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CHAPTER I. INTRODUCTION 

Nature of the Problem and its Setting
 

In 1953, when the Land Reform was launched, the Bolivian Government
 

proceeded to transform agriculture from traditional to modern forms and
 

methods.
 

Although initially a change in land tenure arrangements, the Land
 

Reform was intended to have far-reaching effects upon productive aspects
 

of agriculture. Since inception of the reform, increased agricultural
 

production, both to improve farmers' standard of living and to reduce the
 

deficit in the balance of payments, has been one of the main concerns of
 

the National Government in establishing policies for development of agri

culture. A recent study (Clark 1968) has shown that any decrease in pro

duction after 1953, especially in the supply reaching the cities, was not
 

a direct result of the changes in land tenure effected by the Land Reform.
 

Some reductions in agricultural supply were inevitable consequences of a
 

popular Revolution (of which Land Reform was only one component) whose
 

major aim was to destroy the minority-based power structure and to create
 

a more broadly based government (Clark 1970, pp. 52-53).
 

Within Government, both before and after the reform, there has existed
 

the conviction that a necessary ingredient of agricultural development is
 

a strong program of research and extension. This conviction stemmed from
 

the realization of very low levels of education and technology within the
 

agricultural sector. Policies were not always enacted in accordance with
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that conviction mainly because of budgetary constraints. However, in
 

recent years, renewed emphasis has been placed upon research and exten

sion work revolving around the Experimental Stations.
 

In the high plateau region, known as the Altiplano, the Ministry of
 

Agriculture maintains three experimental stations: Bel6n, by Lake Titi

kaka; Patacamaya, at the southern edge of the Department of La Paz; and
 

Chinoli, in the Department of Potosi. The Experimental Station of Pataca

maya, founded in 1958, has received a larger share of support and is viewed
 

by the National Government as a pilot project in testing the role an ex

perimental station can play in the development of the surrounding area.
 

Although founded as an Experimental Station primarily for the improve

ment of sheep, Patacamaya has also been quite successful in crop improve

ments. Research in potato, quinua and forages has already yielded con

eOdezabla increases in production. Recent informal experiences with
 

gladiola and some vegetables seem to open new possibilities. And, of
 

course, there is continuous work being done in improving sheep through
 

cross-breeding with imported animals and through better feeding and
 

management.
 

Formal extension activities by the Station began in 1963. In 1966,
 

the Development Area of Patacamaya was established and the cooperative
 

firm was chosen as the framework within which extension work would pro

ceed. Apparently, the activities and results of the Experimental Station
 

are largely responsible for the new drive for progress which is quite
 

noticeable throughout most of the Development Area.
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Given the experience accumulated so far and the planning being done 

for the near future in the area, it seemed that economic analysis could 

make a valuable contribution to the developmental activities. Economic
 

analysis should help answer questions that have been forming for several
 

years in the minds of the personnel working in the Area of Patacamaya.
 

These questions concern productivity potential, optimal farm size, scarcity
 

of resources, employment opportunities, selection of activities and degree
 

of mechanization to be promoted. This research endeavors to provide
 

answers to these questions.
 

Conclusions of this study should shed light on the possibilities of
 

agriculture in the Development Area of Patacamaya. To the extent that
 

the entire Altiplano has common characteristics, the conclusions can also
 

suggest some general directions for the development of the entire region.
 

Objectives of this Research
 

The broad purpose of contributions from economic analysis to the
 

developmental efforts in the Development Area of Patacamaya is specified
 

for this study in terms of the following four objectives:
 

(1) To determine optimal land/person ratios, optimal degree of
 

mechanization and paths for mechanization in the Area.
 

(2) To determine the quantities of land, labor, capital and water
 

required under the optimal conditions established in objective
 

one.
 

(3) To determine the composition of crop and livestock activities
 

and the level of output under the optimal conditions.
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(4) To estimate changes in per capita income, employment and
 

productivity of the Area to be realized under the optimal
 

conditions as compared with present conditions.
 

Terms included in these objectives, such as optimal, income per
 

capita, factor productivity and mechanization require definitions which
 

will be provided in Chapter III, in conjunction with model development.
 

Attainment of the first objective enables us (i)to identify the
 

amount of land a cooperative should have from an economic viewpoint ac

cording to the number of its members, (ii)to determine the degree of
 

mechanization adapted to each cooperative size and the path for progres

sive mechanization, (iii) to estimate the opportunity cost, in terms of
 

income foregone, of deviating from the optimal conditions and (iv)to
 

show the trade-offs to be incurred if alternative criteria of optimality
 

are chosen.
 

The second objective allows us to detect seasonal and overall scar

cities of resources in the area. The third objective is relevant in
 

(i)choosing those activities on which agricultural research and extension
 

should concentrate and (ii)predicting the production that could be ex

pected. Results of the fourth objective can be used as a preliminary
 

evaluation of the developmental efforts in the area.
 

A fifth objective had been included in initial plans for this research,
 

but had to be dropped for lack of funds for computer time. This objective
 

was to determine changes in the farm plans and in the levels of production
 

as responses to variations in the prices of outputs and inputs. Knowledge
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of such responses (price elasticities of supply) would offer guidelines
 

for policies intended to influence agricultural production by manipulating
 

prices of outputs or inputs. 
More will be said on the subjizt in Chapter
 

IX,when making suggestions for further research.
 

The paths for progressive mechanization, mentioned under objective
 

one above, may prove important, because they will allow the timing of
 

progressive mechanization ., i) the acquisition of managerial and
 

mechanical skills by the cooperatives and (ii)employment needs in the
 

Area. This should matter a great deal when attempting to bring farm
 

machinery into a primitive agriculture, as it is the case in the Develop

ment Area of Patacamaya.
 

Methods Used in Pursuing the Objectives
 

As Chapter III will explain in detail, the linear programming method
 

with the maximization option is used in this study, including variable

resource and parametric modalities. With the variable-resource modality,
 

various degrees of mechanization are considered, while the parametric
 

modality is used to examine changing land/person ratios.
 

The model is processed with the IBM Mathematical Programming System
 

(MPSX) at the Computation Center at Iowa State University.
 

An explanation is in order about the units of weight and measurement
 

used in this study, which for obvious reasons of relevance are those preva

lent in Bolivia. Although Bolivia is under the metric decimal system, a
 

few other measures are also used.
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Farm land is measured in hectares (ha), one hectare being ten thousand
 

square meters, approximately 2.47 acres. Distances are measured in meters
 

(m) or kilometers (km - 1000 m). Agricultural output is usually measured
 

in hundredweights (cwt), that is,100 pounds or 45.36 kilograms; the
 

metric ton, equal to 1000 kilograms is also used sometimes. Inputs such
 

as seed, fertilizer and chemicals are quoted in kilograms (kg) or pounds
 

(lb) when they are solid. Liters (lit) are the common measure when deal

ing with liquids, one liter being equal to 0.26 gallons. Water is also
 

measured in cubic meters (m33 = 264.17 gallons). Temperatures are given 

in degrees centrigrade, and rain is measured in milimeters (mm). 
 The
 

monetary unit is always the peso boliviano, equal to US$ 0.0833 (12
 

pesos = 1 dollar).
 

More complete Tables on weights and measures are included in Appendix
 

A. The conversion factors listed there are used throughout this study.
 

Orgauization of the Study
 

Following this introductory chapter, Chapter II describes the situa

tion and problems within the area of study. 
The model and the procedures
 

to satisfy the objectives are explained in Chapter III. Chapters IV to VI
 

inclusive, contain resource availabilities, constraints, activities with
 

coefficients, prices, and costs and revenues. 
Chapters VII and VIII present
 

the application of the model, and the results with their interpretation.
 

The two final chapters include the conclusions and recommendations and
 

the summary, respectively.
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After two months in preparing the analytical framework, ten months
 

were spent in collecting the information needed--from September, 1969,
 

through June, 1970, four months in La Paz and six months within the Area
 
of Patacamaya. Processing the data, computation and analysis, and writing
 

were performed at Iowa State University. Primarily because of budget
 

constraints, this research has taken two and one half years to complete,
 

one year on full-time and the rest on half-time basis. 
This fact, howover,
 

does not lessen the timeliness of the results, because change in the
 

Bolivian Altiplano is a slow process.
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CHAPTER II. AREA OF STUDY 

The Development Area of Patacamaya
 

The Development Area of Patacamaya (termed DAP hereinafter) is lo

cated in the northern part of the Altiplano, the high plateau in the 

western edge of Bolivia. The Altiplano lies at an average altitude of 

3800 m above sea level and partly comprises the Departments of La Paz,
 

Oruro and Potosf. Map 2-1 shows the location of the Altiplano within
 

Bolivia and Map 2-2 shows the DAP within the Altiplano.
 

Although there are no accurate data on the Area, the Bolivian Al

tiplano covers about 142,750 km2, of which 22,570 km2 are taken by lakes
 

and salt flats, another 29,340 km2 are above 4500 ms of altitude, and the
 

remaining 90,840 km2 will accept some kind'of crop or livestock activity
 

(Cardozo 1967a, p. 2). Out of these 90,840 km2, some 66,000 km2 are
 

thought to be tillable with machinery. The area presently under cultiva

tion is around 150,000 ha, representing 1.66% of the tillable area
 

(Gandarillas 1969, p. 12; Cardozo 1967b, p. 2). It is estimated that the
 

Altiplano has a population of some 1.6 million persons, of whom one mil

lion are rural (Bolivia 1967c, p. 4).
 

In 1966, the DAP was defined as having the boundaries shown in Map
 

2-3. To the North, the 17th parallel which runs approximately along the
 

northern borders of the provinces Aroma and Pacajes. To the West and
 

South, the Desaguadero River on its way down from Lake Titikaka to Lake
 

Poopo. To the East, the road Eucaliptus-Inquisivi and the mountain range
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between the provinces of Aroma and Loayza. Thus, the DAP comprised
 

originally that part of the province of Pacajes which lies East of the
 

Desaguadero River (about one-fifth of the province) and the whole province
 

of Aroma except for the small triangle East of the road Eucaliptus-


Inquisivi. Geographically, that region consists of two plains divided by
 

the gorge of Vizcachani and crossed by the small seasonal rivers Kheta
 

and Aroma and by a series of medium-sized hills (Cardozo, Gandarillas and
 

Chac6n 1966, pp. 7-8). During the last three years, the extension activi

ties of the Experimental Station have extended beyond the mountain range
 

into the Loayza Province. Therefore, in this study the DAP will be en

larged to include the northeastern triangle bounded by the 17th parallel
 

to the North and by the 670 30' meridian to the East. 

The area of the DAP has never been accurately known. When drawing 

Map 2-3 for this researcti, the carthographic division of the National 

Commission for Agrarian Reform gave 5870 km2 as the size of the original 

DAP. The area UI the extanded DAP considered in this study would then be 

27010 km , that J, 701,000 ha. 

Few soil sLudlv,, have been made in the Altiplano: The 217,621 ha 

covered by these studie, represent only 4.29% of the area covred in the 

whole country as of 1968, while the Altiplano contains 13% of the nation's 

land. Thl 1.1 dtU tL tlithe fact that mu!,t of the resources of the Soils 

Division In th. Hiiiitry of Agr icultktr, hav been dtvoted to tle coloni

zation projectit In tht Low iamld, (Sainz 1908, pp. 2-12). Soil quility in 

the Altiplano wortiens, in terms of Inherent productivity, from North to 
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South. 
The soils in the DAP exhibit the general characteristics of what
 

Cardozo has called the Eastern Altiplano (Cardozo 1967a, pp. 7-10). 
 These
 

soils are mainly of colluvial origin, formed with deposits from the sur

rounding mouatain slopes. 
 In general, they are sand-loam and clay-loam,
 

with good drainage but with little depth. 
Most soils are very poor in
 

organic matt, r and nitrogen, and many of them are badly eroded. 
 Presently,
 

most of the DAP cannot be considered better than class V in the Land
 

Capabiliy Cla',sificatLon of the USDA Soil Conservation Service. However,
 

should irrigation be readily available and good management enforced, the
 

soil quality could be improved to classes II, III and IV (Cardozo 1967a,
 

pp. 7-10; Gandarilla,, and Gebliardt 1962, p. 7). 

Surface water availability for irrigation is limited to the Desagua

dero River and a few !,easonal ,trcaa. Any hope for substantial irriga

tion is in underground water. It ha! always been known that the water 

table is .iot far from the surface, but little it,known about location of
 

large water ,,uppilc. In th DAI' and thLicr rate 
of recharge. Studies made 

so far have been 1ncomplett. (Mlt16kn Franceta para el D ,,arrollo del Al

tiplano 1967). 
 Iowever, a1 ntudy ua underground wat.er!, In the whole Al

tLiplano lI underway -liouldand yield u.eful informat oii (lolivia 1967c). 

So far experlinc 
 with,wlli. ;it lhe Ixpi-rimental Station of Patacamaya 

and a few ut tler pl ace, hari he.vi encouraging (C.ardozo, ;andarlilas and 

Chac6n 1966; I..t&cleI n xp rlinntal de Pat acamaya 1969). 

Main 1nmen of c,uuunl tlon alld tiantlortat lon for th DAP are tile 

Panamerican 1iglhway, the railroad connecting Patacaimaya with La Paz and 
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Oruro, and the railroad which crosses the western corner of the Area and
 

goes from La Paz to Arica, Chile (see Map 2-3). In the last decade there
 

has been a transportation boom on the improved Panamerican Highway, which
 

was recently paved in its entirety between La Paz and Oruro. The town of
 

Patacamaya is 105 km from La Paz and Oruro by road, while the railroad
 

distance is 122 km to both cities. The Experimental Station of Patacamaya
 

is 5 km West of the town on a dirt road. Freight transportation to La Paz 

and Oruro can take 8 or 10 times longer by train than by truck. Such delay 

is not important when transporting minerals (for which Bolivian railroads 

were designed), but it can be very damaging when the cargo is perishable 

agricultural products including neat. 

Weather conditions are typically adverse to crop production in the 

whole Altiplano and worse the farther South you move (away from the temper

ing influence of Lake Titikaka). In Tables 2-la to 2-4, meteorological 

stations are li,,,ted in descending geographical order from North to South. 

As you move down inTable 2-la, rainfall tends to be lower; however, the
 

concentraticn of rainfall in December to March is much more of a problem
 

than the total annual rainfall, becaube it means that approximately from 

June to September there I,s, a severe drought all over the Altiplano. A 

pater, of decreatlng temperatures; and of Increa,,Ing frosts and hailstorms 

L less uniform when moving down in Tables 2-2a to 2-4, since these 

variablet are more affected by altitude and tiheltered location. Monthly 

weather data ar'. given in Appendix B for the stations presently function

ing In the IAP. 



Table 2-1a. Annual rainfall in the northern and central Altiplano,

a
 

1959-1968
 

Meteorologicalb Altitude Annual rainfall in mmc 

stations in m 1959-60 1960-61 1961-62 1962-63 1963-64 

Copacabana 

Desaguadero 

3820 

3803 

819.9 
f 

960.0 
f 
. 

836.3 
f 

690.1 
f 
.f 

600.0 
f 
.f 

El Alto 4100 688.1 621.0 560.4 677.7 577.6 

Viacha 3831 . .fff 

Calamarca* 3954 561.3 574.8 422.1 470.6 531.7 

Comanche* 4055 
f£ 

. 
f f .f f . 

Ayo-Ayo* 3856 341.5 286.0 333.5 277.0 261.4 

Patacamaya* 3788 500.1 480.4 459.8 392.2 392.6 

Sicasica* 3820 234.0 225.5 182.5 186.5 129.0 

Charafta 4057 257.5 336.8 351.0 319.4 127.2 

Chuquifia 3823 456.5 441.3 438.5 401. 309. 

Oruro 3708 287.3 283.5 348.6 374.8 307.1 

Challapata 3820 -f -f -f 491. 414.2 

aSources: Computed from Bolivia 1969e and 1970.
 

bListed in descending geographical order from North to South. The
 

starred names belong to stations within the DAP; no information was avail
able from the station at Estaci6n General Pando.
 

CThe agricultural year runs from July to June. For the few months in
 

which information was missing, a figure was used which is the average for
 
the same month from the four immediate years for which data are available.
 
Since the sources for this Table follow the regular calendar year (Janualy
 
to December), the data were rearranged to fit the agricultural year, and
 
the averages were recomputed.
 

dAverage rainfall for the years listed in the Table.
 

eAverage of the percent of rainfall fallen during December, January,
 

February and March In the years listed in the Table.
 

fData missing for the entire year.
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Annual rainfall in mmc Yearlyd Yearly Yearly % Dec.e 

1964-65 1965-66 1966-67 1967-68 average minimum maximum to Mar. 
521.5 760.0 603.9 741.7 725.9 521.5 960. 66.83 
- -f 441.9 915.8 678.8 441.9 915.8 74.74 

728.1 525.7 449.3 563.2 599.0 525.7 728.1 70.29 
434.8 443.7 393.8 542. 453.6 393.8 542.0 69.14 
557.3 510.3 385.3 618.3 514.6 422.1 618.3 68.27 
- -f -f 450.3 63.42 

263.7 250.5 258.0 472.3 304.9 250.5 472.3 74.29 
361.5 261.1 246.8 446.3 413.8 246-8 500.1 72.58 
125.0 109.0 123.5 143.0 162.0 109.0 234.0 74.43 
93.2 -f -f -f 247.5 93.2 351.0 81.73 
290.5 236.5 225. 405.5 356.0 225.0 456.5 75.30 
352. 239.3 158.7 271.4 291.4 158.7 374.8 70.76 
263. 299.5 329. 451.5 374.7 263. 491.0 77.71 



Average rainfall, by months, in the northern and central 
Altiplano (in mm)ab


Table 2-lb. 

Meteorological Years July Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June
 

stations
 

36.8 69.0 99.2 135.5 134.8 114.4 58.6 31.2 5.2
Copacabana 1959-68 2.1 9.9 39.4 


32.1 50.3 93.4 96.0 159.4 105.1 29.6 28.5 8.5
Desaguadero 1966-68 20.0 4.3 22.6 


El Alto 1959-68 3.0 12.1 43.0 32.3 46.6 104.5 115.0 129.8 73.5 26.7 16.4 2.1
 

Viacha 1964-68 0.9 7.0 20.8 17.6 52.3 85.3 77.5 85.7 63.8 29.1 17.9 1.3
 

Calamarca* 1958-68 6.2 9.6 32.5 29.7 45.4 87.6 72.0 93.5 73.8 37.4 13.5 1.5
 

6.3 32.6 29.0 50.9 49.5 48.6 167.2 41.2 24.6 11.6 7.1
Comanche* 1967-68 8.4 


Ayo-Ayo* 1958-68 0.9 6.0 19.3 19.3 33.2 56.0 69.2 59.3 47.2 14.3 6.5 2.7
 

15.3 77.9 71.1 88.1 69.7 56.9 13.1 9.4 0.7
Patacamaya* 1958-68 0.9 10.3 32.5 


4.8 4.7 5.7 12.2 25.2 40.4 27.7 25.8 5.3 2.3 0.3
Sicasica* 1954-68 0.9 


3.5 13.3 47.9 68.5 59.0 40.3 7.2 2.1 2.4
Charafia 1957-65 0.9 3.2 6.4 


Chuquifia 1959-68 0.4 10.9 31.1 11.3 17.7 63.2 73.9 79.5 66.0 12.6 7.2 2.0
 

23.4 55.1 58.6 63.8 35.5 10.8 5.5 1.4
Oruro 1959-68 0.7 10.1 15.9 11.2 


Challapata 1962-68 1.6 1.8 27.1 7.9 27.9 79.2 62.1 76.1 69.4 10.9 5.2 2.9
 

aSources: Computed from Bolivia 1969e and 1970.
 

bThe figure for each month is the average of the rainfall in that month during the years
 

indicated in the Table.
 

cListed in geographical descending order from North to South. The starred names belong to
 

stations within the DAP; no information was available from the station at Estacion General Pando.
 



Table 2-2a. Average temperature, by months, in the northern and central Altiplano (in degrees

b
 

centigrade)a,
 

Meteorologicalc Years July Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June
 
stations
 

Copacabana 1959-68 7.9 8.9 9.4 10.4 11.1 10.8 11.0 10.4 10.3 10.2 9.2 8.3 

Desaguadero 1966-68 5.3 7.1 8.8 9.8 10.1 10.4 11.5 11.6 11.8 10.1 8.1 6.9 

El Alto 1959-68 7.0 7.9 8.0 9.9 10.2 8.2 8.4 8.7 8.2 8.1 7.7 7.2 

Viacha 1964-68 3.0 4.9 7.4 9.4 9.9 9.2 9.9 9.8 8.7 8.3 5.7 3.2 

Calamarca* 1958-68 4.9 6.3 8.3 9.9 10.6 11.7 10.7 9.9 9.4 8.7 6.4 4.9 

Comanche* 1967-68 4.2 5.7 7.8 9.2 9.6 8.8 9.6 9.0 9.0 8.2 6.8 4.8 

Ayo-Ayo* 1958-68 4.7 5*0 7.5 9.2 10.4 11.5 11.7 11.8 10.2 9.0 6.5 4.6 

Patacamaya* 1958-68 5.1 7.7 10.3 12.9 14.3 14.5 14.5 14.0 12.9 11.0 7.5 "5.0 

Sicasica* 1954-68 6.1 7.8 9.5 11.4 12.4 12.1 11.8 11.2 11.4 10.3 8.5 6.2 

Charafia 1959-65 4.7 5.8 7.8 9.8 10.9 11.2 10.9 10.4 9.8 8.9 7.0 4.6° 

Chuquifia 1959-68 7.7 10.5 12.1 13.0 13.0 12.8 12.4 12.5 12.2 11.4 9.0 6.3 

Oruro 1959-68 5.2 7.6 10.4 12.8 13.8 13.1 13.5 12.6 12.4 11.1 8.1 54 

Challapata 1962-68 5.8 7.4 9.8 11.7 12.5 12.7 13.3 13.2 12.5 11.1 8.6 6.0 

aSources: Computed from Bolivia 1969e and 1970.
 

bThe figure for each month is the average on the monthly averages in the years indicated 

in the Table.
 

CListed in descending geographical order from North to South. The starred names belong to 

stations within the DAP; no information was available from the station at Estacion General Pando.
 



Table 2-2b. Average highest temperatures, by month, in the northern and central Altiplano (in
 
degrees centigrade)a,b
 

Meteorologicalc July Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June 
stations 

Copacabana 13.1 14.0 14.3 15.1 15.9 15.5 15.6 14.8 14.8 15.0 14.1 13.5 
Desaguadero 15.6 16.9 17.6 17.8 17.3 17.5 18.4 17.9 18.2 17.8 16.3 17.3 
El Alto 13.0 14.3 13.8 16.1 16.1 13.9 13.4 13.6 12.9 14.0 13.5 13.2 
Viacha 14.4 15.9 16.2 17.1 17.1 16.0 17.1 15.9 15.2 16.2 15.3 14.5 
Calamarca* 9.8 11.6 13.6 15.6 16.5 17.4 16.5 14.7 14.0 13.6 10.8 9.6 
Comanche* 16.2 17.4 18.2 19.5 19.1 17.2 17.1 14.5 16.1 18.7 18.4 17.4 
Ayo-Ayo* 14.9 15.4 16.6 19.6 18.6 20.9 20'.6 20.7 18.8 18.4 16.2 15.5 
Patacamaya* 14.8 16.8 19.3 22.9 24.1 23.1 23.2 22.0 20.9 19.4 16.4 14.6 
Sicasica* 11.7 13.9 15.6 16.7 18.2 17.5 16.4 15.9 16.4 15.5 14.2 11.9 
Charafa 15.5 15.7 16.7 18.7 19.4 19.8 19.0 18.1 18.0 18.4 16.9 14.9 
Chuquila 19.4 20.5 21.1 22.5 22.6 21.7 20.5 20.6 20.4 21.6 19.9 19.0 
Oruro 14.2 15.4 17.0 19.1 19.8 18.7 19.1 18.1 17.7 17.5 15.6 14.1 
Challapata 14.4 15.8 18.0 20.0 20.4 19.8 20.3 19.6 19.0 18.7 16.7 14.4 

aSources: Computed from Bolivia 1969e and 1970.
 

bThe figure for each month is the average of the highest daily temperatures during the month
 
in the years indicated in Table 2-2a.
 

cListed in descending geographical order from North to South. 
The starred names belong to
 
stations within the DAP; no information was available from the station at Estaci6n General Pando.
 



