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ABSTRACT

An Economic Appraisal of On-Farm Water Management
Practices in Developing Countries'
A Study of Summer Rice Production .
In Guayas River Basih,'Ecuﬁdor
by
. Thomas L. White, Master of Arts
Utah State University, 1971

Thesis Director: Dr. Jay C. Andersen
Department: Economics

The primary objective of this study was to examine rice production
methods, with special emphasis on irrigafion-water manggemeht practices
\psed by producers from all levels of management in' the Guayas River
Basin, Ecuador. To do th;s, rice produéers~weré divided into four
categories on the basis of-the level of mechanization of their opera-
'tion,‘usejof purchased inputs, and the level of investment in irriga-
tion fac}lities ;nd genergl maﬁagement practices. The levels of in-
vestment in irr;gaﬁioﬂ facilities:rangedlfrom 7,000 to 500 sucres per
hectare, and’mecﬁéni?ﬁtién of production varied from almost total use
of\mhchinery for'c;itiﬁation operations to no machinery -at all, 'Sim-..
—iiar varia;iqn; w?re noted in regards to yields which.ranged f;om‘loo :

quintals of hulled rice to just 22 quintals per hectare.

The -efficiency of 1rriga;ion7ﬁater use presented some problems .



xi

and could only be calculated for two management levels, I and II; these '
were found to be low'in relation to results found in other areas. This
efficiency was-defined ‘as being the-ratio of the amount of water bene-
ficially used to the amount of water delivered to the farm.

In order to compare the profitability of rice production and invest-
ments in machinery and land development, the internal rate of return
criterion was used. This rate of return is that rate which equates the
flow of net benefits to the flow of net investment for a project over its
expected economic life. The streams nf benefits were estimated from the
costs aud returns budgets and the investments strzam from the costs of
land developments and initial machinery costs, together with expected
maintenance and replacement costs of headgates and other water control
structures. These rates varied from almost 80 percent for production
under management level I, 17.6 percent for management level 11, to
losses (negative returns--these were not calculated) for management

levels III and 1V,

‘ ‘”(134‘pégé;)’



INTRODUCTION -

_Ecuador is a lﬁnd of mAﬁy contrasts, both g;ographibal and%eéonoﬁipal.
It is the second smallest countgy in South America with an area of approx-
imately 264,466 square kilomete;s, just slightly more than onthepth of
which is classified as being avable. Of that only about seven~-tenths of
one percent is irrigated. At the pr;sent, this land, approximately 2.7
million hectares, is classified as arable with.about 19,000 hectares
un@ér.irrigation. These land resources must support 5.5 million people,
- a population wﬁich is growing at the rate of 3,42 percent annually
(Table 1). This growth rate is second only to that of Costa Rica.

Current projections place total population at 20 million by the year
2005 if the present rate of growth cbntinués (Merrick, 1969).

-
~

Table 1. Population growth rate, Ecuadér, 1950 to 1968

Year Gross Birth Gross' Death Net Poﬁﬁlatian
Rate/1000 Rate/1000 Growth Rate

1950 462 - . 172 2,94%

1960, 47.3 14.0 3.28%

1968 47.7 13.5 ’ 3.42%

At an annual rate of growth of 3.4 percent, the- population will
double in approximately 21 years. ) ‘ (CEDEGE, 1970)

Obviously, with less than one-half hecﬁpré of arable land per capita .

and that becoming less each yegr; there ia'atgieat need to increase the



producg}?ity of all available lands. One obvious way of doing this-is
to:iiffﬁqte,as much as pgssible. Since Ecuador straddles.the equator,
it*hhé a potengiﬁllv-year-long growing season, The only limitation is
the lack of suffic;enz moisture during the summer or dry season (approx-
imately from mid-June through mid-December) to succeesfully produce

most agricultural crops during this period,

Geographically there are four basic regions in Ecuador (Table 2),.

Table 2, Population distribution and density by regions, Ecuador.

1950 Census 1962 Census Area in Kam? Density
Total % Total %  Total % 1950 1962

Total 3,202,757 100 4,476,007 100 264,466 100 12 17
Sierra 1,856,445 58 2,271,345 50.7 69,342 26,2 27 33
Coéta 1,298,495 40.5 2,127,358 47.6 66,049 25.0 20 32

Oriente 46,471 1.5 74,913 1.6 121,263 45.9 0.4 0.6
Archi- 1,346 0.0 2,391 0,1 7,812 2,9 0.2 0.3
‘pelago

" e - rtaatrrody .

(CEDEGE, 1970)

'The four basic regions in Ecuador can be described as follows:

, 11). The Sierra or highland is the part of the. country that straddles

the Andes Mountains and is very rough, even in the:smoothest places; it-

mgkég up about one-fourth of the country's area and has slightly mo?e

%,

than one-half of the population.

2) The Costa or coastal pléin varies .from about 10 kiléméters'to :

3

‘more than 300 kilometers in width and'has.roughly onelfpﬁrﬁh,qf the.tétal

il

" 'land area and almost one-half of the population.



) The Oriente or, eastern jungle is part of the great Amazon Basin ’
and has nearly one-half of the land area but less than 2 percent of the
population. : \ '
| 4) The irchipelego de Colon or Galapagos Islands are located in the
Pacific Oceau about 1000 kilometers from the mainland. They-are‘relatively*
“unimportant in regards to area.and population as they are very small and
sparsely populated.

Economically, by all of the conventional measures, Ecuadqr is under-
’developed."Per capita income is less.than 200 dollars and showed an -
average annual increase of onlyrseven-tenths ot one percent from 196l,to
1966,“which3was the second lowest for all Latin America and far below.the:n
2. 5 percent minimum. set. by the Alliance for Progress as necessary«to
achieve social and economic objectives. The ecoromy of the country is
heavily dependent upon agriculture which employs 48 percent of the
productively engaged population and accounts for 38 percent of the Gross
Domestic Product (GDP). Also, it provides more than 90 percent of the i
country's foreign exchange, more than 60 percent of which comes from
bananas and more than 25 percent from coffce and cacao, he~remaining
.sectors, industry and’ commerce, and services, employ 16 percent’ and 27.5
percent, respectively, of the work force and account for 17 percent and 45
percent, respectively, of ‘GDP (CEDEGE, 1970). ‘

These statistics seem to indicate that Ecuador, like ‘many, of the"
lother underdeveloped nations of the world,: faces the need to increase

the efficiency with which it uses its resources“to provide goods and ser-,
vices needed by its rapidly expanding population. The most essential
area where this improvement must be made is in the production of food-

i

/with which to ‘feed the masses at a nutritional level that at” least matches(



' the hiﬁimumvﬁrescribed sfandérds{ In oxder. to accomplish this.gogl,
i&érqaséd produetivity and production efficieﬁcy in agriculture must
bé achieved, Research in crop vérieties and their.adaptation, the 1gtro-
duction of better tgchnolsgy*and improved management practices in produc=

tion techniques are requisites to accomplish these ends.



3 OB’.‘TE‘C’TI‘VES

Thetmajor;objectivelof this:etudy is(to make an economic apprais-
al of on-farm water menagement practices in Ecuador. Obviously, all
‘irriéated agriculture in Ecuador could hot be feasibly included.’ There-
fore, this study is limited to rice production--a crop ‘which normally
_is grown year after year on the same land without rotation with other
crops. The study is limited still further, for the calculation of
costs and returns’budgeta, to include only’rice production during the
summer season. A second crop of rice is grown durihg the winter but
under quite different conditions. However, it should be emphasized
that, according to most producers, yields for rice grown during the two
seasons\are not significantly different. Producers indicated also that ,
total productionlcosts are nearly the same for the two seasons, but
individual cost items do-vary substantially. Thus, for the purposes
of obtaining a reasonable estimate of annual total costs and returns
from rice production, the results from one season could simply be
doubled. Onxthe other hand;‘a costs;eod returns budget ‘for rroduction
during one éeasoh would not be an adeduate representation of a'similar
budget forlproduction during the other seasoh. ,
Rice production is’ ao important ehterprise to nearly 8, 000 farmexs -

in. the Guayas Basin., See Appendix A. For most of" these farmera, rice ie

' their only product and their major source of. income, as’ well as a major



component of their daily diets. Also, rice is an important staple fo}
the country in general., .This is illustrated by the fact that Ecuador's
internal consumption of ricé is roughly 100,000 metricjfon; annually.,
However, it is inte;esting’to note that this level of consumption has
existed since at least 1961 (Table 23, Appendix B) which, due to the
increase in population, has resulted in-a decline in per capita con-
sumption of rice from-about 22 kilos in 1961 to 18 kilos in 1968.
Conceptually, since water for irrigation is normally considered
to be a relatively scarce resource, any study regarding its use and
management ideally should attempt to measure the increases in the ef-
ficiency of water use resulting from changes in management practices.
Increased efficiency may be obtained at water storage sites, in the
distribution ‘system, or on the individual farms. In any case, the aim
should be to save water, not otherwise beneficially used, which then can
augment crop production. While a high level of efficiency is generally
desirable, each increase can be obtained only by incurring costs for
such things as canal lining, land leveling, irrigation structures,
improved distribﬁt;on systems, and so forth., Such expenditures, of
course, should only be-made if they can be justified on a sound econ-
omigfbasis. In order to optimize net income from expenditures such as
those ﬁént;oned,\the‘residual water value would have to be:computed for
.,egcﬁ~crq£'and wéighted to represent the‘fafm-roéétion p;oéram.’ These
eptimhpés of residual waterlvalué‘could then be.used to determire the

income stream generated by aﬂgiven~wgqer-séving prac;iée. The cbﬁgu-



tatioﬁal procedure for estimating .the residual water value for each

crop is as follows:

Vi= (YL xPi)- (0i+ Fi+ Ti)
Wi

Where: Vi .= Anhual residual water value per unit of water for

‘crop i)

Yi é Annual yield per unit of land for crop (1)

Pi = Price per unif of yield for crop (i)

0i = Annual operating costs per unit of land for crop (i)
Fi = Annual fixed costs per unit of land for crop (i)

Ii = ‘Annual interest -cost per unit of land on fixed invest-
;ents for crop (1)

Wi = Number of units of water required annually per unit of
land for crop (i).

An alternative method. of analyzing this same problem is to compute
the internal rate of return on investment in machinery, land develop-
ment and irrigation structures. This approach, however, differs from
the residual value of water method in that it imputes the returns
to the capital or groups of factors"inéluﬁing machinery, land devel-
opment and irrigation structures as noted above. The foémer estimates
the‘marginal or residuai value of the amount of water saved by improve-
ments or a‘giveqviﬁproVement'in water management practices.

Due-to thé,léékxdf‘s;fficient-dééa, thé reéidual vélue of water
could not ﬁg'estiﬁated accurately. Thus, the internal rate of return

1

~will be used as -the ‘analytical toélwfor meaéuriqg returns to water



uséd for irrigating rice.

In keeping with the pugpose and general object;ve:of the’stqdy,‘
the following .formal objectives were :selected:

1) 1Identify and describe the various levels of management where
irrigation is used in the production of summer (dry season) rice.

2) Estimate the efficiency of irrigation water use for each
management situation.

3) Estimate the costs and returns for rice production under
each management level.

4) Calculate the internal rate of return to each management

category.



‘ REVIEW OF?‘ LITERATURI;'.

+In éonsideriﬁg‘literafure to be -reviewed and included. in this
'sectio;, it was felt that two basic areas hhgulq be covered. First, the
subjéct of economic development, and in éarticular the development of
the Qgricultural Qector, was felt to be the foundation 6n‘whicﬁ this
study is based. For this reason, studies concerning the -role of the
agricultural sector in development, studies of production in develop-
ing countries and studies concerning the role of investment as related
to the development of agriculture were-all considered and are represented
in this review. The second area of interest concerned literature deal-
ing with'the'concept of the internal rate of return. Also, as a part
of this general area of the -measurement of the productivity of capital,
studies dealing with benefit-cost analysis were reviewed and are in-
cluded.

Agricul tural Development

How applicable are the economic theories of the industrially
advanced countries to the underdeveloped countries? A review of lit-
erature illustrates that opinions on the topic vary.

Myint (1965) points out that there are -two lings of criticism
concerning the applicability of economic theory of the inaustriglly
advanged‘boun;ries'to the underdeveloped countries:. 1) @iffegéhceé

~in social and institqtional.ge;tingé'and sthgesvofxdevelopﬁent--
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realism of economic théory and 2) relevance of economic theory which
‘emphasizes optimum alllocation of resources, maintenance of full employ-
ment and prevention of "secular stagnation." The problem with under-
developed countries, Myint asserts, is to initiate and accelerate the
"take-off" into sustained growth. However, he later debates this
notion and argues that the realistic approach has been hindered by
generalizing from the "special case" of advanced countries and by gen-
eralizing from the ''special case' of a particular underdeveloped
country, such as India. This has been aggravated by the popularity
of the "take-off" theory which has minimized attention as an acad-
emic discipline and placed it on increasing international aid. '"The
general good will toward these countries seems to have outstripped an
accurate knowledge of how the economic systems of these countries
really function,' Myint states, urging a renewal of an academic ap-
proach to the subject (p. 491).

During the 1950s, most development economists ignored agri-
culture and looked to Industrialization as the dynamic element of
development, Witt (1965) believes. However, in more recent times,
the agricultural sector has been receiving more and more attention.

In part, this shift in emphasis has been brought about by an increased
concern with food supplies which have come under increasing pressure
from the unexpectedly large -incredse in population. Witt suggests
that there should be increases in productivity in both agricultural

and industrial sectors, and that some division or '"balance" of effort

is required.
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Nicholls (1963) defines agricultural surplus as the physical
‘amount by which the total production exceeds the total food consumption
of an agricultufalfpbpulation. He believes that "until underdeveloped
countries succeed in achieving and sustaining . . . a reliable food
surplus, they have not fulfilled the fundamental pre-condition for econ-
omic development." (p. 1) Initially, a large and growing agricultural
surplus can serve as the principal means of getting industrial develop-
ment under way.

Ianresenting.an analysis of a number of population and land tenure
situations, Nicholls demonstrates the importance of having a substantial
and reliable agricultural surplus as the basis for launching and sus-
taining economic growth. Nichulls believes agriculture is often unduly
undervalued. In the short-run context of the next several five-year
plans of some of the overpopulated countries, such would be unfortunate:
1) even if investment in agriculture has lower returns than the in-
dustrial sector, the high income elasticity of demand can turn modest
food surplus into a deficit; 2) due Fo primitive techniques and very
low productivity, overpopulated countries have tremendous opportunities
to increase food.output by small capiual«outlays; 3) 4international
comparative advantuge is far more likely to rest lnitially in agricul-
ture than in the industrial sector.’

lMoore'(1956) cites evidence that growth in Brazil ﬁas been bur-

dened by economic policies favoring industrializhtion. 'However, he
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‘also warns (Moore; 1955) that too much attention may be given to the
agricultural sector because of a country's dependence on primary prod-
‘ucts and too little dependence on the economy in general. He states
that historical studies indicate growth with the least disruption oc-
curs if other sectors are growing fast enough to absorb labor released
from agriculture as it develops, indicating that a sort of balance
should be maintained in the economic development of all sectors of the
economy.

Kuznets (1961) writes that agricultural revolution is generally
the precondition of industrial revolution. And the relation of indus-
trialization to agricultural change in the settled country is reason-
ably direct, believes Galbraith (1951).

Pasto (1961) argues that in agricultural economies, just as much
emphasis should be placed on development of the agricultural sector
as is being placed on the industrial sector. He points out that the
agricultural sector contains the biggest single pool of labor, with
substantial underemployment, and maintains that lucrative opportuni-
ties for raising productivity and employing labor more fruitfully exist
right on the farms in underdeveloped countries.

Johnston (1951) maintains that ‘an increase in agricultural pro-
ductivity has played a crucial role in the industrial development of
modern nations and is of particular importance in Asiatic countries,
with their relatively dense populations. '"Expanded agricultural pro-

ductivity," Johnston states, "releases people from the land for em~
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ploymeﬁt in indﬁstryﬁ‘it‘pfoviﬂes food'fof~the growing population which
is characterié;iq 6f tﬁglindusfgiaiizatiéq pr?cess; and, by making:fogd"
imports léss Ae;esqqry, if Eéiiéves préﬁshté;on‘the balance of pay-
mcgﬁc"s M (p..498)

‘dne of Africa's greatest needs ‘is a link bgpwgen'the subsistence
sector and the rest‘df the economy, believes Néwmark‘(1§59). ﬁé agrees
tha? an improved system of agribu}ture and up-to-date methods of pro-
duc;ioq would result in increased agricultural output, but these, of
course, must ﬁrove‘economically'advantageous.

No adequate -guidebook exisgs for governments of underdeveloped
nations to follow in seeking the most direct path to fostering economic
growth, according to Miles (1967). Her contention is supportéd by
Maréin and Knapp (1967) who conciuded that partial analysis of the
problem has led to only partial solutions.

Christensen and Yee (1964) note that in the last few decades,
several countries have moved into sustained-growth stages of economic
development. In each case, "rising productivity in agriculture was a
major source of an ecdnqmic surplus that supported growth of the non-
'agricultural sectors." (p. 1660) Evidence shows that the less-devel-
oped ;ountries with 3 percent annual population growth rates will not
be able to enter the "take-off" stage of economic development unless
they are able to increagé agricultural 6utput’by 4 or 5 percent a'year,

Contrary to,tbg’case'of the developed countriés where increase in;

~ productivity in the agricuipﬁrar§sector has little gffeét—-dqefto the
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fact that it usually acounts for less than 20 percent)of national }ﬁcomer-
such increases 1ﬂ productivity have significant effects on the nqtipnalY
income picture in the underdevngped nations wheré:agficulture is the
primary source of national income, Christensen and Yee -propose.

Moore (1956) conducted a study to determine the extent to which the
increases in agricultural production in Brazil came from use of additional
land, labor and capital. The results strongly support the inference that
developments in agricultural production in Brazil are similar to those in
the United States. Only about one~half of the additional output since
1925-29 is explained by additional inputs of the conventional type (land,
labor and capital); the remainder came from changes in the state of pro-
ductive arts, Moore reports. But just what is included in the so-called
productive arts remains a question.

Johnston (1951) states that an 80 percent increase in agricultural
output and the doubling of labor productivity in Japan over a period of
30 years were primarily the result of increased use of fertilizers and
advances in farm technology.

He compares Japan to the experience of the USSR and Britain and
notes that there were differences in the course of development in the
agricultural sector. Johnston reports that there is no apparent single
route to success; but in all cases, the development in agriculture seems
to have been vital to the industrial expansion experienced in the rest
of the economy.

Moore' (1956) gtaQeslthat much aftégﬁiqn:in the post-World War IT
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| period has been .placed on factors which induce or accelerate development.
‘6n ‘the questton of how much increase in production came £rom coeventionel,’
vinputs from 1945 to 1949 in Metico, he concludee that these account for
'26 percent of a 60 percent total increase, tye remainipgi34 perceet be;ﬁg{
attributed to better techniques thatltﬁprovee étoductivity of resources.

In an article dealing with aéricgltural,development in Ireq, Yude}man
(1958) writes that the development’problem is onewof ipvestment. He»ﬁotes:
tﬁet injections of capital cen quickly'briﬁg atout improvement in laﬂﬁ
\and water resoufees, but the introduction ef impfoved~methode of pro-
duction'is slow and difficult. As a result, the emphasis tends toward
the fdtmer and neglects things like manegement,,education and cOmmuni;
‘cations, which actually could lead to a higher return on investments‘;n
physical resources.

Yudelman argues that in'IrAq,’manegement,,rather than cu}tiyable
Jlend, is the factor in shoft-supbly; atd’extenQihg.acreage at higﬁ invest-
-ment costs without improved manaéemeﬁt by producers will lead'tO‘vety low
‘éates of return on investqents.

