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CHAPTER I. INTRODUCTION

Like many other developing countries, Guatemala provides a
good example of economic and cultural dualism. The Guatemalan
econcmy consists of a dynamic and growing modern commercial sector
which exists side by side with a large subsistence sector. Most of
the development work in Guatemala, as in most developing countries,
has been concentrated on the modern sector. Agricultural develop-
ment efforts to date have created large prosperous, commercial
farms which produce coffee, cottom, sugar cane, and more recently
beef. for export markets. Guatemalan industries produce: sausages,
milk products, jams and jellies, canned ffuits and vegetables,
animal feeds, breads, candies, ‘vegvetable oils, margarines, instant
coffee, ice creams, alcoholic beverages, cigarettes, textiles, shoes,
furniture, paper products, tires, innertubes, fertilizers, chemi-
cals, glass, cement, and bicycles, to name dnly a few of the many
products mentioned in the 1965 Industrial Census. These products
are sold locally as well as within the Central American Common
Market. Some products are sold to countries outside the Common
Market, and these sales will probably increase. As the above list
of products suggests, there has been a considerable development
effort directed toward this modern sector. The modern aspect of
Guatemala City, the network of all-weather roéds, the existence of
modern hotels and offices, and a modern airport all attest to the

fact that Guatemala's modern agricultural, industrial, and service



subsectors are developing. Over the past fifteen yeaxs, Guatemalan
GNP has been growing at about 4.5-5% a year. Virtually all of this
groﬁth has taken place in the modern sector. The traditional sectpr
has been stagnating during this period, and the position of the
small traditional farmer has deteriorated considerably since the

1950's.,

The Problem and the Setting

The stagnation of the traditiocnal sector and the growth of the
modern sector presents a pattern which is quite familiar to students
of underdevelopment. Most development efforts have concerned them-
‘selves with promotion of industrialization within the modern sector.
Indeed, in this respect Guatemala has been one of the more success-
ful of the developing countries. This sucéess, however, has also
caused some problems, because a majority of Guatemala's population
still lives in the traditional sector. It has been estimated that
as of 1964, two-thirds of the total population lived in rural areas
and 55% of these people lived in the nine highland departments com-
pPrising the area commonly called the western highlands (Merrill,
1974). Thus, there is a decidedly regional cast to the cultural
and economic dualism which has been intensified by the industriali-
zation process. While part of the country is growing and develop-
ing, the rural areas and particularly rural areas in the western

highlands are stagnating. This situation presents the country

with three serious problems.



First, the stagnation of the traditional sector represents a
drag on the growth of the overall economy and contributes to the
inequality of the income distribution. Second, the standard of
living experienced by the traditional farmer is a source of political
discontent ﬁhich, if not alleviated, might lead to problems of
political instability. Third, and perhaps most important, the com=-
bination of low living standards, shortages_of arable land and
rising population has created quite high man/land ratios in the
western highlands. In many cases this has resulted in out migra-
tion, usually to a regional capital, Guatemala City or to the soﬁth
coast. These migrants are for the most part unskilled (many are
illiterate). The cities, particularly Guatemala City, have not
been able to absorb_all of them. This has caused unemployment
which often leads to increésing crime rates which are ancther
source of discontent that couldvcontribute to political instability.
Those migrants who go to the south coast find that there is little
unoccupied land. They may find employment on large fincas as
laborers or sharecroppers, but the capacity of the fincas &o ab-~
sorb more of this migrant labor is being strained. Large land-
owners would.prefer that this migrétion be halted because large
estates in close proximity with landless peasants have frequently
resulted in land reforms,

In short, the problem is éimply that people in the traditional
sector have been unable to earn satisfactory incomes and as a result

.have begun to migrate out of the western highlands. The Government
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would like to redirect and preferably slow or stop this
To this end, the Government has embarked upon the present Rural
Development Plan. There are three distinct programs in the plan:
(1) the Basic Grains Program featuring both agricultural credit and
technical assistance components; (2) an Agricultural Diversification
Program; and (3) Stimulation of Handicrafts and Cottage Industries
Program. Only the first and second programs have been initiated
and greatest progress has been made on the Basic Grains Program.
The goals of the Basic Grains Program are to: (1) increase the pro-
duction of corn, beans, wheat, rice, and sorghum; (2) raise the level of
incomes experienced by the small and medium sized farmer (one tar-
get level often mentioned is Q1,000 per family by 1980); (3) ip-
crease employment in traditional agriculture; and (4) introduce
the small farmer to new agricultural technologies which will be
complementary with the three goals mentioned above. Given an
inelastic demand for basic grains, goals (1) and (4) are not
complementary with goal (2). It was for this reason that the
Agricultural Diversification Program was concgived. The rationale
is that as new agricultural technologies are adopted, production
per hectare will increase so that land presently occupied in pro-
duction of basic grains will be freed for production of other
crops--principally fruits and vegetables.

Eventually, the Stimulation of Handicrafts and Cottage In-
dustries Program is tc be implemented, but at present this phase is

still in the initial planning stages. Some people have questioned



the need for this program and there is hope in some quarters that
the Basic Grains Program by itself will be capable of achieving
substantial gains in employment and income for small farmers in

the western highlands.

Objectives of This Research

The general objective of this study is to model a small farm
in ordexr to estimate how different farm sizes, availability of
agricultural credit, adoption of new technologies, and ayailability
of off-farm employmeﬁt will affect the small farmer's income and
empioyment. The model can be used to identify which resources
effectively limit the farmer's decisions and to illustrate where
policymakers could assisf in the elimination of pxzoduction bottle-
necks. It can aiso be used to identify the monetary value of re-
soufces which are in short supply; and pérhaps most important; the
model can be used to estimate the income earning and eméloyment
gerierating effect of the current Basic Grains Program for indivi-
dual farmers.

The analysis which is presented here is. of course, only capable
of providing estimates. The reliability of these estimates will
" depend primarily on the validity of several key assumptions, one of
which is that the Basic Grains Program will successfully reach
traditional farmers. Other key assumptions relate to the input
and output prices specified in the analysis, and will be discussed

further in Chapter III.



Perhaps the most significant contribution of the present analy-
sis is that it provides estimates not pniy of the iﬁcome and employ-
ment levels which participating farmers might achieve but also of
the goals which policymakers have set for the Basic Grains Progfam.
Will the Basic Grains Program be capable of achieving a family in-
come of Q1,000 per year? How much land would the family need to
achieve this income level? Will small farmers continue to seek
migratory employment on the cotton and coffee fincas if they be-
come participants in the program?

While the linear programming model cannot definitely answer
all of these questions, it does shed some 1ighf on them. This
type of information should help policymakers understand the probable
effects of their programs and tobdetermine whether 6£ not these
programs are capable of achieving the established policy goais.

If current programs cannot do this, then policymakers must begin

to plan additional programs capable of aéhieving Present goals;

ér they must revise these goals by reassessing the priority rankings
which led to theixr adoption.

There are several reasons for estimating the effect of thé
Basic Grains Program at the individual farm level rather than at
the regional or national levels., First; this is the level at which
the program is directed, and the ultimate success or failure of
the program will be determined at the individual farm level.

Second, regional and national data on soil types is somewhat

sketchy. Simmons prepared a soil reconnaissance survey (Simmons



et al., 1958) which is quite good, but it is not (and was not intended
to be) a highly detailed~soil survey. The lack of detailed informa-
tion on sdil types is relatively more serious for a regional or
national study, although it hampers analysis at all levels. Third,
information cu1‘yiélds for different soil types is completely un-
"available at the national or regional levels. This study has been
able to draw upon sample data (Johnston, 1973a) which relates yield
to slope and hernce indirectly to soil type on a small number of
highland farms. Fourth, information on the percentage of the agri-
cultural labor force which uses different agricultural technologies
is largely unavailable. This makes it very difficult to effectively
- estimate regional production of basic grains. Furthermore, informa-
tion on the.rural population and rural labor force is somewhat un=-
reliable because of the difficulty of discriminating the traditional
agricultural labor force from modern farmers and nonagricultural
labor in rural areas. For these reasons and others it was}decided

to restrict the analysis to the farm level.

Method of Analysis

The method of analysis which was deemed most appropriéte for
this study was linear programming. Chépter III explains the reasons
for this choice and describes some of the more important characteris-
tics of the model. Most of the analysis is done by varying different
combinations of resources such as land, labor, knowledge and labox

sales opportunities.



The weights and measures used i; the analysis are primarily
those in use in Guatemala. The land unit used herc is the hectare
which is approximately equal to 2.47 acres. Unless otherwise speci=-
fied, yields are measured in quintales (qq) which is Spanish for |
hundredweight (c&t). Temperatures are given in degrees centigrade
and rainfall is measured in millimeters (mm). The monetary unit
is always the Quetzal (Q) which equals one U.S. dollar. A table

containing units of measure used in the study is included in Ap-

pendix C.

Organization of the Study

Chapter II describes the geography, climate, populatioﬁ and
some general cultural chaiacteristics of the study afea. Chaptei
III contains a desciiption of the model and a brief preséntation
of the activities and the data. Chapter IV expands thé discussion
of the activities and data in order to provide perspective on the
technologies and yield levelé included in the analysis. Chapter V
describes the experimental design and presents the results of the
optimal solutions. The analysis begins with a traditional farmer
who has limited amounts of savings, no credit availability, ohly
one hectare of land and produces traditional crops with traditional
technology. Through successive soluticns he is given credit, land,
and acquires knowledge of other technologies and crops through
participation in the Basic Grains Program. His crops, income, en-

ployment, and other variables are noted and compared as his resource



set is expanded. Chapter VI discusses the ability of the model to
reproduce the position of the small farmer and then discusses and
compares the results presented in Chapter V. Chapter VII provides

a summary of the results, and makes suggestions for further research.
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CHAPTER II. THE STUDY AREA

The present analysis is directed at the farm level, and, con-
sequently, it may seem inappropriate to speak of any area larger
than a farm. The farm studied, however, is meant to be repiresenta-
tive of a type of agriculture carried out in a particular region;
the western highlands. It is for this reason that information per=-
taining to the study area is of interest.

The western highlands, as a region, is not clearly'defined._
There are at least four separate regionalization schemes commonly
used to identify the area. Each of these regionalization schemes
has commendable or desirable aspects, and each is appropriate for
its purpose. This study uses the regionaiization scheme used by
Merrill (1974) wﬁich defines the western highlands as én aiea fall-
ing within the boundaries of nine highland departments. This
definition allows the use of departmental census data which is
readily available for the region. It has the disadvantage of in-
cludihg areas which are not strictly "highlands" because political
divisiqns include some lowland areas of the south coast as well as
some lowland areas which are geographically a part of the Petén.
More precisely, one could define the study area as the highland'or
mountainous region which centers around the Department of Totoni-
capén.and includes parts of Quezaltenango, San Marcos,'Huehﬁeten—
ango, Quiché, Chimaltenango, Solold, Baja Verapaz, and Alta

Verapaz.
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Depending upon the exact set of departments and municipios
which one would decide to include és truly “highland" areas, the
total land area covered by this region would vary from about 9,800
to 37,431 square kilometers. This would‘amount to between 9 and 34%
of the total land area in Guatemala depending on how restrictively

one wishes to define the region.

Population

Population in this region can be characterized as being largely
rural and Indian. The 1964 census data in Table 2.1 gives a break-
down on rural and Indian population by department. Population in
the western highlands was 83.5% rurai and 72.1% Indian in 1964. In
the rest of the country, population was only 55.5% rural and only
18.0% Indian. For the country as a whole 65.9% of ihe population
was rural and 42.2% was Indian. These figures highlight the fact
that {he western highlands is distinct culturally as well as climati-
cally.

Another important characteristic of this area is that population
is growing. This growth has taken placé in spite of the fact fhat
man/land ratios are already quite high. Population growth rates
by department and for the highlands and fhe country as abwholevbased
upon changes in population between 1950 and 1964 are presented in
Table 2.2. Highland population grew at the rate of 2.5% pex ?ear
6ver this fourteen-year period.

This growth rate if unchecked could have serious; pessibly
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Table 2.1. Rural and Indian populations in the western highlands,

19644
Total Rural Rurél Indian Indiah
partnent  fohale pebulas ek popla s
1964
(1,000 persons)

Chimaltenango 163 101 62.3 122 74.6
Solold 108 - 70 65.3 101 93.7
Totonicaﬁan 142 121 85.5 135 95.1
Quezaltenange 271 173 64.1 149 " 55,1
San Marcos 337 295 87.7 169 50.2
Huchuetenango 288 241 83.8 200 . 69.3
Quiché 250 217 86.9 212 84.8
Baja Verapaz 96 81 84.0 54 55.5
Alta Verapaz 260 _231 88.7 241 92.4
Highland ,

sub-total 1915 1531 83.5 1382 72.1
Other ,

depar tments 2373 1294 55.5 _427 i8.0
‘Republic : 4288 2825 65.9 1809 42,2
Source: VII Censo de Poblacidn, 1964.

“Merrill, 1974, p. 7.
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Table 2.2. Population of the western highlands, 1950 and 19642

Total population Average annual
- in 1,000's growth rate
Department : (%)
1950 1964 |

Chimaltenango 1zi ' 163 2.2
Sololé 83 108 2.0
Totonicapan 99 142 2.6
Qﬁezaltenango 184 271 2.é
San Marcos 233 337 . 2.7
Huehuetenango 200 258' 2.6
Quiché 175 250 2.6
Baja Verapaz 66 96 2.7
Alta Verapaz - 190 _260 2.3
Highland

sub-total 1351 1951 2.5
Other departments © 1440 2373 3.6
Republic o 2791 . 4288 . .1

Source: Ministerio de Economia, Direccidn General de Estadisticaj
1. VI Censo de Poblacibén, 1950.
2, VII Censo de Poblacidn, 1964.

aMerrill, 1974, p. 2.
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disastrous, consequences. There simply is not enough good'land to
support a population growth rate of this magnitude. Census data
shows that farm size shrahklffom 8.1 to 6.2 ha between 185C and
1964. Merrill's estimates, presented in Table 2.3, show that both
average farm size and farm land per person will decrease drastically
if the indicated trends continue. 1If present growth in population
remains unchecked, the amount of farm land available per person by
the year 2000 will be only 0.42 ha. Furthermore, this will not be
0.42 ha of good landbut would also contain poor land as well as some
unarable land. Soil scientists agree that some of the land presently
being farmed in the highlands should be classified as unarable and
is suited only for pasture and forest use. An idea of how much of
the projected 0.42 ha per person would be good land is provided

by Table 2.4 which presents percentages of good, poor, and not
arable land in eéch department. These pexcentages aré based upon
the soil reconnaissance work done by Simmons et al., in 1958. For
purposes of argument, let us assume that land in farms would consist
only of good and poor land in termsvof this classification., If
this is the case, then within the 74.2% of all land in these nine
departments which can be considered highland (as opposed to coastal
or tropical land) 37.6% of this land is not arable and, hence, is
assumed to not be included as part of the total land area in farms.
Of the remaining 62.4%, 23.8% is good land and 76.2% is poor land.
Thus, cven under a favorable assumption regarding quality of land

area in farms, only 23.8% of the projected 0.42 ha per capita
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Table 2.3. Projected farm size in western highlands, 1970-20002

Nine highland departments

Number Average Farm land
Year of farm per person
farms 1) size 2) in rural
(1,000) (ha) popula tion 3)
(ha/person)
Census
1950 203 8.1 . 1.35
1964 256 6.2 1.03
Projections
1970 279 ' 5.6 0.89
1975 208 5.3 .0.78
1980 317 5.0 0.69
1990 355 4.5 ‘ .54
2000 292 4.0 0.42
Notes: 1) Projected number of farms based on the average annual
increase in the number of farms between 1950 and 1964.
2) Projections based on the assumption that total land in
farms remains equal to the 1964 value of 1,581,600 hec-
tares.
3) Projections based on the assumptions that population

will increase at the 1950-1964 rates and total land area
in farms remains constant at 1,581,600 hectares. High-
land departments are: Chimaltenango, Sololid, Totoni-
capan, Quezaltenango, San Marcos, Huehuetenango, Quiché,
Baja Verapaz, and Alta Verapaz.

®Merrill, 1974, p. 23.



Table 2.4. Land classifications for the western highland depart-
ments (percent of total land area)2@

Highland land types

Department 1b 2€ 3d Total

Good Poox Not high-

arable land
Chimaltenango 18.6 39.0 6.3 63.9
Solold 1.0 61.6 19.4 82.0
. Totonicapan 5.5 80.4 14.1 100.0
Quezaltenangc 6.0 27.8 8.2 42,0
San Marcos 1.6 43,2 19;2 64.0
Huehuetenango 19.0 33.0 45.9 98.0
Quiché 9.4 16.0 55.8 81.2
Baja Verapaz | 17.1 55.9 26,2 99.2
Alta Verapaz _9.0 37.1 _2.1 48.2
Total® 11.0 35.3 27.9 74.2

Merrill, 1974, p. 20.

l)Good agricultural land. 1Includes much of the land area pre-
sently farmed intensively in many departments. Much of this land
is relatively flat or moderately sloped and frequently located in
highland valleys.

“Poor agricultural land. The land at high altitudes is not
particularly well suited for pasture and/or forest. Some scattered
areas are suited for potatoes and wheat and, to a much lesser ex-
tent, coxrn although frost is a continual risk.

dNot arable. Most of this land is steeply sloped and highly
eroded or will erode rapidly if farmed.

“Totals are weighted averages.



Coastal land types

Tropical land types

4 5 6 7
Good Poor Good Poor
5.9 30.2 - -
- 18.0 - -
36.1 21.9 - —
14.7 21.3 - -
- - - - 2.0
- - 17.7 1.1
- - - - - 008
-— — 10.8 41.0
3.7 5.4 6.5 10.2
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would be good laﬁd. This means that a family of four in the year
2000 would have a farm composed of 1.68 ha Of this 1.68 ha,

only 0.40 ha would be good land and 1.28 ha would be poor land.
The implications of this resource base for family income will be

discussed in Chapter VI.

Geography

The western highlands is an area of great geographic and
climatic diversity. Much of the region consists of very rough
terrain in which one finds small areas that might be described as
sub=-tropical. These spots exist in contrast with the general
climate of the regiop which is best described as being a low
mountain climate and which, in some ways, is quite similar to a
mild temperate climate.

There are two major mountain ranges in the western highlands,
the Siexra Madré and the Cuchumatanes Mountains. Geologically
these are distinct ranges, and mav be differentiated by their .
characteristic soil groupings. There are also some climatic dif-
ferences between them. The average altitude of the region ranges

from about 2,100 to 2,700 msnm (meters above sea level).

Sierra Madre

The Sierra Madre is centered around the Departments of Totoni-
capan, Quezaltenango and Solold. It extends down from Mexico to El
Salvador and Honduras like the backbone of Central America. Many

of the soils in the Sierra Madre are of volcanic origin and there
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are still more than 30 active volcénoes along the‘southern edge
of the Sierra Madre, some of which rise to altitudes of 4,000
msnm and higher (Dombrowski et al., 1970, p. 44).

Earthquakes, which are due to volcanic activity as well as to
the movements of faults which lie off the southern coast, are
common in this area. Today as in the past, earthquakes are a
potentially dangerous and destructive force. Although there have
been no major earthquakes in Guatemala since 1918 when a series of
earthquakes did substantial damage to Guatemala City, tremors and
volcanic eruptions are fairly common. These tremors do little
damage; because most buildings constructed since 1918 have enough
flexibility to resist all but the most severe quakes.

. The topography of the Sierra Madre is characterized by volcanic
peaks, deep gorges, some valleys, and steep ridges. Much of the
land is rolling but more is '*‘quebrado" or very steep. .The gotgés
and ravines which have been cut through the volganic‘soils by short,
abruptly falling rivers impede transportation. Most rivers coming
out of the Sierra Madre flow into the Pacific Ocean. They are
navigable for only very short distances in small boats. These
rivers currently provide much of Guatem2lza's electric power.

Two important lakes in this area are Lake Atitlin in the
Department of Solold and Lake Amatitlan in the Department of Guate-
mala. Lake Atitlén is considered to be one of the most beautiful

- lakes in the wdrld.
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Sierra de los Cuchumatanes

The Cuchumatanes mountain range enters Guatemala -from Mexico.
It is essentially a massif of dolomite and liﬁestone in sharp con-
tact with granite, and is located principally in the Departments
of Huechuetenango and Quiché. The high plateau of the Cuchumatanes
Mountains is approximately 3,300 msnm. This is a relatively dry

-and unfertile area in which sheep grazing is one of the more im-
portant economic activities. Some potatoes and habas (broad beans)
are grown. Corn and wheat are generally not grown, because most
varieties do not respond well to the dryness, high altitude, and
shorter growing season characteristic of the plateau;

The terrain in the Cuéhumatanes Mountains is very rugged and
presents a deeply dissected surface which restricts transportation
as well as agricultural exploitation in most of the area. Agricul-
ture is usually located in small pockets of good land tucked here
and there about the landscape and along the flood plains of fertile
river valleys. The ruggedness has until recently posed a serious
obstacle to transportation and was a major constraint limiting de-
velopment. Much of the area is now being opened up through the
construction of all-weather roads which provide greater access to
many of the small farms in northern Huehuetenange and northern
Quiché as well as to towns in Baja Verapaz and Alta Verapaz. It
is anticipated that these will be areas of rapid agricultural and

economic development over the next five to ten years.
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Climate

Most of the western highlands enjoy a cool, invigofating cli-
mate due to the altitude differential. Temperatures in the highlands
present an enjoyable contrast to the heat found in parts of northern
Guatemala and along the southern coast. Although the average alti-
tude for the region ranges from about 2,100 to 2,700 msnm, parts
of Chimaltenango (and Sacatepequez which might well be considered
as part of the western highlands although it was not mentioned
earlier as part of the regidn) are located as low as 1,500 msnm.
Many of the volcanic peaks and the tops of the Cuchumatanes Moun-
tains, on the other hand, reach altitudes in excess of 3,300 msnm,

with some peaks reaching more than 4,000 msnm.

Precipitation

Weather patterns in the western highlands display'two distinct
seasons. The rainy season begins about the first of May and lasts
until the middle of October. The heaviést rainsvgenerally occur
in the months of June, August, and September. The dry season be-
gins in October or November and lasts until the next May with the
driest months being January, February, and Maréh. Morén Burgos (ca.
1970, p. 44) estimates that 60% of the region he identifies as the
western highlands wduld be fypified by the above describea pattern
and that an additional 30% of his area is typified by having a dry
or variable dry period from December through March which is followed

by a rainy season from April to October with maximum rainfall
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occurring in the month of August.

The average amount of precipitation for most of the region is
’between 1,500-2,000 mm per year. In some areas, much of this mois-
ture comes in the form of dew and fog which condenses upon the vege-
.tation. Anyone who has ever tried to drive from Quezaltenango to
Sololi on a foggy night can appreciate how fog might contribute
substantially to total mm of precipitation. While average pre-
cipitation is about 1,800 mm, there is quite a large variance asso-
ciated with this average in selected areas. Parts of central San
Marcos may receive over 4,000 mm annually while northern parts of

Chimaltenango might receive only 1,000 mm.

Tempexrature

Normal temperatures vary considerably with the altitude.
Quezaltenango at about 2,500 msnm is invariably cooler than Guate-
mala City at about 1,500 msnm. The mean annual temperature of the
western highlands will be between 120-16°C. Summer average tempera-
tures vary from 1.50-2.500 higher and winter average temperatures
are about 2°-3°C lower. Temperatures'seldom are registered above
21°C or below 3°C in this area (Morin Burgos, ca. 1970, p. 43).

Frosts are quite common at higher altitudes from December until

March.'
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Cultural Characteristics

The western highlands has traditionally been regarded as "la
tierra del indigina" or as the home of the indigenous peoples
generally recognized as the descendants of the Mayas. After the
decay (disappearance might be a better term) of the Mayan cuiture,
the highland Indians came under the control of various Mexican
conquerors who, as the years went by, were iargely assimilated by
the loéal cultures. At the‘time of the Spanish Congquest, nc single
homogeneous Indian culture existed. During\Spanish colonial times
authorities divided native populations into municipios or townships.
Whether this was done arbitrarily or in accordance with existing
tribal and cultural delineations is not clearly understood. In any
event, tribal groupings after this were replaced by a system of ap-
proximately 315 municipios (Dombrowski et al., 1970, p. 77). As a
consequence of this division, the Indian ethnic groups today are
composed of hundreds of communities with cultural similarities,
but each municipio is a distinct cultural entity. Each municipiq
has its own customs, economic specialties, patron éaints, costume,
special festivals and market days. Even the language spoken in a
municipio can be considered unique in the sen$e~that Indians speak-
ing the same language and dialect usually have at least slight dif=-

ferences in local vocabularies.
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Languages

In addition to Spanish which is understood, if not spoken, by
most people living in larger towns, the 1950 census listed fifteen
Mayan languages which were being spoken in Guateméla. Today, four
of these fifteen continue to be spoken by fairly large numbers of
people in the western highlands. These four are Quiché, Cakchiquel,
Mam, and Keichi. Some of the other languages listed in 1950 con-
tinue to be spoken, but they are of relatively less importance
today.

Each of the Indian languages is linguistically distinct as op-
posed to being a dialectofa commén fongue. "An Indian may speak two
or more of the indigenous languages if other municipios near his
home use them. In general, however, the common language for Indians
from different linguistic groups will be Spanish. Most Indians know
enough Spanish to be able to carry on whatever social and economic.
contacts they have with peoplé outside their village, although it
would be incorrect to assume on this ground that they are truly
Bilingual.

The linguistic diversity found among the Indian municipios has
been one of the more serious literary barriers. Few teachers are
fluent in an Indian language; most are Ladinos and have no intexest
in learning an Indian language. As a result, schools have become
one of the primary places to learn Spanish, and teaching éf Spanish
is one of the schoolt's primary objectives., Unfortunately, many

Indian parents have not appreciated the importance of Spanish or
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for that matter the importance of ;choéls. When one of the most
visible results (to the parents) of schooling was an eight or
nine year olé child who could speak Spanish whenéver he did not wish
his parents to understand his conversations with friends or siblings,
many parents decided that school was nqt as important as they had
been led to bélieve. Consequently, some parents have been reluctant
to have their children attend schools.

Communications between Ladinos and Indians are hindered beth
by the language barrier and by the assumed superiority which each
group feels toward the other. Many people are aware that some
Ladinos have this attitude and have seen instances in which actions
of Ladinos display their assumed superiority. This attitude is
not as readily obsexvable among the Indians but it does exist. This
is not surprising because the worlds of the Indian and the Ladino
are in many ways quite dissimilar. This is changing, but in the
past the Indian has viewed his community as quite literally the
center of his worid._ He did not recognize the municipio a§ an inte=-
grated part of a larger national entity. It is important to recog-
nize that for the Indian, the municipio has been a closely inte-
grated society bound by strong ties of religion and tradition. -His
language, local costume, the economic specialization of his munici-
pio, and his local culture all reflect the fact that he considers
himself to be different from other Indians and certainly different
from Ladinos. As a fellow human being, his view of himself as

being different would naturally enough be accompanied by his view
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of himself as being superior. This view has helped to preserve the
Indian culture to date, and it is in part desirable because one of
the most impértant and difficult tasks of development is to find
ways to preserve local cultures and at the same time to foster econo-
mic development. It is generally agreed in principle that ways need'
to be found to merge local cultures and modern technology to make
the process of development a smooth and orderly one. Unfortunately,
it is often easier to embrace the principle than to accomplish the

task.

Economic organization

The Guatemalan Indian appears to be somewhat of an anomaly
among peasants. Applegate (1973, pp. 99-102) points this out by
referring to the differences in the findings of Tax (1963) and
Rogers (1969) with reference to the characteristics of a peasant.
Rogers attempted to synthesize what is currently known about the
values, attitudes, and motivations of subsistence farmers. His
findings presented a rather pessimistic picture of peasants as
candidates for agricultural and economic development. Tax, on the
other hand, pictures the Guatemalan peasant as behaving in mény
respects almost like a "capitalist," albeit on a very small scale.

The Indians of Panajachel, and the people among whom they

live and with whom they do almost all of their business,

are part of what may be characterized as a money economy

organized in single households as both consumption and pro-

duction units, with a strongly developed market which tends
to be perfectly competitive . . . because of the regional

specialization of labor, it is also very strongly a market
economy. (Tax, 1963, p. 13).
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Evidently the peasants of Guatemala represent exéeptions to the
ordinary expectations of what a peasant is, does, and how he be-
haves. Redfield, in his discﬁssion of Guatemala, observed that
conventionally the typical peasant village had been described as
one in which there is no quest for gain within the circie of those
bound together by religious ties, and that in such a society'the
village is one big family, united by piety and holding propexty
communally., He goes on to say:

These particular Guatemalan societies are about as far from
such a condition as is our own. The Rule of the Market has
entered even within the most intimate group. Neighbors buy
and sell from one another. The price of goods within the

village is the same as the price in the market center, al-

lowance being made for savings in labor oxr transportation or
the like. {Redfield as cited by Whetten (1961).)

Whetten, writing in 1961, suggested that some of the dif=-
ferences between Guatemalian and other peasants might be explained
by the relative scarcity of arable land in many highland régions.

Arable land is so scarce in the highland regions of Guate-
mala that not all municipios are able to produce enough of
the basic milpa (maize) to support the population. This
factor, coupled with tradition, has led to a high degree of
specialization among the Indians, not only in handicrafts
and labor, but also in crops. (Whetten, 1961, p. 108).

It is important to realize that while the Guatemalan peasant's
life and culture are built around the cultivation of corn, he is
usually not merely a subsistence farmer.

Each township has an economic specialty consisting of
particular crops, handicrafts, trades, marketing or iabor.
The choice of a specialization is often detexrmined by the
variation in altitude, natural resources, or the quantity or
quality of land; however, similar geographic components do
not produce the same economy, and the specialty in many
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cémmunities derives simply from tradition or inventive-

ness. Townships within the same region do not necessarily.

specialize in the same general occupation. All communities

gIOW COIN . . o« ‘(Dombrowski et al., 1970, p. 80).

The highland Indian economy involves more than peasant agricul-
ture. If we wish to influence the level of incomes in the high-
lands, it would appear that we should be studying‘the total eéonomy
as well as the (highly important) agricultural sector. Perhaps a
good way to begin this study would be by constructing a set of
village (or regional) accounts designed to collect data on the
village (or regional) economy much as a system of national accounts
provides data on the national economy. When we have a better idea
of how the peasant economic system works, we may discover additional
policy instruﬁents which could be used to favorably influence target
variables. This point is probasbly of importance for most peasant

economies, however dissimilar, and is not intended to be representa-

tive of only Guatemaia.
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CHAPIER 1IIi. THE LINEAR PROGRAMMING MODEL

The Choice of An Analytical Technique

The general objective of this study is to develop an analytical
framework (or model) which can be used to estimate the potential
effects of agricultural development programs upon small farmers.
The major specific objective is to estimate the potential effects
of the Basic Grains Program on small farm income and employment
levels. The analytical technique chosen to accomplish these objec-
tives must satisfy three general criterion., First, it should be
capable of generating soiutions for all relevant cropping, resource
set, and technology level combinations. It must be able to do this
quickly and at a reasonable cost. Second, it should be capable of .
estimating which of the farmeris resources are most limiting.

These estimates need to be ﬁade within a consistent logical frame-
work that allows inclusion of all relevant production activities.
Such information will make it possible to suggest programs to in-
crease the availability of constraining reéources. Third, the
technique must be flexible enough fo capture all essential aspects
of sméll farm production in western Guatemala.

Linear programming (LP) is the analytical techniquelwhich
comes the closest to fulfilling these requirements. LP models are
capable of considering many diverse types of production and non-
production activities, can be designed to allocate large numbers

of different resources between equally large numbers of pioduction



activities in order to achieve a specified objective, and can be
run at comparatively low cost. Linear programming models can
usually bé m;de as flexible and realistic as the problem demands,
provided that the model builder thoroughly understands the produc-
tion process, Furthermore, LP models can be solved using conven-
tional computational techniques and are therefore comparatively
easy to use.

Linear programming is particularly appropriate fqr’the present
analysis beéause of the ease with which the model can be adapted to
analyze the effect of new technologies and changes in the farmer's
set of resources. New technologies at the farm level are usually
embodied in new production activities. Thus for the farmer, the
choice of which technblogy to employ réduces to a choice betﬁeen
alternate activities in which the new activities compete with older
activities for thé farmer's resources. The farmer's goal is to
select that set of activities which will maximize his net income
subject to whatever constraints are imposed by his limited set of
resources, his personal desires, and existing institutions.

In this study, the farmer®s set of resouxces is defined broadly
so that knowledge of agricultural technologies can be included as
a resource. Each farmer has a certain store of knowledge just as
he has a certain amount of savings, land, labor, etc. As the farmer
becomes aware of a.new technology, his knowleéedge increases. Or al-
ternately, new technologies require more knowledge. Increments in

knowledge which accrue to the farmer as a result of his participation
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in extension activities can be incorporated into an LP model by
parametrically adding to the farmer's total supply of knowledge.

In this way, the additional knowledge needed for activities embody-
ihg new technologies is made availablg. This additional knowledgé‘
allows newer activitieé to compete with older Activities for scarce
resources, and the model yields estimates for the effect of these
new technologies on farm income and employment. Knowledge is, how=-
ever, only one of se&eral important resour:es whose scarcity can
limit farm income. Land, labor, and working capital must also be
available if production is to take place. In Chapter V we will |
see how these resources are combined, recbmbihed, and analyzed fo
determine their relative importanée,

The juggling, testing, and reqombining,of*farm resources which
will be carried out in Chapter V involves more than simply seeing
how a farmer's income and employment levels are altered by a change
in his set of reéources. It is also necessary to consider why and
how the farmer's sef of resources is going to be changed. Most
small highland farmers are probably not capable of significantly
changing their existing set of resources. ﬁny majoxr changes would
require outside intervention, probably from Tovermment agricultural
development programs. By solving the model with varioué sets of
farm resources, it is possible to estimate the farm level effect
of successful Govermnment programs designed to increase the farmer's
supply of éertain resources. Such estimates aré often valuable in

deciding which, if any, Government programs should be undertaken.
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For example, & Government;planner.may need to choocse between:

(1) an extension program designed to increase the farmex's supply
of knowledge; (2) a credit prdgram designed to increase the supply
of capital; (3) a laﬁd reform program which would altexr the average
size of farm; (4) a migration incéntive program which would alter
the local supply of hired labor; or (5) some combination of the
above programs.

The linear programming model could aid the planner in his
decision by pointing out which factors are in shortest'supply TIOW, .
and which would be in shortest supply if one.or a combination of
these programs were successful in increasing resource supplies.
The linear programming model can also be very helpful in identify-
ing and quantifying program targets. Tafgets help clarify program

goals and are an important aid in program evaluation.

The Linear Programming Model

Over the past fifteen years, linear pfogramming has become a
widely known technique for agricultural plamnning at both the micro
and macro levels. To give a detailed e#planation of the method
here would be redundanf, and the reader is referied to- Heady and
Candler (1958); Dorfman, Samuelson, and Solow (1958); Hadley (1962);
or Dantzig (1963) for a more extensive treatment.

The maximization form of the lineér programming modél may be

expressed by the following equations:
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Maximize
n
Z = .2 c; X5 (1)
i=1
subject to
n . \
T a;; X, < b, (2)
jop JiTd J ) .
and
x; > 0 (3)
where

Z = the value of the program

x; = activity i (i=1, 2, ... , n)
¢, = the net contribution to Z of activity i
bj = the quantity available of xresource j (j=1, 2, ... , m)

a.. = the amount of reéource j needed for one unit of
activity i.

Equation (1) is the objective function. Equation (2) is a short-
hand notation for the group of constraint equations and transfer
rows‘which make up the heart of the linear program and specify that
no more resources can be used by'the activities (xi)‘than are’pres-

ent in the resource base (b.). Equation (3) specifies that all

3



activities (xi) can only take on non-negative values.

Linear Rrogramming is particularly useful for farm planning
studies because it is a flexible tool and can be easily adapted to
a wide variety of farming situations. It has been applied success-
fully to studies of large highly mechanized farms in the United
States, to studies of collective farming'in Eastern Europe and to
studies of cooperative farming in South America. It is equally
adaptable to the almost cémpletely non-mechanized farming practices

of small farmers in the Guatemalan.highlands.

The cbjective function

In farm planning models the objective function is generally
to maximize some income variablé such as gross income or net in-.
come, although in some cases the objective function may call for
the maximization of total production or of employment rather than
of income. The present analysis seeks to determines: (1) what is
the maximum income that a small farmer can earn from his tradi-
tional set of crop production and labor sales activities; and (2)
by how much could income be increased if that set were expanded to
include activities embédying new high yield technologies. Conse-
quently, the objective function chosen for the analysis may be ex-

pressed as:
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where

Y = net farm income

P: = the net price of activity i

Ai = the level at which activity i enters the solution.

The linear programming matrix

The linear programming matrix consists of 59 rows and 70
columns. The rows fall in five classeé. Class 1 is the objective
function which occupies the first row. Class 2 consists of 25 rows
which contain the resource requirements for the production activities
and the amounts of the various resources thé farmer has at his dis-
posal. Class 3 contains two rows representing'a psvchological con-
straint. Class 4 consists of four rows which limit the sale of
family and farmer labor. Class 5 consists of 27 transfer rows of
different types.

The columns are divided into eight different classes. Class
1 consists éf 21 crop production activities. Class 2 is made up
of twelve crop selling activities. Class 3 contains eight activi-
ties which allocate savings and labor resources to the appropriate
transfer rows. Class‘4 is eight activities which hire in or uée
family and farmer labor. Class 5 consists of four activities used
to hire in local labor. Class 6 contains ten labor salgs activi-
ties. Class 7 is made up of four capital borrowing activities, and
Class 8 consists of three accounting activities. The matrix is |

constructed in such a way as to allow almost the entire analysis to
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be done using the same basic matrix while varying the farmer's
set of resources. The complete LP matrix is presented in Appendix

B. Appendix B also contains tables describing the rows and columns.

Assumptions of linear programming

One of the crucial factors underlying the choice of an analyti-
cal technique is the appropriateness of its assumptions. If these
assumptions are not éppropriate, neither is the technique. Fortunate-
ly. the assumptions of linear programming are appropriate for small
farm production methods in western Guatemala. |

Additivity and linearity. The assumptions of additivity and

linearity require that when several productive activities are used
together,'their total product must be the sum of their individual
products. Similarly, the combined input requirements for several
activities performed together must be equal to the sum of the in-
put requirements if these aetivities were performed separately.‘ In
essence, this means that no interaction is possible in the amount of
resources reduired per unit of output regardless of whether the
activities are produced alone or in various proportions (Heady and
Candler, 1958). Consequently, all linear programming activities must
be characterized by constant returns to scale. In most cases, agri-
cultural activities conform to this requirement. This assumption
might be a problem in a rotation activity where interéction could
take place between, for example, corn and beans grown in different

proportions. This probiem is usually resolved by defining each
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rotation as a distinct activity characterized by different input
requirements and different outputs than are found for either corn

or beans alone. This example illustrates the flexibility of lineaxr
programming even though the assumption of additivity and linearity
does not coincide exactly with the reality of all agricultural
activities.

Divisibility. This assumption states that activities can

enter the program, products can be produced, and inputs can be used
in fractional units. That is, resources and products are considered
to be continuoﬁs or infinitely divisible. The assumption of divisi-
bility may cause difficulties if production activities are defined
as very large, whole production units. For example, it would be
awkward to have an optimal production plan that calls for 0.5 steel
mills or 0.157 petroleum refineries. In agriculture, the assumption
of divisibility has not proved troublesome. For activities such as
livéstock production in which answers expressed as whole numbers

are desirable, it is usually possible to define the productive
activity on a scale which minimizes this problem. For instance, by
defining animal raising activities in terms of 106 head of hogs or
cattle, a result of 0.431 cattle units and 0.677 hcg units can be
rounded to 43 cattle and 68 hogs which usually solves the problem.
The assumption of divisibility creates no particular problems in

the present analysis. Most of the inputs and outpurs being con-

sidered are for practical purposes divisible; any indivisibilities
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that exist can be resolved by rounding to the nearest whole unit
without causing serious errors.

Finiteness. Linear programming requires the assumption that
there are a limited number of relevant activities and resource
restrictions. This.is a very practical assumption which causes no
problems. The model used in this analysis contains 70 activities and
58 constraints.

Single-value expectations. This assumption states that in-

dividual resource supplies, input-output coefficients, and prices
can be specified as a single value and that variationsvfrom this
value can be ignored. Although often a little unrealistic, this
assumption is acceptable for the purposes of the present analysis
in which no attempt is made to determine how farmers respond to

different degrees of risk associated with various crops.

Advantages and limitations

of the linear programming model

The primary advantage ofkusing linear programming as a farm
planning or farm policy tool is that it allows the farm manager or
the policymaker to consider a wide range of alternatives quickly
and at a comparatively low cost. The principal limitations of the
linear programming model are: (1) programming offers no help in
formulating price expectations; (2) accurate production coefficients
can be quite difficult to obtain; (3) programming cannot substitute

for inccmplete knowledge of the production process; (4) all
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programming activities are treated as being equally risky; and (5)
activities which involve decreasing costs cannot be accurately-

treated (Beneke and Winterboer, 1970).

Resource Availabilities and Constraints

The primary resources the small farmer has at his disposal are
land, labor, capital, and knowledge. Each of these resources is
present in finite amounts and, consequently, represents a constraint
in the linear programming model. In addition to these quantitative
constraints, the model includes one natural and one psychological
constraint. The natural (seasonality) constraint limits the timing
of production activities in the model and results in all farm jobs
and most resources being allocated to a specific quarter of the
year. The psychological constraint limits the amount of time which
the farmer is willing to devote to migratory labor sales activities.

There are also two minor constraints. The first is a constraint
on local demand for farmer and family labor which prohibits both
farmer and family from selling more labor than they possess. The
second is a constraint on the ;mount of local labor which may be
hired to assist with crop production activities. No more than ten
men are assumed available for fﬁll-time employment. For most small
farm operations this would be equivalent to giving the farmer access
to an .infinite supply of local hired labor. All other rows in the

model are transfer rows of one type or another,
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The crop year

Weather is one of the most important factors influencing any
agricultural endeavor. Probably the most often cited effect of
weather is its effect upon yield levels. Our interest here, how-
ever, is not directed toward the effect of weather on yield levels,
but rather toward the broader and more permanent constraint which
weather places upon growing seasons.

In order to more realistically determine resource restric-
tions, particularly for labor resources, the crop year was divided
into four quarters which coincide approximately with the growing
seasons for traditional crops in the western highlands. All re-
source supplies and resource requirements for both cropping and
labor sales activities in the model are specified quarterly. The
months falling into each of the four seasons or quarters are:

(1) first quarter--March, April, May

(2) second quarter--June, July, August

(3) third quarter-=September, October, Necvember

(4) fourth quarter--December, January, February.

In most highland areas, first quarter is the time for planting
traditional crops. Exact planting dates depend on locél variations
in rainfall patterns, but it is usually correct to say that the first
rains will begin in March or April. Planting usually takes place
as soon as the first heavy rains have fallen. Second quarter is
primarily a time of crop growth and dévelopment, cultivation, and

disease or insect control. Third quarter is a period of maturation
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and of harvest for some crops as well as a period in which many
highland farmers migrate to work on cotton, coffee or sugar cane
farms for a month or two. Fourth quarter will be dedicated to har-
vest activities, farm planning, migratory labor sales, and some land

preparation activities on larger farms.

Labox
The primary source of labecr on small highland farms is the
family.. It is assumed that the typical highland farm family unit
consists of farmer, wife, son, and daughter. Following the example
of Gollas (1970, p. 42), family labor resources are divided into
two Categories: farmer labor; and family "farmer equivalent" labor.
Gollas classifies and weights family labor in the following way:
(1) Males between the ages of 16-55 are given a weight
of 1.0.

(2) Females between the ages of 16-55 are given a weight
of 0.5.

(3) Children under 16 and men and women over 55 are given
a weight of 0.3.

Farmer labor resources available on a quarterly basis are
computed by counting the number of days in each quarter, subtracting
the number of Sundéys and multiplying by eight hours a day.; The
fanily's "farmer equivalent!" labor resources are calculated by
substituting fhe numbexr of farmer hours available in each quarter

into the following formula:
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FET = 0.5 FT + 0.3 FT + 0.3 FT

FET = family "farmer equivalent'" hours.

FT = total farmer hours available in the quarter.

The contribution of the wife to the total number of "farmer equiva=-
lent" hours is represented by the 0.5 weight while the contribution
of the son and daughter are represented by the two 0.3 weights.

‘ This method of calculating labor time available for cropping or
labor sales activities results in the quarterly labor resource
limits shown in Table 3.1.

In addition to farmer and family labor, one version of the model
allows hiring up to ten men. A farm probably would have to be over
five hectares before as many as ten men were needed. This would be
-a comparatively large farm; the 1964 census reported that 87% of
the farms in the country were smaller than two hectares (Fletcher
et al., 1970, p. 60). Wages for hired laborers are quite low. The
model allows local labor to be hired in at the rate of 7.6 cents per
hour or Q0.608 per day which is a typical wage rate for most munici-

pios in the western highlands.

Land
Land resources available to small farmers in the western high=
lands are quite limited both in terms of quality and gquantity,
Simmons! soil reconnaissance study (Simmdns et al., 1958) divided
highland soil types into three categories: good, poor, and not
arable. Simmons estimated that only 74.2% of total land area in the

nine highland departments was actually highland; 9.1% was classified



43

Table 3.1l. Quarterly labor resource limits

Farmer equivalent

* Quarter Farmer hours hours
MAM 632 695
JJA 632 695
SON 624 686
DJF 616 678

as coastal land, and 16.7% was classified as tropical land (see
Table 2.4). If only the highland areas are considered the data

in Table 2.4 shows us that only 14.8% of the total highland area
could be considered as geood land. The remaining 85.2% is composed
of 47.6% poor lands and 37.6% not arable lands. Obviously, the
quality of land found on the typical highland farm is not very
high. Initially, it was ﬁoped that interview data on yields per
hectare could be obtained for each of the differenf soil classifi-
cations Simmons idenfified. Unfortunately, this did not prove to
be possible, and the only soil quality variable on which informa-
tion could be obtained was slope. This infbrmétion has been used
to the fullest extent possibie. The crop production activities in
the model specify whether they require flatter more fertile valley

lands, steeper poorer hilly lands, or a combination of valley and



hilly land indicating that the activity is carried out on both
better valley and poorer hilly soils.

The existence of two types or qualities of land presents a
problem. What should be the proportions of good and poor land on
a representative highland farm? If the land which Simmons catego-
rized as unarable land was not farmed, then 23.8% of the land in
farms would be good land and 76.7% would be poor land. These
proportions could be used to define the relevant percentages of
good and poor land on the typical farm. There are two reasons for
not using this method. First, the production survey data used here
did not provide information on the soil types used by Simmons. It
is therefore possible that some of the activities identified in
the survey as being carried out on good (flat) land might have been
carried éut on poor land by Simmons' classification. This is really
quite likely considering the high percentage of poor land. Second,
if seemsvlikely that the Basic Grains Pfogram will initially reach
those small farmers with more than an average amount of good land.
This is suggested by the program's goal to help a typical farm family
earn at least Q1000 per year. Consequently, it was decided to as-
sume that 50% of the farmer's total land is good valley land and
50% is poorer hilly land. This choice preserves the survey's dis-
tinction between good and poor lands. It also gives the farmer a
higher proportion cf good land than Simmons!' study suggests. Thus,
the Basic Grains Program is given the benefit of the doubt in its

attempt to reach the aforementioned target level for family income.
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The model specifies two other types of land in addition to the
good and poor land mentioned above. -These are vegetable land and
potato land. Vegetable land is limited to one cuerda (0.04 ha)
because: (1) the farmers in the western highlands are primarily
producers of traditional crops, not of vegetables (although vege=-
tables may be grown as an additional activity); and (2) vegetables
require more water than do field crops and, hence, must be grown
close to water. This is discussed further in Chapter IV.

