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ABSTRACT 
'The purpo;:;e nf this to establish a syste1natic mechanized _fa1 rn operation prograrn 

:-;u_itahle for the !\Juda area ,l\,,1:-:tl:-:t\~sia based on the use of thi:: drive r-iaY10\Vs transplanu::-r 
head-fet~ding con1hin c and. large corn bint: harvester. 

The rnt'thod of raising rnat seedhng;:-; us~ng rnountain ,c,,j] had already been c:;tab1i:::-;hed. ·To 
further increase the adaptability of th,: :.nethod to the \h1da area, efforts \\·ere rnade to use 

/:\'.,:t~~ 1~~:~;, r:ri;; ;t~~fii?;,t: ~:~:"'"' )i ~/1W;,;'~\~ \,xi 2 ~~~:.r~~t~{~~'.[ [~c~~ :~f 1~: '':])~:~'.~~~:,\ ,1~'.,: 
u_,::~red mainly, and the adaptability of this fftethc,d tu the field \\',:-1~ exarnined at an early· tirne 
::_liter harvesting, \Vhen a large arnount of fresh st.rav;s still rernain,c.;; in the field, 

In the transplanting op,•ration. fo,ir-row ,qJking tvp,· t nnsplamer was found to lie a high 
performance machine m the on-farm ;e,:r fieid. At the latest stage of l his study, ,-1x·rrJ'.v riding 
type tran~plamcr was tes,ed also. 

The srudie~ r,n harve,,ting operation wer,~ ,-:aned usmg th,• head-ieeding combine 
"'KANA.N'' rnain1y, and the perfonnance of thi::; rnachine v-:as found to be lov;er than that of 
tne larg(0 combine. Therefore•. a new commercial tvpe head fe,'<ling comb,ne was 1f:'c:ted. 
Mureovf:'r the perfonmrnce of the large -:om binc was reassessed d11e to the diffusion c>f this 
machint• in the Mud.: areJ and, the diffrrences in the performance bdween these t;,vo types of 
combine \Vere darifi,·d, 

To {:!.nalyze the characteristics of the rnc<hanized 
he! \Veen the n1echanized \Vorking systern and the present 

systern, t:on1pari:~on \Vas rnade 
\Vorking systerns, 

Characteristics ok individual operation methods 
in. the working ~,ystems 

l Raising of Sl·edlings 
Raising goo,l seedlings 1s one of the most important cundi1 ions for niechanical 

transplanting. 
The chanicteristics of good seedling'., must be as follows: 

1) Sufficient strength and height. 
2'1 \\Tidth of seedling mat mus( fit to the transplanter, otherwise shrinlrnge of the mats 1':' 

likely to occur~. 
:i) Un(form establishment. 
4) Sufficient hardness ,md strength of mat soil without obstacles like snrnll stones. 

The nwtbod for raising ,,eedling~ using mountain soil involYes a large number of operaticns 
and is labor-intensive. Due to the difficulty of gathering mountain soil. the development of a 
method for raising seedlings using paddy field soil is necessary. To be adapted to the farmers' 
field conditions, seedlings 30 cm tn height (25 days\ are required which is more than the present 
25 cm seedlings <20 days). To soh·e these problems. improved methods of raising seedlings have 
been tested and analyzed. Based on the results obtained. t\vo methods are being proposed: 

Allri,:ui1ural Enl,(ineer, Hokkaido National Agriculturni Experiment Station, Sapporo. 004 Japan. 
Aiiricultural En~neer. Kyushu N,nional Agricultural Experinmll S;;ition, Fukuoka, 1:l:l:3 Japan. 
/\gricultural Engmeer. Muda Agricultural Development Authoriiy, Alor Setar, Kedah. Malaysia. 
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l,O cn1 ('.'.>, - -'3 da\·s) 
{_Tn nen~ss~~ ry 