Table 2-2c. Average lowest temperature, by months, in the northern and central Altiplano (in
 
degrees centigrade)asb
 

Meteorologicalc July Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June
 
stations
 

Copacabana 2.7 3.7 4.7 5.8 6.3 6.1 6.5 6.1 5.7 5.4 4.3 3.1 

Desaguadero - 4.9 - 2.6 0.1 -0.5 1.4 3.6 4.5 5.3 5.4 2.4 -0.1 - 3.6 

El Alto - 1.7 - 1.4 0.3 1.6 2.1 2.6 2.6 2.8 2.3 1.5 -0.2 - 1.3 

Viacha - 8.0 - 5.0 -1.4 0.6 2.4 2.8 3.4 4.2 2.9 -0.3 -3.5 - 8.0 

Calamarca* 1.1 2.9 4.5 4.9 5.2 5.0 5.2 4.8 3.7 1.9 0.3 - 0.1 

Comanche* - 7.8 - 6.0 -4.0 -0.7 -0.1 1.2 2.1 3.4 1.9 -2.3 -4.6 - 7.6 

Ayo-Ayo* - 3.1 - 2.4 -0.7 -1.1 1.4 2.3 3.0 2.8 1.8 1.7 -3.1 - 6.3 

Patacamaya* - 4.5 - 2.4 1.3 3.2 4.5 5.8 5.9 6.1 4.9 2.6 -1.3 - 4.6 

Sicasica* 0.6 2.1 3.9 5.7 6.0 6.8 6.9 6.6 6.3 4.7 2.7 0.7 

Charafia -13.0 -11.9 -8.5 -6.1 -3.6 -1.5 -1.5 -0.7 -2.1 -6.0 -9.4 -13.3 

Chuquifia - 4.7 8.6 3.2 3.5 3.5 4.0 4.3 4.4 4.0 1.4 -1.9 -6.3 

Oruro -11.5 - 8.6 -3.0 -0.9 0.7 3.1 3.6 3.9 2.3 -1.2 -6.0 -31.0 

Challapata - 2.7 - 1.2 1.6 3.0 4.7 5.9 6.2 6.8 6.1 3.6 0.5 - 2.4 

aSources: Computed from Bolivia 1969e and 1970.
 

bThe figure for each month is the average of the lowest daily temperatures during the month in
 

in years indicated in Table 2-2a.
 

cListed in descending geographical order from North to South. The starred names belong to
 

stations within the DAP; no information was available from the station at Estacidn General Pando.
 



Table 2-3. Hailstorms per year in the northern and central Altiplano, 195 9-1968a
 

Meteorologicalb 1959- 1960- 1961- 1962-
 1963- 1964- 1965- 1966- 1967- Average

stations 60 61 62 
 63 64 65 66 67 68
 

Copacabana 7 10 10 _c 1 5 
 2 0 2 4.6
 

El Alto 13 16 21 18 
 13 12 14 2 16 13.9
 

Calamarca* 2 12 
 5 3 8 6 2 5 ii 6.0
 

Comanche* _C _C _C _c _C 
 _C _C .c 40
 

Ayo-Ayo* 4 8 4 3 
 3 3 4 3 5 4.1
 

Patacamaya* 8 15 29 14 9 17 8 
 Ui 9 13.3
 

Sicasica* 3 10 10 4 7 2 6 17
7 7.3
 

Charafla 4 12 8 8 
 17 5 C C 24 11.1
 

Chuquifta 10 
 9 8 6 15 9 7 9 7 8.9 

Oruro 5 104 7 2 8 9 3 6 6.0 

Challapata 
 _c _c _c 21 17 6 15 22 20 16.8
 

aSource: Computed from Bolivia 1969e and 1970.
 

bListed in descending geographical order from North to South. The starred names belong to
 
stations within the DAP; no information was available from the station at Estaci6n General Pando.
 

CData missing for the entire year.
 



Table 2-4. Frosts per year in the northern and central Altiplano, 19 59-1968a
 

Meteorological 1959- 1961- 1963-
1960- 1962- 1964- 1965- 1966- 1967- Average % of
 
stations 60 61 62 63 64 
 65 66 67 68 year
 

Copacabana 1 2 
 5 3 0 0 0 0 2 1.4 0.4
 

El Alto 
 113 101 129 128 120 _c _c _c _C 118.2 32.38
 

Calamarca* 80 11g 109 133 109 147 128
95 120 115.4 31.61
 

Comanche* 
 _C _C _C _C _C _C C C 205 56-01 

Ayo-Ayo* 256 125 143 138 146 161 173 195 148 165.0 45.21
 

Patacamaya* 
 119 106 135 133 118 121 135 
 126 131 124.9 34.21
 

Sicasica* 85 70 104 
 90 102 113 103 27 56 83.3 22.81
 

Charafa 
 -C 279 287 295 291 294 
 -C _C _c 289.2 79.23
 

Chuquida 173 -C 105 
 67 117 89 127 104 122 113.0 30.96
 

Oruro 232 225
229 175 
 184 219 218 180 188 205.6 56.33
 

Challapata _c 
 _c _c 96 89 126 128 95 105 106.5 29.18
 

aSource: Computed from Bolivia 1969e and 1970.
 

bListed in descending geographical order from North to South. 
The starred names belong to
 
stations within the DAP; no information was available from the station at Estaci6n General Pando.
 

CData missing for the entire year.
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Main agricultural activities in the DAP, as in the rest of the Al

tiplano, are potato, quinua, barley, broad beans, some alfalfa and a few
 

other native crops (oca, caiahua, etc.). Sheep, mostly degenerate criollo
 

type, are the predominant livestock activity. Llamas are not raised com

mercially and very little research has been done about them. 
Among the
 

above crops, bitter potato and quinua are well resistant to frost, while
 

quinua is also very resistant to drought. Irish potato is highly vulner

able to frost.
 

That part of production, some 50% or 60%, which is not consumed on
 

the farm is marketed mostly in La Paz, either directly or through middle

men. It is not known what percent of the product goes to Oruro and from
 

there to the mining centers, but these areas can undoubtedly become a
 

substantial market for the DAP.
 

As throughout the Altiplano, the level of living (housing, health,
 

education, etc.) in the DAP is low, although not as low as in the Southern
 

Altiplano whose inhabitants are among the poorest in the nation (Cardozo
 

1968b, p. 6). Recent information exists for two Communities in the DAP
 

(Tables 8-21 and 8-22): Income per capita in 1968, including agricul

tural and non-agricultural income plus on-the-farm consumption, was 763
 

pesos (64 dollars) in Antipampa and 1034 pesos (86 dollars) in Culli Culli
 

Bajo. These figures represent between 35% and 48% of the income per capita
 

for the entire country, which was 2172 pesos (181 dollars) in the same
 

year 1968 (USAID-Bolivia 1970, p. 17).
 

Data on living conditions are very scarce. The only available infor

mation comes from a 1967 survey taken as a preliminary for establishing
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public medical assistance in the DAP (Bolivia 1967a). Neither the medical 

assistance nor the complete results from the survey ever became a reality,
 

but a few data were given which offer a glimpse at health and housing 

conditions. About two thirds of the deaths are children (age not speci

fied), although no mortality indices were obtained. Only 35% of the
 

persons are reached by medical personnel. Eight percent of the families
 

live in one-room houses and 34% live in two-room houses. Ninety percent
 

of the homes have a roof made of mud and straw, and 96% have dirt floors.
 

None of the families have electricity in the house, and 96% of the homes
 

have no sewage disposal of any kind.
 

Developmental Efforts in the Area
 

Government action in Patacamaya began with the establishment of the
 

Research started immediately
Experimental Station on November 24, 1958. 


on sheep and forages. Shortly afterwards potato and quinua were added
 

to the program. Small experiments on vegetables, gladiola and forestry
 

are also underway, and in the late 1960's a few genetic and feeding
 

Most of the results of research in Patacamaya
studies were made on llamas. 


have been regularly published in the annual reports of the Experimental
 

Station and in a few other publications.
 

Some extension activities by the Experimental Station existed from
 

the beginning, mainly through informal contacts with the neighboring Com

munities and with the Asociaciones Ganaderas, small Associations of Sheep
 

Growers. These contacts were institutionalized in 1963 with the foundation
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of AREGA, Asociaci6n Regional de Ganaderos de la Provincia Aroma, which
 

grouped 12 Associations with a total of 180 members. 
By 1966. the Asso

ciations numbered 36, and some of them had started to organize coopera

tively. The time had arrived to launch a well coordindtvLd developtment 

program under the leadership of tie Experimental Station. Thus thle De

velopment Area of Patacamaya was established, witih the boundaries de

scribed earlier (page 8, Map 2-3). 

The development program in the DAP includes both research at the
 

Experimental Station and extension through the Area. 
The approach to
 

extension activities was clearly outlined in Research Bulletin 4-66 of
 

the Experimental Station (Cardozo, Gandarillas and Chac6n 1966). 
 The
 

package of activities consisted of improved seeds, fertilizer, Irrigation
 

and some machinery, all within the framwork of cooperative organizatlon. 

Technical assistance would be provided by the Experimental Stition. Capi

tal for purchasing machinery as well as operating capital towere be lent 

by the Agricultural Bank (Banco Agricola de BolIvia-). Waiter for Irriga

tion would be pumped from wells drilled In the various cooperatives 

according to the experience at the Experimental Station. A technical 

board would be created under the name CODAPA (Conseio de De,,arrollo del 

Area de Patacamaya), whose functions would be to advie on developmental 

policies and to provide contact with the Ministry of Agriculture; member

ship of the board would consist of personnel from the Min.;try and from 

the Experimental Station, selected from the various research and extension 

fields in crops and livestock.
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mallc belivef aseuciAted with agrIcultorr (see PeLucca 1969b and 1969) 

woul certeinly hinder to ame extent any technological innovation. 

In order to overcome t!*eoo obotacles, It was decided that cooperative 

activIties wooW function, during the first years av ouppleemntary activi

tol that tot in addition to thos, beia& already performd by each family.
 

It wos hoped that a demontration effect would take place. Confronted
 

with good results, the Commnitas would feel encouraged to assun the
 

higher risk Involved in orgnluin# cooperatively with borrowed capital and
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mechanized operations. Thus, the cooperatives in the DAP have started
 

operating on 100 ha of land and with a reduced membership made up volun

tarily of the most enterprising families in the Community. The 100 ha
 

are either donated or leased from the communal lands; the families joining
 

the cooperative make a membership payment of 100 pesos or 2 ewes.
 

Presently, there are 21 cooperatives functioning in the DAP. Table 

2-5 presents some of their characteristics and Hap 2-4 shows their approx-

Lmate location. Hints of a trend toward an increased involvement in the 

cooperatives can be seen in Table 2-5: Five cooperatives have put together 

their sheep in one flock, in three Communities all families belong to the
 

cooperative, all the cooperatives eligible have joined the Central de
 

Coopera t Ivas. 

Data on number of families in the Community and in the cooperative 

and data on land owned by the Community are given in Table 2-6. For the 

whole DAP, the number of families in a Community ranges from 15 to 400, 

and the area available to a Community varies from 500 to 32,000 ha. These
 

upper and lower limits are estimations by the extension personnel, since
 

no data have been released as yet by the Agrarian Reform Mobile Teams
 

operating In the area. In 1970, twelve of the cooperatives in Table 2-5
 

were using machinery. Including tractor, plow, harrow, motor-and-pump,
 

sprayer, sorter and wagon, purchased with loans from the Agricultural
 

Bank. Most of the cooperatives also borrow operating capital for ferti

lizer, moods and chemicals from the Bank. As of 1970, wells have been dug
 

in three cooperatives and pumps installed.
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Table 2-5. Some characteristics of the cooperatives within the DAP, 1970


Cooperativesb Year Statusc Mapd Cooper -e Allf Memberh Onlyh 

of 
foun-

before 
Land 

ative 
sheep 

families 
in coop-

ship in 
Central 

sheep 
activity 

dation Reform flock erative 

Patarani 1967 C * . 

Collpa-Huancarani 1967 CH * * . 

San Martin de Iqulaca 1968 C * 

Chiarumani 1967 C • 

Pomani 1967 C * . 

San JosS de Llangas 1967 C * * * 

Santiago de Collana 1967 C ** . 

Llojlla 1970 C 

Laguna Blanca 1970 C . . 

Huayllaroco 1970 C 

Sorasora 1970 H . 

Pujravi 1968 C * * • 

Huaraco 1968 C . 

Chica Belfn 1970 C 

Huanucollo 1967 C * * 

Santari-Murmuntani 1967 H * . 



Tauca Punaya 1967 H * 

Achaya 1967 H ** * * * 

Quelcata 1965i H * 

Culli Culli BaJo 1970 H * * 

Culli Culli Alto 1954i H * 
aSource: Records at the Central de Cooperativas in Patacamaya. 

bfBesides the 21 cooperatives listed, there are 2 pre-cooperatives: Vizcachani and Sullcavi.
 

C1c" means that the Community was an independent Community even before the Land Reform. "H'
 

means that the Community was included in an Hacienda (large private landholding) before the Land
 
Reform. Collpa-Huancarani was in part an independent Community and in part an Hacienda.
 

dThe three two-starred cooperatives have maps of both the cooperative land (100 ha) and the
 

whole Community. The one-starred cooperatives have a map of the cooperative land alone.
 
eThese cooperatives have put in one common flock the sheep given by the members as membership
 

payment when they first join the cooperative (payment is 100 pesos or 2 ewes). This cooperative
 
flock numbers 70 heads in Collpa-Huancarani, 60 in San Josd, 40 in Pujravi, 60 in Santari-Murmuntani,
 
120 in Achaya.
 

fThe fact that all families belong to the cooperative does not mean that all the activities
 
are cooperative. It only means that all the families take part in some way in whatever cooperative
 
activities are undertaken; these activities are still extra-activities, that is, in addition to
 
those practiced by the individual families.
 

gThe cooperatives may join the Central de Cooperativas only when there is a certain assurance
 
of their solvency and continuity.
 

hThese cooperatives do not have any cooperative agricultural activity, but only sheep raising.
 

All of them are of recent foundation and will start agricultural activities in the near future.
 
iAlthough legally founded in that year (before the DAP was established) this cooperative did
 

not function until the beginning of 1970.
 



~6 

10 8 711 


1. Patarani
 
2. Collpa-Huancarani 9. Laguna Blanca
 
3. San Martfn de Iquiaca 10. Huayllaroco 16. Santari-Murmuntani
 
4. Chiarumani 11. Sorasora 17. Tauca Punaya
 
5. Pomani 12. Pujravi 18. Achaya
 
6. San Jos4 de Llangas 13. Huaraco 19. Quelcata
 
7. Santiago de Collana 14. Chica Belen 20. Culli Culli Bajo
 
8. Llojlla 15. Huanucollo 21. Culli Culli Alto
 

Map 2-4. Cooperatives in the Development Area of Patacamaya, 1970
 

1 



Table 2-6. 	Number of families, area, land/person ratio, and families in the cooperative, in the
 
communities with a cooperative, 19 70a
 

Area of theb Numberc Land/person Families in thedCommunities Families in 


the Community Community of persons ratio in ha cooperative
 
in ha Number Percent
 

Patarani 70. 800. 350. 2.286 70. 100.
 

Collpa-Huancarani 50. 5000. 250. 20. 50. 100.
 

San Martin de Iquiaca 62. 12000. 310. 38.71 38. 61.
 

Chiarumani 130. 8000. 650. 12.308 49. 33.
 

Pomani 140. 11000. 700. 15.714 30. 21.
 

San Jos& de Llangas 120. 18000. 600. 30. 28. 23.
 

Santiago de Collana 200. 12000. 1000. 12. 57. 28.
 

Llojlla 27. 1500. 135. 11.111 22. 81.
 

Laguna Blanca 80. 20000. 400. 50. 42. 52.
 

Huayllaroco 40. 2500. 200. 12.5 26. 65.
 

Sorasora 40. 3000. 200. 15. 12. 30.
 

Pujravi 400. 32000. 2000. 16. 35. 9.
 

Buaraco 80. 8000. 400. 20. 40. 50.
 

Chica Belen 220. 15000. 1100. 13.636 62. 28.
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Huanucollo 90. -e 450. - 44. 49.
 

Santari-Murmuntani 80. 1500. 400. 3.75 61. 76.
 

Tauca Punaya 80. 6000. 400. 15. 43. -54.
 

Achaya 80. 2000. 400. 25. 80. 100.
 

Quelcata 300. 9200. 1500. 6.133 93. 31.
 

Culli Culli Bajo 49. 2685. 245. 11. 40. 82.
 

Culli Culli Alto 67. 9000. 335. 26.866 36. 54.
 

Total 2405. 179185. 12025. 15.48 f 958. 40.
 

Average 114.52 8959.25 f 572.6 43.71
 

aSource: Derived from records at the Central de Cooperativas.
 

bThese figures are only estimates by the extension personnel in the Area, but they are the best
 

information at the present time. More accurate data from the Agrarian Reform Mobile Teams have not
 
been made available yet by the Comisi6n Nacional de Reforma Agraria.
 

CThe average family has 5 members.
 

dFamilies in the cooperative as a percent of all families in the Community.
 

eNot available.
 

fExcluding Huanucollo.
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The cooperatives at Pujravi and Santiago de Collana have a Consumers'
 
Service, and three other similar services are being planned for groups of
 
cooperatives. Patarani and Pujravi have also started a Housing Service in
 
order to improve living conditions in the Community. 
Both the Consumers'
 
and the Housing Services 1'ave resulted from the cooperatives' own initia

tive, with no intervention by extension personnel other than technical
 

assistance when solicited.
 

Soon after the first cooperatives began functioning, it became clear
 

that a central agency was 
needed which would perform educational and
 
marketing services for the cooperatives. 
 In June 1969, the Central Local
 
de Cooperativas Aroma was officially open in the town of Patacamaya, al
though it had been operating informally for more than a year. 
 Presently
 

the Central has four areas of activity: (1) Services, which include tech
nical assistance, supervision and consultation, purchasing and distribu

tion of inputs, orientation for new cooperatives, machinery repair, market

ing of outputs; 
(ii)mill for quinua, which produces quinua flour,
 

janckaquipa (instant soup) and bran on a commercial basis, and pasankalla
 

(breakfast cereal) on an experimental basis; (iii) 
short courses with
 
the cooperation of the Experimental Station; (iv) slaughterhouse for sheep
 
and marketing of quality approved mutton. 
Much of the management of the
 
Central is still under control of extension personnel, but it is being
 

progressively transfered to the cooperatives themselves.
 

Because of the year-around necessity of technical assistance, commun

ication of 
the cooperatives with the Centraj and with the Experimental
 

Station is very important. 
 Table 2-7 shows that these distances range
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Table 2-7. 	Distances from the cooperatives to the Experimental Station
 
and to the Central de Cooperativas (inkm)a
 

Distanceb
Approximate 	distance
Cooperativas 

from the from the
 

Experimental Central de
 
Station Cooperativas
 

Patarani 10 15
 
Collpa-Huancarani 8 10
 
San Martin de Iqulaca 10 15
 
Chlarumani 13 8
 
Pomani 30 35
 
San Jos6 de Llangas 22 27
 

c
Santiago de 	Collana 40 45
 
Lloj lla 45 50 
Laguna Blanca 50 55 
Huayllaroco 40 45 
Sorasora 25 20
 
Puj ravi 35 30
 
Huaraco 40 35
 
Chica Bel.n 45 40
 
Huanucollo 53 48
 
Santari-Murmuntani 50 45
 
Tauca Punaya 55 50
 
Achaya 70 65
 
Quelcata 70 65
 
Culli Culli Bajo 35 30
 
Culli Culli Alto 35 30
 

aSource: Derived from records at the Central de Cooperativas.
 

bDistances estimated by the extension personnel at the Experimental
 

Station. Most of these roads can be considered all-weather roads, al
though driving is not easy in the rainy season. The only paved road in
 
the Area is 	 the Panamerican Highway that goes through Patacamaya. 

CAll-weather road via Umala. On a dry-season road, via San Josd,
 

the distance is only 30 km.
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from 8 to 70 km, but the figures in that Table are misleading unless one
 

remembers that on many dirt roads the average speed will not be above 30
 

km per hour. Table 2-8 presents the road work which is deemed essential
 

to a satisfactory communication and transportation for the cooperatives
 

presently established.
 

Some extension work is also performed by the Experimental Station
 

with the Asociaciones Ganaderas which number 65 at the present time. 
But
 

it is an unstructured activity with which we are not concerned here.
 

Throughout this study, the expression "cooperative sire" will refer
 

to the number of persons in the cooperative (at 5 persons per family), and
 

the expression "farm size" will refer to the number of hectares of land
 

available to the cooperative. For example, cooperative size 125 will
 

mean a cooperative with 125 persons (25 families), and farm size 500 will
 

mean that the cooperative has 500 ha on which it
can operate. Sometimes
 

farm size will be quoted in hectares per person.
 

In Table 2-9, the 21 Communities are grouped into classes on the
 

basis of number of persons, the class width being chosen so as to approach
 

the normal distribution. This table will be used as the starting point
 

for the procedures of analysis in Chapter III.
 

The Communities in Table 2-6 were not taken randomly from among all 

the Communities i the DAP, but they simply are those Communities which
 

have chosen to organize coc-eratively, and also they are practically the
 

only Communities for which dcta are available. A random sample will only
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Projected road work for the cooperativesa b
Table 2-8. 


From To Approximate Type of work 
km projected 

Santiago Romero Pampa 20 rebuilding 

Romero Pampa Patarani 7 new road 

Patarani Pomani 15 rebuilding 

Tauca Achaya 4 straightening 

Exp. Station Romero Pampa 10 rebuilding 

Romero Pampa Circa 6 rebuilding 

Circa Santiago 15 new road 

Carachuyo San Jose 18 new road 

asource: Derived from records at the Central de Cooperativas.
 

bRoad work which, as of June 1970, was considered necessary to allow
 

for a more expedite communication and transportation between the coopera
tives and the Central and among the cooperatives themselves. No paving
 
is involved but merely grading and packing.
 

Table 2-9. 	 Distribution, by number of persons, of Communities with a
 
cooperativea,b
 

Sizec Number of Percent
 

communities
 

50-200 3 14.29
 

201-350 5 23.81
 

351-500 6 18.57
 

501-750 3 14.29
 

751-1250 2 9.52
 

1251-2050 2 9.52
 
Total 21 100.00
 

aSource: Computed from Table 2-6.
 

bCoiunities in the DAP which presently have a cooperative.
 

