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ENERGY RI)I'I)t NT.TS W" AI.T"I(NATIVE Kl1'. PROI)LETIO)N SYSTt'IIS IN TH T.PIC.,I/ 

AB TRACT 

The en#-r,-y requi rtn-ent; o f three atlternative rice portion of totil! energy Input Into most trad
;,r,,It ti n st cv,; usej by -o't s-23! I A-tan t ional As ian rice f a rii ng systems. As food 
. i rnt,r, ir,, i Itnttf ie- hy i k vl ene.rgy souIrc-e product ion systems modernize, they become less 
i il t*'it,-ir Icve !ly i il - +.nt s )f each energy efficient and rore dependent on commercial 

rv-. ird. Hur-,.in energ: :ntrthutes .a small energy. 

i/By '.nald 1). Kether and Bart DO ff, in,'fiate agriciltural engineer and associate agrictiltoiral 
econam lt, !nternational tr-e Research inqtittite, Ins IAdno, L-iguna, Philippine-q. A paper prepared 
for the Anni aj teeting, rie tv if kqir'~t Iyp Fn.ineer-, Sevptember 1979. Revi|ed an,1 reprinted with 
per isston of the Society of Atitootive r.nriromers, Inc. 
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*rgy- and-! the resulttl 'Increase, in prices. of whchebody ' susataleeg -• derived tram foe-s i 
marete comdte and factors, of :productioneifes eas fthshg ee fdpn_
 
ha v e s er i o u s ! sp l tc at i9 o, for a ch iev i ng8a nd s is a- e n e h s r w r e i h g i u t r l p o u t o
 
tatt8 economic lOwti Because a -rise portiAon i.n ths ain r .~tclryItrttdi
 
of the population of many of these' countriesare the lee! fenryIpsrqiedt suy n ,
 
In rural areas ad derive- a major share of their , modorn systm adt vtai hi estvt
 
national Ince from agriculture, the adverse of- .to chang!ng technotlee and economic coditioAs }.
and 	 manyc arateedvlp iNetcie.TIn


:qsof higher energy costs tire P~rtieul rly to-
I #ant. During' the past two decades, agriculture This report focuses on tw- dimnions of th on
'In uany Asian countries has undergoes dramatic eray Issue"in sall-arm rice produc!ion systems. 

. :changle, much of it centered In the seallhol~er T he ffrot section partittoii the ene yreqie
re q u ir if 	sector. lMt of these frm are~on the averaoe ments of alternative sysem by tack a-A e f 

les thaa| 2 ha end In the past a substantial share The seod extamines the re~ative costs0.ue f the!N 

:ii):of: the -energy to operate- then has ecoe, froem on- alternative system, an thisnttvIyt 
!: 	fare sor~s such as human labor and animall power, chaqgee nl en1ergy costs or to technto ag' w ih (. 

Re"{:cent developme n toariculture have been sti- chane the efficencey wt..h which energy is used. , 
m!:iulatedl by the introduction of ab| 'ogicti cheei- " 
cat technology packageecenslti8 of"improved crop ":va rieties and chemical fertiliUrs, herbteFdea, 	 ALTRTITIVE RICE PRODUCTION SYSTIS 

seats were accompanied or brought abouti by the The Lrice production systems analyzed here repre

': 'tattroto of Lmchanical technologe e*ch as " at those used by the majority of Asian farmrs% ,, 
po e pups, tactor*,.and mehanical threshers. tri i nlm mchanical, and tranltiontA yem s. .. . as i T 1. plt amount of Asian 

-Traditional agricultural systems, :in %%Lch little rice landi Ise till tilled Copletely by human po
ts bought or s !d outside' the home, hav~e a low de- war. Conversely. that* are a few lare# higlhly . 
peadence on outside Inputs and are. largely lasen- mechanized rice farms that is* the usae mchinery 

i sIt~ve todchanging economic conditions. In coa-. . and cultural techniques used la the developed na 
:i 'trast improved production systems, which result tioo. figure I Illustrate* typical mchins used : 

