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ECOMOHIC ASPECTS OF Hn'ir TRACTOR
OWHERSHIP AI'D CPERATION

Bert Orcino+

L TRODUCTION

In the less developed countries, where increasing food produc-
tion is the goal, th¢ question of whether nover and equioment inputs are
needed to achieve and sustair grovth in ovtnut is a tautolosy. It is
only a question of what kind and hLow many.

The introduction of tie new high-yielding varieties brings the
need for improvements in cultural technigues sharply into focus. The
si:orter growing season of thess verieties and their ability to mature
regardless of daylength make possible double or multinle cromnine, vhere
sufficient rater is availahble. Thus as soon as the first crop is
harvested, another may ke planted, to be fcllowed by still another. As
an examnle, in o cobperative field experiment held ir the Philippines,

1/

a three-crop total production of 23,553 kg/ha was obtained in 315 days.

ot
Pesearca assistent, Apricultural Fngineering Nenartment,
IRRI, Los Bafios, Philippines.

1/ :
“The IRRI Reporter, Vol. G ilo. 3, Lay-June 1279.
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Only 50 days were twus available to prepare the land for the three
crons, or roughly two weeks per crop. !Mile thers is no evideuce of a
yield increzase as a result of mnchanization, tlic availabilityv of
machinery for rapid land nreparatior and harvest mav deternine whether

2/
individual fermers can realize this potential ga’r in nroduction. The
governments of the Southeast Asian countrics, to varving de:'vees, are
accepting tite thesis that mechaniuation o€ nart eor all of tre crop
production nrocesses is one of the ersential elements of asricultural
development. This is evidenced i ti:e Philinpines vhere capital at
reasonable interest rates lias lLceen made availalle to manv of the farmers
to nrovide for the ourciase o maciines.

A sulistantial increase in the number of hand tractews on loi-
land rice farms has occurrsd during tic last few years. The continued
adoption of these machines has mcant increases in capital investments
and the costs of owning and operating them have become an important and
rapidly increasing nart of ferm costs. as m~chinery costs increase the
decision to nurchase tractors become more znd more significant !ecause
of the ircreased risks from price Sluctuations, vagaries of rveather,

higher costs of otlier ferr inputs, and other uncertainties. Increased

2/
~ Deorarmo's study, for examnle, s'.ows that it takes 3 davs for

the carabao to accomplish rhat a hard tractor can do in one day and that
better yiclds arc obtained or tractor-nlo ed nlots due to better tilth.
If the same number of horsenorer '.ours is used ner hectare, however, the
quality of the job should be the sarme. CF. I.32. Deorampo, Comparetive
economic analysis of exnerimental data on thc use of tractor and carabao
in lowland rice farming. Phil. Apric. Jan. 1069. pp. §35--546.
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vulnerability is narticularly aoparent ir cases vhere the purchase of
tractors is financed from loans on w!ich amortirzations must be regular
periodic nayrments.

This paner addresses itself to the economics of hand tractor
ownerstip znd oneration. The objectives are to analvze irnut-outnut
data on various types of han¢ tractcrs ard to cefine the relationshin
between tractor use and costs via averare cost curves.

The first section céntains a tochnical descirintic of hand
tractors used on Philipnine rice farms. Information on why the tractors
were bought and what criteris were used in choosin~ them are civen in
the second section. The tiiird section is devoted to a comparative
economic evaluation of pover tillers anc the fourth is an attempt to
ertablish the conditions under wvhich hand tractor repayments can be
made. The last section examines the impact of devaluation on hand
tractor use. Ilaterials for the naner are primarily drawn from a survey
of 140 tractor owners conducted by the Department of Apricultural Engi-

neering, IRRI, in Laguna province in :lovember 199 to Decembier 1970.

HAND TRACTOR CLASSIFICATION
Hand trictors currently used in the Philipnines can e clas-
sified irto three tyres. These are: single-axle porer tillers (type I),
general pover tillers (tyne II) ard double-axle power tillers (tyn: III).
Figure 1 illustrates these general catepories while their cencral
specifications are slown in Takle 1.
Sinple-~axle power tillers (tvoo I)

These rover units are lightweigit, usuallv with 4 to A hp
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gasoline engines. Rotary tiller blades are mounted on a transverse main
axle which is directly driven by the engine through chain and snrocket.
These tractors can often be eauinned with nneumatic tires for drvland
work or haulage application. There is no differential mectanism in the
axle and no orovision for steerins clutches.

General nowver tillers (tvne II)

This type of hand tractor is usually e=auipped with ar aircooled
gasoline engine of up to & hn canmacity. It is eauipped with +heels and
can perform several farm oneraticrs hv adanting conventional draft-
dependent farm implements suc: as nlows, harrows, cultivator, etc.
Tillers under this tvnme have provisions for steering clutches, reverse
drive, ana multi-speed shifting transmission.

