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1. Introduction

About half of the cultivuted land in Talwan is devoted to rice growing,
and so the development and manufacture of rice-farming machinery and implements
are given the highest nriority., Tn the past decade or so, steady imirovement has
been made on the mechanization of faorming operations to keep nace with the agri-
cultural development in this island province., However, the development of apri-
cultural machinery/implements is a slow and gradual process hecause they not
only have to adapt to the local conditons such as climate, types of land and soil,
kinds of crops and farmers' readiness to adopt mechanical frming. but also henefit
greatly the existing intencified cropping systems practise. in Taiwan,

With the exception of pedal thresher, paddy flelid werder and the improved
animal plow, which were the mydified forms of those introiuced from Japan, most
of the rice-farming implements in use in Taiwan are exactly the same as ‘hose use
in moinland China, Statistically speaking, about 77 percent of the -ice cultural
implements is directly introduced from the mainland, 15 percent fror other
countries, and only about R percent was developed locally. For several centuries
there was very little change in the designs of farm implements, but since the
Joint Commission on Rural Reconstruction (JCRR) came on the scene in 1952, a blue-

print for farm mechanization was drawn and has oeen carried into action ever since,




This paper attempts to describe hriefly the processes >f modernizing farm
machinery and implements, especially for rice culture in Taiwan, in addition to

the related events leading to the development of mechanized rice farming in Taiwan,

TT1. Background and Conditions of Rice Farms in Taiwan
A. land and soil:

Besides the island of Taiwan and its 13 offshore islets, there are 64
islets in the Penpghu group, known as Pescadores. The total area of Taiwan is
13,885 square miles, and the distance from the north tn the south ends is 746
miles and that from west to east 90 miles, The Tropic of Cancer crosses the island
just south of the middle of the island,

The central mountain range divides the island into eastern and western
parts, In the west there are gentle slopes and fertile plains, while in the east
the terrain i3 rugged with steep slopes, The mountain areas cover apnroximately
two-thirds of the island, and the main cultivated land 1ies in the western part
of the island,

Of the total 907,406 hectares of cultivated land, $37,547 hectares are
paddy fields, The rice crop is usually grown on the alluvial soil either in the
plain or along the river valleys. The paddy soil of slate and sand-stone origin
is rich in plant ontrient, while thos= of saline alluvium is generally inferior
in soil fertility. Rice is also grown on the tableland lateritic soil where
irrigation is available,

B. Climate and water:

The annual mean temperature is 21.6°C at Taipei in the north and 24.3°C




at Kaohsiung in the south, The hiphest temperature is 58°c and the lowerest 1°C.
In the summer months, the temperature along the coast is almost identical (around
28 - 30°C). The summer usually lasts from May to September, and winter is short
and mild lasting from December to February,

The monsoon usually brings in enourh rainfall, averaping 2,500 mm 1 year.
Tta distribution, however, does not fit in well with the growing season of rice
on the 1sland as a whole. Roughly speaking, the high mountain ranre lying between
the Suao Townshin (east coast) and the mouth of (he Ta~an River (west coast)
divides the island into two different regions in so far as the rainine season
is concerned. Tn the northern part, a strong northeast monsoon blows steadily
during the period from October to March, bringing to this area a prolonged rdin-
fall, which facilitates the growing of rice; but if the long-drawn rainy days
intercept the harvest season, it may cause various degrees of prain loss, Tn the
summer months, when southeast monsoon prevails, plenty of rainfall accompanied
with thunderstorms in all parts of the island furnished the second crop rice
with irrigation water.

Tt is estimated that a total of £,800,000,000 cubic meters of rain water
fell on this island annually, 0f this amount, 2) rercent were harnessed for
irrigation and/or for generating power. Well developed reservior and canal systems
are now under the administration of 26 irrigat.on associations throughout the
island, With a total of 768,635 rice-crop hectares, about 9 percent of which

is trrigated (including reservior and deep well irrigation) while the other 8

percent is roin-fed,




C. People and crop:

According to the history of Taiwan, the Chinese settlers bepan to make use
of irrigation water to raise rice in the early Ming Nynasty (1279 - 13682)., Around
1661, the Chinese immiprants who came to Taiwan in large numbers brought with them
many mainland rice varieties for food raising. These varieties are known as indica-
type or commercially called notive rice, Besides rice varieties, rice-prowing
equlpment were also broupht in by the immigrants. Tn 1999, the Japanese introduced
a4 nurber of rice varieties from Japan which were the parent st-cks of Ponlai rice
varieties which are cultivated extensively in Taiwan today.

The development of new rice varieties coupled with increased rertilizer

application, proper pest control, e'ficient irrigation systems and other improved

measures accounts for the record yields in recent years from two rice crops raised
per year, Thourh the planted area of rice is only about 54C,CCO hectares, the
yearly output is n-t only sufficient for local consumntion but also leaves a
siznhle amount for export.
N, Farm size and fam'ly:
The land holding per household in Taiwan is about 1 hectare on an average

as shown in the following table:

Table 1., Numbcr and size of rice farms in Taiwan (1960)

Size of 1lond holdings No. uf rice farms
Under 0.5 ha 179,760
0.5 - 1.0 185,940
1.0 - 1.5 103,750
1.5 - 2,0 57,190
2.0 - 3,0 45,210

3.C ha & over 2 9R40




A unique feature of ‘and holdings in Toiwan 4s that a form dres not
necessarily consists of one single plot, but in a number of plots averaging
about C,1 - C,? hectares per nlot. This is due partly to tte centuries-old
custom of equal share of land among all the sons of a family. Thus, the con-
snslidation of rice fields int> larpe plots is therefore n-ot feasible. Any machine
that can work in small fields must bhe compact enough and be able to make small
turns.

E. Farmers and the cropping systems:
After the implementation »f the land-to=the-tiller program in Taoiwan,
the tenant farmers who have hecome land owners are working doubly hard, thereby
increasine preatly the land productivity, This psycholorical factor is applicable
t2 the ownership of machines as well, When o farmer owns a machine, he will take
good care of 1t and try to use it to the fullest extent,

In Taiwan, many other crops than rice are raised hy rotation, Tn the rice-
prowing arecas, wheot, tabacco, s>yhenn, flox, sweet potato, reanut, corn, jute,
sorghum, etc. are also grown, Therefore, farmers need a multi-rurrose machine
to work not only in the paddy fields but also in the fields for raising other
crops, as the existing cropping system requires inter-row deep cultivation after
the preeeding crop is harvested. So a machine should be maneuveable between the

Jropped rows,




TT1. Development and Populorization of Rice-farming Machinery in Taiwan

A, Introduction and improvement of rice-farming wmochinery
le Watcr rump:
Water rump was introduced into tris island from Japan ohout 50 years

apo, However, its usage is somewhat Aifferent from other countries on account
»f the ‘ntensive farmine prtterns adopted, for the rice fields have to be irripated
or drained very »ften in order to prow other crops. “ometimes large pumps are
used, hut most ~f the time the use o7 small centrifugal pumps driven by 3 - S hp
kerisene or diescl enpine is sufficient, for it con easily be moved to anmy ~ther
nlaces, Tt was during the time when farmers bepan to realired the advantapes of
asing water rumps, sevcr-] small machine shops were enpaped in producing the
machine by ‘mporting o1l enpines from Jap'n. This is considered the bepinning
of rice machine manufacture in Taiwan, Fvidently the history of Tojwar's aeri-
caltural machinery industry i1s comparatively young among other industries in
Taiwan,

rfter World War T7, the local mrchine manufacturers turned out about 2,00C
units »f pumps annually for meetine the local requirements., At present, it is
roughly estimated that ahout 50,000 units of the machine including deer well
pumps are owned by farmers for irrieation purpose, Now more than a dozen small
local manu’acturers are rroducing the machine for local use and export to other
countries,

