national 
industry through some precau· 
tions and import limitations. 
Thus the number of the manufac
turers in this indust ry g ro up has 
been growing up. But very man y 
of the about 400 firms, which 
manufacture agricultural ma
chines a re only small workshops. 
To solve the problems of labour
er shortage, process methods, 
high quality material , market ing 
and the yearly fluctuations of 
demand are far beyond the capa
city of such small firms with in
adequate capital. 

Table 5. shows the consumption 
of some agricultural machinery 
and the share of Turkey's pro
duction with the share o f import
ed ones. As it is seen from this 
table, most of the machines are 
made loca ll y but some specialized 
parts and machinery are import
ed. 

An important organization is 
the TZDK (Turkish Agr icu ltura l 
Machinery Organization), which 
is a symbol of a nation-wide 
operation concentrating on the 
s uppl y and repair of agricultural 
machinery. TZDK was also given 
the authority to supply seeds, 
fertilizers and pesticides. The 
machinery production through 
this organiwation represents a 
significant fraction of the total 
for all Turkey. As a governmenta l 
organization TZDK is in competi
tion with private Turkish im
porters and manufacturers. This 
conflict gives rise to severa l un
fortunate situations. However, 
TZDK have some effect toward 
regulating prices (10)_ 

The fa rmer usually gets his 
implements either from the local 

Table 5. Consumption. production and import of agricultural machines in 1972 
(million TL.· I dollar is about 15 TL.l. 

Consumption Production Imports 

value va lue % val ue % 

TracLors 1377 .0 1320.0 95.9 57.0 4.1 
Plows 84.0 84.0 100.0 
Seedbed refining implements 16 .0 16 .0 100 .0 
Cultivators 70.0 70 .0 lOO.O 
Seeding machines and fertilizers 33.0 33 .0 100.0 
Combine harvesters 147 .0 105 .0 71.4 42.0 28.6 
Treshers 66.5 62.0 93.1 5.0 7.5 
Crop processi ng machines 9.0 7.0 77.8 2.0 21.2 
Other machines 90.8 74.0 81.6 17.0 18.7 
Spare parts 258 .7 9.0 3.4 250.0 96.6 

TOTAL 2152.0 1780.0 82 .7 373.0 17 .4 

Source: Yearly programs of State Planning Organization. 

manufacturer or an agent sell ing 
the machinery of well-known 
manufacturers. Credit for pur
chasing farm machinery is sup
plied by T.C. Ziraat Bankasi 
(Turkish Agricultural Bank). 
Usua ll y farmers mak e an ad
vanced payment and the Bank 
provides a loan to cover the 
balance. Although the interests 
are pretty low, the fanners must 
furnish security for the loan in 
the form of property, which 
brings some serious problems. 

Research and Developement of 
Agricultural Machinery 

It is indisputable that the 
development of the agricultural 
mechani zation, of the industry 
and of other activities are inter 
dependent. The question is not 
whether or not machines to be 
introduced in agriculture, but 
rather the nature, degree and 
pace at \\ hich they should be in
troduced. In other words to 
choose the best suitable mechani 
zation mode l that fits socio
economic st ructure. 

At the present there are five 
Farm Machinery Institutes in 
Turkey, which have access to 
resea rch and development of 
farm machinery_ Four of them 
are the Institutions of Agricul
tural Faculties in Ankara, in 
Izmir, in Adana und in Erzurum. 
The other is the Institution of the 
Technical University in Istanbul. 
They examine the mechanization 
models as well as the usefulness 

a nd adaptability of machines to 
the require ments of this country. 
Recently a new department has 
been established at the TZDK 
\\ hich is oriented mostly toward 
progress_ Tests and experiments 
with plant protection equipment 
are performed by t he Plant Pro
tection Institute in Ankara. 

In addition to these Inst itu
tions, there are numerous region
al technical schools of agricu l
ture. Additional education and 
training facil ities outside of 
school for farmers is carried on 
b} the Extension Service of the 
Ministry of Agriculture. 
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o Sprayers 

Demonstrat ion is the best 
available method for extending 
improved agricultural production 
practices to our farmers. To 
achieve desired resuits in plant 
protection, proper attention 
should be given to select the 
Sprayer, its demonstration and 
calibration. Improved agricu ltural 
practices have got three phases 
of developments: investigation, 
demonstration and implementa· 
tion. Demonstration should be 
conducted to descr ibe the bas ic 
research or investigation to adopt 
them as rout ine operat ion activi
ties. The purpose of· demonstra
tion is to show the farmers what 
the practice is and how to be 
benefitted by adopting it. 

The field workers are the 
bridge between research and 
practice. They should convince 
the farmers with the help of 
demonstration, about the new 
improved practice and induce 
them to accept it. I t is very 
essential to conduct good demon
stration so that the new improv
ed practices can be accepted by 
the farmers in the shortest 
period. The field workers should 
be convinced for the new improv
ed practice which he is going to 

by 

S .L. P ate l 
Technical Director 
American Spring & Pressing Works Ltd. 
Malad, Bombay-400064, India 

demonstrate to the farmers. If 
there is any doubt in his mind , 
then he must conduct further 
trials by himself before demon
strating it to the farmers. 

Our farmers have accepted in 
principle that "prevention is 
a lways better than cure" to keep 
green revo lution go ing. In plant 
protection techniques the spray 
chemicals should be applied in 
proper dosages at proper timings 
similar to fertilizers and irriga
tion . To apply proper dosages of 
spray chemicals, good demonstra 
tion and correct calibration of 
sprayer is very essential. This 
has not been taken care of by our 
field workers. To obtain the 
maximum efficiency in terms of 
insect and pest control, crop pro
duction and economy, it is neces
sary to know the automization 
produced by a Sprayer and ap
plication rate of a Sprayer. The 
automization produced by the 
Sprayer should be uniform. The 
particle size of spray chemicals 
should depend on automi zat ion 
capacity of a Sprayer. It has been 
found by field experience that 
better the automization, the finer 
the spray particles. However, it 
is difficult to control the place-

ment of finer particles. The more 
automi zat ion , the larger the 
number of spray particles, and 
the better the distribution of 
spray chemicals on leaves and 
foliage . Field studies have proved 
that larger number of fine parti 
cles doposited per unit gives 
better control of insects and 
pests. Thus control achieved 
from a certain dosage of spray 
chemicals would depends 'upon 
how the same has been applied 
and how much materia l has been 
drifted away by wind and how 
much has been dripped or fallen 
on the ground. 

Calibration of spraying equip
ment means to determine how 
much material the spraying 
equipment is appl ying at pre
se lected settings and then to 
make adjustment to apply the 
desired quantum. 

The app lication rate of spray
ing equipment is governed by the 
following factors: 
1. The discharge rates of 

nozz les with set or prescrib
ed spraying pressure at 
which application is going bo 
be carried out. 

Z. The swath width of the 
nozz le or in other words the 
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number of nozz les used and 
their placement. 

3. The spraying speed. 
The above details can be fo und 

out as under: 
1. Nozzle di scharge rate: 

This can be known from the 
manufacturer. Each ozz le 
supplied with the Sprayer is 
tested and its di scha rge rate 
has been mark ed on it. 

2. Swath wid th: 
This depends on the nozzle 
used with the Sprayer. The 
swath of the nozzles will 
depend on the fo ll owing 3 
points. 

a ) The working pressure at 
which spra ying work is to 
be carried out. 

b ) The cone angle of the 
nozz le. 

c ) Spraying height from the 
nozz le t ip to ' the spray ing 
surface. 

Swath Width can be fo und out 
as under:-

Measure the cone ang le of the 
nozzle and the spra ying height. 
With the help of the table swath 
width can be found out or we ca n 
measure the swath by the he lp of 
a measuring tape. 
3. Spraying speed: 

Speed of the opera tor at 
which he is go ing to walk in 
the field while spray ing. 
Spraying speed can be fo und 
out as follows:-

a ) Measure in feet the distance 
covered in 15 seconds. 

b ) Repeat the procedure to 
obtain average speed. 

c ) Convert the wa lking speed 
in M.P.H . 

Distance covered 
in 15 seconds. 

22 ft. 
33 ft. 
44 ft . 
55 ft. 

A verage speed 
in M.P.H . 
1 m.p.h. 

1.5 m.p.h. 
2 m.p.h. 

2.5 m.p.h. 

Normal spra ying speed with a 
manuall y operated sprayer is 1.5 
m.p.h. 

To show the importance of 
demonstration and calibration as 

descr ibed above, one field trial capac ity . As aga inst thi s, Knap· 
had been conducted with a Knap· sack Spraye r is a more efficient 
sack Sprayer and a Compression and useful Sprayer. H owever in 
Sprayer. No doubt Compression some parts of the country Hand 
Sprayer is go ing fast out of use Compress ion Sprayers a re sti II 
because of certain inherent limi- be ing used in preference to Knap-
tations. The Compression Spra y- sack Sprayers mainly due to the 
er cannot mai nta in uni form fact that they are not aware of 
pressure and the pressure goes on these limitations! 'of Compression 
progress ively fa ll ing as the spray- Sprayers and about the advan-
ing cont inues. Secondl y, there is a tages of Knapsack Sprayers. 
lot of wastage of time in charg- Usuall y a team of two people 
ing and re-charging the Sprayer is required for operating e ither a 
because the Compress ion Sprayer Knapsack Spraye r or a Hand 
is filled to on ly 2/3rd of its Compression Sprayer. One person 

Table 1. Various deta il s noted during fie ld trial 

I. T ype of Spra yer. Ha nd Knapsack 
Sprayer. 

2. Brand Name: 
3. Tank Capacity. 
'.. Filling Capac ity. 
5. Filling Time. 
6. Strokes req ui red for 

pressur ising. 
7. Time requi red for 

pressurising. 
8. Charged Pressure. 
9. Nozz le Data. 

10. Strokes required per minute 
to maintain spraying pres· 
sure at 40 psi. 

11. Time required to empty full 
cha rge of the Tank . 

12. Effect ive swath width in feet. 

13. Spraying speed. 

Compression 
Sprayer. 

la ru t 12.5 lit . 
12.5 lit. 
8.2 li t. 
2 minutes. 

55 strokes. 

1.5 minutes. 
50 psi . 
450 cc / min. & 
60' cone a ng le. 

Not tr ied. 
27+ minu tes. 

Varied from 
20" to 21 ". 
1.5 miles/ hour. 

Sikar·59. 
16 li t. 
16 lit. 
2 minu tes. 

8 stro kes. 

0.5 minutes. 
45 psi. 
·150 cc / m in. & 
60' cone a ng le. 

6 to 8 5t ro kes 
per minute. 
37 minutes. 

19" to 21". 

1.5 miles/ hour. 

Table 2. Da ta obtained from fi e ld demonstrati on w ith hand compression 
srpa yer and knapsack sprayer 

At the 
end of 

l'la nd Compression Sprayer 
l\llarut 12.5 LIT. 

minute. Discharge Tank 
PSI. 

Discha rge 
Pressure 
in PS I 

I. 
2. 
3. 

" . 5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14 . 
15. 
16 . 
17. 
I S. 
19 . 
20. 
21. 
22 . 
23. 
24 . 
25. 
26. 
27. 
27 .5 

in CC/ min . 

480 
430 
410 
390 
380 
370 
360 
350 
340 
330 
320 
310 
300 
295 
290 
285 
280 
275 
270 
265 
260 
250 
245 
240 
230 
225 
220 
100 

·12 
38 
35 
33 
30 
28 
25 
23 
22 
21 
20 
18 
16 
15 
14.5 
14 
12 
12 
II 
10 .5 
10 
9 
8 
8 
8 
8 
8 
8 

39 
32 
30 
28 
25 
33 
20 
20 
19 
18 
17 
15 
13 
12 
II 
II 
9 
8.5 
8 
7.5 
7 
6 
5 
5 
5 
5 
5 
5 

Knapsack Sprayer 
Sika r· 59. 

Strokes 
Discharge Tank per 
in CC/ mi n. PS I. minute . 

470 45 8 
450 45 7 
4W ~ 6 
455 40 7 
470 45 8 
452 40 7 
438 35 6 
455 40 7 
475 45 8 
450 40 7 
4W ~ 6 
450 40 7 
470 45 8 
455 40 7 
4~ ~ 6 
455 40 7 
465 45 8 
445 40 7 
425 35 6 
450 40 7 
470 45 8 
450 40 7 
430 35 6 
448 40 7 
472 45 8 
445 40 7 
4~ ~ ~ 

From 28 m inutes to 37 minutes the 
above type of pattern has been found. 
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is engaged in operat ing the Pump 
and another person is engaged in 
preparing the chemical and help· 
ing the operator. For practical 
demonstration, both the Sprayers 
were operated one by one with a 
team of two people for one 
charge only. In Hand Compres· 
s ion Sprayers, the spray chemical 
was filled to 2/3 the overa ll 
capacity and 1/3 space was kept 
for charging ai r. In Knapsack 
Sprayers, there is no need of 
keeping space f{)r air a nd as such 
it was full y fi ll ed. 

Knapsack Sprayers or Hand 
Compression Sprayers are usua ll y 
supplied with cone nozz les, 
having di scharge rate of 450 
cc/ min. a nd 60 ' cone ang le at 40 
psi. For spraying purpose the 
fo llowing procedure was adopted. 

a ) Sprayi ng work was carried 
out between 35 to 45 psi., 
(especial ly for Knapsack 
Sprayer). 

b ) Spraying height was kept 
between IS" to 20". The 
swath width of cone 

o 

nozz les having working 
pressure of 40 psi.. and 
spray height of IS ", will be 
20" . 

c ) Spraying work was done at 
a speed of 1.25 m.p.h. to 1.5 
m.p.h. 

A graph has been drawn from 
the tabulated results ob· 
ta ined by fie ld demonstra · 
tion. From the graph the 
following observat ions are 
made:-

L Spraying pressure 
In case of ManIt I-land Com· 

press ion Sprayer it was falling 
down minute by minute. In the 
beginning it was 50 psi ., and at 
the end it was 5 psi. This is 
a bnorma l. In case of Sikar·59 
Knapsac k Sprayer it was 
fluctuating between 45 psi. to 
35 psi. This is quite normal. 

2. Discharge rate. 
In case of ManIt Hand Com· 

press ion Sprayer it started reo 
ducing minute by minute. In the 
first minute it was 4S0 cc/min ., 
and at the end it was about 200 

cc/ min. In 27.5 minutes S.2 
litres of liquid was discharged. 
This means that the average 
di scharge rate per minute was 
about 300 cc/min., which was 
very much below the nozzle 
specified rate. 

In case of Sikar-59 Knap· 
sack Sprayer it was fluctuating 
between 475 cc / min. , to 430 
cc/ min. In 37 minutes 16 litres 
of liquid was discharged. This 
means that the a verage di s· 
charge rate per minute was 430 
cc/ min. This discha rge rate is 
in the tolerance range. 

3. Swath width: 
In ManIt Hand Compression 

Sprayer. due to the fluctua t ion 
in spra ying pressure , it has 
fluctuated from 20" to 12". 

In case of Sikar-59 Knap' 
sack Sprayer, it was between 
19 " to 21". This is quite 
normal. 
Thus the spraying work done 

by Sikar-59 Knapsack Sprayer 
was more uniform than by a 
Hand Compression Sprayer. If we 
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Graph Line A· Shows di scharge rate in cci min. of Sikar· 59 knapsack sprayer in relat ion with lime. 
Graph Line B· Sho;vs spraying pressure in psi. of Sikar 59 knapsack sprayer in rela tion with lime. 
Gra ph Line C· Shows discharge rate in cci min. of Marut J 2.5 lit. hand compression sprayer in relation with t ime. 

Graph Line D· Shows spray ing pressure in psi. of Marul 12 .5 lit. hand compression sprayer in relation with time. 
G~aph Line E·Shows number of strokes required per minute to maintain spra ying pressure for Sikar·59. 
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wa nt to get uni fo rm spray 
pattern by a Hand Compression 
Sprayer, then the Hand Compres
sion Sprayer has to be re-charged 
in between during the spray ing 
opera tion_ This will consume 
more time_ Thus t he work ing 
eff iciency of a Hand Compression 
Sprayer wi ll be reduced_ To 
obta in maxi mum effic iency in 
plant protection, it is essential to 
select Sikar-59 Knapsack 
Spraye r, which is producing 
better a utomzat ion and spray ing 
at uniform application rate_ 

We can find out the applicat ion 
rate per acre and the time re
quired to cover one acre of land, 
by the data as expla ined above_ 

To find out the application ra te 
per acre we have to use the 
following formu la: 

Application 
Rate in Cc. 
per Acre_ 

495 
(constant figure) 
Effective swath 
width in feet 

x Nozzle Discharge Rate 
in CClMin_ 

x Spray ing speed in 
miles/ hour. 

By substituti ng the obta ined 
data from Table 1, in t he above 
formula, it can be worked out as 
under :-

Application _ 495 x 450 
Rate in CC_ - 20112 x 1_ 5 
per Acre 

Application 
Rate in CC.=89, 100 Cc. 
per Acre_ 

=89. 1 Li tres 
To find out the time required 

to cover one acre of land, we 
have to use the following formu
la:-

Time required 
to cover one 
acre of land 
in hour. 

8.25 
_(constant f igure) 
-Spraying speed 

in miles/ hour. 

><Effectlve Swath 
Width in Feet. 

By substituting the obta ined 
data from Table 1, in the above 
formula, it can be worked out as 
under:-

Time required 8_25 
to cover one 
acre of land 1.5 x 20 / 12 
in hour. 

Time retuired 
to cover one =3.3 Hours. 
acre of land 
in hour . 

=198 Minutes. 

The a pplication rate obtained 
by the form ul as fo r the types of 
Sprayers in terms of "Litres per 
Acre" and "Acres per Hour", are 
based on LAND AREA and not 
SPRA YED AREA. In these cases 
the application rate, Litres per 
Acre means spray chem icals re
quired to cover one acre of la nd 
or LAND APEA. if the applica
tion rate for SPRAYED AREA is 
to be found out, then it will 
depend on the crop spacing and 
its growth. It will a lso depend on 
the type of spra ying_ 

If the application rate found by 
calibration is not as per the re
quirement, then it can be-changed 
by va ri ous ways_ 
L If higher application rate is 

required, then increase the 
nozzle discharge rate, or 
reduce sprayi ng speed. 

2. If lesser appl ication rate is 
required, then decrease the 
nozzle discha rge rate, or in
crease spraying speed. 

To obtain the desired applica
tion rate, we have to ada pt a 
trial and error method, as des
cribed above. 

To calibrate the spayer for 
spraying trees of bushes, one 
should find out the liquid con
sumed in spraying the leaves to 
stage of uniform drippi ng, for one 
number. From this fig ure the rate 
per trees or per acre can be 
calculated. 

Many chem icals are recom
mended in terms of the concent
ration of solution to be appli ed in 
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order to contro l the pests and 
diseases perfectly. In such cases 
the t ri al run as described above 
should be made to find out how 
much liquid is required and at 
what speed the machine should 
be operated and spraying work 
shou ld be done to obtain the cor
rect coverage and concentrat ion. 
In high vo lume appl ication to get 
the correct coverage the lea ves 
must be sprayed in such a way 
that they just begin to drip a nd 
care should be taken that there 
should not be any pronounced 
run-of. In low vo lume application 
indi vidua l leaves must be inspect
ed to get the correct applicat ion. 

There are various calibration 
methods. The mathematics in
vo lved in different methods are 
not complicated. It should be 
noted that it shou ld be accurate, 
easy and fast . 
I _ Formula method. 

Spraying should be carried out 
for a test run of 200 ft Select the 
area for test run simil ar to the 
fie ld to be sprayed. The spra) er 
tank should be filled and the 
water level should be marked. 
Spray ing operat ion should be 
carried out for test run of 200 ft 
at the prescribed or set pressure, 
and at the constant spray ing 
speed. (In a normal pract ice 
spraying work a carried out at 40 
psi; and 1.5m.p.h.) At the end o( a 
run re-fill the spraye r tank and 
find out the amount of water that 
has been used in litres. Use the 
form ula to find out the applica
t ion rate: 
Application 
rate in 
Litres/ Acre. 

217 _8 
(Constant x 

figure). 
Amount of water 

sprayed in test run 
of 200 ft in litres. 

swathe \ iVidth_ 
II. Tabular method. 
1II . Graphical method. 
N . Slide rule method. 
The last three methods have not 
been described th is article, as 
they are a bit complicated for 
our farmers . • • 
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Topics on and around 

Post-Harvesting Stage of Rice 

Is Small Rice Mill Wastefull ? 

Preface 

It was several years before 
that they discussed about " the 
second stage of green revolution" 
or rationalization of post-harvest
ing process of food grain. 
Wastage of food grain during the 
processes after harvest and 
before cooking is estimated to be 
over 20% and sometimes it 
amounts as much as 50% in 
developing SE countries (see APO 
reports). 

All of such \\ astage not only 
annuls materials and toils invest
ed for the production proportion
ally but also it means to throw 
the fertility of soil away the field . 
If th is should be innevitable, it 
had better happen in the field 
before the harvest. 

However it is by no means in
nevitable. -rhe percentage of 
wastage and loss of food grain in 
the post-harvesting process great
ly differs by countries and local
ities. It is a matter of technology 
and its applicat ion, even though 
it is closely associated with the 
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socio-economic situation as is 
usual with agricultural technolo
gy. What we regret for this is 
that academic research and study 
have been rather scarce in this 
fie ld compared to that of farming 
works for growing plant. 

In the case of Regarding to the 
post-harvesting technology of 
grain , it has to be understood 
that great difference exists 
between that of wheat and rice. 
The former being grown in dry 
or arid zones, there is little pro
blem for the drying and the 
storage. And the technology of 
the milling have been studied 
over 5000 years intensively in 
western countries. On the other 
hahd, the latter, rice, whose 
majority is grown and processed 
in Asia where humid climate 
prevails and whose industries 
have not developed well, has been 
totally left in the hand of sma ll 
farmers and the traders. It is a 
combination of adverse condi
tions and negligence. Small unit 
of the production, less extent of 
commercia li zation and less 

degree of required processing 
might have fostered such a drift. 
It is quite clear that it enha nce 
various problems to be so lved. It 
is explicit ly shown on t he above 
figures of the percentage of 
wastage. 

