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Smceessfol operation of o farnsing systeni b deternsned greafly by svallability of Farm posver.  The aohjective of
this pesvarel was s exsming Bhe farm pemer siatus s pegquiremsent Tor snell-wcale rce Frming ogerafions in
Flnm Provimce, Primary and secondary datn were fron varisus sorees. A toball of 128 frmers were
Imrerviewed o enllect dots primer fom two seleoied rice mﬂuh tvn repemckes of the provines during the
2008 rabny cropping seassn, The mais sourcr of B poser procioad by seall vice Garmers is baman b
und mechianical pawer, 'l'h-rﬂl! prwer availabbe i sl very by and remniez omder the miminmm reguirensent
fior an efMbcheist agriclmuee. Tlee stage of the rice nechamivabon provess is aleo pelatively low amd sl hﬁr thie
takie-all wlage of the eritical point of the mechamization process. Undes 6l conditions, e svsilaility of farm
pevver has no effect on fotsl cslldivated ares and vield of dee over vears. The total energy requived per bhiectars
off Flee farm aperations was 418 KW -h (561 hploan average, Althoagh mechanized farm aperathons need mose
pemver, the fufal aperation hours would decrease significantly, The offort: shoold be taken o contimeaisly
enconrage amaall farmeers o sdopt mechimscdd pover in order ta curry st timely farm sperotion: amid make the
e produetion reress more preductive snd efficime

Eceyvwaords: Fanm Power, Small-scale nee fanm, Humsn W, Aairmal e, Mechanacal poEr

Mlechamennon has been uncdersioed o be the
spphceion of mechanenlengineering  for
ngriculiural  peoduction. It imvalves  fhe
provasieat and use of all ferms of prncipal
povwer souress from human, dravght animal
and 1o mechameal power (Bishop 1997, 32,
sahoy 2004; Sims amd Kiemede 2006, 209
The approgeiate choice and wse of farm
machinery nnd equipment have & dimest effect
on the area under cultvation. the bmeliness of
operation ard the effective use of others mpu
(Bishop 1997, 32).  Therelore, many
I.1E'.I."|l:l]'.lil:IE countrees have made the exira
effor o mechsmze faomming by mereosing use
of mechanscal power technobogios. However,
human being ond drovght smimnl power shll
play a wital rele an mony farming systems
l,!H-FlIJL‘i'H“:'. v saniel ler asd Pk farms in Asw
(Lavrenes and Pearson 2002, 949-110). Whle
i [cbomesia and ofher deveboping countries of
Sowth and Southeast Asia, aboul SU8 o TO%%
of the rice area iz prepared mamually by
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bumman Fabor med harvested by kmafe or sickle
From Asiam countnes was also reported that
A of land s culirvated by hand, 30% by
dnng]n anomals, amwd WS b tractors (Fa0
2008, 263,

The general [urpse al  lamm
mechomizatien 15 W reploce homan muscle
and animal power with mechanical power
(Snegu=s  1975) Hased on the past
cxpenighee.  mechanization  tronsition [rom
hancl toels theewgh anamal-deasn implements
until the application of mechanical power was
mol o mmple process, The tansation process
becomes dilficull and nesds ime because it
las v involve o sumber of  technical
woomiamae amd sooml problems (Sakm et ol
Lols, 11-19) Gego 198G, 11-2] reporied that
it wonld fake some 30 o 50 vears 1o 1].'II:IJL'TEI1
these development processes In nddabien,
Depeing ot al (1983, &-48) atated  that

ogrculiural - condibon,  farm manngement,
management  scale,  econorme  eondition,
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techical  bevel of manuefactuse.  Tames's
experience,  ele, oflect  the wse  and
development of mechanical poswer

The degree of mechamzaton used n
ggriculbure 15 preatly  different among  the
warnois coiilries of the world, i Indonesia,
the use of mechomcal power m sgriculiure
eapecially m domain of meclanization for noe
cultivotiom has been showing on merensing
trend. although the pace is slow. In the early
1080, Tor melance, ee |'.|r.|1.'||:|'|.¥_ hues bszen
rmainly dependent on animal and human power
with  lemited uwse of povwer  tilless - and
mechonical threshers (Smgh 1984, 3944
About fen vears later, e power inpul was sill
mainly From buman and ammal power though
with an inercaged use of mechamcal power
(Sabokhe  and  Hemdnadi 1995, 29-31)
Currently, the level of mechonmion m the
coitry varies froim lew o hdgh ponsaly g
mee cultnanon, megng from 105 o 908
depends on the mibcnsty of the fanming system
anil commmen gure mcheates s average level
of 30 (Handaka 2003, 21-24)