2. Sprayer;:

Refore 1953, hesides a povernment-operated plant turning out hand sprayers

on an exrerimental bosis, thece were 874 small famjly-sized factories or machine



shops engaged in the manufacture of the hand and onimol-drawn tools, “prayers
and dusters used in Taiwan were mostly imported irom Jopun; they were in small
number as chemical sproying for control of rice insects and diseases was not
widely practis ed then, Only when the applicution of Parsthion and Fndrin for
controlling rice borers was widely practised, did the decmand for srrayers have
a rapid increase. “ince then, more than a dozen private fact-ries have been
established to manufacture hotr < prayers and dusters, including some power
sprayers,

in to 1960, the rice prowers were buying more than )J0,00C units of hand
srrayers a year., And in 1960, therc were 104,150 units ~f hand sproyers, 106,903
units of hand dusters, 264 units =f nower sirayers and €3 units of power 3Justers
in use in rural Taiwan., Today, about 200,000 units of srrayers, 5,000 units of
hand dusters, and some 14,00C units »f power-driven srrayecrs and Hucters are
owned by loca! farmers, Furthermorc, 2 sma'l number »f hand sprayers are heing
exported to -ther countries, During 1967-68, the spraycrs ond dusters mounted
on helicopters for aerial resticide arplication over paddy fieids were employed
by the povernment and farmers' associations,

3. Power tiller:

Farly in 1953, when the first 4-yeor apricultural production plan was
underway, there were some 400,000 head of draft animals, most nf which werc
water huffaloes, The number of cattle was far from su ficient, ant 100,000 head
more were néeded ror intensive cultivation, However, it was very difficult to
get the reguired number 5f animols in a short time. Fven if it is rossible, each

animal needs 0.8 hectares of land for growing feedstaff, so a total of 80,000
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hectares have to be diverted from f55d-growing, when more and more land i{s needed
for feeding the teeming millions on the islond, And when the total amount of work
done during the lifetime of a buffal» is tallied apainst the total cHst involved,
{1 is far from economic~1 as compared with the mechanic~l power. Therefore, only
through using power farming equipment c'n the problem of rural power shortage be
solved once for all.

AsS an attempt to solve the problem of anticipoted labor shortage, seven
different mokes -~nd models of garden tractors in the power ranee of 1.5 - 10
hp were introduced into Taiwan by JCRR from the lnited =tates in 1954, In the
following year, a S hp rotary-tvpe and a ~,5 hp tiller-type sinrle-oxle two-
wheel tractor now calle?d "power tiller" were rurchased from Japan. They were
tested at various agricultural research and imnrovement stations and agricultural
schools, thus marking the bcginning of power tiller extension in Taiwan,

The rotary-tyne tiller was the typical diesel-engined tiller developed
and pooularly used in Jaman over the nast three Aecades, A smaller ane was
sripinally an American desipn but remodelled and improved for usc in irrirated
podiy field in Japon, It is compact and light and simple in construction, From
the preliminary tests, both of the machines showed their sutstanding performances
in irripated rice -ield, especially the smaller -ne which has found acceptance
with the local rice farmers, bccause of its hirh versatility and low cost.
Moreover, it can perform various farmine operations, such as tillage, traonsportation
and cultivation,

In 1956, JCRR again imported a quantity of small power tillers of the same

type for testing and demonstration at the apricultural stations. At the time of
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demonstration, the local farmers showed at the onset their interest in the
machine, and their demand for it hecame so strong later that the local machine
manufac turers began to produce the machine by copying the imparted models,
Ceveral small farm ma~hine shope added this machine to their stocks. A number
o” factories formally moking motorcyrles or small oil ensines rroduced power
tillers as a sideline production. /p to 1959, a total of 22 smal) manufacturers
come into beine and began producing locally-mode power tillers., Most of them
concentrated on making the tractive-type power tiller, and only two nlints
produced the driven-type rotary tillers, In the meantime, the imported power
tillers increased to 16 different brands, offering a strong competition to the
local manufacturers.

However, the small manufactur:rs, whose products were of Ad-ubtiul quality
and some of them built only s few units, soon found them in financial straits,
Thus, owing to insufficient operating funds and for lack of nroper manufacturing
techniques, all the loc-1 manufucturers, except three, either went brnkrupt or
changed to making other rroducts ot the end of 1960, The thrce remaining manu-
facturers have mamgaged to turn out a small number of power tillers each year,
Jn the other hand, two proups of Taiwan infustrialists, in cooreration with
Japanese agricultural machinery componies, set up two factories to produce
power tillers with some parts imported, From this time on, the import of power
tillers except spare parts, storped altogether,

In Taiwan today, mechanization of land preparation is no longer experimental,
bat it has become well estahlished by the wide use of power tillers mostly in

paddy fields, It is ideal for land preparation on water-logged soil since it adds




traction to the propelling unit rather than retarding it. The growine number of
povwer tillers used on Taiwan followed by the steady decrease of draft animals

is shown in Table 2.

Table 2, Number of power tillers and draft animale in Taiwon

No. of power tiller No. of

Year Total Manufacture Horsepower draft

(unit) Made locally Tmported Under 5 S - © Above €  amimals

(%) (7) (1) (%) (€)

1954 7 0 100 406,172
55 9 0 100 412,018
56 80 5.00 95,00 412,440
57 180 54,44 65.56 412,348
58 800 35.16 64,04 416,368
59 2,262 57.07 42,93 417,159
60 3,708 46,17 S3.83 34,87 38,59 26.54 417,172
61 5,313 41.05 58,95  26.71 45.66 27.63 414,208
62 7,504 46.74 53.76 21,60 49,9t  2R.45 405,056
63 9,075 51,90 48,0  19.23 53,25 0725 389,448
64 10,201 57.04 42,9 17,67 S0.21 31.42 579,973
65 12,218 63.15 36.°5 15,98 50,52 33,60 370,370
66 14,272 6°.46 31,54  14,°8  49.37  36.35 560,794
67 17,240 75.90 26.20 13,13 42.5%  44.35 337,978

689 231,158 78,61 21.39  11.60 35,15 53,2 323,085
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A total of 21,153 units of rower tillers were used hefsre the end of 1068,
Since the cultivated area totals some 900,000 hectares and the total farm hou-e=
holds numbered about 86%,C0C in Taiwnn, there is approximitely a power tiller on
cvery 42 hectares of land and owned hy every 41 farm households. Though the
increase of phwer tiliers in Taiwan is far from being imprescive, yet, since
1961, the draft cattle have decreased in number at the rate of wore than 10,000
head annually to »e gradually replaced by mechanical power,

4, ‘rtificial grain dryer:

Tt goes without saying that adquate rain-water hastens the growth of
varicus crops, particularly rice, but when long-drawn rainy days intercept the
harvest season, the full erown rice in the field or the newly-harvested pgrains
spread on the drying eround may sprout and couse virious deprees of daomares,

Accordine to an islind-wide survey by the Provincial Nemartrcht of Apriculture
and Forestry (™ AF) in 1954, the rice erain loss per hectzre due to spreading,
turning, winnowing, etc. on the drying ground was 28.° kg, However, the actusl
annunl rice loss throughout the whole island would be much hirher, beca'ze the
harvesting time of the first rice crop in southern Taiwan and that of the second
rice crop in the north usually fall in the rainy seoson, When the rain comes in
the midst of harvesting, the farmers have no choice but to pile the brown rice sn
the drying pround and cover it with straw and pray for the end of the foul weather.
If the rain lasts several consecutive days, the wet grain pile will pgraduclly varm
uap from heat accumulation due to transpiraotion. The temperature in the center of
the pile will thus go up, resulting in ferrenting, sprouting or moldine. Heavy

damages to rice were reported in 1964 and 1965 in the Ilan area of northeast Taiwan




where the rain lasted £0 danys and 20 days, respectively, right in the harvest
seasone,

