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Agricultural mechan ization systan of rice
production of Japan and proposal for China
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Yang M ingjin-, Yang Ling", LiQingdong”, Chen Jian
(1 Engineering Technology College, Southw est A gricultural U niversity, Chongging 400716, Ching;
2 Teaching AffairsD epartment, Southw est A gricultural U niversity, Chongging 400716, China)

Abstract: Thispaper analyzed agricultural mechanization systam of rice production using full mechanization (riding type)
series and sam it echanization (walking type) series Effective field capacity, coverage area, operational cost, cost index,
etc were analyzed, including the land tilling, seedling trangplanting, crop protection, chemical application and harvesting
operation Total machinery utilization cost per hectare for each faim work was al presented On the basisof analysisof
agricultural mechanization systam of rice production of Japan, a rational proposal to the development of agricultural
mechanization of Chinaw asmade Financial analysis results show that agricultural mechanization development of China can
not directly copy thew ay of Japan, and agricultural mechanization of China can only be realized step by step.
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1 Introduction

Rice is one of the most mportant crops in the
world It is used as staple food in many countries
egecially in A sian countries such asChina and Japan
In China, 60% of its population feeds rice as staple
food, total cultivated area is 3 13 x 10’ hm?
acoounting for 34% of total cereal cultivated area and
21% of total rice cultivated area in the world, and
total output is 19 85x 10" kg, accounting for 43% of
total cereal output and 36% of total rice output in the
world™?. It can be al® used as biomass fuel through
fementation It has high potentiality for ethanol in
which the production efficiency is Q 43 m°/t, the
highest anong the agricultural crops® °. Increase of
rice production is themajor part of the increase of crop
production in China Leveling up the agricultural
mechanization status of rice production can benefit to
achieve the object Eecially in south China, main
areas of rice production, to develop themechanization
of rice production is mperative'**. The development
of agriculture and the renewval of agricultural
machinery rely heavily on innovation of science and
technology, and there is a need of new decision-
making methods'®.

The level of agricultural mechanization of China is
somew hat low. There is a large gap of agricultural
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m echanization betw een China and developed countries
The development of agricultural mechanization is in
digproportion in China The main obstacle to the
development is that the snall fam scale of each
famhouse is unsuitable to the large scale of
agricultural machinery production and the high
investment for agricultural machinery”®. A suitable
agricultural mechanization systen of a country should
be established through the development of machines
adjusted to her traditional faming methods, and
eoonomy, energy and environrment should al be
taken into consideration'®. The economic analysis of
agricultural mechanization of rice production and a
proposal to the development of agricultural
m echanization of China are reported as follow s

2 M ethodsand mater ials

2 1 Expermentarrangement

Rice production systen includesmany typesof fam
work, namely land preparation, seedling preparation,
tranglanting, crop protection, chemical application
and harvesting operation and 0 on For the purpose
of better understanding and easy analysis of Japanese
agricultural mechanization (AM ) system of rice

production, we  separated the  agricultural
mechanization systen into two series, namely full
mechanization ( riding type) series and sami-

mechanization (walking type) series The tems of
riding and walking took the names after riding type
tractor and w alking type tractor.

Experiments related to riding type series include
riding type puddling, riding type tranglanting, pow er
weeding, power $raying and combine harvesting
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Experiments related to walking type series include
walking type puddling, walking type tranglanting,
manual weeding, mist graying, and reaping and
pow er threshing Pow er w eeding and manual w eeding
are for crop caring, and power sraying and mist
graying are for chamical application A Il experments
w ere done on the attached fam in the block A3, Q 2
hm?, of Tsukuba International Center, Ibaraki-ken,
Japan Testswere oriented to itens of cost analysis
such as effective field capacity, annual fixed ocost,
variable oost, etc Itans ooncerning with field
conditions and machinery performance were al®
perfomed Al test procedures were based on
N ational Test Code of A gricultural M achinery of
Japan or A sia and the Pacific Regional N etwork for
A griculturalM achinery (RNAM ) test codes
2 2 M ethods of analysis
Effective field cepacity is the actual rate of land or
crop processed in given tme Work capacity is
reciprocal to effective field capacity. The follow ing
formula applies
EFC= A/T (1)
where, EFC is effective field capacity, hm?/h; A is
field area, hm?% T is total tine required in a fam
work, h
Daily cepacity isexpressed the valueon afam work
by several sets of machinesw ith operators in several
field blocksw ithin a day. In manual fam work, the
value of daily capacity is expressed by a group of
workers
DC= EFC X Dq (2
W here, DC is daily capacity, hm?/d; D . is net work
hoursper day, h/d
Coverage area is used for detemining fam work
ability of a certain period, nomally a seaonal period
for a crop, and it is smply obtained by the follow ing
process
CA = DCXx AWD x M AN (3)
W here, CA is coverage area, hm? AWD is available
work days in a certain period, d; M is number of
machine sets N isnumber of operation sets, nomally
N =1
Break even point of custom charge and machinery
cost is an mportant datum to define actual service
charge M achinery cost per hectare decreases w hen
annual operation area of machine increases nommally,
and breaking even point of area is calculated as follow
BEP = AFC/(CC- VCa) (4)
W here, BEP is breaking even point, hm?% AFC is
annual fixed cost, dollar;, CC is custom charge,

