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a
DETERMINING MECHANIZATION CAPACITY AND TIME REQUIREMENT

FOR FARM OPERATIONS: A CASE OF SMALL-SCALE RICE
MECHANIZATION IN RIAU PROVINCE, INDONESIA

11, Pamman, 5. Ingba, S Uchida

AWTRAMT. The successful development of form mechenization o determuned prinmrily by e tromatiion procesy from
e fosdy Brroagph eefausl-clran dplemennty e furaily o e oppitcation of mechanical power techmelogies, which
il effect meecianizaiten copacily arl e roguirmeent of o operations, Tl stech mifemy fo oeferorime e copacily
o rice faeming mecionzation i She e regairemend for farn oo practices an Rianw provirce, The sivaly vas s
rigd el i rod centers oo Peo repencios e preimee amied Siak regencies. A Fornd psiber of {20 seapie
Suaremers were sedesied mmidiuny fross Boal focatiomns and mtendenea persmanlly to coflecd divtn, Ax o reanli, there fraz been
W fereasing capaciny af rloe mechoriizaion iy Qi provinee. The Srcreerse was siostly dive fo dicreaesing avanfebiline and
izt af poaver femsiee mvackines o e far in the provinee, T farsifag et the farm operationg witicl in-
verfue mmelise povver e vl coely fard preepartion, Seestiing, o arillivg, o Wapamﬂ&mmmpﬁuud

ey Pttt Raatboare, Lliders heset comeitions, e bodad S pegnived o conmplee Hoe farm apeetions was 831 b, on e
age, comribnted mosthe by irarsplanting, sweeding, ad Farvesting St sl e moamal tools, Therefore, it suggests that o
wprctumizad farmibngr seheme shoald be exponded fo o wide pange F aperaflais i fnerease capaciy of ree seclarization

as sl complete Som wark o a el and ot oime.

Repworsds, Farm aperatns, Weolkmizmiton caparcity, Smialf-scale noe mechamzation, Fime regrirsmmn,

n many developing comnines ioday, agnouliaml oper-
aticns are becoming insreasingly mechanized throngh
o mechamznbon develomment process o modemize
eperntion system and incrense pricluction. The mech-
anrealvin prossss, by shilliag foom manual feals md ani-

mal-drawn implements 1o mechanedal power techaelozees.
cepesially in rice fanming svstems, has been going on dup-
i the lnst Gew decades. Meveribeless. human labor and an-
imnak poswer snll |'.|]n:. a vital rede im many farming systens
ity Aaia, maimly oo amaller and poorer Faema (Lawrénce and
Pearsom, 2002). The prwer mpul used in moe larmmg m In-
demesin, for example, hos sill come from Bumon and ans
neal peewsr with an increased wse of mochamcal power
{Salokbe und Hemdlrsdi, 1995 Coasequent]ly, the mecho-
neateen level which as detennimed presily by the suceessfal
development process remans ow o many countmes m the
regiimt. Agnicaliral mechanization, however, has made o
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sizmibicant contnbution o agnoaliural and neral develop-
et { Baghop, 1997

Mooording 10 Rodalli e ol (19981, the mechsncoalson
||;|p£i|:uti|:q1 con be chornoterized by three levels: low (mons-
wal powver used exceeded 3% of cilovated lond) laar
(ool povwer wirlcation ranges Inom 34% 1o [0 of ool
tivated lnnd b and lrigh {mechanical power wiilizaton rang-
es frem 67% 1o P ol caltivated Jancd)l. 1m tbe Asian
connines, for example, mechmizabion devebopment is kv
progress mowhich aboat 30%5 of total cultivated land is cul-
tivaled by Bumon lobor, 30% by draoght animals. and 44%
by tractors (FACE 00T 20085 Under low levels of mechas
migaticn. the role of human power 15 very impaertimt amd
signtbicant (Sims ond Kemzbe, 2006). Therslore, many
anall ries farmes i ks conntngs remain unpooductve aod
miedlicienl due o bk of mechanical power tochnalogcs
Igheks (1934) simted thwl Tanm o :J'mrr.ng,e has been
kmowa as a mapor constomt e mereass agnealiural poo-
ischos.