I n Increased land and .labor productivity, are In the three production ytem. Vriatios In the 

Table 1. Components. of alternatve t ice product imn gy¥tema 

Coosponent Tradit ional 	 Mec~hanicalI Transi tionalI 

Land preparation 

Primary.tillage Water buffalo and plow 5- 7-hp tiller and plow 50- p tractor and rototiller
i Secondary tilage a Water buffalo and harro 5- 7-hp tiller and harrow Water ffao and harrowing

Levee repair Manual Manual Manual
 

ii Planting
 
See ed d Wetbed aystem Wetbed ystem Wetbed yoem
 

h Tranplantin Manual Mnual o, Manual r ao
 
i n ecare ocCrop. Manua " Mana 	 .. Manual he 	 .. 

fr 	 Hand sickle • lHaretin in. andsickle 	 hHin h :Rand sickle 

are6hit,andidrting anualthreshngagc l -type powr thre h.r Manual threshi n
 
:"!inS n rying r Mee Sun drying t
cehanical batch dryer 
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systems, such 4a mechanical threshing combined 
ith anal. tillage or mechanical threshing and 

'sol4r'A" in occur, The manpowr and energy In-
puts qfle~ '"System are presented in sufficient 
4delal to krai t~he reader to calculate tho ma-

r-.a -re rqfg eo.bl" 

notion of rsi or operations for a* peecific farm-
I,iqstuatios." 'o 

.unight 

Table Z and figure 2 present the labor require-w
&entosuro each syOem, 'The values wre obtained by 
4twaretng the labor hours reported Inindicated 
rofereac", fost of the data result from research,
~cnduqrted e btcmet 
wih uormation op Labor requireents from other 

perts of A i& (Chancellor t77), The use of mechd 
atcal title&* and improved potharvest processing 

reduced labor hours, pe. Iectare from 735 to 545, 
or 262. The Introduction of the 4-heel tractor In 
the transitional syste had a leis pronounced 

effect -- ,At reduced total laboren hors b only 
compered ith the traditional system. Pek labor 
demands to ost oetchanied producrion rysters 

I) 

++~~~~~I~r I +.o+o h Iarwl + fIrwac 

ee~~t emprefaorbl+i++* te I!!tp~esbu 
+:+ ~hO-o .1 ~~ .~t -rql 

occu during .t'r preparationm bar'land ... t.In, c 

:vestirgv em&,threshingo Crop care requaires a large 
labor input but Is gnerally allocad more uni 

i formly over Owheeatly. growing. season. Land propa
_1 raton,1 planting, and harwe pg'thrvthig* om the 

.---- other-- hand* --should-iA4oally-be- ..c-tsd : t - --

shortest, poesMbe time fr timely platigofl~ the 
crop to waxitte use of available notsturo tnd 

and to harvest a optima maturit to 
reduce looser., 

The *mpraY Inputs for eat.. production system are 
given In Tables 3, 4, and 5.p %is Information ts 
%ptePiipFoabyaV5seto as percentges of total energy by input 
and operation In Figure'' 3 and 4. Appentl A pre-

Bent. dIrwenerg rCw tants and rnsumption rates 
used in the calculieqFqs.The energy evaliabw In 

jwi ' oil, and good Is I us"o as a direct 4i-put 

where. the energy value of fertolser. herbt" 
cide., n.e. and e considersieides, far muchiney, 

ll ewnero used the serora , Includingy to produce 
the dirett energy used in productiton end.the Oner" 
SY to build and mitain the production facilities, 

I 

++lvn!sa~•3E n++T~ noI o + 

-~ 
+" 

une~, prl+nI 
p-cntl -e 

llr+ 
ftt! 
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nu 
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fig. 1. Machines used in the traditional, mechanical, and transitional rice production 
systmts 
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Table 2. Labor inputs (labor hourn Ia) by system and task for alternative rice production systems,' 

