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ABSTRACT )
' ._ P ;o

The nature of this study<wae‘to determiﬁe the degree
of agricultural mechdnizettoﬁ in ah%areé of Pichiecha
Province, Ecuador. Of importance ﬁefe the reasons for the
present level of mechanization and the problems encountered
5} machinery users, or the reasons for Some producers

. choosing not to use any agricultural machinery,-

The physical and agricultural influenceé'upon machinery
¢ 7

. use were discussed‘in general terms,'liberaily using map
interpretation, secoedary sourees, and data-éellected‘on
. these aspects.ie-the field: Field work for the‘study was

coméleteﬁ in'Eeuador during May to September of 1973.
| The level ef agricultural mechanizatioe'durrently in*
practice was ahelyzed using regression analysis. This. was
done to explaln the effects of farm 51ze, wheat fleld size,
dlstances to service centers, and wpeat field slope on the
present level of,agrlculteral mechanization. It was found
that wﬁeat field slope explained_fffty-nine per cent of tﬁe
va}iations in‘%he use of egriculté}al mechinery;rwheat |
field size end distances to service centers also contributed
to thlS explanatlon 51gn1f1cantly.

The problems producers experlenced whlli using machlnery
on thelr holdlngs, or the reasons why some prPducers used no

ii A Loy !
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maehihery at all were analyzed, using information collected
on these topics during interviews. In }efqrencedte problems,

it-was found that the lack of spare machinery barts and the
expense'of these parts were the main problems encountered.

Obtalnlng repairs and problems a'lslng due to 1rregular or

steep land were also frequently cited as major problems.

. 'The main reasons for the non-use of machinery were irregu-

'larity or steepness of land, too little land, and the fact

that hand labor within the study area is both{abuhdant and

cheep.

- Yields were analyzed using regression analysis to ex-

.plain variations caused mainly by the level 'of mechandzation

.practiced, but also by fertilizer used, wheat field slope,

and farm size. It was found_that the level of agricultural

mechanlzatlon explained thirty-six per cent of the varlatlon
in reported yleids, whlle fertlllzer used and farm size also
proved to be significant in explalnlng varlatlong in ylelds.f

In conclu510n, it was found that the topography and

the agricultural infrastructure of the area were both 51gn1—

-

ficant in explaining the present level of agricultural
mechanization in the study area. There is substantial use,

however, of agricultural-machinery within the Erea at

present. It was found that there must be an 1mprovement in

the supplylng of machinery parts and repairs at a reasonable

" cost to this area’'s agrlculturallsts. In general, to modern-

ize this area's agriculture, there must be an improvement

-
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alsco in th rovision of'credib and extension services.
)

L)

\
It lS felt that through‘the more w1despread use of

o

agrlcq&tural machinery, where economlcally and phy51cally .
possible, and through other. modern agrlcultural inputs,
the agrlcultural productlon of Plchlncha Prov1nce could be

!

substantlally increased.
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CHAPTER I INTRODUCTION
Latin American countries are thought to have placed too
little emphasis oﬁ their agriéultural sectors for the good
:of overall national économic dgvelopment; there has been a
failure to recognize agriculture as an integral part of the
totél éevelopment process (Yudelman, 1970: 62). |
Oﬁé result of this lack of attention to the agricul-
tural sectors of Latin American countries is that produc-
tion has not been increasing rapidly enocugh to keep pace
with the minimal diet reguirements of growing populatiéns;
there has also been a, low rural demand for farm inputs and
!~~u3v#gpnsumer goods (Eicher, 1564: 40). This of course reflects
;- " upon the industrial sectors as a whqle. The situation exists,
- therefore, where a great number of individuals, particularly
the small agricultural producers, are.not optimally paréﬂ

-~

ticipating in the national economies. Overcoming low agri
%,églthrél productivity is therefore of ‘the: utmost importanc

to the economic development of.Latin émerica (Comite, 1966)YV
This situation is acute in the'agricultural Sector of
Ecuador, where sixty-one pef cent of the country's popuia--
tion consists of rural iﬂhabitaﬁts (Fletcher, 1971: 241).
While a large majority of these people are tied to the ag-

ricultural sector, a great number of them contribute little

or nothing to the national economy (Fletcher, 1971: 242). -

-



it.should be noted that there are two distinct segments of
the agricultural sectotr in Ecuador. There is the agricul-
tura£ activity directed toward the\domestic market, and that
directed toward the export market.- This latter part of the
agricultural sector, while including a minority of ®the ag-
ricnltural producers, prgducea commodities which account
for nearly ninety per cent of_the country's foreign exchange
earnings {Haviland, 1971: 6). ‘Considering this fact: plus
the ;arge number of people engaged 1in agriculture, thia
sector 1is cnrrent;y’the~most important segment of Ecuador's
econcmy {(Gibson, 1971) . | |

- In recent years there has been a great amount of interest
shown by the Ecuadorian government in expanding and modern-
izing their agricultural export market At the same time,
interest in the production of domestic foodstuffs has been

relatively small. Consequently, the period growth rate of

export commodities was 14.9 per cent between 1950 and 1970, ;pm??

r

whlle ‘the growth rate of domestic products durlng the same

-perlod was only 8. 7 per cent (Zuvekas, 1973: 67). This has
' led to the use of valuable foreign exchange to import basic
. foodstuffs in increasing amounts (Glbson, 1971: 40).

For example, the productlon of wheat in Ecuador is

i

: currently averaging less than fifty per cent of the total
patlonal consumption, while demand for wheat is 1ncrea51ng
T at a rate of seven per cent annually (Yudelman, 1971: 251;

Ita}consult, 1963: 130) With a population growth rate of

> .
-1
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3.2 per cent, Ecuadpor can little afford to neglect the pro-
duction of besic food crops (Gibson, 1971: 36). In Ecuador,
as elsewhere, rates of growth or decline in the total agri- i
'cultural sector reflect upon the health of the total economy.

There is a need, therefore, ror a coneerted;effert on 2

the part of government agencies in Ecuador to develop ‘a plan
for the complete modernization of agriculture. Of equal
importance is the necessity for the development of rhe rural
serYice structure and auxiliary institutions within which
agriculture operates. Generally, an increase is required
in the use of biological and mechanical inputs in the farm-
ing_system.1 This paper will concentrate on the use of.
mechanical inputs, with the overall purpose of the study
being to ascertain. the degree of mechanization which has
taken place within an area of Pichincha Province, Ecuador.
‘While the éurpose of this study is not necessarily to justify
farm mechanization, a growing dgricultural sector will cause
the formatlon of economlc linkages with the service and in-

2

dustrlal sectors which in tuﬁn_ ‘will ﬂontrlbute to national

economic development.’

Study Area

The area under consideration for this study is Pichincha

1 Examples of biological 1nputs are fertilizers, herbi-
cides, insecticides, and improved seed varieties, .while
examples of mechanlcal inputs are machinery, 1mplements, and
lrrlgatlon.



4
Province, Ecuado; (Figure l).2 This province'(16,037 Sg.Km.)
is comprised of parts of two of the three naturaf‘regions of
Ecuadof, the Costa and the Sierra. It consists of 455,000
hectares of coastal lowlands, 7%2,900.hec£ares of Andean.

slopes, and 572,000 hectares of Inter-andean terrain.3 The

-

mggn COnce;h of this study is the Inter;ﬁhdean areas of ;he
province. T is area was chosen because tempefate food crops
wéré produced there, because.@t had a more widespread use of
j'égricultural machinery, apd because the aréa adequately
gxeﬁplified the problems encountered in the use of agricul-
tural ﬁachinery i; Fcuador. Some of these problems are
small farm size, steep slopes, and a general backwargness of
the agriculturq) structure of %his area. The:Inter—Andean.
”zone is compOSediéf 233,000 hectares (49%) of pdssible ag-

. ricultural land, 174,000 hectares (37%) of potential forest

produéts, and'65,000 hectares (14%) hectargs of no productive

use {(Italconsult, 1963: 28-30). ‘ e
To study.the mechanization of agriculture in Pichincha

. Province, wheat was seleéted as the study crop.4 The reasons

- for this éhoice are varied: theffirst important consideration

was the importance of wheat in terms of better dietary
2 The author was invifted to éﬁr%icipate.as a researcher

under Dr. V. Smith of the University of Windsor, Ontarig;

Ccanada. This research was within Projecto Pichincha, a
regibnal development survey of this Ecuadorian province.

3 1 hectare is equal to 2.47 acres.

4 The study of machinery use in the cultivation of wheat .
in Pichincha Province was encouraged and actively supported
by the Ministerio de Agricultura, Quito, Ecuador.

]

- >
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sténdards and decreased imports; seéond, bichincha érovince
.is one of the largest producers of wheat i& the country, as
well as a large importer of wheat; third, in relation to the ~
production of other basic food crops, wheat is relatively
mechanized; finally, the wheat producing areas of the prov-
ince are such that the mechanization of this @:éé'éncdunters
‘great difficulties. | ‘ .

The areas specifically chosen in Pichinchg-?rovince
were therthree south eastern cantons. of the Province: Mejia,
Quito, and Ruminahui Cantons (Figure 2).5 'The three other
cantons'which make up Pichincha Province are Santo Dominge
de los Colorados, Pedrq Moncayo, and Cayambe. Santo bomingo
Canton, lying egtirely_in a tropical area, produces no
wheat and was therefore left out éf the study. Cantons {Pedro
Moncayo and Cayambe held an additional o?e hundred wheal\
produce;si.but these areas were not included in the study
beéause it was found after initial survey that they had cor-’
-respondingIcharacteristics tc the three chosen cantons.
Suﬁfiéieﬁt informagionsfor the study was obtained inACantons
Mejia, Quito, and Ruminahui, and therefore it was not.felt
necessary to include thirs additional area «in the study of

agricultural mechanization in Pichincha Province.

Objectives of the Study

The specific purpdse of this study is to analyze the

r -

) ~E .
5 Cantons divide each province into smaller peolitical
administrative units. Pichincha Province is divided into
six cantons. ' :

{
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8
mechanlzatlon of agriculture, partlcularly the mechanization
of wheat production, in Cantons Mejla, Quito, and Ruﬁinahui
of Pichincha Province. Wlthln this context there are two
main objectives to achieve this result. ~' ) i,

The firet objective was to analyze the physical sand
agrlcultural characteristics which influence the degree' of .
mechanlzatlon within the study area and ‘to establish the
parameters within which agricultural mechanization 13 pos-
sible. The wheat producing areas were also'delimited freﬁ

other agrlcultural areas to depict the actual area undet

con51deratlon. It was also felt that there exlsted a need:

! for a general d15cussxon of the wheat smtuatlon in Ecuador,

"and particularly the situation within Pichincha Province and

[y

*

the study area. The wheat situation wasldiscussed specifi-
caliy in terms of production and production processes.‘

The - physical characteristics of relief and topo@raphy,
climate and eoils were analyzed in terms of the paéeible‘
effects they have on agricultural mechanization. ‘The agri-
cultural characterlstlcs of farm size, wheat fleld size,
farmer education, agrlcultural wages, technlcal expertise,
distances to servfce centers, agricultural credit and ex-
tension were analyzed foruthe gdme reason.

The second objeetive ef this study was to analyze the
data gathered for this\qyudy ih‘order to determine the close

relationships exlstlng among the variables. -This'proqedure

o entalled a number of steps. The first was an inventory of

‘ he present use oﬁ_agrlcultural machlnery by each productlon

N

)

(



stage. Included in this inventory were discussions on

machlnery use and the costs of using it for each stage. Al-

'ternatlvely, the non- mechanlcal methods employed and their

associated casts were'analyzed. This inventory considered

all 140 wheat producers in Cantons Mejia, Quito, and Rumin-

ahui. Second, differences in farm size, field slope and

yields, among other factors, were analyzed through comparl-.

" sons of the five levels of mechanization which exist in the

study area. Third, total costs of using mechanical‘or non-

mechanical methods.of farming were‘analyzed in terms qf

: levels of mechanlzatlon, farm 51ze, wheat field slopes, -and

g

resultant ylelds. Fourth, farm size, hectares in wheat,

'heanres under cultlvatlon dlstances to service centers,

L8

and wheat field slopes were analyzed in reference to the

A

effects these variables have upon levels-ef-mechanization.

- The fifth stage was the analysis and discussion of the prob-

‘lems encountered by those wheat producers who do use agri-

cultural machinery. The reasons why some producers do not

use machinery at all, or use it only in certain stages of

wheat cultivation, was analyzed in the sixth stage. | Finally,

*
o~

the levels qf agricultural mechanization, fe}tilizer use,

farm.51ze, and wheat field slope were analyzed in terms of'

: the effects these variables have on wheat ylelds w1th1n the

~

area. -~
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Literature Review

.
'

In consideringcthe relevant literatureTon farm mechan-

ization, there appears to be a breakdown’into'two basic cét-

'

egories. The first category, and by far the most extensive,

' is concerned with the topic of agricultural machanization in

A

general;'”This-lite;ature discusses the problems and benefits
of farm mechanizgtioﬁ;ﬁwThe seFOQd category is éoncerned with-
far% mechaqization in'uﬁderdeveloped areas, and while taking
thejgeneral literature into consideration, aeals with speci-

fic topics, in underdeveloped areas such as the need for

mechanization or the effects of mechanization upon the economy

- . . - - ¥; .
in general. A general review of the direction of this litera-.

{
ture is thought to be useful in terms of the whole question

of farm mechanization.

General Considerfations on Meché&nization . ’
l"' .

Ll

Mellor (1954: 16} felt that“farmers make their'deci§ions

from a,dependence-upon the way they appraise and react to .

‘their environments, especially in reésponse to some risk of

uncertainty. While this in itself is not highly questionable,
e : .

Mellor used it as a.steép to state than in essence the degree’

of mechanization is a "response to a need to increase .the

‘f" -

output per unit of labor." This is not the only factor dic-

4 b
tating the degree of mechanization, and some 1cultural

economists have correctly pointed out: that e to changes in

the structure of modern agriculture, the degree of mechaniza-

P 4
t

2

4
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tlon is a response to the desrre for increased output in |
{ﬁrms of yields (Hayaml, 1971 242) .

- Hayam1 feels the ba51c cause of world disequilibrium
w1th1n agriculture is eaused by the lag of underdeveloped
areas of the world behlnd the developed ones in shifting from
‘a resource- based agrlculture to.a science- based agrlculture.'
‘For emphasis he cited an example of cereal productlon. In
the developed natlons cereal productlon 1ncreased by 123

mllllon‘tons from 1964 to 1968, while the 1ncreaee in the

i

underdeveloped natlons was only 52 mrlllon tons (Hayamlﬁ

. 1971: 242). For this reason, plus the fact that the lesser

-developed nations contain twice the populationy"the movement

towards modern sc1ent1flc agrlculture 1n general must be at

a more rapid rate. To date, product1v1ty has been 1ncreased

through' a more widespread use of fertilizer and improved

seed varieties, bnt further'increasee in-productlvity will

be facilitated by the use of agricultural nachinerv'(Mitchell,

1966:. 37) - | ' | “
There has been:a-marked increase or interest in mechan-

1zatlon by many of the underdeveloped natlons of the world 4

(Kaneda, 1969; Chancellor, 971 Clements, 1969) The rate

(

at whxch farmlng is being mechanlzed ‘has been lncrea51ng
annually. There are w1dely dlfferlng views held by agrlcul-
.tural economlsts concerning the whole question of farm
. mechanlzatlon. first, there are those who feel the costs in

terms of labor displacement and capltal are too hlgh a price

to pay (Bose, 1969; Kaneda, 1969), second, there are those
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economists who flnd mechanlzatlon 1nev1table and p01nt out

the various systems under which machlnery can be best suh—

. plied at‘the 1owest cost (Chancellor, 1971), the thlrd group

.........
-----

in terms of the net beneflts to the socmety as-a whole

(Inukai, 1970) . ' : } : _ . . ,131
. Pecz—

The 1ntroduct10n and development of hlgh yleldlng

varieties of seed into deweloplng areas has brought the need

for mechanlzatlon irto f&bus By using the mdﬁe.tradltlonal
. ! -

"farming methqgs, the ylelds which are pBESLble through the
use of 1mproved seed have not been obtained., Since hlgha

yielding seed varletles aré presently in use, or are belng,

lntroduced to most deVeloping areas, the questlon of whether
to mechanlze or not 1s partially academlc (Schertz, 1968b:

'2; Deutsch, 1972: 234)

Con91deratlons of mechanlzatlon in agrlculture are cur-—
;Ehtly centered on the problem of how to mechanize farms
whose owners, lack the. necessary capltal at the same’ time
‘reducing_ labor dlsplac1ng effects. In a: study of small. farm
‘mechanlzatlon in Malay51a and Thalland William Chanzpllor
observed the adequacy of: prlvate hire serv1ces.' Furthermore, _
he found an.lncreaae ln employment occurred after 1ntroduc— ' =
Jtlon of ‘machinery. Further employment was pr0v1ded by the

————

hlrlng of tractor operators, by lncreased employment LD ;

Yo

tractor part 4nd 1mplement manufacturlhg 1ndustr1es, and'in ) -

A

‘mechanlcal:repalr shops. Prev10usly,.farmers had prepared :

-their own land, hiring no additional help durlng these perlods{
/ T . o ‘

. . ——
T ———

-.,.'4 . . - . -

. . [
¢ o } ) L,
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After hiring others to do their land preparation, farﬁers.//

had extra time which was channeiled into other productive

farm activities such as growing fruit, thereby increasing
their incomes (Chanceilor, 1971: 8477553).

In Latin America the degree of farm mechanization is
generally at a low 1evei, but is showing signs of increasing
(Clements, 1969; Streeter,'l972), The problems of agricul-
ural mechanlzatlon are sxmllar to those experlenced in
other areas, but of particular note 1is the general lack of
government policy elther encouraging or discouraging the.

- i
mechanization of agriculture. This'has led farmers to be

apprehensive about deciding to mechanizec Farmers are aisb
concerned with the high cost of farm mechanization; In

Brazil, Clements showed that due to inefficient!economies.
.0of scale, domestlcally produced tractors were actually more
expensive than rmported cnes. In any case, neither of the

tractors was. cheap ‘for the majorlty of the farmers to. afford

(Clements, 1969: 78). As other modern inputs requlrlng

L.

mechanization to obtaln Optlmum production have already,been

introduced into Latin America, the whole question of mechan-

ization must soon be remedied (Streeter, 1972: 16). .7

Problems and Advantages of Mechariization R

{ 1

The problems encountered in agrlcultural mechanlzatlon

; are varled and 1nclude phy51cal‘ human, and agrlcultural

conSLderatlons, and of these, probably the most 1mportant

-

factors are the physrcal because they 1nf1uence the degree

4
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or limit to which mechanization is possible to e much greater
extent. |

The topography or relief of an agrioultural‘area has a
great 1nfluence upon the use of machinery because problems
arlse due to steep slopes, dlssected terraln 1nfluenc1ng
'field 51ze and shape, altitude, and the regularlty of the
land. -Flat land, upou which machinery is theought to perform
best, is defined by Hldore as land under three degrees of
elope (1963: 84). 1In hls study of the relatlonshlps‘:m—
tween ellef and grain farms in mld—western United States,
HidOre found tQ@t the varlatlons in flat land (less than 3°)
explalned the spatlal location of the cash grain farms. As
the angle of inclination lncreasest machlnes become 1ncreae-

ingly unstable (Hidore, 1963: 89). Therefore, machinery
!.must be specially adapted to work on steep slopes. 'This .
' means that a greater amount of capital must be invested in
.farm modernization in areas of eteep slopes. As farming
machiﬁes become more complex and larger, the problem of slope
stablllty 1ncrea5es {(Mellor, 1954- 89). ’

An additional problem caused by relief is that there is
a noticeable loss of‘power while working in mountainous .
’arees. Tempany has shown that there is 3 to 3-1/2 per cent
power loss for every'additional one thousend feet in alti-
,tude (£Empany, 1958£ 132).' A thirty to forty horsepower
tractor, advertised as a four-plough tractor, may not be
able to meet this sp;oification working at higher altitude;.

