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FOREWORD 

This report is a compilation of papers prepared by the JCRR specialists since 

1957. It is intended to bring together in one volume reports concerning the various 

phases of rice improvement work in Taiwan, which together are responsible 

.for raising the total rice production of this Island from a prewar maximum of 

1,402,414 M.T. in 1938 and a postwar minimum of 638,828 M.T. in 1945 to 

1,894,127 M.T. in 1958 in terms of brown rice. 

, Papers No.1, 4, 6, 7, 8, 9, 10, and 11 have been pul:tlished in No.3 (September 

1957) and No.4 (December 1957) of Volume & and No.1 (March 1958) and No. 

4 (December 1958) of Volume 7 of the International Rice Commission Newsletter 

of the F AO Regional Office for Asia and the Far East in Bangkok, Thailand. 

Concurrence for reprinting these papers has been obtained from Mr. C. W. Chang, 

Executive Secretary of the FAO International Rice Commission. Papers No.1, 6 

and 9 have been brought up to date, while the rest of the above mentioned 

reports remain unchanged as they were published before. 

Pa per No. 3 has been published in New Series No. 21 of the Journal of the 

Agricultural Association of China, Taipei, March 1958. Papers No.2 and 5 are 

recent papers. 

May 1959 

H. T. Chang 

Chief 

Plant Industry Division 
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FACTORS CONTRIBUTING TO ~ICE PRODUCTION 

INCREASE IN TAIWAN 

H. T. Chang 

Chief, Plant Industry Division 
Chinese-American Joint Commission on Rural Reconstruction 

Rice is the most important crop of Taiwan, for in addition to being the staple 

food of the local populace, it is the second largest earner of foreign exchange, has 

by far the largest acreage among all crops, and its price constitutes· the backbone 

of the whole price structure. Since the termination of the Second World War, rural 

reconstruction has become the central part of the economic development program 

of Taiwan; and to increase rice production has always been a primary objective of 

the agricultural program. The success of the efforts made toward boosting rice 

production is borne out by the fact that the acreage, production, and yield per 

hectare of rice in Taiwan in postwar years have all exceeded their respective prewar 

records. 

Table L Acreage~ Production and Yield of Rice in Taiwan 

Year Acreage Production Yield per ha. 
ha. M.T. (Brown rice) kg. (Brown rice) 

1935-1939 avo 653,878 1,339,494 2,052 
Prewar record 681,548 (1936) 1,402,414 (1938) 2,242 (1938) 

1945 502,018 638,823 1,273 
1946 564,016 894,021 1,585 
1947 677,557 999,012 1,474 
1948 717,744 1,068,421 1,489 
1949 747,675 1,214,523 1,624 
1950 770,262 1,421,486 1,845 
1951 789,075 1,484,792 1,882 
1952 785,729 1,570,115 1,998 
1953 778,384 1,641,557 2,109 
1954 776,66D 1,695,106 2,183 
1955 750,739 1,614,953 2,151 
1956 783,629 1,789,829 2,284 
1957 783,276 1,839,009 2,348 
1958 778,189 1,894,127 2,434 
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From Table 1 we can see that there was a rapid increase in rice acreage from 

1945 to 1948. Thus in 1948, only three years af~er the war ended, the rice acreage 

had already surpassed the prewar record acreage. Such rapid expansion of arel was 

brought about by a sharp increase in demand for rice at that time. Not only did 

the sudden influx of population from Mainland China impose a heavy demaLd on 

local rice supply, bl!t the local populace, once freed from the colonial aDd wartime 

restrictions, showed a marked tendency to eat more rice. The yield per hecta!: of 

rice during those years was, however, very low, as a result of the disrepair of ira 

rigation facilitie,s, the lack of chemical fertilizers, the disruption of supply of 

improved seeds, etc. By 1951, the expansion of rice acreage had reached an al, time 

high of 789,075 hectares, being about 100,000 hectares more than the prewar record., 

Such expansion of rice acreage has apparently brought some of the rice fields 011 to 

marginal lands, notably those without reliable irrigation facilities. The frequency of' 

drought hazards in these areas and the low production therefrom account at least 

partly for the rather slow recovery of the island's average per hectare yield of rice, 

notwithstanding the significant technical improvements made in other phases 0;- rice 

production. 

The yield per hectare of rice began to increase more sharply after 1949, and 

the increase has continued ever since. By 1956, it eventually surpassed the highest 

prewar record. The total rice production surpassed the prewar record as early a::o 1950, 

and continued to climb in the following years although the acreage had rematned 

static after 1951. It may be said that from 1945 to 1948, the increase in rice pro .. 

duction in Taiwan was du,e to the expansion of planting areas; from 1949 to 1951, 

it was due to the increase in both acreage and yield, and from 1951 to 1958, it was 

solely due to the continuous rise of yield per hectare. 

Such steady improvement is due to many interrelated factors, e.g. the improve­

ment of irrigation, the increase of the use of chemical fertilizer, the rehabiLt2.tion 

of the seed multiplication system, the improvement of pest control methods and 

cultural practices. All these factors are interrelated, additive, and mutually com­

plementary. It is difficult to tell exactly which factor contributed most. But if 

each of the above mentioned factors were a pearl, the land reform would be a threart 

of silk, stringing the pearls together to form an impressive necklace. 

The aim of this article is to summarize briefly the manner in which these van· 

ous -factors have contributed to the increase of rice production, and the efforts 

currently made for further improvement. :More detailed accounts of these sllbjects 

are given in other papers appearing in this same issue. 
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I. Land Reform 

The land reform program in Taiwan was carried out III three different phases. 

The first· phase involved reduction of the land rental paid by tenant farmers to land 

owners from a customary·50 percent or more t-o 37.5 percent or less of the value of the 

crop. The land rent reduction program was inaugurated in 1949, with the primary 

objective of -improving the livi~g of the tenant farmers and discouraging the 4old­

ing of land by big landlords, thus setting the stage for sale of land by the latter 

to the former in later years. 302,277 farm families signed 396,002 new contracts 

with land owners under this program, involving 256,948 hectares of land. The 

second phase was related to the sale of the public land by the Government in 1951 

at a pric~ equivalent to 250 percent of the value of the main crop yields parable 

in ten years by semi-annual installments. At. the end of 1953, 63,021 hectares of 

public lands had been sold to a total of 121,953 farm families. This phase of- the 

program further served to elevate the social status of· the tenant farmers and made 

it clear to everyone, including the big land owners, the determination and sincerity 

·of the Government to help tenants own the land which' they till. The third and 

final phase of the land-to-the-tiller program was authorized by the Government 

early in 1953 and completed in one year's time. Under this program, the Govern­

ment bought land from absentee land holders and distribute it to tenant farmers. 

70 percent of the payment to .land owners by the Government was made in the 

form' of interest bearing land bonds redeemable in ten years, and 30 percent in 

stocks of Government owned corporations which manufacture cement, paper and 

pulp and textile, and process agricultural products and others. The resale price of 

the land to tenant farmers was calculated on the basis of 250 percent of the value 

of the annual main crops payable in 20 semi-annual installments in kind. Before 

the price was' fully paid, an interest of 4 percent per annum was payable by the 

new owners on the outstanding portion of land price. Up to the end of 1953, a 

total of 143,568 hectares had been purchased and resold by the Government to 

194,823 tenant families. 

The land reform program is at present almost completed. Before it was started 

III 1949, 38 percent of the total privately owned farm land was under tenancy. 

After the reform, the ar.ea under tenancy was reduced to 14 percent of the total 

private farm land: By 1~55, the number of owner-farmer families in Taiwan had 

increased to 56 percent of the total number of farm families in the province, and 

the 'number of tenant families and farm hands had dropped to 11 percent and 5 

percent respectively, the remaining 22 percent being part-owner-farmer families. 
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The effect of the land reform on the agricultural improvement program ca nr ot 

be measured quantitatively." More important than any statistical figures can express, 

the successful implementation of. the program has given the farmers a stimulus to 

improve their crop, their home and their living. The agricultural extension WOI hrs 

have been aware of such spiritual enlightenment on the part of the tenant farners, 

reflected by the eagerness with which they edopt better seeds, insecticides, implemeLts, 

cultural methods and more fertilizers, and solicit Government assistance in t~e im­

provement of irrigation and drainage. 

Equally important in an intangible way the land reform program has wor Jor 

the Government and its workers the confidence of the farmers. The simple ;o~ic 

is that a Government which helps farmers obtain land has no reason to teach lh~m 

wrong methods in farming. If farmers' lack of genuine interest for making im­

provement and their lack of confidence in agricultural extension workers were ':he 

two greatest obstacles to a successful agricultural extension program, the land :fe'orm 

removed both of them in one stroke. It is not a mere coincidence that the per 

hectare yield of rice started to rise steadily since 1949, the year when the flrst 

phase of land reform was initiated. 