Traditional Mechanical Transitional + l 

~>Land preparation 	 2138 68 
 76.3
 

SPrimary tillage 	 . 3I 

r.'Secondarv tillaoe 15 35. 39f
 

Levee repair 33 33 
 33 

Planting 
 142-" 142 	 142 

Seedbed preparat on and care 142 14i
 
Seedling pulling 142 142 14-b
 

lsp1 ,nti flgJ
 

Crop Lare 163 	 163 163 

,ert iI izer f'pp I cat Ion 	 8' + 8
 
1nsvcticide applicat ion 	 IO 
 10 	 10
 
Herbicide application 	 f. 8 	 8
 
g
Wl 	ting 
 137 	 137 137
 

.arvesting 
 121 	 121
 

Cutting and sta-king 	 121 1?I 121 

phng,and drying 	 171 51 171
 

ThreshinG
 
Cleaning and tagging 
 " 
144 37' 144
 
HaulI ng
 
Drying ' 
27' 14	 27
 

Total 	 715 ' 545 673.3
 

'•ALb-r inputs are averages of those reported in indicated sources. Sources: Barker et al 19§9. Barker
rand Cordova 1978. Duff 1978, Johnson 1949a, Klmco and HMrennamv 1978, Singh and Yadao 1979. SouVces:
 

Duff 1978, Johnson 1969a, KL.mo and McMennmy 1978, OrcinO an Duff 1974, Singh and Yadao 1979. Iource:
 
Sources; Barker.and 'Cordova 
1978; Johnson 1969a,b; S ngh and Yadan 1979. "Sources;


Duff 1978, Orcinol.aid Duff 1974, Singh and Yadao 1979. "Sturcess Barker et al 1969, Barker and Cordova

1978, Johnson 1969b, LedeLaa 1978, Singh and Y-dao 1979. So. rct.si Johnson 396%, Singh and Yadoo 1979,

'Source: Johnson 1969a. Assume same as fertilizer application. Sources: Barker and Cordova 1978, De

Datta and Barker 1975. 'Sources; IRRi 1978c. Johnson 1969a, Iedesma 1978, Singh and Yadan 1979, Toquero
et 	al 1977. "Sources: Barker and Cordova 1978, IRRI 1978c, Johnson 1969a, Singh and Yadao 1979. 
 nSources;

IRRI 1978c, Toquero et at 1977. 	 V 

and provide for worker's food and transportation, tions. Energy equivalents for machinery use and
packaging, and distribution, The human energy depreciation were obtained by multiplying theeaxpenditures mued In this paper for the rice grow- esiatated energy requirement to produce a kilogram
Ing tasks were obtained experimentally with port&- of machine by 1.33 times the weight of the mable cardiac monitoring Instruments (Duff 1978). As chine, prorated over machine life by hours used
expected, the energy consumption vatues varied by per hectare. The one-third weight Increase is an
task but an average of npendttures for all tasks adjustment for repairs based on the assumption
approximate those generally cited in 	 the liters- that total repair cost approaches machine first 
ture (Chancellor 1977). Human energy In those cost over total life. Repairs cost 3 to 4 tiaes
tasks not .- easured irectly in the stud were the original part it replaces, so we assume that

ailuestfrusimated similar tss, V about one-third the weight of the machine in ener
gy equivalents Is replaced over its useful life. 

Consumption rates for fuel and otL, were obtained
from test reports of similar machines being de- Overall energy consumption increased 262 when mer 	 veloped by the International Rice Research Insti.- chanical land preparation and mechanical threshing
tute [partment of Agricultural Engineering, farm- and drying replaced human and'anisal power (Tables 
er siv'veys, and engine manufacturer's specific&- 3 and 4). Fuel. especially that used. for drying, 

+ 	 + ' . . I) + ; . ." + ' .:- +4 +. .. " . . . . + ' j . ' * +: ' I+ ++++ : A 4 ' * '"+ ' +' ++: . " 4 3 S+-
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7,;. , negyinpt x W06 /ha) for th traditional ric-e prodiuction osslem, 

-~ - lnputSP

; Operation Iuw~an Animal Ilihine Fuel Seed 
 Fertil- Tnect lHerbi&), Total
 

andoil izer cide cide
 

p .- . . - 1567.0 
u-d -....o .... • 1!0.5 1099.0 331,3  . .. .
 