CIn number of persons in the community. Age distribution is presented
 

in Tables 4-3 and 4-4.
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be possible after the data from the Agrarian Reform Mobile Teams are re

leased. The problems posed by the non-randomness of Table 2-6 if one
 

wants to expand the results of this study to the entire DAP, will be dis

cussed at the end of Chapter VIII.
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CHAPTER I. DEVELOPMENT OF THE MODEL AND DATA NKMI 

Basic Considerations 

In pursuing the four objectives of this research, certain considera

tions become crucial, some of them because they are inherent within the 

nature of the DAP and current developmental efforts, otherb b.2cautie they 

reduce to manageable proportions the problem under study. These consid

erations involve (1) form of firm organization, (2) land tenure arrange

ments, (3) period of analysis, (4) levels of mechanization, (5) level of
 

,ptimality and (7) on-the-farm consumption. A
technology, (6) concept of 

more deriiled explanation Is iiow given. 

(1) As reported in Chapter 11, cooperative organization of produc

tion and marketing Iiione of the pivots of the developmental endeavors in 

the DAP, and it is therefore taken afs an institutional constraint for 

this research. The main features of thisi cooperative organization, as it 

is beginning to function, can be sumiurized ati follow.,: (a) collective 

land collecproduction and marketing are practiced by each firm on the 

tively owned by the Community and on individual parcels pooled by the 

members, while the tiall home-plot, if any, Is farmed individually, (b) the 

families in tLhe ComnmUnlty arc encouraged but not forced to Join the coop

erative organization, although It is expected that all tit, famillies will 

eventually join, as already Is happening in a few Communities, (c) annual 

planning decinions oni allocation of resources and marketing are taken by 

the elected board diid submitted for approval to the General Assembly,
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U Up ot all umbr., (d) day-to-day mamlaortal deciston on tiaLng of 

Oratione, labor schedules, etc. are made by the member of the board who
 

if in charge of each particular activity, such an livestock, crops, mar

keting, etc.. (e) during the year, membern arc paid an houry wage for 

the labor they contribute to the collective enterpribe, (1) at the end of 

the year, members share in whatever profits the enterprise realizes, 

(g) special attention its given to applying modern Inputs. introducing 

machinery and drilling of wells for irrigation, all technological innova

tions being batied on the research at the Lxpertiental Station, and (h) ex

tension personnel fr~nm the Station, paid by the Ministry of Agriculture, 

provide technical antitltance and monitor the performance of each farm, by 

mans of periodic vinits and of the monthly meetings at the Central de 

Cooperativas with officers from all the cooperatives. The elected offi

cers are not paid a salary at the present time, but, an managerial tasks
 

become more sophisticated, a system of compensation will have to be
 

devised.
 

The cooperative organization just summarized differs from the coop

erative in Northern Europe and North America, mainly in the fact that the
 

Uatter is typically a marketing and sometimes processing organization,
 

while the cooperative being promoted in the DAP encompasinea collective
 

production an well, for reanons given in Chapter I in the nection on
 

"Developmental Efforti; in the Area". Undoubtedly, the cooperative in the
 

DAP has strong uimilaritiea with farm organizations such as the kibbutz in
 

Israel, the proportional-profit farms tested in Puerto Rico, the state
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and collective farm. in Eastern Europe, etc. Comparing these types of
 
organization would take us beyond the scope of this research, but one
 

peculiarity of the cooperative in the DAP is worth emphasizing: It builds 

upon collective ulementa :ngralned In the social structure of the Community, 

and no upecf Ic gualt or farm plant ire dictated by the national or local 

governments; thub, cooperative organization In the DAP .teemb to grow, so 

to speak, below, from rootsfrom the deep of the Community, itstead of
 

being planned from above 
 and more or less explittly impobed. 

(2) Certain land tenure arrangements are firmly established as a 

result of ancient ct.:toms and of thie recent Land Reform. The Communities
 

are being 
or will toon Le granted collective titles on the lands which, in
 

most cases, they have held tor centurlen. 
 Renting of land in illegal 

since the Land Reform, and the few catie, whichIn tome land in rented 

occur between famillen within the hame Community. Thus it appears quite 

legitimate to at,Nume here that only the whole area owned by the Community 

Is available for cooperative operation. The small home-plotu, when exist

ing, are contidered non-competing with the cooperatwiv farming. 

(3) A one-year period analyt i, it; used in thin reearch. Therefore, 

no capital accumulation through the yearn in corvildered. For those agri

cultural activitiet.s whot,, phynical horizon covern more than one year, like 

a five-year plantation oI alfalfa, the approach Isi taken of considering 

one hectare an being In each one of the yearn involved; for example, in 

the cane of alfalfa, the activity unit will be 5 hectaren with one hectare 

being In the first year, another hectare in the second year, and so on. 
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(4) Two levels of mechanization are considered in this study, but
 

bullock power is excluded. One reason for this exclusion lies in the high
 

requirement of bullock-time relative to tractor-time In land preparation
 

and 	 planting operations (both operations together require about 60 hours, 

two 	 bullock,,, ab cotaparet. with to hours tractor per8 	 9 of time hectare). 

Large numbers of bullocks would be needed, if enough land should be cul

tivated to rlse from a subsistence to a commercial type of agriculture. 

Besides the huge fixed investment in bullocks, it seems that their "main

tenance" cost (feed, drugs, management) would be at least as high as the 

variable costs of tLhe machinery that can replace them (no cost studies 

exist, but extensionists at the Experimental Station estimate that feed

ing a bullock would cost about 1000 pesos a year). Another reason for 

excluding bullock!; I:i that In bullock-powered operations the human labor 

requirement is also much higher than wien tractor Is used (about 20a 

times higher In land preparation and 2 to 5 times higher in planting); 

this could cause labor to become scarce in a bullock-powered agriculture 

during the land preparation and planting seasons. 
 It is on the basis of
 

these facts that the cooperatives in the DAP turned to mechanization right
 

from 	the start of their development efforts. 

The two levels of mechanization considered in this study are called 

partial level and full level. Partial mechanization is the level being
 

promoted at the present time in the DAI1--it was described in Chapter II 

as consisting of tractor, plow, harrow, motor-and-pump, sprayer, sorter,
 

wagon and sprinkler (for irrigating quinua). Full mechanization adds the
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following: Potato planter, grain drill, cultivator, potato digger, forage
 

harvester, hay rake and hay baler. Presently, partial mechanization is
 

limited to one each of the machines listed above. However, in this study
 

we will consider several degrees of mechanization for both partial and
 

full mechanization; that is, we will allow more than one of each machine
 

if it be profitable. The only piece of machinery which, in any case, will
 

be limited to one is the motor-and-pump: Since so little is known about
 

underground waters in the area, especially the rate of recharge, there is
 

no assurance that more than one well per cooperative is feasible.
 

(5) The level of technology considered is the one being presently
 

promoted by the extension services based at the Experimental Station. Ad

mittedly, this level has reached only a few cooperatives so far, but in
 

the coming years it should spread to most of the area. It is here, more
 

than anywhere else, that this research is a look into the future rather
 

than a description of the present or an evaluation of the past.
 

(6) Economic optimality is defined in terms of the highest income
 

per capita, that is, wages paid during the year plus profit shared at the
 

end of the year. Optimal farm size, optimal farm plan or optimal level of
 

mechanization will be those providing the highest income per person in
 

the cooperative. Other criteria of efficiency will also be examined such
 

as productivity, value of output sold and average cost. Productivity of
 

land, labor and capital is defined as the value of output sold divided by
 

the hectares, hours of labor and operating capital used, respectively.
 

(7) No allowance is made for on-the-farm consumption of part of the
 

output produced. Certainly, such consumption is a fact at the present
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time and it will probably exist to some degree in the future; but it is
 

immaterial when trying to determine economic optimality as defined below,
 

since output consumed on the farm has a market value and is, therefore,
 

as much a part of income as if it had been actually sold.
 

These seven considerations, together with the objectives defined in
 

Chapter I, determine the model to be applied and the procedures by which
 

answers will be obtained to the objectives of this research. Thus, the
 

rest of this chapter deals with the model and procedures of analysis, as
 

well as with data needs.
 

A Linear Programming Model
 

Attaining the objectives listed in Chapter I within the framework
 

defined by the seven considerations specified above, becomes a problem
 

that can be satisfactorily handled with the linear programming method;
 

because the problem under study is actually one of optimal allocation of
 

given resources (those in the DAP) among several competing alternatives
 

or processes (agricultural production activities), in order to maximize
 

a certain variable (income per person), subject to certain institutional
 

constraints (cooperative organization, collective land tenure, levels of
 

mechanization).
 

During the past 10 to 15 years, linear programming has become a
 

widely known technique for agricultural planning at both the micro and
 

macro levels, and to give here a detailed explanation would be redundant.
 

Extended treatments of the method can be seen in Dorfman, Samuelson and
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Solow (1958), Heady and Candler (1958), Hadley (1962), Dantzig (1963),
 

Simnonard (1966) and many others.
 

The maximization form of linear programming is expressed by the
 

following equations:
 
n 

Maximize C W E cx i [1] 
i-1 

n 
subject to iE1 ajixi _ b [2] 

x,i>_> 0 

where C - value of the program or solution 

xi - process i (i - 1,...n) 

ci - net conttibution to C from process i 

bj - quantity available of resource j (j - 1,.oom) 

ai - amount of resource j required for one unit 
of process i 

Equation [1] is the objective function, while equations [2] express the
 

contraints imposed by the given resources as well as the fact that a non

negative amount of each process must enter the maximal solution.
 

When using linear programming in the context of farm planning, a
 

foremost advantage of the method is the ease with which it 
can handle the
 

most diverse types of farm organization and management requirements. Such
 

flexibility is achieved by carefully defining the objective function and
 

adequately manipulating the constraints. The objective function always
 

embodies the goal of the farm (optimization of a certain variable), be it
 

an individual or a c lective farm, an autonomous decision-making firm or 

a firm whose goals are handed down by a central authority. Manipulation 
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of the constraints makes it possible to incorporate any self- or other

wise-imposed norms, such as lower or upper levels in resource use, in
 

volume of total or specific outputs, etc. The adaptability of linear
 

programming, together with other methods, to the entire spectrum of exist

ing types of farm organization under various economic systems was made
 

apparent by the East-West Seminar on Economic Models and Quantitative
 

Methods for Decisions and Planning in Agriculture, held in the Summer of
 

1970 in Hungary (Heady 1971a).
 

When linear programming is applied to farm planning with the goal of
 

maximizing the return to one or more factors of production, the symbols
 

in equations [1] and [2] 
take on the following interpretations:
 

C - return to be maximized; in this study, this return is the income
 

to the members of the cooperative, that is, the wage paid during
 

the year plus the residual profit realized at the end of the
 

year.
 

x - agricultural or livestock activities; in farm problems, the
 

activities are often broken down into several subactivities,
 

each one representing a different stage of production and con

nected among them by means of so-called transfer rows.
 

C  net returns above cash costs from each activity, when activities 

are broken down into subactivities, some ci values may be nega

tive (that is, a net cost) or zero. 

bj w given quantities of resources available for the farm operation; 

these are the resources that are fixed in the period under 
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consideration (for example, labor, owned land, housing for
 

livestock, etc.).
 

aij a input-output coefficients, i.e. the amount of each resource used 

for one unit of each activity (for example, hours of tractor
 

time needed for plowing). 

The particular form of the objective function to be maximized is 

discussed in the fourth section of this chapter. The x activities and 

the aji coefficients are contained in Chapter V, the ci values are com

puted in Chapter VI, and b values are derived in Chapter IV. Chapter VII 

describes the mechanical process of building the linear programing matrix 

which constitute, the model. 

The last section of thif, chapter explains how two modalities of 

linear programming, variable-retource and parametric, will be applied. 

The solutions obtained should contain the Information needed to satisfy 

the objectives of this renearch as formulated In Chapter 1. 

Data Needed and Their Collection 

The data needed in thin research are those required by the linear 

programming model. These data necdt, Include: 

(i) Resource availabltltle.i and cons tra innt". These the quantiare 

ties of land, labor, capital, water and nuichinery at the farm manager'n 

disposal for all oa tion amotig the various pusnible actLivitieis. Land can 

be owned or rented. labor cani be tOw ownt, rFt' labor or hired, capital can 

be owned or borrowed, water cnni be extracted on the farm or bought out

side, machinery can be owntid or hlicd an custom services. Other relevant 
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constraints, ifany, must also be known, such as minimum or maximum limits 
for certain activities, etc. Data on resources are given in the next 

chapter.
 

(it) Activitien or processes and thetr coefficiunta. Crop and live

stock activities that are technically f£aeible for the farm mlt t be known. 

If variouti levels of fertilization, Irrigation, etc. give rbC to different 

yields, tioe level, rnu:t be li ted an -,eparate activitlet,, leaving It to 

the linear prograruning Itcthod to choote among ie-m. ht cot f I ic lents 

required are the input-output cuod i cienti, Included in equation [21; 1i
 

the time dim n:on i i Involved, the time 
period to which vach coefficlent 

refers mubt bc clearly indicated accurding to tit(. crop aind Ilvetock
 

calendars. Al! nuch Ilnurnrhit ion ito pretiented In Ciiapter 
V. 

(Wi1) Prtct-., contt. adi rv.venuct,. l'bhi'ws are the prlce'n of the in

puts, the cutu of the varlout, i rm upera tlon t , 
 tt pri-crh of the outputs
 

and the correponding re-venuets., Th.e dat. 
 ,ire othown Ill (hapter Vi. 

DatA conLt it-d in (hittvrt, IV to VI wer- obtained Irwr. th folluwin;
 

sources:
 

1. k( -earch rei,(iLrtU or dvw riptive ,aprtru on flile at Ith LIbrary of
 

the Minintry tit Agr £t ullturv thrand juv-ritwnit'al oliIceii tor V1.a1e aV4i

able by the a~ithlurO th*LUnvlvri. *hut.?, uf tht-tsit papurt arv titip tial lrhd. 

, iuktk2. | ahl-Ilt at the |.xpiwrimsiental . ,tat itn of IPatacatiilya, and 

direct cullvt:ltin by thp aiithur 4t the itation and at nitbo cooperativos 

In the (IAt'. 

ords Ilt,3. h tst tulhe e l t,4 itvaaIl pir keeoa for_oe!r toatiyn 

each cooperatiLve on farm plansw, putchaor out np'ut, production, *#I#* Of 
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outputs, machinery, financial status and general characteristics.
 

4. Interviews with the research and extension personnel at the Ex

perimental Station and with experts in various fields at the Ministry of 

Agrtculture in La Paz. 

The order in which these four sourcei are listed is the order in 

which they were used: First, existing data, published and unpublished, 

were collected; next, these data were augmented with direct observation 

in the Area; finally, all the data were checked and corrected with per

sons involved in 'ach bpecialty. 

Thus, this research incorporates the most reliable iniormation that 

is available ,, th. present time. There is no doubt that some of the 

data will be improved in the future. We welcome such improvements and 

can adjust the results accordingly with the aid of the model. 

The Objective Function
 

In a linear programming model for farm planning, the objective func

tion expresses the goal of the enterprise, that is, the variable which 

the farm managers Intend to optimize. Therefore, the objective function 

must 	 respornd to tie partlculac t-tructure of the farm being planning. 

5ome objcct ive Iunctiont extlt which have been derived for various 

kinds of cooperat ive, *.nterpr it.. 

Objectiv. tunti tlo. of the type der ived by ilelmberger and Hoo (1962) 

and otheria irt,,t applt1abl, l t t he cooperatlve farm In the DAP. They 

deal with pt uceittoig and mirketlny, cooperatives only, while in the DAP 

the cooperative alno includeo collective production.
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The DAP cooperative farm differs as well from those analyzed by
 

Domar (1966), Heady (1971b), Ferene in his second model, the "family-farm
 

type cooperative" (Ferenc 1971, p. 168) and Vanek in his labor-managed
 

firm (Vanek 1970, p. 20). They assume that cooperative members do not
 

pay themselves a wage, while the members of the DAP cooperative do pay
 

themselves a wage during the year in addition to sharing any residual
 

profit at the end of the year. This kind of double income, wage and
 

shared-profit, was certainly considered by Ward in his pioneering paper
 

on market syndicalism (Ward 1948), and was a feature of the proportional

profit farm in Puerto Rico (Stahl 1966, p. 26); but no formal objective
 

functions that could be used in linear programming were derived in the
 

two cases.
 

However, the main difference between our cooperative farm and the
 

farms considered by the authors mentioned above lies in the approach to
 

the number of cooperative members or laborers. Those authors treat the
 

number of members (labor suppliers and profit sharers) as a decision
 

variable: The farm will employ (give cooperative membership to) that
 

number of laborers which will maximize the average income per laborer.
 

It is a logical approach, since those authors do not face any institu

tional constraint of a certain number of laborers that the farm must em

ploy (give cooperative membership to).
 

On the contrary, the DAP cooperative farm has an institutionally fixed
 

number of families, which are all the families belonging to the community.
 

Therefore, the number of persons in each cooperative (cooperative size)
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is a parameter given by the population in the community. It may well
 

happen that not all members will find full-time employment in the coop

erative farm, but all of them will share in the residual profit realized
 

at the end of the year, in addition to wages received for any labor con

tributed to the cooperative. The basis on which the profits will be
 

shared among the members, the question whether some profits will be used
 

in community projects (instead of being distributed) and other adminis

trative decisions do not bear upon the objective function to be chosen; 

because the relevant goal for the cooperative will still be the maximiza

tion of the average income per person, that is, the maximization of wages

plus-profit divided by the number of members in the cooperative, no matter 

how the resulting profit is distributed or whether all or just part of it 

is actually distributed. 

Exceptions to the income-maximization goal would be those instances, 

mentioned by Ferenc (1971, p. 143), in which other goals are imposed by 

the Government, such as maximum aggregate output, highest employment, 

minimum land for a given output, maximum output for a given resource level, 

product quotas, etc. The Bolivian economy seems to be shifting rapidly 

toward a more socialist structure, consisting essentially on state owner

ship and administration of those industries that are considered crucial 

for economic development, such as mining, oil, sugar, etc. However, the 

possibility of the Government dictating specific goals for the agricul

tural cooperatives seems rather remote, because the Bolivian farmer would 

view such Government interference as a clear threat to the autonomy he 

acquired with the Agrarian Reform. 
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We now discuss the objective function to be used in this study, that
 

is,the specific form of equation [1].
 

The objective function for a conventional owner-operated profit

maximizing farm is
 
n m 

Max H - Z P Y - p X F- (3 
i-i j 1 j [ 

where H - profit 

pi - prices of final outputs (i a 1,...n) 

Y " final outputs 

pj - prices of variable inputs (j - l,...m) 

Xj = variable inputs; X - labor in hours 

F = annual fixed costs (machinery, buildings, 
etc.) 

Now, this objective function maximizes profit or return to management
 

(owner), while the objective function of the cooperative farm maximizes
 

income per member.
 

The specific objective function for the cooperative depends on the
 

concept of income. 
As stated above, income in the DAP cooperative farm
 

is the addition of wages and profits. The objective function that maxi

mizes such income per person will be
 

n m

Max + E Pi Yi - E pj Xj - M 4]
 

where * - average income per cooperative member 

W - wage bill (=plXl) 

M - number of cooperative members 
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However, in the DAP cooperatives H is a given parameter for each
 

cooperative. This means that if aggregate income is maximized, income
 

per family and income per person are maximized as well. Therefore, H can
 

be omitted from equation [4], which then becomes
 

n m 
Max -W+ E piYi- EJp Xj -F (53 

i-i ja 

where i - aggregate income for the whole cooperative 

with the only difference that (4] will be income per person while [5] will
 

be aggregate income. Various optimal solutions for one cooperative (for
 

example, at different degree,. of mechanization) can be compared in terms 

of equations [4] or [51 indifferently; but intercooperative comparisons 

are meaningful only in termui of equationi [4], which maximizes income per 

person, because M varies for each cooperative size. 

The two components of income in equation (5] can be made more explicit 

by introducing parentheses: 

Max w+ E Pi Yi- p x i - F (63
MW1i jJ 

The expression within parentheses Is R in equation (33. This means 

that the DAP cooperative farm maximizeii th'! name way an owner-operator 

does and then div idet the reidual profit among Itst members. 

When uied in linear progrmtn g, object ve function [6] it, no more 

than objective function J3] with a zero-value for the member-labor-using 

activity. Such zero-value automatically causes the addition of the wage
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bill Wto the residual profit II, as required by equation (6); it simply 

obviates the necessity of adding the wage bill to the profit in order to 

obtain the aggregate income an def ined in thiu study. 

The fact that it the DAII co-perativea till the operating capital, 

including the capital to pay wages, imposes ain borrowed modification on 

equation (5), which becomen 

n m 
ax W E ptY r p x -F [7w+ -(l+r) 

jul jul i 

where r - rate of interest at which operating capital 
is borrowed 

Equation (7] in the final vertion of our objective function. 

Given that W - plXI. it In legitimaite to auk whether our objective 

function does nut imply a zero-wage, nilace equation .51 could be rewritten 

as 

Max . ppi - P X - F lei 
i-l j-2 

quation (8 does imply a zero-wage and obviously would yield identi

cal solutions an eqution (5). In equation ([$ whnt In nubtracted on one 

hand (p1 X1 ) lu added on the other (W - P1 XI), while equation [81 simply 

omits the proce,,,, of .ubtrtct lny and adding the ,artme quwantLty. 

Equation 171, however, cannot be contildered any mnort an iti zero-wage 

objective funct ion. T'he totai labor ont fI (l+r) pIXI, while the wage 

bill im only W - 1p1 X ; that Its. each hour ol labor has a net cost to the 

cooperative of r timeu the hourly wage. rate. 
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We said that, if capital were not borrowed to pay wages, it would
 

not matter whether equation (8] or equation [5] was used. This in true 

only because M is a parameter and was, therefore, dropped from the objec

tive function. When M iu a decision variable, a zero-wage objective 

that this approach 	 may leadfunction must never be used; Ferenc liar shown 

to a misallocation of resources and, therefore, to a suboptimal solution 

(1971, p. 177). lie 	 strongly emphasizes that labor be given a price 

(opportunity cost), 	 profit be airaxliized and income be shared among the 

lie calls the "pure enterprise model" for a cooperative.members; It is what 

b-come return to the labor input while residual profitFunctionally, wages 

can be viewed as return to "collective management" (Ferenc 1971, pp. 161,
 

178, 180).
 

In sumnary, equation [7] will be used as the objective function in
 

our linear programming model. The resulting value of the program will be
 

aggregate income (wage bill plus residual profit). Income per person will
 

then be computed, and it will serve as a basis for comparisons of optimal

ity between solutions fo one cooperative and between solutions for dif

ferent cooperatives.
 

Procedures to Satisfy the Objectives
 

In proceeding to satisfy the objectives of this study, the first 

step will be to develop two linear programming matrices, one for partial 

and one for full mechanization. The levels of mechanizatioil will be re

flected in different input-output coefficients in the two matrices. 



57 

As explained earlier, two resources are considered in fixed supply,
 

labor and water. Available labor is only the labor supplied by the mem

bers of the cooperative, since there is 
no possibility of hiring outside 

labor. Water is fixed at the maximum obtainable from one well with one
 

motor-and-pump. The way land and machinery are allowed to vary is ex

plained below.
 