In Imiboniesen, meckanizing rice Farniing reamans a prdi-
by becarse nes 15 o mne gaple Teod for mostof the popa-
lation |I"||I|'||.'|'|IE|1 heing dominated by smnllsscale Farms and
sabsistenl level of production, nee fammg is the mest bn-
peoiranl somemmic activity b the majonty of 1he people live
ing m runal aress, including on-fann scivity, processing,
and ailber posi-harvest activities rebated o mee. Sangh and
Siswasumaro | 195 argued thal the agnoularl meckani-
sl prowees b the coantey was m it early sages of de-
vilopment. Fresently, the level of mechamzanon primarly
in rice production system vanes from how e Bigh. mngmg
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Croen 1#% e 0% af cultivated land deponding oo the m-
lensity of the farming svslem and comnaon ﬁgum mdicabes
ite average level of 30% of culuivated land (Hamdaka,
2015

In Kesu province, rice fasming mechanization = sall n
progress. Fiee a8 grown predemmantdy by small Garmsrs
undler diflerenl levels of mechanizateon ond wilk o shatl
Frasen tralitioieal band tosels we meclaniealby-ponesd mia-
Ghimes. Altheugh Garm mechmezaivon bas moneesed o mtlee
ehomy priress in the provisee, the total sumber of mopor
Carmy machines sich as tractars, power bllers, waler pamps.
povier threshers, nos millimg anits. and dryers. mercosed
agiificantly shond 60%% 10 5352 amits m 20006 fom 2208
wimits 1 2000 Currenily, machme power wehndilzies ane
!md'unll:.' nking over fhe lnbar-intensive Earm op:ulim‘u
stieh g land preparation, threshimg: L imgation, ad milliag

A number of methods have been wsed 1o evaluale devel-
apment andd simantios of farm mechnniznGoem o couns
Iesregion,  such as o level. indhces, md depres The
machoniznbicn bevel con be determined m lerms of Farm
power svailability per Bestare (KW ha), mumber of irae-
tors' 1000 kg, hotractor, mechanical poseeeistal posiser, and
¢|.|;ui|1|1|.|:11: weight'tractor {Uemera, 19985 Sich approsch-
ee were commonly used and practiced by many researchers
(Herdl, 1983 Eing,h. 19384; Farnngton, 1985, Manceba,
1986, Chamsing and Singh, 2000, Kaneko et al, 20600,
Soogas, 2000, Moudab et al., 2008, Sharabiant imd Rambar,
2005, Earimi ¢ s, 200871, The level ol mechnnizabon con
alae be gmpressed by as imdex which represenia 1he per-
contage of machine work o the sum of manval and
machine wiwk, expressed in ENETEY Wiils {&ingh =nd e,
19 Amdrsde and enbkine 2003, Siagh, 30060 Randrez
elad., HOT: Claaye and Fotmm, 2000 In additon, the de-
gree af form mechEnizateen is e mtio of mechaneesd op-
aratims o b wlad operations (Ranimu of al, 2008,
Sharabinni and Ronjbor, 2008; Ghedirvanfor = al.. 20049
The mechaizstion degres can alse be cxpressed as the
mvernge emeryy iopal of work provided exclusively by
fraan poswver (lakar) per hu:lnr:(ﬂlm:remd P, 201

Mot of b above methods dad ot eomsidar machine
capacily in ther calculnbioos so polenlial of the avmlable
farm machines wag jgnored . 11 Becomes importmnt hecase
a majorty ol G mechmes o developing counines ang
nsed um:h.'ru:up.h:iq |=:|'-3¢i|:|fl:-' for - small-scale  formers
(GiMerd, 1920 Thevefore, @ method  that comsiders
mechme capacaly i ostimoting the abanbios ol form nsech-
smiEalion i3 uselul o desoribe |1n|.1|-,:1|.|i.|| ol Farm machime
avalability m a country'region, Farthermoers, the detenm-
mutiom «f e requirements lor fomn aperabions s aselul ke
desgribe directly how many liouss of operation timne can be
reduced by substituting hamon laber 0 machine power,
which bps fregaently heen igmoned in FrEvrHLS research he-
Gz flos labor saving 15 o major mechaneeaten ssue amd a
main ohjpeolive in ﬂnmﬂ:-piug form mechoniznbon. The por-
jarse ool this artiele i3 B determine the degres of nee inecl-
amegabn anel e lme regainement in nee laom operation
pmctices in Kisu province
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MATERIALS AND METHORR

A Feld survey was conducted in bwo noe |'m'ﬁ]|.|.-|:|i.-nu
certlers Fromn Dwa megensies m Raau provece, wamcly B
gi Rayo of Siok regency ond Hangkinsng Schemng of
Kampar regeney, Both beeations were parpesively selecied
b represeni am avernge candilion ol the mest mlensive
ﬁlﬂ:ﬂi.ﬂﬁ wwstem of noe pmductirm and the highest level of
mechmsaion adepted mthe provioee, A ol seople ol
120 [armers was sebocied ramdomly. consistmg of 60 farme-
erd il each survey anes. [nterviews wene enmied ot duning
the ZHOH wel croppmg scson wamg siructunsd gqueston-
naires for codlecting dota. The wet sensan that accars from
Seplembsr b lanuary s the mam cropping seass due 1o
the avernge raniall that is about 231 mmmonth’