The potato land constraint allows potato activities to be
readily included or excliuded from the set of productiop alternatives.
This is done primarily because potatoes, like vegetables, cannot be
grown everywhere with equal success. Potatoes do better at higher
altitudes (2,500 msnm) with good quality lighter soils and adéquate
water. Obviously, not all areas will be appropriate for potato
production. This distinction has been built into the model by in-
cluding a potato land constraint. The three highest yielding potato
activities are assumed to require land that is appropriate for
potato production, i.e., land possessing the proper combinations of
altitude, soils. and water availabilitv which will enable the new
varieties to produce the high yields specified in the model. At
present potatoes tend to dominate other crops thus forcing them out
of the model. Inclusion of the potato land constraint allows us to
estimate the income earning potentiai which new technologies hold
for the farmer who cannot grow potatoes, as well as for those who

cane
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Working capital

WOrking capital is often recognized as one of the most con-
straining resourﬁes for small farmers in developing countries.
Guatemalan farmers do not appear to be an exception, which is one
of the reasons for the Basic Grains Program. One of the major ob-
jectives of the Program is to relax this capital constraint. The
thrust of the Program may be summarized by saying that BANDESA
provides small farmers with credit and the '"promotores' of DIGESA
teach them how best to use it. In the model, working capital is
assumed to be available from personal savings, as well as from the
éovernment-sponsored small farmer agricultural credit program.

Personal savings levels of Q50 and Q150 are used in the model.
Savings are assumed to be available for crop production at an op-
portunity cost of 5%. These two savings levels are used to show
how important credit is for small farmers who do not h;ve access
to Government credit programs.

Government credit is assumed available at an interest rate of
10%. Loans are normally made in January and February with repayment
required when the crop is harvested and sold. The exact repayment
period depends on the length of the growing season and is there-
fore determined by both the specific crop and the borrowert's locality.

Loans are assumed to be crop specific. Farmers are allowed to
borrow up to 450 for a hectare of potatoes but only Q80 for a hec-
‘tare of corn or milpa. This restriction is imposed by the way in

which BANDESA makes loans to small farmers. The farmer must contact
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a "promotor," extension agent or other representative of BANDESA

to obtain a loan. He and the representative discuss where he lives,
how much land he has and what crops he wants to grow. The‘loan is
then made specifically for those crops. 1In almost all cases the
amount of the loan will be adequate; the farmer will be able to buy
most or all of the chemical inputs required for whatever level of
technology he might wish to employ. There is, however,.a maximum
loan for each crop. This maximum is set by agronomists and others
working for BANDESA, and their recommendations are periodically
distributed to field representatives. The maximum loan size used
in the model for each crop is presented in Table 3,2. The amounts
were derived from a series of tableé showiﬁg number 6f loans, total'
value of loans, and total loan area cultivated for the year 1972 and
the period from January fo August, 1973 (BANDESA,23.1973a and
BANDESA, ca. 1973b). The tabled amounts are the amounts approved,
and may not have actually been disbursed. Nevertheless, they pro-
vide reasonable estimates of the amounts BANDESA will loan to small

farmers.

Knowledge

The current Basic Grains Program recognizes the importance
of knowledge as a productive resource in agricultural production.
"For this reason, both the provision of knowledge through extension
activities and the provision of credit through lending aptivities

have been specified as dual objectives of the Basic Grains Program,
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Table 3.2. Average loans per hectare for traditional cropsa’b

Crop Loan per hectare (Q)
Milpa ‘ 80
Corn 80
Wheat 110
Potatoes | 450
Vegetables 450°

2RANDESA, ca. 1973a and BANDESA, ca. 1973b.

bThe average loan size per hectare is assumed to be represen-
tative of the guidelines used to specify the maximum loan size pex
hectare,

“The maximum loan per cuerda will be Q19.65 for vegetables.

- Farmers are only allowed to grow one cuerda of vegetables in the
model. Those with larger amounts should probably be classified as
vegetable producers instead of traditional crop farmers.

Knowledge‘and new technologies appear at the farm level as-
new production activities. As the farmer's knowledge of new tech-
nologies grows, he has a greater variety of crobping activities to
choose from. Four levels of crop knowledge are defined for this
analysis. These are all cx none propositions. The farmer either
possésses the knowledge resources needed by an activity embodying

a new technology, or he does not. Each level of crop knowledge is
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built into the LP model as a constraint, and each cropping activity
requires a specific level of crop knowledge.

Corn, milpa, and wheat activities are classified into three
technological levels. These are: (1) a traditional or present day
lower technology characterized by low use of agricultural chemicals;
(2) a present day intermediaie technology characterized by use of
some fertilizer but little else; and (3) a present day high tech~
nology in which farmers use more fertilizers, increase their plant-
ing density and use insecticides, herbicides and fungicides as
recommended by extension agents and othefs. Technology level (3)
is currently used on most demonstration plots.

Potato production activities are classified into four levels
of technology. The first three are roughly comparable to the levelé
outlined above. The first may be classified as a low traditional
potato technology. The fourth or highest of the potato activitieé,
PV4, is définitely higher than the level of technical knowledge re-
quired foxr other crops. PV4 requires a crop knowledge level of TL3,
which is the highest level of technical experfise required by any of
the farmexr's cfbpping activities.

In addition to the knowledge reséurces mentioned above, the
farmer may possess knowledge needed for vegetable production.

Here also there are differences in the amount of knowledge réquired
for different crops., Early and later beets require the equivalent
of a traditional knowledge‘input because they are comparatively easy

to arow. Onions, early carrots, and later carrots require an



intermediate knowledge input. This distinction was made because
onions and carrots are much more profitable than béets, indicating
that fewer people have been able to grow them. By alternately
granting and then taking away knowledge resources needed to grow
onions and carrots, we can see how income, employment and the com-
position of crops produced are altered by including vegetables among
the farmer's setof production activities.

The effect of the Government!'s extension program upon a partic-
ipating farmer is estimated by running successive solutions of the
model. In the first run.the farmer is assumed to possess only tradi-
tional knowledge. His alternatives are, consequently, limited to
ohly those production activities requiring traditional knowledge.

In the second run he is given both present day intermediate and
traditional knowledge which allows him to include activities requir-
ing an intermediate level of crop knowledge in his set of cropping
activities. Subsequent runs enlarge his store of knowledge re=-
sources and, consequently, enlarge his set of cropping‘activities.‘

Use of knowledge as a constraint is not too common in linear
programming. Consequently, it may be helpful to consider an example
which demonstrates how knowledge is built into the model as a con-
straint. This has been done in Table 3.3. Table 3.3a presenfs the
complete set of crop and vegetable production activities included
in the LP model and identifies the level of crop or vegetable knowl-
edge which each activity requires. Tables 3.3b and 3.3c present

excerpts from the LP matrix (which is presented in Appendix B) that



Table 3.3a. Level of knowledge required by crop and vegetable activities

. a Knowledge . oa Knowledge

Activity . level Activity level
required ' required

MH1 TLO wv4 TL2
MH2 TLO PHV1 | TLO
MV1 ‘ TLO PHV2 TL1
MV2 TL1 ‘ PHV3 TL2
MV3 ‘ TL2 ‘ PV4 TL3
cv2 TLO EB Low (O)
cv3 TL1 LB Low (0O)
Ccv4 _ TL2 @ High (1)
WHV1 ‘ TLO ECR High (1)
WHV2 TLO LCR High (1)
wv3 TL1

56;6p activities are identified by crop, by type of land they require, and by the
relative amount of working capital they require according to the following code: M=
milpa; C=corn alone; W=wheat; P=potatoes; H=hilly land; V=valley land; HV=a combination
of hilly and valley land; l=very little working capital; 2=an intermediate amount of
working capital; 3=a high amount of working capital; 4=a very high amount of working
capital. Vegetable activities are identified by vegetable and by planting date accord-
ing to the code: E=early; L=later; B=beets; GO=green onionsj CR=carrots. These same
codes are used in Tables 3.3b and 3.3c.

1s



Table 3.3b.

An excerpt from the LP matrix in which the farmer with one hectare of crop
land has a crop knowledge level of TL1 and a low level of vegetable knowl-
edge ‘

Crop activities Veg. activities
Row Row Row :
name type no. RHS® MH1 MV2 MV3 CV2 CV3 CV4 WHV2 PHV3 PV4 EB GO LCR
P L 54 1 o 1 o o 1 o o 0 0
2P L 55 0 o o 1 o o0 1 o0 1 0
b ,
TL3 L 56 0 0 0 ) ) ) ) 0 0 1
c
TLV L 57 o 0 1 1

3 This column contains the right hand side values.,

bCrop knowledge levels,

cVegetable knowledge levels.

(4%



Table 3.3c.

An excerpt from the LP matrix in which the farmer with three hectares of
crop land has a crop knowledge level of TL3 and a high level of vegetable
knowledge '

Row Row
name type

Row Crop activities Veg. activities

no. RHS® MH1 MVZ2 MV3 CV2 CV3 Cv4 WHV2 PHV3 PV4 EB (€8] LCR

w® L
wa? L
ws® L
mv® L

54 3 o0 1 0 o0 1 ©o0 O0 0 o
55». 3 o0 O 1 o o 1 0o 1 0
6 3 o0 O O o 0 ©Oo Oo o0 1
57 1 o 1 1

%This column contains the right hand side values.

bCrop knowledge levels.

cVegetable knowledge levels,

€s



show how levels of crop and vegetable knowledge restrict the farmer's
set of production activities. For example, in.Table 3.3b, the
farmer with one hectare of crop land and a cfop knowledge level of
TL1 has sufficient crop knowledge to grow one hectare of MH1l, MVZ2,
CV2, CV3, or WHV2. He could also grow a combination of the above
crops which totals one hectare. He cannot grow MV3, CV4, PHV3, or
PV4. 1In addition to these crops, he could grow one cuerda of early
beets. He could not grow green onions or later carrots. In Table
3.3c, the farmer is given three hectares of crop land, a crop know=-
ledge level of TL3, and a high (1) level of vegetable knowledge.
His crop knowledge level will now permit him to grow three héctares
of any crop (or combination of crops) plus one cuerda of any vege-

table in Table 3.3c.

Psychological constraints

Only one psychological constraint has been included in the
model. This constraint limits the amount of time the farmer is
willing to spend working as a migratory laborer. As a result of
this constraint, the farmer may not allocate more than 416 hours
to migratory laboxr sales activities in either the third or fourth
quarters. Thus the farmer will spend no more than 60 days working
as a migratory laborer on cotton, coffee, or sugar cane farms in
third or fourth quarter. This restrictién is supported by Schmidt's
(1968b) finding that most work contracts among migratory laborers
were for 30 to 60 days. Itwas felt that here, as in the case of vege-

table production, some type of restraint is needed to insure that
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the behavior of the farmer in the‘model roughly corresponded to the
behavior of most small farmers. If we allowed faxﬁers to migrate
all year round (or to produce only vegetables), we would not be
describing the realities of the situation. This is a model of
small farmers who are primarily producers of corn, beans, wheat,
and potatoes. This is the population the Basic Grains Program

is directed at, and it is the population the "typical" farmer of

our study is drawn from.

Prices Used in the Analysis

Two types of prices are used in this analysis. These are:
(1) farm gate prices; and (2) Guatemala City average monthly whole-
sale prices. Farm gate prices are the prices received by the farmer
if he sells his crop to local truckers. Guatemala City average
monthly wholesale prices (as measured at the Terminal Market in
Guatemala City) are an estimate of average wholesale prices in
Guatemala. The difference between farm gate prices and wholesale
prices should be moderate and should equal the cost of transporta-
tion plus a little extra to pay for market taxes, interest on the
capital used in the operation; and a payment for the trucker's
services. For most agricultural products in most areas of the
western highlands, this difference was estimated as amounting tq,
about,QO.SO per hundred weight. in 1973, Information on 1969 trans-
portation rates between Guatemala City and selected cities in

the western highlands is given in Table 3.4.
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Table 3.4. Transportation costs to Guatemala City from selected
cities, 19692

b
. Cost per Qg Cost per mt
Department & Cit ==
P v (Q) (Q)

Sacatepequez

Cuidad Vieja 0.25 5:50

Antigua 0.20 4,40

Magdalena Milpas Altas 0.15 3.30
Chimaltenango

Chimal tenango 0.20 4,40

Perramos 0.30 . . 6.60

Tecpan 0.35 7.70
Huehuetenango

Ahuacatan 0.50 11.00

Huehuetenango 0.50 11.00
Quezaltenango _

Quezal tenangc 0.35 8.80

Zunil 0.40 8.80

Huitén 0.4C 8.80
Solola

Solola 0.40 6.60.

Santiago Atitlan 0.30

ay,

Ministerio de Agricultura, 1970.

b’l‘he transportation costs in this table were typical truck
rates in 1969. Rates are undoubtedly somewhat higher today. In .
addition, rates may vary according to the type of product, condi-
tion of the road and the individual trucker,
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Small farmers are usually willing to sell their coxn, wheat,
beans, habas, guicoy squash, ayote squash, and chilacayote gourds
locally. Prices used in the analysis for these products are, con-
sequently, local orx farm gate prices, and no attempt was made to
‘build marketing costs into the model's coefficients for these crops.

Potatoes may alsé be sold locally, but it is quite common for
potato farmers to take their potatoes to the Terminal Market in
Guatemala City. Most of the farmers interviewed did this, and
consequently, the potato prices used are avérage_wholesale prices.
Transportation costs and labor requirements for the trip to the
Terminal Market have been built into the model's coefficients.

Vegetables may be sold locally, taken to a regional market,
or taken to the Terminal Market. It is assumed that the farmer
takes them either to a regional market 6r to the Terminal Market.
Again, the cost of transportation and the time required to effect
this transportation have been included in the modelt's coefficients.

Four primary sources of data on prices have been used to
estimate prices for the model. The first is samgple data (Johnston,
ca. 1973a) in which farmers were asked to estimate average prices
received for their crops over a five-year period. These data are
presented in Table 3.5. The second is a set of monthly average
wholesale prices fof the years 1966 to 1971 which were collected:
at the Terminal Market in Guatemala City by the staff of the
National Agricultural Marketing Institute (INDECA, 1973). These

prices are given in Tables 3.6 and 3.7. The third important souxce
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Table 3.5. Farm gate prices reported by small farmers™

Crop Average price Unit
(Q)

Corn alone 3.04 qq
Corn in milpa 4.30b | aq
Black beans 10.33 ‘ ' qq
Habas 9.74 qaq
Wheat 5.71 qq.
Mature guicoy 0.07 each
Ayote 0.07 each
Chilacayote . 0.07 each
Potatoes 4.79 qq

2johnston, 1973a.

bFarmers were asked to report average prices. The data in-
dicate that for corn in milpa, some of them misunderstood what was
wanted and reported actual present day (1972-73) prices. These
prices were quite high due to the drought which destroyed much of
the 1971-1972 corn crop. These high prices may also have caused
some farmers to estimate that average prices were higher than they
were. For these reasons it is felt that the corn price given here
of Q4.30 per qq is a little high.
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Table 3.6. Average wholesale prices, 1966~1971%

Crop Month(s) Price Unit
(Q)
Yellow corn December-February 3.53 qq
Black beans September-November 9.05 qq
Habas September-Novembexr 10.55 qq
Chilacayote
gourd - - -
Ayote squash January-December 0.076 apiece
Mature guicoy September-Novembexr 0.088 apiece
Potato b
average price September-November 4.70 qq
Medium
green onions Octoberx 7.56 per 1,000
Carrots September 2.20 per 25
dozen
Carrots Octobex 2.20 per 25
- dozen
Beets September 1.64 per 25
dozen
Beets October 1.88 per 25
dozen

2INDECA, 1973.

b .y .
For additicnal in

3
{
)

b

rmaticn on potato prices see Table 3.7.
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Table 3.7. Average wholesale potato prices, 1966-1971%

Variety Month(s) Price/qq
(Q)
Alpha September 4.75
Alpha October 4.95
Alpha November 5.66
Alpha September~November 5.12
Voran Sepiember 3.85
Voran Octoberx 4.24
Voran November 4.75
Voran September-November 4.28
Alpha & Voran September-November - 4,70

2INDECA, 1973.
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of price information is the set of tables, "Average Crop Production
and Average Price Datz;" by Dr. James Walker (1968). These esti-
mates contain information on prices during the 1964-1969 period
consequently provide an important perspective for judging more
recent price levels. They arxe presentéd in Table 3.8. The fourth
source, which presents information on vegetable prices, is the re-

port, Analisis de Actividades Necesarias para la Produccion de 11

Especies Horticolas (Hortalizas), (Johnston, 1973b).

The price differences shown in these tables are attributed to
two factors. First, the sources quote price estimates for different
time periods. Second, they report two kinds 6f prices. Farm gate
prices in 1973 are shown in Table 3.5 while Tables 3.6 and 3.7 report
on average monthly wholesale prices bétween 1966-1971. Table 3.8
estimates average annual wholesale prices for the 1965-1969 period.

The prices finally selected as representative average prices
for 1973 appear in Table 3.9.- Farmers could probably get somewhat
higher prices than are listed %n Table 3.9 if they held back their
crops at harvest and waited for prices to rise. Some farmers do

this, but it is not a realistic alternative for most small farmers.
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Table 3.8. Average price estimates for Guatemalan cropsa

Crop Price Unit
(Q)
Corn 3.00 aq
Black beans 10.00 qQq-
Habas 12.00 qaq
Wheat 5.85 aq
Mature guicoy 3.00 daq
Ayote 2.50 qq
Chilacayote 1.00 qq

3Walker, 1968.



Table 3.9. Average prices used in the

analysis

Crop Price/unit of measure Unit of - Place of
measure Sale
(Q)
Corn 3.30 qq Local
market
Black beans 10.00 qq Local
market
Habas 10.00 qq Local
market
Potatoes 4,75 aq Guatemala
City
Wheat 5.75 qq Local
market
Guicoy or ayote 0.07 each Local
squash market
Chilacayote gourd 0.10 each Local
market
Early beets 0.065 doz. Guatemala
City
Late beets 0.07 doz. Guatemala
City
Green onions 7.00 1,000 Guatemala
City
Early carrots 0.088 doz. Guatemala
City
Late carrots 0.088 doz. Guatemala

City
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CHAPTER IV. RELIABILITY OF THE PRODUCTION DATA

Since the data used to comstruct production coefficients deter-
mine the wvalidity of the mode;'s estimates, it seems appropriate to
discuss the types of data needed, the data collection procedures,
and the reliability of the estimates made for yields and input re-~
quirements. Let us begin this discussion with a few observations
concerning the overall quality and reliability of the data used in
this study, and of Guatemalan crop produétion d&ta in general,

The production coefficients used here are derived from data

contained in the two studies, Produccidn De Cultivos Tradicionales

En E1 Altiplano De Guatemala (Johnston, 1973a) and Analisis De

Actividades Necesarias Para La Produccidén De 11 Especias Horticolas

(Hortalizas) (Johnston, 1973b). The first study contains detailed

crop production information obtained by interviewing small farmers.
The farmers included in the survey were chpsen as being representa-
tive small farmers by Ministry of Agriculture personnel, Peace .
Corps volunteers, and others who assisted with the interviewing.
The sample was not a random sample; it was a judgment sample. The
results are therefore dependent upon the judgment of the inter-
viewers who selected tﬁe "representative' farmers. About half of
the sample intéfviews were conducted by volunteers. This allowed
an increase in the number of farmers to be interviewed and expanded
the size of the sampling region. Unfortunately, the quality of

the interviews conducted by the volunteers was not as high as had
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been hopeda for, and some of the questionnaires were not as complete
as they might have been.

It is recognized that the reliability and accuracy’bf the
sample data are open to question. There are three main reasons for
this: (1) the incompleteness of some interview questionnaires;

(2) the nonerandom manner in which the sample population was chosen;j
and (3) the felatively small size of the sample. As a result, it

is probably best to regard these data as first approximations or as
benchmark estimates for the actual underlying production coefficients.
Nevertheless, and in spite of these limitations, it is believed that
the data are reasonably accurate and are a valuable source of in-
formation on small farm production practices, costs, labor require-
ments and materials. Furthermore, it is believed that the data are
sufficiently reliable so that the model may be used to approximate
the position of a small farmer, and, hence, to provide information
for the policymaker on how Government programs and policies affect
the small farmer and his farming alternatives.

The second study (Johnston, 1973b) was used to construct pro-
duction coefficients for vegetable production. It consists of
data drawn from interviews with from three to five vegetable pro=
duction experts for each crop. These were in-depth interviews, and
each one was followed up by a second interview in which the data ob-
taiﬁed earlier was checked and verified, It is believed that the
production coefficients derived from this information are quite-

accurate,
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One of the most striking things about Guatemalan crop produc-
tion data in general is how little there is of it. Considering the
tremendous research effort which has been expended in Guatemala over
the last 30 years one would expect to find much more and much better
data than is presently available. Technicians have been aware of
this problem for several years, and it appears that the need for
generation of better data is being recognized as a priority research
topic. There have been several plans and projects in recent years
dedicated to formation of a data base that would provide information
on production costs of small farmers. To date these plans have not
been successfully cémpleted, but it is anticipated that information
on small farm production will soon be forthcoming. One of the more
optimistic recent events signalingvfuture availability of higher
quality data was the creation of the new agricultural institute,
ICTA (Instituto de Ciencia y Technologia Agricola). ICTA should
play an important role in collecting, storing and generating informa-
tion on small farm production practices, although ICTA certainly will
not limit its attention to this one area. ICTA could become a very
important source of research information for Guatemala. It is an-
ticipated that the institute will become involved in a wide variety
of studies and experiments pertaining to agricultural and economic

development.
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Types of Data Needed and Method of Data Collection

Four types of data are needed for a linear progra?ming model.
These are: (1) identification of the activities to be included in
the model; (2) prcduction coefficient dataj (3) produc€ and input
pfice data; and (4) identification and specification of all relevant
constraints. Let us examine each of these in turn.

The first step in constructing a linear program is to decide
what is to be minimized or maximized, and what activities are to
be included in the objective function. In the present context,
the objective is to maximize net farm income, and the activities
which will contribute to this objective are crop and labor selling
activities. Obviously, one cahnot have crop selling activities
without crop production activities; thus, the first decisions to be
made must be: (1) what crops will be produced; and (2) where and
how much labor can be sold? The model presented in this study in-
cludes production activities for five crops: corn, milpa, wheat,
potatoes, and vegetables. These crops were selected after consult-
ing with agronomists and economists from the Ministry of Agriculture.
In addition to their cropping activities, many small farmers earn
part of their income by selling labor. Labor sales activities are
of two types: local labor sale ahd migratory labor sale. Local
labor sales usually consist of selling daily labor to larger land-
owners who need assistance with crop production activities. Migra-
tory labor sales occur in the third and fourth quarters when many

small farmers migrate to the piedmont and coastal areas to assist
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with the coffee, cotton or sugar cane harvests. There are, of
course, other types of activities by which small farmers may sup-
plement their incomes. These activities are not identified
separately because, in essence, they are simply other ways of sell-
ing labor locally. As such, their contribution to family income
will be subsumed in the local labor saies activities.

The second step in the model's construction was to estimate
the production coefficients. The basic data for these estimates
were obtained with a crop production questionnaire which was ad-
ministered to small farmers. The questionnaire was designed to be
as inclusive as possible. All steps in the production cycle were
identified and divided into specific tasks. Corn production, for
example, was divided into 22 separate chores. Not all farmers
would do all 22, and the farmer was asked to select frpm.the list
only those tasks which he did in his field, and to tell: (1) how
much time it took him to do each one; (2) the quantities of any
materials he used; and (3) what he estimated the cost of the
materials to be.

Interview booklets, each containing questionnaires for three
crops, were distributed to Ministry of Agriculturé personnel, Peace
Corps volunteers, and other volunteers living throughout the alti-
plano. Interviews were conducted with sixty-two farmers living in
twenty-six different municipios located in eight highland depart-
ments. The questionnaires were distributed and the interviews

conducted during Maxrch, April, May, and June of 1973, Fifty copies
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of the survey results were distributed to technicians working in
the areas of agricultural production and agricultural development
in August'1973.

The third step in the model's construction was to obtain price
data. Input brice estimates were available from the sample data.
Where the sample data was incomplete, missing information on input
prices was estimated from data provided by agricultural supply
houses in Guatemala City. Output price estimates relied quite
heavily upon information supplied by INDECA, the National Agricul=-
tural Marketing Institute, and are discussed in Chapter III.

The final step was to determine resource availabilities and
specify production constraints. The resources which the farmer
has at his disposal include: land, labor, savings, and knowledge.
Each of these resources imposes a constraint on the farmer's pro-
duction alternatives. In addition, there are yarious psychological
and institutional constraints which could 1limit the farmer's produc-

-

tion choices. These were also discussed in Chapter III.

Examination of the Milpa and Corn Alone Activities

Milpa production is the most characteristic production activity
of the western highlands. The term milpa means that corn is inter-
planted with squash and beans, and somefimes with a fewlpotatoes as
well, There are at least three types of squash that are interplénted

with the corn: "chilacayote'" (malabargourd), "ayote' (drook—neck

squash), and "guicoy" (acorn squash). Black pole beans and "habas"
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(broad beans) are also interplanted with the corn. The exact mix
of corn, squash, and beans depends upon the farmer. The most
characteristic mix of crops is to find corn, black pole beans, habas,
ayote squash, and chilacayote gourd in fhe same field,

The traditional land unit used in this region is the "'cuerda."
There are various sizes of "cuerdag" to be found, but the most
common one is the "standard cuerda' containing 625 square '"varas."
The "vara" is the Spanish equivalent of the English yard, and one
"yara" is equal to 0.914 yards. The "standard cuerda" is equal to
0.1079 acres or 0.04367 hectares.

When one speaks of milpa production, it is convenient to speak
of production on a cuerda because not all of the crops grown are
planted as densely as area would allow. For example, it is cus-
tomary to plant corn on a one meter square grid with a meter be-
tween rows and a meter between hills, Generally black pble beans
and/or habas are planted in the same hill with the corn. Somewhere
in the cuerda will be one or perhaps two hills of chilacayote and
two, or perhaps, three hills of ayote or guicoy squash. Corn is
the principél cxop in this group. Corn yields vary greatly de-
pending upon natural fertility and the input package being used,
but will often fall between 1.00 and 2.50 qq per standard cuerda or
between 22.70 and 57.25 qq/ha. Bean yields are approximately
0.17 to 0.35 qq per cuerda (3.89-8.02 gg/ha) if you measure bean
vield as being equal to production of black beans + production of

habas. The cuerda will usually produce from 3 to 10 chilacayotes
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from each hill planted and from 3 to 10 ayote squash or 3 to 10
guicoy squash. The exact number of squash produced on the milpa
depends té a large extent upon the number of hills the farmer de-
cides to plant.. There are farmers who engage in more commercial
production of chilacayote, guicoy, and ayote, but their operations
are quite different from the milpa we ‘are describing here where
squash are grown principally for domestic consumption. Corn and
beans may more nearly be considered "cash crops" for the milpa
farmér because some fraction of total pxoduction is often so;d
while the remainder is consumed by the family or fed to livestock.

To represent milpa production in the linear programming model,
five distinct production activitieg have been identified. These.
activities are: (1) milpa production on hilly land requiring very
little capital (Q22.87/hectare); (2) milpa production on hilly land
requiring a moderate amount of capital (Q53.56/hect$re); (3) milpa
production on flat of rolling land requiring very little capital
(Q20.35/hectare); (4) milpa production on flat or rollimg land
requiring a moderate amount of capital (Q54.47/hectare); and (5)
milpa production on flat or rolling land requiring a relatively
high amount of capital (Q79.66/hectare). It should be emphasized
here that the data base these subdivisions are drawn from is quite
small. Nevertheless, it is felt that these activities are a
reasonable approximation to the types of productive activities
carried on in the region as a whole. A better idea of the similari-

ties and differences between the various milpa and corn alone



72

activities can be ascertained by looking at Table 4.1b.

Table 4.1b also presents information on corn alone activities
in which fhe beans, habas andAsquash characteristic of milpa produc-
tion are absent. The sample data indicéte that thexre are three
distinct "corn alone" activities which can be identified. Two of
these activities are currently being used by small farmers while
the third (Activity CV4) is an activity promoted by Peace Coxps
volunteers, extension agents and others who are trying to demon-
stréte the potential yields to be obtained by using a package of
inputs characterized by denser stand (fewer cm between plants and
between rows, hence, more plants per hectare), heavier fertilization
levels, use of insecticide to combat the root worm or grub called,
"gallina ciega," and selection of an appropriate variety for the
geographic region,

It is interesting to note that of thé two "corn alone" activi-
ties being carried on today, one is a traditional method while the
othexr appears to be an intermediate step toward the more capital
intensive activity being recommended by extension agents and others.
The traditional method may be characterized by low fertilizer use,
wide spacing between plants and between rows, moderate labor reéuire-
ments, moderate yields and spotty use of insecticides even though
all the observations are from valley land where the gallina ciega

is often a problem,
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Definitions of column headings in Table 4.1b

Column no.

Column heads

Definition of column heads

Activity

Capital class

YC

This refers to a productive
activity or a crop. The eight
activities in Table 4.1b are all
activities that involve growing
corn. In the first five of these
activities, corn is grown in a
milpa while in the other three
corn is grown alone. It is rea-
sonable to regard each activity
as a different crop because the
input requirements (which often
embody different technologies)
vary between activities as do
the proportions of outputs, the
total value of outputs and cul-
tural practices.

This refers to the relative amount
of capital required. The observa-

tions from the sample were divided

into broad classifications regard-
ing their use of capital. Capital
class 1 was from QO to Q25 capital
required per hectare. Capital
class 2 was from Q25 to Q50 per
hectare and so on.

Corn yield in "quintales" (qq) or
hundred weights (cwt) per hectare.

Yield of black beans and habas.
Since the price of beans and habas
are equal, they are treated as a
composite crop. Some farmers would
grow all black beans and no habas
while others would grow all habas
and no beans or a mixture of habas
and beans. In the linear program-
ming model we take the yield found
in column YB and assume that half
this yield is black pole beans and
half is habas.
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Column no.

Column heads

Definition of column heads

10

11

12

13

14

15

16

KT

L1

L2

L3

LT

LBF

DR

DP

' The amount of capital needed in.

the first quarter.

The amount of capital needed in
the second quarter,

The total amount of capital needed.

Labor hours required in the first
quarter,

Labor hours required in the second
quarter,

Labor hours required in the third
quarter.

Labor hours required in the fourth
quarter.

Total labor hours required.

The dollar return to land, labor,
and capital from this activity on
one hectare of land. This is a net
return; input costs are subtracted
from the product of price and .
yvield per hectare.

Quintales of fertilizer used.
This includes the qq of urea used.

Distance between rows measured‘
in cm,

Distance between hills of corn
neasured in cm.
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Column no.

Column heads

Definition of column heads

17

18

19

20

ID

No.

of obs.

Insecticide dummy variable--if
the insecticide dummy has a value
of 0, this means that none of the
farmers used insecticide. If it
has a value of 1, all the farmers
used an insecticide.

This represents total cuerdas.
One hectare=22.9 cuerdas. This
gives us an idea of the average
farm size for farmers who indi-
cated that they practice this

“activity.

Topography dummy variable. A
value of O indicates that all of
the farmers said they farmed hilly
or very steep land. A value of 1
indicates they all farm flat or
gently rolling land. A wvalue of
0.5 would indicate that % of them
checked hilly or very steep and %
of them checked gently rolling or
flat.

The number of farmers in the
sample whose production is typi-
fied by the activity.




Table 4.1b. Milpa and corn alone produced on 1 ha of 1and®

@ (3

49y (5 (6) (7) (8) (9) (1) (1) (12) (13) (14) (15) (16) (17) (18) (19) (20)
b Capi-

Activ-" tal No. of
ity class YC YB Kl K2 ur L1 L2 L3 L4 LT RLL LBF DR bp ID C ™ Obs.
MH1 1 20,04 2.86 22.87 O 22.87 206 364 334 504 1408 88.45 O 80 65 o 12.75 0o 4
MH2 2 22,90 8.59 53.56 O 53.56 206 364 334 504 1408 124.60 6.64 125 125 ] 53.00 0 2
MV1 1 22,90 4.01 20,35 [¢] 20.35 147 369 325 435 1278 112,01 O 125 113 o 6.5 1 2
Mv2 2 50.52 3.46 48.29 6.18 54.47 147 369 325 435 1278 163.44 4.35 98 98 0.7 27.4 1 9
Mv3 3 60.46 7.95 62,03 17,63 79.66 147 369 325 435 1278 216.05 8.24 93 70 0.3 91.3 1 3
cv2 2 32,52 0 17.83 22.90 40.73 112 23 32 309 684 66.59 3.78 110 110 0.5 66.0 1 2
cv3 3 50.38 0 54,69 23.13 77.82 112 231 32 389 764 88,43 10.49 100 58 0.5 66.8 1 6
Ccv4a 4 122.74 © 111.49 45.57 157.06 112 231 32 389 764 247.98 16.95 90 25 1.0 - 1 1

2Johnston s £a. 1973a.

Activities are identified by crop, by type of land they require and by the relative amount of working capital they require

accorxding to the following code:

of Chapter IV and throughout the thesis.

Actlvxty 8 information comes from corn demonstration plots conducted by the Peace Corps and the Ministry of Agriculture.

M=milpa; C=corn alone; W=wheat; P=potatoes; H=hilly land; V=valley land; HV=a combination of
hilly and valley land; l=very little working capital; 2san intermediate amount of working capital;

3=a high amount of working
capital; 4=a very high amount of working capital.

This same code is used to identify crop production activities in other tables

The size of most demonstration plots is one cuerda.

9
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Corn and bean yields in Table 4.1b

A careful analysis of Table 4.1b reveals that within the broad
subject of "traditional corn production" there is considerable varia-
tion in Yields, inputs, planting densities, and adoption of modern
technology. Since the data in Table 4.l1b is based on a very small
sample of farmers, it must be used carefully. Table 4.1b provides
an important source of information, but it is only one source. Ad-
ditional work needs to be done to corroborate and improve upon the
information presented here.

To begin with, how reasonable are the yield estimates con-
tained in Table 4.1b? Yields in Table 4.lb range from 20.04 qg/ha
on hilly land with no fertilization to 122.74 qg/ha on the demon-
stration plots run by the Peace Corps volunteers under the super=-
vision of Dr. James Walker and personnel from the Ministry of Agri-
culture. This range of yields is a realistic expectation of what
farmers could achieve in 1973. Corn yields have been increasing
in the highlands over the past 15 years and, while a yield of 23
qa/ha or 30 gqg/ha might have been high in 1960, it is quite reason-
able in 1973. This view is upheld by the trend of corn yields pre-
sented in Table 4.2.

In the decade 1950-1960, the Bank of Guatemala estimated corn
yields as fluctuating from a low of 14.31 qg/ha in 1955 to a high
of 16.89 gg/ha in 1960. In 1961 the Planning Council estimated
that yields had risen to 17.89 qg/ha and by 1964 FAO estimated

in the publication, Estadisticas Mundiales de Cultivos, Roma, 1966,
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Table 4.2. Corn yields, 1950-1973
Year (s) Estimated yields Source Additional
(qg/ha) information
1950-1960 14.31-16.89 Bank of a
Guatemala
1961 17.89 Planning
Council
1964 24.61 Fao®
1964-1965 25.50 Hill an Farmers using
Gollas fertilizer in the'
Dept. of El1 Quiche.
1964-1965 11,90 Hill and Farmers not using
GollasP fertilizer in the
Dept. of El Quiché.
1966 30.0 Schmidt® In the highlands.
1968 21.00 Walkerd National average
estimate.
1968 31.46 Pérez® Survey of 264 small

%pérez, 1971, pp. 76-81.

Pralla, 1972, pp. 30-45.

“Schmidt, 1969, p. 45.

Yyalker, 1968.

farmers in western
highlands. Pérez
also found that
farmers harvested
4.29 qq of black
beans and 1.7 qq of

habas or 5.99 gqq of

beans and habas.
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Table 4.2 (continued)
Year(s) Estimated yields Source Additional
(ag/ha) information

1969 42,37 Fallab Observations from
farmers who use
fertilizer, Dept.
of El Quiché.

1969 16.03 Fallab Observations from
farmers who do not
use fertilizer in
the Dept. of El
GQuiché.

1973 20.04-60.46 Johnston® This is the range
(weighted for corn grown in
average=40.39) milpa. Bean yields

in milpa range from
2.86-7.95 qq/ha.

1973 32.52-50.38 Jobnston® This is the range
of corn yields for
corn grown alone.

1973 Johnston® This is an average

122.74

yvield taken from
demonstration plots
conducted by Peace
Corps volunteers.,

€Johnston, ca. 1973a.
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that Guatemalan yields had iﬁcreased to 24.61 gg/ha.

In about 1966, Lester Schmid did some field work for his Ph.D.
dissertation. He found that corn yields in the highlands averaged
306 qg/ha (Schmid, 1968a). Hill and Gollas reported in 1968 that corn
yields in the Department of El Quiché averaged 25.5 qg/ha for farm-
ers who used fertilizer and 11.9 qg/ha for farmers who did not use
fertilizer.

In 1968 Dr. James Walker (1968) compiled information on
Average Crop Production and Average Wholesale Price Data for
Guatemala in which he estimated that national corn yields in the
country were about 21 ggq/ha. Also in 1968, Francisco Samuel Pérez
made a survey of 264 small farmers in the western highlands and
found that within his sample the average production of corn was
31.46 qq/ha (Pérez, 1971). 1In addifion, Pérez found that farmers
harvested 4.29 qq of black beans and 1.7 gq of habas per hectare.
If we add black beans and habas together, Pérez's daté indicate
that in 1968, on average, farmers produced 31.46 qq of corn and
5.99 qq of beans per ha.

In 1969, Father Ricardo Falla (1972), a sociologist at Rafael
Lindivar University in Guatemala City, spent a year studying adoption
of "green revolution technologies" (particularly fertilizer use) in
the "municipio," San Antonio Ilotenango in the Department of El
Quiché. He conducted interviews himself and also trained locals
in interview techniques in an effért to obtain data on population,

church memhership, education, and the economic situation of members
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of the local Catholic Action group. His interviews were limited
to members of this group becguse of the suspicion and distrust
which the Indian population displayed towards strangers. He was
also able to obtain data collected by an agronomy student in the
Canton of Patzala. In addition to these sources of information
and his own informal conversations, he obtained data covering 46
soil analyses which came from various "cantones." His findings
are presented in Tables 4.3 and 4.4. Comparison of Tables 4.3
and 4.4 with the data in Table 4.1b suggests a general agreement
between the yield data for corn and beans. There is also genexral
égreement with the yields of guicoy and chilacayote mentioned
earlier in the text. Unfortunately, Padre Falla's data are not
directly comparable with the data in Table 4.1b, because it does
not cqntain information on. insecticide use or planting density.
Without this information, it is difficult to judge the seriousness
of the discrepancies between these yield reports. Padre Falla's
data do support the cﬁntention that among farmers who use fertili-
zer, corn yields are increasing over time. His reported corn yield
of 42.37 qg/ha and bean yield of 6.87 gg/ha in 1969 is a step be-
tween the corn yield (31.46 qg/ha) and bean yield (5.99 qg/ha)
reported by Pérez in 1968, and the yields reported in 1973 (for
activities MV2 and MV3 which use fairly substantial amounts of
fertilizer) of 53 qg/ha for corn and 4.58 qgq/ha for beans (John-
ston, ca. 1973a).

A weighted average of the data on corn grown in milpa (Table
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Comparison of the results described in the text regard-

Table 4.3.
ing average production of corn and beans with chemical
fertilizera ‘
Source Corn Beans Fertilizer No. of obs.
qq/ha qqa/ha qg/ha
la. (Sacxac) 45.57 5.50 5.95 24
2a. (Patzala) 43.51 6.87 ? 21
3a. (Suelos) 40,08 8.93 8.47 8
4a. (Informal) 43.51 6.41 ? 20 for corn
13 for beans
Average 43,17 6.93

®Falla, 1972.

Table 4.4. Average production with chemical fertilizer and without
(the fertilizer used is 16-20-0)3sb
Corn Beans Ayotes/ Chila- Cwts. fer-
qg/ha qg/ha ha cayotes/ tilizer/
ha . ha
With 42.37 6.87 57 57 7.56
Without )
fertilizer 16.03 2.75 (o] 0] 0o

3Falla, 1972.
b

tion to the ones in Table 4.3.

This table incorporates some additional observations in addi-
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4.1b) indicates that highland farmers achieved yields of 40.39
qq/ha for corn and 4.58 qg/ha for beans and habas combined. This
is 8.93 gqq higher for corn and 1.41 éq lower for beans and habas
than Pérez (1971) found in 1968, but it is certainly in the same ballpark
considering that five years of experience with use of newer tech-
nologies intervene between these two surveys. Similai comparisons
cannot be made with Padre Falla's‘data because observations on the
numbers of farmers not using fertilizers are unavailable.

If historical data on planting density of corn, yield of corn,
vield of beans and habas, and use of fertilizers were available
it probably would illustrate that as more fertilizer is used,
planting density (or stand) can be increased. Increasing stand of
corn means that there is less room to plant habas between the hills
of corn -and,  consequently, haba yield per hectare would probably
fall even though yield per plant may rise due to increased avail-
ability of nutrients provided by the chemical fertilizer. If this
pattern is realistic, the differences between the 1973 survey re-
sults, Pérez's results, and Falla's results may be a reflection of
this trend toward increasing the planting density or stand per
cuerda. In any event, the rough agreement seen here between the
data in Table 4.1b, Pérez's data, and Falla's data is particularly
important because all of these studies were based upon relatively
in-depth surveys of small farmers from the same general gquraphic
area, whereas the other yield averages are national averages. Even

if the yields contained in Table 4.1lb (and the yields found by Pérez
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and Falla) are slightly high, this would not invalidate their
usefulness. The importance of these data is that they suggest
how yields respond to different cultivation practices and different
technologies. The extreme range of yields found in Table 4.1b
suggests that several technologies are currently used in the high-
lands. This view is supported aiso by Table 4.5 which presents in-

formation on the range of yields found by Pérez.

Examination of the technologies embodied in the activities

The main factors determining milpa yields appear to be:
(1) steepness of land which is a rough indicator of soil type and
which is measured by the topography dummy (TD); (2) qq of fertilizer
used (LBF); (3) distance between rows and between plants (DR and DP);
(4) use of an insecticide (ID); and (5) the relative importance of
corn versus beans in the output mix. Each activity in Table 4.1b
represents a unique mix of these factors. For example, Activity
MH1 represents a very low capital technology utilized on quite
hilly terrain. Remember that "hillyness" is used-here in an at-
tempt to compensate for the lack of information on soil types, and
represents poorer quality as well as slope. The labor requirements
for milpa are greater on hilly land than on flat or rolling land.
This could be due to a variety of factors such as: (1) harder ox
rockier land is found on hillsides than in valleys; (2) climbing up
and down the slope itself requires more energy and hence, slows work;

or (3) farmers who must work on poorer soils are poorer and less
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Table 4.5. Corn yields on surveyed farms?

Number of % of farmers Yield/ha

farmers in yield/ha range (qq)

interviewed range

in yield/ha

range
32 13 (0] - 11.45
73 28 11.45 - 22.90
52 20 22,90 - 34.35
48 19 34.35 - 45,80
27 11 | 45.80 - 57.25

11 4 over 68.70

2pérez, 1971, p. 98.
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nourished than farmers on valley land and hence cannot work as

fast. It is difficult to know exactly which, if any, of these
reasons explains the greater labor requirements for milpa grown on
hilly land, and additional research on this would be useful. Never-
theless, the data clearly reveal that farmers on hilly, poorer land
work slower.

Activity MH1 in addition to being carried out on hilly land
is characterized by no use of fertilizer or insecticide. Hills of
corn are plante§ relatively close together considering that there
is no use of fertilizer. MH1l uses very little cépital, aﬁd has
quite low corn and bean yvields.

Activity MH2 alsc takes place on hilly land. Some fertilizer
is used, but insecticides are not. Beans are much more important
in the output mix than they were in MH1l, and the planting density
fﬁr corn is reduced to allow more room for the interplanting of
beans and habas. Bean yields are consequently much higher while
the increase in corn yields, although positive, is comparatively
small. Note that the increase in corn yields alone is not suffi-
cient to pay for the increased capital used if the corn price is
$3.50/§q. It appears that on hilly lahd, very low fertilization
levels such as depicted here have the primary effect of increasing
bean production., Farmers apparently realize this because they
plant less corn and allow more room for beans. It would be in-
teresting to know if this is in fact the case; because one wonders

what would have happened to yields if planting density of corn had



87

not been decreased.

Activity MV1 is milpa on valley or gently rolling lands.

This activity uses very little capital because the costs of seed
and depreciation oﬁ hoes, sacks, etc, are the only cash expenses.
Less seed and less labor are used here than in Activity MHI1.

Valley soils are more fertile than the- hillsides and non-fertilized
yields are almost 3 qg/ha higher than they were in MHl. Bean yield
~ is also greater due, perhaps, in part to the better soil and in
part to greater spacing between corn hills which allows more room
for the interplanting of beans and habas.

Activity MV2 provides the first dramatic increase in corn
yvields. This takes place on valley land and involves a moderate
fertilization level and use of insecticides. Eight out of the nine
interviewed farmers who practiced this activity used insecticide.
Moderate fertilization allows increased planting density by provid-
ing more nutrients. The reduction in planting density places
greater emphasis on corn production versus bean production and re=-
sults in increased corn and decreased bean yields. Insecticide use
is an important component of this activity because failure to use
insecticides with a high plant density could result in a heavy
rootworm population and reduced yields.

Activity MV3 is relatively capital intensivé with fertiliza-
tion being the key ingredient. Only one farmer in this class used
insecticide. It may be that insecticide Qas not needed because root-

worms are not a problem in this locality even though planting density
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is increased. The higher corn yields in MV3 reflect both the in-
creased.planting density énd the higher fertilization raﬁe. Bean
vields are also dramatically higher even though there is compara=-
tively less room for beans. This appears to be a result of the
higher fertilization level and is probablyaiyield in which black
beans (that climb up the corn stalks) are more important than habas
(which are planted between the hills of corn).

Activity CV2 is corn alone (rather than milpa) on flat or
rolling land using a small amount of capital. Here again as
fertilizer use declines, planting density also declines (DR and
DP increase). A comparison of capital requirements and revenue
earned from sale of products per hectare reveals that, with the
exception of the demonstration plbt results in Activity Cv4, the
return to land, labor and capital from milpa activities such as
MV2 and MV3 is greater than the return from corn alone activities
(such as CV2 and CV3). If this is the case, why d§ farmers grow
corn. alone? One explanation is that corn alone requires less
labor than do milpa activities. The average farm size for
farmers who produce corn alone is about 66 cuerdas or approxi=-
mately 2.9 ha. Earlier work (Johnston, ca. 1973d) with a smallef.
and simpler linear programming model indicatedvthat the most land
a family of four could farm without hiring local labor to assist
it in peak labor requiring months was between 2 and 3 ha. It
is likely that farmers who have provided data for production of

corn alone also grow some milpa and that the amount of milpa grown
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is inversely correlated with the amount of family labor available
and the availability of local hired labor during peak labor re-
quiring seasonse. -

Activity CV3 represents growing corn alone on flat or ro;ling

land with a fairly high level of fertilization. As a result, corn
yields are increased by about 18 agq compared to Activity CV2.
Three of the 6 farmers in this group used insecticide suggesting
that they are beginning to follow recommendations of their exten-
sion agents. Consequently, their yields are improved, but not as
much as would be possible.

