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ABSTRACT

crop yields, cropping intensity,

utilization in rice production in Central Luzon, Philippines. Labor use

partitioned labor forinto land otherweeding,preparation,was

preharvegt tasks and total post production operations.

Farm households representing three levels of mechanization, namely

fully (usingmechanized four wheel tractors), partially mechanized

(using two wheel tillers), and unmechanized (usingtractors or power

human and animal power), selected at random from eight villages.were

(with numberThree ofcropping households planting rice inseasons

parentheses): 1980 dry season (211), and 1980

(302) were investigated. The study uses data obtained from

Rice Farm Mechanization (CSRFM) projectthe Consequences of the Small

conducted by the International Rice Research Institute (IRRI). Four of

the eight villages contained rainfed farms while the remaining four were

irrigated.

farm variablesbetween mechanization and otherPatterns were

(ANOVA),ofthree approaches: analysisdocumented varianceusing

(ANACOVA) functionof and production analysisanalysis covariance

used to compare variances among different mechanizedmodels. ANOVA was

farms while the ANaCOVA models were employed

different mechanized farms. The production function model

effects ofinvestigate the combined several explanatory variables on

level of fertilizer used, total labor used.farm productivity: other

xiv

to study variations within

mechanization on

was used to

wet season

labor use and energy

This study was tailoved to assess the impact of selected levels of

1979/80 wet season (318),



ofrepresenting levelsand dummy variables

mechanization and irrigation.

association of high levels ofstatistical

farm mechanization with high yields high croppinghectare,per

high hiredintensity, high level of fertilizer used.

labor expenses and high cash expenses. Irrigation, however,

more significant effect cropping intensity than mechanization.on

The effect of level of mechanization on energy utilization in rice

partiallyproduction also investigated. Results showed thatwas

mechanized farms had higher output than fullyto input

1979/80 wet Themechanized farms during the 1980 dryand seasons.

Fully mechanized farmsreverse was observed during the 1980 wet season.

both high rice yields (output) and energy output equivalent ofproduced

seed,revealed thatThe study alsopaddy and rice to

for highchemicals and accounted input in riceirrigation energy

It was thus concluded that farm mechanization is profitableproduction.

despite the present high prices of commercial fuel energy.

xv

showed a

cash expenses,

energy ratios

farm size,

low labor used.

labor hours.

The results revealed a



CHAPTER I

INTRODUCTION

1.I Problem

Farm mechanization technology butis

inputs .which crop output (or yields), cropping intensity,

utilization efficiency derivedemployment and f com small riceenergy

(Duff,farms 1975; 1978; 1979)• controversialthereHowever, is a

Proponents of mechanization

believe labor absorption in cropincreases

production through higher cropping intensity and inducing increased use

of modern inputs. They also argue that mechanization makes possible a

faster turnaround time from harvesting to land preparation by augmenting

farmthereby facilitatingeffective supplies of land and labor some

(Binswanger, 1978;and shortening the cycleproductionoperations

1981; Thapa, 1979). Opponents of1980; Duff, 1976; 1978; Tan,Bockhop,

of capitalbelieve that and intensivemechanization introduction use

and capitalrelatively labor abundanttechnology in a

compounds unemployment and underemployment problems.

the benefits of farm machinery has essentiallyabout

been between two apparently contradicting domains of thought namely the

Binswanger (1977)substitution theory.thecontributor andviewnet

summarizes the debate briefly as follows:

thatcontributorThe ma i n t a i n s is primaryviewnet power a

of factoragricultural production regardlessconstraint prices.to

for example, allow more thorough and deeper tillage leading toTractors,

one among many confounding

dichotomy centered on farm mechanization.

The debate

that use of farm machinery

scarce economy

can affect
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higher yields. Tractor drawn implements like seed drills and levellers

also add to*better performance of farm operations. The higher power and

speed of tractors contribute to higher yields by allowing more timely

This leads tooperations and a greater possibility of double cropping.

increased whichproduction more . labor operationsrequires in not

performed by the tractor. This view is mainly shared by engineers and

implies that mechanization conforms with employment objectives ineven

low wage countries.

andthe substitution theory machinesIn thatcontrast, assumes

technicallyanimals whichdifferent oftwo areare sources power

perfectly substitutable. This implies that any farm operation which is

be accomplished byperformed by and implementsitstractor acana

thelabor.combination of animal drawn implements and human Hence,

factorswitch from animal tractor power primarily dependsto onpower

prices or factor scarcities.

from animalfarmers shiftthe substitution theory, wouldUnder

labor and cost oftractors only when the opportunity cost of

maintaining bullocks become sufficiently high.

(1977) ofof large numberthe resultsreviewedBinswanger a

He concluded, "---these surveys failed to

responsible forthatprovide convincing evidence tractors were

timeliness,yields, andsubstantial in cropping intensity,increases

fairly consistent picture which emerged from theThisreturns.gross

surveys largely supports the substitution view and thus implies that, at

failand bullock costs, to beexisting and constant tractorswages a

They would gain suchstrong engine of growth. a role only under rapidly

surveys conducted in India.

power to



rising prices of factors have thewhich theyof production under

potential to replace."

prevails forA about thecontroversy appropriate strategy

mechanizing agriculture. (1973)and" Duff thatOrcino report one

recurring issue the widespreadi s optimal of achievingmeans

availability and efficient of farm situationsmachinery inuse

characterized by small holdings and farm size.

argue that small machines like power tillers (two wheel tractors) should

be introduced and ownership scalebe the of smallhandsvested in

farmers. Others suggest that the economies obtainable from the

large scale machines be realized if there appropriateiscan an

institutional framework within which of these machines can be spreaduse

over large areas. All in all, the machines to perform land preparation,

should betransplanting. harvesting, threshing operationsand

appropriate in size and complexity to the task at hand and in consonance

with the farmer's ability in terms of education, experience and ability

to invest (IRRI, 1977).

index of its agro-industrial development and

living (Kiamco and McMennamy, 1979; 1981; Chern,of Fluck,standard

1984). food production systems modernize, they become less

energy (Kuether and

Duff, Slight increases in the

energy inflow into agriculture often cause significant responses in food

(Kiamco 1979). (1981)production Boughtonand McMennamy, reports

the used rainfedresources on

and irrigated farms in the Philippines f inaneial

The level and pattern of a

use of

In such situations some

and more dependent

country's use of energy from different

on commercialenergy efficient

use and productivity ofmeasurements of

However, as

in energy as well as

sources often serves as an

1979; Pimentel et al, 1980; Chern, 1984).



terms.

and cash expenditure.

These issues In a decade

of rising input and for mechanicalprices demandgrowing rice,

innovations are needed to increase yields, cropping intensity, and labor

employment, and concurrently the ofimprove productivity scarce

There is a need to test the validity of these controversialresources.

issues by assessing possible effects of selected levels of mechanization

yields,rice employment and cropping andintensity,on energy

utilization efficiency. It

mechanization employed.

significance of differences under conditions of uncertainty.

1.2 Objectives

The objectives of the study are:

To investigate whether various levels of mechanization raise1.
total land productivity and how this is accomplished;

To investigate whether mechanization lowers production costs2.

such as labor cost;

3. To investigate if mechanization raises cropping intensity;

are empirical rather than theoretical.

explaining the differences among farms with respect

is also important to identify the factors

irrigated farlns accounted for the largest shares of fossil energy use

to the degree of

He found fertilizer use on all farms and water supply on pump

This requires statistical models to test the
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To study energy utilization efficiency in agriculture and4.

determine if it is profitable to mechanize given the present

high costs of commercial fuel energy; and

5. To design statistical models to predict the effects of

mechanization on yields, employment and cropping intensity.

1.3 Hypothesis

The major issue to be resolved in this study is whether different

levels of mechani zat ion significant changes in output,cause crop

Theemployment, cropping intensity, and energy utilization efficiency.

therefore designed to test the following hypothesis:study is

Mechanization raises total land productivity;1.

Mechanization raises cropping intensity;2.

Machines are associated with output differences between3.

mechanized and nonmechanized farms;

reallocation and lowering of selected input costs4.

(such as labor) in the production system as a result of

mechanization; and

Mechanization raises energy utilization efficiency in small5.

rice farm production.

There is a



CHAPTER II

REVIEW OF LITERATURE

2.1 Mechanization and Crop Output

The main advantage the mechanized farmer has over those depending

on inanuarl labor alone is the timely performance of operations to obtain

maximum benefits of other technologies (i'.e. inputs) such as improved

varieties, fertilizers, chemicals for weed and pest control (Bockhop,

1980; Igbeka, 1983; Coats 1975).and Porterfield, Land preparation,

transplanting, harvesting, farmand threshing criticaltheare

1974).operations in rice production (Bockhop, 1980; Orcino and Duff,

Machines to perform these operations should be appropriate in size and

in conformity . with the farmer's ability to invest and operatecomplexity

them (IRRI, 1977; 1982; Bockhop, 1980).

Whether mechanization isincreases output anper se crop

unresolved body of evidence thatThere isissue. growing mosta

important effects of mechanization

1976). increasedexample, timeliness of leadingoperationsFor to

cropping intensity and higher yields is complemented by labor and power

augmenting technology (Tan, 1981; Binswanger, 1978; Duff, 1976). Duff

that mechanization has the potentialgeneral consensus

forfor farm example. by increasing croppingincreasing output,

intensity, expanding area under cultivation, diversifying and improving

Moya (1981) found that irrigation pumps can increasecropping patterns.

yield from an average of 1.5 to 3.4 tons per hectare compared to rainfed

fields. the Philippines,In 1970/80 decaderice yields during the

(1978) gives a

are not direct or immediate (Duff,
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change in ricef roin 2.6 t/ha t/ha dueincreased 3.4to

production technology (Cordova et al., 1981). Most of this increase in

of irrigation.

292approximatelyPortable threshers yield byincreasecan

incremental yield due to change in techniquekilograms per hectare, an

Khan (1971), Juarez andf rom the manual method to machine threshing.

Pathnopas (1981), Habito (1977), (1983) all theexaminedand Toquero

Their findingseffects of mechanizing rice harvesting and threshing.

andshowed mechanizationthat significantly riceimproves recovery

grade.

production function framework

(1981)Wicksanalysis and by and usingbased Tancovariance aon

which arithmeticmodel decompositionanalysisdecomposition in an

technique was used to disaggregate output differences between mechanized

The production function framework was used toand nonmechanized farms.

Total yieldof mechanization.yield effectthefurtherinvestigate

effects of neutral technologicaltheinto

change (using animal and / or human labor only) and change in the use of

Lingard (1981), and Tan and Wicks (1981) report thatinput components.

Thapa (1979) reportedsignificantly related to mechanization.

positively associated with an increase of- yield

Similar results from data for seasons have beenper hectare. two crop

IRRI (1980),(1981) ,reported by Wicks (1979), Ahammed and Herdt and

Their conclusions agree with those of Lingard (1981),Shields (1983).

Tan and Wicks (1981), and Thapa (1979).

yield was

that mechanization was

productivity is, however, ascribed co HTVs, fertilizers and expanded use

The effects of farm mechanization on output have been examined by

Thapa (1979) and Lingard (1981) using a

differences were decomposed

to dramatic
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2.2 Mechanization and Cropping Intensity

the ratio of the area

under different cultivatedthe totalin given cropcrops toa year

physical area in that year, expressed in percentage. Cropping intensity

is unitless quantity and, therefore, good index fora can serve as a

investigating the effect of mechanization crop yields. Shieldson

(1983) defined cropping intensity as the sum of areas cultivated during

(e.g. and dry seasons) to the maximumtwo consecutive wetcrop seasons

cultivated during the two seasons expressed in percentage.area

(1981), (1981)Lingard and Wicks thatand Tan report

mechanization showed positive significant relationship with croppinga

intensity. They, however, found that irrigation and credit availability

modified cropping intensity more significantly than mechanization alone.

(1983), (1979),Similar results obtained by Shields Wicks IRRIwere

(1980), Ahammed and Herdt (1981), Sison et al (1981; 1983), and Williams

(1975). (1979) concluded that mechanizationand Chancellor Thapa

increased cropping intensity significantly.

2.3 Mechanization and Labor Employment

research findings have that mechanization ofshown certainSome

farm operations results in labor replacement and displacement (Shields,

1983; Duff, 1978; Barker and Cordova, 1978).1983; Sison et al., This

effectundesirable wherein laboris countries abundant andisan

laborfarming operations Gonzales et al. (1981; 1983)intensive.are

Thapa (1979) defines cropping intensity as
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They found thatsimulation analysis. power

tillers and tractors displaced about 25 and 28 mandays of family labor

per hectare respectively, for each cropping In the same study,season.

they report that portable threshers displacedtransplanters andrice

hired labor by about respectively.26 6and mandays hectareper

Irrigation pumps, however, showed no known direct effect on employment.

(1978)Sinaga laborthat mechanization seasonalreducesreports

requirements in crop production.

and use in selected districts of the Nepal Terai, concludes that a high

labor input level (except in land preparation), high percentage of hired

His results agree withlabor, and low labor input for land preparation.

Thapathis However,those of researchers already cited in section.

than mechanization causing these effects,(1979) cautions that rather

confounding)(or var iables,the between endogenousassociation is

Better qualitythe system.mechanization itself being endogenous to

leads to a higher percentage of hired labor, higher

This means

that even in the absence of mechanization, high cropping intensity, high

high labor and high percentage of hired labor inyields per hectare,

farms with good quality land would be expected.

Labor employment for hand weeding declined substantially

chemicalsin1970/80 decade due increaseto an

control (Cordova et al., 1981).

evaluated the impact of mechanization on employment (and crop output) in

cropping intensity and more intensive cultivation of a crop-

over the

land, for instance,

level of mechanization is associated with the following effects: high

the Philippines using a

Thapa (1979) in his study on the economics of tractor ownership

the use of for weed



10

2.4 Mechanization and Energy Utilization Efficiency

labor. However,

energy efficiency during tillage is often very low (Lee, 1979). Kuether

and Duff (1979)

demanding operations in the mechanical system of rice production. Other

intensive andoperations crop husbandry, and threshingenergy were

drying. For both traditional and transitional rice production systems,

Planting and harvesting required relatively low energyenergy inputs.

Their results agree withinputs in all three rice production systems.

and Duff (1978).those reported by Chancellor (1977), Heichel (1973),

(1979) (1981) forFluckal andStout et constantsreport energy

performing various farm operations.'

(1975) produced computer simulations ofWilliams Chancellorand

They found thatcrop production models. sensitive to

Similar results reported byfertilizer and input.water areenergy,

Rutger and Grant (1980) in their study energy use in rice production.on

that the ricetheir results, is interestingFrom to note as

technologically becomes lessitproduction improvessystem energy

whereasefficient. For example,

input in the USA rice producing areas is only slightly larger than 1,

the ratios in the Philippines for 1972-73 wet and dry

Kuet'ner and Duff (1979) report

rice production systems in the Philippines.

Kiarnco and McMennamy (1979), Pimentel (1980), and Kuether and Duff

(1979) forfound that input fertilizer, especially .nit rogenenergy

seasons were 3.4.

found that land preparation was one of the most energy

land preparation ranked second to crop husbandry operations in terms of

a similar result after comparing three

crop yield was

Land preparation demands much energy.

the ratio of energy output to energy

time and
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fertilizer, the highest fact,Incrop husbandry operations.inwas

f er til i zer' N was second to gasoline in terms of energy input expenses in

the Philippines during 1972-73 wet and dry seasons as reported by Rutger

and Grant (1980) and Smil et al, (1983). In the latter's report, rice

yield 3232 and 4175 kg hectare for the and drywas wetper season

respectively. In terms of energy equivalents these yields represented

• about 39800 and 51500 megajoules per hectare.

labor (MJ/labor hour)output lower thaninper

those in the Philippines.

Other inputs like machinery, herbicides, insecticides and seeds

have been measured in terms of weight (kilograms) and energy in joules

(Pimentel, 1980; Kuether and Duff, 1979; Smil et al, 1983). In general,

they found that chemicals used for weed and pest control had high energy

equivalents.

Boughton (1981) investigated the implications of fossilrising

fuel the development of rice production technology,energy prices on

particularly in the field of mechanization. The use and productivity of

rainfedemployed and irrigated farmsrice theinonresources

well financialPhi1ippines Heterms.asas

farmsfertilizer all andfound that supplywateruse on on pump

irrigated farms accounted for the largest shares of fossil fuel energy

thatHe should bethere

formechanical increasing yields andinnovations improving the

productivity of resources which are scarce relative to demand,

to meet the rising input prices and growing demand for rice.

energy-saving in rice and wheat production

found that totalIndia. He forin requirements, all fieldenergy

and so as

Also the ratios of energy

Roy (1966) reports on

the USA were

use and cash expenditure.

hour of

were measured

further concluded

in energy
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bullock-drawnthe improvedoperations, in whole usingcountry,

1263.6 ofMJ/ha by conventional methods. Energy-saving impactto

mechanization been reported by McColly (1971) ofhas also in terms

man-hours per hectare. 1000Results at that time showed that on average

expended in paddy production with the use ofman-hours per hectare were

In Japan arid Taiwan this figure was

inter-cultivation and less tillagewhere broadcasting.countries less

furtherthe figure waswere practised, 700 man-hours He

reports that sources of energy were normally purchased.

Srivastava (1982) compared conventional to mechanized farming in

higher for mechanized than for conventional farm operations, yetwere

the increase in crop yield and timeliness of farm operations encourages

use of farm machinery.the crop

resultsdirectly proportional input. Hisyield to wereenergywas

similar to those reported earlier by Pimentel (1980), Kuether and Duff

(1979), Kiamco and McMennamy (1979), Chancellor (1977), Heichel (1973),

Duff (1978), Sanvictores (1977), and Igbeka (1983).

(1974),Energy for irrigation has been reported by Batty et al.,

Rutger and Grant (1980) and Knutson et al., (1977). This study uses the

results of these studies in estimating energy for irrigation in Central

Luzon.

implements and machines already developed was about 199.4 MJ/ha compared

relation to energy use and cost. He found that energy and cost inputs

per hectare.

animal power. 1300 while in other

showed thatFurthermore, his results



CHAPTER III

RESEARCH METHODOLOGY

3.1 Source and Scope of Data

Data from the of Small MechanizationConsequences Rice Farm

(CSRFM) TheProject were used for the .present study. CSRFM project

involved three countries in Asia namely the Philippines (in the province

of Luzon), (SouthNueva Ecija, Central Indonesia Sulawesi and West

Java), and Thailand (Supanburi).

funded for International Developmentby the United States Agency

(IRRI)(USAID), Research thethe International Rice andInstitute

Republic of the Philippines (RP). The project was implemented by IRRI

from 1978 to 1984.

Also irrigation andthe main rice producing regions in the Philippines.

Smallvarieties (HYVs)

field

and threshing.pumping,land preparation,such wateroperations as

therefore,Central Luzon,

farm crop output, croppingofeffectsstudy theto

intensity, labor employment and energy utilization efficiency.

In the Philippines field surveys were

tractors are also

modern agricultural technology such as mechanization and improved rice

is one of

are relatively widely used.

provides a suitable environment within which

used in the region due to their versatility in

and ADC (the Agricultural Development Council, Inc.) in the Philippines

Central Luzon was selected for the project because it

mechanization on

a wide range of
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3.2 The Sampling Procedure

In

planted rice) from eight villages involved for the 1979/80 wetwere

There were 211 and 302 sample households for the 1980 dry andseason.

The villages were randomly sampled according

ofthe type

water control. Four villages located in the municipality of Cabanatuan

City and another four from Guimba municipality composed the study area.