dollar/hm?;
dollar/hm’.
Cost index (CI) is an mportant datun for a fam
work or afam work system, and it is expressed by
Cl = (Cost per hectare/Cash income per hectare)
x 100% (5)
A nalysis and evaluation of aw holework system can
be carried outw henw e compare costw ith cash income
per hectare If cost equalscash income per hectare at a
certain farm scale, this fam scale is breaking even
point of the system'*".
2 3 Materialsand equipment
Japonica variety w as cultivated and expermentally
processed on the attached fam in T sukuba Internatio-
nal Center from M arch to Septenber 2002 M achines
used related materials are sighting poles, markers,
ocone plumb, il hardness tester, measuring tapes,
stopw atches, anemometers, etc

VCa is variable cost per hectare,

3 Analysis of agricultural mechanization
gysteam of rice production of Japan

3 1 Analysisof riding type ser ies

A fter expermentsw ere done, by meansof methods
mentioned above, effective field capacity, daily
capacity and breaking even point, etc w ere calculated
and shown in table 1 There are blank cells in the
table because data of custom charge (CC) of fam
work of weeding and graying were not available
Systen analysis of riding type series was done as
shown in table 2 In order to analyze cost index of the
whole systan, some fam work data, such as land
tillage, nursery, drying and 0 onw hich are not from
experiments but from reference book!'!, are al®
presented in table 2, where, type of work: M means
machinery; C means contract; L meansmanual work;
total coverage area of the systan, namely 6 5 hm? is
the minmum ooverage of individual fam work
Considering cash income per hectare of rice 12 015
dollars, breaking even point of the riding type series
could be calculated It is1 7 hm® Furthemore, from
the data of annual fixed cost (A FC), variable cost per
hectare (vCa) and cash income of rice per hectare,
cost per hectare at certain cultivated area of rice could
be calculated as follow s

Cost per hectare= (AFC + VCax A)/A (6)

W here, A iscultivated areaof rice, hm? Then, figure
of cost or cash inoome per hectare vs cultivated area
of rice could be dravn as shown in Fig 1 Figure 1
show s that while increasing cultivated area of rice,
famers can get more profit per hectare
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Table 1 Effective field capacity, daily capacity, and breaking even point of riding type ser ies of Japan

Fam work EFC/m2+*h" ! DC/hm2+d ! CA /hm? AFC/dollar ~ vCa/dollar* hm- 2  cC/dollar* hm- 2 BEP /hm?
Puddling Q 110 Q 703 15 4 3102 119 731 51
T rangplanting Q 134 Q 860 18 8 3 820 155 538 10 0
Pow er w eeding Q 072 Q 396 11 9 270 171 — —
Boom sraying Q 529 2 923 351 542 118 — —
Combine harvesting Q 060 Q 332 65 4973 202 1385 4 2

Table 2 Summary of riding type ser ies of Japan

Work M achiner Type wcC AFC vC CA Annual cost at farm scale CI at fam scale
Y ofwork /h*hm- 2  /dollar /dollar* tm~ 2 /tm? of CA /dollar* hm" 2 of CA /%
Tillage Tractor with rotary M 35 1907 48 69 4 343 29
Puddling T ractor+ puddler M 91 3102 119 15 4 599 50
N ursery Nursery (buying) C 0 0 1231 1000 1231 10 2
Trangplanting T ranglanter M 7 4 3820 155 18 8 746 6 2
Pow er w eeding Pow er w eeder M 14 0 270 171 119 212 18
Power gpraying Pow er sprayer M 19 542 118 3/1 202 17
Combine harvesting  Combine harvester M 16 7 4973 202 65 1099 91
Drying Dryer (contract) C 0 0 865 1 000 865 72
Husking Husker (contract) C 0 0 288 1 000 288 24
W ater management W ater facilities L 0 0 269 1 000 269 22
Total 52 6 14 613 3594 65 5 854 48 7
. 40000 ¢
: | | |
2 40000 —— Cost 3 2 Analysisof walking type ser ies
% —~&— Cash income Follow ing the sane analysis process as riding type
£ 20000 series, effective field capacity, daily capacity and
£ . .
E breaking even point, etc of each fam work of
5 10000 walking type series could be calculated and shown in
8 table 3, system analysis of walking type series was
0 5 10 15 20 25 30 done as shown in table 4, and breaking even point of
Cultivated arca of rice/hm’ thew alking type series could be calculated It isQ 7
2 . .
Fig 1 Costor cash income per hectare vs hm : Figure of oo_st gr cash m_oom_e per hectare vs
cultivated area of rice (riding type) cultivated area of rice is shown in Fig 2