Aétivity CV4 is based on a corn demonstration plot run by a
Peace Corps volunteer, David Thompson, near TECpén, Chimaltenango,
although the yield used is the averagé yield for all Peace Corps’
demonstration plots in 1972 and was provided by Dr. James Walker.
These demonstrations show rather dr;matically that corn yields for
most farmers could be at least doubled if the farmer had the neces-
sary capital and technical knowledge. This activity uses: (1)
heavy initial fertilization and a separate application of nitrogen
about the time of the first or second cultivation; (2) an insecti-~ -
cide at planting with possible later insecticide applicationsAas
needed; (3) greater planting density; and (4) selection of an
appropriate variety of native or hybrid corn. This appears to be
a rather simple, straightforward formula. As the Rural Development
Plan provides more farmers with credit and technical knowledge,

further dramatic increases in corn production are expected. It
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should be stressed that the yields achieved in these demonstration
plots are not unseasonably high. Alejandro Barrios, the corn
specialist at Labor nglle Agricultural Experiment Station, has
helped farmers obtain average yields of 1}4¢48 qq/ha, which is
only 8.26 qq/ha less than the yield reported by Dr. Walker's Peace
Corps demonstration plots. The yield of 122.74 qgq/ha which the

" Peace Corps achieved is, of course, a fine yield compared to
national averages, but it i§ only about 89 bushels per acre. This
represents a very respectable, but not an impossible; yield level
for farmers to attempt to reach,

The survey results suggest that fafmers use more capital in-
tensive technologies on their better land. They may do this be-
cause capital is in fairly short supply, or becauée only farﬁers.
with capital can buy good valley land, or because only farmers on
good valley land can earn enough to accumulate working capital.
Whatever the reason, it is interesting'to note that the net return
to land, labor and caﬁital from spending about Q54 on flatbor
better-land‘is approximately Q39/ha higher than a similar expendi-
ture on hilly or poorer lands. As will be shown later, this dif=-
ference is reflected in higher shadow prices for valley vs. hilly
land.

The higher shadow prices for valley land are in a way mise
leading, because information is not available on yield levels for
farmérs who use Capital infensive technoiogy on hilly, poorer land.

This lack of information is unfortunate because one of the major
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benefits of the Government's agricultural credit and extension

program is that it would provide farmers with enough credit so

‘
l

that they could increase yields on hilly lands as well as on valley
lands. Activity MH2 demonstrates the effect of using a moderate
amount of capital on hilly or poorer terrain. It would be interest-
ing to know the effect of an activity similar to Activity MV3 which
is relatively capital intensive, if that activity were carried out
on poorer quality lands.

Before leaving ccrn and milpa activities and going on to potato
activities, it is important to point out that the educational proc-
ess of feaching farmers about the benefits to be gained from use of
fertilizers, seeds, insecticides, and increased planting density is
already begun. The fact that average corn yields have increased
from about 15 gg/ha in the decade of the 1950's to around 23 qg/ha
by the latexr 1960's is evidence that this educational process is
aiready underway. As farmers have more experience with chemical
inputs and as credit becomes more accessible to all farmers who
need it, further dramatic increases should be recorded in national

average corn yields.

Examination of the Potato Activities

Our survey results indicate -that potatoes are being produced
in three different ways by most farmers in the western highlands.
These activities are differentiated primarily by yield, fertilizer

use, use of non-fertilizer chemicals, variety and quality of seed
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(which is represented by price), as well as by quantity of seed
(which serves as a proxy variable for planting demnsity). More
detailed information on potato activities is contained in Table
4.6b. The fourth activity shown in Table 4.6b consists of a highly
technified package of inputs requiring additional capital and pro-
viding greater yields. The yield figure given for the fourth

activity was obtained from the publication, "Atzimba' Variedad De

Papa Para Siembras De Invierno En Guatemala (Schieber et al., 1969),
which is based on the results of demonstratioﬁ trials ¢onducted

in 1968 and 1969. Input requirement information for Activity PV4
was provided by P. A. Felipe Darddn, one of the co-authors of the
above publication, who is presently the potato specialist at Labor

Ovalle Agricultural Experiment Station.

Major constraints facigg potato farmers

As can be seen from Column 11 of Table 4.6b, potatoes at a
Price of Q4.75 per qq have quite hiéh returns to land, labor, and
capital. These high returns reflect the fact that potatoes are a
specialty crop grown by a small percentage of highland farmers.
There are four primary reasons for this.

First, potatoes need much larger amounts of capital than corn,
milpa, or wheat. Local experts believe that shortage of capital -
has been a major constraint for small highland farmers. If so,
more potatoes should be produced as the national agricultural loan
and technical assistance program administered by DIGESA and BANDESA

provides more credit to potato farmers.
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Table 4.6a. Definitions of column headings in Table 4.6b

Column no. Column heads Definitions of column heads

1 Activity This refers to a potato produc-
tion activity or type of tech-
nology which was revealed by
examination of the sample data.

2 Capital class This is a grouping of farmers in
the sample according to their
usage of capital.

3 QOF The gqq of fertilizer applied per
hectare.

4 YP The yield of potatoes in qg/ha.

5 KT The total amount of capital
required. C

6 LT Total labor required.

7 RLL The return to land, labor, and

capital from this activity on one
hectare of land assuming a market
price of Q4.75 per qq.

8 (0.0 The qq of seed required.
9 PS Price of the seed (Q/qq).
10 IHF A dummy variable which registers

1 if the farmer used insecticide,
herbicide, or fungicide. If he
used none of these inputs, it is
given a value of O. A value of
0.85 would indicate that 85% of
the farmers in the sample who gave
information on the activity used
insecticide, herbicide, or fungi- -
cide.

11 NFCE The total value of non-fertilizer
chemical expenses.
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(continued)
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Column no.

Column heads

Definiticns of column neads

12

13

14

S™

™D

No. of obé.

The average storage, transporta-
tion, and marketing expense in-
curred by farmers who gave infor-
mation on this activity.

A topography dummy variable. If
a farmer responded that he en-
gaged in the activity on hilly or
steep land, the topography dummy
is given a value of O., If he
farmed flat or rolling land, it
is given a value of 1.

The number of farmers in the
sample who gave information on
this activity.




Table 4.6b. Potato production activities on one hectare of land®

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14)
Activ- Capital No. of
ity class NF YP KT LT RLL 0,05 PS IHF NFCE ST™M ™ obs.,
PHV1 1 0,00 45,80 206,06 974 11,49 27.25 5.57 0.00 0,00 45.80 0.50 2
PHV2 2 13,28 233,58 441.23 1436 668,28 37,33 5.57 0.85 24,50 102,13 0.57 7
PHV3 3 15.80 349.91 643.66 1436 1017.96 45.57 6.33 1.00 117.94 102.13 0.44 9
PV4 4 22,90 429,38 723,81 1436 1315.,66 45,80 10.00 1.00 112,90 91,60 —b -b

aJohnston, ca. 1973a,

,bResults of Minisfry of Agriculture

potato demonstration trials.

S6
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Second, potatoes are a more technical crop in that they re-~
quire regular fungicide and/or insecticide treatments if a problem
begins to develop. Thus, the farmer must be able to diagnose an
insect or disease problem early and carry out treatments based on
his diagnosis. In short, potétoes require more management skill
than do the other traditional crops. As DIGESA's technical assist-
ance activities are increased, more small farmers will develop the
requisite management skills. It seems likely, however, that it will
take longer and be more difficult to deliver technical assistance
to small farmers than to deliver credit.

Third, not all land is equally suitable for potatoes. In
general, potatoes do better at high elevations. Different varieties
of potatoes respond better to diffefent altitude ranges, but in
general, potatoes need gltitudes of 2,000 msnm (meters above sea
level) or higher. For example, the varieties Tecpén-69 and Toliman-
69 do best between 2,000 and 2,500 msnm; the ﬁariety Zaculeu-70
adapts quite well to altitudes of 2,000 to 3,350 msnmj; and the
variety DIA-71 does best between 2,150 and 2,900 msnm. Most of the
land in the study region is between 1,500 and 3,300 msnm. Hence,
not all land will be suitable for potato production. In addition
to altitude, soil type and water availability from rainfall or
irrigation facilities are important factors in successful potato
production. Many farmers simply are not fortunate enough to have
land with the combination of altitude, rainfall level, and soil

type needed for high yields from capital intensive potato production.
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Fourth, and perhaps most important, potatoes are a veryvrisky
crop. In addition to risk from temperature and rainfall vafiability
there is risk from insect and disease problems, as well as consider-
able risk due to price fluctuations. Retail August potato prices
for Voran potatoes as reported by INDECA (the National Marketing
Institute) fluctuated from a low of Q1.93 per qq.in 1971 to a high
of Q6.09 per qq in 1966. Alpha and Flor Blanca potato prices did
not fall as much as Voran prices. Their August, 1971, retail
prices were reported as Q2.48 and Q2.05 per qq respectively.

A retail price of Q2.00 per qq probably means that farmexs
are receiving between Q1.50 and Ql.75 per qq. The effects of
fluctuations in farm gate price on the farmef's return to land,
labor, and capital are shown in Table 4.7.. Potato Activity PHV3,
which is quite a technified potato production activity, will yield
a return to land, laﬁor, and capital of Q1,017.96 if the farm gate
price is Q4.75 per qq (R4.75 is regarded as an average price for
the past 6 years). If the price falls to Ql1.75, the return to
land, labor, and capital falls to a negative Q31.32 per hectare.
The farmer experiences a net loss. If small farmers are risk
averters, one year like 1971 may provide a very strong disincentive
for further potato production eﬁen though average prices are very
favorable (potatoes reportedly sold for as high as Q15.00 per qq

in the Central Market of Guatemala City in May and June of 1973).
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Table 4.7. The effect of lower prices on the return to land, labor,
and capital in potato production Activity PHV3 which has
a yield of 349.91 qg/ha and input costs of Q643.66/ha

Price of potatoes Return to land, labor,
(Q) ' . and capital
(Q)
4.75 1,017.96
4,50 930.94
4.é5 843.46
4.00 : | 755.98
3.75 ‘ | 668.50
3.50 581.03
3.25 ’ 493,54
3.00 406.07
2.75 318.59
2.50 ' 231.12
2.25 : o 143.64
2.00 , . 56.16
1.93 31.67

1.75 "'31.32
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Technification and returns to factors in potato production

Perhaps the most striking aspect of the data in Table 4.6b
is the degree of technification used in potafo production. Nine
of the eighteen farmers intexrviewed used quite large amounts of
cgpital; The average yield for this group (Activity PHV3) is
349.91 qg/ha which is quite a respectable yieid. The fact that
some farmers are achieving yields like this points out that much
work has already been done with some of the better potato farmers.
Column 11 of Table 4.6b shows that these farmers are using fungi-
cides, insecticides, and other non~fertilizexr chemical products as
needed to ensure that they realize the high yields their new seed
varieties are capable of producing. Activity PHV2 is also fairly
capital intensive. The yield reported for PHV2 is 233.58 qg/ha
which is about 67% of the yield reported in Activity PHV3,

Activities PHV2 and PHV3 both have quite ; high return to
land, labor and capital when compared to corn, milpa, and wheat
activities. Table 4.8 presents the returns to land, labor and
capital which may be achieved from all the various crops included
.in the analysis. Pot;to Activity PHV2 has a return of Q668.28 per
hectare. Potato Activity PHV3 has a return of Q1017.96 per hectare.
The return to land, labor, and capital from PHV3 is almost Q770
higher than the return achieved from prcduction of CV4 which has
the highest return among the corn alone, milpa, and wheat activi-
ties. The return on Potato Activity PHV3 is so high that potato

farm gate prices would have to fall as low as Q2.55 per qq (a drop
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Table 4.8. Return to land, labor, and capital calculated using
the yield information contained in Tables 4.lb, 4.6b,
4.15b and 4.17b with the price information contained
in Table 3.9

Return to land, labor

Crop Activity and savings per ha2a.
(Q)

Milpa MH1 ‘ 88.45
Milpa MH2 124.60
Milpa MVl 112.01
Milpa Mv2 A 163.44
Milpa MV3 216.05
Corn alone cv2 66.59
Corn alone Ccv3 . 88.43
Corn alone A Ccv4 ‘ 247.98
Wheat WHV1 83,65
Wheat WHV2 84,35
Wheat _ WvV3 141,69
Wheat wv4 186.15
Potatoes PHV1 ' 11.49
Potatoes PHV2 668.28
Potatoes PHV3 1017.96
Potatoes PV4 1315.66
September beets EB 60.68
October beets LB 106.25
October green

onions QO 1969.40
September carrots ECR 631,35

October carrots LCR ‘ . 631.35

3This is a net return. It is calculated by multiplying the
yield per ha for each crop by its average price and subtracting
out the value of inputs plus depreciation on fixed capital re-
quired to produce one hectare of that crop.
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of 46%) before they would reach approximately the same level as
the return from CV4.1 Since potatoes are so profitable, it is
likely that average potato prices will decline as more farmers
have access to credit and technical assistance. Based on the
relative returns to land, labor, and capital shown in Table 4.8,
it would not be surprising to see average potato prices fall to

0Q3.00 per qq or lower over the next few years.

Potato vields

The profitability of potatoes is due partly to favorable
market prices and partly to high yields (Table 4.6b). The effect
of declining prices on a semi-technified potato production activity
is shown in Table 4.7. Déclining yields would have a similar ef-
fect. Yields are not expected to decline, but one may still ask,
"How reasonable are the yields presented in Table 4.6b?" This is
a difficult question to answer, because the yield estimates re-
ported by different sources show substantial variation._

Table 4.9 contains chronological information on potato yields
from several sources for the period 1964-1973 that can be used to
evaluate the reasonableness of our survey yields. Table 4.9 con-
sists of four sets of yield estimates. The first set is composed

of studies carried out between 1964 and 1968; these studies are

1’rhis comparison is only approximate because PHV3 requires
Q486.60 more cash for input costs than does CV4, and the interest
cost associated with borrowing this capital is not netted out.
Nevertheless, the comparison demonstrates the rather extreme pro-
fitability of potatoes when grown in a semi-technified manner such
as Potato Activity PHV3., :
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Table 4.9. Potato yield information as reported by various
sources

Study Yeaxr Source Yield Additional information

133,96 Pérez cites the publica-
tion, Estadisticas Mun-
diales de Cultivos, FAO,
June, 1966.

1 1964 Pérez

2 1066  Schmidt® 250.0

3 1968  Walker®  85.5 This is a national aver-
age estimate.

4 1968 Gollasd 134.0 Gollas' sample included 42
farmexrs who grew potatoes.
Total land area devoted
to potatoes by all 42 was
5.9 ha. :

5 1968 Gollas 197.0 If the farmers from
o Totonicapan are excluded,
the average yield is 197
qq/ha.
6 1969 Pérez 274,78 The sample contained only
12 farmers. Ten were
from Almolonga, 1 was from
Totonicapan, and 1 was
from Quiché. The total
land area cultivated by
all 12 was 0.42 ha.

3pérez, 1971, p. 111.
bSchmidt, 1969, p. 45.
“walker, 1968.

9eol1as, 1970, pp. 26-28.
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Table 4.9. (continued)

Study Year Source Yield Additional information

no. (ae/ba) |

7 1969 Schieber® 429.38 This yield was attained
on demonstration plots
using the variety, At-
zimba, at altitudes be-
tween 1800 and 2150 msnm.

8 1972 Pa.lenciaf 646.75 Results of lower yielding
trials using the variety
Atzimba at lower altitudes.

9 1972 Palenciaf 727.52 Results of higher yielding
trials using the variety
Atzimba at higher altitudes.

10 1972  Darddn®  572.46 Results of demonstration

and trials using the varieties
Espinoza Tecpin-69, Zaculeu-70, and

DIA-71 at appropriate alti-
tudes.

11 1973 Johnstonh 349.91 The nine farmers with the

most capital intensive
production averaged this
yield. Another group of
seven averaged 233.58 qq/
ha. 7Two other farmers
averaged 45.80 qq/ha.

eSchieber, Daxrddén, and Veldsquez, 1969.

fPalencia.gg‘gi., 1973.

9Darddn and Espinoza, ca. 1972 or 1973.

hJohnston, ca. 1973a.
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numbers 1-5. The average yield for the first four studies (the

5th is a subset of the fourth) is 150.87 qg/ha which is probably a
reasonable figure‘for the 1964-1968 period. Note however that

this set of yields has a range of 164.5 qgq. This illustrates the
yvield impact of diffefent soil and climatic conditions as well as
the effect of management piactices. Gollas!'! data clearly illustrate
this (observation numbers 4 and 5 of Table 4.9). The average yield
including farmers from the Department of Totonicapan was 134 qg/ha
while the average yield excluding them was 197 qg/ha. Although it
is difficult to draw precisé infereﬁces from data with such a wide
range of observations, it is probably reasonable to conclude that
most of the better farmers in these studies were achieving yields
of between 150-250 qg/ha during 1964-1968. Study Number 6 is based
on data for 12 farmers, 10 of whom were from Almolonga. Farmers

in Almolonga are among the better farmers in the highlands. Pérez's
data indicate that in 1969, these farmers had average yields of
about 275 gg/ha. Studies 7, 8, 9, and 10 are based on field trials
which were usually conducted in cooperation with a local farmer.
Most of these trials ﬁould have been conducted between 1968 and
1972, The average yield for these studies (each of which is it-
self an average of a number of trials) is 594 qg/ha, more than

100% higher than the average yield in Pérez's 1969 study. The
rather spectacular difference between yiglds achieved by farmers

in Almolonga and demonstration plot results conducted at about the

same time is probably due to three major factors. First, even the
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better farmers may face shortages of capital, time, or other re-
sources which impede them from using all fhe technical inpufs
they have knowledge of. Second, the farmer may simply not have
the technical expertise which would allow him to duplicate pro-
duction levels achieved by farmers working with agronomists in
field trials. Third, it was during this pexriod that new high
yvield varieties were being imported from Mexico. The agronomists
were introducing these high yield varieties in their field trials
and choosing those varieties that.were most appropriate for potato
areas in Guatemala. Even if farmers knew about the new varieties
and had money to buy the seed, they might hot have been able to
buy them because they were still in the process of being intro-
duced and adapted; only limited amounts of seed were availablg
for commercial production. Consequently, field trial results show-
ing potential preduction levels were far above actual production
levels because most producers did not have access to these new
varieties.

Study Number 11 is based on data from better farmers in 1973,
The average yield of 349.9 qg/ha is 75 qg/ha higher than the yields
reported by Pérez in 1969 and 79 qg/ha lower than the demonstration
plot results reported by Schieber in 1969. This suggests that
farmers may be beginning to use the new varieties. If the data
in Study 11 is approximately correct, in four years farmers have
been able to reduce the gap between potential and actual yields

as measured by Schieber's and Pérez's data by 50%. During these
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four years, however, field trial yields have increased by over 10Q
qa/ha. As agronomists become more successful in determining which
varieties are most appropriate for each region, and as the new varie-
ties become more available, it seems likely that average yieldslof
better farmers will reach the 429.38 gg/ha which gﬁhieber repor ted
as a possible yield in 1969, The latest field trials conducted by

Walker and Dardbn suggest that even higher yields could be attained.

Potato Activities PHV1, PHV2, PHV3, and PV4

The potato yields which have been, are being, and probably
will be attained have been discussed at some length. Now let us
move to a more specific discussion of each of the four potato pro-
duction activities presented in Table 4.6b.

Activity PHV1 represents a very traditional production activity.
No fertilizer or other agricultural chemical'is used. The seed is
probably selectgd from last year's production or bought atAa local
market. The reéurn to land, labor, and capital is the lowest of
any of the croﬁ activities considered in the analysis. Planting
density is quite low; PHV1 uses only 49% as much seed as is rec-
ommended in Activity PV4. This type of activity is probably carried
on by farmers who want to grow a few potatoes for their own consump-
tion. It is doubtful that many farmers engage in Activity PHV1 as
a commercial venture. There is only one reasonable explanation

why a farmer might produce potatoes commercially using an activity

such as PHV1. If the farmer has difficulty in hiring 4th quarter
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local labor, he may put part of his land into potatoes because
potatoes require no 4th quarter labor. He would do this only if
he had extra land and access to potato seed ﬁut no money for
fertilizer and could not hire 4th quarter labor. Labor require-
ments for potatoes and corn, milpa, or wheat production are very
complementary. This rather tenuous line of reasoning could ex-
plain why sume farmers might engage in an activity which does not
appear to be very productive in comparison with the other cropping
activities included in this study, but it is more likely that
Activity PHV1 involves only subsistence or home consumption pro-
duction.

Activity PHV2 definitely represents commercial production.
Yield is less than one-half the possible yield levels reported
. by Walker and Darddn in Table 4.9, but is nonetheless respectable.
The average seed potato price reported in Column 13 of Table 4.6b
indicates that these farmers have not begun to purchase the new
varieties of seed potatoes which are used in demonstration trials.
Fertilizer is being used. These farmers averaged 13,28 qq of
fertilizer per ha which is 58% of the amount recommended by exten-
sion agents as specified in Activity PV4. As in the case of corn,
use of fertilizer is accompanied by increased planting density.
Activity PHV2 uses 10,08 gq more seed potatoes than did Activity
PHV1., Use of fertilizer allowing increased density of planting is
a good example of the type of capital land substitution which is

needed in an area like the highlands in which land is almost a
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fixed factor and is in relatively short supply. This group of
farmers uses some non-fertilizer chemical inputs, but their use

of these inputs is only minimal. Farmers practicing Activity PHVZ .
spend only 21% of the amount recommended in Activity PV4 for non-
fertilizer chemicals.

Activity PHV3 represents the highest level of technology, the
highest yields and the highest use of capital of the farmers inter-
viewed in 1973. Fertilizer usage is about 70% of the level rec-
ommended for demonstration plots. flanting density has increased
and an additional 8.24 qg/ha of seed potatoes are needed in Activ-
ity PHV3. Averagé seed price has increased by Q0.76 per qgq over
seed prices paid by farmers using Activities PHV1 ox PHV2. Most
of these farmers are probably not buying'certified seed such as is
used in Activity PV4 and which costs Ql0.00 per gq, but instead are
buying seed potatoes from some&ne who planted certified seed the
year before. Thus, they are getting 2nd generation certified seed
and are paying more for it than for traditional seed, but are also
probably receiving somé of the benefits accruing to use of the new
varieties. It is Aifficult to know if they buy the second genera-
" tion seed due to a shortage of capital or a shortage of certified
seed. Probably both of these factors are important., Average use
of non-fertilizer chemicals reported by this group was Q5.64 higher
than the use recommended in Activity PV4, These farmers have come
a long way toward learning how to use technified potato production

input packages.
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Activity PV4 represents a set of inputs recommended by Philipe
Darddn, potato specialist at Labor Ovalle Agricultural Experiﬁent
Station, for use in the field to achieve the yield levels produced
in demonstration plots. The only significant difference between
this activity and Activity PHV3 is in usage of fertilizer and
certified seed. Activity PV4 used 7.1 more qq of fexrtilizexr per ha
and pays Q3.67 more per qq for certified seed. The return to land,
labor, and capital from Activity PV4 is Q1315.56 per ha. This is a
very attractive production activity at 1973 prices. As farmers
gain access to credit and technical assistance, some farmers should
surpass the PV4 yield. Demonstration plot results are curxently
achieving yields of 600 and 700 qg/ha; from 170 to 270 gq/ha higher
than the yield used in PV4., It is likely that as more farmers adopt
production activities similar to Activity PV4, the supply of potatoes
will be increased and average potato prices will begin to decline,

probably within the next 3-5 years.

Wheat Activities

Four wheat growing activities are identified in this study.
They are distinguished principally by yield, total Quetzales capital
required, fertilizer used, herbicidg usage, degree of mechanization,
and topography. Again, it is assumed that the topography dummy
variable represents a crude proxy for land fertility or quality.
This assumption allows us to identify two classes of land, and pro-

vides a more reasonable estimate of the resources available to the
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farmer. Although topography is only one of several factors affect-
ing soil quality, the use of the topography variable to distinguish
soil classes seems preferable to the alternate assumption that land

on flat farms is identical to land on steeply sloped farms,

Gremial Nacional de Trigueros

Wheat is the most highly technified of the traditional crops
included in this study. The adoption of new technologies and new
wheat varieties by highland farmers has been successfully promoted
by both the Ministry of Agriculture staff and the Gremial Nacional
de Trigueros (the National Wheat Growers Association). The Gremial
Nacional de Trigueros was formed in 1958 (Fletcher et al., 1970)
by the Asociacidn Nacional de Productores de Harina (the National
Millex's Association) to promofe production of wheat and to assure
that at least 30% of the wheat consumed in Guatemala is procuced
domestically. Table 4.10 contains information on estimated wheat
yields from 1950 to 1968. Much of the improvement in yields shown
in Table 4,10 after 1958 is attributable, at least in part, fo the
efforts of the Gremial. The Gremial has introduced new wheat
varieties, provided seed and fertilizer credit (in kind), and has
conducted yield and fertilizer demonstration trials. In dddition,
the Gremial and the Asociacibdn have worked togethexr to assure
farmers a reasonable price for their wheat. = There has béen.some
criticism that individual miil owners have upon occasion paid less

for their wheat than the official support price of Q6.00/quwhich
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Table 4.10. Wheat yield estimates 1950-1968%

Yield Average yield for
Year (gqa/ha) preceding years
(99/ha)
1950-51 12.89
1951-52 13.62
1952-53 13.44
1953-54 | 12.37
1954-55 12.03
1950-55 , 12,87
1955-56 9.32
1956-57 | 12.59
1957-58 12.02
1958-59 14.07
1959-60 13.83
1955-60 12,37
1960-61 14.79
1961-62 15.94
1962-63 17.83
1963-64
1964-65 ‘ 27.14
1960-65 18.93
1965-66 20.13
1966-67 ' 20.83
1967-68 20.15

1965-68 20.37

%Juarez, P.,et al., ca. 1969.
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was established by l#w in 1954. Pérez reported that in 1969 farmers
were receiving prices of from Q5.50 to Q5.95/qq (Pérez, 1971). Field
surveys in 1973 showed that the average price received by farmers
was Q5.71/qq (Johnston, ca. 1973a). The difference between actual
farm gate prices and the official support price is difficult to
calculate, however, because of the way in which the millexs and the
farmers interact at harvest time. Frequently, the miller brings a
threshing machine to a location near the farm. The farmer carries
his wheat (on the stem) to the thresher and immediately sells his
threshed graih to the miller. Thus, the millex pérforms threshing,
transportation and some storage services for the farmer. Probably
at least a part of the discrepancy between prices reported by farmers
and the official support price of Q6.00/qq reflects charges for
these sexrvices. Although there may be some monopsonistic. exploita-
tion of the small farmers by millers, it is difficult to quantify

the extent of such exploitation.

Degree of technification and mechanization

Wheat farmers, as a group, have already accepted fertilizer
use; and many of them are using other agricultural chemicals such
as herbicides and, to a lesser extent, insecticides. In additioh,
a good deal of mechanization is being used by the larger landowners
and also by smaller landowners on a custom hire basis. Wherever
the land is flat enough to allow use of tractors and combines, they

are being introduced.
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Wheat specialists At Labor Ovalle Experiment Station report
that larger landowners have been moving toward mechanized cultiva-
tion for quite some time, and that demand for mechanized custom
hire services from smaller farmers is increasing as well. Small
farmers with relatively flat small plots of good wheat land will
often request a larger farmer with mechanized equipment to do cus-
tom hire work for the whole group. Sometimes this involves only
land preparation or only combining, but in a few instances the
entire operation is mechanized. The small farmers acquire seed,
fertilizer, and herbicide from the Gremial., The mechanized farmer
takes these inputs and then plows, disks, plants, applies herbicide,
and harvests. The group of small landowners does nothing but apply
for inputs and sell the grain. Relatively small landowners (those
with only 2 or 3 ha or less) often find this to be a good arrange-
ment if they face a shortage of family labor during a peak labor
requiring time such as 4th quar*er. This labor shortage occurs
because corn, in particular (and wheat to a lesser extent), re-
quires relatively larger amounts of labor in the 4th quarter. By
custom hiring part or all of the wheat production work on one small
parcel of their land, they are able to free labor resources and farm

their remaining land more effectively.

Capital labor substitution

Wheat appears to be the only traditional crop in which any
substantial degree of mechanization is being introduced by small

farmers in order to save labor during peak labor requirement periods.
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As mentioned eailier, an initial study of traditional agriculture
using a smaller linear programming model (Johnston, 1973d) showed
that a farmer with two or more hectares faced seasonal shortages
of family labor if he wanted to grow only milpa which was his most
profitable alternative in that model. This paper explained that
an observed shift from milpa to potatoés allowed increased sale of
migratory labor and was motivated primarily‘by the shortage of 4th
quarter family labor in that model. Also, as mentioned previously,
farmers may grow corn alone (which usually has a lower return to
land, labor, and capital than milpa) because corn alone requires
less labox than milpa.

The shortage of family labor on a seasonal basis which is in-
dicated by these findings will be serious only if there is also a
shortage of hired agricultural labor during the same periods. It
was not possible to carry out a detailed analysis of seasonal labor
demand and supply at‘a local or regional level. Consequently, it
has not been possible to investigate the seriousness of a famiiy
laboxr shortage, and one can only note that there is an observabie
trend toward increased mechanization in wheat production. %his
trend is probably attribufable to two factors. First, thgre appears
to be a shortage of family labor on farms of over 2 ha during certain
times of the year. Farmers are being given the option of filling
this shortage by hiring local labor or by custom hiring mechanized
equipment. The fact that farmers are moving toward increased use

of mechanized equipment indicates that in some areas there is a
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seasonal scarcity of local hired labor given the prevailing wage
rates for agricultural labor in the highlands. A second important
factor contributiﬁg to the observed trend toward increased mechani-
zation is that wheat today is a much less risky and more profitable
crop than any of the other traditional crops. The availability of
improved seeds, fertilizer, and herbicides through the Gremial com-
bined with the fact that farmers can count on receiving a price of
from Q5.50 to Q6.00/qq for their grain means that they can afford
to bear the risk of moving away from traditional production methods.
Hence, the move toward mechanization may simply be an outgrowth of
the acceptance of newer technologies. |

If the above observations are valid, we can expect to ssge selec=-
tive mechanization taking place not only in wheat production, but
among all the traditional crops in the future. Mechanization has
occurred first in wheat production because wheat is a crop which is
comparatively risk free, and because wheat is a comparatively simple
crop which lends itself well to mechanized production. The farmex
plows, disks, seeds, fertilizes, applies herbicide, and harvests.
All these 6pefations are easily mechanized. Plowing, disking, seed-
ing, fertilizing, and application of herbicide can almost all be
done at once with perhaps two or three passes across the field.
Harvesting is, of course, done later, but it too comes at a time
of the year when the farmer with two or more hectares may be quite
busy.

It is unlikely that milpa or potato production will become as
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highly mechanized as wheat. Credit for milpa and potatoes will
probably never be quite as readily acceesible to small farmers as
is wheat credit, nor will these crops be as risk free or as easily
mechanized as wheat. Milpa would be particularly difficult to
mechanize because of the interplanting. Potatoes would be difficult
to mechanize because they are often grewn on very small plots, fre=-
quently on steep terrain. It seems doubtful that mechanization
would be needed on very small plots, or that farmers could afford
to allow someone else to decide when and how much insecticide or
fungicide should be applied because timeliness of application is
much more important for potatoes than for wheat. Nevertheless,
there may be some tasks in corn, milpa, and potato productidn which
could and should be mechanized, seedbed preparation might be an
example. At present, the Government does not really have a mech-
anization policy. Parts for agricultural machinery are heavily
taxed which acts as a disincentive to mechanization, but this tax

policy probably was not chosen for this purpose.

Historical trends in wheat yields

Wheat yields, like corn and potato yielde, have been increasing.
The wheat yields in Table 4.11 show rather wide variations for the
same year depending upon: (1) who is doing the reporting, and (2)
more important, who they are reporting on; These yield reports are
essentially from three different groups. Observations 1, 2, 5, 6,

7, 10, and 18 are estimates of average yields for more or less average
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Table 4.11. Historical wheat yields

Reported s
Obs. Yeax(s) yield - Source éddltlon?l
information
(aa/ba)
1 1950-60 12.62 Planning See Table 4.10 for
Council yearly estimates
2 1960~65 18.93 Planning See Table 4.10 forx
Council yearly estimates
3 1964-65 28.63 Wheat Growers Average yield for
Union 7 highland depart-
ments
4 1965-66 31.60 Wheat Growers Average yield for
UnionP 7 highland depart-
ments. Yield for
Chimaltenango was
65.49 and the yield
for San Marcos was
19.47
5 1965-68 20.37 Planning See Table 4.10 for
Council yearly estimates
6  1967-68  23.0 Gollas® Average highland
: department yield
7 1968 27.14-31.46 Pérez" ' Based on 45 obser-

%Juarez Pérez et al., ca. 1969.
bGremial, 1967.
“Gollas, 1970.

dPérez, 1971,

vations in the De-
partments of Sololé,
Totonicapan and San
Marcos
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Table 4.11., (continued)
Reported et
Obs. Year(s) yvield Source %ddltlon?l
information
(qq/ha)
8 1968 85,86 Labor Ovalle Yield trial results
Reporte using the variety
Narifio
9 1968 93.02 Labor Ovalle. Yield trial results
Report® using the variety
Xelaju-66
10 1968 17.0 Walke:_:f
11 - 1968-69 57.24-68.29 Labor Ovalle Yield trial results
Report® using the variety
San Andres-68
12 1969 45,79 Labor Ovalle Yield trial results
Report®€ using the variety
Tobari-66
13 ca. 1969 60.10 comMpAcO? Yield estimates for
: farmers using the
variety Narifio as
part of a capital
intensive input
package
14 ca. 1969f 40,07 compPaco? Yield estimates for

eCruz, 1973.
Twalker, 1968.

JcoMPACO, ca. 1969.

farmers using the
variety Lerma Rojo
as part of a capital
intensive input
package
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Table 4.11. (continued)

Reported cas

Obs. Year(s) yield Source Addltlonél
information

| (ga/ha)

15  ca. 19697 42.93 coMpPaco?® An average yield
estimate for farmers
using an appropriate
variety for their
region as part of a
capital intemnsive
input package

16 1972 33.07 Palenciah Low yielding trials
(drought)

17 1972 68.34 Palenciah High yielding trials

18 1973 34,34 Johns+ton™ Weighted average of
yields in Table
4. lsb -

19 1973 67.78 ~ -  Johnston™ Activity 4 of Table

4,15b

“Palencia et al., 1973.

1Johnston, ca. 1973a.

farmexs. These observations show a rather steady upward trend in.
yields from 1950 to 1973 (Table 4.12), Although these estimates
are probably a little above or below the actual national average,
they are descriptive of the trend in yields which is taking place.
Observations 3, 4, and 15 appear to be yield estimates for

"better than average" farmers. Observations 3 and 4 were made by
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Table 4.12. Yield estimates for "average" farmers®

Obs. Yearx(s) Yield Source

(a9/ha)

‘1 1950-60 12.62 Planning Council
2 1960-65 18.93 Planning éouﬁcil
5 1965-68 20.37 Planning Council
6 1967-68 23,00 Gollas

7 1968 27.14-31.46 Pérez

10 1968 17.00 Walker
18 1973 34.34 Johnston

2pata taken from Table 4.11.

the Gremial and are presumably representative of the more pro-
gressive farmers who are members of the Gremiai. Observation 15
represents an estimate of the average yield which can be attained
if farmers use an appropriate variety and a relatively capital in-
tensive input package. Table 4.13 presents the yield trend being
experienced by these "better" farmers.

Observations 8, 9, 11, 12, 13, 14, 16, 17, and 19 are yields
achieved on demonstration plots and in experiment station trials.
They provide important information for this study for two reasons.

First they show the direction, and to a certain extent provide
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Table 4.13. Yield estimates for "better" farmers®

Obs. Year(s) Yield Source

(qa/ha)
3 1964-65 28.63 Wheat Growers Union
4 1965-66 31,60 Wheat Growers Union
15 ca. 1969 42,93 COMPACO

2pata taken from Table 4.11.

estimates, of yields which better farmers will be achieving in the
future. Second, the extreme variability of these figures show the
importance of finding the appropriate variety of wheat for a speci-
fic region. To achieve top yields a variety must be right climati-
cally, geographically, and disease-wise. While one can breed quite
successfully for climate and geography and achieve reiatively last-
ing results, this is difficult to achieve for some types of disease
resistance, especially for the class of funguses commonly known as
wheat rust. At least 275 distinct physiological races or biotypes
of the stem-rust organism have been discovered, but only a few of

these are of economic importance at any one time in a region (Martin

mdmmuml%ﬂ.hmMﬁkaﬁmqumnm&uwﬁﬁﬁ¢Mdf

by the less virulent leaf rusts and/or stripe rusts. Rust is a

particularly serious disease problem because the funguses which
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cause rust in a given region or environment may mutate or, as the
rust reproduces, there may be a sexual recombination of rust geno-
types. This can ¥esu1t in the introduction of a new variety of
rust which may be successful in attacking the bred-in resistance
which the wheat had to the original varieties of rust. Consequently,
a variety of wheat which did very well in a particular valley in
1965 may not do nearly as well in 1970 because that'variety's resis- -
tance to the o:iginal local strains of rust may no longer be adequate.
This means that breeders must continuélly develop new wheat strains
for the same region. Although it is occasionally possible to trans-
fer the original variety of wheat to another valley where the local
rusts cannot attack it, this is not always possible. A wheat variety
that does very well in Chimaltenango may not be suitable for Huehue=-
tenango or Quezaltenango, beéause the perfbrmance of a.variety is
often quite sensitive to relatively minor altitude or temperature
changes, In Guatemala climates can vary from tropical to temperate
in a distance of 20 miles with climatic pockefs representing all
gradations in between. It therefore is often difficult to trahsfer
a successful variety in one valley to another valley, because there
usually are small climatic variations between valleys which may
- affect yields for a particular wheat strain.

The yield variability for demonstration plots are extremely
wide even though attempts are made to select appropriate varieties
and farmers presumably use capital intensive input packages. These

observations are presented in Table 4,14, While it is difficult to
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Yield estimates from demonstration plotsa

Yield

Obs. Year(s) (ag/ba) Variety Source
8 1968 85.86 Narifio Labor Ovalle Report
9 1968 93.02 Xelaju=-66 Lébor Ovalle Report
11 1968=69 57.24- San Andres-68 Labor Ovalle Report
68.29
12 1969 45,79 Tobari-66 Labor Ovalle Report
13 ca. 1969 60.10 Narifio COMPACO
14 ca. 1969 40.07 Lerma Rojo COMPACO
16 1972 33.07 unspecified Palencia
(drought)
17 1972 68.34 unspecified . Palencia
19 1973 67.78 unspecified Johnston

aData taken from Table 4.1l.

say anything definite about future yields where the range is as

‘wide as the one in Table 4.14, it would appear that better farmers

with the correct variety could achieve yields of from 65-70 qg/ha.

Whether or not average yields will eventually reach this level is

another thing. Judging from the range of yields shown in Table

4.14, it appears unlikely that average yields will rise above 35-

45 gqg/ha in the near future.
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Wheat production activities used ig the analxsis

As was mentioned earlier, the work of the Gremial Nacioﬁal de
Trigueros, the Asociacion Nacional de Productores de Harina, and
the Ministry of Agriculture has resulted in'increased use of chemi-
" cal inputs and improved yields over the past 15 years. The results
of this effort are reflected in the usage levels of agricultural
chemicals reported in the four wheat production activities of Table
4.15b, |

Activity WHV1, the least capital and chemical intensive tech-
nology presented, has an average fertilizer use level of 6.18 qq/ha
as reported by the 11 farmers who provided déta for this‘activity.
This is in contrast to our findings for milpa, corn, and potatoes
where there was always one group of farmers who used no fertilizer.
The’higher level of fertilizer use in wheat production is almost
surely attributable to the incentives provided by the guaranteed
price paid by the miliers (which is, of course, required by law)
and the provision of credit in kind by the Gremial,

Fertilizer is the only agricultural chemical used by farmers
in Activity WHV1., Activity WHV1 uses no mechanizatioﬁ, no herbicide,
or insecticide and almost no urea (one farmer out of 11 used urea).
Consequently, this is a relatively more labor intensive technology
than any of the other activities. Column 5 of Table 4.15b shows
that labor requirements decrease as production activities become
more technified. It is important to keep this in mind. There is

a rather large difference in labor requirements for Activity WHV1
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Table 4.15a., Definition of column heads in Table 4.15b

Column no. " Column heads Definition of column heads

1 Activity Identification number for the
wheat production activity.

2 0OF The qq of fertilizer used per
hectare.

3 YW The yield of wheat in qg/ha.

4 KT Total amount of capital required

(Q) per hectare.

5 LT ‘Total number of labor hours re-
auired per hectare

- 6 HD A dummy variable for herbicide
use. A value of 1 means that all
of the farmers who performed this
activity said that they used a
herbicide. A value of 0.5 means
that half of the interviewed far=-
mers used a herbicide.

7 ID An insecticide dummy variable. A
value of 1 signifies that 100% of
the farmers in this activity class
used an insecticide.

8 UD A urea application dummy variable.
A value of 1 signifies that 100%
of the farmers in this activity
class applied urea.

9 ™™D A topography dummy variable. A
value of 1 means that 100% of the
farmers interviewed in this class
farmed land that was flat or gently
rolling as opposed to a value of O
which stands for hilly or very
steep slopes. Slope is believed
to be a crude proxy.variable for
quality with most of the better
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Column no,

Column heads

Definition of column heads

10

11

12

13

14

15

16

17

MLPD

RLL

C

PS

No. of obs,

lands being found in valleys and
hence, having a topography dummy
of 1.

A dummy variable foxr the use of
machinery to prepare land foxr
planting. A value of 1 signifies
that 100% of the farmers used
machinexry to prepare their land.

A mechanized harvest dummy variable.
A value of 1. signifies that 100% of
the farmers in this activity used
some type of mechanization in the
harvest process.

A general technology dummy variable.
This variable measures the degree to
which the farmer uses mechanical and
chemical inputs in wheat production.
It has a possible range of from O-8.

The return to land, labor, and capi-
tal from growing wheat with this
activity (technology) on 1 ha of
land. This is a net return with the
cost of seed, chemical, and mechani-
cal inputs being subtracted out.

The total land area owned by the
farmexr measured in cuerdas. One
cuerda = 0,04 ha.

The qq of seed needed for one hec-
tare,

The price of 1 qq of seed measured
in Quetzales.

The number of farmers interviewed
whose production practices put
them in this activity class.




Table 4.15b. Wheat production activities on 1 ha of land®

(1) (2) (3) (4) (5) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17)
Activ- No, of
ity QOF Yw KT LT uD D MLPD MHD GID RLL C 0,05 PS obs,
WHV1 6.18 28.17 78.33 1006 0.1 0.45 0 (o} 1.0 83,65 35.18 4,12 7.45 11
WHV2 7.79 30.92 93.44 721 0.9 0.30 0 0.5 3.6 84,35 29,80 3.32 8.40 10
Wv3 10.53 46,03 122.98 538 0.3 1.00 1 0.3 4.7 141,69 14.33 5.95 5.33 3
wv4 12,60 67.78 203.59 538 1.0 1.00 1 1.0 8.0 186.15 48,50 7.10 8,50 2

3johns ton, ca. 1973a.

LCT
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as opposed to the other three activities, and this difference is
primarily a reflection of the capital labor substitution that has
taken place in the other three activities. Column 13vof Table
4.15b shows the return to land, labor, and capital in wheat pro-
ducticn. One must exercise some cautiqn in thé interpretation of
Column 13, It shows that the return to land, labor, and capital
for Activities WHV1 and WHV2 are almost equal. This is because
neither the charge for hiring the additional 1labor needed by WHV1
nor the interest charge for borrowing the additional capital needed
for WHV2 is included in this calculation. The three hundred addi-
tional labor hours required by WHV1 would cost a farmer about
022.50 at 7.5¢/hr. The fifteen Quetzales extra capital required by
Activity 2 would cos£ Ql1.50 if borrowed at an interest rate of 10%.
Thus, the return to land (and to the farmer who in this case farms
his own land) is Q21,00 higher if the farmer uses Acti&ify WHV2.
This is not readily apparent if one makes only a casual examination
of Column 13, Activity WHV1 abpears to use a variety of seed which
is not of the highest quality because its price is only Q7.45/qq
as opposed to the price of Q8.50/qq which is paid for seed in
Activity WvV4. Column 9 (ID) tells us that this activity is typi-
cally carried out on both hilly and valley lands.

Activity WHVZ is also an activity which is found on both hilly
and valley lands, Wheat yields here are increased by 2.75 qq/ha
over Activity WHV1 and use of fertilizer is increased by 1.61 qg/ha.

All of the farmers who responded to Activity WHV2 used herbicides
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and 1/2 of them used some type of mechanical aid for harvesting.'
In most cases this is limited to use of a mechanical thresher to
remove grain from the stem. Farmers using Activity WHV2 are using
urea in addition to a balanced fertilizer and therefore are prob-
ably making two fertilizer applications. This suggests that they
are adopting the recommendations of extension agents and others who
are trying to teach them about new higher yield technologies. The
average seed price of Q8.40/qq shown for this group indicates that
they are buying quality seed. It appears that they may not be
blanting as densely as they should because they report using only
3.32 qq of seed per ha. This relatively light use of seed might
be due in part to the custom of making small terraces with one or
two rows of seed per terrace on hilly lands. It is probably also
explained in part by the observation that the fertilization level
used here is also quite low. Compared to Activity WvV4, these far-
mers use 62% as much fertilizer and 39% as much seed. Farmers may
not be receiving as much fertilizer as is recommended in Activity
WV4 or they may be receiving it but not using it all on wheat. If
farmers are taking part of the fertilizer given to them by the
Gremial for wheat production and using it on corn or potatoes,
then there would not be much point in using the recommended amoﬁnt
of seed, which might explain the relatively light seed use found
in Activity WHV2.

Activity WV3 appears to represent a new technology (but might

in part be the result of farming in a fortunate climatic zone).
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There are only 3 observations for this activity, yet the yield
‘given in Column 3 and the general technology dummy variable found
in Column 12 indicate that these activities are distinct from Activ-
ities WHVZ and WV4. Fertilizer use represents an intermediate step
between Activities WHV2 and WvV4 as does yield, planting density
(2QS), return to land, labor, and capital, and the general teche:
nology dummy. These farmers use herbicide, but only one of three
used urea. Thelr seed price»is relatively low indicating that they
are not buying certified seed. Activity WV3 takes place on valley
land, and all three farmers used custom hired services for land
preparation. As a result of using custom hire land preparation
services, herbicides and some mechanical harvest help, total labox
requirements decrease by 183 hours as compared to Activity WHV2.
There might also have been some reduction in labor required be-
cause this activity takes place on valley land while Activity WHV2
was found on both hilly and valley land. The high yield of 46.03
qg/ha for Activity WV3 indicates that these farmers are either bet-
ter ox more fortunate than many farmers.

Activity WV4 is the most technological and capital intensive
of the activities considered. One observation which provided data
for this activity came from a fertilizer demonstration plot being
conducted by thé Ministry of Agricultuie and the Peace Corps. The
other observation came from a farmer interviewed in our sample.
Activity WV4 uses 2.07 qq more fertilizer than did Activity Wv3.

It uses herbicide, insecticide, urea, and (probably) certified seed.
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Planting density is the highest of any of the activities considered. -
The farmer who engaged in Activity WV4 used mechanization to assist
him in land preparétion and at harvest time even though his total
land holdings were only 48.50 cuerdas or approximately 2.12 ha.

The average yield for these two observations of 67.78 qq/ha is very
respectable. It is not as high as some of the yields reported in
Table 4.14, but it is a reasonable yield.expectation for better
farmers using certified seeds in favorable climatic zones. Activ-

ity Wv4, like Activity WV3, takes place exclusively on valley land.

Hill and Valley Yields

One of the more interesting findings of the sample data for
milpa, corn, potatoes, and wheat has been that the most capital
intensive production has in each case taken place on valley lands.
There are a variety of factors which might explain‘this finding.
First, as was stated earlier, the yield leveis in the sample data
suggest that hilly land is often poorer land in Guatemala. Al-
though hilliness is a poor proxy for fertility, slope is the only
available variable that provides some information on variations in
soil quality. Second, most of the larger towns are located in
valleys. This means that the valley farmer has greater access to
transportation facilities, technical assistance from Ministry of
Agriculture persommnel, education, information supplied by merchants
selling agricultural chemicals, and credit which is usually avail-

able in departmental capitals located in the valleys. Third, valley
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soils are usually not as subject to erosion as are hillside soils.
Thus there is less chance on valley soils that rains will wash
fertilizer and other chemicals downhill and away from the plants.
Consequently, if farmers fertilize only a part of their land, they
are probably better off to use their fertilizer on valley lands.

This appears to hold true for wheat, corn, milpa and potatoes.