Suppose on ly some of such 
wastage shou ld be cut off, then 
most of Asian countries need not 
spend millions of dollars annuall y 
for their importation of rice but 
can keep surplus of rice for the 
emergency, because their diffici
ency is nothing but few percents' 
difference between their produc
tion and the demand. The very 
fact of difficiency, even though it 
is sma ll proportion, makes their 
internal supply unsta bl e and 
necessitates importation, as rice 
is the vita l food for those people. 

Of course supply of rice can be 
increased by increase of the pro
duction also. However, besides 
what we discussed above, expan
sion of paddy field costs enor
mously specia ll y in the marginal 
area and any improvements in 
the productivity of land cannot 
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be attained without much cost. 
Compared to these, reduction of 
wastage can be much cheaper to 
attain the same result. 

This is the ground for our 
starting this column , "Topics on 
and around post-harvesting stage 
of rice". It may not offer com
plete so lution fo r a ll of the 
va ri ous problems of post-ha rvest
ing process of rice. But it at least 
aims to attract readers' eyes to 
this problem so as to st imulate 
further discussion and study. 

Is Small Rice Mill Wasteful ? 

In some of developing coun
tries, it is often argued that sma ll 
scale rice mills a re wasteful and 
had better not be al lowed to set 
them up. The main ground of 
such an arguement li es in the fact 
that small sca le rice mill s are 
li able to g ive lower milling re
covery of rice compared to large 
sca le ones. 

Form such a point of view, 
sett ing up of small rice mills is 
sometimes discouraged by 
authorities in some of developing 
countries. This might appear to 
be a mani festat ion of an effort to 
improve rice processing and its 
circulat ion. 

In term of small sca le ri ce 
mills, they mean those rice mill s 
whose milling capacit ies are less 
than one ton per hour a nd are 
composed of one or more number 

Fig.1. An example of sma ll rice mill in 
Pak is tan. A gang of hullers are 
arranged . 

Fig.2. Huller: it is marked it was manu· 
factured in 1884. Probably this was 
re·moulded from the o riginal. 

of huller (somet imes ca ll ed 
"Engelberg" type, k isk isan or 
pl anter 's mill , etc.) or other types 
of husk ing and whitening units. 

And in term of large sca le rice 
mills. they mean integrated rice 
mills which are composed of 
severa l numbers of independentl y 
functioning machines such as 
paddy cleaners, paddy huskers. 
paddy sepa rators, rice whi teners, 
graders, etc. 

In most cases, the fo rmer , 
sma ll sca le rice mill , g ive much 
infer ior milling recovery 
compared to the latter , large 
sca le mills. This is attributable to 
the fact t ha t the most of o ld-fash
ioned small rice mills are of 
huller type. 

As is we ll known, hullers have 
long been manufactured and used 
in sma ll rice mills extensively 
since the last century a lmost 
without any modifications. This 
machine peforms its function to 
husk and whiten paddy into white 
rice in the same cylinder all at 
conce by exerting high and 
accute pressure to grain . This 
inevitably lowers the milling re
covery extremely, i.e. not onl y 
the overall recovery (rate of re
covered quantity of a ll of white 
rice to paddy) is poor but the 
head recovery (rate of retained 
head rice or whole gra in to all of 
whi te rice) also very low. It is 
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quite natura l that some of the 
governments banned the produc
tion of hullers. 

However, the milling recovery 
of newer types of small r ice mill s 
need not be inferior a lways if 
proper types of husk ing and 
whiteni ng units be employed in 
place of hullers, even though it 
cannot cope with large rice mills 
in regard to the labour produc
t ivity. Actually it is not rare 
cases that sma ll rice mill s with 
advanced machines surpass large 
but obsolete rice mill s in perfor
mance. 

==:;. .......... ----".."". 

Fig.3. An example of adva nced huski ng. 
whitening unit to be llsed by small 
rice mills . (Ca pacity: 200kg / h on 
paddy in above photo. ca paci ty: 
500kg/ h on paddy in below photo.) 
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This fact being confirmed, it is 
not necessary or rather wrong to 
discourage setting up of sma ll 
rice mills unanimously on 
account of inferior milling reo 
covery. 

Apart from such a discussion 
fro m a technica l poin t of view, 
st ill there lie some other s ign ifi· 
cant problems to be cons idered. 
They are soc io·economic pro· 
blems. 

When farmers bargain with 
rice dealers, middlemen or rice 
collectors who are work ing fo r 
la rge sca le rice mil ls, their stand· 
point is quite weak. The price of 
paddy is apt to be dec ided a lmost 
one·sidedl y. However, if farmers 
can se ll their paddy throgh their 
own rice mill, their economic 
situation must be great ly improv· 
ed. Small ri ce mills ca n be set up 
by an agr icultura l cooperati ves 
and they rea ll} do ex ist in South · 
east Asia in considerable 
mumbers. 

It is universal truth that pro· 
ducers get more profit on se lling 
their products by processing 
more. 

Or even they sell their paddy to 
pri vate ly·owned small rice mills 
directly, still their position can be 

much stronger than to fewe r 
number of rice dealers, etc. 
Farmers can choose any small 
rice mill whoever gives best 
price. 

Thus, existance of sma ll rice 
mills by no means contradicts to 
the benefit of fa rmers, even 
though it may to that of large 
sca le rice mills. As a nature, 
large sca le rice mills tend to li ve 
on speculati ve profit from the 
difference of buying price of 
paddy and selling price of whi te 
rice, while sma ll sca le ones on 
their margina l profit from mi lling 
charge. T herefore, the for mer 
tries to beat down the pr ice of 
paddy as much as possible and 
the la tter tries to assure suppli ers 
to them with reasonable buying 
price. 

Another point may be added to 
defend sma ll rice mills. Other 
than milling loss discussed above, 
there a lways ex ist ha ndling loss 
which accompani es to bagging, 
co llection, transportation, storage 
and a ll ot her hand ling. This is 
produced more by large rice 
mills, counting a ll of that sta rting 
from field to final storage of 
white rice, due to its lengthy 
transportation, handling and 

Fig.4 . An example of advanced sma ll rice mill used in Nigeria 
(Capacity: 1000kg/h on paddy) 

storage. On the other ha nd , small 
mills co llect paddy from short 
distance, process it rather quickly 
and se ll white rice on the spot. 
Most of handling loss of rice is 
supposed to occur durind paddy 
stage. 

Summing up a ll of above. there 
can be no reason to blame or reo 
ject sma ll sca le rice mill s as far 
as they are of advanced type. 

• • 
vVe have mentioned abo ut the 

subject "Is Sma ll Rice Mi ll 
Wastefu l?" in "Topic on a nd 
a round Post· Harvesting Stage" 
thi s t ime. We are planning to 
ta ke up following subjects in the 
next issues, from Vo l. VII. No.3 
Summer 1976. 
1) S ignificance of Mechaniza· 

tion of Rice Process ing 
2) Health in Place of Medicine 
3) Key·factor for Milling Re· 

covery Improvement 
4) Overlooked Importance of a 

Process 
5) Heart of Rice Mill 
6) Rice Mill Designing 
7) Paddy Drying 
8) Storage of Paddy and Rice 
9) Rice Processing Complex 
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COMPUTERIZED GRAIN MOISTURE METER, 

RICETER MODEL 3 is an instrument to measure 
the percentage of moisture content of products. It 
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and officially adopted by the -Japanese Food Agency. 
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TWIG CUTTER & SHEAR 

EOPA8 
Features : 
Light. safe, and efficient. 

Features: C-8A KARRY 
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self-propelled tea-leaf picker 
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The first self-propelled tea-lea f picker in the world, 

with an original mechanism, OCHIAI developed, can 

be operated easily by one person. 

riding typed tea-leaf picker 

Features: 
The first riding typed tea-leaf picker 

in the world. with a hydraulic linkage, 

can reap completely. 
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picker in 1959. 
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SAITO NOKI 
promotes agricultural mechanization. 
We have enjoyed a high reputation for more than 50 years, earned by dedicating ourselves to 
the technical co-operation with foreign countries and to the export of all kinds of agricultural 
machines. 
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Saito typed cutters(cutter ,cutter for tabacco 

stalks after harvesting leaves, combine cut

ter, harvester-cutter) rice seedling growth 

chamber by electric heater self-propelled 

grain thresher,power weeder,portable mower, 

harrower, direct seeder , various kinds of ma

terials for rice seedling growth c hamber. 

SAITO NOKI SEISAKUSHO CO., LTD. 
332 Ryou-machi Sakata-city Yamagata pref. Japan 

TSUKIJI cable way is much used in National land Development 
Established in 1927 as a specialty manufacturer of cabel and apparatus in Japan. We developed THE 

TSUKIJI SYSTEM CABLE WAY in 1938, which is multi-spans and can continueously convey materials, 

and became the biggest leading manufacturer. Now, we are expanding the business as an international 

specialty manufacturer. We certainly prove ourselves a real manufacturer in forestry, agriculture, power 

supply, sand guard and National Land Development. 

• Cadle way for agriculture used in 
orange orchard . 

Sales Items 

cable ~Hld its ilpp3r.1lUS 

cable way fo r S cun'c 

TSUKIjI SYSTDI 

CA BLE WAY 

wood collt."Ctor. \'ario~ 

kinds of \\'inch su\'cying. 

desi},,1Jl. execution 

• Cable way for forestry used in 
collecting and carrying wood . 

TSUKIJI CABLE \VAY INDUSTRY CO.~ LTD. 
49- I , Shofu-Cho, Shizuoka Ci ty, Shizuoka Pref. -.Japan Tel: 0542-7 1-7 158 
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Agricultural Mechanization In Taiwan 

Introduction 

In the past decade or so , con
s iderable efforts have been made 
to promote the mechanization of 
farming operat ions. The pace is 
slow, however. For one thing, the 
development of agricultural 
machinery / implements has to 
consider their adaptabi li ty to the 
loca l conditions such as climate, 
types of land and soi l, and kinds 
of crops; for another. farmer ' 
readiness to adopt mechanical 
farming is a lso something to be 
reckoned with. 

With t he except ion of pedal 
threshers, paddy-field weeders 
and improved animal plows, 
which are all modified versions 
of those introduced from Japan, 
most of the farm implements 
used in Taiwan are exactly the 
same as those in mainland China . 

For several centuries there had 
been very 'li tt le change in the 
designs of farm implements. 
However, shortly after its incep
tion in 1952, the Joint Commis
sion on Rural Reconstruction 
(JCRR) drew up a blueprint for 
agricultural mechanization. Since 
then, steady progress has been 
made in this regard_ 

In 1965 or so, after the imple
mentation of three successive 
4-year economic development 
plans, Taiw-an's agriculture began 
to turn to a new phase which 
marked an -end of labor slack in 
the face of rapid industrializa
tion. Under the government 
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policy of steppi ng up industrial 
development. it experienced a 
labor shortage for the first time 
in its history. This change has 
hastened the tempo of agr icultur
a l mechanization, however. 

This paper attempts to des
cr ibe briefly the process of agri
cu ltural mechanization in Taiwan 
and the problems related there 
to. 

Background and Farming Condi

tions 

Land and Soil 

Taiwan is a province of the 
Republic of China. It comprises 
Ta iwan proper. the Pescadores or 
Penghu Islands, and a number of 
offshore islets, with a tota l area 
of 13.885 square miles. The island 
of Taiwan is 246 miles long and 
90 miles broad at the widest 
points. Latitudinally, it li es 
athwart the Tropic of Cancer 
which cuts across the south of 
Chiayi c ity. 

The Centra l Range divides the 
island into the east and west 
parts. In the west there spread 
gent le slopes and fertile plains, 
while in the east the terra in is 
rugged with numerous steep 
s lopes. Mountains and foothills 
cover approximately two-th irds 
of the island. and most of the cul
tivated land is located in the west 
part of the island_ 

Of the total 917,000 hectares of 
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cult ivated land, some 540,000 hec
tares are paddy-fields_ The rice 
crop is usually grown on the 
a lluvial soil either in the plain or 
along the river va lleys. The 
paddy soi l of slate and sand-stone 
origin is rich in plant nutrient. 
while those of saline alluvium is 
generally inferior in soil fertility. 
Rice is also grown on the lateri
tic soi l of the tableland where 
irrigation is avai lable. 

Generally speaking, most of the 
so il in Taiwan is of loamy 
texture. and sandy soil is confin
ed largely to a limited area along 
the sea coast. The heavy so il of 
slate and mudstone parent ma
terials seldom contains over 40 
per cent of clay particles. There
fore , with a few local exceptions 
the soi l in Taiwan poses no or 
little problem to the utilization of 
agricu ltural machines_ 

Climate and Water Resources 

The annual mean temperature 
is 2L6°C at Taipei in the north 
and 24.3°C at Kaohsiung in the 
south_ The highest temperature 
recorded was 38°C and the lowest 
1°C. In the summer months, the 
temperature a long the island 's 
entire coast is about the same 
(around 28-30°C). The summer 
time usually extends from Ma y 
to September. whi le winter is 
short and mild. last ing on ly from 
December to February. 

The monsoons usually bring in 
enough rainfall , averaging 
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2,500mm a year. Its distribut ion, 
however, does not fi t in we ll with 
the growing seasons of rice on 
the island as a whole. Rough ly 
speaking, the high mountain 
range lying between the Suao 
townshi p (east coast) and the 
mouth of the Ta-an Ri ver (west 
coast) divides the is land into two 
different reg ions insofar as the 
rainly season is concerned. In the 
northern part, a strong northeast 
monsoon blows steadil y during 
the period from October to 
March, bringing to thi s area 
suff icient ra infa ll , thus fac ilitat
ing the growing of rice; but , if 
the long-drawn ra iny days stretch 
into the harvest season, it may 
cause various degrees of grain 
loss. In the summer months, when 
southeast monsoon prevails, 
abundant rainfa ll in all parts of 
the island furnishes the second 
crop of rice with ample irrigat ion 
water. 

It is est imated that a tota l of 
8,800,000,000 cubic meters of rain 
water fallon this island annua ll y. 
Of thi s amount, about 21 per cent 
has been harnessed for irrigation 
and/ or for power generation. 
Well -developed reservoi rs and 
canal systems are now under the 
administration of a total of 16 
irrigation associations, most ly in 
the southern part of the is land. 
About 92 per cent of the planting 
acreage of 780,000 rice-growing 
hectares is irrigated (including 
reservoir and deep we ll irriga
tion), while the remaining 8 per 
cent is rain -fed. 

The warm tempera ture and 
adequa te rain-water affect the 
rice culture great ly, and so the 
climate also has something to do 
with the adaptability of agricul
tural machinery. 

Small-sized Farms 

T he land hold ings per house
hold in Taiwan average onl y 
about one hectare in s ize as 
shown in Table 1. 

A unique feature of land hold
ings in Taiwan is that a farm 
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does not necessari ly consist of 
one s ing le plot , but in a number 
of plots averaging about 0.1 -0.2 
hecta re per plot. T his is due part
ly to the centuries-old custom of 
a ll the sons going sha res in the 
land holdings handed down from 
their father. 

Sma ll -sized plots and a laby
rinth of foot-paths in the paddy -
fields render the agri cul tura l 
machinery ex tension work ex
ceedingly diffic ul t. Thus, the 
la rge-sca le consolidation of crop 
fields into large-sized plots is 
necessary. Under the government 
program of land consolidation in 
recent years, about 300,000 
hectares of sma ll paddy-fields 
have been consolidated and 
100,000 hectares more are sched
uled to be consolida ted within the 
decade so as to facilitate agricul
tural mechanization. 

l\1 ultiple Cropping Sys tems 

Since the implementa t ion of the 
land-to-tiller program in Taiwan 
in 1953, the tenant farmers who 
have become land owners have 
been work ing doubly ha rd, 
thereby increasing greatl y the 
land productivity. This psycho
logica l factor is a pplicab le to the 
ownership of agricultura l ma
chines as we ll. When a farmer 
owns a machine, he will take 
good care of it and try to use it 
to its fullset extent. 

In Taiwan, many crops other 
than r ice are ra ised by rotation. 
In the rice-growing areas, wheat, 
tobacco, soybean, fla x, sweet 

potato, peanut, corn , sorghum , 
jute, etc. a re a lso grown. There
fore, farme rs need a multi-pur
pose machine to work not onl y in 
the padd y-fields but also in the 
fi e lds for rai s ing other crops, as 
the exist ing cropping systems 
require relay-interplanting cul t i
vat ion after a preced ing crop has 
been harvested. However, due to 
increasing fa rm la bor cost , the 
intensiveness of the cropping 
system has decreased somewha t 
in recent years, as shown in 
Ta ble 2. 

Development and E xtension of 
Agricultura l Machinery 

Before 1952, except fo r the in
troduction of pedal threshers 
from Japan, for about three 
centuries agriculture in Taiwan 
rema ined almost unchanged as 
far as the uti li zation of agricul
tural machinery and / or imple
ments by farmers is concerned. 
The movement of adoption of 
power machinery in indi vidua l 
farmlands started with the im
port ing of garden tractors and 
power tillers from the United 
States and Japan s ince 1954. 
Then, it continued on with the 
manu facture of power tillers in 
1958 by 22 small local machine 
shops. Since 1961, with the estab
lishment of bigger agricu ltural 
machinery plants, domestic pro
duction of power machines has 
been stepped up. 

Up to 1965, the agricultura l 
mechanization movement had 

Table 1. I umber a nd size of rice farms in Taiwan 

S ize of Land Holdings 
1960 1970 

No. of Rice Farms % No. of Rice Farms % 
Under 0.5 ha. 179 , 760 30.3 242, '173 38.8 
0.5- 1. 0 185,940 31.3 188 , 081 30.1 
1. 0- 1. 5 103,730 17.5 91 , 247 14.6 
1. 5- 2.0 57,190 9.6 47,924 7.7 
2.0- 3.0 45 , 210 7 . 6 36,11 1 5.8 
3.0 ha. & over 22 , 240 3.7 19 , 234 3. 1 

Total 594,070 100.0 625,070 100.0 

Table 2. Changes of multiple cropping index in Taiwan 

Year 1953 1957 1961 1965 1969 1974 

Index 173 179 182 185 184 179 
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been centered on encouraging the 
farmers to adopt power ti ll ers to 
replace draft anima ls fo r land 
preparation. S ince then, with 
Ta i wan's economy ente ring 
another phase of development 
after the implementation of three 
economic development plans, the 
emphas is in agricultural mecha
nizat ion has been graduall y shi ft 
ed to rep lac ing men with machine 
power. Under the government 
policy of rapid industri a li zat ion, 
the emigrat ion of ru ra l labor has 
accelerated and agricu lture fo r 
the first time has ex peri enced a 
labor shortage. H ence, laborsav
ing machines, such as rice trans
planters, power sprayers and rice 
combine harveste rs, ha ve been 
adopted. It is planned that in the 
yea rs to come, new cultural 
methods and new ly developed 
agricultural machines wi ll replace 
old ones and a ll the fa rming 
practices will be mechani zed. 

A brief account of the devel
opment of the va rious kinds of 
agr icultura l machinery and thei r 
adoption by t he farm ers follows: 

Power Tiller and Tractor 

Early in 1953, when the first 
4-year agricultural production 
plan was initiated, there were 
some 400,000 head of draf t 
an im a ls, most of which were 
water buffa loes. The number of 
cattle was not enough, as some 
100,000 more head were needed 
for intensi ve cultivation_ How
ever, it was very difficult to get 
the required number of animals 
in a short t ime. Even if it were 
possible, each animal would need 
0.8 hectares of land for g rowing 
feedstuffs, and so a total 80,000 
hecta res mus t be diverted from 
food-growing when more and 
more land was needed fo r feeding 
the teeming millions on the is
land_ And when the total amount 
of work done during the lifet ime 
of a buffal o is tall ied against the 
total cost involved, it is far 
obvious that animal power is 
from economical as compared 

with mechanica l power. There
fore, onl y throug h us ing agricul
tural machines and implements 
can tl1e problem of rural power 
shortage be so lved once fo r a ll . 

As a n attempt to so lve the 
problem of antic ipated labor 
shortage, seven different makes 
and medels of ga rden tractors in 
the power range of 1.5- 10 hp 
were in troduced into Taiwan by 
JCR R fro m the Uni ted States in 
1954. In the fo llow ing yea r . a 5 
hp rotary-type and a 2.5 hp ti ll er
type sing le-ax le. t wo-wheel trac
tor now called " POll e r ti ll e r" 
were purchased from Japa n. 
T hey were tested at various agri
cul tura l research and improve
ment stations and agr icultura l 
schoo ls, thus marking the begi n
ning of power t iller extens ion in 
Taiwan. 

The rotary-type tiller was the 
typ ical diesel-eng ined tiller deve l
oped and widely used in Japan 
over the past three decades. A 
sma ller one ca ll ed "Merr~ tiller" 
II as orig ina ll y an Ameri can 
des ign but remodell ed and im
proved for use in irrigated paddy
-fie ld in J apan. It is compact and 
light and s imple ' in const ruct ion. 
In the preliminary fie ld te ·ts , 
both of the machines showed 
their outstanding performances in 
irrigated rice fi e lds, espec ia ll y the 
sma ller one which has fo und 
acceptance with the loca l rice 
fa rmers. because its high versatil 
it~ and low cost. Moreover, it 
can perform var ious farming 
operations, such as t illage, trans
portation and cul t ivation. 

In 1956. JCRR aga in imported 
13 sma ll Merry tillers for testing 
and demonstrat ion at the va ri ous 
agricultural sta tions. During the 
demonstrat ions, loca l farmers 
showed at the onset an interest in 
the machine, and their demand 
for it became so strong later that 
the loca l machine facto ri es began 
to produce the machine by copy
ing the imported models. Several 
small farm machine shops also 
added this machine to their 
ma nufact ur ing lists. A number of 
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pla nts forma lI y m Ol king motor 
cyles or sma ll oi I eng ines started 
producing power t illers as a side
line_ Up to 1958, a total of 22 
sma ll facto ries came in to being 
a nd began producing power till 
ers_ Most of them concent rated 
on ma king the tractive-type 
power t ille rs, with onl y two 
pla nts producing the dri ven-type 
rotary t illers. 