Table 3 Effective f ield capacity, daily capacity, and breaking even point of walking type ser ies of Japan

Fam work EFC/m2+*h ! DC/m2+d? CA /hm?2 A FC/dollar VCa/dollar* m~2  cC/dollar* hm~ 2 BEP/m?2

Puddling Q 053 Q 342 75 706 221 731 14

T ranglanting Q 090 Q 575 12 6 771 146 538 20
M anual w eeding Q 047 Q 258 77 44 247
M ist praying Q 447 2 470 29 6 291 96

Reaping Q 250 1381 26 9 923 51 654 15

Threshing Q 027 Q 147 29 2 045 1049 1385 61

Table 4 Summary of walking type ser ies of Japan

Work M achinery used Type wcC AFC vC CA  Annual cost at farm scale C| at fam scale
ofwork /h*hm-2  /dollar /dollar* hm- 2 /hm? of CA /dollar* hm- 2 of CA /%

Tillage T ractor with rotary M 180 583 223 135 426 35
Puddling Tractor+ puddler M 18 7 706 221 75 467 39
N ursery Nursery (buying) C 0 0 1231 1000 1231 10 2
T rangplanting T ransplanter M 111 771 146 12 6 415 35
M anual w eeding M anual w eeder M 21 4 44 247 77 263 22
M ist spraying M ist gprayer M 22 291 96 29 6 198 16
Resping Resper M 40 923 51 26 9 374 31
Threshing Thresher M 376 2 045 1049 29 1763 14 7
D rying Dryer (contract) C 0 0 865 1000 865 72
Husking Husker (contract) C 0 0 288 1000 288 24
W ater management W ater facilities L 0 0 269 1 000 269 22
Total 113 1 5 362 4 687 29 6 558 54 6
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Fig 2 Costor cash income per hectare vs
cultivated area of rice (walking type)

3 3 D iscussion on agricultural mechan ization system
of Japan

From the analysis of the two types of fam work
series, some major data can be derived as shown in
table 5 In Japan, breaking even point of riding type
series is 1 7 hm? and coverage area of one set is 6 5
hm? If cultivated area of rice of afamer is6 5 hm?,
equalling to coverage area of the systan, the famer
can gain total profit 39 825 dollars from the system
w ith profit per hectare 6 127 dollars Breaking even
point of thew alking type series isQ 7 hm” and cover-
age areaof one set is2 9 hm? If cultivated areaof rice
of afamer is2 9 hm?, equalling to coverage area of
system, the famer can gain total profit 15 636 dollars
from the system w ith profit per hectare 5 392 dollars
Because most of Jgpanese famers whose cultivated

rice area is less than 3 hm’ per famhouse (average
cultivated scale in Japan is about 1 0 hm?per famer,
namely 2 3 hm?’per famhouse), walking type series
is more profitable than riding type series For
exanple, when cultivated area of rice is 2 hm?, profit
per hectare is 1 228 dollars for riding type series, and
4 647 dollars for walking type series when cultivated
area of rice is 3 hm?, profit per hectare is 3 663 dollars
for riding type series, and 4 859 dollars for walking
type series W hen cultivated area is around 5 hm?,
profit per hectare of riding type and walking type is
nearly sane W hen cultivated area is more than 6
hm?, riding type series ismore profitable thanw alking
type series Data in table 5 show s that profit at fam
scale of 3 hm?of walking type series is low er than that
at fam scale of CA. Because 3 hm? ismore than CA,
two threshers are required in this systen (table 3),
which results in lower profit at fam scale of 3 hm?®
than that at fam scale of CA. Cost indexesof the wo
series at fam scale of coverage of their correponding
seriesare 48 7% and 54 6%, regectively.