!'v!ountain ~)oil ,vas used in system 1 .. A.nd since in this systern the tnet h()d for raising 
~-c-nllings has been estab11shcc!. seedlings 01 gomi quaiitv :'an usually be obtaim~L However, t1,L, 
s:,-:tem is inft01 ior to svstern :.' l!Ue to the high c:st of th,0 tray~,. For thr: farmer, it i~ easier to 1Vi' 
mourn ain soi! on a group hasis t bm nn an individual hasis. Paddv field c:nil was used in sy:,;tem 
2 and since in this :·yystt:rn soil gathering is not requirel.L the transportation of the seedling trays 
(tlwy are empty) ic; ea:-,y rind the cost 1c; lower, Bu1. it is not certain whether good seediings c,in 
1,E· obtained due to possible r,iinfall damage 

2 Land preparation 
Sui,2ble conditiom; for mechanic.,i transphn11:1g are as tol1ow,.· 

1) Flat soil surfau, and uniforn1 kve! of the fie1d. 
?! Flat h;;.; d pan. 

E 
'..) 

.§ 

Average cone inde\. {kg/cn12) 

4 

5 Head feeding 

10 

Con\·ci·ltionaJ 

2.i .. 

30 

Fig. l Soil bearing capacity and 
depth of rut by combine. 



J) \hxierate hardnt.::ss of rc,p son. 
Suffil:·ient be;Jring (J.pacity of ha: cl pan 

:)J f)epth nf top soil should not be exces,,ivt:. 
i)) F,:v: f1(1c:t ing straws on ; he 11e1d. 
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harrov. under subrnt:-rged fie]d cundition:-. ;,~ pnyposecL a~- H afforct.-:::. ;:t perfortnanct' and 
enabh~s to <Jbtain a shallov,.- hard pan. 

Since rhe dri,·f' harn1w is 2 shallow I.illir1 •~ implen1t·nt, r,•,.l1ingof the depth (!i rut :s ;imited 
to amund 20 cm. For the s;;mt> rea::con. straws can not be bt:ried s:,ffidently into the• .-,cil when a 
1arge arnount of fresh straws is present 0;1 the soil su:face. 

The damage to tbe hard pan can be chietly attributed to the ruts ,,f tl:e large combine 
especially at the lwad1and,; and in the area where paddY is unluaded. It is considered that the 
sh:,llow tilling drive h2rrnw is f.ffecti\c in formmg and mairnaining the hard pan t•specially 
\\'hen it is tied up to tb.e head.-feeding cornbine (Fig. 1, Fig. 2). 

~-l Transplanting 

6 

Distance (rn) 

Fig. 2 Levelling conditions after the 2nd tilling 
opt·ration in farm.em' fields, 

Labor-saving and increased yield can be expected when Lhe transplanter is being used. 
Under the on-farm testing field conditions, the performance of the transplanter was 

approximately 5-6 hr/ha, This value is equivalent tc, approximately 1/8-1/10 of that by manual 
transplanting. Consequently, hired labor can be reduced or avoided, and it is also possible to 
transplant at the optimum time, ,vhich contributes to the stabilization of rice double cropping. 
Moreover nwchanical transplanting affords a proper density of hills and a more shallow 
planting depth than manual planting which in turn result:: in the increase of the yield of rice. 

Bas1:d on the data obtained in this study, the difference in the performance of the six-iws 
riding type and four-row walking type transplanter was not appreciable, but the riding type 
transplanter was superior to the walking type tran:-;planter in terms of reduced fatigue of the 
operator and higher adaptability to deeper and softer soil conditions. 