In the meantime, the im ported 
power t ille rs increased to 16 
different brands including some 
200 Marry tillers imported by the 
Taiwan Provinc ia l Farmers' As
socia tion, offering a strong com
petition to the local manufactur
ers. 

However , small factories 
whose products were of doubtful 
quality and some of whom built 
onl y a few uni ts, soon fo und 
themse lves in financia l strai ts. 
T hus, owing to insuff icient 
operating funds a nd for lack of 
proper ma nu facturing techniques, 
a II the loca I manufacturers. 
except two. either went bankrupt 
or changed to mak ing other 
products at the end of 1960. The 
two rema ining manu facturers 
have managed to turn out a sma ll 
number of power ti ll ers each 
year. In 196 1, two g roups of 
Taiwan industr ia li sts, in coopera
t ion with Japanese agricultura I 
machinery compan ies. set up two 
facto ri es to produce power tillers 
with some parts imported . From 
that time on. the impor t of power 
ti llers. except spare parts, 
stopped a ltogether. 

In Taiwan today. Mecha ni za
t ion of land preparat ion is no 
longe r in its e xpe rimenta l stage 
but has become well establ i ·hed. 
The wide use of power t ill ers is a 
good example. T hey a re mostly 
used in paddy -fie lds, espec ia ll y on 
water- logged so il which adds 
tracti on to rather than reta rd the 
propelling uni t of the machine. 
Before the end of 1974, a tota l of 
42 ,123 uni ts of power t illers were 
used. On the basis of 917,000-hec
ta re cu lt ivated land and 877.000 
farm households, there was ap-
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prox imately a power ti ll er among 
every 20.8 farm households for 
every 21.8 hecta res of land. With 
the power t illers increasing, the 
dra ft cattle ha ve since 1966 
decreased in number at the rate 
of a bout 20,000 head ann ua l! y 
(Table 3). 

On the other hand , power 
tillers have been getting bigger 
and better with their maximum 
horsepower ra ised to 18 hp in the 
past fo ur years and the ir prices 
lowered in terms of per unit of 
horsepower (Table 4). This trend 
has led the farmers to replace 
obsolete machines with newer 
ones so that they can work more 
effic iently. 

While po wer ti llers remain the 
backbone of mechanized rice
farming, sma ll Japanese-made 
tractors of 25 hp or so are also 
used by local farmers and big 
wheel tractors with a maximum 
of 70 hp have been in troduced 
into Taiwan. In 1971, about 500 
hectares of paddy-fields were 
prepared by tractors equipped 

Table 3. N umber of power t illers 
and draft anima ls in 
T a iwan 

Year 
N umber of N umber of 
Power Tillers Draft An ima ls 

(unit) (head) 

1955 9 412,018 
1960 3. 708 417,122 

61 5.313 414,208 
62 7,504 405.056 
63 9,079 389,448 
64 10,20J 379,973 
65 12,213 370.370 

1966 14,272 360,294 
67 17,240 337,878 
68 21,153 323,085 
69 24,640 305 ,237 
70 28,292 275.007 

1971 32.030 245.109 
72 35,222 227.077 
73 38.393 204.620 
74 42.123 194.906 
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Fig.2. Avai lable hp/ ha of a rabl e land in T aiwan. 

with rotary t illers under a hecta re in Taiwan has increased 
demonstration program conduct- rapidly in the past years. At 
ed by the Taiwan Sugar Corpora- present , an estimated 0.46 hp/ ha 
t ion and the Taiwan Seed Ser- is avai lab le (Figure 2) . It is very 
vice. Since then, a sma ll number close to the m1l1!mum power 
of farmers as we ll as township range as shown in Figre l. 
farmers ' associat ions have begun Roughl y speak ing. about one 
to adopt this more efficient im- ha lf of fa rming operat ions in 
plement. Taiwan have been mechanized 

Since power t iller and tractor insofar as t illage is concerned. 
are t he prime mover of agricul-
tural mechanization , thei r avai l- . Seeder and Transplan ter 
able horsepower per hec tare of 
cul t ivated land may ref lect the 
progress or extent made in this 
regard. A study on "The \l.,T orld 
Food P roblem" conducted by the 
Pres ident's Science Advisory 
Comm ittee of the United States 
in 1967 reported the horsepower 
a va ilable per hectare fo r differnt 
reg ions as shown in Table 5 and 
Figure 1. 

According to the same stud y, 
the higher input horsepower per 
hecta re, the higher yield of crops 
wi ll be achieved (Figure 1). 

The input of tractor power per 

Rice transplanti ng is st ill done 
manually in Taiwan. T o fac ili
tate the operation, onl y a rolling 
disk-type marker is ava ilab le for 
marking both directions across 
the fie ld for straight planting. It 
is nevertheless a backbreaking 
and ti me-consuming job. Accord
ing to a stud y on the la bor-hour 
requirement for eleven kinds of 
crops concIucted by the Agricul
tura l Engineer ing Department of 
the Nat ional Taiwan Uni versity. 
a bout 19 per cent of the total 
labo r hours required for rice cul-

Table 1\ Cha nges in average prices of power ti ll e rs 

Average price 
Adjusted by price 

A verage pr ice 
Adjusted by price 

Year index Year index 
N T S/ hp NTS/ hp 

NTS/ hp % NT$/ hp % 

1961 5,217 5.553 106 1968 4.437 4.039 77 
1962 5.216 5,423 104 1969 4.479 3.881 74 
1963 5, 196 5,288 101 1970 4,546 3,807 73 
1964 5.039 5.137 98 1971 3.805 3,105 59 
1965 5.348 5,455 104 1972 3,707 2.851 55 
1966 5.228 5,228 100 1973 4.447 3.003 57 
1967 4.820 4.663 89 1974 5.000 2,564 49 

Table 5. Ava ilable horsepower per hectare of arable land by region 

Asia' Africa S. Am erica U.S. Europe 

T ractor 0.02 0.03 0.18 1. 00 0.78 
Power t i lIer 0.03 0.00 0.00 0.014 0.02 
Draft an im a l 0.09 0.01 0.05 0.00 0.08 
Manual labor 0.05 0.01 0.04 0.003 0.05 
Total 0.19 0.05 0.27 1. 02 0.93 
'Exc luding J apan a nd iVla inla nd Ch ina. 
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ture is devoted to transplanting 
operation. 

During the transplanting sea
sons, farmers are usuall y faced 
with the problems of labor short
age, as the labor force in the 
rura l areas has been graduall y 
absorbed by the mushroom ing in
dus tr y. However, attempts at 
supplementing manpower with 
machinery ha ve shown good 
prom ise. 

In 1966, JCRR assisted the 
Taipei Distri ct Aaricu ltura l Im 
provement Stat ion in mod ifyi ng 
two Japanese rice transplant
ers-a motor-driven type a nd a 
hand-pushing one-according to 
the actua l needs and agr icultural 
conditions. The pre liminary re
sults obta ined from the experi 
ments conducted in 1967 were 
very encourag ing, as the trans
planter can save two-thirds of the 
labor required fo r seed ling 
nursery, a nd is fo ur ti mes quicker 
than hand trans-planting. In addi 
tion, the yie ld in the mechan ica l
ly-transplanted plots was higher 
than that of the hand-transplant
ed plots. Presumab ly the increase 
was due to: a) hea lthy seedlings; 
b) uniform planting depth of 
seedl ings; c) wide-row a nd c1 ose
hill spacing; and d) even number 
of hills. 

The use of t ransplanter is also 
helpful fo r the extension of the 
new ly deve loped wide-row and 
close-hill planting system in rice 
culture, which is capable of in 
creas ing the rice yield by more 
than 10 per cent as compared 
with the commonly practised 
square-shaped spacing. 

In order to accelerate the 

genera l adopti on as well as to 
show the advantages of using the 
transpanter, JCRR and the Pro
vincial Department of Agricul
ture & Forestry (PDAF) jointly 
helped the loca l township farm
ers' associations and g roups of 
farmers to grow hea lthy seedl 
ings in a cooperative manner. 
About 30 nursery she lters each 
suppl ying 30 ha. of seedlings have 
been constructed in northern 
Taiwan. Up to the present, about 
2,500 units of the transp lanters 
have been adopted by rice farm
ers (Table 6). Judging from the 
good results of us ing the ma
chine, it is pred ictable that 
mechani zed t ransplant ing of rice . 
can be extended widely in the 
near future . 

Besides hand t ransplanting, 
direct seeding for the second rice 
crop has also been adopted. 
About 3,500 hecta res of paddy
fie lds are direct ly seeded with 
some 480 seeders annuall y. The 
seeders are loca ll y developed. 
They are of ma nua l-pulling type 
and s imple in construction. 
Hence, a 6-row seeder costs onl y 
NT$l,300 OJ' US$34 . 

On the other hand, several 
kinds of planters fo r dryland 
crops have been imported and / or 
loca lly developed for demons tra
tion purposes. Among them is a 
loca l-made peanut planter which 
is equipped with a be lt -type seed 
metering device and has shown 
promising results in a pre liminary 
fie ld test. 

Water Pump 

Water pump was introduced 

Table 6 Number of major agr icul tural machiner" in Taiwan 

1960 1965 1970 1971 1972 

Power tiller 3.708 12,213 28.292 32 .030 35,222 
Tractor - - 107' 133' 139 ' 
Rice transp lanter - - 280 454 658 
Power sprayer 317 4,489 17 .820 27 ,038 25.309 
Water pump 8,378 32 .107 52,794 61. 660 65.755 
Rice thresher 177.338 205.784 186.398 195.784 196 .637 
Power thresher - - - - 146 
(with cleaning 
device) 

150 198 214 361 Grai n dryer -
Ri ce com bine - - 20 75 154 

'Excluding tractors of the Taiwan Sugar Corporat ion . 
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into this island fro m Japa n about 
50 years ago. However, its usage 
is somewhat different from other 
countries on account of t he in ten
sive farming patterns adopted, 
since rice fi e lds have to be 
irrigated or dra ined very often in 
order to grow assorted crops. 
Somet imes la rge pumps are used, 
but most of the time sma ll centr i
fuga l pumps driven by 3-5 ·hp 
kerosene or diesel engines can 
serve the purpose better, as they 
can be easi ly moved from one 
place to another. When farmers 
began to rea li ze the advantages 
of us ing water pumps, severa l 
small machine shops were engag
ed in producing the machines by 
importing oil eng ines from Japa n. 
This is cons idered the beginning 
of agr icu ltural machiner~ ma nu
facture in Taiwan. 

After \Vor ld War II, the loca l 
machine manufacturers turned 
out abo ut 2,000 units of pumps 
annua ll y to meet the loca l reo 
quirements. At present, estimate· 
dl y about 120,000 units, including 
deep well pumps, are owned by 
farmers for irrigation purposes 
(Table 6). Now more than a 
dozen local manufacturers a re 
producing water pumps for loca l 
use and expor t. 

Sprayer 

Some 20 years ago most spray
ers a nd dusters in use were im
ported from Japan, a I though 
there was a government-ope rated 
plant turn ing out hand sprayers 
on a n experimenta l basis and a 
total of 874 sma ll famil y-sized 
facto ries or machine shops 

1973 1974 June 1975 

38 .393 42 , 123 45 , 470 
257 ' 892 1,323 
972 1,914 2,471 

43, 176 45.399 -
11 2,998 119,905 -
177,714 135. 158 -

316 379 1,205 

708 1,008 1.303 
329 1,127 1.792 
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engaged in the ma nufacture of 
hand and anima l·drawn too ls. In 
fact , chem ica l spraying for con· 
trol of r ice insects and diseases 
was not widely pract ised un t il 
Para thion and Endrin came into 
wide use fo r con t ro ll ing r ice 
borers in 1955. S ince then more 
tha n a dozen pr ivate facto ri es 
have been esta blished to manu· 
facture both spraye rs a nd 
dusters, including some power 
sprayer. 

In 1974. about 200,000 sprayers, 
20,000 hand duste rs, and some 
45,000 power·dr iven sprayers a nd 
dusters were owned by local 
fa rmers (Table 6). S ince 1967, 
aeri a l pesticide app licat ions over 
padd y·f ie lds and banana planta· 
tions by moun t ing spraye rs and 
dusters on he licopters were 
practiced by the government and 
farmers associat ions. 

Weeder or Cul t ivator 

In count ries with la rge fa rms, 
weed contro l is not di ff icul t in 
crop fie lds. However, in Ta iwan, 
most of the weeding operat ion is 
st ill done by hand. T he ha nd· 
operated rota ry weeder or igina ll y 
in t roduced from Ja pan is now 
made exclusive ly in Ta iwan fo r 
the sandy soil in which t he paddy 
ri ce is planted in chec k·rows. 
However , due to the wider adop· 
t ion of herbic ides, the number of 
weeders in use remai ned a round 
40,000. Each weeder has one or 
two rotors mounted on a sma ll · 
boat·shaped framework and a 
push handle. It can perform well 
on 0.3 to 0.4 hectares of paddy 
field per day. 

Fertilize r ApplicatQr 

It is a common pract ice of 
Taiwan fa rmers to apply chemi · 
ca l fer t il ize r by hane!. T he fe rt i· 
li zer is put either in a basket or 
in a sack hanging on a fa rmer 's 
shoulder by means of a stra p. 
The fa rmer takes a handful of 
the fert ili zer and scatters it by 
hand on the fie ld as top dressing. 
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Up to the present, a lthough 
there are some im por ted fe r t ili ze r 
app licators for dryland crops, no 
sui table ones are ava il a ble for 
padd y rice. Chemica l fer t ili zers 
used in T a iwan are mostl y of 
st ra ight types and in powder 
form . Appl ication of them in 
mixture, thus, poses a techn ical 
problem. However, it can be 
applied by a mist·blower if 
gra nul ated fe r t ili zer is used. 

l\!Ia nure·spreading machine is 
lack ing in loca l far ming. The use 
of a manure fo rk is the onl y way 
to sp read manure in the crop· 
field befo re plowing as compost 
manure is onl y used fo r basic 
app lica t ion. T he manure forks in · 
t roduced from Japan about ten 
yea rs ago a re now mass produced 
by two too l factori es fo r the loca l 
ma rket as we ll as fo r ex por t 

Har ves tin g Ma chin e 

In Taiwan, the paddy is st ill 
ha rvested with a sma ll , li ght· 
weight hand·sick Ie. Peda l thresh· 
er with a threshing cy linder 
mounted on sk ids is pull ed 
a round the fie ld to fo ll ow the 
reapers. One man can cut a bout 
one·ha lf acre of paddy per day 
with a sick Ie, and two men wit h 
a peda l thresher can thresh two 
or three to ns of paddy in a day. 
A fter threshing. the gra in is 
carri ed to the court yard fo r dry· 
ing, winnowing and c leaning on a 
concrete ground. 

T hresher driven by a sma ll 3·5 
hp gaso line eng ine instead of a 

peda l has been developed a nd 
wide ly adopted by loca l fa rmers 
in recent vea r . At present, there 
a re about 135,000 ri ce threshers 
sti ll be ing used in rura l Ta iwa n. 
T he figure is less than that of a 
few yea rs ago, serving to show 
that more fa rmers have adopted 
the hig hl y efficient power·dri ven 
threshers. Improved power 
threshers equipped with c leaning 
dev ices have been deve loped and 
extended to loca l ri ce fa rmers as 
shown in Table G. 

In 1967. two kinds of hand 
reapers, pushing and pulling, 
modi fied from J a panese·des igned 
ones were man ufactured loca ll y 
fo r extension. However. they 
have not been extens ively used 
due to higher gra in loss and other 
drawbacks. So, the production of 
the reapers were soon abandoned. 
To ma ke this device adaptable it 
will req ui re e ither a new va riety 
of rice or a change in the field 
size. As the present rice var ieties 
in T a iwan were developed for 
threshing by ma nua l la bor , the 
stra w is to ugh and flex ible and 
the gra in shatter s very easily. 
Even a si mple cradle can not be 
profit abl y used because the gra in 
wi ll be shatterd by the im pact of 
the cradle fi ngers. Both the ha nd 
pushing and pull fng reapers were 
no longer in use. Meantime, a 
sma ll number of power dri ven 
reapers or binders have been in· 
t roduced from J a pan fo r t ri a l 
use. 

In 1970, a number of sma ll 
Japanese·made ri ce com bines 

Table 7. Construc tion of big grai n·drying pl a nts 

Drr ing Cost fo r Cost for 
Location capacity the dryer the plant Ma in purpose 

(tons/ dar) (NT$) (NTS) 

Neipu. Pingtung 30 3.670,000 5.820,000 Corn . sorghulll a nd 
(Corn a nd soybea n seeds 
sorghum seed) 

16 
(Soybean) 

Yua nchang, Yunli n 6 
(Peanu t) 

1. 350, 000 1.350,000 Pea nu t a nd paddy 

30 
(Paddy) 

Hsi lo. Yunli n 120 2,270.000 1,790 ,000 Padd y 
Lotung, lIan 60 1. 450, 000 1,643, 000 Paddy 
Chi aohs i, ll a n 60 1,950, 000 1,472,000 Paddy 
T ungshan, lI an 60 1,950 ,000 1,492 ,000 Paddy 
Tachia, T a ichung 60 1,950,000 1,458,000 Paddy 
Ta li, Taichung 20 530,000 350,000 Paddy 
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consisting of a reaper and an 
ordinary automatic power thesh
er were introduced by the loca l 
manufacturers for test ing pur
poses_ So far some 1790 small 
combines ha ve been extended to 
rice farmers and there a re two 
local manufacturers ready for 
product ion of such machines_ 
However , there are st ill some 
shortcomings of the machine such 
as: 

a _ The grain shatters very 
easi Iy as the cutting and 
gathe ring dev ices of the 
machine are not gentl e 
enough to keep the gra in 
intact 

b _ T he gathe ring mechanism 
of the machine fai ls to 
gather up a ll the lodging 
sta lk s_ 

c _ Some rice-fie lds are too soft 
at the harvesting t ime to 
support the hea vy machine_ 

d _ The small . uneven rice-fields 
of Taiwan make the use of 
the combine less effic ient 
as its working capacity is 
on ly 1/ 2 to 1 hecta re a 
day _ 

e _ The machine does not 
operate well , particularly 
with respect to its cleaning 
device when the moisture 
content of the g rain is too 
high during such operating 
times as early mornings or 
after rainfall. 

For the harvesting of dryland 
orops, the Taiwan Sugar 
Corporation has been wide ly 
adopting sugarcane harvesters; 
some 70 such harvesters have 
been imported from abroad in the 
past few years_ Besides, ]CRR 
has assisted the Tainan District 
Agricu ltural Improvement Sta
tion in importing severa l units of 
peanut combines with diggers 
drawn by tractors for a trial use 
in the tedious job of co ll ecting 
ripe peanuts in the field. Accord
ing to pre liminary results, this 
mechanized operation not onl y 
could save much labor but a lso 
reduce the cost of production 
about 30% as compared with the 

convent ional method. 

Artificial Grain Dryer 

It goes without saying that 
adequate ra in-water hastens the 
growth of vari ous crops, parti
cularl y rice. But when the long
drawn rainy days co inc ide with 
the ha rvest season, the fu ll -grown 
rice in the f ield or the newly
harvested grains spread on the 
drying ground may sprout and 
sustain va rious degrees of 
damage. 

According to an island-wide 
survey by the PDAF in 1954, the 
loss of rice g rain per hectare due 
to spreading, turning, winnowing, 
etc . on the drying g round was 
28.8kg. However , the actual 
annua l loss throughout the whole 
is land should be much higher, 
because the ha rvesting time of 
the first rice crop in southern 
Taiwan and that of the second 
rice crop in the north usua ll y fall 
in the rain y season. When the 
rain comes in the midst of har
vest ing, the farmers ha ve no 
choice but to pile their g rain on 
the dry ing ground and cover it 
with straw and pray for the end 
of the fo ul weather. If the rain 
lasts fo r several consecutive 
da ys, the wet grain pi le wi ll 
g radua ll y get wa rm as a resul t of 
hea t accumu lated through trans
piration. The temperature in the 
center of the pile wi ll thus go up, 
resu lting form enting, sprouting or 
molding. Heavy damage to rice 
has been repeatly reported in the 
past decade. 

In order to save a sizable 
amount of r ice from spoilage by 
rain or high humidity, several 
types of rice dryers had been 
purchased from the United States 
by ]CRR for test ing purposes 
during the past decade. These 
are: a portable rice dryer made 
by the Behlen Manufacturing Co.; 
a column type rice dryer by the 
American Drying Systems, Inc. ; 
and a small portable rice dryer 
by the American Drying Equip
ment Company. Preliminary tests 
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revealed that the Behlen portable 
dryer enta iled the lowest drying 
cost, while the other two pro
duced ri ce of better quality. 
However, a ll the dryers are 
ei ther too bulk y or too expensive 
for the individual farmer to own. 
A lighter drying bin with a motor 
blower and a burner for artificial 
drying of rice was deve loped for 
extens ion by the PDAF ex peri · 
ment stations, in cooperation 
with the China Agricultural 
Machinery Co. , Ltd. in 1966. 

The bin-type a rti fic ia l gra in 
dryer is portable, we ighing about 
270kg. In the ord ina ry ha rvest ing 
time, the gra in drye r could 
reduce the moisture content of 
the g rain from 20 to 13 per cent 
and turn out about 1,500kg. of dry 
rice every 12 hours. In ra in y 
season, the drye r could even be 
operated 24 hours a da y. T he fuel 
for the burner of the dryer is 
kerosene, while its l lZ-hp moto r 
blower uses electric ity as source 
of power. Up to the present about 
1,1 00 units of the drye r ha ve been 
extended to loca l farmers for 
adopt ion. Meanwhile, some 200 
units of c ircu lat ion-type dryers of 
loca l made ones were a lso adopt
ed by farm ers in the first ha lf of 
1975. 