Schultz (1966) proposes'tﬁe hypbtheéis, "@here«are,comparatiVely
few si;nificant inefficiencies in the’alloeatienfof‘the'fectors,of pto-
-duction iﬁ traditionel agrieu;ture." kp. 37) |

Schtltz and others assert that ip traditionel'agticultute, a etate
of economie‘equilibtihm exists-which‘explains'its static nature.».Tﬁey
"maintain that the stete’pfitte:arts and the state of prefetencee%to;3

holding and acquiripg=sources of income are both-constant“aqﬂ‘habe‘re-
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, o . . L K .ot
’mained 80 long enough to establish a condition of‘equiléﬁglem.,,Th;s im-
plies that the marginal,prp&uctivity of fesonrces, given‘tne;existiné’
.state of the arfs,'ean be viewed as an invesfmenelin ﬁermanent‘inceme
streams or net saving which is hpprokimately equal to.zero. Indestment
‘in the righf‘fonm is fegqired to.upset -this balance.

Mellor (1966) , Schuitz (1966) and other -economists have/ébserved
that‘increasing‘prOQuc;ion by increasing traditional inputs 1& usueily
very -costly -and has poor results. On the other hand, they maintain, the
ih;rod?htien of new techniques and other modern factors may hav; ven§
‘high returns.

"fhere~is no longer any room for doubt whether agriculture can be )
a powerful engine of growtn," Schultz concludes. "But in acquiring
sueh‘an,engine, it 'is necessary to ‘'invest in agriculture . . . the
géfﬁer must nave access to-and know-how to use what science knows about
‘seils, plants, animals and machines. Incentives to guide and rewe%d

farners are a critical component. Once there are investment opportun-

ities and efficient 'incentives, farmers will turn sand intOxgeld." (p. 3-5

Internal Rate of Return
'Inxrebiewiné literature -related to the general area of financial i

nmenagement and capital‘rationing:for investment purposes.in both private

g

~end public situations, two-things are outstanding: 1) Iheﬂsupjeét,';f,

is generaily agreed;’is‘very'important and»there“isxmuch‘inﬁerest’in_it.»

i

2) There tends to-be very little agreement .as toﬂthe criteria for ana1-~

‘ N \

ysis, 1mpecia11y in. regards to investment projects of a" public nature.\
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Dean (1954) states that "the basic measure of economic worth is the

productivity of, capital which means its power ‘to produce profits." (p 120)

tPhillips (1970) supports this idea and suggests that the’ reason for con-
| ducting .8 feasibility analysis of a project is to- attempt to accurately)
‘vpredict the pote1tia1 productivity of the*capital required However,“as
4~was noted by Gardner (1963), Dean (1954) and others, there exists a wide ,

variety of approaches,used'in‘calculating.thia‘measure. To illustrate

AVt
[

" the  wider range of resultsgthat,csn occur, Gardner (1963) eiamined sev-

ﬂeral:studies of the‘feasibility of range improvenentJ "In this study, he

»

_ obsevved that:the rates of return reported varied from 4.8 percent to

.297.5 percent. (§ee Appendix C.) He -contends that while these studies

all have as a basis for measureme.t the rate of return on investment, and

(“that the costs and returns are essentially the same, they do not consider

the:flow,of‘costs and benefits over time. This neglect, Gardner concludes,

is a weakness of many such studies which attempt to measure. the worth of

“-capital investment.

To overcome this;weakness, whichris the cause of many errors in an-'

alysis of project worth, ‘the concept of the internal rate of return

’has been proposed One of its earliest proponents was Keynes (1936),

who‘refers:to the internal rate of return asrthe marginal efficiency of

‘capital and proposes the" following formuls'

S[R . - E(cne fa

'This is the net present worth of an investment Opcion. In the-eguation, X

) theﬂreceipt:stream:isrdenotedxby,R(t)“andﬂthe outlay stream by;E(tS,
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both b?ing fun;tions of ti;e. The discount factor for t is‘denoged by .
‘ -?t. 'Ehé fqpé r then is that rate which sets the present worth ;qual
to éero. This, Ke&nes said,‘wés the ‘same as Fishe?’s (1936) rate of .
fetu;n ovér cost'whiéh 18 calculated by the equation

- B ] - Ry - Ey))e e
vhere the nofqtions are the same as those found in Keynes' equation.
The:subéc?ipts refer to different investment options. However, accord-
ing to Alchian (1955), this is not the case. Keynes' marginal efficien-
cy of capital is not the same thing as Fisher's rate of return over
cost ‘which was devélbped in order to rank investment alternatives on
" the basis of maximum present value. Thus, Alchian contends that at
least Fwo,altgrnative investment options must be considered simultane-
ously,” However, he points out that the two measures are equal if only
one investment is considered, which may be the reason the two are often
cthused, Alcﬁian asserts.

There are a number of approaches used in calculating the internal
rate of re;urn, in addition to those mentioned and those discussed in
;Hevt#eoreiical séctionqu this study. At this point, it should be
:no;ed dni& that ﬁhe\result;4of each method are the same, since they
tareégil founded on the . common cohcept of the discoun;ed cash flow into
‘and out of a given inQeaﬁhent alternative. And, in spite qéﬁayguméﬁfé
'liiélthat made by Dean (i954),.who states that:the internal rate of“A
‘réthpH;;ncgpﬁv".x'.) is denonstratively superior to,existing,gltépj

nativés‘ih'aécqracy, realism, relevance and sensitivity . . .. ." ( p. f25),;¢



19

/it is not without Ats: weaknesses and its Opponents.

‘ The major weaknesses of the internal rate of ‘return, according to
‘Dean, re‘itslgreater complexity as compared to other measures, its high-
: . /

".er costs to use and the fact that'it is often unfamiliar. Another weak-
.ness is suggested by Hirshleifer (1958) who concludes that ", ., . the
present value rule for investment decisions is correct in a wide*variety
ot cases ; . . .".(p. 135);'but‘he goes on to say,that this measure (the.
internal rate of return) may not be precise in the analysis of multi-

¢ period investment projects, since it is the'average\rate of growth of
capital internal to -these’ projects. 'He suggests that a more accurate
measure might be the marginal productivity of capital However, in
spite -of these‘weaknesses,'most-writers concur that the internal rate
of return concept isosuperior to other measures of the productivity of

V capital which are -based on the rate of return.

Another concept widelyiused in evaluating public investment pro-

. jects 1is the~benefit-cost ratio.t This .concept, according -to Phillips
'(1970), is‘closelyrrelated to the'internal rate of return for the same
project. He states that the:benefit;cost{ratio is 1.0 when the invest-
ment and net'benefit:schedules5are‘discounted at a rate-exactly equal :
to the internal rate of return..

'

The actu11 calculation of the benefit-cost ratio is a relatively

!

‘simple process since discounted benefits are simply divided by total

_'discounted costs. However, the problem comes in determining which

5

~ discount rate to use.s Gramm (1963) describes the situation--as it
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existed‘ﬁu;ing the 19503,‘at léasté-as being a case 'of picking Q nﬁmberk
f;qm'onh to ten. . He observes ihétl&uringithis period; Hirshleifer and
others hit the'ail-timé high by recommending that a rate of 10 perc;nt
be used, while Krutilla and Eckste?n'proposed‘a r;te‘of from-5 1/2 to
6~percent, and Mason went so far as to sﬁggest that, .with respect to
land resources, the -appropriate rate may be close to zero. He concludes
th;t in the .case of public projects, there seems to be a consensus,
arrived at -since the 1950s, that a formal, profit-oriented rate of dis-
count is undcceptable. Steiner (1959) reaches this same conclusion and
suggests that in evaluating public projects, factors other than costs
and benefits must be considered.

Some ‘other studies which deal with what is referred to as the social
discount rate, which is to be used in estimating the benefit-cost ratio,
include' the 'following:

Feldstein (1964) suggests that there -are two types of rates which
can be -used. These are the social time preference rates which are norm-
ative ‘in nature and reflect 'society's evaluation of future consumption,
:and~the'social opportunity cost rates which are the value to society of
the mext best -alternative project in which public funds could be ip-
~;ested. In discusging,thesé gwd types of rgtes, he concludes- that the
~soclal time preference -rate is supériorQaqd‘shouid be used.

| A,diffgrenég;iey\is taken by Casfle,JKelbo‘aﬁd Gagdner*£1963) vﬁo
suggésg'that the .discount rate used éhoulq,befﬁaaed on~tﬁe éqrgéht‘

‘ayeraée:yield‘of bu;standing‘tréasury,notés which had at issue a matur-

¢
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~‘ity of ‘15 years or more. But, in the final analysis, they too. conclude

: \ i \
that the'selection of a discount rate is a normative issue’ which really
is)the only consensus that writers on the subject of the benefit;cost
'conceptkseen~to be abie ‘to reach. In view of this conclusion, it seems
that‘on thetbasis of arguments such as those¢presented by Friedman (1968)
indicating that economics is and should be a positive rather than a
normative :science, the determination of just'what rate of discount should
beiused in pfoject evaluation~may very nell not even-be in the -realm of
.;conomics. It may be-that this problem ‘would be best left 'in the hands
of politicians.

: Howevet, in-reﬁards to priuate investment problems, as Dean (1954)
states, " . . ..msnagement needs an ohjectiveVmeans of measuring the
economic worth of individual investment'proposals s M (pe 120).
Lorie -and' Savage (1955) agree with this idea and insist that in finan-
cial management, a'najor ", .. task is to-ration available capital
oryliquid resources among competing investment opportunities" (p. 229).
In still another study, Eckstein (1961) reached this same conclusion
and noted that the~benefit-cost'analysis:ranks ptojects*differently
than does the internal rate -of return.: Theﬁreason, he-assegts, is that
‘in ‘regards to the/forner,'ﬁ . e e the)inplicit assumption iszthat‘it >
is the resource'bund1e>cost-which isirationee“’(p. 61); On the,other
‘hand, he argues that ‘where only L capital is rationed but a11

other resources are'available in sufficient quantity at their market

prices . . " optional allocational of capital " .. .can be



accomplished by capital budgeting and by “the use of a:ra;g-of-geturny

eriterion."

22
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| THEORETICAL BASIS FOR ANALYSIS,

When condncting\a feasibility analysis of an investment project or '
when comparing various’ projects for investment, the primary concern is to
’accurately predict theeconomic potential or soundness of eacn such pro-
ject. The measurement criteria of analysis of this type is normally the
- expected rate of return on capital investment. However, leaving the
criteria for profitability measurement at thislpoint can . be misleading
and can result in:erroneous conclusions. This results from the- fact
‘that tne benefits on which the rate of return is based are often not
treeted as occurring as a continuous,stream over time but are merely
snnmed‘for the -entire project life and in this form compared to the in-

‘ yestmentrcosts. The error committed in approaching profitability in

this ‘teshion lies in the fact that the length of the project life and its
eftects on the rate of return are ignored. In order to make the measure
complete, it must be~emphasized that the concept of time as a flow be
incorporated in the analysis. By adding this dimension (time.as a flow
instead of time as a period), the rate of return on investment becomes

whst‘is referred to as the internal rate of return.

. Definition of Internal Réte of Return j_ 2
A very simple .definition of the IRR is’ that it'is the rate of cap-

v itsl growth within the firm, business or project. As such, it s direct-
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ly c;mpgrable to the inturest rate paid by common investments such as bank
| accounts, bonds or accounts with other financial agencies. Also, itris
directly c0mparab1e.to the interest rate.paid by borrowers to lending
institutions. These rates are referred to as the external rates of return
(interest). A somewhat more sophisticated but clearer way of defining

the IRR is to consider it as being that annual compound discount rate

which makes the present value of the investment schedule equal to the

present value of the net benefit schedule.

Requirements for Calculation of the Internal Rate of Return

There are several variations in solving for the IRR of a project.
The variation chosen will depend on the specific situation that exists
in regard to the problem being considered. However, all of the ap-
proaches require essentially the same basic information and assump-
tions. First, it is not necessary to assume an interest rate or cal-
culate interest cﬁarges. Second, calculation of annual depreciation is
not necessary. Third, the rate of inflation need not be considered. And
finally, it is not necessary to assume a given percentage of equity or
the terms of financing.

‘In order to.calculate the internal rate of return on private invest-
ment,‘only two sets of data are needed: 1) the schedule of total capital
invesfment and 2) the schedule of annual ng@‘benefits. Both of these
sets of data, hqweéer, must be developed with-a number of standard rules
i;’m;ﬁd. Thése incluhesthe %ollowing;

1) The limitation of th§ expected results, in terms of benefits
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4

i
'

and~costs, to a'realistic planning,period or,horizon;

2) Investment expenditures should be entered in the investment
‘schedule for the year in which: theyﬁare required.

3) Equipment'with‘a uaeful life shorter than,the~planning period

should be reentered at cost when replacement is: required Any remaining
wvalue in'any*such'ecuipment'may be treatedaas a.credit in the last year
of the planning period.

.4) Only the directannual net‘oeneﬁits, which are simply total
revenue from the project:less~the'operating:costs, should be:included
when~cdmputing'the'schedule of benefits. Spinoffs-and so-called second-
ary Benefits can be-ignored since these normally-would not accrue to a
xprivate'operation.

5) Benefits should be -entered over the life of the project as they
are expected to be received.

6) ‘Both benefit}and {nvestment - figures should be based on-constant
price levels. lhis can‘be»done by*using.current prices or those of the
most recent tase(period auailable. For the analysis of this study,
current prices-nerelused.

i) Negative net benefits and investment credits: should be-entered
in the: appropriate years with e minus sign. By so-doing, these figures

are reflected automatically in the internal rate of return:calculations.

——

" ..Maximization of the Internal Rate of Return
. ‘r‘l K L I ) )
.Under certain;investnent circumstances, the project 1ife expect~

'ancy nay:be,uncertain because of factors ‘external to tne project itself,

¢
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-as ittpften is in some developing -countries. For example, there is'the -
possibility of‘expropriafion of Qhe\project by the government, .and in'ca;es
.where the invqstment'project'being~cqnsidered does not necessarily have‘
a fixed economic:life expectancy, it may be-advantageous to use the max-
imum. internal rate of return possible as the criterion for analysis. If
this criterion were to be -used for project -comparison, the investment and
benefit schedules-would be-calculated in the usual manner, subject to a
fixed 'planning period. However, the internal rate of return would be
.calculated.after each year of the project life, with the maximum rate be-
coming the-criterion for setting the-actual project life.

A diagrammatical solution to a problem of the nature .described
above, where the project does not have a fixed ecomomic life, is presented
by Boulding (1966). Boulding considers an investment in new wine which
was purchased at the beginning of the period and placed in a cave for
aging, which improves the quality of the-wine and so, also, its worth,
and involves no further costs except the opportunity cost of having the
money tied up in the-wine.

Boulding's.solution to this situation for maximizing the IRR is
reproduced in part-in Figure 1. For convenience in drawing the graph,
Boulding measures casts and returns on a logarithmic scale, so:that
‘curves with uniform rates of growth become straight lines, CJAB-is the
revenue -curve showing increase in the'worth-oif the prodgct resulting*ffod,
the initial ipvésﬁmént oc. The:;ptgrngi,fate of réturn;ét:#ﬁy point," .

,say, J at a time oL, is the average-rate of increase ig-cgpita} &ﬁring,



‘ ‘Dollars
(log)

0 , T ‘K. - Time

figpre‘l. Maximization of the internal-rate ofxpéturn. (Boulding, 1?66)‘
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thewperiod;‘ﬁhithin the logarithmic diagram is:edual to the slope -of

the iine'CJ. To find the -time ON at-which the IRR'is at a maximum,
ﬁoulding,draws‘the line CA to touch-the revenue curve at A; the-slope of
CA represents the highest average rate of increase in capital possible on
the given revenue curve, Boulding concludes the illustration by explain-
ing that if the normal rate of interest is less than this, being rep-
resented by-a line such-as C'B, which-is also-drawn tangent to the rev-
enue curve -and having the appropriate slope, the point of maximum in-
ternal rate of return is at a shorter period of investment than the point
B, which represents the-point of maximum discounted net revenue at that
particular rate of interest. A situation quite similar to this may
exist in regards to private investment in agricultural projects in
Ecuador and other developing countries where investors fear expropriation
because of land reform policies. Thus, instead of maximizing the dis-
counted net revenue using the market rate of interest C'B to reach a
point sdém as B, which represents a project life of OK, as in Figure 1,
the investor may wish to maximize the internal rate of return from this
investment. If this rate is higher than the market rate of interest as
was noted .earlier, the project time horizon that would be economically
prdfitable, from the point of view of the investor, would be a period
such~as'point‘A which is shorter than-the -period that-would paximize

7

the-discounteé‘nép-refurns(
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calculation of the Internal Rate of Return
The measure of economic soundness 6; profitability that-will be uséd*

in fhis study is the internal rate of‘retugn. The internal.rate(of‘re-n
turn measures the potential return on’capitgl.investment'in a project

' on the basis of the time flow 'of funds into :and out of the project. B&
.-Qay of review, it is the annual compppnd d;sqoﬁht'rate which -makes the
present -value of the investments in‘thé\p¥oject-equal to-the present
value of the~net‘benéf1ts stemming -from ;hg project such that when the:

N

two-amounts are added, the sum is zero. .It can be calculated mathemat-

ically by -solving for -1 in the fo%lowing:formula: 1
1 o1 ;
I+ I, ((1..,_ 1)) + L (Ta D+t ((T_-!-—i_)“)

1 1 1
. Bo+ By (= p— —

in-which T = .net investment "in-each yéar

B

net‘benefit'in~each.§ear

i

internal rate of return

0,1, 2. ..n rgpresepg‘Ehe~y9;r-da;ing'!fom'the'prqsent.
Of course thgre‘are~othef mathematicé} fo%m&lﬁsﬁthat can be and are
ubed‘ﬁo*calchate”the‘iﬁternql rafeiof’rgturn, but it should be emphaéized
that rééuits will be the-same in every case because'all of these meth-

' C .
ods are bqagd on the equation of the prgseﬁt value of net benefits to
thé‘present'value of net investments.

Unfortunately, this formula and all of qhé others for‘éalcgyéting

{

the ‘internal rate-of return are unwieldy;~andffpf~practical purposes, .
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’

‘the value for “i“ cannot be'found very conveniently. However, through
the use of present value tables, the rate of return may be estimated sat-
isfactorily by assuming.an approximate-rate of interest and multiplyiné
éhevannual net returns by the .discount ‘factor corresponding to the

“interest rat9~being:upgd. The proper interest -rate -has been‘found when
the discounted net invéstmegts'arevgquqx tq the discounted net benefits,
or in therAWOrds,,when thelsum of these two.amounts equals zero. If
tﬁis“sum is greater than'zero, the intg;est rate uged is too small

and vice versa. This approximating procedure is the method utilized

in later sections,



a1

PROCEDURES ‘AND SOURCES: OF DATA

,Various‘sources‘of data reisted to summer rice production in the
Guayds Basin were used in satisfying the objectives of this study. Gen-

eral,information concerning Ecuadortand the~Guayss Basin was obtained x
from the ggiggg.Nations Yearbook of Production and Irade and from the.
Yearbook of National Income Accounts. Also, recent studies of the region

‘made by ihe Pan American Union and CEDEGE (Comision de ESHldios Para el
Desarrollo de la Cuenca del Rio~ Guayas)’as'well as statistics available
fromJEcuedorisn government .agencies were considered'and)used whenever
possible. |

| The'information used in accomplishing the first objectives-~identify-
ingﬁand‘describing:the various levels of management where irrigation is
used in the‘production of‘summer'rice-ﬂcane from several sources., These

include 1) a visit to the Guayas Basin during the summer of 1970 where a
personal)survey of: rice production techniques and water management prac-

. tices was undertaken,42) personal interviews with officers and agents of
the Nationai Rice,Qommissfon of,Ecuador;\S) personal interviews'with rep-
resentatives'of COFiEC! a privete finance company*which is active in’

'loaning funds for development of- irrigated rice producticn° end 4) person-:

'al inLerviews with representatives of the National Institute of Hydro-

logicalkResources of Ecuador.