Cost is a problem for the adoption of mechanical transplanting. Whether the C<'St of 
mechanical transplanting can be offset by the reduced wages and the increased yield depends on 
economic conditions such as cost of the machine, labor wages and price of paddy. Moreover, 
with the use of younger seedlings for mechanical transpl,rnting, research on the new culiural 
practices, as compared to the traditional ones will be needed, 

As mechanical transplanting requires the development of new methods for raising the 



n:':3earcL. on t be r1f·\V 

it is cc,nsidt.1:r-ed th?t rnechan·i 7 :1tion 1f trl•i: L~pl:-1.nring c·-,,jil enable to i.n1 . .-rea~;,c, rice prodt1ction 
the :.lud,o irm Rut. 

+ Harvesting 
Shalln\V ruts of the we, .. ,,- ,c . ._u cqp·1bine. do da1nage the hard pan. ln the lVluda area, 

there are larf?·e areas \\"here the ,yater depth in the fields is tuo h:igh. In such fields. land 
preparatir,n, transplanting and field maintenance operatiuns are more diffieu 1t to perform. ln 
these fields the combined U:'.e 01 a head-freaing combine and shallow ulling drive narrow is 
tavorab!e fo:· the formation of a shallow h;ird pan. On thP 01 her hand, 1he lRrge combine lea':e::c 
deep mts in the field whereas the head-ieeding combine lean", only shallow rnts. This factor 
makes i1 difficult to prep,ire the field and a!so clarnage,, the bard p,m at he;;d!and,: or corners oi 
th,_. field ff the: ,·one index uf the machine i:•' 'iess 1ban l.0 kg. cm2 at th:· depth of 0-30 cT,, the 
hard pan \\'ill be dant:.1ged. 

·rhe perforniance of thf large cnt.nhine 1s h.igher than that of 1 he head-feeding 
c\>mb!',e. 'l he performan,:,: uf the h:0 ,1d-ieedi•1g curnbi,:e "KAl'·JAN" ic, around] -':,-:i/4 :,f ,hat,,;' 
the large corn'bine. I-:io,vever, the cornrnc.rcia.1 type of head-feed1ng cornbine is being in1proved 
\·eai bv y,·ar and the perfonmrnce of the ht'ac'.•feedii,9: combine "Y" which is i)eini: nnrketed i,,. 
atx)ut 1/2- L 3 of that of the large con1bine .. 

T~he cornp.lexity of the n1ecbanical construct-ic)n and h.1,,,,, durabihty of rhe head-feeding 
,:c;rnbine in Japan requin· imprnvement. 

Gram 1osse~: asso(iate.:l with the ,.i;-e of lhe c,,rnbine ,:re 10\ver than ,\·hen the Lead 
frcding comhme ;s used althuugh the separating acn:racy of the lcirge combi,w is inferior ro 
that of the head-fec."1Ji11g ,·.,mbirn'. but :'till :,cceptab!e. One of the sh,lncumings uf the l;irge 
wmbim· is 111.e destruct inn of the farm road facilitie~ anrl diffi,.uhy in transourtation. The 
cutting h,cight of the large combine i•; generally roo large ar:d high '.-:rnbbie:: ar,.: leit behind 
\vhich n1akes land preparation and rice culti\.ia.tlon slightJy difficult. 

Working systems 

Outline nf I he prq)()sed \H1rking ,.,~·:-:.te1m: is shmYn m Tabk 1. The,,e m,;;:.t he selected l<.: 

Raising of seedlings 

Soil 
Mountain 
Nurserv 

Field works 

2 

., . ) 

4 

Land 
preparation 

Drive harrow 
2 rounds 

Drive harrow 
2 rounds 

Drive harrow 
2 rounds 

Drive han·mv 
3 times 

Table I \\,'orking systemf> 
=~=== 

Sowing place 
LT nder the rnof 
In the nurserv 

Characteristics 
Stable good seedlings 
Labor•:,o.aving. Slightiy unst;:ib!e 

----------·-·~,·--·····--,--, -~·-·--------------

Transplanting 

Riding type 
6·row 

Working type 
4-row 

Riding type 
6-n)\\ 

Riding type 
6-row 

---------------·---··---- .. ·••-,• 

Har,esting 

Head·feed ing 
combine 

Head-feeding 
combine 

Big combine 

Head-feeding 
cornbine 

Charnueristics 

Permanence of the system. 
High performance. 
Low cost of transplanter. 