Tn the soutnern rart of the island, ttrueh tke rairfall is nmot too heavy
in the harvast season, it usually comes every afternnon, and s anly hal™ the
day con be used for rice dryine. But, in the early June o 1966, the naddy rice
in the said area suffered heavy damape due to the incessant rain which continued
for 20 days rirht in the middle of the harvest scas~n,

In order to save a sizable amount of rice from spstlage by rain or hieh
humidity, sevcral tyres .{ rice dryers were purchased 'rom the 'Inited “tates by
JCRR for trial use during the past decade, These are: a portable rice dryer made
by the Behlen Manifacturing Co., a column tyre rice dryer by the American "rying
fystems, Tnc,, and a smail poartahle rice dryer hy the American "ryinr “quipment
(o.. Te prelininary tests have reveiled that the Rehlen portable dryer gpav- the
l1owest dryi-¢ cost, while the strer two produced rice -7 hetter cualitv. Howev-r,
all the e drycrs are c’ther too bulky »r too cxprensive for the intividual farmer
to practise or to own, A livhter Aryinr bin with 2 motor hlo:er ani burner for
artificial drying of rice was dev 1nped “or extension hy the ™M’T exreriment
stations in coorcration with the Chino “gricultural Machinery Co., 7t'., in 1968,
The descriptisn of this hin-type artificisl grain dryer is as f11ows:

The dryer is rortahble, weighing about 270 ke, Tn tte ordinory harvesting
timc, the pgrain dryer could reduce the moisture content »f prains from 20 to 13
percent and turns out about 1,5(C ke. of dry rice every 12 hours, In the rainy
hirvest seasosn, the dryer could ev:n he operated 24 hours a day. The fuel for the

burner of the dryer is of coke or kerosene, while the % hp mitor blower uses

electricity as the source of power. About 650 units of the dryer have heen extended
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to local farmers for adoption during the post two years, Meanwhile, some 300
units of Japanese-mode dryers of the similar design were alss imported.

5. Rice transplsnter:

Rice transplanting in padiy fields is stil! donc minually in Taiwan,

Por facilitating the operation, 7nly a rolling Aisk-type marker is availa™le
for marking both dir-ctions across the field for straieht nlantin-. Tt is newrr-
theless a plece of back-breaking and time-consuming work. tccording to a study
on the lahbor-hour requirement per unit farming operation of eleven crops in Taiwan
conducted by the Agricultural Fneineering Department o” National Taiwan 'Iniversity,
about 19 percent >f the total labor hours required for rice calture is devoted
to the transplanting opcration,

However, progress haus been made in the mechanization »f rice culture. Tn
the busiest se son of ricc transplonting, farmers still feel the shortape »f
labor, higher nersonnal exrenditure and declining productivity, foar the labhor
force in the rural areas is being eradually absorbed hy the mushrooming industry.

Since 1966, JCRR has assisted tne Taipei Nistrict Apricultural "mprovement
Station in modifying two Japanese rice transplanters - a motor-driven tvpe and
a hand-pushing one - according to our needs and arricultural conditions, The
preliminary results obtained from the experiment comiucted in 1967 for evaluating
the effect of the newly improved mochine on transplanting is vory encourapine, as
the transplanter can save two-thirds of the lahor recuired for seed’'ine nursery,
and i{s four times quicker in transplanting than hand transplantine., "n addition,
the yleld in the mechanica'ly-transplanted plots was hirher than that of the

hand-transplanted crops. Presumably the increase was due to such factors as:
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a) more healthy seedlings; b) uniform plantine depth of the seedlings; c¢) wide-

row and close-hill spacing; and d) even number of hills. The comparison between

the transplanter and the conventional method is as f-llows:

Table 3, Comporison between transplanter and the conventional method

Transplanter Hand transplaonting
Ttems
2nd crop 1st cron 2nd crop 1st crop
1967 196° 1967 1968
1. Spacing(cm) 36,9x13.6  30x12 2.5x72.5  22.5x72.5
2. Plant height at rirening stage(em) 102.71 115.35 9R],59 112,20
3, Panicle length(cm) 19,09 18,9° 1,10 18.51
4, No, of valid tillers per hill 11.5¢ 13.31 12,76 13.88
(tillers)
5. Panicle weight(pr) 1.685 2.1 1.44 2.0
6. Grain yeild(kg/ha) 5,738 5,012 3,006 3,859
7. Time for preparing seedbed 24.1 57.1 32,5 79.C
(hr/ha)
8. Duration of seedling nursery 1S 50 30 50
(day)
9, Time for transplanting (hr/ha) 28.1 33.2 115.7 108.0

The use 5. the transplanter is alss> helpful to the exten<ion of the newly

developed wide-row and clo<s-hill planting system in rice culture which is capable

of increasing the rice yield by more than 10 percent as compared with the commonly
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practised square-shabed gpocine,

Tn >rder t5 accelerate the gener-l adoption as well as t> show the advantapes
of using the transplonter in rice cul*ure, JCR® and DNAF iointly helped the Chima
Agricultural Machinery Company produce the michine. In 1968, sev-ral units ~f t em
were built and sent to concerned arricultural stations for field teets., Bepinnine
in this year, s>me 30 units »f the m *hiar have been constructe! and set tn five
Township Farm Mcchanization Promotion fenters f>r demonstratisn ~nd trainine.
Judring from the good results of usi:p the transplanter, it is a matter of time
that mechanized transplanting of rice will be widely adopted by the 12¢-) rice
farmers,

. Rice harvestin: machine:

In Taiwan, the paddy is still harvested with a smoll, lightweipght hand
sickle, Pedal thresher with a threshing cylinder mounted »n skids are nulled
arsund the field t5 311w the rearers. Nne man con cut ahout nne-half acre per

day with a sfckle,and tus men with a pedal thresher can thresh two or thres tons
of padiy in a Jay, *fter threshine, the proin is carried tn the courtyard for
dryine, winnowerine nd cleaning »n corcretes prounds,
Thresher driven by o smal' pasoline enine instead of a pedal has heen
~ developed and widely adnpted by iocal "armers in recent vears, Tn the meantime,
~a small number of Japanese type power threshers are ‘ar tria] uce.
Tn 1967, two kinds »f hand reaners, puching and pulline, midified from
Japanese designed ones were manufactured locally “or extension. Hoever, they
have not been extensivcly used so far due to higher prain loss and other drawbacks.

S92, the productior 0" the pushing type reaper was cbandoned, To adopt this device
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will reguire either a new variety o7 rice or a change in the fiecld size, as the
or-sent rice varieties in Taiwan were developed for easy threshing by manual

labor, The straw is tourh ond flex‘ble and the erain shatters very easily, thus

ev.n a simple cradle can not be profitably used because the grain will be shattered
by the impact of the cradle finrers.

Recently, a number »f Jjapanese small rice combines consisting of a reaper
and an ord'nary power thresher, were introduced by the Jocal farm machinery
manufacturcrs far trial use, However, several short comings of using the machine
have been found. They are:

a. The prajn shatters very easily as the cutting and rathering devices of
of tre machie are not ecntle ~nourh to keep the prain intact,

b. The vathering mcchanisr of the machine failed to gatier up all the
lodpirg stalks.