II. Seed Improvement: 

One of the earliest efforts made in Taiwan after the "Var in rice improvement 

was to strengthen the rice breeding and rehabilitate the rice seed multipliClt~on." 

system. Achievement in breeding is evidenced by the gradual waning in popularity 

of the variety "Taichung 65" in recent years. In 1941, this variety alone occupied 

more than 65 percent of the total area of Ponlai (Japonica typ) rice in both s;)ring 

and fall planted crops. In 1956, its area dropped to 25 percent, being rcpa,:ed 

gradually by new Ponlai varieties developed after the War. The rice seed multi )li­

catio!} system not only enabled the growers of the Ponlai varieties to renew tr eir 

seeds once in every three crops, but also made it possible for the acreage of Ponlai 

rice to expand conti~uously. By 1956, it reached an all time high of 450,000 cc­

tares, comprising 57 percent of the total rice acreage. Since under fc.Yorabk con­

ditions, Ponlai varieties yield from 10 to 20 percent higher than native Indica varic» 

ties, it is natural that the expansion of Ponlai rice acreage will result in a1 in­

crease in the average rice yield. 

III. Use of Chemical Ferl:ilizers and Manure 

The gradual increase in the use of chemical fertilizers on nce 1I1 postwar years 

IS shown in the following table: 
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RICE CULTURE IMPLEMENTS AND FACILITIES IN TAIWAN 

F. C. Ma 

Senior Specialist, Plant Industry Division 

Chinese-American Joint Commission on Rural Reconstruction 

It is often said that, when tillage begins, other arts follow. H owever, it is the 

farm implement 'which started the art of tillage. Farm implements in Taiwan, 

especially those l1sed for rice culture, are a rich inheritance from the mainland of 

China. Our statistics show that in Taiwan about 77 percent of the rice cult ure 

implements are directly inherited from the China mainland , 15 percen t acqui red 

from foreign countries, and about 8 percent developed locally. In this paper, the 

rice cultu re implements used in Taiwan will be briefly described according to the 

sequence of rice growing operations. A summarized report of the recent exper i­

ments on the improvement of some of these implements and facilities will a lso be 

given. 

I. Farm Implements Popularly Used in Rice Culture in Taiwan 

A. Implements for Paddy Field Preparations 

1. Plow. As in most of the 

Oriental countries, the re is the time 

honoured animal drawn plow. The 

Taiwan plow is always drawn by 

one animal, never by a team. The 

indigenous plow is identical to those 

used in mainland provinces, which 

belongs to the long bottom type. Its 

total weight ranges from 11 to 16 

kg . . It plows an average depth of 
Fig. 1. Animal drawn plow 

10 cm. and is not very effective in turning furrow slices. This type of plow cali 

plow about 0.2 ha. per day, and sOl1letimes up to 0.3 ha. per day under very 

fav ourable conditions. During the years of Japanese occupation, qui te a few im proved 

plo~s were introduced into Taiwan, such as the Isono type, Takakita type, T a kechi 

type, Fukami type, etc. All of them have gone through a number of modifications 

and changes before becoming acceptable to the farmers in Taiwan. Therefore, 
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they are now manufactured in Taiwa n to meet the local demand. These improved 

plows all belong to the short bottom type, and, therefore, are somewhat ha rde r to 

ope ra te. They weigh from 11 to 26 kg. a piece, will plow an average depth of 

15 c m., and turn furrow slices better, but their working efficiency per day is about 

the same as the indigenous plow. 

2. Comb harrow. This is a 

single row long spike ( about 30 cm.) 

comb-shaped harrow and generally 

has 7 to 13 teeth· evenly .placed over 

a working width of 1.2 111. It is 

used in the paddy field right after 

plowing to break the clods and level 

the la nd. It can work, about one 

hec tare in one day. Bamboo pieces 
Fig. 2. Comb harrow 

a re some times fastened to the spikes and make it an almost solid board for moving 

earth from high spots to depressed spots. A levelling pole may also be attached to 

the harrow for the final levelling of the paddy field. 

3. Knife tooth harrow. Knife tooth harrow has wooden frame of 35 cm. in 

length andJ.1 m. to 1.7 m. in width. Its 13 to 19 tooth blades are generally made 

of cas t iron, and are arranged in two rows fixed underneath the frame. In gravelly 

fields , wrought iron blades are used, and, where the soil is very sandy, wooden or 

ba mboo blades are also used, though 

no t very popularly. Its total weight 

is around 17 to 19 kg. which is not 

heavy enough for a good penetration. 

Therefore, while using the knife tooth 

ha rrow 111 the field, the farm er 

usuall y stand s on the frame to in­

crease its weight and consequently 

ra ise its penetrability and land 

leve lling ability. This ha rrow ca n also 

work one hectare of land in one da y. Fig. 3. Knif e tooth harrow 

4. Paddy field pulverizing roller. This implement not only pulverizes the soil 

and mixes pl ant residues into the soil but al so performs the field levelling job. Its 

fr a me is 60-90 cm. X 1.6-2.7m. in size, and the rolle r is usually engraved into SCVl: n 

or eight longitudinal blades of 8 to 10 cm. or so in pitch from a whol e piece of 

timbe r. R ecently iron blades also have bec n used. The total weight of the roller 
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vanes from 26 to 48 kg. This implement I S the last one used to complete the 

paddy field preparations. 

Fig. 4. Paddy field p u lverizing roll e r 

5. Paddy seedbed trowel. This is made of wood, "simila to but larger t an 

the mason's trowel. This tool is only used in smoothing paddy seedbeds, but no t in 

big fields. 

B. Equipment for SeedSeledion and Disinfection 

1. Winnower. Paddy grain that will be used f or seed will ha vc to go th rnugh 

the winnower two or three times. The winnower is made of wood. A revolving 

fan inside is cranked by hand to produce air blast for removing chaff, straw, dust 

and unripe grains from the good grains. Pla in bearings are usuall y used in the 

revolving mechanism. It is only in recent years tha t ball bearings have been ad pted 

by ·winnower manufacturers. On an average, 180 hectoliters of pandy ma y b 

cleaned by a winnower (on one run basis) . 

2. Disinfec tion tub. It is a co mmon practice 1I1 Taiwan for farmers to s'l:1 k 

their rice seeds in a solution of organic mercury compounds before sowing fo r the 

control of the rice blast disease. Any kind of tub may be used, if it is not in­

conv ellient for such an operation. H oweve r, bigger tubs are used because the local 

fCHlll e rs' associations usually pro vide such tubs for public use. Along the side of 

river streams and near the villages, people usually build disinfec tion ponds wltich 
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serve the same purpose. 

C. Implements f or Seeding and Transplanting 

1. Ri ce direct planting machine. This machine is of the hill drop type, ordinarily 

m ade of sheet metal, and consists of a seed box and, underneath the seed box, 10 

to 20 tubing ducts extending to the ground level. It is operated by one person. 

Check row hills of rice are thus sO,wed. This machine amazed the delegates from 

other countries a ttending the first Far East Seed Improvem ent Conference hcld in 

Taiwan in 1956. Howeve r, this is not a very popular machine because the direct 

planting method is very seldom practised ir. Taiwan. 

2. Seedling spade, 3eedling sickle, seedling' stool, seedling board, seed lll1g bucke t 

a nd carrier, seedling tub, seedling 

holder. These are used to spade up 

seedlings from the seedbed, cut all 

part of the seedling leaves, arrange 

seedlings in good order, shake off 

soil attached to the seedling roots and 

transport seed lings from the nursery 

to the maiQ field . Their shapes can 

be visualized from their names. Fig. 5. Check-row spacing marker 

3. Check .. row spacing marker. The marker is used to enable the farmers to 

set 111 seedlings in straight rows at desired spacing. There are two different 

types. The rod type, which' was originally introduc~d from Japan, and the disk 

type, developed in T aiwan. After the disk type marker came on the market, it 

rep laced a lmost completely the rod type marker. The disk type marker is usually 

made of wood and has some 13 disks of 18 cm. in diameter even ly spaced on a 

shaft of 2.8 to 3.0 m. long (The between disk spaces are usuall y set at 22 to 24 

cm.). This marker has to be run on a well prepared paddy field lengthwise once 

and crosswise once to fOl'm check row marks for transplanting. More farm ers use 

th is implement in loamy or a little heavier soi l, but less where the field is very 

sandy, because, on the sandy field, the marks will not be distinguished very clearly. 

The total weight of the di sk type marker is around 11 kg., and its working rate is 

abou t 1 lao per day. M arked rope is also used for check-row transplanting, although 

it is not very popular now. 

4. Transplanting snapper (or thumb protector). It is usually made of sheet 

copper or bamboo, shaped af te r the human thumb. The farmer puts this gadget on 

his thumb, to separate seed lings into hills and to help stick seedlings into the soil. 
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D. Equipment for Applying Fertilizers and Manure 

1. Fertilizer" basket and fertilizer sack. Chemical fertilizers are put into either ' 

one of these' two containers which is hung from the farmer's shoulder by a st rap. 

The farmer ~le, a handful of the fertilizer from it, and broadcasts it by hand for 

top dressing. 

2. Manure fark. This tooL is used to spnad manure:; on the paddy field before 

plowing starts, as compost manures are used OTily for basic application. Since 

Tai:wan is short of steel, most of the forks used come from foreign countries, such 

as Japan. 

E. Weeding and Intertilling Implements 

1. Weed smoother. This is a very old implement popularly used on the mainland, 

but only in certain lo£alities in southern Taiwan. It has a bamboo handle and a 
woodeil board with nails or steel wire spi.kes underneath. At a glance, it looks like 

a wide hoe made of wood. With this implement, 

farmers do not have to kneel down in the paddy 

field to do weeding. The total weight is about 2 
kg. and can weed 1/3 ha. of paddy field in one day. 