These villages classified ofaccording the waterto typewere

availability as follows:

Cabanatuan City:

irrigated farmsSan Isidro

irrigated farmsLagare

irrigated farmsCaa1i bangbangan

irrigated farms;Kalikid Sur

Guimba:

rainfed farmsGalvan

rainfed farmsSan Andres

rainfed farmsBunol

rainfed farms.Narvacan I

the Philippines showing the Province ofFigure la is

The relative locations of the villages

the CSRFM survey,

Nueva Ecija in Central Luzon.

a total of 318 rice farm households (which

are also detailed in figures lb, 1c and Id.

Irrigation is based on

wet season respectively.

a map of

to irrigated and rainfed farms.
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Map of the Philippines

Nueva Ecija

Figure la. Map of the Philippines showing the province of Nueva Ecija,
Central Luzon .
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Irrigated farms were further classified into pumpset irrigated and

gravity irrigated farms. Altogether, therefore, there were three levels

of villages by water availability namely; irrigated, gravitypumpset

irrigated, and rainfed farms. The will controllatter be the or

reference group of farms for changes due to water availability.

For each of the three classes of villages by water availability

there three levels of mechanization, which definedtypeswere or- are

below. This farm classification by level ofavailability andwater

mechanization gives (Table 1) forfarm each croppingnine typesus

season:

rainfed-nonmechanized farms;

rainfed-partially mechanized farms;

rainfed-fully mechanized farms;

pump irrigated-nonmechanized farms;

pump irrigated-partially mechanized farms;

pump irrigated-fully mechanized farms;

gravity irrigated-nonmechanized farms;

gravity irrigated-partially mechanized farms; and

gravity irrigated-fully mechanized farms.

nonmechanized farmsrainfed andstudy,theIn present are

considered to be the reference farms for comparisons of farm differences

and productivity due to mechanization of farm operations. Finally farms

three main groups (or types) according tosorted intowere

power for land preparation:

farms farmsmechanized four wheel(i) usingFul ly

farmsSuch either rainfed, gravitytractors, for land preparation. are

source of
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Table 1.

Farm ’type

Number of farms

Rainfed Nonmech 77 19 90

Rainfed 46Partmech 15 4

Rainfed Fullmech 1 1 28

39 25 29Pump-Irrig - Nonmech

15 12 7Pump-Irrig - Partmech
a a 9Pump-Irrig - Fullmech

17Grav-Irrig - Nonmech 7 7

79 78 23Grav-Irrig - Partmech

54 9554Grav-Irrig - Fullmech

302318 211Total

Wet Season
1980

__________ Central Luzon
Wet Season Dry Season 

1979/80 1980

Observations with missing values.

Frequency counts of rice farms by type and season.
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paddy.

for pump

Postproduct ion activities such as harvesting and threshingirrigated.

are also mechanized as in (i) above.

farms using animal

for land rainfed, irrigatedgravi typreparation inpower or pump

All other farm activities are not mechanized.irrigated areas.

(orhenceforth levelsbe calledThese will

degrees) of mechanization in the present study.

specified in the research proposal to be one ofSeed variety was

f ind farmersexplanatory variables. isthe Since tovery rare

present studyis assumed in theitgrowing traditional rice varieties,

(HYVs).farms planted ‘improved high yielding varietiesthat all rice

the lastDramatic changes in rice production technology- over

have been reported by Cordova et al (1981). They report that

1970 almost 80% of the total rice area was planted to HYVs and thatas

this figure had risen to 95% by 1980.

mechanization caused bybyfarmbetweenVariations groups

seasonal effects are assumed to be taken care of since the present study

this changes theIn indata byanalyze wayattempts to season.

observations caused by by seasonality can be compared.

method the FAO Farmthe usingData survey

(FMDCAS)Analysis packageand SystemCollectionDataManagement

(IRRI, 1980) andOperations Handbook 1 1978d;No.1977) ,(Friedrich,

(i i i) Nonmechanized farms (M^) -

(ii) Partially mechanized farms (M^) - farms using power tillers

were colle'cted by

irrigated or pump irrigated as mentioned above and use machines such as

as early

15 years

four wheel -tractors, reapers and threshers for harvesting and threshing

land preparation and which are rainfed, gravity irrigated or

farm groups

or human
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Operations Handbook No.4 (IRRI, 1984) which specify the instruments used

for interview.

3.3 Limitations of Data

During the implementation of the CSRFM

both farm level primary data and secondary or complementary

daily records, were collected based on the farmer's memory. Farmers do

usually keep farm recordb. difficultyalso haveFarmers innot a

tendency for farmersrecalling information. Moreover, to

overestimate costs and underestimate their farm returns (or production)

in order to avoid higher government taxation.

Cross-sectionalsurvey study-.The CSRFM was

unmechani zedhaving mechanized anddisadvantage ofhave thestudies

farms which differ in many other respects from each other than only with

For example, mechanized farms using fourrespect to their power source.

larger than unmechanized ones. Furthermore,wheel tractors usually are

withbe better endowedgenerally expectedfarmsmechanized toare

to credit markets. Thisproductive capital and to have a better access

is likely to enhance greater use per hectare of irrigation and purchased

and hence to higher observed yields and cropping intensities.inputs,

confounding factors lead to higherthese factorsAll may

yields, higher intensities and higher labor use even in the absence of

however,-provide a comprehensive context forstudies,Thetractors.

identifying relevant issues for further research.

there is a

a cross-sectional

survey, all information

or data,

and other
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3.4 Analytical Methods

Based- on the objectives of the present study and the hypotheses

formulated, this section deals with specifications of the variables and

statistical analysis techniques. analysed usingData variouswere

analysis of variance (AN'OVA) , analysis of covariance

(ANACOVA), and a production function analysis model. The techniques and

their use in this study are discussed in turn.

3.4.1 Comparison of Some Weighted Average Statistics of Sample Farms

(mandays/ha), cropping intensity (percentage),labor otheranduse

variables among different mechanized farm groups. Regression analysis

thethe data from CSRFMof chosen becausevariance survey waswas

be analysed using one' way analysis of

analyse balanced data (i.e., datausedThe latter isvariance. to

having equal numbers of observations for each treatment variable). In

for each farmthis case

continuous explanatory variable. Theregroup.

ofdummy variables representing levels mechanizationthreealsowere

These dummies represented different numbers of

The following were the dependentshown in Tables 2 to 4 in Chapter IV.

land preparation labor (mandays per hectare),variables:responseor

weeding labor (mandays per hectare), post production labor (mandays per

hectare), other preharvest labor (mandays per hectare), total labor use

(mandays per hectare), hired labor expenses (pesos per hectare), level

m3).

Farm size was used as a

techniques such as

Analysis of variance (AX'OVA) was used to compare yields (kg/ha),

farms as<MP M2>

there were different numbers of observations

unbalanced and thus could not
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of fertilizer (kilograms per hectare), other cash expenses (pesosuse

per hectare), yields (kilograms per hectare), and cropping intensity

(percentage). These variables are clearly defined on the next page.

ANOVA was chosen because farm groups

with varying degrees of mechanization and whethertestto

observed farm group differences are significant

used for comparisons of differences within treatment groups.

a different technique of data analysis to studyuse

the within farm group variations on the dependent variables.

3.4.2 Mechanization and Differences in Input Intensity Use

Analysis of covariance (ANACOVA) was used to study the patterns

because embodies forin input ANACOVA correctionsintensityuse

differences in other independent variables such as dummy irrigation and

variable) when labor and(afarm comparing inputcontinuoussize

cropping intensity, for instance, by mechanization class. The dependent

(inlabor specific farmlaborbe totalvariables will use, use

operations such as land preparation, weeding, etc), cropping intensity,

hired labor expenses,

classes. def inemechanized We thedifferentfor of theeach now

and within mechanization levels:

(i) Land preparation labor (mandays hectare) includesper

seedbed preparation, plowing. harrowing,for clearing,usedlabor

repairing irrigation facilities, etc;

For this reason, we

it shows differences among

measures of labor use and other variables which will be compared among

or not. However, AN'CVA

level of fertilizer use, and other cash expenses

cannot be

enables us
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Includesper hectare)

labor for harvesting, threshing, drying the produce, sorting, and other

activities;

inputs in land preparation, transplanting, weeding, and other crop care

practices, and post production labor the sum of (i) and (ii) above.or

(iv) Hired labor expenses (pesos per hectare) --  is the product

of the wage rate (pesos/ha) and total hired labor (mandays/ha);

(v) of (kgN’/ha)Level fertilizer the weight ofisuse

nitrogen fertilizer used;

(vi) (pesosOther hectare)cash includesexpenses per

These

variables quantified of thein sectionin terms energy onare

mechanization and energy utilization in rice production.

(vii) Cropping intensity (percent)-- is the ratio of area under

physical cultivateddifferent crops in a given crop year to the maximum

area in that crop year.

is fitted an unconstrainedmodel inThe covariance analysis as

unconstrained modelThe containsform.constrainedwell as a

interactive terms and is of the following form:

(1)+

where
th= land preparation labor (mandays per hectare) in the t

observation;

2 
E= a o

Lt

(ii) Post production labor (mandays

2 
E 

i=l j=l
Lt “it “ij + vtM.

it jt“j+2 Tjt
2 

+ E 
j=l

+ “5tAt
2

+ E 
i=l

expenditures on seeds, insecticides, herbicides, and fungicides.

(iii) Total labor use (mandays per hectare) includes labor
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th■ farm size (hectares) of the t observation;

= dummy for level of mechanization, 1, 2, 3 fori -

observation t;

“ fully mechanized farm dummy for observation t;

= partially mechanized farm dummy for observation t;

= nonmechanized farm dummy for observation t;

= dummy for level of irrigation, j = 1, 2, 3 for observation

= pump set irrigation dummy for observation t;

= gravity irrigation dummy for observation t;

= rainfed dummy for observation t;

= disturbance or residual term for observation t in the

unconstrained model;

—, N number of observations;

are the regressors.= intercept term;

for non-additive effects

which measure the interactive effects of irrigation and mechanization on

land preparation labor use and other characteristics.

The significance of the tested directly

constrained version of model (1) specified as follows:

(.2)+

= disturbance term of the constrained model.where,

= 0 will be tested with F-statisticsThe set

based on the residuals of the estimating equations for (1) and (2). The

F-statistics will be computed as follows:.

2 
E 

j=l
= a o

A t

a o

^’t

“it

“j+2 Tjt

by fitting a

M„ 2t

■ Lt a.i

3t

Mit

r3t

Mlt

and a..t

Pt

r2t

+ “5tAt

t = 1, 2, 3,

interaction effects was

Xlt

of restrictions a

2
+ E 

i=l

It was assumed that this model allows
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V* /r
(3)F

/[N-K]

= sum of squares of the residuals of the unconstrained

model;

= number of restrictions;

N = number of observations;

K = number of regressors or independent variables;

(r, N-K) = degrees of freedom of the F-statistics at a given a

level of significance.

is greater than the tabulated value atIf the computed F-ratio

the given level of significance and degrees of freedom, then reject the

that the effectsnull hypothesis and conclude interaction are

fail conclude that thesignificant. Otherwise, reject andto

interaction terms are nonsignificant.

similar to the one specified in equations (1) to (3)A model was

fertilizer cropping intensity,use,

of other cashlevel inputandhired labor expenses amongexpenses,

different levels of mechanization.

influence of mechanization on post production labor, for example, which

ari ses

This is a shortcoming of the covariance model.level of fertilizer use.

thisFor towereason,

(H ) o

N 
E 

t=l

N 
E 

t=l

K o

2 
t

N
E 

t=l
N
E 

t=l

y t

where N 
E 

t=l

2 P t

[r, N-K],a

2 Pt
21Pt

,2
= sum of squares of the residuals in the constrained model;

independently of the effects of other specified inputs such as

developed a production function analysis model

The analysis of covariance model cannot be used to sort out the

developed to compare the level of
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another and which will sort out the influence of mechanization on them.

3.4.3 Mechanization and Productivity

In this section,

Thecompare productivity ’amongto

function has the following unconstrained form:

I +ait it

(4)
where

InY = natural logarithm of yield (kg/ha) in observation t;t
2, 3,-- , N.t = 1,

= natural logarithm of the intercept term;

= irrigation dummy

= mechanization dummy as defined earlier;

= natural logarithm of the level of fertilizer used

(kgN/ha);

logarithm of total labor used (mandays/ha);= natural

logarithm of other cash expenses (pesos/ha);= natural

logarithm of farm size (ha);= natural

parameter estimators; i=l, 2, 3,or= regressors

12.

= the residual terms of the unconstrained model;

Ina o

Ina o
2 
E

InA t

2 
E 

j=l

lnCt

\t

£ t

2 
E

i=l j=l

& a..

+ a6t'

a.x

+ a5t

as defined earlier;

lnLt

+ “lit

lnYt

lnCt

lnFt

lnFt

+ “12t

a generalized production function was developed

evaluate for the effects of input variables arising independently of one

“(j+2)t Mjt

a..I.M. xjt it jt lnAt+ £t

2
+ E 

i=l

IbL + t

different mechanization classes.
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The significance of of interactionthe terms was

constrained model version of equation (4)

as follows:

+

C5)+

where

= disturbance or residual term of the constrained model;

ofThe set

based on the residuals of the estimating equations (4) and (5) using the

following equation:

/re'
(6)

/N-K

where

of the squares of the residuals in the constrainedsum

model;

of the squares of the residuals in thesum

unconstrained model;

= number of restrictions;r

N *• number of observations;

N 
Z 

t=l

2 
Z 

j=l

N
Z 

t=l
2 

t

e ’ 
t

= Ina o

2
£ 
t

N
Z i 

t=l
N
Z

t=l

lnA_ t

+ a6tInY

+ a7t

+ “5tlnrt

lnCt + “St

F = r,N-K

a(2+j)tMjt

2 
Et

2 
et

tested ditectly by fitting a

InL t

N 2
Z E* = 

t=l L

i 
e t

a. I.it it
2

+ Z 
i=l

restrictions a jj = 0 were tested with F-statistics

the effects
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independent, variables;

(r., N-K) » degrees of freedom of the F-statistics at a given

level of significance.

If the observed (or computed) F-ratio in equation (6) is greater

than the tabulated value at the given level of significance, reject the

null hypothesis and effectsconclude that the interaction are

significant. Otherwise, fail theand conclude thatrejectto

interaction terms are not significant.

(AXOVA),The the analysis of analysis ofvariance

covariance in

Chapter IV.

Mechanization and Energy Utilization in Rice Production3.4.4.

been measured of theEnergy flow in agriculture has in terms

country (Fluck, 1981; 1985; Chern,National ProductGross

(1979) forpresented energy expenditure1984). al ratesStout et

various agricultural tasks and working conditions.

energy expenditures for various selected inputs and farm operations in

paddy fields are investigated and analyzed by level of mechanization per

season.

the following andinputs,study considersThe present energy

constants given in Appendix A, for rice production:

seeds (kg/ha);

machinery (for the estimation of embodied and manufacturing

energy, and repair and maintenance energy);

fossil fuel (gasoline

H o

K *=> number of regressors or

<Ho>

or diesel) and oil (in liters/ha);

In this study, net

(GXP) of a

results of

(ANACOVA) and production function models are presented
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operations:

human, animal and tractor;

Calcium (CaO) all measured in kg/ha);

chemicals: insecticides (carbofuran) and herbicides (2,4-D) .

measured in kilograms of active ingredient

hectare (kg a.i./ha).per

pump irrigation: measured in terms of the net depth (m) of

water applied per hectare by pump irrigation.

Farm operations are classified into four main groups namely, land

other (includingpreparation, weeding, and preharvest tasks seedbed

land clearing, plowing,preparation, digging, cultivating, hoeing,

planting, fertilizer application, pesticide application, and irrigating;

Land preparation and weeding

separately from other preharvest operations because of

their importance in crop establishment. The fourth farm operation group

(including harvesting,production operationsof totalconsists post

cutting, threshing, sorting, and other activities) measured in man hours

per hectare.

Farm operations performed using animal or tractor power included

cultivating, harvesting (especially in transportingsoil preparation,

the harvested paddy stacks), These operations

hours hectare dependinganimalmeasured tractorin perorwere on

whether they were performed by animal or tractor power.

Energy requirements for these operations

ofThe valuesby level of mechanization. requirementsenergy were

fertilizers: Nitrogen (X), Phosphate <p2°5>» Potash (1^0),

were also investigated

source of power for performing various selected farm

all measured in man hours per hectare).

and other activities.

are considered
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obtained by multiplying the measured values of inputs

correspondihg specif icderived fromconstantsenergy source ora

reference which found the tablesresulting and appendicesinare

attached to Lhis report.

in relation to energy utilization, by level of mechanization, are fully

mechanized using four wheel tractors

in rainfed gravity or pumpset irrigated farms), partiallyoperat ions or

mechanized using two wheel fort iIlers

land preparation in rainfed and

nonmechanized farms (M, for3
land preparation in rainfed or gravity or pumpset irrigated farms). It

(that fully mechanized farms used four wheel. 60 horsepowerwas assumed

weighing 2360 kgtractors,tractors,

(Massey Ferguson Agricultural Machinery, 1973). It was further assumed

6 horsepower dieselfarms PT3partially mechanized used IRRIthat

engine power tillers weighing 200 kg (or 441 lbs) (IRRI, 1977). These

facilitate of theorderadapted computationinassumptions towere

energy requirements more consistently and reliably.

(1983) coefficients.using Smil et al

coefficient for machinery embodied energy was 85 megajoules per kilogram

(MJ/kg) which is higher than the value (49.5 MJ/kg) reported by Doering

III (1980). Therefore,

The

embodied energy and energy used in manufacturing was then determined and

farms (M

x 85 MJ/kg).an embodied energy equivalent to 200600 MJ (or 2360 kg

or gravity or pumpset irrigated farms),

farms (M^

or operations by

a four wheel tractor weighing 2360 kg contains

- using animal or carabao and human power

Embodied energy requirements for farm machinery were calculated

As defined earlier, the three types of farms to be investigated

similar to Massey Ferguson MF165

For the four wheel tractor, the

tractors or power

for land preparation
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divided by the total cultivated theus ingin givenarea seasona

tractor.

Repair parts, materials replacement and maintenance

the embodied and manufacture energy (Smilto be about eight percent of

et al, 1983).

The above totalprocedure also used determine thetowas

embodied and manufacturing energy content of tiller and alsothe power

the required repair and maintenance energy.

The energy content of fossil fuel (gasoline or diesel) and oil,

and seeds value ofused whereas thedirect inputsare as energy

fert iIi zer, insecticide, herbicide, and farm machinery are aggregates of

all energy used to produce the materials, including the energy expended

directly in producing them and the energy required to build and maintain

the production facilities and provide for the worker's food, transport,

and distribution.

Energy consumption values

forof expenditures allby operation. However,varied averagean

cited the literaturegenerally inthoseapproximateoperations

in those operations1980).(Chancellor, 1977; Pimentel,

estimated using values from similar or related

Appendix A presentsfor similar tasks.tasks or by averaging the energy

the energy constants used in this study.

calculated usingEnergy required for pumping irrigation was a

(1974).al formulaThe ofis theformula developed by Batty, et

following form:

not measured directly was

Some of the human energy expenditure constants used in the study

Human energy

was assumed

were obtained experimentally (Duff, 1978).
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k x A x D x H/(E (7)i

wheri

PE = pumping energy

A area irrigated (ha)

D = net depth of irrigation (cm)

H = pumping head or the sum of elevation differences,

operating pressure, and friction and minor losses (m)

= irrigation efficiency

(percentage)

= pumping efficiency (percentage)

In using the above formula,

used and that the net depth of irrigation was 0.15was

Irrigation and pumping efficiencies

considered to be 402 and 602 respectively (Batty et al, 1974) . Itwere

because these ofby gravity irrigation and farms sources

water were not easily quantifiable.

the above adaptedassumptions1980 drytheFor wereseason,

total farm area was pumped to a net depth of 0.30 m (30 cm)except that

of water (Knutson et al, 1977).