In the meantime, severa l far m
ers' associations and some 
agencies concerned have con
structed bigger dryers for com
merc ial purposes (Tab le 7)_ 

Gra in Clea ning Equipm en t 

Paddy gra ins after drying up 
have to go through a winnower 
once or twice before be ing sent to 
the market. The winnower is 
generall y made of wood, but 
some factories are producing 
wi nnowers made of sheet meta l. 
A revo lving fan inside of it is 
cranked by hand to produce an 
air blast for removing the chaff, 
straw, dust and unripe g rains_ 
Pla in bearings were usua ll y used 
in the revo lving mechanism. Onl y 
in recent yea rs ball bearings ha ve 
been adopted by the manufac-
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turers. On an average, 180 hec· 
toliters of paddy can be cleaned 
by a wi nnower on a one· run 
basis. 

Since e lect ricity is ava il ab le in 
most of the rural a reas, some 
winnower factories ha ve develop· 
ed an electr ic motor-driven win
nower to rep lace the hand-crank
ed one. Some of them are even 
equipped with an auger elevator 
to transport the grain in to the 
hopper of a winnower at higher 
speed with less labor. 

Meanwhile, due to wider adop
t ion of power threshers without 
cleaning units, a kind of grain 
and straw separat ion device has 
been developed loca ll y and exten
sively used for cleaning the newly 
threshed grains. The separater 
equipped with a sieve and a 
blower dri ven by a +-hp electric 
motor can save lots of labor for 
cleaning the grain after the ha r
vesting operat ion. 

Processing and Handling Facili
ties 

Rice hulling and po lishing 
equipment is mostl y operated by 
local fa rmers' assoc ia t ions and 
some bus inessmen to serve a ll the 
farmers in the respective areas. 
The machine equipped with an oil 
engine of 7 to 12 hp or 7t-hp 
electric motor has a capacity of 
hulling and milling 2 t-o 4 metric 
tons of brown r ice per hour. Re
cently, a number of smaller rice 
hullers and pol ishers ha ve been 
adopted for individual and / or 
cooperative use by the farmers . 

Meanwhile, many kinds of pro
cessing machines a nd facilities , 
such as jute decorticators, peanut 
shellers, corn shellers, sorghum 
threshers, etc., have been loca ll y 
developed and extended to the 
far mers. 

Problems Encountered in Agricul
tural Mechanization 

Although considerable efforts 
have been made for promotion of 
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the agr icul tural mechanization 
program dnd steady progress has 
been ac hieved in the past few 
years, there are sti ll many pro
blems left unsolved, such as: 
Genera l Problems of Mechanized 
Farming 

T he mechanization of sma ll· 
fa rm agric ul ture in Taiwan may 
serve as an example for countries 
with s imilar condi tions. The pro
blems encountered at the beg in
ning of mechanized farming are 
briefly described below: 
1. Small farms and fragmenta 
t ion of land: As the average size 
of the farms in Taiwan is about 
one hectare. the use of large type 
machinery is, of course, impracti
ca l and costly. 
2. Diversified and intensified 
cropping systems: Almost all the 
sma ll farms are run in a di ver
s ified way with very little use of 
specia lized machinery. And under 
the intensive cropping system, 
farmers grow one crop after 
another, and practice relay-inter
planting befo re the harvest of the 
previous crop. For this reason , 
compact machines that can be 
eas il y maneuvered between rows 
are what the farmer needs. 
3. Lower purchasing power of 
individual far ms: Low purchasing 
power is a common phenomenon 
in count ries dominated by sma ll 
fa rms. This is due to the limited 
produce of the fa rms, the s imple 
and inefficient tools employed 
and the fact that production is 
mainly for family consumption. 
To se ll agr icul tura l machinery to 
fa rmers with low purchasing 
power is necessaril y diff icul t. 
4. Farm population not mecha
nically minded and rural youth 
not enthusiast ic over farming: In
di vidua l farmers are, as a rule. 
devo id of mechanical sense. This 
is also a bottleneck to agricultur
al mechanization that should be 
overcome in the shortest possible 
time through an extensive pro
gram of educa ting the rural 
populat ion. 

The rapid development of in
dustry has led to a decrease of 

full -time farm hands and a con
comitant increase of part-time 
labor on the farm. The part-time 
workers, especially the young 
ones, lack interest in making new 
tr ia ls or effo rts to better ut i li ze 
agricul tural machines. 

Infa n t Agr icultural Mac hinery 
Industry 

l. High cost of agricultura l 
machinery: High interest rates. 
limited output and the need to 
import some of the materials 
from abroad are the main rea
sons for the hig h cost of the 
machinery produced. Only when 
the farmers ' purchasing power is 
ra ised can the agricultural ma
chiner)1 manufacturers be will ing 
to lower the price of their pro
ducts for bigger business turn
over. Before 1970. the average 
price of a loca lly made power 
ti ller was about 30 per cent 
higher than that of the same type 
paId in Japan. However, the dif
ference has been graduall y 
narrowed down during the past 
fo ur years. 

In the past. most of the farm
ers, who purchased agricultural 
machines with bank loans had to 
pay an average ann ual rate of 
interest of 11.52 per cent. The 
present interest rate has been 
lowered drast ically to 8.5 per 
cent. 
2~ Lack of operating fund and 
poor management: According to 
a 1959 survey. most of the small 
factories were short of operating 
funds and has to pay high inter
ests for loans from private 
sources. thus making them re
luctant to produce lower priced 
products. As most of the machine 
parts are made by sma ll fac
tories, the lowering of machinery 
prices has to begin with the 
avai lability of low-interest loans 
offered by local banks. One of 
the major companies- the China 
Agricultural MachineryCo · -was 
a t a time on the verge of bank
ruptcy because of poor manage
ment plus lack of operating fund . 
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3. Lack of suitable farm ma o 
chines: While some of the power 
tillers, water pumps and power 
sprayers and dr yers in use are 
locally manufact ured, tracto rs. 
rice transplanters and combines 
a re most ly imported. Besides be· 
ing expensi ve, the imported mao 
chines need to be modified in order 
to be fully adapta bl e to loca l 
cond i tions. Furthermore, ma · 
chines for such work as fertil ize r 
a pplication, harvest ing and cui· 
tivation, for larious crops are 
st ill lacking. Even land prepara· 
tion , such as the leve ll ing of 
paddy fie ld, is somet imes depend· 
ent on animal power and con· 
ventional tools. It shows the need 
for speciall y·deve loped attach· 
ments to adapt to loca l condi· 
tions. 
4. Insufficient number of quali · 
fied engineers and low technical 
leve l of manufactures: In the 
ear ly da ys of industrialization in 
Taiwan, only "family s ized" 
machine shops were engaged in 
manufacturing farm impl ements. 
Without saying, these small 
facto ries had neither qualified 
eng ineers nor sufficient capital to 
produce machinery of good quali · 
ty. According to a 1959 survey, 
the manufacturers needed help to 
so lve such manufacturing pro· 
blems as gea r making, heat 
trea tment . gauge ·ma king. and jig 
and fi xture making. Evidently, 
the small factories could not 
afford to purchase the necessary 
facilities and equipment fo r solv· 
ing these problems. 

The survey also indicated that 
the products of each machine 
shop were not uniform in quality. 
This is obvious ly due to the lack 
of an effec tive quality control 
system and unava ilability of 
precis ion manufacturing and in · 
spect ion tools. Furthermore, the 
equipment used in the shops were 
in most cases obsolete and in· 
efficient. Under these ci rcum· 
stances, one can not expect them 
to produce things of high quality, 
unless technical guidance can be 
given to e levate the efficiency in 

the management of the machine 
shops. Although the s ituat ion has 
since been much improved as the 
loca l industries have been a bsorb· 
ing new manufacturing know· 
how, technica l ex peri ence and 
fo reign in vestments to set up 
larger factor ies; yet . fo r lack of 
qualified research engineers, the 
work progress has been rather 
slow. 
5. Lack of standardiza tion of 
machine parts and attachments: 
Since each agr icul tura l machine· 
ry factory is turning out products 
in limited quantities of its own 
design , cost of production of the 
machines is necessa ril y high. If 
some of the parts and attach· 
ments are standard ized and made 
in terchangea ble among diffe rent 
brands of a particular type of 
machine, it may enable the local 
manufacturers to lower their 
production costs. 

Problem of Fuel Supply in Rural 
Areas and Heavy Burden of 
After -sale-se rvice 

1. Needed for better fuel oi l: 
T he fuel for power machines can 
be purchased fro m fuel stores at 
a ll principal townships, but its 
impurities affect the sevice life of 
machines. especia ll y the diesel 
engines. It is a lso not convenient 
for a fa rmer to purchase better 
fuel oil from distant downtown 
gas stat ions. 
2. Heavy burden of after-sa le· 
serv ice: The machine owners are 
apt to use the machines too long 
without maintenance during the 
far ming season. Because of the 
short interval between two crops 
and a tight farming schedule, 
each fa rming operation has to be 
done within a certain period. The 
after·sale·service fo r the ma· 
chines after prolonged use by un· 
sk illed hands naturally imposes a 
heavy burden on the infant agrl' 
cul tura l machinery industry. 
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Measures Adopted in Mechanized 
Farming 

Toda y, farmers in Taiwan a re 
faci ng a number of problems 
a ri sing from the impact of rapid 
industrialization. The increasing 
cost of labor and the high cost of 
such inputs as chem ica l fertil iz
ers, pesticides and power ma
chines have lowered the profit of 
farming and at the same time 
widened the income gap between 
the farmers and non-fa rmers. 
Therefore, not onl y the young 
generat ion but the agricultura l 
labor \~ ith agricultural capital 
a re flowing in to non-agricultural 
sectors. Obviously, T aiwan is 
now experiencing an important 
ep isode of agricul tura l structura l 
transformation. 

At the crit ica l stage. the pro· 
blem of how to promote agricul 
tura l mechanization so as to in · 
crease the agricultural income 
has been given increasing em· 
phas is by the government au
thorities. Measures taken for im· 
proving the environment for agri · 
cul tural mechanization in the 
past yea rs are as follows: 

Providing Agricultural Machin
ery Purchase Loan s and Sub
sidies 

The cost of agricultura l ma
chinery either imported or made 
loca ll y is st ill too high for 
genera l adoption. A power t ill er 
with the necessary attachments 
costs four or five times as much 
as a buffa lo. It is out of reach of 
the average sma ll farmer who 
can not afford to pay for the 
machine in a lump sum. 

Under the Program for Ac
ce lerat ing Rural a nd Agricultural 
Development announced by the 
government in September 1972. 

T$2 billion was earma rk ed for 
overa II agricul tura I development, 
with an additional NT$1.82 
billion appropriated for use as a 
loan fund. Under this progra m, a 
farmer or fa rmers' organi zat ion 
is to be subs idized at 10 per cent 

55 



of the cost for purchase of trac
tors of more than 40 hp and 20 
per cent for purchase of combin
es, rice transplanters, swath 
power sprayers, power threshers 
equipped with separating devices, 
rice reapers, and other newly 
developed power machines. 
During the period of August 1970 
through June 1971, to enable 
more fanners to purchase larger 
machines, a subsidy of NT$5,000 
was granted each farmer who 
bought a power tiller of upwards 
of 10 hp. 

The Provincial Taiwan Food 
Bureau (PFB), the Land Bank of 
Taiwan, the Provincial Coopera
tive Bank and the Farmers Bank 
of China ha ve all established 
agricu ltural machinery purchas
ing loan programs over the past 
decade. Farmers may borrow the 
total purchasing cost from PFB 
if they agree to repay the loan in 
paddy rice. Loans from the three 
banks had first been extended to 
cover 70 per cent of the purchas
ing price, but were later changed 
to fina nce the entire cost. Recent
ly, PFB a lso offered loans for 
covering 100 per cent purchase 
cost on the same terms as the 
three banks. All the loan agencies 
have lowered their interest rates 
on the loans over the years 
- from 0.012 monthly in 1961 to 
0.0096 in July, 1967, and to 0.006 
in July, 1972. The present interest 

rate is 0.007. 
Repayment of loans for power 

tillers, tractors and rice com bines 
is to be made in 14 insta ll ments 
over a per iod of seven years. 
Loans for other machinery are to 
be repaid in six to ten insta ll
ments over three to five years, 
depending on the amount of the 
loan. 

Meanwhile, in order to 
strengthen the agricultural 
mechani zat ion program, a three
year (1972-1975) loan plan was 
jointly supported by the Central 
Government, three bank s and 
JCRR (Table 8). Carrying a total 
of 1 T$829,200,OOO, it ended up on 
June 3D, 1975, with an aggregate 
loan of 1 T$l,094 ,762,000 ex tend
ed to individual farmers, an in
crease of NT$265 million over 
the original figure (,fable 9). 

Measures for Improving the 
Qua lity and Lowering the Price 
of Agricu ltural Mac hinery 

To make sure that agricultural 
machines purchased by ind ividual 
farm ers are of good quality, the 
government makes it a ru le that 
any new madel of agricultural 
machines should be thorough ly 
inspected and tested in the field 
before it is put on the market. 
All imported new types of agri
cultural machines, such as com
bines and rice transplanters, 

Table 8. Financial sources for agricultural mechanization loa ns 
Unit · NTSl.OOO 

1st Year 2nd Year 3rd Year 
(July 1972· (jul y 1973· (July 1974· Total 
june 1973) june 1974) june 1975) 

Centra l Government Fund 100.000 lOO , OOO lOO .OOO 300,000 
JCRRI SAFED Fund 25 , 000 35 , 000 35,000 95,000 
JCRR Unified Agriculture 41 , 700 31,700 31,600 l05,OOO 

Credit Loan Fund 
Three Agri. Banks 109 ,700 109 , 700 109. 800 329 , 200 

Total 276,400 276 , 400 276,400 829,200 

Table 9. Progress of loanings for agricultural machine procurement under 
3·yea r plan 

Unit: NTSl ,OOO 

1st Year 2nd Year 3rd Year 
(july 1972· (july 1973- (july 1974· T otal 
June 1973) June 1974) June 1975) 

Farmers' Bank of 23.728 
China 

10,170 86 , 920 120 , 818 

Land Bank of Taiwan 62 , 145 123,4 12 282,658 468 , 215 
Cooperative Bank of 71,566 123 , 430 310.733 505,729 

Taiwa n 
Total 157.439 257.01 2 680.311 1,094.762 

should be put to trial in a 20-hec
tare field to test their performace 
and durabilit y. This kind of tests 
has been conducted by the 
Taiwan Agricu ltural Resea rch 
Institute (T ARl) and District 
Agricultural Improvement 
Stations (DAIS) during the past 
four yea rs. 

Meanwhile, the government 
drew up a set test ing standards 
for conducting inspections of 
power till ers. Manufacturers and 
importers were required to send 
in samples of new madels for in
spection. Only those farmers who 
bought machines of mode ls that 
have satisfactorily passed the in
spections have the right to apply 
for low-interest loans and sub
sidies. 

The prices of iocally made 
agricultural machines are rather 
high when compared to farmers 
income, as are the prices of im
ported machines. The govern
ment has strengthened the super
vision of manufacturers and im
porters to prevent them from 
making unfair profits. with the 
consequence that the prices of 
the machines have lowered con
siderably. The changes in the 
price of power ti llers in past five 
years as shown the Table 10 
provides a good example of the 
price reductions. 

Rural Repair Service 

A few yea rs ago, many of the 
small agricultural machinery 
manufacturing or assembl ing 
plants operating in the major 
townships offered no after-sale
service for the machines they 
so ld. After they stopped produc
ing a particular type of machine 
(or when no more such machine 
was imported) , many machines of 
that type broke down and have 
remained out of repair for lack 
of spare parts. This has caused 
the farmers to lose confidence in 
the manufacturers and added to 
the difficulties in the machine
extension program later on. 

It is a long-felt need that the 
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Table 10. Pr ice cha nges of 14 hp power ti llers 

Farmer's Cost Remarks 
Amount of Government Price 

Date (NTS) Price Change Subsicly Annua l 
(NT S) 

Before May 8,1970 60 , 000 -
May9- Ju ly 31, 1970 57,000 - 3.000 
Aug. 1970- june 1971 55 . 000 - 2.000 
july- Dec. 197 1 53 ,000 - 2,000 
Jan .- Oct. 1972 53,000 -
Oct. 1972- Sep. 1973 51. 000 - 2 . 000 
Oct. 1973- Feb. 1974 57.000 + 6 .000 
Feb. 1974 - Now 70 . 000 + 13,000 

repai r service should be ava ila ble 
a nd access ible to t he agricul tura l 
machine users. T hro ughout 
Ta iwan, there is a ma rk et square 
at a lmost every township. which 
the farmers vis it a t least once a 
week to se ll their products a nd 
replenish thei r la rders. To meet 
this need, government agenc ies 
concerned ha ve se lected 20 
ma rket squares in 1959 and 48 
more in 1960 at those townships 
where ma ny farmers are owners 
of power tillers and the other 
machines, and na med in each of 
these market squares a machin
ery repa ir shop or motorcycle 
repair shop as the "appoin ted 
agr icul tura l machinery repa ir 
shop." Each of t hese ap poi nted 
shops was asked to send at least 
one of its technicians to the tech
nica l t ra ining class conducted 
joint ly by JCRR, PDAF and 
fa rmers' assoc iations. T hese 
repa ir shops rendered fa irly 
satisfactor y service to machine 
owners at reasona ble charges in 
the ear ly stages of t he is land's 
agr icul tura l machinery ex tension 
program. 

In 1961 , the two newly estab
li shed maj or agricultura l machin
er y compa nies initiated a n is
la nd-wide after-sa le-service sys
tem and pu t in to operat ion a 
number of roving se rvice ca rs. 
This attested to the ea rnest 
effor ts made by the manufact ur 
ers to educate their sa les agents 
and users on how to use thei r 
machines properl y with a view to 
increasing sales. 

In 1966, as a new attempt to 
expedi te the agricul tura l mecha
niza t ion progam in Ta iwan, a 
network of Agricul tura l Mecha-

(NTS) (NTS) (% ) int rate 
(% ) 

- 60,000 100.0 11 .52 
- 57.000 95 . 0 11 .52 

5,000 50,000 83 . 3 1l .52 
2 , 000 51.000 85. 0 1l .52 
1, 000 52.000 86.7 7.2 

- 51.000 85.0 7.2 
- 57.000 95. 0 7.2 
- 70,000 11 6.7 9 .0- 8 . 5 

nizat ion Promot ion Centers 
(AMPC) at princ ipa l townshi p 
was estab lished by the govern
ment and fa rmers' associat ions 
concerned. Up to the present, 37 
AMPCs have been established in 
different townshi ps. T hese 
centers ' ma in functions are: a) to 
mai ntain and repa ir far m ma
chines owned by indi vidua l fa rm
ers. b) to full y ut ili ze agricul tura l 
machines, espec ia ll y power tillers. 
r ice t ra nsplanters and combines, 
by ma king thei r service avai lable 
to other far mers thro ugh a r
rangements with the center, c) to 
assis t any fa rmer who wants to 
buy agr icul tura l machines but is 
lack ing in funds by helping him 
complete the bank loan proce
dures, d) to ass ist the resea rch 
inst itut ions in fi e ld testing and 
demonst rat ion of newly develop
ed agr icul tural machines, and e) 
to carry out a farme rs' t raining 
program in· each of the townshi ps 
where a promot ion center has 
been set up. However, the 
number of AMPCs is sti ll limited 
and their activi ties need to be 
strengthened. 

Fuel Supp ly in Rural Areas 

In employing power machines, 
fuel supply and economy in the 
use of fuel are matters of pract i
ca l concern . Although T a iwan 
has its own petro leum refinery to 
process imported crude oil , yet 
how to supply enough fue l of 
good qua lity to fa rmers at rea
sonable prices rema ins a problem. 
T o he lp the farmers get quality 
fuel, the Chinese Petroleum 
Corporation, with the ass istance 
of ] CRR, has established a 
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number of sma ll fue l stat ions in 
sui ta bl y located townshi ps, bu t 
more fuel stations are needed to 
eventua ll y serve a ll the tow n
ships. Some tow nship farmers' 
associations are procuring fuel in 
bulk to meet the need of the 
fa rmers. 

Trainin g of Fa rm ers and Tech
nician s 

T he farmers know how to 
drive and tend water buffa loes. 
but are most ly ignorant of the 
use and ma intenance of power 
mechi nes. This is also true of the 
agri cul tura l extension wor kers. 
To help them acq uire a basic 
knowledge of agr icul tura l ma
chinery. government agricultura l 
agencies have, in co llaborat ion 
\\ ith the agricul tural co ll eges and 
fa rmers' assoc iat ions, conducted 
a number of t ra ining cl asses. 

T raining of fa rmers has been 
given specia l emphasis in 
T a i\\ an. In the early days of 
agri cul tural machinery extension. 
the sma ll number of power ma
chine owners were taught ind ivi
dua lly to operate and take ca re 
of the machines in their posses
s ion with good resul ts. However, 
it is impossible to keep up such 
intensive tra in ing because the 
num ber of instructors can not be 
increased 
the rapid 

proportionate ly with 
increase of farmers 

us ing power machines. 
Over the yea rs, t ra ining classes 

have a lso been conducted fo r 
far mers who have owned ma
chines or who wish to own one in 
the immedi ate future. S ince t his 
type of t rain ing can not be con 
t inued on a year-round basis , 
chances are that some fa rmers 
want to acquire a pract ical 
knowledge of farming machines 
but have not had the opportunity 
to attend a t raining class. T here
fo re, some farmers who know 
power machines well a nd are 
wi lling to offe r their services 
have been selected to se rve as 
"honorary power machine 
demonstrators." They act as con-
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sultants to farmers in the selec
tion and use of machines in their 
own vi llages. However, as things 
later turn out, the honorary 
demonst rators offer advice only 
when they are approached and 
se ldom take the initiative in 
giving inst ructions. 