3

Objective ﬁumber t;o was developed through the use of'infofm;tion~o$-
3taineﬁ in intervi;ws with.rice pfoducers in the Guﬁy;s‘Basin. Climatic
data concerning evaporation and precipitation rétes in the areauﬁere qb-
tained from government reports and were used with findings of studies con- -
ducted at various locaticns throughout the world in order to estimate the
water requirements for rice in the 'study area.

.The third objective was achieved through the use of data from several
different sources, First, a limited number of producers in each of four
‘management categories were interviewed with the aid of a prepared ques-
tionnaire. See Appendix A, questionnaire number one., In this survey a
total of 12 interviews was made, representing 1 producer in management
level I, 28 producers in management level II (one interview in this
group represented the average results of 23 producers of the Jujén rice
cooperative), 3 producers in management level III, and 33 producers in
management level IV (one interview in this group represented the average
results of 30 producers of the Hacienda Monterey). Second, information
obtained from annual surveys made by the National Rice Commission of
'Ecuador (see Appendix A, questionnaire number two) and including nearly
-ail rice producers in the Guayas Basin was used to supplement the first
,Qource of information mentioned. Third, a survey of farm machinery
~dé;1ers in Guayaquil was made to determine the cost of farm-related
eqﬁipment and supplies. The information obtained in this survey (see
- Appendix G, table-41) Qés'élso utilized in.developing costs and retqrng

ybudgets for each of the four management groups,
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The fourth end last oﬁjective ‘was: achieved by calculating the sched-
ule of total. capital investment, including land development and machinery,
. and ;he scpedule ‘of net benefits expected on the basis of the results of
the third ijective. ,The\planniﬁg ﬁeriod over which these «stimates were
‘made -was assueed to be the~seme forveach management level, This assump-

" tion:was neceseary iﬁ order to:arrive at comparable rates of return
which yight be ‘useful to an‘ipvestor coneidering’production of rice at

anyone of“the-maﬁagement~1evels.1

-

By adopting the point of view of a potential investor, attention
is focused on the net returns to productive factors, given a set life,
This may not be an appropriate attitude for a farm operator already in
rice production. He may be more interested in the volume of receipts,
over and above annual variable costs, since fixed costs are already sunk,
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LIMITS OF RICE PRODUCING AREA .

8611 Tige

Virtually all of the rice produced in Ecuador is grown in the Guayas
Basin (Figure 2). This basin covers an area of 33,640 square kilometers,
It is a broad north-south trending basin whose extensive southern flood
plain-merges into a partially dissected and undulating landscape in the
upper regions. The basin is enclosed to the east by the very steep and
elevated Andean Cordillera, and lower, dissected ranges to the north and
west. The elevation of the basin ranges from just a few meters above
seal level in the flood plain region to 4000 meters on the Andes
Mountains,

It is in the flood plains region that the rice is grown. The heavy
clay soils and slight slopes (0-2 percent) are factors which make this
area adaptable to rice culture. While there is very limited production
of rice in the Naranjito soils, essentially it is limited to the Daule and
Vinces soil groups (Appendix E). The Daule soils are heavy clay with
poor internal and external drainage and are located along the Guayas and
Babahoyo rivers extending back from 10 to 20 kilometers on both sides
and continuing-up the Babahoyo as far .as Samborondon. Also these soils
continue from the Guayas River up the Daule giver as far as Balzgr in;a
band raﬁging from as 1little-as one kilometgr to-ZOYk;lometers in width
along the west bank. Thg Vincésisbils are only élighfly fiéhpér(in

texture than those of the Daule association -and occur in depressions.
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Figure 2. Location of the Guayas Basin.
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They. have only fair internal and.poor external drainage.

-

Quality of Irrigation Water

The other major factor which limits the extent of the rice-producing
region is the-quality of the water available for irrigation. The lower
portion of the basin has a salinity problem, a result of the low eleva-
tion of the flood plain and the tidal effect from the ocean, which ex-
tends as far upstream-as the Daule area during periods of high tide,
However, over much of this distance, upstream from Pascuales (Figure 3),
the incoming tide primarily causes the fresh water from the river to
back up. There is not enough mixing of the saline water from the ocean
with the-fresh river water to result in water quality deterioration to the
point where it would be unfit for irrigatiﬁg agricultural crops.

Below Pascuales, beginning at a point 15 kilometers upstream (north)
of Guayaquil, there is a substantial increaée in the salinity of the
water in both the Daule and Babshoyo rivers. Figure 4 shows salinity
measurements taken by the Parson Company, Guayaquil, at different loca-
tions on the Daule River. These measurements are based on the electrical
conductivity of the water, expressed in micromhos., There is a direct re-
lationship between the electrical conductivity of the water and the
amount of salinity., It is important to note that the electrical conduc-
tivity upstream from La Toma is constant at about 200 micromhos. Down-
stream from this point, however, the electrical conductivity inéreagés

rapidly to over 3000 micromhos at Aurora which is near the confluence
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Figure 3. Rice producing areas of the Guayas Basin
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' of the Daule and Babahoyo rivers, the-head of the Guayas River.

Table 3. Standards for irrigation waters.

" Water Electrical Salt Content
Class Conductivity Total Tons per Sodium Boron
EC X 100 ppm Acre-Foot % %
1 0-1000 0-700 1 60 0.0-0.5
2 1000-3000 700-2000 1-3 60-75 0.5-2.0
3 over 3000 over 2000 over 3 75 over 2.0

(Israelsen and Hansen, 1962)

At La Toma, the water is considered to be in Class 1, according to
standards set by the United States Salinity Laboratory (see Table 3),
and it is excellent to good for irrigation purposes under most conditions.
The measurements taken at Pascuales indicate that the water has deter-
iorated in-quality to the point-where it is in the Class 2 range, which
includes waters that arE'ianrious to the more sensitive crops (Appendix
E). The condition of the water at Aurora places it in Class 3. Waters
in this.class are considered harmful to most crops and unsuitable for
use for irrigation under most conditions. Hence, no rice is produced
downstream: from Aurora; and generally speaking, it ends a few kilometers
upé;ream in the vicinity of Pascuales.

No-salinity measurements are available for thé~BaB;hqyoARiver, but
. rice farmers in the“areé report ghat saliniéylcoﬁditiong injurious to °

* rice culture extend farther upstream than they'do in the Daule River,
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These conditions, then,.would seem to place the lower limit ‘of the area

suitable- for rice culture along these rivers at the vicinity of Pascuales,

Figure 3,
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PRESENTATION AND 'ANALYSIS OF -DATA

"This sectlon will serve three distinct purposes. The- first part
contains a discussion on the efficiency of irrigation water use based on
the premise~that the amount of water needed for rice culture is the amount
required for potential evapotranspiration. The efficiency of water use
will be calculated for each management category for which sufficient data
are-available. Second, each management level category will be described
in some‘detail, and operating .costs and returns budgets will be esti-
mated and presented for each group. The final part 'will present the cal-
culstion of ‘the internal rate of return to the -required investment assoc-

iated with each management level.

Evapotranspiration and Efficiency of Irrigation Water Use

On the basis of thelt water relationships, there.are three types of
plants: hydrophytes that normally grow in-water (paddy ‘xrice belongs to
this group); mcsophytes,‘which,suffer permanent ‘wilt damage after losing
‘25-507percent of theif'wster'contentgrsnd;xeto?hytes,.which are”plants
that~wilt oermanently‘only after loslng ftomvSO to 70 percent of their
total water - content.

ﬁater, accoxding to Kramer (1963) is: needed by’ plants because it is
1) Ythe major constituent of physiologically active plant tissues, 2) a

i

. reagent’ in photosynthesis and in the hydrolytic processes' 3)- the solvent
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in which salts, sugar, and other solutes move through the pléntp and 4)
an essential elemeng for maintainiﬁg blant‘tqrg;dity, which is n;cessagy ‘
for cell development. In addition, water is needed for tfanspiration,
which, while serving no direct function, is essential for plant growth.
The lack of sufficient water reveals itself in reduced yield and changes
in growth pattern.

Israelsen and Hansen (1962) define consumpti:re use or evapotrans-
piration as being the sum of 1) the amount of water entering plant
roots and used to bulld plant tissue or being passed through the leaves
of the plant into the atmosphere, which is transpiration and 2) the
amount of water that evaporates from the adjacent soil or water surf-
aces, which is evaporation. It is influenced by temperature, irriga-
tion practices, length of growing season, precipitation and other
factors. The amount of water transpired by plants depends in part on
the amount of water at this disposal, the temperature and humidity,
wind movement, intensity and duration of sunlight, stage of develop-
ment of the plant, type of foliage, and the nature of the leaves.

Many methods have been devised to measure the amount of water
consumed by crops and natural vegetation. These can be divided into
three general categories. First, there are the direct measurements
of evapotranspiration. The principal methods employed are tank and
lysimeter experiments, field experimental plots, soil moisture studies?
integration, and inflow-outflow for large areas. Second ig the ;se'of

climatic observations as an index to evapotranspiration. . This\apbroéch
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emphasizes thelinfluence on consumptive use of ‘such climatic.factors as
tempép;t;re, humid;ty;,wind velocity, vaﬁor pressure, aﬁ@ soia?‘radiation.
several \fér"m‘guze'd theoretical models with these factors as: their bases
| have been deyeloﬁed by such notable schblats as Penmaﬁ;'Ehorﬁthwaite,
: Lowry and Johﬁson, and Blaney and Criddle. Each model emphasiée; the
iﬁpdrtapce of ; different factor and approaches ‘the problem in a slightly
.different manner. The third technique used to measure evapotranspiration
uses evapotranspiration as measured with a United étates Weather Bureau
pan as an index to consumptive use. Regardless of the methpd used, the
problems encountered are numerous, and the accuracy of any given measure
under all circumstances is questionable. Thus, coefficients of evnpo-
transpiration developed for use in oﬁe geographical area or climatic zoni/
may not be accurate in a different one. Hence, the method selected: for
use in any given situation depgﬁds_primarily upoﬂ the type and quality
of the data ‘available and the applicability of the measure as indicated
by experiménts‘conducted in the particular area to be studied.

In this study, for the reasons mentioned above, the evaporation
index was selected as the basis for measuring consumptive use of rice
in the Guayas Basin. This selection is also supported by findings re-
ported by Christiansen and Hargreaves (1966) in which they conclgde that
the evaporation index which uses Hargreaves crop coefficients (qhege co-
efficients relate consumptive use as a percent of’evaporation as ﬁeasuned
by the United States Weather Bureau pan) gives much more?accurate're-’

sults in the tropics than the other methods to which it ﬁas‘cbmpared--
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namely the mefhsds dgveléped by Thornthwaite and Blaney and Criddle.

- The Piche:évaﬁorémeter is uggd‘to measure evaporation in manf coun~
tries. It is essentially a test tube filied with Qateé;‘inverted with a
blottff over the end, aﬁd installed inla conventional shglter. The com=-
parison of eVaporat{on measufed by the Piche unit and that measﬁred,by,
the Weather)Bureéu pan is debatable, Israelsen and Hansen (1962) argue
thaé because of the small size of the Piche unit, rates of evaporation
egceed’water use by crops. They also claim-that Piche values are larger
than those obtained from a Weather Bureau pan. They indicate that
" . . . multiplying Piche readings by 0.7 gives average comparable
values, although the coefficient does change with climate, season aﬁd
e#posure." Christiansen (1971) and others, however, disagree with this
conclusion. These writers take the opposite position and argue that
dqe to the fact that Piche units are sheltered, there is less than the
’ﬁ;turai amount of air circulation present, and the humidity arohnd’thg
unit is higher than it is outside the shelter, resulting in decreased
evaporation. They argue that the’evaﬁoration from the Piche units is .
1esg than that measured by the Weather Bureau pan. This contention is
supporfed by weather data obtainéd at ‘the Milagro Weather Stationm,
Ecdadpr, aé shown in Table 4. The information shown here indicates

,thag Piche readings are substantially sﬁaller than those taken from
éhe Weather Bureau pan, and Fhat multipl&ing them by 1.5 (no£’0.7)
will give comparable readings to those~f;pm tﬂe Weéther Buregufpgn.

For the purpose of this study, in estimating the required, amount
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Table 4. Comparison of Piche and Weather Bureau van evaporation data
by month from Milagro Weather Station, Ecuador. 1969.

Evaporation (MM)

Pan Piche Difference Pan/Piche

January 138.8 93.8 45.0 1.5
February 129.7 81.6 48.1 1.6
March 122.3 64.8 57.5 1.9
April 111.0 61.3 49.7 1.8
- May 104.5 64.8 | 39.7 1.6
June 89.0 61.4 27.6 1.4
July - 99.7 68.8 30.9 1.4
August ‘ 102.9 78.3 24.6 1.3
September O 133.4 91.6 41.8 1.5
October 118.3 83.9 34.4 1.4
ﬁovember 112.8 89.4 23.4 1.3
December 132.7 m_}_ 29.4 1.3
Total 1395.1 943.0 452.1 1.5

of water for ricé culture, the conclusions of Christiansen and the data
in Table &4 are gééépted,_and>evaporation measurements used are those
from the.Weather Bureau pan.

The amouc.t of water required to meet the consumptive use needs or
potential evapotranspiration of plants varies from crop to crop. Studies

conducted at different locations around'the world indidate that the ratio
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between the potential evapotranspiration and evaporation from a Weather .
Bureau pan--both me;suremehts‘being taken at the same locality--for
mature crops varies fFom .35 for pinéapple as measured in Hawaii to 1.40
for sugar cane as measured in South Africa. For rice, studies conducted
in Australia by Butler and Prescott (1955) indicate that the average

is 1.10. These findings are in close agreement with Hargreaves who has
developed coefficients for rice for each stage of development. These ~
ratios range from .95 during-the early stages of growth to 1.10 at
maturity and drop to .90 as the plants ripen.

Efficiency of water use can be examined from various viewpoints
which include the efficiency with which water is conveyed to the farm,
the efficiency gf water application, water-use efficiency, water-storage
. efficiency, water-distribution efficiency and consumptive-use efficiency.
In calculating the efficiency with which a given farm or irrigation
project uses its water, several of these measures may be used. For this
study, the concept of water-use efficiency used is the ratio of the
water delivered to the farm and the amount of that whicﬁnwas beneficial-
ly useq. It is calculated by using the formula

Eu-= 100 18

]

where Eu = water use efficiency

Wu = water beneficially used
Wd ‘=, water delivered.
The amount of water Benéficially used is defined gaibeiﬁgiéqual-to the .

potential evapotranspiration for rice during the summer of 1969 less



47

the amount of érécipitation that‘occqrrgd during the sgme peribd p1us~}5
;éntimeﬁers of'watér=re§;i;éa‘inicially’for<pfesaturabion of the soil |
’p?iar‘fo planting. The amo;nt of water 'delivered to theyf;rm is. defined
,as:the'total amount of water ‘pumped from the rivgr; no consideration is
ﬁaqg for conveyance losses becaﬁse»of the ciosg érothity of the fields
to’the river. To arrive at an estimape of the amount of water pumped
from' the river, the capacity of the pumps used was multiplied by the
amount of time they were operated.

‘Table 5 shows the caiculation of the net amount of water required
by the plants. The precipitation and evaporation data were taken as
réporgeé at Milagro, the location of which is shown in Figure 3.
Averaée;yearly and m;nthly‘precipitation data are important in regards
to irfigation water needs and give ‘indications as to what conditions
'cgn generally ‘be-expected. However, in estimating the water-use effic-
iency, a more accurate estimate can be made if actual amounts of precip-
itation are used, as they occurred,during the irrigation season.

In Tab}e 6 the watgr-pse;efficiency for each level of management
for\which(theaieqqifed‘;nfqrmation was' available was calculgted using
the above farqula. XThe'net amount of water nceded is the same as that
shown’in‘Table 5. Management level I was the hiéhest in water-use

vefficiency,;ﬁith 37 pefcené of ;h; water Qeliyéred to the f#?m bgne-
ficially used. The w;ter-gsé effic{%ncy‘for manﬁgemenﬁ level 1I was
;eétim;tgd to‘se!34 pgrceng. Due to the lack of sufficient data, it‘ﬁas’

"not possible'to maké pompafab1é~gstimatgs for ' the other two management



Table 5.

Potential evapotranspiration and net water needs for summer rice, stated in millimeters.

Liters/

Potential Liters/ Total Net
Evaporation Hargreaves Evapo- Sec./ Water Water Sec./
Month Milagro Coefficients transpiration Hectare Needed Precipitation Needed Hectare
June 89 .95 43! .33 1932 36 157 1.21
July 100 1.05 105 .39 105 0 105 .39
Aug. 103 1.10 113 .42 113 1 112 .42
“Sept. 133 1.10 146 .56 146 1 145 ..56
. Oct. 118 .90 106 .40 146 0 146 .40
‘Total 543 1.02 513 .42 703 38 665 .60
Notes;
1. Irrigation for only last 15 days of the month.
2, Includes 15 centimeters for presaturation.

8.
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Table .6. Estimates of water-usz efficiency.

[

Net water needed Total water suppiied Water-use

Msnagement per hectare . * per hectare, efficiency’
level (mm) " (liters) (xm) © (liters) %‘

I 665 6,650,000 1,820 18,200,000 37

11 665 6,650,000 1,955 19,550,000 34

III 665 6,650,000 -~ - --

W 665 6,650,000  -- - -

'
1

levels. Botn of these groups cultivate rice in natural depressions
~ which contain waEer'received(ddringfthetrainy season. This, of course,
eiimdnaces~the need . for irrigstion during the early part of the grow-
inéxseasbn. Later, when irrigation is needed, farmers in management
level IV rely solely on the nigh tides to bring the water to a level
which wili permit it to flow naturally into the paddies. This same
practice-ls foliowed b&'the farmers in group III, but flooding is
supplemented by pumping during the latter half of the growing geason.
’:The total amount of water used  in either case could not be ‘measured
nith sufficient accuracx to ensble'the«calculation of thexeffic;ency
of weter dse.

xéenerslly, water is considered to be a scarce resdurcesand, as:

‘ such, efficient uge of irrigation water is an obligation of each

t

.~ water user. The level of irrigation efficiency cchieved by an indiv-”

-
A



50

idué} fprmér, however, depe@ds on a number of factors, some of which are
beyond his control. In areas where water is scarce and costly, it is
usually used carefully. However, if it is abundant, the value is less,
and the tendency is to waste water. Also, efficiency is influenced by
the cost and quality of labor, ease of handling water, crops being
irrigated, and soil characteristics. The most common losses of water

in most farm situations, though, are represented by runoff and deep
percolation. In regards to paddy-rice culture losses, runoff can be
controlled relatively easily, but deep percolation is a function of

soil type and cannot be controlled. It is for this reason that rice is
usually grown on heavy clay soils where internal drainage is poor. Thus,
losses from deep percolation are usually negligible.

In regards to the paddy rice irrigation water use efficiencies
estimated in this study, it must be concluded that the efficiency levels
are relatively low, since in other areas studies indicate efficiencies
are in the range of 60 to 75 percent and even higher (Israelsen and
Hansen, 1962; U.S. Department of Agriculture, 1961). It will be remember-
ed that the rice production studied was limited to the Daule and Vinces
soil groups which have poor internal drainage. This would indicate |
that the low water use efficiencies found (Table 6) are probably due
mainly to losses from-runoff. It is likely that some water wastage
is desirable in the Guayas Basin because of the salt content of the
water ung‘for irrigation.” However, this would not account for the low

_irrigation efficiency levels.. Thus,-on the~baéis‘of*theAprggént(détg;'
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it should be concluded that excessive amounts of water are being used,

‘at lgqst*by ﬁapagement levele I and II.. Further study would be required,
however., in order to dianany conclusions as to the exact amount of
watgf being wasted and the amount byfwhich irriéation costs could be

decreased.