Vegetable Production

Vegetable production has been included here to provide informa-
tion on the relative profitability of vegetable production on good
nonirrigated land as opposed to traditional crop production. To
this end the analysis considers production of only three vegetables
which require a minimum of water if grown during the rainy season.
Although some irrigation might be needed in the seedbed (or during
the first two or three weeks for carrot production), by the time of
transplanting, rainfall levels should be sufficient to provide 95-
100% of thé water required. Since vegetables are more sensitive to
water requirements than are many field crops, it is hecessary to
differentiate vegetable land from other land. This was done by as-
suming that the farmer has only one cuerda of land upon which he
can grow vegetables. The one cuerda limit is imposed because the
farmer is assﬁmed to be primarily a producer of traditional crops.
This is nonirrigated land, but is located relatively cloée to a
water supply during the rainy zeascn (during the dry season this

water supply is assumed to disappear). Labor requirements in the
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model are increased because the farmer may occasionally have to
hand carry water to his vegetables.,

It is important to emphasize that this production is not taking
place on irrigated land. If it were, then the farmer could grow a
much larger variety of vegetables than the three selected, and he
could grow three or four crops per year instead of one. The land
used for vegetable production is similar to the better land used
for traditional crops, but it is not typical land, because it must
be located within a few hundred yards of a water source. This
would be especially important at transplanting time, but might also
be important during the "finicula" or the short dry period which
usually occurs for the space of five to fifteen days in the middle
of the rainy season.

Readers familiar with Guatemala can consider this activity as
being similar to rainy season production of onions growﬁ on mountain
slopes near Zunil, or beet and carrot production on nonirrigated
land in the Departments of Guatemala and Chimaltenango. Most vege-
table production in Guatemala is; of course, done on irrigated
land, but a look at monthly average wholesale prices as published
by INDECA suggests that additional land is being put into.produc-
tion of some vegetables during the rainy season. Table 4.16 pre-
sents information on monthly wholesale prices which shows that
prices fall during August, September, and October, the months
when most nonirrigated vegetables would be marketed. The exact

month in which the farmer would have vegetables ready for market
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a

Medium c c
Month green . Carrots Beets
onions
January 7.99 2.17 1,95
February 7.38 2.12 2.00
March 7.59 2.03 2,09
April 6.39 1.69 2.01
May 6.46 1.96 1,98
June 6.78 1.94 2.06
July 8.06 1.88 1.98
August 6.24 2,19 1.0
d d
September 6.30 2.20 1.64
October 7.56d 2.20d 1.88d
NovVemser 2.06 2.86 2.16
December 8.90 2.37 1.96

2INDECA, 1973.
bPrice in Q per 1,000.

®pPrice in Q per net of 25 dozen.

dHaxvest month(s) used in this analysis.



135

will depend on local rainfall patterns, the closeness of the land
to a water source, and the amount of time the farmer devotes to
hand carrying water.

Average monthly wholesale prices were used to determine prices
for the five vegetable activities considered here. Prices for each
activity were selected by looking at monthly rainfall and tempera-
ture data to determine the earliest and latest possible planting
dates as well as the amount of time required for the vegetable to
reach maturity. Within the limits imposed by climatic and agronomic
. data the farmer was assumed to select the most favorable average
harvest price. This determined the month of harvest which then

determined the time of planting.

Alternate employment opportunities

Vegetable production was included in this study because it is
freéuently mentioned as an alternative to traditional crop produc-
tion in the highlands. It seems reasonable to expect that one of
the next research priorities for Guatemala's economic develoﬁment
is the identification of possible alternate employmenf opportunities
for small farmers, particularly small highland farmers.

The present Govermment program of agricultural credit pro-
vision and technical assistance should be successful in increasing
average yields of beans, whéat; corn, and potatoes by at least 25=-
50% over the next five years. Manger-Cats writing in 1970 noted
that experiences of individuals and organized groups have demon-

strated that yield increases of up to 50% are not difficult to
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attain, but that scarcity of funds, technicians and inputs has
impeded the diffusion of these yield increases to the rest of the
rural masses (Manger-Cats, 1970). It is anticipated that the pres-
ent rural development program will be successful in reaching the
rural masses, and that average yields will be increased. As yields
increase, prices probably will decline unless demand for traditional
crops can be increased through opening of export markets or increased
domestic consumption. The expected increases in demand, however,
are far less than the assumed increases in production. Hence, it
is probable that prices will decline. This means that the income
ihcreases actually accruing to farmers who participate in DIGESA's
agricultural credit and technical assistance program will be depen-
dent on the interaction which takes place between higher yields,
lower prices and higher input costs. Without reliable data on
domestic and exéort demand for traditional crops it is difficult

to estimate how serious the decline in prices will be and what
effect it will have on farm incomes. Ironically, the effect of
declining prices will probably be more serious for smaller farmers,
the group this program is designed to help. These farmers already
are at a precaxioﬁsly low income level because their production and
employment alternéfives both on the farm and within thg village are
severely limited. Small farmers will probably continue to combine
farm and off-farm employment for a few more years, but eventually
they will be forced to look for employment opportunities elsewhere,

and in the long run, farmers with less than one hectare of land
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will probably move out of farming. Farming on one hectare or léss
of unirfigated land is simply not a viable economic alternative.

The problem facing the development planner then, is what can
be done to provide these small farmers with an economic alternative
at home which is sufficiently attractive to dissuade them from mi-
grating. Some of them might find employment in vegetable production.
Some of them might be absorbed by the handicraft industry. Some
could go into service industries and cottage industries at the vil-
lage or departmental level. There probably exist possibilities for
expansion of agricultural processing industries and some expansion
of agricultural service industries as well. All of these areas
hold some promise for expansion of employment opportunities. There
undoubtedly are other areas which would be equally promising. How:
can planners decide which of the various alternatives to investi-
gate first?

One of the lessons of development has been that the answer to
the question, "What can they do?" is often contained in the answer
to the question, "What.axe they doing now?" If oné looks about the
highlands, one sees various types of small industries ranging from
production of illegal alcohol and textiles in Salcaji, Quezaltenango
to mining in Huehuetenango, broiler production in Chimaltenango,
and strawberry, asparagus and mushroom production and canning in
Quezaltenango. Obviously, some of the first questions for a develop-
ment planner to consider are, "Which of these production activities

can be expanded? What are the constraints that have limited expansion
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thus far? Is there anything the govermment can do to relieﬁe-
these constraints?"

The program of agricultural and economic development which has
begun with the agricultural credit and technical assistance program
administered by DIGESA and BANDESA must be followed by programs and
policies designed to facilitate the development of rural employment
opportunities. One approach which could be followed to accomplish
this task would be to assist those rural industries which already
exist. People will continue to move out of traditional crop produc-
tion and into other occupations. ‘A small farmer producing tradi-
tional crops on one or two hectares of land will not be able to
achieve an acceptable income level from crop pxodﬁction. His con-
tribution to the national economy will always be negligible and he
is likely to become increasingly dissatisfied with his situation.
He will always be a candidate for migration to the south coast or
to Guatemala City. In order to develop rural areas and slow out
migration it is necessary: (1) to identify industries that are
producing and which have the potential to expand; (2) to determine
the major constraints impeding development of these industries;
and (3) to create those institutions and policies which will remove
existing constraints and facilitate the growth of small industry.
This may require creation of an agency to conduct feasibility
studies for small industry, or creation of a marketing office to
gather price and transportation information for industry. The

exact steps needed to facilitate industrial development and rural
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employment can only be determined by people who know Guatemala

very well. They camnot be specified here. One can, however, sug-
gest that noﬁ is the time for Guatemala to assess the effects of the
present development program and begin planning for the next program.
The agricultural credit and extension program which is in effect
today represents only a first step toward the development of the
rural areas. The next step must be aimed at solving the problem

of employment creation for those workers who eventually will leave

agriculture.

Vegetable production activities

The vegetable production activities investigated here repre-
sent employment and income earning alternatives to traditional crop
production rather than an attempt to estimate the income potential
which exists from vegetables. As was mentioned earlier, most vege-
tables have more stringent water requirements than do the traditional
crops. Vegetables, as a group, are also more perishable than are
field crops and will require more care in marketing. JTimelinéss of
planting, disease and insect controi, and harvest will also be more
important for vegetable growers than for traditional farmers. In
shért, vegetables require more management skills, more capital, and
more water than do traditional crops. The attempf made here to in-
clude vegetables as an alternative for the small traditional crop
farmer recognizes these differences. In this analysis only land

close to water can be used for vegetable production and then only
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if the farmer has the management knowledge required to grow vege- '
tables. Capital for vegetable production is assumed to be avail=-
able through the Government's credit program for diversified crop
production.

The vegetables chosen for consideration in this analysis are
carrots, beets, and onions. The main reasons for considering these
rather than some other crops were, first, that these crops are cur-
.rently being grown in the highlands. Second, they are not as
perishable as some of the other vegetables. Third, being root crops
they are hardier and need less water than do the leafy vegetables;
hence, they are more suitable to rainy season production on non-
irrigated land., Fourth, the harvest period for these crops can
often be stretched out by eithexr leaving some of the less mature
vegetables in the ground or by harvesting and then storing them in
a cool place. This is important for a small farmer who is learning
vegetable production by growing them on a small scale, because it
lessens the risk associated with short run price fluctuations.

The production information concerning amounts of capital,
labor, water, and types of chemicals needed for growing vegetables
that are used in this analysis is taken from the publication,
Analisis De Actividades Necesarias Para La Produccidén De 11 Es-

pecias Horticolas (Hortalizas) (Johnston, ca. 1973b). This publi-

cation is based on information obtained from vegetable production

experts who were asked about vegetable production in their geographical

and technical area of expertise. In some cases, the expert opinions
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differ due to the use of different technologies by different
vegetable growers in different areas. Data provided by sources
1, 4, and 5were given more weight in estimating production coef-
ficients, because these sources had worked primarily as small |

farmers or with small farmers in different parts of the altiplano.

Vegetable activities included in the model

Table 4.17b summarizes most of the production data needed for
the linear programming m&dei. Only one technology is considered
for. each vegetable, This is the technology judged representative
of small farm vegetable production on the altiplano by the ex-
perts interviewed. There are two activities for production of beets
and carrots because the growing time required for these crops was
short enough (or the rainy season long enough) that it was possible
to specify two possible planting and harvesting dates. The growing
season for onions is longer, and consequently, it was felt that only
one onion planting and harvest peribd would be appropriate for the
highland producer who did not have irrigated land.

Capital and labor requirements are given in Table 4.17b. The
amounts of chemicals needed and hours required for application as
rresented in the original interviews with vegetable experts per=-
tained to recommendations for preventive treatments and as such
were always prefaced with a phrase such as, "If there is not a sexr-
ious problem, this would be an adequate dosage or treatment.'" Rec-

ognizing that serious insect and disease problems do occur from
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Table 4.17a. Explanations of row headings in Table 4.17b

Row no. Row heading Explanations of row headings®
1 KT The total amount of capital re-
(Q) quired to produce this vegetable
on 1 cuerda (0.04 ha) of land.

2 LT The total labor requirements for

(hrs) _ this vegetable on 1 cuerda of
land.

3 Yv The yield of this vegetable per
cuerda.

4 PD An estimate of the month and the
days when planting would probably
occur.,

5 D The month and the days when trans-

planting would take place.

6 HP The probable duration of the
harvest period.

7 PV The price the vegetable is expected
(Q) to sell for.
8 DS The number of days the vegetable is
in a seedbed.
9 DAT The number of days after trans-

planting before harvest begins.

2The cuerda referred to below is always the standard cuexda
containing 625 square varas.



Table 4.17b, Vegetable production information®

Row Row Early Later Green Early Later
nos. headings beets beets onions carxots carrots
1 KT 23.29 23.29 26,00 16.43 16.43

(Q)
2 LT 229 230 292 302 290

(hxs)
3 w 399 doz. 399 doz. 16,000 500 doz. 500 doz,.

med., size

4 PD 24-31 May 23=30 June 1-7 May 1-7 May 1-7 June
5 D 1-7 July 1-7 August 15-21 June None None
6 HP . 1-30 Sept. 1-30 Oct, 10-30 Oct. 1-25 Sept. 1-25 Oct.
7 PV 0.065 0.07 7.00 0.088 0.088

(Q) per doz. per doz, per 1000 per doz. per doz.
8 DS 35 35 45 None None
9 DAT 60 60 135 120 120

aJohnston, ca. 1973b.

1274
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time to time in vegetable production, the recommended amounts of
capital and labor have been increased by 10% in this study. This
provides a more realistic estimate of the amounts of capital and
labor required by small vegetable producers. |

Row 2 of Table 4.,17b contains information on the total labor
hours required to grow each of the vegetables. The slight difference
in labor hours required to grow early vs. later beets and early vs.
later carrots is a consequence of differencesvin monthly rainfall
averagés and planting dates for the two acfivities. The rest of

Tables 4.17a and 4.17b should be self-explanatory.



145

CHAPTER V. ORGANIZATION AND PRESENTATION OF THE RESULTS .

The Experimental Design

The small farmer faces a number of constraints which affect
his ability to produce crops, sell labor, and earn an acceptable
income for himself and his family. In this study, a model has been
built which attempts to approximate the interaction taking place
between productive activities and constraints on the small highlénd
farm. The model will be used to demonstrate how relaxation of these
constraints can affect the farmer's income, the optimal composition
of crops he produces, and fhe extent to which he is fully employed.

The major types of resources which the farmer has to work
with are: land, labor, capital, and knowledge. In Table 5.1,
these general categories have been subdivided into specific re-
source components and the various levels which each resource com-

ponent takes in the analysis are listed.

The choice of the relevant parametric variations

Table 5.1 présents eight specific resources whose levels are
varied. Six of these resources are assigned only two levels; one
resource (potato land) has three possible leﬁels; and one résource
(knowledge) has four possible levels. These levels could be com-
bined in 384 different ways (25 X 3x 4= 354), some of which are
more important than others. One way to judge the relative iﬁportance
of the different resource sets or combinations would be to solve

the model 384 times. This would be a lengthy, costly, and confusing
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Table 5.1, Resources selected for consideration

General category Resource Levels considered
Land Hill and 1. 0.5 ha hill land and
valley land 0.5 ha valley land
2. 1.5 ha hill land and
1.5 ha valley land
Land Vegetable land® 1., DNone
2, 0.0437 ha
Land Potato land 1. None
2. 1.0 ha
3. 3.0 ha
Labor Hired labor 1. None
2. Ten men
Working capital Savings 1. Q50
2., Q150
Working capital Credit 1. None
2. Crop specific credit .
Knowledge Technology levels 1. Traditional or low,
for traditional level TLO
crops 2. Present day inter-
‘ mediate, level TL1
3. Present day high,
- level TL2
4., Very high (only for
potatoes), level TL3
Knowledge Vegeta'blea 1. Low level, level O--
production only knowledge of
knowledge beet production.
2. High level, level l--

knowledge of beet,
onion and carrot
production

a'Vegetaxble land and vegetable knowledge both 1limit vegetable
production. Only one of these will be binding in any given solution.
They are actually a composite resource since knowledge without land
and land without knowledge would be of no wvalue.
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process. Some of the 384 optimal solutions would be identical,
because increasing the level of a resource will affect the optimal
solution only if the resource was previously in short supply. Many
of the 384 solutions would be similar even though they were not
identical and would contribute very little to our understanding of
small farm production., Obviously, a method must be devised to select
only the more imporxtant changes in the farmer's set of resources.
The method used to reduce the number of resource sets was to
establish a ranking among the resources and to follow a smaller
to larger progression of resource sets. In other words, the study
begins with a relatively small resource set that describes the
position many farmers find themselves in today. Successive resource
sets then become gradually larger and richer. In this way, the ’
potential for increasing farm family incomes through agricultural
development programs is depicted in a step by step fashion as the
restrictions imposed by one limiting resource after another are

slackened or released.,

Ranking of resources into categories and then into resource sets

The ranking used here reflects the importance of each resource
to the farmer, the potential availability of each resource, and the
degree to which each resource influences the composition and magni-
tude of the variables in the optimal solutions. Resources are
classified into three groups: (1) hectares oi crop land, avail-
ability_of'local hired labor, availability of credit and level of

saﬁings (working capital); (2) hectares of potato land and level of
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vegetable knowledge; (3) level c¢f crop knowledge. These groups
provide a method of organization which will allow resource sets
to be presented in the smaller to larger progression mentioned
earlier.

The first group is the traditional set of resources studied in
economics: land, labor, and capital. These are fundamental re-
sources whose levels are important for any economic study. The
levels which these three resources may take were presented in
Table 5.1 Figure 5.1 illustrates how the different levels these
resources may take are combined to form categories of resource
sets. Resoufces in Group 1 are defined as "semi-fixed" resources,
because their levels vary between categories, but are fixed within
each category (the level of personal savings is an exception be-
cause it takes on two values in Category 1. It is, however, fixed
in the other three categories and is consequently regardéd as being
a "semi-fixed" resource). Figure 5.1 showé us that the importance
of different levels of crop land ﬁay be investigated by comparing
results from Categories 2 and 4. The importance of hired labor
may be investigated by comparing results of Categories 3 and 4.

The imﬁortance of éredit may be investigated by comparing results
of Categories 1 and 2,

Zhe second group of resources consists of potato land and the
level of vegetable knowledge. These are important resources
(paxrticularly potato land), but were not considered to be as funda-

mental as land, hired labor, and working capital, because the number



Group 1, "Semi-fixed" Resources

Working Capital
Land Local Hired

No credit Category 1

Labor
a
O Men oxr 10 Men
Credit
Q50 Savings .
Categoxry 2
Farmer
and
Family
‘ Credit
Q50 Savings Category 3 K
O
Crodit Category 4

Q50 Savings

%The results in Categories 1 and 2 are identical for solutions in which either zero
or ten hired laborers are available because no hired labor is needed when the family has
only 1 ha of crop land.: ‘

Figure 5.1. Levels of the 'semi-fixed" resources in the four categories
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of farmers who have potato land or a high level of vegetable
knowledge is quite small compared to the total number of traditional
farmers. Furthermorg, this number must remain small if potatoes and
vegetables are to continue to be highly profitablé crops. Still, it
is intéresting to know the effects which different levels of farm
size, local labor availability, and availability of working capital
‘can have on potato and vegetable farmers' income and employment
levels. Consgquently, these resources are allowed to take on dif-
ferent levels within each category. These resources are defined
as '"semi-variable" resources, because they are allowed to take on
different levels within each category. Each different combination
of resources consisting of a set of semi-fixed resources (from a
given category) and a set of semi-variable resources (potato land
and the level of vegetable knowledge) is defined as a '"resource
set." For example, a resource set could consist of the resources:
1 ha of crop land; 10 hired laborers available; no Crédit and Q50
savings (Category 1); plus zero hectares of potato land;' and a low
level of vegetable kﬁowledge. This is a set in which all resources
are at their lowest level, and, consequently, it will be the set
used to begin the analysis, Resource Set 1A. The A signifies that
persqnal savings are at the level Q50. Resource Set 1B consists
of the same set except that personal savings are at the level Q150.
The third group of resources consists of different levels of
crop knéwledgé. The level of crop knowledge is varied within each

resource set to estimate how a program of technical assistance,
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which increases the farmer's level of crop knowledge, could affect
the income and employment opportunities of a small farmer with this
set of resources. For example, the first three solutions examined
are solutions for Resource Set 1A in which the farmer is given ciop
knowledge level TLO in the first solution, level TL1 in the second
solution, and level TL2 in the third solution. The levels of cxop
knowledge associated with each resource set‘are identified when the
resource sets are presented. Levels of cropéknowledge are defined
as "wvariable" resources in this study, because. their levels vary
within each category and within each resource set. Table 5.2 pre-
sents the resources which are defined as semi-fixed, semi-variablie,
and variable in each of the four categories, as well as the resource
sets which belong to each category.

Category 1 in Table 5.2 represents the situation experienced
by a poor highland farmer in 1973. This farmer is assumed to have
one hectare of land, and he does not. have access to credit. Two
levels of savings are investigated as sources of working capital.
Ten men are available as a supply of local hired labor in any given
quarter. Their availability will, however, be irrelevant because
the farmer and his family are able to supply all labor requirements
for crop production activities when farm size is limited-to:one
hectare. Semi-variable resources in Category 1 include two levels
of vegetable knowledge and two levels of potato land.

Category 2 continues the analysis for a farmexr with one hectare

in 1973. The farmer's resource set is expanded here by assuming that



Table 5.2, Presentation of the four categories used in the analysis

Category Semi-fixed resources> Semi-variable resourcesb Variable resources® EZiZurce
1 (1) 1 ha of crop land (1) Vegetable knowledge (1) Crop knowledge 1A, 1B, 2A,
(2) No credit (2) Potato land level 2B, 3A, 3B
(3) Q50 and Q150
savings
(4) 10 hired laborers
2 (1) 1 ha of crop land (1) Vegetable knowledge (1) Cxop knowledge 4, 5, 6
(2) Gov't credit . (2) Potato land level
(3) Q50 savings
(4) 10 hired laborers
3 (1) 3 ha of crop land (1) Vegetable knowledge (1) Crop knowledge 7, 8, 9, 10
(2) Gov't credit (2) Potato land level
(3) Q50 savings
(4) O hired laborers
4 (1) 3 ha of crop land (1) Vegetable knowledge (1) Crop knowledge 11, 12, 13
(2) Gov't credit (2) Potato land level 14, 15

(3) Q50 savings
(4) 10 hired laborers

2ST

8The levels of these resources are fixed within each category. The levels vary between
categories.,

b'l‘he levels of these resources are variable within each category and between resource
sets of a given category. The levels are fixed within individual resource sets.

, CThe level of crop knowledge is variable within each category and within all resource
sets,
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he participates in the Govermment's small farm credit program. Only
one level of savings is considered, Q50, since the farmer now has
credit. Again, ten hired laborers are available to the farmer al-
though he does not use them, The semi-variable resources are vege=-
table knowledge and land suitable for potato production.

Category 3 expands the resource set in Category 2 by assuming
that the farmer now has 3 ha of land instead of just one hectare.

He continues to participate in the Government credit program and
to have Q50 savings. As the farmer's land rises to three hectares,
availability of local hired labor is limited to zero men in antici-
pation of a possible shortage of labor on this larger farm. The
semi-variable resources continue to be vegetable knowledge and
potato land.

Category 4 completes the analysis. As in Category 3, the farmer
is assumed to have 3 ha of land, access to Govermment credit and Q50
savings. His resource set is increased here by giving him access to
ten hired laborers. The semi-variable resources are again vegetable

knowledge and potato land.

Presentation of Resource Sets in Category 1

One of the most important insights to be gained from analysis
of the optimal solutions in Category 1 is an understanding of the
role of working capital in small farm production. Since the farmer
does not have access to Govermment or private credit, he is forced

to rely upon personal savings for all his working capital. Two



154

levels of savings, Q50 and Q150, are used to demonstrate the
importance of working capital.

Given two ievels of savings, two levels of knowledge for vege-
table production, and fwo levels of potato land; it is possible to
specify eight resource sets in Category 1. Six of these resource
sets were considered important enough to warrant finding solutions
for them. The levels of personal savings and the semi-variable
resources {vegetable knowledge and potato land) for each of these
resource sets are presented in Table 5.3.

Each of the six resource sets presented in Table 5.3 defines
a set of resources against which the farmei's level of crop knowl=-
edge is varied. Solutions for three levels of crop knowledge are
found for each resource set. Table 5.4 specifies an identification
number and identifies the level of savings, potato land, vegetable
knowledge and crop knowledge for each solution. Solutions for Re-
source Sets 1A and 1B are found by combining the resource levels in
each resource set with the three lowest levels of crop knowledge
(TLO, TL1, TL2). The highest level of crop knowledge (TL3) is not
combined with these sets because knowledge level TL3 is required for
only the most advanced method of potato production. Since Resource
Sets 1A and 1B have no potato land, they cannot use crop knowledge
level TL3. Resource Sets 2A, 2B, 3A, and 3B are also combined with
only three of the four levels of crop knowledge. For these sets,
only the three highest levels of knowledge are used, because we

wish to see how inclusion of the resource potato land can alter the
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Table 5.3. Resource sets in Category 1

Resource set Savings Level of semi-variable resources
level (Q)

1A 50 Low level of vegetable knowledge,
no potato land

1B 150 Low level of vegetable knowledge,
no potato land

2A° 50 Low level of vegetable knowledge,
one ha of potato land

2B 150 Low level of vegetable knowledge,
one ha of potato land

3A 50 High level of vegetable knowledge,

' one ha of potato land
3B 150 High level of vegetable knowledge,

one ha of potato land

optimal solutions of Sets 1A and 1B. Crop knowledge level TLO be~
comes unimportant here because the three highest yielding potato
activities require a crop knowledge resource of at least level TL1.
If the farher has potato land but does not have a crop knowledge
level of TL1, he cannot grow potatoes. The solutions for a farmer
with cxrop level TLO and potate land would be very similar (or
identical} to solutions for Resource Sets 1A and 1B in which the

farmer does not have potato land.
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!

Table 5.4. Solution identification numbers for the resource sets
in Category 1

Solution Resourxce Savings Ha. of Level of Crop
number set level (Q) potato vegetable knowledge
land knowledge level
1 1A 50 o) _ low TLO
2 1A 50 0 low TL1
3 1A 50 0 low TL2
4 1B 150 (o] low TLO
5 1B 150 o low TL1
6 1B - 150 o low L2
7 2A 50 1 low L1
8 2A 50 1 low TL2
9 2A 50 1 low | TL3
10 2B 150 1 low TL1
11 2B 150 1 low o 2
12 2B 150 1 low L3
13 3A 50 1 high TL1
14 3A 50 1 high TL2
15 3A 50 1 high TL3
16 3B 150 1 high TL1
17 3B 150 1 high TL2

18 3B 150 1 high TL3
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The method of presentation used here is to examine the optimal
solutions for Resource Set 1A in some detail to familiarize the
reader with the‘model and the types of results-which are being
generated. The other resource sets of Category 1 will then be
presented briefly. Emphasis in the text is on presenting an over-
view of the important similarities and differences betweén the
eighteen optimal solutions presented in Table 5.4. More detailed

information for each solution is found in Appendix A.

Resource Set 1lA--Solutions 1, 2, 3

This is the poorest of the resource sets considered in Cate-
gory 1. The farmer hés only Q50 savings, a low level of vegetable
knowledge and no land suitable for high yield potato production.
Figure 5.2 and Table 5.5 summarize the more important results found
in the three optimal solutions for Resource Set 1A, Table 5.5 shows
the reader the types of information contained in Appendix A.

The crop knowledge level of TLO in the first solution of Table
5.5 represents the level of technology used by many poorer highland
farmers. The income earned is quite low, and the picture of peasant
life suggested by these results is not a very bright one. The family
earns a total income of Q443.47. Only 24% of this total income comes
from sale of crops. 7The remainder comes from.sale of migrafory and
local labor. The farmer migrates for the full sixty days allowed in
both third and fourth quartexs and earns Q93.20 from selling migra-
tory labor. He and his family together earn Q244.01 from selling

laboxr locally. This could be an overestimate because the model
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Table 5.5. Optimal solutions undexr Resource Set 1A of Category 12
Variableb Crop knowledge Crop knowledge Crop knowledge
level level level
TLO TL1 TL2
Optimal solution number 1 2 3
Total income (Q) 443,47 467 .69 492,07
Crop income (Q) 106.26 71.99 109.72
Migratory labor
sale income (Q) 93.20 93.20 93.20
Local labor
sale income (1) 244,01 302.79 289,15
Total labor houxs hired 0] (0] 0]
Total hours used
on crops 1173 393 570
Ha. of corn alone, V, 4 (0] o) 0.1314
Ha. of wheat, V, 3 0] 0.3323 0
Ha. of wheat, HV, 2 0.2617 o) 0
Ha. of milpa, V, 3 o (0] 0.3686
Ha. of milpa, V, 2 0 0.1677 o



Ha. of milpa, V, 1 0.4215 0 0

Ha. of milpa, H, 2 0.3168 0] o
Shadow price on

potato landC€ 604 .44 499.38 298.96
Shadow price on d

vegetable knowledge 57«30 49,55 38,38
Shadow price on savingse 0.19 0.44 0.86
Shadow price on c _

vegetable land o) (o) o)
Shadow price c

on hilly land 6.02 (0] o
Shadow price

on valley land 11.38 41,02 47.96

Laboxr hours sold locally 3253 : 4033 3856

2Semi-variable resources are fixed at: (1) a low level of vegetable knowledge, and
(2) zero ha of potato land., Personal savings is fixed at Q50. -

bThe letters H and V following the ha of crops produced refer to whether the activity
is carried out on hilly land, valley land, or a combination of hilly and valley lands (HV).
The numbers 1, 2, 3, 4 describe the relative amounts of capital used in ‘the activity.
For example, Milpa, V, 3 uses more working capital than Milpa, V, 2.

®Shadow price in Q per ha.

dShadow price in Q--the amount by which income would be increased if the farmexr had
a high level of vegetable knowledge.

®Shadow price in Q per additional Q of savings.

09T
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assumes that there is an unlimited demand for local labor sales.

The only limitation placed upon local labor sales is that the family
cannot sell moré labor than it possesses. The crops produced in
this solution are milpa and wheat., The farmer devotes 73% of his
land to milpa and the remainder to wheat. The shadow price on sav-
ings is Q0.19 indicating that if the farmer had another Quetzal of
savings to devote to crop productioh, it would increase his incqme
by 19¢. This means that one Quetzal invested in crop production
activities would return Ql.24 by harvest time because there is an
opportunity cost of 5% associated with using savings for crop
production (Ql.24 - Q1.05 = Q0.19). This is a fairly low return

fo capital for a peasant farmer. Various studies of peasant agri-
culture around the world have observed significantly higher returns
to working capital. Higher returns to working capital will also be
observed in successive solutions of this model. Why then is the
return to working capital so low in this first solution? One factor
explaining this is the farmer's very limited level of crop knowledge
in the first solution. When the farmer is aware of more profitable
capital intensive technologies, the shadow price on capital will
rise. A second factor.explaining the low shadow price on savings
(working capital) is that the farmer and his family are given an
opportunity to sell all their labor at 7.5¢ per hour; they are never
unemployed. Therefore, hours spent on cropping activities must
return more than 7.5¢ per hour to compete with local labor sales

activities for the family's time. If the family did not have this
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alternative use for its labor, the shortage of working c#pital
would be more serious and the shadow price on capitaL would be
higher. Shadow,prices on land are also guite low (R6.02 and Q11.38
per ha for hilly and valley land respectively. The most important
factors explaining the relatively low shadow prices on land are:
(1) the farmer is already short on capital, and at this'poinf,
capital is the more serious constraint; (2) the farmer has an al=-
ternate use for his labor, i.e., selling labor locally; and (3) the
farmer's knowledge of new technologies is very limited. The shadow
price on potato land is deceptively high in this first solution,
Q604.44/ha. Potatoes are quite an attractive crop if you can grow
them, but the farmer in Solution 1 camnot grow them, because he has
no potato land and his level of crop knowledge is too low to allow
him to adopt high yield potato technologies. The shadow price on
vegetable knowledge of Q57.30 indicates that if he had one cuerda
of land suitable for production of green onions, and if he knew
how to grow them, he could increase his income by Q57.30.
Increasing the farmert!s level of knowledge to TL1 produces an
interesting result. His total income increases by Q24.22 even
though his crop income decreases by Q34.27. This is because he
adopts the more profitable crop technologies which require a knowl-
edge level of TLl. These technologies usually requi;e a little
less labor input than the traditional technologies on a per hectare
basis which results in some labor being freed for local sale. Still

more labor becomes available for local sale because the level of
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savings is not high enough to permit the farmer to use the entire
one hectare. He uses what savings he has to adopt new technologies
on his more féitile valley land and lets the hilly land lie fallow.
Actually, the farmer would probably rent the hilly land if he could
find a renter. This possibility has not been included in the model
due to the difficulty of determining rental rates. If the farmer
wanted to rent to another traditional farmer who has a resource

set similar to the one just examined in the first solution, the
shadow price on hilly land in Solution 1 indicates that he would
have to rent his one-half hectare of hilly land for Q3.01 or less.
In latef solutions we will see that shadow prices on hilly lands
are not always this low; rental rates are probably higher than 06.02
per hectare.

Crop production in this solution accounts for only 15% of
total income. The crops produced are again wheat and milpa. Ap-
proximately 33% of the land is used for wheat, 17% is used for
milpa'and 50% (the hilly land) lies fallow. The shadow price on
savings in this second solution rises to Q0.44 indicating that the
shortage of capital is even more restrictive now that the farmer
knows of other technologies but cannot use all his land due to a
shortage of working capital. Here again, this shadow price would
be even higher if we had not assumed that the farmer and his family
could sell as much labor as they wanted locally. If the family
members could not find employment locally, they would devote less

of their savings to the newer technologies and use all their land
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for cropping activities. They certainly would not use all their
savings to produce crops by adopting newer technologies and, con-
sequently, expefience a reduction in crop income if crop income

were their only or their major source of income. The shadow prices
on potato land and vegetable knowledge decrease somewhat in this
solution because knowledge of new crop technologies makes production
of milpa and wheat more competitive with vegetable and potato produc-
tion.

Increasing the farmer's crop knowledge resource to TL2 allows
the farmer to increase total income by Q48.60 over the income he
earned in the first solution. .His crop income increases only
marginally by Q32.46, but his local labor sales are increased byv
Q45.14, This is again due to the fact that he farms only his valley
land and lets his hilly land lie fallow. As in the previous solu-
tions, he continues to grow milpa and wheat. The composition of
his crop production changes here. He now devotes 37% of his land
to milpa, 13% to wheat and lets 50% (his hilly land) lie fallow.

The shadow price on savings in this third solution rises to Q0.86,
and the shadow price on valley land is Q47.96. These higher shadow
prices reflect the fact that since he now has knowledge of new
technologies, his capital and his land resources are more valuable

to himo
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Resource Set 1B--Solutions 4, 5, 6

Resource Set 1B diffexrs from Set 1A in that the farmer's level
of personal savings in Set 1B is increased to Q150. The increased
level of savings allows the farmer to increase his total income in
all three solutions. Fairly substantial increases in crop income
are recoxrded for soluticns in which the farmer has a crop knowledgé
level of TL1 or TL2. For example, cropping income in Resource Set
1B increases by Q56.74 over cropping income in Resource Set 1A for
farmers with knowledge level TL1i., The crops produced in Set 1B are
milpa, wheat and corn alone. With the additional Q100 savings
available in Set 1B, the farmer is able to use all his land. Hilly
land no longer lies fallow but rather becomes a constraint. The
shadow price on hilly land increases from Q0.00 to Ql6.32 in solu-
tions where the farmer has crop knowledge levels TL1 and TL2, The
shadow price on valley land is also increased. For farmers with
crop knowledge level TL2, the shadow price on valley land is in-
creased from Q47.96 to Q182.83 per hectare. Shadow prices on savings
ranged from Q0.19 to Q0.86 in Set 1A; in Set 1B they fall to zero
for all three solutions. The farmer doesn't need the full Q150
savings for crop production activities with this limited resource
set. Some of the more important results for Resource Sets 1A and
1B have been incorporated into Eigures 5.3, 5.4 and 5.5, These
figures summarize all the results in Category 1 and give the reader
an overview not only of the results presented here but also of the

results to follow. Each of these figures is divided by dotted lines
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into thirds. The section of each graph we are concerned with is
the third on the left in which the results of solutions for sets
1A and 1B have been pldtted. The levels of the semi-variable re-
sources in each resource set are identified below the figure. For
example, in Resource Sets 1A and 1B, the semi-variable resources
are fixed at the levels zero ha of potato land and a low level of
vegetable knowledge. For a more extensive presentation of the re-
sults in Sets 1A and 1B, the reader is referred to the tables in

Appendix A,

Resource Set 2A--Solutions 7, 8, 9

Set 2A differs from Set 1A by specifying that the one hectare
of land the farmer owns is in a geographical and climatic area
which is appropriate for high yield potato production. The farmer
once again is assumed to have only Q50.00 savings, and capital is
a very serious constraint in these solutions. The shadow prices
on savings in Figure 5.5 reflect this. They are much higher for
Set 2A than for Set 1A. For example, the shadow price on savings
for a farmer with knowledge level TL1 in Set 1A was Q0.44. In Set
2A the corresponding shadow price is Q1.22. The composition of the
crop mix changes now that high yielding potato activities are pos-
sible. Potatoes are grown in all three solutions of Set 2A although
not much of the total land available can be devoted to potato pro-
duction because of the shortage of capital. In Solutions 7 and 9

with knowledge levels TL1 and TL3, only potatoes are grown, and
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most of the land is not used. The farmers use the labor time freed
from corn, milpa, and wheat production to increase their locél labor
sales. This is, of course, not very realistic for the reasons ex-
plained earlier in our discussion of Set 1A where a shortage of
capital forced farmers to use only their valley land. For Solution
8 in which the farmer has a knowledge level of TL2, both potatoes
and milpa are grown. The appearance of milpa here is due to the
shortage of capital. It demonstrates that even though potatoes

are a very profitable crop, milpa can sometimes compete with po-
tatoes if the milpa is grown in a fairly technified manner. This
occurs because thé return to labor frbm milpa is considerxrably higﬁer
than the return to labor from local labor sales. It is more profit-
able for the farmer to devote some of the land to milpa rather than
to rely exclusively on.a very small amount of potato production and
a large amount of local labor sales. This situation differs from
the situation in Solutions 7 and 9 because with a knowledge level
of TL2, the farmer knows about the most profitable and advanced
milpa and corn activities, which were unknown in Solution 7, but
does not yet have the expertise and knowledge required by the most
technical means of potato production which isiused in Solution 9.
The shadow prices on hilly and valley land are depressed in these
solutions due to the tremendous shortage of capital which exists and
the fact that the farmer faces an infinitely elastic demand for his
local labor sales activities. As Figure 5.3 shows, total income is

increased slightly in these solutions, and cropping income remains
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at the same general level as in Set 1A, The solutions for Set 2A
indicate that, by itself, land suitable for potato production will
have only a small effect on income. The potential for increasing
income through adoption of high yield potato activities is there,

but it is an unrealizable potential when the scarcity of capital is

so acute.

n

10, 11, 12

7 a7

Resource Set 2R~--Solution
lEesSource e

In this set of resources, the farmer's level of personal
savings is increased to Q150. As was the case with Set 1B, this
results in higher levels of total income in all three solutions.

The increase in total income here, however, is much more dramatic
than in Set 1B. Total income levels in Set 2B increase from the
Q480-515 range to the Q610-670 range, and the average increase is
about Q140. This increase is due to a rather large jump in cropping
incomes in all three solutions. Income from the sale of migratory
labor remains constant at Q93.20, and income frcm sale of local laborx
has an average1 decrease of about Q15.00. Although the extra Q100
allows the farmer to achieve a substantial increase in total income
by growing potatoes, much more capital could be used to achieve

even higher incomes. The shadow price on savings in Set 2B remains

1Mention will be made of average changes in levels of difflerent
variables throughout this chapter. The average referred to is an
average for the variable in the three solutions found for each re-
source set. In this case, the average decrease in local labor sales
is Q15 for the three solutions of Resource Set 2B in which the farmer
was given crop knowledge levels of TL1l, TL2 and TL3.
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between Q1.22 and Q1.62 as it was for Set 2A. The farmer is stili
not able to use all his land, and the shadow prices on land remain
as they were in Set 2A. The composition of crops grown as a result
of the additional Q100 of personal savings is roughly unchanged.
Solutiocns 10 and 12 grow only potatoes. Solution 11 (TL2) grows

potatoes and milpa.

Resource Set 3A--Solutions 13, 14, 15

VIn Set 34, the farmer is assumed to possess a hiéher level of
vegetable knowledge than he had in Set 2A. This allows him to in-
clude one cuerda of carrots and/or green onions among.his Crop pro=-
duction alternatives. All other resources remain at the same levels
as in Set 2A. In spite of the fact that the farmer only has Q50.00
savings and that the shadow price on savings remains very high (be-
tween Q1l.22 and Q1.62 as it was in Set 2A), the farmer allocated
part of his savings to producticn of green onions. In all three
solutions, the farmer grows one cuerda (the maximum allowed) of
green onions. Total income and crop income are increased by ap-
proximately Q25 and Q35, respectively, as a result of including one
cuerda of onions among the production activities. One other change
in the composition of crops produced is that in Solution 14 (TL2),
areen onions displace potatoes as the capital intensive crop being
grown. The farmer in Solution 14 grows only onions and milpa. In
the other two solutions, only onions and potatoes are grown. Shadow
prices on land remain depressed here; because capital is still so

scarce that the farmer cannot use all his land. He cannot even use
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all his valley land, and its shadow price falls to zero. Figure

5.4 capsulizes the shadow price movements for valley and hilly land

very well,

Resource Set 3B--Solutions 16, 17, 18

Set 3B increases the supply of personal savings given in Set
3A by Q100. The results are very similar to the results found fox
Sets 2A and 2B. The levels of total income and crop income are a
little higher in Set 3B than they were in Set 2B, but the general
effect of the increased Q100 savings upon shadow prices for land and
for savings is very similar to the effect seen in Set 2B (where the
level of personal savings was similarly increased by Q100 over the
level specified in Set 2A). In all three solutions of Set 3B, both
onioné and potatoes are grown. About the only difference between
the solutions in Sets 2B and 3B is that in Set 3B each solution

substitutes one cuerda of onions where there was a cuerda of

potatoes in Set 2B.

Conclusions to be drawn from Category 1

Resources held constant in Category 1 are: one hectare of
crop land; no availability of Govermment oxr private credit; and a
maximum of ten hired men available to help with cropping activities
each gquaxter. The resources allowed to vary between resource sets
were the level of private savings, the amount of veget#ble produc-
tion knowledge, and a dummy variable which specified that the

farmer's land was (or was not) geographically, climatically and
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agronomically suited for high yield potato production activities.
The level of crop knowledge was varied both within and between re-
source sets of Category 1.

Category 1 has been used to reproduce the pqsition which many
small farmers in western Guatemala find themselves in. It has in-
vestigated the effects of variations in the level of savings and in
the levels of crop and vegetable knowledge as well as the effect of
having land suitable for potato production. Several interesting
conclusions may be drawn from these eighteen optimal solutions.

The first conclusion, which is not very surprising, is that
the distinctioﬁ between farmers who can grow potatoes and thosé who
cannot is important. If a farmer can engage in high yield potato
activities as described in Chapter IV, he is in an entirely dif-
ferent league from the farmer who cannot. As mdre farmers acquire
credit and knowledge of new potato technologies, more potatoes will
be grown and the comparatively high price on potatoes probably will
be decreased so that potato production will become less profitable
and more comparable to corn, milpa and wheat production. Until that
happens, potato farmers will be able to earn substantially higher
incomes than non-potato farmers. At present, potato farmers are
quite a small group. If their numbers are expanded very rapidly,
much of the advantage which potatoes currently enjoy would be
wiped out; hence, one cannot expect potato production to be the path
which will lead large numbers of small farmers to significantly

higher income levels. With this in mind, let us review the Category
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1 conclusions obtained from Sets 1A and 1B in which the farmexr was
not able to produce potatoes.

One of the most striking aspects of the solutions presented
in Sets 1A and 1B is that throughout these solutions, the amount of
income earned from éropping activities is quite low.’ Only about
25-35% of total income is earned by sale of crops. The remainder
comes from migratory labor sales and local labor sales. The exact
percentage of total income earned by sale of crops‘varies with the
farmer's level of knowledge and his savings. The greater the level
of knowledge and the amount of savings, the higher the pexcentage
of total income earned from sale of crops. The relatively high
proportion of income from labor sales for the non-potato farmers
is due to the fact that the family of man, wife and two teenage
children has a labor supply of approximately 2.1 farm laborers,
which is more than can be fully employed on a one hectare farm.
When the family's supply of persohal savings is limited to Q50, some
of the poorer hilly land lies fallow due to the shortage of savings,
but when the family has an adequate amount of savings (Q150), the
family uses all its land. 1In some cases, the shadow prices on land
become quite high. Labor is first devoted to crop production
activities and migratory labor sales; any residual labor is sold
locally. This result provides two important pieces of information
about the small non-potato farmer in Category 1. The first is that
the typical small farmer is essentially a marginal farmer. Even if

he has sufficient savings or credit availability to take care of his
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capital needs, he and his family will not be fully employed on one
hectare of land. As was seen in Figure 5.3, the total income earned
in Sets 1A and 1B ranges from Q443.47 to Q524.73; at most only 35%
of this comes from sale of crops. Thé family cannot afford to rely
solely on crop income and must devote a substantial portion of its
time to labor sales activities if total income is to be kept above
Q300. Consequently, the farmer depicted here can only be considered
a marginal farmer because off-farm labor sales are a mére important
source of incoﬁe than sale of crops. If the farmer and his family
are to be fully employed on their own farm, they must have more land.

The second important piece of information is that crop produc-
tion activities in the model do compete effectively with local labor
sales activities for the farmer's time. Thus, labor engaged in crop
production activities is not a form of disguised unemployment. Even
for the lowest lgvel of crop knowledge (ILO) which represents a
traditional type of agriculture, the farmer with adequate savings
uses all his land for crop production and the shadow pricé on land
is positive (although it is quite low). When the level of crop
knowledge is increased, the shadow prices on valley land become
quite large.

Figure 5.4 presents information on the shadow prices for hilly
and valley land. These shadow prices sum up the situation faced
by the small non-potato farmer extremely well. Figure 5.4 shows
that when the farmer has Q15C savings, both hilly and valley land

have positive shadow prices. This holds true regardless of the
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level of crop knowledge the farmer is assumed to possess.- Thus,
even if the farmer has an adequate amount of savings (working
capital), he must have more land if he is to increase his income.
When the farmer has only Q50 savings and either TL1 or TL2, his
savings are in such short supply that he does not use all his hilly
land but instead lets part of it lie failow. Even though the short-
age of land is absolutely critical in the sense that he must have
more land to be fully employed on his own farm, his shortage of
capital in the Q50 savings solutions is even more critical and
prevents him from fully utilizing what land he ﬁas.

The role which extension and other educational programs can
play in helping smail farmers is also depicted in Figure 5.4. Since
the more advanced technologies are usually employe& on the better
valley lands, one should look at the shadow price estimate for valley:
lands to see this. For instance, the shadow price on valley land
when the farmer has only Q50 savings (VL,A) is increased from Q11.38
to Q47.96 as the farmer's crop knowledge is increased fiom TLO to
TL1. This demonstrates that knowledge of new technologies has
potential to increase farm incomes even when savings are in short
supply. The importance of combining knowledge of new technologies
with an adequate supply of savings (working capital) is illustrated
by the shadow prices on valley land when the faimer has Q150 savings
(VL,B). In these solutions, the shadow price on valley land incfeases
from Q15.29 to Q182.83 as the level of crop knowledge is increased

from TLO to TL2. A quick glance at VL,B and VL,A for Resource Sets
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1A and 1B in Figure 5.4 illustrates the importance of combining an
adequate amount of capital with increased crop knowledge, thereby
alldﬁing the farmer to use new cropping technologies.

The rather large differences between shadow prices on hilly vs
vélley lands are somewhat misleading. As mentioned in Chapter IV,
survey data reported that more capital intensive, high yielding pro-
duction technologies requiring higher levels of crop knowledge were
used almost exclusively on the better valley lands while less capi-
tal intensive and lower yielding activities were carried out on hilly
land. Consequently, in the model, the highest yielding activities
require valley land, and shadow prices on valley land are higher
than shadow prices on hilly land when the farmer has knowledge of
these high yielding activities. If, however, more capital intensive
technologies were used on hilly lands, yields on hilly land activi=-
ties would increase and the shadow price on hilly land would also
increase. It is likely that yields would not reach quite as high
a level on hilly lands as on valley lands because valley lands are
generally of a higher quality than hilly lands. Nevertheless, it
seems reasonable to assume that use of more capital intensive
technologies on hilly lands would increase yields significantly.
This would reduce the differences in shadow prices of hilly vs
valley lands shown in Figure 5.4.

Another interesting characteristic of non-potato farm pro-
duction is that although the shortage of savings is fairly severe

in solutions for Set 1A, shadow prices on savings fall to zero for
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all three solutions in Set 1B, An additional Q100 takes care of
all the farmer's capital requirements on the non-potato farm.