Double-axle power tillers (tyne III)

These have two drive vheels and the tilling mechanism consists
of a series of knives attached to a rotating shaft installed behind the
main vheel axle. Althougbh these tillers are not as versatile as theo
other two types, they are well suited to tilling heavy clav naddy fields
because of their sturdier co‘:struction and larger sized enpinces,
Generally, these tractors arz equipned witli diesel engines of 6 to 14 hp
capacity.

FAMD TRACTOR. ADOPTIONM

Nearly all the tractows (22 n@fcent) included in the survey
were found on irrijated, tio-cron farms, most of which were onerafed by
tenants and lessees (Talle 2). 1l'ote that average tractor cize tends to

increase with increases in farm size. Therc are, perhans, two reasons
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for this. Larger férms produce a larger volume of income which is
necessary for renayment. Second, lareer farms are under greater time
and labor pressurc with respect to the comnletion of the land prenara-
tion task.
Reasons *for Luying a hand tractor

The sample farm:rs .:ere auad to sive their reasons for buying
a hand tractor. Tahle 3 sumnarizes .7 ranpe of answers rmiven together
with the number of respondenrtz civing sach reasor.. Gf the 140 respond-
ents, 80 (57 percent) reported that their Jecision to buy a hand tractor
was in fact partly influenced by t'c¢ videspread rustling of carabaos.
A majority indicated, however, that the nuisance associated with the
care and maintenance of a carabao was one of the major reasons for
shifting to the ncwer tiller. This ir a highly =subiective factor and
may vary widely from one farmer to anothcr dependinp on local conditions.
For examnie, farmers who have the income potential to buy a hand tractor
may place a high opportunity cost on thre time and nuisance attendant to
keeping a carabao. Those who have limited finaﬁcial and land resources,
on the oth~r “ard, can maintair a carahao and raise thc replacement

3/

with a minimum, if anv, cesl exnenditure.

A somewhat smaller nercentase of farmers rave a direct economic
reason - faster land nreparation (savines in time). This is, nerlans,

the 1more significant reason, especirllv in cases where the poriodicity

3/
Comparine the cost of using troctors vs carahaos is not
likely to prove useful either as a hasis for explaining trzctor adoption
or for making recommendatiors.
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of rains control farming operations; thereby setting a limit to the
period betveen plowing and seedin~. The use of hand tractors, owing
primarily to their faster ratc of vork, often rosults in preater Lectar-
age being prepared in time for saading,

Other farmers were motivated v the nctentials for ranting out
the machine to other farmers or ormmortunities for ~ustom work. Tha
influence of nsychological “ictors oa hend tractor adoption is very
difficult to ascertain. In the course of th- survey ., houever, it was
observed that hand tracturs tended to he comcentrated ir narticular
neighiiorhoods. This seems tc irdicate that ‘keening up vith the Jones®
has had an imnortant effect.

Apparcntly the adontion of hand tractors is influenced as much
by economic as well as non-cconoric reasons. This implies that the
patterr of mechanization of Phili-mine agriculture, whefe small-scale
farming enterprises consisting of a houselold econcny and business
predominate, will be auite different from that of large-scale farms
found in the more advanced countries. ilachines may be actually brought
into use beccuse farmers' incomes ray have increased. It has )een
pointed out that ttere is a strong likelihood that the seed-fertilizer

&/
revolution :7ill give an impetus to nrewaturp tractor mechanization.

The widespread adontion of hand tractors in Jaman has in fect icen

explained on the basis of, among other factors., increased incomes.

L/

. Cownie, B.F. Jokncton and tart Dutf, The ouantitative
impact seed~fertilizer revolution in West Pal:istan: an axploratory
study. Food Pesearch Institute Studies in Agricultural “conomics, Trade
and Development, Vol. IN, o, 1, 1070. Food Resezrch Institute, Stan-
ford University.



http:onortun~t:.es

BD: 7
5/

increased leisure valuation and demonstration affect.
Criteria for choice of hand tractor type

Varied responses were elicited regarding the choice of a part-
icular hand tractor type. These are shown in Table 4. Perusal of the

6

table reveals that simplicity-/ ard lipghtness are the tvo major factors
behind the choice of tvpe I tractors. Farmers who boueht typez II and
IIT tractors, on tlie other hand, wanted rclatively more nowerful
mach.ines. llote also that the influsnce of other tractor owneps is
quite significant on the cheice of pover tiller type. This stresses
the importance of owner satisfaction in the selcetion of the machines.
Undoubtedly some of the resnondents :eve trained by workine first as
helpers. It was observed that clmost all the tractor ouners interviewed
employed helpers to do as much of the work as possible. The helper,
ranidly trained, then becomes an operator and repeats the cycle. This
indicates that machine operators will become aveilable relatively
quickly as machines are introduced; and vartially reduces the conviction
of argument that a lack of trained onerators is one of the major
deterrents to mechanizatior in t:e less develonad countries.
Problems of tractor ownershin