In  Raan  provinee, mechanzing e
farmang, which 15 predemanantly eumed oul by
siatll-dcale fumers and ot subsistent level
(Pamam et ol 2000, 43-48), remuns o be o
prionty coneern of provineeal government in
vrcer 1 '|1r|.1ri|:|.|: r:l.'||_'|h: lsd lor the Aoy il
the populaton of the provinee. Althoogh ncs
isechanization las seen o rather slow progress,
cwrrently, mechamienl  power 15 gradually
taking, over manmnly the power-ustensive Farm
operstions sueh os lend preparation, threshing,
bft amgoton, deving, and mulling. [ s
vmpuartant that the u::h.uruul.: .u'n.'.u|:|a|1i|||:'.' ull
pover sourees i nee fummang s very enuciol
for successful and timely operations.  ([Elhe
purpose of s research 1= ke examane the form
power statis and requirement for small-scale
nee farmang operabions m Riaw provinee

Materials and methods
a

Twn  mes  producton  cenlers  foom fwo
regemeics m Riw provinee, memelv, Hunga
Raya in Siak Regency and Banpkinong
Heberangy m Kampsr Eugunun'ﬂlm-_- waloried ax
the survey arcas  Both  locations  were

purposavely sslected fo repressnl an average
condition of the most infensive Faming system
aof the iwce production asd the hghea level of
mechanaton adopted m the provines, A
sample of 60 farmers from each  survey
[owcation was chosen rmdomly amd mderviewed
personally by wmng dhe stnstured
guestionmaires. The farmers in the survey ancas
own Damd  aned ouse farm machines  for
performing in some nee operation works The
sUTEy Wity carmed ol |.‘|L1|1:r|.i|_ R r.tin:..'
cropping season which 15 the main season lor
fice growing in the provines: Do e season
[Seplember = February ), the growing of rice on
000 b 1O0R% area i3 possible (Bhan 14996G)

lhs stody vsed pomay and  secondary
data.  Primary  data ¢onsisted of cropping
patherns, e and power n:|.'|uir:'rﬂ:1-1 lor =ach
re operation of nee culleaton. Furthermore,
apeondary data were obtained from Food Crops
Service of R Provinee ¢ 1998, 30, 2004,
2007 The datn meluded populotion of Farm
machines on G {umth, fioe harvesbed ares
(hay, riee vield (ooflha). and anoual nce
prochsston (lonnel  Dats were tabulated and
afterward analyzed wsing deseaptve annlyses

Results and discussion
Farm power sources and availabality

Mccording o Figure 1, the  sigmficand
development of mapw fann machines m Ko
Prodanice siich as tractors, wiler pumps, poives
threshwers, and nee mulhng omits siored m 200
wlsen farmors began o purchase the machanes
innii'n.i-:h.uﬂ;lf.' el e them on ther mioe Garms
I'he increased availinbahity of farm machines in
the provinee lhas broughl aboul the changing
trends m the wse ol mechanizaton lechnology
fronn manual tools o mechamcal pover. The
manber of pedol [ resher, for example,
decrcased constantly durning & period of 1997-
06 replaced by poaver thresher whicly incraased
during the s=me period.