High performance . 
Damage to farrn facilities. 
When there is a large amount 

fresh ,,traws. 



conditions in tht Detail of ,;y-;U:;,, and comp:Jr::;,,r, d ,:.y,.tnn I 

~own in Table 
:,perations in 

ccno11.1on:.: ;:1re as follo\:vs: 
~,:-·,:terns carried ou, under the ()n-fa: rn field 

, , Land prepar;,:1:Jri 
Cnne index (at '.!D-.l11 ,·:n h): :-t5-S.2 kg/crn:: 
l)epth of ruts: 4w~-L~1 ·.:-rn (rrta~d_n1un1 28 cn1) 

Tr:msplan~in;:, 
Uepth of top soil: Ci.1<?8 er•·, 

Table ~= Comparison of main operations between the two working systems 

:Vlec:11n.nical systen1 

Raising of seailin1::> 
Soil preparation 

Seed pn;paratjc.,n 
So\ving 
T'ra~- tn1n~~portation 
Nursery preparation 
Nur~cr-...· control 
Sub-total 

R;;ismg ()! seedling,.; 
Seed preparation 
Nursery preparation 
Soil packing 
Sowing 
Nursery contrul 
Sub-total 

F'icid preparation 
hngation 
bt tilling 
2nd t tiling 
Le,·elling 
Sub-total 

{Systern f) 
Lorry, Crusher 
S1eYe) rvtixer 

Seedrr 
'rrai!cr 

(Systen1 2) 

.Drive harrcm. 
1)riYe harrO\\ 

·····--•~---··--··--------
Transplanting 

Taking out and 
transport at ion 
of seedlings 

Transplanting 
Sub-total 

!-!arYesting 
Harvesl ing 

Bagy;ini 
Sub·t(lt,il 

E~1irnatecl total 
of only main ope!·a i ion~ 

Trailer 

Transplanter 

Head-feeding 
combine 

System J 
System 2 

--------~----··--~-·-•-•,---. -----~----~---

Man-wurk 
\hr 

.3.0 

0.4 
:J.8 
1.6 
2Ji-tUJ 
,__. C , '-1 ') 
,_J.,)-J.), ... 

15-30 

0.4 
:!.6-8(/ 

2.S 
:3.6-,-132 

little 
2.14 
1.96 

4.1 

1.9 

10 .... 12 
1'.(-}.! 

10 
17.5 

48.6-li:'i (i 
46.2-6:'·J.2 

FanTter1
:::. :-::ystcrn 

Power tiller 
Pump 

Power tiller 
Power tiller 
Po\ver ti11er 

Large 
combine 

\hr/ha) 

0.4-0.8 
lJ)-1.6 

2.G-8.0 

~).4--7.0 
:i.4 7.0 
5.6-1 LO 
16.4--25.0 

22-42 
:l-22 

60-112 
85-159 

1.8 

10 
]Ul 

120.8 
219.4 
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;:\,pth of water: 0-j? rn1 
l)epth of piurnb perH-::trt·n 
(~one index (at 2;_J . .,;-3n en: 

Hanestmg 
Coni_:: inde)< 10 cn1 depth): (L? 
Cone i·ndex >!0-JO cn1 depthJ 

>tnt;;1tJ!f ~,ixe of the fields .foe 

Dri\'e harrov, 
Transplanter 
Head-feeding cornbirw 
L!rge combine 
'Werage suitable ~;ue 

Suirable 

:;D100 a 
:\0-1:30 a 
:-iO--l 00 a 
7~0 150 a 

.in 100 a 

of each rnachin,::- is roughly estirnnted fn.Hov./s: 

Problen1s \Vhen d.-i(: field is tu.J 

Sctxiling supply 
f'2dd;.t tran.~portation 

···rbe dur:1t.kn1 of the period bet v._r~~eri transplanting and harvesting by th,/ rncc1-1arncai 
trz,r:,,plantillg method tends to i.ie 

Res~-~arch has been initiated : :,is phenomenon 

Adaptability 

For mechanized form operntions. the soil harrine~:s r;f 11k' tilled c·<i:1 and the hardpan until 
depth of 30 cm frrin1 che s,1rface is very impcrtant. 