.Description iﬁ Management Levels and Presentation of
Costs and Returns Budgets

The purpose of this section is to discuss and describe the differ-
ent man;gement'levels through consideration of cultivation operations.
Also,. costs and returns for summer rice production are presented in
budget form, by management level. In all, four management levels
have been identified and are discussed. Table 7 shows, in summary,
gome basic differences that exist among the four management levels.
Before proceeding; a few observations concerning additional factors
affecting the overali production performance in each management level
sﬁould be made. First, it was discovered that several seed varietles
are used. In general, the upper two‘manggement’levels used improved
seed,yarietieq--the\IR;S variety was the most frequently used--while
the lower two used unimproved strains. Sevéral experimental studies
conducted in the Guayas Basin in@icate that the improved var£eties
a?é better pr&ducers and ;éspond more readily to fertilization. See
Appendix é for reéu}ts ofhéhéSe experiments. Second,‘thh dirgpt plant-

ing and plantiﬁg by;krﬁnaplant were observed. Studies regarding ‘any:



JIable 7. Differences among management levels,

Investment Commercial Amount
Management per Hectare Mechanization Fertilizer Used of Yield
Level (Sucres) (Percent) (Lbs. per Hectare) Irrigation (Quintals per Hectare)

N. P,0; K30

I 18,406 82 600 200 100 Total 100
II 15,970 88 225 0 0 Total 43
- ¥z
II1 2,490 0 | 8 0 0 Supplementary ‘»
Iv 500 0 o 0o 0 Minimal %?'

[4
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differences in yields due to the different planting techniques are in-
conciusive at this point. But, one study conducted in the Guayas Basin
by Andrade (1969), in which both planting methods with three varieties
of rice and four levels of nitrogen were included, found no significant
difference in yields (Table 30, Appendix C). No adjustments to data’
have been made to reflect or compensate for impact on yields due to such
factors.

The costs and returns budgets are broken down into each operation
performed on a given riceﬁenterprise. As mentioned preViously, only
farms iocated on the Daule soil group are included. Hence, differences
in production.due to soil differences are ignored. Sources of income
~and expenditure from and on other enterprises on the farm are not
included. Also, all labor used is included at actual cost where such
information was available, or it is entered at the average cost deter-
mined for the type of work done. However, in the case of management
level IV, since no cash expenditure is actually made for labor, pro-
‘duction costs will be calculated in two ways. First, labor costs are
imputed at existing market rates. Second, a budget for this group
is calculated excluding‘labor costs, Manaéement and administrative
costs are only included where such seruices are hired.

The primary basis for categorizing producers of summer rice-into
. different management levels is their water management practices. Also,
‘»in connection with these the 1evel of rice-land development is con-

\sidered to be an important*distinction. The degree of mechanization '
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of cultivation as indicated by the pe?cent of the total number of cultiva-
tion opérations that are carried out by machine is, also considered in
estaﬁliéhing'mangggment categories. In the four management levels deliﬂ-
eated in makiqg‘the field survey in the Guayas Basin, however, some common
practices and conditions were observed. The most notable of these was
that all rice producers use the land on which rice was planted solely for

rice culture. No crop rotation practices were observed.

Management level I

Management levelkI represents the highest level of management. These
managers are highly trained and take advantage of the most recent innova-
tions in rice culture. When the data for this study were being collected,
this group of managers was relatively new in the Guayas Basin and was
not widely established.

The irrigation system and practices used by managers in level I are
highly dependent on the organization of rice fields, Land for rice
culture is divided into production units of approximately 100 hectares
in size (Table 8). An average farm in this category cultivates about
500 hectares and so has five such units, The production units are
further divided into permanent paddies which average about two hectares
in size (Table 8) and are leveled to zero slope. The exact size of each
paddy is determingd by topographical conditions. Generally the size of
a paddy is inversely related to the amount of earth per hectare that
must yg movea in leveling. The maximuﬁ,gmouht of~1§ve11ng“ppr\h;ctﬁfe

thatfis,génefally acceptable is 500 cﬁbic‘meters or ‘the e@uivalént'off4
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Table 8., Average size production unit and rice paddy in hectares,

Management Number Production Pgodﬁction Rice
Level Units/Farm Unit Paddy
Hectares
I 5 . 100 2
I1 1 150 7
III 1 25 1.4
v R 5 7

t e

an gvéragg cut of five centimeters over the entire area. It is felt that
the cuts in.excess ofithis’five centimeter average sigqificantly reduce
natural soil fertility. The ‘exact afrangement of the paddies is also
. influenced by topographical conditions, but they are ordered so that
water flows from a main.canal through several paddies before:.it reaches
drainagelditch;;. Thus,'spcceséive paddies must be lowerlthan the pre-
vious one. This type df’qrtangemgnt has some disadvantages in water
control for ;ndiéiéua;;pédgiés, but the advantages of minimizing the
'améuﬁt ofﬂwaterldistrib;tion network and of ﬁinimizing waterilosses
x'from?éraiﬁgge far oﬁtweigh)any disédvantages in terms of investment and
,}ope;ating cdsts.y Tbe éést‘of this‘type of system at 9,000 sucres (Qee
, Abpepdix H for conversion tableg) per hectare (fablex9) is relatively
Th?gﬁ:“Exéluding investment iﬁ land pér sé,‘dgveloﬁment‘costsIaccoﬁnt

¥

. . ! . . .
for about 48 percent of total investment (Table 10). !


http:before,.it
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Table 9. Investment per hectare in land development and machinery
stated in sucres. ‘

Management Land Development Total
Level Leveling Infrastructure® Total Machinery Investment

I 2,000 7,000 9,000 9,406 18,406

1I 1,500 2,500 4,000 11,970 15,970
IIT -==-- 1,200 1,200 1,290 2,490

A 500 500  =---- 500

* Includes dikes, canals, headgates and farm roads.

Table 10. Land development investment as a percent of total investment
per hectare,

Management Total Land Development
Level Investment® Investment % of Total
I 18,406 9,000 48
II 15,970 4,000 25
III 2,490 1,200 48
v 500 500 100

-_*Excludes cost of land.

The‘cogtéuand returns in the production of summer rice on farms
with mgnaéeméﬁf lgvel I are shown in Table 11. Rice production by farm-
e;s~@n»t$isfg§éhﬁi Bdsed on the percent of the’toEal number of opera-
tions performed, is 82 percent mechanized (Table 12;.;.The only hand
;pgration; are the first applicaiion of fertilizer and transplanting.

An inve;tory of the machinery required is shown in Table 36, Appendix F.

This budget was computed following the. general assumptions and copditions,nxi

outiined above.



Table 11, Production costs and. retutns for irrigated rice, stated’ in
sucres per hectare. Management level I.

Costs

Land preparation
Plow--1X .
Machine power (.85 hr. @ 80.00) 68.00
Operator (.85 hr, @ 8.00) " 6.80
Labor (1.3 hr. @ 4.00) 5.20
Mudding--2X :
Machine power (1.2 hr. @ 46.00) 55.20
Labor (1.4 hr. @ 5.00) 7.00 142.20
Planting
Seed (1 cwt. @ 156.00) 156.00
Seedbed~--urea (7.8 lbs. @ 1.27) 10.00
Seedbed--labor (4 hr. @ 4.00) 16,00
Transplating--labor (contract) 800,00
Replanting-~labor (100 hr. @ 4.00) 400.00
Bird control--labor (17.5 hr. @ 4.00) 70.00 1452.00
Fertilization (fertilizers in oxide form)
Nitrogen--(6 cwt. @ 127) 762.00
Phosphate--(2 cwt. @ 90) 180.00
Potassium--(1 cwt. @ 130) 130.00
Application
Labor (contract) 135.00

(To apply 5 cwt. nitrogen, 2 cwt.
phosphate, 1 cwt. potassium)

Airplane (1 cwt. @ 105/cwt./ha.) 105.00
(To apply 1 cwt. nitrogen) '
Machine power (1 hr. @ 46.00) 46,00 1358.00-

(For transporting fertilizer)

Weed and Pest Control

Insecticides ‘ 367.00 -
Aerial application (3X @ 35. 00) 105.00
Herbicides 36.00

Labor (1 hr. @ 4.00) 4.00 512,00

Water ‘

Pumping (10 hrs. @ 28,00) ) : 280.00
Operator (10 hrs., @ 5.00) ' 50.00
Irrigators (56.25 hrs. @ 4.00) : 225.00

Dike repair--labor (40 hrs. @ 4.00) 160.00
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Dike repair--supplies

Canal maintenance and .
Weed control-~canals and dikes
Labor-=-(65 hrs. @ 4.00)
Supplies

Harvesting

Combine

Operator (3 hrs. @ 5.00)

Hauling grain from field
Machine power (2 hrs. @ 46.00)
Labor (15 hrs. @ 4.00)
Supplies

Other harvesting

, Other
Administration
Miscellaneous transportation
}Markéting costs '

Interest on operating capital
(6 months @ 1% per month)

Amortization of land--initial value
3(8/41666 @ 10%)

Total costs

‘ Returns
Sale of rice (100 qq. @ 125)

Net returns to capital investment in land
development and machinery

10.25

260.00 .

15.00 1000.25

620,00
15.00

92.00
60.00
18,00

50.00 855.00

1050.00
172.00
135.00 1357.00

8/.6676.45
400.56

110.00

s/.7187.01

§/.12500.00

s/, 5312.99

T ——————————
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Table 12., Number of operations cgmpleted'by machine and~by hand.

A . L

i

{

/Manaéenent' . Machine .. Hamd - % by
level - operations operations Total . Machine -

1 9. 2 11 82

II 8 19 88

111 e 0 10 0

o - . 3
" - I R S0,

.Land gfegaration. Land preparation is accomplished by. first plow-
,ing, usually with a disc-type plow. Foliowing\the plowing‘operaticn,
the‘land is flooded with'about 10‘centimeters)bf water, and it is gone .
over'tnice by tractors with~neta1 cageelike‘rear'wheels called "mudders."
This is done to break up clods:end incotporate,the fertilizer and organic
natter'intc the soil,

Planting. The transplant method of planting is used., Seedlings
are grown for approximately two weeks’ in seedbeds ‘that receive the same

NS

'preparatiqn ‘treatment as does the land on which the rice is actually

grown. Approximately 106‘pennds of'seedvare used perihectate;"The

H

IR-8 seed variety is most frequently used. Befoie planting, the watef

is drained from the seed beds, and seed that has been pregerminated by.

(S
i

being kept wet for a period of 48 hours is planted by broadcasting.

,Withinf24 hours, the new plants have taken root, and irrigation begins.

v £

At this time, water management is important, since too much water will

i

f'cause the new*plants to\dnpwn,,while too.iittle‘wiil result in excess

' A
.

drying and sunburn which will g{,uo kill the plants.
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After a period of appfoximately 1. days, seedlings can be t;angpl;AQeqf
 TPreviou; t& this time, the paddies to be planted hav; been pfepared,tfollowf
ing the same prdéedurée as with the seed beds. However, water is not
drained off. followiﬁg‘the operation with the "mudders," water is left in
the paddies at a depth of 6 to 10 centimeters. This prevents weed growth
and virtually eliminates the need for using herbicides except for one
application to the seedbeds prior to transplanting. Transplanting is
done by hand, with plants being placed from 20 to 30 centimeters apart.
The water level at the time of transplanting is lowered to a level of 4
centimeters., After appfoximately a week, the water level is again
,inqrégsgé and mainteined at a gradually increasing depth, depending on
ﬁhgTheighq of the plant, to a maximum depth of approximately 15 centi-
meters. Quring this time, a small amount of waier is allowed to flow
ﬁhrough thé padd;ea. 4Ho§ever, this water is not wasted, as it is
collected and pumped into another production unit, It is believed that
by allowing some water to flow through the paddies, water stagnation
is prevented, thus providing bettef growing conditions.

During the entife/growing period, water is drained from the rice
paddies only twice. Theifirst draining comes after the grain has formed
90»§(sof£.dough‘stage. The purpose of drainage at this time is to pre-

- vent ex;essive plant growth. Excessi#eeplant height causes plants to
bgéome top heavy and f§}i goﬁn as the‘gr#in is mpéuring, rgsulting in

<los§tof:graip'qqring Hafyﬁétiné: The -second d;ain#né comes approxi- .
’ ﬁafé}y:twﬁ weeﬁs ?receding harvest.] Its gurposé i;~to faéilitagg’

harveéting.
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T

Fertilization. Very'heavy amounts of~fertilizer, including nit;ogen,
phosphate and potassium, are used. Thep are“applied in tWo;applications
Vto the- paddies in general and one application of nitrogen is applied

to the seed beds., The first application ‘to the paddies precedes
plowing, .At this time, the phosphate and potassium are all applied but
only part of the nitrogen~used is put on. This first application is by
hand-broadcasting;ithe second nitrogen application-is done aerially
towatd the middle~of the growing season.

. Weed and gest control. Water management is the main source of
*need control paddies are kept flooded to prevent weeds from getting
'stsrted. This tloodYis»maintained_until the rice is big: enough to
’crea&:enOugh‘shade to keep.weeds fton growing.' The only.comnercial
herbicide, used is spplied once to‘controleeeds,in the seed beds‘ptior
‘to transplsnting} Insects are controlled~by aerial spraying of com-
»mercial herbicides three;times-during the production process. It was
observed that no effort is msde'to control birds except at the seed.
"beds; Apparently they do not’csuse a significant amount of damage
.exceptVin snall isolsted tields. Also, the ‘improved varieties of rice
sre‘chsrae“f rud bp hesds that droop beneath the upper leaves of the
plsnts. Thts discw’”sges birds from feeding in the rice paddies
’becsuse thesm upper leeves are rigid and’ stickery, thus msking it
difficult for the birds to land in the paddies.

Eg;gg. The primary cost of water is)that of puﬁping it out of

'

. the river. Pump expenses‘accountffor about one7third!of'the‘tota1
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irrigatibn4éd§t§. To haﬁdle the water; five full-time irfigat;rg gré
iempfoyédion each production unit (106 hectares). Oth;r:day labor is
employedmta repair and build Qp(dikes'and clean éanalefprior to plant-
ing. This oﬁeration, thever,.is minimal since all water used in'irri-
gation is pumped. The control of wgeds is the major expense in m;in-
taining the canals and dikes. Work on this begins before planting,
and weeds are cut and burned. from all dikes and canal banks. Later,
during the summer crop, follow-up control is done by hand-spraying with
herbicides. Rain-during the winter crop prevents this practice, and
all weedinglmust be done by hand.
Haryesting. Harvesting is done by large, self-propelled combines.

One combine 'is needeaifor every 90 hectares. This relatively large
number of combines is necessary because the time during which the
crop may be harvested is limited due to the double-cropping system of
production and the wet weather conditions that prevail particularly
during the winter harvest. The grain is hauled from the paddies in
wagons; wheeled tractors pull the wagons., Normally rice is not
stored .but is sold to millers at harvest time because of the lack of
storage and. drying facilities. Rice must be dried either mechanically
, ér by~sun'dryingrin patios before it can be stored for any length of
1 ﬁime.

"\Other costs, YOthef costs)include*AQmipiétrative andﬁprofegs;ohgl
ﬁanagemeht expenses, Tfpicallx; managéfs are experienced and ha§é ﬁad“

university training. .Also‘incluAed as othér costs afe-miscéllanéous
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ftransportatlon and any costs incurred in marketing the crop.

o Interest on operatlng.capital. Intereet ‘costs are: calculated on all
n of the‘caah«reqdired for productlon operations. The annnal cost of land
- 1is not lncluded since it is deducted later and at a different rate of
}lnterest tnan the rate;used in computing the interest on ‘operating cap-
ital. The rate used is 12 percent per annum or 1 percent‘per month.
This rate represents an approximate average‘interest charge -paid by
operators in the Guayas Baain.' Also, it ia the rate used by the
Comision Nacional Del Arroz (National Rice Commission) for estlmating
these same costs.

Amortization of land, Land is treated as an annoal cost. for two
reasons. First, producers indicateythat, due to-economic and political
oonditions, there exists a good deal of insecurity in lend tenure beyond
a l5-year time horizon. Second, the final objective of this study is
to‘calculate the internal rate of return to investment in land develop-
ment and machinery used for rice production, In order to do this, land
costs must be'deducted from)returns prior to any such computations.

The cost of land'used for rice production‘£s~ca1cu1ated on the
basis of an initial land value of l666 sucres per hectare. This figure
waSXestinated from the average’of the prices of marshy and dryxland
in the Guayas Basin. ‘See Appendix G, Table 42, lhe'initlal’land value
~waa theti amortized over 15 yeara (the eatimated economio lif of the
project) at an 1nterest rate of 10“percent. jThis:reaulted i{n a total

'

‘annual cost of 220 'sucres per hectare. . However, since double cropping
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1s pragficéd, @nly one-hélf’of this amoﬁntii§~inc1ud;d,;n the budgeé :
(Table 11).

Returns. Returns.are based on an average yleld of 100 quintéls of
rice per hectare. These:are quintals that are estimated equivalents of |
paddy rice for 190 pounds of hulled rice. In 1969, an average of 196
pounds of paddy rice was needed to yield 100 pounds of hulled rice.

?he price used in estimating returns is the average price received by
farmers in this group for the summer crop. This resulted in costs
totaling 7,187.01 sucres and gross receipts of 12,500.00 sucres or a
net return to capital invested in land development and machinery of
5,312.99 sucres per hectare.

Management. level II.

A typical'rice farm in the management level II category consists
of a single production unit and averages 150 hectares in size. As
noted in Table 8, rice paddies average . hectares in size. These are
organized differently than those observed in category I, in that each
paddy is served by a canal. Also, they are laid out in grid-like
fashion witﬁop; regard to topography. This has the advantage of
uniform si;é and Ehape of paddies but the disadvantage of being more
costly in leveling if they are leveled to zero slope and require a
grégterwamqugt of‘cana}Q. However, less*dikigg is réquired which
ré@ﬁces initial investment costs of deyéipbdent, as well as m#intépé
ance costs. The cost of»this'syﬁtém averages 1,500 éucres per heétare‘

for leveling\éndfz;Sqo sucres for infrastructure (Table 9). This


http:5,312.99
http:12,500.00
http:7,187.01
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amounts to 25 percent of total investment as shown in Table 10.

The budéet showing costs and returns for ‘rice’ production under man-
agement level II was calculated in'the same manner as those for the pre-
vious budget and is presented in Table 13, Machinery requirements for
farms in this group are shown in Table 37 Appendix F.

Land preparation, Two operations are required in preparing the
land for planting under management level II. It is first plowed to a
depth of approximately 20 centimeters with a disc-type plow. The land
is then gone over once with a land plane or a heavy drag, the purpose
being to break up the large clods and smooth ‘the land surface.

lanting. Generally improved varieties of rice are used by this
group of producers. Seed is planted directly in the paddies at rates
ranéina from‘lsb to 350 pounds per hectare. The average amount used
was 250 pounds per hectare. Two different seeding techniques were
used. The method most frequently observed was that of mechanically
hroadcasting dry seed at the heavier rates on dry soil, followed by
frequent 1ight irrigations to germinate the gseeds. The other plant-
ing method used inyolnes lrrigating the paddies first and then seed-
. ing by air preéerminated geed at the lower rates., Yields did not
»appear’to differ significantly hetweén the two'methods.

Fertilization. The only fertilizer ueed’is nitrogen at an average
,rate of 225 pounds per hectare. Normally this is applied by ‘means -of
a mechanical spreader in one application prior to land preparation.x

Weed and pest control.: Weeds are’ controlled uaually with one



Table 13, Production costs and returns for irrigated rice, stated in
: sucres per hectare. Management level II.