A third approach adopted for 
training the fa rmers is the in
stitution of township-or vil
lage-level tra 1l11l1g system. 
Under the system, in a town or a 
village where 15 to 30 farmers 
own power machines, a "mecha
nized-farming training unit" ma y 
be organized. Members of each 
unit elect their own leader and 
deputy leader. Leaders of all the 
training units are to be g iven in· 
tensive technical training for a 
period of one month. After the 
training, the members will meet 
at least once a month for group 
discussions, lectures by invited 
specialists, question-and-answer 
sessions, maintenance and repair 
exercises, field chore competi
tions, etc. This type of training 
has met with satisfactory results 
in the early stages of mechanized 
farming in Taiwan. In 1960-61, a 
total of 50 such training units 
were organized. Since the estab
lishment of the major agricultur
al machinery manufacturers in 
1961, training of extension and 
service personnel and the farmers 
has been taken over by the com
panies themselves. 

Another type of training is 
conducted specia ll y for agricul
tural machinery research workers 
and trainers. Altogether 52 
promising young technicians were 
selected from T ARI and DAISs 
in 1958, 1967 and 1971 and were 
given one-year training in the 
Agricultural Engineering 
Department of the National 
Taiwan University. These young 
men have contributed much to 
various types of training for the 
farmers besides carrying on re
search and experimental work on 
agricultural machinery. 

In view of the fact that ad
ministrative officials and exten-
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s ion workers in various govern
ment agencies concerned and 
farmers ' assoc iations also need a 
general knowledge of agricultural 
machinery in order to more 
effic ientl y perform their tasks of 
promoting agricultural mechani
zat ion , classes ha ve been he ld for 
these personnel. In the fi.rst five 
years of Power tiller extension, 
a ltogether 940 government offi
cials and extension work.ers 
attended classes lasting from a 
week to a month, depending on 
the nature of the training. As a 
measure to extend new machines, 
such as tractors, rice transplant
ers. combines, etc., thousands of 
agricultural workers and farmers 
from various townships have 
been trained during 1971-75. 

Joint Organization for Mecha
nized Farming 

As the number of part-time 
farmers has increased, govern
ment agencies concerned ha ve 
encouraged farmers to organize 
themselves for joint operation to 
facilitate efficient use of m odern 
techniques and machinery. Such 
)01l1t operation has gradually 
developed from primarily labor 
cooperation to capital utili zation. 
In the meantime, the scope of 
cooperation has expanded from 
single crop production to the 
entire farm business. The number 
of participating families has also 
become larger, rang ing from a 
fe w fa milies to an entire village. 
The scope and types of joint 
farming being carried on under 
the supervision of government 
agencies for ex perimentation and 
demonstration purposes are as 
follows: 
1. Joint ownership of machines: 
The township AMPCs have been 
motivated to promote a program 
for joint ownership of agricultur
al machines since 1970. Joint 
ownership teams, each composed 
of 10 or more neighboring farm
ers, are organized by the town
ship farmers' associations and 
AMPCs under agreements effec-

tive for at least f ive years. From 
among the members of each 
team, a spec ialized machine 
operator is chosen to operate and 
take care of the power tiller. 
(Later on some teams ha ve added 
transplanters and combines). Be
s ides cultivating hi s own land, the 
operator does contract work for 
the team members at charges 
covering expenses for labor, fue l, 
oil, machine maintenance and 
repairs. Up to the present, 447 
such teams have been organized. 
2. Experimentation of coopera
t ive farming: In 1966, the 
government launcehed an am
biti ous project for promoting 
cooperati ve farming, namely, the 
initiation of a cooperative farm 
management program to cover 
the entire activities of the 
cooperating farmers and to im
prove their effici ency in farm 
management as well as their 
live lihood. Groups of three to 
seven neighboring farm families 
with altogether about five hec
tares of farmland are encouraged 
to get organized into cooperative 
farms. The major items of 
cooperation 
ment and 
machinery 
such farm 

are joint procure
util ization of new 

and installation of 
facilities as under-

ground water for irrigat ion and 
domestic use, which are usuall y 
too expens ive for a single farm . 
Up to the present , this program 
was still in the experimental 
stage, 80 cooperative units includ
ing 374 farm familities with al
together 465 hectares of land 
were operating and demonstrat
ing under the supervision of the 
va rious DAISs. 

Developmen t of Con tract Work 

Since 1970, the PFB has been 
subsidizing township fa rm ers' 
associations for the organization 
of mechanized farming service 
teams for doing contract work 
for the farmers in the respective 
townships with the use of power 
till ers. (Some teams have also 
been using rice transplanters and 
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combines). Up to the present , 310 
such teams ha ve been organized. 
T o encourage the establishment 
of s imilar serv ice teams by bus i
nessmen or interested farm ers, 
the government is now g ra nt ing 
subs idies a t 10 per cent of the 
machine cost for purchases of 
repair and ma intenance fac ili t ies 
so as to s trengthen t heir repair 
capabi lit ies. 

Streng thenin g of Research and 
Experim ent Work 

T o expedi te the extens ion of 
mechani zed fa rming in T a iwan, 
research and deve lopm ent of 
agricultura l machinery has been 
active ly prom oted, with emphas is 
la id on modifi ca ti ons and im
provements of the ex isting types 
of machines and designing of new 
ones to sui t the fa rming condi
ti ons in Taiwan. Impor ted power 
tille rs and the ir a t tachments a re 
usua ll y in need of some modi fica 
tion in o rde r to full y meet the 
local requirement. When a 
machine of fo re ign design is pro
duced loca ll y, pa r t of the struc
tural design and / or the mater ia ls 
used often ha ve to be changed. 

According to a survey made by 
PDAF in 1966, part of the power 
tiller owners s till reta ined thei r 
draft anima ls. In the survey , a 
total of 192 head of dra ft cattl e 
are s till kept by 302 power t ill er 
owners, compa red with 401 head 
before they bought the power 
t illers. This clearl y shows that 
there is s ti II a ' need fo r more 
speciall y-designed at tachments to 
replace the anima l power com
pletely. Presentl y, t he maj or 
manufacturing companies in 
Taiwan ha ve thei r own resea rch 
departments and engineers to 
undertake design ing and im
provement of agricultural ma
chines. 

Since 1957, a ll the agricul tural 
research and improvement 
stations on the is land have 
engaged in experiments for im
provement of the perform ance of 
ex isting machines and develop-

ment of new ones. Up to the 
present . progress in the resea rch 
work of these stat ions has been 
slow due to a shortage of qua li 
fied resea rch eng ineers. Recentl y, 
t hrough J CRR 's promotion. 
cooperat ion between the resea rch 
wo rkers of government agenc ies 
concerned and the local manufac
turers has been stepped up. 
Meanwhile, an Agr icul tura l 
Mechanizat ion Resea rch a nd 
Development Center jointl y sup
ported by the government and 
loca l agricul tura l machinery 
manu fact urers will be set up in 
the nea r future. 

Conclusion 

The program for promotion of 
mechanized farming initia ted by 
JCRR in 1952 with the purpose of 
increasing land product ivity and 
sav ing fa rm la bor has been pro
gressing steadil y. and plans have 
been set afoot for acce lerated 
extension of va rious kinds of 
agri cul tura l machines in orde r to 
offset the labor shor tage which is 
being increasing ly felt in a reas 
c lose to industri a l towns. H ow
ever , a number of new problems 
such as ri ses in wages, dec line of 
farm land price and dec rease of 
cropping index , toget her with 
such o ld problems as the sma ll 
s ize of the fa rms, and low 
purchasing power of the fa rmers 
have grea tl y hindered agri cultur
a l mechani za t ion as well as agri
cul tura l moderni zat ion in 
T aiwa n_ To cope with these pro
blems and to ra ise farm income, 
agricultura l mechanizat ion have 
been g iven first pr iorit y among 
the va rious deve lopment 
measures programmed under the 
nation's new agri cultura l poli cy. 

Power t illers, which s till take 
the leading ro le in T a iwan's agri
cul tura l mechani za tion progr am , 
tota lled 42 ,123 uni ts in 1974. For 
every 20.8 fa rm househo lds or 
every 21.8 hecta res of cul tiva ted 
land the re was a power t ille r. 
The annua l inc rease in the 
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number of power t ill ers was 
about 3,500 uni ts in the past few 
yea rs, Besides the power t illers, 
some tracto rs have a lso been 
adopted for use by farmers 
recentl y. As the rea l wage has 
increased much faster than the 
ra te of cha rges fo r contract work 
by power mac hinery teams, the 
eve r-widening d iffe rence wi II 
acce lerate the adoption of 
machines. 

At present , the demand for 
such other machines as power 
t ransplanters and combines, while 
be ing on the inc rease. is st ill 
rather lim ited . This may be 
a t tributed not onl y to low 
purchas ing power of the fa rmers, 
the sma ll s ize of the fa rms, lack 
of experience in using new ma 
chines, but a lso to a wa nt of new 
cul tura l methods to ma tch with 
the new machines. Indeed. further 
intens ificat ion of farm manage
ment of T ai wa n will depend to a 
la rge extent on advanced tech
nologies and science on the one 
hand and to the stud y of the 
practica l problems a ris ing from 
the fie lds on the other. 

As the agri cul tura l mechani za
t ion on rice fie ld and on dry land 
crop progresses. severa l new type 
of machines of la rger capac ity 
wi ll be ex tended to the fa rms 
through contrac t teams or for 
joint use under cooperat ive pro
grams. However , soc ia l and e
conomic resea rch should be 
strengthened a long with technica l 
experimenta tion. Therefore, some 
positi ve measures to bring about 
an ex pans ion of the s ize of the 
pri vate fa rms. improvement of 
farm ers' organi zations and 
encouragement of joint and/ or 
coope ra ti ve fa rming will have to 
be effec t ive ly pushed fo rward in 
order to ful fill the object ives of 
agricultura l mechani za ti on. •• 
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Agricultural Mechanization 

and Machinery Production China 

Introduction 

As a member of the U.S. a · 
tional Academy of Science 
delegation * the author had the 
privilege of visiti ng the People 's 
Republic of China for four weeks. 
During our tour of China we 
visited rural commumtles and 
saw many land development and 
irrigation projects, agricultural 
machinery and related manufac
turing plants, and small machine
ry repair shops at national, pro
vinc ial , city , country, commune, 
and brigade levels. These were 
located in the Peking and the 
S hangha i municipalities, and in 
Shansi, Honan, Kiangsu and 
Kwangtung provinces (Fig. 1). We 
were generally exposed to some
what better-than-a verage areas 
s ince many of the development 
projects that we saw have been 
well publicized in local and 
fore ign publications. 

Our tour covered three major 
agroclimatic areas: the irrigated 
dry land agricultural areas of the 

*The United States NAS small ·scale 
rural industries delegation visited China 
during June·July 1974 . The delegation 
was composed of four economists. two 
social scientists. one historian. and three 
engineers. 

Assistance provided by J. Samuel. Re
search Fellow. IRRI. in writing the paper 
is acknowledged. 
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r orth China plain near Peking; 
the problem soil and water
deficient areas in Shansi and 

orth Honan provinces; and the 
wetland rice-growing areas of 
Kiangsu and Kwangtung. It was 
apparent to LI S t hat the mechani
zation of field operations is 
superseded only by the introduc
tion of improved seed-fertilizer 
techno logy and irrigation and of 
land development program in 
their agricultural development 
priorities. High-yielding dwarf 
varieties of wheat and rice have 
been widely introduced in most 
parts of the country. We were 

-- PRO/lNCIAL BOUNDARIES 

c:=J P1l(JVINCE 

~ AUTONOMOUS REGION 

~ MUtilelPAUlY 

impressed with the progress 
made in irrigation, water control 
and land development, without 
which increased crop production 
would not ha ve been possible. 
Increased attent ion is now being 
directed towards land conso lida
tion and farm mechanization. 

China has obvious ly placed a 
high priority on the mechaniza
t ion of its agr iculture. We were 
repeated ly told that they are 
aiming for a complete mechani
zation of Chinese agriculture by 
1980, a target which is perhaps a 
little too optimistic. The Chinese 
political leadership is strongly 
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committed to the full mechaniza· 
tion of agricu lture which is 
reflected by Chairman Mao's 
statement , "The fundamental 
way out for agricu lture li es in 
mechanization." In fact , mechani · 
zation is being progressively in· 
troduced in most parts of China 
with the more power·consuming 
and labor · intensive operations 
being mechanized first. Con· 
sequent ly, manual labor and draft 
animals continue to be of con· 
siderable importance to Chinese 
agriculture and are widely used 
all over China. 

It is of interest to note that 
throughout our visit we were 
repeated ly told that the mechani· 
zation of Chinese agriculture will 
release farm labor for more in· 
tensive cu lti vation and fo r capital 
farm construction. This positive 
attitude toward mechanization 
has played an important part in 
introducing agricultural mechani· 
zation in the country. \"le did not 
hear a single comment indicating 
fears of displacing labor or of 
creating unemployment as are· 
suIt of agricultura l mechaniza· 
tion , a view popularly expressed 
in most developing countries. 
Through an effective communal 
form of government, China has 
been able to make good use of its 
idle and underemployed man· 
power in the construction of 
irrigation and land development 
projects. in rural industries and in 
more intensive agricultural pro· 
duction . In traveling to the Great 
Wall, northwest of Peking, we 
saw large numbers of students 
and city workers assisting in the 
busy wheat harvest season in the 
rural areas, exemplifying China's 
efforts to mobilize and effectively 
utili ze all of its labor force. 

In spite of the labor· intensive 
nature of their agriculture, the 
variety of locally produced trac· 
tors and agricultural machines is 
surprisingly broad in China. 
While their long·range aims are 
to mechanize agriculture with 
larger farm equipment, present 
emphasis is on the production of 

a wide variety of machines rang· 
ing from simple manual and 
animal - drawn implements to 
fairly sophisticated tractors and 
combines. China's tractor and 
power tiller (fig. 2) designs are 
generally similar to those of 
other industria li zed countries. 
Most of the imported designs 
have been well adapted and 
modified for hea vier·dut y service 
to meet loca l req uirements. It 
appears that China has been quite 
successfu l in transrerring and 
adapting a wide variety of 
mechanizat ion technologies from 
all over the world. For under· 
standable reasons it has placed 
relati ve ly less emphasis, in the 
ea rl y stages of mechanization, on 
finding indigenous so lutions to 
their spec ific mechanization pro· 
blems. In comparison, the diver· 
sity in the indigenous designs that 
originated from Japan during its 
early stages of development was 
far greater than what we see 
today in China. This shortcoming, 
however , is being rectified now 
for most agricultural engineering 
research inst itutions are working 
on the development of new mao 
chines to so lve local mechaniza· 
tion problems. 

Mechanization level 

In agricultural mechani za tion. 
the Chinese prioriti es :eem to be: 
(a) water conservation and irr·iga· 
tion. (b) food and fodder process· 
ing. (c) farm transport. (d) thresh· 
ing, (e) land preparat ion. (0 har· 
vesting of crops, and (g) paddy 
transplanting. 

Onl y 11 percent of land in 
China is cultivated and we saw 
ample attempts of increasing 
arable areas through land 
reclamation and improvement 
projects. In the Shansi province, 
we observed badly eroded 
mountainous areas, with the 
yellowish wind·deposited loess 
soi ls, being recla imed into good 
arable land. Similarly in the 
nea rby Hui·hsien and Hin·hsiang 
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Fig.2. A Chinese power tiller- Model 
Tung Fung·12. oroduced in 
K iallgsu province. 

areas, north or the Yellow Ri ve r, 
we could see many land devel· 
opment , Irrrgation. and water 
control projects which have 
helped to transform poor lands as 
well as sandy and marshy 
riverbeds into productive agricul· 
tural areas. 

Modern seed·fertilizer tech· 
nology, im proved irrigation, and 
land consol idation schemes have 
helped the introduction of farm 
mechanization in the dryland 
agricultural areas of Peking 
municipality and the Shansi and 
Honan provinces. The climate 
and the agr icultural production 
practices do not present any 
major technical bottlenecks to 
mechanizat ion; hence, mechaniza· 
tion is progressing rather well in 
these areas. 

The variety of tractors, power 
tillers and other agricultural 
equipment that we came across 
seemed unusally broad probably 
because in the ea rl y stages, China 
imported almost all kinds of 
tractors and farm equ ipment 
from all over the wor ld and 
successfully ada pted many of 
these machines for local condi· 
tions. The machineI') designs as 
well as the plants producing a 
given design are numerous which 
lend some credibility to the claim 
that the production of tractors 
has increased by 520 percent in 
China during 1964·1974, with a 
recent annual growth of 20 per· 
cent , and that the number of 
power tillers has increased 30 
times since the Cultural Revolu· 
tion. 

Mechanization of direct seeding 
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Fig.:!. A conventi ona l wheat thresher 
manufactured by the Red Star 
Commune near Peking. 

in dryland areas is we ll advanced 
and equipment for tractor and 
animal·drawn seeders are, in 
a lmost a ll cases, locall y pro
duced. We were to ld that 90 per
cent of wheat in the Peking 
munic ipa li ty was sown by 
mechanized equipment and nearly 
80 percent of the seeding equip
ment is built at the commune 
plants. The pract ice of trans
planting \\ heat and corn after 
harvesting ri ce has recently been 
introduced in orthern China and 
is now ga ining popularity. 

The wide di versity in the 
des ign of t he s imple throw-in 
type wheat threshers in this area 
was indicative of the numerous 
independent efforts of developing 
machines to suit loca l conditions. 
V\ e saw threshers with cylindri
cal and conica l drums; with axial 
flow and through-flow material 
movement; and with a var iety of 
g rain-cleaning devices. Exsept for 
a few larger threshers which 
were of conventional design (fig. 
3), the simpler Chinese thresher 
designs required considerable 

further development. The devel
opment of such threshers has 
been done most ly at the brigade 
level by mechanics and farmers 
who have good practical ex
perience. The ir experti se in 
machinery design and develop
ment , ho\\ ever, is understandabl y 
not as advanced. 

Rice is an important crop in 
the irrigated wetland northern 
a reas of Shang ha i municipality 
a nd Kiangsu province, where two 
annual crops of wet land rice and 
one of \\ inter wheat are raised. 
The relatively short ra iny season 
of onl y one month. from mid-June 
to mid-Jul y, facilitates the use of 
modern machines for land pre
paration a nd threshing. T hese 
operat ions a re almost fully 
mechanized through the use of 
four-wheel tractors, small power 
tillers, a nd stationary power 
threshers. 

Direct seeding fo r wetland 
paddy is not practiced in China 
s ince it is felt that this reduces 
yie lds. Mechanization of the 
paddy transplanting operation 
has received considerable atten
tion over the last two decades. 
iVIanually operated s ix -row 
tweezer-type planters (fig . 4) 

have been popular in China for 
man y years. One man can t rans
plant 1/ 30 hectare per day with 
these machines which are fairly 
low-priced, about 60 Y uans. * 
These ma nua l transplanters are 
now being gradua ll y repl aced 
with mechanically powered riding 

type transplanter that was deve l
oped a few years ago in Shanghai 
(fig . 5). This machine can trans
plant seedlings which are grown 
in convent ional field nurseries 
and does not require specia l 
nursery grown seedlings lik e the 
Japanese transplanters. These 
machines are available in 10, 12, 
14 , and 16-row s izes. Three men 
can t ra nsplant 2 hal day with a 
12-ro w machine. Current effo rts 
to mecha ni ze paddy transplanting 
in China are prese ntl y directed 
towards po pularizi ng this particu
lar machine. 

Harvest ing of paddy is sti ll a 
manua l operat ion and the devel
opment of small rice harvesters 
and combines is just beginning to 
rece ive increased attent ion from 
central and provincial agricultur
al machinery research inst itutes. 
We saw two s ide-de livery cutter
bar type padd y harvesters (fig_ (j) 
of about 4 ft width at a commune 
in Kiangsu province and were 
told that these are now in the 
trial production stage. We also 
lea rned that fi e ld tests are being 
carried out in K wangtung pro
vince on a two-row combine 
attachment for power till e rs 
which is di ffe rent in concept than 
the Japanese combine harvesters . 

Again in the Kiangsu and 
Shanghai area , we found little 
va riety in the thresher designs. 
Paddy and wheat are threshed on 
threshing floors with simple hold-

* 1 USS= 1.90¥ in 1973. 

Fig.4. Manually operated Chinese transpla nter. Fig.5. Riding type power operated Chinese transplanter developed 
in Shanghai. 
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Fig.6. Side·delivery paddy harvester in 
Kiangsu province. 

on type threshers (fig. 7) that 
basically consist of a 6· to 8·ft 
long power· operated wire loop or 
spike tooth type threshing drum. 
Paddy or wheat bundles are 
manually he ld by four to six men 
against the rotating drum to strip 
the gra in from the panicles. Gra in 
is then manually separated from 
straw and cleaned. VIle did not 
see any throw-in type of thresh
ers being used for paddy in 
China, which probably was due to 
the fact that paddy st raw is 
utilized for paper-making, roof
ing, and other industria l use. 
l-lolcl-on type threshers do not 
damage straw and are quite 
labor-intensive in comparison to 
the throw-in type machines. 

In the southern province of 
K wangtung, two rice and one 
sweet potato crops are grown 
annua ll y. This is an area of 
re lat ively . heavier rainfall spread 
over a much longer period. Rice 
production practices in th is area 
are quite s imil ar to those in 
Southeast Asia. Mechanization of 
agriculture has not made as much 
headway here as in the other 
parts of China that we visited. 
Harvesting of the fi rst and plant
ing of the second rice crop occur 

,~ ·r 

Fig.7. Simple hold·on type thresher in 
Shangha i. 

during the long rainy season. 
Field and crop condi t ions during 
the rainy season make it difficult 
to mechanize rice production. 
Poor tractor mobility in wet pad
dy fields limi ts the use of larger 
tractors for paddy cultivation in 
thi s area. Mechani zation of wet
land paddy under such difficult 
conditions continues to be an 
unsolved problem in China. It 
seems that greater efforts are 
needed on the development of 
li ght-weight four-wheel tractors, 
li ghter power tillers, improved 
traction-assisting whee ls, and 
portable power threshers to 
mechanize the production of rice 
in this southern part of the coun
try. 