In review, then, we may say that the non-potato farmer in
Category 1 is only a marginal farmer because he does not have enough
land to fully occupy the family's labor time. Since so much of his
time is spent working off farm, increasing his level of crop knowl-
edge or his supply of savings or both does not result in a sub-
stantial increase in either his crop income or his total income.

If he had one more hectare of valley land, however, the shadow
prices on valley land in Figure 5.4 suggest that providing him with
an adequate amount of capital and knowledge of new technologies has
the potential to increase his income (Solution 6) from Q524.73 to
about Q700. This would.be a significant improvement; the effect of
giving the farmer more land will be investigated in Categories 3
and 4. Now let us turn to the solutions in Resource Sets1 2A, 2B,
3A and 3B in which the farmer was allowed to grow potatoes.

The situation for the farmer with potato land is Quite dif-
ferent than the situation for the farmer without potato land.
Potatoes require relatively large amounts of capital compared to
corn, milpa and wheat. Consequently, the potato farmer in Category
1 is limited from increasing his income not by a shortage of land

but by a shortage of savings (or working capital). This is true

1The terms Resource Set and Set will be used synonymously from
here on to identify a particular group or set of resources. For
example, "Resource Set 1lA" and "Set 1lA" refer to the same collec-
tion of resources.
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whether he is given Q50 savings or Q150 savings. The shadow prices
on savings in these solutions range from Q1.22 to Q1.62 depending
upon the farmert!s level of crop knowledge. Even though potato
farmers earn an average of about Q105 more than non;potato farmers,
the potato farmer could potentially earn much more if he had adequate
savings. The importance of additional savings upon the level of total
income is illustrated by the very high shadow prices presented in
Figure 5.5. It is also instructive to notice that élthough the over-
all average income for potato farmers is Q105 more than for non-
potato farmers in Category 1, the average for potato farmers with
Q50 savings is only about Q45 more than for non-potato farmers while
the average for potato farmers with Q150 savings is about Q165 more
than the average for non-potato farmers.

Although incomes are substantially higher for potato farmers
in Category 1, it is interesting to note that potato farmers relied
very heavily on labor sales activities to supplement their incomes.
Farmers with Q50 savings earned an average of only 21% of their total
income from sale of crops. Farmers with Q150 savings earned an
average of 42% of total income from sale of crops. The impetus for
selling large amounts of labor locally comes from the seasonal
nature of potato production activities and is also due to the fact
that the farmer's level of personal savings is too low to allow
him to use all the labor and land he has available for potato
production. Savings, not land, is the most significant constraint.

In most of the solutions, the shadow prices on land are zero, and
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in all cases they are very low.

The Category 1 solutions show that when the farmer is given a
high level of vegetable knowledge, he always grows a cuerda of
green onions. Onions are even more profitable than potatoes. When
onions are permitted, they sometimes displace a cuerda of potatoes.
When they are not permitted, the farmer grows only potatoes in solu-
tions with a crop knowledge level of TL1l or TL3. 1In solutiqns‘with
a crop knowledge level of TL2, he also grows milpa on his valley

lands,

Presentation of Resource Sets in Category 2

Category 2 continues the analysis for a farmer with one hectare
of land by adding availability of Govermnment credit to the farmer's
set of fixed resources. Since the farmer now has acéess to Govern-
ment credit, pexrsonal saving§ are held constant at QSQ throughout
Category 2. The semi-variable resources in Categoxry 2 are vegetable
knowledge and potato land. As in Category 1 for solutions in which
the farmer does not have potato land, only the three lowest levels
of crop knowledge (TLO, TL1l, TL2) are used to demonstrate the effect
of increasing the farmer's knowledge through Govermment extension
and educational programs. Similarly, when the farmer does have
potato land, only the three highest levels of crop knowledge (TL1,
TL2, TL3) are used to demonstrate the effect of increasing his knowl-
edge of new technologies. Vegetable knowledge continues to be

present at two levels, low and high. Potato land also is assigned
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only two levels, zero and one hectare. The three resource sets

specified for Category 2 are presented in Table 5.6.

Resource Set 4--Solutions 19, 20, 21

Resource Set 4 allows further analysis of the employment and
income earning potential of a small farmer with only one hectare of
land and no possibility of adopting either the high yield potato
activities or the more lucrative vegetable activities requiring a
high level of vegetable knowledge. The farmer may be constrained
from éngaging in these potato and vegetable activities by lack of
suitable land, insufficient knowledge, or both. Resource Set 4
assumes that the férmer has access to the Government's crop specific
credit program and allows us to determine how the aﬁailability of
additional working capital (which was a limiting factor in Resource
Set 1A) enables the farmer to increase his crop income. With the
exceotion of credit availability, Resource Set 4 is identical to
Resource Set 1A,

Figures 5.6, 5.7 and 5.8 present information on incomé levels
and shadow prices for solutions in Resource Sets 4, 5, and 6. In
each of these figures, only the solutions in the first one-third
of the figure correspond to Set 4. Figure 5.6 shows us that total
income for farmers in Resource Set 4 xranges from Q446.68 to Q521.96.
This range is about the same as was found for total income in Set
1B. Table 5.7 points out the similarities which exist between the

levels of total income and crop income earned in Sets 1B and 4.



Table 5.6. Resouxce sets in Category 2

Resource Optimal Savings Hectares of Level of Crop
set solution level potato land vegetable knowledge
number knowledge level
4 19 50 0 low TLO
4 20 50 (o) low TL1
4 21 50 o] low TL2
5 ‘ 22 50 1 low TL1
5 » 23 50 1 low TL2
5 24 50 | 1 low TL3
6 25 50 . 1 high - TL1
6 26 50 1 high TL2

6 27 50 1 high TL3

€8T
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Table 5.7. Levels of total and crop income

?ype of Resource set TLO TL1 TL2
income

Total 1A 443,47 467.69 492,07
Total iB 447,81 480.91 524,73
Total _ 4 446,68 478.99 521.96
Crop 1A 106.26 71.99 1C9.72
Crop iB 88,63 128,73 181.02
Crop 4 | 87.50 126.82 178.26

This is not surprising, because both of these resource sets provide
the farmer with ample capital and contain identical levels of all
other resources. Comparison of the tables in Appendix A reveals
that Sets 4 and 1B are also very similar in terms of income earned,
shadow price estimates, crops grown, labor hours used, etc.

Figure 5.8 presents estimates for the shadow prices on savings
in Set 4. The shadow'prices are all Q0.05, reflecting the fact that
there is a 5¢ difference betwsen financing production from personal
savings versus using Govermment credit. Govermment credit is assumed
to be available at an interest rate of 10% while savings are charged
an opportunity cost of 5%. As was the case in Resource Set 1B where

the shadow price on savings was zero, the shadow prices in Resource
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Set 4 indicate fhat the farmer has access to an ample amount of
capital. The amount of capital actually borrowed in these three
solutions is quite small and ranges from Q22.56 to Q55.31., The
amount of capital needed increases as the farmer's level of crop
knowledge is expanded.

Figure 5.7 presents estimates for shadow prices on land in
Resource Set 4. As was the case for Resource Set 1B, valley land
becomes quite valuable when the farmer has a crop knowledge level of
TL2. Table 5.8 points out that the shadow prices for Sets 1B and 4
are very similar. The differences between them reflect the 5¢ dif-
ferential in the cost of acquiring working capital through use of
savings versus through the Government credit program.

As was the case in Set 1B, the crops produced in Set 4 are
wheat, corn alone and milpa., The amounts of each crop produced
are indentical to the amounts produced in the three corresponding
solutions of Set 1B, To summarize, the solutions in Set 4 are
nearly identical to the solutions in Set 1B. In both of these re-
source sets, land is the primary restraint; the farmer has an ample

amount of capital; and he devotes considerable time to selling labor.

Resource Set 5--Solutions 22, 23, 24

In Sets 2A and 2B, the potato farmer was seriously constrained
in his efforts to increase crop income by his limited amount of
savings. This situation is changed in Set 5 now that the farmer

has access to Government credit. The average level of total income
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Table 5.8. Shadow prices on land (Q)

Type of Resource set TLO ‘TLl TL2
land

Hilly 1A 6.02 0.00 0.00
Hilly 1B 30.02 16.32 16.32
Hilly 4 23.78 13.64 13.64
Valley 1A 11.38 41.02 47.96
Valley 1B 4 15.29 95.19 182.83
Valley 4 14.28 89.04 174.98

for the three solutions in Resource Set 5 is Q1,036.99. This is
about Q400 more than average income in Resource Set 2B when he héd
only Q150 savings to devote to potato production. The average per-
centage of tofal income earned from crop production in these three
solutions is 69%, indicating that crop production is more important
than labor sales in the makeup of total incomé. Labor sales are
still quite important as an income source. The farmer continues to
migrate the maximum allowed and earns Q93.20 from migratory labor
sales in all three solutions. Local labor sales are also sizeable
and average Q228.38. As was the case in solutions for Sets 2A and 2B,
the rather large amounts of labor sold locally are due in part to

the seasonality associated with potato production and in part to the
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farmer's shortage of resources which impedeé him from growing as
many potatoes as his labor supply would allow.

The constraining factors impeding the farmer from further in-
creasing his income in Set 5 are land and capital. In Solution 22
(TL1), the only constraining factor is hilly land because the high
vield potato activity the farmer has knowledge of (PHV2) requires
54% hilly land and 46% valley land. Since he has only 50% hilly
land and ampie amounts of all other resources, the shadow price on
hilly land in this solution is quite high, Q764.l11. Capital is not
a constraint, and the shadow price on savings is Q0.05, because the
farmer can borrow as much capital as is needed. The crops grown in
Solution 22 are 0.88 hectares of potatoes and 0.12 hectares of
wheat.

In Soluticn 23, the constraining factors are valley land and
capital. Valley land is scarcer than hilly land in this solution be-
cause the farmer's crop knowledge level has been increased to TL2j;
now the farmer has knowledge of a new potato producticn activity
(PHV3) which requires 56% valley land and 44% hilly land. Valley
land is conséquently in relatively short supply, and the shadow
pPrice on valley land is Q174.98 per hectare. Capital also becomes
scarce in Solution 23. This is because the new potato activity re-
quires more capital. The shadow price on savings rises to Q1.20,
Crops grown here are 0.77 hectares of potatoes, 0.07 hectares of
corn alone and 0.16 hectares of milpa.

In Solution 24, the farmer's level of crop knowledge is
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increased to TL3. The constraining factors in this solution are
again land and capital. The shadow price on valley land increases
sharply to Q514.98. This increase is due to the fact that the farmer
has knowledge of another new potato activity. This activity takes
place exclusively on valley land (PV4). Thus, valley land is com-
paratively in greater demand than it waé in Solution 23, Since
valley land is the more serious of the two constraints, we sée a
slight dip in the shadow price on savings. The shadow price on
savings is only Q0.91 in Solution 24 as compared with Q1.20 in
Solution 23; capital is, however, still a significant constraint.
The crops produced in Solution 24 are potatoes and milpa.

Even though the farmer has acéess to Government credit which
allows him to borrow up to Q450 for potato production, he has quite
a high shadow price on savings in Solutions 23 and 24. The amount
of capital borrowed in these three solutions ranges from Q352.14 in
Solution 22 to Q468.68 in Solution 23. Another interesting point
concerns the composition of crops produced in Resource Set 5. 1In
Solution 22, the farmer grows some wheat, but wheat does not appear
in the other two solutions. This is due to the fact that Solution
22 has a knowledge level of TL1 which represents the level of knowl-
edge found among better farmers in 1973, In 1973, wheat was com-
paratively a more technified crop than corn or milpa due to the ef-
forts of the Gremial Nacional De Trigueros and the Guatemalan Govern-
ment, A good deal of work has been done with wheat farmers to teach

them about new varieties, use of fertilizers and so on. Also, the
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Government's support price for wheat has provided farmers with an
incentive to adopt the new technologies. Consequently, wheat was a
more profifable crop than corn or milpa given the way all three crops
were grown by better farmers in 1973. Field trial and demonstration
plot results, however, indicate that both corn and milpa are poten-
tially more profitable than wheat. Hence, in Solutions 23 and 24
where farmers are assumed to have knowledge of corn and milpa pro-

duction activities being used in demonstration trials, the farmer

TN

maximizes his income by producing potatoes, corn and milpa instead

of potatoes and wheat.

Resource Set 6--Solutions 25, 26, 27

Resource Set 6 is very similar to Set 5. In Set 6, the farmer
is assumed to have a high level of vegetable knowledge which allows
him to include green onions and carrots among his production alterna-
tives. Including this possibility results in green onions being
grown in all three solutions. Total income is increased by an average
of Q45.89 compared to total income in Set 5, and income from sale of
local labor is decreased by about Q19. Othexr than these minor changes,
everything else is about the same as in Set 5. The shadow prices on
savings are identical to those in Set 5. Shadow prices on land are
very similar. The amount of borrowed capital in Set 6 ingreases by
about Q17 compared to Set 5. The reader can compare the solutions
presented in Appendix A for these two groups to see the extent to

which they are alike., Figures 5.6, 5.7, and 5.8 are also helpful
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in pointing out the similarity which exists for solutions in these
two sets. They are so nearly alike that one can effectively sum
up the differences between them by saying that in Set 6 the farmer

grows onions.

Conclusions to be drawn from Category 2

Aé was the case in Category 1, the amount of income the family
can earn and the constraints which limit the family from earning more
income are quite different for farmers who have potato land when com=-
pared with farmers who do not have potato land. For example, the
average income earned in Set 4 where the farmer could not grow pota=-
toes was Q482,54 while the average income for Sets 5 and 6, in which
"the family had one hectare of potato land, wés 01059.94. As a result
of the essential differences between potato and non-potato farmers,
it seems advisable to present the conclusions for each group separately
as was done for the solutions in Category 1.

The position which the non-potato farmer in Category 2 finds
himself in is virtually identical to the position of the non-potato
farmer in Set 1B of Category 1. In both Sets 4 and 1B, the farmer
has an adequate amount of capital to finance production but does
not have enough land to fully employ the family. The average amount
of income earned from crop production is only Q130.86 for the three
solutions in Set 4. This is only 21% of average total income. The
family needs more land to be able to support itself by farming.
Again, one is forced to conclude that the farmer who cannot grow

potatoes and who has only one hectare of land is essentially a
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marginal or a part-time farmer and will only receive marginal
benefits from Government programs which provide him with credit or
technical assistance.

The potato farmer in Category 2 is in quite a different position.
The results of Sets 2A and 5 demonstrate how different his position
is. In Set 2A, the average total income for the three solutions
was Q496.47. A serious shortage of savings (working capital) was
the primary constraint and this shortage was so severe that in-
creasing the farmer's crop knowledge from level TL1l to level TL3
had the effects of bringing about a reduction in the amount of land
devoted to potato production, increasing crop income by only Q15.16
and increasing total income by only Q19.93. In Set 5, however, aver-—
age total income is Q1036.99, an increase of (540.52 over average
totai income in Set 2A. Increasing the level of crop knowledge
from TL1 to TL3 in Set 5 results in an increase in crop income of
Q236.86 and an increase in total income of Q229.11. Obviously,
both the Governmentt!s crop specific credit program and its exten-
sion (or technical assistance) program are capable of helping the
potato farmer.b In fact, the Government's programs have the poten-
tial to help the potato farmer even more. The shadow price on sav-
ings of Ql.20 in Solution 23 and of Q0.91 in Solution 24 indicates
that if more credit had been available, the farmer would have been
able to achieve higher levels of total income and hence could have
benefited still more from the Govermment's credit and technical

assistance programs. The fairly high shadow prices on land, however,
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indicate that land is also becoming a serious constraint in these
solutions.

The shadow prices on savings in Solutions 23 and 24 are also im-
portant because they point out that the more advanced potato technolo-
gies being used by the best potato farmers and on demonstration plots
are very capital intensive. The amount of capital which the potato
farmer in Category 2 could borrow was fixed at Q450 because this was
an average value for potato loans made in 1973. It is an adequate
amount to supply the capital requirements of farmers who have a crop
knowledge level of TL1l, which was the level of knowledge utilized by
most potato farmers in 1973. Although the average size loan was
adequate to provide the capital required by the average technology
in 1973, it is not adequate to finance production activities which
become available when the farmex's crop knowledge is increased to
levels TL2 or TL3. Level TL2 allows the farmer to adopt a potato
production technology which was used by the best potato farmers in
1973 while level TL3 allows the farmer to adopt a technology which
was used on demonstration plots in 1973. If the average size loan
granted in 1973 should become an upper limit on loan size, it could
restrict adoption of the newer potato production activities being
introduced by agricultural technicians.

The average level of total income in Sets 5 and 6 is Q1059.94.
The average level cf crop income is Q747.78, and ciop income accounts
for about 71% of total income in these solutions. In spite of the

facts that shadow prices on land are fairly high in all three
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solutions and that the shadow price on savings is quite high when
the farmer has a croﬁ knowledge level of TL2 or TL3, the shortage

of resources implied by these shadow prices has not prevented the
potato farmer and his family from potentially earning Q1000 per

year. These are, of course, only pctential earnings because it

is easier to give the farmer capital and knowledge within the contex?
of the model than in the real world, but this result suggests that
the Basic Grains Program does have the poteﬁtial of allowing potato
farmers with one hectare of land to reach the Q1000 target level for
family income mentioned earlier. This, of course, assumes that input
and product prices remain as they were in 1973. To achieve this
income, the farmer finds it necessary to borrow an average of about
Q440 from the Government. He is still constrained by a shortage of
capital in some of these solutions, and he is becoming constrained
by a shortage of hillyvor valley iand depending upon which potato
activity he uses. The distinction between hilly and valley land does
not mean too much here because the most important distinction with
respect to land is that this is potgto land. The farmer uses all his
land in all six solutions for Sets 5 and 6; He can still inérease
income somewhat by growing more potatoes instead of corn or milpa if
he can obtain working capital for‘potaté production, although the
potential for doing this is limited because he already has between
74-91% of his one hectare devoted to potatoes or potatoes and green
onions. Further sizeable increases in income will probably only

come about by increasing his land holdings. Family labor has been
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adequate to perform all production activities in these solutions,
and a fair amount of labor is sold locally. Local labor sales
average about Q220 in these six solutions and migratory labor sales
have remained constant at Q93.20 throughout Categories 1 and 2.

The results summarized here indicated that the potato farmexr
in Category 2 has the potential to benefit substantially from the
Basic Grains Prograﬁ. His income can potentially reach Q1000 per
vear if he participates in the program, benefits fr§m it and if
prices remain as the; were in 1973. The major constraint for the
potato farmer in Category 2 becomes land, whereas in Category 1 the
major constraint was capital. The potato farmer still has a fairly'
large reserve of labor which could have been devoted to crop produc-v
tion if more land and working capital had been available. Labox
sales are still fairly large but are no longer more important than
cropping activities as a source of family income. At last the farmer
with one hectare of land can be considered primarily a farmer rather

than a laborer.

Presentation of Resource Sets in Category 3

Two changes have been made in the farmer's set of semi-fixed
resources in Category 3. The first and most important of these
changes is the expansion of the farmer's land holdings from one
hectare to three hectares.  The second change is to assume that the
family is unable to hire local labor to assist with cropping activi-

ties. This assumption is made to investigate the seriousness of any



198

seasonal shortages of labor which might exist on the laiger three
hectare farm. It will be relaxed in Category 4 so that we may com-
pare the farmer's relative positions when he is allowed to hire ten
laborers in every quarter and when he must rely exclusively on family
labor for cropping activities. The other semi-fixed resources remain
at the same levels as in Category 2. They are: availability of
credit through the Government sponsored <rop specific credit program
and Q50 savings which can be allocated to crop production.

The semi-variable resources in Category 3 are the same as in
Category 2. They are: (1) the level of vegetable krowledge; and
(2) the amount of potato land. The level of vegetable knowledge con-
tinues to take on the values high and low as in Categories 1 and 2,
Potato land is allowed to take on three possible levels: zero hec-
tares, one hectare and three hectares. The pattern of presenting
solutions for different levels of the variable resource, crop knowl-
edge, is unchanged. When the farmer has no potato land, solutions
will be calculated foi the three levels of crop knowledge TLO, TL1,
and TL2. When the farmer does have potato land, optimal solutions
will be calculated for the levels TL1l, TL2, and TL3., Table 5.9
specifies the levels which potato land, vegetable knowledge and crop

knowledge will take in each resource set and in each solution.

Resource Set 7--Solutions 28, 29, 30

In Resource Sets 1A and 4 of Categories 1 and 2 respectively,
the effectiveness of agricultural credit and technical assistance pro-

grams as instruments for helping non-potato farmers was investigated.



Table 5.9.' Resource sets in Category 3

Resource Optimal Number Hectares Level of Crop
set solution of hired of potato vegetable knowledge

numbexr laborers land knowledge level
7 28 o) o low TLO
7 29 o | o) low TL1
7 30 0] o low TL2
8 31 0 1 low TL1
8 32 o 1 low TL2
8 33 (o) 1 low TL3
9 34 o 1 high TL1
9 35 o 1 high TL2
9 36 o) 1 high TL3
10 37 0 3 high TL1
10 38 0 3 high TL2
10 39 o 3 TL3

high

66T
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The results from those solutions indicated that these instruments
were not particularly effective because the farmer and his family
were obliged to spend most of their time working off the farm. The
farmer did not have enough land to make a living from farming and
could best be considered as a part-time or.marginal farmer,

In Resource Set 7, the non-potatc farmer has been given more
land., He now has 1.5 hectares of hilly land and 1.5 hectares of
valley land. This is one hectare more of both hilly and valley land
than he had in Categories 1 or 2. The farmer in Set 7 is not allowed
to hire local labor to assist with cropping activities, but with
these two exceptions, his other resources are the same as they were
in Set 4.

The effects of these changes upon the levels of cropping and
total income are quite interesting. The average amount of total
income earned in Set 7 is Q584.,53. This is an increase of Q101.98
over the average.total income earned in Set 4. It is both interest-
ing and reassuring to note that in each of the three solutions in
Set 7, the level of total income is very close to the sum of the
level of total income specified in the corresponding solution of
Set 4 and the amount estimated for the shadow prices on hilly and
valley land. For the three solutions in Set 7, the total income
estimated by the model is between Q2.62 and Q12.50 of the income
estimated in Set 4 plus the estimated shadow prices on land in
Set 4. For example, the income estimated in Solution 19 of Set 4

(in which the farmer has a crop knowledge level of TLO) is Q446.68.
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fhc shadow priées oﬂ‘hilly and valley land are Q23.78 and Q14.28.
These sum to Q484.74 which is only Q2.62 more than the amount of
total income specified in Solution 28 of Set 7 (in which the farmer
similarly has a crop knowledge level of TLO). The fact that the
income estimates in Set 7 come this close to the estimates in Set 4
substantiates our earlier conclusion that land was the only serious
constraint limiting the farmer's ability to increase income in Set 4.
The relationship of crop income to total income in Category 3 can be
seen in Figure 5.9. Crop income is about 54% of total ipcome in
Resource Set 7. This is the first set of solutions in which the
non-potato farmer has earned a higher percentage of income from
selling crops than from selling labor. Crop income should constitute
an even higher percentage of total income in Category 4 when the.
farmer is allowed to hire local labor to ielieve the present fourth
quarter labor shortage.

Thé primary constraints limiting income in Set 7 are land and
fourth qu#rter labor. fhe shadow price on savings of only Q0.05 in
all three solutions indicates that although more savings are to be
preferred to less, capital is not a constraint in any of these solu-
tions. Shadow prices on land in Category 3 are presented in Figure
5.10., The shadow prices for Set 7 in Figure 5.10 show much the same
type of pattern observed in Set 4. Increases in the farmer's amount
of crop knowledge have the effect of increasing thg shadow pri;e on
valley land, When the level of crop knowledge is increased from

TLO to TL2, the shadow price on valley land increases from Q3.70 to



Income
(Q) A , |

2400 - TY
2200 '

2000 -

1800 v

cYy

3

15
1 2 3

—
—
ol and
—
H—
Nb
w;—

Crop Knowledge
Levels

Set 7 Set 8 Set 9 Set 10

Semi-variable
Resources

1. Ha, of (o) 1 1 3
potato .
land |

2, Vegetable low l low l high | high
knowledge »
level

Figure 5.9, Levels of total income (TY) and crop income (CY)
estimated by solutions in Category 3



Shadow Price
on lLand

(Q) 4

650 |~

200 p-
175 p=
150 p=
125 P~
100 -

75

203

Semi=variable
Resources

l. Ha. of
potato
land

2. Vegetable
knowledge
level

Figure 5,10,

1 2 3

Crop Knowledge
Levels

Set 7 Set 8 Set 9 Set 10

low low high high

Shadow prices for hilly land (HL) and valley land (VL)
estimated by solutions in Category 3



204

Q164;45 per hectare. This shadow price of Q164.45 per hectarc sug-
gests that if the farmer were given another hectare of valley land,
he would curtail either some of his milpa production or some of
his fourth quarter sales of migratory labor and use the additional
valley land for crop production activities, thus increasing his
total income. The shadow price on valley land in Set 7 is nearly
as high as it was in Set 4, indicating that even though the farmexr
has a total =f three hectares of land, shortage of valley land con-
tinues tc be the most serious constraint in the model,

Fourth quarter labor is also a constraint in these solutions,
although it is not a very serious one. The farmer continues to
sell the maximum amount of migratory labor allowed by the model
even though a shortage of fourth quarter labor constrains his crop
production activities. When the farmer has a crop knowledge level
of TLO, the shadow price on one hour of hired labor in fourth quarter
is 00.023, When his crop knowledge is increased to level TL1l or
TL2, the shadow price on hired labor rises to Q0.026. A shadow
price of Q0.023 or 2.3¢ per hour means that if the farmer could
have hired an additional hour of local labor, that hour would have
allowed him to achieve a gross increase of 9.9¢ in total income
(9.9¢ minus the hourly wage of 7.6¢ equals 2.3¢). This also means
that his own last hours used in crop production activities in fourth
‘quarter were worth at least 9.9¢ per hour. As was pointed out, this
is not a high enough return to induce him to curtail migratory labor

sales activities which earn 1i¢ per hour, but a return to crop
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production of 9.9¢ per hour is fairly close to the wage he could
earn as a migratory laborex. This is a significant result because
it provides two important pieces of information. First, even when
the farmer has only a crop knowledge level of TLO, fourth quarter
labor hours spent on crop production are returning 9.9¢ per hour

- which is almost as much as the farmer earns as a migratory laborer.
fhis lends support to the idea that workers migrate because they

are unemployed rather than because the wage paid to migratory
laborers is significantly greater than the return to labor from crop
production activities on their own farms. Second, increasing the
farmer's level of knowledge to TL1l or TL2 increases the value of
the farmer!s labor from 9.9¢ per hour to 10.2¢ per hour. This in-
crease comes about even though the farmer is using part of his labor
on cropping activities which require only traditional crop knowledge
(TLO). He does this because he has an excess amount of hilly land
which in the model can only be used with traditional technologies.
1If the farmer could use the money he borrowé from the Government to
adopt more capital intensive high yield technologies on hilly lands
as well as on valley lands, then the return to labor from cropping
activities would probably rise even more. As farmers learn of new
capital intensive production activities which can be used on hilly
as well as on valley lands, the return to an hour of fourth quarter
labor spent on crop production could rise well above 1l¢ per hour.
Thus,.one effect of the Government's technical assistance program

would be to increase the value of labor hours spent in crop produétion
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activities. This might cause local wages to rise if in the aggregate
there is either a seasbnal or year-xround éhortage of labor and if
this shortage is not overcome by increased mechanization. Should
local wages rise above 1ll¢ per hour, there might be some competition
between local labor demands and migratory labor demands for the small
farmer?'s labor. If local wages did rise, the small one hectare
farmer considered earlier in Categories 1 and 2 would achieve in-
direct benefits from technical assistance prograns tthugh the

higher agricultural labor wage levels even though his land holdings
were too small to allow him such benefits from adoption of new tech-
nologies on his own farm.

The crops produced in Set 7 are wheat, corn and milpa. With a
knowledge level of TLO, the farmer produces 71% wheat, 28% corn
alone and 1% milpa. When crop knowledge is increased to level TL1,
he produces 50% wheat (on his valley lands), 30% milpa and allows
the rest of his land to lie fallow, because he is short on labor
and the return from selling migratory labor is greater th;n the re-
turn from using labor to grow crops on hilly lands. When crop knowl-
edge is increasedvto TL2, he discontinues wheat production and in-
stead produces 50% corn alone (on his valley land) and 19% milpa

allowing the rest of the land to lie fallow.

Resource Set 8-~Solutions 31, 32, 33

In Resource Set 8, the farmer has one hectare of land suitable
for potato production and three hectares of land in total. These

results are essentially a continuation of the results discussed
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earlier in Set 5 of Category 2. ”In Set 5, the farmer's main con-
straints had been land and capital. Both of these constraints

have been eased considerably with the result that average total in-
come for the three solutions in-Set 8 is increased by Q354.19 over
average total income in Set 5. As was seen in Figure 5.9, cfop in-
come constitutes about 89% 6f total income in Set 8., Local laborx
sales have been considerably reduced and average only about Q66 al-
though migratory labor sales remain constant at Q93.20 throughout
these three solutions.

The constraints in Set 8 are again land and hired lébor. The
most serious of these is the constraint on potato land. The shadow
price on another hectare of potato land avérages Q722,30 for the
three solutions. Figure 5.10 summarizes the shadow price estimates
for hilly and valley land. The pattern observed in Figure 5.10 is
a familiar one. The shadow price on valley land is higher than the
shadow price on hilly land and increases with the farmer's level of
crop knowledge. The farmer doés not use all his hilly land when he
has a crop knowledge level of TL2 or TL3, and, consequently, the
shadow price falls to zero for those two solutions. As was the case
in Set 7, a shortage of hired labor is responsible for the farmer
not being able to use all his hilly land. In Set 7, the shortage
of local hired labor was in fourth quarter. In Set 8, the shortage
is in fourth quarter for crop knowledge level TL2 and in second
quarter for level TL3. The farmer has devoted all the labor he

and the family have in the second quarter to crop production and
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the amount was insufficient. Since no migratory labor sales are
allowed in second quarter, the shortage of second quarter labor
camnot be attributed to migratory labor sales.

The crops produced in Set 8 follow the same pattern seen
earlier. Potatoes, wheat and milpa are produced when the farmer
has crop knowledge level TLl. Potatoes, corn alone and milpa are

grown when crop knowledge is increased to levels TL2 and TL3.

"Resource Set 9--Solutions 34, 35, 36

Resource Set 9 adds a high level of vegetable knoﬁledge to the
resources considered in Set 8. Addition c¢f the high level of vege-
table knowledge cauées two changes in the solutions: (1) an increase
in the average level of total income; and (2) inclusion of one cuerda
of onions among the crops produced. The average level of total in-
come increases by Q50.42. This increase is due to an average in-
crease in crop income of Q33.83 and an average increase in l§cal
labor sales income of Q16.59. Local labor sales are ipéreased be-
cause the cuerda of onions requires less labor than the crops it
displaces. - As can be seen from Figure 5.9, crop income is again a
high percentage of total income. Local labor sales now account
for only about 5%% of total income. Migratory labor sales remain
constant at Q93.20 throughout Set 9 and constitute about 6%% of
average total income lesaving about 88% of total income to be ac-
counted for by crop sales.

The major constraints in Set 9 are potato land, wvalley land,

vegetable knowledge and local hired labor. Potato land has an
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average shadow price of Q707.33. The shadow price on valley land
averages only Q138.56. This difference reflects the fact that the
important constraint is the ciimatic and agronomic appropriateness
of the land for use in potato production rather than the land it-
self. The shadow price on hilly land is zero in all three solutions.
The farmer is not able to use all his hilly land due to a shoxrtage
of second quarter labor. The shadow price on one hour of second.
quarter labor is Q0.036 in all three solutions. This means that

an hour of second guarter labor could add Q0.112 or ll.2¢ per hour
to gross income if it could be hired and, consequently, that the
farmer's last hours devoted to crop activities in second quarter
are earning at least 11.2¢ per hour. The average shadow price on
vegetable knowledge of Q49.03 indicates that if the farmer had one
more cuerda of land suitable for vegetable production, he could in-
crease his total income about Q50 by growing more vegetables. This
shadow price is on vegetable knowledge but coﬁld have been on vege-
table land because the two ére tied together. The farmer is given
only one cuerda of vegetable land and also only enough knowledge to
allow him to produce vegetables on that one cuerda.

The composition of crops produced is very similar to the crops
produced in Set 8 except that one cuerda of green onions is produced
in each solution of Set 9. Solution 34 with a crop knowledge level
of TL1 produces one cuerda of onions, one hectare of potatoes,
1.02 hectares of wheat, and 0.74 hectares of milpa. When the level

of crop knowledge is increased to TL2 and TL3, the farmer continues
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to grow a cuerda of onions,ia’hectare of potatoes, and under a
hectare of milpa, but he does not grow wheat. Instead, corn alone
is grown. The amounts of corn alone and milpa grown in these two
solutions are altered with respect to the amounts grown in the cor-
responding solutions of Set 8 as a result of including a cuerda of
onions among the crops produced and also as a result of the shortage

of second quarter laborx.

Resource Set 10--Solutions 37, 38, 39

-In Resource Set 10, the farmer's level of potato land is in-
creased to three hectares. He continues to have a high level of
vegetable knowledge, but due to the extreme shortage of second
quarter labor, no green onions are grown (onions require a fairly
large amoﬁnt of second quarter labor). The only crop grown in these
solutions is potatoes. Average total income for the three solutions
in Set 10 is Q1882.10, an increase of Q490.93 over average total in-
come in Set 8 where only one hectare of potatoes and no vegetables
are grown. Crop income is about 88% of total income.

The most important binding constraint here is second quarter
labor. The shadow price on hired labor in second quarter ranges.
between Q0.66~01.17 per hour. This extremely high shadow price
fof farm labor on the altiplano of western Guatemala indicates
that the particular combination of resources specified in Set 10
has lost touch with reality. For this reason, the results are only
presented briefly. The interested reader may refer to Table Al3

for more information on these solutions.
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Conclusions for the non-potato farmer ig Category 3

In Category 2, the most serious constraint for the non-potato
farmer was land-—particularlyvvalley land. The non-potato farmer
with a crop knowledge level of TL2 was able to earn Q521.96 total
income in Category 2. In Category 3 with another hectare of hilly
land and another hectare of valley land, the farmer with a crop
knowledge level of TLé is able %t earn Q698.09, an increase of
Q176.13. This increase is achieved by using his entire 1.5 hectares
of vallev land and 0.58 of his 1.5 hectares of hilly land. This
means that 92% of the additional hectare of hilly land is not used
because of a shortage of fourth quarter labor. Three important con-
clusions can be drawn from this information.

Fiist, thé fact that the farmer did not use 0.92 hectares of
his hilly land indicates that a family with a labor supply equivalent
to 2.1 farm laborers will begin to experience shortages of labor as
farm size approaches three hectares. As was mentioned earlier, the
return to the last hour which the farmer devoted to crop production
in fourth quarter was estimatéd to be between 9.9¢ and 10.2¢ depend-
in§ upon the farmexr's level of crop knoﬁledge. This was not a high
enough return to allow crop production to compete with migratory
labor sales for the farmer's fourth quarter labof, but it is getting
close to the migratory labor wage of 11¢ per hour. If the farmer
had used the 416 hours which were sold as fourth quarter migratory
laboxr for milpa production on hilly laﬁd, he could have produced

about an additional 0.83 hectares of milpa. If this had been done,
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3pproximately 1.41 of the 1.5 hectares of hilly land would have
been used for crop production. The farmer and his family would not
have been able to farm their entire three hectares of hilly and val-
ley land, but they would have been able to use 97% of it. Thus, it
appears that for a family with a total labor supply equivalent to
2.1 adult male farm laborers, three hectares approximate an upper
i1imit for farm size if the family is to do all the work itself
without turning to mechanized production methods.

'A second important conclusion relates to the fact that the family
did not use all its hilly land in Solutions 26 and 30. As was men-
tioned earlier, this was due to the shoftage of fourth quarter labor,
but it is also due to the fact that an activity such as milpa on
hilly land uses a very low level of technology or crop knowledge
(level TLO in this model). If data were availablebon capital in-
tensive production practices for use on hilly lands (such as we have
on valley lands), it seems likely that hilly land activities could
compete with migratory labor sales activities for the farmer's
time and that incomes earned from crop production on hilly lands
would approach the levels of income earned on valley lands. It is
very important that this data be collected, because Table 2.4 pointed
out that 76.2% of arable highland in the nine highland departments
is poorer hilly land. Until information becomes available on the
yvield effect of employing capital intensive production practices on
hilly land, it will continue to be difficult to estimate the amount

of income the farmer can earn on a farm composed of both hilly and
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‘valley land.

The third conclusion relates to the level of income the farmex
earns. In Set 7, the farmer has three hectares of land to use for
crop production. In Solution 28 with a crop knowledge level of TLo;
he uses all three hectares but can earn a total income of only
Q482.,12, As his crop knowledge is increased, his total income goes
up, but his use of hilly land declines dﬁe to the shortage of fourth
quarter labor and the relatively low returns from farming hilly land.
For example, in Solution 30 with a crop knowledge level of TLZ2, the
farmer's total income is Q698.09, but he uses only 0.58 hectares of
his hilly land. The only serious constraint in Solution 30 is the
shortage of valley land (he could divert labor from migratory labor
sales), but even if the farmer had anbther hectare of valley land,
its shadow price of Q164.45 suggests that total income wouid not be
more than Q862.54., With two more hectares of valley land, the farmer
might be able to increase his income to the target level of Q1000
per year. Now let us assume that hilly lands, although n#turally
poorer; were capable of producing yields comparable to the yields
estimated fér valley lands in this study. Since the farmer in Set
7 does not use almost one hectare of hilly land, it is plausible
to expeét that total income could be increased by about Q165 (the
value of the shadow price on valley land in Solution 30) if the
farmer were able to use this hilly land with new capital intensive
crop production technologies. These technologies would be similar

to the technologies used in the model on valley lands which require
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a crop knowledge level of TL2. Use of hilly land in this way would
raise total income for the non-potato farmex iﬁ Category 3 to about
Q860., If the farmer were theﬁ given an additional'hectére of lapd
which might be composed of 50% hilly and 50% valley land, it appears
likely that his level of total income might reach the targeted Q1000
per year. This means that to increase income to Q1000, the farmer
needs: (1) a crop knowledge level of TL2 which would enable him to
- achieve yields on hilly and valley lands that would be comparable to
the yields achieved on demonstration plots in 1972 and 1973; (2)
Government credit; and (3) a total of four hectares of land. Yet,
in Chapter 2 it was estimated that given the present amounts of good .
and poor land and the present rates of population growth, a family.
of four in the year 2000 would have a farm of only 1.68 hectares,
and only 0.40 hectares of this would be what has been classified

as good valley land. Thus, the results in Categoxry 3 suggest to

us that it will not be possible for farmers to earn Q1000 from 1.68
hectares. Non-potato farmers would need more than twice this amount
of land to reach the target level of income given present price
levels and present levels of technology used on demonstration

plots. Categoxry 3 estimates that the farmer would probably not be
able to earn more than Q700 from 1.68 hectares of valley land, ang
only about Q450 of this would be from sale of crops. It does not
appear as through the non-potato farmer in the year 2000 will be

able to earn Q1000 per year unless there are: (1) major breakthroughs
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in cropping technologies; (2) increases in prices of corn, beans,

and wheat; or (3) increases in farm size.

Conclusions for the potato farmer in Category 3

The solutions in Sets 8, 9, and 10 of Category 3 deal with the
farmer who does have potato land. These solutions are interesting
because they show that potential income for the potato farmer reaches
heights which are really quite remarkable when compared to the levels
of potential income earned by non-potato farmers. This is not a new
or surprising insight because the income potential from potato pro-
duction was made apparent in Categories 1 and 2. The only new infor-
mation which Category 3 zreveals is that potato farmers, like non-
potato farmers, are faced with a seasonal labor shortage when they
are given three hectares of land and are not allowed to hire local
labor. We saw earlier in our discussion of non-potato production
that the farmer éxperienced a shortage of fourth quarter labor.
This is because labor demands tend to be paiticularly high in fourth
quarter for wheat, corn, and milpa production. This shortage
aiso appears in one solution of Set 8, but the morxe serious‘period
of labor shortage for potato farmers is second quarter. Seven out
of the nine solutions in Sets 8, 9, and 10 show that second quarter
is the time when the shortage of labor is most restrictive. The
shadow prices on second quarter hired labor range from Q0.026 to
Q1.17, indicating that in some of these solutions the shortage of

second quarter labor is very severe. Table 5.10 presents information
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Table 5.10. Shadow prices on hired laborx

e ouueien  Baierof  Smiow  Hectares of
7 28 4th 0.023 0
7 29 4th 0.026 o
7 30 4th 0.026 0
8 31 None 0.000 1
8 32 4th 0.026 1
8 33 2nd 0.036 1
9 34 2nd 0.036 1
9 35 2nd 0.036 1
9 36 2nd 0.036 1

10 37 2nd 0.713 3
10 38 2nd 1.170 '3
10 39 2nd 0.660 3

concerning shadow prices on local hired laboxr in Category 3.

Table 5.10 shows us that the most severe shortages of hired laborx

are in Set 10 where the farmer has three hectares of potato land.

Again, the amount of potato land the farmex is given overshadows

other variables. Since this is the case, let us briefly review
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and contrast the solutions for potato farmers with one hectare of_
potato land against the solutions for farmers‘with three hectares
of potato land.

Farmers with one hectare of potato land were analyzed in Sets
8 and 9. These farmers earned an avexage total income of Q1416.39
which is Q831.86 more than the average total income earned by non-
potato farmers in Category 3. Crop income for potato farmers with
one hectare of potato land was about 88% of total income and averaged
well over Q1000. The cropsAproduced included potatoes and milpa in
all six solutions. In those solutions where the farmer was assumed
a crop knowledge level of TL1l, wheat was also produced. Where the
farmer was assumed to have a crop knowledge level of TL2 or TL3,
corn alone replaced wheat. Onions were produced in all three solu-
tions of Set 9 where the farmer was given a high level of vegetable
knowledge. While hired labor was in short supply in five of these
six solutions, it was not in critically short supply. The shadow
prices on local hired labor for this group range from Q0.00 to
Q0.036 per hour. The only restraints other than hired labor are
potato land and valley land. Shadow prices on an additional hectare
of potato land average about Q715, Shadow prices on valley land
range between Q83.05 and Q166.32. If more valley land were made
available, it would probably be used for additional production éf
wheat and-corn alone. Since labor is scarce in some of these solu-
tions, the labor needed for.production of wheat or corn alone on

valley land would probably be made available by decreasing milpa
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production on hilly land.

The farmerx with three hectares of potato land has an average
total income of Q1882.10. This is Q465.71 more than average total
inéome for farmers with one hectare of potato land and Q1297.57
more than for farmers with no potato land. Crop income for farmers
with three hectares of potato land is again about 88% of total in-
come. The only crop produced in Set 10 is potatoes. Ewven though
the farmexr is assumed to have a high level of vegetable knowledge,
no green onions are grown. This is due to the fact that green onions
reéuire a considerable amount of second éuarter labor, and second
quarter labor is in very short supply. The shadow price on second
éuarter labor ranges from Q0.713 to Q1.17. The only constraint
other than second quarter laboxr is a shortage of valley land in
Solution 39. More valley land could be used in this solution be-
cause the most advanced method of potato production in the model
requires 100% valley land. The farmer has a crop knowledge level

of TL3 and, therefore, has knowledge of this advanced method.

Presentation of Resource Sets in Category 4

In Category 4, thé number of laborers that may be hired in
any given quarter is increased from zero to ten. All other re=-
sources remain as they were in Category 3. Consequently, the semi-
fixed resources in Category 4 are: three hectares of land; access
to Government-sponsored crop specific credit program; Q50 personal

savings; and availability of ten hired laborers to assist with
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cropping activities. The semi-variable resources are: two levels
of vegetabie knowledge and three levels of potato land, Crop knowl-
edge continues to be the variable resource. As in Catégories i, 2,
and 3, the resources have been divided into several sets; these sets
are presented in Table 5.11.

The method of presenting results will follow the same pattern
established in the first three categories with one minor exception.
Resource Set 14 will not be discussed in the text. The solutions in -
Set 14 are quite similar to those in Set 15, and the degree to which
they differ is approximated quite well by the differences between
Sets 12 and 13. Consequently, it was decided that a discussion

of Set 14 in the text was not necessary. The solutions for Set 14

are, however, included in Appendix A.

Resource Set l1l--~-Solutions 40, 41, ég

In Resource Set 11, the non-potato farmer with a low vegetable
knowledge level has been allowed to hire up to ten men in any quarter
to assist with crop production activities. This is a continuation
of the results presented in Set 7 of Category 3 in which the farmer
was not allowed to hire any men to assist with crop production activi-
ties. All other resources in Sets 7 and 11 are identical. The
reader will recall that one of the éonclusions made with regard to
the solutions in Set 7 was that although fourth quarter labor was
a constraint, it was not a very serious one. This conclusion is
borne out in the solutions of Set 1l. Allowing the farmer to hire

local labor results in an average of only 26 days' labor being hired



Table 5.11. Resource sets in Category 4

Resource Optimal Hectares of Level of Crop Number of
sets solution potato land vegetable knowledge hired
numberxr knowledge level laborers
11 40 o) low TLO 10
11 41 0] low TL1 10
11 42 (0] low TL2 10
12 43 1 " low TL1 ' 10
12 44 1 low TL2 10
12 45 1 low TL3 10
13 46 1 high TL1 10
13 47 1 high TL2 10
13 48 1 high TL3 10
14 49 3 low TL1 10
14 50 3 low TL2 10
14 51 3 low TL3 10
15 52 _ 3 high TL1 10
15 53 3 high TL2 10

15 54 3 high TL3 10

oce
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in fourth quarter, the only quarter in which laﬁor is hired.

Figure 5.11 presents information on total incomé and crop incomé
earned in Category 4. The pat£ern of total and crop income presented
here is quite similaxr to the pattern observed in Category 3. The
amount of total income earned in Set 11 is increased by an average
of only Q5.41 over average total income in Set 7. This increase is
caused by an average increase in crop income of.Q38.88 and an average
decrease in labor sale income of Q33.47. The percentage of total
income earned from sale of crops is 60% in Set 11 as compared with
54% in Set 7. Migratory labor sales remain constant at Q93.20
throughout both Sets 7 and 11. The primary effect of allowing the
farmer to hire local labor has been to slightly increase the amount
of income earned from cropping activities and slightly decrease in-
come earned by selling labor. The increased amount of income earned
from cropping activities results froﬁ two types of changes. With a
crop knowledge level of TLO, the farmer alters the crops he grows
so that his main crops are wheat and milpa rather than the wheat.
and corn alone which were grown in the corresponding solution of
Category 3. When the level of crop knowledge is increased to TL1
in Category 4, the farmer continues to produce wheat and milpa
(Just as he did in Category 3), but the availability of hired labor
in Category 4 allows the farmer to increase the amount of land he
farms, and he increases his production of milpa from 0.89 hectares
in Category 3 to 1.5 hectares in Category 4. Similarly, when the

farmer is given a crop knowledge level of TL2 in Category 4, he
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continues to produce corn alone and milpa (as he did in Category
3), but he increases his production of milpa from 0.58 to 1.02

[

hectares.

The main constraint preventing the farmer in Set 11 from in-
creasing his income is land, Shadow prices on land are presented
in Figure 5.12., The pattern observed in Figure 5.12 for Set 1l is
a familiar one. The shadow.prices on both hilly and vaiiey lands
are fairly low when the farmer has a creop knowledge level of TLO.
As the level of crop knowledge is increased,-éhadow prices on valley
land rise and shadow prices on hilly land fall. The shadow price
on hilly land remains positive in Solutions 40 and 41 but falls to
zero in Solution 42. This drop in the shadow price for hilly land
in Solutioﬁ 42 is caused by a shortage of capital which prohibits
the farmer from using all his hilly land. Capital becomes a con-
straint because the model allows the farmer to borrow a maximum of
Q0240 for production of corn alone and milpa on a three hectare
farm. One of the corn alone activities in Solution 42 requires in-
puts totaling Q157.06 per hectare which is almost double the Q80
per hectare maximum specified in the model. The limit of Q80 per
hectare for corn alone and milpa production loans was adopted be-
cause the average size loan approved by BANDESA in 1973 was just
under Q80 per hectare. This is an adequate amount to finance pro-
duction of corn alone or milpa with a crop knowledgé level of TLO
or TL1 but not with a crop knowledge level of TL2, the level that

was used on demonstration plots in 1973. This points out the need
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for increasing the authorized amounts for loans in the future.