Costs
Land preparation
Plowing
Machine power (.80 hr. @ 80.00) 64.00
Operator (.80 hr. @ 8.00) 6.40 .
Labor--weed clearing (21 1/3 hr. @ 3.00) 64.00
Leveling
Machine power (.47 hr. @ 105.00) : 49.35
Operator (.5 hr. @ 5.00) 2,50 186.25
Planting
Seed (2.5 cwt. @ 156,00) 390,00
Planting
Machine power (1.hr., @ 46.00) 46.00
Labor (2 hr. @ 3.00) 6.00 442.00
Fertilization (fertilizers in oxide form)
Nitrogen (2.25 cwt. @ 127.00) 286.00
Application
Machine power (1.5 hr. @ 46.00) 69.00
Labor (3 hrs. @ 3.00) 9.00 364.00
Weed and pest control .
Herbicides 293.00
Application (1X)
Airplane (1X @ 100,00) 100.00
Labor (1 hr. @ 3.00) 3.00
Hand weeding (50 hrs. @ 3.00) 150.00
Insecticides 210 00
Application
Airplane (2X @ 32.50) 65.00
Labor (.5 @ 4.00) 2.00 823.00
Water
Pumping (11 hrs. @ 32.00) 352.00
Irrigators (50 hrs. @ 4.00) 200.00
Dike and canal maintenance
Machine power (.25 hr., @ 105,00) 26.25
Labor (16 hr. @ 3.00) 48.00 X
Supplies 2,50 628.75 -
Harvesting

Combine , " 615.50
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Operator (.25 hrs. @ 5.00)

Hauling from field
Machine power (1.5 hr. @ 46.00) -
Labor (11 hrs. @ 3.00)

Other

Administration
Miscellaneous

Interest on operating capital
(6 months @ 1% per month)

. Amortization of land--initial value
(s/.1666 @ 10%) '

Total costs

Returns
Sale of rice (43 qq. @ 125) )

Net returns to capital investment in land
development - and machinery

12.50
69.00
33.00 730,00
282.00 ,
80.00 362,00
s/.3536.00
212.16
110.00
s/.3858.16
5375.00
s/.1516.84
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app}iqation of’céﬁme;cial herbicides‘bytaerial.apraying two‘to,thfee weeks
aftéi pldgginé. A.gecoﬁd wéeding,igldone by hand about,one~m6nth before |
" harvesting during the time when the paddies are drained. Insects are
contrdlledxﬁy two- aerial applications of commercial insecticides. The
first application is-made during the first month.-after planting and the
second&;wo to five weeks later. No effort is made to keep birds away
from the- fields.

Eg;gg. The major water cost is the cost of pumping the water from
the river. To ﬁhnd1e4the~wa§er, three to four full-time irrigators are
employed. The maintenance of dikes and canals is done by machine prior
to planting when the canals are cleaned and the dikes are repaired as
needed.. The.control of -weeds along the dikes and canals is done in
conjunction-with weed control in the paddies. Following the eight
irrigations necessary to start and establish the new plants during
the first three weeks or so after sged;pg, the.water level is main-
tained at a depth of approximately lo'centimeters. Water is not circu-
lated through the paddies. So, if is added only when required to main-
tain the desired level of water. However, due to 1nadeqpate leveling,
vgteF qoverage»isfnot‘comp;ete; there- are' always areas that receive too
liffiéﬁwéﬁef and others that have too much. Water is comp;etgly drained
%Vtéicé,'onde during the growing~seasop=in‘or@er‘to allow thg'grouﬁd sﬁff;
ace to dry and again just prior to:hérvéa?;ng.
Harvesting; 'The croﬁ is cut' and tﬁr;speq by ‘combines. Both the

self-propelled and tractor-drawn types are used, The«bther:mqjér ex-
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pense in harvesting is-removal of the grain from the field, which is

»alsp'done‘withﬂmachines. .

" Other costs.. Other costs incurred in prdducing rice are administra-

tive costs and niscellaneous expenses, ' Administrative costs are: lover ‘

‘than that for the previous catégory'because only overseer-type admin-

istrative help is hiredl The‘management decisions are made by the

owner, usually on a part-time basis, and are not included as part, of
the costs, since no actual expense is incurred.

Interest on operating capital. Interest on operating capital is
handled in this budget in the same manner as it was in the previous
budget. Again, {nterest’ on the value of land is-not included since it
is.treated separately. The rate of interest uged is 12 percent per annum.

Anortization of land. _As‘;as the case with management level I, land
is treated in this budget as an annual cost. This is done because in-
vestors,. in considering investment in:rice, look at the project as having
a finite time horizon at the end of which the value of all investments
will be zero, Another reason is to-avoid confounding the returns to
land with the. returna to inveatment in land development and machinery

The cost of land is: calculated in the same manner used for the
previous management level, The initial value,wae assumed to be 1666
sucres oer hectare and was amortized ae a cost of production over the.
life of the project at an intereet rate of 10 percent. The annual cost

was estimated at 220 sucres per- hectare, but because two crops are

grown each year, only one-half of this amount is included in Table 10,

.“the crop budget.
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Returns. The returns to the enterprise are réceiﬁed“ént;rely from
the sale of the rice produced. Yields for this group averaged 43 quintals -
per hectare. A quinfal, as was explained for the previous budget, was
the amount of paddy rice required to yield 100 pounds of hulled rice.
Amount required depends on the moisture content and the amount of trash
in the paddy rice. The:amount required averaged 196 pounds per quintal.
Yields achieved by. producers in this group are substantially lower than
those experienced by management level I Producers. There seem to be
;everal factors which may help to explain this. First, management level
II producers use only about one-fourth as much fertilizer. Second, the
only fertilizer used is nitrogen, while producers in group I use
phosphate and potassium in addition to nitrogen. Third, in the case of
most group II. producers, paddies are not completely level, and so
complete control over irrigation is not possible. The low spots are
oversaturated, and the high spots do not receive sufficient water.

Fourth, weed and pest control are not as intense and complete as they
are with management level I producers.

, The price used was the same as that for the previous groub. This
resulted in' costs totaling, 3878.90 sucres and gross receipts of 5375
shdéés)or‘a return to capital invested in‘land.devgiquent'and machinery *

of 1496.10 sucres per héctare.
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Management level IIT
Producers in management level IIT use 1rrigation only on‘a supple-
mentary - basis.ﬁ The organization of their rice producing land which
averages 25 hectares in size (Table 8), is determined entirely by ‘local
topography. No leveling is done, but dikes costing about 1200 sucres’ per
hectare (fable 10) and forming paddies averaging 1.4 hectares in size
are built following contour levels in order to aid in water control and
to expand cultivable land. Areas that can be cultivated under this system
are only those that are natural depressions-which fill with.water during
the rainy season or with the high tide. Other lands are used only as
unimproved pastures.
Mechanization of cultivation.is nonexistent (Table 12). All oper-
.ations are completed by hand ‘and so are kept to a minimum. The, costs
and returns for proooctionqof irrigated rice by farmers in management
level III are’shown in fable 14. These costs and returns were estimated
in the same manner as those for the previous budgets, An inventory of
machiner; used by farmers in ti..s group is. shown in Table 38, Appendix F.
Land preparation. Land preparation in the form of plowing, leveling,
otc., is not practiced by these growers. The only operation involved in
preparing the land for planting is that of cutting and burning the weeos
from the paddies and dikes. This is done entirely by hand.
Planting. Planting of rice in the paddies is done by the transplant
method. On these farms, this is a necessity since the paddies cannot be

drained, particularly during the early part of the aummer’when ‘rivere

*
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Table 14. production costs and returns for irrigaCed rice, stated 'in sucres
per hectare. Management level.III, :

Costs

Land preparation

Cut weeds--labor (10 man days @ 30.00) 300.00

Burn weeds--labor (.5 man days @ 30.00) 15.00 .

Supplies 19.00 334.00
Planting

Seed (.75 cwt. @ 135.00) 101,25

Seedbed preparation--labor (3 hrs. @ 3.00) 9.00

Transplanting 400.00 510.25
Fertilization (fertilizers in oxide form)

Nitrogen (9 lbs. @ 1.27) 11,43

Application--labor (.75 hrs. @ 3.00) 2.25 13.68

Weed and pest control
Hand weeding 2X

Labor (14 man days @ 30.00) 420.00
Insecticides 157.00
Application 2X

Labor (15 hrs. @ 3.00) 45.00
Bird control--3 months

Labor (90 days @ 10,00) 900.00

Firecrackers 15.07 1537.07

Water
Pumping (14 hrs. @ 21,00) 294.00
Operator--labor (14 hrs. @ 4.00) 56.00
Irrigators (25 hrs. @ 4.00) 100.00
Dike repair (7 man days @ 30.00) 210.00 660.00
Harvesting
Cut and thresh--hand (contract)

(42 qq @ 12.00) , 504.00
Haul from field--hand (contract)

(42 qq @ 6.00) 252.00 756.00

Other
Administration 120.00 ‘
Miscellaneous 25.00 145.00

$/.3956.00
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Table 14. Continuecd

lntereat on operating capital K . .
”(6 months @ 1% per month) \ ~ 237.36

Amortization of land--initial value Co
(s/.1666 @ 10%) . : 220.00‘
Total tosts »S/r4413.36
) ' <lReturns ' ’
Sale of rice (42 qq @ 100. 00) “ + 4200.00

Net returns (loss) to capital investment in land :
development and machinery ' s/.(213.36)

:are still high. Cenerally, improved yarietles of rice are used for

aeed. Howevér,;the:quality of seed is generally quite low because it

{

is not certified and storage and handling practices are poor. The -
: first operation is the preparation of a small seed bed to produce the

seedlings to be transplanted. This involves only the selection of an

ks

adequate spot located in wet but not flooded soils, the'removal of weeds

and‘the planting of. the veed , The seed 1is planted by making a small

‘1

shallow hole in the ground with a'stick and dropping in the seed.

Water to maintain the proper 1evel of soll moisture for germination

'and growth of the new plants ialhand carried to the’seed bed in t
Bucketa;' $ranaplanting‘begins any time after the seedlings are of
adequate size and continues for about two months as the water in the pad-

’idiea recedes, .Several small seed beds may have to be prepared and tended

’,during planting season. Seedlings are‘tranaplanted,20-30’centimeters '

apart.


http:S/.(213.36
http:S/.4413.36

74

Fertilizgéioﬁ., The use of fertilizer is limited to application of
nitrogen éo the seed‘feds in which séedlings are grown for transplanting
in fhe éice p;daiés. The nitrogen is applied by hand shortly‘aftér the
plants sprout.

w§eh and pest control. Weeds are controlled by two hand weedings,
one' a few weeks afger transplanting and the other about a month later.
Compercial insecticides are used to control insects that are damaging
to -the crop, and applied by hand sprayers once to the seed beds prior
- to transplanting and once to the paddies two to three weeks after
transplanting. The largest expense in this category is incurred in
keeﬁing’birds away from the crop. This is an interesting practice since
the»previpus two management levels did not feel that this was important.
However, birds may be more of a problem in this case because of the
‘small fiéld size and somewhat isolated locations.

Hater. Water costs for this group are relatively low since irri-
«gation is used only to supplement the water already present in the
pﬁddies. Initially the high tides (locally referred to as aguajes)
are taken.advantage of to fill the paddies when needed. The depres-
%ions in which rice is planted are connected to the main river by a
small channel in which a small earth dam' and headgate are constructed
go that water flow can be controlled. ' This method of irrigation works
faifiy'weli during the first part of the: summer; 5ut as the dry season.

" continues, the level of water in the river lowers to the point where
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thelwater during the- ggggjg no longer reaches the paddies on the higher
ground. At this time, beginning in early October and continuing through
‘the ‘month, a small motorized pump--usually about four inches in 'size with

" a capacity oftapproximately:450 gallons-per minute--is used to supply water
ﬁhgne needed, This‘nracticetneduces iosses from droughts and enlarges

the éreawdn which it is possible to grow rice. Onlyionekirrigator is
nneded. The only other major cost in this category is that of repair-

ing dikesﬁwﬁich nre usually damaged quite badly during the rainy season

by thg*wntéf and by animals pastured in the fields.

‘Hnrvesf?ng. Harvesting is dnng by hand. The-rice is first cut and
stacked no nhat.it will dry. After it has dried sufficiently, it is
threshed‘by beating)the heads.on.a large stick. This results in a good
d;al of trash getting into the grain which must be removed. The grain
’ isléhen carried frgm the field by hand or on beasts of burden and sold
Arno the nearest miller,

Interest on operating capital. Interest on operating capital is
freated for management leyel III in the same manner as it was for manage-
ment levels I ann 1I. ‘Ihexrnte of ;nteresﬁ'used is 12 percent per annum
or 1 percent per mgnﬁh. The- annual cost of land is not included as part
of ‘the nperating capital.

Amortizatinn of land. Land used for ricé production is treated here,
as it was for the-previonq management grouns; as an annual cost of pro-
duction. This is dnne in oxder‘to\avoid’con¥oqnding the returns to land

.. with the returns to invesgnent'in land improvement ‘and machinery. The
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cost 1s basgd on gbe«amortized initial value of unimproved land.) The »
agortization was computed at an Interest rate of 10 percent over the
estimated project life of 15 years. This amounted to an annual cost of
land of 220 sucres per hectaré, and since only one crop is grow;~during
the year, the total amount is included in the budget as shown in Table 10.

Returns. The returns from the summer rice enterprise come entirely
from the sale of the rice which yields an average of 42 qq. per hectare.
As with the previous two budgets, the quintal is the amount of the paddy
rice required to yield 100 pounds of hulled rice. Due to excessive a-
mounts of trash, the amount required often exceeds 200 pounds. The qual-
ity of rice delivered by these producers is generally quite low because
of trash, dirt and rotting which results from the handling practices.

As a result, a lower price is received than that received by the two
management groups previously discussed. During 1969, the price
received averaged 100 sucres per quintal as compared to 125 sucres for
the other types. Another factor which influenced price was the timing
of sales, This resulted in gross receipts of 4200 sucres and costs

of 4413.36 sucres or a net loss to capital of 213.36 sucres per

hectare.

Management level IV

This management group is composed of the producers who use the
traditional methods of production. Most rice growers in the Guayas
Basin fall into this vategory. Plantings are small, with the average

cdltivated'areg only five hectares.(Table 8). They are located in,
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4na;ura1 depressions, and the high tides are used as the only source: of

~irrigation. The design of the irrigation s}stem, if it can be called

a system, is made according to the topography, as in management level III.
However, paddies are somewhat smaller (Table 8), and infrastructure
represents a much' lower investment--approximétely 500 sucres bet hectare
(Table 9).

Withlthree-exceptions, management practices are the 'same as those
_observed -in the -previous group. First, no fertilizer is used; second,
insecticides are not used; and third, irrigation is not supplemented
by pumping. This last increases substantially the risk of crop loss
from drought .and lessens the amount of land ‘that could otherwise be
cultivated. The-costs and returns budget for rice production under
management level IV is shown in Table 15. For this management group,
two budgets were calculated. The first includes the cost of all labor
at the existing labor rates for the type of work done, whether or not
.an.actual cash expense.was incurred by the operator. The second budget
is calculated excluding the value of labor supplied by the operator
and his family’ for which no moﬁgy-wages were paid. This approach is
based on the argument supported by many-scholars of development econ-
§m1cs‘which suggests‘that th;rg are . no rqa} alternative employment
épportunities outside the- farm, thus indicating that the opportunity
coét of labor on peasaﬁt farms similar to those in management level 1V
are close to zero and should not be inciuded as:pqrt\of the prodéét;on

_‘costs.,
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Table 15. Production costs and returns for irrigated rice, stated in
sucres per hectare. Management level 1IV.

Costs
Including Excluding
labor value labor value
Land preparation
Cut weeds--labor (9.5 man days @ 30.00)  285.00
Burn weeds--labor (1.2 man days @ 30.00) 36.00

Supplies 7.00 7.00
Planting
Seed (1 cwt. @ 110.00) 110.00 110.00
Seed bed preparation--labor
‘ (3 hrs. @ 3.00) 9.00
Transplanting--labor
(10 man days @ 30.00) 300.00

Weed and pest control
Hand weeding 2.5X

Labor (20 man days @ 30.00) 600.00
Bird control--2 months
Labor (58.days @ 10.00) 580.00
Water
Labor (15 days @ 30.00) 45,00
Supplies 20,00 20.00
Harvesting
Cut and thresh--hand (22 qq @ 12.00) 264.00
Haul from field--hand (22 qq @ 6.00) 132.00
Other harvesting 50.00 50.00
Other ’ 50.00 50,00

S/.2488.00 s/.237.00
Interest on operating capital

(6 months @ 1% per month) 149.28 14.22
Amortization of land--initial value

(s/.1666 @ 10%) 220.00 220.00
Total costs S/.2857.28 S/.471.22

Returns

Sale-of rice (22 qq @ 100.00) s/.2200.00 S/.2200.00


http:S/.,2200.00
http:S/.2200.00
http:S/.471.22
http:S/.2857.28
http:S/.237.00
http:S/.2488.00

79

Table 15. Continued

Net returns (loss) to capital investment .

in land development and machinery (S/.657.28)

Net returns to capital investment

in land development, machinery, labor : ,

and management ' ‘ o 8/--1728-78:

————
. it

Land preparation. No machinery is used by this group in rice culti-
vation. Generally the varieties of rice planted are the criollo or unim-
proved strains. All planting is done by the transplant method. Seedlings
for tronsplanting are grown in gseed beds following the same general prac-
tices as were observed in the previous case.

Weed and pest control. After the rice has been transplanted to the

paddies, weeds are controlled by two hand weedings. No effort is made
to control insects that may damage the crop. However, birds are care-
fully kept away throughout the early and later parts of the growing
geason and during the harvest. This task is the most costly of all op-
erations performed in-rice culture by this group since it requires so
much t;me.

ﬂgggg. Water ;;st for'this group of producers is very low since
no pumping~is done. The rice paédies’are located in natural dejressions,
along water ways which permit water from the mai.l river to enter at times
of high tide. Thus, the only expense involved in irrigation is the cost
of the labor required to regulate the amount of water that enters or

leaves the paddies.
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Harvesting. Rice is harvested by hand in the same manner as was
discussed 'in the section on management level III,

Interest on operating cggital. Interest is calculated on the same
basis here as it was for the previous %ydgets. It is computed on all
production costs except the annual cost of land which is treated sep-
arately. The rate of interest used is 12 percent on an annual basis.

Amortization of laﬁdf' Land is treeted here as a cost of pro-
duction, as it was with the other management groups. Initial land
value is estimated at 1666 sucres per hectare. This is amortized at
10 percent interest over a period of 15 years to arrive at the annual
land cost of 220 sucres. Only one crop is produced each year by pro-
ducers in this group, so all of the cost is included in the pﬁeduction
budget.

Returns. Returns come solely from the sale of paddy rice which
yields, on the average, 22 quintals of hulled rice per hectare. The
price received was the same as that received by producers in group III
and for the same reason. For both budgets in group IV, gross returns
totaled 2200.00 sucres. For the budget that includes labor as a cost,
total costs were 2857.28 sucres per hectare, indicating a negative
reﬁurn to capital of 657.28 sucres per hectare. However, by excluding
the value of}lab’cSE, mosty if not all of which is supplied by the family,
as a cost, pr;duction expenses to;al only 471,22 sucres per hectare,
thus showing a net return to capital and labor of 1728,78 sucres per

hectare.
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Calculation ég the Internal Rates of Return
' In estimating the flow of net benefits and investments as the basis
for calcul;ting the internal rate of return to irrigated pa&dy rice for
éa;h of the management levels previously described, several assumptions
have been made. These assumﬁtions are briefly outlined below and include
the: following:

1. All producers operate under conditions of pure competition in
regards to both what they supply to the market for sale and what they
déﬁénd from the factor market. In other words, they can each sell as
much as they can produce without affecting the price, and they each
may buy as much.or as little as they want without affecting prices in
the input market.

2. The length of the planning period for each management level
was .determined by the expected project life, by producers in each
group -and by the:expected economic life of the equipment required.

The major factors which influenced what producers expect were economic
and political risks--fear of excessive 1nfg§tipn ahd expropriation be-
cause of land refarm*policies.