2. Rotary paddy cultivator. This implement 

was originally imported from Japan, but it is now 

exclusively made in Taiwan. It has one or two 

rotors mounted onto a small boat-shaped framework 

and a handle for the famH:r to push. The tilling 

rotor is about 10 cm. in diameter and 18 cm. in 

width, and has 15 to 21 teeth which are 5 to 6 cm . 

long, 2 to 3 cm. wide and usually curved backward. 

It is now used wh~re the paddy soil is sandy and 

the paddy rit:e is planted in check-rows. This 

cultivator can work 0.3 to 0.4 ha. of paddy field 

per day. 

F. Irription Eq.lpment 

Fig. 6. Rotary paddy cultivator 

1. Water wheel. This IS a stream-powered type of water lifting equipment to 

be used in places where tbe C\lrrent of the stream is rapid and Stl~ollg. Its efficiency 

is low, but since the power is cost-free, there are still a few in use in Taiwan. It is 

generally made of bamboo. The water lifting height is determined by the diameter 
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of the wheel. And the distance between the surface of the stream and the bank is 

the sole factor that determines the wheel size. One wa ter wheei can ordina rily 

take care of one hectare. 

2. Dragon pump. This IS also 

another useful piece of equipment with 

a long hintory in China. M en step on 

its pedals to propel a train of water 

lifting vanes. This equipment can lift 

water from 0.5 to 3.5 m. high and has 

a capacity of 25 to 65 mS. It is usually 

operated by 201' 4; persons, and 80 to 120 

pedallings per minute is the ordinary 

speed. It is a very laborious operation. 

Since the engine-powered centrifugal 

pumps came for use in Taiwan, the 

dragon pump has a lmost disappeared. Fig. 7. Watpr whee l 

3. Power pump. Engine or motor-powered pumps used in Taiwan are ,almost 

exclusively of the centrifugal type. Introduced into Taiwan some 30 years ago, they 

have been adopted quickly where gravitational irrigation is impossible. Deep water 

turbine pumps can also be seen in Taiwan, but they are seldom used in paddy fields . 

. G. Pest and Disease Control Implements 

1. Sprayer; Various 

types of hand operating 

sprayers were introduced 

into Taiwan during the pe­

riod of Japanese occupation. 

However, it is only during 

the last five years that the 

use of highly poisonous 

pesticides have made the 

sprayer indinpensable equip­

ment. With this increasing 

demand, local machinery 

works have sta'rted manu-

facturing ' sprayers. Some 

are now exported. As the 
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hand sprayer is ineffi cient, Taiwan's fa rm ers are now 111 active dem a nd 'for power 

sprayers, and 1 to 2 h.p. t ypes are 

becoming popular among them. 

2. Duster. The hand crank 

type duster was introduced into 

Taiwan after the War. It did not 

become . as popular as the sprayer 

" because powder form ins e;c ticides 

can be handled by other simple 

equipment, or even by bare hands. 

A hand operating duster can cove r 

about O.~ ha. in a da y. 

3. Worm. scoop, worm catcher, 
Fig. 9. Duster 

worm comb. These are simple tool s which the farmers can make 111 their homes 

to collect worms on leaves before the rice plants start heading, or to kill incects by 

shaking them down to the water during the gro wing pe riod. They were used before 

chemica l means of pest cont rol were introduced. 

H. Harvesting and Threshing Equipment and Drying Facilities 

1. Sickle. The ri ce sickle is 10 to 12 cm . a long the edge and 2 cm. wide. It 

IS very light in weight, onl y 0.05 kg. when not fitted with a handle. The handl e IS 

made 01' wood and is about 20 to 30 cm . long. T he human arm's pulling for ce IS 

the only power that makes the 

sickle cut rice stalks. Therefore, 

the lighter the weight the belter 

the sickle. One man with a 

sickle can rea p 0.2 ha . of padd y 

111 a day. 

2. Pedal rice thresher. The 

revo l ving toothed cylinder type 

of rice thresher was originall y 

introduced into Taiwan from 

Jtpan before the War, out has 

since been great ly modified by 

local manufac turers and now 

onl y the loca l products ca n be 

seen on th e market. A two-man Fi g. 10. P edal rice thres her 
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operated thresher can thresh 2,000 to 3,000 kg. of paddy per day. This thresher 

usually has a grain receiving box and is mO:Inted on sleds so that the whole unit 

can be towed on the half dried or ~ven wet paddy fields. Since the weather in 

Taiwan is uS·llally wet in the harvest season, the sequence of the harvesting operations 

is to reap and thresh right in the field, transport the grain back to the farmstead, 

and then dry and clean the paddy in the courtyard or wherever the drying ground 

is available. 

3. Rice threshing tub. This is a big round wooden tub of I to 1.2 m. in diameter 

and 55 cm. in height. An arched beating ladder (threshing ladder) is placed in the 

tub for the farmer to beat the rice heads against it. A screen is placed over and 

around the tub to prevent grains from flying outside the tub. Two men and one 

tub are capable of threshing about 1,200 kg. of paddy grain in a day. Since the 

introduction of the pedal rice thresher, threshing tubs have gradually been displaced. 

4. Drying ground. Paddy grains are spread on the drying ground for sun dry­

ing. The old fashioned mud drying ground cannot provide a quickly available dry­

ing surface after the rain. Therefore, cement drying grounds are adopted by the 

farmers. 

5. Grain rake, grain sweeper, grain scraper. These are the tools that spread, 

turn and collect grains during the course of drying on the drying ground. They 

are exclusively made of wood. 

I. Cleaning Equipment and Processing Facilities 

1. Winnower (Already stated in Section B). 

2. Rice hulling and polishing plant. This equipment is not kept in the far'mers' 

horne, but managed by the local farmers' association, which is usually located in a 

village market and renders services to all farmers in the area. This type of instal­

lation in rural Taiwan usually has a hulling and mIlling capacity of 2 to 4 tons 

per hour and requires a prime mover of 7 to 12 h.p. 

3. Rice cleaning sieve. It has a funnel, a framework, and a copper wire screen 

which is placed at about 36° inclination. It is popularly used for separating brown 

riee from the paddy after hulling. 

4. Bamboo thread rice sieve, copper wue nee screen. These are usually pan­

shaped hand operated equipment used for cleaning purpose:;. 

J. Storage Facilities 

1. Bowl type storage hilt. This IS for outdoor paddy storage. The wall IS 
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made of bamboo and adobe, the 

bottom of wood, and it has a straw 

thatched top. The total ' height of 

this type of hut is 3 m., with a 

diameter of 2.5 m. The whole 

structure is lifted 15 to 30 cm. above 

the ground to keep it dry. . Storage 

capacity per hut I:anges from 2,000 

to 6,000 kg. of paddy. 

2. Grain storing bamboo hili. 

This bin is made of bamboo mats 

and adobe. It is about 2 m. in height, 
Fig. Ii. Bowl type storage hut and 

1 m. in width and 2 to 4 m. in length. drying ground 

It is r(l.ised from the ground by legs to keep the stored grain dry. 

3. Grain storing bamboo mat. This is a simple bamboo mat of 5m. x 2m . III 

size. It is rolled up to a convenient diameter, tied with rope and piaced on a 

wooden board to store grains. 

4. Warehouse. The warehouse is operated by the local farmers' aSjiociation, as 

mentioned before. It is built of wood or brick walls, wooden or cement floor and 

tile roof. The usual capacity is 360 metric tons. Paddy is stored in bulk instead 

of in sacks. Bamboo mats made into chimney like ducts are usually pla)ced in the 

center for ventifating purposes. 

II. Effects Made t:o Improve Rice Equipment: in Taiwan . 

A. Mechanization of Paddy Farms 

In view of the difficulties in 

increasing the number of draft cattle, 

the Joint Commission on Rural Re­

construction (jCRR) has been trying 

for some time to adopt power ma­

chinery fOr rice productibn. In early 

1955, JCRR purchased a Japanese 

type and aU. S. type power tiller 

for trial purposes. On the strength 

of the success of the test, 13 more Fig. 12. Introduction of power tiller 
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Merry Tillers of 2.5 h.p. each were imported in 1956 anp were placed in 13 selected 

agricultural experiment stations on the Island for the following purposes: 

1. To find out how to utilize power tillers and their attachments under Tai­

wan's conditions; and 

2. To find out the differences in working efficiency and economy between using 

power tillers and draft cattle. 