Secondary illage 
 '
 
iA.evee repair 26.2 , 

Plant4ig ,, 729.8
 
Seedbed preparation "
 
Seedling pulling 112.7 
 617.1
 
Transplanting J-


Crop care 
 3880.9 

Fertilizer application 13.88  - - 3243.3 -

Insecticide applicat ion 17.2 .-
 304.1 -
Herbicide application 13. ..... - 74.8 
Weeding , 213.9 - - 

ifarvest ing 
 150.0
 

Cutting and staiking 150.0
 

Threshing and drying 
 249.1

Threshing
Cleaning and bagging 174.0 .
 ' ...
 

Hauling 
 53.7
 
Drying 21.4 
 - - ..... -

Total 853.5 1099.0 ;,331.3 53.7 617,1 3243.3 304.1 74.8 6576.8 

Eneriy equivalent 

(liters of diesel fuel) 22.3 28.7 8.6 1.4 84.5 7,9 1.916.1 171.4
 

See Appendix A for constants and calculations.
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Table 4. Energy''in~uts (3 x 10 ih for the mechanical rice product iog system. . 

Operation Human Animal Machine rue I Sped Ferti'I lI setti Herbi- Total 
p . I eddevide ' 

Prim. Lllg ~ 424)2 420.5 981.8 - .-- 4 4
Secondary tiI'ago
 
Levee repair 4 26.2 - , -, ' , ' _ - -


Planting 729,8
 

Seedbed preparation " 

Seedlni pulling - 112.7 " - - 617.1 - ... Transplanting 4h -

Crop care ' 43880.9 

Fertilizer application 13.8 - 243.3 -


Insecticide application ). - - - 304.1 -


Herbicide application 13.8- - 74.8
 
Weeding .~~i9' 

Harvesting ' 4 . 4150.0 

'r ", Cutting and stacking "!o.0 .....
 

Threshing and drying 2484.44 '4 

Threshing . 44 

Cleaning~and barging 41.4J,I - 157. 300.6 ...... 4 

Hauling J 53.7
 
D rying 14.2 - 195.3 1722.4 - ' 4. - 4- 4 :
 

Total 645, I1 0 772.9 1,3058.5 J7.1 3243.3 !l,1 74.8_, 8715.8 

Energy equivalent " 

(liters of diesel fuel) 16,8 0 20.2 79.7 16.1 84.5 7.9 1.9 227.1 ,
 

See Appendlx A for constants and calculations. .. , 

Tnm ktiornd Sys"m 'MehfniCt SY*om T'unsi.. d 14M . 

drying (2.2% (36%)l 
(38%) 

((23%) andsk Hare69%)dydandn 

(238 %) hr 19%t oNlo 
a rig(274 %) .. 

(590%) Crop cae562 0)16-*11 

Fig. 3. Energy inputs (Joules) by major task. i' . 
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"able 5. Energy inputs (U x tlflla) fortie transitional rice production syxtlem. 

Opera ion Q im n Animal .- chine FuelI Se.d rertil- lnmectl- Herbi- Total 
___________and oi I zer vide ~Cide 

Land preparton 1887.2 

Primary tillag'e 3.4 + 151.9 114.7 
Szcondary tillage 38.4 408,2 + 110.4 - - - - -

Levee repair 26. + - - - - - - -

Planting 729,1.8 

Seedbed preparaIion 
Seedling pulling 

Transplant ing J 
112.7 - - - 617.1 ... . 

Crop care U 3880.9 
Fert1Qliztr application 
Insecticide zpplic:ion
Herbicide application 
Weediag 

t 
13.8"-
17.2. 
lu.8 

213.9 

-

-

-

-

--

-

-

' -

-

-

-

-

-

3243.3 
-
-
-

-
304.1 

-
-

-

-

74.8 
-

, Harvesting 150.0 

Cutting and stacking 150.0 - - ..... 

Threshing and drying . 249.1 
Cleaning and bagging 174.6.
 