Upon substitution of the values given above into the formula, the

energy for irrigation for the dry season was 26907.403 MJ/ha.

the' present study, assumed that 1 kcalisit isThroughout

equivalent to 4.186 kJ of energy (Hoare, 1976).

x E ) P

E P

PE =

m (15 cm) for the

Ei

applied that is stored in the root zone

or the percentage of the water

it was assumed that pump irrigation

wet seasons (Knutson et al, 1977).

was difficult to calculate the energy used in providing water to farms

in rainfed
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Total the sum of allstudy is

energy equivalents (both commercial and noncommercial) for each input

and farm operation by level of mechanization.

The total labor the sum ofenergy requirement is assumed to be

all the energy equivalents for performing each specified farm operation

using human This includes all from land preparationtasks topower.

total post production human energy requirements by

mechani zat ion. Total determined for eachwas

level of mechanization in order to compute energy utilization efficiency

in terms of energy output (MJ) per hour labor input.

Rice production (or yield) is investigated in terms of paddy and

called rice).milled paddy (heretofore, that 692 byIt assumedwas

weight of paddy approximately equivalent (IRRI, 1978c).ricetowas

Furthermore, assumed have energy equivalent of 15.07rice to anwas

energy equivalent of 12.36

MJ/kg (or 2952 kcal/kg), which is about 822 of the energy equivalent of

rice (Rutger and Grant, 1980; Faidley, 1977; Leach, 1976).

utilization efficiency inthe study, riceIn present energy

thatFirst, andmeasuredproduction is in two assumeways.

represent the total energy output in paddy and rice produced per season

the utilizationif andrespectively. Then, energyare

efficiencies for producing paddy and rice respectively, then:

/ E., andi

E o E m

E ro

E ro

E rm

E rm

= E m

= E o

energy input (E*) in the present

1 Ei‘

MJ/kg (or 3600 kcal/kg) while paddy gives an

season and level of

labor hours season and
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where, theis production bytotal riceinput inenergy

mechanization class.

This method gives dimensionless energy utilization efficiencies.

Energy utilization efficiencies were also computed in megajoules

per hour of labor as follows:

Assume the of hours of laboris in riceamount spent

production per mechanization class, and already definedand as

above. Therefore, we have:

I 1 , andh

/ 1h

where

the energy utilization efficiencies for paddy andare

rice respectively measured in megajoules per hour of labor by level of

mechanization.

Energy expenditure in rice production was also compared on a perr

energy equivalents, outputby summing allbasis input energyseason

theand computingof labor ratiosequivalents, total hoursand as

defined above.

of mechanizationlevelbyequivalent estimatesEnergy are

of both paddy and rice and presented in kilogramscalculated in terms

per hectare as shown in Chapter TV.

E m

= Eo

= E m

E o

E, lo and E Im

Ei

Elm

Elo
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Based on the estimated energy values, the relative costs (in US

dollars) of commercial farm) energy theand noncommercial (or foron

three levels of mechanization The resultscalculated bywere season.

are shown in the next chapter.

Input costs, in US dollars per hectare, at market prices for the

presented and compared with those for the

operations and energy inputs (megajoules per hectare) by source will be

illustrated in tables and charts by level of mechanization.

1984/85 wet season.

three seasons under study are

The distribution of labor (man hours per hectare) by major farm



CHAPTER IV

RESULTS AND DISCUSSION

4.1. Comparison of Weighted Average Statistics for Sample Farms by

Level of Mechanization

Analysis of variance (ANOVA) enables the comparison of dependent

variables such yields, laborcropping intensity, and otheras use,

variables among different mechanized farm ANOVA enables thegroups.

differences farmthe differentwith levels ofsummary among groups

mechanization to be shown. thenot

observed farm group differences are significant. The weighted average

statistics of the sample farms by degree of mechanization per

shown in Tables 2 to 4.

tested using F-statistics computed

variations between farm groupsthe ratio of the mean thetoas square

Significantwithin the F-statisticsvariations groups.mean square

imply significant differences in farm group means for the variable under

test.

Since higher than theobserved tabulatedthe F-statistics were

variables, the null offor all dependentF-ratios no

laborintensity,differences yields, cropping otherandin use,

variables among the farm groups is rejected.

4 indicate significant differences2in TablesThe statistics to

Such differences will be tested latter using the ANACOVAamong farms.

hypothes i s>

season are

Differences in farm groups were

It is also used to test whether or
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Table 2.

Type of farm

Operation

18.25126.1737 9.9934

2.20681.43630.2621■

40.416431.951632.8088

35.948233.105928.2250

96.822676.487267.4697

402.2007667.1965824.4472

30.879843.807251.3764

237.7459320.0570470.4425

N.A.N.A.N.A.

and those of subsequent tables may be rounded to the nearest decimal digit

a The 1979 exchange rate was 1 US$ = 7.5 pesos (Philippine pesos).

b Cropping intensity =
Maximum cultivated physical area in that year

■= not applicable this season alone.N.A.

Other cash expenses 
(pesos)

Weeding labor 
(mandays)

Land preparation 
labor (mandays)

Total labor
(mandays)

Other preharvest labor 
(mandays)

Yields (kg) 
(ton, t)

Post harvesting 
labor (mandays)

Comparison of selected weighted average statistics per hectare from 
sample farms by mechanization type, 1979/80 Wet Season*

Partially mechanized 
N=140

2175.7425
(2.2 t)

3897.6887
(3.9 t)

3166.2595
(3.2 t)

Level of fertilizer
(KgN)

Fully mechanized 
N=55

Nonmechan i zed
N = 123

Hired labor expenses 
(pesos)

Area under different crops in a given crop year
 x 100

Cropping intengity 
(percentage)

* These results
for easy interpretation.
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solely due to mechanization or caused by

other confounding variables in addition to mechanization.

Yields were higher on mechanized farms by 990 to 1722 kilograms per

hectare (or 45% 79% higher) whichf armsthan nonmechanizedto on

recorded of 2176 kilograms theof paddyhectare inan average per

1979/80. wet (Table 2). 1980 dry (Table 3) paddyTheseason season

yields higher than those 1979/80 andthein 1980 wetwere seasons

(Tables 2 and 4). During this season, mechanized farms reported higher

yields by 749 to 1439 kilograms per hectare (or 22% to 42% higher) than

those of the nonmechanized farms which produced 3.4 hectaretons per

(Table 3). Mechanized farms also produced higher yields in the 1980 wet

(Table 4) by 668 to 747 kilograms hectare (or 28% 31%toseason per

higher) compared nonmechanized farms which reported 2.4to tons per

hectare. the three yields fullyall highestIn seasons, were on

mechanized farms (Tables 2 to 4). the level of mechanizationThus, may

yield differences between mechanized andbe associated with increasing

nonmechanized farms.

f armsmechanizedhigher thanCropping intensity on onwas

Nonmechanized farms hadnonmechanized 45farms by 32 percent.to a

148 percent (Table 3). Fully mechanized farmscropping iiitensity of

highest cropping intensity (193%) followed by partially• recorded the

mechanization increeasesthatmechani zed farms (180%). This suggests

cropping intensity.

Hired labor

Fully mechanized farmsmechanized farms.farms nonmechanizedon on

reported the highest weighted averages of these variables in the 1979/80

In Table 3, hired-labor expensesand 1980 wet seasons (Tables 2 and 4).

to investigate whether they are

expenses and other cash expenses were uniformly higher
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Table 3.

Tyne of farm

Operation

10.6384 27.03956.6079
!

0.64870.1248* 0.1381

59.494435.181628.8873

40.670731.490924.8397

127.353277.449160.4597

569.5414822.8798802.9453

84.608875.296064.2531

431.6448473.1514549.4240

147.5723180.1936192.7718

a The 1980 exchange rate was 1 USS = 7.60 pesos (Philippine pesos).

b Cropping intensity =

Comparison of selected weighted average statistics per hectare from 
sample farms by mechanization type, 1980 Dry Season.

Weeding labor
(mandays)

Total labor
(mandays)

Other cash expenses 
(pesos)

Other preharvest labor 
(mandays)

Post harvesting 
labor (mandays)

Land preparation 
labor (mandays)

4187.4716 
(4.2 t)

Nonmechanized
N - 51

yields (kg)
(ton, t)

4876.8776 
(4.9 t)

Partially mechanized 
N-105

3438.3122
(3.4 t)

Fully mechanized
N=55

Level of fertilizer
(KgN)

Hired labor expenses 
(pesos)

Cropping intensity 
(percentage)

Area under different crops in a given crop year 
______________________________x 100

Maximum cultivated physical area in that year
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The level of fertilizer use

lowest fully mechanized farms whereas other cashwas on wereexpenses

the highest. This is possible because in the dry season fewer households

cultivated their farms. As result labor abundant thea was more

fewer cultivated farms. Partially mechanized farms hiredused more

labor expenses than other farm groups.

Nonmechanized farms used the highest level of labor inputs in rice

production except post production labor which

mechanized farms the 1980 wetin Reviewing Tables 2 toseason. we

observe that the level of mechanization laborincreases inputas

decreases. Thus, there is reallocation and a lowering of labor costs in

production systems as a result of mechanization.

During the 1980 dry total labor in rice productionseason, use

operations was lower on mechanized farms by 51 to 68 mandays per hectare

compared with nor.mechanized farms which used

(Table 3). fully mechanized farms,mandays hectare otherOnper

preharvest operations recorded the highest labor input of 29 mandays per

production labor (25 mandays hectare).hectare followed by post per

Land preparation required between 6 and 11 mandays per hectare of labor

(Tables 2 to 4) on mechanized farms. The lowest labor use was reported

for hand weeding activities on all A

trend of labor replacement and displacement by farm operationsimilar

reported for fully mechanized and partially mechanized farms duringwas

(Table 4),1980During the however,all three wet seasonseasons.

partially mechanized farms reported slightly higher weighted average of

(38 mandays per hectare) than nonmechanizedproduction laborpost use

This suggests that postproduction operationsfarms. human labormore

a weighted average of 128

were highest on partially mechanized farms.

farm types in the three seasons.

was highest on partially
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Table 4.

Type of farm

Operation

18.47819.5099 13.6145

0.8365 2.03090.8118

39.656431.1123 35.7694

35.359338.167834.8218

95.524788.388276.2558

441.16876732.1933771.0891

61.282287.701986.8578

427.1315 287.3771487.6296

N.A. N.A.N.A.

a

b Cropping intensity =

•= not applicable this season alone.N.A.

Weeding labor 
(mandays)

Total labor
(mandays)

Land preparation 
labor (mandays)

Other preharvest labor 
(mandays)

Post harvesting 
labor (mandays)

Other cash expenses 
(pesos)

Nonmechanized
N - 136

Yields (kg) 
(ton, t)

3127.9188 
(3.1 t)

Partially mechanized 
N-34

3048.7299
(3.0 t)

2380.6715
(2.4 t)

Fully mechanized 
N=132

Level of fertilizer 
(KgN)

Hired labor expenses 
(pesos)

Comparison of selected weighted average statistics per hectare from 
sample farms by mechanization type, 1980 Wet Season.

Cropping intengity 
(percentage)

Area under different crops in a given crop year 
x 100 

Maximum cultivated physical area in that year

The 1980 exchange rate was 1 US$ = 7.60 pesos (Philippine pesos).
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and therefore partially mechanized farms thisless mechanized inwere

season.

Results of the ANOVA presented in Tables 2 to

perform comparative analyses of the farm groups with varying levels of

mechanization. The weighted presented these tables doin notmeans

segregate the effects of other factors such as irrigation and farm size

from the effect of mechanization. For example, di f f erenceslabor use

and other differences farm classesthe be associated withamong may

variations in irrigation or other independent variables although using

the modelANOVA such differences attributedbe only tomay

mechanization. Therefore, further analysis was required.

4.2.0. Mechanization and Differences in Input Intensity Use

results ofthedocumentsThis and inputsection presents use

foregoingclasses presented themechanization inbetweenpatterns

A covariance analysis (ANACOVA) model used to studysection. was

The ANACOVA compares differencesof input inintensity.patterns use

farm operations,in certain selected levellabor use, labor usetotal

and cropping intensity amongcashotherfertilizerof expenses,use,

ofAnalysisfarms. covariance incorporatesdifferently mechanized

corrections for differences in other factors such as irrigation and farm

the dependent variables byofsize when comparing the weighted means

The results of the ANACOVA model are presentedlevel of mechanization.

in these tables, the unconstrainedisModel 1.to A10.in Tables Al

model which contains interactive effects between mechanization (M) and

to 4 only allow us
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irrigation (I) levels whereas model 2 is the constrained model without

these interaction effects.

Results of the ANACOVA showed that during the 1979/80 wet season

and 1980 dry (Tables Al to A7), the fully mechanizedseasons pump

This is possible probably

because pump irrigated, fully mechanized farms had missing values as

shown in Table 1. The table shows, however, that such a combination was

quite rare during the two seasons.

and showed significant effects the 1980in wetwas nonzero season.

Probably, households by then able fully mechanize ricetosome were

production operations ofconjunction within irrigationpumpsetuse

facilities.

4.2.1. Differences in Input Intensity Use, 1979/80 Wet Season

effectsthat the betweeninteractiveshowedF-statistics

mechanization and irrigation were statistically insignificant (Table Al)

in land preparation labor. Theexplaining variationsfor the model

fully mechanized pump irrigated farm interactive effect (M^*I^) was zero

effectsall other interactiveHowever,explained above. wereas

significant in the model explaining variations in post production labor.

statistically significant at the 1 percent level for theFarm size was

in both land preparation labor (negativeexplaining variationsmodels

. effect) and post production labor (positive effect). The constrained

labor showedland preparation 7 5in andexplaining changesmodel

required for fully mechanized andmandays less labor per

partially mechanized farms respectively than nonmechanized farms. The

irrigated farm interaction effect was zero.

hectare was

The same interactive term, however,
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unconstrained model reported land preparation labor significantly lower

(7 mandays per hectare)

farms.

Post production labor higher by 9 mandays forhectarewas per

partially mechanized compared with nonmechanized farms. Gravity

i rrigaj:ed farms had higher production labor <26requirementspost

mandays per hectare) but used 13 mandays per hectare lower than pump

irrigated farms compared with nonmechanized rainfed farms.

The interactive effects between mechanized and irrigated farms in

the model explaining variations total laborin hired laboranduse

also (Table A2).examined using the F-test Partiallyexpenses were

by 16 mandays per hectare

than nonmechanized farms. higher by 134 and

187 hectare the fully mechanized farms and partiallyinpesos per

mechanized farms respectively than their nonmechan i z ed counterparts.

The partially mechanized pump irrigated interaction term was significant

246.50of hectarelabor aboutand reported hired expenses pesos per

higher than the nonmechanized farms.

total labor negativelyeffect of farmThe size use wason

signi fleantand hi red laborpositivesignificant while it onwas

expenses.

The results of the ANACOVA models used to explain variations in the

level of fertilizer used and other cash expenses are shown in Table A3.

interactive effects significant in boththat theshowedF-tests were

irrigated farm models. Thesepartially mechanized and effectspump

(29 kgN/ha) and higher cashof fertilizerlevelsreported lower use

(157.00 pesos/ha) than nonmechanized farms.other Partiallyexpenses

on partially mechanized farms than nonmechanized

mechanized farms showed lower total labor use

Hired-labor expenses were
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mechani zed farms reported fertilizer 10.9 kg N'/haincreased ofrates

over unmechanized farms. increase of

99 and 65 pesos per hectare in other cash expenses for fully mechanized

and partially mechanized farms therespectively compared wi th

nonmechanized farms.

Pump irrigated and gravity irrigated farms applied higher levels of

fertilizer 12.9by 36.8and kgN hectare thanrespective!yper

nomechanized farms. farms cashThese also higher otherreported

of 109 and 238 pesos per hectare respectively above comparedexpenses

with nonmechanized farms.

4.2.2. Differences in Input Use Intensity, 1980 Dry Season

effectsand irrigation interactivemechanizationshowedF-tests

landexplainingmodel variations intheinsignificant inwere

in explaining invariationssignificant postbutlaborpreparation

farmfully mechanized and gravity irrrigatedThelabor.production

production laborestimatedsignificantly posteffectsinteract ion

than unmechanizedlowerhectareto be 47 mandaysrequirements onper

labortwo models explaining variations infarms (Table A4). theIn

requirements for land preparation, mechanized farms reported significant

11.6 mandays hectare •relative10.7 tobylower labor to peruse

In post production labor changes, fully mechanizednonmechanized farms.

of 33 mandays hectaresignificant increaseshowedfarms per overa

Gravity irrigated farms reported significantlyfarms.nonmechanized

lower post production labor requirements of 13.6 mandays per hectare in

The constrained model revealed an
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the constrained thewi thcomparedmodelcovariance analysis

nonmechanized farms.

in Table A4 showed

with land preparation labor and post production labor.

the interaction terms in Table A5 showed that the fully

mechanized effectsand gravity farmirrigated interactive were

significant and reported" significant (60 mandayslower variation per

hectare) (528and significantly higherin total labor variat i onuse

farms.per hectare) hired laborinpesos expenses

Fully and partially mechanized lower land preparationfarms reported

labor inputs by 42 and 39 mandays per hectare respectively contrasted

These farm groups also showed lower hiredwith the nonmechanized farms.

hectare respectively.labor 172.75 and .78.90expenses by pesos per

reported significantly higher hiredirrigated farmsHowever, gravity

labor use bylabor expenses of 436.80 pesos per hectare and lower total

Pump irrigated farms33 mandays per hectare than nonmechanized farms.

by 22 mandaystotal laborlowersignificantalso reported peruse

hectare compared with nonmechanized farms.

statistically significant lower effect totalshowedsizeFarm on

labor use by about 7 mandays per hectare than nonmechanized farms. The

effect of farm size on hired labor expense was insignificant (Table A5).

small and manageable by familyfarmsprobably becauseThis is were

labor.

Partially mechanized pump irrigated farm interactive

shown by F-tests to be significant in the model explaining variations in

(Table A6). Partially mechanized farmsfertilizeroflevelthe use

reported lower application levels of fertilizer (58.7 kgN/ha) and lower

F—tests on

a significant negative relationshipFarm size

than nonmechanized

effects were
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cash (166.85expenses hectare). effect of fullyThepesos per

mechanized farms the level of fertilizer andnegat iveon wasuse

significant (58.90 kgN/ha lower) than farms. Fullynonmechanized

mechanized farms also reported lower but insignificant the

level of other cash s igni fleantFarm andsizeexpenses. was

in all the models explaining variations in these variables.

Results of the covariance (ANACOVA) models explaining variations in

cropping intensity shown in Table A7. farmsGravity irrigatedare

reported significant gains in cropping intensity of 52.5 to 60.8 percent

higher ofrelative Althoughnonmechanized farms. the analysisto

variance (ANOVA) showed higher cropping intensity for fully mechanized

farms, significantmodels revealANACOVA increases in croppingno

Pump irrigated farms showed negativeintensity due to mechanization.

The coefficient ofeffectsbut insignificant cropping.on

of the models explaining cropping intensity was aboutdetermination,

about 79".802.

the cropping intensity models was significant and high. Frompower of

say that cropping intensity is not constrained bythese results,

omission of explanatory variables such as farmmechanizat ion. However,

land quality like topography, natural soilaspects ofmanagement and

dummy representingandfarm location,fertility, crop seasona

affected the model results explaininghavedifferences, etc. , may

other dependent variablesdifferences in cropping intensity

Earlier studies by Uy (1979) indicated that gooddiscussed previously.

quality land with good natural fertility increases cropping intensity.