The tests are necessarily limited to paddy field preparations. The result so far 

seems to be encouraging, as shown in the following table of comparison on one 

hectare of land: 

Plowing 

Pulverizing and levelling 

Grass reappearing after preparation 

Cost of plowing alone 

Mer~y_Tiller 

18-25 hours 

26-40 " 
in two weeks 

NT$200 

Water Buffalo 

35-50 hours 

35-.50 " 
in one week 

NT$ 270 

Up till September 1959 about 1,800 farmers have purchased the small power 

tillers and are generally satisfied with their operation. We are now experimenting 

on the attachments, such as sprayers 

the tiller's engine can be fully utilized. 

following factors: 

and threshers, to see how the power of 

The success of the project depends on the 

1. Ability to produce locally and cheaply tractors and rotary power tillers; 

2. Further research on the use of power tillers under Taiwan's conditions and 

dissemination of such information among the farmers; 

3. Provision of competent mechanics and repair facilities at places convenient 

to the farmers; 

4. Satisfactory fuel supplies; and 

5. Provision of long-term credit at low rate of interesc 

B. Impn»"ing Ani.al Draw. Plow 

This was a project financed by ]CRR and undertaken by the Agricultural En­

gineering Department of the National Taiwan University. After three years of 

study, a well balanced light plow was developed. This plow ~as an iron pipe 

framework and the shape of the share is between that of the western plowshare 

and the conventional middle pointed oriental plowshare (its point is located about 

II. way from landside). Its moldboard is like the western plow but has a very narrow 
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waist due to substantial trimming on its furrow side. This plow also has a convenient 

depth adjusting device and a breaking pin which help protect the plow from a 

sudden and heavy impact, such as hitting a big rock. This plow transmIts power 

better and, therefore, uses the animal power more efficiently and turns the furrow 

slice better on both paddy field and upland. It is especially welcomed by the f:1rnH~rS 

working on heavier soil. 

c. Rice Pile Ventilator 

In Taiwan, paddy is dried under the sun. When rain comes, the farmers collect 

the grains together from the drying ground, pile them on higher spots ;md CO'ler 

them up with rice straw to wait for the return of the sun. If the wet paddy is 

piled up long enough, heat will develop and impair its quality. In this connection, 

a rice pile ventilator was cooperatively developed by ]CRR and the Agricultural 

Engineering Department of the National Taiwan University. It consists of a 3heet 

metal air intake head, a bamboo pipe, and a A-shaped bamboo mat cage. These 

three parts are secured together, and a bamboo mat is used as a pile bed. The 

procedure in using this equipment is to place the bamboo mat on a high spot, pile 

paddy grains on the bed to a depth of about one foot, place the rice pile ventilator 

in the center, pile paddy grains around the ventilator to the usual height. and cover 

the pile with rice straw as usually practised. The air which comes in from the 

intake head of the ventilator will go out through the paddy pile and carry away 

the heat accumulated in the center of the gtain pile. 

D. Use of Volcanic Ash in Building Drying Grounds 

Cement drying grounds are widely accepted by Taiwan's farmers. Howe'lcr, 

studies have been made on the use of volcanic ash which is prorlnced cheaply and 

locally to substitute a part of the'cement needed. After several trii1J~, it was fonnel 

that 33 to 35 percent of volcanic ash could be used to suh~tit1!te the usnal C(:IT(,l't 

requirement in 1:4:8 concrete mixture. 

E. Rice Dryer 

Three rice dryers of different makes were introduced from the united States 

for testing. These are: a portable rice dryer made by the Behlen Manufacturing 

Co., a column type rice dryer made by the American Drying Systems, Inc., :-md a 

small portable rice dryer made by the American Drying Equipment Co, Our 

preliminary tests have revealed that the Behlen portable dryer has the lowcs~ drying 

cost, while the other two produce rice of better quality. Farmers arc enthusiastic 
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about these artificial dryers. If a 

rice drying service can be organized 

with a portable dryer to serve in 

accordance with rice harvesting tim e 

from south to north, the ' servicing 

time of the machine in a year may 
, . 

be longer and consequ~ndy the cost 

may be lower. 

F. Aluminum Grain Storage Bin 

The increasing rice production 

demands more storage space. To 

meet the demand, silo type round 

bins of western style were erected. 

These bins, in most cases, are erected 

in groups of three or four, and 

equipped with a power ventilator so 

that people can keep the temperature 

of stored grains down and moisture 

low. 110 b~ns were erected, each 

with a storage capacity of 70 metric 

tons. To facilitate loading and 

unloading of these bins, power auger 

loaders were also distributed with 

them . 

G. ImprovIng Rice Milling Machine 

1-,- -

Fig. 14. 

Fig. 13. Rice dryer 

Aluminum grain storage bin 
69 

Since germ rice has been prQmoted by the nutntlOnists, local machinery mahu­

facturers have started to produce the so-called germ nee milling machines. But 

their adoption will be slow and can only progress on a replacement basis because 

of the milling capacity of rice mills on this Island is now saturated. 
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BRIEF REPORT ON THE AGRICULTURAL 

MECHANIZATION IN TAIWAN 

F. C. Ma 

Senior Specialist, Plant Industry Division 

Chinese-American Joint Commission on Rural Reconstruction 

While preparing the first 4-Year Agricultural Production Plan 10 1953, the 

Government found that, for intensive tilling of the 870,000 odd hectares of cropped 

land in Taiwan, there was a need of 110,000 head of buffaloes in addition to the 390,000 

head Taiwan already had. The Joint Commission on Rural Reconstruction made 

a careful study of this problem and realized that to increase the buffalo population 

would not only take a long time, but would also need a big area of land to grow 

buffalo feed. In view of the rapidly increasing population in Taiwan, more land is 

needed for food production. Therefore, the use of power farming equipment beco mes 

the only feasible way to solve the power shortage problem. 

Experiment with small size power farming equipment was started by the .J CRR 

10 coopera.tion with local agricultural authorities a t the ea rly part of 1954. Seven 
t<., 

different models of garden tractors ranging from 1.5 HP to 10 HP were introduced 

from the U , S: and dis tributed to private farms, agricultural schools and agricultural 

improvement stations for trial use. The general reaction was not very good because 

they ~ere heavy, the handle and chassis were too high for the average sized 

oriental people to operate, the prices 

were high, and they could not be 

used on paddy fields. 

JCRR, therefore, further studied 

the Japanese power tillers which 

could usually be used on Doth dryland 

and paddy field. Two different 

types of power tiller were selected 

for test use. One belonged to the 

typical Japanese driven type rotary 

tiller which had be'cn popularly used 

in Japan for the past two decades, fig. I. American garden tractor -our first trial 
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and the other belonged to the combined American and japanese tractive-and-rotary 

type power tiller which waS new then· in japan but we thought it might fit better 

Taiwan's farming condition. They were put into tria~ use on farmers' own land, 

and also demonstrated to farmers on various occasions. The general comment was 

that the tractive-and-rotary type power tiller would definitely be. more acceptable 

to Taiwan farmers, because of its light weight, compact size, easy operation, high 

maneuverability in small field, ability to perform more kinds of work in and 

around the farm, and, most important of all, lower cost. 

jCRR has, therefore, granted 13 

such tractive-arid-rotary type power 

tillers to 13 agricultural improvement 

statibns on the Island, and trained 

operators for these stations, so that 

they could start a systematic power 

t~ller adaptability test to find the 

proper way of utilizing power tillers 

on Taiwan farms and to evaluate 

their working efficiency and economic 

value as well when compared with 

buffalo. The result indicates that 

power tiller can plow the land about Fig. 2. Typical Japanese driven 

one inch deeper within 2/3 to 1/2 of wpe rotary tiller 

the tifne needed for buffalo plowing. The 2.5 HP machines are suitable for . use m 

fields of light soil, 3.5 HP machine on heavier soil, and 5 HP machine for farms of 

again heavier soil or farmers who carry out some other side jobs requiring more 

. power. Power tiller of this type can also be used for row crop intert~lling, weeding, 

hilling ridges, propelling power spray­

ers, rice threshing machines, sweet 

potato slicing machines, winnowing 

machines, etc. When attached with 

a trailer, the power tiller can serve 

as a transporting vehicle for a load 

up to 1,000 kg. at 15 kilometers per 

hour. 

Advanced experiments on better 

use and on possible annual working 

hours of power tillers were started 

after the preliminary test was 
Fig. 3. Tractive-and-rotary type power 

tilIer-plowing dry land 

-71-



completed. Comparative field test 

on some newly developed power 

till ers was also made to keep up 

with the progress. In this connection, 

JCRR and the National Taiwan Uni­

versity arranged a one-year training 

class in the latter's Agricultural Engi­

neering D epartment to train farm 

machinery t echnicians for the agri­

cultural experiment stations, so tha t 

more specific fi eld experiment on 

power tillers might be conducted to 

solve farm ers' problems. 
Fig. 4. Trac tive-and-rotary type p ower 

tille r-plowing paddy field 

With all these efforts, farmers in places where labor and buffalo shortage IS 

more acute and cropping system i ~ more tight and dense started to adopt power 

tillers on their own farms. Since the rural conditions in Taiwan provided nothing 

to accommodate a new-comer like power till er, we were, therefore, very m uch 

encouraged by those pioneer farmers who started useing the power tillers. And 

from their problems we have proceeded to take the following steps as ide from 

purely technical points: 

1. Encouraging dom estic machinery manufacturers to produce power / tillers: 

Taiwan is in short of foreign exchange. I t is impossible to supply every needy 

farmer ' with a power tiller im ported from foreign countries. AlGo the domestic 
. " ~ 

machinery manufacturing indust ry is ampl y ready for ma king sma ll po we r equipment 

such as power tillers of 2.5 'HP to 5 HP. The JCRR, in coopera tion with 

the industria l authorities, encouraged 

some machinery manufacturers to 

start manufacturing pow er ti llers, 

not to copy any . imported mo de l, 

but to take the local agricultura l 

conditions 111 mind to develop our 

own. Up until now, there are six 

manufacturers engaged 111 power 

tiller manufacturing, four [or the 

tractive-and-rota ry type and two [or 

the driven t ype rotary tille r. They 

have a lread y sold a total o[ about 
Fig. 5. H a rrowing wi th trac ti ve-a nd- rota r y 

type power tiller 
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1000 power tillers till October 1959. Thrcc other machinery manufacturers have 

engaged in the manufacturing of engines, one producing the four stroke cycle gasoline 

engme, one the two stroke cycle gasoline engine, and the other the water-cooling 

dies::1 engine. They are trying their best to match their products to the locally 

produced power tillers. However, there still are rooms for improvement. 