Thre agig -llrau }+


u.ing .. 53.7 
Drying 21.4 - - - - -

Total 784.8 408.2 262.3 1203.4 6h17.1 3243.3 304.1 74.8 6897.0 

Energy equivalent
 
(liters of diesel fuel) 20.5 10. 6.8 31". 16.1 84.5 7.Q 1.9 179.6
 

/J' 'See Appendix A for r,-W,;tants ard calculat ions. 

contributed slf,atilcantly to the Increase, al- and coMposLing. Root-rone placement of fertilizer 
though decreases In human and animal energy off- can increase efficency by up to 50Z comprad to 
set some of the Increase. Use of a 4-4heel tractor traditional broadcast methods (O3I1 M778a), but a 
for primary tillage in the transitonal system In- machine to apply the chemical efficiently and eco
creased total energy,,requirements by only 52 and noaically In the environment of the small Asian 
tillage energy by 2(M, yet shortened the time re- farmer has yet to be developed, 
quired for land tillage from 105 to 43 hours. Many
farmers pay for the added energy Input to obtain Reduced tilaga or adoption of minimum-tillage 
the benefits of timely land preparation and reduce practices could also contribute to energy reduclabor requirements. tion but wead control problems increase, so Im

proved herbicides and more efficient applicationCrop care and the related Inputs make up more than metlods are required before not energy savings can 
44% of the total energy inputs in all systems, be realized. 
primarily because fertilizer and agricultural che
micals require high amounts of energy in their Human effort contributes a relatively small por
production (Fig. 3, 4). Application rates used to tion of the total energy consumed In each produc
calculate these energy costs approximate those tion system (Fig. 4, 5), never exceeding 132 of 
used by Filipino farmers although they are less the total although 735 labor hours/ha is required
recommended by extension services for naximum to produce that share ,f the energy. This empha
yield. The high Cost of these inputs, a reflecqIon sizes the very low power production potential of 
of high energy inputs in their production, Is a humans and indicates that their abilities are moast 
primary reason for lo;4 application rate,. This valuable In tasks that require decisonming
points to the need for more efficient applicdtion capabiitties as opposed to those requiring only 
methods to increase the effectiveness of the the- routine energy inputs. Weeding, although still a 
mical s and increase refiaement of alternative fer- laborious task, requires human decision capabili
tiliter sources such as nitrgen-produc ng Azolla ties (selecting the eedl from the rice plants) 

q
.5 r. m ,': ++ q: +j . : +++ 44 +Z+" ' : ' ' + " ++: r '+ ,r : ' +2 . .:q+ ++: +: "d:. " ; : 7-: %:,j_+ : .: + : + q4 +' ++ .- "i +/ : j ' " , ' : + 
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and uses human energy more efficiently than such Table 6. Energy requirements for o lifi irri'ip 
task& as tillng with a hoe. system (dry season). 

The inputoutput energy ratio or, efficiency of 
each system Is based on a 3.5 t/ha yield which is IptX411 
the average for the inputs used in this analysis. 

-input-o ro the.r7 e, the, tradittonal 
system, 4.95 for the mechanical system, and 6i.26 it 
for the transitional system, These efficiency Labor hours 17.5 
ratios are in part an artifact of the assumption 
we have made relating to yield for the three sys- auine usec 941.0 
teas Included inb the analysis. A higher yield 
without an Increase In the energy iputs for any Total 2971.5 

of 	 the systems would clearly modify the randings
presented here. Alternatively, a decrease In Lte Energy equivalnt (liters of diesel fuel) 77. 5 
input of energy w itlput a commensurate decrease in 
yield would also aiter the ratios. Judged purely Assuptions: 

pthe energy obtained in rice (output) to the en
4rgy required to produce the rice, the traditional 10,000 03 water/lw
 