It is expected that farmers will be adopting newer capital intensive
technologies and that the lével of crop knowledge used on demonstra-
tion plots in 1973 will be widely used by better farmers in 1980.
Figure 5.13 graphically illustrates the relationship which exists

between adoption of new technologies and shadow prices on savings

in Categery 4.

Resource Set 12--Solutions 43, 44, 45

The set of production possibilities presented in Set 11 is
enlarged upon in Set 12 by specifying that one of the three hec-
tares of land in Set 11 is suitable for potato production. The
result is the usual one. One hectare of'potatoes is grown in each
solution of Set 12,

The solutions in Set 12 are very similar to the solutions in
Set 8 of Category 3. This is to be expected since the two groups
share a common resource base save for the amount of labor which may
be hired. Although the farmer in Set 12 is allowed to hire up to
ten men in every quarter, very little labor is hired. In Solution
43, no labor is hired and the solution is identical to Solution 31
of Set 8 in Category 3. "In Solution 44, the only labor hired is
22 heurs in the fourth quarter. In Solution 45, the farmer hires
73 hours in fourth quarter and 58 hours in second quarter. This
adds to a total of only 153 hours for all three solutions. That
so little labor is hired in Set 12 is a testimony to the comple-

mentarity which exists between potato production and other activities
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in the model. This complemeniarity zesul cause potatces re-
quire their largest labor input in second quarter while corn alone,
milpa and wheat require the most labor in fourth quarter. Migra-.
tory labor sales in third and fourth quarters are also quite comple=-
mentary with potato production. 7This complementarity allows the
farmer who produces potatoes in combinétion with milpa, corn alone,
or wheat to have a more balanced quarterly labor demand schedule
and results in there being very little difference between solutions
in which the farmer can hire ten men and solutions in which the
family must do all the work itself. For example, the difference
between average total income for Sets 8 and 12 is only Q1.20.

The farmer in Set 12 is in quité an enviable position compared
to many of his neighbors. He earns between Q1052.07 and Q1671.14
depending upon his level of crop knowledge. His income from sale
‘of crops is between Q876 and Q1530.99. Both he and his family
are almost fully employed. In the second and/or fourth quarter,
they may hire a few labor hours, and in first and third quarters,
they may sell a little labor, but neither the labor hired nor sold
has a very large effect on total income. The oniy constraint facing
the farmer in Set 12 is land. If he had another hectare of potato
land, he could increase his income by about Q725. If he had another
hectare of valley land, or if he could use capital intensive tech-
nologies on hilly lands and achieve. yields comparable to his yields
on valley lands, he could increase income by about Q150. More land

would, however, mean the need for more hired labor or a move to
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mechanized production methéds. A great many highland farmers would
welcome the opportunity to become large enough to need hired labor
or mechanization, but probably there are at least as many (or per-
haps a larger number) who would be happy to have three hectares

of land and grow approximately one hectare‘of potatoes. one hectare

of wheat and one hectare of milpa as does the farmer in Set 12.

Resource Set 13--Solutions 46, 47, 48

Resource Set 13 adds a high level of vegetable knowledge to
" the farmer's resources in Set 12, This allows the farmer to grow
one cuerda of green onions in each of the three optimal solutions
and increases his average total income by about Q55 over average
total income in Set 12, This increase is composed of an average
increase of Q65.71 in cropping income and an average decrease of
Q10.73 in labor sales income.

The solutions in Set 13 are quite similar to the corresponding
solutions in Set 9 of Category 3. The only difference between Sets
9 and 13 is that the farmer in Set 13 uses an average of 170 hours
(about 21 days) of hired labor in these three solutions. This extra
labor is used to increase milpa production on hilly lands. Usage
of hired labor does not, however, have much of an impact on average
total income. Average total income in Set 13 increases by only
05.43 over average total income in Set 9 in which no labor was
hired. The increase of Q5.43 can be attributed to an increase in

average crop income of Q36.05 and a decline in average labor sale
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income of Q30.62., The crops produced are very similar to those
produced in Sets 9 and 12 (although no onions are produced in Set
12), Set 13 combines one cuerda of onions and one hectare of
potatoes with either wheat and milpa production or corn and milpa
production in all three solutions. Figures 5.11, 5.12 and 5.13
point out the similarities which exist between Sets 12 and 13 and
also demonstrate that Set 13 differs from Set 12 in much the same
way that Set 9 differed from Set 8 in Categoxy 3.

The only constraint in Set 13 is land. The shadow prices
on both hilly and valley land are positive, reflecting the fact
that the farmer uses his entire three hectares of land for crop
production, As is the case with élmost all the other sets con-
sidered, the shadow price on valley land increases as the level
of crop knowledge rises. The shadow price on hilly land follows
the same pattern observed in Set 12 and remains relatively constant

at about Qi3.

Resource Set 15-~Solutions 52, 53, 54

In Set 15, the farmer is given three hectares of pofato land,
a high level of vegetable knowledge, availability of ten hired
laborers, credit, everything., Every variable is at the highest
level which will be considered in the analysis. The farmer's
response to this relative plethora of resources is to farm the
entire three hectarés énd raise his average total income to

02237.89. This is Q790.86 more than the average total income
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cﬁrned in Set 13 where the farmer had only one hectare of potato'
land and a high level of vegetable knowledge. Crop income is about
93% of total income in Set 15 and averages Q2073.23 for the three
solutions. Local labor sales average Q71.46,’and migratory labor
sales remain constant at Q93.20 in all three solutions.

The severe shortage of labor exﬁerienced by the farmer in
Set 10 of Category 3 who was also given three hectares of potato
land has completely disappeared. The farmer in Set 15 hirxes an
average of about 170 days! labor in first and second quarters.
This is equivalent to hiring just over two men full-time in each
of these two quarters. This amount of hired labor is well within
the ten men allowed. Labor is definitely not a constraint in these
solutions.

The two resources which are constraints are land and capitai.
In Solution 52, hilly land is the binding constraint. This is be-
cause the only potato activity the farmer is aware of with a crop
knowledge level of TL1 requires slightly moxe hilly land than valley
land. Since the farmer has plenty of labor, capital and valley
land, the shadow price for hilly land must absorb the entire
burden as the resource which prohibits the farmer from growing
more potatoes. The shadow price eon hilly land is consequently
quite high, Q836.75, in Solution 52. The crops produced in this
solution are 2.63 hectares of potatoes, 0.22 hectares of wheat and
one cuerda of onions. In Solution 53, the farmer's crop knowledge

level is increased to TL2, With a crop knowledge level of TL2, the
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farmer knows of a more productive and profitable potato activity
which requires slightly more capital than the average size loan in
1972 and slightly more valley land than hilly land. Both of these
factors impede the farmexr from growing three hectares of potatoes,
and so both working capital and valley land are constraints in Solu-
tion 52. Of the two; the shortage of capital is the more serious;
the shadow price on capital is Q1.20. The shadow price on valley
land is approximately Q175. Due to these shortages of working
capital and valley land, the farmer cannot produce three hectares
of potatoes, but he does manage to produce 2.18 hectares of potatoes,
0.24 hectares of corn alone, 0.54 hectares of milpa, and one cuerda
of green onions. In Solution 54 with a crop knowledge level of TL3,
the farmer learns of an even more advanced method of potato produc-
tion which requires all valley land. This means that valley land
is now a more limiting constraint than capital. The shadow price
on valley land correspondingly increases to Q514.66 while the shadow
price on savings declines moderately to Q0.91. The farmer produces
0.63 hectares of potatoes by this most advanced method (PV4), 1.45
hectares of potatoes by the next most advanced method (PHV3), 0.86
hectares of milpa and one cuerda of green onions. Production of
these crops gives him a crop income of §2312.77. When this is com-
bined with his labor sales ipcome, he earns a total income of
Q2459.32. This is about five times the income earned by the

farmer in Solut%on 1 of Category 1. Consequently, it appears

i

H
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that the resource levels considered here have the potential to

|
|
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‘increase income by about a multiple of 5 with respect to the levels
of income considered in Category 1. Further increases would, of

course, be possible on a larger farm.

Conclusions for the non-potato farmerxr EE Category 4

Allowing the non-potato farmer to hire labor does not appreciably
change the situation he faced in Category 3. Land upon which capital
intensive technologies can be used to achieve high yields is the pri-
mary constraint in Category 4 just as it was in Category 3. 'Giving
the farmer a chance to hire labor allows him to make soﬁewhat better
use of his other resources, but it does not allow him to appreciably
increase total income. The increases in the value of cropping in-
come are largely offset by decreases in labor sales income, If the
farmer did not have the option of selling all his labor locally and
was unemployed during parts of the year, the effect of hiring local
labor to assist at peak periods would be greater. 1In this case,
hiring local labor would result in an average increase in total in-
come of about 40 per year.

The only difference between Category 3 and Category 4 solutions
is that the additional hired labor in Category 4 allows the farmer
to increase crop income by about Q40 and decrease labor sales in-
come by about Q35. The farmer makes some minor adjustments in the
crops he produces and is able to increase production of milpa on
hilly lands. This results in slightly more land being used in
Category 4, but the net result of all changes is to increase average

total income by only Q5.41.
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Savings become a constraint in Solution 42 where the farmer is
given a crop knowledge level of TL2, 1In this solution, the farmer
grows 1.5 hectares of corn alone on valley land using a very capital
intensive production activity (CV4) which in 1973 was used only on
demonstration plots. This activity requires considerably moxre
capital per hectare than did a typical corn alone or milpa activity
in 1973. The farmer has enough capital to produce 1.5 hectares of
corn alone, but as a result of using so much capital on his valley
lands, he does not have enough capital to produce milpa on hilly
land. He consequently has to leave almost one-half hectare of hilly
. land lying fallow. This causes the shadow price on hilly land to
fall to zero and the shadow price on capital to increase from Q0.05
to Q0.30. Again, one is reminded that as farmers learn of new tech-
nologies, there will be a need for lending authorities to increase
average size loans to enéure that farmers have sufficient capital
to allow them to adopt new technologies.

The average amount of labor hired in Category 4 suggests that
hiring labor will not result in any major changes. Labor is hired
only in fourth quarter, and an average of only 26 days of fouxrth
quarter labor is hired for these three solutions. The shadow price
on valley land of Q136.06 (Solution 42) where the farmer has a crop
knowledge level of TL2 indicates that as in Category 3, valley land
is the primary constraint. As was mentioned in the section dealing
with conclusions for the non-potato farmer in Category 3, the farmer

needs more land upon which he can achieve higher yields. If hilly
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land could be used with capital intensive technologies, then it might
be possible to earn a total income of Q850 from farming'three hec-
tares of hilly and valley land. If not, it appears that total in-
come will not be increased much above Q700 for farmers with 1.5

hectares of hilly land and 1.5 hectares of valley land.

Conclusions for the potato farmer in Category 4

The potato farmer in Category 4 with one hectare of potato
land réceives only a marginal amount of help by being allowed to
hire labor. As was the case with the non-potato farmer in Category
4, availability of hired labor allows the farmer to make better use
of other resources but does not substantially increase his level of
total income. Crop income is increased, labor sales income is
decreased, and total income remains about as it was.

The amounts of labor hired by potato farmers with one hectare
of potato land for the six solutions in Sets 12 and 13 average about
fourteen days per solution. More labor is hired in Set 13 than in
Set 12, and more labor is hired with higher levels of crép knowl-
edge than with lower levels of crop knowledge, but the differences
are not very importanf, because the amounts hired in all solutions
are quite small, For example, the amount of labor hired ranges from
zero hours with a crop knowledge level of TLO in Set 12 to 274 hours
(about 35 days) in Set 13 with a crop knowledge level of TL2. The
reason for this low use of hired labor is that potato production re-

quires the most labor in second quarter while wheat, corn and milpa
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require the most labor in fourth quarter. The difference in periods
of peak labor requirements results in potato prodﬁction being com=-
plementary with production of other crops. A combination of potato
production and milpa, wheat, or corn alone production allows the
farmer to have a more balanced quarterly.demand for labor and, there-
fore, not as much extra labor is required at peak periods. Avail-
ability of hired labor makes little difference to potato farmers
with one hectare of potato land. The results in Sets 12 and 13

of Category 4 are consequently very similar to the results in Sets
8 and 9 of Category 3 in which the farmer was not allowed to hire
local labor to assist with crop production activities.

The potato farmer with three hectares of potato land is in an
entirely different position. In Set 10 of Category 3, the potato
farmer experienced a severe shortage of second quarter labor. Al-
lowing the farmer in Set 15 to hire labor releases this labor con-
straint. The potato farmer in Set 15 hired an average of 187 hours
(23 days) of hired labor in 1st quarter and 713 hours (89 days) of
hired labor in second qﬁarter. This hired labor allows the farmer
to expand his average amount of land in potato production from
about 1.8 hectares in Set 10 to about 2.2 hectares in Set 15. It
also ailows the farmexr in Set 15 to produce onions, wheat, corn
alone, and milpa as well as potatoes. The expansion in land de-
voted to potato production and the increased income from sales of
other crops allow the farmer in Set 15 to earn an average income

of Q2237.89, an increase of about Q360 over the average total income °
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earned in Set 10. Thus, the availability of hired labor for the
farmer with three hectares of potato land proves to be very bene-
ficial.

Another result of increasing the amount of labor available
in Set 15 is to make land and working capital the primary constraints.
Working capital becomes a constraint as the farmer acquires additional
crop knowledge which makes him aware of newer, more capital intensive
technologies. Land is a constraint because the three levels of crop
knowledge do not have potato activities which require exactly one-
half hilly and one-half valley land. The type of land which is in
shortest supply is, therefore, dependent upon the farmer's level of

crop knowledge.
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CHAPTER VI. A DISCUSSION AND COMPARISON OF THE RESULTS

This study has attempted to reproduce the economic life of a
minifundista, or small farmer, living in the western highlands of
Guatemala. It is focused primarily on production of traditional
crops such as corn alone, milpa, wheat and potatoes but also in-
cludes five vegetable activities among the farmer's production
alternatives. The study begins with a small f&rmer who has only
one hectare of land, Q50 savings, no access to a source of credit,
no availability of hired laboxr, no potato land, a low level of
vegetable knowledge, and a low level of crop knowledge. The study
then estimates how the farmer's income and employment would be
affected by a Government program(s) designed to increase the farm-
er's supply of one or more of the above mentioned resources.

Policymakers in Guatemala have identified a shortage of working
capital and insufficient knowledge of new technologies as two of the
most restrictive constraints facing small farmers. The Ministry of
Agriculture, working through its General Agricultural Services Ad-
ministration (DIGESA) and the National Agricultural Development
Bank (BANDESA), has initiated a program called the Basic Grains Pro-
gram. One of the primary goals of the Basic Grains Program is to
provide small farmers with agricultural credit and technical assist-
ance which will enable them to adopt newer high yield agricultural
technologies. The present analysis has examined the impact of this

goal on small farmérs by estimating the farm level effects of a
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credit provision and crop knowledge increasing program.

Two farm sizes are investigated in this study, one and three
hectares. At present there is no Govermment program which has the
primary task of investigating the importance of farm size as a con-
straint upon the farmer's ability to increase his income, although
this is recognized as a very serious constraint. The question of
the optimal or the necessary farm size to enable small farmers to
earn a given level of family income is an important question for
Guatemala. It is important from both political and agricultural
policy viewpoints, because most of the farmers in Guatemala are
minifundistas and do live on very small farms.

Tables 6.1 and 6.2 provide us with information on the numbers
of farmers who lived on different sized farms in 1964. Table 6.1
shows us that in 1964, 45% of the farmers in the nine highland de-
partments which Merrill (1974) analyzed lived on farms that were
smaller than 1.4 hectares; 75% of these farmers lived on farms that
were smaller than 3.5 hectares. Table 6.2 points out that in the
departments of Sololé, Quezaltenango, and Tbtonicapan, the percentage
of very small farms is significantly highexr than in the region as a
whole. In these departments, more than 60% of all farmers had
farms that were smaller than 1.4 hectares. Since the Basic Grains
Program has been conceived as a means.of helping the smll farmer,
it was decided that this analysis should limit itself to farms of
one and three hectares. Table 6.2 points out that about 22% of

all farmers in the nine highland departments have less than 0.7
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Table 6.1, Land distribution, 19642

Farms Area
Farm size
(in hectares) No. % 1000 ha %
Total nine highland departments
Less than 1.4 114,053 45 72.2 5
1.4 to 3.5 78,069 30 168.4 11
3.5 to 7.0 35,340 14 166.0 10
7.0 to 45 25,131 10 351.0 22
Over 45 3,%43 3 816.4 52
Total 255,836 100 1,574.0 100
Republic
Less than 1.4 183,741 44 128.1 4
1.4 to 3.5 129,116 31 270.7 8
3.5 to 7.0 52,023 12 242.8 A7
7.0 to 45 43,656 10 650.1 19
Over 45 8,808 3 2,157.0 _62
Total 417,388 100 3,448.7 100

®Merrill, 1974, p. 34.



Table 6.2, Percent of farms with less than 1.4 hectares, 1964

Depar tment

Farms with less Farms with 0.7 Farms with less

than 0.7 ha to 1.4 ha than 1.4 ha

No. % No. % No. %
Chimaltenango 3,548 16.7 5,755 27.1 9,303 43.8
Solol4 5,065 32,3 4,393 28,0 9,458 60.3
Totonicapan 11,037 48,7 4,976 22.0 16,013 70.7
Quezaltenango 11,100 42,7 6,001 23.1 17,101 65.8
San Marcos 9,900 24.4 8.705 21.5 18,605 45,9
Huchuetenango 6,169 14.8 9,091 21.8 15,260 36.6
Quiché 4,809 12.9 6,903 18.5 11,712 31.4
Alta Verapaz 3,332 9.0 9,277 25,1 12,609 34.1
Baja Verapaz 1,157 8.4 2,835 20.5 3,992 28.9
Total nine . v

highland departments 56,117 21,9 57,936 22,6 114,053 44.6

21964 Agricultural Census, Volume II,

ove
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hectares of land, and another 23% have farms that are larger than 0.7
hectares but smaller than 1.4 hectares. The one hectare farm has
been chosen as being a representative size for these two groups.
Another 30% of farmers have farms larger than 1.4 hectares and
smaller than 3.5 hectares. The three hectare farm has been chosen
as a representative farm size for this group. Independent compari-
sons of results from the agricultural credit and technical assistance
components of the Basic Grains Program will be presented for thése
two farm sizes.

In Chapter V, we saw that farmers who grew potatoes earned sub-
stantially larger incomes than farmers who did not. The ability to
grow high yvield potatoes was represented in the model as being at-
tributable to two faqtors.‘ The farmer needed knowledge of new
high yield potato technologies, and hé needed land that was climati-
cally and agronomically suitabie for potato production. The con-
clusions of the four resource sets considered in Chapterbv were,
consequently, divided into results for farmers who had potato land
and results for farmers who did not. The same patfern will be fol-
lowed here. The overall evaluation of the potential results of the
Basic Grains Program will be subdivided into results for farmers
who grow potatoes and farmers who do not.

The decision to separately consider the effects of the Basic
Grains Program upon farmers with differemnt farm sizes and upon
farmers who are (or are not) able to grow potatoes means that the

discussion and comparison of results from Chapter V will need to be
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divided into four subsets. These four subsets will be: (1) the
non-potato farmer with one hectare of crop land; (2) the non-potato
farmer with three hectares of crop land; (3) the potatc farmer
with one hectare of crop land; and (4) the potato farmer with

three hectares of crop land. These four subsets represent the
heart of the linear programming model's contribution to the present
analysis. As such, they constitute the basis upon which many of
the following conclusions must rest and are a central element in
the -analysis. There is, however, one other element, which is as
important as the conclusions derived from the linear programming
solutions, which has not been presented thus far. This other
element concerns the reliability of the model and, consequently, the
reliability of the conclusions. It is a discussion of the.model's
ability to reproduce the present position of the small farmer. If
the model is to successfully estimate potential effects of Govern-
ment programs, its estimates should be firmly grounded in reality.

Let us now consider how realistic the modelt's estimates are.

The Ability of the Model to Reproduce

the Position of the Small Farmer

It is difficult to judge precisely how well the model repro-
duces the position of the small farmer, because there is not much
information which can be relied upon to teil us what the small
farmer's position is. There is not even a clear definition of who

is a small farmer., Does the small farmer have one hectare of land,
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three hectares of land, or five hectares of land? Is this valley
land, mountain land, or irrigated land? Several studies have in-
vestigated the question of small farm and agricultural labor in-
come levels, but their results are not always comparable. There
are several reasons for this. First, the studies do not break out
information on the effects of farm size, irrigation water, or soil
quality in determining family income. All of these factors are,

of course, very important. In four of the studies which will be
referred to, there is information on average income and average
farm size, but averages sometimes conceal as much as they reveal.
Second, there are differences in the way in which income is measured.
For example, Dr. Manger-Cats (1966) includes values for firewcod
gathered, handicrafts produced, consumption and sale of livestock
products, and local and migratory labor sales in addition to values
for consumption and sale of crops in constructing estimates of
family income. Otﬁer studies have not included estimates for all
these sources of income, and it is not possible to tell which of
the above income earning activities have been considered in com-
puting the different income estimates. Third, there are probably
differences between the sample populations from which these income
estimates are derived. Foxr example, in éome highland communities,
handicraft production and other non-cropping sources of income such
as migratory labor sales are mére important than in other communi-
ties. Average family incomes may, therefore, vary between communi-

ties because in one community migratory labor sales may be a



traditional activity while in other communitiés tradition may
dictate that most families do not engage in migratory labor sales.
There are undoubtedly other reasonable explanations for the dif-
ferences in income estimates reported in Table 6.3. The explanations
presented here are given simply to suggest the difficulty which
arises when one tries to compare these estimates too closely.

Table 6.3 also presents income estimates which were generated
by the linear programming model under different assumptions concern-
ing the amounts of land and other resources which the farmer may be
assumed to have available. Estimates 6 and 10 were made from solu-
tions in which the farmer and his family were not allowed to sell
as much of their labor locally as they pleased. These two estimates
were made by averaging income estimates for Solutions 55, 56, 57, 58,
and 59. In these solutions, the farmer and his family were allowed
to sell only % of their total labor supply locally in first, second,
and third quarters; in fourth quarter they were allowed to sell %
of their total labox supply locally. More local labor sales were
permitted in fourth quarter, because there is generally a larger
demand for hired labor during the corn and wheat harvests. This
restriction results in a reduction of total income, an increase in
crop income, and a reduction in other income for Estimates 6 and
10 when compared with Estimates 7 and 11 which were also generated
by the model. In Estimates 7 and 11, local labor sales were not
restricted. The family was allowed to sell all its labor locally

if this would increase its income. Hence, in Estimates 7 and 11,



Table 6,3.

Peasant family incomes

No Total Agricultural Other Average Year Source
* income (Q) income (Q) income (Q) size (ha)
1 396,00 69.00 327.00 0.7 1965 ° Manger-Cats®
2 520.00 324,00 196,00 0.8 1965 Manger-Catsb
3 206.77 Unknown Unknown 0=0.7 1966 Orellana®
4 268.71 169.90 98.81 Unknown 1967 Hill a
and Gollas
5 258.00 213.00 45,00 0.87 1970 Péreze
6" 325.97 127.31 198.66 1.0 1973 . Appendix A,
solutions
55, 56, 57
7 459.21 98.14 361.07 1.0 1973  Appendix A,
solutions
1, 2, 19, 20
8 286.26 Unknown Unknown 1966 Orrellana®

0.7=-7.0



9 542.19 321.02% 221.17% 3.3 1966 Gremial®

10 478,65 325.43 153,22 3.0 1973 Appendix A,
solutions
58, 59,
60, 61

11 524,62 276.91 247.71 3.0 1973  Appendix A,
solutions
40, 41,
62 63

-aManger-Cats, 1966, pp. 118~119, This is an estimate of average gross income for 35
agricultural laborers that worked on the southern coastal plain. Of this Q396, Q245 is from
wages, Q82 is from fringe benefits, and Q69 is from value of crops produced on the 0,7 hec-
tare plot which the owner of the farm let them use.

bManger-Cats,»1966, pPp. 139-140, This is an extimate of incomes earned by mini-

fundistas in the western highlands. The agricultural income includes Q91 from sale of crops,
Q45 from sale of livestock products, and Q188 from value of crops and livestock products
consumed on the farm,

Orellana, 1966, p. 119.
%4i1l, G. W. and M. Gollas, 1968.
®pérez, 1971, p. 157.
fThe Q321,02 is income from only wheat production. The Q221.17 is income from sale
of other crops plus all other income,

96remial, 1967, Table 76.

hLocal labor sales are limited in this solution.

9ve
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the mcdel implicitly assumes that the family will be fully employed.

The levels of crop knowledge specified in the solutions used
to calculate income Estimates 6, 7, 10, and 1l were TLO and TL1.
These are the two lowest levels of crop knowledge considered in this
study. Level TLO is a traditional level of cxop knowledge used by
poorer farmers. Level TL1 is a level which the better farmers wexe
using in 1973, The implicit assumption used to estimate income
levels in Estimates 6, 7, 10, and 11 is that 50% of the farmers
in a typical village have crop knowledge level TLO and 50% have
level TL1l. Increasing the farmer's level of crop knowledge in the
model would have the effect of increasing the level of total income,
increasing the level of agricultural income, and decreasing the level
of other income in Table 6.3. Estimates 6, 7, 10, aﬁd 11 also im=-
plicitly assume that 50% of the farmers in a village have only Q50 .-
per hectare of land available to firance crop production and 50% of
the farmers are able to obtain credit (Government crop specific
credit is used as the source of credit here, but the credit might
have come from any souxce).

The levels of total income estimated by the model in Table 6.3
.are not in complete agreement with any of the other estimates. In-
stead, they appear to be intermediate or almost average estimates.
For instance, if we simply avexége the amounts of tcotal income for
Estimates 1,.2, 3, 4, and 5, we get Q329.90 which is very close to
Estimate 6 (produced by Solutions 55, 56, and 57) in which the

1

family's sale of local labor was limited to % of its total supply



in the first three quarters and % of its total supply in fourth
quarter. This suggests that some of the families giving information
on income levels in Estimates 1, 2, 3, 4, and 5 were not able to
devote all their labor houxs to activities which earned at least

7.5¢ per hour and that they were unemployed or underemployed during
certain times of the year. This is admittedly a rather crude way of
making a comparison, because as was pointed out earlier, these es-
timates are probably not very comparable.

One might, on the other hand, believe that the level of income
in Estimate 2 (Q520) made by Dr. Manger-Cats is the most reaiistic
estimate. As was mentioned earlier, Dr. Manger-Cats included a large
number of income earning activities in compiling his income estimates.
Dr. Manger-Cats writes:

The minifundistas in the highlands generally work most

of the time (233 days) outside the farm in different activi-

ties such as agricultural workers, as help for the neighbors,

as craftsmen or in trade and business. The general pattern

is that nearly all minifundistas work in a combination of

many different occupations. It was calculated in this study

that on the average, only 13% of the time they were idle.

The wide variety of jobs and activities besides the work on

their own fields means that they are less unemployed ox

underemployed than would seem to be the case at first sight.

This does not contradict earlier remarks about a lack of job

opportunities, because, though a host of little jobs are

available which keep them busy, the marginal return is very

low (Manger-Cats, 1966, p. 136).

If Dr. Manger-Cats! findings regarding employment can be generalized
to other parts of the highlands, then perhaps Estimate 7, which was
produced by the model under the assumption that the farmer and his

family are able to find unlimited local employment at 7.5¢ per hour,



is quite a good estimate for total income. It is not quite as
high as found by Dr. Manger-Cats, but it is a good deal closer
than any other estimate.

Estimates 10 and 11 were generated by the model for the three
hectare farm. Estimate 11 (Q524.62) appears to agree quite well
with the only other estimate (number 9) (Q542.19) which was made
for a farm of about the same size (3.3 hectares). The problem of
off-farm employment is not as serious in Estimate 11 as it was in
Estimate 7, because the farmer and his family are able to be ﬁore
nearly fully employed on the three hectare farm than on the one
hectare farm. Estimate 8 (Q286.26) does not give an average size
and so it is difficult to judge to what extent it can be compared
with the three hectare farms of Estimates 9, 10, and 11.

The data presented in Table 6.3 illustrate that income es-
timates do differ, sometimes quite widely. As a result, it is
quite difficult to judge precisely how well the model reproduces
the actual situation. Table 6.3 does, however, show us that the
estinates the model generates are definitely in the same ball park

as the estimates made by different studies conducted in the field.

It, therefore, seems reasonable to conclude that the model does do

a satisfactory job of reproducing the present situation.
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The Non-potato Farmer With One Hectare of Land

As was pointed out in Table 6.1, 45% of all farmers in the
nine highland departments (and 44% of all farmers in Guatemala)
have farms that are smaller than 1.4 hectares. Only about 2% of
these farmers grow potatoes. Therefore, when one discusses the
situation experienced by the non-potato farmer with oﬁe hectare of
crop land, one discusses a position which is shared by about 42%
of all Guatemalan farmers.

Categories 1 and 2 of Chapter V discus;ed the situation faced
by the farmer with one hectare of land. Within these two categories,
Resource Sets 1A, 1B and 4 were devoted to analyzing the position
of the non-potato farmer under different assumptions concerning
availability of working capital to finance crop production. In
Set 1A, the farmer was assumed to have Q50 personal savings which
could be used to finance production, but he was unable to acquire
credit. In Set 1B, he was assumed to have Q150 savings and was
still unable to borrow additional capital. In Set 4, the farmer
had Q50 savings and was assumed to be able to borrow additional
money by enrolling in the Governmment's crop specific credit program.

One of the most significant findings in Categories 1 and 2
was that the estimates of crops produced, of income earned, and
so on for Set 1B were nearly identical to the corresponding esti-
mates made by Set 4. This occurred because in Set 1A, the single
most important constraint had been the farmex's limited amount of

working capital. In Set 1B, this savings constraint was eased by
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providing the farmér with additional savings, whilie in Set 4, it
was eased by providing the farmer with credit. In both Sets 1B

and 4, providing tﬂe farmer with an adequate amount of working
Capitél to finance crop production activities had the effect of
causing valley land to replace savings as the most binding con-
straint. Figures 6.1 and 6.2 present information on shadow prices
for valley and hilly land in Resource Sets 1A, 1B and 4. These
figures suggest three of the most important conclusions which can
be drawn from the solutions for the nen-potéto farmer with one
hectare of crop land. First, they show us that providing the
farmer with an adequate amount of savings (Set 1B) or a source

of credit (Set 4) will allow the farmer to increase the amount of
income he can earn from an additional hectare of either hilly or
valley land. The increased value of shadow prices on land in Sets
1B and 4 suggests that savings had been the mostAsevere constraint
in Set 1A, but that with an adequate amount of savings or credit,
land becomes the most severe constraint. Second, the fact tha%
shadow prices on hilly and valley land are positive when the farmer
has a crop knowledge level of TLO indicates that crop activities
can successfully compete with labor sales activities for the farﬁer's
time and that traditional crop production is not a form of disguised
unemployment. Third, these figures illustrate that the farmer can
make much better use of additional savings or credit when he has a
higher level of crop knowledge. With a crop knowledge level of TLO,

giving the farmex additional working capital increases the shadow
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pPrice on hilly land by only about Q25 (tpe shadow price on valley
land rises by only about Q4), but when the level of crop knowledge

is increased to TL2, additional working capital causes the shadow
price on valley land to increase by about Q130. The comparatively
higher shadow piices on valley land for solutions in which the farmex
has a crop knowledge level of TL1 and TLZ point out that the Basic
Grains Program holds considerable potential for helping farmers with
farms of two, three, or more hectares. The program is hot quite as
effective at helping the farmer with one hectare of land because his
farm is too small to fuliy employ the farmer and his family.

Figure 6.3 summarizes information on the levels of total and crop
income earned by non-potato farmers in Categories 1 and 2. Total in-
come‘increases by about Q80 when the farmer is provided with credit
and technical assistance, while crop income increases by about Q90.
An increase of Q80 for a farmer with an annual income of Q450 repre-
sents an 18% increase. This is an important increase, but income
still falls far shoxrt of the Q1000 target level mentiohed in Chapters
I and III. Figure 6.3 also points out that income from sale of crops
is not and will not be the family's major source of income. Crop
income accounts for only about 35% of total income on the one hec-
tareinon-potato farm. The one hectare farm is too small to provide
full employment for a family with a total labor supply equivalent
to 2.1 farm laborers. Consequently, the one hectare corn, milpa,
and wheat farmer iS‘aﬁd will be essentially a marginal farmer,

because he must supplement farm employment with off-farm work if
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he and his family are to be fully eméloyed.

One qualification must be mentioned here concerning the model's
income estimates. The levels of total income presented in Figure
6.3 implicitly assume that the farmer and his family are fully em-
ployed, becaﬁse the model allows them to sell up to 100% of their
labor locally. If this assumption is unwarranted, and if farmers
are seasonally underemployed or unemployed, then the levels of in-
come earned from labor sales activities should be reduced, which
woula cause the levels ofi total income in Figure 6.3 to be reduced
by about the same amount as the reduction in labor sales income or

perhaps by a little less.

The Non-potato Farmer With Three Hectares of Land

r

Categories 3 and 4 increase the farmer's amount of crop land
to three hectares. In Category 3, the farmer was given three hec-
tares of land, but was not allowed to hire local labor to assist
with crop production activities. 1In Cafegory 4, the farmer was
permitted to hire local labor. The resource sets which presehted
solutions for the non-potato farmer in Categorieé 3 and 4 were
Sets 7 and 11. Figures 6.4 and 6.5 show how the farmer's level of
total and crop income and the shadow price on valley land are af=-
fected by these changes in the resource sets. The estimated values
in Figures 6.4 and 6.5 from Sets 7 and 11 are presented with the
estimated values from Set 4 in which the farmer had only one hectare

of crop land. This is done to facilitate comparison between these
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results and the results présented earlier for Categories 1 and 2.

In Figure 6.4, the farmer has been given an additional hectare
of hilly and an additional hectare of valley land. This allows
the farmer with a crop knowledge level of TL2 to achieve an income
level of appfoximately Q700. Only about Q450 of this Q700 would
be earned by selling crops; the remainder would be derived from
local and migratory labor sales activities.

The amount of hired labor available does not have much effect
upon the level of total income the farmer earns in these solutions,
" although it does have a small effect on his level of crop income.
The solutions for Sets 7 and 11 which were presented in Chapter V
pointed out that the farmer with three hectares of crop land was
only beginning to experience seasonal shortages of hired labor.
These shortages were not particularly important, because the amounts
of hired labor needed on a three hectare farm are quite small. The
effect of allowing local labor to be hired on the three hectare
farm (Set 11) was to increase the farmer's use of hilly land for
milpa production, to increase crop income by about Q30 or Q40, and
to decrease local labor sales income by about Q25 or Q30. Although
restricting hiring of local labor did not have a very importantv
effect on the results for the three hectare farm, the fact that
there was some effect indicates that a three hectare farm is about
as large as a family with a labor supply equivalent to 2.1 adult
male workers can:farm‘by itself. Farms of over three hectares will

need to reiy on a larger pool of family labor, on additional supplies



260

of local hired iabor, or on mechanized means of production in order
to relieve the seasonal shortages of family labor observed here.

The level of income earned on the three hectare farm varies
between Q480 and Q700, depending on the farmer's level of crop
knowledge. The potential farm level effect of the technical assist-
ance component of the Basic Grains Program could, therefoie, be
estimated as an increase in income of about’Q220 (an increase of
46%). This increase will only be possible if the farmer has an
adequate supply of working capital. The amounts of credit provided
by the Government's crop specific credit program were adequate in
all solutions but one. When the farmer was given a crop knowledge
level of TL2 in Set 11, the farmer experienced a shortage of credit
for corn and milpa production, because level TL2 includes a corn
alone activity which requires more working capital per hectare
than is currently made available. The shortage was not, however,
too serious.

It does not appear that it will be'possible for the non-potato
farmer to earn an income of Ql000. Even assuming that yields on
hilly lands could be increased to the same levels specified in the
model for valley lands, the farmer would need four hectares of land
to earn an income of Q1000. In Table 2.3, we saw that the average
farm size in 1980 has been projected to be five hectares or 0.69
hectares per person in the rural population. The family of four
hypothesized here would then have only 2.76 hectares of land by

1980. In Table 2.4, we saw that only about 24% of this 2.76 hectares
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would be good land, but even if it were all good land, it is unlikely
that the family could earn an income of QL0000 from farming it. The
results in Categories 3 and 4 suggest that a farm with 2.76 hectares
of good valley land could earn an income of about Q90C, but only
0.66 of the projected 2.76 hectares would be good valley land.

By the year 2000, average farm size is projected to decline to
four hectares, and farm land per person is projected to decline to
0.42 hectares. If present trends continue, a family of four in the
year 2000 would have a farm of cnly 1,68 hectares. The‘iesults in
Categories 3 and 4 suggest that with 1.68 hectares of good valley
land, the family could earn a total income of about Q700, but again
one must realize that only 0.40 of the projected 1.68 hectares
could probably be classified as good valley land assuming that good
valley iand were available on a typical farm in the highlands in
the same proportions as it is estimated to exist in the highlands
as a whole,

The lack of information on yield levels for newer capital in-
tensive technologies on hilly poorer lands makes it very difficult
to accurately estimate family income levels even when one assumes
that the Basic Grains Program will be successful in providing small
farmers with credit and knowledge of new technologies. For the
moment, one can only observe that even if hilly lands are capable
of producing yields equal to yields on valley land, it does not
appear that farms will be large enough to allow a family of four in

the years 1980 oxr 2000 to earn an income level of Q1000 per yeax.
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While it does not appear as though a non-potato farm family of
four persons with either one or three hectares of crop land will be.
able to earn an income of Q1000 per year by 1980, there does appear
to be a siight possibility that a family of six could. As was men-
tioned above, the estimates presented in Category 4 suggest that the
farm family would need at least four hectares of good valley land
to earn this much income. In 1980, the amount of land per person
in the rural population is projected to be 0.69 hectares. Six
people times 0.69 ha/person equals 4.14 hectares. Thus, in terms
of the projected amount of land available per person in 1980, a
family of six would have the required amount of land. Of course,
only 24% or 0.99 hectares of the 4.14 hectares could be classified
as good land. If, however, the farmer was able to achieve yields
from hilly poorer lands equivalent to the yields the model specifies
for good valley land, then there is at least a possibility of reach-
ing the target level of income. If the typical fa.mily of six would
be composea of husband, wife, two children and two grandparents, then
there is hope that Guatemala will be able to increase family incomes
into and through the 1980's. If, however, the family of six would
be composed of husband, wife and four children, then there is little
hope of increasing family incomes to the target level of Q1000 by
the year 2000. It is vitally important that population growth rates
be brought under control; beéause projected man/land ratios for the
rural populaticn suggest that in the yeax 2000, family size would

have to be increased to 9.52 persons for the family to have a farm
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of four hectares. Thus, although there does appear to be a slight
hope of échieving the goal of increasing family income to Q1000 per
year by 1980, it is clear that measures will need to be taken to
move workers out of traditional agriculture and also to halt orx
slow the rapid growth in rural population. A family of six might
get along comparatively well cn a four hectare farm which provides
Q1000 per year, but a family of nine would not do nearly as well.
Without information on the amounts by which yields can be in-
creased through application of newer téchnologies on hilly land,
it is difficult to predict whether the farm family will be able to
reach the targeted income level of Q1000. It was pointed out that
if technified yields on hilly lands were comparable to technified
yields on valley lands, then a family with four hectares of land
would probably be able to reach this target level for income. The
question of yield response on hiily land may not, however, be the
key issue. While it may be physically and technically possible for
a family to earn Q1000 from four hectares of iand, it may turn out
to be politically impossible. One must not forget that a tremendous
redistribution of land would have to take place before the typical
farm size could be increased to four hectares. At present, 45% of
the farms in tﬁe highlands have iess than 1.4 hectares of land, and
75% of highland farms have less than 3.5 hectares. Land redistribu-
tion or reform is often a delicate question’in developing countries.
It is certainly a delicate issue in Guatemala, and it is not clear

that land redistribution is even a possibility given existing
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political structures. Nevertheless, the results of the linear
programming énalysis suggest that there is no chance of farm family
incomes reaching Q1000 on the one or three hectare farms. Farms
would have to be at least four hectares before incomes could reach
this level, and even then the farmer would have to have: (1) an
adequate supply of working capital; (2) a crop knowledge level of
TL2; and (3) four hectares of land which will produce yields com-
parable to the yields the model specifies for production activities
which require a crop knowledge level of TLZ.

It is not unreasonable to expect that the Basic Grains Program
will be successful in providing farmers with technical assistance
and credit. Consequently, it appears that one of the major effects
of the Basic Grains Program will be to cause land to replace credit
as the farmer's most restrictive constraint. In the process, the
program should also increase family incomes by between 18% and 45%,
depending upon the farm's size. These estimates are based upon the
assumption that input and crop prices will remain at about the same
levels which prevailed in 1973. It does not appear as though the
group of non-potato farmers that currently have one or three hec-
tares of land will earn incomes of QlOOO. Before these farmers
find it possible to earn a total income of Q1000, it will be neces~
sary: (1) to achieve additional breakthroughs in cropping technolo-
gies; (2) to achieve a more favorable input product price relation-
ship between prices of agricultural inputs.and corn, bean, and wheat
prices; or (3) to increase the size of the typical highland farm to

a minimum of four hectares.
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The Potato Farmer With One Hectare of Land

Categories 1 and 2 also presented information on the effect of
different amounts of savings and provision of credit for the potato
farmer with one hectare of crop land. Solutions for potato farmers
in Categories 1 and 2 were presented in Sets 2A, 2B, 3A, 3B, 5, and
6. Sets 2A, 2B, and 5 preseﬁted solutions in which potato farmers
were given a low level of vegetable knowledge. Sets 3A, 3B, and 6
presented solutions in which potato farmers were given a high level
of vegetable knowledge. In all these resource sets, vegetable pro-
duction was limited to one cuerda, or 0.04 ha, because it is regarded
as a sideline and because vegetables are usually grown on quite small
plots of land. As a result of this decision to limit production of
vegetables to one cuerda, the solutions for farmers with a high
level of vegetable knowledge are quite similar to solutions for
those with a low level of vegetable knowledge, although income levels
tend to be about Q30-Q50 higher for farmers with the higher level of
vegetable knowledge. Since vegetable production is regarded as a
sideline requiring special land, and because the solutions for farm-
ers with a high level of vegetable knowledge are quite similar to
the solutions in which farmers have a low level of vegetable knowl-
edge, only those solutions in which the farmer has a high level of
vegetable knowledge will be considered here. Consequently, this
discussion will be confined to the results presented in Resource
Sets 3A, 3B, and 6 of Categories 1 and 2,

In Sets 3A and 3B of Category 1, a severe shortage of savings
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was observed to be the potato farmer's most serious production
constraint, Giving the farmer access to the Government's crop
specific credit program in Set 6 of Category 2 relieves this savings
constraint somewhat, although the shadow prices on savings of Q1.20
and Q0.91 for solutions with crop knowledge levels of TL2 and TL3,
respectively, indicate that the farmer could have used still more
credit. The major effects of giving the farmer Q100 additional
savings in Set 3B and credit in Set 6 are: (1) to allow the farmer
to increase his levels of total and crop income; and (2) to use
more of his land for crop production. Table 6.4 presenté informa=-
tion on the percent of land devoted to crop production‘in these
nine solutions.

In Set 3A, the farmer's shortage of savings was so acute that
he used only between 7% and 34% of his total land area for crop
production. In Set 3B, the additional Q100 savings allowed him to
increase this to between 21% and 55%. In Set 6, with Government
credit, he was able to use 100% of his land for crop produétion
in all three solutions.

Figure 6.6 shows how the farmer's levels of total and crop
income increase as his amount of working capital is increased,
thereby permitting him to use more of his land for crop production.
The level of total income in Set 6 increases by between 73% and
121% (depending on the level of crop knowledge) over the level of
total income the farmer earns in Set 3A with only Q50 savings. The

percent of income earned from sale of crops increases from 21% in
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Table 6.4. The percent of land used to produce crops in Resource
Sets 3A, 3B, and 6

Resource Set TL1 TL2 TL3
3A 9 34 7
3B 32 55 21
6 100 100 100

Set 3A to 42% in Set 3B to 71% in Set 6. The farmer in Set 6 with
a crop knowledge level of TL2 or TL3 earns a total income of ap-
proximately Q1,150. About Q850 of this total comes from sale of
crops. Therefore, we see that the potato farmer with one hectare
of land is able to reach the target level of Q1000 total income
given 1973 input and crop prices. He would earn this amount by
growing approximately O.75 hectares of potatoes, one cuerda of
green onions (0.04 ha) and about 0.21 hectares of corn alone or
milpa. If the farmer did not have the high level of vegetable
knowledge which permitted him to grow green onions and carrots, he
could have earned a total income of Q1,100 by growing 0.75 hectéres
of potatoes and 0.25 hectares of corn alone or milpa. Either way,

"the farmer is able to achieve a total income of over Q1000.



268

A
Incomne
(Q)
1500 =
Total
1000 = Income
Crop
Income
500
—P
Resource
Sets
Semi-fixed Resources
Savinas 50 150 50
Credit None None Gov't
Ha, of land 1 1 1
l.Local laborers avzilable 10 10 i0

Crop knowledge level 1
e Crop knowledage level 2
e e CrOP kKNowledge level 3

Fiqure 6,6, Levels of total and crop income in Resource Sets 3A,

3B, and 6



269

Figure 6.6 also presented information on the amounts of total
and crop income which could be earned with differenf levels of crop
kinowledge. Notice in Sets 3A and 3B that the farmer earns approXi-
mately the same amount of total and crop income with all three levels
of crop knowledge. This is because a shortage of working capital
prevents the farmexr from fully utilizing the knowledge he has. 1In
Set 6 where the farmer has Govermment credit, this constraint is
eased. This causes total income earned to increase and also results
in an increase in the spread between incomes earned with different
levels of crop knowledge. We will observe in the next section that
when the farmer has three hectares of land, this spread is much
iarger. The spread is larger on the three hectare farm, because
the one hectare farm is not larée enough to fully employ the family.
Knowiedge of new technologies cannot benefit the farmer very much
if he is spending a large percentage of his time selling labor at
7.5¢ per hour. The farmer needs more than one hectare of land if
he is to be fully employed on his own farm, and he needs to be
fully employed on his own farm if he is to receive maximum benefits
from a program of technical assistance which teaches him about new
technologies.

Providing the farmer with credit zllows him to use 100% of

his land, and, consegquentliy, land becomes a limiting factor for the
one hectare potato farmer in Resource Set 6. In Sets 3A and 3B, the
farmer had not been able to use all his land and shadow prices on

land had, consequently, been zero, while the shadow price on savings
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was very high. Figure 6.7 demonstrates how the shadow price on
savings is reduced in Set 6 when land becomes a limiting factor.

The shadow price on savings is reduced in Set 6, because in Resource
Sets 3A and 3B savings had been the only limiting factor. The
shadow price on savings of Q0.05 (TL1) indicates that the amount

of credit provided by the Govermment!s crop specific credit program
was adequate for all farmers who used the production technology re=-
quiring a crop khowledge level of TL1l. The higher shadow prices

on savings for solutions in which the farmer was given a crop knowl-
edge level of TL2 and TL3 indicate that if farmers adopt the newer
technologies which are currently being used by only the best farmers
and on demonstration plots, it will be necessary to raise the average
size loan made to potato farmers.