The i:nulms_inﬂ e @l mechameal [Erwer
becomes  nerensingly  mportant  omud e
incieasng  averape  age of Tammers  and
decrensimg uman lobor pvailobebity due o the
reduce atiraction of the voung generoion in

Trep. Agric. (Trinidad) Val, 80 Ne. 2 Apdl 2013 B0
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agricultural activitics. Moreever, Faeobs and
Hurredl 1953 clanmed that the number of people
emploved  in agricultire  production has
dechied  with the  mprovement  of
mmechanzation fechmslogy,  These conditions
wntild e the Jrmn labour to become pse
nnd more searee and costly monee production
gysteans,

Aceordimg 1o Herdt (19833, four entical
points i the mechanieation poocess ane the
il HI:IE,E_ Lz |:.1r|.'.- 5I:|1._u-: wath about 2.5
hand tractors' 0 ha, the take-off stage with
abwout 20 Tand tractoes’ 1000 ha, and the Tull
mechanration with  abewt 1000 fund
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tractoraf 1000 ha. Barting  an 2000,
mechanrzntion of riee farming n K Provines
entcred the early stage will nearly 2.0 hand
praciors T 000 ha on average (Frgure 2i ond 2h),
Thereafier, the mechamzation stage inceensed
xil._:nl.l-n'_'unl:ly.' with a T"‘:"F‘ maimber of alwid 7.6
hand tracdors! IGO0 ha in 2003, but the averags
stage considered molatively low to about .7
Eind tractor S1000 ha of cultivaded aren ond
bebow the take-off stage an critieal poing of the
meshanesatwon proces. The resull indicates
that farm mechanzation development an the
province has seen a rather sbow progress over
the yeurs
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Figure 2: Mumber of hand tractors per 1000 ba versus cultrvated area (o) and yvields (b of oee

aver bmes
The mereasing number of frm mochimes, m
fact, was oof  follewed by inereasing

B1 Trop. Agric. {Trinidad) Yol B0 Mo. 2 Aprd 2013

gultivated area and vield per hectare over the
yvears. Figure 2a shows thalt the annoal
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fluctuation of the cultivated arsa (ranging
from 100 thousand to 124 thowsand ha over
the wears) did mot ellect the  inercasing
numiber of hand taclors on farm on the
provinee.  Sumilor conditions were glso found
i }":efldx HEY pn:wnlil:tl n F|E|_'|.m: b Rioe
vields (ranging from 3,20 1 0 336 1 ha™ over
tse vears) did mwa sncrease when the mumdse
of hand tractors/ 1000 ha merensed. 11 means
that farm pover and equipment availabaline
failed 1o reahize thesr [m[i.:n[i..ﬂ[ Thas Ly hive
been coused by the ineftective wse of the
machines  ag oa  jesull of  breakdowns,
frogmented lond, and poor Torm inkmstrms e
(arrigation amd Fasm roadp and service support
systems. A Survey comnducted by Poman el al
2007, 4348 rmepored  thal  the  tvactor
breskdowns were o mapor problem found o
the provimee

By assuming that the power available
from one persen 15 073 kKW, drought ammnl
abowt (R373 EW and a commonly wsed engine
of 5338 KW Tor hand tractor, the availabaling
of farm poevwer in Riau provinee is presented
m Table | The lolal power avilable per
hestare of mee cultivated aren merensed From
028 KW ha'' in 1997 to 0.35 KW ha'! in 2006

with an average growtls of 5.09% peir snnum.
Although showing en imereasmg irend over
the years., the lotal power available per annum
was onily 134 KW ha ! o wrapge during the
period. This power availabality 18 very bow
and daffieull 0 rherenze |'|r|1|.‘||.||.'l':'|.'i1:'.' ol e
Heesuse the total power avmlobahily remnins
ursder the mmanimn powes requirement for an
efficwent agnouliure. A world wide stwdy has
concluded that For epbimum vields, there 15 a
meed for a prer |:1.r|1.|l of al least (L6 k".'rr.!u"
[(Join [97%, 31-534)

The highest growth was ocourred on
machine power to resch 10.49% per annum
and followed by bumsan poveer B39% per
annam,  wherens  dravghl ommal  power
decreascd by 3.15% per annum during (he
sarre perod,  Adthough draught ammals have
the poentin] power Tor perlmung svarous
farny  oporations,  their  wse  decreased
sonfmesly dunmg lost bwo decodes n the
Fisu province primartly atter firm mochines
were exlensively intreduced 1o fammers,  In
presenl farmung  practices, dranghl animals
rarely used by farmers Tor good reason, such
as low elMeency and slow work mies,

Tahle 1: T fares reonver sodircss b e calinvatsom in Baisid provmes (KW Ba'' o PITO0