R2

we can

demonstrated increased levels of fertilizer use and other cash expenses

The adjusted R-square was

as well as

This means the explanatory

effects on
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4.2.3. Differences in Input Use Intensity, 1980 Wet Season

Fully mechanized and partially mechanized 1 overfarms ■ reported

in labor utilization for land preparation byvariation 3.5 8.8 andto

2.9 to 9.2 mandays per hectare respectively compared with nonmechanized

farms (-Table A8). Fully mechanized farms also reported a gain of 5.0 to

8.3 mandays hectare within labor comparedproductionpostper

nonmechanized farms. Partially mechanized farms showed

variations in post production labor. in the model explainingF-tests

land showed that all mechanization and irrigationpreparation

of partiallyeffects significant with theinteractive exceptwere

mechanized pump irrigated and gravity irrigated farms. All interactive

effects in the model were insignificant in explaining variations in post

farms reportedand gravity irrigatedBothproduction labor. pump

significant changes in both land preparation and post production labor.

changes landdecreasing insignificant withalsoFarm size was

preparation labor and post production labor (Table A8) with increasing

size.

laborresults of variationsIn Table A9, use

For fully mechanized and pump irrigatedlabor

the interactive effects were significant in the model explainingfarms,

Partially mechanized pump irrigated farmvariations in total labor use.

model explainingthe variations insignificant ininteractions were

F-tests showed that all other interactve effectshired labor expenses.

were insignificant.

total laborexplaining variations andmodelsallIn use

hired labor expenses, the results were significant for fully mechanized

no significant

in both

expenses are compared.

and hiredin total



51

farms. These estimated 14.1 rnandaysbe lower by 8.6were to to per

hectare and higher by 191.55 hectare than201.60to perpesos

nonmechanized farms. Partially mechanized farms reported negative but

insignificant changes in total labor

hired labor expenses (188.55 per hectare above nonmechanizedon pesos

farms). Pump irrigated farms reported significantly lower total labor

(by 12 rnandays hectare) and (bylower hired laboruse per expenses

184.00 190.00 per hectare) than nonmechanized rainfedto farms.pesos

Gravity irrigated farms also reported significant lower (14.5 rnandays

per hectare) total labor use and an average of 237.00 pesos higher per

hectare more in hired labor expenses than nonmechanized rainfed farms.

significant and showed lower (6total laborFarm size was use

rnandays per hectare on average) and higher hired labor expenses (23.00

pesos per hectare) than nonmechanzed farms.

The F-tests in Table A10 show the fully mechanized pump irrigated

fully mechanized gravity irrigated farm effectsfarm interactiveand

significant in both models in explaining variations in the level ofwere

Pump irrigated and gravity­cashfertilizer and other expenses.use

effects explainingsignif icant inmodels reportedfarmirrigated

other cashandof fertilizerlevelbothvariations in expensesuse

(Table A10).

Fully mechanized farms reported significant effects on the level of

themestimatingfertilizer cashand other on averageexpenses,use

than nonmechanizedhectarehigher by 42.1 kgN/ha and 176.80 pesos per

Partially mechanized farms showed no significant effects in thefarms.

models explaining level of fertilizer

use but a highly significant effect

use and other cash expenses.
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Farm showedsize significant relationship levelwith ofa

4.3. Mechanization and Productivity

thisIn section, generalized production function usedisa to

compare productivity among different classes of mechanized f arms. The

covariance analysis models developed in the previous section cannot be

used to disaggregate, for example, the mechani zat ion on

yields and production labor which independently of otherpost arise

specified inputs such

and farm size.

Table All the results of thecontains generalized production

crop

yields the 1979/80 All explanatoryin theinwet termsseason.

constrained model (i.e., the model without the interactive effects) were

significant. the unconstrained model showed

farmthat partially mechanized irrigated hadthe interactionspump

yields. Fully mechanizedeffectssignificant riceon crop pump

coefficients implying they hadfarms hadirrigated zero no

is in general agreement with the explanationeffect Thison yields.

already provided in section 4.2 and the results in Table 1.

Gravity irrigation, level of fertilizer use, total labor use, other

farm size all showed significant relationships withand

for gravity farmscoef f icient irrigatedyields. The theincrop

positive and insignificant. however,unconstrained model was

function model used to sort out the influence of mechanization on

as level of fertilizer use,

In contrast,

other cash expenses

fertilizer use and other cash expenses per hectare.

F-tests on

It was,

cash expenses

influence of
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positive and significant in the constrained model implying that yields

From these results it can be inferred that mechanized and irrigated

farms obtained higher yields than nonmechanized and rainfed f arms. In

the study, itpresent is assumed that improved (H’ZVs)

were grown in all farms. Only 293 of the 318 sample farms were used for

this analysis. The 23 sample farmsremaining valueshad missing

probably because they did not cultivate this season.

The ofresults the production function model for the 1980 dry

presented Tablein A12. ShowF-tests mechanized andseason are

irrigated farm insignificant except for the

fully mechanized gravity irrigated farm interactions which were highly

signif icant. Fully mechanized farms reported significant increases in

yields. accounted for signif icant effectshowever,Irrigation, on

Total labor use had positive and significant effectsyields. yields.on

positively and significantly yieldsirrigation contributedPump to

probably due to assured water availability through irrigation. During

only 204 farmsthe 1980 dry season,

study because the remainder were not cultivated.

the results of the production functionA13, we present

F-tests showed not all interactiveanalysis for the

contributed to variations in rice production during this season.terms

significant variationsPump and gravity irrigated farms in

rainfall was adequate.that The level ofThisyields. may suggest

shortage of water during the dry season.

The main reason was a

on gravity irrigated farms were significantly higher.

were used for the analysis

fertilizer use and other cash expenses showed positive and significant

In Table

showed no

in the

1980 wet season.

interactive effects were

rice varieties
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relationship with yields. This farms which used these inputsmeans

obtained higher yields than those not applying them.

farms hadmechanized and mechanizedpartially

significantly higher yields than nonmechanized f arms. thisDuring

season, only 287 observations were used for the analysis. The remaining

15 farms had missing values.

general, function models showed thatIn the production

mechanization was associated with increases in yields, although there is

evidence that mechanization alone increases yields perindicatetono

hectare. However, significant gains in yields per hectare were obtained

(i.e., showedwhen farms also irrigatedmechanized were

the coefficientsmechanized/irrigation interactions). ofFurthermore,

were high for the equations explaining variations indetermination,

low in Table A13. Ifwas

such farm soilconfounding explanatory factors management,other as

included the models theinfertility, quality,land etc., were

higher.have been example,Forcoef f icient of determination may

1975). however,The present study, doesincreasing yields (FAO, not

endogenous explanatory variablesof theseeffectstheinvestigate on

crop yields.

(AN’ACOVA) models generallycovariance analysisthef romResults

variables.farmshowed

showingresultsearlier inverse relationshiptheThis suppor t s an

total labor use per hectare,

hired labor and other cash expenses per hectare (Thapa, 1979; Roumasset,

Both fully

2 yields per hectare (Tables All to A12) and R

R2

'timeliness' of performing farm operations has been reported to lead to

size was negatively related with the dependent

between farm size and yields per hectare,
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1973). This Inverse relationship was also to be partially explained by

land quality (Roumasset, 1973).

Energy requirements for rice production by ofand 1 evelseason

7. Reviewing particularto

find that nitrogen fertilizer thewas

energy intensive input followed by farm machinery and seed energymost

equivalents. In the 1979/80 wet season (Table 5), the energy embodied

in the nitrogen fertilizer used in rice production was 3134,

1884 megajoules per hectare for fully mechanized, partially mechanized.

Calcium fertilizerfarms respectively. showedand nonmechanized zero

results

Fully mechanized farms had machine energyapplied during these seasons.

(MJ/ha) while partially1613 megajoulesofrequirements

mechanized farms expended 64 MJ for machine based energy

1302, 1110 MJ/ha for fully, partially,Energy embodied in seed was 1378,

and nonmechanized farms respectively.

MJ/ha and 63 MJ/ha for fully mechanized and partially mechanized farms

thatrespectively. This

four wheel tractors were less used than the two wheel tractors.

land preparation crop husbandryfarms, andfully mechanizedOn

operations (including weeding and all other preharvest tasks) used more

hectare) allthan production(314 posthours operationslabor per

combined (226 hours per hectare). Based on the energy ratings adopted

in the present study, post production tasks used more energy (375 MJ/ha)

inputs within each farm type, we

4.4. Mechanization and Energy Utilization in Rice Production

per hectare.

low energy in the former farm class suggests

Energy in lubricating oil was 9

in any of the three seasons.

2672, and

This suggests that it was not

mechanization are presented in Tables 5

per hectare
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Table 5. mechanization in

Inputs

1110.4561301.6131378.034

----- /continued.

Energy requirement for rice production by level of 
Central Luzon, Philippines, 1979/80 Wet Season.

Fully mecha­
nized farms

Partially mrcha- Nonmechanized 
nized farms farms

1493.115
119.449 
0.000

203.593 
9.085 
52.096 
2.793

279.647 
2.790 
0.338 
0.000
41.266 
3.057 
0.000 

191.448
14.729
25.846 
0.173 

374.609 
356.708
0.000 
8.663 
0.000

59.432
4.755 
0.000 
71.867 
48.833 
84.329 
15.305

284.459
6.280
3.704 
0.024 
63.629 
16.753
0.000 

159.961 
13.384 
19.520
1.206 

437.799 
411.842
7.304 
5.838 
0.000

0.000
0.000 
0.000 
0.000 
0.000 

201.843 
23.515
363.989 
10.833
2.630 
0.000 

133.140 
24.411
0.000 

163.891 
10.728 
17.173
3.865 

482.967 
327.775 
11.729 
11.377
0.000

Energy 
(MJ/ha)

Energy 
(MJ/ha)

Energy 
(MJ/ha)

Seeds
Machinery: 
embodied and manufacture 
repair and maintenance 
gasoline fuel 
diesel fuel 
oil 
Land preparation 
Weeding
Total other preharvest tasks 
Seedbed preparation 
Clearing 
Digging 
Plowing
Cultivating 
Hoeing 
Planting 
Fertilizer application 
Pesticides application 
Irrigating
Total post production tasks: 
Harvesting 
Cutting 
Threshing 
Sorting
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Table 5 continued.

Inputs

Fully mecha­
nized farms

Partially mcch 
farms

Nonmechanized 
farms

304.125 
77.000 
0.060 
0.000 
0.000 
0.000 
0.060 
35.201 
34.864
0.000 
0.082 
0.255 

13615.124 
21380.901 

709.145 
48164.020 
40528.260

2.253 
1.896 

89.233 
75.086

8.800
1883.666
161.696
42.131 
0.000

9.238
3133.961
205.111
97.897
0.000

304.125 
77.000 
59.234 
57.320 
0.000 
0.148 
1.765
14.065 
14.002
0.030 
0.000 
0.033 

11371.912 
17095.238 
821.892 
9125.692 
2922.839

2.289 
1.926 

63.942 
53.804

12.815
2672.237
233.844
54.427
0.000

Energy 
(MJ/ha)

304.125 
77.000 

162.928 
160.265 
0.000 
0.420 
2.243 
0.000 
0.000 
0.000 
0.000 
0.000 

9702.028 
14316.344 
1.72.3’4 

26885.807 
22623.423

1.852
1.558 
34.710 
29.207

A
Energy 
(MJ/ha)

Energy 
(MJ/ha)

Other activities
Nitrogen fertilizer 
Phosphate fertilizer 
Potassium fertilizer 
Calcium fertilizer 
Chemicals: 
Insecticides (carbofuran) 
Herbicides (2,4-D) 
Total animal hours:
Animal hrs soil preparation 
Animal hrs cultivating 
Animal hrs harvesting 
Animal hrs other activities 
Total tractor hours: 
Tractor hrs soil preparation 
Tractor hrs cultivating 
Tractor hrs harvesting 
Tractor hrs other activities 
Irrigation
Total energy input (Ei) 
Total labor hours 
Paddy yield (Eo) 
Rice (Em)
Ratio Eo/Ei (No.)
Ratio Em/Ei (No.) 
Ratio Eo/labor hour 
Em/Total labor hours

it Energy values calculated using constants given in Appendix A and Table A14.
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than land preparation and crop husbandry operations together (335 MJ/ha)

for the same farm type. Energy expenditures for these operations were

higher partially mechanized farms total productionon post

land preparation plus crop husbandry operations expended 438

and 384 MJ/ha respectively. farms 589 MJ/haFor nonmechanized were

expended in 483

MJ/ha were required in all post production operations.

becausebe expected land and husbandryto preparationare crop

very

high energy expenditure per hectare. In contrast, mechanized farms tend

produce higher yields than nonmechanized farms.to As more

labor and hence greater energy is required in post production activities

which include harvesting, cutting and stacking, threshing, sorting, and

drying.

partially mechanized farms), hoeing and sorting

of paddy (mandays/ha) presented

these operations were not performed during the three

(mandays/ha) valuesthese operations showedthe study. In fact, zero

the observed data (Tables 5 to 7). 12 MJ/ha of energyon

farms fornonmechanized andcuttingpartially andexpendedwere on

stacking of paddy manually.

identicalused insecticide andAll farms haveassumed towere

0.75 kilogram ofherbicide (carbofuran activeapplication atrates

the rate of 0.7 kilogram of activeingredient per hectare and 2,4-D at

recommendedhectare) fortheingredient thewhich ratesper are

Thus all farm types are assumed to have thePhilippines (IRRT, 1978a).

seasons covered by

Digging (except on

a result,

no energy expenditure indicating that

tasks and

activities performed using human labor are more laborious, with a

About 7 to

in which

land preparation and crop husbandry operations while

These results
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Table 6.

Inputs

1004.6321479.126 1516.705

-- /continued.

Partially mecha­
nized farms

Nonmecha­
nized farms

Fully mecha­
nized farms

95.073
7.606 
0.000 
68.435 
62.785
89.771
1.475

307.181
7.843
1.765 
0.000 
65.708
1.639 
0.000 

178.379 
18.304 
26.325
6.820

416.227 
395.075 
2.990 
5.239 
0.000

0.000
0.000
0.000
0.000
0.000 

299.035
6.912 

528.680 
15.729
1.433
0.000 

303.480
7.174
0.000 

231.294 
19.493 
31.483 
19.811 

551.523 
537.818
0.000 
6.122 
0.000

1509.178 
120.734 
0.000 
68.306 
78.438 
55.760 
1.330 

251.529 
2.525 
0.000 
0.000
35.509 
1.512 
0.000 

162.723 
20.525 
28.682 
0.054 

328.450 
309.725 

0.662 
5.302 
0.000

Energy 
(MJ/ha)

*Energy 
(MJ/ha)

*Energy 
(MJ/ha)

Seeds
Machi nery:
embodied .and manufacture 
repair and maintenance 
gasoline fuel 
diesel fuel 
oil
Land preparation
Weeding
Total other preharvest tasks 
Seedbed preparation 
Clearing
Digging 
Plowing 
Cultivating 
Hoeing 
Planting 
Fertilizer application 
Pesticides application 
Irrigating
Total post production tasks: 
Harvesting 
Cutting 
Threshing 
Sorting

Energy requirement for rice production by level of 
mechanization Ln Central Luzon, 1980 Dry Season.
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Table 6 continued.

Inputs

A Energy values calculated from energy constants in Appendix A and Table A15.

Fully mecha- Partially mecha­
nized farms nized farms

Nonmecha­
nized farms

304.125 
77.000 
0.406 
0.000 
0.000 
0.000 
0.406 
36.154 
35.986 
0.000 
0.022 
0.146 

26907.403 
36875.892 

637.070 
60263.928 
50709.891 

1.634 
1.375 

124.595 
104.842

12.761
5298.329
289.880
69.742 
0.000

7.586 
3779.416 
245.675 
51.273 
0.000

Encrgy/ha
(MJ)

304.125 
77.000 
65.797 
63.500 
0.000 
0.171 
2.126 
16.495 
16.344 
0.000 
0.000 
0.151 

18958.754 
27635.622 

814.654 
51744.889 
43541.431 

1.872 
1.576 

83.514 
70.274

304.125 
77.000 

247.145 
242.390 
0.000 
0.926 
3.828 
0.124 
0.124 
0.000 
0.000 
0.000 

11321.816 
18417.357 
1022.826 
2487.472 

35751.653 
2.307 
1.941 

41.539 
34.954

12.923
5349.813
250.722
47.657 
0.000

•A’ 
F.nergy/ha 

(MJ)
Energy/ha 

(MJ)

Ratio
Ratio
Ratio Eo/Labor hours
Ratio Em/labor hours

Other activities
Nitrogen fertilizer 
Phosphate fertilizer 
Potassium fertilizer 
Calcium fertilizer 
Chemi cals:
Insecticides (carbofuran) 
Herbicides (2,4-0)
Total animal hours:
Animal hrs soil preparation
Animal hrs cultivating 
Animal hrs harvesting 
Animal hrs other activities 
Total tractor hours:
Tractor hrs soil preparation 
Tractor hrs cultivating 
Tractor hrs harvesting 
Tractor hrs other activities 
Irrigation
Total energy input (Ei) 
Total labor hours 
Paddy yield (Eo) 
Rice (Em)

Eo/Ei (No.) 
Em/Ei (No.)
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energy expenditure equivalent to 304 and 77 MJ/ha for insecticidessame

(carbofuran) and herbicides (2,4-D) respectively.

As expected, nonmechanized farms used more animal power than either

fully partially mechanized farms. Animal expend i turn inor energy

nonmechanized, partially, and fully mechanized farms 163, 59, andwas

0.06 MJ/ha respectively (Table 5). Also, consonance with generalin

usedfully mechanized (33.3expec tact ions, farms hourstractormore

hours hectare) for performingtractor eitheroperations thanper

partially mechanized farms (13.3 hectare)hourstractor per or

nonmechanized farms which of forrecorded little f ieldtractorsuse

operations.

Total energy input requirements for rice production operations were

fully mechanized,about 14516 MJ/ha for partially21381, 17095, and

respectively. Thefarms correpondingmechanized nonmechanizedand

energy equivalents (E ) of crop output (or yield) of paddy were 48164,o
692 (IRRI, 1978c) thewhich about39126, 26886 MJ/ha. isRice,and

weight of paddy had energy equivalent (E^) of 40528, and 2262332923,

MJ/ha for fully, partially, and nonmechanized farms respectively. From

efficiencies computed theutilizationthese results, aswereenergy

ratios of output energy equivalent to input energy equivalent for paddy

1.85 for paddyThe results were 2.25, 2.29, andand rice in onturn.

respectively.farms Thenonmechani zedandpartially,fully,

1.93, and 1.56.

farms presented higherpartially mechanized6andTables 5In

fullyeither nonmechanizedthanefficienciesutilization orenergy

in Table 7 fully mechanized farms presented higherfarms. aHowever,

either of the farmthanratio twoinput groups.output toenergy

corresponding ratios for rice were 1.90,
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Table 7.

Inputs

1559.259 1451.0821654.460

---/continued.

Fully mecha­
nized farms

Partially mecha- Nonmechanized 
nized farms farms

703.120
56.250 
0.000
49.090
1.805

80.248
8.650 

273.141
5.674
1.726 
6.000
43.742 
9.895 
0.000 

165.816
15.887
30.109 
0.292 

462.930 
383.374
64.874 
0.984 
0.000

228.925
18.314 
0.000 

198.305 
226.169 
114.884
6.6929 

324.883 
11.887
0.839 
0.000
88.452
89.757
0.000 

169.703
16.882
29.939
1.551 

512.646 
439.832 
58.865
0.061 
0.000

0.000
0.000
0.000
0.000
0.000 

204.353 
21.641 
359.771
11.744
3.168
0.000 

128.188 
22.491
0.000 

162.009
12.082
22.316
0.683 

479.633 
427.377 
41.554
1.669 
0.000

*Energy 
(MJ/ha)

*Energy 
(MJ/ha)

*Energy 
(MJ/ha)

Seeds
Machinery: 
embodied and manufacture 
repair and maintenance 
gasoline fuel 
diesel fuel 
oil 
Land preparation 
Weeding
Total other preharvest tasks 
Seedbed preparation 
Clearing 
Digging 
Plowing
Cultivating 
Hoeing 
Planting 
Fertilizer application 
Pesticides application 
Irrigating
Total post production tasks: 
Harvesting 
Cutting
Threshing 
Sorting

Energy requirement for rice production by level of 
mechanization in Central Luzon, 1980 Wet Season.
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Table 7 continued.