The six coperatIve sizes 
(number of persons) to be studied are given 

by the column headings in Table 3-1. They are the fromclass-midpoints 

Table 2-9, and they adequately cover tile actual range of Community sizes 

in the DAP which is betweefn 75 and 2000 persons. The cooperative size 

enters the matrix through the supply of labor available, one of the b
 

values in equation [21, 
which I,. obviously a function of the number of
 
persons in the cooperatlv.. Varlable-resource programming is the practi

cal way of handling such unequal changes in 1) values. 

For each cooperative size a set of 
solutions will be obtained corres

ponding to varlou!j farm tizes which are assumed to be available to the 

cooperative. 
Each of these farm slizet,defines a certain ha/person ratio,
 

so that the set of solution.,; actually will 
 examint. a range of ha/person 

ratios for each cooperative slze (remember again that cooperative size is 

number of persons, while farm size It, number of hectareii). Equal steps 

in ha/person ratios will enter the linear programming model as equal 

changes in one b value, which are handled by means of parametric pro

gramming.
 

The farm sizes to be studied parametrically within each cooperative
 

mige are listed in the body of Table 3-1. 
 These farm sizes were computed
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Table 3-1. Combinations of cooperative s ze and farm size to be studied
 
with parametric progranmlnga'.U __ 

Ha per Cooperative sizec 
125 275 425 625 1000 1650person 


2. 550. 850. 1250. 	 2000. 3300.
 

2.5 687.5 1062.5 1562.5 	 2500. 4125.
 

3. 825. 1275. 1875. 	 3000. 4950.
 

3.5 962.5 1487.5 2187.5 	 3500. 5775.
 

2500. 4000. 6600.
4. 500. 1100. 1700. 


4.5 562.5 1237.5 1912.5 2812.5 	 4500. 7425.
 

5 625. 1375. 2125. 3125. 	 5000. 8250.
 

5.5 687.5 1512.5 2337.5 3437.5 	 5500. 9075.
 

6. 750. 1650. 2550. 3750. 	 6000. 9900.
 

6.5 	 812.5 1787.5 2762.5 4062.5 6500. 10725.
 

7000. 11550.
7. 	 875. 1925. 2975. 4375. 


7500. 12375.
7.5 	 937.5 2062.5 3187.5 4687.5 


5000. 8000. 13200.
8 1000. 2200. 3400. 


8.5 	 1062.5 2337.5 3612.5 5312.5 8500. 14025.
 

5625. 9000. 14850.
9. 1125. 2475. 3825. 


9.5 	 1187.5 2612.5 4037.5 5937.5 9500. 15675.
 

6250. 10000. 16500.
10. 1250. 	 2750. 4250. 


10.5 	 1312.5 2887.5 4462.5 6562.5 10500. 17325.
 

3025. 4675. 6875. 11000. 18150.
11. 	 1375. 

7187.5 L1500. 18975.
11.5 1437.5 	 3162.5 4887.5 


12. 	 1500. 3300. 5100. 7500. 12000. 19800.
 

7812.5 20625.
12.5 1562.5 3437.5 5312.5 	 12500. 


aSource: Computed from Table 3-1 and criteria in the text in page 60.
 

bFigureH in the body of the Table are the 	number of ha made available
 

to the cooperative.
 

CNumber of persons in the Comunity.
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Table 3-1. (Continued)
 

Ha per Cooperative sizec
 

person 125 275 425 625 1000 1650
 

13. 1625. 3575. 5525. 8125. 13000. 21450.
 

13.5 1687.5 3712.5 5737.5 8437.5 13500. 22275.
 

14. 1750. 3850. 5950. 8750. 14000. 23100.
 

14.5 1812.5 3987.5 6162.5 9062.5 14500. 23925.
 

15. 1875. 4125. 6375. 9375. 15000. 24750.
 

15.5 1937.5 4262.5 6587.5 9687.5 15500. 25575.
 

16. 2000. 4400. 6800. 10000. 16000. 26400.
 

16.5 2062.5 4537.5 7012.5 10312.5 16500. 27225.
 

17. 2125. 4675. 7225. 10625. 17000. 28050.
 

17.5 2187.5 4812.5 7437.5 10937.5 17500. 28875.
 

18. 2250. 4950. 7650. 11250. 18000. 29700.
 

18.5 2312.5 5087.5 7862.5 11562.5 18500. 30350.
 

19. 2375. 5225. 8075. 11875. 19000. 31350.
 

19.5 2437.5 5362.5 8287.5 12187.5 19500. 33000.
 

20. 2500. 5500. 8500. 12500. 20000.
 

20.5 2562.5 5637.5 8712.5 12812.5 20500.
 

21. 2625. 5775. 8925. 13125. 21000.
 

21.5 2687.5 5912.5 9137.5 13437.5 21500.
 

22. 2750. 6050. 9350. 13750. 22000.
 

22.5 2812.5 6187.5 9562.5 14062.5 22500.
 

23. 2875. 6325. 9775. 14375. 23000.
 

23.5 2937.5 6462.5 9987.5 14687.5 23500.
 

24. 3000. 6600. 10200. 15000. 24000.
 

24.5 3062.5 6737.5 10412.5 15312.5 24500.
 

25. 3125. 68/5. 10625. 15625. 25000.
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on the basis of the following criteria: (i) lower and upper limits of 2
 

and 25 ha/person respectively, considering that the higher ha/person
 

ratios in Table 2-6 are thought to be rather exceptions, (ii) farm size
 

ranging from 500 to 32000 ha as it is the case in the DAP, (iii) steps of
 

0.5 in the ha/person ratios to be studied. The parametric routine will
 

be applied starting at the lowest ha/person ratio, and the farm size will
 

be allowed to increase until land becomes a non-limiting resource.
 

The first (most simple) degree of mechanization, under both partial
 

and full levels, will consist of one piece of each machine entering that
 

level.
 

The following criteria will be used in proceeding from one degree of
 

mechanization to another and from one cooperative size to the next one:
 

(i) If machinery is limiting for a certain cooperative size, the
 

same cooperative size will be analyzed with a higher degree of mechaniza

tion. That is, another piece of the limiting machine or machines will
 

be introduced, unless the shadow-price was so low that clearly not even 

the fixed cost of the added machine could be covered (thus actually low

ering the value of the program when introducing the new machines). For 

example, in Table 3-1, if with the first degree of mechanization tractor 

time is highly limiting (high enough shadow-price) for a cooperative of
 

125 persons, then this same cooperative size will be also analyzed with a
 

higher degree of mechanization, that is, with an additional second tractor.
 

If tractor was limiting only at, say, 5 ha/person and up, then the analysis
 

with the second tractor will be performed only at 5 ha/person and up. The
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same procedure will be followed with other machines. 
It is clear that
 

the various degrees of mechanization cannot be specified apriori, but will
 

be successively determined by the prograrmning results themselves.
 

(ii) If labor Is limiting at all farm sizes for 
a given cooperative 

size, it is meaningful to analyze the next larger cooperative with the
 

same degree of mechanizatlon. 
 For example, in Table 3-I, If with the
 

first degree of mnechanlzatlon 
 labor I. limiting tit all farm sizes for 

cooperative size 125, then cooperative size 275 will be analyzed also 

with the same degree of mechanization. The reason is that the cooperative 

size 275 adds a resource (labor) which was limiting at the size 125, thus 

offering the possibility for a higher value of the program. 
Of course,
 

this is only true when the shadow-price of labor was higher than the wage 

to be paid.
 

(iMi) If labor is limiting only above a certain farm size, then it 

is meaningless to analyze the next larger cooperative with the same degree 

of mechanization at farm sizes below that one. For example, In Table 3-1, 

if with the first degree of mechanization labor iij limiting for coopera

tive size 125 at only 11 ha/person and up (I.e. at 1315 
ha tlld up), then 

cooperative size 275 with the same degree of meCLhanlzatlon will be analyzed 

only at 5 ha/person and up (I.e. ,at 1375 ha and up). The reason Is that, 

at farm sizes below 1375 ha cooperative size 275 would only add a resource 

(labor) which is non-i-lting, with no ponsibIlity, therefore, to Increase 

the value of the program. The extra 150 persor would only contribute an 
unusable resource, while they would still share in the profit; that is, 
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at the same farm site the income per person would decrease as the coopera

tive size Increases, since more persons would share in the same total in

come. Therefore, the meaningful thing to do in that case is to start 

analyzing cooperative size 275 only at the next degree of mechanization 

(according to criterion (1)above). 

(iv) If labor is not limiting at any farm gsie, then It Is meaning

lose to analyze the next larger cooperative size with the same degree of 

mechanization at any farm size. For example, in Table 3-1, if with the 

first degree of mechanization labor is non-limiting for cooperative size
 

125 at any farm size, then no other cooperative also will be analysed with
 

that degree of mechanization. Analysis of cooperative size 275 will begin
 

with the next degree of mechanization (according to criterion (1)above).
 

No other criterion is needed for the case in which water becomes a 

imniting resource; because, on the one hand, the supply of water Is con

sidered as given Ina fixed amount by the one existing well and, on the
 

other hand, the other resources can still be used in crop activities with

out Irrigation.
 

Obviously, before the analysis to actually carried out, there is no 

way to know how many solutions will have to be obtained for each coopera

tive *sIe or for each degree of mechnization. Each solution way or may 

not call for other solutions. 

It i4 true that by using integer programming on all farm machinery 

an absolutely optimal solution for each cooperative *sie would be directly 

obtained; that ii, the optimal degree of mechanization would be staultane

ously decided, and there would be no need for got& through the tedious 
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and expensive process of obtaining multiple solutions by applying the four 
criteria above. Hovever, the analysis with Integer programing would not 
supply any Inforuation on the optimal path for progressive mechaniaotion. 
Integer programing woul4 jump directly to the optimal degree of mechani
sat ion, but would say nothing about the step# to be taken In order to 
reach that optimal degree starting from the most simple wehniation. A. 
explained above, this intormation aemes important in the Aroa of Patacamaya. 

Using the result* of the linear programing solution4 obtainedi by 
applying the tivo criteria above, the objective. established In the first 
chapter vii be approached Inthe fotlloving manert 

first objective. Table* will be constructed.shovng the wlxiummo in
come per person thet can be obtained by each Cooprative *too In Table 3-1, 
at various degree* of MOCIantRAtta. (or the whole rangt of ii.'pprs#n 
ratios. for #ach cooparativo slo* the tlhiest fiure will e olocto,.
 
Which Will itdictate the optimal hA/pIrson ratio (Optial (Of1 #ile) 4nd 

the optimal love) sd ditroe of mwchanlhatsioo. 

As additional information, Table* will be c##atrocgto Inthe aat 
mannr for other maasrvre of tfficlietcy, slthoi##h 14a- iwwiv pvr pvt.i*o
 

viii be the nflmbor on* Critrion of e400i1C Oltiawlity, as esplaltse 

earlIer to thi hapti. 

inSpectio" af the Table, on iome peer perfon will alo wcover the 
path to be followdw (or prooroooiv6 0hi000 le#a1, top to the optloil de0#e. 

The 0ai0 Tables viii pOst but te opportaiuty Colst, to terma at 
InCoel
o forfnw., I"Crr#i 4y oath C0eraitve *ie ftot 6vIn4 a tor *ei# 
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A farm size larger than optimal imposes no opbelow the optimal one. 


portunity cost, since at the present time no expenses are associated 
with
 

owing farm land. If any day some expenses come into being (such as land
 

then having a farm larger than
 tax or mandatory conservation practices), 

optimal will ccrtainly carry an opportunity cost. 

of land, labor, capital and water
Second obhectwiv. The quantities 

from the optimrl solutions. By inspecting the various
used will bc taken 

note of bolutloa for all the cooperatives, it will be possible to identify 

sly *xibtnlg ptterrvs of htabonal or overall scarcity of resources. 

plans and levels of output 	will be shown for
Third objert ive. Farm 

the optimal ftolutiunb. 

in the
 
Any oburrvable patterns in activities entering the program or 

the program may give leads
shadow-pricc of those activities not entering 

and extension nhould concentrate.about f1iIdn un Wlich research 

rctlvr. Information 15i available on productiveFourth ub Recent 

the Arva: Antipampa with 396 persons,
portoraiianc ut two Cu muunlt it3 in 


Culli Culli Bajo has already be-.

and Culls Cul4l h4jo with 245 persons. 

at shown In Table 2-5. Present income per
Sun ttj orgiatiltr co,,,ratvely, 


two communitief, will be compared

pfeun, ouutPtd miMsd other values In the 


the same or

Vith the cour,,mprllltiA valulu in the optimal solutions for 

r e a
 
the llel t toopo|ta viv|o.
 

nozao 	 pertinent on the proc
boaotr cls,,dalit thiu ,ha(lt 	 r. remarks ne-n 

in the model. These remarks deal with the 
#so of1 ec4anlitattiot otitailed 


have the level of employment
mwchanhaetlon likelyfftecto that 	 to to on 



and on the income shares going to the various factors as return or payment
 

for their services:
 

(i) It is generally assumed that mechanization of agriculture will
 
reduce the level of employment, since it embodies a substitution of capi

tal for labor. 
 This is certainly true if the level of production remains
 

unchanged, because when using more capital to obtain the same output, less
 
labor will be needed (interms of economic theory, it is just a 
movement
 

along the same isoquant). 
 However, if the previous level of production
 

was being determined by a resource bottleneck in a certain time period,
 

the opposite may be true. 
For example, assume that in a non-nechanized
 

agriculture the quantity of land cultivated is limited by the labor or
 

the bullock-time available during the months of land preparation and
 

planting. 
In that case, it may well happen that the introduction of
 

machinery in those months remove the bottleneck, so that more land can
 

then be cultivated; farm operations on the additional land during the rest
 

of the year may bring about higher employment on an all-year basis, al

though employment may have decreased in the months of land preparation
 

and planting.
 

Such seems to be the case in the DAP, as outlined in consideration 4
 
at the beginning of this chapter. 
Therefore, it can be expected that the
 

introduction of machinery in the DAP will increase the level of employment,
 

as compared with the bullock-powered agricultur- prevalent at the present
 

time. 
 Once this transition to an elementary mechanization has been accom

plished, further advances in mechanization may or may not reduce the level
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of employment; it all depends on whether higher degrees of mechanization
 

still remove bottlenecks with the result of attracting more labor on an
 

all-year basis than the labor replaced by the additional machinery. The
 

relative use of labor (inpercent of total labor available) for each
 

combination of cooperative size, farm size and degree of mechanization
 

will be among the results of this study.
 

(ii) A legitimate concern about substitution of capital for labor
 

in agriculture is that it will reduce the share of income going to the
 

farm labor sector as payment for its productive services; in underdeveloped
 

countries, this may cause further deterioration of living conditions for
 

an already impoverished sector of society. If mechanization does lower
 

the level of employment, the return to the labor sector will, obviously,
 

be lower both in absolute terms (wage bill) and in relative terms (as a
 

share of the income generated). In those cases in which mechanization
 

raises the level of employment, return to labor in absolute terms (wage
 

bill) will be higher; but it will most probably be lower as a share of
 

income generated, because the return (int3rest) to the much greater amount
 

of capital used now will claim a larger share of income than before. The 

return to management (residual profit) will be higher in absolute terms, 

ifmechanization is profitable at all, since residual profit is the vari

able being maximized in the objective function; it may also be higher as 

a share of the income generated, although this cannot be known a priori. 

Return imputed to land in the owner-operated farm would be the opportunity 

cost of the land's use, that is,the rent itwould provide if it were 
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rented out instead of cultivated by the owner; mechanization may raise
 

that implicit rental value of the land, if it raises its productive capa

city. In the standard maximization models for an owner-operated farm,
 

implicit return to land is lumped together with return to management and
 

they constitute the residual profit being maximized.
 

In the DAP cooperative, the concern over incine shares claimed by
 

the various factors becomes immaterial. As explained at length in this
 

chapter, all returns but the interest to be paid for borrowed capital ac

crue to the same individuals, the members of the cooperative; in other
 

words, only interest on borrowed capital leaves the cooperative, while
 

the rest of the income generated is available for distribution among the
 

members. Of course, that income can still be viewed as being made up of
 

three components, return to labor, return to land and return to management
 

(and return to any capital owned by the cooperative, which is non-existent
 

in this study); but the crucial point is that the relative magnitude of
 

these three components is irrelevant, provided that their total is the
 

maximum achievable. That total, under the name of income, is what is
 

maximized in the objective function used in this study.
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CHAPTE IV. RESOURCE AVAILABILITIES AND CONSTRAINTS 

Land
 

As explained in the previous chapter, under the section on Procedures,
 

the quantity of land (farm size) made available to each cooperative will
 

be increased parametrically in the linear programming model, in order to
 

study a whole range of hectares per person values for each cooperative 

size.
 

No complete soil map exists for tLhc DAP, but only four major soil 

studies and a spot-sampling analysis of the arable soil layer in nine co

operatives. Although land throughout the DAP is fairly homogeneous, its 

composition by clasises still depends on location within the Area. However, 

for lack of d2tailed information, thin research assumes that the land 

composition by classeb derived from those four soil studies is applicable 

to the entire DAP. This assumption should be removed in further research, 

once detailed soil maps are available. 

Table 4-1 presents the results of the four major soil studies, whose 

geographical location can be seen in Map 4-1. Another soil study was 

done in San Jos6 de Llangas in 1967, but no records of it could be found. 

The data In Table 4-1 follow the classification criteria developed in
 

the Land Capability Classification of the USDA Soil Conservation Service,
 

first introduced in Bolivia by L. Arce (1960) and now used, with some
 

adaptations, by the Soils Division of the Ministry of Agriculture (Sainz
 

1968).
 



Table 4-1. Soil studies in the DAPa 

Soil classesb Soil studies (in ha) Total 
and subclasses Vizcachanid Exp. Station Ayo-Ayo French Mission Bae 

1943 1959 1962 1967 
II 1460.6 419.54 120.3 5300. 7300.44 9.28 

e 16.5 5300. 5316.5 8.45 
s 419.54 5.6 425.14 0.67 
es 98.2 98.2 0.16 

I1 2036.9 463.72 87.7 1550. 4138.32 5.26 
e 30.7 30.7 0.08 
s 433.02 433.02 1.08 
es 87.7 1550. 1637.7 4.1 

IV 17.64 227.4 26200. 26445.04 33.61 
e 950. 950. 1.21 
s 17.64 22150. 22167.64 28.17 
es 227.4 3100. 3327.4 4.23 

V 1664.4 77.1 16650. 18391.5 23.37 
s 16650. 16650. 23.26 
es 46.2 46.2 0.06 
ews 30.9 30.9 0.05 

VI 2950. 2950. 3.75 
es 2950. 2950. 3.75 

VII 8550. 8550. 10.87 
s 4950. 4950. 6.29 
es 3600. 3600. 4.58 

VIII 915.3 37. 9950. 10902.3 13.86 
s 16.1 9950. 9966.1 13.83 
es 20.9 20.9 0.03 

Total 6077.2 900.9 594.5 71150. 78677.6 100. 



aSources: Vizchachani data are from Espinoza 1943; Exp. Station data are from Macfas, Nedoza
and Baptista 1959; Ayo-Ayo data are from Mendoza and Flores 1962; 
French Mission data are from
Misidn Francesa para el Desarrollo del Altiplano 1967.
 

bAs used by the USDA Soil Conservation Service. 
 The subclasses givc the
the soil to a particular class: reason for assigninge means danger of erosion, wdrainage, s means means wetness, flocoiing, deficient
soil conditions, c means climatic conditions. No c subclasses have been specified
he-.:, 
because the entire Altiplano is actually under climatic limitations.
 

CBelow the 
name of each study, the year is indicated in which the study was made. 
 Only the

1959 studyr of 
the area where the Experimental Station was 
to be established and the 1962 Ayo-Ayo
study used the USDA soils classification svste-. 
 Conversion to this 
svste= for the other studies
was done in consultation with knowledgeables of the soils in the DAP.
 

dNo subclasses are considered in the Vizcachani study nor any other categories that can be
converted into subclasses.
 

eSome class totals are higher than the sum of the subclasses, because the Vizcachani study has
 no subclasses.
 

fThe percentages for the class totals are on the basis of all four studies. 
The percentages
for the subclasses have been corrected for the absence of subclasses in the Vizcachaai study.
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a Analysis of the arable layer

0 Major studies: 1. Vizcachani 

2. Experimental Station
 
3. Ayo-Ayo
 
4. French Mission
 
5. San Jos6 de Llangas
 

Map 4-1. Soil studies in the Development Area of Patacamaya
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In 1969, an analysis of the arable soil layer was made at the Experi

mental Station and on the land used by eight cooperatives: Chiarumani,
 

Patarant, Collpa-lluancarani, San Jo86 de Llangas, Santiago de Collana,
 

Huanucollo, SantarI-Murmunt ani and San Martfn de 
lquiaca (Qtjiroga 1969).
 

Their location Is also shown in Map 4-1. The information from that study
 

can not be aggregated with the data in Table 4-1, because the study did
 

not cover any large area but was only a spot-sampling. However, it sup

plied knowledge of the chemistry of the soil which was valuable for de

ciding the type of fertilizer to be applied. Soil. are In general moder

ately acid (pH 5.3 to 5.9) and low In organic matter (below 2%). Content 

of available phosphorus is from low to moderate (up to 20 ppm) and that of 

potassium from moderate to high (above ppm). Little or no78 process of 

salinization or alkalinlzatlon Is present, except where the soil is clearly 

saline and, therefore, practically useless for agriculture In the near 

future. Nitrogen is typically very scarce all over the Area. 

The studies In Table 4-1 cover only 13.4% of the total area in the 

DAP, and are all located in the eastern half of the Area. However, the
 

soils in the DAP ire fairly homogeneous so that, until more information 

is available, data tn Table 4-1 can be extended to the whole Area. Thus, 

Table 4-2 presents the land clastilfication which will be used in the linear 

programming model; each hectare of land made available to the cooperatives 

by means of parametric programming will have the percentual composition 

shown in that Table. The specific agricultural activities for which each 

land clasti is suited will be examined in Chapter V. No possibility of
 

renting land is included.
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Table 4-2. Percent composition of land, by classesa
 

Land classesb 
 Correspondingc 
 Percent
 
official classes
 

Land 1 
 II 9 

Land 2 
 III 
 5 

Land 3 
 IV 
 34
 

Land 4 
 V 23
 

Land 5 VI 
 4 

Land 6 VII-VIII 
 25
 

Total 

100
 

aSource: Computed from Table 4-1.
 

bClasses1, 2 and 3 can be asigned to various rotations; classes 4
 
and 5 are only appropriate for permanent pastures; class 6 is wasteland
 
and space for roads,, buildings, etc. 

CClasses in Table 4-1.
 

Labor
 

Families in the cooperative supply all the labor for farming. 
The
 

total labor available to the cooperative is, therefore, a function of
 

population age distribution, the efficiency coefficients of the various
 

age groups and the numbers of hours worked per day.
 

Table 4-3 contains the existing information about relative size of
 

age groups in Communities of the DAP. 
Since the demographic structure of
 

the Communities of the Area is quite homogeneous, that information is
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Table 4-3. Age groups in three Communities of the DAP (inpercent)a
 

Ageb Patarani Antipampa Culli Culli Bajo Averagec
 

0 - 9 33.6 25.51 32.11 30.41 

10 - 14 13.4 14.39 12.6 13.46 

15 - 19 7.9 11.89 13.01 10.93
 

20 - 59 38.9 39.9 37.81 38.87 

60 or more 6.2 8.33 4.47 6.33 

Total 100. 100. 100. 100.
 

aSources: Figures for Patarani are from Curso Nacional de Planifi

cacion de Proyectos a Nivel de Finca 1968; figures for the other two
 
Communities are from DeLucca 1969b.
 

bThe distribution by sex is about 50% male and 50% female. 