~e Most of the tields are too soft at the harvesting time to support the

heavy machine,

4. The srall uneven fields of Taiwan makes the use of the comhine unpracticeal
and less efficient,
e. The machine would not operate well especially its cleaning device when

the moisture content of the prain is too high during such operating times as the

cariy morning or after rainfall,
6. Weeder or cultivatsr:
Tn large-"arm countries, weed control in the paddy field is no more

difficult than in other crop fi~1ds. Yet, in Taiwan, most of the weeding operation

{s still done by hand, The hind-operated rotary weeders originally introduced
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from Japar is now made exclusively in Toiwan for tre s1ndy so011 in which the
raddy rice is plinted in check-rows. So far, ahout 37,000 units of the weeders
are in use in rura) Taiwan, Tt has sne or tws rotors mounted on a small boate
cshaped farmework and o ~andle for a farmer to push, This w cder can work on 0.3
to Ci4 heetares of naldy field per day.

7. Fertiliver aprlicator:

Tt is a common practicc f Taiwan farmers to aprly chemicnl fertilizer
by hand. The fertilizer is put either 1n o hask:+ or in a sack which is hung on
a farmer's shoulder by mcans of a strap. The farrer takes a hand?ul -7 the ferti-
lizer and brsadcasts it hy nand 9n tr. Sield as top dress ar,

Ur ts rresent, n- suitahle -echanized ferti'izer apnlicatsr is available,
Chemical fertilizers used 4n Taiwin are mostly of straight tyres and 1in rowder
fzrm, Mcchanical aprlication o thee in mixture roses a tecku‘cal rrohlem, However,
it can be apnlied hy a mist=h]ower if erionul-ted fertilizer js uced,

There are no manure-s readiae ma-hs © aval’ahle for s¢a] rice culture, The
use of a manure fork is tre only m ans to spresnd  manures in tre roddy field
before plowirg as compost moaure 1is nnly used for hastc applic-tin-, The mupure
fork in use was imported from Japan ahout 10 years ago, Now, there are two tool
factories rroduci g the instrumeat far the ‘ocal morket s well as for export.,

8. Crain cieanine equirment:

Paddy erains a'ter iryire up have to po throurh a winnower once ar twice
before sending to the market. The winnower is fseeerally made of wood, hut some
factories are producirp winnowers made of sheet metal, A revolviag fan inside

°f it is cranked by hand t> produce an air blast for removing the chaf, Straw,




-0 -

dust and unrive grains. Plain bearings arc usually used in the revolving

mechanism. Jnly in recent years ball hearirgs have been adopted by the manufacturers,
On an average, 180 hectoliters o7 nuddy can be cleaned by a winnower on ad one-

run basis,

Since electricity is afailahle in most of the rural aress, somc winnower
manufacturers have developed o electric motor-driven winnower to replace the hand-
cranked one, Some of ther are even ecuipned with an auger ¢levator to transport
the prain into the hopper of a winnower at tipgher speed with less 1abor,

9, Rice processing facilities:

Rice hulling and polishire equipment is mostly under the manasement of
the local farmers' ass~ciations to serve all the farmers in thc respective areas,
The machine equipped with an o1l cnpine or a elcctric motor ~f 7 t2 12 Ftp has a
capacity of hu'linp and milling ? to 4 metric tons of bhrown ric- per hour, Reccntly,
a number of smaller rice “ullers and polishers have heen adoptcd “or individual

1nd/or cooperative use by the farmers.

B. GCeneral problems faced and measures adopted for mechin-ry extension
1. General probhlems o mechanized rice-farring:

The mechonization of small-farm apriculture in Taiwan way serve 28 an
example for countries with similar condition, The prohlems we hav~ been facing
at the beginninp of mechanized farming are bricefly =tated as follows:

a. Small farms and fragmentation of land:
As the average size of farms in Taiwan is about one hectare, the use of
large type machinery is, nf course, impractical and costly.
b. Diversified and intensitied cropping systems:

Almost all the small farms are monaged in o diversified way, without
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much use of srecialized machinery. And in the intencive cropning system, farmers

grow one crop after another, and practice relay-interplanting hefore harvest
of the previous crop. For this reason, compact machines that can easily travel

between rows are what the farmer need now.
¢. low purcha<ing power of individual farms:

Low puchasing power is a common phenomenon in countries with small-farms

predominant, This is mainly due to the l1imited farm produce, simple and inefficient

. tools employed and production for family use, but not for marketing. Thus, it is

: doubly hard to market farm machinery among the farmers with low purchasing power.
d. Farm population not mechanically minded:

Individual farmers are, as a rule, devoid of mechanical sense. This is

v o R S A bl e g

also a bottleneck to farm mechanization that should be overcome in the shortest
nossible time through an extensive propram of educating the rural population.
e. High cost o” farm machinery:

High interest rate and the turnout of a small number o7 products sre
responsible for the hieh cost of machinery nroduced. dnly when the farmers'
rurchasing power is upped, can the farm machinerv manufacturers be willing to
lower the price of their products in order to achieve mire husiness turnover.

f, Short of operating fund:

According to a 1959 survey, most of the small factories wcre short of
operation funds and had to pay hirh interest for loans “rom nrivate sources,
thus making them unable to produce the lower nriced products. As most of the
machinery parts are made by the small factories, the lowering of machinery prices

has to begin from the offering of low-interest loans by the local banks.

ittt



€. Sufficient fuel supnly ror rural areas:

By employing power machines, fuel supply md econumy in the use of fuel
are rroblems to be considered. Althouph Taiwan has its swn petroleum 1<finery to
process the crude oil imported “rom the Middle Fast, but the rrohlem o7 how to
supply enough fuel of good quality to farmers with a reasonable cost should be
studied.

h. Tow technical level of manufacturers:

Tn the early days o7 industrialization in Talwan, only "family sized"
machine shops were engaped in manufacturing farm mplements, Without saying,
these small manuacturers had no aqualified eneineers and also lack of sufficient
capital to produ-e machirery of pood quality, According to the rer~rt o7 the
1959 survey, tne manufacturers sn-uld 'e helped to solved such manufacturing
problems 1s: pear makirg; heat treatrent; gac-~-making; nnd jig ‘nd fixture making,
Fvidently, the small m nufacturers can not afford to rurchase the necescary
machines and equipment for solving the mentioned prohlems,

The survey indicated thst the produ~ts of each mochine shop were mostly
not uniform in quality, This is obviously due to the lack o7 an effective
quality control system and the a'sence o' rreeision manufacturing and i.spection
tools., Furthermore, the equipment used in the shops were in most cases obsolete
and inefficient. Under this condition, one can not expect to produce things of
superior quality, unless tecnnical guidnance can be given to elevate the quality
and efficiency in the mangement of the machine shops .,

2. Mode of owning machinery

a, Mode of swning machinery:
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There are different ideas ah-ut the mode of ownine farm maochinery:
{ cooperative ownership and cHroperative using, rovernmen* agency or business
k owning to rend-r services t» formers, individual owners and independent uses,
Tn considerine the prints menti-ned in Section T, it is nur » lief that fapm
' mchines had bett-r he owned by initividual far~ers, s 1t will put tre rachine
" comletely at his dispos 1. Therefore, he will take podd care o7 it; and, hesides
using machines on his own farm, he may also o fer paid service to neighboring
farmers, At nresent, anout 95 percent of the 21,153 power tillers in use are
owned by individual farmers, and the rest owned by agricultural improvement
stations, schools, armers' assnciation, cooprratives, etc. This is true for the
umps, sprayers, dryers, etc., Tt proves thnt Taiwan farmers prefer to own their
own machines, {if they can afford to pay for them.

b, Size of machinery employed:

In accordance with the mode of individual ownership, a lower rriced and

7 smll sized farm machine is alwnys in pood “emand. Tn the early 19°0's, h-wever,
the power tiller imported from Japan was too small with only 2 4% hp enpine of
low working capacity, and it could not be used for deep plowing in land preparation.
Only a few were accepted by the farmers in northern Taiwan. Soon the rotary-type
tiller with bigger horsepower (Table 2) was gradually used extensively by farmers
over the whole island,

As soon as the farmers ad>pted higger tiller, no shortage 5f far~ hands
will be felt, especially during tne harvesting :eason, the power tiller -wners

~ ¢ould make use of their spare time to do work “or others for additional income.