.

Generally, imported farmfequipment is not made or tested to
N o

.
B
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meet the physical aemands of tropiqal or mountainous areas;

Ancther problem rglated to relief is caused by rough,
irregular land which also diréctly affects field size and
shape. It is difficult to adapt machinery to the land, or
land ‘to mechanization, when it %s cut into small sections by
erosion or large rock outcrops. "In actual time spent it is
cheaper to use machinery for large regular shaped fields
:than'for small irregularly shaped plots oflland (Cervinka,
1971: 136). Rough irregular land and small irregular fields
also 1ead to decreased maneuverability, while rough land by
- itself increases the possibilities of machine overturn
(Mellor, 1954: B89). Reduced speeds will'offset'these prob-
lems somewhat, but will also reduce optlmum utilization of
agricultural machifiery in terms of speedier operations. Fuel
and repéir costs will ‘also be much greatér‘when machinery is
applied on eiﬁher steep or ir;egular land. These higher op-
eration costs will lessen any adVvantages of using agriﬁul—
" tural machinery (Gordon, 1971: 251).

fhe type of soil will also directly influence the pos-
sible degree of mechanization. One problem arises in ares]s
of pooriy drained soils made.upﬁlargely of clays} It is wore
LAifficult to adapt machinerf to very wet.soils, aﬁd‘special,
possibly expensive 1nnovat10ns may be necessary1 In areas
where large, amounts of stone or rock are found in the 5011
the advantages of machinery use.may be reduced because of
lower possible speeds, higher repair costs, and.a shorter -

workiﬁg life for the piece of eguipment (Hopfen,'i969: 29).
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Many-of the problems encountered in-agricultural
mechanization are due to human factors. In many instances
the switcn from animal power to tractor power constitu@as a
major jump in technology. Because of this there is a

general lag in the possible pIOgrpss due to a lack of ade—

quately trained personnel to operate and repair the machinery
(Mellor, 1954: 105). This is especially true today as we
exﬁggience very rapid changes in design and capabilities of
our agriculﬁunal machinery. Training a farm labor force to
cope with modern technolagy"nay be justiéiable_from‘a socie-
tal point of view’but the costs of such training to the in-
dividual farmer, in addition to the machinefj costs, are
dften just too great (beutsch, 1972: 234).

Other human factors directly qr:indirectly causirig
problams in agricultural mechanization, or inﬁlnencing the
deéree of such mechanizatién are: credit availability,
\farmer educatipn,?and'nncertainty of investment. These are
problems whichﬁesgacially confront the smaller farmer
(Coolman, 1960: 260-72). .
| Incomes of small farmers are usuaily low and not stable
enough to finance machine investments, even if acceptance of.
new innovations is assumed. The uncertainty of investing in
modern farm inputs, particularly farm machinery, is a
'heav1er decision for a small farmer an for a large land
‘holder: if the small land holder does have any money, he is

often more cautious with 1t.

A lack of mechanization 1nfrastructure and a detailed

> . : e T



t
\

. ) : | . | 17
plan by the farmer of how he will use the machinery can often
ead to problems once the machinery has been purchased. The
evel to which farm machinery can be utilized is of great |
umportance in lowering tﬁe overall costs, both:fixed and
variable. The more tasks a particular machine can perform on -
a'farm, the less its total costs because they can.be spread
ousggve; a number of operations. While this process may
raise variable costs such as fuel and repgir costs, the fixed
costs of capital infusion would be spread over a widér rangé,

lowering total real costs (Fairbanks, 1971: 99).

Variations in regional progress of farm méchanization

can be directly traced to regional differences in the costs

of repaifs and the availability and costs of replacément‘of
parts. High costs and a lack of parts may lead to a retar-

dation in the level of agricultural mechanization. Costs

.

themselves will vary according to the: number of individual
farmers in an area who need mechanical services. The least
costs occur.in'areas where there is-a high concentration éf
mechanized farms (Mellor, 1954: 508-9).

:Somé of the benefitgito be gained from farm mechaniza-

tion are reduced time ahd labor reguired to complete each s

stage of the cultivation process, higher yields of better

quality, savings in terms of land, and a simpler cropping

system. .There. are also reduced costs in substituting ma-
chinery of a more modern nature, rather than replacing older
types.

Table 1 depicts the time required to coﬁplete each



< L ‘ 18
stage of the cultivation process for wheat cultivation—in
man.hours.per acre. Accounted for here are cases where in
England there is no use of machinery, limited use, and where
a farm isrﬁullylmechanized (Wallace, 1960: 190; Barker,
1960: 140}. As can belseen, there is a definite saving in
time under full farm mechanization. This 'is of particular
importance in areas where a short harvest éeason exists, and
it is imperative to remove the crop from the land in a short
period of time (Mellor, 1954: 96). The rate of.;ork is then

no longer dependent upon how long a man can work, but rather

upon the length of time a machine can be used.

-

—

_ _ _ .

Table 1 Total Time (Man Hours/Acre) .Spent in the Three Main
Wheat Cultivation Operations at Three Varying
Levels of Mechanization, :

Agricultural . ) - .a
Operation No mech .Partial mech Full mechh
Soil Preparation - 10.25 3.75 3.35
Seeding, Fertilization
and Weed Control 9.10 8.15 . 3.05
Harvest, ThreshingP 24.75 25.10 8.20
Total Time - - © 44.10 37.00 14.60
a

average mechanical output.

b includes time spent in taking up and bailing the straw.
Field disposal of the straw by fire requires 3.6 man
hours/acre less in total for full mechanization-level.

The use of machinery on a farm does not directly in-

crease yields by itself, but it does allow for the_proper
applications of seed and fertilizer and better weed control

—

and soil-prepé}ation, The speedier operations pointed out

i
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previously allow for earlier cropping and, therefore, greater
yields at harvest time (Barker, 1960: 104). There is also .
less-crop-loss with more modern methods of handling. An
example of this is the fact that a combing/ harvester loses
less gra}n than a blnder (or manual harvest) and a threshlng
machine. This attribute of more modern mechanical methods
. also leads-'to a decrease in crop damage due to overhandling.
Not only quantity but quality of -the crop may increase through
the use of machinery on the farm.

v Savings in term’fof land use are made through tlie
utilization of lands which were prevmously used for animal
forage Crops. Through the use of agrmcultural machinery,
these areas.can be converted 1nto crop lands. This is of
particular 4mportance on small farms where the total amount.
of land for crop cultivation is small to begin with. The
use of agr1cultural machinery also leads to a simpler form
‘;f cropping system beeause to be efficient, machinery re-
qulres larger areas under one crop. This may be an advantage
in so far as the 1nd1v1dual farmer will encounter less peak
periods at the same tlme (1 e. harvests) ‘where his atten-
tion will be reguired. Instead of cultivating‘five crops
using manual Iabor, he may with the uee of machinery culti-
vate only two crops with separate harvest periods, therefore
hav1ng less peak perlods to cope with at one time.

It may be less expen51ve for the agrlcultural?st to

substitute newer mechanlcal methods when. the need arises.

An example of this is a farmer who presently uses_a manual

-
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labor force to harﬁgSt grain and a th:eshing machine to
separate the grain fram the strqy; 1f h#s old threshing
machine has to be’ replaced, it may actually be less expen-
sive to purchase a combine {(harvester-threshing machine) .
Table 2 depicts price index changes in the United States
from 1913 to 1937 for various machines and implements
(Mellor, 1954: 73). These changes have occurred beéause of
a relatlve decllne in the demand for older types of machlnery
- and implements compared to an increasing demand for the more

-

modern methods:
. |

“Table 2 Changes in Prices of Selected Farm Machinery and
’ Implements in the United States From 1913 to 1937.

Equipment . ) ' Price Index (1913 = 100}
Tractor 61.9
Plow (1 horse) 191.0
Plow (2 horse) 165.2
Plow (2 tractor) 134.8
Plow {3 tractor) : 115.8
Plow (4 tractor) ' .98.2
Grain binder . , 159.1
Grain thresher 144.4
Combine (harvester-thresher) 74.4
i- .

As 1is eviden; from the literature, ﬁhere are many
pfessing problems in the mechanization of agriculture. These
prbblems are even more pronounced in the ‘case of the small
.Earﬁer. .As Chancellor showed in his study of fhailand, farm
mecﬁ;nizatlon can increase net development .due to the llnk—
ages it has with other sectors of the economy. Other bene-

fits of mechanization are .at.times difficult to translate

into monetary terms, but nevertheless they are worthwhile

e
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objectives.
:/f- The mechanization of'agricuiture in Ecuador presents no
difference 1n terms of problems and advantages from those
encquntered.elsewhere, but therells a noticeable lack of
literature in thﬁs area. The study of mechanization pro-
cesses in the Andean areas of Ecuador will not only f£ill this™

gap in knowledge, but will also fill the need for more lit-

erature in the study of mechanization in areas of steep slopes.

]
Hzgotheses

[

Utiliziné the fdreéoing information eﬁd objectivee, a
nﬁmbe; of hypdtheses are suggested for the study of machinery
in,Pichincha Province, Ecuador. All are directif related to
the bresent use of agricu;thral machinery in the production
of wheat in the study area; The hypotﬁeses are arrahged from
the causes of the level of mechanization in the area, the
problems in 1ts use, the reasons for its non- use, and finally
to the 1mpllcatlons of machlnery use in yheat productlon.

The size of a farm has great contrel over the degree of

, mechanlzatlon that :is possible. ‘Mellor-(l954-'89) feels the
reasons for‘this are that small farms are more llkely to be
farmed using a high degree of manual labor, that there is a .
' certain size farm below which it is not profitable to use
agricultural machinery, and that{small farmers are less

: trustlng of new technlques. The amount Of land actually

used for wheat cultlvatlonhalso directly affects the level
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of agricultural mechanization, as small fields retard the

--use of machinery. Even on large farms the use of machinery

may not seem economically feasible when the area under wheat
cultivation is relatively small (Gordon, 1971: 10}. Slope
inclination has ; great effect upon many aspects of farm
meehanizationf modernization, and productivity in the study’
area. Hidore (1963),.Gordon (1971), and Tempany (1958) feel
that the level of agricultural mechanization will decrease;
therefore, less costly technlques will be employed as the -
degree of slope increases. The distance to the nearest

service center offering adequate repair and servicing for

agriéultural machinery is also of great imporﬁgnce (Fairbanks,

1971: 99). Throughout the study area variations in the level
of mechanization are caused by these factors. This propo;

sition will be tested as follows:

" HO 1 variations in the level of agricultural
mechanization throughout the study area
are a positive function of:

a) farm size,
b) wheat field size,
c) -hectares under cultivation,
d) closeness to the nearest town,
e) closeness to the canton capital,
. f) closeness to Quito,
g) low angle of slope of the wheat field.

. -

A mechanization infrastructure mest be established to
reallze the complete benefits of‘agrlcultural mechanization.
Mellor (1954:;108-9) and Fairbanks (1971: 99) have shown
that most frequeﬁt problems encountered in the use of agri-

cultural machinery in developing areas are obtaining spare

D

EAE:
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parfs and at a reasonable cost. Obtaining repairs and other
.. . ) S

machinery services is often problematic as well. Steep and

irregular land in the study area also causes problems for

producerd who use machinery. This will be tested as follows:

' HO 2 The problems encountered by those pro-
ducers~who did use machinery in their
agriculture are:

a) obtaining spare parts,

b) obtaining them ‘at a reasonable o
cost .

c) obtAining repairs,

d) sieepness oOr irregularity of

heir land.

;

The reasons why agriculturalists do not use machinery
are often'realistic'(Gordon, léﬁl: 251);‘those often cited
in Ecuador for the'non—ﬁse of machinery are that hand labor
is less costly to use, and that farmers do not have the nec-
essary capital for machinery purchase in any d;se (Coolhan,

1960: 260-72). Barroclough (1953: 67) has élso cited that
'in many areas farmers' lands are either too steep or too
irregulaf.for the succeséful application of machinery. These.

propositions will be tested as follows:

HO 3 The reasons producers did not use °

machinery or did not use it in all
stages of their wheat production are:

a) machinery was too expensive;
they lacked the necessary capital,
b). hand labor was cheaper.,
c) the land was'either too steep oOr
| too irregular to use machinery.

Machinery use has a great effect'upon Qh@at yields;
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I
‘ . —_ .
therefore, wheat yields tend to be greater on farms where

machinery is used. Schertz (1968c: 2) and Deutsch (1972:
'234) feel that this is due primarily to betterlééed bed
preparation using machinery. Maghinery is also of extreme

importahce in the even application of both fertilizer and
)

seed, in the correct amdunts'(Barker, 1960: 104). Schertz;
also feels that thére will be less loss.of grain by using
machinery than there would be using more tfaditional tech-
niqﬁes. The amount of fertilizer used also has a direct

bearing upon the return of wheat yvields. Small farm size

and steep slopes affect yields .indirectly through the apbli-

cation of modern methods, as well as directly through
: ’ .
farmers' attitudes (Mellor, 1954: 88). The variations in

yieids caused by these factors will be tested as fbllows:

HO 4 Variations in yields throughout the
study area are a positive function of:

a) the property size,
b) low angle of wheat field slopes,
c) amount of fertilizer used, .

' d) the level of agricultural

: mechanization. '

. ) A .
’ 2 ' Meghodolqu

Field work and Questionnaire

The field work for this study was completed from May
to September, 1973 in Cantons Mejia, Quito, énd Ruminahui
: : S "

of Pichincha Province, Ecnador. After an initial survey of

the literature and after discussions with personnel in the

"

RO
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Mlnlsterlo de Agrlcultura, it was found that there had never
been a comprehensive stud;)done on the mechanlzatlon of
wheat production, or of any other crop in the study area.
\ As an. lnltlal starting point, the Mlnlsterlo de Agri-
cultura prov1ded a list of .all wheat producers, trlgueros,
both large and small, who had produced wheat "in the three

study ntens during the 1973 productlon year. .yersonal

—

1nterv ews were conducted wiih all 140 of these producers,
and u51ng a questlonnalre,'answers were requested to both
closed and open ended questions. ,The level oﬁ mechanlzatlon
of these producers varied from full mechanization to partial
mechanlzatlon to no machinery at all.:

The questlonnalre used sought information relevant to
the use offmach;nery and to the productlon of wheat generall;
(Appendix A). The questlbns were drafted after consultatlon
with the head of the agricultural productlon‘sectlon of.the
Ministerio"de'Agri a ra, the head of the Programa Nacional
de Granos (Natlonal Gfain Program), and numerous extension
agents who work with the wheat producers in Plchlncha Prov1nce.
| The maln ‘responsés sought were those dlrectly related to-u
the use of agrlcultural machlnery, those indirectly affectlng
thls use of machinery, and factors whlch influenced the wheat
yields. The first group of’ sped:flc questlons én dlrectly
‘relatéd factors included the types of machlnery and 1mplements .
employed the cost of u51ng machlnery for the preparation,

'seedlng, and h JA\Vestlng of the land, and the cost of

"tractorlstas (tractor drivers). An open question was asked




v

26

on the problemsﬂfatmers had in using‘machinery;ﬂ Alterna-
tively, if producers used partial or no machlnery in the.
productlon process,\responses were sought on wheat methods
they did employ and the costs assoc1ated with these alterna-
--tlve methods. Aan open questlon was asked on the reasons why
farmers did not use machlnery ‘or did not use it in all of
the production steps. ‘ S - )
The second group of responses requested were those

which lndlrectly affected the use of machinery or wheat pro—;
&

duCtlon.- These lncluded dlstanCe to- nearest serv1ce center,'

a—

farm sise( hectares_cultlvated,'hectares in wheat, amount of
tertilizer-used, and y;elds. Theadegree of sfope‘oftthe'
wheat fieldsﬁwas measured‘ Ddstance to the'nearest service
center was selected as a varlable because of the 1mportance

of repalr and fuel services 1n the use of agrlcultural

machlnery (Falrbanks, 1971) ' Farm 51ze, hectares cultivated,

'and hectares in wheat ‘were selected because it was felt there
Ay’was a strong relatlonshlp between farm and field size and
the use of agrlcultural machlnery (Mellor, 1954) The amount

of fertlllzer used was Selected because "of 1ts dlrect in-

flyence upon wheatvylelds, and because it was feltrthat a 8|

I

correlation ekists between the'pse of this modern farm in-
put and the'use-of machinery (Barher; 1960) . ?Yieid'was‘
. selected as a variable-fot this samé reason. The degree  of .
field slope was heasured_because‘of the high correlations'
thought' to exist betweenhit and,the use of agricultural ma-

chinery (Hidore, 1963). The angle of.slope of the wheat

R
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fields was measured using a Die;zéeh field clinometer.

These avérage degrees o% slope were compiied by'the author
through visi£s.to each producer;s wheat field:
Sepondgry sources that were ﬁged included varf&ﬁs
:ﬁcuadorian government publicatipns;céncerﬁing.wheat‘produc-
tion, and to a lesser e#tent, pubiications:on modefn“farm

inputs aﬁﬁ mgﬁhﬁiery use as this_éype of'publicétioﬁ is
generaliy lacking. Varioﬁg artiéiés and:&oéks of agricul—‘

tural machinery use were also consulted for this study,

o plthough few were found to be of direct relevance to the '

Ecuadorian agricultural situation. : -

Analysis
£

Map interpretatioq_was emphésized in»outlin{ﬁg the
physical and &gricultural charactéristics of Pichincha
_ Province whiéh inflﬁence the use of agricultural machiﬁery
and the prodi;tion of ‘wheat. Each farm intérviewed was
lécatéd and plotted on topograpﬁic maps for the purﬁosé of
egact lécation in terms of both horizonéal and verpicai
“positions:6 These maps were used to deiimit the wheat pro;

! 34

‘ducing areas from other agricultural areas. The maps were

‘ also used-to show altitudinal location of thepstudy farms by' 't

size, yield, and level of mechanization. :Interpretatlon of

‘ﬁ other ‘available maps was used in the delimitation of .various

T am - '

6 fopographic maps of the study areé at the scale.of

1:25,000 and 1:50,000 were provided by the“Instituto
Geografico Militar, Quito, Ecuador.

.
‘1
..

-
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physical characteristics such as soil, relief, ana climete
which affect wheat production and machinery use ih general.

Anrenaly51s was also undertaken of the agrlcultural
factors of the area which-influénce agrlcultural mechanlza—
tion. Among these are farm size, characteristics of the.

. 1 agricultural popolation, fertilizer use, distances to ser—E”’

R | vice centers, and agrlcultural and credlt serv1ces. The
analy51s was in terms of a\reVLew of the present 51tuatlon
and how'these factors lnfluence the possible use of agr%-
cultural machinery. This information was ogtlined and com-
pared using graphing techniques and means and standard
devietions. Theére was also a comparison of latge and small

farms and ‘users’ of mechanlcal and non—mechanlcal farm

) equipment. These are all important con51deratlons of

.
P

geperal ﬁerm modernization and specifically of agricultural
mechanization, and were therefore lmperative oonsiderations
for this study. o ..

To illustrete the current level of agriooltural mechan-
ization in the study eree, a simple inventory of the types

L4

of maohinery was grephically presented for each stage of the

_ wheat cultivation proéess. Alternatively, graphical analysis
- .

(:;/kwe//a&so used to depict the. alternative methods employed by
h those. producers who used no machinery or used it ln only a
.° ‘ -1i£1ted oanner. "The costs at each stage were analyzed by
the type of production process utlllzed. A specific compara-
tive—analysis was performed on the factors such as yleldE
farm size,,and-fertilizer~use, as the degree of agricultural

.