CWhen theto, pircentages had been already built into the linear pro

gramming model (see Table 4-4), re.siultsi from a 1967 centsus In the DAP 
became known to the author (Bolivia 1967a, Table 1). Percentages by age 
groups in that census do not differ by more than 0.1% from the average 
percentages shown in this Table; including them in this Table would not 
make any significant difference. 

assumed to be representative of the entire DAP and, therefore, it is used 

to determine the labor available to the cooperatives in general as a func

tion of their size (nuxmber of persons). Table 4-4 presents the number of 

hours per workday available to a cooperative size 100, that is, the labor 

supplied by 20 families (100 persons), after efficiency coefficients are 

applied to account for differences In productivity due to age and sex. 

The efficiency coefficients are a combination of those used by M. Burke 



75
 

In his study of farms around Lake Tittkaka (Burke 1967. p. 60) and those 

used by a 1968 planning report for the Patarant and Chiarumani Comunit±es 

(Curso Naclonal do Planificaci6n do Proyoctos a Nivel do Finca 1968, p. 9). 

Table 4-4. Age group percentages. efficiency coefficients and agricul
tural labor availability8
 

Age groups Percent b Efficiency Agricultural labor availablec
 
coefficients In hours/lO0 persons/workday
 

Nov.,Dcc.,Jan. other months
 

Kale and female 30. 0.
0. 0.
 
below 10 years
 

Male and female be- 14. 0.5d 53.2 
 10.64
 
tween 10 and 14 years
 

Male between 15 23. 1. 174.6 
 174.8
 
and 59 years
 

Female between 15 23. 0.8 141.74 
 141.74
 
and 59 years
 

Male and female 4. 0.4 12.16 
 12.16
 
above 59 years
 

Total 94.e 
 381.9 339.34
 

aSources: Percents, 
are from Table 4-4; efficiency coefficients are
 
computed from b~urke 1967, p. 60 and Cureo Nacional de Planificaci6n de
 
Proyectoh a Nivel dv Flnca 1968, p. 9. 

bThe dltrlbustlon by eL'X1s 50% males and 50% females. 

CEight hours per day, minui 5Z to account for unforeseen losses. 

din December, .Jantary, and February, when school Is out. During the 

rest of the yeor the coefficient Is 0.1. 

eLeSU than 100%, because 4% of the persons between 15 and 59 years of 

age and 2% of those above 59 years are left free for non-agricultural 
occupations. 
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During the mnths of slack labor needs for agriculture, many fervrr 

migrate to sma11 towna or urban centers. They~ takto there twhatever o44 

jobs they can isocuru within the prov4lan ialn ofu.t1'uneopo~t 

#W-h A& trt.~ps, *!itv irtprrz. , ~t1rzr~, prrty tymjrot~ Ole. For 

thoe. *aaaonaI wiratita, wages neid tipa ir walt4 livills con4*cion are 

Very 4ef1uI(4jt. for thyv purpLout~a of ton at~dy, it ib aarbutued thast the* 

seasonmal mtgrailutt dura nAt relutcc the 14bor cupply to tfic c(U,~vrdt~vvu. 

Thts aas4m#pt10fl Is haned ut) two~ tactts: (1) H11ItCa1Iy* UVO01A~l~ ftIgra

tion to cunaldarrd- by oic tarmern &4 thec route 1 t b tisken onldy what) thore 

to no labor ufl thtr 14rtu anj (si) tiha tcitib. iruiit tyl ttscaiy Iab~facT
 

by deficient living C090dtib Arid 
imudAl unl14:tc 
area udh th~at 6041W1141 

migration never appi~rb ab Compating with farm labor In thair Cu&"i.ntion, 

It av4ilabl!. 

From the data In Tab Ic 4-4. labor bupply by ti1me per loaft$. co#:utoi 

in Ti'iblc 4-1. 'Iheit1aw ;crioda are btrtctly pAttcrnedil aftar thec caslondaro 

of agricultuiral arid 11vvmtoc . act lvila, In thr DAP (net! I'i~t-ra 5-1 to 

5-4). ThI " y Ieldft 24 hl1 I-aunthI per lodrA* 12 wh~i1c-ruinti parlatid., and 7 

other per 1udn~. hI ia -tlviit h pavr 1odct (or ruspuo tiv oprra: una that mustto 

be perfornei wIi ltt a cort"I l alt -ciltt; whu Ia-emotth per luda Oro for 

operat Iont. v1-at vitittt lie vxvc tt cd moime tItm dur In lie unt h ; tho other 

perioda rief Ivc L opera t onis t 11.1 t tnlulit ho ulder t akati no~r I M~e dilir I li thle 

spectl ed dateii, lr examIfple, the iecond half ofuJuly andl tho emonth of 

Auguit (period Juiy2-Augusst). Tho reation for breaking down tho year In 

such detail to one of ruall~im. It lii a well known fact that In the DAP 
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there is an excess of labor on a year-around basis, but that in some peak
 

seasons labor may become a limiting factor. Unless the time periods for
 

the labor supply are small enough, the seasonal scarcity of labor may
 

easily go undetected and may lead to farm plans which will be actually
 

infeasible if put into practice due to labor shortages.
 

It is realistic to assume that no labor can be hired by the coopera

tives, at least in the near future. First, because the labor peak seasons
 

are common to all farms in the Area; and, second, because of customary
 

autonomy of the Communities.
 

Presently,one or two young men in each cooperative are trained to
 

operate farm machinery and do some mechanical work. Any number of them
 

could be trained in the future, as required by the specific degrees of
 

mechanization. Therefore, operator's labor (i.e. labor for operating
 

machinery) is assumed to be a non-limiting resource, that is,available
 

in any amount that may be needed.
 

Capital
 

Since saving by farmers in the DAP is practically nil, the only
 

significant source of capital funds, at interest rates that can be af

forded, is the Agricultural Bank of Bolivia, headquartered in La Paz.
 

Unlike most of the other Government agencies, the Agricultural Bank
 

is extremely reluctant to supply any data on its operations, and quite
 

suspicious of anybody who tries to study in some detail its policies or
 

its performance.
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As indicated earlier, the Agricultural Bank extends no direct in

dividual loans to small farmers in the Altiplano, although the Bank does
 

not prevent the borrowing group from spreading the loan among its indi

vidual members. All the information that could be obtained about group
 

loans in the DAP is summarized in Table 4-6. The Aroma province, covered
 

in that Table, does not coincide with the DAP, but Bank officials agree
 

that the Table gives an accurate picture of the capital funds made avail

able by the Bank in the DAP from 1966 to 1969. Out of the 38 loans ex

tended in that period 76% were for crop activities, 5% were for livestock
 

and the rest were for joint crop and livestock enterprises. The loans of
 

w3rking capital for crops have a term of 2 years, those for livestock have
 

a term of 4 years and those for farm machinery have a term of 5 years;
 

however, the repayment periods are easily estended by the Bank in case of
 

meager crops or other unfavorable circumstances. No information could be
 

secured on how many loans have been repaid, or on outstanding debts or
 

delinquent payments.
 

The three "lines" of c.2dit in Table 4-6 correspond to the various
 

sources cf financing available to the Bank. Line 35-SF/BO is financed by
 

a master loan from the Inter-American Bank for Development, line AID-028
 

is funded through the U.S. Agency for International Development, and the
 

regular BAB line is from the, Bank's own funds. Most working-capital loans
 

are wmade frcri lutie 35-SF/BO at an official 6% annual rate of interest,
 

which, iwcoA 1 ,g ti Bank personrel, easily becomes 8' once service charges 

hnvi been added. The other operating loans are from the regular BAB line 

ac a 12% annual rate. 
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Table 4-6. 	 Group loans by the Agricultural Bank of Bolivia, in the Pro
vince of Aroma, Department of La Paz, 1966-1969a
 

Lines of creditb Total Average
 
35-SF/bO AID-028 Regular BAB per year
 

Annual rate 	of
 
interest % 	 6. 12. 12.
 
Number of group
 
loans 	 25. 10. 3. 38. 9.5
 
Total number of
 
group members 1043. 454. 87. 1584.
 
Total amount of
 
loans in pesos 3256462. 1417569. 226675. 4900706. 1225176.5
 

Percent 66. 	 6.
29. 100.
 

Average loan,
 
in pesos 130258.48 141756.9 75558.33 128965.94
 
Largest loan,
 
in pesos 239340. 168000. 107475. 239340.
 
Smallest loan,
 
in pesos 39630. 81369. 58000. 58000.
 
Average number of
 
members per group 41.72 45.4 29. 41.68
 
Average amount loaned
 
2emeber, in esos 3122.21 3122.4 2605.46
2 3093.88
 
Number of loans by
 
activity intended:c
 

Crops 23. 2. 3. 28. 7.
 
Livestock 	 2. 
 2. 0.5
 
Both 8. 8. 2.
 

aSource: Computed from letter DCP/14/70 from the Bank to the author.
 

bsee explanation in the text, page 80.
 

CLoan term is 2 years for crop loans, 4 years for livestock loans,
 

5 years for machinery loans.
 

http:23093.88
http:128965.94
http:75558.33
http:130258.48
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Loans from the AID-028 line, at a 12% annual rate of interest, are 

3 only loans available for purchasing farm machinery. These loans have 

Lll the requirement attached that no foreign goods can be bought if 

y are more than 10% non-U.S. made. On a world-wide basis, it is esti

:ed that such procurement requirement reduces the value of the loan to 

i borrowing countries by at least 15% (Thorbecke and Timmons 1970, p. 3); 

i figure for the DAP is not known, but it is probably between 10% and 20%. 

inthe cooperatives in the DAP started to mechanize, Massey-Ferguson
 

i their first choice for a tractor; but they were not allowed to purchase
 

: Although built in the United States, the tractor had an English-made
 

:kins engine, which, a competitor was able to prove, represented 30% of
 

t tractor value. At stake was an order for twelve tractors.
 

Officially there ia no upper limit for group loans from the Agricul

*al Bank. Some extension agents share the belief that, in practice,
 

tre is a tacitly set maximum limit of 250 to 300 dollars (3000 to 3600
 

ios) per member in the borrowing group. This belief could receive some
 

)port from the figures, in Table 4-6, on average amount loaned per
 

iber.
 

Based on the preceding description, the supply of capital is approached
 

the following manner in this study:
 

(i) All capital for farming has to be borrowed.
 

(ii) The Agricultural Bank is the only lending agency for the DAP,
 

:h no limit to the amount the cooperatives may borrow either for operat

g the farm or for buying machinery.
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(iii) The rate of interest is8% on loans for operating capital,
 

and 12% on loans for purchasing machinery.
 

(iv) An operating loan must be repaid in full, principal and inter

est, at the end of each agricultural year. The loan is a variable cost.
 

(v) That part of a machinery loan to be paid each year, principal
 

and interest, is a fixed cost. It is computed in Chapter VI using stand

ard formulas.
 

(vi) It is recognized that future research should study the impact
 

on optimal farm plans of changing interest rates. To this effect, when
 

developing the linear programming matrices, the rate of interest on work

ing capital will be treated in such a manner that only one coefficient
 

will need to be changed in order to study parametrically the impact of al

ternative interest rates.
 

Water
 

As explained in Chapter III, water for irrigation in the cooperatives
 

will be provided by a well with motor and pump.
 

A Deutz motor and a Palmero pump are used, whose characteristics are
 

given inChapter VI. The maximum pumping capacity is 65 liters per second.
 

With a time loss of 5% for maintenance and repairs, 100 m3 require 0.45
 

hours of pumping time. A reservoir is assumed to exist, as it is presently
 

the case at the Experimental Station, which allows around the clock pump

ing for daytime irrigation. No intermonth transfers of water are con

sidered, because long periods of storage would necessitate taking into ac

count evaporation and other losses about which no research has been made.
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Thus, Table 4-7 presents the monthly supply of water available to
 

It iswater available at the well site;
the cooperative from the well. 


travel and field losses will be built into the water requirements for
 

each crop.
 

Table 4-7. Water available from one well, by months
 

Monthly supplya
 
Sheet in mm/ha
me 


16539.12
165391.2
July 


16539.12
165391.2
August 


16005.6
160056.
September 


16539.12
165391.2
October 


16005.6
160056.
November 


16539.12
165391.2
December 


16539.12
165391.2
January 


14938.56
149385.6
February 


165j9.12
165391.2
March 


16005.6
160056.
April 


May 165391. 16539.1
 

16005.6
160056.
June 


194734.8
1947348. 


aOn the basis of 65 liters per second, with a time loss of 5%.
 

http:165j9.12
http:14938.56
http:16539.12
http:16539.12
http:16539.12
http:16539.12
http:16539.12
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Machinery
 

The kinds of machinery available were listed in Chapter III for both
 

the partial and full levels of mechanization.
 

Farm machinery enters the model under the form of machine time avail

able in the various time periods. 
As with labor above, the time periods
 

for machinery follow strictly the agricultural calendar. Thus, the fol

lowing number of time periods is defined: 23 periods for tractor, 11 for
 

plow, 8 for harrow, 7 for potato planter, 7 for grain drill, 7 for culti

vator, 4 for sprayer, 2 for forage harvester, 3 for hay rake, 3 for hay
 
baler, 1 for potato digger, 8 for wagon, 1 for sorter and 2 for sprinkler.
 

The specific time periods for each machine are listed in Table G-l.
 

Worktime losses for travel to and from the fields and for repair and
 

maintenance are built into the coefficients for each operation in which
 

the machine is used. Tharefore, the machine time available in each period
 

is computed on the basis of eight hours per workday. Table 4-8 is con

structed in that manner; the values shown there will be used in the linear
 

programming model.
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Table 4-8. Machine time available, by time periods (in hours)
 

Time perioda Machineb Time perioda Machineb 

time time 

July 1 104 March 1 104 
July 2 112 March 2 112 
July 21.6 March 216 

August 1 96 April 1 104 
August 2 112 April 2 104 
August 208 April 208 

September 1 104 May 1 104 
September 2 104 May 2 104 
,September 208 May 208 

October 1 104 June 1 104 
October 2 104 June 2 104 
October 208 June 208 

November 1 104 
November 2 104 February-March 408 
November 208 May-June 416 

December 1 104 June 2 - July 1 208 

December 2 112 June 2 - August 528 

December 216 July 2 - August 1 208 

January 1 104 
July 2 - August
August 2 - Sept. 1 

320 
216 

January 2 104 

January 208 Total year 2504 

February 1 96 

February 2 96 

February 192 

aSee note a in Table 4-5.
 

bFor one piece of machinery. Motor-and-pump are excluded, because
 
their time is embodied in the water availability given in Table 4-7.
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CHAPTER V. PROGRAM ACTIVITIES AND THEIR COEFFICIENTS
 

Crop Activities
 

The crops included in this study are: bitter potato, quinua, broad
 

beans, barley, alfalfa and weeping lovegrass.
 

Bitter potato is a highly frost-resistant type of potato (Solanum
 

andigenum Luki) which grows in the Andean regions of South America. 
It
 

is fit for human consumption only in the form of freeze-dried chufto, ob

tained by a centuries-old process of trampling and drying the potatoes
 

during alternate freezing and thawing, a sequence made possible by the
 

cold nights and hot days of July and August. The final product is hard
 

as a rock and can be easily stored for as much as five years; historically,
 

storing chulo has been a protection against meager crops and low seasonal
 

prices. Until recently chuto was sold unsorted, mostly to widdlemen. In
 

1970, the Central de Cooperativas started marketing two classes of chufto
 

by size, plus a third class of groung chuflo (jarhui) which is widely used
 

for soups. Although no studies exist, it is the belief of extension
 

dersonnel that there is a growing market for good quality chufto in La Paz,
 

Oruro, the mines and the subtropical areas recently settled by farmers
 

from the Altiplano.
 

Since its early years, the Experimental Station of Patacamaya has
 

been successful in increasing the yield and the resistance to frost of
 

bitter potato, mainly through the research efforts of S. Alandia, H. Gan

darillas and T. Monasterios (Gandarillas 1969; Monasterios 1967). As a
 

result, the four varieties Pala, Sacampa, Runa and Luki are presently
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made available to the cooperatives, all four with similar results. In
 

growing bitter potato, the only operation that cannot be possibly mech

anized at the present time is the making of chufto; it is a unique manual 

process for which no machinery has been invented so far.
 

Common Irish potato can also be grown in the DAP, but it is excludes 

from this study for two reasons. First, because in most years its yield 

is virtually wiped out by frosts; second, because other regions of Bolivia
 

(Cochabamba, Chuquisaca and Tarija) have a clear economic advantage in its
 

production (Faison 1967a, p. 67).
 

Quinua (Chenopodium quinoae) is the second most important crop in
 

the DAP. A cereal with high-quality protein, quinua grows only in the
 

highlands of Bolivia, PerG, Ecuador and Columbia, and is very resistant
 

to frost and drought. It has been a staple food in the Altiplano since
 

the days of the Inca Empire, and is still part of a wide array of dishes
 

in both the urban and rural areas.
 

It is estimated that there is a potential market for at least eight 

times the present production of quinua (some twelve thousand tons) because 

of the multiplicity of its uses (Gandarillas 1968a, p. 1). For human 

consumption it can be mixed with wheat flour for bakery products, used in 

many prized dishes and processed into breakfast cereal; its use in feeding 

sheep, hogs and poultry is still under experimentation but appears to be 

promising (Camargo, Montafto and Pou 1970). Research by H. Gandarillas at 

the Experimental Station has isolated the White Sweet variety of quinua 

now being distributed for seed by the Station; it is the best tasting
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variety and the one with the lowest content of saponine among all the
 

varieties of quinua collected so far (Gandarillas 1968b, pp. 16-51).
 

Traditionally, quinua was sold only as unpolished grain, leaving it
 

to the housewife to process it into flour and other derivatives. Since
 

1969, the mill operated by the Central de Cooperativas in Patacamaya is
 

as flour
marketing quinua as polished grain (for soups and other dishes), 


(for pastries) and as janckaquipa (for instant soups); bran, a byproduct
 

of milling, cannot be used yet for feed because its nutritional content
 

is unknown. 

The experience accumulated so far in La Paz suggests that there is an 

ample urban market for quinua products if their prices are competitive 

with the prices of other cereals, wheat flour, etc. (Pou and Waterman,
 

1970).
 

Broad beans (Vicia faba) are commonly grown in the DAP and picked
 

The varieties Uchuculu, Francesa and Copacabana have
either green or dry. 


given the best results so far.
 

Barley has been traditionally grown for grain and for hay, although
 

the yields in grain are often drastically reduced by frost; also, other
 

regions with milder climate, like the Cochabamba valley, have a clear ad-


Therefore, in this study harvesting for
vantage in barley for grain. 


grain is excluded and barley is allowed to be harvested only for forage,
 

The variety Bolivia is currently recommended
either as silage or as hay. 


in the DAP.
 

Alfalfa Ranger and Vernal have emerged from various experiments as
 

the best suited varieties for the Area (Braun 1964; Gandarillas, Durin,
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Rios and Barja 1965; Allred 1969; Estaci6n Experimental de Patacamaya
 

1970). 
 A five-year alfalfa plantation is considered. Alfalfa can be
 

cut for silage or hay, or it can be pastured in certain months of the
 

year.
 

Weeping lovegrass (Eragrostis curvula) has given the best results as
 

a green cover for lands of inferior quality, unsuited for any other crop.
 

It is highly resistant to frost and drought, and helps in the slow re

covery of eroded and poor soils. Weeping lovegrass is not cut but only
 

pastured, and has a duration of five years.
 

Besides the six crops mentioned, others are being experimented upon
 

at the Experimental Station, such as gladiola, vegetables and some varie

ties of trees. 
 They are not included in this study because no conclusions
 

have been reached so far. Other minor native crops (such as oka, izafio
 

and caftahua) are also excluded,because they are very marginal crops and
 

because no technical coefficients are known about them.
 

Barley, alfalfa and weeping lovegrass may be grown continuously,
 

while potato, quinua and broad beans must enter a rotation. Thus, the
 
crop activities in this study'are the following three rotations and three
 

continuous crops:
 

1. A three-year rotation of potato, quinua and barley (PQB).
 

2. A four-year rotation of potato, broad beans, quinua and barley
 

(PHQB).
 

3. An eight-year rotation of potato, quinua, barley and alfalfa
 

(PQBA), where alfalfa is a five-year plantation.
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4. Continuous barley (B). 

5. Continuous alfalfa (A) for five years.
 

6. Continuous weeping lovegrass (W) for five years.
 

Table 5-1 combines these activities with the classes of land fo
 

which they are suited. Alfalfa must be irrigated; broad beans, barley
 

and lovegrass are not irrigated; potato and quinua can be irrigated or
 

non-irrigated.
 

As it will be immediately shown in the crop calendar, potato has four
 

possible planting dates, quinua and broad beans have two planting dates,
 

barley, alfalfa and lovegrass have only one planting date.
 

a
Table 5-1. Crop activities and land classes
 

Land classesb Activitiesc
 

Land 1 PQB, PHQB, PQBA, A, B
 

Land 2 PHQB, PQBA, A, B
 

Land 3 PHQB, PQBA, A
 

Land 4 W
 

Land 5 W
 

Land 6 Wasteland, buildings, roads
 

aSource: 
 Derived from records at the Central de Cooperativas.
 

bAs in Table 4-2.
 

CActivities for which each land class is suited. 
The names of the
 

activities are explained in the text.
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Coefficients for Crops
 

The crop calendar for the DAP is presented in Figures 5-1, 5-2 and
 

5-3, by operations and planting dates.
 

Machine time and labor requirements under partial mechanization ap

pear in Tables 5-2 and 5-3. The same information under full mechanization 

is shown in Tables 5-4 and 5-5. The coefficients in these Tables 5-3 

through 5-5 represent the average efficiency in both unskilled labor and 

operation of machinery. All the coefficients for partial mechanization 

are taken from direct observation at the farm level; the same is true; 

under full mechanization for land preparation, insecticide application, 

plowing under and transportation. The other coefficients are from the 

Experimental Station, with an added margin of safety to account for lower 

efficiency under field conditions. 

Tables 5-6 and 5-7 give the specific time requirements by operations
 

and levels of mechanization, and the non-labor inputs for operating farm
 

machinery. Physical requirements of seed, fertilizer, chemicals and water
 

are shown in Table 5-8. Figures on water requirements, computed from un

published research by J. Sejas (1970), represent the best information
 

presently available, but will have to be corrected when experiments in
 

the field are conducted.
 

Finally, the expected yields to be used in this study are presented
 

in Table 5-9. These yields are certainly higher than those achieved so
 

far in the DAP. The reason for such differential is that better seeds,
 

fertilizer, irrigation and chemicals avoid to a substantial degree the
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Figure 5-1. Calendar for potato, with four planting dates 
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Broad beansb
Quinuaa 

September October July/August ugust/Septembe
 
planting planting lantin plantinp
 

P/o., -p July
 

,A'a,e1hk 1.. L9
#8't . ... .... ...
 
1.7 d pa.n¢,. ' .. . .......... August
 

P,'p.-q ,,. September
 

PI 1.',.y October
 

. ' l. . . ....
'I . . . .... . .