When the srnl i,0 tou h:ml, it is difficull u ptrform the tilling operation and also the 
hardness or softness, ;_if the surface soil affecb tht <l.Ccuracy of the tr,rnsplanting operati(Jn. 

Under submerged fiehi conditions as the soil conditions tend to change depending on the 
machine. ii 1s difficult to indicate the limit of farm operation by the de1ermination of the soil 
be;J ring ;.',1 pacity. 

On the hasi~ of the data ob, ained during the experiment :ii period it appear,; that th: soil 
bearing capacit:,, for depths betw,•er, 20 to :m cm should exceed 25-3.5 kglcm' at least. that is 
above ;j cn1 of the foot mark dept ii for the use of the nwdrnnized system (Table :n. 
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!~cc,non1ic e·valuatio11 

The el·,:,norr:ic ,:\ ali1c1l ion \, ,11. oerfnnned 
:n assu:1ning the foll{}\Ving'. 

2000 

,:\ 

\ 
I 

\ 

\ 
\ 

B \ 
C '- \ 0 

CiJnt1·actor :,y·sren1 

- -~ --·· ' - -- . - -·----- - - ·----
' '- •\ (l R -~ \ ---- ---- - -- - - - -· -- -- - - ----· 

' ' "'- Farmer system 

" 
I 

' ' i 

"-, ', -- ------- ------ -~ 

Mechanical system 

A 

R: i R 
O~-~--~:~~' ~-------~--------~-

50 100 

Working area per year ,ha) 

15\J 

Fig. :3 Utility cost of the machines per hectare. 

Fig. 

The machines used in the mechanized system consisted of a tractor, a rotary harrow, a 
trailer, a transplanter. a sieve crusher, a mixer, a sower, a sprayer, a water pump and a head­
feeding combine. 

The machines used in the farmer system included a power tiller \Vith a rotary tiller, a 
sprayer and a water pump. 

The contract charge for the transplanting and harvesting operations wa::: M$227,501ha 
(M$65/relong) for transplanting and M$245.00/ha (M$70.'relong) for harvesting. 

In the case of the contractor system, the calculation was based on M$210.00/h:i for the 
tilling operation charge, M$27.50.'ha for the transplanting operation charge and M$24S.00/ha 
for the harvesting operation charge. 



"fhe 1~ne i\-:'\' :3ho,vs the utility of the, rnachine per hectare for r.he n1echan.ized systenL 
'The line B-B.' sho\ves the utilit:, cost of the machine per hectare for the farrner syste]TL 
T'he line C-C' sho\vs the utHi!y cost of the 1nachine per hectare for the contractor systenL 
.Based on t·he graphs, it appt:,;.:1rs that the utility· 1-:'.i.}St. of the nEich_:ine per h.ect.are decreases 

0xith inc,cising w.,rking are:, .. This utility co,;: ~une 1·;,ries with the ,;;,:e of Lhe r!1achinc-: 
The utility coc;: of the 1michine,, ,t·nds to he higher for larger ma,:hines Lh;1n for sm;11ler 

ones. l'he reason is t'hcJt though the largr2 rriachinc-~; have a high efficiency, the price of the 
n1achines is high. 

The point of ir,tersection l1etwee1,: h, CU!Te A--A' and 1 ht curve B-ff G:r: be obt:1;ned in Fig. 

' \_,. 