(W]
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mechanization changes within the study area.

The total cost of using mechanical or non—mechanicai
methods of produotion was analyzed usipg simple cofrelation
analysis and graphing techniques. This analysis was employed
to determine the relationship between levels of mechanization,
farm size, wheat field slope, and yields, and the total
cost of using machinery at varying levels within tke study .
area.

In analyzing the first and the fourth hypotheses of
this' study, stepwise multiple regression analysis was em-
ployed to show the variations caused in the two dependent
variables - yields alﬁ levels of agricultural mechanization -
by the'various independent variables chosen for each regres-
sion.
| The problems encountered by agriculturalists in using
machinery on their farms '(HO2) were presented and graphically
analyzed, as were the reasons why some farmers did not use
ﬁachinery at all 1H03){ The analysis of these-two hypothe-
ses was felt to be important in térms of revealing the ’AE
structural weaknesses-within the agricultural sector of this -

area.,



CHAPTER II PHYSICAL AND AGRICULTURAL INFLUENCES —

The physical and agricultural environments of an area
influence the ability to mechanize agriculture. Physical
factors such as topograﬁhy, climate, soil type and gquality
directly influence the degree of mechanization which is]
economicallf possible in any given aréa The agricultural -
aspects affect the possible degree of mgghanization both
directlynanﬁ indirectly. For example, garm field size-is
one factor among others that directly influences the.degree
of farm mechanization. The Eharacteristics'of the agricul-
tural -population and distances to service cent , as well
as credit and extension services, are aﬁong'the facﬁors which
indirectly influence the mechanization 6f agriculture.
ﬁithin the three cantons under study these characteristicé
and others both physical and agricultural influence the
degree and type .of aéricultural m;chanization employed.f A
réﬁiew of these factors is important as a preliminary foun-
dation for the study of agricultural mechanization in
Pichincha Province, Ecuador. A brief résumé of the study
crop,.whea£, was presented in order to outline this érop's
productién in Eecuador, particularly within the study area.
Wheat was chosen because of its importance to Ecuador's

national economy, and because it is a crop which is highly

mechanized in relation to other crops. ‘The study area
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-
itself was discussed in some detail, defining its precise

site and situation.
[

The Study Area

Pichincha Province has'an area of 16,037 kilometers,

11,545 kilometers of which consist of the western piedmont

and coastal areas (Cevallos, 1958: 105; Basile, 1964: 22). .
Only twenty per cent of the province consists of land under
ten degrees of slope. A further twenty—three,per geq; has
slopes betwgen ten and twenty degrees (Programa, 1973:,n;p.).

pThenarea bf concern for this study is the intermontaine
basiﬁ area of the Sierra, in particular the Quito Basin
(Figufe 3). This basin is one of fifteen such basins that
éxtend'in a narrow belt along the Sierra of Ecuador from
Colombia in the noréh'to Peru in. the south (Basile; 1964:i
11). The basin is#fhe largest of the Ecuado;ian basins with
an avérage width of forty—eight kilometers, and average
altitude of 2,500 meters (Basile, 1964: 24}. |

In 1961 wheat producing areas of Pichincha Province
" were estimated to cover 2,839 square kilometers, making up
seventeen per cent of the province'g land ué§ (Cordévez,
1961: 151): .Through advances in seed breeding and the use
of fertilizer, many additional areas have been cultivatéd;in
wheat, resulting in 3,500 square 5@lome£ers of wheaﬁ%p#Qdugj'
ing areas in the Quito Basin in 1965.

Figure 4 shows the wheat producing areas of the three

cantons under study. "Within this area wheat is now grown
e, -
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in'paéts of the basin which‘were preeiously used for less
temperate agrlcultural systems. It should 5e noted, however,
that not all of the areas depicted as wheat areas are used

exclusively for the cultivation of-this crop.

Wheat Production in Ecuador

_ fhere;has been a general increase ih national wheat
production.in Ecuador from 1950 to the present, but the%e
has also.been a corresponding increase in the importation
of this commodity to satisfy the ever inereasing demand for
wheat. Within the time perlod from 1950 to 1970 the

__avetage area devoted to wheat production 1ncreased from
141,000 hectares to 175,000 hectares; however, by 1973 the
area in wheat had decreased to 145,000 hectetes (Mi;endﬂ,
1971: 7 Programa,'1973: n.p.).. Consequently, average
annual wheat produetion-growth rates for 1950 to 1960 and
1960 to 1973 were 6.3 per cent and 2.6 per cent respectively
(Zuvekas, 1973: 73: Programa, 1973: n.p.). The lowest
national growth rate for wheat production was reglstered-
between 1968 and 1970 when there was only a l 4 per cent
annual growtﬁ'rate over the prev1ous perlod (Zuvekas, 1973:
73). Based on'gd;ezzagﬁtﬁﬁrojection, wheat production is
expected to increase five per cent annually for the remainder -

’ of the 1970's (Programa, 1973: n.p.).
Table 3 illustrates the above p01nt, thiﬁg national
wheat production, imports of wheat, and the total consump-

tion of this crop between the years 1950 and 1972. There is
' v

+



Table 3 National Production and Imports of Wheat in Topzs
(1950-73) :
- Year National $ Change Imports % Change  Total’
Production :
1950 20,016 - 6,773 -—- 26,789
1951 27,450 37 5,186 =23 32,636
1952 25,895 s 15,676 202 41,571
1953 26,277 2 16,877 - 8 43,154
1954 33,927 . .29 90,387 435 124,314
1955 42,153 25 63,522 -29 105,675 -
1956 40,596 -4 66,601 5 107,197
1957 35,415 -13 44,152 ©  -34 79,567
1958 39,040 10 41,219 -7 80,259
1959 47,491 22 52,006 26 99,597
1960 58,375 . . 23 40,502 -22 98,877
1961 80,470 . 38 40,000 1 120,470
1962 89,800 12 50,000t 2 139,800
1963° 97,520 9 50,000% 0 147,520
1964 103,040 6 50,000" 0 153,040
1965 108,100 5 50,000" 0 158,100
1966 68,685 58 - 50,000 0 .118,685
1967 72,300 5 50,000% o 122,300
1968 81,940 12 60,727 21 142,667
1969 78,325 -4 63,000 4 141,325
1970. 90,375 .15 57,000 -9 147,375
1971 . 80,350 -6 90,015 57 174,365

=]

1972 72,300 -14 110,000 22. 182,300

1 Average imports 1960 to 1966.

(Source: Amunétiqui, 1967: 70.: Grain and Feed, 1968: 7;
Haviland, 1971: 6; Miranda, 1971: 7; Zuvekas, 1970: 33).
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an overall significant increase in national production:
during these years, but because of rapid increases in consump-

tioh, imports show an even more significant increase in the

=

same period. Of particular note is 1952, 1954, bnd 1971
where increases inrimports of 202 pe£ cent, 435 per cent,
andh57 per cent were registered‘respecy&vely.: Following a
massive push by the governmentfin 1958-9 to make the nation |
self sufficient in wheat, national production increased sig-
"nificantly in the first five years of the 1960'5.'~These
advances faltered after l965'with a n%gativé change of fifty-
eight per cent between 1965 and 1966 when p;oduction fell
from 108,000 tons‘to 68,685 tons annually, anélgrtwenty per
cent decrease in domestic prodgction between 1970 and 1972.
This situation resulted, in part, from increésed’production
expenses and the low suppor£ price of wheat compared to
other crops such as barley which had better profit marginé.
Wheat consumption in Ecuador has risen from 26,789 tohs in

19?0 to 182,300 tons in 1972, nearly a seven fold increase.

-

_Wheat Production in the Study Area

Figure 5.shows the locatidn of‘the-l40_wheat producers
in the three cantons included in the study. There are
fortX—six (32.9%) wheat producers in the’ six pari%hes of
Canton Mejia, four (2.9%) producers in two parishes of Canton
Ruminahui, and ninety (64.2%) wheat.producers in sixteen

parishes of Canton Quitb.

Wheat,yields vary considerébly throughout the study.

g
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Stem

area (Figure 6). The greatest number of producers, 78(55%),
produce less than twenty quintals per hectare of whéat SOWTl.
Of this total, elghteen producers had yields of less than
tenlquintals per hectare, thirty produced ten to fifteen
‘quintals, and the remaining twenty-seven produced 51xteen to
twenty qulntals of wheat per hectare. Twenty wheat preducers
"had yields between twgnty -six and thirty quintals, while only#
seven had yields of greater than fifty quintals per hectare.
The mean yield for the entlre study area was 25. 92 qulntals
per hectare with the least yield for one hectare of land
being five guintals and tn\*%reatest yield, produced in Can-
ton Mejia, being ninety quintals per hectare. This maximum

vield was nearly four times the area's mean yield, and was

obtained under full agricultural mechanization.
Mechanization of Wheat production

The Ecuadorian Government maintains that through the
.use of sufficiently modern agriculturai methods, wheat cul-
tivation can still be a profitable enterprise at the current
narket price. Tables 4 and 5 show government calculated
\estimatee of-coetS‘and possible profits underx partial and no
_mechanization. These figures are widely\pirculated-to show .
that no 1ncrease in the pasic wheat support price is neces- ’
ary at thlS time 1if farmers will adopt modern methods of
wheat production. The circulation of these estimates had

led to an increase in the use of machlnery as well as-other

agricultural inputs. Ba51cally these tables show that with'
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Table 4 Typical Costs and Benefits of Whea% gultlvatlon

When Partlallz_Mechanlzed (1972)

‘ 4 4
: = ' Cost - Cost % .0of
Type of Cost ,(S/Ha)s £S/QQ}6 Total Cost
Land rent ‘ _ , 300.00 8.57 ' . 11.02
Cultivation costs: .

'-Soil preparation 720.00 ° 20.57 26.45
Seed ' . . 280.00 8.00 - 10.29
Funglc1des . 36.00 1.03° ..  1.32
Fertilizer & app;;catlon 312.00 8.91 + 11.46
Herbicide & application .?'70.00 . 2.00 . 2.57°
Seeding : 36.00°  1.03 1.32
Mechanical harvest 350.00 10.00 12.86

, w . . \

Cther costs: :
Transportatiqn _ .- 47.50 1.36 1,75
Administratidn o 215.15 6.15 | 7.51
Technlcal a551stance - .. 107.57 - . 3.07 : -3.95
_Unforeseen costs” : " - 247.42 - 7.07 9.09
Total costs of production ) 2,721.64 17.76 '-100r00

N LT

-2

., Based on yield of 35 quintals per hectare.

Based on a.value of $/100 per quintal.-

Payment for 35 qu1ntals per hectare at S§/110 is S/3850 00
- Relation of costs to benefits: 1:1.41
-Profit: S/ll28}36 per hectare. v

4. 25 sudres (S/) = $1.00 U.S. (1973): . -
5. Sucres per. hectare e
6..Sucres per qulntal of wheat harve ted -
(Source Programa Nacional de Granos, 1973 p.;‘INIAP,
1973: 23-24). . .. -, \_Q: !

-1:'\'1'..- ’ o . ) ‘ Y

1
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2,360.79 113.05

Table 5 Typical Costs and Beqefitslof Wﬁe&t Eu%t%vation:
- Wwhen No Mechanization is Used (1972)7""’
: cost? Cost” 2 of
Type of Cost (s/Ha)> (8/Q0)® Total Cost
Land rent . 300.00 15.00 . 13.57
Cultivation costs:
Soil preﬁaration 315.00 15.75 . 13.93
Seed 260.00 13.00 11.50
Fungicide 24.00 ©  1.20 1.06
Fertilizer & application 666.00 33.30 . 39.46 -
Seeding ' 24.00 1.20. " 1.06
Harvest '154.00 7.70 . 6.81
\ .
.Other costs: 7
Transportation 40.00 2.00 1.57
Administration 180.30 9.02 7.98
Technical assistance . 90.15° 4.15 3.99
Unforeseen expehses 207.34 10.37 9.17
! : e _ .
- Potal costs of production 10000

1. Based on yield of 20 quintals per hectare.

2. Based on value of $/110 per quintal..

3. Payment for 20 quintals per hectar
- Relation costs to benefits:

- Loss: S/60 per hectare.

] T

4. 25 Sucres (S/) = $1.00 U.S. -(1973).

5. Sucres pér hectare. .

6.. Sucres per guintal of wheat harvested.

[

(Soﬁrce:_Programa Nacional de Granos, 1973: n.p.;

1973: 23-24). o

PRI Y
4

e at S/llO
1:0.97

v

f-r .

INIAP,’

is.5/2220.700
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all costs, estimated yields, and the current market'price,
partlally mechanlzed farmers can reallze a fifty per cent

prOflt while the non-mechanized farmer can h0pe at best only

to break even growing wheak.
. b

puring the years between 1967 and 1971 there were an
average of 79,336 hectares under wheat cultivation in Ecuadcr.

| - . .
Full mechanization processes were used on.2,600 hectares (3%)~
N -4

of this total,.wﬂile.a\further 7,300 hectares (9%) were par-

Y

- tially mechanized, ‘and 69,236 hectares (88%) were farmed

,w1thout the use of -any machlnery at all In Pichincha Prov- .

ince, in contrast to the natlona1'51tuatlon, partlal mechan-

~
1zatlon§processes were most prevalent in accountlng for = -

‘. ’

seventy- nine per cent of the country s total users of partial

‘mechanization.’ The second most common levél of mechanlzatlon

~

in Pichincha Province was full ‘mechanization; this province

accoa?ted for sixty-one perxr cent of all full mechanization

users within the country, while, users of no machinery within
3 W

tte province accounted for enly twelve per cent of the na-

tional total (Programa, 1973: n.p.).

Tab{e 6 shows the number of wheat broducers on the .
national level by the size of thelr farms and the cultlvatloa
methods employed at each. stage of the wheat cultivation pro-
cess. The largest number of producers, 23,860, have farms-
of less than ten hectares and only 1, 640 (7%) of these use
machinery for the preparatlon of'the soxl'for wheat cultiva-
tionﬂ'.The greatest users of Wachinery for soil prepatation

are those producers having farms of greater than one thousand
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hectares, with ninety per cent of their group using machinery

at -this stage. The group using the least machinefy for soil

preparation are those producers with farms of ten to twenty
hectares, as only one per cent of the 3,080 producers in
~fhis category use machinery.

Much of the seedlng of wheat in ' Ecuador is manual, par-
ticularly on small farms. Table 6 lndlcate;-that in Ecuador
there is no use of machinery for seeding on farms of 1ess
than fifty hectares. The largest users of machinery at this
stage e producers who have farﬁs of a size greater than
one thousand hectares, where fifty per cent of the group use:
seedlng machines. In terms of actual numbers, those produ-
cers located on one hundred to five hundred hectare farms
use the most machinery for seedlng; but the number of pro-
ducers in this category is greatef than tﬂe largér farm“sizes
camgined. The situation for wheat cutting is nearly iden-
tical, but this categorization doeéinOt-refer to the uég'oﬁ
combines, only mechanical wheat éutters.

The threshing operation includes producers utilizingfé
threshlng machine or a comblne. It.is unfortunate that the
1972 inventory of mechanlzatlon did not separate these dis-
tinct forms of mechanlzatlon to enable hetter analy51s of

[;xhe situation for that year. Table 6 shows that producers
on farms of less than ten hectares were the greatest users
“(in actual numbers) of mechanical devices in this stage-of

wheat cultlvatlon. From general field observatlons, it is

érobaﬁle that a majority of these farmers (3,730) used only

»

<Q

e —mma
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N “

ng machine, but the available government statistics

. are not divided into_such categories. In terms of percen-

tages, producers on farms of one hundred to five hundred hec-

_tares, and producers having more than one thagsand hectares

have high percentages (ninety-three and ninety-eight per
cent respectively) of their groups usiné madhinery for the
wheat harvest. Again it is probable that the-majority of —
thése p:Oducers'use a combine;vbut again this table .gives no
indication. :

In conclusion, table 6 shows that only 2,141 of the ~~
total 29 416 wheat producers in Ecuador used machinery for

1and preparation; 104 used machlnery for seeding; 159 used

, machlnery for cutting operatlons, and 4 863 used machlnery

[

for threshing purposes on their farms. In 1970 the use of

"machinery in Pichintha Province was more W1despread and has

since 1ncreased within the drea (Programa, 1973: n.p.). As
indicated in'the preceding discussion, there exist funda-
mental problems associatéd'with wheat cultivation in Ecuador.
The neceséity of solving these problems has been considered
in terms of the low domestic production which causes a drain
on foreign exchange because of the increasing need for im-
ports. Whilé there have been problems, periodic gains have
been made, and the need to maintain theseqincreases in do-
mestic production is self-evident. The national mechaniza-
tion of wheat production has improved in the last few de-
cades and is continuing to do so. The situation of wheat

production within the study area has been very similar to .
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that.of the whole country, but this area. has generally led
the nation in the use of agricultural machinery. The level
of agricultural mechanization has a-large scope for expan-
sion in this area, but the physical'anﬁ agricultura;:setting

1imit this growth in the use of agritultiral machinery.

y =
- %

Physical Influences in the Study Area
' .

Bq;h the prOductlon of wheat and the use of agricul-
~tural machlnery in Plchlncha Province are influenced by the
physical factors of topography, climate, and soils. Topog-

~ raphy has the most pronounced influence upon the use of ag-
ricultural machinery within the study area per se, while the
climate and the soils of the aréa affect ifs use to a lesser
degree. All tﬁree of these characteristics influence the
natural and’ phy51cal productlon of wheat. ln the study can-

tons,.
.
Relief and Topography

Theqrelief ané;topography of an area directly influenée
the level of_agriculturél mechanization. Tﬁiﬁ ig éspecially
true of'tﬁe'sfgdy area @eéahse both the local relief and the.
general regional physiography act to fbréstal} advances in
the agticultﬁ?al mechanizatipn of the area. The Quito Baéin
is rimmgd on the eést and onlthe waest by two transverse
ridges, the Cordillera Oriental on the east and the Cordillera
Occiderital on the west. o 7

The Sierra itse{f is divided into sﬁallﬁisolatéd com;
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pértments or individual basins, EEZEEf by volcanosjor vol-
canic'qutpourihgs which form barriers called nudos {(Butland,
1960: 184; Basile, 1964: 20). IA bhe guito Basin the Nudo
‘de Cajas separates‘thevﬁasin frod/;barra Basin to the north,

] .
while the Nudo de Tiopullo separates it from the Latacunga-

Ambato Basih.in the south. " The_basin is of a rough rectan-

c )
gular shape with its four corners marked by volcanic peaks,
: : 9
some of which are active (Figure 7).7
7 S

Figuré, 8 shows a generalized portrayal of the topogra—ﬁi
phy of the Quito- Basin, and’gs can be seen, the altitudeé
aﬂd-relief vary considerably fromlone area to another.

_ Fiéure.Q shows east-west and north-south profiles of the
basin taken from the topographic hap. The basin floor canﬁu
be seeh to slope.gradua;ly from the south to the north; as a
. result of this é;e ﬁ%;?guallébamba originates as the Rio San’
Pedro on the slopes of Mount Illiniza and drains north
through the entire afea, obtaining waﬁér mainly from the
west (Figure 10)}). This :iGér'finally draiﬁs into the Pacific

!
Ocean.

Slopes, which are the common feature of this area, are-
often extremeiy steep and as a result, the basin-itself is
dissected by numerous streams, valleys, ravines, and canyons,

especially north oeruitp in the wheat producing areas

7 These peaks are Mount Cayambe (19,000, feet), Mount
Cotopaxi (19,347 feet), Mount Illiniza (17,274 feet), and
Mount Mojanda (14,030 feet). Other mounts ringing the basin
are Mounts CoraZon and Pichincha in the western cordillera .
and Mounts Punto, Filo Corrales, and Cubillan in the eastern
cordillera. o

Loy

N



48

STUDY AREA

o~

s — o — "~
Te O|uv=|o\. |MBABURA o Ib —

PR - a orta . .
San Jote de Minas / . . l

* \ To Otovalo e )
) ’ Alehuulpo-,,_. .