In general the mechanization of 
some of the farming operations 
that are typical to Chinese agri
culture also requires increased 
machinery development efforts. 
For example, we observed that 
large quantities of organic fer
t ili zer , anywhere from 3,000 to 
12,000 kg/ ha, are applied in most 
parts of China. The collection, 
composting, and distribution of 
this large quantity of organic fer
t ili zer is a lmost entirely done by 
human labor. We did not come 
across any s igns of mechanizing 
the organic fertilizer handling 
and distribution system, and it 
was not clear to us if any efforts 
were being made to mechanize 
thi s labor-consuming operation. 

However, in a ll three areas we 
visited, most communes have set 
up centralized food and fodder 
processing plants to handle a 
substantia l part of the commune's 
production. We were to ld that 
mechanization of food and fodder 
processing has been emphasized 
in China to re lease the women 
labor that was traditionally in
vo lved in these operations. Inter
est ing ly, the same reason was 
given at a texti le mill in Lin
hsien county for the setting up of 
a specia l yarn spinning section 
for home weaving. Previously 
women in this area were spend
ing two to four times as much 
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time in spinning the yarn than 
than weav ing the cloth. The mill 
had mechanized the higher labor 
consuming operation of spinning 
to release the women labor for 
more productive work. Weaving 
is sti ll done at home by women in 
their spare time. This con
centrated effort to release women 
from traditional chores seems to 
have been quite effective, for 
today women are an important 
part of the labor force in China 
and are actively engaged in agri
cultura l, industria l, and capital 
construction projects. 

In the transportation of farm 
products, we were surpri sed by 
the diversity of the transporta
tion modes in the rural areas: 
baskets, manual and animal
drawn carts, power tillers, and 
tractor-trailer combinations. 
Tractors and power tillers with 
trailers are widely used for farm 
transpout a ll over the country. 
This practice is, to a large ex
tent, responsible for the high 
degree of annua l machine use, 
which is estimated to be 2,000 to 
2,500 hjyr. 

Manufacturing 

The Chinese government is 
committed to a policy of de
centra li zation of small-scale in
dust ri es to the rural areas. It was 
appa rent to us that the farm 
machinery manufacturing indus
try in China is currently passing 
through a rather dynamic stage 
in which products and production 
processes a re being rapidly 
changed and upgraded. Produc
tion of agricultural machines is 
being gradua ll y decentralized to 
the rural areas with a carefull y 
planned startification of the 
manufacturing operations. The 
complex ity of the machine and 
the production process dictate the 
level at wh ich a machine is pro
duced. 

The loca l production of trac
tors and farm machines is one of 
the five important industrial 
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Fig.S. Simul ta neous use of s imple and adva nced production Fig.9. Mechanical sand thrower fo r fill ing la rge moulds a t a 
methods at a farm machinery plant in Shansi prov ince. mac hine too l pla nt in Sha nghai. 

acti vit ies whic h ha ve received 
major a ttent ion during recent 
yea rs; the others be ing iron and 
steel, power, cement, and fe r t ili z· 
er. To fac ilita te product ion of 
some of the machines at the loca l 
leve l. more complex machine 
elements such as carburetors, fue l 
lI1] ection equipment, electri ca l 
and hydraulic components. a nd 
.gaso line and d iese l eng ines, have 
been standa rdi zed and these are 
produced at se lected cent ra li zed 
pl ants in the country. Genera ll y 
the more complex agricul tura l 
machines, such as larger fo ur· 
wheel t ractors of over 20 hp size 
and the la rger fo ur- and s ix
cy linder diesel and gasoline 
engines, a re produced by nationa l 
or provincia l factori es. Machines 
of medium complex ity, such as 
sma ll one- or two-cy linder diese l 
and gasoline eng ines, sma ller 
fo ur-wheel riding t ractors o f less 
than 20 hp, power till ers, and 
irrigati on pumps, a re produced a t 
count y or city- managed pla nts. 
The least complex machines, 
such as threshers, t ranspl a nters, 
feed grinders, t racto r impl ements 
and trailers, a re produced at the 
commune level. P roduct ion of 
s imple anima l a nd manua l too ls 
and implements is often done at 
the brigade level pl ants. 

Production of the sma ller fo ur
wheel tractors and eng ines of 
less than 20 hp s ize is being 
decentrali zed to the county and 
commune level plants. We were 
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impressed by the ra pidi ty with 
which thi s decentra li zation is 
ta kingplace . Many of the coun ty 
a nd commune-leve l far m machin 
ery pl ants tha t we vis ited had 
onl y recentl y recentl y star ted 
product ion of new machines on a 
t ri a l basis and were pl anning to 
sta r t regul a r product ion some
t ime next year. 

The limited size of the loca l 
ma rk et and decentra li zed produc
ti on necess itate a highl y flex ible 
manufacturing operation with 
mIl1lmUm in vestments in jigs, 
fixtures, and speci a l production 
equipment. T he facto ri es often 
switch to the producti on of new 
machines as soon as loca l 
dema nd fo r a machine has been 
full y met. vVe came across many 
cases where production of 
threshers and other agricul tura l 
machines was di scontinued be
cause of the saturation of the 
local mark ets. While the low 
vo lume decentra lized product ion 
approach may not seem very 
eff icient, it has, nevertheless, 
helped to meet the local demand 
fo r agricultural machines which 
would have been difficult to do 
otherwise. 

The limited s ize of the local 
markets and the consequent in 
termittent production, however , 
has been a constra int in improv
ing the des igns of the loca ll y 
developed machines. Most ma
chines are improved graduall y in 
the process of commerciali zation 

through years of steady produc
tion and modif icat ion. Intermit
tent production hampers with 
such an evolut ionary process. 
This is pa r t icula rl y t rue of the 
s impler fa rm machines that are 
produced at the commune a nd 
brigade level pl ants in China. 

In our vis its to count y and 
commune level plants, we were 
impressed by the judicious mi xing 
of ra ther modern mass produc
ti on and s imple ma nua l produc
t ion methods. For example, it 
was not uncommon to see large 
pneum atic power hammers be ing 
used a long with manua l fo rg ing 
opera tions (fi g_ 8) Most count y 
a nd lower-leve l pl ants do not use 
specia l production equipment but 
depend on standa rd machine too ls 
for product ion. P roduction of 
fa rm machines a t the count y and 
commune level pl ants is qui te 
labor·in tens ive and offe rs con
s idera ble potenti a l fo r improve
ment in la bor productiv ity. 

Almost all county and com
mune level plan ts have a small 
fo undry. The fo undry is a n im
portan,t part in most manufactur
ing units, for cas tings are liberal 
ly used in the production of agri 
cultural machines. The operations 
of sand condi t ioning, mould 
preparation, and metal- pouring 
are mostly done ma nually a t the 
county and lower-leve l plants. In 
a fe w larger county plants we did 
see the overhead traveling cranes 
for tqnsport ing molten meta l 
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and the use of porta bl e vibrators 
for tamping sand in the mould 
boxes. The nat iona l managed 
machine too l plant in hanghai 
and the In terna l Combust ion 
Eigine Plant a t Pek ing, however, 
have the most modern and 
a utomat ic equipment for sa nd 
conditioning, mould and core 
preparation, and othe r fo undry 
pract ices (fig. 9). 

The use of sheet meta l. both 
stamped and formed, is not 
popular in the production of agri· 
cul tura l machine ry. Fabr ication 
of sheet meta l parts req ui res 
la rge investments in stamping 
presses a nd dies and is often 
just ified onl y for la rger·vo lume 
production. Because of lower 
production vo lumes at the loca l 
plants, sheet meta l is sparingly 
used in the product ion process. In 
our opinion, sheet meta l fabrica · 
tion was the least deve loped sec· 
tion in most fa rm machiner y 
manufacturing plants that we 
saw. At the S hanghai tracto r 
plant, sheet meta l t ractor fende rs 
were being fabr icated by ma nua l· 
Iy pounding with hammers. S ince 
sheet metal components are often 
meant to enhance machine 
appearance, re latively less atten
t ion is paid on improv ing the 
sheet meta l components in the 
Chinese agr icultura l mac hines. 

On the othe r hand, considerable 
emphasis has been placed on the 
development of machining 
capabilities at t he small pla nts 
located in the rural areas. Most 
sma ll plants are we ll equipped 
with lathes, milling machines, 
shapers and other standard ma
chine too ls. We \\ e re repea tedly 
told of the many se lf-made ma
chines that were fabr icated by 
each manufacturing un it and we 
saw many of these machines in 
operation. The self-made machine 
approach is s till be ing followed 
at man y plants although they are 
no longer the cobbled-up versions 
that we had envis ioned. Most of 
these plants produce ra the r 
modern machine too ls for their 
own use, which are compara ble 

to factorY-built machine too ls. 
Machine tool designs are ob
ta ined from the large r machine 
too l plants a nd from national reo 
search institutes, and ince cast
ings and machining a re the two 
major opera tions in machine too l 
product ion, smal l pl ants can pro
duce ome excell ent machines for 
thei r own use. it was our impres
s ion, however. t hat the se lf-made 
machine too ls app roac h is begi n· 
ning to decli ne as more faclory-
built machine become ava il a bl e 
and as production ef fi c ienc ies 
dictate the use of more special 
ized product ion machines. 

Conclusion 

China has undoubtedl y made 
impressive progress in mechani z
ing its agri culture and in de
cent ra li zing the product ion of 
tractors and other agri cul tural 
machines. Availab le mechani za
tion techno logies from many 
parts of the wo rld have been 
successfu ll y t ransferred and 
adapted to suit loca l fa rming and 
manu fact uring conditions. The 
progress achieved in irrigat ion 
and la nd development in the dry
land areas has assisted in the 
mechani zat ion of agri cul ture; we 
see no maj or technical bott le
nec ks to the mechani zat ion of 
these agroc lim atic zones of 
China. 

In the wet land paddy cu lt iva
tion a rea. however, some techni
ca l problems still rema in and wi ll 
req uire g reater resea rch and 
development e ffo rts. Considerable 
progress has been ac hieved in 
recent years in the development 
of power-operated paddy trans
planters; the new Chinese trans· 
planters have potential for appli· 
cation in a lmo. t a ll developing 
countries. Development of ma
chines to so l ve some of the pro
blems that are indigenous Chinese 
agricu lture, however. has not 
made as much progress. T hi s 
area needs further attention. 

In agricu ltura l mechani zation, 
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China is dec idedl y mov ing 
towards the eventua l use of 
larger t ractors and other fa rm 
equipm ent. VI ith g reater la nd 
con. o lidation , the la rge r ma 
chines will undoubtedl y ga in s ub
stant ial popu larity in the dryland 
areas of China . However , the 
di versity of equipment s izes being 
made avai la ble in the earl y 
stages of the coun try's deve lop
ment is notewor thy. Power ti ll 
ers, sma ll th reshe rs. and other 
low-powered machines will con
tin ue to be popular in the wet
land paddy areas for quite some 
t ime. 

Production of la rge tracto rs 
a nd other complex agricul tura l 
mac hines is we ll esta blished and 
is of fai rl y high qua lity at the 
nat ional and provinc ial level. The 
production of machines of 
medium complexity. 'uch as the 
10 hp to 20 hp riding t ractors, 
power ti llers, and sma ll di esel 
engi nes, is be ing expanded a nd 
rapid ly decentra lized to the coun 
ty and. in some cases, the com
mune leve l plants. It seems tha t 
in t he interest of greate r produc
t ion efficiency and technologica l 
development, production of such 
mac hines will probabl y stabili ze 
at the county and city levels. In 
the long run , the com mune- leve l 
pl ants \\ ill probably spec ia lize in 
machine rebui lding and the pro
duction of s imple r farm machines 
and implements. 

It appea rs that in the 
immediate future sma ll-sca le in· 
dustuies at the coun ty a nd com
mune leve ls will continue to grow 
at a ras id pace. Tra ve ling 
through the coun tryside, one can
not help but fee l that the rural 
areas of China will not only be 
the suppli ers of food but \vill a lso 
make a major contribution in the 
industrial sector. The achieve
ments of agriculture and re lated 
industry that we saw during our 
trip no doubt indicate that China 
will ha ve a highl y mechanized 
agr icul tu re in the not-too-distant 
futu re. • • 
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_ NEW PUBLICATIONS 

New IRRI Publications 

Research Highlights for 1974 
is a 90-page pub lication that 
summarizes IRRI 's major re
search accomplishments and 
co llaborative rice improvement 
programs. 

Changes in Rice Farming in 
Selected Areas of Asia is a 373-· 
page report on the changes in 
production and farming practices 
that have followed the modern 
rice varieties. Twenty-five social 
scientists in India, Indonesia, 
Malaysia , Pakistan, Philippines, 
and Thailand collaborated in the 
regional study and wrote respec
tive chapters. IRRI and the In
ternational Development Re
search Centre (lDRC) of Canada 
supported and coordinated the 
project. 

Major Research in Upland 
Rice is a 255-page report which 
summarizes the results of re
search conducted by the Interna
tiona l Rice Research Institute on 
Selected aspects of upland rice 
between 1962 and 1973. It in
cludes topics such as: upland r ice 
around the world; climates of up
land rice regions; characteristics 
of upland rice; varietal improve
ment of upland rice; cultural 
practices of upland rice; studies 
on insect pests of upland rice; 
mineral microbial transforma
tions in upland rice soil and 
future emphasis on upland rice. 

Research Highlights for 1974 
can be ordered for us $1.50 per 
copy via surface mail , $3.00 via 
airmail , and n_oo in the Philip
pines. Changes in Rice Farming 
can be ordered for us $2 .50 per 
copy via surface mai I, $6.00 via 
airmail, and "?-12.00 in the Philip
pines. 

Major Research in Upland Rice 
can be ordered for us $2 .00 per 
copy via surface mail, $5.00 via 
airmail, and "F"10.00 in the Philip
pines. Write to: Office of Infor-
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mation Services, International 
Rice Research Institute, P. O. 
Box 933, Manila , Philippines_ 

Report on Drying, Storing 
and Milling in the Philippines. 

The author researched on the 
matters about palay drying, stor
ing and rice whitening in the 
Phi lippines as the agricultural 
consa ltant of the Wor ld Bank. 
The investigation was carried out 
from the 10th Aug. to 12th Sept. 
in 1975, to aim at defining the 
proper method that decreases the 
rice grain losses in after reaping 
process in the Phi lippines. The 
investigation was focused at 
whitening loss of rice grain and 
made the problems at drying or 
storing processes as general ob
jects. 

The report was established 
with the investigator's results and 
other matters; experimental data , 
statistical data and the sugges
tions of Japanese specia li st resi 
dent in the spots. 

The survey issue about such 
categories in South East Asian is 
scarcely circulated. So the report 
was issued for the information . 

Edited by Ritsuya Yamashita 
Professor, Dr.-Agri. , Faculty of 
Agriculture, Kobe University, 
Japan . 

100 page 18 x 25.6 Col , soft 
cover. 

Request to Shin-N orinsha Co., 
Ltd. 7, 2-chome, Kanda Nishiki
cho Chiyodaku Tokyo 101 Japan. 

Fiber Crops 

The content and scope of this 
volume represent a unique and 
highly valuable contribution to 
published information on soft 
fibers (fibers from the stems of 
plants). There is no other book 
that treats the subject in such 

detail and offers so complete a 
review of the literature. Also of 
special value are the numerous 
photographs that illustrate the 
taxt. 

The nine soft fiber crops that 
Mr. Dempsey se lected for this 
book - worldwide in scope-are 
those most important in interna
tional trade and those used ex
tensively within the countries 
where they are produced. For 
each crop, production, harvesting, 
processing, and marketing are set 
forth in detail ; and for many of 
the crops, climatological data and 
their relationships to production 
are presented. Producers or 
would-be producers, as well as 
businessmen, will find in the 
volume answers to a wide range 
of questions. In fact. fibermen 
may well find it a producer's 
handbook. 

Mr. Dempsey is recognized 
worldwide as an authority on soft 
and hard fibers. His work has 
taken him to both the Eastern 
and Western Hemispheres. His 
experience has been both theoret
ical and practical. He has been 
involved in commercia l produc
tion , processing, and marketing 
of some of the fibers he deals 
with, and has conducted exten
sive research on most of them. In 
F lorida, for example, Mr. 
Dempsey developed and operated 
the wor Id's first successful 
mechanized ramie plantation, 
pioneering in adapt ing practices 
and machines to large-scale use 
on ramie. In Southeast Asia, his 
research and his advice on kenaf 
were in wide demand by coun
tries attempting to develop fiber 
exports or fiber industries. 

The present book culminates a 
lifetime devoted to work on soft 
fibers . 

Edited by James M. Dempsey, 
(1912-1972). 

457 pages-price $ 18.50. 
A University of Florida Book. 
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T he Uni ve rs ity P resses of 
Florida 15 Northwest 15th Street, 
Ga inesville, Flo rida 32603 USA. 

FOOD:Politics, Economics, 
Nutrition & Research 

Will popul ation growth and 
ri sing af fluence outrun the 
wor ld 's capacity to feed itself? 
Will we ru n out of land, water. 
energy? Will addi t iona l a pplica
t ions of agricul tural techn ology 
and other inpu ts yield neglig ible 
returns? 

These and other questions
-some leg it ima te and rat iona l 
concerns, others less r a ti ona l and 
highl y emot iona l-are addressed 
in FOOD : Politics, Economics, 
Nutr ition , and Research, a new 
publica t ion from the American 
Associat ion for the Advancement 
of Science. This report is essen
tial reading for everyone con
cerned with the serious problems 
we face in meeting the ,vorld 's 
need for food. Whether yo u are 
interested in the perspectives or 
politics of the world food situa
tion , the nutriti ona l aspects of 
world food problems, or the 
impact of agricultural a nd 
biological research on food pro
duction and avail ability-you wi ll 
find many a rticles in this com
pendium of interest and practica l 
use to you. 

The thirty-one a rticles present 
ed in FOOD have been authored 
by a broad spectrum of scient ists 
speciali zing in agriculture and 
nutrition. These art ic les were 
published orig inall y in Science, 
many a ppearing in a specia l 
recent issue devoted entirely to 
food problems, other se lected 
from earli er issues dating to 1972. 
Brought together in thi s com
pend ium , they provide a provoca
ti ve reassessment of the world 
wide food cris is of the last th ree 
yea rs and a rea listic look a t our 

options for the fu ture. \-V hat 
emerges is a stern indictment of 
the way governments and private 
pl anners have faced the problem 
of gua rding aga inst expected and 
inevita ble crop shortfa ll s, but 
with opt imism that the world can 
meet its food needs- IF adequate 
food reserves are established, IF 
new and productive crop hybrids 
are developed, and IF ex ist ing 
agri cultura l technology is imple
mented throughout the developing 
wor ld . 

Edi ted by Philip H . Abelson 
v+202 pages, stx 11, ava il able 

in case bound or vaperbound edi 
tions. 

Paperbound edi t ion (I SB 
0-87168-226-5)-Reta il pr ice $4.95; 
AAAS member price, prepa id $ 
4.45. 

American Assoc iat ion for the 
Advance ment of Science. 1515 
Massachusetts A venue, N .V·l. 
Washington, D.C. 20005. USA. 

Energy, Agriculture and 
Waste Management 

Agriculture requ ires s igni ficant 
energy reso urces for food and 
fiber product ion. New energy 
dema nds have a lso been created 
in cont rolling wastes to improve 
environmental qua lity. Recent ly, 
these two a reas have been linked 
by studies tha t emphasize the 
possibili ty of conver t ing wastes 
to energy sources. 

This book discusses in deta il 
three ma in topics: 1) Energy con
sumed in food product ion 2) 
Technology and energy costs of 
pollu t ion control, and 3) Potent ia l 
for producing energy from agri
cul tura l wastes. An outstand ing 
fea ture is the la rge amount of in 
forma tion compiled on anaerobic 
fermentation, and the discussion 
of this technology in producing 
energy from wastes. 

T o da te, few answers have 
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emerged for the eng ineers. 
sc ientists, and po licy ma hers who 
must recommend direct ions for 
the fu ture of food production, 
energy use and environmenta l 
pollut ion control- these cha pters 
present one of the f irst attempts 
to answer these quest ions. 

This vo lume will be a va lua bl e 
reference fo r civi l. agr icul tura l, 
and environmenta l eng ineers, 
water po llut ion contro l offica ls. 
microbiologists, wildli fe biolo
gists, and professors of environ
menta l engineering. 

Edited b} Will iam ].Jewe ll 
Environmenta l Engineer, As
sociate Professor of Agri. Engi
neering. Cornell Uni versity, New 
Yor k. USA. 

Ann Arbor Science P ublishers 
Inc., P.O. Box 1425 Ann Arbor. 
r-.tlich. 48106, USA. 

Report on the Development 
of Rice Transplanter and 
Combine Harvester Suitable 
for the " Muda Irrigation 
Scheme", Malaysia 

T he study on the tro pica l r ice 
mechanizat ion, which was 
ent rusted by the T ropica l Agri
cul ture Research Center, J apa n, 
has been set in since 1973 on a 
five-year program. It was in tend
ed to accompl ish a suitab le com 
bine ha rvester a nd rice t rans
planter for the paddy region of 
Malays ia and has been conducted 
in Ma lays ia so fa r in cooperat ion 
with the Muda Agricul tura l 
Development Authority and the 
Depa r tment of Agric ul ture from 
the Ma laysian s ide, and the In
st itute of Agricul tura l Machinery, 
the Cent ra l Agr icul tura l Exper i
ment Station and the Tropica l 
Agricul ture Research Center 
fro m the J apanese s ide. 

The reports a re suma ri zed the 
data obta ined in the fi e ld tests. 
T he ma in themes and study ing 
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staffs of each report are as 
fo ll ows. 