If the \\-oddng area esceeds 42 ha/year the n1echanized ~:y:?,tern is preferab]e to the farn1er 
systern, but if it is Jess than 12 ha thf farmer system is superior, i.e. the break-even JX)int i:~ 42 
ha/year, 

As for r.he relation bet\veen the mechanized system and tlw l·ontrz1ctor sy:;tt'rn, the puint of 
intersection, can also l.Je obtained, i.e .. R ha'} \"vhich is tht hreak~eYen po.int.. 

Conclusion 

In order to mtrodut:P mechanized trarn,pl,mting merhods 1,, :he Muda area. some probiems 
should be solved. Some of 1 hem are comparati\·ely easy ro solve such as the gathering of 
mountain soil and farmers' training. It is considered that mechanized transplanting is useful 
for the farmer. Cost of and labor requirernern for the mat seedling s,stem must be improYed. 
Therefore, the folio\\ irig aspect:,: must ht' consitkred: 

l Further improvement of the methods for raising the seediings, :,upply of mountain soil 
\ln a group basis and local production of seedling trays. 

2 The transplan! er can be used in t ht' field if the top soil depth is around 20 cm. But since 
the height of the mat seedling is limited, the paddy tie!d has to be more shallm:v and level 
Combination of the use of a dri-1·e harrow and head-feeding combine is effective in improving the 
field conditions. Moreover the performance of the dri\·e harrow is also high. The performance of 
the head-feeding combine is lower than that of the iarge combine. but it can be improved. 

3 In the farmer's working systE:m. a large combine is helpful. On the other hand, tbe 
proposed mechanized \vorking system should enable to develop a ,;equence of operations 
including the raising of seedlings, land preparation. transplanting and harn~sting. 

4 Based on the utility cost cun-e, ,rhen the working area exceeds 42 ha/year. the 
mechanized system is superior to the farmer system. 

Summary 

The purpose of this study is to establish a systematic mechanized farm operation program 
suitable for the ~,luda area in Malaysia based on the use of the drive liarro\V, the transplanter, 
the head-feeding combine and large combine harvestf·r. In this paper, severai problems are 
discussed. 

The effect of the deep ruts from the large combine harvester on the tilling operation using 
the short blade type of drive harrow was investigated in farmers' fields. In fields harvested with 
the large combine, in spite of deep ruts ranging from 9.6 to 17.4 cm, a fairiy good tilling 
operation could be performed. According to the results obtained, the surface of the top soil and 
hardpan after the 2nd tilling operation was comparatively more level than expected. Therefore, 
it was possible fur the transplanter to travel easil:,·, 

When fresh wet straws were present in the fields. for instancr:· <luring the rainy season, two 
rounds of tilling operations were needed in order 10 obtain a sufficient puddling accuracy in the 
fields harvested with the large combine. In fields hancsted v,-ith the head-feeding combine, 



co: 1Dir1e, "fhe 
•.'.Jrnbinc. 

Bascc, 
,nechaniztd 

~hrr~e tirncs. 
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hE~dd•-feediri{ >rr1hine v/as .-.;h ,ut 
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'.:~Len1 v.,-a;:. fchJ -1.d to be t.o the i::inner :-;ystern. 
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Discussion 

Kikuchi, .M. CTap,m): Based on w,1.!r econornic analrsis ,lt machmery it appears rhat if the 
operational area exceeds 10 hectares. tlw mechanized systt'm is pnfitab!e, It ma\ nut be 
adYisable for the farmer~, tn own machines particularly smce Uw "ize of the holding in 
the Muda area average,, 2 to lO hedares. Ir may 1Je preferabie to prcH~10te !he marke1 for 
custom work to reduce the inYesrment in machines. 

Answer: l believe that for large machin6, the best solution would he 1 he pu1iJ1;1..;e of marh:nt''., 
such as cornhmes by a group of 10 farmer:, who WCJuld operc,te jointly 100 hectares. 