. ~ _—
hru<heo ,F\....... U

Pu-lturoo / . Tabacunde

NAPO

i'e Papollocio

To . 3
Sanio ( \
Domingo Tambillo 2

) ﬁ..\. . . -
BRI | . ;
[ 2 : . .
- 1 ' : T Tt PROVINCIAL
vl @® Mochachi ; \ . -
- A I —— STUDY AREA -
A N ] . f  _caNtON
i
i ROADS

CANTON CAPITAL

o e

WHEAT CENTERS

‘To Latecungo ’
« OTHER CENTERS

COTOPAXI s

, FFigure 7 . \

MOUNTAIN PEAKS




49

COTOPAXI_ -

PHYSIOGRAPHY

mirmm Previneial

= Study Arsa

—3— Contour

INTERVAL" 300 METERS

0 - -‘Ohm.
—_—

Fﬁgure 8



—i_CD—.G__rﬂU [E10% 3]

50

B xg = 21028 Aduﬂﬁum>.‘ .

)

ooc1
u:__._uﬁm.n._.m.”m..: cousrsEd IR Eunn.@m oy sIeil - 1H edequny el ory anbsid O courlop %€ [ ‘
| 1eBbasped 01y : : inbjobues o ¢ toooz
! ’ | ang o] !
| L 3
. _ j “ o00L
| : |
i
. : . : Looor
HM_Hmdm oL1ND ‘01194010 0dnic 0L CONVLOK wWOod 4 q1I140ud :.HDomlmFmoz !
a ) 2
) _ ‘ \n
= 000t
cipsd O'd
sejung 01183 au2iyn o \ oying eyautydid TN
! + 000 .
Jqwenn o1y ‘eSueyse W O'Y 3 e
000t
. . - . -
_ [
”oooq
, P T y . . ﬁooof.
g NISVE 0L1a0 svLikid odd3dsn I OL R
vHORINDIA AL 114044 Lgam-LSVd
] .
L

Figure 9

P



51

. DRAINAGE of the STUDY AREA

=

o sves PROVINCIHAL

—— STUDY AREA

—_————— CANTON

RIVER *
. \_.’—- : ' T . — .
. COTOPAXI .
0 10
—_— 3 KM
f
_Figure 10 i
.
v



L4

LX)

52
(Basile, 1964: 24). Such features tend to divide the basin

" and the wheat*produc1ng .area into many sub- ba51ns.8 This;
division, accompanied by pronounced rellef tends to limit
the use of agricultural machinery because of difficulties
encountered when moving machinery from one area to another.

The slope of the land affects the possible degfee of

hY

.gyagricultural mechanization within the study area. The slope

of the wheat fields in the three cantons varies from zerc to
twenty nine degrees, with a mean angle of 1nc11nat10n of
10. 08 degrees. This is somewhat misleadlng, however, 51nce
‘a majority of the producers are located on fields of ten
degrees or less Figure 1l shows that nlnety-51x of 140
wheat gfoducers have wheat flEldS“Of less than_ tgn degrees J
with the majority of these having slopes between three and
eight degrees., Of the remaining forty-fourrwheat flelds,
the majorlty are between sixteen and twenty -two degrees of
slope. Five producers. have wheat field slopes of twenty—
fout_degrees, and there is one producer each on slopes of
twenty- flve, twenty-six, and twenty- nine degrees |
., These slopes and the dissected terraln present a
great problem to farmers who wish to.mechanlze. The use of
‘ lasge and complex‘machinery is problematic on steep slopes
due.to the possibility of ouerturning._ Other impottant
factors to be conSLdered in the 1nd1v1dua1 decision of
whether or not to mechanlze farming are higher repalr/hnd
=~ » o

8 The major sub-basins’'are Cayambe, Guallabamba
Tumbaco, Turubamba, Chillos, and Machachl sub ba51ns.
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fuel costs due to the rough and steep topography of many
parts of the study area. The alternatlve is of caurse the
adaptatlon of machlnery for use in the irreg&lar and steep s
areas, but thls entails a much greater 1nvestmenb by the
farmer who is often unsure of mechanzzat1bn in the %;rst | -
instance (Lee, 1957: 157). - _' | \
' An addltlonal topographlc problem is the altltude
Qheat farmS'varled from an altitude of 2,000 meters to 3,200
meters. Figure 12 graphlcally lllustrates the distribution
of the varlous farm altitudes w1th1n the study area,:W1th
their respective farm centers used.as a reference point.
.Tﬁe,majority dre still located at the‘more traditional
Ecuadorian wheat farming altitudinal level of 2,800 to 3,200 .
meters, where most of the flat land is found. A large amount
of wheat is produced at altltudes formerly used exc1u31vely
for dalry and corn productlon. During the 1nterv1ews many
'producers on.many of the hlgher'rheat fields stated-that
:_:there was a deflnlte loss of advertised tractor power. Ae
well as consuming more fuel, this machlnery has the addltlonal
problem of becoming 1noperable at hlgh altltudes, tﬁerefore,
'spec1al englne adaptatlons or more powerful equipment is

.

necessary,’ but qgaln at an lncreased cost to the farmer.

Climatology :

The wheat producing areas of the study area correspond
- ,
roughly to what is termed tierra fria, a ‘climate belt based ‘r%~

~d

on altitude (Eidt, 1968: 64; Linke, 1960: 10). This climate.
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is found between the altitudes of 2,000 meters.and 3,400
meters, with an average annual‘temperature range'of twelve
to elghteen degrees celclus, the annual temperature seldom
varles more than 2.5 degrees celcius oveér- small areas. For -
each increase in altltude of two hundred meters; there 'is.a

decrease in temperature of one degree ce1c1us (Cordovez,

[

1961: 13). Because of this, altltude—has perhaps the most

significant effect upon the climatic characteristics of the

studytarea. This fact, in con51derat1qn-w1th slope and

!

exposure, results in a wmde variety of climatic srtuatlons

(mlcrocllmates) whlch affect both wheat productlon and
0
machlnery use in a varlety of ways.

Wlth reference to. Koppen's cllmatlc system, the wheat
produc1ng areas of PlChlnCha Province include the lower
altitudes ‘of the ETI climatic region and the entlre Cwb.
'cllmatlc reglon (Flgure 13). . .

I# The ETI ‘climate is characterlzed by a cool to cold
(average 10°C) humid cllmate with a small annual tempera-
ture range. The wetness of this area, plus the ‘altitude of
ovey-B 000 meters, hinders the use of agricultural machinery.
In many cases “it-is the small farms which are often located

in these areas that are most 1nf1uenced by this problem,

-but it 1sc:;ﬁ/@olely limited to one or the other.
The

3,000 meters with a ten to, fifteen degree celcius tempera-
J
ture, . and flve hundred mllllmeters of annual rainfall.® The

limate is located at an altitude of 2 000 to

winters are usually dry in -this cllmate, while the summers

—

Y - T

;-f‘-ﬁt : i ! e
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are warm. This climate imposes no‘restrictfons upon aéricul-
tural mechanization” in the study area (Basile, 1964: 38-229;
Ccevallos, 1958: 52-60; Eidt, 1968: 72; Lee, 1957: 17).

Large farms predominate‘in this area, but again, all farm
sizes are represente&kin the climatic area.

The wheat producing areas generally receive their rain-
fall between February and May, and between October and
November, but this does vary somewhat W1th1n the study afea
(Money, 1968=. 98) . There are basically two seasons in the
stuay area oﬁ}piehincha Province,‘wet and dry. The seeding.
operations are carried out Setyeen October and April, and
" the harvest is completed between July and September. The -
total growing time is six months, -but the two rainy seasens

often interfere with both the seeding and the harvesting,

affecting yields of wheat and the use of machinery. Yields

are affected because of crop loss w e harvest is tem-
porarlly or permanently halt/p’ése/ijn223:;se weather con—
ditions. The use of agrlcultural machinery either at..
seeding or harvest time is also hindered- when the fields are
':heavilf laden with surface moisture.

_Table 7 shows the monthly temperatures and precipita-
;tfoairates for various .centers within the'aheat producihg
‘Area. Figure 7 can be referred to to show the locations of
tﬁese centers. ‘Thebhi;hest annual temperature range is oaly
2.2 dedrees ceicius at the town of Pintag; the majority of
theseilocations haﬁe onlf_a-s;f?ht range in temperature. The

:f‘driesﬁ moaths for all locations are July and August.

- st
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The climatic conditions of the study area affect the

® i

possible use of agricultural machinery and wheat yields. The
short harvest season may necessitate the use of machinery to
expedite operatione, when large amounts ofulabor are not
available.‘ In the case of seedihg, the tractor can accom-
plish in a few hours what may have taken much“louger by hand,
and possibly ceuld have been interrupted by rainfall when
only partially completedQ This would possibly make the har-
vest late and cause losses in yields due to advers® climatic
conditions. Machinery may therefore alleviate sgme of the

¢
difficulties caused by climate affecting wheat cultivation.

Soils and Vegetation

. The predominant soils of the wheat producing areas, all .
. . - 1Y \

\

of which are volcanically derived, are the black paramo,
m015t sierran, and dry sierran varieties (Figure 14). The
paramo soils are naturally unproductlve on the average, but
wheat is produced in its lower altitué&nal extremities, and
with the aid of fertilization, yields are sufficiently
profitable. The parent material of the-plack paramo soil;is
volcanic ash combined with some heavy clays of‘glacial origin.
This soil type is found between 3, 200 and 4,000 meters in
elevation. In the wheat producing areas of this soil belt
the soil averages a temperature of eleven degrees celcius,
~while receiving one hundred millimeters of rainfail-annually

(Beek, 1968: 104; Basile, 1964: 90; Miller, 1959: 194).
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The m01st sxerran soil has an altitudinal range of
2,500 meters’ to 3 200 meters; the maln wheat producing areasr
are found in thlS soil zone. The temperature is slightly
warmer than the black paramo, with an average temperature of
thirteen degrees celcius. The s0il is generally much more
naturally fertiie than the paramo varlety.r It recelyes

between 100 and 150 millimeters of precipitation annually

“and has a well developed topsoil layer. Like the black

‘ paramo soil, the parent materlalfof the m01st sierran soil .

is volcanic ash (Basile, “1964: 90; Miller, 1959: 195).

'The dry sierran soil group is found at an altitude
range of 2,000 meters to 2,500 meters in elevation. The soil
temperature varies from twelve to nineteen degrees celc1us,
and receives precipitation.anywhere from twenty-five to one
hundred millimeters annually. Like the previous two 5011 :
groups, the parent material of the dry sierran‘so;i greup is
volcanic ash} with a texture varying from desertic sands to
granular form in composition. Wheat production in this soil
belt is usually confined to the upper altitudinal areas where
precipitation is somewhat greater and soil tepperatures are
lower (Ba51le¢ 1964: 90; Beek, 1968::104; Miller, 1959: 195).
, { fThe natural vegetation assocxated with these. three

types of soils is bunch grass in the black paramo soil group,

bush forest in the moist sierran, and xerophytlc brush and

L]

grass in the dry siergig\areas. In general, the vegetatlon‘

of this area is strictly controlled by alt1tud1na1 leV815f
but much depenés upon local soil and climate. 'In many parts
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“of the study a}ea microciimates cause rapid changes in both
soil and vegetation over short distances (Beek, 1968: 104;
4\Ebfaovez; 1961: 17; Money, 1968: 93). 1In general the soils
of the wheat producing areas are dark, very meoist, and copl
acidic in:reactioﬁ. Fertility is higher than in the average
£ropical soil hut without crop rqtation and fertilization,
wheat_yialds would still be low in qpangity.

.These soils have-various effects on the use Pf agricul-

, ‘ C
tural machinery in the study area. One effect of the black

paramo and moist sierran soild is that the clays of glacial

origin which are present in both soils to soﬁé?degree, com-
bined with heavy‘soil'moisture,‘bften make machinery less
" efficient than it should be. This soil characteristic,

}
co;élned with lost machinery power/aue to altitude, poses a
serious problem to the mechanization of agriculture,in this
araa; The dry sierran soil areas are often greaﬁ&y dissected
by erosion cutting wheat fields into small sizes, causing
inefficient maneuverability of machinery (Cordovez, 1961:

17-20). Most agricultural machinery used in this area was
aesigped.for use in temperate areas and on flat fielda
(Tempahy, 1958: 132) A fi?ﬁ} effect 1is that'rapid changes

in 5011 groups may necesaltate dlfferent machlnery appllca~
'Htlons. For example, fertlllzer formula may have to be changed
mid-field as soil types change, renderlng machinery use less
efficient. Also, different tybas of plows may have to be

~used when preparlng the 5011 ‘'with machinery in the m051t and

dry'sierran soil areas. Soil variation on 1nd1v1dua1 farms
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is mainly-a problem for the large provducer; this is not al-
ways the case, however, because some small producers also

encounter this problem. g

The soils .of an area can pqssibly affect the rate br
level to.which agriculturai machinery caﬁ.be used, for farm-
ing. In reference fb the four hypotheses, the soi%s of the
study-aéea would seem to genérally affect the possible level

of mechanization and the yields of wﬁéat_as topography ahd
éiimaté-do. Problems caused by variations in thé type of
soils could be remediea by special machinery adaptations,-
but again, this would have to be done at a.much higher cost

"to the wheat producers.

Agricultural Influences in the Study. Area
. i5s

The‘aéricultural chéractefistiés of the study area are
of great importancg in the discussion of agriculturalrﬁech—
anization, as they can influence the level of mechanization,
either directly or iﬁdirectly. Farﬁ field size can have a
direct iﬁfluence.ubon mechanization levels in terms of the |

need for sufficient areas under cultivation to make machin-

ery use efficient. The education, technical training, and
wages paid to,the agricultural labor force, as well as dis-

tance fregamﬁéﬁspery service centers,ia;e indireCt-considera;
;tions in any discussion of agricultural mechaﬁization;- The
quality of the extension serQiEes:offéred to agriculturalists
and the availabi;ity of credit to puréhase,machine;y could

have a direct influence upon an area's.degree of mechanization,

- ' ] '
. \ - . ' . - i
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as well as on the use of other modern practices or ineuts.
‘It is thefefore necessary to discuss these factors and their
influence upon mechanization, and this will be attempted as
much_as possible within the context‘oflthe study area alone.

Figure 15 shows by cantons the total number of hectares
¥ farmed by the three cantons' wheat producers, the amount of

. \ £
this under wheat cultivation, and the amount used for other™

crops. In terms of total hectares or farm size of the wheat -

producers, Canton Quito has the largeSt wheat area, with

15,157 hectares. The majority of this land (11,f§2 hectares)
]

is used for the cultivation of crops other than wheat; in
this cantoe wheat ie en1y cultivated on 877 hectards of the
total land. -Slightly moré'then 3,005 hectares of the wheat
'éroducers' land in thie canton is either too steep or too !
hlgh, or is used for purposes other than crop cultlvatlon..
In Canton Mejia wheat producers land totals 9,606 hectares,
and of this 1,346 hectares are used to cultlvate wheat, a
substantlally greater ‘amount than in Canton Quito. In Canton
Mejia 4,923 hectares are used for crops other than wheat,

while 3,337 hectares are either used for other purposes, or

A

age unsuitable for agriculture or improved pasture. In. Lo

relatlve comparlson.ﬁhere 1s\a _greater -amount . of ladd used
for other purp05es-1n this danton than in Canton Quito.  In

Canton Ruminahui-there are only four wheat producers whosg

ferms total- 1,755 hectares, and ohlyrllo hectares of this is:

used for wheat cultivation. A further 1,595 hectares are’

used for .crops other than wheat,‘while only fifty hectares

|
i.
-
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are unused.b

Figure 16 shows the total number of producers by’nlne

farm size categories chosen for this study. The majorlty of

these wheat producers (32) have farms‘of less than five hec-
tares, while there are thirty producers in the 100 to 199.9

hectare 51ze category Farms of 5 to 9 9 hectares and 200
\

" to 499.9 hectares form the third hlghest category with each‘

size range having seventeen producers in 1t. ‘In total ‘there
are a greater nuriber of farms less than ten hectares than

there are petween the wider spaced categorles of 100 to 499. 9.

* . -

. . ] ‘ ';: e ' . , Pl
The actual amount of~land-under wheat cultivation has -a

greater influence ‘upon agricnltu;al mechanization than’does

] . s . .
the actual farm size, and generally the proportien seeded in

T

wheat w1th1n ‘the study area is far less than the total num-

ber of hectares of the farms. Whlle flgure 16 shows the
actual size of .the farms within the study"” area, flgure 17

shows the areas of these farms which were planted Ln wheat.:
o
This study of machlnery use is dlrectly concerned with the

size of these wheat fleld&.

In comparing these two figures we see that there are

. twice as many farmers cultivating’less than five hectares of

~ wheat than there are farms of -this size category. Seventy-'

]
producert, twenty one utlllze twenty to. 49.9 hectares,

five of the total 140 wheat producers cultlvate less than

five hectares of wheat. Of the remalnlng srxty -five wheat

-

t

elghteen use between ten and 19 9, :and only three?utlllze

' 3
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- mechanization. In'tetal, thirty-eight of the forty-five

‘one hundred hectares. ’ o B

‘Agricu lt_uralx Populatioh

. 70

more than one hundred hectares of their’ farms for wheat cul-

tlvatlon. One of- these three.uses 320 hectares for wheat
production, which 1is the maximum area utilized by one pro-

ducer within the study area. The mean number of hectares

L} - ~

under whgat cultlvatlon in the whole area is 16 49 hectares.

As farm size increases, SO does the le%el of mechanlza—

tion. O©f the wheat producers with less than five hectares,

'81.3% use no machinery at all (Table 8). All but two pro-

ducers that grow more than twenty hectares of wheat use some.

e

producers not using machinery are farmers having less than'
ten hectares of property, while twenty five of: the thirty~

one fully mechanlzed producers have propertles greater than

' r
-~

~

The level of mechanization for the small farmers is not

<

a\product of size. alone, although this factor tends to be .a

-
LB

. dominant one. Mechanization' is difficult’ on small farms éﬁe

to difficulties in maneuvering the machines on small plots
of land. ¢ Mention must also be made of the situation where
many'of the small wheat'producers in the study area are also'

.

located on- steep slopes, but this w1ll ‘be dlscussed later.~_._

The conclusyon, thereforeh is that small farm ‘size, at lef

in part, could influence the level of agricultural mechaniza-

< ~
.