The f>1lowing table shows the percentages of power till~rs for own use and for
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other farmers:
Tahle 4. Tower tillers for own se and for other forme

nit: day

Management Work 2n >wn farms Work -n other farms

Total
area Sub= Plow- Trans- Pump- “ub- Plow- Trans- Pump- Other
total ing portine ing total ‘ng vporting ing

Average 78.60 36.91 16.C1 11,23 9,67 41.64 2".R6 14,77 3,43 0,58
< 100,00 46.96 20,37 14,29 12.30 S3,04 29,0 18,92 4.36 0,68

linder 1 ha, 98,40 12.67 3.41 6.40 2.8 95,73 29,74 49,72 6.77 -
1 100,00 17,822 3,47 6,50 2,91 °7.12 29,71 5C,53 6.8° -

1.0-2.5 ha. 75.680 27,26 9,2F 10.64 7.44 4°.,24 29,172 14,63 3.07 1.42

) 100,00 19,19 2.2 14,07 9,M AZ,R] 38,57 19,25 4,06 1.88
2.5-5,0 ha, 70.41 7.5 1A.42 10.%9 10,70 32,02 20.,°7 .30 ?.66 -
b 4 100,00 53,27 23,47 14,75 15.20 46,6% 79,64 13.°1 3,7% -

Over 5 ha, P89 RE.’6 34.°7 16.76 15.67 22,49 11.C2 7,65 3.81 -

< 100.C0 74,72 3B.87 18,28 17,57 25,7 12,3¢ P,60 4,29 -

The same applied t» power sprayers and purps. Howerer, due to the increase
in the mumber of machines, *he compe*ition amoung the machine owncrs for rendering
paid service to others has become stronger, resulting in less profit for them,

To reap more rrofit irom the michine, bigger and more efficient machines are
needed. "n the other hand, there is a =trong desire among some farmers to get
more income from their machines by s-ving money for buyinp medium sized machines

for their own use in the future.
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8. Technicol ssrects of ranufecturing and marke!ing
8. Techinicul cooperation and manufecturing cooperation:

The easiest way t7> 'ind ~.t what kinds and types ~f farm machines are
suitahle for meeting tre 1-cal nends is to imrort them for tostine, In the early
195C's when power tillers were in preat demand in Taiwan, the small manu“sctur: rs
being 1nexp--ienced tried t> copy f-reign models, but fa*led t5 nroduced service-
able mechines and thus became bankrupt *n f .ce of rut-throat competition,

For absorhing tte ~anufaturine ‘echniques and foreign carits] ~f the advinced
countries, tws separate factsrfes were set ur t. prod ce mainly rower til'ers in
Taiwan i{n 19¢1, Cradually the two major comrandes produced m rhines »f their »wn
maokine, while some precision narts had to he ‘mnorted, N-w t'e two comranies are
producing power tillers 'n eo0'ly numbers (Tadle 5) in addition to other em- 11
farm machines, thus rendering the mport of piwer tillers unnecessary, On the
other h nd, the two corpan‘es that are opresently «nraicd in ~r-ducing abnut tte
some kind of power machines would jead to competition nd constant improvement
of the quality of their products, nesides <trenrthrening their rarke*ine technicues
and services. Anyhow the ostahlishment of tws Inderendent companies e uirped
with technical know-how can he regarded as the forerunner 5f the farm rachinery
industry in this chuntry.

In the earlicr duys of farm machinery extension when the lnca! manufacturers
could only produce a small number of machines, the function ~f the ranulacturing
factories was centered on parts-finishing and assembly works. T+ was pord t9
minimize the risk of losing money in the initial 1in-estment as such works as

casting, forring ond pressing were done by other fact-r es, hbut most »f the rarts



prcduced were of inferior quality, thus affecting the quolity of finolited
machines, Further~ore, the high rate >f rejects of their products raised the
cost of machine-manufacturing. Fowever, after the establishment >f the two large
factories, a satellite factory system in wich the main factories coorerate with
smal]l factcries in machine production was adopted, Since *the satellite factories
are concentrating in the prod ction of certain machine »art=, the‘r manufacturing
level have heen ratsed to such an extent that treir products n-t only helr raise
the g .ality of the machines hut als» lower the manufacturing cnost,

b. Manufacturing ~nd marketing:

At the onset ~f machirery extencion, the manufacturi-w cost o7 farm
machines was rather high, 7nd <ome machires actually tso hiph for the $individual
farmers to own, resultire in very few -achines sold and the high rate »f ‘ntereet,
Tte higher the 'rice of a machine ‘he smaller the numer »>f mach'nes s-1d, So,
in order t- exrand the l-cal martet for farm machinery, the price has t2 he
lwered, For the supply »f powcr tillers, it was ~uch in excess of the local
demand hefore 1966, Fach »f the two major factories could turn out more than
700 poer tillers a month, hut only an averape »f less than RC units sold monthly,
""nder such circumstances, these factories have to cut down production-- a waste
of labsr and investment., "owever, the situation has heen gett’ . hetter since
1967 as shown in Table 5,

Tn the meantime, mandfacturers sold their nroducts through 1-cal apent who
did business in their respective areas. Most of the apents worked part-time, and
left the extens‘on and servicine job to hired technicins, As the sale of a machine

was usuolly transacted throurh acquaintonces, the volume of trade was samll, And



t e extension work in each area was entirely up to the hired technicions, 30 no

large sole was accomplished,

Table 5. Power tillers produced hy the two moior farm machinery companies

China Apricultural Hsin Taiwan Apricultural
Machirery Co, 1td, Machi~ery (o, 1td.
(unit) (unit)
a, Production capacity(unit/year) 2,400 2,000

b. Actural praduction and 1°68 1,945 NT$150,00C,000 1,753 NT$11?,000,000

amount of ousiness done 1987 1,572 132,00C0,00C  1,26% 80,000,000
1966 930 87,000,000 996 60,00C, 000
1965 702 60,000,000 R76 10,000,000
1964 490 42 ,000,0C0 71 22,000,000
1963 604 46,00C,000 373 24,000,000
1962 673 36,000,00( 618 27 ,000,00C
1961 229 12,00, 000 79 4,000,000
c. Investment in ecuipment(NT$) 25,000,000 15,000,000
d. Total capital investment(NT#) 60,000,500 27,000,000
¢, Employment - Manggers(incl, clerks) B4 79
Engireers(incl, tech- 49 85
nicians)
Foremen ] 4
Operators 210 178
f. Value of imports About 30 percent of the parts of power tillers

and small diesel engines is imported,




Benefited from this experience, the manufacturers begon to ind a better
way to market their products. Firset of all, they increased the numher of apents
in areas small endcuph for each "rent to opcrate efficiently, and at the same
timc the minufacturcr himself opened branch offices in som~ key places t> supervice
the apents bv full-time employces., Tn the busy forminp seuson, the manufacturer
would sent out =ervice cars and adiitional technicians t> hclr the apents do the
cxtension wairk more cffectively, As each apgont needs only ’ewer techniciams and
are familior with the 1ncol conditions, better results of extension were thus
obtained and ccnscquently the market was ~xponded.