2. Regulations to encourage the use of power tillers: 

Petroleum fucl is strictly ra­

tioned in Taiwan. Since power tiller 

IS new, the old regulation provides 

no rationing of gasoline! or diesel 

to power tiller users. At the sug­

gestion of the jCRR, the Taiwan 

Provincial Government has promul-

gated a regulation governmg the 

ration of petroleum fuels to power 

tiller users, which was put into 

effec t m February 1958. Alw, a 

Provincial Government decree ex­

empted power tiller users from 
Fig. 6. Propelling water pump 

licence tax. The jCRR IS now suggesting to the petroleum fuel authority the 

exemption of highway tax for fuels sold to power tiller users as such item is 

included m the gasoline price. The Legistrative Yuan of the NatlOnal Government 

IS now considering a national act on the promotion of agricultural mechanization. 

3. FanTI machinery purchase 

loan: 

A power tiller, complete with 

all attachments! costs about 3-4 times 

higher than a water buffalo.- Many 

farmers and agricultural agencies 

have suggest eel a subsidy system 

to encourage the use of power tillers. 

However, we believe the power tiller 

is part of the production cost and 

farmers have to face it squarely, 

and, therefore, have inspired the 

Taiwan Provincial Food Bureau, 

Taiwau Land Bank and Taiwan Fig. 7. Matched with spra yer 
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Provincial Cooperative Bank to establish farm machinery purchase loans. Farmers 

may loan 100~ of the purchase cost from the Food Bureau if they agree to repay 

the loan in terms of paddy rice (actu~lly a barter loan system); or loan up to 70~ 

of the purchase cost from the said banks. The term of repayment is now set at 

three years, which is considered long enough when compared with other kinds of 

farm loans. With this measure, we believe farmers of good standing will have no 

trouble in getting the power tillers they need. 

4. Establishment of farm ma­

chinery extension system : 

Agricultural extension in Tai­

wan largely depends on the farmers ' 

associatibns of various levels. The 

Government agricultural research 

and improvemcnt stations pass results 

of their work directly or indirectly 

to the farmers' associations, which 

111 turn di < s ~minate such information 

to their member-farmers through 

their field agents. Since power 

farming is quitc new even to thcse 

field agents, we have selected from 

Fig. 8. Using power tiller engine 
on rice thresher 

the powcr tillcr owners who are willing to help their neighbours in selecting, oper­

ating, utilizing powcr tillcrs, and have given them a short pcriod of profc.; ssional 

training and madc them honorary power tillcr dcmonstrato;·s. They arc now the 

down-to-the-carth cells in the promotion of agricultural mechanization. 

By so doing, rural Taiwan is progressing toward mcchanization . Starting from 

no power tiller at all in 1953, the numbers of power tillers incree.sed up until 

October 1959 are shown as follows: 

1954 7 
1955 9 

1956 60 
1957 180 

1958 500 

1959 (till Oct.) 1500 

'\'\' e can see the agricul tural 

mechanization program is young and 

progressing slowly, but its steps are Fig. 9. Propelling winnower 
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very steady and accelerating. In 
the course of progress, we do have 

quite diversified ideas on the mode 

of owning and ways of utilizing 

power tillers III the countryside. 

Some were in favor of cooperative 

owning and using; some insisted on 

public or private concerns owning 

the power tillers and offering custom 

plowing service to farmers. But the 
Fig. 10. Driving a seed cleaner 

fact proved that all the farmers prefer the individual ownership, with ~he alternate 

of two or at most three neighbours or relatives owning a power tiller and using it 

in turn. Farms in Taiwan are privately owned and individually managed. Farmers 

like to exercice . complete right over their own power farming equipment. They also 

know that the power tiller can he utilized in many other ways in and around their 

farms and they will not be able to get all these advantages if they engage custom 

service instead of owning it. People can see now quite a number of the power tiller 

owners taking their whole family on the trailer to go visiting or to town for movies. 

The jCRR 1S not satisfied with the present situation yet, and believes that 

the completion of the following measures will further promote the progress of 

agricultural mechanization: 

1. Assistance in the establishment of power tiller repair network III the rural area: 

This matter ought to be the 

duty of the manufacturers, distri­

butors, or importing agents. However, 

the widely scattered distribution 

of power tillers of various makes 

comparatively small in total number 

makcs it impossible for these manu­

facturers to provide efficient and 

timely repair service to the power 

tiller owners. The Government 

and/or the farmers' associations may 

have to help them conduct the repair 

service in the beginning stage, grad­

ually turning it over to the manu­

facturers or professional repair shops. 
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2. Establishment of official power tiller t esting system: 

This is considered very necessary beca use more domestic manufacturers are 

interested in making power tillers. An official test and inspection system will not only 

protect the farmers ' interests, but also help up-grade the quality of locally produced 

power tillers. This system, after being established, will be applicable to all local 

and foreign makes because we have found cases of unsatisfactory power tillers 

imported from other countries. 

3. Better cooperation among farmers, 

manufactures: 

It has al wa ys been the feeling 

that the local machinery manufac­

turers, who newly stepped into the 

power tiller manufacturing enter­

prise, are quite urif~miliar with the 

customers' need . . On the other hand, 

farm ers are also unacquainted with 

power farming. They do not know 

how to express their needs. It is, 

therefore, the agricultural expen~ 

ment stations' responsibility to link 

them up. In this connection, the 

agricultural experiment stations and 

agricultural experiment station~ Fig. 12. Belted onto a straw rope machine 

have to strengthen their wo.rk relative to agricultural machineries in finding fa rmers' 

need, solving the problem through experiment and resear<~h and passing such result 

on to the manufacturers, so that machineries tha t meet precisely the fa rmers' needs 

may be eventually available. 

Further analysis has revealed 

that of the some 1,500 power tillers 

now in rural T aiwan, about 20% of 

them belong to the diesel or kerosene 

burning driven heavy rotary t ype, 

>- and 80 ro bel ong to the tractive-and­

rotary t ype that are matched with 

air-cooling gasoline engine. Looking 

frolll the angle of the source of 

supply, about 2/3 of the power ti llers 

are supplied by local manufacturers , Fig . 13. A ttac he d t o a potat o sli c ing m achine 
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and 1/3 by those abroad. Classifying 

by the ownership to which they 

belong, about 95~ of them are 

owned by individuals or 2-3 farmers 

on partnership basis, and only 5~ 

or so are owned by cooperative 

farms and custom service teams. We 

also know that 3.5-5.0 HP will even-

tually be the most popular range of 

power for Taiwan farmers' need. 

It may be optimistic, and, judging Fig. 14. Sawing logs 

from the trend, we cannot help but conclude that, within the next -<lccade · or so, 

the power tiller will no doubt solve the rural power shortage problem arid will ,also 

help promote the agricultural production and improve the rural mode of living to 

an amazing extent. 

Fig. 15. Shipping vegetables to market 
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IRRIGATION FACILITIES FOR RICE CULTURE IN TAIWAN 

Y. H. Djang 

Senior Specialist, Irrigation and Engineering Division 

Chinese-American Joint Commission on Rural Reconstruction 

Irrigation facilities in Taiwan are mainly for nee culture. This is because the 

profit from rice growing is higher in comparison with all other crops. 

Historically, irrigation work in Taiwan can be traced as far back as the Yuan 

Dynasty (1279-1368) of China. At that time, Taiwan was already a part of China. 

The land was reclaimed by the immigrants from mainland China with the so-called 

net-canal irrigation and drainage system. Later in the Ming Dynasty (1368-1662), 

General Cheng Chenkung came to Taiwan, with waves of people following him 

from the mainland. They further developed the irrigation system to produce l1Iore 

food for the people and the soldiers. By 1683, when the Ching Dynasty (1644-1911) 

had sovereignty over Taiwan, irrigation systems were developed to a still greater 

extent. This continued for a period of 212 years until 1895 when the Japanese took 

control of Taiwan. Up to that time, there had been 351,019 hectares of cultivated land, 

of which 11~6,679 were irrigated. All canals~ except one, were built and }maintained 

by individual farmers or by a group of farmers, practically with no assistance from 

the Government. 