1 . - - i M
tion within the study area.
e - )
e A

- . . '

‘'There are certain-characteristics‘of thgjagricultural
T ) Y

-
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e
Table 8 Level of Mechanization of Farms in Cantons Mejla,
i Quito and Ruminhaui By Farm Size
Size (HAS) 4 of Farms Fullmech _Paftlalmech ., Nomech- Total -
4 % .4 % % 3
0- 4.9 32 Jp 0.0 6 18.7. 26 81.3 100
5- 9.9 17 1 5.8 4  23.5 12 70.7 100
10- 19.9 6 0 .0.0 1 16.6 5 g83.4 100
- 2D- 49.9 9 2 22.2 7 77.8. 0 0.0 100
50- 99.9 13 3.2370". 9 69.4 -1 7.6 100-
100-199.9 Y 8 26.6 21 70.1 1 3.3 100
= : e O - T ‘I[ »
200<499.9 17 9 ~53.0 57 47.0 0 0.0.7100
500-999.9 11 5 45.5 . 6 54.5 0 0.0 190
1000 5 '3 60.0 2 40.0 0 - 0.0 100,
j :
Total . 140 3] —--= 64  —=== 45 A-== ==
Iy
€
.
‘i -
\
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population which could influence the level of farm mechan-
ization. The first.of these considerations is wages paid to
the agricultural labor force within the study area. The
Rrevalent wade fof.qn agriculturel worker is one dollar (U.5.)
per hectare for seedino by the'broadcast;method (Programa,
"1973: n.p;)J'-This wage would be exclusive of a noon time
meal in most'of the study area. The standard wage for man-
ual wheat harvestlng 1n the area is only. flfty cents per
hectare. With these low wages 1t ‘is unprofltable in many

instances to purchase more- machinery than a tractor, ‘even 1in
~areas capable of being ea51ly mechanlzed. ‘Therefore wages
‘WOuld tend to 1nfluence the.level of mechanization in the
three cantons under study. |

Another human characteristic which could influence the

level of mechanlzatlon within the study area would be the
1evel of educatlon among the wheat producers.' In a 1964
study of agricultural development in Ecuador the Internatlonal

Cormittee of Agrrcultural Developmenc (1964 : 30) stated

-

One*of the most 1mportant requirements for a pro-
gressive agriculture is that virtually all members of the
farm population be able to read and wrlte., Otherwise the
farm population cannot benefit from the prlnted material.on
modern technology, ox arrive at a concehsus as to their’ needs
and make .them known to the government.

~

In the 1962 Ecuadorian national census 30.6 per cent of
the population over six.was litetate. No indications were
given as_to:the literacy retes_oﬁdthe tutal population, but
they are thought to be conéiderably below the national‘ieVels, -
> . t | - , |

.- ‘
. 4
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and levels within the study atea are not dfaetically differ-
ent from those within the nation ag-a wholeh(Comite,.1964:
30). Much of the_informaticn given to farneri/within the

Y
study area is in the form.of written 1iterature such as the

+

costs and beneflts under two levels of farm mechanlzatlon,

depicted in tables 5 and 6. It 1S\also difficult for a pro-

. ducer with little education to readily accept new ideas or

lnnovatlons (Coolman, 1960-'270) The level of agricultur-

allsts‘ ‘'education can therefore affect the study area's de-
AN
gree of agricultural mechanlzatlon.

LY

The final characterlstlc of the agrlcultural pcpulatlon

--.whlch 1nfluences ﬁechanlzatlon within the study area, is the

3

availability of/tralned_perSOnnel to operate the machinery

and make repairs as the need arises. "This ccnsideration is

'highly associated with the previous one, namely, education

J
f

- J ¢ ... . } . . N -
-levels. There 1s-a general lag in the progress of mechani-

"’ zation until, the labor force can be adequately trained’ to

operate and, repair increasingly complex agricultural machin-

i

ery (Mellcf, 1954:‘i05).
5 ‘

In 1?54 there was only one tractor-for every 3,500 hec-

g tares'of‘agricultural land in Ecuador (Nisbet 1966: 168).

t
This SLthatlon has changed somewhat, and in 1968 there was
i

one tragtor for every 2, 400 hectares, of those, nlnety -five

{

Pfcgr#ma, 1973: n.p.). "The

'per cent (2,544} were 1n‘thi private sector (Junta, 1971: 61;

training of personnel.to repalr

machtneny has been relatively neglected by the machinery ~ 0
i

__distﬁibﬁtcrs. 'Not only has this led to problems for current

P “

B
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agricultural machinery users, but it has also created a re-

luctance by other wheat- producers in the study area to mech-

anize their farmlng. in reference to thlS 51tuatlon, the
government is reluctant to interfere wlth private enterprise -

(Programa, 1973: n.p.) .- ) \

Service Centers : :
| . ot -
A B
L}

The road distances between*fﬁe farms and the various

.

service centers which serve them are of importance in the use

of agricultural machinery. This is .true in terms of fuel .-

services, preventlve maintenance servicing, and general re-
pairs. The distances between the area's, farms and the
nearest town, canton capital, and the anpa's largest city,

Quito, were calculated for each of the area's wheat @roduc—'

ers.

v

Flgure 18 shows the dlstances ‘between the - individual

farms and thelr nearest town. These centers would have fuel
-t

servrces and a low degree of preventlve ‘maintenance facili-

-ties. The mean dlstance to the nearest town was 4. 24 kilo-

meters.. The actual 51tuatlon can’ best be seen by corr$idering
the range of zero to twenty kllometers to the nearest town.l
This flgure shows that all but twenty of the area s 140 wheat
producers are w1th1n six kilometers of the nearest town.

Most of- the farms "located fJ@ther away are on steep valley

3

sid&s above their closest- town. '_ ' .

£ - .
| .

[
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" Distances From Farms To Mearest Town
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In the same manner figure 19 shows the distances from
_the individual farms to their respective'centon capitals of
Machachl, Sangolqui, and Quito. The mean distance from the
study area's £arms to tgelr canton capltals is 19. 39 kllo—
méters, while the range is,from a minimum of.two kllometers
‘to a maximum of ftfty-six kilometers. Figure 19 shews‘that
a iarge number (68) of the area's wheet producefs are within
ten kilometers of their respectlve cantqn capltals, but
there are nearly as many who are beyond twenty-five kllo-“fit

o

meters from these centers. Twenty-four. of these are beyond

forty—five kilometers from their cantonﬁcapitals. It is felt -

that the best distance in terms of obtaining mechanlcal ¢
serv1ces is ten to twenty kllometers (Programa, 1973 n.p.).

Flgure-ZO shows the dlstances of the area's wheat pro-

ducers to 'Quito, the area's largest center. Quito provmdes
even more spec1allzed mechanlcal services and it is also
the central supply depot for agrlcultural machlnery parts.\
Spec1alized repalr services such as’ transm1531on repalrs
woule normally take place'in Quito. The mean istance of
wheat producers from Qulto is 26.93 kilometers |with a stan-

ddrd deviati¢n of 15.04 kllometers. The dlstance ‘of these

wheat producers ranges from four kllomezers to flfty six
kilometers. Flguﬁe 20 shows" that while there JAis a con51d—
‘erable ;;mberh43lo of producers ten kllomete s or less from
Quito, the majorfty are more than twenty ~five kilometers away

from this center. .Thirty-six farms are twenty-six to-thirty

2

. : o Eoe .
kilometers away from Quito, and twenty-three farms are
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Distance From Wheat Producers' Farms to Quito
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. - .
forty-six to fifty kilometers from Quito

The distance which machinery users must transport their
equipment for servicing or repairs would tend to affect the

efficient use of it in any area. In‘the\study area,. deci-

sions to mechanize holdinds would seem to depend upon the

>

_proximity of these facilities to the farms in guestion, as

it would in other areas.

L
el e -

Agricultural EXténsion a

Agricultural extension work is of -the greatest impor-

xt

tance in the diffusion of'information on recent mModern agri—ﬂ

cultural practices. This is true not only in the case of

agricultural mechanization, but also in the use of other
modern agricultural inputs and practices within a' farming
system. The purpose-.here is to review agricultural exten-

sion'nork within the three study cantons in the primary

’ - . N .
‘context of machinety use, and also in terms of the use of

- °,

other modern 1nputs and practlces.

There is no one agency in Ecuador which is responSLble

for extension work; thes@ act1v1t1es are.conducﬁed by a @&-'

¢

number of organlzatlons. However, at present most extension

-]

work is centered and coordlnated by one agency., the Serv1c10

o Taa

Nac1onal de Exten01on Egpbpecarlo. In.wheat productlon,
t

therefore, there is a’ dupilcatlon-tr services by’ the *

Programa-Nacional - de’ Granos (Comlte7-1965 62; Programa,
{ g
1973-wnup ).
\

Within the study area there exist basic problems
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associated with agricultural extension which are by no means
local. Besides the dUplication o services to wheat produc-
ers, there 1s a lack of well trained extension workers, and

a? lack of transportation for them. This has resulted in the

extensionistas VlSltlng and prov1d1ng relevant information

only to those wheat producers who are situated close to the .
main transportatlon networks because of heavy work lodds and
lack of vehlcles. . . T

o In many instances the gxtension workers only visit the

-

la?ge wheat procducers, although this group of producers have

h.,_____,‘-

other means of obtalnlng the same 1nformatlon. This 51tha— '

tion is partlally caused by cultural dlfferences in the
soc1ety as a whole, and also-because most of the larger pro-
ducers. are located near main transport.networks'w1th1n the
study‘area. The small farmer whd needs the advice nosffrs

' often neglected by this agrlcultural serv1ce. -

v

There is a need not only for 1mproved means of reachlng
r ~

all wheat’ producers, but also a need for 1mproved me&ans of
convincing farmers of the usefulness of improving their -

farming practices, as much as possible.- ' -

The mode of presentation by extension workers is of the
utmost importance. Research teams from the National Research
| | : o . o ‘ .
Institute'working in conjunction with'extension workers are .

now selectlng various fields for wheat test plots, u51ng

better seed, better 501l\preparatlon and fertlllzer appllca;E(

tion. These test plots have- tended to have an impression "

upon the area s wheat produoer, especially upon the small~

! . -

. ) - - . /.
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farmer (Programa, 1973: n.p.). The producer can see the

results obtained on his neighbor's 1and and can easily be '

" convinced that ‘he should try the 1ntroduced practlces him-

-

self (Comite, 1964: 48-50: Comite, -1965: 5%- 76 Lee, 195

51-52) . .

As a result of recent work by both research teems and
extenSLOn workers, most of the wheat producers in the study
area are now aware of recent technologles in wheat produc—
tlon, but vehlcles and well tralhed personnel must be ro-
vided for personal lntervlewe with all of the producers T
wheat productlon is to lncrease.ﬁ_

| ' T e
Butland (1960: 187) stated]. "In the Siérra the tradl-

2

\

tionalism and primitive Ene\:neff1c1ent‘methods of. graln pro-

ductlon seem-almost incapabl®e of change " The 51gns of

change are in ev1dence now as more producers adopt methods

Qeed however, for expan51on in the use of machanlzatlon,
h -] "

—

crop rotation, fertilizer, and other 1mproved methods oﬁ\

e : \‘-'
“soil management TCordovez, 1961: _37: Gore, 1971: 7;‘H1me—'

boqqh 1966._41- Ibalconsult 1963- 135).

-

Table 9 deplcts the total use ‘of fertlllzer 1n Ecuador“_”

from 1955 to 1969 There has been a generalu;ncrease in its

- .

‘use, which at eastefmrtlally ref;ects the work of the ex—

tension workers thrgughout the. country . In 1965 the flrst

domestlc producer of fertlllzer ‘was establlshed enabllng )

.greater amounts of fertlllzer to be used. By 1969 domestlc.

production,of fertilizer had satisfied demand for this agri-

J‘}-

2

of 1ncrea51ng thelr output (Monby, 1968 99). There is Stlll

.
-
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. Table 9 - Total Use of Fertilizer in Ecuador From Forelgn
‘ Imports and Domestlc Production .
Year Importsl 3Increase- Domestlcl 3iIncrease Total *
‘ Production ‘ ' :
. ) A —
., 1955 7,857 2 1 7,857 .
1956 8,885 " a3 8,885
. . .' . . Fal
1957 13,249 49 . 13,249
Yess - ‘12,374 -7 . 12,374
1959 147293 16 .. 14,293
1960. 15,667 o H. 15,667
’ 15,6 100 3 ,
-+ 1961 214,182 '-10 | ;5§‘ 14,182
©19%2° +.11,991, -18 v 11,991
‘ . . LN N . . *
1963 © 18,974 ',\"58 ‘ . 18,974
- ° ' N - '
1964 - 29,034 ‘53 29,034 °
1965 31,568 - 9 - i 16,000 47,568 '
1966 28,926 -9 24 257' 52 53,183 R
Tl 1967 b . ] 19,257 63 0 39,257
1968 40,261 2. 40,261
" 1969 - 48,000 - 19 48,000 - °
: =
. . I'.' - s ! r I
u ‘Mgtgugltons o ?n_‘ﬁ, . ;'3
K N (Source: Gore, 1971: 12)
f,, \"‘ 4 ‘.:. - , ‘ . ’ é" “
- . R -~ Vad - . - l / )
. -y 6, - . Ve
. 1 -..r.‘ - 3 :" lg:
LR - .
- - 8,
' e
;o )ﬁﬁ'ﬁ N .
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- -
cultural input.9 Domestic production 1973 was however, un-
TN .
aBle to supply demand and importation had to be resorted to

~—

fin order to make up the balance.
In a 1970 study of sierran wheat production, statistics

were compiled on fertilizer use by the producers (Gore, *

1971: lO)l Table 10 shows the effects in terms of yields of

e

\various fertilizer applications.' When fertilizer was cor-
rectly applied to wheat fields, the resulting yield was ll 1l
quintals per 3;etare for every guintal of.fertilizer_used.

When fertilizer wﬁs“applied indiscriminately, the result

yields decreased to 6.1 quintals .pér heggctare, which was i
fact a lower yield than those wheat fieYds having no ferti—
lizer}application. Gore found that onfy hirty-two -per cert
of the wheat producers in his study used the correct appli—“
cation of fertilizer; he felt that a thirty per. cent in—
crease in wheat production could be realized if fertilizer‘

was correctly used.

Table 10 Fertilizer Application in the Ecuadorian Sierra and
Resulting Yields Per Quintal of Fertilizer Applied

e s . . Yield Fert # of
Fertilizer Application . (QQ/Ha) (QQ/Ha) Cases
Correct application c 11.1 : 1 58
Indiscriminate application 6.1 : - 1 31
No application 7.3 : -0 ‘ 92

TSource: Gore, 1971l: 10) .

9 some advantages of the domestically produced fertili-
zer were thatéiit had a lower price, it was of the same
quality as impotted fertilizers, it was better formulated for
Ecuadorian conditions and soils, it could be provided in the
necessary quantities at the necessary speed,its manufacture
provided domestic employment,’ and it saved the use of foreign
exchange (Gore, 1971: 11). _

- y
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There is fairly widespread use of fertilizer within the
- N .] -

" three cantons under study. The mean amount of fertilizer

-

used per hectare {iﬂg 19 qulntals, but because pf the large -
- number of non-users (23} the standard dev1at10n is.*2. 37 -
quintals,per hectare. Agaln the range is more 1ndlcat1ve of
feréilizer use with a minimum of no (0) fertilizer beln; used
to a maximum of fourteen éuintals per hectare of wheat.
ﬁf“#huﬂf"'“‘=vTabie 11 shows the number\pf fertilizer heers by the
amounts they use for each 5126“622260ry of wheat produc1ng

- farm within the study area. The largest category of non-|

hectares of total peoperty, where forty-séven perfceht use

\ " users of fertilizer are those producers with less than five -
] ( 7

no fertilizer whatsocever. The next highest non-users of
fertilizer are those producers falling into the 100 to 199.9
farm 51ze category, where seventeen per cent ‘use no fertl—

““}1zer. When con51der1ng relatlve numbers, this group also

rates in terms of actual numbers as the largest user of

fertlllzer, because twenty flve of their thlrty producers use

some fertlllzer.’ In total, there are only twenty -three of
;the 140 Mheat producers w1th1n the squdy area who use no

fertilizer at all; therefore, elghty -four per cent of thlS_
area's wheat producers employ-fertlllzatlon in their wheat
production. ‘ ' ‘ | ;
.Fertilrzer is, however, oﬁten'applied without consid«~
eration for'the.amount or formula used.q Each soil type en-
countered in\the‘wheat producing area needs a different

amount of fertilizer with variations in formula (Cordovez,

]
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¢ | e
1961: 37}. Extension agents are attempting to correct this
situation by having éroduce;s"field days at the Santa

N L

Catalina'Research Station near Quito. Two plots are ferti-
1ized‘\bne correctly and the other incorfectly: The results
are .easily seer by those in- attendance, but again the .
greatest misuser of fertlllzer, the small farmer{ is often ~
not preseht at the field day because he dld not‘know about
it (Pfograma, 1973: n.P.). | .

The'extension service is significant‘in the manner in

which they further the‘use o%_biological and mechanical in-

puts into the agriculture of the study area. Thédir work

.dlrectly 1nfluences the level of mechanization possible, as

well. as wheat productlon in general - There must be -an honest

attempt to reach all producers w1th1n the study area. This

v

modernization of agriculture is of courseédependent on
L]
L 4

the availability of agricultural credit, to which t dis-

cussion will nmew turn.

Agricultural Credit-

Agrlcultural cred;t 1s one of the most 1mportant agri--

‘cultural 1nfluences‘hpon agrlcultural mechanlzatlon ‘in the

three study cantons. The lack of agrlcultural credit is

recognlzed as belng the major cause of the retarded growth_‘

of agrlcu}tural mechanlzatlon in Ecuador (Bottomley, 1966a:_

63; Cemlte, 1965' 12; Gore, 1971: 12{ ftalconsult 1963:

. 136). Available credlt for machlnery purchase has decreased'

in real terms since £g55, and in the first half of the

-

o
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1960 S the shortage of credif® was acute for machlnery pur-
.chase - and for other agrlcultural prbductlon purposes as well
(érbson, 1971: 51; Italconsult, 1963: 438).

There are twa basic kinds of credit markets for agri-
cultural purposes in Ecuador, an 1nst1tut10nal market and a

non- lnstltutlonal market (Stltzleln, 1967 11). The insti-

tutlonal lenders -of agricultural money are prlvate banks and

the Banco Nacronal de Formento. The latter is- operated by

the Central Bank of Ecuador to'provide agricultural-credit.
In 1972 thlS bank prov1ded twenty-one mllllon sucreslO of
credit to be used in the purchase of agrlcultural machinery
.’in the Sierra YPrerama,“lQ?B: n.p.). This bank also pro—
" vided a further twelve million .sucres to be,used%for the
purchase of blologlcal commodltles for use in Qheat produc-
tion on the national level ' Whlle elghty five per cent of

those seeklng loans borrow money “from this source, there

still exist a great number of producers who are not. aware of

' 13

the relative ease of borrow1n3}funds from the Central Bank.

Some producers .are not even aware of the ‘Banco de Formento,

whlch .as a credlt source; charges 5 rate of interest be-

»

tween four and elght per cent on 1ts 1oans (Segov1a, 1965:

43; Stitzlein, 1967: 15)- . L .
J o :
Private Hanks lend some funds for agrlcultural purposes,
but the total,amount.is still small in reference to their

other loans. Table 12 shows the destination of funds pro-

10 25 sucres = 1 dollar (U.S. approxim;kely);

W
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per cent of this credit source's funds. Priv
" charged, between thirteen and aighteenfper cent inte

1967 (Stitzlein, 1967: 15)._

Table 12 Credit Provided by Private Banks (100

88 -

‘-

_vided by private banks in.Ecuador. The flow of funds to

agriculture is far leSs_than.f}pws to the other sectors of
the economy. The_percentage of privafeibankiﬁg funds loaned
for agricuitural purposes in 1§63 was only 3.4 per'cent,.
whiie commercq'and industry toge;?ér,received eighty-five

anks *

.
' *
L) /) w1

's of Sucres)

) :
estination . 1960 ‘1961 1962 1963 ' 19633
 Commerce 1,822,225 1,903,644 1,889,962 2,108,192 72.8
Industry 271,238 283,661 277,809 375,873 - 13.0
Agriculture 109,107 102,473 93,943 98,874 3.4
Other 376,415 351,562 250,989  312,019° 10.8

Total '+ .2,579,015 2,641,340 2,512,703 2,894,953 100.0.

*(Source, Seabvia, 1965: 44)

y oL L ' ‘A
THe éécond main soufdg of agriculﬁuralecredit in Ecuador
is the non-institutignal‘cgedit mafkef. Fé; most lenders o?
;his sort the occupation of lending money is a secondary one,
An ekamplg of this type are local store owners wﬁo aébandé

4

credit for purchases of agriculturél inputs oy home necessi-

ties until the'harveét has been sold (Stitzlein,'1967: i?).