Inputs

*

Fully mecha­
nized farms

Partially mecha- Nonmecha­
nized farms ' nized farms

304.125 
77.000 
27.825 
26.532 
0.000 
0.203 
1.091 

25.496 
25.090 
0.000 
0.037 
0.048 

12028.734 
19922.814 
824.970 

38651.918 
32524.175 

1.940 
1.633 

63.359 
53.314

113.698
3919.441 
243.027 
102.673

0.000

13.888 
4593.054 
376.788 
92.941 
0.000

9.033
5259.287
473.806
108.128 

0.000

304.125 
77.000 
83.118 
81.924 
0.000 
0.085 
1.110 
14.358 
14.159 
0.000 
0.099 
0.000 

12156.758 
20985.643 
961.327 

37673.375 
31700.767 

1.795 
1.511 

44.832 
34.890

304.125 
77.000 

168.306 
162.179 
0.000 
2.686 
3.440 
1.338 
1.328 
0.000 
0.000 
0.010 

10531.404 
19439.874 
1065.399

29418.129 
24754.280

1.513
1.273 

38.495 
32.393

Energy 
(MJ/ha)

Energy 
(MJ/ha)

Energy 
(MJ/ha)

Other activities
Nitrogen fertilizer 
Phosphate fertilizer 
Potassium fertilizer 
Calcium fertilizer 
Chemicals:
Insecticides (carbofuran) 
Herbicides (2,4-D) 
Total animal hours:
Animal hrs soil preparation
Animal hrs cultivating 
Animal hrs harvesting 
Animal hrs other activities 
Total tractor hours:
Tractor hrs soil preparation 
Tractor hrs cultivating 
Tractor hrs harvesting 
Tractor hrs other activities 
Irrigation
Total energy input (Ei) 
Total labor hours
Paddy yield (Eo)
Rice (Em)
Ratio (Eo/Ei) (No.)
Ratio (Em/Ei) (No.) 
Ratio Eo/Labor hours 
Ratio Em/labor hours

- All input quantities except machinery and irrigation are from 
the CSRFM project. Machinery embodied and manufacture, and 
repair and maintenance energy values are adapted from Stout, 
et al (1979).
Energy values calculated from constants in Appendix A and 
Table A16.
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Part tally mechanized farms produced high yields relatively lowerfor

energy inputs. An increase in the yields without thei nincreasean

forinputs level of mechanization would modifyenergy the ratioany

rankings presented in Tables 5 7. Alternatively, decrease into a

energy input without a decrease in yields would also change the ratios.

Hence, judged purely on the energy obtained from rice yields, partially

mechanized farms were superior. According to the literature, energy

utilization eff iciencies decrease the total theused inas energy

production system increases (Heichel, 1973). Often times, this results

because production systems with low energy inputs tend to involve high

levels of human decision making per of withunit theinput,energy

product ofresult that these, theirisoutput more a or non-energy

inputs (Kuether and Duff, 1979). With the energy prices prevailing in

period and using these levels of mechanization,the 1979-1980 energy

favorably with those thepresentedef ficiency inratios compare

1980; Kiamco andliterature (Kuether and Duff, 1979; Rutger and Grant.,

McMennamy, 1979).

human energy utilization in major farm operations alsoTotal was

computed and presented in Tables 5 to 7. Throughout these tables it is

the ratio of tota-1the level of mechanization increases,

This observation is inhours increases.laboroutput toenergy

(Kiamcothe literature andpresented inwi th resultsagreement

Kuether Duff, 1979).1980; and1979; andMcMennamy, Grant,Rutger

Calculating the ratios of paddy energy equivalents to total labor hours

35 MJ/labor hour corresponding to fully, partially,64,gives 89, and

nonmechanized farms respectively (Table 5). The forratios riceand

75, 54, and 29 MJ/laborenergy equivalents to total

shown that as

labor hours were
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partially, and nonmechanized farms respectivelyhour labor for fully,

(Table 5).

6 7Tables andcalculations presentedThe ininput areenergy

However, the energy for irrigation duringsimilar to those in Table 5.

farm types (Table 6).26907.4 MJ/ha for all This

slightly more than double the corresponding results in Tablesresult is

(Table 6) it was assumed that 0.30 rn was the5 and 7.

(Tables 5 and 7) to meetnet depth of irrigation instead of 0.15 them

increased demand for irrigation water during the dry season (Rutger and

1980; Knutson et al, 1977).Grant,

be noted that yields for both paddy andReviewing Table 6 it can

milled paddy were correspondingly higher than those in Tables 5 and 7)

the increased demand for irrigation water during the dry seasonto meet

(Rutger and Grant, .1980.;. Knutson, et al., 1977),. „

Reviewing Table 6, it is noted that yields for both paddy and rice

correspondingly higher than those in Tables 5 and 7.were

agreement with results already presented in the literature (Rutger and

1980) . the energy equivalents for both paddy andGrant, As

(Table 6) than thoserice were higher during the dry in eitherseason

Total labor use during the dry season

the fully, partially,1023 hours per hectare andon

farms respectively.nonmechani zed The respective total input energy

27634, and 18417 MJ/ha while yield (or output)

energy equivalents of paddy and rice (figures in parentheses) were 60264

(50710), (43541),51745 and 42487 (35752) MJ/ha. Energy utilization

efficiencies were 1.63 (1.38), 1.87 (1.58), and 2.31 (1.94). The ratios

In the dry season

the 1979/80 or 1980 wet seasons.

a result,

was 484,

equivalents were 36876,

This is in

the dry season was

620, and
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of output energy equivalent to labor hours were 125 (105), 84 (70), and

42 (35).

Table 7 presents input-output energy equivalents .for the 1980 wet

Energy utilization efficiencies were computed and presented forseason.

paddy and (figures in parentheses)rice 1.94and the results were

(1.63), (1.51),1 .80 (1.27)and 1.51 for fully, partially, and

nonmechanized farms respectively. The ofratios output energy

equivalent to total labor hours 63 (53), 53 (45), and 39

(32).

Tables 8 to 10 present labor distribution in labor days and labor

hours hectare farmby and by level ofoperat ionsmajorper

mechanization. One manday of labor assumed be equivalentto towas

eight 50% of thelabor hours. Approximately total laborman

540 labor hours per hectare) on

the fully mechanized farms utilized for crop husbandry operationswas

(of which 38% was used for planting, 0.4% in weeding. and 10% in other

preharvest operations), 42% in post production tasks and only 9% in land

2). Nonmechanized farmspreparation (Table 8 and Fig. utilized 95.8

of which abouthectare out 19%labor hourslabor days 767 per wasor

in land preparation, 23% in planting, about 2% in weeding, 18% inused

and 38% production operations.inother preharvest operations, post

up to 43% of the total hours.Crop husbandry operations used Partially

labor days or 612 labor hours perfarms required about 76.5mechanized

to perform major farm operations. About 13% of totalhectare labor

28% in planting.for land preparation,used 1.9%requirements inwas

preharvestother and 43%13.6% activities,weeding, in in post

requirements (about 67.5 labor days or

ratios were
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Table 8.

Farm Type and Operation

100.00067.470 539.762Total

611.900 100.00076.487Total

M3

100.000766.57695.822Total

Nonmechanized Farms:
Land preparation
Planting
Weeding
Other preharvest tasks
Post-production tasks

9.934
21.528
1.436

10.424
33.106

Labor 
(hours/ha)

Fraction Labor
(percent)

49.390
206.123 

2.097 
56.352

225.800

79.948 
172.223 
11.490 
83.392 
264.847

9.1 50 
38.188 
0.388 
10.440 
41.833

13.065
28.146
1.878

13.628
43.283

6.174
25.765
0.262
7.044

28.225

18.251 
22.057
2.207 
17.359 
35.9^8

146.009
176.455
17.654

138.872
287.586

19.047
23.019
2.303
18.116
37.516

Ml — Fully Mechanized Farms: 
Land preparation 
Pl anting 
Weeding
Other preharvest tasks 
Post-production tasks

M2 — Partially Mechanized Farms: 
Land preparation 
Planting 
Weeding 
Other preharvest tasks 
Post-production tasks

Labor (days and hours/ha) distribution by major farm 
operations in Central Luzon, 1979/80 Wet Season.

£
Onernanday of labor = eight man-hours.

Labor 
(days/ha)
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Table 9.

Farm Type and Operation

100.000483.67260.459Total

100.000619.5927.449Total

M3

100.0001022.82317.853Total

Nonmechanized Farms: 
Land preparation 
Planting 
Weeding
Other, preharvest tasks 
Post-production tasks

Labor (days and hours/ha) distribution by major farm 
operations in Central Luzon, 1980 Dry Season.

6.608 
21.900 
0.125 
6.987 

■ 24.840

Labor 
(hours/ha)

Fraction Labor
(percent)

216.316
249.025

5.190
226.928
325.365

52.863 
175.197
0.998 
55.896 
198.717

85.107 
192.053 

1.105 
89.400 
251.927

27.039
31.128
0.649
28.365
40.671

10.930 
36.222 
0.206 
11.557 
41.085

21.149
24.347
0.507

22.186
31.811

10.638
24.007
0.138
11.175
31.491

13.736
30.997
0.178
14.429
40.660

M2 — Partially Mechanized Farms: 
Land preparation 
Planting 
Weeding 
Other preharvest tasks 
Post-production tasks

Ml — Fully Mechanized Farms: ' 
'Land preparation 
Planting 
Weeding 
Other preharvest tasks 
Post-production tasks

flOne manday of labor — eight man-hours.

Labor 
(days/ha)
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Table 10.

Farm Type and Operation

100.000610.04376.255Total

707.102 100.00088.38Total

M3

764.190 100.00095.524Total

Labor 
(hours/ha)

Nonmechanized Farms: 
Land preparation 
Planting 
Weeding
Other preharvest tasks 
Post-production tasks

13.614 
22.839 
0.836 
12.930 
38.168

Fraction Labor
(percent)

9.510
22.316
0.812
8.796
34.820

18.478 
21.804 
2.031
17.852 
35.359

108.916
182.712
6.692

103.440
305.343

. 15.403
25.840 
0.946 
14.629
43.182

147.825
174.428
16.247

142.816
282.874

76.079
178.527
6.494
70.368

278.575

12.471 
29.265
1.063 

11.535 
45.665

19.344 
22.825
2.126 
18.689 
37.016

Ml — Fully Mechanized Farms: 
Land preparation 
Planting 
Weeding
Other preharvest tasks 
Post-production tasks

M2 — Partially Mechanized Farms:
Land preparation
Planting
Weed ing
Other preharvest tasks
Post-production tasks

Labor (days and hours/ha) distribution by major farm 
operations in Central Luzon, 1980 Wet Season.

One manclay of labor = eight man-hours.

, , a Labor
(days/ha)
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production tasks.

utilized in crop husbandry operations.

The labor utilization (or distribution) pattern presented in Tables

9 and 10 and illustrated in Figures 3 and 4 show the same trend depicted

Tablein 8 and Fig. 2. These results show that level oftheas

mechanization total labor for farmrises, requirement

operations decreases. This agrees with the results presented thein

literature (Rutger and Grant, 1980; Sukharomana, 1984; Farrington et al,

1984). nonmechanized farmsFor example, usedLuzon more

labor hectare than fully mechanized farms. Partially mechanizedper

farms used labor per hectare at an intermediate level between that used

by fully and nonmechanized farms. Clearly then mechanization results in

labor replacement in rice production systems. This is in agreement with

reports by Sukharomana (1984) and Farrington et al, (1984).recent

including allbudgets requirementsComparative energyenergy

to paddy and rice equivalents and are presented in Tables 11converted

results represent the amount of rice requiredto 13. The to generate

the energy needed by each level of mechanization. Reviewing each table,

fully mechanized farms have the highest estimated energyf ind thatwe

followed by partially mechanized farms with nonmechanized farmsvalues

partially mechanized farms havebeing the last. However,

higher estimated energy values than fully mechanized farms.

shown in Table 14 gives an indicationPricing the paddy and rice as

of the relative commercial and noncommercial (or on-farm) energy costs

in monetary terms.

and Figures 5 7 present energy inputs byTable 15 to

A review of the table and figuresof mechanization.level indicates

performing

labor requirements wasThus, about 44Z of the total

in Central

source and

in Table 13,
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Table 11.

I tein

paddy and rice equivalent (k p, /ha)

Seed:

Fertilizers: Nitrogen

Phosphate

Potassium

Insecticide (carbofuran)

Herbicide (2, 4-D)

Fuel and oil

Machinery

Human power

Irrigation

Total

SBased on 12.36 MJ/kg of paddy and 15.07 MJ/kg of rice. 
Figures in parentheses represent rice equivalents.

Fully mecha­
nized farms

Partially mecha­
nized farms

Nonmechan i z ed 
i arms

1727.069 
(1416.366)

1381.972
(1133.455)

111.491
(91.442)
253.557
(207.960)

16.593
(13.611)
7.920
(6.496) 
24.606
(20.181)

6.230
(5.109)
17.207

(14.113)
130.466

(107.005) 
0.005
(0.004)
57.374

(47.050) 
1101.547 
(903.459)

15.308 
(86.371) 
216.200 

<177.322) 
18.919

(15.517) 
4.403
(3.612) 
24.606
(20.181) 

6.230
(5.109) 
9.765
(8.009) 
5.193

(4.259) 
4.792
(3.931) 
66.496
(54.538) 
920.058
(754.606)

1174.462
(963.261)

89.843 
(73.687) 
152.400 

(124.994) 
13.082 

(10.730) 
3.409
(2.796) 
24.606

(20.181) 
6.230
(5.109) 
0.000
(0.000) 
0.000
(0.000) 
13.182

(10.811) 
86.757
(71.156) 
784.954
(643.797)

Estimated energy by level of mechanization in kg/ha of paddy 
and rice in Central I.uzon, 1979/80 Wet Season.'*

Animal power
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Table 12.

I tern

paddy and rice equivalent (kg/ha)

Seed :

Fertilizers : Nitrogen

Phosphate

Potassium

Insecticide (carbofuran)

Herbicide (2, 4-D)

Fuel and oil

Machinery

Animal power

Human power

Irrigation

Total

Partially mecha­
nized farms

Fully mecha­
nized farms

Nonrnechani zed 
farms

3787.083 
(3106.044)

1490.078 
(1222.120)

2234.677 
(1832.602)

81.281
(66.664) 
305.778 

(250.791)
19.877

(16.302)
4.148
(3.402) 
24.606
(20.181) 

6.230
(5.109) 
0.000
(0.000) 
0.010
(0.008)
19.996

(16.400) 
112.1-8 
(91.981) 
916.005 
(751.282)

119.670 
(98.150) 
428.667 
(351.581) 
23.453
(19.236) 

5.643
(4.628) 
24.606 
(20.181) 

6.230
(5.109) 
11.872 
(9.737) 

131.870
(108.156) 

0.003
(0.027) 
51.543
(42.274 

2983.486 
(2446.974)

122.711 
(100.644) 
432.833 
(354.998) 

20.285
(16.637) 

3.856
(3.162) 
24.606
(20.181)

6.230
(5.109) 
10.617 
(8.707) 
8.373
(6.813) 
5.323

(4.366) 
65.911 
(54.058) 

1533.880
(1258.046)

Estimated energy by level of mechanization in kg/ha of paddy 
and rice in Central Luzon, 1979/80 Dry Season.

aBased on 12.36 MJ/kg of paddy and 15.07 MJ/kg of rice. 
Figures in parentheses represent rice equivalents.
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Table 13.

I tem

paddy and rice equivalent (kg/ha)

Seed:

Fert ilizers: Nitrogen

Phosphate

Potassium

Insecticide (carbofuran)

Herbicide (2, 4-D)

Fuel and oil

Machinery

Animal power

Human power

Irrigation

Total

Fully mecha­
nized farms

Partially mecha­
nized farms

Nonmechan i zed 
farms

1609.815
(1320.327)

1768.706
(1319.591)

1572.699 
(1290.029)

133.856 
(109.785) 
371.606 

(304.781) 
30.484

(25.003) 
7.519
(6.167) 
24.606
(20.181) 
6.230
(5.109) 
34.343

(28.167) 
20.003
(16.406) 

6.725
(5.515) 
77.777
(63.791) 
983.556 
(806.686)

117.401 
(96.289) 
425.509
(343.991) 
38.334 
(31.440)
8.748 
(7.175) 
24.606
(20.181) 

6.230
(5.109) 
0.000
(0.000) 
0.081
(0.066) 
13.617

(11.168) 
86.197
(70.697) 
852.055
(698.832)

126.154 
(103.468) 
317.107 
(260.082) 

19.662
(16.127) 
8.307
(6.813) 
24.606
(20.181) 
6.230
(5.109) 
4.118
(3.377) 
61.438
(50.390) 

2.251
(1.846) 
66.745
(54.743 
973.199 
(798.191)

Estimated energy by level of mechanization in kg/ha of paddy 
and rice in Central Luzon, 1980 Wet Season.

aBaseci on 12.36 M.J/kg of paddy and 15.07 MJ/kg of rice. 
Figures in parentheses represent rice equivalents.
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Table 14.

Season/Source

Noncommercial

Total

Noncommercial

Total

Noncommercial

Total

a

A

**

Wet Season, 1980** 
Commercial

Dry Season, 1980** 
Commercial

Fully mecha­
nized farms

Partially mecha­
nized farms

Nonmechanized 
farms

Wet Season, 1979/80* 
Commercial

719.546 
(1056.055)

687.015 
(1008.302 

32.531
(47.753)

268.786 
(394.492) 

37.079
(54.419)

293.602
(467.401)

336.054
(448.661)

204.914 
(329.543) 

30.021
(47.797)

298.813 
(438.610)

234.935
(377.340)

242.564 
(356.006) 

40.551
(59.515)

305.865
(448.911)

387.739 
(568.824) 

36.850
(54.261)

167.396 
(266.515) 

32.263
(51.361)

199.659
(317.876)

264.894 
(421.695) 

28.708
(45.706)

424.539 
(623.085)

294.56
(387.770)

41.488
(60.891)

283.115 
(415.521)

257.542 
(378.038) 

41.271
(60.572)

Based on data in Tables 11-13 and all energy equivalents charged at the 
cost of energy in paddy and rice.

Relative costs (US$/ha) of commercial and non-commercial 
energy by level of mechanization and season.

paddy and rice priced at US$0.17/kg and US$0.33/kg. respectively. 
USS1=P7.5O -
paddy and rice priced at US$0.19/kg and US$0.3/kg respectively.
US$l=P7.60
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Table 15.

Item

100.0005709.259 100.000 4814.3427730.575 100.00Total

1980

100.0003693.418100.0008660.372100.009932.388Total

1980

8907.133 100.0008814.526 100.000100.007868.585Total

Dry Season, 
Human 
Animal 
Machine use 
Fuel and oil 
Seed and chemicals

Wet Season, 
Human 
Animal 
Machine use 
Fuel and oil 
Seed and chemicals

Fully mech farms 
(MJ/ha) (Percent)

Partially mech farms 
(MJ/ha) (percent)

14.396 
1.038 
1.124 
2.114 

81.328

1065.399
168.306
0.000
0.000

7673.428

Nonmcch farms 
(MJ/ha) (percent)

11.961
1.890
0.000
0.000

86.149

709.145 
0.060 

1612-564 
212.678 
5196.128

824.970
27.825

759.370
50.895

6205.525

10.484 
0.354 
9.651 
0.647 
78.865

1072.340
162.928 
0.000 
0-000 

3579.074

637.070 
0.460 

1629.912 
146.744 

7518.202

9.407
0.760
1.186
1.515

87.133

37.530
6.691
0.000
0.000
55.778

•9.173
0.001
20.860
2.751

67.215

22.274
3.384
0.000
0.000
74.342

6.414
0.005
16.410
1.477

75.694

821.892
59.234
64.187 

•120.700 
4643.246

814.654
65.797
102.679
131.220

7546.022

1386.152
247.143

0.000
0.000

2060.121

10.906 
0.943 
2.805 
4.816 

80.530

961.327
83.118
247.239
424.474
7098.368

Wet Season, 1979/80
Human 
Animal
Machine use 
Fuel and oil
Seed and chemicals

Energy inputs (MJ/ha) by source and level of mechanization in 
Central Luzon.