¢. Standardjzation:

A demand is pr-wing among the local agricultural machinery manufacturers
and concerned pgovernment arencies to standordize certain farm machine narts and
attachments, for there arec still many Aiffrrent brands of th- same item, which
casn not be interchanged, This is a task not ensily tackled at the present stape,
but i1t i{s exrected that the Ltinrse "gricultural Mechosnization Association which
i1s being orpanized may take charpe of this matter,

4, Research and experiment:

To exredite the extension of mechanized rice farming in Taiwan, emph-sis
have heen placed on research and dev- lopment of farm machirery by moking modifi-
cutions and imnr-vements on the existing ones and trial moking new ones, “or the
farming conditions in Taiwan are different ‘rom sther countries, The imported
power tillers and their attac'ments are uwsually in nced of some modifications in
srder t» fully meet the 1ocal sericultura)l demand=. When a machine is produced

locally, the materials or nart of the structural desipgns ar~ often =uhject to

change.




According to a swrvey made by PDAF in 1966, nart of the pover tiller
owners still rctained some draft animals, Tn the survey 2 total of 192 head
of draft cattle are still kent hy ¢ power tiller owners wren cem ar 1 with
401 head before they bought the rower ti)ler. This clearly shnws that there
are still 1-ck of attachrments to r-rlace the animal power comrletely, Mow the
two major manufacturers in Taiwan have their wn research dep rtments an’ enpineers
do tre desipnine and improvemcnt f farm michineries,

Since 167, all the arr cultural rese-rch and ‘mprovoment stations on the
island havc their farm marhircry research rersonrel]l try to imprcve the perfsrmance
of existiny machines 1nd develop new ones. ""'p t= the prrecent, slthoug: some
progress in the research woOrk kas heen made by the:e statinns, vet Aue to a
shortape of cualified researcn enpineers, the work proeress as hren slow,
Recently, under the pr mitisn JORR, the copcration hetween rece~rch wairkers
of the government apencies and the 1-cal manufacturers has heen sred up,

5. Training of farmers and t-chnicians: ——
Our rice farmers know how to dArive and tend water buffaloes, but are
mistly ignorant of the use and maintenince »* prwer machines, Tt is also true
for our basic-level apric 1t.ral exterding rersonnel., To help them know more
ahout farm ma~hinery, the goverrnm-nt apricultura) agencies, in cnollaboration
with the aerfcultural collepec and farmers' asssciations, hav- conducted many
training clacses,
Training of farmers is particulary emphasized in Taiwan. Tn the early

days o" farm machinery extension, the smo1l number of power ma~hine owners were

taught to operate and care o7 the machines in their poasessisn with g-0d results,
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However, it 1s impossible to rive such intensive training to sl) of them as the
number of farmers using power machines is increasing rapidly and the numher of
instructors could not be increased proportionally.

Another way is to -~onduct training classes for the farmers who have owned
machines or who wish to own one pretty soon. Since this type of training can
only be done at short intervils, farmers may still not have sufficient knowledge
to core for their machines, Theref-sre, some farmers who know power mochines well
and are willing to offer the'r services were celected and made "honorary pover
machine demonstrators", They sere as consultant-ndvisers to farmers in the
selection and use of machines in thelr own villages, Toter on, it was found that
t1e honorary demonstrators pave advices only when they were arrroached and seldom
took initiative in riving instructions.

A third arproachk is an orponized township- or village-level training
sy-tem, Ina town or a villape where 15 t-» 30 farmers hove owned nower machines,
a "mechanized-farming trairing unit" may be orprnized, Members of each unit
will elect their »wn leader and dupty lender. Then leadere of all the training
units were given technical training 7»r a perioi of one month, After the training,
the members will meet at least once a miynth in the form of group discussions,
lectures hy invited spectalists, guestion-and-answer sessions, maintenance and
repair rractices, field chore comnetitions, etc. This type of training adopted
at the early stape of mechanized farminpg in Taiwan has met with sat‘sfactory
results, In 1960-81, a total of 50 such training units were »rranized. After the
estahblishment of the two m jor form machinery manufacturers in 1961, most of the

training of extension and service personne] as well as the farmers has heen taoken

over by the companies themselves,
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Another type »f training iz 7or the farm rachinery workers and trainers,
3ixteen and twenty promising youne technicians were selected in 1959° and 1967,
resrectively, rrom agricultural improvement stations and were given ~ne-year
training in thc Agricultural Engincering Nepartment ~f tre Na*isnal Taiwan
Iniversity. These young men have helped much in corduc*ing varinus types of
farmers traini g, besides 42ing research and experiment work on farm rvachinery
in resrective stations.

Tt has -1so heen found that the airricultura) administrative officials and
extension workers in varisus povernment agnccies and farmers' nssociations are
0180 in need of some training on frrm machinery and mechanization, so that they
can be more efficient t9 do their part of promoting farm mechanization and supplying
the farmers' needs at the hegioning of mecharized farming. In th- 7irst five years
of power tiller extension, altogetier 940 agricultural acdministrative nfficials
and extensicn workers had attended the trainiar classes lasting from a week to
a month, depending on the nature 2  troining.

6. Improving environment for machine extension

vl

a. Providiny farm machinery purchase loans:

The cost of farm machinery either imported or made locally are still
considered ton hiph for peneral adoption, To purcha-e o nower tiller with the
necessary attachments, the cost will be four or five times that of a buffalo.

Tt is just out of reach o" the averape small farmer who can not afford to pay
in one lump sum, Farlier, a suhsidy system was favored for encouraging the farmers

to use power machines, However, it is our bhelief that the use of machines should

be a part of the farmers' revular rroduction costs, so they should pay for it,
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Therefore, a subsidy is only availabie for buying new farm machines at the very
beginning of extension, The Provincial Food Buresu, the Taiwan Tand Rank and
the Provinclal « soperative Rank have all established farm mo~hinery purchasing
loans, Farmers may borrow the total purchasing cost from the Food Rureau if they
agree to repay the loan in ‘erms of paddy rice, or 70 percent (it was raised to
100 nercent later on) of th-~ rurchasing cost from the two Ranks.

The repayment was made in six t> ten instaliments within three to five
y-ars, depending on the amcunt f the loan. And for tre poyment of the loan
on power tillers is to be made in fourteen insta!lments witrhin the course of
seven years,

According to a DAF survey, more taan 86 percent of the machine swners
had to obtain loans from the apricultural financing avencies. Tt was sugpested
thit the loan apencies lower the interest rate so as t> liphten the hurden of
the machine Owners, Actually, the rate of interest of the 1oan has heen cut down
several times in the past few years, i.e. from 0,012 monthly in 1961 to C.0098
in July, 1967.

b. Rural repair service:

A few years ago many small farm machinery manufacturers in operation
in the main townships of Taiwan offered no after-service for their machines
produced. So after some of them stonped producing tre same type of machine
(or when no more s.ch machine was imported) there were many power machines
broke down for lack of parts. This created a very poor impression among the

farmers who not only lost confidence in the manufacturers but also added to

the difficulties of the machine-extension program later on.
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Tt 18 a felt need that the farm machine repair service =hould be available
an? accessible to the power machine users, Throughout Taiwan, there is usually
a market center at eacht@mstip, where the farmers used to visit at teast once
a week to sell treir rroducts an- replen‘sh the!r lardcr, We have selected twenty
o{ such market centere in 1976 and forty-eight in 1960 at those townshins where
miny farmers arc owners of rower machines, They were asked to nume a machinery
repair shop sr motoreyele rep~ir shop which was acces-ihle t» them as the "appointed
repair shop", These selected shops were asked t» send at least ~ne o its techni=-
clans to the training class conducted Jointly by JCRR, ™AF and formers: assocti-
ations. These repair shors have carried out their designat 4 mission ind served
the machine owners quite well by co'lertine reassnable charges,