' For some .of these lenders this occupation is their only

source of income. Most users of non-institutional money are.

small farmers, due to their lack of collateral and the fact

_that they are oftenmﬁigh fi;k borrowers. This is particu-

”~

larly true when considering renters of agricultural land or

s ) 4
.
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sharecroppers. In his study of the rural credit market in

Ecuador \étltZlEln found that 51xty nlne per c¢ent of non-

institutional credit users farmed areas of less than ten
hectares (Stitzlein, 1967: 37). )

Interest rates charged by the non—institutionél lenders

-~

_varled from zero to sixty per centQ(Segov1a, 1965: 43;

-

f
Stitzlein, 1967: 29-34). 1In Stitzlein's study, srxty of

156 users pald twenty per cent interest, whlle forty- four
pald from thirty to thlrty six- per cent (1967 34). In the
latter case any addltlonal product1v1ty achieved by the
farmer is lost to the higher interest he must pay for his
agrlcultural loans (Bottomley, 1966a- 62). ?ﬁrthermore,
borrowers are obliged to repay thelr loans 1mmed1ately after

the harvest, and therefore must sell tp a glutted market

,where the prlces'are low. if able to sell their produce at

a later date, the producer's returns may have been higher

© (Arias, 1969: 41). -t

While there is muchwmoney avallable for the purchase of
agrrcultural machlnery, its destlnatlon is limited in most
casee to.the iarger wheat b;oducers who heve collateral and’
are not flnanc1al risks. The non-institutionai credit mar-
ket does provide money for small agricultfiral purchases, but
1t does not have suff1c1ent funds to lend for ‘machinery pur—
chases, even if the desire to do so existed on thelr part. \
There must be a'shift in emphasis, espec1a11y by the state

lending- agenc1es, to bring about a  more meanlngful dlékrlﬂf

/

butlon of ¢redit resources to ralse agricultural productlon .

f" .
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and farm income. Within the stu&y'area as elsewhere in the
in the éountry, the possible level of agricultural mechaniza-

)
Efon.is‘greatly influenced by the provision of agricultural

" .credit. r i : ﬁ
. ' - 4 . ’ R /

Conclusion

In general refgrence to the hypothéses.of this study -
it has been shown that there are various physical and agri- .
cultural factors which in many wa;s can affect the level of
agrigultural mechaﬂization and the yieléé obtainmed. Spécifif
" cally these considerations depict the underlying rgasons
for problems encountered in using agrigultural machineﬁy,
or problems in atfémpting to mechaniie.lnw
‘Tﬁe general topography limits the ability 6f the pro-
ducers to mechani;e tgeir agriculture,.thereby directly
affecﬁing the level of mechanizat;on. Thg relief also in-
fluences the‘ﬁse of machinery and in many.insﬁanCeL causes
pfoblems for machinery use. Méchinery cannot be used in
some cgsés_as a direct result of the irrégglarity'or steep-

*

ness of {:@ topography_ B o f e

‘Climatic conditions coupied with alﬁituée and soil
types affect both machinery use and the resultant yiélds;
The‘heavydrainfall.receiéed in parts of this aféa and the —
clay like soils and high altitudes affect the running op-
eration of ﬁhe machinery. Rapid changes in soil type or

#» quality on large farms tends to retard the use of'mhchinery ‘

due to the necessity of changing fertilizer tyﬁe and quantity,'

? »
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possibly wlthin the same field.
The agricultural factors influence both machinery use
and yields of wheat. The lack of an agrarian structure can

“often cause many problems encountéred in the usg of machin-
. t pd .
‘ery. The total farm size and the area.sown in wheat can
N I *

dlrectly 1nfluence the operatlon bt machlnery because Optl—

M

mum sizes of'both are requlred for,the “efficient economic

and phy51cal ope «tion of agrlcultural machinery. ‘The low

r

agrlcultural wages of this area tend to lessen any economic’

ratlonale behind machinery purchase, and they "tend to justl-
fy machlnery use levels prevalent within the area. Low
educatlon levels can retard the use of machlnery because
certain levels of education and technlcal training are nec-
'_essary for the eff1c1ent operation and upkeep of agrlcul-
-tural machinery.' There is a definite lack of both tralned

maching operators and mechanics in the area. In reference
I ) .
to, this, there was also a lack of service and repalr centers'

in reasonable proximity to the producers' farmsu
Finally, the quality of extension services and the

| availability of agricultugal credit was~$hown to. -be of im-

\ portance 1n terms of both machinery use and the resultant )

Y .

~y1e1ds. Advances in the use of agrlcultural machlnery, as

i

Lo well as increases ln wheat productlon can be retarded by

poor and 1neff1c1ent extension serv1ces and a lack of agrl-

, &~ ' . L4
cultural credlt. '

N . | -
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CHAPTER IIT MACHINERY USE INVENTORY AND ANALYSIS

- The purpose of this section is to analyze the present
" -use of agricaltural machinery, the cost of using both
mechanical andjnon mechanical methods of farming, variations
in, the levels of agricultural mechanization, the-problems of
using machinery, thg reasons for its non-use,»and the vari-
ations in:yields which were reported within the three study
L - g ' ' '
cantons. ' ’
- ' ‘Q , . .
The first topic of concern is the actual use of .agri-

cultural‘macﬁi ery in terms of soil preparation, seeding ‘and

fertilizaﬁioh, nd the harvesting.df.tﬁé“wheat crop. Re-

T rma——

. lated to this is the second burﬁosé;whiph is the édmparative
analysis of yields, slopes, fertilizer use, and farm size
under five levels of_mechanization which exist within the
éﬁudy érea. _The third purpose islto analyze the costs asso-
ciated with mechanical orsﬁbn—mechanical farmigg-in terms of
farm size, yields, ;lopes,rand the level of mechanization

employed. Thisrwill be done primarily to ﬁeﬁonsfrate the

rglationships which exist betwegé/fggse'factors and the-costs.

Finally, .the four hyﬁifﬁffgs,off
ered-ll / . -
_.___._ . I

fé///ii/fhg order of the hypotheses tested is: 1) reasons

T the area's present level 6f mechanization, 2} the prob-

o "lems of its use, 3} the reasons for its non-use, and 4) the
implications of machinery use to wheat production in this

area. The structure was felt to be a logical extension of
the study's objectives. - :

—

this study will be consid-
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Machinery Use

-

Machinery use varies acdording to the stage of operation '

in the three study cantons. It waS'therefore decided that
it would be useful to examine the use of machlnery or the
non-use under the three operations of wheat production:

sOil preparation, seeding and fertilization, and harvésting.

A short dlscu551on on machine operators, their wage and num-

bers was also deemed useful.

}

Soil Preparation J

There'were ninety—four wheat producers within th%/-
three cantons under study who utilized a tractor to prepare
their fields for -wheat cultivation. of this to&ll, seventy-

four actually owned thelr own tractor whlle the remaining

-

twenty rented their tractors. This “custom“ tractor work
was carried out by those producers who owned the machinery.
The average horsepower of the tractors was sixty, but there

existed a range froﬁ a small tractor of thirty horsepower,
‘.
to large models with a nlnety -five horsepower rating. All

tractor owners possessed a plow and disk harrow by whlch they

oauldaprepare the land for seeding.

As an alternative. to the use of agricultural machinery,

fields were also prepared by a 15553 or team of oxen. )
' There were, forty-flve producers who used thls means of pre- '

parlng the1r "land for eultlvatlon. Of these forty-five .

farmers, only ten actually owned their own cxen. There were

no’ wheat producers w1th1n the study area who plowed their ,



. preparation costs ranged from fifty sucres ($2.00 U.S.),td

. o4 .
land by purely manualfhethods.

Cénsidefing‘all'wheat producers within the study area,

the mean cost of preparing the land for wheat seeding was .

637;82 sﬁcres ($26.95 UTS'! with a stanéard deviation of
+510.54 sucres ($20%42 UfS;j for, every inec.tare.l2 overall
,a‘
maximum of 2000 sucres ($80.00 U.S.) per hectare;,}Those (- ”
producers using a'ﬁéactor had an avefagé cost of 924.16

sucres ($36.96 U.S.) while‘QEoducers not using macninery

“averaged only 112,57 sucres ($4.50 U.S.) for every hectare

thep/prepared for wheat planting.

[ - 1

Seeding and Fertilization
b .
- -

{ : : _
In.the seeding and fertilization stage of wheat pro-

-

ductioq there was far less use of ﬁachinery that was used
. - l| \ W -
to preﬁare the land. Only thirty-one of the 140 wheat p;o-'

ducers of the area used a seeder-fertilizer machine. A’

further two producers utilizgd‘a seeding‘mackihe, spreading -
S L - f : : '
fertilizer with an independent machine. One producer spread

seed by’ hand but used a tractor-drawn fertilizer spreader.

12 Only costs incurred in the actual use of the machinery
at.each stage of the cultivation process were included, ‘i.e.
fuel and depreciation. For those producers who used manual
methods, the costs were calculated in terxms of the-wager paid
to the farm workers. All costs with the exception of the har-
vest were reported on the basis of one hectare. Costs ﬁprf
the harvests could only be reported in terms of the cost for
every quintal of wheat harvested. Seed and fertilizer cost,
etc, were not entered into. the costs of using either mechani-
cal or non-mechanical methods. : . :

0 .
. ‘! . r
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.Therefore, excluding all producers spread1ng seed manhally,

N S

. there were thlrty -three producers in ‘the three cantons who

used mechanlzatlon in this—-stage. of wheat cultlvatlon. of

these, twenty- nlne owned thelr own machlnery, while four

rentedzother.producers units for seed;ng and fertlllzlng )

) thelr fields. The lack ‘of. custom work at this stage‘of the

~

cultlvatlon process partlally accounts for the low level of

v

mechanlzatlon. .
- ’ -

The majorlty of the. producers seeded and Eertlllzed by -

the “broadcast" method therehy prov1d1ng some work for the

’

agrlcultural workers of the area; - -a mean &f flve men were
employed- to seed and fertlllze one’ hectare of land. . The
individuaf farmer or his famlly often performed these' op--
”erations themselves, especially on small farms, thereby

eliminating the need to h;re outs;de labor. - s
2N . . . e

In terms of costs, it was found\that there was a mean
expendlture of 123 72 sucres ($5. 00 u.s. ) +84,83 sucres by

all producers considered tOgether for the'seeding“and ferti-

"""""""" /

llzatlofﬁprozegses. The costs of these operatlons varled
from zero (0), where ‘the farmer did hls own seedlng, to a
J

maxlmum of 460 sucres: (516 00 u. S ). Those producers u51n?,--

machlnery had a hlgher average ‘cost of 172 42 sucres ($7.00
U.S.) compared to_those producérS‘who_dld,not use machlnery
and who had ‘an average cost of 98.64 sucres ($4.00 U.S.)

Harvesting -
There were three distinct types of harvesting practices

4 . .,

-

w-d
i
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used'within the three cantons. The first of the;;<was the

utlllzatlon by wheat producers of a&. comblne which cuts and
threshes the wheat in one operation.! For the purposes of

thls study this use was considered as mechanlzatlon because

of the méﬁrllty of the cogb}ne. The second type of harvest-

1ng ‘procedure: practiced. by the area S wheat produCers was o
‘ P 7S Y

the manual cpntting of the wheat and the use of a threshlng

machlne to separate wheat £ rom straw. The thlrd method
practlced was manual cuttlng of the wheat and the use of an
animal to thresh the wheat.

The flrst method of harvestlng wheat with a comblne

was practlced by elghty one wheat growers whlch is a major“

ity of ‘this area's producers.. Of this total twenty two @
owned their own comblnes, while the remaining flfty nine.
employed custom combxnlng“serv1ces provided: by those who
owned this type of machlnery

The second ‘method, manual cuttlng and the employment of

a threshlng machlne, was advantageo s in areas where the

7
use of mobile machlnery was 1mp0551b1e in some way inade-
quate. In total there were thirty-six wheat producers in~
the study area who used a threshing machlne in their har-

vests, but only four of these owned their own machlneé

Custom threshlng has ‘an_ important functlon, therefore, withln

lthe study area. In‘reference to thercuttlng of the wheat,

]

~ “
. there was an average of eleven agrlcultu al workers employed

Cay

. from the local agricultural labor force per hectare to &pt

and carry the wheat to <the threshing machine. Some producers
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‘hired as many as tweﬁt;:eight persons to perform this
function, while others hired as few as five workers per

- . . k]
hectare.

%he third type of harvest praeticed within the etudy
area is similar to the previous method in terms of a manual

cuttlng operatlon. Instead'éf a mechanical threshing ma-

c..c._

\chlne, these producers employ an animal to thresh the,wheat;"
l

There were twenty three producers who practiced this farm

of harvest and of this total,;eighteen owned their own ani-

, mals. The, wheat prdducers who practiced this type of har-

vest also employed far less people topperform the cutting
operation. The mean number employed by this group of twenty—
three QEEEt producers, ot??r than . famlly members, was five
agricultural workers for every hectare of wheat cultivated.
The cost of using agricultural machinery or alternative

methods was reported ag,a set number of sucres per guintal

of wheat harvested. The reason for this was that a great
nUmger of the wheat Eroducers used custom hiring services

and were charged for thgse servicee-in this manner.13 This
rate varied éoeitively in relation to the drstance the ma-
chine had to travel and the accessibility of the wheat fields.
The mean cost of harvestlng by mechanical ‘or non- mechanlcal

methods for all wheat producers .within the study area was

s ' -

e,

13 Ninety-six of the wheat producers rented either
machinery or an animal to perform their harvests for them.
Fifty-nin& producers hired combines; thirty-two hired
threshlng machlnés, and five producers rented the animal
they used to thresh wheat.
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11.68.sueres for every guintal of wheat harvested, with a
standard deviation of +4.56 sucres. ‘The range of costs per
thﬁtai of harvested wheat varied from a minimum of four
sucres to a maximum of thirty-nine sucres.

Producers who employéd a eombane.for their harvests
éaid a mean of eieven'shcres per quintal of wheat harvested
($0. 50 U 5.) with a standard dev1atlon of +2.1 sucres, while
those who cut wheat manually and used a threshlng machlne
paid a mean of 13.97 sucres per quintal of wheat harvested,
w1th a standard deviation of +6 sucres.- Producers_who cut
wheat manually and employed an animal to thresh their wheat ‘
paid the lowest costs for &heir harvests because they
assessed a flat rate to the cost of the animal used and hired
le%s~ﬂ@r}cultural workers. Nevertheless, they paid'a mean
of 10.61 sucres per quintal of wheat harvested with a stan-

dard deviation of +4.19 sucres.

Machine Operators

?' . - sixty-four machine operators were employed within th

study area, operating both‘traetors and combines. The me
wage paid to these trained personnel was 973.13 sucres

($38. 92 U.Ss) per“nFnth, Wlth a standard dev1at10n of +262.08
sucres. The range_oﬁ wages paid to machine 0perator§ varied -
. from a minimum of 450 sucres ($18.00 U.S.) to a maximum of
1,600 sucres ($64.00 U.S.) per month. .Figure 21 shows the
dlstrlbutlon of wages paid to the machine operators within

the study area. Thlrteen of the sixty-four operators recelved
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1,000 sucres per month ($40 00 U.S.), while an additional

Jthlrteen received 1,200 sucres ($48.00 U. 5. ) per month.
Nearly fifty per cent (28) of these machine operators IEf.
ceived less than 500 suores ($36.00 U.S.) per month for the

function they perform in the production of wheat. ~—

Comparative Analysis of Levels of Mechaniiation v

Table 13 illustrates, by the five _ levels of mechaniza-
tion in the study area, the variations in other factors of
production which are either a result of the level of mechan-

-

izﬁ%ion or influence it in some manner.
’ The size of farm, size of wheat-field, total area under
cultivation, and total per cent cultivated vary considerably
by the'level_of mechanization praoticed. In terms of‘total
farm size, those producers who utilize full mechanization
have a mean property Size of 413.29 hectares. This mean
compares with means of 240.90, 99. 50, 11.96, and 4.04 hec-
tares for produfers usrng a tractor comblne, tractor-thresher,
thresher, andrno mechanizatloT, respectlvelyf The size of
the farm often dictates the degree of credit availability
and extension services available to these wheat: producers
because these services are often only available to the larger
farm owners. As the mean farm-size‘decreases there is also

. a tendency for the level of agricultural.mechanization to de-
crease as. well.

Wheat field size .decreases in much the same maaner,

with the fully mechanized farmer cultivating a mean of 42.7

, [
—

=l
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‘%ectares of‘wheat,'end the nop—mechanized farmer cultivating

a mean of 1.13 hectares. This is of course proportjonal’ to

’ i /
the mean number of hectares in the total farm, and smald: :

wheat fier size renders the use of machiner
Also of interest is the small mean wheat field size of the
producers who use a trasgpr/and a thresher, and who, w1th a
mean of 103.92 hectéres ln their properties, cultivate only
2.6 hectares of wheat; this is less than producers who use

only a thresher. The desire to cultivate such a smally

area of wheat 55u1d be responsible for thé?) relatively low

level of mecﬁanization'or vice versa because of high machin-

S
-

ery costs.

Generally, the total percentage ‘of "land under cultiva-
tion increases.as the level of mechanizatiop decreases; this
is due to -the "inverse effect of total farm size and the de~
sire to use land for crops. The smaller the farm size, the

cinore"land that is put into crops. Producers using full "
mechanLZation,_a tractor-combineror a tractor-thresher, uti-
;ize an average of 85.2 per cent of their land for crop
cultivation, including wheat.. The othe; two levels of" mech- .
anlzatlon, threshlng machine users and those who do not yse

“machlnery, both use one hundred per cent of thelr holdings

i

for crops. e N
' The ylelds obtalned also 1ncreased as the level of
mechanization increesed. Ht is useful to consider slopes

and fertilizer as well within this discussion. Measured

slopes decreased as the level of yields'and,mechanizaéion



. ' 105
increased. As higher lev%}s of mechanization and &ields
wére reported, thére was also'ﬁ.cqrresponding increase in
the use of chemical fertilizer. \Producéfs:who were fully
mechanized had a mean yield of 39.36 guintals of fertilizer

" per—heetare, while being located on mean slopes of 5.54
degregs. This can be compared with’proauéers who used n6
lmechénizatiogj_;ﬁd had a mean yield of.9;52 guintals per
hectare. They used a mean of 1.62 quintals of fértilizer.A
per hectare and farmed on slopes with a mean of 20.78 de-
grees. . There were intricate relationsﬁips, therefd&e; be-
tween yields, fertilizer use, machinery use, and ;lobes in
Fﬁhe three cantons. Equally important were cl;matic consid-
erations and the quality and t}pe of soil that the produ-
cers had to wérk with. Generally, fully mechanizedhfarmeré
were located in the éwb climate areés'and in the moist

" sierran soil group, which are considered best for wheat

-

productioﬁ:

A higher proportion”of those farmers who used full
mechanization processes owned théirroWn equipﬁént. This wéé
a result of their relative ease in obtaining gg:icultural
credit, due to their average larger farm size in comparison
to the other levels'of machinery ﬁsers. In terms of trac-
tor use, 93.5 per cent. of the_produceré who were fuliy :
mechanized owned their d?n tractors, which compared to a
seventy-six per cent pwnership rate for the tréétof- ombin

* level and fifty per cent:for the tractor-thresher level off

mechanization. For combines, 54.8 per cent of the fully
~ ' ! .
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mechanized farmers owned their own machine, while only ten

per Eent\gi the'tractor¥combine users who are the next
lowest level of mechanlzatlon, owned their own machines.

For threshing machine Gsers, only 23. 4 per cent of the

-

thirty-six owned their own equlpment, whlch reflects the low

avallablllty of credlt w1th1n the area, as well as the ob-

solescence of threshing machine purchase in general.