*I Ly-, 9.j~on November CA.a.igC/'vda 

-_------- : . .- . ..--. . - - . . . . .
- -.- - . . . . .... . . . .
 

* lDecember 

W' Cc'a~.,q - January 

Irra Z Ia, 2 February i FCA yW' ' 
.~ . .:: :.- .Tr-mmn p i'.'3 iii 

March
 

April
 

.... .. . ' 
....... . . ......... . May TPW . ~ii : . / _i~!!
 

'diau" CJune .. ,e u/,If 

aIf a combine were used for harvesting quinua, cutting and threshing
 

would be replaced by combining in June.
 

bone planting date is July and the first half of August; the other
 

planting date is the second half of August and the first half of September.
 

Figure 5-2. Calendar for quinua and broad beans, with the planting dates.
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Weeping lovegrassb
Alfalfaa b 


Barleya Year 1 Years 2-5 Year 1 Years 2-5 

July 

August
 

September lw .... &.dyre i1 

_ _ /.w 2 _October 

N'ovember , " , "_I, "A . ' - - ; ' ' 

December ,, lj' I,-t.r:/l , PCngI,,N 

March
 

January 9 ,,"'4 A' 

February a e m n lt n ai eion 

Harch f ,r 

April 5 Cae'd '' f.f .. . 

.......d.. a s.m~ ..... . . AA . '.' .i. ' -. I
 

a . .d." • nI" ss 'ls .MII 

L . . . .I I I " 

asilage making and hay making are alternative operations.
 

bA five-year plantation. Plowing-under only in the fifth year.
 

Figure 5-3. Calendar for barley, alfalfa and weeping lovegras 
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Table 5-3. Machine time and labor requirements, by operations, for grow
ing barley, alfalfa and weeping lovegrass, under partial mech

anization (inhours/ha, unless otherwise indicated)a~b
 

Barley Alfalfa 
Year 1 

Machine Labor Machine 

3. 3.Plowing 


1.5 1.5Harrowing 


1. 1.
Leveling 


Spring-tooth harrowing
 

48.
Planting 


Irrigation (per hour) 1.
 

32.
Fertilizing 

160 c
 

Cutting for silage 


64.C
 
Silage making 


180.C
 
Hay making 


3.Plowing under 


Transportation to storage (per 90 cwt) 1.5 4.5
 

20.Transportation to Central (per 100 cwt) f 

aSources: Same as Table 5-2. 

bsee note h in Table 5-2.
 

cSee not e In Table ')-2.
 

donly fifti-y-.r alfalfa and weeping lovelreas are plowed under.
 

aSoo note I li T bIt1 ')-2. Tranmporting of ollaija or hay. 

lSee noto X in Table 5-2. Tranaporting of hay to be #old. 
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Labor 
Years 2 to 5 

Machine Labor 

Weeping lovegrass 
Year 1 Years 2 to 5 

Machine Labor Machine Labor 

3. 

1.5 

1. 

1.5 

48. 48. 

8. 1. 8. 

160. 
c 

32. 

64.c 

3. d 
180* c 

3. d 

1.5 4.5 

20. 



Table 5-4. .Machinetine and labor requirements, by operations, for growing potato, quinua and broad
beans, under full mechanization (in hours/ha, unless otherwise indicated)a,b 

Plowing 
Rarrowig 
Level ing 
Plan ing 

Clearing
Cultivating I 
Wee~ ns 
Fert: ilizingc 
Culivating II 
Insec:icide application (twice) 
Irriga:ing (per hour) 
D g i 

Picking 
Pc:irg U:jer 
Transorta:icn to storage (per 90 cwt)e 
Scrting (per 10 cwt) t 

Transportaticn to Central (per 100 cwt)g 

Potato 
Machine Labor 

3. 
1.5 
1. 
4. 8. 

2. 

1. 1. 
2. 
3.2 9.6 
1. 8. 
3. d 7 0 . 

d 

3, 
1.5 4.5 

2. 20. 
20. 

Quinua 
Machine Labor 

3. 
1.5 
1. 
1. 1. 

48. 

48. 
1. 1. 

1. 10. 

3. 
1.5 4.5 

20. 

Broad beans 
Machine Labor 

3. 
1.5 
1. 
2. 2. 

2. 

2. 
3.2 9.6 

4 0 .d 
3. 
1.5 4.5 

20. 

0 

a surce: Sa=e as Table 5-2. 

b
wce note b in Table 5-2. 

CSee note d in Table 5-2. 

dsee note e in Table 5-2. 

eSee note f in Table 5-2. 

fSee note g in Table 5-2. 

hee note h in Table 5-2. 



Table 5-5. 	Machine time and labor requirements, by operations, for grow
ing barley, alfalfa and weeping lovegrass, under full mech
anization (in hours/ha, unless otherwise indicated)a,b
 

Barley Alfalfa
 
Year 1
 

Machine Labor Machine
 

Plowing 
 3. 	 3.
 

Harrowing 
 1.5 	 1.5
 

Leveling 
 i. 	 1.
 

Spring-tooth harrowing
 

Planting 
 1. 1. 1.
 

Irrigation (per hour) 
 i.
 

Fertilizing 
 1. 	 1.
 

c
Harvesting for silage 4 . 12 c 

Silage making 16 c 

Hay raking 2.7C 

c
4.2e
Hay baling 12.6


Plowing under 
 3.
 

Transportation to storage (per 90 cwt)e 1.5 
 4.5
 

Transportation to Central (per 100 cwt) f 
 20.
 

aSource: Same as Table 5-2.
 

bSee note a in Table 5-2.
 

cSee note d in Table 5-2.
 

dSee note c In Table 5-3.
 

"See note e in Table 5-2. Transporting of silage or hay.
 

fSee note f 	In Table 5-2. Transporting of hay to be sold.
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Weeping lovegrass 
Years 2 to 5 Year 1 Years 2 to'5 

Labor Machine Labor Machine Labor Machine Labor 

3. 

1.5 

1. 

1.5 

1. 1. 1. 

8. 1. 8. 

1. 1. 

4. c 12.c 

16.C 

2.7 
c 

4.2 c 12.6 c 

3.d 3.d 

1.5 4.5 

20. 
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Table 5-6. Machine time requirements, by operations and levels of mech
anization (inhours/ha, unless otherwise indicated)a
 

Operation Machine Time requiredb
 

by level of mechanization
 
Partial Full 

Land preparation c tractor 6.05 6.05 

plow 3.3 3.3 

Spring-tooth harrowingd 

Potato planting 

har-ow 

L tor 

tractor 

1.65 

1.65 

2.75 

1.65 

1.65 

4.4 

planter 4.4 

Broad beans planting 
plowe 

tractor 
2.75 
2.2 2.2 

drill 2.2 

Small grains plantingf 
plowe 

tractor 
drill 
plowe 

2.2 

2.2g 

2.29 

1.1 
1.1 

Cultivatingh tractor 2.2 

cultivator 2.2 

aSource: Computed from Tables 5-2 through 5-5.
 

bMachine times in Tables 5-2 to 5-5 are increased by 10% for machines
 
that travel to and from the fields.
 

CPlowing, disking and leveling. Leveling is done with a simple home
made device; thus, tractor is the only machinery used.
 

dAlfalfa in years 2 to 5. With a homemade device.
 

eSee note b in Table 5-2.
 

fQuinua, barley, alfalfa and weeping lovegrass.
 

gQuinua only.
 

hPotato and broad beans only.
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Table 5-6. (continued)
 

Operation Machine Time requiredb
 

by level of mechanization
 
Partial Full
 

Fertilizingi tractor 
 1.1
 

planter or drill 1.1
 
Insecticide application sprayer 1.6 1.6
 
Irrigation (per hour) motor 
 1. 1.
 

pump 1. 1.
 

sprinkler i. i)
 

Potato diggingk tractor 
 3.3
 

digger 3.3
 
1
Forage harvesting tractor 
 4.4
 

harvester 
 4.4
 

trailer 4.4
 
Hay raking1 tractor 2.97
 

rake 
 2.97
 
Hay baling1 tractor 
 4.62
 

baler 
 4.62
 
Plowing under tractor 3.3 
 3.3
 

plow 3.3 3.3
 
Sorting (per 100 cwt)m sorter 2. 
 2.
 

Transportation to
 
storage (per 90 cwt) tractor 1.5 
 1.5
 

trailer 1.5 1.5
 

iPotato, quinua and barley; weeping lovegrass in years 2 to 5.
 

JFor quinua only.
 

See note d in Table 5-2.
 

1Figures for each cut. 
 See note d in Table 5-2. 

mSee note f in Table 5-2.
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Table 5-7. Non-labor inputs requirements for farm machinerya
 

Machine Input Quantityb 

per hour 

Tractor diesel 19. 

oil 0.083 
grease 0.105 
distilled water 0.01 

Plow grease 0.012 
Harrow grease 0.012 
Pump oil 0.042 
Motor diesel 13. 

oil 0.14 
Potato planter grease 0.042 
Grain drill grease 0.042 
Cultivator grease 0.012 
Sprayerc gasoline 1.28 

oil 0.067 
Forage harvester grease 0.042 
Hay rake grease 0.042 
Hay baler gasoline 2.5 

grease 0.042 
Potato digger grease 0.042 
Wagon grease 0.021 
Sorter grease 0.01 

aSource: 
 Computed from records at the Central de Cooperativas and
 
from dealers' information.
 

bDiesel, oil, gasoline and distilled water is measured in liters;
 
grease in kilograms.
 

CRuns on 1:20 mix of oil and gasoline; 990 grams per HP per hour.
 



Table 5-8. Seed varieties, fertilizer, treatments and water requirements, by cropsa 

Seed Treatments Irrigation 
Crop Varieties Quan- Fertilizer Drug Quan- Appli- 3 b 

tity/ha NPK tity/ha cations m /ha Number 
Bitter potato Pala, Sacampa, 20. cwt 80-80-0c Agallol 6% 0.25 kg 1" 1219. 3e 

Runa, Luki Clordano 40% 10. 
 kg if
 

DDT 50% 1.089 kg 29
 

Quinua Blanca dulce 10. lb 45-0-0h Metasystox 0.25 lit 29 1070. 2
 
Broad beans Uchuculu, Francesa, 6. cwt 13-39-0 DDT 50% 1.089 kg 2g
 

Copacabana Metasystox 0.25 lit 29 
Barley Bolivia 1. cwt 4 0 4 0-0h 
Alfalfa Ranger, Vernal 44. lb 2307. 
Weeping lovegrass E.E. Patacamaya 17.5 lb 4 0 -0- 0 k 

Source: Derived from records at the Central de Cooperativas and from Table C-15. I 

bTotal required for all irrigations.
 

C50 kg of urea are applied at the first cultivation; the rest is applied at planting time. 

dpor dipping the seed before planting (mixed with 100 lit of water). 

eOnly 2 for potato planted in December or January; water required is then 820 3 only. 

fWith the seed at planting time. 

DDT and Metasystox are applied together (mixed with 200 lit of water). 

hApplied when plants are about 10 or 15 cm high.
 

iBy aspersion.
 

iFirst-year alfalia has only 5 irrigations; water required is then 1850 m3 only. 

kyears 2 to 3 only. 



Table 5-9. 
Expected crop yields, by planting dates and land classes (in cwt/ha, unless otherwise
 
indicated)a,b 

'Bitter potatoC 


Quinua 


Broad beans, green 


Broad beans, dry 


Barley silagee 


Barley hayf 


Alfalfa silageg 


Alfalfa hayh 


Weeping lovegrassi 


Planting 

date 


October 


November 


December 


January 1 


d

Sept. - Oct. 


July - Aug. 1 


Aug. 2 - Sept. 


July - Aug. 1 


Aug. 2 - Sept. 


December 


December 


October 


October 


December 


Land I 
Without irrigation 

Land 2 Land 3 Land 4 Land 5 
With irrigation 

Land 1 Land 2 Land 3 

210 

205 

200 

195 

173 

169 

165 

161 

100 

98 

96 

94 

270 

265 

260 

255 

223 

219 

215 

211 

130 

127 

125 

122 

35 

160 

155 

30 

133 

129 

20 

80 

77 

45 38 25 

45 

43 

37 

36 

22 

21 

400 

210 

330 

173 

190 

100 

800 

430 

667 

358 

400 

215 

0.13 0.125 0.12 

aSources: 
 Alfalfa yields are from Allred 1970; all other yields are derived from the records
at the Central de Cooperativas and from estimates by extension personnel. 
See also note b and
 
notes d and i below.
 



b¥Ylds expected with average weather conditions and under the assumptions of this study: mech

anization, use of fertilizer, etc. For all but weeping lovegrass, yields on lands 1 and 3 for the
 
earliest planting date are empirically known. For other planting dates a constant yield shrinkage
 
has been assumed: Yields on land 2 are those on land 1 minus one-third of the difference between
 
yields on lands 1 and 3. For yield of weeping lovegrass see note f below.
 

cPrccessed into freeze-dried chufo at the ratio of 3 kg of potato for each kg of chuio. The
 

resulting chufio is 40% first class, 57% second class and 3% third class (see Table K-4).
 

dNo yield difference between the two planting dates (September and October).
 

e31% dry matter.
 

f87.3% dry matter.
 

-Iwocuts, with 50% of the yield in each cut; 32.2% dry matter.
 

hTwo cuts, with 40% 
of the yield in the first cut and 60% in the second cut; 89.2% dry matter. 


'Yield is given in tons of dry matter, on the basis of the empirically known carrying capacity
 
of the pasture on land 4: approximately 5 head of sheep per hectare in any month from January
 
through May.
 

c 
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losses from drought, frost and disease as it has already been experienced
 

in some Cooperatives.
 

Information in Tables 5-2 to 5-6 is rearranged by time periods in
 

Appendix C. Such rearranged coefficients by time period* are the ones
 

that will enter the linear programming matrix.
 

Livestock Activity
 

The only livestock activity included in this research is sheep rais

ing. A few llamas are also raised in the DAP at the present time, but o
 

a non-commercial basis and with totally unimproved techniques, 
 In the
 

early 1960's uome research was done on feeding atud reprtu. of
utlun litte, 

but there is no ba"Is ar yet for oultainttig reliable uo.fficlentb un It 

raising. Futture efforts will probably he t4watddircted tibetttuting, 

alpacas for llama, (an Per(i already did), ahs(v alpac4 hatt b*a a af#4a 

demand in both the natoltnal and the !nteriatltunal msatbs ##4 ts p ld 

higher price than llama hair (%aln,n 196t,. It. If). 

Sheep presently exist Ing In the Altiplanrw ar 4oeieoe*tot llt type
 

descendants from the European broods btought 
five temlurla , pi" 0# 

for the few places where crona-breoding with Ia.porte4 saelsiol h.e teo#s 

place. 

Management practice. are very prioitive, aemlftgly 5-414 I t*A-(Od 

productive efficiency but rather toward ho.pini .hep an a cowt lC~tVC 

for emergencles or for i Cuomwtity cleobtt iun. Iaqeib #lto o!o vraf1 

high, yields are extremely poor for oth soat *,-ol, stl414£e&# *4d 
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Table 5-12. 

Nt(-"m..onhe 

Labor requirmnr#. by half-moutha, for operattorn other than 
condial the tlocka, t11unit flock of 200 breding owes (inhours) 

Idbor Yj~utrodb 
Tora 'X idlt" 

.26.6 

4* .46 4.83 

~21
 

0I44. 

*4-0 4*s. 4 #0 1.40 t~ 
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Table 5-13. 	Labor requirxements, by half-months, for tending the flocks in
 
a unit sheep flock of 200 breeding ewes (in hours)a
 

Labor requiredd
Labor requiredc
Numberb 

of 	 per day per half-month
 

flocks Total Adult- Total Adult"
 

April 1 448. 136.
 
April 2 4* 32 8 448. 136.
 
May 1 448. 136.

May2 I4* 	 32 8 496. 16.

May 2 496. 160.
 
June 1 3* 24 8 344. 136.
 
June 1 3* 24 8 344. 136.

July 1 	 3* 24 a 344. 136.
 

July 2 368. 144. 
Auguet 1 3* 24 8 344. 136. 
August 2 358. 144. 
September I 4** f 3l 673. 465. 
September 2 673. 465. 
October 1 4** 4 7 f 31 f 673. 465. 
October 2 721. 497. 
November 1 344. 136. 
November 2 344. 136. 
Decembkr 1 344. 136. 
Decembeg 2 3* 24 8 368. 144. 
January 1 3* 24 344. 
January 2 384. 
February 124 324. 
February 2 324. 
March 1 3* 24 344. 
March 2 368. 

Source: Derived from Table E-1 and Figure 5-4.
 

One or two star# mean that one or two of the flocks must have an a

dult shepherd, while the other flocks may be tended by a child. The need 
for on adult come. from management requirements (lambing season, etc.). 
The starred flocks are explained In Table E-6. 

cThe flock to pastured the whole day (8 hours) by one person, with no
 
more than 300 head per shepherd. When the flock is not on direct pasture, 
the same labor to still needed for feeding and taking care of the feedlot. 

dComputed froe the requirements per day. 

See note d in Table 5-11. 

tDuring the lambing season (Sept.-Oct.) the flock of pregnant ewes 

mast be watched around the cloAI (in Patacamaya there are twice as many 
Lobs born at night as there are during the day). Thus the daily labor 
cooffilient to Increased by 15 hours (from 5 P.M. till 8 A.M.). 
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Table 5-14. Drugs for sheep raisinga
 

Drug Operationb Dose
 

Thibenzole drenching (lambs) 6.5 cc per head 

Coopazine drenching (sheep) 50 cc per head 

Gamatox dipping 9 kg for whole flock 

Nexadip 6% dipping 25 kg for whole flock 

Elmycina pneumonia 2 cc per headc 

Negasunt external wounds d 

Cooper-spray external wounds _e 

Vaccines pneumoenteritis 1 cc per headc 

foot and mouth disease 2 cc per headc 

aSource: 
 Derived from records and direct observation at the Experi
mental Station.
 

bcomplete description in Table 5-11.
 

CThe dose is a function of the weight of the animal. 
The figure
 
given is an average for the whole flock.
 

dDusted on the wounds.
 

eSprayed over the wounds.
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CHAPTE VI. PRICES, COSTS AND REVENUES 

Prices of Inputs
 

In Chapter IV the five main resources were studied: Land, Labor, 

Capital, Water and Machinery. Their prices will now be discuseed; then, 

the prices of the other inputs will be given. 

No market price can be quoted on land in the DAP because no actual
 

market for land exists. No price can be given on the basis of opportunity
 

cost either, since there are no alternate uses to which land could be al

located in the present time. Neither, as noted in Chapter IV, there is
 

any cost involved in holding land idle. Therefore, no price for land is
 

considered in this study.
 

The price of labor is the wage paid by the cooperative to its own
 

members. Women's and children's labor is paid less than male adult labor,
 

but these wage differentials were already accounted for when all labor was
 

converted to male adult labor by applying the efficiency coefficients
 

from Table 4-4. Therefore, in this study all unskilled labor is given
 

the same wage, which is the going rate in the DAP ind which has been ac

cepted by the cooperatives ascmbly as binding. This rate is 8 pesos per 

workday, that is, 1 peso per hour. The only workers who receive a higher 

wage are the machinery operators and mechanics: They are paid 10 pesos
 

per day, that is, 1.25 pesos per hour. As noted in Chapter IV, no labor
 

can be hired.
 

The price of capital, already quoted in Chapter IV, is the actual
 

rate of interest presently charged by the Agricultural Bank: 12% on loans
 



for purchasing machinery, t os al o14w I*"*.
 

The price Of WAter is the Coot o t 94P, 4tVi* 4 p i *
 

Water from tb. well o tho tar*, 1Mi *II~ 14ai
7 44"014i
 

motor-and-pump, ti"i. A* co(-IJ4 14# 
 r to Ot$* 9%&PAr MV4 4111. ** 

variable coot of one hour of umoIor-4 v isw1,1) k* "' 4&1*
 

means 5.O0S pesos per 100 a of 0a4wr. Tut rnt ieW *.. No4t. 44441
 

cant, repair* and operator,* loar.
 

The prices of machinery for both Wip tl o*A NII $l***l* 4 *-*4 

tation are given In Table 6-1. ieei4e, the pri#' to tN4 &A *)C t 

farm, the years of useful lifhean keo *Alv*4# valoo *to *I|o 4tvl t 

each piece at machinery. For those **tht*** pr#se10*I.I;n 1, 04 

DAP the makes actually used are conot4er#ud 1o TlW# 4-ls t# (J'i ohe 

machines the makes available in L Pa anaol volt "ItW ;,. cto U*o *,# 

adopted, that is. John Deere (or 411 "achin*e. #ocpt *lect10o * *#4 
sprinkler.
 

The prices of all the other Input# (*#ds, fertlie. #t4,) *to 

those at which tho cooperatives can buy thos at 
thv Comt-| 4o__ 

tivas. As explained in Chapter It. the Cgntral is the buyia! i#*W fto 

all the cooperatives. 

Table 6-2 gives the price# for tools and other ouppliv*. is well 

the year. of useful life and average quantity per family. 

Prices for seeds recommended in the IAP are given In T ble -), 

fertilizer prices In Table 6-4 and drug prices in Table 6-5. 

Table 6-6 shows the prices of drugs recommended for sheep in the OAF. 
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common I the farms. Hovever. it the entire DP (and later most of the 

Altiplamo) adopts eventually the level of technology considered in this 

study, the market for hay will all but disappear. It seem logical that 

in our linear programing model a low enough price for hay be used 

which make It more profitable to feed hay to sheep than to sell it. A 

co uter run was mads in which prices of hay were parameterized downward 

at which it becamestarting at the present prices of 10 and 18; the prices 

,ore profitable to feed hay to sheep than to sell it were 2.45 for barley 

hay and 4.41 for alfalfa hay (the 10/18 ratio among the two prices was 

itwas assumed to represent a quality differential).eIntaimd because 

These prices will be used in the linear programming model instead of those 

givean n Table 6-9. An optimal plan may still ask for hay to be sold if 

s0e scarce factor (probably labor in a certain time period) limits the 

bhep raising activity and hay or alfalfa have to be planted " part of 

a rotation. but. in ay event, the quantity of hay to be sold will be 

relatively omall. Sy using the 2.45 and 4.41 prices instead of the 10 

and 14 prices. income of the cooperative decreased by 5% to 30% in the 

trial rus under both partial and full mechanization.,olutiols from two 

2.45 and 4.41 prices for hay does not distort*A.think that adopting the 

the problm, but it rather makes our approach to planning in the DAP much 

18 prices from Table 6-9 should diminishoars r alisttc, since the 10 and 

4iastically once the Area to ochanted and the demand of hay for feeding 

Work-antmals all but disappears 

Table 4-10 gives the prices at the Central do Cooperatives for the 

output from sheep raising. It is expected that in the coming years the 
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Table 6-10. 
Prices at the Central de Cooperativas for output from sheep

raising (inpesos) a
 

Price
 

Wool class 1b 
 9.025 per kg
 

Wool class 2 
 8.55 per kg
 

Wool class 3 
 7.6 per kg
 

Wool class 4 
 6.555 per kg
 

Wool class 5 and 6 
 2.755 per kg
 

Rams culled for age 
 4.5 per kg
 

Ewes culled for agec 
 4.5 per kg
 

Fattened wethersc 
 5. per kg
 

Fattened ewe lambsc 
 5. per kg
 

Adult head 
 4.75 each
 

Lamb head 
 3.8 each
 

Adult pelt 
 14.25 each
 

Lamb pelt 
 9.5 each
 

aSource: Wool prices are from Table D-6; 
the rest are from Pou and
 
Chacon, 1970.
 

bWool prices are those in Table D-6, minus 5% for transportation and
 
handling.
 

cLiveweight price.
 

liveweight price of sheep will increase to some degree, once the Central
 

improves its slaughtering and marketing efficiency.
 