The nrellems attendant te hand tractor ownershin and nainten-

5/

K. Tsuckiya, The rolc asd significance of mechanization in
Japanese agriculturc. Journal of the Faculty of Aprlculturr Kyushu
University, Yol. 1€, io. 2. Julv 31, 1970,

6/

—

Simplicity as u°od herc mean minimal numlar of narts.
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ance are shown in Table 5. The nrocurement of, and high cost of spare
parts are the two major problems confronting farmers. It is important
that parts which are likely to wear out first can be easily and citcaply
replaced if a satisfactory lev:l of operation is to be maintained. This
is of crucial importance because the speed and timeliress of operations
made possible by these machines is one of their main advantages over
older methods. The hest machines cen ke cut out of use for trivial
reasons if adequate spares are not availeble, and work may be seriously
delayed and heavy financial losses incurred. Long delays at critical
periods may destroy any economic advantage which mechanization might
otherwise confer. Observations made on 118 farm sites in Certral Luzon,
Philippines, for example, indicate that an additional 1 to 3 weeks extra
crop season w7uld probably have increased average yields 80 to 600 kg

7
per hectare. . This extra time would be practical if extrs nower vere
availal:le when needed.

Frequent breakdoun and weak parts are also problems of major
significance. Tractor units low in initial cost may be costly to
operate if freaucnt renewals recuiring costly parts are required.
Greater standardization of nartc and fittings iIs an imnortant aspect in
desipgn which should contribute sreatlv tc the 2ase of opmerntion and

repair of machines and, hence, to redused operating costs.

7/

T 8. 8. Johnson, Terminal Report on the general engineering
and economic research portion of Contrzct .Jo. AID/csd-33!4 for research
on farm and equiprent pover reauirements for nroduction of rice and
associated food crops in Far Fast and South Asia. The International
Rice Pesearch Institute, Loz IaRos, laguna, Phili-pines, np. 10-11.
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HAND TRACTOR COSTS

Machinery costs are usually classified in two groups - fixed
costs and variable costs. Variable costs are those that varv with use
and are estimated on the basis of & unit of worlk. Cost ner hectare is
the final figure needed for farm budgetias. Tt isc more converient,
however, to express all wvariable costs on ar hourly basis and this is
the basic measure used in thiz paﬁor} Couts nmer hectare ics then derived
by knouvine the field canacitv of the narticular machine.
Operating costs

Table K shows the fixed and variable costs of using the three
hand tractor tynes. As none of the respordents was able to produce
records of machine and labor nerformance rates, fuel ard oil consumption,
and repair and maintenance costs, reliance had to be placed on their
recollections and astimates. ‘On-farr’ prices were used to convert the
fuel and oil consumption figures given in Table 7 into monetary terms.

Depreciation was calculated over 8 years for types I and II
tractors and 10 years for type IIT nover tillers assuming each unit
would have a real value of 10 r:rcent of its original price at the end
of this time. The estimated scrvice life was obteired by addine the
farmers' estimate of remaining life to present age. Interest vas
charged at 12 percent on the averape value of the tractors during their
8- and 10-year lives.

Two men usually combired to onerate one tractor. Table 7 shows
the average labor requirements and machine performance for each type of

power tiller. Labor was charged at P2.50 per man-hour. There did not
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seem to be any clear pattern in the repairs and maintenance fipures so
a simple average fqr eacl tractor type was taken. A note of caution
should be sounded in interpreting this information. The averages
should not be taken to imply thc relationship betiicen the three tractor
types. DBased as they are on owners' rcrollections, they represent only
the general level of repairs and maintenance costs.

Relationship hetween costs and annual use

The amount a machine is vsed materially =ffects total costs of
operation per unit of measurement. Total costs ner hour decreases as
annual utilization is increased (Fig. 2). This results from spreading
overhead costs over more hours.

Because of the seasonal pattern of cropping wl'ich cannot be
markedly influenced, the farmer can use his tractor for only short
periods. Furthermore, owing to tke small size of farms, the farmer is
not usually in a position to make full use of the capacity of the
machines, thus work outside the farmer's field becomes desirable as a
source of additional income and to ensure that the trzctor is effectively
utilized at or near its -apacity.