After Taiwan was occupied by Japan in 1895, there had been remarkable develop­

ment in irrigation work in an effort to develop Taiwan into a main rice and sugar 

producing area. An enormous amount of investment had been made by the Japanese 

on irrigation in Taiwan. Some of the highlights were (1) improvement of the original 

irrigation systems by introducing more scientific methods; (2) research and experi­

mentation on water duty and establishment of gauging stations; (3) overall reconnais­

sance of all irrigation systems for possible development and extension; (4) super­

vision and administration for all systems; (5) help in financing irrigation projects; 

and (6) construction of several large irrigation projects, notably, the Chia-nan Canal 

System. By the time of the restoration of the Island to China in 1945, there had been 

about 523,208 hectares of irrigated land out of a total of 816,016 hectares of culti­

vated land. However, the actual area planted to paddy rice was only 499,531 crop 

hectares. This indicates that, toward the end of World War II, many irrigation 

system:; in Taiwan were not functioning. 
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After the War, the repair of the distorted irrigation systems and the conctruc­

don of new ones have bee,Ii rapidly undertaken by the Taiwan Provincial Water 

. Conservancy Bureau and local hydraulic associations, with financial and technical 

assistance from the Chinese'-American Joint Commission on Rural Reconstruction. 

In the following pages an effort is made to describe briefly the existing irrigation 

faciJities and .the improvements made in recent years. 

I. Irrigation Facilities 

The irrigation facilities in Taiwan fall mainly into two categories-the gravhy 

system and the pumping system. The former is by far more common. 

There are over a thousand separate gravity systems O!l the island, with varying 

irrigation c<l;pacities ranging from less than 100 hectares to over 100,000 hectares 

each. With the exception of the six major systems that are suppIi~,I." from reservoirs, 

most of the systems are supplied directly from streams. The intakes. of such sysfems 

fall under three different groups:' (1) those without dIversion weirs, (2) those with 

temporary ones, and (3) those with permanent ones. 

An intake without a diversion weir is usually located m the concave side of a 

stream with a.' stable water course and a rock bank. Such intake is the best of all 

types, Intakes with temporary diversion weirs or dikes are the most troublesome and 

expensive ones. However, irrigation canal intakes of this type are most common in 

Taiwan. Temporary training dikes or weirs may be built of sand, gravels, rock, or 

bamboo cages, depending on the material locally available: The temporary diversion 
" weir for the. Tsaokung Canal, one of the oldest, was built of mats and. sand. The 

difference of water surfaces above and below the weir is as large as four meters. 

The bamboo cages with pointed ends are filled with cobbles, and laid with the. 

pointed ends toward the down-stream. These temporary structures are subject to 

flood damage and are usually washed out several times a year. The intakes with 

permanent diversion weirs are usually provided' with sluices at right angles to the 

intakes. Some canal intakes have been out of func,tion due to a change in water 

. course. 

Pumping systems are usually supplied from streams, drainage channels, or under-

. ground sources. Irrigation pumps ~ary in size, ranging from a few horse power to 

300 horse power. The prime mover is mostly electric power, althQugh Diesel engine 

power is also commonly used~ The engines, generators ·a:nd motors are mostly im­

ported, while the pumps are made locally. 

It may be noted that some irrigation systems in Taiwan are a combination of both 

- 79 .:-. 



gravity and pumping systems. The first nce crop may be irrigated from a river 

elevated by a temporary diversion weir. The second crop will have to depend on 

pumping because the diversion weir will be washed away and cannot be restored 

until the water subsides. In some places, one crop depends on gravity irrigation 

from surface flow, while the other crop will have to be supplied by pumping groend 

water. 

II. Progress Made 

The. following table is prepared to show the progress made m the irrigation 

facilities in Taiwan since the end of the War: 

1945 1956 

Land with irrigation facilities, in ha. 523,208 555,000 (estimated) 

Area of -rice planted, in crop ha. 499,531 783,629 

Rice production, in M.T. of brown rice 580,894 1,789,828 

Rice planted, in crop ha. per ha. of 

irrigated land 0.955 1.412 

Rice yield, in M.T. of brown nee per 

crop ha. 1.163 2.284 

The above table reveals a number of important facts. First, the work ~:o far 

has been concentrated more on rehabilitation and improvement of the existing 

systems than on construction of new ones,· as the area of land with irrigation 

facilities in 1956 was 555,000 ha., compared to 523,208 ha. in 1945. Secondly, the 

rehabilitation and improvement work has been very successful. Only 0.955 crop 

ha .. of nce was produced from one ha. of irrigated land in 1945, while 1.412 crop 

ha. of rice was produced from one ha. of irrigated land in 1956. Thirdly, the yield 

of rice per ha. in 1956 was 2.284 M.T.,compared 1.163 M.T. in 1945. The innease 

of the unit yie.1d is not only due to the improvement of irrigation faciliiies, but 

also to the use of improved seed, insect control, higher fertilizer application, and 

so forth. 

III. Improvements of the Existing Irrigation Systems 

As indicated in the above table, the irrigation facilities in Taiwan today are 

mor"e efficient than before. This is due to the fact that these facilities were not only 

rehabilitated but also improved. These improvements included (1) a number of perma­

nent diversion weirs built to replace temporary ones, which used to be repaired 

several times a year at flooding times; (2) construction of several storage reser-
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voirs; (3) miles of canals with cement lining; and (4) the improvement of old drain­

age channels and the construction of several new ones. 

The plan for the rotational irrigation method, which will be described later in 

this paper, embodies two important changes in the history of irrigation in Taiwan. 

First, the quantity of water needed for a certain area is now planned and controlled 

by installing regulatory and measuring devices. Secondly, a government regulation 

governing irrigation was recently promulgated. 

IV. BeHer Construct:ion Methods Adopted 

In recent years better construction methods have been adopted and more com­

plica ted structures built.. In mixing concrete, aggregates are now measured QY 

weight instead of by volume and water-cement ratio is strictly controlled with a 

view to safeguarding strength. In earthwork construction, a high degree of com­

paction of soil is required. In this connection, a new laboratory is now under .con­

struction and will soon be completed. 

Irrigation structures are now more complicated than they were. before. A di­

version dam may have an inverted siphon embedded in it. Siphon spillways are 

also used. For the purpose of removinga. bed load, vortex tubes are installed below 

the intake. Radial gates are sometimes operated by electricity. Structures for 

irrigation canals have better hydraulic features too. 

V. Adoption of Rotational Irrigation 

In the past, with very few exceptions, farmers in Taiwan used to apply irrigation 

water continuously. Except for the time of weeding, fertilization
o 

and harvesting, 

when no water is applied, irrigation continued for about one hur{gxed days. For 

the purpose of irrigating more land with the same amount of water available, ex­

tensive experiments had been made from 1933 to 1943 by the Japanese on the 

effects of different irrigation methods on crop yields, and of different depths of 

water on different varieties of rice. Other experiments were designed to ascertain 

the best intervals between irrigation. Careful analysis of these experimental results 

made in 1951-1953 by jCRR led to the following three conclusions: 

A. As far as yield is concerned, most tests did not show any appreciable dif­

ferences between the rotational and the continuous methods, although some tests did 

show a noticeable increase in yield from the rotational method over the continuous 

method. 

E.. Most tests, however, showed an appreciable decreased water depth for the 
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rotational method as follows: 

Depth~ of water for 
rota tional method 

0.015 m. 

0.030 m. 

0.036 m. 

Corresponding depths of water 
for continuous method 

0.030 m. 

0.045-0.050 m. 

0.060 m. 

C. Five of the tests indicated a saving of 15.8 percent to 38.7 percent of 

water, or an average of 26.1 percent for the rotational -method. It seems possible 

that use of the rotational method, together with a better utilization of rainfall 

and more efficient operation of an irrigation system, could effect a saving of 25 

percent to 50 percent of water. 

The above conclusions have finally received the attention of the government. 

As a result, one experiment station and four demonstration centers on rotational 

irrigation were estabiished late in 1954. However, the drought in the spring of 

1955 carried rotational irrigation immediately from an experimental stage to an 

island-wide practice. Of the 35 irrigation districts on the island, 33 practised 

rota~ional irrigation, and, out of the total transplanted area of 212,010 ha., 195,959 

ha. or 92.4 percent practised rotational irrigation. If the rotational method had not 

been used in ~955, the transplanted area would have been only 139,797 ha. In other 

words, an increase of 72,213 ha. or 51.7 percent was accomplished by rotational 

irrigation. In addition, another 35,011 ha. were saved by the more_ rational use of 

water. The amount of water available during the spring of 1955 was only about 

40 percent of that of normal years. 

The 1955 drought was a real test for rotational irrigation. The result has­

proven beyond doubt that rotational irrigation is a better mdhod and is welcome 

by the farmers. To run rotational irrigation more efFectiveiy, however, most of the 

existing canal systems have to be improved as foHows: (1) to control irrigation 

through installing gates and measuring devices; (2) to reduce percolation loss 

through lining the canals; (3) to combine small direct turnouts into larger ones; 

and (4) to enlarge canal capacities. Improvement work along these lines for 3,900 

ha. was already completed in 1956, and in 1957 it would be extended to another 

17,800 ha. 

It is expected that, by the end of 1960, 116,000 ha. of land in Taiwan will have 

been provided with irrigation facilities stHtable for rotational irrigation. 
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VI. . Multi-purpose Proieds Emphasized 

A Chinese proverb says: "Irrigation without proper drainage will not be suc­

cessful". This means that irrigation and drainage should go together. Therefore, 

for the purpose of attaining maximum benefit from water, a complete basin-wide 

plan is necessary before any individual project can be considered in a hopeful river 

basin area. This principle has been strictly followed in all recent hydraulic works. 

For example, the A-kung-tien Reservoir completed in 1951 is for flood control, 

irrigation and city water supply; the Tsao Tan Pei Project is for both drainage and 

irrigation; and the Mukwa Project, which is now under construction, is planned for 

power and irrigation. 