On the basis of the prices in Tables 6-9 and 6-10, the revenues from
 



the various activities are computed at he-end of this chapter.
 

Fixed Costs
 

Fixed costs considered in this study result mainly from the indivisi

bility of farm machines and tools. They are the annual costs of machinery
 

and its shelter, small tools, storage building and silo (ifthe farm plan
 

asks for silage to be made).
 

Table 6-11 presents the annual fixed costs (depreciation plus interest
 

at 12%) of each machine and its shelter, the storage building and the silo.
 

With the figures in the last column of that Table the annual fixed cost
 

\or each degree of mechanization will be computed in Chapter VII.
 
Table 6-12 shows the annual fixed cost of tools and supplies per per

son in the cooperative. These tools and supplies are generally owned by
 

the individual families rather than by the cooperative; the members of
 

the cooperative use them when engaged in the common work. However, the
 

cost of these tools and supplies must still be considered a cost to the
 

whole cooperative enterprise. It will be left to the linear programming
 

matrix (by means of a transfer row) to add this cost per person to the
 

fixed costs computed from Table 6-11.
 

As an additional information, Tables F-4 and F-5, contain annual
 

fixed costs at lower interest rates down to 6%; these two Tables can show
 

how a reduction in the rate of interest of loans for purchasing machinery
 

would affect the profit of the cooperative (since we are dealing with
 

fixed costs, the optimal farm plans would not be altered by those lower
 

interest rates).
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Table 6-1. An al lMW ceotosupplies. i910 (0* at I1F~e)* rt# of trWnwf t4 (** *a' 

llemb . .... o fw."mi 

Fe-prc"U ti S eeht wu pffrmu"pP"4011 O W# 

Pick 4.71 1.1 1..
 

Shovel M34 l,! 1.
 

Koo S,9)S l.43 1, ,14,1
 

Fork 4.1$0 l,4l 1, 01,
 

6I3116. 2.66Ketal drum 


Sickle 4.))) 1.14 	 1. 

urlop boo M25i) 0.,M,) 	 11 $,&A 

0140"Cotton bag 1.43) 0,171 	 ),VI 

1."3,4
load basket 2.)75 0.20 

Total 

aSourcel Computd from Table A-1. 

bAs described in Tablo 6-1. 

C 1 vould be tedious (ad irrelovist &vI ) to 4m*o 04 fte'et # 90t* 

4 function of th WIs of AM4ul Use. O(be *t*r %#04#0 I. i"If lti* 

are so small that no ditorti"o is toctried bp, stip11 troilatt Om ** I 

fixed cost. 
8 Per etmber featly in the cooprstivo. Actodtif to t4# Lit col*A 

in Table 6-1. 

from this Table, *alm Ow "wItlyTheose are the isportant figures 
iof small tools and supplies is a funtilo of the eer of p onA OtW 

total in this colum vill ester the liiear popmaintcooperative. The 
matrix as fixed cost per person in addlttoo to the fixed coot* reeilioi 
from Table 6-11. 
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The gross revenue and the revenue over and above variable costs for 

crop output@. by level of mechanization and irrigation, by planting dates 

aW) by land classes are shown in Table 6-21 through 6-24. As it could be 

expected, revenue .,bove variable costa is higher for irrigated potato and 

quinua than for non-irrigated. Green broad beans show a certain advantage 

over dry beans, and alfalfa hay is significantly more profitable than 

barley hay (if hay is sold at all, as explained by note b in Table 6-24). 

&zcept in the case of hay. revenue above variable costs is consistently 

higher und#r full mchanisation than under partial mechnization. 

Aevenues from the sheep raising activity classified by source are 

givtm in Table 6-25. It to worth noticing that selling of lambs accounts 

for 50.151 of the Vevenue. The fact that selling of lambs is all but 

om-*xisteont at the present time is an indication of how radical an inno

vatioa In menament practices our sheep modeI implies on the part of the 

cooporuclvoo, as noted In Chapter V. 

Claootticatton of revenues from the various activities by the time 

period. In which they are received is given in Table F-14. That informs

ttoo I* not useod In this study, but it will be of prime importance in 

turthor ru.'-arch when analysing the pattern of costs and revenues during 

the a*ricultural year, in order to establish more accurately the needs 

for bofroiw Wotkift capialS. 



Gross revenue and revenue above variable costs of producing chuflo, 1970
a
 

Table 6-21. 


Gross revenueb Revenue above variable costsc 


in pesos/ha in pesos/ha 


No irrigation, land 1:
 
planted October 


planted November 

planted December 

planted January 1 


No irrigation, land 2:
 
planted October 

planted November 

planted December 

planted January 1 


No irrigation, land 3:
 
planted October 

planted November 

planted December 

planted January 1 


Irrigation, land 1:
 
planted October 

planted November 

planted December 

planted January 1 


Irrigation, land 2:
 
planted October 

planted November 

planted December 

planted January 1 


Irrigation, land 3:
 
planted October 

planted November 

planted December 

planted January 1 


9618. 

9389. 

9160. 

8931. 


7923.4 

7740.2 

7557. 

7373.8 


4580. 

4488.4 

4396.8 

4305.2 


12366. 

12137. 

11908. 

11679. 


10213.4 

10030.2 

9847. 

9663.8 


5954. 

5816.6 

5725. 

5587.6 


under partial 

mechanization 


6418.778 

6209.3 

5999.821 

5790.343 


4868.638 

4701.056 

4533.473 

4365.89 


1810.255 

1726.463 

1642.672 

1558.881 


8827.595 

8618.117 

8442.962 

8233.484 


6858.499 

6690.916 

6557.657 

6390.075 


2962.202 

2836.515 

2787.047 

2661.36 


under full 

mechanization 


6540.69 

6330.467 

5910.02 

5910.02 


4985.037 

4816.859 

4648.68 

4480.501 


1915.777 

1831.687 

1747.598 

1663.509 


8958.447 

8748.224 

8572.324 

8362.101 


6982.348 

6814.169 

6680.314 

6512.136 


3072.194 

2946.06 

2896.294 

2770.16 


Rate of returnd
 
Rateofreturn
 

under partial under full
 
mechanization mechanization
 

2.006 2.125
 
1.953 2.07
 
1.844 1.956
 
1.844 1.956
 

1.594 1.697
 
1.547 1.648
 
1.499 1.598
 
1.451 1.549
 

0.654 0.719
 
0.625 0.689
 
0.596 0.66
 
0.568 0.63
 

2.495 2.629
 
2.449 2.582
 
2.437 2.57
 
2.39 2.521
 

2.044 2.161
 
2.004 2.119
 
1.994 2.11
 
1.952 2.066
 

0.99 1.066
 
0.952 1.026
 
0.949 1.024
 
0.909 0.983
 



aSources: Computed from Tables 5-9, 6-9, 6-14 and 6-18.
 

bFrom selling the chuflo into which potato is processed.
 

cAbove variable costs in Tables 6-14 and 6-18.
 

dThis rate of return (so called for lack of a better name) is:
 

R Gross revenue -1
 
Variable costs
 

The variable costs considered in this Table exclude any interest to be 
paid on the working capital
 

and any price to be paid for using the land. Since there is no price on using the land, R is then
 

that rate of interest (per one) which, if it were to be paid on all working capital, would cause
 
At any interest
 

the activity to break even, that is, the variable costs would just be covered. 


rate below that there would be an excess of gross revenue over variable 
costs (as it is the case
 

in this Table, where a zero interest rate is considered); at any interest 
rate above that, variable
 

costs would be higher than gross revenue.
 



Table 6-22. Gross revenue and revenue above variable cost of producing quinua, 1970a
 

Gross revenue Revenue above variable costsb Rate of return 
in pesos/ha in pesos/ha Raeofreturn_ 

under partial under full under partial under full 
mechanization mechanization mechanization mechanization 

No irrigation, land 1 2100. 1401.405 1460.192 2.006 2.282 

land 2 1800. 1119.71 1178.497 1.646 1.896 

land 3 1200. 556.32 615.107 0.864 1.052 

Irrigation, land 1 2700. 1802.916 1921.703 2.225 2.469 

land 2 2280. 1468.543 1527.33 1.81 2.029 

land 3 1500. 736.136 794.923 0.964 1.127 

aSources: Computed from Tables 5-9, 6-9, 6-15 and 6-18. 

bAbove variable costs in Tables 6-15 and 6-18. 

cSee note d in Table 6-21. 



Table 6-23. Gross revenue and revenue above variable costs of producing green and dry broad beans,
 
1970 

Gross revenue Revenue above variable costsb Rate of returnc
 

in pesos!ha in pesos/ha
 
u-dcr partial under full under partial under full
 

mechanizaticn =echanization mechanization mechanization
 

Green, land 1: 
plAnted July-Aug.1 
plante! AuS.2-Sept. 

4000. 
3875. 

2993.24 
2871.675 

3083.588 
2962.023 

2.973 
2.862 

3.365 
3.2"4 

Green, lan! 2: 
p antez July-Aug.1 3325. 2336.789 2427.137 2.365 2.703 

plante:. A-.;g.2-Sept. 3225. 2239.537 2329.885 2.273 2.603 

Green. lan, 3: 
plant .;.Iy-Aug. 1 2000. 1018.2 1138. 58 1.101 1.322 

plan:Ce4 AUg.2-Sept. 1925. 975.261 1065.609 1.027 1.24 

Dry. InA:,.'.: 
Sa-An:e.t L- -A4.1 3600. 2640.16 2730.508 2.751 3.14 

plan:cZ A..*.2-Sept. 3440. 2482.96 2573.308 2.594 2.9 

Dry, lant 
plAnt-r : ZY-AUS.1 

pl.ante,. Aug.Z-S-zpt. 
960. 

2880. 
2011.36 
1932.76 

2101.708 
2023.106 

2.12 
2.04 

2.449 
2.361 

Dry. lanw 
plaztepIa t* . 

3: 
".;:y-4us.1
A..2-$Se;. 

1760.
1680. 

832.36
753.76 

922.706
9,". 106 

0.897
0.814 

1.102 
1.01 

bAbar ra:ilst,2t otsin Tables 6-16 and 6-18. 

CS~w wtw C in Table6-. 
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Table 7-4. Dpeee of full ambomht ionte o 

0qwee Ad dC w l i n oo R
 
Ohs. T, 0 C K I 1 5 D W Z o 

PUMP 

F) 2 1 1 1 1 2 1 1 1 1 1 1 1 1 
preyer 

F4 tractor 3 2 1 2 1 1 2 1 1 1 1 1 1 1 1 
plasar 2 1 1FS trl~tor A 3 1 2 1 1 2 1 1 1 1 1 1 

F6 tractor 4 3 1 2 1 1 2 1 1 1 2 2 1 2 1 1 
diger 

NOWIN 
F 6 4 2 2 2 2 1 1 1 2 2 1 2 1 1 

plowharrw 
drill 

Fr 
cultivator 
9rcter 7 5 2 3 2 2 3 2 1 1 2 2 2 3 1 1 
plw 
plaster 

sorter 
Opr isiLff 

#9 tractor 4 4 2 2 2z1 1 3)323 1 
ptw
plaaeo 
dl'l., 

#loonrt erived tr Tableso 5-47 to "s. 

botff.lwo orsp.I"%iom as eatered into the odel. The compost

tie. at 0&0 d..V e Iito acu.ally applied to each solution Is further 
Oomlead by IM latormti Iivma in Appnld I, where unused pieces 
of mu, Ia,'!are listed. The symbols ter auseb ry ire the sme ones 
used to the Hlow peorfqe nlmtri (*" Table 0-) T w tractor, 
F a p1we, I * arfov, P w petate plasser, 0 & grain drill, C a cultivator, 
A * sprayIr, F a ertee harwsetr R a.hay rake, I bay baler, D * potato 
d41r, V -a , S a* .rilr, "o,sprikler., 

*A* to Table 6-11. 

1 
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Table 7-4. (Continued)
 

CompositionDegree Added 

matitines T P H PP G C K F R B D W S Z Motor 


pump 
Flo 	 tractor 9 6 2 5 2 2 3 2 1 1 3 4 2 4 1 


planter
 
wagon
 
sprinkler
 

Fl 	 tractor 10 7 3 5 2 3 3 3 1 2 3 4 2 4 1 

plow
 
harrow
 
cultivator
 
harvester
 
baler
 

F12 tractor 11 7 3 5 3 3 4 3 1 2 3 4 2 4 1 

drill
 
sprayer
 

F13 	 tractor 12 8 3 5 3 4 5 3 2 2 4 4 2 4 1 

plow
 
cultivator
 
sprayer
 
rake
 
digger
 

F14 tractor 13 9 3 6 3 4 5 3 2 2 4 5 2 4 1 

plow
 
planter
 
wagon
 

F15 tractor 14 10 4 6 3 4 5 3 2 -2 4 5 3 4 1 

plow
 
harrow
 
sorter
 

F16 	 tractor 15 10 4 6 4 4 5 3 2 3 5 5 3 4 1 

drill
 
baler
 
digger
 

P17 	 tractor 16 114 7 4 4 5 4 2 3 5 5 3 4 1
 
plow
 
planter
 
harvester
 

F18 tractor 17 12 4 8 4 -5 6 4 2 3 5 6 3 4 1 

plow
 
planter
 
cultivator
 
sprayer
 
wagon
 

Silo
 

1
 

1
 

1
 

1
 

1
 

1
 

1
 

1
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Table 7-4. (Continued) 

Degree Added Compositionb 

machines T P H PP G C K F R B D W S Z Motor Silo 
pump 

119 tractor 18 12 5' 9 4 '5 6 4 2 3 5 7 3 4 1 1 
harrow 
planter 
wagon 

F20 tractor 19 13 5 9 5 .5 6 52 3 6 7 3 4 1 1 
plow 
drill 
harvester 

121 
digger 
tractor 20 14 5 10 556 5 2 3 6 8 3 4 1 1 
plow 
planter 

122 
wagon 
tractor 21 14 5 10 5 5, 7 5 2 3 '6 8 '4-4 1 1 
sprayer 
sorter 

123 tractor 22 15 6 11 5 5 8 5 2 4 6 8 44 
plow 
harrow 
planter 
sprayer 
baler 

F24 tractor 23 15 6 1i 56,8 5 3 4 6 -8 4 4 1 1 
cullf-vator 
rake 

125 tractor 24 16 6 11 6 69 5 3 4 6' 8 44 1 1 
plow 
drill 

F26 
sprayer 
tractor 25 17 6 11 6 7 -9, 5 3, 4 -6,' 8: 4 4 1 1 
plow 
cultivator 

F27 tractor 26 17 6 12 6 8 9 5 3 4 6 8 4 4 1 1 
harrow 
planter 
cultivator 



Table 7-5. 
 Fixed cost of the various degrees of partial mechanization
 
(in pesos)a
 

Degrees 


TotalL 


P1 203612.38 

P2 275242.38 

P3 287621.76 

P4 359251.76 

P5 454311.14 

P6 535710.14 

P7 631573.52 

P8 652992.52 

P9 727232.9 


Plo 819681.9 

PI1 903691.28 

P12 977931.66 

P13 150460.569 

P14 1161963.04 

P15 1260145.42 

P16 1342435.8 

P17 1423834.8 

P18 1507844.18 

P19 1590134.56 

P20 1671533.56 

P21 1755542.94 

P22 1841345.94 

P23 1925355.32 

P24 2007558.32 

P25 2097007.32 

P26 2199639.7 

P27 2279319.7 


Fixed cost 


Annual 


27107.967
 
36943.267 

39287.025 

49112.325 

63037.383 

74407.223 

88450.921 

91509.128 

102153.646 

115259.486 

127438.544 

138083.062 

150460.569 

164302.807 

178661.045 

190286.23 

201656.07 

213835.07 

225460.153 

236830.153 

249009.211 

261023.691 

273202.749 

284701.229 

297078.736 

311928.641 

322771.608 


Additional fixed costb
 

Total Annual
 

71630. 9835.3
 
12379.38 2343.758
 
71630. 9835.3
 
95059.38 13915.058
 
d1399. 11369.84
 
95863.38 14043.698
 
21419. 3058.207
 
74240.38 10644.518
 
92449. 13105.84
 
84009.38 12179.058
 
74240.38 10644.518
 
89449. 12377.507
 
94582.38 13842.238
 
98182.38 14358.238
 
82290.38 11625.185
 
81399. 11369.84
 
84099.38 12179.058
 
82290.38 11625.185
 
81399. 11369.24
 
84009.38 12179.058
 
85803. 12014.48
 
84009. 12179.058
 
82203. 11498.48
 
89449. 12377.507
 

102632.38 14849.905
 
79680. 10842.967
 

aSource: Computed from Tables 6-1, 6-11 and 7-3.
 
bFixed cost of the machines added to each degree of mechanization
 

in Table 7-3.
 

cInvestment in machinery (at purchase price).
 

http:102632.38
http:11498.48
http:12014.48
http:84009.38
http:11369.24
http:82290.38
http:84099.38
http:11369.84
http:82290.38
http:98182.38
http:94582.38
http:74240.38
http:84009.38
http:13105.84
http:74240.38
http:95863.38
http:11369.84
http:95059.38
http:12379.38
http:213835.07
http:201656.07
http:190286.23
http:2097007.32
http:2007558.32
http:1925355.32
http:1841345.94
http:1755542.94
http:1671533.56
http:1590134.56
http:1507844.18
http:1260145.42
http:1161963.04
http:977931.66
http:903691.28
http:652992.52
http:631573.52
http:535710.14
http:454311.14
http:359251.76
http:287621.76
http:275242.38
http:203612.38
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Table 7-6. Fixed cost of the various degrees of full mechanization 
(in pesos)a
 

Additional fixed cost b 
Fixed cost
Degrees 


Total Annual
Totalc Annual 

Fl 374227.38 50657.367
 
F2 445907.38 60492.667 71630. 9835.3
 

F3 458286.76 62836.425 12379.38 2343.758
 

F4 564766.76 77055.392 106480. 14218.967
 
92449. 13105.84
F5 657215.76 90161.232 


F6 744185.76 102011.766 86970. 11850.534
 

F7 864832.76 119039.953 120647. 17028.187
 

F8 1044667.14 144447.511 	 179834.38 25407.558
 
131589. 17768.741
F9 1176256.14 162216.252 


F1O 1301836.14 179178.886 125580. 16962.634
 
192047. 27462.686
Fli 1493883.14 206641.572 


12675.685
F12 1584448.52 219317.257 90565.38 


F13 1700222.9 236165.215 115774.38 16847.958
 

F14 1824521.9 252926.389 124299. 16761.174
 

F15 1920093.9 266475.409 95572. 13549.02
 

F16 2056738.9 285222.276 136645. 18746.867
 

F17 2219312.9 307568.616 162574. 22346.34
 

F18 2358572.28 327103.008 	 1392-9.38 19534.392
 
16889.814
F19 2483675.28 343992.822 	 125103. 


151339. 21001.407
F20 2635014.28 364994.229 

F21 2759313.28 381755.403 124299. 16761.174
 

F22 2837153.66 392915.821 77840.38 11160.518
 
F23 3007986.04 417014.65 170832.38 24098.73d
 

96105. 13496.633
F24 3104091.04 430511.292 

F25 3204425.42 444721.517 100334.38 14210.225
 

93749. 13333.84
F26 3298174.42 458055.357 

F27 3427577.42 475901.504 129403. 17846.147
 

aSource: Computed from Tables 6-1, 6-11 and 	7-4.
 

bFixed cost of the machines added to each degree of mechanization
 

in Table 7-4.
 

Clnvestment in machinery (at purchase price).
 

http:3427577.42
http:3298174.42
http:13333.84
http:100334.38
http:3204425.42
http:3104091.04
http:170832.38
http:417014.65
http:3007986.04
http:77840.38
http:2837153.66
http:2759313.28
http:2635014.28
http:2483675.28
http:1392-9.38
http:2358572.28
http:22346.34
http:13549.02
http:115774.38
http:90565.38
http:1584448.52
http:1493883.14
http:1301836.14
http:1176256.14
http:179834.38
http:1044667.14
http:864832.76
http:744185.76
http:657215.76
http:13105.84
http:564766.76
http:12379.38
http:458286.76
http:445907.38
http:374227.38
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Computer Runo 

A total of 88 computer runs, 46 under partial and 42 under full mach

anisacLon, were required to obtain the solutions for the six cooporative 

sizes analyzed in the study. Liit run combined a ce'rtain de-grev of macch

anization with is certain couperatlve nize, while far, rIze wa ,aramutor

ized upwardb, each htep yIelding an optimaal tolution. The overall number 

of optimal bolutions obtaled Iz 780 under partial and IJ7 under full mech

anization, for a totail of 1517. 

Table 7-7 tiuowt how ziriny olutiofnt (parametric btv|ph) occurrtoi for
 

each combinat ion of ,ooperativ ize. with 
each level .itnd degree of mech

anization. "[he starting degree 
of inechanization for each cooperative
 

size was 
 dictated by the ahadow-priceb (Apperndix 1), .accordiniy to the
 

criteria entablinhed 
 under "J'rocedureti 
to Sat t1fy the L)bjectiveti" in 

Chapter III.
 

The 1517 optimtial uolti on obtilined from the computer runs were
 

processed in the lollowing 
 two teptb:
 

1. The tilack valuc.; in the rown nection of each nolutlon were
 

checked in order to detect pie'ces,of machinery which were not used during 

any time period and must, therefore, be excluded. AU a retiult of these 

checks, the Tables In Appendix I were constructed which list the farm 

machinery that 1,; 
not utilized In each nolution. These Tables thould be 

used to determIno the 
exact componition of each degree of mechanization
 

as it actually efiters 
a given solution. For example, 'fable 1-3 says that 

when the P7 degree of mechanization is applied to cooperative size 625, 



____ 

"M
 

Tabla 7-7. 	 *iube' of opttal solutioas obtatwa, by cooperative ise ad 
by lovol nd 4egrov of morlantitton 

C Ao A' laL S¢ocha atlon4 Totalr 	 vwl ofDogreo of _ 

sochanixot ton I~ 1 2 .5 ' 
60I' ? F) 'I V.	 I V. V, r 

1 9 9 

2 16 16 a 6" 
3 25 24 11 11 
4 18 18 9* 40 

5 26 25 15 16 9 
6 20 17 13 4 

24 24 17 is* 74 
17 19 9 8' 
19 22 11 10 

10 
11 

22 
25 

24 
24 

13 
15 

14 
18 4' 

12 
13 
14 

17 
20 
21 

18 
20 
22 

9 
10 
12 

7' 
96 

15 23 23 13 11' 

16 25 25 14 12 

17 27 28 15 16 

1s 16 17 

19 17 18 
20 18 19 

21 20 20 

22 21 21 

23 22 23 

24 23 23 

25 24 25 
26 26 26 
27 25 24 

Total P 50 63 68 122 188 289 780 

Total F 49 62 61 108 186 271 737 

Total 99 125 129 230 374 560 


a The i,tarred figurt.f, in the body of the Table mean that the paramet

ric routine 	doe. not bcgin at the 2 ha/pernon farin tize , ai it nhould 
according to Table 3-1. 'l'e farm titze t which the rout ne bgIiu. can be 

seen in Tab luH 8-i tlhrough 8-8. 'lh'e ntartlng f armn ze lij cholien accord

ing to the .shadow-prics. criteria given under "Procedurer to Satitify the 

ObjectiveH" 	 In Chapter 11I, tlhe nhadow-prIcen being preiented In Appendix 
I.
 