Based on energy equivalents presented in Tables 5 to 7.
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that the higher the 1 evel of mechanization higher thethe energy

inputted in rice production.

In Table 16, valued at market prices.inputs are ofCompar isons

to 14 with the monetary costs in Table 16

can be made. In terms of f armsenergy,

increased requirements s igni f icantly. In monetaryenergy terms,

however, the lower the level (or degree) of mechanization. the lower Lhe

average per hectare costs (Table 16). In the literature, it stated that

of machines substitutes low cost fossil fuel energy for higher

cost animal energy (Kuether and Duff, 1979; Kiamco and McMennamy, 1979).

A second advantage of using market prices is that they make

the technology for performing farm operations. For example, doubling

the change theof fossil fuel and oil doesprice comparativenot

advantage of the fully mechanized farms over others.

effects of fuel and oil price changes such as increases in thefossil

ofpart ially reduce the fullywould advantagesof machinerycost

mechanized farms over partially mechanized or traditional farms.

(L’SS/ha) valuedof inputs markettheTable 17 costs atpresents

Reviewing

is noted that the prices appear to be lower than those• the f igures,

This finding1979-80 theof the three toseasons.

between the US dollar and the Philippines

the figures failresult, show clearly the1979-80.in As toapeso

and the (198^-85)productionricetrends inin presentenergy use

if the inputs valuedof However, therelative atcosts wereenergy.

use of chemicals on mechanized

examine the possible impact of changes in energy costs on the choice of

prevailing low exchange rate

the energy costs in Tables 11

prices by level of mechanization for the 1984/85 wet season.

the use

can be attributed

easy to

However, indirect
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Table 16.

a

d

c

e

c

e season.

Season and
I tern

Based on data in Table 5 and US$l=P7.50 in 1979/30 wet season.
Includes only fixed hire cost component.
Based on daily rental rate without operator.
Based on data in Table 6 and L‘S$l=P7.60 in 1980 dry season.
Based on data in Table 7 and US$l=P7.60 in 1980 dry

Costs of inputs (US$/ha) at market prices by level of mechanization 
and season in Central Luzon.

Unit cost 
in US$

per 
unit

Fully mecha­
nized farms

Nonmecha­
nized farms

0.170
0.580
0.100
0.210

0.190
0.200
0.100
0.290

0.370
0.329

0.370
0.329

0.650
0.170

0.190
0.200
0.100
0.290

/h
/h

/h
/h

/h
/h

Part ial1y 
mech farm

17.902
25.408
1.799
1.633

27.000
26.600
0.290
33.333
28.103
104.023
266.091

/kg 
/kgK 
/kgP 
/kgK 
/kgai 
/kgai 
/I

/kg
/kgK
/kgP
/kgK
/kgai
/kgai
/I

/kg
/kgK
/kgP
/kgK 
/kgai 
/kgai 
/I

25.433 
15.059
2.898
3.850 

33.000 
32.200
1.382

42.763
22.336 

232.638 
411.559

d

a

22.306
17.244
3.645
4.480 

33.000 
32.200
0.000
0.000

45.506
251.421 
409.801

15.273
17.910
1.244
1.264

27.000
26.600
0.000
0.000
76.959 
131.679 
297.929

22.737
17.372
2.230
2.889

27.000
26.600
0.923
39.474
0.139

159.130
298.494

23.315
17.540
1.929
1.974

27.000
26.600
0.477
36.184
17.783

203.847
356.649

18.953
29.798
1.578
2.937

27.000
26.600 
0.822

38.667 
0.036
91.759

238.150

23.969
12.851
1.869
4.254

33.000
32.200
0.342
46.053
7.544

200.705
362.787

15.443
12.392

1 .890
2.124

27.000
26.600
0.000
0.000
66.505 
336.510 
488.463

Dry Season 1980 
Seed
Fertilizer N
Fertilizer P
Fertilizer K
Insecticide (carbofuran) 36.000
Herbicides (2, 4-D) 38.000
Fuel 0.646
Machinery
Animal power
Human power

Total

Wet Season 1979/80 
Seed 
Fertilizer A' 
Fer t i1izer P 
Fertilizer K 
Insecticide (carbofuran) 36.000 
Herbicides (2, 4-D) 38.000
Fuel 0.193
Machinery 
Animal power 
Human power 

Total

Wet Season 1980 
Seed 
Fertilizer K 
Fertilizer P 
Fer t i1i zer K 
Insecticide (carbofuran) 44.000 
Herbicides (2, 4-D) 46.000
Fuel 0.333
Machinery 
Animal power 
Human power 

Total
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Table 17.

294.008 323.420 322.485Total

Nonmecha­
nized farms

Season and 
Item

per 
unit

/h
/h

Partially 
mech farm

Unit cost 
in USS

Fully mecha­
nized farms

/kg
/kgN
/kgP
/kgK
/kgai
/kgai
/I

19.958
6.812
3.600
1.875

51.750
49.000
0.000
0.000
35.89u
153.894

0.297
0.209

19.958
6.812
3.600
1.875

51.750
49.000
1.459

39.084
6.357

114.112

19.938
6.812
3.600
1.875

51.750
49.000
0.586
33.501
15.424

140.913

Seed 0.150
Fertilizer X 0.131
Fertilizer P 0.200
Fertilizer K 0.125
Insecticide (carbofuran) 69.000 
Herbicides (2, 4-D) 70.000
Fuel 0.355
Machinery 
Animal power 
Human power

Costs of inputs (USS/ha) at market prices by level of mechanization 
and season in Central Luzon, 1984/85 Vet Season/
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level of mechanization the higher inputtedthe riceinenergy

’ production.

In Table 16, Comparisons ofinputs are valued at market prices.

the energy costs in Tables 11 to 14 wfth the monetary costs in Table 16

can be made. In terms of energy, use of chemicals on mechanized farms

increased significantly.requirements In terms,monetaryenergy

however, the lower the level (or degree) of mechanization, the lower the

average per hectare costs (Table 16).

the use of machines substitutes low cost fossil fuel energy for higher

cost animal energy (Kuether and Duff, 1979; Kiatnco and McMennamy, 1979).

A second advantage of using market prices is that they make it easy to

examine the possible impact of changes in energy costs on the choice of

For example, doublingthe technology for performing farm operations.

thechangefuel oil does comparativethe of fossil andprice not

advantage of the fully mechanized farms over others.

in theprice changes such as increasesfuel and oileffects of fossil

of fullyreduce the advantagespartiallywouldof machinerycost

mechanized farms over partially mechanized or traditional farms.

inputs (US$/ha) valued market17Table at

prices by level of mechanization for the 1984/85 wet Reviewingseason.

is noted that the prices appear to be lower than thosethe figures, it

This finding the1979-80 toof the three seasons.

prevailing low exchange rate between the L’S dollar and the Philippines

the figures fail show clearly theresult, to1979-80.inpeso

the (1984-85)production andricein presenttrends in useenergy

if valued at theHowever,energy.

can be attributed

However, indirect

the inputs wererelative costs of

presents the costs of

As a

In the literature, it stated that



1980 US do] "> ar exchange rate, significantthere would bepeso a

Increase in their market prices and relative costs of energy.

Reviewing particular operations within each level of mechanization,

we find that crop husbandry, fertilizers and

chemicals, used the ofcommercial all levelsmost atenergy

mechanization. On fully mechanized farms, energy embodied in fertilizer

and chemicals is closely followed by machinery. These inputs are used

at a much lower level on both the partially and nonmechanized farms for

all the crop seasons except the 1980 wet season in which the energy for

nonmechanized farms.on

from the results in Tables 11

These findings reinforce therises with rising level of mechanization.

earlier observations that mechanization is related with increased energy

of mechanization rises,utilization in rice production.

crop production systemrequired and theexpenditure isadded energy

becomes less efficient in energy utilization.

farmsthe above findings, it areFrom

fullyenergy utilization efficiency. However,associated with lower

in performinglowermechanized farms have higher yields,

than eitherand higher cropping intensitiesfarm operations,selected

This justifies the observation that.

fertilizer and higher levels of most

purchased inputs, it is profitable to mechanize rice production systems

inspite of the present high prices of commercial fuel energy.

,86

partially or nonmechanized farms.

although mechanized farms use more

the total energy requirement

labor hours

fertilizer use was highest

particularly the use of

to 14 that

However, we note

As the level

is noted that mechanized



CHAPTER V

5.1. Summary and Conclusions

The main objectives of the present study were:

(i) to investigate if various levels of mechanization raise

total land productivity and how this is accomplished;

(ii) to investigate whether mechanization lowers the

production costs of hired labor and other cash expenses;

(iii) to investigate if mechanization increases cropping

intensity;

(iv) to develop models to examine the effects of selective

mechanization on the intensity of input use and

farm productivity;

(v) to study energy utilization patterns in rice production

and determine if mechanization is profitable given the

present high prices of commercial fuel energy.

The overall objective of the study to develop a prototype forwas

similar research work to be replicated in Tanzania.

To document the first four objectives, three approaches were used.

Analysis of variance (ANOVA) was used to compare differences in yields,

of fertilizerlevelcropping intensity, otherlabor cashuse,use,

farms grouped byhi red labor level ofand expenses amongexpenses,

Labor partitionedmechanization and into landuse wasseason.

other preharvest labor and LoLalweeding,preparation, use, post

SUMMARY, CONCLUSIONS, POLICY IMPLICATIONS AND RECOMMENDATIONS
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production labor. Analysis of (ANACOVA) modelscovariance were

developed -and used

comparisons within farm groups by level of mechanization. Finally, a

generalized production function model

document farm productivity among different mechanized classes.

The following were the main conclusions of

three statistical approaches. High levels of mechan i z a t i on were

associated with:

(i) high yields per hectare;

(ii) high cropping intensity;

(iii) low labor" input use per hectare for all farm

operations analyzed;

(iv) high hired labor expenses per hectare;

(v) high levels of fertilizer use per hectare for all seasons

except the 1980 dry season when fertilizer use was

highest on nonmechanized farms;

(vi) high cash (including insecticides, herbicides and

fungicides) expenses per hectare.

It was found,

Rather, strong associationto

irrigation in the rice production

system, of which mechanization itself was an endogenous variable.

reported that good land quality leadshaveresearchers toOther

i.e. all operations are performed at a

suchof of fertilizers,levels inputsandlevelhigher use as

herbicides, and labor (Roumasset, 1976; Uy, 1979).insecticides,

between confounding variables such as

result, higher yields per hectare are obtained.

there was also a

the study based on the

more intensive crop cultivation.

As a

was fitted and used to study and

induce these effects.

however, that mechanization alone was not sufficient

to study patterns of input intensity and to permit
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The of irrigation offers foruse significant potentialwater

raising cropping intensity third added toas crops are a

single crop system.

to gravity irrigation increases cropping intensity very significantly.

Good quality land with high inherent soil fertility also helps achieve

higher cropping intensities (Thapa, 1979). The soi Ieasier the to

manage,

result of greater timeliness of operations.

farms. However, post production labor higher. Thus, the laborwas

fully mechanized farms was offset in

in post production operations. Total labor allpart use was

mechani zed than nonmechanized farms. of 1iterature alsoreviewA

Ce.g. threshing)revealed that land preparation and productionpost

machinery have obvious labor saving properties and are promoted on the

they increase yields by increasing cropping intensity bybasis that

ensuring the crop is planted or harvested at a more optimal time (Herdt,

in performing certain operations has1981). 'Timeliness 1

1 timeliness 1 of workin the that thei s

found (FAO,increasing yields isimpact of mechanizationgreatest on

1975).

by alternat ivelevels andevaluate patternsTo useenergy

series of energy budgetsirrigation classes,mechanization and a were

rice production determined bylevels indeveloped. Energy wereuse

multiplying each input by

as derived from standard references.

a corresponding energy constant or coefficient

The results of the present study reveal that access

Land preparation labor was significantly lower on fully mechanized

a very great

displaced in land preparation on

the bigger the advantage in increasing cropping intensity as a

effect on area yields and it

less on

second and
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Results showed

fully mechanized farms where labor (labor hours per hectare) wasuse

low. Irrigation, machinery use, fertilizer and chemical use contributed

large share totalto found thata energy input. In general,

(nitrogenous) fertilizer rates higher thethanwere on

nonmechanized farms during 1979/80the 1980 Theand wet seasons.

opposite was observed during the 1980 dry season.

The overall paddy (and rice, figures in parentheses) output/input

during the 1979/80 wet (1.90), 2.29ratios 2.25energy season were

(1.93) and 1.85 (1.56). During the 1980 dry theseason,

1.63 (1.38), 1.87 (1.58) and 2.31 (1.94) while they J.94 (1.63),were

(1.51) and (1.27) during the1.80 1980 wet1.51 The energyseason.

output/input ratio was lowest

Fully mechanized and partially mechanized farms had almostdry season.

equally high energy utilization efficiencies due to the small size of

planted tofarms found in

1.70 to 2.29 hectares (Moran and Casillan, 1981). Such small farm size

wheelfourthan intillersfor tractorssuitablei s powermore

This leads to high yields with relativelyperforming farm operations.

Thelow machinery energy input

fullyequivalent of crop output onenergy

mechanized farms which used between 484 and 610 labor hours per hectare.

ranging from 764farms had high labor hours per hectare,Nonmechanized

these1 ower1023. Therefore, energy output per onto

the high yields and croppingtogether withresults,farms. These

fully mechanized farms make it profitable to mechanizeintensities on

despite the prevailing high price of fossil fuel and oil.

on fully mechanized farms during the 1980

use and

the study area.

labor hour was

a high energy use efficiency.

rice wasThe average area

ratios were

it was

that energy use

per labor hour was highest

in rice production was highest on

on mechanized
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5.2. Policy Implications:

is limited (for example in

Tanzania), mechanization should be introduced increaseto crop

production per worker and area under cultivation. In countries like the

Philippines, where land is and costly laborand abundant andscarce

relatively inexpensive, biological and chemical technology should be

emphasized land productivity.raise Mechanizationto technology is

required as a supporting, complementary input to biological and chemical

(2) In Tanzania, human labor and draft animals will continue to be

the major for agricultural production the andinpower sources near

medium term. Therefore, priority should be given to the introduction of

more efficient tools and implements suited to these power sources.

(3) The of increased use of small-farm equipment technologysuccess

the political willanddepends policy decisions toon

Trade theof policies andmanufacture equipment.localpromote

availability of credit to farmers and manufacturers will also condition

the acceptance and rate of adoption of agricultural equipment.

indicator of the degree of

agricultural and technological development of Prices of both

included in energy evaluation studiesinputs and commodities should be

Using prices as a decision criteriato correctly formulate conclusions.

to decide and recommend theallows policy-makers

required for agricultural development. For example,for inputsuse

a country.

(4) Energy flows in agriculture are an

technology ( e.g., the use of water pumps, power tillers, etc.).

amount and manner of

(1) Where land is abundant and labor

to mechanize
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fertilizer placement andproper be economicalcorrect timing must in

both monetary and energy terms.

(5) Training of agricultural engineers and technicians in Tanzania

should be emphasized Trainee! manpower

neededis in managing agricultural research and development, and to

properly essential agro-industries.

5.3. Recommendations for Research and Development

Cl) Land preparation methods developingin countriesmost are

nonmechanized. Therefore, agricultural should conductengineers

the design, testing, and evaluation and manufature of low

cost and energy efficient farm machinery for land preparation operations

which require minimum non-renewable energy expenditure.

(2) Research should be initiated to design small energy efficient

suchmachines which minimize energy costs in postproduction operations

noted by thisand processing.threshing, drying, Asharvesting,as

study, rice postproduction operations require high energy inputs.

the use of natural fertilizers (organic matter) such

Azolla and Sesbania cheap,residues,and ascompost cropas manure

should bereadily available renewable sources of energy initiated and

chemicaluse .ofthe intensivelessenwillThissupported. energy

It will be interesting to quantify organicfertilizers which are high.

fertilizer inputs in terms of energy.

efficientlymachinesandmethods todevelop(4) moreTo use

fertilizers, chemicals, andseeds, water

the most potential for reducing the total input energypower) to offer

of crop production systems, thereby making them less sensitive to input

as medium and long run projects.

(3) R & D on

research on

high-energy inputs (such as
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fluctuations.pr ice Work to develop suitable equipment Lo conserve

these inputs may Lake several years. such research is a properHowever,

task for agricultural engineers and public research institutes.

(!)• To mi nimizestrategies to

Thethe drudgery of man and farm animals in performing farm operations.

increase input and output

efficiency, to reduce reliance on non-renewable energy

efficient use of resources at present, and over time.

ofeffects(2) theresearch investigateTo initiate to

croppinglabor utilization,mechanization strategies output,cropon

intensity, crop quality, turnaround time from harvesting to planting the

thethisin agriculture. Inand energy expenditure waynext crop

beeventuallywouldagriculturemechanizingforoptimum strategy

theclearly engineeringbewould targetdetermined. The aim to

equipment needs of discret geographical and enviromental areas to ensure

promotion of appropriate machineryanddevelopmentefficient design,

tailored to these requirements.

(3) To initiate research to determine and clarify the benefits and

social levels.private and Forboth themechanizationof atcosts

increased machine horse-power per

enablewouldThisthis?frombenefitfarmerthecrop? Does

a major differenceagricultural engineers to determine if there exists

between private and social profitability of mechanization; and identify

criteria to be used in identifying the need for agricultural engineering

wi th local technical,levelfarm respectthe totechnologies at

sources, and make

5.4. Recommendations for Research on Mechanization Strategies

main objective of such research would be to

example, what would be the value of

initiate research on mechanization
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anticipatedTheculturaleconomic, and environmental conditions.

benefits should be of a scale farmers can appreciate.

(4) To -identify the immediate and long term employment (and income)

effects of agricultural mechanization policies to encourage rural based

agro-industrial activities.
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APPENDIX

Table Al.

Dependent variables
Independent variables

Intercept

Farm size

fully mech. farm

partially mech. farm

pump irrigated farm

gravity irrigated farm

N.A. N.A.

N.A.N.A.

N.A. N.A.

N.A.N.A.

0.436 0.278 0.2150.449
0.259 0.2020.4270.435
14.8648.33 17.0831.51F

318 318 318318N

N.A. = not applicable.
Model 1 is the unconstrained model with interaction terms.
Model 2 is the constrained model without interaction terms.
Figures in parentheses 
coefficients.

fully mech. 
pump irrig.

partially 
gravity irrig.

Differences in land preparation and post production labor in Central 
Luzon, Philippines, 1979/80 Wet Season.

1.9020
(0.67)

-3.6084
(-0.86)
-6.5805**
(-4.64)

-2.3374**
(-10.82)

-8.5084
(-1.70)

-3.7848
(-1.25)

2.3074
(1.40)

0.4679
(0.33)

20.9285**
(24.52)
-2.3856**
(-11.02)
-6.9388**
(-4.94)

-2.0043*
(-2.12)

-13.4298*
(-2.45)

-49.6143**
(-2.59)

-23.6005*
(-2.04)

-4.2259
(-0.78)

26.1310*
(2.41)

11.8957 
(0.75)

20.8317**
(3.30)

-1.7337
(-0.31)

13.0215**
(3.98)
7.0463**
(8.26)

8.6209**
(3.10)
1.4903
(0.52)
1.3361
(0.36)

21.7780**
(17.67)

Land preparation labor 
(mandays/hectare) 

Model 1 Model 2

Post-production labor
(mandays/hectare)

Model 1 Model 2

-5.2293**
(-7.42)

2.0782**
(2.85)

7.4219**
(8.99)

21.6547**
(4.60)

0.0000 
(-)

0.0000
(.)