In summation, it was shown that farm size and wheat

field size decreased as the level of mechanization decreased,
but that there was a fuller use of total lands as the level-

of mechanization decreased ThlS was probably reflectlve of

ERVES

farm 51ze 1n general and the w15h to utilize the total farm

,-

when ithe sxze was small. Fully mechanized farms were 107
cated on flatter land- than were the other mechanlzatlon
groupings, with the non—mechanized farmer being located on.

steep slopes; these factstteflected the differences in. levels

.

of mechanization, and,affeftednthe costs of using mechanical

or non-mechanical methods.

v
\

Total Cost of Mechanical or Non—ﬁechanical Methods

The total cost of using agricultural machinery or al-
ternatlve agricultural methods varied considerably throughqut
the study area.ﬁ“4 C0n51der1ng all wheat producers, there was

a range of 2,945 sucres (SIO0.0Q U.S.) in the total costs of

producing wheat in this area. The lowest cost was 130 sucres

14 Total costs of producing wheat are for each hectare
of wheat cultivated.

. . .-
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($5.00 U.S.), while the maximum cost recorded wasigfsés
sucres ($105.00 U.S.). The mean cost'éf wheat productioﬁ

in the study area was 1,066. 50 sucres ($42.66 U.S ). wlth a

standard deviation of t666.05;
Total Costs By Mechanization Levels

Table ,14 shows the costs of wheat -production by the
five levels of chhanization selécted for the study area.

This table shows not only the total -cost, but also the

costs for eath stage of the wheat .cultivation process. As

pfeviouély indicated, the cost of the hgrvest was in'unitsl
?f sucres per quintal of wheat har;ested. To.arrive at a‘
cosg for this table.the mean rates of “harvest cost fof the
five levels of mechanization were ﬁultiplied by the average,
yield, 25.921 aplhtals for ‘the whole study area.. Although
this mean yleld is not truly reflectlve of the five levels
of mechani;étion, it does allow for a constant “cost factor.
for the harvest to be presented. Of particular interest is

the fact that those producérs who use a tractor and a com-

bine. The mean yield of 28.21 quintais per hectare obtained

-By phese producers at a higher cost: is 'far less than the

) 39.36'quintals obtained by those producers who were fully

mechanized. Of course other factors such as slope and fer-
tilization have to pe considered for a full analysis of this.
situation. Generally, total costs decreasedfé he level of

mechanization decreased.
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Total Costs By Farm Size~'
N
Table 15 shows the total costs of using’agricultural
machlneryt or the alternatlve methods, by the Garlous size

-
-~

categories of farms.. It is shown that  as the total costs
inkrease from-three hundred sucres per hectare ($12.00 U.S.)
to 2, 700 sucres ($108.00 U. S )}, the farm size also 1ncreasesr
It has been found that there is a positive correlatlon of

0.667 between the total cofts of us1ng farm mach1nery and .

_the sizes of 'thg farms 1n the study area (0 01 51gn1f1cance‘

C’
level) o - “

A . s

On farms.of less than flve hectares, nineteen of the '

‘thirty-one producers in thlS size category utlllzed less

o,

than three hundred sucres in total costs for machlnery use "

QX 1ts alternatlve, while a further flve had total costs

" between three hundred and six hundred sucres: . In: general,

iy

f“farms of ! less than twenty hectares have total average costs

between nine hundred and eighteen hundred sucres, reflectlng )

‘their lower level Of mechanization. Seventy—51x producers

have total costs whlch are less than twelve thdred sucres,

.while sixty-four utlllzed-a gfeater amount of money for the

‘mechanlzatlon of thelr wheat productlon. Figure 22 shows -

the general trend of 1ncrea51ng farm size agnlnst ingreasing

costs. _Costs rlse moderately untll a level where the_ use of
0 ’

agrlcultural machlnery is more w1despread At thls poznt '

Epere 15 a- substantlar'dlfferenCe in the total expendltures

by farm srze, whlch can be explained solely by <he variations
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112 .
in the level of mechanization and associated practices

throughout the study area.
Total Costs By Field Slope

Table 16 shows the total cos?s of using either agri-
cﬁltural machinery, or alternative methods, as they vary
according to the slope of the fields under wﬁeét cultivation;
O; slopes which are less than twelve degrees, the costs of,
producing wheat are much higher than the costs above this =~
level. The reason for this is that below slopes of twelve
degrees wheat producers are able to mechanize their produc-
tion, while above this Ievel-machinery is not used. There .
is a negative cérre;ation of -0.613 between the total costs
of using machinery ahd the slope éf éhe‘wheat field (0.01
- significance level):

Thg average cost of those producers below twelve de-
‘grees of slope is between twelve hundred and fifteen hud-
dred Qucres. Any_deviations from these figures can be ex-

‘ plained by differences caused by variations in the actual
1evels of mechanization practiced by thesé producefs. N

of the ninety-seven producers located on slopes of less tha
twelve degrees use less than three hundred sucres ihfiotal-
costs, and only two of these use less than six hupdred
sucres. , |

Figure 23 shows t§ﬁ>genera1,trend of this situation in
the étudy area. There‘are low machiner§ use éosts iﬁ areas

of high angles, but as the slope decreases, particularly
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below eight'degrees, these total costs increase rapidly.
This of course reflects the variations in degrée of mechan-
ization from the use of only a threshing machine to the use

of full mechanization in the wheat productioﬂ.
r .

Total Costs By Reported Yields

3

Table 17 shows the total cosés of usiné machinery, 6r
alternative methods, by yields obtained within £he study
area. There is a positive correlation of 0.769 between the
total costs of using machineéy and the yields obtained (0.01
significénce level}. |

This table shows that the lower the expenditure Bh
machinery use, the ljower will be the yields. It must be
pointed out that this is also p%fﬁially_indicétive of fafm
size and siop;L as well as other fattors which will be
tested in the féurth'hypothesis. Forty-seven producers,
whose to%al cosfs were less than nine hundred sucres, had

yields‘of £ifteen quintals or less per hectare of wheat

cultivated. Those producers whose total costs were greater

" than nine hundred sucres had yields which varied from ten

guintals to ninety quintals.per hectare, but their average
yield wa; thirty gquintals per hectare. 'The widerrange in
yields obtained for this group was in respdnse fo variations
in the level of mechanizationiénd fertilizer application,
more SO than from ény'othgr group of factors.

Figure 24 ghows the generai trgnd'pf increasing costs

against the resultant yields obtained. The rela%ionship
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whlch exists is such that as costs ‘rise steadlly, the ylelds,
rncrease in a correspondlng manner. At point 2 any further
capital input will not cause any further increases in yields.
The graph actually shows that for producers wno use greater
amounts of capltal than depicted at point. A, there will

)

actually be an average decrease in yields. , Beyond this peint

—

capital will therefore be unproductive and inefficient. . |

Conclusion
-

The total cost of using machinery, or the alternative
method, has been shown ‘to vary according to.tne level of ag-’
rlcultural mechanlzatlon, slope of the wheat field, and
farm size. These variables form a network of 1n£errelation—
ships; the cost of uslng maohinerYEVariesv;ith the level of
mechanization, which varies somewhat acdcording to farm size,
which is often dlctated by wheat field slope. There is a
negatlve correlatlon of 0.5402 between farm size and the
wheat field slope. Therefore, as the slope increases, farm
size decreases, the level of mechanization which has a

_9051t1Ve correlatlon of 0.36305 WLth farm size,, also decreases.

As will be illustrated later, ‘the’ resultant ylelds -are a

direct result of the 1nterre@atlonsh1ps within these factors.,

, )
Hypothesis 1

The 1evel of agricultural mechanization varies consid-

erably within: the three cantons. Stepwise multiple regres-

i
!
‘
!

sion analysis was employed to explain ‘the variation caused

+
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by selected independent variables on the area's level of

mechanizatioh.15 The first hypothesis, restated, is:
: JEN—— HO 1 Variations in the level of agrlcultural
mechanlzatlon thraughout . the study area
) are a positive function of: - }

a) farm size,
b) wheat field size,
. c) hectares under cultivation,
d) closeness to the nearest town,
¢) closeness to the canton capltal
f) closeness to Quito,
g) low angle of slope of the wheat fleld

Table 18 shows the results of the stepwise multiple’

regiession on the dependent variable, level of mechanization,

bx“Fhe seven indicated 1ndependent variables. 16 The slope .

.0of the wheat fields has a 51mple correlation of -0.77135

w1th the level of mechanlzatlon, and explains fifty-nine per
'y
cent of the variation-in levels of mechanization. - The field

1}

slope is therefore the largest single explanatory variable

v of the mechanization which has taken place in this aréa.

i

The hectares under wheat cultivation have a moaerately high
positive correlation of 0.35762 with the level of mechaniza-

tion, and explé;Q\a further 3.8 per cent in the variation in

agricultural levels of mechanization. ;The total number of

- -

hectares under cultivation which influences the total faxm

15 All computer programs usgl in this study's analysis
were taken from Statistical Package For the Social Sciences
by Nie, N. et al. McGraw-Hill Book Company, Toronto.

16 A summary. of thé‘step—by—siep regression of "levels
of mechanization can be found in Appendix B.

i

|
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use and efficiency of machine ownership, had a simple corre-
lation with machinery levels of 0.37331. This ‘explained |
nearly a further one per cent of thé variation in“the area's
mechanization. ‘The distances of the individual farmé from
the nearest town, canton capitalf and Quito together ex-
plained.%.further 2.4 per cent of the variation. These were:
significant due to the servicing and repair services they
provide to méchinery users.- The-diétance to Quito, where
advanced servicing and repair facilities exist, explained
1.3 per:ceht of this 2.4 per cent total in variation.

It is interesting to note that the actual total farm'
size was not significant in explalnﬁpg variations in the use
of agrlcultural machinery. The probable reason for thls is
that the areas in wheat and the total area cultivated are

more instrumental in any decision to use machlnery than is
total farm size.' Custom hlrlng services areralsorfalrly

well developed_'in the stu@y area and a number-of the
smaller farms are located near town in relatively flét areas,”
particularly.in Canton Mejia.

In summation, it has been found that slope,. hectargs.
inuwheat,‘hectares under cultivation, and distances to ser-
vice.cantérs explained nearly sixty-seven per cent of the
variations af level of.ﬁechanization practiced within the
study area. 1In terms of the first hypothesis, all buf the"
total farm sizeigjd,in faqt explain the variations found ih

levels of machinery use. Slope, alone was a great explana—

tory varlable, explaining 59. 5 per cent of the variation in
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S

machinery use. f)
In terms of the unexp hﬁd variation, it is probible

that the physical 11m1tat10ns 1mposed by 5011 and climate
typeq\were slgnlflcant. Agrlcultural factors should be con-
sidered also, such as low ag;icultural wages and problems in

the use of machinerg, to ke discussed in the secoﬂd hypothe-
. N/

sis. . : d
. . -m\
Al . , . (-1 ' . .
. L Hzpathesis 2 )

4For those ninety-five producers within the study area
who did use some mobile. machinery, various problems.were.eh-
countefed'in ite use. This" 51tuatlon wmll be dlscussed, and
the second hypothe51s‘tested using responses recelved from

an open*question on this topic. The second hypothe51s,.

%
restated, is:

-~
S

HO 2 The problems encountered by those
producers who did use machinery in

thekrhaqgioulture are:

a) obtaining spare parts,
b) obtaining them at a °
reasonable cost,
c) obtaining repairs,
;o d) steepness or 1rregu1ar1ty of
their land.

( The four problems shown in Flgure 25 whlch were en-
A )
countered by the area's producers in u51ng machlnery, were
L

-

all inclusive, as no other problems were reported. The prob-

‘lems can easily be divided into two groups, physical and
agricultu:al infrastructural~- The one physical problem en-
s . . r . "
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pProblems in Using Machinery in Cantons
Mejia, ‘Quito, and Ruminhaui

t ’
T
- v
\\ Obtaining parts
\ | ] -
r \ :-.-.- Expense of parts
.\\.i
. M Steepness oOr

irreqularity of land

Obtaining repairs

-
. —— i ——
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Figure 25
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countered by the wheat producers was the use of machinery on
parts of their farms which were €ither too steep or too
irregular. 'fhe‘problem was reported by thirty-four of the

ninety—five producers who used machinery. Without the spe-

cial expensive adaptatlon of agricultural machinery, ‘this

problem does not lend- 1tse1f to an easy solution. Much of

~ this problem centered on the use of machlnery on steep slopes

in particular, which when somewhat wet, rendered-machlnery

inoperable. - - | '
The remaining three problems encountered by producers

using machinery were all due to a poor 1nfrastructure for

the servicing, care, and repair of agricultural'machlnery.

- These three problems were obtaining spare parts, tnf high |

expense of these parts when avallable, and’ dlfflCUltleS in

obtaimning machinery repalrs. Sixty-eight of the ninety- five
-

producers who used machinery felt that parts were not ‘avail-

able when the i}leed for them arose, Sixty-seven ‘of this

total number of machinery users also felt that parts, if

.available, were grossly overpriced. Together, ‘these two

factors directly affect. any decision by wheat producere to

«further mechanlze their farming, or to begin to mechanl&e it.

\ﬂ Thexpnlrd 1nfrastructural problem, dlfflcultles in ob-

-

taining repalrs, was reported by seven of the nlnety—flve

machrnery users.. This problem is caused by a lag in the

technical. training of persons to fepair agricultural machin-

ery as well as a relatively.poor market for such enterprises.

In general, there is-a lack of technical schools in Ecuador
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for such trades as mechanics. The second hypothesié, which
states the basic problems of machinery use .which exist, 1is

therefore true within the context of the study area.
L . ) . o

*

Hypothesis 3

A total of 109 wheat producers either did not use
machinery at éll, or used it only in certgin stages of their
wheat cultivation. , In respdhse to an opeﬁﬁquégtion on this
situation, the third hypothesis'was formulaéed. Restated,

it is: ) .
AN

HO 3 The reasons producers did not use
' machinery or did not use it in all
* . stages of their‘wheat production are:

a) machinery was too expensive
and they lacked the necessary
capital,

b) hand labor was cheaper,

¢} the land was either too steep
or top irregular to use machinery.

R

Figure 26 shows the numbéf of producers who did not use
machinery in all production stages, or not at all, by the
reasons for this non-use. The fact that manual labor was
both abﬁndant and cheap within éhe study area Qas the main

[:;}éeason for the non-use of machinery. Ninety-four of the 169

| proddcers in thi; category felt that this was the decisivé
reason why they did qof use agricultural machinery for the
togal pfocesé, or did not use it at a;l.h of particular in-
terest was the seeding and fertilizing operation, tthere few

used machinery. Tied very close to-this previous reason is
. »
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the second reason for the non-use of machinery, its expense
and the lack of capital to purchase it. fhis was parficu-
larlj true of producers who use no machinery at all. The"
fact that hand labor was both cheap and abundant no doubt

| greatly.influenced this second reason. Finally, fifty-one
wheat producers.felt that their lands were eitbgr too steep --
or too irregular for thénthccessful and efficient appiica~
tion of agri;ﬁltufal machinery. The third hypothesis is

‘therefore valid for the area under consideration..

Hypothesis 4

It has been elucidated up to this point that there ex-
ists a complexity of interrelationships or influences be-
~ tween the reported yields throughout the study (rea and

various other factors. In order to judge the relative im-

S —

portance of these factors in explaining the variations in
~ reported yields, stepwise multiple regression analysis was

employed. The fourth hypothesis, restated, is:

i HO 4 Variations in yields throughout
. the study area are a positive
function of: '

a) the property size, .
b) low angle of wheat field slopes,
! M c) -amount of fertilizer used,
’ ' d) the level of agricultural “y
mechanization. '

Table 19 shows the summary of results-abtaingd by the

_stepwise multiple regression analysis17 on the dependent -

17 A summary of the step-by-step regrestlon of yields
can be found in Appendix C.
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variable, yield, b%f;he 1ndependent varlables indicated..
This analy51s shows that the level of agricultural mechan—
ization explains thirty-six per cent of the variations in
reported yields. The amount of fertilizer that this area's -
producers applled to thelr wheat fields explalns a further
3.8 per cent of the yield variations, whlle farm size
.acc0unted for 1.4 per cent of the variation.
. It is interesting to note that wheat field slope'had

little effect upon the resultant yiélds;(it explained only °
0.008 per_cent‘of the variatiog. The R square change from
the addition of slope to the regression equation was not .
found to be significanEgv The ;iﬁple correlation between \
yields and slope, however, was fbund to be a negativg 0.4753/

The level of agricultural mechanization, fertilizer use,
and farm size together explained ‘forty-one per cent of the
variations in reported wheat yields within the study area;
Fifty-nine per cent of the variation in yields is unexplainéd
and ;S‘most likely gécéunted for by other human and thsicalf
factbrs, as well éé‘other égricultural factors such as.the
type of seed used. The phy51cal limitations imposed by
soil and climatic types was probably a consideration in the
reported resultant yields wiFhin,the area. In terms of the
final h;pqthesis, the level 6f mechanization, farm size, and
fertilizer use ére‘provgn to account fﬁr differences in wheat
yielﬁs, while slope has little influence. Through the use
of machinery and fertilizer, both of which had high corre-
lations with yields, the return in yields could be subétanti— *

ally improved.



- CHAPTER IV CONCLUSIONS AND IMPLICATIONS

\ _ Conclusions from the Study

P

Physical and Agricultural Influences.

El

The physical environments of Cantons Mejia, Quito, and
Ruminahui influence the use of agricultural machinery in

general, but in particular‘the environment has been shown to

4 -

affect the level of mechanlzatlon significantly. Overall
naticnal wheat productlon has decreased 1n the last decade,

but in recent years, Wlth the more widespread use of ferti-

lizer -and agricultural machlnery, some rapid increases have (‘
been realized. The use of fertilizer varied from zero to
fourteen quintals, and this in turn influenced the reported “)
yields (5- 90 quintalsdber hectare}. There -is still the nec-
essity for more areas to be sown in wheat, but the phy51cal
env1ronment greatly influences the amdunt of land whlch can - -
be farmed in this area. N
The rellef of the three cantons- directly affects the
“use of agricultural machinery in a number of ways. Slopes !
which encircle the Quito Basin are often much greater than
twelve degrees in angle, which is the angle of slope above
which machinery use is not Qossible. The slope of the study

_area's wheat fields varied from one degree to twenty-nine

degrees in angle. Ninety-six producers were found to be

~
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located on slopes Below twelve degrees, the maximum angle of
slope on which machinery could be used. The rough and ir-
regular terrain predominating in thlS area has meant rela-
tively high production costs in using a;rlcultural machlnery,
caused by higher fuel and repair costs. Altitudes of the
wheat producing farms have not only increas;a fuel consump-
tion oﬁ\?achinery, but have also often caused severe lossés
of pbwer on the higher slopes.

Climate influenced the use of machinery as well as the
level of ﬁechanization. It was-shown that because of the
short ‘seeding and harvesting seasons the ‘use 6f agricultural'
machinery could be of great assis;ance in ‘increasing wheat
yields. Agricultural machinery .can perform seeding and Har-
vesting oéerations mach more rapidiy than canlthe more t;a—

. ditional methods; because of this, many of the problé%s of
an ill-timed rainy season are allev%ated. Wifhin this area
climate can also hinder the use of agricultural machinery.
In the higher altitudes of the wheat progﬁcing area heavy
rainfalls 6ften impede £ﬁe use of machinery# or cause losses
in time, possibly rendering its use inefficient. |
fhe‘heavy clay-like soils of the higher altitudinal
wheat Producing areas, in conjunction with these heavier!
rainfalls, often render_madhinery inoperable. Rapid switches
in soil types are also found in many afeas, making the use
of differentjfertilizer-formulas necessary. In this case,

the use of machinery is somewhat less efficient than if

‘there were large fields of nearly the same soil type. In:

L}
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parts of the study area where the dry sierran.soils predom-
inate, there was ev1dence of severe erOSLOnal problems,‘which
also render machlperyruse'iess effrc1ent. |

All of tﬁese physical, influences considered together

greatly affect ‘the efficient use of agricultural machinery.