Tractor contract costs vary from P25 to P35 per 8-hour day.
The latter is tymical of rates in which meals of two men who combine to

~operate the tractor are not paid for by the customer. Under tl'is cost,
the breakeven point in terms of annual use is 230 hours fAr single-axle
tillers anc general power tillers, and 491 hours forp doul Le=axla nower
tillers.. Aoplying this work load to the annual use of the tpactors
reveals that more than 50 percent of the power tillers are used

economically.
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Except for doul'le-axle tillers, scale econories almost disappear
at 800 hours of use. After this there arc only marginal cost reductions
resulting from the spreading of overhead costs over more hours.
Apparently type III tractors are uneconomical vis-a-vis the other tio
types for lov levels of utilizaticn.

Gasoline vs diescl hand tractors

To the extent that F! is not the true omportunity cost of
labor per day, the cost curves in Fig. 2 require alteration. If in
fact the operators' time are worth more than P8/day, the cost curves
will be raised and, therefore, the break-even points increased.

When the gasoline-engine tractor is compared with the diesel
engine tractor in relation to different wage rates, Firure 3 is
obtained., This shows the critical line hetveen the two l:inds of
tractors i.e., the situations under which using the pasoline tractor
insteadaof diesel tractor, or vice versa, is the less costly alter-
native._/ Any combination of labor cost and annual use to the right
and above the line favors the use of diesel tractor. Conversely,
gasoline tractor is the less costly alternative for all combinations
below the line. A P2 increase ir the wage rates (from FlU to P6 reduces

the break-even hectarage from 50 to 28 hectares.

+F =V
Voo 2+F2

8/ .
= The formula used is 1.4 e where: V, = variable

A
costs for gasoline tracters, V2 = variahlc costs For diesel. tractors,
Fq = fixed costs for gasoline %ractors, Fy = fixed costs for diesel
tractors, A = area in hectarnss.
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Relative importance of individual cost faétors

This portion of tke paber explores the relative significance
of indiv.dual cost items as each affects the economics of hand tractop
use. The cost items considered are:

a) custom rate (nesos/dav)

b) wage rate (pesos/day)

¢) nrice of fuel (pesos/liter)

d) price of 0il (necsos/iiter)

e) interest rate (percent/vear)
The method used was to compute a ratio ol the overhz=acd costs ner year
to the variable profit per hcur of omoration. The ratic is:

Fixed cost (FC)

B/E (brs) = Total revenue-variable cost

This ratio shows the worl load needed to cover the annual fixed charges
of depreciation and interest on average investment.

Results were obtained by varying each factor above and below
its baseline value while holding all others constant at their respective
average or haseline levels. The n~t effect of such changes are chown
in Figs. 4% and 5. The horizontal dashed lines represent the baseline
levels of the factors considered. Results are read as the net effect
of varying one factor (holding others constant) on the annual use needed
to break-even. A P5 incrcase in t“e custom rate, for eramle, reduces
the break-even by 43 hours for type I tractors and 103 hours for type
III tractors. This is eguivalent to a 50 percent reduction in the

opportunity cecst of the cepital investment. WYote that +he hreak-even
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point is extremely sensitive to these factors, particularly with respect

to changes in custom, wage and interest rates.

HAND TRACTOP RFPAYMENTS

A substantial nurmber of the farmers intervievec indicated that
purchase of their hand tractor: were financed from leoans extended by
Rural Banks under th= CB:IFRL Farm "echanization Pronram.gf It is
therefore important to establish the conditions under which tractor
repayments can be made becausc credit availability should co hand in
hand vith repaym~nt capacitv.

"Rules of thumb“ have Leen develoned by some nroduct »nlanners
to define these conditions. One such rule states that the gross value
of the crop nroduced sl.ould be ahout three times the value of the
tractor. Using this as a rough guide, budsets were establisied in
Tables 8 and 9 for type I and III tractors, respectivelr The tahles
show the work load required of each tractor tynre to achieve a gross
income equal to approxirately three times their respective values.

Budgets were run at five differeat vield levels ranging from

about 5 to 8 tons per hectare ner vear. On the assumntion that the

3/

" The Certral Bank of the Philinpines entered into agrecement
with the Vorld Bank (IBRD) on Fovember 2, 1955, *+o abtain a credit line
of US55 million to finance medium a-u long term loans for the acquisition
of farm machinery and cuuirment and =rall nrivate irrigation numps and
equipment. The lcans were exterded t!ronph rural harks. liost of the
capital, however, vas used to finance tractor nurchares duc to the delay
and difficulty in establishinp water ri-bts for irripaticn purps. The
first credit line was exlausted in "av 17°63. A second cradit line of
U5$12.5 million was implemented in Septomber 1969,

oz
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price of paddy is P0.36/kg, a suhstantiél émount of incomec must be
earned from custom work if vield is quite lov. Table 8, for examnle,
shows that P3800 must be earned Trom custom wnrk if total income is
going to be high enough to meet repayments for tvpe I tracters. This
means operating the tractor over 1000 lours per year. Onlv a few of
the tractors, however, are utilized to this extent. ilost of them are
onerated about 500 hours per vear. Income incrcascs from hichar vields
would enable more and more farmers to mwet the projoctec incong require-
ment bv follewing the patter: described in the fourth column.