* significant at 5X level.
** significant at 1% level.

M2

M1

M2X2 
mech.

M^Ij partially 
mech. pump irrig.

2 Adjusted R

R2

are t-statistics to test the significance of individual

T2

X1

M1X1

Mjl^ fully mech. 
gravity irrig.
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Table A2.

Dependent variables
Independent variables

Intercept

Farm size

fully mech. farm

partially mech. farm

pump irrigated farm

gravity irrigated farm

N.A. N.A.

N.A.N.A.

N.A.N.A.

N.A. N.A.

0.463 0.4420.0910.168
0.449 0.4330.0760.146

6.23 33.25 49.397.79F
318 318 318318N

= not applicable.N.A.
Model 1 is the unconstrained model with interaction terms.
Model 2 is the constrained model without interaction terms.

*

Figures in parentheses are t-statistics to test the significance of individual 
coefficients.

fully mech. 
gravity irrig.

fully mech. 
pump irrig.

partially 
gravity irrig.

partially 
pump irrig.

significant at 5Z level, 
significant at IX level.

Differences in total labor use and hired labor expenses in Central 
Luzon, Philippines, 1979/80 Wet Season.

Total labor use 
(mandays/hectare) 

Model 1 Model 2

Hired labor expenses 
(pesos/hectare) 

Model 1 Model 2

-70.9953**
(-2.58)

32.1910* 
(2.06)

•98.5081**
(14.03)
-2.9691*
(-2.50)
18.3295

( 0.80)

33.0837**
(3.64)

-7.3068
(-0.93)

84.2564**
(16.77)
-3.5140*
(-2.46)

4.4933
( 1-12)
16.4205**
(3.96)

-185.9969
(-0.98)

-89.0577 
(-1.37)

234.4725**
(4.02)

241.6508
(1.87)

364.7047
(1.61)

246.5008**
(3.29)

213.1599
( 1.55)

83.4249**
(8.51)

3.8597
( 0.06)

133.8777*
( 2.08)

419.7881**
(9.72)

187.2950**
(5.81)

92.5798*
(2.29)
81.8445**
(8.27)

99.1041**
(2.97)

-29.0739*
(-1.75)

-16.4789*
(-2.11)

-2.7260
(-0.34)

0.0000
(.)

0.0000 
(.)

0.4266
( 0.08)

MT mecfL

M1J2

m2i. 
mech.

V1

M2

R2
2 Adjusted R

M1

r2

X1
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Table A3.

Dependent variables
Independent variables

Intercept

Farm size

fully mech. farm

partially mech. farm

pump irrigated farm

gravity irrigated farm

N.A.N.A.

N.A.N.A.

N.A.N.A.

N.A.N.A.

0.3470.3820.3330.379
0.366 0.3360.3220.362
23.91 33.1031.1423.53F
318 318313318N

N.A. = not applicable.
is the unconstrained model with interaction terms.

Model 2 is the constrained model without interaction terms.

fully mech. 
gravity irrig.

fully mech. 
pump irrig.

partially 
pump irrig.

significant at 5Z level, 
significant at !Z level.

Other cash expenses 
(pesos/heelare) 

Model 1 Model 2

Figures in parentheses are t-statistics to test the significance of individual 
coefficients.

**

36.8536**
(3.47)

-2.7172**
(-3.36)

27.1319**
( 5.84)

-0.1166
(-0.01)
10.8824*

( 2.05)

Level of fertilizer use 
(kilograms/hcctare) 

Model I Model 2

-6.2394
(-0.33)

29.1757** 
(-4.73)

12.9567*
(2.42)

-11.7533*
(-2.18)

-10.3131**
(-3.82)

42.8700**
(12.81)

-2.4824**
(-2.99)

25.6134**
( 7.08)

-45.8301
(-1.30)

196.6231**
(6.18)

197.2015**
(2.80)

195.5518
(1.59)

10.8320*
(2.02)

52.7768
( 0.70)

237.6127**
(9.97)

109.2734**
(5.94)

98.83.70** 
( 2.79)

9.3062
(1-70)

-8.7212**
(-3.12)

-10.8634 
(-0.31)

156.7557**
(3.83)

-15.9781
(-1.41)

-135.2396
(-1.30)

0.0000
(.)

0.0000
(.)

65.0558 
(3.66)**

MiT2

111.0591**
(4.96)

Differences in level of fertilizer use and other cash expenses in 
Central Luzon, Philippines, 1979/80 Wet Season.

^2^0 partially 
meefi. gravity irrig.

M2Ti 
mech •

M2

R2
2Adjusted R

M1

*2

T1

M1T1

Model 1
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Table A4.

Dependent variables

Independent variables

Intercept

Farm size

fully mech. farm

partially mech. farm

gravity irrigated farm

N.A.N.A.

N.A.N.A.

N.A.N.A.

N.A.N.A.

0.431 0.248 0.1900.442
0.218 0.1700.4170.420

30.89 8.29 9.5519.90F
210 210210210N

N.A. = not applicable.
Model 1

Figures in parentheses are t-statistics to test the significance of individual 
coefficients.

fully mech. 
pump irrig.

partially 
gravity irrig.

Differences in land preparation and post production labor in Central 
Lu/on, Philippines, 1980 Dry Season.

fully mech. 
gravity irrig.
partially 
pump irrig.

Post-production labor 
(mandays/hectare) 

Model 1 Model 2

-10.7381**
(-2.66)

-3.4909
(-0.69)

-14.3387
(-1.84)

29.6811**
( 8.60)
-1.4467**

(-3.65)
-2.1175
(-0.32)

Land preparation labor
(mandays/hectare)

Model 1 Model 2

-4.8440
(-0.87)

0.0687
(0.02)

-11.5734**
(-5.27)

30.8503**
(16.25)
-1.5151**

(-3.83)

-5.1313**
(-2.87)

-7.3099
(-0.96)

32.8896*
(2.46)

44.8086**
(6.43)
-1.8103*
(-2.29)

10.3938 
(1-20)

42.2287**
(10.75)

1.6069
( 0.36)
5.1023
(1-78)

-4.4456
(-1.17)

-11.2536**
(-8.05)

-8.7831**
(4.51)

-47.234’,**
(-3.04)

-6.0678
(-0.55)

-13.6516**
(-3.41)

-2.0395*
(-2.51)

-2.1703
(-0.27)

0.0000 
(.)

-2.2994
(-0.63)

0.0000
(.)

3.2600
(-0.32)

is the unconstrained model with interaction terms.
Model 2 is the constrained model without interaction terms.

M1T2

M2X2 
mech.

R2

M2

M2T 1 
mech.

Ij pump irrigated farm

2 Adjusted R

* significant at 5% level.
** significant at 12 level.

M1

X2

Vl
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Table A5.

Dependent variables
Independent variables

Intercept

Farm size

fully mech. farm

partially mech. farm

pump irrigated farm

gravity irrigated farm

N.A.N.A.

N.A.N.A.

N.A.N.A.

N.A.N.A.

0.3140.3510.4500.463

0.325 0.2970.4360.442

18.6613.5733.3321.69F
210 210210210N

= not applicable.N.A.
is the unconstrained model with interaction terms.

Model 2 is the constrained model without interaction terms.

A
**

significant at 52 level, 
significant at 12 level.

fully mech. 
pump irrig.

partially 
gravity irrig.

partially 
pump irrig.

-16.4909
(-1.37)

Figures in parentheses are t-statistics to test the significance of individual 
coefficients.

-24.7035
(-1.69)

-59.8881*
(-2.12)

-18.4815
(-0.92)

140.5725**
(10.95)

9.5923
( 0.40)

total labor use 
(mandays/hectare) 

Model 1 Model 2

-6.2374
(-0.45)

-42.0948**
(-5.28)
-38.6875**
(-7.62)

154.8231**
(21.88)

-21.6375**
(-3.33)

-33.1142**
(-4.68)

-7.2170**
(-5.02)

565.7035**
(5.23)

115.8757 
( 1.00)
116.9481
( 0.76)

528.5369*
(2.24)

Hired labor expenses 
(pesos/beetare)

Model 1 Model 2

-172.7691*
(-2.55)
-76.9101*
(-1.83)

436.7924**
( 7.25)

81.3774 
( 1.47)

-13.6655
(-0.74)

-7.0812**
(-4.93)

-69.0645
(-0.56)

554.2150**
( 9.17)

-15.8532
(-1.01)

-369.0733
(-1.82)

-68.9256
(-0.52)

329.3543
( 1.95)

0.0000 
(.)

0.0000
(.)

-12.1714
(-1.00)

Differences in total labor use and hired labor expenses in Central 
Luzon, Philippines, 1980 Dry Season.

M2T1 
mech.
M2T2 
mech.

M2

R2
2 Adjusted R

M1

*2

X1

¥1

Model 1

M^I^ fully mech. 
gravity irrig.
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Table A6.

Dependent variables
Independent variables

Intercept

Farm size

fully mech. farm

partially mech. farm

pump irrigated farm

gravity irrigated farm

N.A.N.A.

N.A.N.A.

N.A.N.A.

N.A.N.A.

0.32?.0.314 0.3140.377
0.295 0.2970.2970.352
11.96 18.6818.6815.18F
210210 210210N

N.A. => not applicable.
Model 1 is the unconstrained model with interaction terms.
Model 2 is the constrained model without interaction terms.

significant at 52 level, 
significant at 12 level.

-80.4479
(-0.79)

Figures in parentheses arc t-statistics to test the significance of individual 
coefficients.

A
**

fully mech. 
gravity irrig.

fully mech. 
pump irrig.

partially 
gravity irrig.

Differences in level of fertilizer use and other cash expenses in 
Qentral Luzon, Philippines, 1980 Dry Season.

-58.8989**
(-5-31)

partially 
pump irrig.

-30.0664
(-0.92)

-83.6252**
(-3.96)

-33.4715
(-1.24)

-8.5528**
(-4.43)

8.5404
( 0.44)

Level, of fertilizer use 
(kgs/hectare)

Model 1 Model 2

81.9087**
(4.78)

48.5343** 
( 2.62)
27.2241
( 1.10)

4.5393
(0.12)

-58.6642**
(-8.31)

132.1864**
(13.45)
-8.1180**
(-4.06)

7.7123
( 0.78)

423.1723**
(4.77)

-27.9260**
(-2.79)
93.3316
(-0.55)

30.1789
( 0.31)

111.6609 
(0.57)

115.3908
(-1.06)

Other cash expenses 
(pesos/hectare)

Model 1 Model 2

-166.8420**
(-4.76)

-74.4545
(-1-35)

487.8999**
( 9.94)
-26.6930**
(-2.69)

-51.1195
(-1.14)

205.1370**
( 4.19)

-13.6668
(-1.51)

180.7246
( 1.41)

5.1554
(0.04)

0.0000 
(.)

0.0000
(.)

M1

M2! 
mech.

M1T2

Vl

M2Ta mech.

^2

R2
2 Adjusted R

X2
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Table A7.

Dependent variables
Independent variables

Model 2Model 1

Intercept

Farm size

fully mech. dummy

partially mech. dummy

N.A.

N.A.

N.A.

N.A.

0.7970.799
0.791 0.792

160.48100.19F
210 210N

N.A. = not applicable.
Model 1 is the unconstrained model with interaction terms.
Model 2 is the constrained model without interaction terms.
Figures in parentheses 
of individual coefficients.

gravity irrigated farm 
dummy

pump irrigated farm 
dummy

fully mech. 
gravity irrig.

fully mech. 
pump irrig.

partially 
pump irrig.

partially 
gravity irrig.

Differences in cropping intensity in Central Luzon, 
Philippines, 1979/80 Wet Season Lo 1980 Dry Season.

-11.4655
(-1.42)

52.4807**
(5.16)

-11.9039
(-0.89)

-12.1914
(-1.60)

142.2833**
(19.95)
0.3398
(0.43)

12.8408
(1.48)

10.5018 
(0.95)

9.6946
(0.62)

Cropping intensity 
(percentage)

133.5973**
(34.25)

60.7762**
(15.67)

0.3375
(0.43)

-2.2107
(-0.62)

-1.0063
(-0.44)

-0.4797
(-0.17)

0.0000
(.)

M1

m2i 
mech.

M1J2

M2I 
mech.

M1T1

2 Adjusted R

M2

R2

are t-statistics to test the significance

X1

X2

* significant at 52 level.
** significant at 12 level.
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Tabic A3.

Dependent variables
Independent’ variables

Intercept

Farm size

fully mech. farm

partially mech. farm

pump irrigated farm

gravity irrigated farm

N.A.N.A.

N.A.N.A.

N.A.N.A.

N.A.N.A.

0.081 0.0700.5170.612
0.053 0.0540.5090.600

63.26 2.86 4.4451.07F
301 301 301301N

N.A. «= not applicable.
1 is the unconstrained model with interaction terms.Model

Model 2 is Lhe constrained model without interaction terms.

fully mech. 
gravity irrig.

Figures in parentheses 
• coefficients.

fully mech. 
pump irrig.

partially 
pump irrig.

partially 
gravity irrig.

Land preparation labor 
(mandays/hectare) 

Model 1 Model 2

-9.1913*
(-2.56)

-8.7570**
(-9.01)

21.4386**
(23.20)

-8.6827*
(1.92)

5.3264**
(-2.79)
14.5592**
(8.28)
4.4436*
(2.08)

7.3230
(1.70)

21.3777**
(22.14)

-3.5142**
(-4.63)
-2.9305*
(-1.86)

-2.8695** 
(-3-10)

7.2752**
(8.61)

-12.2351
(-0.90)

-3.2664
(-0.87)

Post production labor 
(mandays/hoctare) 

Model 1 Model 2

40.0827**
(13.49)

-5.6594
(-1.02)

13.0932
(1.16)

41.6224**
(14.85)

4.9587*
( 2.30)

-1.8360* 
(-2.18)

7.5807
(1.69)

-1.4458**
(-4.51)

-2.7957.**
(-9.44)

-11.5723
(-1.72)

-6.6492* 
(-2.77)
-9.8525** 
(-3.75)

-0.1973
(-0.17)

-0.9772
(-0.16)

-8.8825
(-0.62)

significant at 57. level, 
significant at IX level.

-2.0924*
(-2.07)
8.3226*

( 2.72)

Differences in land preparation and post production labor in 
Central Luzon, Philippines, 1980 Wet Season.

M2T2 
mech.

M2TA mech.

M2

R2
2 Adjusted R

M1

are t-statistics to test the significance of individual

X2

X1

¥1
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Table A9.

Dependent variables
Independent variables

Intercept

Farm size

fully mech. farm

partially mech. farm

pump irrigated farm
(-3.73)

gravity irrigated farm

N.A.N.A.

N.A.N.A.

N.A.N.A.

N.A.N.A.

0.4240.177 0.4110.204

0.406 0.4010.1630.179

12.70 23.83 41.208.29.F

301 301301301N

= not applicable.N.A.
is the unconstrained model with interaction terms.Model 1

Model 2 is the constrained model without interaction terms.
Figures in parentheses 
coeff icients.

fully mech. 
pump irrig.

partially 
pump irrig.

Differences in total labor use and hired labor expenses in 
Central Luzon, Philippines, 1980 Wet Season.

Total labor use
(mandays/hoctare)

Model 1 Model 2

-14.1445**
(-3.19)

-15.6197
(-0.95)

112.9721**
(25.81)

-5.1815**
(-3.54)

-8.6667
(-0.89)

20.9949*
(2.62)

5.9778 
(-0.69)

19.6078
(0.95)

-14.4888**
(-3.76)

114.6311
(27.50)

-2.3783
(-0.36)

-1.4011
(-0.40)

403.2292**
( 9.77)

-66.6145
(-0.43)

-33.7385
(-0.37)

461.3475*
(2.39)

16.4371
( 1-20)

224.80A2**
( 6.27)

188.5373**
(3.08)

389.0290** 
( 9.96)

23.1277* 
( 2.02)

248.9090**
( 3.05)

207.2679
( 1.13)

191.5395**
( 6.51)

-12.0560*
(-2.22)

-7.3765**
(-5.99)

-8.5543*
(-2.71)

-23.9195
(-0.32)

4.3706
(0.22)

201.5931**
( 4.85)

Hired labor expenses 
(pesos/hectare) 

Model 1 Model 2

190.2750** -184.1540**
(-5.62)

M2

M2T 1 
mech.

M1

* significant at 52 level.
** significant at 12 level.

2Adjusted R
R2

V1

X2

are t-statistics to test the significance of individual

M2Io partially 
mecK. gravity irrig.

T1

M^I^ fully mech. 
gravity irrig.
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Table A10.

Dependent variables
Independent variables

Intercept

Farm size

fully mech. farm

partially mech- farm

pump irrigated farm

gravity irrigated farm
(

N.A.N.A.

N.A.N.A.

N.A.N.A.

N.A.N.A.

0.401 0.3130.0910.174
0.075 0.382 0.3010.148

21.64 26.905.896.80F
301 301 301301N

N.A. = not applicable.
Model 1 is the unconstrained model with interaction terms.
Model 2 is the constrained model without interaction terms.
Figures in parentheses are t-statistics to test the significance of individual 
coeff ici ents.

Differences in level of fertilizer use and other cash expenses in 
Central Luzon, Philippines, 1980 Wet Season.

fully mech. 
gravity irrig.

fully mech. 
pump irrig.

partially 
pump irrig.

partially 
gravity irrig.

Level of fertilizer use 
(kgs/hectare) 

Model 1 Model 2

48.4462**
(5.86)

-86.0166**
(-4.60)

-77.6712**
(-3.43)

-0.2169
(-0.06)

61.3111**
( 5.94)

-0.6921
(-0.01)

23.7573
( 1.88)

56.0247**
( 5.55)

62.2712**
( 6.27)

7.2346*
( 2.45)

22.8380**
( 3.01)

20.8534
( 1.32)

21.2362** 
(-2.52)

0.1340
( 0.01)

241.4312**
( 8.54)

-317.5314**
(-6.21)

-192.3481**
(-3.10)

-136.9150
(-1.04)

247.0798** 
( 4.45)

192.8001**
( 6.89)

110.6377** 
( 3.19)

Other cash expenses
(pesos/hectare) 

Model 1 Model 2

21.5780* 
( 2.31)

37.5322 
( 0.36)

-56.9323*
(-2-41)

112.1768** 
( 5.29)

207.4460** 
( 7.39)

26.9941
(0.61)

51.0936*
( 2.52)

5.6347
(-0.15)

6.8033
(0.15)

-34.5523
(-0.28)

129.9540**
5.03)

M1T2

m2I, 
mecn.

M2T1 
mecn.

M2

K1

R2

2 
Adjusted R

Vi

T2

X1

* significant at 52 level.
** significant at 12 level.
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Tabic All.

Explanatory variables
Model 2

Intercept

2

Level of fertilizer use (F )t

Total labor use

Other cash expenses (C )t

N.A.

N.A.

N.A.

N.A.
2

= not applicable.N.A.

*
A*

significant at 52 level, 
significant at 12 level.

0.2494
(1.00)

0.3317**
(5.23)
0.2529**
(5.10)
0.0652*
(2.76)
0.0207
(0.23)
0.1698
(0.93)

-0.0199
(-0.06)
0.3659**

(3.22)
0.2847

(1.49)

0.659
49.40
293

0.1762**
(3.78)

3.5619**
(13.60)

0.1924**
(6.70)

0.2851**
(6.00)

0.0615*
(2.59)

0.645
64.56
293

4.0096**
(13.60)

0.2248**
(7.44)

0.3764**
(6.14)

0.3804**
(5-44)

0.2308**
(2.63)

0.0000 
(.)