3. Land values.at the beginning of the planning period are assumed
to be the same for all management groups. This initial value Vas cal~
lculated on the basis of the average of recent sales of marsh and dry
land in the Guayas Basin and was estimated to be 1666 sucres per
hectare. It should be noted that it is not implied here. that land in

this area can be purchased at this price, as it is simply an average of
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most recent past sales, In fact, according to Aviles (1968), an anal~
ysis of the prépert& registers and the corresponding deed transfers in
the Guayas Basin indicates that there is very little transfer of land
although, apparently, there is a relatively large number of people
who are willlng to purchase land.

4, Because rice farmers indicated that their ,planning period was
limited in length, the initial cost of the land was treated as an
annual production cost. As was explained previously, this is done by
amortizing the initial land value over the planning period, using an
interest rate of 19 percent. Thus, land values at the end of the
project life are assumed to be zero. Also, the value of investments in
land development at the end of the planning period is considered to be
negligible and so is ignored.

5. Total investment in land development and machinery during the
planning period includes the initial cost of the required equipment.
Additional investments in machinery are also entered in the stream of
investments, as dictated by the expected life of the machinery. See
Appendix F,

6. Estimated replacement costs of headgates and other water-control
devices, not including dikes and canals, are included in the flow of
net investments. The maintenance of dikes and canals is included
as part of the costs of production.

7. 'As was mentioned earlier, climatic conditions that exist in the
Guayas Basin permit continuous produgtidn of agriculturallcrqps. In

~the case of rice, this means that two crops can bb'growp.\ If ddﬁblef
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cropping is practiced,’in‘effécg the eqdiﬁalent number of Hectarés on
which rice is gr’owﬁ is doubled.

| 8., Under double-cropping,‘cgsts? yieléé’and returns are assumed to
be the same for both'cfop:peribds in spi;e of the fact thép one is
growq'duriné the rainy season. By way of review, howevgr, this does
not imply that ali‘cosFa are the same for production during the two
seasons but only that total costs are roughly the same. Also, there
{s no evidence to suggest that yields differ; producers who currently
practic; double-cropping assert that yields are the same.

9. The calculations are all limited to the Daule soil group be-
cause development costs and yields for other soil conditions vary sub-
stantially from those typical to this group. Yields drop significant-
ly on‘the lighter soils, and other soils similar to the Daule soils
are not included because the slope is greater, implying higher devel-
opment costs.

10, Returns for all management groups are calculated using cur-
rent prices for inputs and for rice.

11, Also, no-cﬁanges in'ménagement practices which would affect
costs or productionthe taken into consideration. Management levels

are assumed to remain constant throughout the entire planning period.

Management level 1

The schedule of net benefits and investménts for rice production

under management level I is shown as a stregﬁ by years in Table 16.

'

Develnﬁment of thevrice’enterprisé is.carried out over a fi?e-year
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Table 16. Nef benefits and investments schedule for one production unit.
‘Management level I, '

Number of Net annual Equivalent no, Net annual
hectares investment in hectares benefits
Year developed land development cultivated

and machinery

100 1,840,600 100 531,299

0

1 — 1,000 200 1,062,598
2 . 1,000 200 1,062,598
3 -—- 1,000 200 1,062,598
4 c-- 1,000 200 1,062,598
5 ——- 65,000 200 1,062,598
6 _—- 1,000 200 1,062,598
7 --- 397,000 200 1,062,598
8 —- 1,000 200 1,062,598
9 ——- 200 1,062,598
10 ——- 65,000 200 1,062,598
11 -- 1,000 200 1,062,598
12 ——- . 1,000 200 1,062,598
13 — 1,000 200 1,062,598
14 woa - 1,000 200 1,062,598

period wi££ 100 hectares (one production unit) being brought into pro-
duction during each of these periods. Thz planning period used was 15
years for each production unit. During the year in which a unit is de-
veloped, it is assumed that only one crop will be grown. During the
following years and until the end of the planning period, at which time
it is assumed that production will end (for planning purposes at least),
two crops will be grown annually, This in effect doubles the number

of hectares cultivated. This effect is shown as the equivalent number
of hectares cultivated in Table 16, The total benefits column in tie

table is derived from the costs and returns budget as shoﬁniin"fable 11 -
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and from the equivalent number of hectares. The toéalsiﬁvestment column
is taken from the‘develqpment costs aS'sﬁokn~in Table 10‘But1also incluaes
annual maintenance and repia;émgnt costs of the ﬁgé@ggges‘and othe; water
: contgol stru;tures.

As was noted earlier, the formulas f6r<solving f&r‘theu;nternalﬂ
rate éf return directly are complidated and unwieldy. So, an indirect
method of approximating the internal rate of return through the:use of
pregént value tables will be used. This is the procedure-employed in
méking“the calc#lation in Table 17 which indicates that the internal rate
of return to investment in machinery and land development for rice pro-
duction under management level I conditions is slightly more than 80
percent, It will be noted that this table, howevér, is only for 100
hectares, whereas a total of 500 hectares is developed. But, this does
not present a problem since each 100 hectares constitutes a production
unit; each is treéted as having the same planning period--15 years--
and it can be assumed that the internal rate of return will be the
-game for eacb*prodqction unit. It also follows that the internal rate

of return will be the same for the entire farming enterprise.

Management level IL

The same procedure used to calculate the internal rate of return
for management level I is used in making the calculations for returns
to management level II conditions. The same length of planning period
is used, also. Table 18 .shows the stream of land development and

machinery investment costs, the equivalent number of hectares culti-

F)
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Table 17. Estimates of net and discounted annual returns for 100 hectares, in sucres. Management
level I. J
Annual

Investment Annual Annual . Returns Less Discount Discounted
Year Costs Costs Returns Investments, Costs Factor -- 80% Net Benefits
0 1,840,600 -- 531,299 -1,309,301 1.0000 -1,309,30}
1 - 1,000 1,062,598 1,061,598 0.5555 589,717
2 - 1,000 1,062,598 1,061,598 0.3086 327,609
3 - 1,000 1,062,598 1,061,598 0.1714 181,957
4 - 1,000 1,062,598 1,061,598 0.0952 101,064
5 - 65,000 1,062,598 997,598 0.0529 52,772
6 - 1,000 1,062,598 1,061,598 0.0294 31,210
7 - 397,000 1,062,598 665,598 0.0163 10,849
8 - 1,000 1,062,598 1,061,598 0.0090 9,554
9 - 1,000 1,062,598 1,061,598 0.0050 5,307
10 - 65,000 1,062,598 997,598 0.0028 2,793
11 - 1,000 1,062,598 1,061,598 0.0015 1,592
12 - 1,000 1,062,598 1,061,598 0.0008 849
13 - 1,000 1,062,598 1.061,598 0.0004 424
14 - 1,000 1,062,598 1,061,598 0.0002 212
Total 1,840,600 538,000 15,407,671 13,029,071 6,608 *

* Error indicating that the internal rate of return of 80% is slightly too low

98
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Table 18. Net benefits and investments schedule. Management level II.

Net annual
Number of investment in Equivalent
hectares land development  number hectares Net annual

Year developed and machinery* cultivated benefits *

0 150 2,395,500 150 . 227,526
1 -—— 2,000 300 455,052
.2 ——- 2,000 300 455,052

3 --- , 2,000 300 455,052

4 -—- 2,000 300 455,052

5 -—- 30,000 300 455,052

6 -e- 2,000 300 455,052

7 --- 2,000 300 455,052

8 -—- 423,500 300 455,052

9 --- .2,000 300 .455,052

10 —-- ‘ 30,000 300 455,052

11 -——- 2,000 300 455,052

12 -—- 2,000 300 455,052

13 --- 2,000 300 455,052

14 --- 2,000 300 455,052

-~ Sucres

- vated and total benefits. ‘In this case, it is'aasumed that the entire
rice entefprise is developed in the first year. During the  first year,
one crop-can be harvested; but following this, it is assumed that two
crops will be grown annually,

The calculations required for estimating the internal rate of return
are shown in Table 19. ‘The ‘procedure used is the same.qa that féllowed
in making these same calcdlationg-for ghe;previbualy discussed case.

The -results showighat the land éevelo?menc and machinery investments in-

curred have an internal rate of return of roughly 17.6 peréedt.



Table 19. Estimates of-net and discqunted annual returns.for rice enterprise, in sucres. Mbnagémgnﬁ

level II. )
Annual ‘
Investment Annual Annual returns less * Discount Discounted
Year costs costs returns investments, costs factor--17.6% net benefits
0 2,395,500 - 227,526 -2,167,974 1.0000 -2,167,974
1 - - -—— 2,000 455,052 453,052 0.8503 385,230
2 -—- 2,000 455,052 453,052 0.7231 327,601
3 -—- 2,000 455,052 453,052 0.6149 278,581
4 .‘T" 2,000 455,052 453,052 0.5229 236,900
5 --- 30,000 455,052 425,052 0.4447 189,020
6 - --- 2,000 455,052 453,052 0.3781 171,298
7 . ——- 2,000 455,052 453,052 0.32i5 145,656
8 -—- 423,500 455,052 31,552 0.2734 8,626
9 -—— 2,000 455,052 453,052 0.2324 105,289
10 - 30,000 455,052 425,052 0.1977 84,032
. -—— 2,000 455,052 453,052 0.1681 76,158
12 -— 2,000 455,052 453,052 0.1421 64,378
13 - 2,000 455,052 453,052 0.1215 55,045
14 ) —-—— 2,000 455,052 453,052 0.1033 46,800
Totals 2,395,500 505,500 6,598,254 3,697,254 6,640 *

*Error in excess indicating that the internal rate of return of 17.6% is slightly too low

88
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.Mgnagement'level IIT |
Rice production under conditions existing in this management group

.does not have positive returns.i As shown in the budget of production costs

and returns (Table 14), there is a net loss of 213r36 sucres per hectare of

-

' rice grown; thus an internal rate»of return csnnot be estimated, and it

must simply be concluded that produetion of rice under these conditions

is not profitablel

| In regards to‘mansgement,level IV,.an.examination of the éosts and
Keturns budget 'including the value of labor in- iable is reveals that
*tﬁere is a negative return to. investments in the. amount of 657. 28 sucres;
mo Eélculations‘regarding«anvinternal‘rate’of return need be made. Suf-
fiee it to note that‘costsmof production:are not covered.folloning*the
eultivation practices used by -producers in‘this group if thellabor
sunplied'by the ooerator and his family is included as a cost. I£, how-
ever, labor is notincluded as‘a\cost, there are nositive net-returnn to
riceﬁproduction; andyan internallrate«of return could be calculated.' The
\ilow}of net annual beneiits‘and investments. costs is;in'stie 20. But,
;sinoe:these returns include‘the’vsiuerof iabor; an internallratenofjre-
turnathat would be eomparaﬁle to those estimated for managementtlevels I’
and II cannot be eomputed - For this resson, an: internal rate of return ,
’is not estimated for rice production under management 1eve1 Iv. conditions.

§

;Instead it can. only be concluded that the. return to. capital investment,

\

management and labor for this group: is approximately 1728 78 sueres per '
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T551e'2o. Net benefits and investments schedule. (Value of lafbr exclﬁded.)
’ Management level IV.' '

Net annual <
Number of investment in . Equivalent )
hectares land 'development ' number hectares Net annual
Year  developed """’ and machinery ¥ ' - cultivated benefits *
0 5 2,500 0 -—-
1 - -— 5 8,644
2 - ——— 5 8,644
3 - 100 5 8,644
4 - 100 5 8,644
5 - 200 5 8,644
6. - 100 5 8,644
7 - 100 5 8,644
8 - . 200 5 8,644
9 - 100 5 8,644
10 - 100 5 8,644
11 - 200 5 8,644
12 - 100 5 8,644
13 - 100 5 8,644
14 - 200 5 8,644

* Sucres

hectare and 8644 sucres for the-entire farm.
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HYPOTHETICAL AGGREGATE IMPLICATIONS

In accomplishing the- goals of development, égriculture'cgn*play'an

.

fmportant‘t&lg not only as a souéce of labor, but alsb‘as(a.squrcé of
capitél. In this study, it was no;ed‘tﬁ;t'in Ecuéaor,(rice‘y;elds an
\;vergge of about 25 quintals per hec?aret In-all, app?bximately 107,060
hegt;res are dedicated to rice production, reauit;ng:in total prodﬁct;pn
'fof the country of just over ‘280,000 metr;c tons, 'bf this, less than 15
,pgrcenﬁ is produced by'mechaqized techniques of produc;ion.‘ Nearly 99
.percent of the-producers use no fertilizer, and only about 40 percent
of the' farmers use irrigétiQn. (Comision.Nacional del Arroz, 1969).
‘However, as it was noted in thisfstudy,'rice yields need not‘be~so low.
'Managementﬁlevél I ﬁroducers achieved yields oé 100 guiptaléﬂ'per
bectare and tﬁroughrdevélopmeht,of*irrigatibn wefe able to«prqdﬁge two
_crops each yeér at essentially the same costs per héctarq‘fo;'eaph,dr;p.
Also, it was.discovefed that thg‘éapifal investméﬁt required for land
\'developmgnt apd“mééhingty 1; thé‘aboye ﬁanageyent §ate36ry~hdd’vgry
high~réturns-iépprokiméfeiyL;Q pérgeﬁt;

It is obvious that if management techniques. and investment in ma-.

chinery and land development for all of the rice producers:were brought
LI o i s R RO
to-the level at which the management -level I-group mow operates, there

ountry's

\

'would be a'substantial increase in the total production of the.c

s

‘ﬂ‘agf@cu}ﬁufqi'éec;oi. ‘Abcbrdﬁﬁg to’ the Pan American Union, 1964, ‘there -
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- are approximately 70 thousand hectares of land of the Virces soilfgroupw

\

e !

iand”ﬁzg thousand hectares of the Daule soil group (Figure 3)3ytﬁe two soil
grogps fo~whiéh~th;s study -was limited. Thus, theoretically, there'is a
total of about ?95 thousand hectares on which:.rice.could be froduced and
which»coul& be developed. On the basis of this'assumption and the assump-
tion ghat two érops could be grown annually, making a total of 590
thous?nd,hectares actually being harvested, which would yield 100 quintals
of mi}ledxrice per hectare-per crop, the total annual production for the
country could reach.59 million quintals. or roughly 2.5 million metric
tons instead of the 280 thousand metric tons being produced.

To reach the level of production indicated above, the total number
of hecta?es planted to rice-would have to be increased by more than five
times)oYer.tﬁgfamount planted in 1969. Whether or not such an increase
would be possible cannot be determined at this time. But, even if such
’ :an;increasevwerelﬁqt possible, the amount of land planted to rice could
‘at leagt be:doubled by - simply producing two.crops instead of one as is

the presenpypragtice. If this were done at yields corresponding to
‘thoge*beigg obtained now by producers in management level I, total pro-
duction still cquid be increased from the present 280 thousand metric
'kF;ns to-a?ﬁroximately 950 thousand metric: tons.
At the present levelg.of‘integnal copqumptidn,lincieases ;nfthef

amount of rice available: for exportationéwoulaAbe~§ubstantial'iﬁ either
case, F&r‘example;iif'iﬁterqal conqumptionswere‘ﬁo-iemain'aé'a’lévgl of

- leﬁs than 200 thousand metric ‘tons, in‘the»first‘iﬁstanpe-digéﬁqped:ahé@g”
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,whe;e tétgl,p;oduction was gstim;ted at 2;5 million metric toné; there;woqld
be-rduéﬁi} 2:3‘;111ion.me£:1pltons avgiléb{e*fdr e*po;t,‘ Further, if the |
~wor}dgmarket price were tg rgmqinzat,IZé-dollars'(Uis.) per metric' ton-~
the a§grage‘price~from;196i thfough31967-;the-pbteptial iﬁcome to the
:~natioﬁ'i;'foreign exchange -would be approximately 290 million dollars
(U.S.). .On the other hand, 1f no-further land could be developed, as
was the.case in the second situation discussed above, where ‘total pro-
'éuctiontwas estimated at:950 thousand metric tons, the amount~of rice
- available for e¥port would still be about 750 thousand metric tons. At
the. same export‘price as used above, this would.result in a national in-
: cbmé of about 96~4i1110n dollars (U.S.) from the sale of rice on the
-wor1¢!market.

" Tﬁese-figures afe, of course, est#mates of gross sales and so.do
' not represent the:potential feturns to-investment in'land developme?t
.and: farm machinery. At:thg-c@rrent‘localzprice of 125 sucres per
‘ quintai or 118.doilars (U.S.) per metric ton, and assuming that 1) per
hectare}costs,of‘p?oduction coﬁld be~kgpt at the-same level as that found
_in this studyffpf-@%;égément;ievel*I producers -and 2) costs of market-
"~ ing, storing and'han§ling~for egﬁort wogld.not exceed 10 dollars (U.S.)

per’metfic ton (the difference bétween the ‘world markét price and the

‘current local price), ne;:fetprﬁslto cépifaltinvestment in'lgﬁd‘deveil (

1 N

opment and - farm machinery-would be approximately 104 @illion dolléréj

(U.S.) for the sale of 2.3 million metric tons or 34 million dollars

(U.S.) for the sale of 750~thouaané metric tons ' of rice.
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Naturally, -increasing:the-amount of land used for rice production
and/or bFingipgﬂrice'prohuction'practices to the-level ‘at which:manage-
‘ment level I producers now operate .would involve several probleﬁs. To
.begin with, large-amounts of capital would have to be obtained. ’Fgr
example, if the developmené 0f all of the land in the Daule and Vinces
soll groups, constituting 295 Ehousand hectares, were undertaken as in
the first situation:described above, roughly 114 million dollars (U.S.)
_ for lgnd,gevelopment and 120 million dollars (U.S.) for farm machinery
-wo#id be needed. And even if development of just currently used land
(apprgximatgly 110 thousand hectares) were-undertaken, the capital
requirements -would be nearly 43 million and 45 million dollars (u.s.)

A3

for land development and farm machinery, respectively,

Capital is not the only problem that would be encountered. Others
wohld'prqbably include the following: efficient use and allocation of
water resources, particularly-during the summer (dry) season; sources
of necessary ‘production iInputs would have to be-developed; farms would
have to be reorganized in units large enough to permit taking advantage
of any economiés of scale that exist; the present,mgyketing, handling
and storage systems and facilities would have to be restructured to
handle the L;fée amounts of rice that ‘would be produced; and, of course,
managers would have to be trained .and so@rges of productio?aaqd.ogerég;
ing capital developed.

All of these caicplatiané are-purgly-hypothetigal,fbut gﬁeyiseqmj

"

to -represent 'a maximum -and minimum level of productfdn as well as invest- '
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ment costs and potential returns that- -could be achieved through improve-

ment " in management and production techniques and through investment in

.irrigation for rice.
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SUMMARY

In recent years, there has been an ever-increasing interest orn the
part of the richer and more powerful nations of the world in the welfare
and development of the world's poor and underdeveloped countries. Concern
is felt over the ever-widening economic gap between these two classes of
countries. Many of the latter are rich in wuatural resources, but econ-
omic progress in terms of higher per capita incomes and levels of living
has passed them by, while countries such as Japan, the United States and
the European countries have experienced relatively high rates of growth.
The questions haunting today's scholars are why has economic progress
been experienced by some countries while not by others, and what can
be done to initiate and sustain growth of the underdeveloped nations?
Another question related to the problem of initiating growth concerns
the role of agriculture in development. A firm conclusion on this sub-
ject has not been reached; some view agriculture as the primary impetus
for growth, while others stress the ‘need for ingustrialization as the
growth vehicle, and still others argue the nged for parallel develop-
ment. of both sectors. '’

Ecuador, it was discovered, is a country that numbers among the

underdeveloped counEries and shares most of-their problems, having a per

capita incéme of apprdximate1j3200 dollgfy (u.s.) and’the second hiﬁheet'

populat;on”growth rate in the world. The need‘forlincfeasipg:éuéput, P
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pa;;iculari&“in'tﬁe"form'of-agrtéultural products, was abparént,: And, it

’ e ‘
~

T

wég observed\;hat the redﬁife§ nﬁt;ra}'resourcép)aresin”abﬁﬁdance.