Talle 9 presents tie conditione for tynme III trnctors. The
assumptions 1ith resnect to nrices and vields are tl'~ same as in
Table 8. !llote that evern under the most favoral.le assumnticns with
respect to yield, a substantial amount of revenue must still be earned
from custom work. As mentioned earlier, the pericdicit:- =7 rain sets
a limit to the time available for prenarins the land, in effect setting
a limit to the area that can i.e effectively covered by a machine.
Under such conditions, thereforc, larger farms and higher vields are
required. This indicates ti:at double-cron irrigated farms of larger-

than-average size represent the greatest notential market for lLand

tractor sales.



THE IMPACT OF DEVALUATION OM TiHE
LECONOMICS OF HAND TRACTOR UST

This section cxamines the possille impact of the floating
in/

rate of exchange (CE Circular 2%¢)"  on the economics of hand tractor
use.
Price changes

Followinpg decvaluation of the peso, the price of nen hand
tractors and standard attachrents Inercased by an average of 3. nercent.
This led to a significant declirc in sales. Compered with over a
thousand units ver year sold in the late 69's, salen dinned to only
959 units sold during the »ast two yrars. Poor sales are larrely
attributed to the devaluation i™ich led tc nricing of the rover units
beyond the financial canabilities of most farmers. The cost of spare
parts increased by 30 percent, the nrice of gasoline by 186.5 nercent,
and the price of diesel fuel hy 29 nercent. During 1970 the minimum
legal daily wage for agriculture alse rose. In the face of these nrice
and wage increases, custom tractor onevitors in Laguna increased the
contract cost of land preneration bv an average of P10 for o dav's vork.
This is an ircrease of 28 percent over thr rate i.efor~ devaluation.
Aggregate change in average corts

The effect of devaluatior on average coste of ownershin and

operation of hand tractors mav he examined from tiro nerspectives:

.

10/

"~ The Central Dank of tiwv: "ilinnines adonted the floatine
rate of exchange on Feh. 21, 1970 as - remedial reasure to alleviate
the chronic halance of navments rroblen plafuing the economy. The peso
has since tren sunk from P3.90 hefore devaiuction to PG.0S5 - P6.745 to
the US dollar after devaluatior.



the effect on those who nurchased tractors nrior to devsluatior and the
effect on those who oltaired machines after devaluation.

Annual fixed costs are a constant determined by initial nur-
chase nrice and the useful life of a machine. T:is means <hat For
those who nurchased tractors nrior to devaluation, changes in variable
costs are the only relevant consideratior ir assessir~ changes irn total
average costs. Given the average annual use of 4¢2 hours (Taliie 10)
the cost to tractor ouners whe purchasced machines prior to devaluation
went up by P0.59/hr. Those who hought tractors after devaluction
suffered an increase of P1.07/hr (Table 11), 32 percent over the pre-
floating rate level. !Indouhtedly, the higher investment costs resulting
from devaluation account for a major portion of this increase. Efforts
aimed at decreasing the initial investment requirement, such as the
work being done at IRRI, would enlhance the economic desirability of
tractor use. As an example, a2 new 4-6 hn power tiller desipned at the
Institute is now being manufactured by two firms in the Philippines and
is currently selling for about nne-half the cozt of comparalble imported
power tillers. The design minimizes the use of imnorted comnonents and
makes naximum use of readily availalle local materials.

The vossible outcomes of increased fixed ar.' variable costs
and the concomitart imnact on annual-use recauir~monts are nresented in
Figure 6. Takinr type III trectors ac an oxamplc, annual use must

increase from 49C before devaluation *to 79f hours after devaluation to

9

justify investmaent in this tyne o€ machinc. Thlsz simnly inoons thet if

e

no correspondinn increase in custor rate s mede in tie face of rising
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costs, power tillers must be used more intensively to justify their
ownership. Custom operators, hovever, have raised the contract rate by
P10/day and it appears that this more than compensates for the increase
in costs. Based on these normative calculations, it is apparent that
farmers who had nurchased machines nrior to devaluation ar~ in a
relatively advantageous position follovinr devaluation.
Actual post-devaluation conditions

The arbitrary rature of thc assumntions used in arriving at
the above conclusion promnted us to resurvev “5 of the oripinal 140
respondents. The objectives were to determine actual nost-devaluation
farm level nrices and to ascertain the resnonse of farmers to changes
in costs brought about by devaluation.