0.2555**
(4.77)

Mechanization and land productivity in Central Luzon, 
Philippines, 1979/80 Wet Season.

Partially mechanized dummy (M ) -0.0790
(-0.87)

_____ Yield (kg/ha)
Model 1

Fully mechanized dummy (M^)

Pump irrigation dummy (1^)

Farm size (Afc)

(Lfc)

Gravity irrigation dummy (Ij)

R2
F
N

Model 1 is the unconstrained model with interaction terms.
Model 2 is the constrained model without interaction terms.
Figures in parentheses are t-statistics to test the significance 
of individual coefficients.

Fully mechanized pump 
irrigated (M.*!^)
Fully mechanized gravity

irrigated (M,*T0)
Partially mechanized pump
irrigated (M^*!^)
Partially mechanized gravity 
irrigated (M2*T,)
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Tabic A12.

Explanatory variables
Model 2

Intercept

Level of fertilizer use (F )t

Total labor use

Other cash expenses (C )t

N.A.

N.A.
1

N.A.

N.A.
2

“ not applicable.N.A.

Mechanization and land productivity in Central Luzon, 
Philippines, 1980 Dry Season.

-0.6419*
(-2.43)

-0.0546
(-1.13)

-0.1590
(-0.90)

0.590
25.09 
204

0.2452** 
(3.01)
0.1027
(1.82)

5.1284**
(11.54)

0.2990
(1-93)
0.3101
(1.53)

0.9308**
(3.00)

0.3075
(1.39)

-0.1226
(-1.26)

-0.0535
(-1.09)

0.2613**
(5.41)
0.1824*
(2.23)
0.1175* 
(2.03)

0.2201**
(2.89)

0.559
30.87
204

0.2318**
(4.85)

5.2262**
(11.81)

0.6245**
(6.45)

0.0587
(0.36)

0.0000
(.)

-0.0095
(-0.14)

_____ Yield (kg/ha) 
Model 1

Pump irrigation dummy (T^)

Gravity irrigation dummy (I2)

Farm size (Afc)

Partially mechanized dummy (M^)

(Lt)

Fully mechanized dummy (M^)

Model 1 is the unconstrained model with interaction terms.
Model 2 is the constrained model without interaction terms.
Figures in parentheses are t-statistics to test the significance 
of individual coefficients.

* significant at 57. level.
** significant at IX level.

R2
F
N

Partially mechanized pump
irrigated (M2*Ij)
Partially mechanized gravity
irrigated (M2*I2)

Fully mechanized pump 
irrigated (M.*!*)
Fully mechanized gravity

irrigated (Mj*I2)
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Tabic A13.

Explanatory variables
Model 2

Intercept

Level of fertilizer use (F )t

Total labor use

Other cash expenses (C )t

Farm size (At)

Gravity irrigation dummy

N.A.

N.A.

N.A.

N.A.
2

= not applicable.N.A.
Model
Model

Mechanization and land productivity in Central Luzon, 
Philippines, 1980 WeL Season.

**

-0.0846*
(-2.40)

-0.0752
(-1.09)

35.2
12.9
287

0.1015 
( 1.56)
0.1988
(0.96)

5.7463**
(17.97)

0.24856**
(5.90)

0.1926
(1.70)

0.0943
( 0.37)

-0.1097**
(-3.56)

0.1764** 
( 4.18)
0.1928* 
( 2.40)

5.7698**
(13.16)

0.0653*
(2.24)
0.1067
(1.59)

0.0164
(0.38)
0.0114
(0.22)

0.344
18.21 
287

0.2277**
(5.67)

-0.0859
(-0.35)

0.0756*
(2.53)

0.0153
(0.12)

0.0810
(1.17)

0.0125
(0.11)

Yield (kg/ha)
Model 1

significant at 5Z level.
significant at 1Z level.

Pump irrigation dummy (I.)

Fully mechanized dummy (M^)

Partially mechanized dummy (M^)

1 is the unconstrained model with interaction terms.
2 is the constrained model without interaction terms.

Figures in parentheses are t-statistics to test the significance 
of individual coefficients.

R2
F
N

Fully mechanized pump 
irrigated (Mj*I^)
Fully mechanized gravity-

irrigated (M^ip
Partially mechanized pump
irrigated (M^*!^

Partially mechanized gravity 
irrigated (MQ*I2)
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Table A14.

INPUTS

89.843 kg111.491 kg 105.308 kg
0.000 kg200.000 kg2360.000 kg

mh = man-hours; ahr = animal hours; thrs = tractor hours.

Fully mecha­
nized farms

Partially mecha­
nized farms

Nonmechanized 
farms

0.750 kg a.i 
0.700 kg a.i 
0.056 ahr 
0.000 ahr 
0.000 ahr 
0.000 ahr 
0.056 ahr 
33.343 thrs 
33.053 thrs
0.000 thrs 
0.048 thrs 
0.242 thrs 

15.000 cm 
539.757 mh 

3897.689 kg 
2689.405 kg

0.000 1
4.259 1 
0.227 1

49.390 mh
2.097 mh

262.471 mh
3.531 mh 
0.190 mh 
0.000 mh
26.720 mh
2.097 mh 
0.000 mh

206.123 mh 
8.564 mil 

15.027 mh
0.220 mh

225.800 mh
213.598 mh
0.000 mh
5.187 mh
0.000 mh
7.015 mh
51.376 kg
15.778 kg
13.985 kg
0.000 kg

0.750 kg a.i
0.700 kg a.i

43.236 ahr
41.464 ahr
0.000 ahr
0.137 ahr
1.634 ahr
13.334 thrs
13.275 thrs
0.029 thrs
0.000 thrs
0.031 thrs

15.000 cm
611.898 mh

3166.259 kg
2184.719 kg

0.750 kg a.i
0.703 kg a.i

118.398 ahr
115.932 ahr

0.000 ahr
0.389 ahr
2.077 ahr
0.000 thrs
0.000 thrs
0.000 thrs
0.000 thrs
0.000 thrs
15.000 cm
774.581 mh

2175.743 kg
1501.262 kg

0.000 1 
1.503 1 
1.218 1 

79.948 mh 
11.490 mh 

255.613 mh
7.949 mh 
2.079 mh 
3.016 mh 
41.200 mh 
11.490 mh 
0.000 mh 

172.223 mil 
7.781 mh 

11.349 mh 
1.526 mh 

264.847 mh 
246.612 mh

4.280 mh 
4.223 mh 
0.000 mh 
9.731 mh 

43.807 kg 
17.988 kg 
7.775 kg 
0.000 kg

0.000 1 
0.000 1 
0.000 1

146.009 mh
17.654 mh

323.331 mh
10.317 mh 
1.476 mh 
0.003 mh 
96.311 mh 
17.658 mh 
0.000 mh

176.455 mh
6.237 mh 
9.984 mh 
4.893 mh 

287.586 mh 
264.335 mh

6.874 mh 
8.230 mh 
0.000 mh 
8.148 mh 
30.880 kg 
12.438 kg
6.019 kg 
0.000 kg

Quantity 
per hectare

Quantity 
per hectare

Quantity 
per hectare

Selected input requirements for rice production in Central Luzon, 
Philippines, 1979/80 wet season

Seeds
Machinery: 
embodied and manufacture 
repair and maintenance 
gasoline fuel 
diesel fuel 
oil
Land preparation
Weeding
Total other preharvest tasks 
Seedbed preparation
Clearing
Digging 
Plowing 
Cultivating 
Hoeing 
Planting 
Fertilizer application
Pesticides application 
Irrigating
Total post production tasks: 
Harvesting
Cutting
Threshing
Sorting
Other activities
Nitrogen fertilizer 
Phosphate fertilizer 
Potassium fertilizer 
Calcium fertilizer 
Chemicals:
Insecticides(carbofuran) 
Herbicides (2,4-D) 
Total animal hours:
Animal hrs soil preparation 
Animal hrs cultivating 
Animal hrs harvesting
Animal hrs other activities 
Total tractor hours:
Tractor hrs soil preparation 
Tractor hrs cultivating 
Tractor hrs harvesting 
Tractor hrs other activities 
Irrigation
Total labor hours 
Paddy output 
Rice output
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Table A15.

INPUTS

119.670 kg 81.231 kg122.711 kg
2360.000 kg 0.000 kg200.000 kg

mh = man-hours; ahr = animal hours; thrs = tractor hours.

Fully mecha­
nized farms

Partially mecha­
nized farms

Nonmecha­
nized farms

0.750 kg a.i 
0.700 kg a.i 
0.376 ahr 
0.000 ahr 
0.000 ahr 
0.000 ahr 
0.376 ahr 

34.268 thrs 
34.116 thrs
0.000 thrs 
0.013 thrs 
0.139 thrs 
30.000 cm 

483.678 mh 
4876.878 kg 
3365.046 kg

0.750 kg a.i 
0.700 kg a.i 

179.742 ahr 
175.340 ahr

0.000- ahr 
0.857 ahr 
3.545 ahr 
0.118 thrs 
0.118 thrs 
0.000 thrs 
0.000 thrs 
0.000 thrs
30.000 cm 

1022.826 mh 
3438.312 kg 
2372.435 kg

0.000 1 
0.000 1 
0.000 1 

216.316 mh 
5.193 mh 

475.955 mh 
19.910 mh 
0.804 mh 
3.000 mh 

146.313 mh 
5.190 mh 
0.000 mh 

249.025 mh 
11.333 mh 
18.304 mh 
25.077 mh 

325.365 mh
■ 315;177 mh 

0.000 mh 
4.428 mh 
0.000 mh 
5.760 mh 

61.958 kg 
18.898 kg 
7.325 kg 
0.000 kg

1.429 1 
0.000 1 
1.956 1 

52.863 mh
0.998 mh 

231.099 mh
3.196 mh 
0.000 mh 
0.000 mh 
22.992 mh
1.037 mh
0.000 mh 

175.197 mh 
11.933 mh 
16.676 mil
0.068 mh 

198.717 mh 
185. 464- mh-

0.388 mh
3.175 mh 
0.000 mh 
9.691 mh 
86.858 kg 
22.298 kg
9.963 kg 
0.000 kg

0.000 1
1.432 1
1.566 1

85.107 mh
1.107 mh

281.453 .Th
9.928 mh
0.993 mh
0.0-30 mh
42.546 mh
1.124 mh
0.000 mh

192.053 mh
10.874 mh
15.305 mh
8.633 mh

251.927 mh 
-236.572 mh ■

1.752 mh
3.790 mh
0.000 mh
9.813 mh
87.702 kg
19.286 kg
6.808 kg
0.000 kg

Quantity 
per hectare

Quantity 
per hectare

0.750 kg a.i
0.700 kg a.i

48.062 ahr
45.935 ahr
0.030 ahr
0.158 ahr
1.969 ahr
15.638 thrs
15.495 thrs
0.000 thrs
0.000
0.143 thrs

30.000 cm
619.595 mh

4187.472 kg
2889.355 kg

Selected input requirements for rice production in Central Luzon, 
Philippines, 1980 dry season

Seeds
Machinery:
embodied and manufacture
repair and maintenance
gasoline fuel
diesel fuel
oil
Land preparation
Weeding
Total other preharvest tasks
Seedbed preparation
Clearing
Digging
Plowing
Cultivating
Hoeing
Planting
Fertilizer application
Pesticides application
Irrigating
Total post production tasks:
Harvesting - ..... -
Cutting
Threshing
Sorting
Other activities
Nitrogen fertilizer
Phosphate fertilizer
Potassium fertilizer
Calcium fertilizer
Chemicals:
Insecticides(carbofuran)
Herbicides (2,4—D)
Total animal hours:
Animal hrs soil preparation
Animal hrs cultivating
Animal hrs harvesting
Animal hrs other activities 
Total tractor hours:
Tractor hrs soil preparation
Tractor hrs cultivating
Tractor hrs harvesting
Tractor hrs other activities
Irrigation
Total labor hours
Paddy output
Rice output

Quantity 
per hectare
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Table A16.

INPUTS

126.154 kg 133.856 kg 117.401 kg
2360.000 kg 200.000 kg 0.000 kg

mh = man-hours; ahr = animal hours; thrs = tractor hours.

Selected input requirements for rice production in Central Luzon, 
Philippines, 1930 wet season

Fully mecha­
nized farms

0.750 kg a.i
0.700 kg a.i

20.390 ahr
19.192 ahr
0.000 ahr
0.18S ahr 
1.010 ahr 

24.158 thrs
24.090 thrs
0.000 thrs
0.022 thrs
0.046 thrs 

15.000 cm 
610.047 mh

3127.919 kg
2158.264 kg

Partially much 
farms

0.000 1
4.149 1
5.640 1

108.916 mh
6.692 mh

286.156 mh
9.824 mh 
0.471 mh 
0.000 mh
57.273 mh
6.692 mh 
0.000 mh 

182.712 mh
9.815 mh
17.406 mh
1.963 mh

305.343 mh
260.255 mh
34.497 mh 
0.044 mh 
0.003 mh 
10.546 mh
75.296 kg
28.984 kg
13.277 kg
0.000 kg

0.750 kg a.i
0.700 kg a.i

122.990 ahr
117.317 ahr
0.000 ahr
2.487 ahr
3.185 ahr
1.268 thrs
1.259 thrs
0.000 thrs
0.000 thrs
0.009 thrs
15.000 cm

764.197 mh
2380.672 kg
1642.663 kg

0.750 kg a.i
0.700 kg a.i

60.368 ahr
59.262 ahr
0.000 ahr 
0.078 ahr 
1.028 ahr 
13.541 thrs
13.423 thrs
0.000 thrs
0.118 thrs
0.000 thrs

15.000 cm
707.106 mh

3048.73-0 kg 
2103.624 kg

0.000 1
1.027 1
0.045 1

76.079 mh
6.494 mh

248.899 mh
7.182 mh
0.969 mh
0.000 mh

28.323 mh
6.787 mh
0.000 mh

178.527 mh
9.237 mh
17.505 mh
0.369 mh

278.575 mh
229.565 mh
38.018 mh
0.589 mh
0.000 mh

10.402 mh
64.253 kg
18.694 kg
14.663 kg
0.000 kg

Nonmecha­
nized farms

0.000 1 
0.000 1 
0.000 1

147.825 mh
16.247 mh

317.251 mh
11.185 mh
1.778 mh
0.000 mh
92.729 mh
16.269 mh
0.000 mh

174.428 mh
7.324 mh

12.975 mh
0.864 rah

282.874 mh
250.455 mh
24.352 mh
1.208 mh 
0.000 mh 
6.859 mh
86.218 kg
36.447 kg
15.447 kg
0.000 kg

Quantity 
per hectare

Quantity 
per hectare

Quantity 
per hectare

Seeds
Machinery:
embodied and manufacture 
repair and maintenance 
gasoline fuel 
diesel fuel’ 
oil
Land preparation
Weeding
Total other preharvest tasks 
Seedbed preparation 
Clearing
Digging 
Plowing 
Cultivating 
Hoeing 
Planting
Fertilizer application 
Pesticides application 
Irrigating
Total post production tasks: 
Harvesting
Cutting
Threshing
Sorting
Other activities
Nitrogen fertilizer 
Phosphate fertilizer 
Potassium fertilizer 
Calcium fertilizer 
Chemicals:
Insecticides(carbofuran) 
Herbicides (2,4-D) 
Total animal hours:
Animal hrs soil preparation 
Animal, hrs cultivating 
Animal hrs harvesting 
Animal hrs other activities 
Total tractor hours:
Tractor hrs soil preparation 
Tractor hrs cultivating 
Tractor hrs harvesting 
Tractor hrs other activities 
Irrigation
Total labor hours 
Paddy output
Rice output
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APPENDIX A

Constants and Calculations

Item References

1..Weight of Machinery:

Massey Ferguson Agricultural4 wheel tractor 2360 kg

Machinery (1973).

IRRI specifications.2 wheel tractor (power tiller) = 200 kg

2. Energy value of inputs and outputs (megajoules - MJ):

Faidley (1977), Leach (1976)= 12.36/kgSeed

and Rutger and Grant (1980)

Smil, et al (1983).Machinery = 85.00/kg

Smil, et al (1983).= 34.475/1Gasoline

Gupta, et al (1980).= 47.80/1Diesel

Baumiester (1958).= 40.10/1Lubricating oil

Fertilizers:

= 61.00/kgN Smil, et al (1983).Nitrogen

Phosphate (P 0 )= 13.00/kgP Smil, et al (1983).2 5
Smil, et al (1983).= 7.00/kgKPotassium (K0)2

= 10.08/kgCa Rutger and Grant (1980).(CaO)Calcium

Insecticide

= 405.5/kg a.i. Rutger and Grant (1980),carbofuran

Faidley (1977),Green

(1978).

Herbicides (2,4-D) = 110.00/kga.i. Rutger and Grant (1980),

Green (1978).
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Energy in paddy = 12.36/kg Rutger and Grant (1980).

Milled paddy = 15.07/kg Rutger and Grant (1980).

3. Human energy expenditure in farm operations by task (MJ/h):

Land preparation

with 4wt (tillage) - 1.0548 Stout et al (1979).

.Seedbed preparation = 0.79 Kuether and Duff (1979).

Weeding (average of

(hand and manual rotary)= 1.3320 Stout et al (1979).

Clearing (shrub and grass) = 1.7820 Stout et al (1979).

Digging (tillage) = 1.4580 Stout et al (1979).

Plowing Stout et al (1979).= 1.5444

Cultivating = 1.4580 Stout et al (1979).

Hoeing (as digging) Stout et al (1979).= 1.4580

Stout et al (1979).= 0.9288Planting

Kuether and Duff (1979).= 1.72Fertilizer application

Kuether and Duff (1979).= 1.72Pesticide application

Kuether and Duff (1979).= 0.79Irrigating

Kuether and Duff (1979).Harvesting (mechanical) = 1.67

Stout et al (1979).Harvesting (manual) = 1.7064

Stout et al (1979).Cutting (and stacking) = 1.7064

Kuether and Duff (1979).Threshing (mechanical) = 1.67

Stout et al (1979).Threshing (manual) = 1.31688

Stout et al (1979).Threshing (partly mech) = 1.3824

= 0.79 Author estimate.Sorting

Other mechanized

activities in post-

= 1.31688 Stout et al (1979).product ion
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Other manual act 1 lies

in post- production = 1.080 Stout et al (1979).

4. Animal energy expenditure (MJ/h):

Soil preparation (tillage/

plowing/harrowing) with

water buffalo (carabao) = 1.3824 Stout et al (1979) average

for two different plows.

Cult ivating/harvesting/

other activities Stout et al (1979).= 1.G80

5. Human energy expenditure using tractor (MJ/h):

Stout et al (1979).Soil preparation = 1.0548

Cultivating (similar to

soil preparation) Stout et al (1979).= 1.0548

Kuether and Duff (1979).= 1.69Harvesting

Stout et al (1979).= 1.0548Other activities

6. Energy for Irrigation:

Energy for irrigation was calculated or estimated based on the

formula presented by Batty et al (1974) depending on irrigation

requirements, irrigation and pumping efficiencies, and the

pumping head

where

PE = pumping energy (MJ/ha)

K = .conversion factor depending on the units used

A = area irrigated (ha)

x E ) PPE = K ( A x D x H )/(E4
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D = net depth of irrigation (15cm for wet seasons and 30cm for

the dry season)

H. =. pumping head or the sum elevation differences, operating

pressure, and friction and minor losses (m)

= irrigation efficiency or the percentage of the water

applied that is stored in the root

In the present study, Epercentage. i
40X.

In this= pumping efficiency, expressed as a percentage.

was assumed to be 60Z.

EP
study Ep

Ei

was assumed to be

zone, expressed as a