It is interesting to note that onions are grown in all the solu-
tions considered for these three groups. In one case, onions even
displace potatoes due to an extreme shortage of savings. This is
not a particularly surprising result, because it has long been
recognized that per hectare income and employment opportunities are
great in vegetable production. The fact that onions have the.ability
to compete with and displace potatoes indicates that onions (and
other vegetables, too) are just as profitable as potatoes and hold
similar potential for allowing families to earn compgratively large
incomes on comparatively small farms. Since land is such a severe
constraint onvmost of the altiplano, many people»have suggested

that the Govermment should encourage development of cool season
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vegetable production on the altiplano as part of an agricultufal
and occupational diversification program designed to begin moving
farmers out of corn, wheat and milpa production. This is a good
idea, but one must realize that: (1) vegetable prices are quite
unstable; and (2) it is quite easy to have an excess supply problem
with vegetables because production per hectare is so high. Con-
seqﬁently, vegetable production, like potato production, can only
be lucrative for a fairly small number of farmers. Any programs
designed to stimulate production of potatoes or vegetables must
take this potential oversupply problem into account. If vegetable
production is increased through a vegetable production program, it
will probably also be necessary to combine the production efforts
with a vegetable marketing program, whereby part of the increased
vegetable production could be exported to other Central American
countries.

As population and income levels rise in Guatemala and in Central
America, there should be some modest increases in demands for cool
season fruits and vegetables which could be met by a well-planned
program of agricultural diversification. Such a program would only
benefit a small percentage of highland farmers, but even if it
benefited only 1% or 2% of highland‘farmers, it would at least
take 1% or 2% of the total populatiog and a very small percentage
of total land area out of corn, wheat and milpa production, thereby
reducing both the number of traditional crop farmers and the poten-

tial supply of traditional crops. This is an important consideration,
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because as farmers begin to adopt higher yielding technologies for
traditional crops, the supply of these traditional crops will be
increased. Some of the increased supply will be needed to feed a
growing population, but if yields increase dramatically over a short
period of time, there is a danger that the supply of traditional
crops could increase faster than the demand. This problem of over-
supply may turn out to be an important one. The results presented
in Chapter IV show us that per hectare production of corn, miipa,
wheat, and potatoes could practically be doubled if all farmers
decided overnight to adopt production activities which require a
crop knowledge level of TL2., It is important that the Government

monitor the success of the Basic Grains Program in promoting the

1

use of new techmologies., If the Basic Grains Progxs
in spreading adoption of new technologies to a large percentage of
small farmers, plans need to be made now to devise programs which
will: (1) provide employment for farmers who will have to leave
traditional agriculture to allow the typical small farm size to in-
crease; and (2) to plan and implement an agricuitural diversifica-
tion.program which will divext land from traditional crop production.
Agricultural diversification needs to be carefully planned to assure
Guatemala of an adequate supply of traditional crops while at the

same time taking care to avoid a problem of overproduction.
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The Potato Farmer With Three Hectares of Land

This discussion, like the preceding one, will limit itself to
those resource sets from Categories 3 and 4 in which the farmer is
assumed to have potato land and a high level of vegetablie knowledge.
Consequently, only Sets 9, 10, 13 and 15 will be discussed ﬁere.
These resource sets examine the effect of: (i) having either one
or three hectares of potato land; and (2) being #ble'to hire either
zero ox ten local laborers to assist with crop production tasks.

- In Sets 9 and 13, the farmer is given one hectare of potato land.
In Set 9, he is not allowed to hire local labor, while in Set 13,
he may hire up to ten men in any given quarter. In all other
respects, Sets 9 and 13 are identical. The results for these two
sets are very similar, because availability of hired labor is not
very important for the three hectare farmer with only one hectarxe
of potato land. In Sets 10 and 15, the faimer is allowed to Qrow
up to three hectares of potatoes. In Set 10, he cannot hire local
labor to assist with crop production tasks. This is a fairly
serious constraint for the three hectare potato farmer. 'In Set 15,
- this constraint is eased and he is allowed to hire up to ten local
laborers in each quarter.

In the preceding section; it became apparent that potatoes are
a very lucrative crop. In this section, we will investigate ijust
how lucrative potatoes can be for a farmer with three hectares of
crop land. Figures 6.8 and 6.9 present information on the levels

of total and crop income which can be earned from potato production
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on the three hectare farm. These figures also present information
on the levels of income that were earned on a one hectare potato
f&rm, Resource Set 6. Set 6 is included here to provide us with
a basis of comparison between results for the farmer with one
hectare of potato land and results for the farmer with three hec-
tares of potato land.

As was mentioned above, farmers in Sets 9 and 13 have three
hectares of crop land of which only one hectare is suitable for
potato production. As can be seen from Figures 6.8 and 6.9, there
.is not much difference in the levels oi total income the farmer
"can earn from Sets 9 and 13, and crop income stays at about 88% of
total income for both groups. The availability of hired labor in
Set 13 turns out to be relatively unimportant with respect to.the
levels of total and crop incomes which are earned. The farmer in
Set 13 hires an average of 21 days' labor in second quarter, but
this is the only quarter in which labor is hired. This additional
labor is used to incregse production of milpa on hilly landé by
between 0.2 and 0.6 heqtares, thereby allowing the farmer to use
his entire three hectares of land for crop production. Being able
to hire labor permits the farmer in Set 13 to more fully utilize
the land and labor resources he has been given. The farmer in
Set 13 uses all his land for crop production, whereas in Set 9, he
lets an average of 0.42 hectares lie fallow due to the shortage of
second quarter labor. The farmer in Set 13 is also more nearly

fully employed on his own farm than the farmer in Set 9. 1In Set 13,
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the farmer sells only 701 hours of laborx localiy, a decrease of 37%
from the average of 1109 hours scld leccally in Set 9. The only dif-
ferences between the solutions in Sets 9 and 13 are the three that
have been mentioned here: (1) the percentage of total land that is
used for crop production; (2) the number of local labor hours that
are hired; and (3) the number of local labor hours that are sold.
The net effect of these differences on the level of total income is
essentially to cancel each other out. Total incomes in Set 13 axe
only marginally higher than tétal incomes in Set 9.

The farmer grows one hectare of potatoes, one cuerda of onions
and either milpa or corn alone in all six sblutions of Resource
Sets 9 and 13, When he has a cfop knowledgé level of TL1l, he also
grows wheat. Other than a shortage of second quarter hired labor
in Set 9 (where he is not allowed to hire labor), the only binding
constraints for these two sets are valley land and potato land.
The shadow price on potato land averages Q715, and the shadow price
on valley land is between Q83.05 and Q166,32. The farmer hasvaccess
to the Govermment's crop specific credit program and working capital
is, consequently, not a constraint in any of these six solutions.
Now that the farmer has an adequate supply of working capital, and
enough land to fully empioy the entire family, technical assistance
is capable of having a much greater impact on the level of total in-
come. Figure 6.8 shows that the difference in the amount of total
income earned with crop knowledge levels TL1 and TL3 has increased

to about Q600 in Resource Sets 9 and 13. This is approximately Q400



279

more than the difference in.income levels observed in Set 6 where

the farmexr had only one hectare of crop land, and demonstrates the
importance of combining knowledge of new technologies with credit

and an adequate farm size.

Availability of hired labor was not very important in Resource
Sets 9 and 13, because potatoes have a different pattern of laboxr
requirements than the other traditional crops. This difference makes
potato production quite complementary with corn, milpa, or wheat pro-
duétion on the farm with only one hectare of potaté land. Potatoes
require the most labor during second quarter, a pericd of fairly
low labor requirements for corn, milpa, and wheat. Corn, milpa,
and wheat require large amounts of labor during fourth quarter when
potatoes require no labor whatsoever. By combining potatoes with
corn, milpa or wheat production, the farmer is able to counter-
balance peak labor requirements between crops and, therefore, to
farm more land with a fixed labof Qupply.

In Resource Set 10, the farmer's amount of potato land is in-
creased to three hectares, while iocal laborxr aﬁailability is re=-
duced to zero men. This causes a very severe seasonal labor short-
age, because the farmer would like to grow three hectares of potatoes,
but is constrained from doing so by a shortage of labor in second
quarter. The shadow prices on second quarter labor in Set 10 range
between Q0.713 and Ql.17 per hour reflecting the seriousness of this
shortage. Only potatoes are growh in Set 10. The farmer grows

1.835 hectares of potatoes in all three solutions. The shortage of
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second quarter labor is so severe that although the farmer has a
high level of vegetable knowledge, no vegetables are grown. This
occurs because vegetables, like potatoes, require a fairly large
amount of second quarter labor. Although the shortage of labor is
a serious constraint., the farmer is able to grow 1.835 ha of pota-
toes which increases his total income by an average of about Q450
over levels of total income earned in Sets 9 and 13. The spread
between income earned with different levels of crép knowledge is
really very large in Set 10. Farmers with a crop knowledge level
of TL1 earn a total income of about Q1375, while farmers withia crop
knowledge level of TL3 earn a total income.of about 0Q2275. This
means that having a crop knowledge level of TL3 allows the potato
farmer in Set 10 to earn an additional Q900. Thus, the farm level
benefit of a technical assistance program is potentially Q900 for
the potato farmer in Set 10.

In Set 15, the farmer is allowed to hire labor. He hires an
average of 23 days!' labor in first quarter and 89 days' labor in
second quarter. This hired laborx allows_the farmer to use his
entire three hectares of land for crop production. Pofato produc~
tion is increased from 1.835 ha in Set 1C to an average of 2.300
ha in Set 15, In addition to potatoes, the farmer grows either
wheat, milpa, or corn alone and a cuerda of onions in each solution.

The primary constraints in Set 15 are savings and land. More
working capital is needed to increase production of potatoes when

the farmer has a crop knowledge level of TL2 oxr TL3. The shadow
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price on savings with a crop knowledge level of TL2 or TL3 is

01.20 and Q0.91, respectively, indicating that the shortage of
working capital is fairly restrictive. The shadow price on valley
land ranges between Q88.72 and Q514.66. The shadow price of

Q514.66 reflects the fact that the most productive potato activity
requires all valley land. This shadow price on valley land is fairl&
high, because the farmer has thebother resources which he would need
in order to devote additional valley land to potato production.

The farmer's income in Set 15 increases to an average level of
02,237.89. This is an increase ¢f about Q360 over the average level
of income earned in Set 10. Figures 6.8 and 6.9 show us that both
the levels of total income and crop income have a spread of about
Q580 in Set 15. Thexefore, the farm level effect of a technical
assistance program which increases crop knowledge from T_Li to TL3
is about Q580. It is also interesting to note that crop income in
Set 15 remains at about 88% of total income. This is approximately

the same percentage that was found in Sets 9, 13, and 10.
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CHAPTER VII. SUMMARY, CONCLUSIONS AND

SUGGESTIONS FOR FURTHER RESEARCH

The Farm Level Effects of the Basic Grains Program

The results and conclusions presented in Chapters V and VI
are summarized in this chapter. The major conclusions are related
to how changes in the farmer's resource base influence his income
and the extent to which he is employed on the farm. The specific
resources which are assigned different levels in the various re-
source sets considered here are: savings, credit availability,
knowledge of new technologies, land,vlocal labor availability, and
potato land.

One of the main inferests in this study has been to investigate
the potential effect of the Basic Grains Program upon the level of
family income. Figure 7.1 is helpful in summarizing the results of
this investigation. This figure shows how the ievel of family income
is increased as the farmer's resource set is expanded.. In Figure
7.1, resource sets are identified by number (1A, 1B, 4, etc.) along
the horizontal axis. These resource sets are simply groups of
resources which serve to identify the levels of the major con-
straints in the linear programming model. The levels which these
resources (or constraints) take on axe presented in a column below
the number of each resource set. For example, the levels of the key
resources in Set 1A are: zéro hectares of land suitable for potato

production; one hectare of crop land in total; no access to a source
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of credit; Q50 savings which are used for working capital;'and a
maximum of ten local laborexs who could assist the famiiy with crop
production tasks in each quarter. The three levels of total income
specified for each resource set in Figure 7.1 were generated by
parameterizing the level of crop knowledgé within each group. Note
that for resource sets in which the farmer does not have potato
land, the levels of crop knowledge used to generate solutions are
levels TLO, TL1l, and TL2, Level TL3 is not included because it is
only used to grow potatoes. For sets in which the farmer does have
potato land, the levels of crop knowledge used to generate solutions
are levels TL1l, TL2, and TL3. Level TLO is not included here be-
cause high yield potato activities require a crop knowledge level
of TL1 or higher. If the farmer were given a crop knowledge level
of TLO, he could not grow potatoes, and his levels of total income,
crop income, etc. would be the same as if he had not been given
potato land. It is important»to remember that if a farmer has crop
knowledge level TL2, he will also have levels TL1 and TLO., With
crop knowledge level TL2, the farmexr can elect to produce any crop
activity that réquires a crop knowledge coefficient fo¥ levels TLZ2,
TL1, or TLO, although he could not elect to produce an activity that
requires a crop knowledge level of TL3.

Figures 7.1 and 7.2 combine the results which were presented
in independent sections-of Chapter VI, They summarize the informa-
tion presented earlier and allow the reader to readily compare and

contrast the position of the one and three hectare potato farmer
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with the position of the‘one and three hectare non-potato'farmer.
Let us begin this review of major conclusions by considering_the
role which credit availability plays on the one hectare non-potato
farm.

The importance of credit for the non-potato farmer was investi-
gated in Sets 1A, 1B, and 4. As can be seen in Figure 7.1, the
amount of total income which the farmer in Set 1A earns ranges
between Q443.47 and Q492.07. When the farmer is given credit in
Set 4, his total income is increased to between Q446.68 and Q521.96
dépending upon his level of crop knowledge. If the farmer has a
crop knowledge level of TLO, the increased income which he earns
with credit is only Q3.00 greater than he earned without credit.
If the farmer has a crop knowledge level of TL2, credit allows
the farmer to earn about Q30 higher total income than he could
earn without credit. Clearly, credit‘does not help the farmer
in Set 1A to earn a very significant increase in total income.

Why is this? The answer is that the farmer in Set 1A is spend-
ing only about 20% of his total labor time on crop production.

The rest of his time is spent selling labor. He produces crops on
the entire one hectare of land which he has been given, but one
hectare is not enough land to fully employ a family of four with
a total labor supply equivalent to 2.1 adult male workers. The

results presented in Figure 7.1 indicate that neither credit nor
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technical assistance can substantially behefit a farm family with
only one hectare of crop land.

When the family's amount of crop land is increased to three
hectares in Sets 7 and 11, the farmer is able to earn a total income
of about Q480 with a crop level of TLO and a total income of about
Q700‘with a crop level of TL2. An income of Q480 is about Q37 higher
than the income earned in Set 1A with a crop knowledge level of TLO
and indicates that giving the farmer credit and an additional two
hectares of land could increase total income by only about Q37.

If, however, the farmer in Set 1A with a crop knowledge level of
TLO was given an additional two hectares of land, credit, and tech-
nical assistance (which increases his level of crop knowledge to
TL2), he could earn an income of about Q700. This is an increase
of approximately Q256. The difference between Q256 and Q37 repre-
senfs the farm level effect of giving the farmer more land, credit
and technical assistance. All three ihgredients are needed if the
farmer is to achieve a substantial increase in income., Credit by
itself or technical assistance by itself, or credit and technical
assistance without land will not be enough.

Figure 7.2 presents information on the levels of crop income
which farmers can achieve with different levels of crop knowledge.
We can see by comparing Figures 7.1 and 7.2 that on the one hectare
non-potato farm only about 20-35% of total income comes from sale
of cropse. The remainder comes from labor sale income. On the three

hectare non-potato farm, the percentage of crop to total income is
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increased to about 45-65%. The non-potato farmer with three hec-
tares of land experiences a shortage of labor in fourth quarter,

but he still sells a great deal of labor in the other three quarters.
Although the amounts of crop income are lower than the amounts of'
total income, Figure 7.2 presents the same pattern observed in
Figure 7.1. Farmers need land, credit and technical assistance if
they are to substantially increase their levels of crop income,

The role of credit alone as a means of helping the potato
farmer with one hectare of land is presented in Sets'3A, 3B, and 6.
Potatoes require substantially larger amounts of working capital
than corn, wheat, or milpa production. Potatoes also have a higher
per hectare value of production than do corn, wheat, or milpa.
Consequently, providing a farmer with credit for potato production.
has a comparatively greater impact on family incomes than pfoviding
the farmer with credit for production of other traditional crops.
This difference can be seen quite clearly in Figure 7.1.

In Set 3A, the farmer has one hectare of land that can be used
to grow potatoes. The level of total income which the farmer earns
is between Q517.24 and Q526.81, depending upon his level of crop
knowledge. The level of crop knowledge has only a marginal effect
on total income here because the farmer experiences such a tremen-
dous shortage of working capital. In Set 6, the farmer is given
credit and his level of total income increases to between Q949;22
and Q1154.27. Providing the farmer with credit alone is therefore

capable of increasing total income by approximately Q430-Q630. The
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spread between the total income earned by a farmer with crop knowl-
edge levels TL1 and TL3 is increased from about Q30 in Resource
Set 3A to about Q200 in Resource Set 6. Thus, we see that while
credit alone is quite important, combining credit and technical
assistance allows farmers to achieve significantly higher levels
of total income. Technical assistance could potentially yield even
higher returns to the potato farmer in Set 6, because even though
he has credit, the farmer experiences a shortage of working capital.
This shortage occurs because the amounts of credit provided by an
average BANDESA loan in 1973 were not sufficient to supply all the
working capital needed by the most advanced potato activities (those
activities requiring crop knowledge levels of TL2 and TL3). It must,
however, be pointed out that the amount of working capital provided
by BANDESA was sufficient for the potato activity used by most farm-
ers in 1973 (the activity requiring a crop knowledge level of TL1).
Potato farmers in Set 6 experienced shortages of land, partic-
ularly valley land, as well as a shortage of working capital. Con-
sequently, in Sets 9 and 12, the farmer was given an additional
hectare of both hilly and valley land with the provision that only
one of his total three hectares of land could be used for potato
production. The result was to increase the level of total income
in Set 13 to Q1,724.85 for a farmer with a crop knowledge level of
TL3, and to Q1,109.61 for a farmer with a crop knowledge level of
TL1. Now the spread between income earned with crop knowledge

levels TL1 and TL3 has increased to over Q600, and the amount of
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total income which the farmer with a crop knowledge level of TL3
could earn has increased by almost Q1,200 over the amount of-total.
income he could earn in Resource Set 3A.

In Sets 10 and 15, the farmer's amount of potato land is in-
creased from one to three hectares. The level of total income in
Set 15 increases to between Q1,876.05 and Q2,459.32, The spread
between incomes earned with crop knowledge levels TL1 and TL3 is
now Q583.27, a slight reduction from the spread of over Q600 ob-
served in Set 13, but still a very large amount. 'Ihe level of total
income earned by a farmer with a crop knowledge level of TL3 is now
Q1,942,08 higher in Set 15 than in Set 3A with a crop knowledge level
of TL1.

The progression of increasing incomes observed in Figure 7.1
illustrates the importance of providing the potato farmer with a'
combination of credit, technical assistance, additional land, and
an adequate supply of local hired labor to assist with crop produc-
tion tasks during peak periods. Credit alone can increase income
by about Q400 on one hectare of land. Credit and technical assist-
ance increase family income by about Q600 on one hectare of land.
One hectare of potato land on a three hectare farm, crédit and
technical assistance increase income by about Q1,200. Three hec-
tares of potato land on a three hectare farm, credit, and technical
assistance increase income by about Q1,700. Three hectares of
potato land on a three hectare farm, credit, technical assistance

and an adequate supply of local hired labor increase family income
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by about Q1,950. All of these ingredients are important, but as
was the case with the non-potato farmer, land is probably most 1M
portant. This is again due to the fact that the one hectare faim
is simply too small to fully employ a family with a total labox
supply equivalent to 2.1 adult male farm laborers.

Before leaving this discussion of income levels which can be
earned by potato farmers, it is necessary to make some qualifying
observations. There is potential for some farmers to increase
their incomes by adopting new potato production technologies and
devoting more of their land to potatoes. The number of farmers
who will be able to benefit from these new technologies is, however,
quite small, Furthermore, the incomes farmers will actually earn
are considerably overstated here. These results are conditional
upon input and output price levels remaining at the levels speci-
fied in the model, or increasing in such a proportion that the net
value of production per hectare remains as it was in 1973. It is
very unlikely that this will happen because as the Basic Grains Pro-
gram is successful in providing credit and technical assistance to
small farmers, potato yields will increase and more land will
probably be devoted to potato production. The supply of potatoes
will be increased and this will cause average potato prices to
decline. In Chapter IV, it was suggested that potato prices which
had averaged Q4.75.pér qq between 1966 and 1971 will probably
decline to around Q3.00 per qq during the nekt five or six years.

An average price of Q3.00 per qq would reduce the total income
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levels presented in the model considerdbly.

The fairly high average potato prices which have prevailed
in the past can be attributed to the fact that potatoes have tended
to be a specialty crop grown by only a small percentage of all farm-
ers. The 1964 Agricultural Census (Direccién, 1971) estimated
that potatoes were grown on only 3,071 hectares as compared with
coin which was grown on 437,555 hectares. Thus, the 1ahd devoted
to potato production was only about 0.7% of the land devoted}to coxrn
production in 1964, Similarly, the Census estimated that potatoes
were grown on 12,878 farms while corn was grown on 320,788 farms.
This means that only four farmers grew potatoes for every 100 farm-
ers who grew corn. There are three main reasons why potatoes were
grown by such a small number of farmers and on such a small amount
of land even though they are a very lucrative crop. First, potatoes
cannot be grown everywhere. To achieve high yields, the farmer must
have land that is agronomically, altitudinally and climatically
appropriate for potato production. Second, potatoes require rela-
tively large amounts of working capital, and many farmers do not
have enough capital to make it worthwhile to try and produce
potatoes in a technified manner. Third, potatoes are quite é
‘risky crop. Risk from disease or insect damage can be seribus and
risk from price fluctuations is even more serioué. In spite of the
fact that the number of farmexrs who grow potatoes is quite small,
production in a given yeaf can be quiie high. Thus, although the

average level of potato prices is quite favorable, potato prices are
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subjoct to large fluctuations, and this makes potatces very risky

for a farmer who does not have enough working capital to be able to
take a large loss. This combination of a limited amount of appro-
priate land, a shortage of working capital, and high risk has re-
sulted in potatoes being produced by only a small minority of farmers.

As was pointed out earlier, one of the effects of the Basic
Grains Program will probably be to increase the supply of potatoes
which should result in a decline in average potato prices. Thus,
the income levels estimated by the model for potato farmers should
be regarded as overestimates because the Basic Grains Program will
relieve some of the constraints which were responsible in. the past
for there being such a high average potato price. Potatoes do,
however, hold potential for increasing small farm incomgs; vege-
table production holds similar potential. Still, one must realize
that potatoes and vegetables are not the answer to the problem of
raising small farm incomes because potato and vegetable pfoduction
can benefit only a small percentage of the total number of small
farmers,

In earlier chapters, it was pointed out that another important
goal of the Basic Grains Program was to increase employment on the
small farm, thereby reducing the level of rural-urban migration.
Therefore, the extent to which the family is fully employed on the
farm is probably almost as importént as the amount of income earned.
During the earlier discussions of income levels earned by non-potato

farmers on one hectare of land, the point was made that one hectare



294

of land is not enough land to fully employ a family with a total
labor supply equivalent to 2.1 adult male workers. Some of the
model's main conclusions regarding this question of on-farm employ-
ment and underemployment have been summarized in Figure 7.3.

In Figure 7.3, the extent to which the farmer is fully employed
on the farm has been represented in an inverse fashion by looking |
at the average amount of income the farmer earné from selling labor
locally in each resource set. The reader will recall that local
labor sales activities play two roles in the model. First, they
provide an alternate and competing use for the farmer's labor hours.
This competition forces crop activities to return the farmer at
least as much income per hour worked as he could earn by selling
labor locally. If a crop activity cannot do this, it will not be
included in the optimal solution. Second, local labor sales activi-
ties allow the family to always be fully employed. Any labor which
is not required for crop production activities or migratory laboxr
sales activities is sold locally. The model implicitly assumes
the family will be fully employed, and all income estimates gene-
rated by the model are telling us how much income the family would
earn if it is fully employed. -This assumption wasbuilt into the
model because the study attempts to find the maximum income the
small farmer can earn, and also because Manger-Cats (1966) has
estimated that small farmers are nearly fully employed due to the
fact that they devote considerable amounts of labor to off-farm

labor sales activities.
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The order of the resource sets in Figure 7.3 has been altered
from the order presented in Figures 7.1 and 7.2 in an attempt to
emphasize the impqrtance of farm size as a factor in determining the
amount of labor that is sold locally. With the exception of this
one change, however, Figure 7.3 is organized in the same way as were
Figures 7.1 and 7.2. |

In Resource Sets 1A, 1B, and 4 of Figure 7.3, we see that
providing the one hectare non-pctato farmer with credit causes an
average reduction in local labor sales inqome of approximately Q20.
This represents a reduction of about 267 hours or 33 days in the
total amount of local labor sales. This means that providing the
farmer with credit allowed him to increase on-farm employment by
33 days. In Sets 3A, 3B, and 6, we see that giving a farmer with
potato land credit will reduce average local labor sales by approxi-
mately Q85 and hence will increase on-farm employment by about 142
days. Even with creéit, however, the family in Group 6.is still
earning approximately Q210 from local labor sales which means they
are selling 350 days labor locally.

Giving the farmer more land in Sets 7, 11, 13, 10, and 15
causes the amount of labor sold locally to decline still more.
Notice that average local labor sales are sigﬁificantly higher in
Sets 7 and 11 where the family was not allowed to hire local labor
to assist with crop production during peak labor requirement periods.
This occurs because labor shortages at certain peak periods cause a

labor bottleneck which limits the amount of land that can be devoted
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to crop production. If the farmer can hire labor to relieve this
bottleneck, he can increase the amount of land he has in crops and
hence inérease the total number of days he is employed on the farm
(reduce the average number of days sold locally).

It is interesting to note that the farmer in Sef 13 is able to
spend considerably more time working on his own farm than the farmer
in Set 11 who also has three hectares of land and can hire loccal
labor to relieve bottlenecks caused by seasonal labor shortages;
This occurs because of the complementarity mentioned earlier which
exists between labor requirements foxr pctato production and labor
requirements for production of the other traditional crops.

The results contained in Figure 7.3 can probably best be summa-
rized by one observation. Pr-widing farmers with credit is important
in allowing them to be more nearly.fully employed on their owﬁ farms,
but providing them with larger farms is even more important. Eveﬁ
on the three hectare farm in Resource Sets 13 and 15, the farmer
and his family are not fully employed in spite of the fact that
they farm the entire three hectares and can hire local laborers to
relieve seasonal labor shortages. The farmer in Set 13 earns about
Q50 selling labor locally which means he and his family spend about
83 days a year or 12.6% of the family's anﬁual labor supply selling
labor locally. This is probably an acceptable level for local labor
sales. The family in Set 1A, however, spehds about 447 days or 68%
of its annual labor supply selling labor locally. This is probably

not an acceptable level., If farmers are to be fully employed or
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nearly fully employed in traditional agriculture, the typical farm
size will need to be expanded to three or more hectares.

One other question which the model sheds limited light upon is
the question of the extent to which the Basic Grains Program might
disrupt the seasonal migration of highland farmers who assist with
harvest activities on coffee, cotton, and sugar cane farms. The
results of the present analysis indicate that there will be no majof
interruption of this activity. The reason for this is that fazms
at present are not large enough to fully employ farmers, and so
migratory labor sales are likely to continue. If farms were larger,
the increased yields and iﬁcomes which the new technologies will
make possible could change this. In all solutions generated by the
model, however, the farmer sells the maximum amount of migratcry
labor allowed (120 days). This occurs for several reasons. For
solutions in which the farmer has only one hectare of_land, he has
ample labor. to allow him to produce crops and migrate the maximum
amount, and so he migrates. For solutions in which the farmer has
potato land, his labor shortages come in second quarter and do not
conflict with migratory activities in third and fourth quarters;
consequently, he migrates. For solutions in which the farmer is
allowed fp hire local labor to assist with crop production tasks,
he caﬁ hire local labor at 7.6¢ per hour and earn 11l¢ per hour by
selling migratory labor; therefore, he migrates. The only solution
in which migratory labor sales are brought into direct competition

with crop activities is in Category 3. Resouzce Set 7 is cne of
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the sets in Category 3 where this competition exi#ts. In Set 7,
the farmer does migrate the maximum allowed, but he does this be-
cause he has a shortage of vailey land. Recall that valley land

is required for the highest yielding corn, wheat, and milpa activie-
ties. The farmer has enough labor to migrate and produce crops

on his valley land where he can use the newer technologies. He
does not, however, have enough labor to also farm all his hilly land.
Hilly land, the reader will recall, is not used with the newer high
yielding technologies. As a result, part of his hilly land is left
unused in two of the solutions for Set 7. As was mentioned in
Chapter V when conclusions were presented for non-potato farmers

in Category 3, the shadow prices on local hired labor indicate that
the farmer came very close to diverting 1aﬁor from migratory labor
sales activities to cropping activities on hilly land. If there
had been a conflict between migratory labor sales and cropping
activities on valley lands, the farmer would have curtailed his
migratory labor sales, but as it was, he migrated the full 120

days allowed by the model,

Suggestions for Further Research

This section has been divided into two parts. The first
part deéls with extensions of the present analysis and is essen-
tially a series of additional questions or lines of study which
could be analyzed using this model and this data. The second part

identifies: (1) several types of basic data that would be very
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useful but which are presently unavailable; and (2) some general

areas for future research.

Extensions of the present analysis

In this study, a profit maximizing objective function has
been used to investigate the potential level of income a small
farmer could earn if he were given credit and technical assistance.
While the profit maximizing assumption was appropriate for the pur-
poses of this study, one may question how realistic it is. Are small
farmers primarily interested in maximizing profits, or is some othexr
objective more impoxtant than profit maximization? An alternate ob-
jective function which is often suggested for small farmers is risk
minimization. To the extent that small farmers engage in subsistence
agriculture, it seems reasonable ‘to assume that risk minimization
is at least as important as profit maximization. Sincg small farmers
in Guatemala are engaged in a type of agriculture which is not purely
subsistence or commercial agriculture, it seems worthwhile to try
and incorporate the goals of both profit maximization and risk mini-
" mization into the LP model. This could be done by including activi~
ties for home consumption of corn and beans in the model, because
corn and beans are staples for most small farmers. Consumption
activities would be constrained to ensure that the farmer is produc-
ing and consuming a given minimum amount of corn and beans. Crops
consumed at home would be valued at market prices to guarantee that

they are counted as part of the farmer's total income. Inclusion of
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this minimum consumption constraint would limit the farmer's choices
of production activities, because he could not choose a set of pro-
duction activities that did not iﬁclude minimum production levels
for corn and beans. It would be interesting to see how this con-
straint would altex the levels of crops produced, incomes earned and
hours required for on-farm employment when compared with the solu-
tions examined in the present analysis.

A second, but related, area for further research concerns the
amount of credit the small farmer is willing to borrow. In this
study, it was assumed that the farmer would borrow working capital
as long as such borrowing allowed him to increase his net revenue,
i.e., so long as the return from using an additional Quetzal of
working capital exceeded the cost of borrowing it. If farmers are
risk minimizers, however, they may not be willing to borrow this
much working capital. They might instead borrow only up to a point
where return from using working capital exceeded the cost of borrow-
ing by an arbitrary amcunt, perhaps 15¢ per dollar borrowed. This
15émﬁbu1d represent a margin of safety to the small farmer. Studies
have shown that some farmers in the United States have at times been
reluctant to borrow working capital to the point where the shadow
price on working capital falls to zero. Given the normal uncertainty
associated with anything new, small Guatemalan farmers may be willing
to adopt new technologies and borrow working capital needed for these
new technologies, but they may be hesitant to borrow as much as

lending agencies allow or as much as they would need to actually
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maximize profits. The effect of this hesitancy could be investi-
gated by parameterizing the amount of working capital lending
authorities are willing to lend and noting shadow prices on working
capital for each amount. When the shadow price on working capital
falls to 15¢ (or some other arbitrary limit), the farmer's level

of income, composition of crops produced and employment leveis could
be noted and contrasted against the level of these same variables
when the shadow price falls to zerc. One could also note the level
of total income the farmer earns with each increment in working
capital as an estimate of the amount of working capital needed to
earn a given level of total income.

A third area to be explored is the importance of laboxr sales
versus cropping activities. In the present analysis, local laboxr
sales were virtually unlimited throughout Categories 1, 2, 3, and
4, Migratory labor sales were allowed in quite ample amounts and
farmers migrated for a total of 120 days in every solution. This
is not very realistic, because most farmers do not migrate 120 |
days, some do not migrate at all, and very few actually have the
option of selling all their labor locally. A mcre realistic limit
for local labor sales might be 25% of the family's total labor
supply. This would allow the farmer to sell some labor to larger
landowners who need assistance with cropping tasks and would also
proﬁide a means of accounting for any other economic activities
the farmer or the family engage in (such as marketing or firewood

gathering) which are essentially =2lternate forms of local employment.
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The effect of constrainingvthe level of local labor sales was
considered briefly in Solutions. 55-63 of Appendix A, but it would
be worthwhile to broaden this analysis to get a better idea of
how the small farmer's position would be altered if he were con-
strained from selling migratory labor and allowed to sell only a
limited amount of local labor.

A fourth extension would be to include demand constraints in
the typical small farm model. A typical small farm model is not,
of course, an appropriate Iramework for analyzing demand constraints.
Ideally, a national LP model would be constructed for this type of
analysis.‘ The national model would include farms of all sizes and
a large numberxr of different crops utilizing a variety of different
technologies. With such a model, one could attain a much more
reliable estim#te of the supply response which would result from
intreduction of new technologies into a given area, or on a certain
size of farm. If information on price elasticities for the various
Crops were alsd included in the model, one could estimate the effects
of introcducing supply increasing technologies on: farm incomesj
employment; total production; and on prices of individual basic
grains. Unfortunately, the existing data base is not adequate for
constructing a national LP model, and there are no estimates of
price elasticities. Consequently, it appears as though demand
constraints must either be ignored or allowed for in some artificial
manner. Neither of these alternatives is desirable, but of the two,

it might be less undesirable to artificially allow for demand
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constraints than to ignore them. This could be accomplished by
calculating the percent of land devoted to corn, milpa, wheat and
potatoes in the nine highland departments. These percentages could
be normalized to provide estimates of the average amounts of land
dedicated to each crop on the typical small farm. Production con-
straints might theﬁ be built into the typical farm model specifying
that the amount of land deveted to each crop could not deviate from
the average percentage by an arbitrary amount--perhaps 20%. In this
way, the mix of crops estimated by the model would be closer to the
mix of crops found on a typical small farm, and the model would
avoid solutions in which only potatoes or only corn alone would be

grown.

Areas for additional research

A considerable amount of work remains to be done in the area
of data collection. One of the most important types of data needed
is a semi-detailed soil survey. At present, the only available
data on soil types and characteristics is a soil reconnaissance
study made by Simmons, TArano and Pinto (Simmons et al., 1958).
~ This stud& identified major soil types, described their characteris-
tics and made an approximate mapping of these soil types. ‘This is
a fine piece of work, but a semi-detailed scil map which would build
upon earlier work is badly needed. At present, no one really knows
how many hectares of each soil type exist in a given municipio,

department, or in the entire country.



Dr. James Walker of the International Soil iesting Pfojecf
has used the existing{soil classification system to group similar
soil types into "agricultural gquality classes." If a semi-detailed
soil survey and soil map were made, fairly accurate estimates of the
amount of land in each soil type and, hence, in each “agriéultural
quality class" would become available. Such information would be
valuable for future agricultural planning. Indeed, it is difficult
to do any real planning withouf it, because at present the planner
deces not have a very precise estimate of the amounts and kinds of
land comprising the resource base he is working from.

A second area in which basic research needs to be done is in
estimating the yield response of new technologies on different types
(agricultural quality classes) of soil. Ideally, technclogy demon=-
stration plots on different soil types could be conducted at the
same time a semi-detailed soil map was being constructed so that
the two studies would become available more or less simultaneously.
This informafion is important fox two xeasons. First, without
knowing the expected yield that a given technological package will
produce on good, average and poor soils, if is very difficult to
estimate either the farm level income effect or the regional supply
effect of agricultural development programs. Consequently, the
policymaker is left in the unccmfortable position of either doing
nothing (although he suspects something needs to be done) or of
initiating a program without knowing what will be the likely effects

of this program on key target variables such as total production,
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farm incomes, and so on. Second, if it turns out that present
technologies are not capable of achieving acceptable yields on
poorer quality soils, then a research program needs to be initiated
to discover a technological package which will achieve higher yields,
particularly for milpa, on hilly poorer lands. 7This is essential,
because one of the most important goals of the Basic Grains Program
was to increase yields to enable smﬁll farmers to maintain their
subsistence standard of living on fairly small plots of land. It
was hoped that introduction of more labor and capital intensive
production techniques would cause emplojﬁent, production ;nd income
to be increased or at least to remain constant so that rural-urban
migration would be reduced., In this respect, the Basic Grains Pro-
‘gram can be depicted as a holding action designed to temporarily
alleviate certain conditions and thereby give the Government time
to undertake birth control, educational and employment creation pro-
grams which are needed if the small farm population is to enter the
main stream of Guatemalan economic life. If existing technologies
cannot do a satisfactory job of increasing milpa production on poorer
lands, the Basic Grains Program will not be successful in performing
this holding action, and, consequently, additional research will be
needed to find a technological package which will increase milpa
production on poorer lands.

Another important area in which research is needed is the col-
lection of information on demand for basic grains, Some estimates

have been made for income elasticities of basic food groups, but



there is no information on price elasticities. This information
is alwayé difficult to obtain, but it would be very useful and
valuable once itvwas collected;

One last area in which research needs to be undertaken is the
identification of areas in which employment can be increased. One
of the most importamnt conclusions of this study has beer that the
small one hectare farmer is essentially a marginal farmer and
eventually will have to leave agriculture. Large numbers of families
are in this "marginal farmer" group, and they will all need jobs. To
provide these jobs, it will be necessary: (1) to identify rural (ox
- at least non-Guatemala City) industries that are producing and which
have the potential to expand; (2) to determine the major constraints
impeding development of these industries; and (3) to create institu-
tions and policies to remove existing constraints and facilitate
the growth of small industry. This will not be an easy task, but‘
it is a very important one if the smaii farm population is to enter

the mainstream of Guatemalan economic life,
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APPENDIX A: LINEAR PROGRAMMING SOLUTIONS
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Table Al. Optimal solutions under resource set 1A of
Category 12

b Crop Crop ' Crop
Variable : knowledge knowledge knowledge
level TLO level TL1 level TL2

Optimal solution

number 1 2 3
Tetal income 443,47 467.69 492,07
Crop income 106.26 71.99 109.72
Migratory labor

sale income 93.20 93.20 93.20
Local labor

sale income. 244,01 302.49 289.15
Total labor

hours hired o o ) o
Total hours used on

crop activities 1173 393 570
Ha. of corn alone,

v, 4 0.1314
Ha. of wheat, V, 3 0.3323
Ha. of wheat, HV, 2 0.2617
Ha. of milpa, V, 3 0.3686
Ha. of milpa, V, 2 0.1677
Ha. of milpa, V, 1 0.4215

#Semi-variable resources are fixed at the levels: Q50 savings;
a low level of vegetable knowledge; zero ha of potato land. The
semi-fixed resources are: 1 ha of crop land; nc credit; 10 hired
laborers available.

,bThe letters H and V following the hectares of crops produced
refer to whether the activity is carried out on hilly land, valley
land, or a combination of hilly and valley land. The numbers 1, 2,
3, 4 descxibe the relative amount of working capital required to
carry on the activity. In this table and in all subsequent tables,
crop production activities are identified according to the following
code: H = hilly land; V = valley land; HV = a combination of hilly
and valley land; 1 = very little working capital; 2 = an intermediate
amount of working capital; 3 = a high amount of working capitalj;

4 = a very high amount of working capital.
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Table Al. (continued)

A , Crop Crop Crop
Variable knowledge knowledge knowledge
level TLO level TL1 level TL2
Ha. of milpa,
H, 2 0.3168
Shadow price on
potato landC 604 .44 499,38 298.96
Shadow price on
vegetable knowledged 57.30 49.55 - 38.38
Shadow price on )
savings®© 0.19 0.44 C.85
Shadow price on
vegetable land® o] 0 0
Shadow price on
hilly land® 6.02 o (o]
Shadow price on
valley land® 11.38 41.02 47.96
Labor hours sold
locally 3253 4033 3856

cShadow‘price units in Appendix A for: potato land, vegetable
land, hilly land, and valley land are Quetzales per hectare.

: dShadow price units in Appendix A for vegetable knowledge are
Quetzales pexr high level of vegetable knowledge, i.e., if the farm~
er had enougn: "high level vegetable knowledge" to grow another
cuerda of vegetables, his income would be increased by this amount.

©Shadow price units in Appendix A for savings are Quetzales
per Zuetzal of savings. '
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Table A2, Optimal solutions under resource set 1B of
Category ia

Crop Crop Crop
Variable knowledge knowledge knowledge
level TLO level TL1 level TL2

Optimal solution

number 4 5 6
Total income 447.81 480,91 524,73
Cxop income 88.63 128,73 181.02
Migratory labor

sale income 93.20 93.20 93.20
Local labor

sale income 265.98 258,98 250.50
Total labor

hours hired -0 c 0
Total hours used on

crop activities 880 973 1087
Ha. of wheat, V, 3 ' 0.5000
Ha. of wheat, HV, 2 0.7143
Ha. of corn alone,

v, 4 0.5000
Ha., of milpa, V, 1 0.2857
Ha. of milpa, H, 2 0.5000 0.5000
Shadow price on

potato land 721.40 488.28 801.15

3Semi-variable resources are fixed at the levels: Q150 sav=-
ings; a low level of vegetable knowledge; zero ha of potato land.
The semi-fixed resources are: 1 ha of crop land; no credit, and
10 hired laborers available.



Table A2. (continued)
Crop Crop Crop
Variable knowledge knowledge knowledge
level TLO level TL1 level TL2
Shadow price on
vegetable knowledge 62.13 58.64 54.81
Shadow price on
savings o) 0 o
Shadow price on
vegetable land o) (o) (o)
Shadow price on
hilly land 30.02 16.32 16.32
Shadow price on
valley land 15.29 95,19 182.83 .
Labor hours sold
locally 3546 3453 3341
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Table A3, Optimal solutions under resource set 2A of
Category 12

Cxop Crop Crop
Variable knowledge knowledge knowledge
level TL1 level TL2 level TL3

Optimal solution

number 7 8 9
Total income 486.17 497.14 506.10
Crop income 73.23 120.76 88.39
Migratory labor

sale income 93.20 93.20 93.20
Local labor sale

income 319.75 283.18 324.51
Total labor hours

hired (o) 0] (o)
Total hours used on

crop activities 163 649 99
Ha. of potatoes, V, 4 0.0691
- Ha. of potatoes,

HV, 3 0.0170
na. of potatoes,

HY, 2 0.1133
Ha. of milpa, V, 3 0.4905
Shadow price on

potato land 0 : 0] 8]

2Semi-variable resources are fixed at the levels: Q50 sav-
ings; a low level of vegetable knowledge, and one hectare of potato
land. Semi-fixed variables are: 1 ha of crop land; no credit;
10 hired laborers available.
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Table A3. (continued)

Crop Crop Crop
Variable knowledge knowledge knowledge
level TL1 level TL2 level TL3
Shadow price on
vegetable knowledge 31,07 . 27.14 20.71
Shadow price on
savings 1.22 1.36 1.62
Shadcw price on
vegetable land (0 0 0]
Shadow price on
hilly land o 0] o
Shadow price on :
valley land ' 0 8.21 0

Labor hours sold
locally 4263 3777 4326
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Table A4. Optimal solutions under resource set 2B of

Category 12

Crop Crop Crop
Variable knowledge knowledge knowledge
level TL1 level TL2 level TL3

Optimal solution

number 10 11 12
Total income 608.22 632.92 668 .00
Crop income 219,69 265.57 265.57
Migratory labor

sale income 93.20 93.20 93.20
Local labor

sale income 295,34 274.15 309.63
Total laborx

hours hired 0 o ¢
Total hours used on

crop activities 488 770 298
Ha. of potatoes,

v, 4 0.2072
Ha. of potatoes, :

HV, 3 0.1839
Ha. of potatoes

HV, 2 : 0.3400
Ha. of milpa, V, 3 0.3970
Shadow price on

potato lanc o] o o)

aSemi—variable resources are fixed at the levels: Q150 sav-
ings; a low level of vegetable knowledge; one hectare of potato
land. Semi-fixed resources are:
10 hired laborers available.

1 ha of crop land; no credit;
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Table A4. (continued)

Crop Crop Crop
Variable knowledge. knowledge knowledge
level TL1 level TL2 level TL3
Shadow price on
vegetable knowledge 31.07 27.14 20.71
Shadow price
on savings 1.22 1.36 1.62
Shadow price on ,
vegetable land (o) 0 o
Shadow price on
hilly land 0 0 0
Shadow price on
valley land 0O 8.21 (o)
Labor hours
sold locally 3938 3656 4128
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Table A5. Optimal solutions under resource set 3A of
Category 12

Crop Crop Crop
Variable knowledge knowledge knowledge
level TL1 level TL2 level TL3

Optimal

solution numbex 13 14 15
Total income 517.24 523.01 526.81
Crop income 119.85 148.59 127.13
Migratory labor

sale income 93.20 93.20 93.20
Local laborx

sale income 304.19 281.22 . 306.48
Total labor hours

hired - 0 0 0
Total hours used on

crop activities 370 676 340
Ha. of green onicns C.0437 0.0437 0.0437
Ha. of potatoes, V, 4 : 0.0332
Ha. of potatoes,

HV, 2 0.0544
Ha. of milpa, V, 3 0.3013
Shadow price on

potato land (o) 0] o)
Shadow price on

vegetable knowledge 31.07 24,82 20.71

3Semi-variable resources are fixed at the levels: Q50 sav-
ings; a high level of vegetable knowledge; 1 ha of potato land.
Semi-~fixed resources are: 1 ha of crop land; no credit; 10 hired
laborers available.



Table A5. (continued)

Crop Crop Crop
Variable knowledge knowledge knowledge
level TL1 level TL2 level TL3
Shadow price
on savings 1.22 1.46 1.62
Shadow price on
'vegetable land 0 (o] 0
Shadow price on
hilly land 0 0 o
Shadow price on
valley land 0o (0] 0]
Labor hours
sold locally 4056 3750 4086




326

Table A6. Optimal solutions under resource set 3B of

Category 12

Crop Crop Crop
Variable knowledge knowledge knowledge
level TL1 level TLZ level TL3

Optimal solution

numbex 16 17 18
Total income 639,29 | 660.06 688.71
Crop income 266.31 308.39 303.91
Migratoxy labor

sale income 93,20 93.20 93.20
Local labor

sale income 279.78 258,47 291.60
Total labor

hours hired 0 0 (0]
Total hcurs used on

crop activities 695 537 538
Ha. of green onions 00,0437 0.0437 0.0437
Ha. of potatoes, V, 4 0.1713
Ha. of potatoes, HV, 3 0.1463
Ha. of potatoes, HV, 2 0.2810
Ha. of milpa, V, 3 0.3744
Shadow price on

potato land 0 0 o

a - . .
Semni-variable resources are

fixed at the levels:

Q150 sav-

ings; a higher level of vegetable knowledge; one hectare of potato
1 ha of crop land, no credit;

land.