Ay
Power sourees. 1997 | 1955 2iHH 21HE] nor  2ood Qo 05 J006 . prowth

(RS}
Huomom * 0,14 LN B i, 4 LN L a2l L i 4,13 {14 12 1,13 30
Fumniine] KNy a7 £10H (AR LUK L] 1Al R ] ans AL 15 LI -1 1%
M nchene 1 a1z Ll a1 02l 1R 0,19 i,18 0,57 {118 T 1 Y
Toinl 02k 053 025 0,52 047 11,346 1,58 0,54 .34 01,35 509

Pt ™ Estwmmiad Gt 107 of cow aind bullsbo suvailalde i il v
Sowree Foosd Crope Service of Baag Province, 1596, 2060, 241, 2007

a
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Figure 3;: Contnibation of differenl power sources on iodal power availnble for riee fanmang m

Blia peovinee, 1997-06

Figure 3 indwcates thal nee fanming 15 heovily
duiumduﬂ i himum and  machone e
which comstibwted 3905 and 44% of el poaer
respectively,  while  the  animal  power
goninbuled onby 17% om sverage dunmg the
period  of 199706, The conributien of
dilterenl user solrces o the futal et
fluctuated every yesr  Huwman power vaned
froan 31 %% im 2003064 1o 35% in 20000 Draugh
pmumal contribubon declmed since |98 and
reached the lewest share to abouwt 10% per
pnnum m 2000, ood  aftereard  reminned
relatively unchonged up to 2006, Althoegh it
plse Muehoted over the vesrs, mechonxal
povwer inereased more rapedly  compared o
bunan power during the same period. The
mereased number of magr farm machines
gimee 2000 as shown in Figure | accounts for
the merensing mechanien] power contribution

It wus eheerved that the main cause of the
R Lisige ol e for mee culbvalion in the
provines 15 that most farmess =il depend on
buman el which can only generate on an
pverags i masamum power from aboud (K075
EW-ho fabout 001 hp-hy o (Siegh and
Sgvvasurmarbo 985, 91 % Ra!la:'.- 204 e 1S
EWh (002 hp-h) (ASAL 200632 Under low

B3 Trop. Agic. {Trinidad) Vol B0 Mo, 2 Aprd 2013

avaibable power, mmunly from humon povwer,
_'|"i|£||.| et hectare will reninn :ll.nlﬂ'!ﬁi.:ﬂl_-:'p:e
level (Igbeka 1984, 27-32% ar lund productivity
iz penerally low becase of the lack of physical
avinlabuhity and the hmied mnge of hond ools
(Rims and Keogle 2006, 205 Such power
!d'lﬂﬂ'&EF wynikild become i conslramt il 1:11.]!-.' 10
incregse  nNee vickds. b oalso o the
modernization of rice faming svstems i the
province

Power Regquurements n Riee  Fammng
Oiperations
Farmung operatons  are seasomal  wath

Muchuting power demand on each stage of the
operions. In farming practices, mechanienl
power - appheation is sl limied in Kiag
provinee. Form operatems - which  require
relatevely  Iittle  power are shll perfonmed
completely by human power such s seedang,
transplamtmg, weeding, horvesting, and diving.
O the othber hand, farm operations  which
require hagh doses of power input ane mosthy
performed by mechanical pover such as land
prepasation, threshing, and milling. In addition,
small paddy figlds (= 0.2 ha) are worked
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cotpletizly by human power with irsditional
tocls, sich gs hoe lfor nlling, sickle for
harvesting, ol OF the 1200 fanvers
mderviewed o the sirvey areas, mone used
arrmsal as the draught power,