In 1961 when the two major apricultur:] machinery companie: were set up and
initiated the island-wide after service system in addition to several service
cars regularly touring the island, it amply demonstrates that the manufacturers
are making earne-t efforts to educate their soles spents anmd vsers on how to use
their machines properly in order tn attract more users,

As a new attempt to expedite the farm mechanization proeram in Taiwan, a
network of twonship farm mechanization promotion centers 4in the rrincipal town-
shirs was established by the p-vernment amd concerned farmers' -ssociations in
1366, Through the network, fuller utilization o/ the existine farm machines
and larfrer-scale extension or aew ones can be realized, Fach center is provided
with a workshop equipped with necessary machines, tools and spare machine parts
which are supplied on a cost basis by the farm machinery manufacturers f-r making

repairs of farm machines, thus a prosince-wide maintenance and repair-service System

is established.




-4 -

Through the above-mentioncd centers an extensive troining progrem will
enable the farmers to use their farm machines more efficiently and effectively,
Up to the present, ten centers have heen estabiished at ten principal townships
to be responsible for the extension and repsir of machines and trainng of hoth
the present and future machine users,

c. Fuel supply in rural area:

The fuel for power machines con be purchased from fuel stores in all
the principal! t-wnships, hut tney are usually nst clean enough and sold at a
stiff rrice, thus affccti~p the service 1ife o" machines, esrec®ally the diecel
earines. Tt is als» not convenient for a farmer to purchase qualjty fuel from
Aistant downtown g8 stations, To> help the farmers to pet cuality fuel, the
(h'na Petroleum Corporation under .ICR® ass‘stance has esta™lished a number of
sma']l fuel stations in suitahly located townships, but the number of fuel statione
can only be increased rradually to cover all the townships. Though some township
farmers' associations bought fuel in bulk to mret the need of the farmers, many
farmers still prefer to rurchase fuel on credit ‘rom the small furl stores,
thus 1o8ing in the end. How to supply cheap, clean fuel in sufficient cuantities
is indeed one of the impsrtart problems to be solved before the program >f farm
mechanization can be stepred up.

7. Power machine test:

To moke sure tiat any power tfller bought by iniividual farmers is of
good quality, our soveramen* mokes it a rule that any new model of power tillers
should be thoroughly inspected before it is rut on the market. The pgovern—ert

then drew up a power tiller testing standard, and meantime strengthened the
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testing facilities in the €olledge of Aericulture, National Taiwan "niversity,

for conducting the inspection work, The manufacturers were reguired to sent in
samples of new models for inspection. Rut this practice was only convenient ‘or
the big factories whose products were of unirorm quality, whercas the samples

from small factories might he different from similar products they przduced, Thus,
in order to guarantec uniform quality of the prodicts manufactured by the small
factories, all productsinstead of mere samples are to be inspected, This kind of
insrection work has alss, heen extended to the test of rower sprayers and mist-

blowers later on.

IV. Significance of Mechanized Rice Farming
A. More income to rice farmers
1, Rice yleld increased:

Mechanized farming is aimed at increasing land productivity and saving
a part of farm labor for hetter utilization, With a power tiller, a farmer can
prepare his field on time and d> it hetter than the manual 12hor. To rremre
one 1ectarc of paddy field ordinarily takes 7 - 10 day- for a mon wit: the help
of a buffalo, but it nw requires only 2 - 3 days with a power tiller, thereby
moking timely sowing and transplonting of ric~ possihle, Baser on experience if
rice is transplanted within a week of the most faworahle period, the yleld may
increase by 2 - 5 percent, for 1t will provide a hetter cindit‘on or the rice-
root systems t- develon, make full use of a period of fine weather, :.nd expond

the 1imit o>f the "1ow of Niminishing Return® in repard to the application of

fertilizer, Besides, thc deep plowing achieved by power tillers moke the paddy
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fields hold more water as well as more fertiliser,
Accordine to a 1966 survey on the results of pover tiller uitilization in
Taiwan conducted by PDAF, the owners of nover tillers are enioying higher average

ylelds than those who depend on manual labor (Tahle 6)

Table 6. Average ner hectare y'elds of the ’irst and s-cond rice crops

Before using After using Percentage
power tiller power tiller increase
(kg) (ke) (%)
First crop 3,957 4,443 2.8
Second crop 3,544 3,846 8.5

Tt has been an established fact that through using nower sprayer and other
power machines, the unit yield of rice will show 2 substantial increase. According
t> a three-year (1965-67) experiment cond:cted hy PPAF Aericultural Tmprovement
ctations in the Taipet, Taichune and Tainan areas on the rice ylelds of power
michine owrers and non-power machine owners, the averoge unit yield of the former

was much hirher than that of the latter (Tahle 7).

Table 7. Comparison of average rice ylelds between power maochine owners

and non-power machine owners
Unit: kg/ha

Power machine owner Non-power machine owner

Taiped First cror 3,358,80 3,175.3]

(north) “econd crop 2 o79,8] 2,737 .46
Taichung First cror 6,062.91 5,525,73
(central)

Second crop 4,755.96 4,295,835




Table 7. (cont'd)

Unit: Re/ha

oower mackine ouner Non=power machin- owner

Tai nan First crop 6,465,61 £,546,15

(south) . econd crop 5,664, £,175.685

Tt is ex ected that when f-rmers have adopted rice transplanters, the rice
yield would be still hirher. Though higher yield i3 closely associated with
mechanized farming, it does not necessarily mean that machine alone can increase
the unit yield. After all, high yield to a larre extent is the result of hiph
capitalizati-n which usually involves mechanization of cultursl]l proctices,

2. Farmers' income raijsed:

According to a study, ric- farmers who own one hectire of lond or less,
their gross income used t> "e around NT$21,000 per annum, After they have adopted
the power tiller, however, their annual income would averape NT?32,350, i.e. tre
1.0 - 2.5 hectare proup from NT&55,96C to NT$61,850, and the 2.5 - 5.0 vectare
group from NT#86,91C t- “T&3 ,°C0, By using nower farm implements, the rice
farmers can, therefore, enjoy an additional income of about 11.% rercrent,

The PDAF three-vear stuly at thrce locations als» revesle the fact that

the income of machine-owners is higher than that of the none-machine owrers, as
shown in Table B,
B. Higher 1iving standards
1. Farmers' living conditions improved:

The rice farmers after acquiring power machines need less time to get

the same plece of farm work done, so they have time to do work for others in
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order to pet some additonol income, or they may use the time soved to raise

more livestock or enpape in other sideline productions.