Losseg of power on wet and steep slopes may cause producers

to abandon the use of machinery on their land, or cause them

not to purchase it at all. The solution is more powerful,

specially adapted‘machinery,.but this remedy is often an

uexpensive one which will not be easily accepted- by the wheat

producers.
Agricultu influences of farﬁ size, education eonsid-

erations, distanges to service cenfers, and extension—credit
services affect the-level of agricultural mechanization‘di—
rectly or indirectly in this area. ihe size of the farm
influenc%s mechanization directly insofar as a certain mini-
mal size of farm is necessary for the efficient ownership of
grlcultural machinery. Farm sizes ranging frem one‘hectare-
to 2,700 hectares, areas in wheat of one to 320 hectares,and
areas'under cﬁltivaﬁion (8-100%) had considerable effects
upon the level of mechanization within the study area. This
was due to the.effect these variables have on the ability of
producers to mechanize their farms in terms of size and
capital requirements. \

I The wages earned by the local supply of 1abor in this

area were suff1c1ently low enough to affect the degree of

4 .
mechanization, Many producers 'felt that greater profits -

Lo



could be realized by using comélete or partial manual labor
for their wheat cultivation. Of particular note here was
the séeding and feftilizing operation whiéh could be done far
less expensively using manual labor than machineryy

The level of education prevalent among this area's

wheat producers is generally the same as forathe national

5]

leyel of rural population. Education levels affect machinery -

use through the proper rgnning andrapplication of it. If
improperlyaused, machinery may prove less efficient than the
more traditional‘methods. It must be-gseé in conjunction p
with better seed and fértiiizer'to dispiay to neighboring
producers the advantages offusing machinery. Much of the
information concerning machinery use, as well as other input
factors, is in thé form of written literature, and therefore
producers must be able to read. Small producers who have
llttle education have greater difficulties, in accepting new
ideas or innovations, whether they be mechanlcal or bioclogi-
cal.

The availability of trained personnel to'Operaﬁe and
repair machinery within the study area was found to be poor.
‘To brlng about the successful application of agrlcultural
machinery ¥o this area, the personnel must'be provxded,
through special training programs. Curreﬁtly, the training
of this personnel is lacking in Ecuador. The G&vernment has

been genenally reluctant to enter into what they consider to

beaé private sectoral,problem.
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Service centers offering\a variety of.agricul%nral

machinery services weré of three types, tﬁe nearest town,
cantdn capital, and Quito, which is the area's largest. cen-
ter.  The nearest towns.(0—20 kilometers) offered fuel ser-
vices and a low degree of preventive mainten!nee. rThe can-
ton capitals (2-56 kilometersj-provided more advanced
mechanical services for agricultural machinery. Quito, the
area's largest center (4—56 kilometers) provided the more

specialized mechanical services, i.e. transmission repair,

»

as well as serving as, a central depot for machinery spare

parts.

°©  Agricultural extension services within this area reach

only the larger wheat producers. This has partially resulted.
.from.a lack of extension workers and transportation for them
to use.’ Also critical were the cultural bottlenecks of ex-
tending theseiservicee to all groups of people and sizes of
farmé.within the‘area.' Lintle information on mechanlcal and
biological 1nputs was, reaching the- majorlty of wheat pro-

ducers in this area. While modes of presentlng 1nformatlon

¢

~

‘to producers were improving, they were found to be deficient
in many ways. Agaln, often only the large producers were

encouraged to attend field days where new. research experl—

-

menﬁs were displayed.

Agricultural credit to purchase machinery and other

farm inputs was often mis-directed and insufficient. Most

funds available for agrlcultural 1nvestment were dlrected

only to the large landholders who were low credlt risks and
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had ample collateral. The private sector provided little
agricultural credit and most funds were of government origin.
small to medium size producers were often excluded from the
.agricultural credit mérket. Since these producersbproduce :
the bulk of the wheat crop in this area, they should be en-
.couraged to modernize through ﬁhe cfedit.and extension
facilities. L

The agricultural factors within the study area have
been shown to influence both wheat production and the level

of agricultural mechanization to a great extent. While not

having direct effects upon mégﬁanization as did tHe physical

1

factors, tﬁg agricultural factors are still imbortant in
the effects they have on farm modernization in general.
Analysis

/

The inventory of agricﬁltural mechanization and of re-
lated data has portrayed a clearer picehre'of the deéree of .
agricultural mechanization within the sthdy area. In ref-
erenge.to actual machinery use, ninety-four producers used
a tractor for seedbed,preparation, with é cost varying frdm
fifty to two thousand sucres ($2.00 - $40.00 U.S,). In the
seeding and fertlllzlng operatlon there was iar less use of
agrlcultural machlnery, w1th only thlrty-three of the area's
140 producers using machinery. The remaining producers em-
ployed ;Tmean nﬁmbef of five men to seed and fertilize their

fields. The mean cost for machinery users was 172 sucres '

($6.00 U.S.)7 while for those producers who did not use.

&



machinery, it was\ninety-nine sucres (§4.00 U.S.). The har-
vést was performed in three distinctly different ways within
the study e;ea: by the use of a eombine, threshing‘machine,
and Ey the use o# an animal. to thresh the wheat. Eighty-one
préducers utilized a combine at the cost of eleven sucres
per quinfal of harveted wheat; thirty-six éroducers used a
threshing machine coézfng feurteen sucres per Quintal of-
wheat, and twenty-three proaueeis used an aniﬁal to thresh

their wheat, which cost eleven sucres for every qulntal of

wheat obtalned.

_—

. The_mean total cost of using machinery, or its alter-
‘nabmgyéik. d, was 1,067 sucres ($43.00 U.S.). For pro- -
ducers who were fully mechanized ‘the mean costs were 1 453‘

sucres. ($58 00 U.S. ); for users of a tractor and combine,

_ costs were 1,322 sucres ($53. 00 U S. ), for users of a- trac—
tor and“threshep% the costs were 1 479 sucres’ ($59 00 U.s. ),
for users of only a thresher, the costs were 560 sucres
($20.00 U.S.); and for'use;s of nO'Qacﬁinery cesfe wer;.431
sucres ($17.GO U.s.). Of particﬁlar interest were the_users'

‘of the tractor and a threshing machiee who had total costs;
greater thdﬁlthe fuliy mechénizéd‘fermer}iwhich indicates

the inefficiency of thls method.
R Five different levels .of mechanlzatlon were found to
exist within’ ;he study area, and these-were selected to
show:the fluc?uatioﬁs{in other factors as the level of mech-

anization changed. Fifty perteent of all fully mechanized

producers and users. of a tractor-combine were found to be in

¢
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Canton Mejia: This canton'was relatively the most mechan-
ized of the three study cantons. Canton Quito contained-all
twehty~three producers who did not use machlnery. While
containing ohly four wheat producers, Canton.Remlnahui was

The total area in wheaty area unddr cultivation, and

?

hlghly mechanized as well, 'n compariéjn to Canton Quito.

percentage cultlvated were all a direct reflection of total

. farm 51ze, but all four of these factors varled con51derably
by the level of mechanlzatlon practlced Fully mechanlzed
farms had a mean property size of 1}3 hectares, which de-
creased to four hectares under the category of non-machinery
_ ase¥s.l Wheat field size decreased in a similar manner\to
‘total farm size with fully mechanlzed farms cultlvatlng a‘
meah of fofty—three‘hectares of wheat and the non-machinery
user cultlvatlng a mean of one hectare. Of”interest were
the users. of a tractor and a threshlng machine, who while
'having greater mean property size, actudally cult}vated less
- wheat than the next 1owest Tevel of mechanlzatlon. Pro-

ducers using mobile machinery cultlvated an average of

-erghty—flve per cent of their holdlngs, whfle the non-machin— .

ery users utilized one hundred per\cent of their holdings. - "'“\\\
" yields increased'as the level pf agricultural mechaniza-

tion rhcreased reflecting changes rn fertlllzer use and

slope of wheat field as well. Fully mechanlzed producers .

'who used'five-quintals of fertilizer .er hectare, and who

“

were located on a mean. slope ‘of elght ﬂegrees, had mean

. _ , yields of thlrty—nlne guintals of wheay} per hectare. This

- J\ | . ( | .,
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compares with nonfmechanized producers who’used a mean of.

1.04 quintals of fertilizer, who Were located on mean slopes

of twenty-one degrees end'who had resultant yields of nine

quintals per hectare on the average...

_In terms of the totel-oosts-of using machinery orfthe
alternative methods or production, the aﬁalysis showed that
as. s1ze of farms’ 1ncreased the total productlon costs per
hectare also increased. This was ba51cally in reSponse to a .

greater degree of mechanization being utilized -as the farm o

size increesed Slope of wheat field was shown to be sig-

\
\

.nlflcant in determlnlng the total costs of usrng machlnery

Total costs of productlon were by far greater on farms

whose wheat fields were ;essnthan twelve degrees.than they

were on farms having a greater than twelve degree angle of

slope: This reflected the ability of those producers below
twelve degrees to mechanize their @heat production. To con-
sider also is that some producers did not use fertlllzer on’

steep slopes (i.e. greater than 12°) and the cost ~of
~ ’ “
spreading thls agrlcultural 1nput was then removed from

their total costs. ‘Total costs below tweEVe degrees were
13

betyeen 1,200 and 5,000 sucres on the average, based on.the

o7 '
ninety-seven producers in this category; the average for:the
forty-three producers loceted on siopesigreater than twelve

PR
b

degrees was three hundred sucres. - I

i

‘The-analysis also showed that the:feﬁer expenditures

made by the producers, the less the reported yields would be.

" If total costs per hectare were greater than nine hundred

I -+
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_sucres ($36.00 U.S.) &n average yleld of thirty qulntals per
hectare could be expected “in comparlson to flfteen qulntals
fcrAany total costs below this level.

;5 erplaining variatio@; ih'thewiéyel of mechanization
reported throughout the study area, the slopes of-the wheat
fields were found to be ot great signifiCance. This variable

explalned flfty-nlne per cent of the variation. ‘Hectares in

, wheat anid hectares under . cultxvatlon were also found to be

3

.significant in explaining variations because of their effect
upon total farm usage of agrlcultural machlnery The dis-
tances to the service centers for agrlcultural machlnery

-

s ™ . .
servicingland repairs also contrrbuted 51gn1f1cantly to ex-
. W] H :

"plaining variations in levels of mechanization in the area.

Because cf the well developed custom‘hiring services, total
farm size was not proven to be a siénificant factor in exc
plalnlng levels of agrlcultural mechanlzatlon.

“The problems that producers did have when they used,
agriccttural machinery were 'in obtaining parts, obtalnlng,
these at a reasonable cost, obtaininé machinery’repairs, and
in using agricultural machinery on steep or irregular land.-
For those producers who did not use machlnery at all, or who
used it in only certaln stages of thelr wheat cultlvatlon, ’

the reasons were that-hand labor was both abundant and cheap,

there was a general lack of capital té purchase machinery

k4

"which‘waeﬂfelt to be expensive in any case, and finally, the

‘-producers' landholdings were either too:steep or too irregu-
. . “ . \

lar for ‘the successful application of agricultural machinery.

=

| . . : ' R /
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Through the use of regression ;nalysis it was foﬁnd
that variations in the fields within the study area could be
explained primarily by the level of agricultural mechaniza-
tion practicéd‘by the wheat prddﬁcers. This vafiable‘d
accounted..for thirty-nine per cent of the variation. Farm
size and fertil&zgr use were both significant in. accounting
for variationé—Iﬁ“thé yieéd as well. The slopegs of the -
wheat fields were not‘foundrto be significant in explaining .

. o
variations in yields within the study area.

P

Implications for Development

For. wheat production to increase in Ecuador in general
and within the study area in particular, there are #étious
changes whlch must be made. - The encouragement[of more ag-
rlculturallsts to enter wheat production is of the utmost
importance. Incentives in terms of a reasonable monetary
return to the factors of production for the wheat.étoducgrs
is of primafy'impbrtaﬁce. an upward evaluation éf th% bqsic
controlled price of wheat is necessary within the.&oméstic
market, gt least to keep pace with the rate of inflation in
Ecuddor.r The formation of a good extensidn program is also
necessary to introduce all wheat p;oduqers to the benefits

Y

. ‘o - b
of using certified seed, the correct type and amounts of

- fertilizer, and the use of machinery. At least partial

"

mechanlzatlon of wheat productlon would be useful in terms

.of 1ncrea51ng ylelds.

L&l
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~In conjunction with this extension work there is a

definite need for the expansion of the availability of ag-
ricultural credit. This is pecessary not only in terms of
machinery use, but also for the successfui introduction of
b1010g1cal 1nputs. In reference to both agricultural:ex-

tens;on ‘and credlt there must be a serious attempt by the
agencies involved to reach all wheat producers within the

study area, large and small_alike.

' Mechanization has proven to be an important considera-
tion with respect to wheat yieldé within the study area.
Its use in conjunction Qith fertilizer application would;
therefore, seem to be a means of increesing wheat production.
There is a limit to the.degree to which‘farm mechanization
can take place in thégstudy area. ThlS is because slope

- has been shown to adversely affect machlnery use w1th1n
'Pichincha Province. It should be pointed out, however, that
a majority of this area's wheat produeers-could introduce
some.or more mechanization to their wheat cultivation. An.
example of this is the seeding and fertilizing stage, where
only thirty-one of the area's‘wheat ptoducers use mechanical
- means at present. With correct seed drilling and even fer-
_ tlllzer spreadlng, the mechanization of this stage could 7
lguﬁktantlally 1ncrease ylelds.
db t With the exception of one of the problems of u51ng mach;
| ..inety in this area, steep and iFfEQUL?F land, the other three’ ’Lg
problems could be solved to the benefit of the entire country.

Machinéry parts could be made more readily available and at b
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a lower cost (as has been done with the fertilizer industry
in Ecuador) by:the establishment of a domestic industry to
produce these commodities. This would benefit the indus-
trial sector Ehrough the creatign of additional employment.
Througﬁ the establishment of mofé part outlet;hin conjunc-
tion with repair facilities, jobs in the.serQice sector
cguld be creaﬁed within the rural ageas ofAEcqador. At the
same time this would a;leviate two of the problems eﬁpoun—
tered by machinery users.

More widespread availability of agricultural credit

would allow more producers to use machinery in their crop

production. Ideally, Ecuador should establish their own

machine manufacturing industries, creating additional em-.

ployment, as well as lowering machinery costs. 1In the wake

of the recent-oil discoveries in Ecuédor, this solution is
highly possible. Through the domestic production of these
and other farm input materials, the surplus labor in the

urban and rural areas would gradually diminish.

-Iﬁplications for Future Research

This study of the mechanization of wheat production in
Pichincha Province, Ecuador has suggested a number of pos-\\*
sible lines for future research. In generaf} the study of

\ .

agricultural mechanization in Ecuador is far from complete,

-as this study applies only to the production of wheat in one

_area. -Wheat in itself is the most mechanized crop within

Ecuador at present; and different problems would seem likely
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to exist in the mechanization of other crops.

The labor disélacing effects upon Ecuador’'s ecohom},
caused by hasty mechanization through the importatibn of
.machinery, ig a broad study in itseif, but one which @oul&
be extremely worthwhile. This would have to be analyiea in
terms of the possible growth in agricuiturally related ser-
vices and’ industries. |

 The study of -machinery hiring services in rural Ecuador
would also seem to be of the greatest importance. These
services have evolved out of the private sector in Ecuador
‘and there would be many facets of this variable which would
be of importance in terms of the-meéhanization of égriculture
in Ecuador . ' ;

In terms of machlnery use and wheat productlon consid-

ered together, ;t is felt that the effects of climate, 50115,
hydrology, seed, and fertlllzer use need to be considered in |

detail, partlcularly regardlng wheat productlon on- the slopes,

4
of the Andes Mountains. It is important not only in terms
of wheat production\ but within. the context of agricultural.
mechanization itself. The effects of machinery use on yields
must be determined to a finer point, with these factors
¢

brought into the analysis.
: !

Cong%usion
‘In summation it would seem. that the topography in

cantons Mejia, Quito, and Ruminahui were of the greatest

significance in determining the present level of agricultural

¥y
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mechanization in Richincha Province. The use of agricul- -

- : (¢
tural machinery in this area is, however, guite substantial,
\

considering the‘problems experiénéed using it. It has been

shown that the use of machinery causes differences in the
yieids obtained, in comparison to the non-mechanized produc-
tion. It must be remembered though that mechanization of

wheat produétion'w;ll;not cause production increases by

itself. There is a fundamental need for the expansion of
- / ‘ - -

agricultural credit and increased distribution of it in order
R .
to pUrchase agricultural machinery, and to increase the use

- of o£her agricultural inputs: The use of égricultural
machinery in conjunction with the use of better seed, ferti:
1izer,qénd improved culturél practices in general, will *
substantiallg afféct whea£ production in Pichiﬁcha Province,

. ‘ .

‘ Ecuador.
- §



_ APPENDIX A
} .Questionﬁaire
I. Location '
1) Canton

2) Parrish
3) wWhat is-the town nearest to your farm?

a) How many kilometers is it from your farm?

4) ®dow many kilometers is it to the canton capital
. from your farm? .
5) How many. kilometers 1s QULtO from your farm?

.

II. Farm Size
1) What are the number of hectares in your far:m‘=r

2) How many hectares do you have sown in wheat?

. 3) How many hectares are sown in crops other than
. wheat?
4) Percentage cultlvated ' ;o .
4
III.Slope, Yields, Fertilizer-Use
R 1) How many qulntals,pf wheat do you harvest per
hectare?

2) How many qulntals of fertlllzer do you use per
hectare of whedt?

3} Slope’of, wheat field .

IV. Machinery Use
A. Do you use machinery in your wheat cultlvat10n7
Yes . * . No

1) What types 6f machinery do you use?
2} What 1mplements do you uJse?
3) What is the horse power of your tractor?

Type Horsepower Implements

TN
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B. How do you prepare the land for wheat sowing?

1) Machinery. !
a) DO you own or rent it? - .
b} What is your total cost for using machinery
y to prepared your land per hectare?

2) ‘Other

a) Do y?u own.or rent this ‘equipment?

k) What
each

are your total costs ‘for preparing
hectare of land by this method?

.'C. How do you seed and fertilize your wheat fields?

1) Machinery.
a) Do you own or rent it? .
b) What are your total costs of using
' machinery to seed and fertilize per hectare? -

*2) Other.

a). How many paid men do you hire to seed and
fertilize your fields per hectare?

b) What are your total costs of seeding and
fertilizing your land.by this method for
each hectare? ' . :

N

D. How do you harvest your wheat crop?

1. Machinery.
a) Do you own or rent your combine? .
b) What are your total harvest costs using
machinery per guintal of wheat harvested?

- 'q
‘2, Manual harvest - threshing machine. :
a) How many paid men da you hire to harvest each
hectare of wheat? _ . .

b) Do you own or rent your threshing machine?

c) What are your total harvest costs per quintal

of wheat harvested by this method? .

3. Manual harvest - animal threshing. -
a) How many paid men do you hire to ‘harvest each

hectare .of wheat? .
b) Do you own or rent, the animal you use for
threshing?

c).What are your Total harvest costs per qufntal
by this method? : . " '
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E. Do you hire a machine operator? Yes .
No .

V. Problems.
1) What problems do you encounter in wusing machlnery N
in your farming? .

"~ -

*

2) Why do you not use machinery in all stages of
your wheat cultivation? . .

-

3} Why do you not use machinery at all for your wheat
cultivation? . ‘

*
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