_Rice'is oﬁg.of‘fhegérops in .which prod&cfién‘and%yiélds have - remained
relatively static for a number. of years. This crop is éroduced almost
entire}y~in the‘Guayaé Ba;in on the hgévy clay soil along }He Daule and
Babahoyo -rivers in flood plains region of this basin. Water éuality was
also’ found to be an important factor in:limiting the: extent of;the rice-
producing region. It was found that, due to the low elevation of this .
valley, saline water from'the ocean adversely affects the guality of the
water for irrigation use as ﬁaF upstream . as Pascua;gs, about 60 kilometers
\inlénd;

Ehg;primary'oyjective»of this sgudy:was to'examing rice production
methods; with specigl.;mpﬁasié on. irrigation-water management gfabq;ces
used by producers from all levels of~maqagemen?. To do tﬁis, rice -pro-
d;cpfs were divided iﬁfo four categories on the basis of the-level of
‘mechanization of their operatién, use of purchased inputs, and the level
of 1nve§tmeqt in irrigation facilities and general management practices.

: The'ievéls of inveqtmepq‘in these facilities ranged from 7,000 to 500
suc;eé per ﬁectare, and mechanization of production varied from almost
total use of gachiﬁery for cultivatiop operations to.no machinery at éll.
Siyilar Vagiatiéns weré;noted inArggards to yie{dg‘whiéhgrahgéd f:omilob
‘quintals ;f hul{gd>rice‘tb‘jd§q 22’qﬁint§1;3’§er heét;pe.
The effiéienéy pfJirfﬁgaéignfygter;use~prgsentéd some bréblemg and '

PN .

cou}d'not be.calculated for all:four ‘management categories. This was de-

%
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fined as bqing,the ratip of the amount of water beneficially useﬁ to the
(g@ount of'#atér delivered to-the: farm. Since nolséudie;‘hhve been.done in
Ecuahbr in regards to water requirements for rice, findings from a differ-
ent climatic zone were-used; the water requirements were assumed to be.
the same as the potential edapotraﬁap;ration of water for this crop. The
amount of water delivefed was determined to be the amount of water diverted

1

from the river. 1In all cases, this is done by pumping; thus the total

. amount of water used was estimated-on the basis of the total amount of
pumping time, However, for the lower two management categories, it was
discovered that tidal fluctuations are used for supplying irrigation water;
the .amount used .could not be-determined. The efficiency of water use'for
the other éwo groups was 37 and 34 percent f;r manag;ment level I and II
respectively.

In regards to the production techniques employed in-rice cultivation,
there is a wide .range-of variability, as w§s~qo§edxébove. In oxder to
evaluate profitability associated.with the different production practices,
costs &nd returns budgets were calculated for each management group. It
was founé\Fhat cosés;which-include-value of all labor used ranged from

" 7i87.01 to-2857;2543ucres per hectare, while net rétupﬁsavatied,from
5512.?9 to a 1;é§ of 657:28 sucres per hectare ofwriée grown for manage-

ment level I and management level Iv, respectively. ' |

¥

‘ In:ofde;‘to compare the profitability of rice pfodﬁctionjand:iqyeat-

" -ments in'machinery and land development, the internal rate-of return, eri-

iterion was used, .This-rate of return is that ratéaéhichzequateé tpé flow
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of net benefits to-the flow of net investment for a pfojéct over its ex-
pected economic life. The stgéém§~o£ bengfits*we?e estimated from the.cost
ghé.returns budgets andhthébiﬁ;éstqeﬁts{sﬁreamlffom the costs of lapd»Ae-
velopments and iﬁi;ial machinery costs, together ﬁith-éﬂpecfed main-
tenance and replacement costs of headgates and other water control struc-
tﬁres. These -rates varied from about 80 percent for production under man-
agement level I, 17.6 percent for management level II, to losses (negative
.returns~--these.-were not calculated) for management levels III and IV,

Upon examining the potential aggreg;te implications of a shift of
management and rice production techniques to the management level 1
classification, it was shown ﬁhat thé country- could benefit -substantially.
As-an upper limit it was.estimated that the amount of land used for rice
productionvcou}d bg(increased from the present level of 107 thousand
‘hectgres to’épproximately 295 thousand hectares of land in the-Daule and
Viﬁcés soil group. This cou1§ then be-cropped twice-during the year,
“mgking the total production possible, at yields of 100 quintales per
hectare per crop, roughly 2.5 million metric tons. At the present levels
of internal consumption, 2.3 million tons qoﬁld be available for export.
At the average of recént world market prices, it was found'fhat the in-
comes from rice sales would be'approximate1y<29b milliopy?ollars (U.é.).

| A; a'lower limiéito thé potentiﬁl agg?égaée; bénefigs of«invegépent
ina¥ice ir;igatioh ané.mgderﬁi;atibn;of’the 107 thousand'héctares cur~
rently being ;ultﬁfateg coul@*ﬁéjutilized‘mo;e-efficiently by growing

v .

"two. crops ‘instead 6f~6né~aﬁdnby'1ncr€géing yields from the present -level
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of 25 to 100}quintaLs‘/per hectare. By doing this; total production would
be roughly 950 thousand metric tons, ‘750 metric tons of which would be

available for expo'“. The sale of this much rice wguld‘contriﬁute about

96 million dollars -(u.S.) to the national income.
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* .CONCLUSIONS AND NEED' FOR FURTHER -RESEARCH

Tﬁis project was updeggaken to'study the gffeéts,of irriga%ion and’
ﬁroducé&on cé;hniqugs’pn p;odﬁétion in‘develgﬁing pégnt;iesl A case
study was made’,on égmme; ricé production in ﬁcuador. |

| 1Iq*regard§,to opjective‘nuéber oné, it‘ya; found that proéuéers who
ﬁsg sb@e‘type'o£ irfigat{op system iﬂ“produciné‘r;cg could be divided
inﬁo foér disfinééréroﬁps. Proéﬁcers igtthe top kwo managemenfwlevelé
‘u;;d irgig;tiop‘extensively'wbile the bottom two categories usedxir;i-
gatiﬁn only tb supﬁieﬁqu(the Qater shpplylglready present in the nat-
“ural depressions in which the ¥iée was grown. |

’In attemfting to'evaluaté the efficieﬁcy éf irrigation water' use,
as outlined in the sgéond objec;#ve,lit.wés fqund that the information
required was sketchy)aﬁd‘in‘séme éﬁ;es no;e¥1§tent. ‘The estimates of
efficiency could only fe/mgdg fér the first and sécondvmanagemgnt
catego;ies: Similaf ca}cuiétioﬁs‘could'ﬁot be made for the third and
fourﬁh'levéls because gf‘ghg lack éf daté aqd‘ﬁecause the irrigation -
pragticeé used by opérétarg in‘phese éﬁs g;;uﬁs’do not lend tﬁeﬁée1ve§
to measuregéﬁt aﬁd:eQélﬁ;tiop;

Frpm the éaléulgtféns~made in connect;én wiﬁbtobjectiGéxhumbef three,
"it was féund thaﬁfgeﬂer;ily higher prgduétlon éoété wefe'aq;ociéted\with

‘thé higber'hanggemént;levels. Also, it was,disébvered that the amount
qf'mandal(lﬁﬁbrﬁempio&eh‘ip sﬁbgtantigllﬁ‘lowef in‘theAmanaéement levels

5 t
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fI(aﬁd II tﬁa#/thap used by the bottom two categories. The primary reason
for this probably lies in the-fact that some high-iabor'infensivé practices:
fdllo&ed'by the,ricé‘growgrS*in the lower categories are not‘practiced by
those 6peratdrs in the two highest groups. As an example, bird control,
which is entirely manual and uses a large part of the labor required in
rice production under management groups III and IV, is not practiced at

all by operdtors in the remaining two groups. Another observation made

in. connection with the production costs was that the degree of mechaniza-
tion of production practices was very high for the top categories and
nonexisteﬁt in the bottom category.

From the estimates made in calculating the internal rates of return
for each management group, it can be concluded that investment in mechan-
ization and irrigation for rice production, given the proper level of
maﬁagement capabiiities, has a very high rate of return. At least, this
was found to be the case in the Guayas Basin. Not only is this true for
the individual operator but also for the country as a whole. It was dis-
covered that the Daule and Vinces soils, which are ideal for rice culture,
are quite extensive in this area. If it were all to be exploited, the
potential return to the-country from the sale of rice on the-world market
would'bg nea£1y~290.m111ion dollars (U.S.), Of course, this assumes tpat
th;rﬂ is enough water to irrigate such a project agq that :the price of ‘
rice in the:world market remgins.wiphin the;;ange“éstgbiisheq;fgémhlﬁél
thgough-1967.n .

In view of all tﬁef%vldence,,one important. point seems .to be clear:

‘
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developing countries with' ample agricultural resources can benefit sub-’
' stantially from the deGeloﬁmené of‘the?e-rgqo?rcé;; in most cases.

Naturaliy, tﬁis stghy does not angw;f:all of tpe:qqestiopé :;garding
‘the potential or rolg of agficulfure in a devgioping”natién. Such is.not
thé case even for Ecuaddr or for the Guayas Basin for éhat mafter. :There
)is a need fog furthgr reseérch 6n many of the)squects touched upon in
this thesis. First and fofémost is probably the need for further informa-
' tion regarging‘waéer reg@ireﬁents of rice and other crops in the tropics.
To A;te, most of thé studies regarding water‘use»rquirements have been
carried out in éhe temperate regions of the world., Second, in regards
to'rice culture, research is needed to determine the real effects of birds
on a crop. Third, more information is needed regarding the e;tent of the
~w§ter resources of the Guayas region. Fougfh; studies gimilar to this one
need\?o be made for other crops .with-export potential in order to establish
tpe proper allocatipn of Qater and other resources among the various crops.
' Fifth, in reéarasxtq production by the peasant farmers--those pértic-
ulgrly in management 1eve} IV--iﬁformation is needed that will permit the
’establishment of sémé*logical critef;on on which basis labor may be accu-
: ratélylvalued.',And's;x;h,'studies with an égkregate viewpoint need to be
carried éut to détééminerwh;t'effec£s shifting‘production towards manage-
‘ment level ‘T ﬁethods»énd the‘resultiné“1Aé?e§se8«in total ‘output ﬁight

havé'on the local labor force and on the world market for rice.:’
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Apgendix A

Questionnaire Used in Making Farm Survey

PRODUCCION DEL ARROZ BAJO RIEGO EN LA CUENCA DEL GUAYAS

CUESTIONARIO
1. Informacién a base .de cuaéra .
hectérea .
2, Hacienda: \ .
3. Propiétario: .

4. ;Quién tiene las siembras de arroz?

el propietario. arrendatarios.

5. !Culntas cuadras/hectéreas tiene sembradas? .

6. & Qué método de riego usa?

A. Bombeo

B. Abra con bombeo auxiliar
C. Abra (marea cada 15 dias)
D. Gravedad desde el rfo.

7. § Qué facilidades de riego se usan?

A, Compuertas u otra facilidad para controlar el movimiento
del agua.

————————t

lentrada?

] salida?

Descripcién dgi sistema:

’
,

¢Coéto-To;51 L L ):por hectérea

¢
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B, {Usa usted bombas para regar?

{Culintas tiene? . &De qué taﬁaqo‘sdn«

C. {Tiene usted el terreno mureado?

tDe que tamado son las parcelas?

Costo total » por hectérea

D. ;Ha nivelado usted el terreno?

Costo total s por hectérea .

E. ¢Tiene usted compuertas y represas auxiliares?

{ En los canales? . {En los muros?

Costo total , por hectérea .

8. Descrfbanse las précticas de riego.

9. 3 Qué método de simebra usa?

10. ;Qué variedad de semilla usa?

11. ;Qué cantidad se siembra por hectirea?

12. ;Usa usted fertilizantes? .

Nitrbgeno s cantidad .

Fosgfato s cantidad .

Potasio ’ cantidad , .
13, . ,Usa usted herbicidas? .

zcﬁgﬁtag aplicaciones?



\1 semillero

1 i

\las siembras S,

14.. ", Usa usted insecticidas? . .

15.

4Cuéles son sus costos de produccién?

{Cuéntas aplicaciones? .

Al semillero .

A las siembras .

Desbroce (socola)

Quemada

Arada

Fangueo/Arrastrada
Nivelada

Semilla

Preparacién del semillero
Siembra

Fertilizantes

Aplicacién de fertilizantes
Deshierbas cuéntas?
Insecticidas cuéntas? _.
Aplicacibn de insecticidas Método?
Pajareo |
‘éopécha | Método? ___

Transporte

| Riego

(Sucres por hectérea)

111
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Mantenimiento de muros y canales

Administracidn--profesional

Interés

Alquiler de la tierra--si es arrendetario

Costo total

16. ;Cufintos quintals de arroz fueron producidos?




’

. EVALUACION DE AREAS SEMBRADAS DE ARROZ DE

10-

11,

Questionaire #2

COMISION NACIONAL DEL.ARROZ

' DE 19
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Provincia Nombré-dél Técnié6

Cantén

Parroquia

Sitio

Fecha_ .

Nombre-de la hacienda

Nombre del agricultor

Tenencia: Propietario . Arrendetario

Superficie sembrada en cuadras .

Nombre de la variedad .

Cantidad de semilla sembrada por cuadra .
Plagas .
Emfermedades . . .

Preparacién del terreno

a. Mecanizada

b. Muros

c. Canales

d. Nivelacién

_Sistema de- siembra:

‘a. Espeque ’ .

b. MAquina

‘¢, ITrghsﬁlante ; , : , .
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13.

14,

Uso de fqrﬁilizantes.

a. Si

b. No .

Recursos hidréulicos

a. Naturales (lluvias)

b. Artificiales: Bomba

Observaciones:

Tape

.
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Aﬁgeﬁdix B .

Productiop, Yield, Consdmption and Price Data for Rice, Ecuador

Area and production of rice, Ecuador,

115

Year ' Area Production Yield (hulled)

Paddy Hulled rice per per

rice hectare acre
Hectares Acres Metric Metric Quintals Quintals Quintals
: tons tons ’
1954 51,300 126,760 146,157 83,518 1,829,200 35.85 111,51
1955 78,500 193,971 198,443 113,396 2,497,700 31.82 12,88
1956 92,920 229,602 206,292 117,881 2,596,500 27.94 11.31
1957 104,200 257,475 248,488 141,993 3,127,600 30.02 12,15
1958 108,800 268,841 258,947 147,600 3,253,104 29,90 12,10
1959 115,800 286,138 262,266 159,492 3,515,204 30.36 12.29
1960 91,100 225,105 307,128 175,063 3,858,388 42.35 17.14
1961 94,600 233,753 296,759 1b9,150 3,728,066 39.41 15.95
1962 111,700 276,006 300,780 171,445 3,771,790 33.77 13,67
1963 113,059 279,364 304,490 173,559 3,818,298 33.77 13.67
1964 105,282 260,148 236,416 135,094 2,972,068 28.23 11.42
1965 99,729 246,427 260,397 148,793 3,272,556 32.81 13,28
1966 101,166 249,977 275,684 157,533 3,465,726 34.26 18.86
1967 110,561 273,192 249,639 142,650 3,738,300 28.89 11.49
1968 112,376 277,677 144,552 82,601 1,817,222 16.17 6.54
1969 107,419 265,428 288,016 164,550 3,620,460 33.71 13.64

(Comision Nacional del Arroz, 1969)



—- . Table 22. ‘Production, consumption, trade with exterior and prices of rice, Ecuador, 1961-1968.

Metric tons Dollars per metric ton

Used for Variation Price Ave-~pricg

seed and in Exporta- Importa- Internal Market Wholesale of of world
Year Production food supply tion tion consumption price price export exportation
1961 169,150 16,915 13,800 24,269 - 114,166 125.40 120,30 112.00
1962 171,480 17,148 16,200 5,161 - 132,971 126.40 ) 127.50 123.90
1963 104,737 10,473 -11,800 33,845 - 72,219 150.70 126.50 109.00 122,60

- 1964 90,877 9,088 -26,300 10,571 - 97,518 155.10 126.50 126.00 124.60

1965 85,470 8,547 17,200 - 5,500 65,223 200.20 144,98 - 128.00
1966 110,050 11,005 1,700 22,474 - 74,871 184.80 141.46 132.10 141.20
1967 111,121 11,112 2,300 2,300 - 97,709 239.80 152.46 - 149.00
1968 71,500 -33,200 7,150 - 4,000 101,550 232.10 197.67 - -

(1) The data concerning prices at the wholesale level for 1961 and 1962 are not consistent with
the -retail prices. For this reason, they are not included. (CEDEGE, 1970)

911
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Table 23, Method of land preparation, Guayas Basin, 1969.

" Area planted ) Mechanization
B » Complete * Partial 1 None
Acres . Acres % Acres %, Acres %

Winter Crop
208,773 31,107 14.9 107,518 51.5 70,148 33.6

Summér Crop

44,381 4,695  10.6 27,148 61.2 12,538 28.2
Total
253,154 35,802  14.1 134,666 53.2 82,686  32.7

* Plowing, harrowing two times, diking and léveling. (Comision Nacional
del Arror, 1969)

Table 24. Extent of irrigation in the production of summer rice, Guayas
Basin, 1968. ¢

Irrigation by Cultivation in Total area

. pumping natural ponds planted
Province Acres % Acres % Acres %

. Guayas 29,597 54.2 11,690 21.4 41,287 75.6
Los lios 2,095 3.8 4,201 7.7 - 6,296 11.5
Canar 1,296 2.4 0 0.0 1,296 2.4
Others . 3,868 7.1 1,863 -~ 3.4 5,731 10.5

' National Total 36,856 67.5 17,754 .  32.5 54,610 100.0

. - (Comision Nacional del Arroz, 1969)
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Table 25. Estimated number of operators and total cultivated area of rice
for major rice producing provinces, 1969, ‘

Winter rice

Surmer rice

No. of % Total % No. of % Total %
Size of enterprise operators area operators area
Guayas Province
!to,4.9‘qu 1,728 42.8 4,167 5.9 698 55.4 2,227 10.7
5 to 19.9 cds 1,461 36.2 14,071 19.8 368 29.2 3,212 15.5
20 to 49.9 cds 509 12.6 14,873 20.9 111 8.8 3,483 16.8
50 to 99.9 cds 193 4.8 12,258 17.3 39 3.1 2,619 12.6
100 or more 149 3.6 25,642 36.1 _45 3.5 9,210 44.4
Total 4,035 100.0 71,001 100.0 1,261 100.0 20,751 100.C
Los Rios Province
to 4.9 cds 2,205 58.2 4,710 13.2 496 74.5 1,021 21.7
5 to 19.9 cds 1,185 31.3 10,405 29.2 121 18.2 994 21.2
20 to 49.9 cds 265 7.0 7,553 21.2 29 4.4 758 16.1
50 to 99.9 cds 92 2.4 5,129 14.4 11 1.7 820 17.4
100 or more 41 1.1 7,897 22.0 9 1.2 1,110 23.6
Total 3,788 100.0 35,694 100.0 666 100.0 4,703 100.(
Grand total 7,823 106,705 1,926 25,454

(Comision Nacional del Arroz, 1969)
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Table 26. Estimated number of properties and total: cultivated area of

winter and.summer -rice for major rice: .producing - provinces, "1954.
‘Distribution according to size,

Winter rice Summer rice
No, of' '% Total % No. of % Total %
Size of properties properties area properties area
Guayas Province , 1
to 4.9 has. 8,374 66.2 10,240 34.0 1,991 65.6 2,340 31.3
5 to 19.9 has. 2,611 20.7 8,000 26.7 671 22,1 2,220 31.7
20 to 49.9 has. 913 7.2 3,360 11.2 197 6.5 1,040 13.9
50 to 99,9 has. 408 3.2 2,150 7.1 76 2.5 550 7.4
100 or more has. 336 _2.7 6,310 21.0 98 3.3 1,320 19.7
Total 12,642 100.0 30,080 100.0 3,033 100.0 7,470 100.0

Los Rios Province

to 4.9 has. 1,722 51,9 1,870 13.6 100 61.3 120 27.3

5 to 19.9 has. 537 16.2 1,410 10.5 5 3.1 20 4.5

20 to 49.9 has. 546 16.5 1,280 9.5 41 25.2 170 38.6

50 to-99.9 has, 251 7.6 700 5.2 2 . 1.2 10 2.3

100 or more has. 259 7.8 8,210 61.2 15 9.2 120 27.3

Total 3,315 100.0 13,420 100,0 163 100,0 440 100.0
Grand total 15,957 43,500 3,196 7,910

(Comision Nacional del Arroz, 1969)
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Table 27. Estimated number of properties and total cultivated area of
winter and summer rice, 1954. National totals. Distribution
according to size.