The planning phase of a multi-purpose project - Shihmen Reservoir - was 

completed in 1955 and the construction work is just underway. After the comple­

tion of this reservoir, about 7,395 ha. of dry land will be provided with water and 

another 46,937 ha. will be made securc with supplementary irrigation. In addition, 

benefits from power generation, flood prevention, water supply, etc., are also 

considerable. Two more basin-wide plans are being considered, one is the Ta-Chia 

River Basin and the other the Cho-Shui River Basin; and it is believed that over 

200,000 ha. of land would be afrected by these two projects. 

VII. Ground Water Also Tapped for Irrigation Purposes 

With abundant rainfall and favorable geological formation, Taiwan has 

substantial supplies of ground water. The wells dug by the Johnston Company in 

1950 for the Taiwan Sugar Corporation aroused much local interest in digginS" wells 

for irrigation of rice fields. Many surveys have been successfully made, including 

those on geological formation, existing wells and water levels, to determine the 

ultimate possible s~ppliesof ground water in order to map 'out a ground water 

development program. For instance, the report of the Yunlin ground water survey 

indicates that at least 250 wells with a possible output of 1,000 g.p.m. each can be 

developed for irrigation of about 15,000 ha. of rice fields. The ground water 

surveys in other areas in Taiwan have also given hopeful results. 

VIII. Local Irrigation Organizations Recently Reorganized 

After the promulgation of the Public Irrigation System Regulations in 1903 and 

of the Regulation Governing All Government Built Systems in 1909 by the Japanese, 

nearly all the irrigation systems in Taiwan were turned over to the loc~l hydraulic 

associations concerned. 
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In 1937, by order of the Japanese, 106 hydraulic associations were combined 

into 38. The number of the associations was raised to 40 after the restoration of 

Taiwan to China in 1945. After much consideration, these 40 hydraulic associations 

were further reduced to 26 in 1956. By comparison, the. reorganization gave the 

,new association the following advantages: 

(1) By law, the new associations are public entities. 

(2) The jurisdictional areas of the various associations are fixed with reference 

to their natural environment, water resource distribution, use of water for irrigation 

and other economic factors. 

(3) The authority of each irrigation association IS vested III the members' 

representatives' plenary session. These representatives are elected by the members 

of the association, and the chairman of the members' representatives is also the 

executive head of the association. 
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ROTATIONAL IRRIGATION FOR RICE 

A REVOLUTION IN TAIWAN 

Lee Chow 

Senior Specialist, Irrigation and Engineering Division 

Chinese-American Joint Commission on Rural Reco.nstruction 

I. IntroduCtion 

The sub-tropical climate in Taiwan makes it possible for farmers to grow two 

crops of nee a year wherever there is sufficient water for irrigation. The first 

crop matures in about four months in the first half of the year, while the second 

crop requires slightly less time in the second half. In southern Taiwan, the trop 

season is about one to two months earlier than that in the north. The conventional 

method of irrigation is a continuous flow, starting from the time of transplanting 

until ten days' or two weeks before harvesting, except for weeding awl fertilization 

when irrigation ceases. In hilly sections of the Island where canal s)'l>tems do not 

exist, water flows down from upper fields to lower ones. 

Such a practice results in high water consumption. During the early years when 

the Island was sparsely populated, water was plentiful and there was no need to 

restrict its use. But with the influx of people from mainland China, the need for 

more efficient use of water for crop growth began to be felt. 

Since the Chinese-American Joint Commission on RuraLReconstruction-JCRR 

-began to operate in Taiwan in 1949, the extremely low duty of irrigation water 

on the Island, averaging only about four hundred hectares' per cubic meter of 

water per second,. immediately attracted the author's attention. His findings were 

published in 19511 The study reveals that the conventional irrigation method can be 

replaced with an intermittant or rotatlOnal method without sacrificing the yield. By 

the latter method, 20-30 percent of water could be saved. This, together with 

more efficient use of rain-water and more satisfactory operation of the existing canal 

. systems, might mean that 50 percent more water could be made available for crop 

producti(;)ll. 

II. Experiment: St:at:ions and Demonst:rat:ion Farms 

An organization, known as the "Rotational Irrigation Promotion Commission", 
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was formed in 1954 by the Government. All government agencies at the national, 

provincial and 'local levels that are concerned with food production are represented 

on this Promotion Commission. The Promotion Commission immediately established 

experiment stations and demonstration farms. The former is to determine the best 

rotation intervals and the most desirable amounts of water for irrigation in the 

different parts of the Island, while the latter is to demonstrate to the farmers that 

rotational irrigation is just as good as continuous flow, if not better. At present, 

there are three experiment stations in existence in northern, central and southern 

Taiwan respectively. At one time there were eleven demonstration farms, the land 

of several of them having been converted into regular paddy fields under the rota­

tional irrigation system. 

The experiment station generally has a'small area divided into plots. For ex­

ample, in the Taoyuan Experiment Station, the plots are grouped together to receive 

four different treatments, each with. foul' replications. The four treatments are' 

irrigations at 6-day, 8-d,ay, 10-day and 15-day intervals. A total of sixteen plots, 

each of 8 meters long and 2 meters wide, is required. The Station has cement lined 

ditches, water gates and measuring devices. Th~ amount of water that should be 

applied to a particular plot can thus be e~actly controlied and measured. For all 

difl'erent rotation intervals, 45 millimeter depth of water is applied for each irrigation. 

Clayey material was used to build the boundary dikes between the plots in order 

to prevent seepage losses. Precipitation, temperature, humidity and sunshine are 

daily recorded. The drained off water is also measured. Surrounding the experi­

mental plots, a protection belt is provided. The Central Experiment Station was 

similarly designed, except for three important modifications. The first is that there 

are eight replications instead of four for each of the four treatments; the second, an 

inclusion of a study on soil fertility; and the third, concrete dikes are used between 

the plots. 

The demonstration faims are much larger in size, but the water use is not so 

perfectly controlled as at the experiment stations. They are designed to demonstrate 

to the farmers the relative merits between the rotational and conventional methods 

of irrigation and to determine possible difficulties that may be encountered i.n the 

enforcement of the rotational method of irrigation on a large scale. In these 

demonstration areas some changes had to be made in the existing canal systems. 

Most of these demonstration farms were established on request in districts where 

the water supply was insufficient and unevenly distributed or water disputes constantly 

arose. As a result, water disputes have been very much reduced in the areas where 

rotational irrigation has been practised. The benefits derived from rotational irrigation 
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for the lower portion of a canal system are especially noticeable since these lower 

areas usually suffered the most in the past. For instance, in the area of the Tan 

Tsi Demonstration Farm in central Taiwan, the land in the lower irrigation section 

was worth only half the value of the upper section. Now, the price is about the 

same in both places. 

The rotational intervals of these demonstration farms vary from four to seven 

days. Before the irrigation season begins, a detailed irrigation schedule must be set 

to determine the amount and time of irrigation for each section of land in a given 

area. At times of serious water shortage, the rotation intervals will have to be 

correspondingly lengthened. When this happens, the irrigation schedule will have to 

be changed. If any area remains unirrigated m anyone round, it will be the first 

to receive water in the next rOl,lnd. 

The Promotion Commission also conducted short term training courses to train 

people to prepare irrigation schedules, operate water gates, use measuring devices,' 

and make proper adjustments in water distribution, if necessary. The trainees were 

selected mostly from among the graduates of agricultural vocational schools. 

The expenses for conducting the experiment stations and the demonstration farms 

were first wholly and later partly financed by the government and the American 

aid agency. The expenditures for the experiment stations would usually cover the 

cost of fertilizers used, seed, land rent, labour and operation. In the case of 

the demonstration farms, the expenses would be mainly for operation, because fer­

tiiizers, seed and labour were to be provided by the farmers concerned. 

The data for 1955, 1956 and part of 1957 have been gathered and analysed. 

This study involves a total of 17 cases in which a comparsion had been made be­

tween the rotational and conventional methods of irrigation in depths of water 

application and unit yields of rice. They ,all showed consistently that the rotational 

method saved from 4 percent to 231 percent of water, with an. average of 91.5 percent. 

Five cases of rotational irrigation or 29 percent showed a decrease in yield, varying 

from 2.5 to 12.3 percent, with an average of 5.2 percent. However, the remaining 

12 cases or 71 percent showed an increase in yield varying from 0.3 to 31.3 percent, 

with an average of 17 percent. The result seems to indicate that the author's con­

clusion made in 1951 regarding the advantages of the rotational method of irrigation 

over the conventional method was a little too conservative. The increase in unit 

yields may be explained by better aeration and more oxidation due"lo the periodic 

drying of the field, thus making fertilizers more available to the crop. Moreover, less 

fertilizers are likely to be lost by surface drainage as in the case of the continuous flow 
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Incidentally, a survey made by an expert of the World Health Organization 

shows that inalaria control has been made more effective in areas 'where rotational 

irrigation was in practice, 

111. Definite Measures to Adopt the New Practice 

The.success of the experiment stations and the demonstration farms was not 

the only factor that led the government to adopt the rotational irrigation policy~ It 

. was the 1954-55 drought that prompted the Government to do so. That drought 

affected two crops of rice; the secqnd crop of 1954 and the fitst crop of1955. Dur­

ing the period of dro,l.fght, all canals on the Island carried only from one third to 

half of their normal capacity. vue to the government order anc~ the encourage­

ment of the Promotion Commission, rotational irrigation is now practised with 

remarkable success almost throughout the Island. To determine the result, however, 

an inspection team was organized in 1955 by the government, consistIng of repre­

sentatives of all agencies concerned. . The findings were briefly reported in another 

paper2. The team recommended that rotational irrigation be adopted as a standard 

practice in Taiwan. 