1 Development of Rice Transplant
er (August I 973) 

Contents: 
1. Introduction 
2. Results obtained in the 

Field T ests 
3. Compar ison of 'Mat Seed l· 

ing type ' VS 'Ordinary 
Seedling" type Transplant· 
er 

4 . The De termination of the 
type of Transplanter 
(Pedestrian , Mounted or 
Self· Propelled) 

5. Conclusion 
Staff: 

Dr. Haruo Ezaki , Institute of 
Agricultural Machinery 

Mr. Toshihiko Nishio, Centra l 
Agricultural Experiment 
Station 

Mr. Seiji Hoshino, Institute of 
Agricultural Machinery 

Mr. Masato Suzuki, Inst itute of 
Agricu ltural Machinery 

Mr. Ikuo Yamakage, Institute 
of Agricu ltural Machinery 

Me Akio Ogura , Central Agri· 
cultural Experiment Station 

Mr. Shigeo Yashima , Tropical 
Agr iculture Research Center 

Mr. Tamin bin Yeop, Muda 
Agricul tura I Devel opmen t 
Authority 

M r. NI. Sivanaser , Department 
of Agricu lture 

Mr. Chew Teck Boon, Depart
ment of Agr ic ulture 

Mr. K. Shanmuganathan, 
Department of Agriculture 

Mr. Mustappa Kamal , Depart
ment of Agriculture 

Il-I Development of Rice Com
bine Harvester Suitable for 
Malaysian Condition "Muda 
Irrigation Scheme"-Studies 
on the prototype Combine 
Harvester "SABIT A" (Sep
tember, 1974) 

Contents: 

68 

1. Introduction 
2 . Bri ef Specificat ion on 

"SABlTA" 
3. The item s and methods of 

observation and studi es on 
the performance of 
"SABITA" 

4. Result of The Obsevation 
And Study on SABIT A 

5. Conclusion 
Staff: 

Dr. I-Iaruo Ezak i, Inst itute of 
Agricultural Machinery 

Dr. Sadakichi Fuji i, Centra l 
Agricultural Experiment 
Station 

Mr. Seiji Hoshino, Ins titute of 
Agricultural iVlachine ry 

Mr. Masato Suzuki, Inst it ute of 
Agri c ul tural Machinery 

Mr. Hironos hin Takao, In-
s titute of Ag ricultural 
Machinery 

Mr. Hiroyuki Shinozak i, 
Tohoku Agricultura l Ex-
periment Station 

Dato' Mohd. Tamin bin Yeop, 
Muda Agricultura l Deve lop
ment Authority 

Mr. Saw Kok pee, Niue!a Agri-
cu ltura l Deve lopment Au-
t hori ty 

N ik Abdul Hal im bin N i k 
Y usoff, De pa rtment of Agri
cu i ture 

Mr. Chew T eck Boon, Depart
ment of Agricu lture 

Mr. Shanmuganathan, Depart
ment of Agriculture 

Mr. Mustaffa Kamal , Depart
ment of Agr iculture 

IJ-2 Development of Rice Trans
planter Suitable for The 
Muda Irrigation Scheme, 
Malaysia (September, 
1974) 

Contents: 
1. Introd uction 
2. Brief Specif ication of 

Tested Machines 
3. Test Result ane! Considera

tion 
4. Conc lusion 

Staff: 
Dr. Haruo Ezaki , Institute of 

Agricu ltura l lVlach inery 
Nir. Seiji Hos hino , Ins titute o f 

Agricu ltu ra l Mac hinery 
Dr. Sadakichi Fujii , Central 

Agricu ltura l Exper iment 
Station 

M r. Masato Suzuk i, Inst it ute of 
Agricu ltura l Mach inery 

Mr. Hironoshin Takao, In
s titute of Agricu ltural Ma 
chine ry 

M r. Masanobu Yamashita, 
Centra l Agricul tura l Experi
m ent Stat ion 

Mr. Michio Noza ki , Centra l 
Agr icultural Exper iment 
Stat ion 

Dato, Mohd. Tamin bin Yeop, 
Muda Agr icul tura l Aut hority 

Mr. Saw Ko k Pee, Muda Agri
cultu ra l Aut ho ri ty 

N ik Abdu l Ha lim bin N ik 
Yusoff, Department of Agri
cul ture 

Mr. Mustaffa Kamal , Depart
ment of Agr icu lture 

Mr. S hanmuganathan. Depart
ment of Agricu lture 

n - 3 Development of Transplant
er And Combine Harvester 
---COMBINE HARVEST
ERS-- "SABITA" & "MUDA" 
(February, 1975) 

Contents: 
1. In trod uct ion 
2. The Items and Methods of 

Observation and Studies of 
t he Performance of 
"SABIT A " a nd "MUDA" 

3. The Results of the Second 
Survey on "SABITA" 

4. Studies on the prototype 
Combine Harvester 
"MUDA" 

5. Conclusion 
Staff: 

Dr. Haruo Ezaki, Institute of 
Agricultural Machinery 

Mr. Koichi Tosaki, Institute of 
Agricu ltural Machinery 

Mr. Masato Suzuki , Institute of 
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Agricu ltura l Machinery 
Dato ' Mohd. Tamin bin Yeop, 

Muda Agri cu ltural Develop
ment A uthor ity 

Mr. Saw Kok Pee, Muda Agri-
cu lt ural Development 
Author ity 

Mr. Sanm uganathan, Depart
ment of Agr icul t ure 

Mr. Mustaffa Kamal, Dep;:!It
ment of Agr icul t ure 

1I\ - 1 Development of Rice Com
bine Harvester Suitable for 
Malaysian Condition 
"MUDA" Irrigation Scheme"
Study on the prototype 
Combine Harvester (5th 

July-23rd August, 1975) 

Contents: 
1. Introduction 
2: The Items Me thod of Ob

servation and Stud ies on 
the Performance of 
"SABITA" and "MUDA" 

3 . The Results of T hird 
Survey on "SABIT A" 

4. The Resu lt of the Second 
Survey of "MUDA" 

5. Conc lusion 
Staff: 

Dr. Haruo Ezaki, Ins ti t ute of 
Agricu lt ura l NIachinery 

Dr. Saclakichi Fuj ii , Centra l 
Agricul tura l Experiment 
Station 

Mr. Seij i Hoshino, Inst itute of 

Agricultura l Machinery 
Nlr. Masato Suzuk i, Institute of 

Agricultura l Machinery 
Mr. Ikuo Yamakage, Inst it ute 

of Agricu ltural Machinery 
Mr. Masao Manaka, Institute 

of Agricul tura l Machinery 
Mr. Masanobu Yamashita , 

Cent ra l Agricu ltura l Experi
ment Stat ion 

Mr. Michio Nozak i, Centra l 
Agricu ltura l Experiment 

Dato' Mohd. Tamin bin Yeop, 
M ucla Agricultural Authority 

Mr. S. Jegatheesan, MucIa 
Agricultural Development 
Authority 

Mr. Yeoh Kiat Choon, iVlalay-
s ia Agr ic ul tural Research 
Development Inst itute 

Mr. K. Shanmuga natha n, 
Department of Agriculture 

Mr. Chew Teck Boon, Depart
ment of Agriculture 

Mr. Mustaffa Kama l Ismail, 
Department of Agr ic ul ture 

111 - 2 Development of Rice Trans
planter-Studies on the 
prototype Transplanter--
" GANTI " (20th August- 15th 
September , 1975) 

Contents: 
1. Introduct ion 
2. Br ief Specification on 

"GAl 1'1" 
3. T est Result and Considera-

INDEX TO ADVERTIZERS 

tion 
4. Conclusion 

taff: 
Dr. I-Ia ruo Ezaki , Inst itute of 

Ag[icultura l Machinery 
iVlr. Ik uo Yamakage, Institute 

of Agricultura l Machiner y 
Mr. rVlasanobu Yamashita , 

Centra l Agric ul tura l Experi
ment Station 

Mr. Mich io Nozak i, Centra l 
Agricul tura l Ex peri ment 
Stat ion 

Mr. Hisao Anyoj i, Centra l 
Agr icultura l Experiment 
Station 

Dato' Mohd. Tam in bin Yeop, 
1uda Agri cu ltura l Develop

ment Autho rit y 
Mr. S. Jegatheesan, Muda 

Agricultura l Development 
Authority 

Mr. Yeoh Kiat Choon , IVlalay-
sia Agr icultural Research 
Development Institute 

Mr. K. Shanmuganathan, De· 
partment of Agriculture 

Mr. Chew Teck Boon, Depart
ment of Agr iculture 

Mr. IVlustaffa Kamal bin 
Ismail , Department of Agri 
culture 
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Rural development 
experiment finds 
frustra tions, successes 

"The basic problem of poverty 
and g1'owth in the developing 
world can be stated very simply. 
The growth is not equitably reach· 
ing the poor. And the poor are not 
significantly contributing to 
growth. " With this statement. 
Robert S. McNamara presented to 
the Board of Govern·ors of the 
World Bank, meeting in Nai1'obi. 
Kenya in the fall of 1973. a strate· 
gy for TUral development. 

Designed not only to increase 
food production for a hung1'y 
world, the strategy is also intended 
to improve the quality of life fo1' the 
poorest of the poor. But Mr. 
McNamara cautioned his audience 
by saying that no one had "clear 
answers on how to bring the im· 
proved technology and other inputs 
to over 100 million small farmers, 
especially to those in dry·land 
areas. 

"Nor," he added, "can we be 

Fig.l. These campesions, paid by PIDER 
a minimum wage, are building an 
access road witch will help them 
export their produce to neighboring 
markets. Before, the ejido was 
reacha ble onl y by mule. 
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fu lly precise about the COS/So But we 
do understand enough to get start· 
ed. Admittedly, we will have to 
take some of the risks. We will 
have to imp1'ovise and experiment. 
A nd if some of the experiments 
fa il, we will have to learn from it 
and start anew. " 

Among the most interesting of 
the scheme' under way is the In · 
tegrated Program of Public Invest· 
ment In R ural Development 
(PIDER), initiated in the late 
19605 by the Mexican Govemmenl. 

In a report written for the 
Bank in September 1975 on the 
development of public mar ket ing 
infrastructure in Mex ico, Ja mes 
A. Austin of Harvard Un ivers ity 
and Frank Meissner of the In · 
ter·American Development Bank 
wrote: 

" In the ea ri y 1970s, more than 
20 million campesinos were rela· 
tively worse off than ever before: 
thei r capita incomes were one· 
sixth the leve l of their city 
cousins ($145 versus $850); a 
massive exodus fro m agricul ture 
was triggered off with over 3 
million unskilled rural residents 
migrat ing to cit ies (in the decade 
of the 1960s rura l areas had 
access to onl y about 15 percent 
of the publ ic services, schools. 
hospitals. roads ... ), creating a 
serious urban unempl yment a nd 
housing problem, 

"In short. today there st ill ex ist 
thousands of isolated rural com· 
munities whe re people live under 
extremely adverse econom ic and 
social conditions, where harsh 
so ils and rainfed agriculture yie ld 
is so lit t le that most of t he out · 
put is destined for subsistence. As 
a resu lt, income is low and 
employment opportuniti es scarce. 

"Furthermore, illiteracy and 
disease incidence is high, housing 
is inadequate, diets are defic ient. 
Most importantly, outlook for 
improvements of the s ituation 
has so far, been bleak." 

Past Exploitation 

PIDER, an experiment, has had 
plenty of the frustrations to 
which M r. McN amara referred in 
his I airob i speech. But now, 
after onl y three years of opera· 
tion, man y. in and around PIDER. 
believe there is hope for the 
future. Some of the projects 
associated with PIDER can a l· 
ready be tagged as success 
stories"; most of the reasons for 
PIDER's continuing problems, on 
the other hand, are to be found in 
Mex ico's history and social s itua· 
tion . 

After the Mex ican Revolution 
(1910·1917), the ejido (common 
ground owned jointl y by the 
vi llagers) replaced the hacienda 
(large ranch) as the dominant 
socia l form in rural Mexico, 
g iving the fa rmer in a community 
inalienable rights to land. But the 
Revo lution didn 't so lve the pro· 
blem of agricultural credit, the 
lack of productive land or water 
resources, or of population 
growth, and titling problems. And 
it didn 't remove suspici ons rooted 
in past injustices which allowed 
farmers to be exploited by land· 
lords. traders, and officials , 

Tahdziu, a small Maya vi llage 
in southern Yucatan , exemplifies 
some of those problems. 

"We will hang you if you come 
back again, " the people of 
Tahdziu tell Jose Xoy. Mr. Xoy 
is working for one of the agen· 
cies associated with the PIDER 
program, a nd he is in Tahdziu to 
help establish rural programs and 
projects. He grew up in the reo 
gion, where Spanish is only the 
second language, and he speaks 
Maya fluentl y. 

Gonza lo Lopez, P IDER 's 
reg ional supervisor in the area, 
expla ins: 

"The people say he is an agent , 
because he works for the 
Government. They won't accept 
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anything, neither irrigation nor 
li vestoch, nor cash crop projects. 
They think the Government will 
come and take away half their 
crops. " 

This harsh rejection doesn't 
surprise Arturo Diaz Camacho 
who, as general manager of 
PIDER. runs its daily operations 
out of Mexico City. 

"There are still places where 
our people cannot venture with· 
out a definite physical threat," he 
says. "In those cases, we try to 
find a suitable project nearby and 
hope that the 'infection process' 
will take place. In many in· 
stances, communities originally 
opposed to projects watched 
other communities benefit from 
our programs. After a while, they 
became interested, and we were 
able to start talking business," he 
adds. 

Still in Yucatan, not far away 
from Tahdziu, is the village of 
Xcobiacal. There, the 38 
members of the ejido have not 
only accepted PIDER's projects. 
but they are "already far ahead 
of us," the regional supervisor 
says. Xcobiacal now has two 
agricultural "units." 170 head of 
cattle, and a lmost 2,000 acres of 
pastureland cut from the sur· 
rounding jungle. A bilingual 
teacher comes in daily on the 
newly built earth road to teach 
the village chi ld ren. Most of the 
labor for the projects has been 
provided by the vil lagers who, in 
only three years, have "evolved" 
from an isolated, subsistence 
(corn) community to an ejido 
whose econom ic and social 
achievements are quite tangible. 

But then, less than two miles 
away, another ejido -Uitzi · 
na- has rejected most offers of 
assistance because of previously 
frustrating experiences with some 
of the agencies \vhich used to 
work separately in the rural 
development field before PIDER's 
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esta bl ishmen t. 
Uitzina is not a lone in its 

reluctance to accept Government 
help: "Too often have we played 
guinea pigs for incompetent tech
nicians, ill-advised management 
methods, and corrupt marketing 
practices," says Jorge Arroyo, 
one of the leaders of ejido 
"Justicia Social." 

After a fraudulent bankruptcy , 
the capital assets of one exploi
tive enterprise were transferred 
to the newly formed ejido. But 
"Justicia Socia l" also inherited 
broken-down water pumps, 
disabled heavy tractors and 
bulldozers, inadequate agricu l
tural equipment. One of the most 
sophisticated fruit and tomato 
packing plants in the contry is 
showing signs of delapidation 
because there are no tomatoes to 
pack . Planting, fertiliz ing, and 
harvesting of crops was initially 
made according to the advice of 
technicians; the advice was 
frequent ly no good. 

The man from PIDER confirms 
the mistakes made before 
PIDER's time, and one of his jobs 

is to keep in touch with the 
people of the ejido. "They know 
we are here to help if they need 
it. As a matter of fact , they are 
considering a couple of projects 
we proposed not long ago, but 
there are factions within the 
ejido. Some of the 300 proprie
tors reject anything new. Some 
push for outside help. Most don't 
know what to do. They have to 
get their priorities straight, first ," 
he says. 

Consensus within the ejido is 
essential because the community 
adopts the main decisions made 
in the ejldo. Thus, the elected 
authorit ies have to take into 
account the opinions of their con
stituents. 

Diaz Camacho recogn izes this 
as one of the more sensitive 
aspects of PIDER's work . 
"Twelve different agencies are 
charged with executing our pro
grams. Their aim and our pro
grams are designed not only to 
increase production and help 
solve the unemployment problem, 
but to involve its beneficiaries in 
decis ion-making and planning as 

Fig.2. A PIDER extension agent (seated in the middle) explai ns to the ej ido farm 
ers a rural development prORram designed to help them increase their cash 
earni ngs by planting citrus trees. 
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well. It is a Question of leader· 
shi p. If an ejido is ready to 
change. a leader will emerge. 
Sometimes, it is the other way 
around," he says. 

Nea r Oaxaca , the capital city 
of Oazaca Province on the 
Pacific Ocean , two ejidos li e s ide 
by s ide. In one of them, in 
Ocotlan, where private holdings 
of no more than hal f an acre are 
sti ll the rule, people ha ve been 
maimed. stabbed, a nd kill ed in 
disputes over a furrow of almost 
non-productive and overused 
land. According to Alberto 
Padilla , one of the ejido mem· 
bers, the Olmeca and Zapoteca 
inhab itan ts of thi s ej ido believe 
that if they consolidate their 
land. the Government will come 
and tak e it away. Mr. Padillo has 
three sons, 15 grand·children, and 
owns t hree furrows, each about 
300 yards long. The three furrows 
are supposed to provide a li veli 
hood for hi s entire family. Until 
now, the ejido has refused as· 
s istance from PIDER 

ext door is 
Senores." Here, 
initial resistance, 
ha ve consolidated 

ejido "Ci nco 
despi te some 

the 37 owners 
their land and 

are working together on the reo 
suiting 96·acre farm. 

To help this cooperative effort, 
PIDER has built a small concrete 
and cement factor y where young 
people ea rn a living and lea rn a 
trade by making water pipes and 
light poles. Normall y, si nce ejidos 
don 't expand, the size of fami ly 
plots shrink as children grow up. 
Alternative jobs must thus be 
created if family plots do not 
eventuall y shrink to the vanishing 
point. 

PIDER's experience now com· 
prises 5,409 individual projects 
ranging from irrigation and li ve· 
stock to education, rural e lectri· 
ficati on, and small rural indus
tries in more than 70 small 
regions throughout Mex ico. The 

72 

~ ,'. • " -:: • ~.~ .~ I ~ I " . ' : .-, • • '. ":! 

.' " . '. :. ••• ". J 

World Bank is helping to finance 
projects in 30 such regions. In 
total, as many as 9 million of 
Mex ico's poorest people are 
being reached, e ither direct ly or 
indirect ly, by the projects. 

PIDER's critics a rgue that 
from a budget of more than $1 
billi on (for PIDER's first stage, 
1973·78), drastic changes have not 
been made in Mexico 's rural 
environment. On a nat ional leve l. 
there is still no crop or livestock 
surplus, nor are the campesinos 
much better off than before. But 
PIDER 's long· ra nge program is 
building the infrast ructure neces
sa ry for a gradual and steady 
take·off once the mot ivat ion has 
been sown, a nd the ini t ial risks 
a nd improvisat ions are beginning 
to show results. 

M1'. Schmidt. formerly interna· 
tional edit01' of EI acional in 
Camcas. Venezuela. is now a 
Public Affairs SjJecial1st in the In
formation and Public Affairs 
DejJartment of the World Bank 

Table l. IDA Credits. October· 
November 1975 

Country 

Bangladesh 
Burundi 

Chad 
Malawi 
Mauritania 
Sudan 
Total credits. 

Purpose Amount 
($ milli ons) 

Imports 100.0 
Coffee improvement 

Polders 
Education 
Ports 
OFC 

5.2 
5.0 

11.6 
8.0 
7.0 

Jul y.November, 1975 ...... · ........ 427.7 

Table 2. World bank loans, Octo-
ber·November 1975 

Country 

Botswana 
Brazil 
Ivory Coast 
Kenya 
[(orea(2) 

Mauritius 
Romania 
T anza nia 
Turk ey 
Uruguay 
Yugosl avia 
Tota\. loans, 

Purpose Amount 
($ millions) 

Roads 5.8 
Railways 75.0 
OFC 8.0 
Water suppl y 35 .0 
Da iry development 
OFC 45.0 
OFC 7.5 
Flood recovery 60 .0 
OFC 15. 0 
Power 56.0 
Li vestock 17 .0 
Oil pipeline 49.0 

Ju ly·November. 1975 ...... .. .... · .. 976.1 

by Report (News of the World Bank, 
January-February 1976) 

World Foodgrain 
Outlook, 1975-76 

Excluding USSR, the world 
suppl y of gra in for the crop yea r 
should be good. Prices a re ex
pected to rema in s table. 
Total foodgrain import bill of the 
developing cou ntri es ma y be 20 
percent less than in 1974-75, but 
st ill two and a ha lf-times 1972 
levels. 

Wh eat 
Loo k for suppli es to remain in 

most delicate ba lance with 
demand , a nd fo r production to 
rema in even with last year's 358 
milli on tons. we ll below the rec
ord 1973·74 crop of 377 tons. 
Critical production decreases ex 
pected in the USSR and, to a 
lesser ex tent, in Europe, will a l· 
most be compensa ted for by in
creases in the US and Canada. 
Import requirements in the 
developing countries vvill rema in 
high because of the need to re
plenish stocks and because of re
latively lower prices. P ri ces are 
expected to stay at about present 
leve ls, though minor declines may 
occur if the earl y 1976-77 crop 
est imates prove favorable. 

Coarse Grains 
An increase of 20 million tons 

in world production (to 666 
million tons) is now expected. US 
production ma y increase 40 
million tons, or 27 percent higher 
than last year. Production in the 
USSR, on the other ha nd, may 
drop 20 million tons. A further 
dec line in prices may be expected 
later in the crop year , though 
much depends on the demand for 
feed in the industrialized wor ld 
and on the level of Soviet bloc 
purchases. 

AGRICULTURAL MECHANIZATION IN ASIA · 1976· SPRING 



Rice 
The outlook is encourag ing. 