Primare snd secondary dotn were collected and vsed for
aalvsas parposes. Primary dota meluded frm s, drop-
ping patterns, kind of fanm mochines, lype of tools, and
time required for eawh awge operation of nee prouction
Furtbormare, secondary data were galbersd Trom Annoal
Reports of Food Crops Serace of Rinn provinee, including
typ el poenbsr of Farme iashines, calfivated area. snd
ro production duning o period of 20H0-2006. The quantitn-
tive datn was processsd nsing iim.pt-e stutisticad technidques
m Brcrosdt Excel, such as caleulation of porsantages and
mean, predicling regression poramebers, and comsluchng
e phs el Digaees

Apart from the previous melbods, the approsch adopled
keere s cnlled mechanizatbon capecity. This melbod refers
tr i eongepl hat considens the pobaatal of all G mocking
avallahilitees 1o work per vear, whach s igrered i previous
wanks The method alze permits ihe assssmant of mecha-
migatiom capacity for all vpes ol farm operatons. Tha
e hsniceaian .;n.]1n¢i1:,-' i5 e mutio of multiplvisg availshle
enachines by potenbinl workeng copaciny per vear il otal
aperation expressead o5 o perceninges

N X,

A, i1

M

where A 13 mechonization capsaty (%6, &, = the wial
number o avaslable Earm mockres fumitl, s the avernge
venrly working capacity for each mnchine (hotion ), and A,
1% The potul LUHE L thatoa ).

RESULTS AND DISCUSSION
CAPACTTY OF RiCE FARMING MECTIANIEATION

Fice [amuing mechaniznbos m Rinn province vares
wicely from hasid foels 0 povwer intensve imschings such
s haal trcton {peswr iller), waler pump, thresher. deyer,
and rice milling umithulber. Animal-draown implements are
rarely nsal mones famnag system m e provines primanly
biecarise famm machines have been extenmvely introdaced 1o
rice farmers im ibe 15900, Currenthy, Earms L'I[‘El'jli.-lﬂﬂ. which
vecuere relatively  Hake  powsr are  sull performed
caomplelely by humuns such ns seedmz. trnsplantimg.
weding, horvestang. snd divimg, O the other hond, Earim
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oparalins wiich requare high poswer mputs are mosily pea-
fowmned by nanchines such &% land rq'epnrnl:_im. theeshing,
and emlling [ addifion, very senall {1002 ha} niee Faems are
worked completely by human labor with monanl ools
excepl for milling aperation

In ercder o mechanize noe Grmang. most amall farmers
resorl b cwstom service  organceed by mdividood oo
groaipeocpsratve Tarmer for their feld operations, Opss-
alwms, such as lund prepaation, theeshing. doyang, sl
n'l-itlpng. are available throagh sach services 'I'Iu'nugh the
custom servases, most of the small EBarisers are ablo 1o Ban-
dbe therr larm operalions wathout the need fo purchase o
own any machioe and relsied equipment Service charﬂru
cam b pand mthe fonm of cash or insallmens alier being
deculed togetber. The custom hanng for vo-fanm operalsns
was widely practiced in Riso peovines particularly m the
ree Fermumg sysiem CPaman ot al, 2004059

By wsing equalion |, ke rice farming mechanization
capaeely was calculated and the msults amw presmibed
mble 1. Altbosgh increasing over the seven-year perod, fhe
rice meshanization capacity remainsd very low except for
midllmgz and vaned on Gch stage ol opeation. The average
aapacity was abmet 15.3% im 2060 (:na.ng_:ing Froen 2% e
deving 1o W0 for enllingy and this fgare alpghly
increased by 21, 1% m 2006 {mngmg from 17% bo 100% for
land prepamtion and milling, respectively). Comparing
nabemally mechimzeation capacily’ [abent 30% aceordmyg 1o
Huondoka (2005 10 car results indicates that nce farmaineg
mechanization development m Fian hog expengnced a
lower process with an menssing sapacily of aboal 28%
during the perimd of 20002006, In sddition, the nverage of
nee mechmizatin capacity i e provinee m M6 g
shightly lower ocompared 1o the capacity found m
F‘I|i.|ip|'|i||.t:. at 21 7% im 2005 (Elepana ef of , 2005

According 1o table 1, the low capacily of moe meshan-
zaleen indicates thal the naember of Barm mackines avnilable
it Bian proviies lave net been mafficient for nes Garming
operaliia. The machimery application m nee Farming
apershaong 15 resinicled 1o land  preporsteon,  imgobion,
threshing. drving, and milling cpecitons. The shortage of
mschmes nyvaslsbbe im the province 15 a mojor [actor asusing
stsh deslnelive aperalbme.