Inv ordder b a.ppl:.' mechamcal prover, msl
small  farmers resorl 0 cusbam servics
organized by andividual o groeupdcooperalive
formers for ther field operations.  Operations,
such as land peeparation, drving @ milling,
are avmlbable for such services Through the
custom services, most of the small formers are
able o hondke their farm operations on Lime
without the nesd to mrchose or own ony
msschioe and rebated equiptent.  The services
can be paicdd i the form of cash or msiallmend
without ary imferest bome on the  paymen
delay, The service charge s waally pegobiated
ind decrded wpether prior o0 farm work
pecfoomed (Papnan et al 2000, 133-142). I
wus found that aboul 85% of Fanmers hired
hiond tractor for lasd preparotion, $4% hored
thresher for threshing nee, and all lamers
brought their paddy to cither o huller or nee
kg vl
Toble 2 presents the wse of humen snd
mechanical power per heclare for vanous
opershons of nee production m Kmo provinee
The toal  energy  requrement  for  noee
|1|_'_r|:|'.t|.i|1r|x T hisctare an the province Lrrder
curent stage of mechanmation was 418 K'W-h

(361 hpd on average.  Most of e power
(89.2%) eame from mechamsenl pow ond the
teal are froam human power.  The fanm
opentnms which mvoelved mechanical power
include onby land prepasation, theeshing, and
malling, while cther operations are employed
entrely by homan power. Around 6.4% of
Tumman power came From woman and the rest
4. 3% were from man power,

Avcording tv Table 2, land preparation
|1.'-|,FL'i'rL-rl more  mechaineal [uwer wwhiach
consttied about 39%% of total power and
followed by threshang  (28%) asd  milling
(Z21%) operniions.  They coninbuted eniirely
aboul 88% of total power, aind the remaining
2% were humen power O the other hond,
the mechanien]l pover operations contribated
imly G0% of todal hoiwrs and the rest 93.4%
were human power. 1t means that the rice firm
operations by mechanical  power needed
shorier ime compared with lnamnm poawer, bl
requuared  msch more power. . The result
sugigests that farmers should ke encouraged
continuoushy b wse machine power by perfonm
farm  operatwms m onder (o decrease
mignifizantly nee opezation bours The fammers
mtiat also e Familiar wath mechamical power,
sp  the productive  capability  of  Fammers
imcregses and thewr nee production progesses
Become more |'|r|1|.‘||.t|.'lil.1: anel elTicwent

Tahle 2 1% use of human and mechaniosd power per hocmng bor vanous operateons for noe production in Rise

Hmvinee
Parer reg il (K-
[ype ol Oprrateons i s Minchiie Coriad
aan Wiaman
Land prepamtion Ll ik I« & {2 F ]
Seodling il ILE i 1%
Plating 249 W2 0 104
Wigischny i 5 0 &5
Ferilinng i ks i iz
Pesa contind 24 i (1] 14
Hervesting a4 39 i 0%
Vhreshing 0 i Eiod 193
T sl N ik i 1.1
Clheming Ll 20 i (]
Drvemg 1.7 1.3 0 a0
h'|.|||r|15 Lk -] 2 Lok
Tistal k2 el ATAH dIEE
I'rru:iu_ﬂ;- 43 A 2 i)

B D i s v sk Do B cqudvakant fo DETS B o’ i oelalT e egisal b SLOF BIFG (Kiaigh i) i,

TSN

a
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Conclusions

The main scurces of the power were homan
ond machine which contnbuled on average of
10%%5 and 44%; of total power respectively, and
the rest 17% were doveght wmmal poaver, The
farm powver avoiloble per boclare of nce
caltivatisd ansa was ondy 9034 KW on average
ond mereased by 5 09% per annum duning o
period of 1997-06. The olal power avaikable
15 shll very low and memmns under the
munimmm pojfler requirement for an eficicnt
ugl:ir_'ul'lm"l:. The slage of mee mechanizgation
process has also been relatively low of ahout

hiand tractors' 100G ha of cultivated ancas
ond sl below the take=nlf stage which 15 o
crifical point of the mechanizalion process,
Under the current W=l of nee Farm
mechanization. the use of frm machines has
o significant impact on total cfiviled arcs
o5 well ax vield of mee. In farm practices, the
farm operations winch mwvolve mechanieal
power mwlude  only  lond  preporation,
threshing, and mulling, while other farm
operalwas are urcderaken entirely by human
posver,  Dinder these eondibions, tofnd ensrgy
required for rice fem operations per hectare
wies 4 18 KW eh (3651 hp) on oversge. [fomers
should be encouraged comtinoously o adopt
mechanical power in order o perfonm timely
farm operations and o moke the moe
production  process  more  productive and
effecient.
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