system o superior. Empirical evidence substan- 3-rn lift
 

S 	 tiates the finding that efficiencyin energy msep .75 hp-h/10 al at 1-r lift' 
declines as the tot deu,,ynergy used in the system 30Z diesel eng 6 sfficiency 
Increases (Hetchel 1973). Frequently this rela- Pimp capacit - .75 i/mne 
tionship comes about because systems with low rimp set weight + repair eqivalent 144 kg 
energy Inputs tend to Involve high levels of land Useful lIfte 3000 h 
per unit input and high levels of human Hunman energv 0.79 % tJ/henergy to 
decision making per unit of Input, the Labor hours 10hly Pumpingenergy with of 

result that output Is more a product of' these or time
 
other non-energy inputs. With the prevailing ener- _nreses __nannua _ ____t____th____tey____
 

gy prices in the recent past' and uing available Saource; Johnson 1965,
technology$ lover efficiency ratios were accepta
ble in achieving higher absolute levels of yield 
and production. The evidence bearing on this issue have to increase by 1.6 tlha. Studies indicate 
cearl7tdemonstrates that increased output and tht supplemental irrigation during the vet sea
productivity have been the result of larger inputs son, which requires less energy than theaubove 
of energy per unit of output, example, can Increase yields by as much as 0,35 

t/ha (Herdt 1980). Irrigation during the dry sea-
To feed an Increasing world population a higher son can double the annual yield compared to the 
production per unit of land is required. Anhe rinfed water regime which permits only one crop 
the use of greater cropping intensity, through per year. Therefore, Irrigation can provide large 
substitution of mechanical for human and animal Increases In annual production with relatively 
power, higher chemical application rates, and small decreases in energy output-Input efficiency. 
Increased Irrigation Is necessary- to supplemett 
high-yieding varieties and improved management. 
These inputn are high energy consumers and will CSPARATIVE ECONCHICS OF ALTMnATIVE SYMSTI 
probably reduce the energy efficiency of the rice 
production system, MAuch of the energy In traditional agricultural 

systems is derived from on-farm sources. Labor and 
The rice production systems analyzed here are de- animal power are notable examples. As agriculture 
fined as rainfed. These are flooded wetland sys- inmodernized more resources are purchased nutside 
teas that receive all moisture from accumulated of the traditional sector. for the three systems, 
rainfall. More than 502 of South and Southeast it is evident that the Incremental energy added is 

classified raine 	 largelyAsia's rice land Is as Another acquiredt. deonfarmfrom sources. Figure 6 
25-352 Is Irrigated for at least one crop with the Illustrates thisincreasing reliance on commercial 
reminder catnegorised as dryland'in which water o forms of energy as one moves from the traditional 
not impounded (trdi1978b). Irrigation cau in- to the rI highly mechanized systems. In the 
crease crop yields even during the dry season when present examples, the traditional system embodies 
drought often occurs. Controlled water supplies about 40%, the transitional 73%, and the mechani
can also mean the ditference between a good crop cal system 852 of the total energy needs to) com
and no crop during the dry season. The majority of mercial forms. Removing chemical fertilizer from 
the Irrigation systems in Asia draw water, by gra-r. the traditional system would redu~ce commercial 
vtty, from reservoirs or diversion structurLs. An energy needs to about 20Z of the total require-
Increasing number of farmers are, however, turning meats, a condition common in areas where the In- , 

to powered pump 'sets to draw water from shallow Lroduction and the use of modern rice technology 
wells or low-lying water sources. Table 6 presents are not idespread. This diagrm emphasizes. the 
the energy requirements for a small, low-lift pump greater sensitivity of modnrn production systems 
irrigation system. To mintain the energy eff I- to changes in energy costs compared to traditional 
clency of the traditional system. the yield would technologies.a 
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Fig, 4. Energy inputs (Joules) by source.
 

Table 7. Estimate energy equivalents for alterna-
 Table 8, Relative costs (US$) of commercial and non
tive 'roductlon systems, in kg/ha of umsmlled commercial energy in alternative rice production aye,'
rice. e. ...
 