U the olber hand. the mereased oes meshanzanom
capacily Was g,mﬂl.m,l b i||.-r:ru:i11§_: the nuwmber and wse
of amall trocbor, wales pamaps, theshers, drvers, and nee
millimg umils in the province dunng the penod. & nemsher

Thde 1V widation of fccliailiathofi cepactly o e F

af farm aperations are still performed completely by buman
Lwhior such &s seedling. planting, uﬂd.ing, pesst comires], and
karvestimg, Table 2 shows the muwher of major Gim
machines disimbuiled m Fioe provence from 20002000
Fromm the table, most farm mochines incressed ot difTerent
rutos primary alter 2000 The sgnificm inerease oceurmed
om drvers b shout 1 15%, aad Fellowed by smnll troctars off
absoud 22% per aniviem The trend was nol Fllowel by langes
anal madinim trmckors which decnsssed e aboat %9% dunng
the same peried, Discassion with fanmers revealad that the
wee ol vl and lnrge wwactors m semall-seale farming i3
il commion nmoag small nmers due fo under capacily
angd cost for such finn seale

Tinte BEc TRESENT 18 BICE OFERATION PRACTICEY

Dimder the cumment level of moe mechanizafion, kkal s
reguired for | ha of rice farm varied from 717 e LHG B
with an average of 821 h table 33 This Oeding s ligher
compared o the nverage waorkig howrs b nee eultivaiaon
wnder mechanizad lobor i Seuth Sulawesi of SERE b i
VL emcludmg deving and maiblmg eperatrons (Maamiom
etal., 1YR3) In nddition, the avermge number of working
brs e Baon praviines 15 much hagher compared o (bs
current national overage of workmg hours for nice cultivas
nom e hectios i Japai tooonly 330 hoander fall mecha-
iz syshim (Sasake, 2002}

[fn wnrl-:jnﬂ day is nssumed B be 7 hours uun:nr-l]ing (]
the present survey, the nstal operation boire are equivabent
b 122 working-davshan”. Therne was vanation in iotal lme
recquirEnent AMANLE farmers a5 shown by coefficienl of
vanation, The varaton may be due 1o dilfeesces i Lo
size, level ol mechoniznbon, Beld conditions, eic.

Talde 2. Pojralstios of imjor Taimm michines i
Heiani prosimce o 2008 1o bios.
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Bsgrossoom analvas was performed oo the e rogein-
ment dota md revenled n negative relationship beteseen
tuimbs esparein amil fann nee cultivated area as descrilsed
b the fallswing cguateo (g, 15

F = -57 25X+93 1,70 with B = 0.19 (2

whor It requansment Cheba Faad X = farm nee cil-
tivibed anza (hak

The lmear mgresion gave & goml a bt e gombd
ouplam oely 199 of be observed vonaton o lwme -
quireinent in hours g heetare: 1t means that B culi-
vuled ans i hestare alose did nol provwlie an adeguals
hasis Fw e:l:p!niuiu.g; ar rq'n::lir_iiug the time requirements of
Barm operations. This seggess that other Gestors, not eon-
sidened here. are imporiont delermanonis of e requencenent

Most of ile indnl hours (53 2% came from humas labor
amd the rest {7.8%) wens from machioe posser. 1 was ob-
served Ih.ﬂl.'lrm: oporations which mvedve farm mochines
rcluded only lasd  prepasabion, threshiog, asd milling,
while other operatbms wers employveal antirely by huwman
labsswe. Fluman lnbaoe wis rnqu.i.ra;l for pluntimg, weeding, and
harvesting operalons that comsamed about §3% of b wal
hours for nee predocton (Ozg. 2}

[EILE

| 33

| THER

Tinwe requaremsend (hks'}
g

il
v =57 e +11170
40 Eanin
|
a
il i .50 L 150 1Hi 250

Rice farm calivatal srei cha)