Subsequently, two. actions were takerr by the Government. One was the pro­

mulgation of an irrigation regulation in February 1957. This regulation has 7 chap­

ters and 57 articles. These chapters cover the following headings: "General, Irri­

gation
l 

Drainage, Maintenance, Supervision, Penalty and Appendix". Thi§ isthe first 

time that irrigation methods in Taiwan have . been placed under regulation. The 

second chapter on irrigation refers mainly to rotational irrigation . 

. The other government action to enforce rotational irrigation was the formula­

tion of a 4-year plan, in which a total of 112,808 hettares of paddy fields would 

have their irrigation systems improved so that rotational irrigation could be practised. 

The selection of these paddy areas' was based on the existence of most reliable· 

sources of water supply and the most frequent water disputes; After the plan was 

. implemented, an isolated area bf 10,850 hectares, usually with an insufficient water 

supply, had enough water, and, in addition, another 9,075 hectares of land could 

be irrigated. The increase iri production was 60,000 tons of paddy a year. The 

benefit-cost ratio of this 4-year plan is estimated at 2.76. 

IV. The 1957 Program .and Its Engineering Features 

The4-year l~otational irrigation plan began in 1957.'The first year program 

covered an improvement work on 17,824 hectares of paddy fields scattered over 
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seven different districts. It called for NT$9,070,OOO (approx. US$366,OOO) to be 

made avail~ble by ]CRR. The improvement work consists of (1) installation of 

control structures and measuring devices, (2) modification of the existing irrigation 

system by transforming farm turnouts into sub-laterals, and (3) lining canals with 

cement. Some of the projects are completed and others underway. These projects 

will improve the existing systems and ensure the most effective use of water. 

The rotational use of water may be accomplished in two ways: first, by rotating 

water supply in various reaches of a main canal, in laterals or in sub-laterals; and 

secondly, by rotating water supply among small areas, called rotation areas. In the 

first instance, when water is being conveyed in one stretch of a main canal or in 

one lateral, all the other reaches of the main canal or lateraJs would be dry. In 

the second instance, all the main canal, laterals, and sub-laterals would carry a 

continuous flow and irrigation would be rotated among the rotation areas. Various 

combinations of the two systems are also possible. 

It has been demonstrated that rotation of water supply among rotation areas 

IS a better method, because it calls for canals of smaller capacities, offers easier 

operation" creates less chances of water stealing and makes better use ot the ser­

vices of a common irrigator, which will be described later .in this paper. 

There is no single rule for determining the size of rotation areas. All such factors 

as topography, existing water courses, roads, soil conditions, agricultural practices 

and existing canal systems have to be taken into consideration. The areas may 

vary from several hectares up to two hundred hectares. The canal capacities; how­

ever, may become the determining factor of these areas, if due consideration is 

given to soil conditions, evaporation and percolation data, and water requirements 

of the possible crops. The canal capacities can be determined at the lower end 

after taking into consideration the losses due to conveyance. In Taiwan the average 

size of a rotation area is about 50 hectares. The area is further divided into small 

rotation units, among which water supply is rotated. The time when each unit 

needs water supply varies directly with its area. 

The canal conveying water to each rotation area IS always provided with a 

headgate or turnout structure and a measuring device. The most common measuring 

devices are the Parshall Flume and the Standard Weir. 

Monolithic concrete lining has been installed in canals and laterals to prevent 

seepage. Thin concrete precast slabs 5 em., 6 cm. and 7 cm. thick have also been 

used, and they are cheaper. These latter linings thus far have proven satisfactory 

and should last long, although it may be necessary to keep them in good repair. 
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A complete irrigation system, with reservoirs OJ' ponds for storage and under 

efficient management together with a well designed and supervised operation schedule, 

will be able to reduce water losses to a minimum and to utilize water most effectively. 

V. The Common Irrigator and the Common Seedling Bed 

Engmeers and agriculturists should cooperate with each other in order to obtain 

the maximum irrigation results. The Success of irrigation also depends on farmers' 

ability to work together and to manage their farms cooperatively. This can be 

illustrated by the follbwing examples: 

Under the Chia-nan Irrigation Association m southern Taiwan, a practice of 

employing common irrigators has been developed by the farmers within a rotation 

area to take care of their irrigation work, such as diverting and distributing water, 

maintaining farm ditches, etc. These irrigators are usually farmers selected by 

themselves within the rotation area. They were generally industrious, impartial and 

familiar with the farming conditions in the area. For each rotation area of say. 50 

hectares, two comIllon irrigators may be necessary. The whole area is under their 

care. They know what fields need special adjustments in the rotation system and 

how much water is required by reason of soil conditions or other factors. At the 

start, the common irrigator may experience some difficulties, but before long, he will 

acquire the necessary skill and experience. 

It was estimated that the employment of a common irrigator would save for an 

average farmer about five sixths of' the time required for irrigation under the old 

practice. Thus,with a total irrigation period of 90 days, on a 6-day rotation interval, 

one half of a man-day is required for each irrigation of 0.33 hectare and the total 

labour required for a 50-hectare rotation area would be 15 X 0.5 X 50 /0.33 or 1,125 

man-days. If two common irrigators Were employed, the total labour required 

would be 90 X 2 or 180 man-days. This saving on man power means a good. deal to 

the farmers, and will reduce the cost of production con~iderably. 

The common seedling or nursery bed for rice is another development that can· 

very well be incorporated into the rotational irrigation practice. The local practice 

is to place the seeds in the seedling bed one to two months before transplanting. 

Such beds are privately owned. Each farmer has his own way of farming. The need 

for proper seed treatment, nursery bed preparation, and other improved farming 

practices has developed the use of common seedling beds. Although the common 

se~dling bed has 110t· been widely used, its advantages are very obvious. Further 

demonstration work was carried out during 1955-1956. A total of 101 such common 
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beds (12 in southern Taiwan and 89 in northern Taiwan) was installed with a 

combined $lrea of 16,984 hectares. The seedbeds constitute about one twenty-fifth 

of the planted area. The trial results indicate that the farmers in northern Taiwan 

are reluctant to adopt the practice' due to the travel distance between the seedling 

bed and the planted area. But, in southern Taiwan where the spring is usually 

dry, the common seedbed idea is more readily acceptable as the farmers need to 

locate their nursery beds in places of more dependable water supply. 

The use of the common seedling bed can very well be incorporated into rotational 

irrigation because the age of the seedlings can. ~e perfectly controlled so as to fit in 

with the irrigation schedule. The farmers s!lOuld also. w~rk together cooperatively 

by forming teams for transplanting according to the seeiiling development and the 

irrigation schedule. It is very important in rice culture to transplant the seedlings 

at the proper time. 

VI. Difficulties and Problems 

The practice of rotational irrigation in Taiwan is not without diffic:.ulties. Some 

of them can be easily overcome, while others will take time to be solved. The most 

common difficulty'li(,<; in the fact that the people along the upper end of an irrigation 

system are oftentimes not interested in the program and even object to it since they 

have not previously experienced water shortage. The use of water was rarely controlled 

or limited in the past. The new method would therefore cause some inconvenience. 

Some farmers tried to interfere with fts development. In two cases the farmers 

demolished the new structures. In modifying a conveyance system, a farmer's direct 

turnout from the main lateral might have to be abolished and instead his water 

supply might have to come from the lower end of a new lateral. Centainly this 

would disturb him. In digging the new lateral to modify the old system, right-of­

way problems are also encountered. Land owners often refuse to give up their land 

even for a good compensation. 

There are conflicts between irrigation and peak power generation. This is more 

so with rotational irrigation. Peak power is usually generated during low river stages 

by storing the natural river flow during daytime and releasing it during a few hours 

of peak electric load in the evening. This is in conflict with irrigation not only because 

this is also a time when the irrigation requirement is at the greatest, but also because 

the natural river discharge is chang,ed into a highly fluctuating flow .. This is espe­

cially undesirable in the case ~f rotational irrigation because the ir~gation schedule 

is devised according to a known discharge which is usually fairiy uniform. Further­

more, surges often result in wasting water down the river channels because the 
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canals cannot cope with the large peak flows. This situation can be improved only 

by constructing an afterbay for re-regulation of water below the power plant. 

Some people believe that rotational irrigation is likely to encourage wecd growth. 

It is reasoned that continuous irrigation will prevent weed growth. After two or 

three weedings, weeds will not easily grow under standing water. With rotational 

irrigation, soil is more often exposed and so weeds grow more easily. This problem 

IS now under close observation. 

Some field workers think that rotational irrigation will increase the incidence 

of rice blast disease. Thus far, there has been no evidence of this in Taiwan. 

The difficulties and problems mentioned above are not considered serious in the 

enforcement of rotational irrigation. They do point out, however, that further studies 

on them are desirable. 
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