The 1975- 76 crop is est i ma ted at 
227 million tons, up about 5 per
cent over record 1974 -75 leve ls. 
The excellent monsoons in Asia 
will account fo r most of the in
crease, and improved production 
is looked for in a lmost every 
Asian country with the possible 
exception of the Philippines. US 
production is about 3.8 million 
tons, a record . China, too, wi II 
see another record yield . Prices 
are expected to continue to 
decline, and Thai quotation a re 
now at abo ut ha lf t heir Apr il 
1974 ($617 a metric ton) level. 

by Report (News of the World Bank, 
January-February 1976) 

New technique saves 
irrigation water 

BEA 1 FARMERS can reduce 
by 30 to 50 percent the a mount of 
water they now use each season 
fo r irrigation by adopting a new 
within-row irriga ti on technique. 

Beans grown in sem i-arid areas 
are planted la te in the spring to 
avoid frost. It is necessa r y to 
irrigate prior to planting to pro
vide mois ture fo r germinat ion. 
y\ ith conven t ional irrigat ion 
practices it is not uncommon to 
wet the entire so il pro fil e, app ly
ing as much as 12 inches of 
water. 

Much of thi s water is lost to 
deep percolation and evaporation . 
Moreover, the so il in bean-grow
ing a reas is usuall y loose and 
highl y susceptible to erosion. The 
frequent lrngations and la rge 
vo lume of water used in conven
tiona l irrigation practices often 
cause considerable eros ion in 
bean fields_ 

According to so il sc ient ist 

NEWS 

\'\ a rren Rasmussen and agr icul 
tural engineer Robert Worstell. 
of the Sna ke Ri ver Conservation 
Research Cente r, Kimberl y, 
Idaho, the quanti ty o f water 
needed to esta blish sat isfactory 
stands and subsequent g rowth of 
beans, can be almost cut in hal f. 

By app lying water with a 
multi-set sur face irrigation ys
tem to ma ll li ste rt ype fur
rows- which resembl e cor ruga 
t ions-the ARR resea rchers appl y 
onl y about 118 of the water 
generall y used in conventional , 
pre-plant irriga tion. 

T he use of mul ti-set surface 
irrigation systems enable lhe 
application of sma ll quantit ies of 
water at contro ll ed rates to sma ll 
a reas of so il a round the furrows. 
The a verage depth of water 
appli ed to furrows by the re
searchers cluring pre-p lant irriga
tion was a mere 1.5 inches. 

The researchers use a n 
ordinary surface planter to seed 
beans direct l} into the da mp 
furrows 2 to 3 da ys fo llowing the 
pre-plant ing irriga t ion. After the 
beans emerge and while the 
plants are st ill sma ll, freq uent. 
light lrnga tions a re applied 
directly around the bea ns grow
ing in the I ister furrows. At the 
last culti vat ion, standard irriga
t ion furrows are reformed in the 
centers between the rows of bean 
plants a nd are irrigated in a con
vent ional manner until harvest. 

By continuing within -row 
irrigations while the pl ants are 
small , onl y 0.5 to 1.5 inches of 
water are appl ied to the furrows 
each irrigat ion . In total , only 14 
to 16 inches of \\ ate r are app l ied 
to bean plants each season. Con
venti ona l irrigation methods 
average 22 to 28 inches of in-iga
tion water each season. 

Besides reducing the amoun t of 
irriga tion water used, the re
sea rchers a lso s ignificantl y 
reduced so il losses by furrow 

l'i~ . 1. Soil sc ientist Rasmussen watches 
as within -row irri~ated beans a re 
checked. Soon. the furr ows will be 
reformed a nd the beens will be 
conventiona ll y irriga ted until 
harvest (087·1 x 1357- 11 ). 

e ros ion and runoff, a nd to a 
lesser extent, cul nilrogen losses 
with the ir new irr igat ion tech
nique. 

by U.S. Department of Agriculture (Ag
ricultural Research, January 1976, 
Vol.24, No.7) 
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Tractor 

.., 

Hinomoto E21· ··Hinomoto 
Tractor E21 is installed a engine 
with strong torque and its pulling 
capacity is very powerful due to 
the medium speed revolution. The 
body itself is a unique mecha
nism. The wide steering angle 
and well disigned pinion and 
sector gear allow it to turn 
around a small round. 
Specification 

Dimensions : Length 2555 mm, 
Width 1230 mm, Height 1320 mm 

Weight : 830 kg 
Ground clearance: 350 mm 
Output : 21ps 
Revolution: 2400 rpm 
Displacement : 1263 cc 
Forward: 8 speeds 
Reverse: 2 speeds 
Turning radium (minimum) 

1700 mm 
Rotary type : Side-drive 
Tilling width : 1400 mm 
(Toyo-sha Co. , Ltd. : 

Joshoji-machi , Monma 
Osaka-Fu, Japan) 

Tractor 

16-55, 
City, 

Iseki Tractor TS2510 .. · TS2510 
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tractor has water-cooled, 4-cycle 
diesel engines, which produce 
high power and flat torque. 
Further, this model has so many 
exclusive features as follow; 

Well balanced weight distribu
tion and low center of gravity 
with high ground clearance pro
mises stable and safe operation. 

Suitable speed operation can be 
conducted through selection of 9 
forward and 3 reverse speed 
transmission and 4-speed power 
take-off. 

Three spoke type steering 
wheel and ball-screw type steer
ing system are adopted for safe 
and secure operation. 

Throttle adjustment is either 
by a hand lever or foot pedal. All 
instruments are convenient ly 
arranged within easy reach of the 
driver 's seat for efficient and 
tireless operation. 

Revolving sections are covered 
by the hood, the fan belt and the 
universal joint by a cover etc., 
for safe operation. 

(lseki Agricultural Machinery 
MFG. Co., Ltd. : 1-3 , Nihonbashi, 
2-chome Chuo-ku, Tokyo , Japan) 

Tractor 

Kubota Bulltora B5000 
.. ·Kubota Bulltora B5000 is the 
smallest 9H P farm tractor in the 
wor ld with a vertica l typed 
2-cylinder Diesel engine. With 
4-wheel drive, its pulling capacity 
is very strong. Since Kubota 

Bulltora B5000 is used high lug 
tires and the ground clearance is 
enough, it works easily on paddy 
fields , turns around a small round 
and does not slip even on solid 
alnd and slope. 
Specification 

Dimensions : Length 1740 mm, 
Width 840 mm, Height 1067 mm 

Ground clearance (minimum) : 
270 mm 

Weight : 360 kg 
Forward : 6 speeds 
Reverse : 2 speeds 
Tires (high lug) : Front 4.00 · 

10 Rear 7-14 
Tilling width: 865 mm 
(Kubota Ltd. : 2-22 , Funade-cho, 

Naniwa -ku , Osaka City, Japan) 

Tractor 

Satoh Tractor ST1800 
.. ·Compared with 2-wheel driven 
tractor, the drawing capacity in
creased approximate 40%. Satoh 
Tractor ST1800 shows its power 
in working on a steep slope be
cause of the high climbing capa
city and also work well on a 
paddy field . Since the engine 
brake works on all 4 wheels, you 
can safely drive with a trailer on 
a steep slope. 
Specification 

Dimensions : Length 2345 mm,' 
Width 1070 mm, Height 1940 mm 

Ground clearance : 290 mm 
Minumum turning radius : 2100 

mm 
Tires : Front 6-14 (lug) Rear 
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8.3/ 8·22 (high lug) 
Travelling Speeds : Forward 9 

speeds, Reverse 3 speeds 
Weight : 850 kg 
(Satoh Agricultural Machine 

Mfg. Co., Ltd. : H ibiya Kokusai 
Bldg. 3-2, 2-chome, Uchisaiwai
cho Chiyoda-ku, Tokyo, }apan) 

Tractor 

Shibaura SD4000 D-O··· The 
IHI-Shibaura Tractor Model 
SD4000D-O has many superb 
features and performs every job 
economical ly. The SD4000D-O is 
4 Wheel drive and will suit every 
working on road , field and paddy. 
Hydraulic position and draft 
control device serve you smooth· 
ly for pull-type implement and 
keep regular working depth. In
dependent PTO by dual clutch 
engages smoothly and quietly. 
When stopping the tractor , there 
is no interruption of PTO power 
flow. 
Specification 

Dimensions : Length 3177 mm, 
Width 1520 mm, I-Ieight 1943 mm 
& 1550 mm 

Minimum ground clearance : 
400 mm 

Weight: 1510 kg 
Travelling Speeds: Forward 12 

speeds, Reverse 4 speeds 
Minimum turning radius 3200 

mm 
(IshikawaHma-Shibaura Ma-

chinery Co., Ltd. : Seiwa Bldg., 
Nishishinjuku 1-6-8, Shinjuku-ku 
Tokyo, Japan) 

Tractor 

Yanmar YM1700 ···It is effici· 
ently desigined for effect ive 
operat ion. You can work in a 
comfortable pos ition for hours 
without fatigue . As the revolution 
radius is 1750 mm , Yanmer Trac
tor YM 1700 can turn round a 
small round and proves in culti
vati ng and weeding. Addtion to 
that, it is applied a hydraulic sys
tem . You can set the position of 
a farm working machinery to 
every-where as you lik e with a 
hydralic control lever. 
Specification 

Dimensions : Length 2640 mm, 
Width 1120 mm, Height 1730 mm 

Weight: 720 kg 
Tilling width: 1300-1500 mm 
Foward : 8 speeds 
Reverse : 2 speeds 
(Yanmer Agricultural Equip· 

ment Co. , Ltd. : 62 Chaya-machi , 
Kita-Ku, Osaka City, Japan) 

Power tiller 

~ 
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Mametora "Tiller" MC·80···A 
smart design for multiple purpose 
makes your work pleasant. 

The low center of gra vity 
assures the stabi lity of machine 
and safety performances provided 
with belt and gea red speed 
change mechanism with 2 stages 
for foward mak es it possible to 
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obtain a n appropriate speed. 
Handle can be freely moved 

vertically , horizontally and 
turned to 180 ' by pin and nob 
operat ion. 

The machine can be eas il y 
opera ted even by a woman's 
hands. The machine is des igned 
to suit for various performances 
such as cultivation, weeding, soil 
breaking, mowing, 

Cultivator 

Robin cultivator RC04A· ··This 
machine has a Robin Engine 
Model EC assures superb perfor· 
mance and high dependability. 

Its lightweight (l3kg) enables 
appl ying the Robin Cultivator RC 
04A to fields of any geographic 
condition. Low-centroided, stabl y 
balanced cultivator helps facili · 
tate tilling. 

By adopting an automatic con· 
trifugal clutch, mere lever man i· 
pulation ensures facile operation, 
e liminating concern over engine 
suspension while cultivating. 

The handle position can be 
freely adjusted vertically or 
hori zontally to facilitate cultiva
tion in conformity with the 
operator's stature or job re
Quirements. By detaching the 
hand le, the Robin Cultivator can 
be mounted in a car trunk or 
other confined spaces. 

(Fuji Robin Industries Ltd. 
Shinjuku Bui lding 1·8·1, Nishi
shinjuku , Shinjuku-ku, Tokyo, 
Japan) 
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Spraying machine 

Spraying machine Casotti···It is 
a simple and practical means of 
spra yi ng anti·parastes on grass 
and trees. It s lightness allows it 
to be fixed on any t~ pe of 
equipment either to be carried or 
drawn, at the req uired height for 
maximum effic ienc y. It ·ub· 
stitutes favourably all means 
used up to the present da~. allow· 
ing good utilization of the an· 
tiparasite and a rapid execution 
of the treatment. 

Another inportant facto r is the 
quality of the work. In fact the 
contionus movement of the jet 
increases atom ization and swirl· 
ing. making the antiparasite 
penetrate the less exposed areas 
of vegetation. Trees and differ· 
ences in land level are no longer 
an obstac le. The single nozzle 
never clogs. The agriculturist 
need onl y get off the tractor to 
fil I up. 

(Ettore Casotti : 43035 Felino. 
Parma. Italia.) 

Sprayer 

Aspee napsak sprayer·· ·Twin 
Aspee napsak sprayers with 
spray boom can spray one acre 
per hour with an application rate 
of 75 litres/ acre approx. at a 
spraying speed of mile / hour. 

Twin Aspee napsak sprayers 
each having tank capacity of 16 
litres. with spray boom having 8 
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nozzles (each discharging 250 
cc/ min. at 40 psi.) can be operat · 
ed by a pair of operators. The 
operators can maintain work ing 
pressure of 40 psi. by operating 
at a speed of 20 to 25 strokes per 
minute. The swath width of the 
spray boom is 13 feet. 

(Amer ica n Spring & Pressing 
Works Pvt. Ltd. Malad. 
Bombay. Indi a) 

Grass Cutter 

Elta safty grass cutter "uncle 
Fauchee" AN·22···Revolving at 
7.000 r.p.m. " uncle Fauchee" is 
ideal [or parks. cemeteries. 
gardens. etc .. as it can trim effec· 
tively around obstacles such as 
tree trunks. difficult . dangerous 
work for standard meta l·bladed 
machines. 

"uncl e Fauchee" Rotary Cutter 
does the work much faster too . 
taking care of those "blind spots" 
and in accessible corners normal 
cutters cannot reach. 

Conventional lawn mowers use 
revolving metal (usually steel) 
blades to cut the grass. Thus 
should the metal blades hit a 
rock of other hard object there is 
the fear of pieces of the broken 
blade flying off and wounding the 
body. 

And the High Strength Cord is 
harmless ever in the rare event 
that one 's trousers or shoes set 
caught in it. There's no danger 
e ither if the cord hits a stone. 
fence. etc. 

The high strength cord is easily 
replaceable. 

(Elta Machine Industrial. Co .. 
Ltd. 7·22. I(·chome. Asagaya·kita. 
Suginami·ku. Tokyo. Japan) 

Combine Harvester 

Mitsubish i Combine MC8IO 
···Mitsubish i Combine MC810 has 
big features; small, light. lesser 
vibration and noise and ease and 
easy in handlings. especially ex · 
ce llent in operation. 

With a ce ll starter. one time 
for starting is just enough. 
Furthermore. as it is applied the 
unique combustion system. Ox 
and CO is exhausted lesser. 
App lied the spec ial threshing sys· 
tem for raw threshing. it can 
thresh completely. A seat is at 
front. 
Spec ification 

Dimensions : Length 2995 mm . 
Width 1800 mm. l-Ieig ht 1760 mm 

Weight: 710 kg 
Engine: Mitsubishi Meiki MCP 

Engine G 11 L·DE 
Output: 10ps/l700 rpm (Maxi· 

mum: 12ps/ 1800 rpm) 
Travelling Speeds: Forward: 6 

speeds. Reverse : 2 speeds 
Reaping Capacity: 2 rows 
Selecting method : Automatic 

se lect ion and dynamic s ieve sys· 
tem 

Bagging device : Bagging can 
be done I( at one time auto· 
matically With a noticing buzzer 

(Mitsubishi Kiki Hanbei Ltd. : 
Hibiya Kokusai Bldg. 3·2. 
2·chome. Uchisaiwai·cho, Chiyo· 
da·ku. Tokyo. Japan) 

Tea leave picker 

I 
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Ochiai EOP A8·· ·Model EOP 
A8 newly ente red the market 
with a feature of no danger in 
operation with the safety device. 
The safety device consists of 
Main Switch, Left Handle Switch 
and Right Handle Switch. 

The following is the explana· 
tion to handle the safety devices. 

1) Support the both handles 
with your hands. and 
switch on with yo ur left 
hand. then the blade begins 
to run. 

2) The blade ratation stops if 
you leave hold of your left 
hand from the handle. 

3) If you leave hold of your 
right hand, the running 
blade stops and the buzzer 
rings. 

4 ) Even if you leave hold of 
your both hands simulta· 
neously, the blade stops to 
run, and the buzzer rings. 

5) Switch off the main switch 
if the buzzer rings. 

(Ochiai Cut lery Manufacturing 
Co.. Ltd. Yatabe 
Kibugawa·cho , Shizuoka. 
Japan) 

Separator 

Cleland double separator'" 
Cleland double separator intra· 
duced by Cleland Internationa I 
Inc. The only successful sepa
rator for separating corn from 
soybeans. Separates anything 
round from anything that is not 

round , such as soybeans, milo or 
mastard from wheat. oats, barly. 
flax or corn. Gravity operated, it 
requires no power. T en iJlnerf
lights in a double unit. separate 
the round seed into two grades, 
portions of witch can be controll
ed by adjusting levers. Can also 
be used for glass beads and steel 
ball bearings. 

(Cleland International Inc. 
2802 orthwa y Drive Minnea-
po lis, Minn. 55430, USA) 

Forage meter 

The RDS Forage meter .. ·The 
forage meter. as it will be known, 
employs new electr ical and 
mechanical techniques and is in 
two parts. a meter unit and a 
sampling ce ll. Two readings, 
nominated X and Y, are taken 
with the meter unit and the re
su lts are converted to a moisture 
content by means of a simple 
s lide-rule device. 

The sampling ce ll holds appro
ximately one litre of material. 
being about 6 in. diameter by 3 
in. deep. T he sample is compress
ed in the ce ll by means of a 
separate piston and screwclamp. 
The bottom of the ce ll and the 
bottom of the piston contain 
electrodes which take electrica l 
measurements through the 
samp le material. Further elec
trodes in the perimeter of the ce ll 
compensate electronically for 
variations in the size of the 
sample. 

(RDS (Agricultural) Ltd. 
Bounda ry Court, \Voodchester. 
Stroud. Glos. GL55PN) 
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Constructions Cha lonnaises 
.. ·Two annular ports at each side 
of the cylindrica l through facili
tate automatic fill ing in a high 
position and draining in a low 
position. 

The ports do not turn during 
pressurisation (programmed 
automatic interlocking). During 
filling, the trough turns; thi s 
facilitates profuse drainage. 
homogeneit· of distribution and 
therefore a more efficient capa
city . 

Pressurisation is effected in a 
conventional manner. Draining is 
effected by the automatic down· 
ward rotation of the ports. 
separation of the covers, crumbl
ing due to spaaciing and the pre· 
sence of rubber deflectors. Flow 
se lection can be made and can· 
trolled by pressure. Finally, a 
washing phase is programmed. 

This appliance reduces 
manpower by 2/ 3 and increases 
yie ld by 50%. 

(C. iVl.M.C (Constructions 
Chalonna ises) 49290 Chalonnes-
sur-loire, France) 

Drainer 

Poclain SC 150L .. ·Drainers 
with \\ hee ls and especia ll y with 
chains make very regular profi les 
at the bottom of the trench. 

By placing a gea r-tooth of 
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designed profile with hydraulic 
floating fixing and contro ll ed by 
laser, on the turn bable of a con· 
ventional POCLAIN shovel we 
get an identical precision in a 
more economica l way and with· 
out any change in the structure 
of the of the ground. The laying 
of drains can be effected accord· 
ing to the terrain at nearly 4 km 
per day. 

Systems of hydraulic position· 
ing and of transfer of the weight 
of the shovel onto the gear· tooth 
adjusts itse lf to any change in 
terrain maintaining an accuracy 
of 1 mm/ m. 

This drainer can be quick ly 
transformed into a conventional 
shovel and endowed with the 
advantages of control and com· 
fort and reliability which is well 
known. 

(Societe Poclain 60330 LE 
Plessis·Believill , France) 

Lifter-Fastener 

Gregoire lif ter·fastener ··· Two 
Archimedes screws driven by 
a hydrau lic motor lift the vine· 
shoots and lay them on the 
framework . Two pack threads are 
unrolled on each side of the plant 
which is retained in a guide· 
through. 

At intervals, a fastener joins 
the 2 st rips and fastens them 
together with a metal clip. 

The yie ld of this machine, 
operated by one man, is hectare 
in 3 or 4 hours, according to the 
area and the dimensions of the 
plot. 

(Etablissements Gregoire 89, 
avenue de Barbezieux, 16100 
Cognac, France) 
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Framing Machine 

Leteux Pneumatic··· The rna· 
chine, which is pneumaticall y 
controlled from a compressor 
driven by a power·take·off, lifts 
the vine sta lks on belts fitted 
with begs made of rubber. This 
lifting machine is articulated and 
adjustable. 

Two midly pressurised, blown· 
up drums hold up the plant and 
unwind a strip of biodegradable 
paper on each side of the stem to 
the required height. A clip joins 
the two strips together at regular 
intervals ; the arm carrying the 
clip is articulated to avoid 
damage in case in encounters an 
obstacle such as (stems, pegs, 
props) , etc. 

(Etablissements Leteux : B.P. 
193, 17100 Sa in tes, France) 

Sprayer 

Tecnoma Automatic Sprayer 
··· In order to achieve high pres· 
sure operation this apparatus has 
the following features :, 

-a hydrostatic transmISSIOn 
driven from the output of the 
power·take·off, which quickens 
the sprayer especially the pumps. 

- The velocity of this trans· 
mission, regardless of the velocity 
of the power·take·off is obtained 
by the action of a tachometric 
generatrix driven with a mini· 
mum is obtained by the action of 

a tachometric generatrix driven 
with a minimum of effort by a 
effort by a carrier wheel ; the 
velocity is thus proportional to 
advancement. 

Adjustment of the flow is 
obtained by a potentiometer, the 
control is by an e lectrical alarm 
system, which is triggered off if 
the characteristics of the materi · 
al are exceeded. 

The F.P.A. system (flow pro· 
portional to advancement) there· 
fore has no effect on the nature 
of the spraying selected by the 
user. 

(Tecnoma : B.P. 195, 51321 
Epernay, France) 

Stacker 

Agram multiblade doublecut· 
ing· ·· Boom·stacker chopper· 
harvesters have been sometimes 
fitted with a chopper appliance 
having 3 or 6 cutters. 

The present innovation reo 
places this appliance by a cylin· 
drical rotor with 36 self sharpen· 
ing blades which are removable 
and pass in front of one or two 
fixed blades. 

This facilitates a finer cutting 
(stalks of 20 to 60 mm) without 
any significant ric e in cost for 
this stacker. 

(Societe Agram : 238, boulevard 
Antole·France, 923000 Saint· 
Denis, France) •• 
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