Table P, Avcrave income from one hectare of rice farm per annum (1965-67)

Init: NTS
Nestrict “ower muchine owner Non-power machine owner
Taire! 40,106,3C 31,5%1,30
Taichuny 66,744 ,XC 57,748,110
Tat nan 5¢,95¢,90 42,501,530

The farmers who use bufalloes usually get up and start work very early in
the morning ind wirk till late in the eveninpg. The working hour is so arranped
18 to sulit only the buffaloes but not the farmers, By using nower machines,
they can work at any time they ch 2se and 4> it hetter and f-ster. Tn the evening
4 farmer may have time t7 enjny themselves by hooking o tral'er t» his power tiller
ty visit friends -r rejati es »r even po to a show, ‘nother thing worth mentioning
is that tne schnol-are childen (now nine-vear compulsory schoroling) do not have
ta watch an? care for huffa des after school, but to hav~ more time to study their
lessons,

2., Nistances between rural nd urban districts shortened:

A buffolo can *ravel at a specd of about "=2 kilometers an hour, A former

Jaudlly sends his farm pr-oducts to t he mirket hy a cattle-drawn cart no further
than 4=5 kilometers away, Sore o' them moy trave] as far as 10 kilometers, but

that is about the limit they can ygn, hecause it would take them a whole day to

moke 2 round trip., 7n the other hand, the speed o7 a nower tiller with a trailer
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is more than 15 kilowmeters per hour. 3o a farmer can moke twd> or trrec round
trips to the market in a single morning, or go to a Jistant town 40 or SO kilo-
mcters away ad bHe back hefore dark. This mokes a big difference ty the farmer,
as the power machine can preatly extend the radius of his business activities,
He moy sell his farm prodwc ts in a better priced market, and raise prrishable
vegetables and frults of hirh market vaiue without sufferine a loss from delay,
simply becouse he has a power rmachine at his Aisrosa’,
C. Affect »i farm mechanization on rural welfare
1. Attracting m-re educated youth to rural areas:

Tt is usually the case in China or el<ewherc that y-ung edacoted youth
from the country are reluct.nt to ro b-ck to their farme. They prcfer to find
jobs in the cities or industrial districts. To stem the tide, many fathers buy
power machines for their s-ns, especfally for the educated ones, to operate in
their farms, for they hate to walk behind a buffalo nnd toil all day lonp wittk
their hands, With a rower machine, a youne farmer can do hettcr work in the
field and still have t'me to en oy themselves, The mechanizatinn of rice rarmine
can, therefore, ke~p a number of capohle, educnted ycuap mcn catisfied with their
life in the villapes, thus contributi~e to the further imnrovement o" apriculture,

Pe Stimulating the prowth »7 raural intustry:

Farmers with rower machines at their disposal ccn Ho a lot o7 extra
work for additional income. For instance, rice straws can he wade into straw
ropes or straw bags by a pedal-operated michine or straw ]ooms in small cuantities.

Now the farmers with power machires can do all the propelling witr the mochine,

The unif-rm speed and the higher efficiency o7 the pwer-propelled machines can
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moke straw rcpes better and cheaper.p new rural industry is thus developed. Further-
more, a number >f apricultural processine work, such as the re“ining of mushrooms
and asparagus, can 8l1so he rur-l industries, because ttey can be produced at lower
cost and close to the sources of supplies,

3, “romotine some commercinlized rroduction:

Tn the irripated fields tnere grow two rice croms a year, or possibly
three rice crops a year, in ad-ition to many other crops added to the crop rota-
tion system, To this intensive ‘arming the p-wcr maochine has contrihuted a ‘ion's
shure, because they can do the field »p rations much quicker and hetter thon the
cronventional way. A<ide from rice, other crops raised are rope-s-ed, soyhe-n, flax,
jate, wweet melon, picklinge melon, vepetables, tabacco, harley, wheat, sweet
potato, etec. Since most o7 these crops are not ‘or loct] consumption, they have
to be disposed of, Power machines can transport these crops to the distant
markets for greater profit, Commercialized production 27 other crors inter-
rlanted in the rice “ield has thus heen sped up by the utilization of frrm
mac hinery in Taiwan,

N, Farm mechanization and the farming sys tem
1. Ye'pful to the cropring system:

Farming practices in Taiwan are intensive as comnored with most of
other countries, After the introduction of power machines, *he cropping system
of Taiwan tends to hecome more intensive, For example, in the central part of
Taiwan, the crorring system is more developed because they mve adecuate irri-

pation facilities, R-fore harvesting of the first rice crop, m-1ons, pickling

~ucumbers, etc., are nlanted in the same field. Rut after harvesting of the
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summer crop, the lamd has to be prepored pmmptly for transplanting t1e second

rice crop. Apain, in the f111 hefrre harvesting the sec~nd rice eron, tahacco

and sweet potato are planted in hetween rice rows, ar wheat, flax, etc, will he
plonted rieht after the rice harvest, Tt lcaves ver. little time 'nr a farmer to
prepare his fieid, 'f a power maochine is wsed, *he padily 1{elds caon be rrepared
within a very short time, Co, the adoption of farm marhines has mude the inten-
sjve crorring system more nracticahle, No wonder the number of nower machines
in this area ranks first in Taiwan.

2. Suppert t5 the rotational intermittent irrig-tion system:

According t» the results of a series of experiments on rotatinnal

intermittent irrigation conducted in Taiwan, this practice not only can save

26 rercent ~f the water, but also raise the rice vield t- a tertain extent,
heeause the snil 1s better aerated and the temperature hetter repulated than
heing constantly under water, Since mnre water is needed for irrirating more
L and this irrigation method makes fullest use =f water, it means that the
qame amouat ~f water ~an he used to irripate more land. Work hos now atarted to
mrdi fy the existing irvipation ¢nnals for the adoption of the rotational irri-
gation sy tem,

I'nder the irrigation system, the farmer can easily moke out that he hos
only to prepare the paddy field when {1t is in need of irriration water, A
power tiller can yet the job done within the time 1imit, but not a buvfalo.
ci{nce the initiation of the new rotational irripation, farmers have shuwn more

interest in acquirtdg machines.
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V. Conclusion

'nder the farm mechanization program initiated by JCRR 15 years ago, special
emphasis has heen placed on the production ot agriculturs1l michines, particularly
for the puddy field which accounts f>r more *han half of the cultivated land in
Taiwan, The mechanization of rice farming started with the adoption of power
tillers amd attacments anl fo'lowed hy the produal adoption of other farm
mchines, such as pawer srrayer, grain dryer, rice transplanter, ctc.

Since the advent of mower tillers the traditional processes o- farming on
the isl1snd has undergone a big change, Rice culture in Taiwan is being modernized
rradually, Yet, it is still lapeinpg behind the developed countries in terms of
mechanized farming, hbecause there is still room for impr -ing such farming
operatians as transplanting, weeding, fertilizi ¢ and harvesting,

It 13 considered a very di "icult task to mechanize small farms in Taiwan,
Nevertheless, gov-rament (uthorities as well as the apricultural leadeps have
mipped out an overall plan for the full mechanization of rice cultare, In the
meantime, the mechanical enpineering circles are making strenuous efforts to

develop a number of farm machines which will enhance the land producti vity, For

apriculture in Taiwan has been advanced to such extent that farm mechanization
is boun t» gain in popularity in the years t- come as it can replace part of
human labor needed in the hooming industry,
Topographically, Taiwan is 1ocited between the temperate and tropicsl zones,
whose farming methods and the processes of farm mechanization are apnlicable to

other countries in Southeast Asia and most parts of Africa, Already the technical

know-how we acquired in these years has been extended to many Asian and African
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countries for enriching thelr food supplies, particu’arly rice.
Tn considering the intrsduction of mechanized rice Tarming in any area,
it is advisable t- pay due attention to the 1.1%owire conditions,
1. Machines must ‘e adapted ts the loea) conditions,
“e. Machine operators shi>uld have mechuntes) kusw=how,
3. Service centers are to he provided,
4, Power and machinery ire most beneficial where power ard speed are needed
for cultivating the unused land,
S. Improper or roorly adapted machines tend to increase product ion costs,
8. Farm mechanization is handicapped by the low purchasine power of the

general farm population, poor handling and maintenance >f machines,

small irregular fields and surplus labor,
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