Winter rice Summer rice
No. of % Total % No. of % Total %

Size of property properties area properties area
to 4.9 has. 10,096 63.3 12,060 27.7 2,091 65.4 2,460 31.1
5 to 19.9 has. 3,148 19.7 9,430 21.7 676 21,2 2,240 28.3
20 to 49.9 has. 1,459 9.1 4,640 10.7 238 7.4 1,210 15.3
50 to 99.9 has. 659 4.1 2,850 6.6 78 2.4 560 7.1
100 or more has. 595 _3.8 14,520 33.3 113 3.6 1,440 18.2
Total 15,957 100.0 43,500 100.0 3,196 100.0 7,910 100.0

(Comision Nacional del Arroz, 1969)

Table 28. Estimated number of operators and total cultivated area of
winter and summer rice, 1969. Distribution according to size
of enterprise. National totals.

Winter rice Summer rice
No. of % Total % No, of % Total %
Size of enterprise operators area operators area

to 4.9 cds. 3,971 50.1 8,963 8.3 1,194 62.0 3,248 12.8
5 to 19.9 cds. 2,696 34.0 24,905 23.1 489 25.4 4,206 16.5
20 to 49.9 cds. 791  10.0 22,902 21.2 140 7.2 4,241 16.7
50 to 99.9 cds. 286 3.6 17,467 16.2 50 2.6 3,440 13.5
100 and more 187 _2.3 33,764 31.2 54 2.8 10,320 40.5
Total 7,931 100.0 108,001 100.0 1,927 100.0 25,455 100.0

(Comision Nacional del Arroz, 1969)
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Appendix C

_Response of Rice to Fertilizer

Table-29. Average total yield in metric tons per hectare for 20 -varieties
of rice, with two levels of nitrogen fertilization. "Boliche,"

1969,
Levels of nitrogen

Varieties 0 kg. 100 kg. Average
IR 95-23-5-1-3 6.82 7.31 7.065 a
IR 305-3-17-2 6.73 7.28 7.005 ab
IR''8-288-3-41 6.51 7.01 6.760 abc
IR 3-56-3-2-2 6.01 6.91 6.460 abcd
IR 503-1-104 6.45 6.21 6.330 bcde
IR 12-178-2-3 5.88 6.55 6.215 cde
IR 181-2-2-1 6.15 6.26 6.205 cde
IR 154-18-2-1 5.42 6.52 5.970  def
IR 532-1-14 5.18 6.61 5.895  def
IR 5-47-2 6.31 5.39 5.850  defg
IR 532-1-91 5.71 5.96 5.835  defg
ICA 10 5.58 5.91 5.745  defg
Tapuripa 5.9 5.45 5.695 efg
IR 272-2-6-3 5.49 5.48 5.485 efgh
IR 532-E-207 4.87 5.92 5.395 fgh
IR 140-165 5.33 5.44 5.385 fgh
IR 239-149-1 4.89 5.36 5.125 gh
IR 60-9-6-1-3 4.66 4,91 4,785 hi
Bluebonnet 50 3.93 4,58 4,255 i
Canilla 5.00 2,07 3.535 3

Averages followed by the same letter are no& statistically differ-
ent at a 1% probability level, : ) (Arevalo, 1968)



Table 30.

Average yields in tons per hectare in an experiment comparing three varieties of rice at
four levels of nitrogen fertilization and two methods of planting. ''Boliche," 1969,

Direct planting Planting by transplant

Levels of nitrogen Average ~Levels of nitrogen Average
Variety 0 40 80 120 yields 0 40 80 120 yields
I?=8 5.12 5.82 5.84 6.45 6.80a** 4.47a-- 4.96 5.31 5.57 5.07a **
IR 5 3.70 3.61 3.32 2,91 3.38¢c 4.23 4.43 4.84 4.44 4.48a
Bbt. 50 3.91 4.35 4.20 3.91 4.09b 2.83 2.81 3.36 3.01 3.00b
Average

of

levels 4.24 4.59 4,45 4.42 4.42 3.84c 4.,06bc 4.50a 4.34ab 4,18

Averages having the same letter designation do not differ statistically with a confidence

level of 99%. (Andrade, 1969)

A



_ Table 31. . Results of rice production experiments in Daule, 1968. National Rice Cpmmission,

Production per

) hectare in quintals Fertilization Cycle in Height in-
VVgriety of 165 pounds N P05 K20 days meters
_IR-8 ’ ‘ 165.40 180 kilos 120 kilos 150 kilos 141 1.06
Blue Boﬁn;t 50 © 71.81 84 " 48 " 166 " 126 1.36
Dam 93.33 8 % 48 % g " 110 1.35
'B"1ug~3e'11e“ o 70.33 84 48 66 ** 110 | 0.86 |

‘;‘T;pyur:”i.pya - :4153;‘3’3 8 " 48 " 66 " 165 Y
"-Balilla xQSp‘llana V ‘1'20.~o:6 . 50 “ 35 © 40 " -90 0.91

(Comision Nacional del Arroz, 1969)

YA
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Appendix D

Comparison of Internal Rates of Return to Other Rates of Return

Table 32, Reported rates of return on investment and standardized intern-
al rates of return,

Rate of

return on Internal

investment rate

originally of
reported return
(percent) (percent)

A. Caton, McCorkle, and Upchurch (Seeding)

Plan I
Beef 15¢ per pound 14,50 6.27
Beef 20¢ per pound 52.70 9.14
Plan II
Beef 15¢ per pound 9.30 5.83
Beef 20¢ per pound 45,70 8.81
B. Lloyd and Cook (Seeding)
Use Situation No., 1 44,84 27.26
Use Situation No, 2 29.93 22,17
Use Situation No. 3 11.88 14.14

C. Caton and Beringer (Seeding)

Alternative I

Beef 15¢ per pound 198.10 18,12

Beef 20¢ per pound 297.50 23.22
Alternative II

Beef 15¢ per pound 159.80 15.13

Beef 20¢ per pound 246.60 18.90

D. Gardner

Seeding 15.34 15.34
Spraying 9.54 22,60
Beating 4.80 - 6,53

“4(Gar§n9r,\l963)\'

i



Appendix E

Factors Limiting Rice Producing Region

Table 33. Characteristics bf soll associations of the Guayas Basin, Ecuador.

Altitude Rainfall Slope Parent
Association Symbol meters mm. percent material
Pichilingue P 20-650  2000-3000 0-5 - Alluvium from basic intrusives

and volcanic ash

Naranjito N 0-10 1500-2000 0-10 Unconsolidated tertiary alluv-
ium with additions from basic
intrusives and volcanic ash;
coarse to fine sand with high
% of feldspar grains

Daule D- ~ 0-60 500-1500 0-2 Idem, finer textured
Vinces v 0-60 1500-2000 0-2 Idem, finer textured
Chimbo c 2000- 3000 10-60 Leaned volcanics; some cre-

taceous (undifferentiated)

Balzar B 60-1000 1200-1300 10-60 Tertiary sandstone, shale and
limestone. Some volcanics

Ayora A 0-100 500-800 0-5 Silstone, shale; some lime-
: ‘stone
Zumbagua Z 3000-4000  400-1500 0-80 Volcanics and sedimentary
(cretaceous) rocks
Oro 0 1000-2000 0-700 60 plus - Sandstone, shale, silstone.
' Locally iron cemented
Mana ‘\‘"’ﬁ/ 200-1000 2000-3000 20-80 Basic volcanics and diabase
' ' intrusives
Tambo T 1000-3000 2200-3000 80 plus. Basic volcanic ash and dia-

base intrusives

Riobamba R 3000 plus 1500-2500 10 plus Basic volcanics, intrusives
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Vegetation ' D

and use of land Internal External pH
Evergreen broadleaf in north, 25%; Excellent Excellent 5.8-7.2
75% cultivated, mainly bananas
Almost entirely cultivated-- Excellent Fair 5.8-7.0
annual and perennial crops. Some
patches of deciduous broadleaf
Annual crops, pasture. Some broad- Poor Poor 5.3-7.5
leaf scrub and mangrove
Annual crops, some pasture Fair Poor 5.4-7.5
High mountain forest, annual crops-- Excellent Excellent 5.5-7.0
grain and tubers, pasture
407 annual crops and pasture. Poor Poor 5.1-8.0
30% deciduous broadleaf; 30% Fver-
green broadleaf
Mixed tree and annual crops. Broad- Poor Poor 5.1-8.0
leaf scrub, deciduous broadleaf
Pasture, annual crops. Some Good Excellent 5.6-6.5
High Mountain forest in north
1/2 deciduous broadleaf. 1/2 Fair Fxcellent 5.0-7.5
Evergreen broadleaf; slight annual ag.
Shifeting cultivation--perennial crops Good Excellent 5.5-7.0
(coffee), other subsistence. Low
Mountain forest. Evergreen, deciduous
broadleaf at lower elevations
Annual agriculture. High Mountain Fair , Excellent 0 5.5-7.0
forest and Paramo. Pasture ' : '
Pasture. Snow None Excellent

(Pan American Union)



Table 34 .
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Tolerance of three types of crops for salinity as determined by
the United States Salinity Laboratory. (Unde- 2ach of the three
types of crops, the most tolerant crops are listed first and the
least tolerant last.)

Salt Tolerance
Type of Good .
crop (Group 1) Moderate (Group II) Poor (Group III)
Fruit Date palm Pomegranate Grapefruit
Fig Pear
Grape Almond
Olive Apricot
Peach
Plum
Apple
Orange
Lemon
Field Sugar beet Alfalfa Cantaloupe Vetch
"and Garden beet Flax Lettuce Peas
truck Milo Tomato Sunflower Celery
Rape Asparagus Carrot Cabbage
Kale Foxtail millet Spinach Artichoke
Cotton Sorghum-grain Squash Egg plant
Barley-grain Onion Sweet potato
Rye-grain Pepper Potato
Oats-grain Wheat-grain Green beans
Rice ’
Forage Alkali sacaton White sweet Wheat-hay White Dutch
Salt grasses clover QOats-hay clover
Nuttall alkali Yellow sweet Orchard grass Meadow foxtail
Bermula clover Blue grama Alsike clover
Rhodes Perennial rye Meadow fescue Red clover
Rescue grass Reed canary Ladino clover
Canada wild rye | Mountain brome Big trefoil Burnet
Beardless wild Barley-hay Smooth brome
rye Birdsfoot Tall meadow oat
Western wheat trefoil grass
grass Strawberry Cicer milk vetch
clover Sour clover

Dallis grass

Sudan grass

Hubam clover

Alfalfa-Calif,
common

Tall fescue

Rye-hay

Sickle milk vetch

(Israelsen and HAnsen, 1962)
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Déule

Milagro
Samborondén

Yaguachi

LOS RIOS PROVINCE

Babahoyo

- Vinces

Velasco .Ibarra
Guayas

Daule

Juan B, Aguirre
Nobol

Sta. Lucia
Palestina

Milagro

. Chobo

Samborondén
Tarifa

Yaguachi Nuevo
Yaguachi Viejo
Pedro J. Montero

Marcelino Mariduena
Baquerizo Moreno
Simén Bolfivar

Montalvo
Pimocha

F. Cordero
Babahoyo
Caracol
Barreiro

Vinces ‘
Antonio Sotomayor

‘ Table 35. Principal, areas of rice production.
éantcn Parrish Sites
GUAYAS PROVINCE ‘
Balzar Balzar Left and right margins of Daule
- River
Colimes Congo River - Macul River - Cerr

El Naranjal

Los Tintos - Peufnsula de Quiras
Naupe - Sante Lucfa - Cascol

La Maravilla - América - Barbazc
Imperio - La Aurora

Las Lojas - Lomas de Sargentillo
Guarumal

Zona limitrofe con Yaguachi
The whole area

El Triunfo - Vuelta Larga

La Violeta - Pallo - Buena Fé
Nauza - Guayala - Eugenia
Amelia - Clementina

El Carment - Clementina

La Elvira - La Carmela

La Iegua - Porvenir

Legua de ios Indios - Santa
Rita - Via Babahoyo - Jujan
Via Rio Chico - F. Cordero
Via San Juan - Pueblo Viejo

Abras de Mantequilla - La Balza
La Carmela - Guayabo - Juaneche
Junquillo - Soberana y premavera



"Table}35hx,Cohtinued
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- 'Baba’
Pueblo Viejo

Urdqneta

Guare

Isla'de -Bejucal"

Pueblo Viejo
Pechicha’

Catarama
Riéaurte

(Aviles, 1968)
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Appendix F

Machinery and Equipment Requirements.

Table 36. Machinery and equipment inventory for 500 hectares. Manage-
‘ ment level I.

Expected Unit cost Total
Item -Life (sears) Number (sucres) (sucres)
Pum§ 16" 15 4 s/.zlo,ood s/.840,000
pumé AL 15 1 30,000 30,000
Crawler Tractor 15 1 560,000 560,000
Wheel Tractor (60 15 7 130,000 910,000
hp).
Combine 7.5 6 330,000 1,980,000
Jeep 5 2 100,000 200,000
Rome Plow ’ 15 1 35,000 35,000
Ditcher: 15 1 12,000 12,000
Tool Bar 15 1 50,000 50,000
Mudding Wheels 15 6 sets 6,000 36,000
Terrace Blades 15 3 6,000 18,000
Transport Trailer 15 4 8,000 32,000

s/.4,703,000



130

Table 52. Machinery and equipment inventory based on 150 hectares
' production. Management level IIL,

Expected
life Unit cost
Item (yuars) .Number (sucres) Total

Crawler tractor 15 1 s/. 560,000 S/. 560,000
Wheel tractor « . .

(80 hp) 15 1 200,000 200,000
Wheel tractor

(40 hp) 15 1 95,000 95,000
Rome plow 15 1 35,000 35,000
Disc harrow 15 1 20,000 20,000
Land plane 15 1 58,000 58,000
Drill 15 1 60,000 60,000
Pump )

(5400 gal/min) 15 2 170,000 340,000
Terrace blade 15, 1 6,000 6,000

Combine 8 1 421,500 421,500
| s/. 1,795,500

Table 38. Machinery and equipmeﬁt inventory for 25 hectares. Manage-
ment level III.

Expected
life : Unit cost
Item (years) Numbex «(gucres) Total
Pump~--4" ‘15 1 " s/. 30,000 S/. 30,000
Hand sprayer 5 . 2 1,120 2,240

s/. 32,240




Appendix G

Miscellaneous Tables

Table 39. Farm wage rates--Guayas Basin, Ecuador, 1970,

131

General farm labor per hour
Irrigators per hour
Pump operators per hour
Wheel tractor operator per hour
Crawler tractor operator per hour
Technical assistant--agronomist

university training per month
Irrigators per day
Pump operator per hour
General farm labor per day
Bird control per day
Transplanting per hectare
Harvesting~-hand per sack

(165#)

Weeding--machete per hectare

s/.

6000.00
30.00
4.00
40,00
10.00
800.00

15-20.00
300.00

$ .17

.17

.215
.215
«345

258.00
1.30
17
1.73
43
24,50

.65-.85
13.00

Table 40. Equipment rental rates (with fuel, operator and maintenance)--

Guayas Basin, Ecuador, 1970.

Tractor--Ford 5000, 70 hp per hour
Bulldozer-~D4 Cat per hour
Aerial fumigation per hectare
Aerial application of herbicides per hectare
Aerial seeding--pregerminated per hectare
Tractor--John Deere 4020 per hour
(plowing--molboard--3/4 acre/hr)
Bulldozer--D6 Cat per hour
Bulldozer--TD9 INT per hour
Combine--rice per sack

(165%#)

s/.

70.00
140.00
30-35.00
100.00
105.00
150.00

200,00
© 100,00

15,00
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Table 41. Cost of selected items at Guayaquil, July 1970.
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Dollars

Item Sucres

Pickup 1/2-ton Chevrolet s/. 115,000 §$ 4,950
Pickup 3/4-ton Dodge 132,000 5,690
Truck 2-ton Chevrolet 195,000 8,400
Truck 5-ton Fiat 360,000 15,500
Jeep CJ5 100,000 4,300
Disc plow (Ford) 5 disc 26,000 1,120
Tandem disc (Ford) 2 meters 20,000 860
Tandem disc (Ford) 3 meters on wheels 32,000 1,380
Rotary cutter (Ford) 60" 19,000 820
Cat D6 with dozer 1,200,000 51,725
Cat D4 with dozer 560,000 24,200
Home plow 35,000 1,510
Tractor Ford 4000 60 hp 130,000 5,600
Tractor John Deere 3120 80hp 200,000 8,620
Tractor John Deere 4020 105hp 270,000 10,640
Tandem disc harrows 14 disc--on wheels

John Deere 44,000 1,895
Drill 17 disc John Deere 60,000 2,390
Pump--low pressure 16" 70 hp cat.

(capacity of 800 gals/min) 215,000 9,050
Pump-~low pressure 14" 75hp

(capacity of 5400 gals/min) 170,000 7,325
Combine--rice M140 Clayson

(17' cut, wheels, tracks) 421,500 18,168
Combine~--rice M133 Clayson

(12' cut, wheels, tracks) 330,000 14,225
Gasoline--premium per gallon 4.65 .20
Gasoline--regular per gallon 4.45 .192
Diesel per gal.on 3.25 14
Urea 46% per 100 wt. 127.00 5.47
Potash per 100 wt. 130.00 5.60
Phosphate ) per 100 wt. 90.00 3.88
Portland cement per bag 42 1/2 kgl. 20.40 .88
Brick per 10003 100.00 4.30
Sand per 3 M4 © 140,00 6.03
Gravel ‘ per 3 M . 240,00 10.35
Concrete block S per 1000 1,750,00 75.45
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Table 42. Unimproved rice land, maximum, minimum and average prices stated in sucres per hectare.

Marsh--Swampy Land Fallow and Dry Land Savanna

Cantén Maximum Minimum  Average Maximum Minimum Average Maximum Minimum Average
Daule 6000 3000 4500 1500 350 925 1500 500 1000
Balééf 1500 800 1150 900 350 625 125 100 112.5
Vinces 1500 450 975 500 275 387.5 300 250 275 .
Babahoyo 3209 1500 2350 3500 1000 2250 -— —— -—-
Yaguachi 3000 1000 2000 2000 1000 1500 -— ——- -—-

Average 3040 1350 2195 1680 595 1137 642 283 462.5

(Aviles, 1968)
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\Tab;e 43. Conversion rates,
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S/. 1 (Sucre Ecuatoriano)
1 kgl. (kilo or kilogram)
1 qq. (quintal)

M.T. (metric ton)

mm. (millimeter)

cm. (centimeter)

m. (meter)

km. (kilometer)

cd, (cuadra)

ha. (hectare)

km? (square kilometer)
1. (liter)

1 M3 (cubié meter)

e e el e e R e

$ .0431 or 4.31 cents
2,2046 pounds

100 pounds (cwt.)
2204.6 pounds

.03937 inches

.3937 inches

39.37 inches or 1.0936 yards

1093.6 yards or .6214 miles
+7 hectares or 1.73 acres
2.471 acres

.3861 square miles

.264 gallons

1.3078 cubic yards