Semi-fixed resources are:

10 hired laborers available,



327

Table A6. (continued)

Crop Crop Crop
Variable knowledge knowledge knowledge
level TL1 level TL2 level TL3
Shadow price on
vegetable knowledge 31.07 27.14 (0]
Shadow price on
savings 1.22 1.36 1.62
Shadow price on
vegetable land (0] 0 473.82
Shadow price on
hilly land 0 o o
Shadow price on
valley land (o) 8.21 o}
Labor hours
sold locally 3731 3446 3888
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Table A7. Optimal solutions under resource set 4,
Category 22

Crop Crop Crop
Variable knowledge knowledge knowledge
level TLO level TL1 level TL2

Optimal solution

numbexr 19 20 21
Total income 446,68 478.99 521,56
Crop income 87.50 126.82 178.26
Migratory labor

sale income 93.20 93.20 93.20
Local labor

sale income 265.98 258.98 250.50
Total labor

hours hired 0 0 0]
Total hours used on

crop activities 880 973 1087
Ha. of wheat, V, 3 _ 0.500
Ha. of wheat, HV, 2 0.7143
Ha. of corn alone,

vV, 4 0.500
Ha. of milpa, V, 1 - 0.2857
Ha. of milpa, H, 2 0.500 0.500

2Semi-variable resources are fixed at the levels: zero
hectares of potato land and a low level of vegetable knowledge.
Semi-fixed rescurces are: 1 ha of crop land; Govermment credit;
Q50 savings; 10 hired laborers available,
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Table A7. (continued)

: Crop Crop Crop
Variable knowledge knowledge knowledge
level TLO level TL1 level TL2

Shadow price on

potato land 667.19 704.55 742.36
Shadow price on

vegetable knowledge 60.88 57.61 53.85
Shadow price

on savings _ .05 .05 : .05
Shadow price on

vegetable land 0 0 O
Shadow price on

hilly land 23.78 13.64 13.64
Shadow price on

valley land 14.28 89.04 174.98
Labor hours

sold locally 3546 3453 3341

Total amount of
borrowed capital 22,56 38,27 55,31
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Table A8. Optimal solutions under resource set 5,
Category 22
Crop Crop Crop
Variable knowledge knowledge knowledae
level TL1 level TL2 level TL3

Cptimal solution

number 22 23 24
Total income 891.61 1098.63 1120.72
Crop income 565.90 777 .59 802.76
Migratory labox

sale income 93.20 93.20 93.20
Local labor

sale income 232,52 227.86 224,76
Total labor

hours hired o 0 0
Total hours used on

crop activities 1326 1387 1430
Ha. of potatoes, V, 4 0.1755
Ha. of potatoes, HV, 3 0.7768 0.5794
Ha. of potatoes, HV, 2 0.8772
Ha. of wheat, V, 3 0.1228
Ha. of corn alone, V, 4 0.0650
Ha. of milpa, H, 2 0.1582 0.2451
Shadow price on

potato land 0 0] 0

potato land and a low level of vegetable knowledge.

aSemi—varia‘ble resources are fixed at the levels 1 ha of

Semi-fixed

resources are: 1ha of crop land; Govermment credit; Q50 savings;
10 hired laborers available.
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: Crop Crop Crop
Variable knowledge knowledge knowledge
level TL1 level TL2 level TL3
Shadow price on
vegetable knowledge 60.89 53.85 39.00
Shadow price
on savings 0.05 1.20 0.91
Shadow price on
vegetable land 0 (0] o)
Shadow price on
hilly land 764.11 13,64 13.64
Shadow price on
valley land 14.28 174.98 514.98
Labor hours
sold locally 3100 3039 2996
Total amount of
borrowed capital 352,14 468,68 463.12




332

Table A9. Optimal solutions under resource set 6,
Category 22

Crop Crop Crop

Variable knowledge xnowledge knowledge
level TL1 level TL2 level TL3

Optimal solution _

number 25 26 27
Total inmcome 949,22 1145.16 1154.27
Crop income 643.64 843.20 ' 853.60
Migratoxy labor

sale income 93.20 93.20 93.20
Local labor

sale income 212,38 208.75 207 .47
Total laborxr

hours hired 0 o o
Total hours used on

crop activities 1595 1642 1659
Ha. of green cnions 0.0437 0.0437 0.0437
Ha. of potatoes, V, 4 : 0.0724
Ha. of potatoes, HV, 3 0.7669 0.6855

Ha. of potatoes, HV, 2 0.8772

Ha. of wheat, V, 3 0.0791
Ha. of corn alone, V, 4 0.0268
Ha., of milpa, H, 2 : 0.1626 0.1984

3semi-variable resources are fixed at the levels 1 ha of
potato land and a high level of vegetable knowledge. Semi-fixed
resources are: 1 ha of crop land; Govermnment credit; Q50 sav-
ings; 10 hired laborers available.



Table A9. (corntinued)
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Crop

Crop Crop
Variable knowledge knowledge knowledge
level TL1 level TL2 level TL3
Shadow price on
potato land o 0 0
Shadow price on
vegetable knowledge 57.61 23,87 16.72
Shadow price , .
on savings 0.05 1.20 0.91
Shadow price on
vegetable land 0 o) o
Shadow price on
hilly land 838.88 13.64 13.64
Shadow price on
valley land 89.04 174.98 514,98
Labor hours .
sold locally 2831 2784 2767
Total amount of
borrowed capital 372.77 482.57 480.27
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Table A10. Optimal solutions under resource set 7, Category 32

Cxrop Crop Crop
Variable knowledge knowledge knowledge
level TLO level TL1 level TL2

Optimal solution

number 28 29 30
Total income 482,12 573.37 698.09
Crop income 216,92 302.82 420,59
Migratory labor

sale income 93.20 93.20 93.20
Local labor

sale income 172.00 177.35 184.30
Highest shadow price .

and quarter it 0.023 0.026 0.026

occurs for labor

hours hired 4th Qr. 4th Qr. 4th Qr.
Total hours used on

crop activities 2132 2062 1968
Ha. of wheat, V, 3 1.5000
Ha. of wheat, HV, 2  2.1429
Ha. of corn alone, V, 4 1.5000

Ha., of corn alone, V, 2 0.8549
Ha. of milpa, V, 1 0.0022

Ha. of milpa, H, 2 . 0.8909 0.5843

2Semi-variable resources are fixed at the levels zero hec-
tares of potato land, and a low level of vegetable knowledge.
Semi-fixed resources are: 3 ha of crop land; Govermment credit;
050 savings; O hired laborers available.
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Crop Crop Crop
Variable knowledge knowledge knowledge
level TLO level TL1 level TLZ
Shadow price on
potatc land 674,36 717.67 754.26
Shadow price on
vegetable knowledge 61.34 57.95 54.31
Shadow price on
savings 0.05 0.05 0.05
Shadow price on
vegetable land 0 (0] 0]
Shadow price on
hilly land 18.39 o o
Shadow price on
valley land 3.70 81.30 164.45
Labor hours sold
locally 2294 2364 2458
Total amount of
borrowed capital 185.09 182.19 216.89
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Table All., Optimal solutions under resource set 8, Category 32

. Crop Crop Crop
Variable knowledge mowiedge knowledge
level TL1 level TLZ2 level TL3
Optimal solution
number 31 32 33
Total income 1052.07 1452.34 1669.11
Crop incomne 876.00 1296.10 1522.04
Migratoxry labor
sale income 93.20 93.20 93.20
Local labor
sale income 82.87 63.04 53.88
Highest shadow price o} 0.026 0.036
and quarter it occurs All
for labor hours hired quarters 4th QOr. 2nd Qr.
Total hours used on
crop activities 3322 3586 3707
Ha. of potatoes, V, 4 1.0000
Ha. of potatoes, HV, 2 1.0000
Ha. of potatoes, HV, 2 1.0000
Ha. of wheat, V, 3 1.0700
Ha. of corn alone, V, 4 00,9400 0.5000
Ha., of milpa, H, 2 0.9300 1.0166 1.3420

aSemi-variable resources are fixed at the levels 1 hectare

of potato land and a low level of vegetable knowledge.
3 ha of crop land; Government credit, Q50 savings;

resources are:
O hired laborers available.

Semi-fixed
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Crop Crop Crop
Variable knowledge knowledge knowledge
level TL1 level TL2 level TLZ
Shadow price on
potato land 470.39 754.26 942,25
Shadow price on
vegetable knowledge 57.61 54.31 47.82
Shadow price on
savings 0.05 0.65 0.05
Shadow price on
vegetable land o) 0] 0]
Shadow price on A
hilly land 13.64 o (0]
Shadow price on
valley land 89.04 164.45 166.32
Labor hours sold
locally 1104 840 719
Total amount of
borrowed capital 572.63 795.74 824,22




Table Al12, Optimal solutions under resource set 9, Category 32

Crop Crop Crop
Variable knowledge knowledge knowledge
level TLI level TL2 level TL3

Optimal solution

number 34 35 36
Total income 1i07.06 1560.80 1716.93
Crop income 930.91 - 1322,.15 1542.,57
Migratory labor

sale income 93.20 93.20 93,20
Local labor

sale income 82.96 85.44 81.17
Highest shadow price

and guarter it 0.036 0.036 0.036

occurs for labor

hours hired 2nd Qr. 2nd Qr. 2nd Qr. .
Total hours used on

crop activities 3321 3287 3344
Ha. of green onions 0.0437 0.0437 0.0437
Ha. of potatoes, V, 4 A 1,0C000
Ha. of potatoes, HV, 3 1.0000

Ha. of potatoes, HV, 2 1.0000

Ha. of wheat, V, 3 1.0265
Ha. of corn alone, V, 4 0.8963 0.4563
Ha. of milpa, H, 2 0.7384 0.6208 0.9000

aSemi—variable resources are fixed at the levels 1 hectare of
potato land and a high ievel of vegetable kncwiedgs. Semi-fixed
resources are: 3 ha of crop land; Govermmen® credity 250 savingss
0 hired laborers available.
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Crop Crop Crop
Variable knowledge knowledge knowledge
level TL1 level TL2 level TL3
Shadow price on
potato land 453,64 726.11 942.25
Shadow price on
vegetable knowledge 51,46 47.82 47.82
Shadow price
on savings 0.05 0.05 0.05
Shadow price on
vegetable land 0 0 0]
Shadow price on
hilly land o 0 o
Shadow price on
valley land 83.05 166.32 166.32
Labor hours
sold locally 1105 1139 1082
Total amount of
borrowed capital 582.99 819.68

793.68
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Table Al13. Optimal solutions under resource set 10, Catégory 32

‘ Crop Crop Crop
Vaxiable knowledge knowledge knowledge
level TL1 level TL2 level TL3
Optimal solution
number 37 38 39
Total income 1375.55 1081.,04 2291.51
Crop income 1148.08 1753.56 2064.04
Migratory labor
sale Income 93.20 93.20 93.20
Local laboxr
sale income 134,28 134.28 134.28
Highest shadow price
and quarter it 0.713 1.17 0.66
occurs for labor
hours hired 2nd Qr. 2nd Qr. 2nd Qr.
Total hours used on
crop activities 2636 2636 2636
Ha. of potatoes, V, 4 1.0731
Ha. of potatoes, HV, 3 i.8354 0.7623
Ha. of potatoes, HV, 2 1.8354
Shadow price on
potato land (0] o) o)
Shadow price on
vegetable knowledge 0 0 0

2Semi-variable resources are fixed at the levels 3 hectares
of potato land and a high level of vegetable knowledge. Semi-fixed
resources are: 3 ha of crop land; Government credit; Q50 savings;

O hired laborers available.
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Crop Crop Crop
Variable knowledge knowledge knowledge
level TL1 level TL2 level TL3
Shadow price
on savings 0.05 0.05 0.05
Shadow price on
vegetable land (0] (o) 0
Shadow price on
hilly land 0 o o
Shadow price on
valley land 0 0 657.54
Labor hours sold -
locally 1790 1790 1790
Total amount of
borrowed capital 759.84 1131.38 1217.39
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Table Al4, Optimal solutions under resource set 11, Category 4°

: ' Crop Crop Crop
Variable knowledge knowledge knowledge
level TLO level TL1 level TL2
Optimal sclution :
nunber 40 41 42
Total income 484,63 581.38 703.76
Crop income 249.31 352,12 455,52
Migratoxy labor
sale income 93.20 93.20 93.20
Local labor sale
income 142.13 136.05 155.04
Total lzbor
hours hired 108, 4th Qr. 307, 4th Qr. 217, 4th Qr.
Total hours used on
crop activities 2531 - 2612 2358
Ha. of wheat, V, 3 1.5000
Ha. of wheat, HV, 2 2.1429
Ha. of corn alone, V, 4 1.5000
Ha. of milpa, V, 1 0.8571
Ha. of milpa, H, 2 1.5000 1.0159
Shadow price on
potato land 667 .48 705.03 770.16

2Semi-variable resources are fixed at the levels zero hectares
of potato land and a low level of vegetable knowledge. Semi-fixed
resources are: 3 ha of crop land; Govermment credit; Q50 savings;
10 hired laborers available.
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Crop Crop Crop
Variable knowledge knowledge knowledge
level TLO level TL1 level TL2
Shadow price on
vegetable knowledge 60.90 57.62 55.55
Shadow price on
savings 0.05 0.05 0.30
Shadow price on
vegetable land 0 (o) 0
Shadow price on
hilly land 23.56 13.i4 0
Shadow price on
valley land 13.84. 88.76 136.06
Laboxr hours soid
locally 1895 1814 2068
Total amount of
borrowed capital 167.67 214.81 240.00




Table Al5. Optimal

solutions under resource set 12, Category 42

Crop Crop Crop
Variable knowledge knowledge knowledge
level TL1 level TL2 level TL3

Optimal solution

number 43 44 45
Total income 1052.07 1453.91 1671.14
Crop income 876.00 1299.62 1530.99
Migratory labox

sale income 22.20 93.20 93.20
Local labox

sale income 82.87 60.09 46,95
Total labor

hours hired 0 22, 4th Qr. 73, 4th Qr.

& 58, 2nd Qr.

Total hours used on

crop activities 3322 3625 3800
Ha. of potatoes, V, 4 1.0000
Ha. of potatoes, HV, 3 1.0000
Ha. of potatoes, HV, 2 1.0000
Ha. of wheat, V, 3 1.0700
Ha. of corn alone, V, 4 0.9400 0.5000
Ha. of milpa, H, 2 0.9300 1.0600 1.5000

aSemi-varia;b,le resources are fixed at the levels one hectare
of potatec land and a low level of vegetable knowledge. Semi-fixed
resources are: 3 ha of crop land; Govermment credit; Q50 savings;
"10 hired laborers available.
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Crop Crop Crop
Variable knowledge knowledge knowledge
level TL1 level TL2 level TL3
Shadow price on :
potato land 470.39 742.80 260,59
Shadow price on
vegetable knowliedge 57.61 53.87 53.71
Shadow price
on savings 0.05 0.05 0.05
Shadow price on
vegetable land 0 (o) o)
Shadow price on
hilly land 13.64 i3.14 12.78
Shadow price on :
valley land 89.04 174.59 174.36
Labor hours sold .
locally 1104 801 626
Total amount of
borrowed capital 572.63 798.07 832,68
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Table Al6. Optimal solutions under resource set 13, Category 4;

Crop Crop Crop
Variable knowledge knowledge knowledge
level TL1 level TL2 level TL3
Optimal solution _
number 46 47 48
Total income 1105.61 1506.63 1724.85
Crop income 948.45 1362,01 1593.30
Migratory labox
sale income 93.20 93.20 93.20
Local labor sale
income 67.96 51.41 38.35

Total labor hours
hired 70, 2nd Qr. 160, 2nd Qr. 218, 2nd Qr.
5, 4th Qr. 56, 4th Qr.

Total hours used on

crop activities 3520 3741 3915
Hz. of green onions 0.0437 0.0437 0.0437
Ha. of potatoes, V, 4 ' i 1.0000
Ha. of potatoes, HV, 3 1.0000

Ha. of potatoes, HV, 2 1.0000

a. of wheat, V, 3 1.0263
Ha. of corn alone, V, 4 0.8963 0.4563
Ha., of milpa, H, 2 - 0.9300 1.0600 1.5000

2Semi-variable resources are fixed at the levels one hectare
of potato land and a high level of vegetable knowledge. Semi-fixed
resources are: 3 ha of crop land; Government credit; Q50 savings;
10 hired laborers available.



Table Al6. (continued)

Crop Cxop Crop
Variable knowledge knowledge knowledge
level TL1 level TL2 level TL3 .
Shadow price on
potato land 469.94 742.36 960.59
Shadow price on _
vegetable knowledge 57.44 53,71 53.71
Shadow price on
savings 0:05 0.05 0.05
Shadow price on
vegetable land 0 0] 0]
Shadow price on
hilly land 13.28 12.78 12,78
Shadow price on
valiey land 88.88 174.36: 174.36
Labor hours sold
locally 906 685 511
Total amount of ,
borrowed capital 593.25 817.21 851.82
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Tabie Al7. Optimal solutions under resource set 14, Category 42

Crop Crop Crcp
Variable knowledge knowledge knowledge
level TL1 level TL2 level TL3
Optimal solution
number 49 - 50 51
Total income 1818.62 2324.63 2420.50
Crop income 1623.14 2160.31 2270.15
Migratory labor sale
income 93.20 93.20 93.20
Local labox
sale incomne 102.30 71.11 57.15

Total labor
hours hired 635, 2nd Qr. 508, 2nd Qr. 512, 2nd Qr.
281, 1st Qr. 117, 1st Qr. 106, 1st Qr.

Total hours used on

crop activities 3062 3478 3664
Ha. oxX potatoes, V, 4 - 0.7615
Ha. of pctatoes, HV, 3 2.1751 1.3187

Ha. of potatces, HV, 2 2.6316

Ha. of wheat, V, 3 0.3684
Ha. of corn alone, V, 4 0.2820
Ha. of milpa, H, 2 0.5429 .0.9198

Shadow price on
potato land 0 o) 0]

3Semi-variable resources are fixed at the levels three hectares
of potato land and a low level of vegetable knowledge. Semi-fixed
resources are: 3 ha of crop land; Govermment credit; Q50 savings;
10 hired laborers available..
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Table Al7. (continued)

Crop Crop Crop
Variable knowledge knowledge knowledge
level TL1 level TL2 level TL3
Shadow price on
vegetable knowledge 62.65 56.27 41.42
Shadow price
on savings 0.05 1.20 0.91
Shadow price on
vegetable land (o) 0 (0]
Shadow price on
hilly land 776.79 13,07 13,07
Shadow price on ‘
valley land 28.83 174,63 ’ 514.66
Labor hours '
sold locally 1364 948 762

Total amount of
borrowed capital 1156.44 1423.37 1399.26
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Table A18. Optimal solutions under resource set 15, Category 42

Crop Crop Crop
Variable knowledge knowledge knowledge
level TL1 level TL2 level TL3
Optimal solution
number 52 53 54
Total income .- 1876.05 2378.30 2459.32
Crop income 1686.98 2219.,95 2312.77
Migratory labor
sale income 93.20 93.20 93.20
Local labor
sale income 95.89 65.14 53.34

Total labor
hours hired 799, 2nd Qr. 669, 2nd Qr. 672, 2nd Qr.
300, ist Qr. 135, 1st Qr. 126, 1lst Qr.

Total hours used on

crop activities 3148 3557 3715
Ha. of green onions 0.043? C;O437 0.0437
Ha. of potatoes, V, 4 | 0.6435
Ha. of potatoes, HV, 3 2.1750 -1.4514

Ha. of potatoes, HV, 2 2.6316

Ha. of wheat, V, 3 0.3247
Ha. of corn alone, V, 4 '0.2383
Ha. of milpa, H, 2 0.5430 0.8614

2Semi-variable resources are fixed at the leveis 3 hectarxes
of potato land and a high level of vegetable knowledge. Semi-fixed
resources are: 3 ha of crop land; Government credit; QSO savinasg
10 hired laborers available. :
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Table Al8. (continued)

Crop : Crop Crop

Variable knowiedge knowledge knowledge

' level TL1 level TL2 level TL3
Shadow price on .

potato land 0 (0] (0]
Shadow price on

vegetable knowledge 57.432 53.07 38.82
Shadow price

on savings 0.05 1.20 _ 0.91
Shadow price on .

vegetable land 0 0 (o]
Shadow price on

hilly land 836,75 13.07 13,07
Shadow price on

valley land 88.79 174.63 514.66
Labor hours

sold locally 1278 869 711

Total amount of .
borrowed capital 1177.06 1442.50 1422.13
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Table Al9. Optimal solutions under resource set 16%

Crop Crop Crop
Variable knowledge knowledge knowledge
level TLO level TL1 level TL1

Optimal solution

number 55 56 57
Total income 314.72 335.03 339.35
Crop income 115,66 136.79 141.12
Migratory labor

sale income 93.20 93.20 93.20
Local labor

sale income 105.87 105.04 105.04
Total labor hours .

hired 0 o . (0]
Total hours used on

crop activities 1444 1344 1344
Ha. of late beets 0.0254
Ha. of milpa, V, 2 0.5000 0. 5000
Ha. of milpa, V, 1 0.4746
Ha. of milpa, H, 2 0.5000 0.3692 0. 5000
Ha. of milpa, H, 1 0.1308
Shadow price on

potato land 771.67 189.58 770.27
Shadow price on

vegetable knowledge 81.82 52.46 77.92

®Resource levels are held constant at: 1 ha of crop landj;
O ha of potato land; 10 hired laborers available; a locw level of
vegetable knowledge; and Q50 savings. The amount of local labor
sales is restricted in these solutions.



Table Al9. (continued)

Crop Crop Crop
Variable knowledge knowledge knowledge
level TLO level TL1 level TL1
Shadow price
on savings 0.002 1.13 0.05
Shadow price on
vegetable land 0 (0] 0
Shadow price on
hilly land 84.00 23.71 81l.44
Shadow price on
valley land 78.32 66,65 125,36
Labor hours
sold locally 353 350 350
Total amount of 0.00 No credit 4,02

borrowed capital




Table A20. Optimal solutions under resource set 162

Crop Crop
Variable knowledge knowledge
level TLO level TL1

Optimal solution

numbex 58 59
Total income 445,65 504 .66
Crop income 290,23 363.36
Migratory labox

sale income 93.20 93.20
Local labor sale income 62,22 48.10
Total labor hours hired 376 436
Total hours used on

crop activities 3142 3273
Ha. of wheat, HV, 2 0.7852
Ha., of milpa, V, 2 1.5000
Ha., of milpa, V, 1 1.2645
Ha. of milpa, H, 2 0.9503 1.2751
Shadow price on

potato land 1266.81 1867.46
Shadow price on

vegetable knowledge 74.57 47 .50
Shadow price

on savings 0.012 0.58

aResource levels are held constant at: 3 ha of crop land;
0O ha of potato land; 10 hired laborers available; a low level of
vegetable knowledge; Q150 savings; and no access to credit. Local
labor sales are restricted in these solutions.
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Crop Crop -
Variable knowledge knowledge
level TLO level TL1i
Shadow price con
vegetable land 0 e)
Shadow price on
hilly land 57.63 o
Shadow price on
valley land 53.20 43,82
Labor hours sold
locally 830

641
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Table A21, Optimal solutions under resource set 16>

Crop Crop
Variable knowledge knowledge
level TLO level TL1

Optimal solution

numbexr ' 60 61
Total income 441.10 523.18
Crop income 292,55 355.58
Migratory labor .

sale income 93.20 53.20
Local labor sale

income 55.35 74.40
Total labox

hours hired 430 . 337
Total hours used on

crop activities 3325 . 3071
Ha. of wheat, V, 3 1.3060
Ha., of wheat, HV, 2 « 5085
Ha. of milpa, V, 2 «2000
Ha. of milpa, V, 1 1.3475
Ha. of milpa, H, 2 1.1440 1.5C00
Shadow price on

potato land 104,30 131,04
Shadow pxice on

vegetable knowledge 72.54 73.49

2Resource levels are held constant at: 3 ha of crop land;
0 ha of potato land; 10 hired laborers available; low level of
vegetable knowledge; Q50 savings; and Government credit. The
amount of local labor sales is restricted in these solutions.
Potato price of Q2.75/qq. was used in this solution. This is why
the shadow price on potato land is lower than usual.
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Crop Crop
Variable knowledge knowledge
level TLO level TL1
Shadow price
on savings 0.05 0.05
Shadow price on
vegetable land 0 o
Shadow price on
hilly land 53.03 63.19
Shadow price on
valley land 49,64 107.66
Labor hours
sold locally 738 992
Total amount of
borrowed capital 86.22 201.10
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Table A22. Optimal solutions under resource set 16

Crop Crop
Variable knowledge knowledge
level TLO level TL1

Optimal solution

numbex 62 63
Total income 479,73 552.76
Crop income 290.23 215,98
Migratory labor

sale income 93.20 93.20
Local labor sale :

income 96.29 243,58
Total labor hours

hired 376 o)
Total hours used on

crop activities 3142 1179
Ha. of wheat, V, 3 0.9969
Ha. of wheat, HV, 2 0.7852
Ha. of milpa, V, 2 0.5031
Ha. of milpa, V, 1 1.2644
Ha. of milpa, H, 2 ' 0.9504
Shadow price on ,

potato land 602,99 499.38
Shadow price on

vegetable knowledge 57.22 49,55

2Resource levels are constant at: 3 ha of cropland; 10 hired
laborers availabie; O ha of potato land; a low level of vegetable
knowledge; no credit; and Q150 savings. Local labor sales are not
restricted in this solution.
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Crop Crop
Variable knowledge knowledge
level TLO level TL1
Shadow pxrice
on savings 0.196 0.441
Shadow price on
vegetable land (o) o)
Shadow pxice on
hilly land 5.30 o
Shadow price on
valley land 10.86 41.02
Labor hours sold
locally 1284 3247
Total amount of
borrowed capital No credit No credit
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APPENDIX B: THE LINEAR PROGRAMMING MODEL



Table B=l. Identification number, type, name, unit, RHS value and description of the rows

Identifia Row™ Row nameb Unit® RHSd Row description
cation type value
numbex ,
1 N INOOME 1 Quetzal =€ Objective function to be maxi-
mized
2 L CHT1* 1 hour 1st quarter hours available for
: crop activities
3 ‘L CHT2#% 2nd quarter hours available for
crop activities
4 L CHT3#* 3rd quarter hours available for
crop activities
5 L . CHT4* 4th quarter hours available for

cxop activities

%Row types are N, L, E, Go N identifies the function to be optimized. L means maxi-
mum restraint (less than or equal to). E means equality restraint. G means minimum re-
straint (greater than or equal to).

bStarred row names belong to transfer rows. The numbers 1, 2, 3, 4 refer to quarters
of the year,

®Blank means that the unit in the previcus row applies. For example, 1 hour is the
unit for rows 2 through 17.

, dRHS values are the right-hand-side values in the equations that make up the matrix.
All transfer rows have a zero (blank) value. A star indicates that the value given here

was subject to parametric variation. All RHS values given here are for Solution 54. RHS
values for other sclutions are given in Chapters V and VI.

®boes not apply.
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Table B-1l. (continued)

Identifi- Row - Row name Unit RHS Row description
cation type value
nunbex
6 L THA1¥ Total hours available in 1lst
quarter
7 L THA2* Total hours available in 2nd
quarter
8 L THA3* Total hours available in 3xd
quarter
9 L THA4 * Total hours available in 4th
quarter
10 L FTAl 632 Farmer time available :in 1lst
quarter
11 L FTA2 632 Farmer time available in 2nd
quarter
12. L FTA3 624 Farmer time available in 3rd
quarter
13 L FTA4 616 Farmer time available in 4th
‘quarter
14 L FEAl 695 Family ""farmexr equivalent!" time,

1st quarter

15 L FEA2 695 Family "farmer equivalent" time,
2nd gquarter .
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Table B-1l. (continued)

Identifi- Row Row name Unit RHS Row description

cation type value

number

16 L FEA3 686 Family "farmer equivalent" time,
3rd quartex

17 L FEA4 678 Family "farmer equivalent" time,
4th quarter

18 L MD3 208 hours 416 Migfatory demand for farmer
time, 3rd quarter

19 L MD4 416 Migratory demand for farmex
time, 4th quarter

20 L LD1 1 houz 1327 Local demai.d for farmer and
family labor, 1lst quarter

21 L LD2 1327 Local demand for farmer and
family labor, 2nd quarter

22 L LD3 1310 Local demand for farmer and
family labor, 3rd quarter

23 L LD4 1294 Local demand. for farmex and
family labor, 4th quarter

24 L FL 1 hactare 1.5% Flat or valley land

25 L ML 1.5% Mountainside or hilly land
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Table B-1l. (continued)

Identifia- Row Row name Unit RHS | Row description

cation type . value

number

26 L VL 0.0437% 'Vegetable land

27 L | CNT#* " 1 quintal Corn transfexr row

28 £, BNT* Bean transfer row

29 L HT* Haba transfer row

30 L GAT* 1 squash Guicoy or Ayote transfer row
31 L CHT* 1 gouxd : Chilacayote transfer row
32 L PT#* 1 quintal Potato transfer row

33 L WT* Wheat transfer row

34 L EBT* 1 dozen Early beet transfer row
35 L LBT* 4 Later beet transfer row
36 L GOT* 1000 onions Green onion transfer row
37 L ECT#* 1 dozen Early carrot transfer row
38 L LCT*

Later carrot transfer row

39 L MLCM | 1 Quetzal 240% Maximum loan for corn and milpa
: : ' production
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Table B-1l. (continued)

Identifi- Row Row name Unit RHS Row description

cation type value

number

40 L MLW 330% Maximum loan for wheat production

41 L MLP 1350% Maximum loan for potato produc-
tion

42 L MLV 19,.65% Maximum loan for vegetable
production

43 L MLH1 1 houx 6320% Maximum hours hired labor avail-
able, 1lst quarter

44 L MLH2 6320% Maximum hours hirec labor avail-
able, 2nd quarter

45 L MLH3 6240% Maximum hours hired labor avail-
able, 3rd quarter

46 L MLH4 6160% Maximum hours hired labor avail-
able, 4th quarter

47 L TKCM¥ 1 Quetzal Transfer row providing working
capital for corn and milpa

48 L TKW* Transfer row providing working
capital for wheat

49 L TKP* Transfer row providing working

capital for potatoes

s9¢



‘Table B-1. (continued)

Identifia Row Row name Unit RHS Row description
cation type value
nunbex
50 L TKV* Transfer row providing working
’ capital for vegetables
51 L TS 50% Total savings available
52 L CYLL o Accounting row for local labor
' ' sales income
53 ' L CYML 0 Accounting row for migratory
labor sales income
54 L CYC o Accounting row for crop sales
income
55 L TL.1 Level 1 3% Crop knowledge level TL1
56 L TL2 Level 2 3% Crop knowledge lewvel TL2
' |
57 L TL3 Level 3 3% Crop knowledge level TL3
58 L TLV Level V | 1* Vegetable knowledge level 1
(high)
59 L PTOL 1 hectarxe 3% Potato land available

99¢



Table B-2. Identification number, name, unit, objective function coefficient and
description of columns

Identifi-2 Columnb Unit® Objectived' Column description
cation name function
number coefficient
60 MH1 1 hectare -22.87 Milpa grown on hilly land requiring

very little working capital (cor-
responding description applies to
Columns 61 through 75)€

61 MH2 -53.56
62 MV1 -20.35
63 MV2 -54,47
64 MV3 | -79.66
65 - cv2 ‘ ~ =40.73

3Continuation of identification numbers in B-1.
bStarred column names belong to transfer activities.
“A blank means that the unit in the previous row applies,

dNegatiVe values are net cost of the activity; positive figures are revenue from the
activity; a zero (blank) value indicates that the cost-revenue of the activity is accounted
for somewhere else in the model or that the column is only an accounting activity.

eAccording to the following code: M = milpaj; C = corn alonej W = wheat; P = potatoes,
H = hilly land; V = valley land; HV = a combinaticn of hilly and valley land; 1 = very little
working capital; 2 = an intermediate amount of working capital; 3 = a high amount of working
capital; 4 = a very high amount of working capital.
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Table B-2. (continued)

Identifi- Column Unit Objective Column description
cation name function
number : coefficient
- 66 Ccv3 -77.82
67 cv4 «157 .04
68 "\ -78.33
69 WHV2 ~03.44
70 Wv3 , -122,98
71 wWv4 =203.59
72 PHV1 ' =206,06
73 PHV2 -441 ,23
74 - PHV3 -643.66
75 PV4 -723,81
76 EB .0437 hectares =23.29 Early beets
77 LB ’ -23,20  Later beets

78 | GO 26,00 Green onions

79 ECR ~16.43 Early carrots
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Table B-2. (continued)

Identifi-~ Column Unit . . Objective Column description
cation name function
number coefficient

80 I1.CR - - 16.43 Later carrots

81 SCN 1 cwt 3.30 Sell corn
82 SBN - 10.00 . Sell beans

83 SH : 10.00 Sell habas

84 SGA 1 squash 0.07 Sell guicoy and/or ayote squash
85 SCH 1 gourd 0.10 Sell chilacayote gourd

786 SP 1 cwt 4.75 Sell potatoes

87 Sw 5.75 Sell wheat

88 SEB 1 doz. 0.065 Sell early beets

89 SLB : 0,070 Sell latexr beets

90 _ SGO 1000 7.00 - Sell green onionns

91 : SEC 1 doz. 0.088 Sell early carrots

92 SLC 0.088 Sell later carrots

93 _ CH1* 1 hour Transfer column for total hours

available in 1st quarter
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Table B-=2. (continued)
Identifi- Column Unit Objective Column description
cation name function
number coefficient
94 CH2# Transfer column for total hours
available in 2nd quarter
95 CH3#% Transfer column for total hours
available in 3rd quarter
926 CH4* Transfer column for total hours
available in 4th quarter
97 UFT1 Use farmer time in 1lst quarter
98 UFT2 Use farmer time in 2nd quarter
99 UFT3 Use farmer time in 3rd quarter
100 UFT4 Use farmer time in 4th quarter
101 UFEl Use family "farmer equivalent" time
in 1st quartex
102 UFE2 Use family "farmer equivalent" time
in 2nd quarter
103 UFE3 Use family "farmer equivalent" time
in 3rd quarter
104 UFE4 Use family "farmer equivalent" time

in 4th quartexr
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Table B=2. (continued)

Identifi= Column Unit Objective Column description

cation name function

numbexr coefficient

105 HH1 - 0.076 Hire labor 1lst quarter

106 HH2 - 0.076 Hire labor 2nd quarter

107 HH3 - 0.076 Hire labor 3rd quarter

108 HH4 - 0.076 Hire labor 4th quarter

109 SMF3 23,30 Sell migratory labor 3rd quarter

110 SMF4 23.30' Sell migratory labor 4th quarter

111 SFT1 | 0.075 Sell farmer labor locally in lst
quarter

112 SFT2 0.075 Sell farmer labor locally in 2nd

. quarter

113 SFI3 0.075 Sell farmer labor locally in 3xd
quarter

il4 SFT4 0.075 Sell farmer labor locally in 4th
quarter

115 SFE1 0.075 Sell family labor locally in lst

quarter

TiE



Table B=2., (continued)

Identifi- ,Columh Unit Objective Column description

cation name function

number coefficient

116 SFE2 0.075 Sell family labor locally in 2nd
quarter

117 SFE3 0.075 Sell family labor locally in 3rd
quarter

118 SFE4 0.075 Sell family labox locally in 4th
quaxrter

119 BKCM 1 Quetzal -0.10 Borrow working capital for corn and
milpa activities

120 BKW -0,10 Borrow working capital for wheat
activities

121 BKP - =0,10 Boxrrow working capital for potato
activities

122 BKV ~0.10 Borrow working capital for vegetables
activities

123 ASCM -0,05 Allocate savings to corn and milpa
activities

124 ASW -0,05 Allocate savings to wheat activities

125 ASP =0.05 Allocate savings to potatoes activities
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Table B-2. (continued)

Identifi- Column Unit Objective Column description

cation name function

‘numbexr coefficient

126 ASV =005 Allocate savings toc vegetables
activities

127 AYLL Accounting activity for local labor
income

128 AYML Accounting activity for migratory
labor income

129 AYC Accounting activity for crop income

glLe
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Table B-3. Linear programming matrix®

Name Model 5

x
0
g
)

C
CHT1
CHT2
CHT3
CHT4
THAL
THAZ2
THA3
THA4
FTAl
FTAZ2
FTA3
FTA4
FEA1l
FEA2
FEA3
FEA4
MD3
MD4
LD1
LD2
LD3
LD4
FL
ML
VL
CNT
BNT
HT
L
CHT
PT
WT
EBT
LBT

aEalal sl kel el sl el ek ol ol 0 ol ol ol ol ol i ol ol ol el ol el el ol ol ol l ol e~

®In the RHS section of the matrix enly the vector for Solution
54 is reproduced. The RHS values for the other solutions are dis-
cussed and explained in Chapters V and VI,



Table B-3.

(continued)

375

Model 5

CYC

TL2
TL3
TLV
PTOL

el alalalalsi i i slial sl ol el ool ol ool ol ol ol ol u
2
Q
=

Columns

MH1
MH1
MH1
MH1
MH1
MH1
MH1
MH2
MH2
MH2

MH2
MH2
MH2
MV1
MV1

CHT2
CHT4
CHT
HT
CHT
CYC

CHT2
CHT4

HT

ol

CHT2

22.87000
364 .00000

504 ,00000

20.04000
1,43000
70.00000
88.45000
53.56000
364.00000
504 .00000
22.,90000
4 .30000

A~

7G .GGCG0
124 .60000
20.35000
369.00000

CHT1

CHT3

BNT
TKCM

CHT1
CHT3
ML
BNT
GAT
TKCM

CHT1
CHT3

206.00000
334.00000
1.00000
1.43000
137 .,00000
22,87000

206.,00000
334.00000
1.00000
4,30000
137 .00000
53.56000

147,.00000
325.00000



376

Table B-3. (continued)
Namc Model 5

MV1 CHT4 435.00000 FL 1.00000
MV1 CNT 22.90000 BNT 2.01000
MVi HT 2.01000 GAT 137.0C000
MV1 CHT 70.00000 TKCM 20.35000
MV1 Ccyc 112.061000 _

Mv2 C 54.47000 CHT1 147 .00000
Mv2 CHT2 369.C00C0 CHT3 325,00000
mv2 CHT4 435,00000 FL 1.00000
Mv2 CNT 50.52000 BNT 1.73000
Mv2 HT 1.73000 GAT 137.00000
MV2 CHT 70.00000 TKCM 54.47000
mMvz2 CYcC 163444000 L 1.000C0
Mv3 C 79.66000 CHT1 147 .00000
MV3 CHT2 369.00000 CHT3 325.00000
MV3 CHT4 435.00000 FL 1.00000
MV3 CNT 60.46000 BNT 3.98000
MV3 HT 3.98000 GAT 137.00000
MV3 CHT 70.00000 TKCM 79.66000
MV3 CYc 216.05000 TL2 1.00000
Cv2 C 40.73000 CHT1 112.00000
cv2 CHT2 231.00000 CHT3 32.60000
cv2 CHT4 309.00000 FL 1.00000
cv2z CNT 32.52000 TKCM 40.73000
cv2 CycC 66.59000

Cv3 C 77.82000 CHT1 112.000G0
Cv3 CHT2 231.00000 CHT3 32,00000
Ccv3 CHT4 389.00000 FL 1.00000
cv3 CNT - 50.38000 TKCM 77.82000
Cv3 CYC 88.43000 TL1 1.00000
cva C 157 .06000 CHT1 112.00000
cv4a CHT2 231.00000 CHT3 32.00000
cva CHT4 389.00000 FL 1.00000
Cva CNT 122.74000 TKCM .157.06000
cv4 cYc 247.98000 TL2 1.00000
WHV1 C 78 433000 CHT1 275.00000
WHV1 CHT2 387 .000C0 CHT4 344.00000
WHV1 FL +46000 ML -+ 54000
WHV1 wT 28.17000 TKW 78.33000
WHV1 Cyc 83.65000

WHV2 C 93.44000 CHT1 275.00000
WHV2 CHT2 160.00000 CHT4 286.00000
WHV2 FL «300CC ML « 70000
WHV2 WT 30.92000 TKW $3.44000
WHV2 (e 84.35000
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Table B-3. (continued)
Name Model 5

wv3 C - 122,98000 CHT1 92,00000
w3 CHT2 160.00000 CHT4 286.00000
Wv3 FL 1.00000 WT -  46,03000
Wwv3 TKW 122.98000 CYC 141.69000
wv3 TL1 1.00000

WV4 C - 203.59000 CHT1 92.0000C
wv4 CHT2 160.00000 CHT4 286.00000
wva FL 1.00000 WwT - = 67.08000
wv4 TKW 203.59000 CcYC 186.15000
wva TL2 1.00000

PHV1 C -  206.06000 CHT1 401.00000
PHV1 CHT2 458 .00000 CHT3 115,00000
PHV1 FL . 50000 ML « 50000
PHV1 PT -  45.80000 TKP 206.06000
PHV1 CcYc 11,49000

PHV2 C - 441.23000 CHT1 598.,00000
PHV2 CHT2 723.00000 CHT3 115.00000
PHV2 FL .43000 ML « 57000
PHV2 PT - 233,.58000 TKP 441 .23000
PHV2 CcYC 668 .28000 TL1 1.00000
PHV2 PTOL 1.00000

PHV3 C - 643.66000 CHT1 598.00000
PHV3 CHT2 723.00000 CHT3 115.00000
PHV3 FL . 56000 ML . 44000
PHV3 PT -  349.91000 TKP 643,66000
PHV3 CcYC 1018.41000 TL2 1.00000
PHV3 PTOL 1.00000

PV4 C - 723.81000 CHT1 598 .,00000
PV4 CHT2 723,00000 CHT3 115.00000
PV4 FL 1.00000 PT - 429.38000
PV4 TKP 723.81000 CYC 1315.75000
PV4 TL3 1.00000 PTOL 1.00000
EB C -  23.29000 CHT1 7 «00GO0
EB CHT2 184.00000 CHT3 38.00000
EB FL .04370 VL .04370
EB EBT - 399,00000 TKV 23.29000
EB CYC 2.65000

LB Cc - 23.29000 CHT2 157.00000
LB CHT3 73.00000 FL .04370
LB VL .04370 LBT - 399,00000
LB TKV 23,29000 CYC 4,64000
(co) C -  26.00000 CHT1 23.00000
(co) CHT2 171 .00000 CHT3 98.00000



Table B-3. (continued)
Name Model 5

GO FL «04370 VL +04370
eo] QT - 16.00000 TKV 26.00000
GO CYC 86,00000 TLV 1.00000
ECR C - 16.43000 CHT1 101.00000
ECR CHT2 117.00000 CHT3 84 ,00000
ECR FL «04370 VL .04370
ECR ECT - 500.00000 TKV 16.43000
ECR CYC 27.57000 TLV 1.,00000
LCR C - 16.43000 CHTZ2 201,00000
LCR CHTI3 89.00000 FL .04370
LCR VL «04370 LCT - 500.,00000
LCR TKV 16.43000 CcYC 27, 57000
LCR TLV 1.00000

SCN C 3.30000 CNT 1.00000
SBN C 10.05C00 BNT 1.00000
SH C 10.00000 HT 1.00000
SGA C «07000 GAT 1.00000
SCH C « 10000 CHT 1.00000
SpP C 4,75000 PT 1.00000
SwW C 5.75000 WT 1.00000
SEB C +06500 EBT 1,00000
SLB C « 07000 LBT 1.00000
SO C 7 « 00000 GOT 1.00000
SEC C «08800 ECT 1,.00000
SLC C .08800 LCT 1.00000
CH1 CHT1 - 1.00000 THA1 1.00000
CH2 CHT2 - 1.00000 THA2 1.00000
CH3 CHT3 - 1.00000 THA3 1.00000
CH4 CHT4 - 1.00000 THA4 1.00000
UFT1 THA1 - 1.00000 FTAL 1.00000
UFT2 THAZ2 - 1.00000 FTA2 1.00000
UFT3 THA3 - 1.00000 FTA3 1.,00000
UFT4 THA4 - 1.00000 FTA4 1.00000
UFE1 THA1 - 1.00000 FEAl 1.00000
UFE2 THA2 - 1.00000 FEA2 1.00000
UFE3 THA3 - 1.00000 FEA3 1.00000
UFE4 THA4 - 1.00000 FEA4 1.00000
HH1 C - « 07600 THAL - 1.00000
HH1 MLH1 1.00000 CYC - + 07600
HH2 C - 07600 THA2 - 1.00000
HH2 MLH2 1.00000 CcYC - 07600
HH3 C - +07600 THA3 - 1.00000
HH3 MLH3 1.00000 CYc - 07600
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Table B-3. (continued)
Name Model 5

HH4 C .07600 THA4 1.00000
HH4 MLH4 1.00000 CYC «07600
SMF3 C 23.30000 FTA3 208 ,00000
SMF3 MD3 208 .00000 CYML 23.30000
SMF4 C 23.30000 FTA4 208 .00000
SMF4 MD4 208.00000 CYML 23.30000
SFT1 C 07500 FTAL 1.00000
SFT1 LD1 1.00000 CYLL 07500
SFT2 C .07500 FTAZ2 1.00000
SFT2 LD2 1.00000 CYLL .07500
SFT3 C .07500 FTA3 1,00000
SFT3 LD3 1..00000 CYLL .07500
SFT4 C .07500 FTA4 1.00000
SFT4 LD4 1.00000 CYLL 07500
SFE1 C 07500 FEAl 1.00000
SFE1 LD1 1.00000 CYLL 07500 .
SFE2 C 07500 FEA2 1.00000
SFE2 LD2 1.00000 CYLL «07500
SFE3 C 07500 FEA3 1.00000
SFE3 LD3 1.00000 CYLL .07500
SFE4 C 07500 FEA4 1.00000
SFE4 LD4 1.00000 CYLL 07500
BKCM C .10000 MLCM - 1.00000
BKCM TKCM 1.00000 cYc .10000
BKW C . 10000 MLW 1.00000
BKW TKW 1.00000 CYC .10000
BKP C «10000 MLP 1.,00000
BKP TKP 1.00000 CcYC .10000
BKV o . 10000 MLV 1.00000
BKV TKV 1.00000 CYC .10000
ASCM - C 05000 TKCM 1.00000
ASCM TS 1.00000 CYC 05000
ASW C 05000 TKW - 1.00000
ASW TS 1.00000 CYC 05000
ASP C 05000 TKP 1.00000

_ ASP TS 1.00000 CcYC 05000
ASV C 05000 TKV 1.00000
ASV TS 1.00000 CYC -55000
AYLL CYLL 1.005000
AYML CYML 1.00000
AYC CYC - ©1.00000
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APPENDIX C: UNITS OF MEASURE



Table C-1,

382

Units of measure used in this study, their abbreviation
and equivalence

Units of measure Abbreviation Equivalence
Length:
Milimeter mm 0.03937 inches
Centimeter (=10 mn) cm 0.3937 inches
0.032808 feet
Meter (=100 cm) m 39.37 inches
3.280833 feet
1.093611 yards
Vara v 0.914156 yards
0.835906 meters
Surface:
Square meter 2 m2 10.76387 square feet
Hectare (=10,000 m ) ha or Ha. 2.47104 acres
1.43115 Manzanas
2 22,90 cuerdas
Manzana (=10,000 v") mz 1.72661 acres
0.69874 hectares
2 16.0 cuerdas
Cuerda (of 625 v) cd 0.1079 acres
0.0437 hectares
0.0625 manzanas
Weight:
Kilogram (=1000 grams) kg 2.204623 pounds
Quintal (=1CO0 1b) qq 100.0 pounds
mt 2,204,623 pounds

Metric ton (=1000 kg)

Money:

Quetzal

1000.0 kilograms

1.0 U.S.S$
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Table C-2. Equivalgnce between degrees Centigrade and Farenheit,
from 30 C to -30°Ca

Centigrade Farenheit Centigrade Farenheit
320 86.0 -1 30.2
290 84,2 : -2 28.4
28 82.4 -3 26,6
27 80.6 -4 24,8
26 78.8 -5 23.0
25 770 -5 21.2
24 75.2 -7 19.4
23 73.4 -8 17.6
22 71.6 -9 15.8
21 69.8 -10 14,0
20 68,0 ' -11 12.2
19 66.2 =12 10.4
18 64.4 -13 8.6
17 62,6 =14 6.8
16 60.8 -15 5.0
15 59,0 ~16 3.2
14 57.2 =17 1.4
13 55.4 -18 -0.4
12 53.6 =19 -2,2
11 51.8 =20 -4,0
10 50,0 =21 -5.,8

9 48,2 -22 =-7.6
8 46.4 . =23 -9.4
7 44.6 =24 -11.2
6 42,8 =25 -13.0
5 41,0 =26 -14.,8
4 30.2 _ -27 -16.6
3 37.4 ; =28 -18.4
2 35.6 =29 20,2
i 33.8 -30 -22,0
(8] 32.0

%Formula: F = 1.8 C + 32, where F is degrees Farenheit and
C is degrees Centigrade.