Table 12 summarizes the post-devaluation price situation.
Note that all costs have increased aopreciably as a result of the
devaluation. As noted earlier, the initial response of tractor owners
was to raise the custor rate from ¥35 to Pu5/day. This represented,
however, a short-run disequilibrium and the custom rate soon stabilized
at Pu0/day. Table 13 shows that the tractor work load has increased
by 12 nercent and that current average costs are actually higher than
those of the estimates nresented earlier. A rise in rerair costs
accounted for the major portion of the total increase (Talle 14),

Using data contained in Table 13, a series of calculations
were made to determirc the increase in custom rates necessarv to offset
the recent increase in costs. The results indicate that moct custom

operators are charging slightly more than is necessary to offset the



BO: 18

cost increases (Table 15). With the increased utilization alreadv
noted, it is apparent that most machtines covered in the survev are
being used efficiently and nrofitably.

Comparing alternative techniaues of land nreparation, it is
evident that animal power remains a viahle economic alternative on
small farms up to 4.2 hectares. Over a range of 4 to 50 lilectares, the
use of hand tractors remains the least-cost =lternative abov:: which
larger four-vheel tractors are the preferred method (Fi~ure 7).
Empirical surveys of hand tractor use in Laguna Province indicate that
the average size of farm employing a hand tractor i~ amout 4.5 hectares.
In Central Luzon, where tlie use of four-wheel tractors is extensive,
over 50 percent of the farmers owning and using Ffour-wheel tractors own
more than 50 hectares. In addition, more than 83 npercent of tie rice
farmers who own tractors use them for custom services w:ich effectively

increases the total area covered by an individual tractor.

COHCLUSION
RPice farms in the Philinnines are basically small with an

averare size of 2 to 3 hectares. The hListograms shovm in Figure 8, for
example, indicate that 55 oercent of the total farms and 65 percent of
the total farm area under paddy cultivation fall within the range of

2 to 10 hactares. On this basis alone, there apnears te Le =z substan-
tial potential demand for nouer tillers. This is further acceatuated
by the develomment of irrip~tion projects permitting expansion of the‘
double-cronped area (Table 16). The time constraints of cdouble crop-

pins require rapid tillage onareations.



Pand tractors or pover tillers were first introduced in 1960,
and are used almost exclusively as substitute for the carabao in
preparing rice land. !iajority of the units are owned by tenant farmers
onarating about 4.5 hectares of double-cropned rice iand. Their
adoption is influenced as nuch by economic as well as non-economic
reasons. Shifts in rovernment nolicy hac had in the nast, and will
likely continue to have more effect on the srowth in tractor use than
the seed-fertilizer tecinolory. The contiruing demand for trsctor
services, as evidenced hy the increased utilization of the norer units,
indicates that a premiur is beine nlaced on faster and better land
preparstion. Partly hecause of this and the conditions described

sbove, nmower tillers will continue to be erployed.



.Table 1., General specifications of hand tractors.

Ro.2.0

Item Type I Type II Type IIX
Rated hp 6 7.5 14
Engine Gasoline; Gasoline; Dicsel
aircooied aircooled
Weight average (kg) 80 135 300
Tilling attachment (Tiller on Moldboard Rotary
axle) plow tiller
Moldboard plow Comb harrow
Comb harrow
Steering clutch None Has Has
Speed control Belt-pulley Gear shift & Gear shift
change & throttling &
throttling throttling
Reverse drive None Has Has
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Tnble 2, Hand tractor ownership patterns, Laguna, pPhilippines, 1969.
Hand tractor type All
reern @ T t;peS.
Share tenant 27 (57)% 35 (51) 5 (20) 67 (48)
Lessee 14 (30) 21 (31) 3 (12) 38 (27)
Par t-owner 2 (4) 6 (9) 1 (&) 9 (6)
Owner-operator 4 (9) 6 (9) 16 (64) 26 (19)
Farm characteristics
Rain- fed | -- 2 (3) 1 (4) 3 (2)
Irrigated l-crop 1 (2) 4 (6) 3 (12) 3 (6)
Irrigated 2-crop 46 (98) 62 (91) 21 (84) 129 (92)
Average size (ha) 4,04 4,35 4.82 4,33
-Tractor characteristics
Operators (na) 2 2 2 2
Power (Avg.hp) 5.3 5.5 7.5 5.8

al/ b/ e/

47 observations 65 observations

“Numbers in parentheses are percentages.

25 observations
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Table 3. Reasons for buying a hand tractor,

140 fafmers;:Léguﬁa, Philippiheé, i96§{

B e — — ——— ]
‘ Number reporting

Reasons :
Number Percent

Rampant carabao rustling 80 57
Faster land preparation 91 65
Easier to maintain than carabao 92 56
Deep mud _ 19 14
Better puddling : 6 ﬁ
To keep pace with other farmers 7 5
Income from custom work 4 3

Custom service not available
when needed 3 2
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Table 4. Criteria for choice of hand tractor type.