Item Traditional Transitional Mechanical Source 
 Traditional Transitional Mehanical'
 

.... 
 TraditolCmercial 9634
51.75 65.68 


4On
Seed 50.0 10,0 50.0 farm 33.38 23).52 16,32
 
fertilizer 262.0 '25' , 262.0
9

Insecticide 24.5 24,-\ 24.5 
 Total 85,13 89.20 112.66
 
Herbicide 5.9 5.9,, 5.9
 
Fuel and oil 4.3 97.0 247.1 
 Based on the data in Table 7 and all energy charged

Machinery 26.7 21.1 62.6 
 at the cost of energy in unmilled rice priced at
 
Animal power 
 89.0 3.7.9 0 $0,16/kg.

Human labor 69.2 63.6 52.1
 

Total 531.6 5570 704.2 
 costs on choice of technique. An example is the 
- price of fuel. Doubling the price of fuel reduces ,Based on 2,952 Kcal per kg unmilled rice. but does not 
change the comparstiv* advantage of
 

the mechanical system over others. Incorporating

Indirect effect. of a fuel price change, such In-Table 7 contains a comparative energy budget in creases in the cnsts of machinery wuld. however,


which all energy req -klreents have been converted partially reduce the advantage of the transition
to" umilled rice equivalents. To the farmer, the al and mechanical systems.

figures shown represent the amount of rice that
 
-ut be produced to generate the energy needed by
 
64th system, Pricing the uemilled rice at USS0.16/

k4 $046! tbe rovstLve energy costs 
 in monetary Revie ing particular operations within each ayete"s ahl* 4). ta, we find that crop care, particularly the use
 

-f fertilizer, uses the most comercial energy for
In Tab1* 9, tnp~acs are valued at market prices. We all systems. In the mechanical system. fertilizer
 can now compare the energy coats In Tables 7 and 8 is closely followed by fuel and oil. These items
with the monetary costs In Table 9. In energy are used at a much lower level In both the tran
term, the use of chemicals and mechanical land 8ttlonal and traditional systems. These findings
preparatLon, thteshLrg, and dryLing increase energy reinforce our hypothesis that the development of
requirements signiflcantly. In monetary terms, technologies that use high-energy Inputs such as
however, substitution of mechanical for animal and fertilizer more efficiently in beneficial. Furtherhuman energy decreases the average per-hectare exploration of alternative foms of energy such an 
costs. The use of machines substitutes 1ev-cost biogas or use of crop residues for such operations
fossl. fuel energy for higher-cost man and animal as mechanical drying. which consumes almost 60% of 
energy. The use of market prices also allows us to the overall fuel requiremntas In the mecjanical,,
examine the possible impact of changes in energy system, should also be highly beneficial,., 
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Fig. 5. Total energy inputs (Joules per hectare) by source. 
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Fig, 6. Comparative level ot comercial energy utilization 
for three alterative rice p duction systems. r0
 

Table 9. Costs of inputs CUSS/ho) at market prices far alternative ricr.production ,ysteus.a
 

Item Unit cost Trntditional Transitional Mechanical
 

Seed 0.1(4kg 8.00 8.00 8.00 
Fertilizer 0,58/kg N 23.20 23.2fl 23.20 
Insecticide 36/kg adi. 27.00 27.00 27.00 
Herbcide 38/kg a~i. 26.60 26.60 26.60 
Fuel 0.193/1,ter 0.38 fo.04 15.42 

Mciey d10.00 24.00 29.34
KAcinerypowe 0.65/h 68.25 25.35 0
 
Human labor 0.17/h 125.00 114.46 92.68
 

Total 288.'43 254.65 222.24
 
4 

4 Fuel , O 193lghte , ,, .j0 03 54I nput prices are averages prevailing in rural areas of the Philipgines. US$ P7.35. Fueicosts ar;

lued in ter m of diesel fuel equivalents (tables 3, 4, and 5). Includes only fixed cost component.
 
ased n daily rental rate without operator.
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CONCLUSIONS Green, N. B. 1978, Eatng\ 9 - energy use In 
food pratiuctirin. WestvI, Press Botilder, 
Colorado. 