N evertheless, from history of Japanese agricultural
m echanization development, farmers adopt riding type
fam work series step by step other than w alking type
series, because adoption of riding type series can save
a lot of time for their part jobs, and most of their
families main income is not from fam work but from
part time jobs

Table 5 Data of farm work ser ies of Japan

CA BEP Profit at fam Profit at fam Profit at fam Profit at fam Profit at fam Cl at fam

Series Jhm? /hm? scale of CA scale of 2 hm? scale of 3 hm? scale of 5 hm? scale of 6 hm? scale of CA
/dollar- hm~ 2 /dollarr hm~?  /dollar- hm 2  /dollar- hm~2  /dollar- hm™ 2 /%
Riding type 65 17 6 127 1228 3 663 5611 6 099 48 7
W alking type 29 Q7 5 392 4 647 4 859 5615 5 753 54 6

4  Proposal to development of agricultural
mechan ization of China

4 1 Conventional farm work system of China

In China, most fam work of rice production is
finished by manual or animal energy. Pow er tiller and
pedal thresher or pow er thresher are gradually adopted
by more and more famers for their land preparation
and harvesting work Combine harvesting, egecially
cross-district operation, ison the stage of popularizat-
ion, and becomes more and more popular in relative
rich or labor shorthanded areas”®. On the basis of
calculation of China A gricultural M achinery Y earbook
2000, yield of rice production in China was 6 300

kg/hm?, cash income per hectare of rice production is

1 131 dollars Cost per hectare, including annual fixed
cost and variable cost, is 708 dollars Then cost index
of the traditional fam work system of rice production
in China is 63 0%, which show s a higher cost index
than fam work series of Japan (riding type 48 7%,
walking type 54 6%)

The onventional fam work systen of rice
production in China is not profitable because of snall
fam scale, about Q 1 hm? per famer It is quite
difficult to increase the level of agricultural
mechanization due to quite low income from fam
work However, in recent years, withmore andmore
labor forces transferred to other industries and num ber
of animalsdecreasing, there arepotential denandsand
trend of mechanized fam work
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4 2 Proposl to development of agr icultural mechan-
ization of China

The level of agricultural mechanization in China is
somew hat low. From the analysis and discussion on
conventional fam work system of rice production in
China and ocomparing it with that of Japanese
conditions, we know that faim work in China is not
profitable A gricultural mechanization systen of
China cannot be directly tranglanted from Japan, and
the way of the development of agricultural
mechanization of China can only realized sequentially
and step by step. At the same time, Chinese
government should produce more part time job
opportunities for famers in order to increase famers
income from part time jobs A nd newv technology such
as post harvesting process should be developed to
increase additional value of rice products, then to
increase famers income Thus, famers will have
more mpetus to improve their fam work oconditions
and havemore mpetus to save tme from fam work
Consequently, some famerswiill increase their cash
income by meansof enlarging their fam scale through
hiring famland from other famers Furthemore,
government ought to make some policy and carry out
ome projects for infrastructure construction in order
to mprove famland conditions, egecially the fam
road condition, to improve irrigation and drainage
systen and 0 on Al promotion of famers
know ledge and technology is an mportant factor to
the development of agricultural mechanization in
China  Following such measures, mechanized
agriculture and modern agriculture can be realized
gradually.

M oreover, fullmechanized fam work system in
China cannot be gained at the same time for all the
fam work from land preparation to harvesting From
development experience of agricultural mechanization
of Jgpan and oonsidering coonditions of China,
agricultural mechanization ocould only be achieved
sequentially.  First, mechanized harvesting (both
combine harvesting and sectional harvesting, namely
reaping and threshing) is superior. Because harvesting
is tmely and laborious, famers vitally demand
mechanized harvesting Second, land preparation
should bemechanized It isnot hardwork pow ered by
animals, but structures of power tillers are not
complex, and they are easy to be designed and
manufactured They are multipurpose machines
Engines or tractors of the power tillers can do many
kinds of fam work, = power tillers are quite
profitable A fter that, tranglanting work should be

mechanized M echanized tranglanting can release
famers from bitter fam work and can set free a great
nunber of labor forces At last, crop caring, pest
ocontrol, fertilizer application, etc  should be
m echanized gradually.

5 Conclusions

Cost analysisof fam work system of Jgpan show ed
that famers can gain different profit per hectare at a
certain famm scale by adopting different series, namely
riding type series and walking type series W alking
type series isprofitable at a gnall fam scale N either
riding type series nor walking type series of Japan is
suitable or profitable on Chinese conditions Cost
index of the traditional fam work systen of rice
production in China is higher than that of fam work
series in Japan In China, appropriate fam work
systam isvery mportant to agricultural development,
and it ought to be different from Jgpanese conditions
M echanized fam work system cannot be achieved at
the sane time for all the fam work Therefore,
agricultural mechanization of China can only be
realized sequentially and gradually.
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