I

Item

Hand tractor type

11

II1

No. of respondents

Initial cost
Veight
Simplicity
Durability
Popularity
Power
Demonstration

Fuel type

Experience with type

Other farmers' advice-

47

68

25

Numbeéer reporting

4 (9)
31 (66)
25 (53)
10 (21)
9 (19)
3 (6)

.3. (.6) .

12 (18}

12 (18)

11 (16)

10 (15)

20 (29)

11 (16)

13 (19).

13-(19): -

2 (8)

8 (32)

15 (60)

7 (28)

et el S

Note: Numbers in parentheses are percentages.
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Table 5. Problems of ownership and maintenance of hand tractor,

. Laguna, Philipoines, 1969,

Item Hand. trector “type All
1 11 111 types
Number reporting
High initial cost 13 (28)+* 26 (38) 6 (24) 45 (32)
Spare parts procurement 28 (60) - 36 (53) 5 (20) 69 (49)
Costly spare parts 13 (28) 16 (24) 3 (12) 32 (23)
Frequent breakdown 1 (2) 5 (7) 4 (16) 10 (7)
Weak axle - . 12 (18) 2 (8) ~ 14 (10)
No ready cash with which B
to buy spares 1 (2) 5 (7) - 6 (4)
No problem 21 (45) 19 (28) 13 (52) 53 (38)

——
——

Numbers 1N PaArentneses are pelcelLaped.
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Table 6. Average costs of ownership and operation, Laguna,

Philippines, 1969.

e e e : e —
Item Hang tractqr type — All
C I I 11T © types
Estimated service life (yr) & 8 10 8

Average annual use (hr) 486 442 641 492

.Ave/purchase price 3367,35 3419,54 7318.80 4098,32
Overheads: - .
1/ '
Depreciation ‘ 378.83 384.70 658.69 461,00
. 2/ . . .
Interest : 222,24 . 225,69 463,04 270.49
Total 01,07 610.39 1141.73 731.55

Va:iable costa/hr,

Fuel 0.32 0.32 0.18 0.29
Lubricants 0.09 0.1 ~ 0,11  0.10
Repairs 0.35 0.29 0.76 0.39
Labor 1.00 1,00 1.00 1.00

Total 1.76 1.72 2,05 1.78

—_———_————__—ﬁ
——e

*ys$1 = £3.90

—Straight-line; salvage value = 10% of purchase price.

2/
12% per annum,
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Table 7, Labor requirements and machine performance (plowing

plus harrowing¥),

All
Itenmn - Hand ;;actor ti;iii types

No. of operators 2 2 2 2
Total man-hr/ha 88.20 88.38 63.10 83,80
Machine-hr/ha 44,10 44.19 31.55_ 41.90
Average tractor rhp 5.34 5.53 7.46 5.81
Rhp-hr/ha 235,49 244,37 235.36 243,44
Fuel consumption (lit/hr) 1.18 1.18 1.06 1.16
Lubricants 0.06 0.07 0,07 0.07

-
L3
Each harrowing requires 2 passes of the comb harrow.

1/

~ Two passes of the rotavator only.
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Table 8. Alternative means of achieving income capacity needed

to maintain a Type I tractor valued at P3400 on a 4-hectare
a/

double-cropped farm.

. v - B .

o Yield.per hectare per year (tons)
Item : T

A 5.3 6.2 . 1.0 7.9
Effective crop area 8 8 8 8 8
vield (kg) 4,406 5,280 6,160 7,060 7,920
Custom hectarc 19.7 13.1 6.4 ) 0
Total hectare ©27.7 21.1 14.4 8 8
Hours/ tractor® 1,221.5  930.5  635.0 352.8  352.8

Gross farm income® 6,400 7,680 8,960 10,240 11,520
Gross custom income* 3,800 2,520 1,240 0 0

" Total gross income® 10,200 10,200 10,200 10,200 10,200

g/ - :
Based on the "'rule of thumb" that gross income should
be three times the value of the tractor.
1 Hectares plowed and harrowed for wet and dry seasons.

2 44,10 hrs/ha.

o

Based on the price of paddy of £0.36/kg.

»

Based on P35/day.