1. In most 	 traditional small-farm food production 
systems 	human energy represents a relative,ly-IM311 Htchel, G, V. 1973. Cumpative efficiepncy of 

--------. enrgy use In crop prodiuctiot, Bul. 739, 

2.As food 	 prdcinsystems ,ioerie energyNe avn 
consumption increases, ark ths system beoms less. 
energy efftciept and Increasingily more dependent erdt, R. W. .,1980. -Studies tI water management 
on commercial forus of energy, economic's at IRRI. Pages 115-1,38 In Intern.

tional Rice Research Institute, Report of a 
r.3dproduction system to more planning workshop on Irrigation water manage

sersitive to changing costs of purchased inpu s' mat. Lo Baos, ' a, Phlippines. 
because of reliance on commercial energy. IKRI (international Rice Research Institute), 

4. Development of methods and machines to more ef- 1978a. Annual report for 1977. Los ais, 
ftclently use high-energy inputs offers the most Philippines. 548 p. 
potential for reducing the total Input energy of IRRI (International Rice Research Institute) 
the food prodction systems, thereby making them 97R1, In na ne plannin lte@ 
less sensitive to input price fluctuations. 1 .o tog rngepling 

report. Los aaos, Philippines. 

IR. .(International Rice Research Institute). 
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Appendi A, Constants and cacuatios. 

Jwl4 -, Wlf1.tor st 41. 04 1A 	 ---4L~I 	 - S 1,3.Iiu AGiszr-J358,
Keos~ae; .83 kg/iUtpr at 45.14 -42.97/kg - 6.61JAitr 80N~se 1951
 
Lub oil: .93 kgtte+ at 4415 * 41,62/kg 40,0/11st#r +0$#tr Me
 
ltrogen: 80 - 82.2/kg - $,lh/kg I F81dy!171. cre.. 197
 
2,4-D, 2.4,5-T; 15 . 135/kg a - lO.q/kg adi. IY V19P7R
?& 0teem 1971 
Crbofuran; 357 - 0$4 kg a, - 405.5/kg a.1. Gen 197, Rtgr and Grant It1. 
Seed - 12.36/4 Faidty 197 Leach L19J6. 
Machinery; 86.7-'*/g w 84#6 ' .. . .y Duff 

2. 	lHWavi energy expendiur-e (Ja 10XIh) y task 
Tillae vth trnial (plowing and harrowing) 1,05 
Tillage vA-lA tiller (plowing and harrowing) 1.. 
Tillage with 4-vheel tractor (estieiate) 0.79 
Harrow with 0ni.O6
 
Levee repeir (assmed sameas trnsplanting) 0.79
 
Transplant#'S 0. 79
 
Fertilizer application (used herbicide application value) 1.72 
Insecticide application (used herbicide application volue) 1.72 
Herbicide application 1.72
 
Weedic& (average of hand and manual rotary) 1.56
 
Harveting (average of cutting and stacking) 1.24
 
Threshing (manual) 1.21
 
Thresihing (nechanical) (prorated stacking and table thresher) 1.67
 
Drying (sun) (author estimate) 0.79
 
Drying (mechanical) (author estimate) 	 1.02
 

3. Animal energy expenditure (J z l0r/h)
 
Tillage with water buffalo 10.41 ad chrswnq 1978
Kiamco so 


4. 	Input usage rates
 

Operation Input 	 Rate
 

Power tiller tillage Diesel fuel .7 liter/h
 
O11 3.0 liters/lGO h
 

4-wheel tractor tillage Diesel fdel 6.86 liters/b
 
Oil 10 liters/0 h
 

Threshing Gasoline 1,22 liters/h
 
Oil I liter/25 h
 

Drying Kerisene 2.7 liters/h
 
Gasoline 1.5 titers/h
 
Oil 1.0 liter+/25 h
 
Seed 50 kg/ha
 
Fertilizer 	 40 kg N/hea . / 
Insecticide (carboturan) 	 .75 kg a.i./ha! .jj
 
Herbicide (2,4-D, 2,4,5-T) .7 kg ai./ha
 

Average rates used by Philippine farmers (IRRI 1978 a.bc).
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