Figure 1. Relassmship betwern Farm sice sod s roguineomenl

Furthermene. aboat T 5% of [hm oporabins werg
carmed ool by Enmmidy lobor while the rest were camed out
wsing hired lobsii, Farm opssations wihich emploved hinad
Labaor with mamwal owls werg plantmyg, weeding. furtilizing,
andd h.ll'l.'l:ﬁlimE It was alse fomed that fanwers wha own
farm e ivons (lsan 0.5 ha Cregquently wsed haved labor. This
resull andscoles a relstively low demond froe Rired Eshar
wsing nEEusl wools in dhe survey aress, Fanmers conlimed
that labisr demand deceeased gradually with mersasing Larm
ennchines used in e farming. Approsamately 0% of the
Bived loboesers were female and the rest were manle. Thia
muy be due to ke femole laberer was very dismanant b pere
form mce furm opermtions in be surveny oreas, conimhaling
aboul 63.5% compored 10 36.5% of mabe laber The kieed
Isbor wos paid TDE 00000 (LIS 5447 and 1DE 61000 {L15
£, Ty per working dav For Bemale ancd mds, respecinvely

I evelent lbal [oom operations wsing meshanical
pover require shismier ime thas haman aned hs.ug;ht animal
parvers For imstanes, land preparation, which w the most
power miensive operain lor nee frmsg redquired Bme o
only 26 h ha'or aboat 6% of the tots]l hoars fr nice
prsductiom (fie 23 Hand trectors egappesd with singls
meldboanl plow and circle paddler for plowmz and pud-
dling, respectively, were e most common mrchings wsed
by small Farmers, Intervews with Caimers {scconding 16
farmers” experience before using hand troceor ) revenled that

(Ll L

iy

% O Ll e feiaa teoiy
B 5] laig
BfManing

B Weedhnig

B Ferwliains

B P sy

B maing

B Thredong

8 Tosperiatiom

B lwanmg
Olrieg

T
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Fgure . The ceniribution of cach sperafso fime on oial e
reypairemenis (@51 b "3 fer e Tarin pera dioas,
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i gemaal workmez e recuered for the smome operation
wis whout 3858 b hn." by human or 82 h Iu' 11:|.' drawal
aninial Besides shorter time, mechonazed lansl prepordion
will hamd Imcbor, bor example. 1s alse favored becaase its
onsl is considershly lower than animnl asd human powers;
R %00,000 ba' (U8 $59) compared 10 Bp 1,800 000 ha'
(LS £200% and Rp 4500000 ha™ (178 53000 for dmugkt
amiieal aed lionan labsw, espectively, 18 is importand
nobe that the application of machine pewer i fomm opera-
s combd relieve SR om Boman labor ai o cnliosl
tuint ol gl demand pseticaladly duadng ilkage porod.

Apar Irom reducing e sgnificand opemation s anad
coal, the use of machine power for i:u::'_l.'inp. Ml varias rice
operalsmes created o lide vanation of opuratos hoars be-
tween fanmers as shown by smaller value of coelliceent of
yaiateen commpaned o pes manoal wools (alble 30 Farm op-
wralins by machiog power such as land preparatien (2095,
Ereshing (230, and milling 121%a) had !'L"I'.lli:'.-r:":f smmaller
vanalsm compared 1 ather eperatioms {(rmgine irom 31%
low plunmg fo G2% for trensporiation by bumon power
The resulis sugpest ihal the mechanszed Carmang scheme
shaild b expaisded not caly or land preparation, thresh-
ing. amd miHi.nE nt present hul alsa for & wide rmge of
opsratimis qch as plantng ad harvesting Thag, the level
o rice wechanization can merease and fnnn operalions con
he done in oa Hmely ond shoeser fime Mochanization
prerpases such as improving Umeliness for plinting aosd
horvesting ond meducing human Inbor demonds for peak
Farin cperatice s & svenially be achieved

CgNCLUSIONS

Thera hns heem an increasmg remd 1o improve e
mechanizanion capacity m Riaw provines, ahibosgh the poce
15 rebalively sbow, The average leval insriased foom 16% m
2003 4 21%5 i BH, comiribuied by lamd prc.rntim. =
gation. threshing. diving. and milling, Thas nensse was
pamanty dus o greater availabilily amd vse of smail 1me-
fors (peaver tiller), impation pumgs, threshers, dovers, and
rice mal ks umits o perform the operations durng the same
penand. In fanming pracices. the farm opembicas which
invalved Cann machine: medude only lasd preparaticas,
ihresting. and milbing, while ather operations are ampbisad
entirely by hamon lnbor Under these conditions, the: tonl
fim peguired for rice farm operations was sbout %51 b-ha!
on overage, contributed mostly by plenimg, weeding, ond
harvesting whach stifl wse hand fosks The tatal required
i 15 couivalent o 122 pesom-davs ha’, The resiles
siLggest thot mechanesd mee Fs.-nmna should be expanded
tor other ke v bahors sach s planting and lanesting b
mainly imcrease level of noe mechanizabion os well os make
& lesmer workimg hour and 8 omely npct'm:inu of fam
wirks,
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