5 Us$1.00 = £3.90.
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)
Table 9. Alternative means of achieving income capacity needed
ta maintain a Type I1I tractor valued at P73OO on a 4,8-hectare’

ua/
double-crOpped farm,

Yield per hectare per year (tuns)

4.4 5.3 6.2 7.0 7.9
Effective crop area 9.6 9.6 9.6 9.6 9.6
Yield (kg) 4,400 5,280 6,160 7,040 7.920
Custom hectare 101.§ 91.0 80.0 69.6 .58;1
Total hectare L1115 100.6  89.6 8.6 67.7
Hours/tractor® 3,214.9 2,871.0 2,524.0 2,177.0 1,833.0
Gross farm income3 7,680 9,216 10,752 12,288 13,824

Gross custom income‘ 14,276 12,740 11,204 9,668 8,132

Total gross income® 21,956 21,956 21,956 21,956 21,956

a/
Based on the "rule of thumb" that gross income should
be three times the value of the tractor.

1
Hectares cotavated for wet and dry seasons.

2 31.55 hr/ha.
3 Based on the price of paddy of P0.36/kg.

" 4 Based on P35/day.

o]

US$1,00 = P3.90.
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Table 10. Changes in average total costs, Laguna, 1970.

Average Average total cost per hour (pesos)§7-
Tractor annual use Before ’ Percent
(hrs) devaluation devaluation increase
“Type-1I 486 3.00 - 346 0 15.33
 Type II | 442 3.10 3.71 19.68
Type III 641 3.83 . 4,52 ., 18,02
ALl types 492 3.26 5,85 . 18.09

e R R~y
EE EEaEe e S ————

a/

~ Fixed cost held constant at pre-devaluation level,

a/

Table-11l; - Average cost for new tractors.

Average éxegage.cgst per hour (pesos)
Tractor annual use - Before After Percent
(hrs) devaluation devaluation increase
Type II 442 3.10 4,12 32.90
Type III 641 3.83 5.05 31.85
Both types 495 3.30 4,37 32,42

a/
The distributor of Type I tractors has not imported any
new units since devalvation, making it virtually impossible to
determine an adjusted purchase price for this unit.
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Table 12. Changes in input cost items for hand tractor operation in

Laguna, 1969 to 1970.

Item Tractur type _ All
T I ' II ‘IIX types
Fuel, P/lit' 0.31(14.8L)* 0.31(14.81) 0.24(14,18) 0.29(16.00)
0i1, p/1lit 2,10(40,00) 2,10(40,90) 2.10(40.00) 2.10(40600)
Spare parts, 7 58.50% 105.70%* 70,70 78,30
Labor, P/8-tr-day 6,00(50,00) 5.00(50,00) 6.00(50.00) 6.00(50.00)
Custom rate,
P/8-hr-day 40,00(14.28). 46.00(14.28)  40.00(14.28)  40.00(14.28)
e e e : ——— —1

Percentage increase over the pre-floating rate level.

Table 13,

Average costs of operation, 45 hand tractors, Laguna, 1970,

Item i Tmcc;;type 1T t';;:s

No. of observations 15 15 15 45

Annual use, hr 431¢-1L32)*  §501(35.97) 644(<1) 559(11.99)

Variable costs/hr
Fuel 0.36(12,50) 0.36(12,50) 0.25(38,89) 0.32(10.34)
0il 0.13(44.44) 0.15(36.36) 0,15(36.36) 0.14(40.00)
Repairs 0.79(125,71) 0.49(68.96) 0.75(-1 ’3) 0.68(74.36)
Labor 1.50(50.00) 1.50(50.00) 1‘50(50.00) 1.50(50,00)
Total 2,78(57.95) 2.50(45.35)  2,65(45.35)  2,64(48.31)

Average total ' ;

cost/hr#* 4.17(39.09) 3.52(13.55) v'4,ﬁ?(15.40) 4.13(26.30)

%
Fixed cost held constant at pre-devaluation level

Ioe

Percentage increase over pre-devaluation level,
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Table 14. Changes in repair costs for hand trac-

tors in Laguna, 1969 to 1971.

a/
Item Repair costs in 1971

More Less Same

Type I tractors:

No. reporting 10 4 . 1

Factors behind change:

Freqguent breakdown 5 - -
‘High cost of spare parts 7 - -
Baetter care - 4 ' -
No auswer - - 1

Type II tractors:

No. reporting 8 4 3

Factors behind change:

Frequent breakdown 5 - -
High cost of spare parts 4 - -
Better care _ - 1 - .3
No'answer - 1 3

Type I1I tractors:

No. reporting - 8 2 5

Factors behind change:

Frequént breakdown 3 - -
High cost of spare parts 3 - -
Better care - 2 -
No answer -. - 5
a/

B Repaivr costs in 1969 as base.
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Table 15. Custom rates and anaual utilization re-

quired to break-even, 45 hand tractors, Laguna, 1971,

Custcem rate (P/hr)

Anncal use, hr

Tractor ircual Needed Actual Needed
Type I 5.00 4.17 431 271
Type II 5.00 3,52 601 244
Type III 5,00 4,42 644 486
3.95 559 310

All types 5.90
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