1517 



see sprayer ts not used tn the tirst five "outito" and the silo in the 

first seven %ultto*4 

1h poootblitty of aoao pic. ofut Achinry jolitk unusoi! tva from 

th1c can ,the t4C( uiat 40j& if haMO1-4111941 lul, af j'4cact c41 Tb11& 7-5 

and 7-60, arc cwub Iatve,i-at lb,i. 4arcc 1w, .uWc all the u.chinory'i.: ko, 

In thei previui ot c p.ub 0,416 0ddIiunMe m.adtklc.s; It abay happen, titan, 

thaut thos ad441r towj1i Iig parmit a r cal 1ucat iugi of n.aweurceit aJch that 

so*# of Citfa previuwa v-tli tiic &- uIIIVIcs44fy. 

2. The,cci a tep $n pruet,1til cact opttjal iolutlion consisted in 

obtainina tic f 12Iluw~nn vaIuev: 

Income per pI-rbon l t tlc couperatlve, Average producilvities of land, 

labor and capipcl., Avlatlv- ioc uf land, labur and Water, Working capital 

borrowaet per pirbu.l, '4ge, 11i ab a percent tf Incot,, Averagec variable 

Cost, Average tutal aumt, trul Crup uutput a. a percent of ttuat output 

sold. The flipxt one* of thc I.' vauh o btat ied, Incomre per p.ruui., is 

the moist lrnportant, be'catitki, It conML tutob the criterion for comparing 

the various uptimal t.olutiwnv within and among cooperatives. The results 

are discussed in the next Chapter. 
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CM&PT V1i1. I rP5RETATION Or Til I LlTS 

This chapter contatn. a 4i.C40*to" of the ro.ault of thie study tn 

tr" of optiV4! &o1tilt4J#*b iarli 13io prot1rt~vlty of t1 various 

roufrcea, path. itr mcciatisart Iu , altcrtatIva erltcri uto w4lttyiopt 

a Cosparlut With th prcftant 4ituatlon. Th T4bl 'b whI&h aupport this 

d4scuooion are raproducrd in Apprutix J. ltkywvcr, Tablco on twuano per 

person for allI JI/ bOlwtitu o atc itulu" Inthi.tt(hptar (Tablas 8-1 

through 8-8). bec4usc undcr~tanbdlng of thoir atructure is a proroqutslte 

for this tntire discussion of the roaults.
 

Optimal Solutions
 

Each one of the solutions obtained ts optimal for a given combination 

of cooperative size, farm ilzc niau degree of mechanization, that In, for 

these three var14bleh fixtd at cert ait. leveJ,. The vffeca on Income per 

person of allowing chingeui lit farm i 7,' and degree l mec hanizati on for 

each cooperatitve casn be tievi iii 1ablei, 8-1 through 8-h. For example, in 

Table 8-1 It can be teen that. for cooperative ulIze 12 with 4.5 ha/person, 

income per pcrnon Incrueant i roin 4108J.0 to 252/.4 [mwo,. me flchanizat ion 

goes from P1 to 1"3. It can akho be tbeun that. with P3 degree of mechani

zation, Ilncone per p-r,on growi from 2461 to 2950.4 peuou as farm size 

increaues up to 10 ha/pert.on and beyond. 

Uich column In T',eti 8-1 tihrough 8-8 lis the outcome of a parametric 

routine on land ta it (.crLain degree of mechanization. Therefore, income 

per person increases down the columns in the Tables, since the value of 

http:ha/pert.on
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Table 8,,1 	 lacraie pot peroe In the .olutlom for Cooporaltve *ee 1S 
(t peo) 

Firm el#. OftDore., of partil 	 0 t)r. Ot
it 
In ha/per*," ae Ikcn ia (ton!

5. 9).6 24ff,5 2A6114.0497.1 231 49,5 

5.5 2221. 26~. Aj;.41 .144671.$' 
6. 2. ,27A.1 VJ'5.4 Wf9,17.4 1~s 0 2.5 

6.5 2290.5 201'i.e 28(J).$ 1 ,2. 1 2729.) 251). 

7.2324.6 2 t4.9 211(4.4 lV90.9 zd)b. 1462.7 

7. 2358.8 2873. .1l71.5 IU1,.5 29111. 2916.3 

S. 2362.6 2883. 21,861. 2019.2 29J9.v 2929.6 

8.5 2893,1 2891.6 29,0.6 ,940.2 

9. 2903.1 2901.6 2961.4 294., 

9.5 2913.1 &911.7 2971.9 V 54.3 

10. 2923.2 2921.7 2982.4 2I9b4.5 

10.5 2930.6 2929.1 2992.7 2974.8 

11. 2936. 2934.5 3003. 2985. 

11.5 2938.1 2931.5 3007.2 2995.3 

12. 2936.8 3005.5 

12.5 2940.7 3015.6' 

13. 2943.4 3026. 

13.5 2946.1 3034. 

14. 2948.8 3048.5 

14.5 2951.4 3056.5 

15. 2947.6 3064.4 

15.5 2950.3 3066.9 

16. 2950.4 3066.9 
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Table 8-6. 
 Income per person in the solutions for cooperative size 1000, under full mechanization
 
(in pesos) 

Farm size 
in ha/person F8 F9 F0 

Degrees of full mechanization 
FIlI F12 F13 F14 FI5 F16 F17 

2. 
2.5 

3. 
3.5 
4. 
4.5 
5. 
5.5 
6. 
6.5 

7. 
7.5 
8. 
8.5 
9. 
9.5 

10. 
10.5 
11. 
11.5 
12. 
12.5 
13.5 
13.5 

1610.7 
1741.4 
1764.2 
1778.4 
1791.5 
1800.7 
1804.3 

1805.9 

1692.9 
1832.1 
1975.3 
2036.4 
2068.7 
2102. 
2135.2 

2167.' 
2194.9 
2196.1 

1317.6 
1462.8 

1607.6 
1745. 
1890.6 
2036.9 
2163.9 
2242. 
2275.2 
2303.5 

2339.6 
2362.6 
2390. 
2412.1 

1344.4 
1495.3 

1642.8 
1790.8 
1938.3 
2078. 
2204.9 
2316.9 
2361.4 
2391.6 

2421.2 
2450.8 
2480.3 
2498.3 
2502.4 
2506.1 
2509.9 
2510.5 

1429.6 
1571.5 

1718.9 
1867.4 
2014.8 
2159.3 
2284.7 
2410.3 
2535.3 
2612.3 

2635.1 
2654.2 
2671.5 
2687.3 
2701.9 
2712. 
2716.5 
2719.7 

1492.8 
1653.3 

1790.9 
1937.2 
2082.5 
2220.7 
2343.8 
2466.7 
2595.8 
2720.5 

2829. 
2861.9 
2887. 
2917.8 
2941.9 
2966.0 
2990.1 
3014.1 
3042.7 
3049.9 

1483. 
1709.3 

1853.8 
2000. 
2149.5 
2292.2 
2415.9 
2534.4 
2661.6 
2769.2 

2880.3 
2981.1 
3020. 
3040.8 
3061.7 
3080.1 
3095.9 
3107.4 
3118.5 
3129.5 
3140. 
3144.1 

1486.6 
1773.9 

1911.8 
2059. 
2204.2 
2352.3 
2479.3 
2590.7 
2698.8 
2806.8 

2914.1 
3002.6 
3068.3 
3068.3 
3079.9 
3094.3 
3104.3 
3114.3 
3125.1 
3135.1 
3144.2 
3154.3 
3155.8 

1491. 
1808.9 

1975.9 
2122.6 
2259. 
2398.7 
2511.8 
2619.9 
2736.3 
2837. 

2934.1 
3002.5 
3060.2 
3072.1 
3082.1 
3092.1 
3102.1 
3112. 
3122. 
3132. 
3141.1 
3147.7 
3151.8 

1481.3 
1802.4 

2031.6 
2175.4 
2311.9 
2435.9 
2548.9 
2662.2 
2761. 
2852.5 

2924.5 
3002.5 
3051.4 
3061.7 
3071.6 
3081.6 
3091.6 
3101.6 
3123. 
3133. 
3142.2 
3138.9 
3152.8 

14. 
14.5 

3158.2 
3159. 

3145. 
3148.8 

15. 3149.5 

15.5 3154.8 
3154.8 



Table 8-7. Income per person in the solutions for cooperative size 1650,
 
under partial mechanization (inpesos)
 

Farm Degrees of partial mechanization
 

in ha/ P1l P12 P13 P14 P15 P16 P17 P18
 
person
 

2. 1152.2 1196.8 1242.7 1287.8 1329.5 1373.4 1418.5
 

2.5 1301. 1342. 1388.1 1433.2 1477.1 1519.6 1565.2
 

3. 1440.3 1483.5 1527.5 1571.7 1615.9 1659. 1704.3
 

3.5 1569.3 1610.5 1656.6 1701.6 1744.9 1788. 1833.3
 

4. 1516.6 1650.1 1741.2 1785. 1830.5 1873.9 1917.1 1961.9
 

4.5 1550.3 1683.8 1794.5 1911.6 1956.7 2000.3 2043.9 2088.7
 

5. 1583.2 1716.8 1829.5 1945.1 2060.5 2126.4 2169.7 2214.2
 

5.5 1598.5 1748.1 1857.8 1975. 2091.5 2206. 2293.6 2338.6
 

6. 1766.9 1886.5 2002.8 2121.3 2235.8 2349. 2458.1
 

6.5 1907.9 2030.6 2151.1 2265.6 2378.8 2489.3
 

7. 2053.7 2180.9 2295.4 2408.6 2513.8
 

7.5 2054.2 2210.7 2325.2 2438.5 2535.9
 

8. 2215.1 2354.4 2468.3 2561.1
 

8.5 2363.9 2498.1 2586.1
 

9. 2512.7 2610.8
 

9.5 2626.6
 

10.
 

10.5
 

11.5 

12. 

12.5
 

13.
 

13.5 

14. 

14.5 
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P19 P20 P21 P22 P24 P26
P23 P25 P?7
 

1458.7 1501.7 1526.3 1529.7 1527.8 1524. 1518. 
 1510.3
 
1607.4 1648.3 1689.4 1731.3 1770.8 1848.5 1869.
1806.2 1866.7 

1747.6 1788.4 1871.4 1947.
1829.7 1911.4 1991.2 2015.6 2037.4
 
1875.2 1917.3 1958.6 2000.3 2040.4 2100.8 2144.7
2075.2 2121.9 

2004.1 2046.3 2129.3 2185.6
2087.5 2161.7 
 2208. 2230. 2251.1
 
2130.8 
2173. 2214.1 2244.5 2266.3 2290.1 2322.4 2332.1 2352.2
 
2256.8 2298.8 2324.1 2347.1 
2369. 2391.8 2412.1 2431.1 2450.7
 
2373.6 2404.2 2427.8 2470.. 2511.1
2449.5 2491.7 2530.1 2550.5
 
2482.9 2505.6 2529.3 2549.9 2569.4 2609.5
2590.3 2629.6 2649.2
 
2566.4 2606.6 2628.9 2647.7 2667.8 2688.4 2708.4 2727.4 2744.8
 
2591.2 2670.8 2726.6 2766.5 2806.4
2745.4 2786.4 2821.6 2830.8
 
2616. 2694.9 2771.6 2842.7 2863.3 2884.1 2903.7
2898.9 2900.6
 
2640.8 2718.9 2795.6 2870.1 2940.5 2971.6 2968.8 2961. 2961.3
 
2665.5 2742.9 2819.6 2893.6 2982.7 2970.7
2961.6 2978.5 2971.
 
2691.2 2767. 2917.4
2843.6 2984.7 2993.1 2988. 2980.4 2980.7
 
2715.7 
 2791. 2867.5 2941.2 3004.4 3003.6 2997.4 2997.1 2996.9
 
2735.5 2814.8 2891.2 2964.8 3015.9 3007.6 3007.1
3014.1 3007.3 


2838.1 2914.7 2986.5 3026.6 
 3023.5 3017.3 3017. 3016.8
 

2937.6 3008.3 3036.8 3034.4 3028. 3027.7 
 3027.5
 

2941. 3029.9 3047.4 3043.9 3037.7 3037.4 3037.2
 

3037.1 3054.1 3050.4 3042.3 3034.6 3035.
 

3055.1 3051.7 3047. 3037.6 
3031.1.
 

3051.3 3048.9 3040.6 3031.4
 

3050.1 3041.3 3034.1
 

3043.5 3035.3
 

3043.7 3034.
 



Table 8-8. 	 Income per person in the solutions for cooperitive size 1650,
 
under full mechanization (inpesos)
 

Farm Degrees of full mechanization
 
size
 
in ha/ F13 
 F14 FI5 F16 F17 F18 F19
 
person
 

2. 	 1283.7 1315.4 1353.2
 

2.5 	 1422.1 1457.8 1498.7
 

3. 	 1521.6 1560.6 1596.2 1634.6
 

3.5 	 1611.4 1647.6 1686.7 1724.8 1761. 

4. 1661.2 1698.2 1735.9 1768.1 1807.8 1846.7 1887.1
 

4.5 1728.1 1818.1 1859.6 1890.2 1929.8 1968.7 2004.8
 

5. 1755.6 1860.6 1957.6 2006.8 2049.2 2089.6 2126.4
 

5.5 1782.9 1888.2 1985.4 2095.6 2167.3 2205.8 2244.5
 

6. 1810.3 1912.3 2014.5 2122.9 2226. 2319.8 2363.3
 

6.5 1837.6 1934.7 2046.3 2150.3 2253.4 2355.3 2453.9
 

7. 1852.4 1955.8 2075.6 2177.6 2280.7 2382.7 2486.6
 

7.5 	 1963.8 2102.5 2205. 2308.1 2410.1 2514.
 

8. 	 1966.6 2109.6 2232.3 2335.4 2437.4 2542.
 

8.5 	 2109.8 2257.3 2362.8 2464.8 2569.6
 

9. 	 2390.1 2491.1 2597.
 

9.5 	 2394.1 2518.4 2623.2
 

10. 	 2528.7 2649.1
 

10.5 	 2659.2
 

11.
 

11.5
 

12.
 

12.5
 

13.
 

13.5
 

14.
 

14.5
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F20 F21 F22 F23 F24 F25 F26 F27 

1381.1 1402.2 1402.9 1411.8 1406.7 1407.4 1406.7 

1527.6 1565.4 1598.3 1638.2 1678.6 1711.8 1721.5 

1665.7 1701.4 1730. 1775. 1818.6 1845.3 1880.4 1926.9 

1797.4 1830.7 1858.4 1904.1 1949.8 1972.3 2011.1 2057.1 

1922.9 1960. 1987.2 2030.3 2069.5 2104. 2140.2 2181.9 

2042.4 2079.2 2106.9 2152.7 2194.3 2230.7 2266.8 2303.6 

2163.4 2202.4 2229.3 2274.3 2310.8 2348.9 2391.8 2413.3 

2279. 2305.4 2352.5 2395.1 2433.3 2470.2 2490.8 2515.5 

2400.5 2440.1 2469.4 2509.1 2552.5 2571.6 2593.9 2614.2 

2516.8 2557.4 2588.6 2628.2 2653.1 2674.1 2696.5 2725. 

2585.4 2673. 2704. 2736.6 2755.9 2776.9 2808.6 2823.3 

2613.4 2703.1 2787.1 2838.7 2858.3 2890.6 2901.9 2914.8 

2641.3 2730.4 2816.3 2914.7 2969.5 2983.5 2993.2 2991.5 

2669.2 2752.7 2844.2 2944.5 3005.1 3060.7 3057.5 3051. 

2696.6 2777.7 2868.9 2974.3 3030.2 3069.6 3068. 3860.6 

2723.9 2806.6 2893. 2988.1 3051.2 3082.2 3078. 3070.6 

2751.3 2831.9 2917.1 3008.3 3072.8 3092.2 3088. 3080.6 

2778.6 2863.8 2941.3 3037.3 3093.7 3102.2 3097.9 3090.5 

2797.1 2896.5 2965.4 3061.7 3116.2 3112.2 3107.9 3101.4 

2889. 2989.5 3082.6 3129. 3127.4 3122.7 3112.6 

3005.6 3103.4 3140.7 3137.4 3132.2 3122.6 

3124.3 3150.6 3146.8 3141.9 3132.6 

3127.2 3152. 3152.3 3142.1 3142.2 

3148.1 3150.1 3147.9 

3147.5 3147. 3146.3 

3145.1 3148.2 
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the objective function increases at each parametric step until it reaches
 

the highest possible value for that degree of mechanization and coopera

tive size (land ceases to be limiting). However, there are a few solu

tions for which income per person is lower than at the previous step.
 

The explanation for these exceptions lies in the pattern of unused machin

ery and its impact on the fixed cost to the farm. This happens, for
 

example, in Table 8-4, where the last solution for Fll shows a lower in

come per person than the previous solution. The last solution employs
 

one more potato planter than the previous one (see Table 1-45), but the
 

increase in income thus achieved (marginal revenue) is smaller than the
 

annual fixed cost of the added potato planter (marginal cost), thus re

sulting ina lower income per person.
 

Among the three variables, cooperative size, degree of mechanization
 

and farm size, the first one is considered fixed by sociological patterns
 

and historical heritage. The second one can easily be a decision variable;
 

that is,the farm managers may freely decide what degree of mechanization
 

will be applied in order to maximize income. Moving horizontally in each
 

of the Tables 8-1 through 8-8, the highest income per person for each
 

farm size can be found, which indicates the optimal degree of mechaniza

tion associated with that farm size and cooperative size. Using this
 

procedure, Table 8-9 was constructed, which presents the optimal income
 

per person for eqch cooperative size and farm size combination when the
 

degree of mechanization is treated as a variable. In other words, Table
 

8-9 shows the highest income pok person that each cooperative can achieve
 



Table 8-9. Optimal level of mechanization and income per person for the various farm sizes, by
 
cooperative sizea
 

Farm Cooperative size
 

size 125 275 425 625 1000 1650
 
in ha/ level income level income level income level income level income level income
 
person of per of per of per of per of per of per
 

mech. person mech. person mech. person mech. person mech. person mech. person
 
2. 	 P5 1707.8 P6 1734.2 PlO 1746.6 P14 1620.5 P22 1529.7
 
2.5 	 P5 2083.6 P7 2088.2 P11 2015.9 P17 1956.9 P27 1869.
 
3. 	 P5 2243.2 P7 2212.5 P11 2140.6 P17 2108.9 P27 2037.4
 
3.5 	 P5 2360.3 P7 2334.2 P11 2261.1 P17 2229.7 P27 2144.7
 
4. P3 2461. P5 2478.2 P7 2453.8 P11 2380.5 P17 2349.4 P27 2251.1
 
4.5 P3 2527.3 P5 2594.4 P7 2572.8 P10 2496.2 P17 2466.1 P27 2352.2
 
5. F3 2605.5 P5 2674.4 P7 2689.1 F1O 2616.9 P17 2573.8 P27 2450.7
 
5.5 F3 2671.5 P5 2745.6 P7 2767z9 F1O 2743.6 P17 2672.5 P27 2550.5
 
6. F3 2742.5 F5 2845.6 F7 2844.3 Fi0 2849.6 P17 2764.5 P27 2649.2
 
6.5 F3 2813. F5 2915.6 F7 2948.3 F1O 2952.1 F17 2852.5 P27 2744.8
 
7. F3 2882.7 F5 2958.1 F7 3019.8 F9 3032.9 F16 2934.1 P27 2830.8
 

3049.9 F9 3069.5 F15 3002.6 F27 2914.8
7.5 F2 2928.8 F5 3019.4 F7 


8. F2 2939.9 F5 "3030.5 F7 3060.7 F9 3080.3 FI5 3068.3 F26 2991.5
 
8.5 F2 2950.8 F5 3041. F7 3071.5 F9 3091.2 F16 3072.1 F25 3060.7
 
9. F2 2961.4 F5 3051.3 F7 3082.3 F9 3102. F16 3082.1 F25 3069.6
 
9.5 F2 2971.9 F5 3061.6 F7 3093.1 F9 3113.4 F15 3094.3 F25 3082.2
 

10. F2 2982.4 F5 3071.8 F7 3103.9 F9 3124.2 F15 3104.3 F25 3092.2
 
10.5 F2 2992.7 F5 3082.1 F7 3114.7 F9 3142. F15 3114.3 F25 3102.2
 
11. F2 3003. F5 3092,4 F7 3124.1 F9 3144.9 F15 3125.1 F24 3116.2
 
11.5 F2 3007.2 F5 3102.6 F7 3131.9 FIO 3151.5 F15 3135.1 F24 3129.
 
12. F2 3007.2 F5 3112.9 F7 3139.6 FIO 3161.7 FI5 3144.2 F24 3140.7
 
12.5 F3 3015.8 F5 3123.2 F7 3147.3 FI0 3172. F15 3154.3 F24 3150.6
 
13. F3 3026. F5 3133.4 F7 3154. F10 3172.3 FI5 3154.8 F25 3152.3
 
13.5 F3 3024. F5 3141.9 F7 3154.1 	 F16 3158.2
 
14. F3 3048.5 F5 3145.9 	 F16 3159.
 
14.5 F3 3056.5
 
15. F3 3064.4
 
15.5 	 F3 3066.9
 

aSource: Derived from Tables 8-1 to 8-8.
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with a given farm size, when the managers are free to choose the degree
 

of mechanization with no limitations of capital or mechanical.skills.
 

The third variable, farm size, is an institutional constraint depen

dent upon certain land tenure arrangements; therefore, it may well re

main fixed for many years insofar as it implies land ownership by the
 

Communities. However, without changes in ownership, renting of land among
 

Commul ities, if allowed by law and sociologically accepted, could change
 

the farm size available to the cooperatives. Optimal income per person
 

for each cooperative size when farm size can be adjusted is also presented
 

in Table 8-9. The last figure in the column for each cooperative size
 

tells the best that the cooperative can do when every resource but its
 

own number of members isvariable. Obviously, in this case, labor is the
 

inevitably limiting resource, since it is supplied by the fixed number of
 

members in the cooperative (because, throughout this study, only one
 

motor-and-pump is allowed on each farm, water may also be a limiting re

source in large farms, as itwill be shown later).
 

Reading of Table 8-9, whose content is crucial among the results of
 

this study, will be facilitated by the following example: For cooperative
 

size 425, if there are 2 ha per person (farm size 850 ha), the maximum
 

attainable income per person is 1734.2 pesos at the P6 degree of mechani

zation; if there are 2.5 ha per person (farm size 1062.5 ha), the maxi

mum attainable income per person is 2088.2 pesos at the P7 degree of
 

mechanization, and similarly for the other farm sizes. The highest at

tainable income per person is 3154.1 pesos at the F7 degree of mechaniza

tion, which requires 13.5 ha per person (farm size 5737.5 ha); if farm
 



185
 

size is above 13.5 ha per person, the additional land will go unused and
 

income per person will remain unchanged.
 

Income per person from Table 8-9 is graphed against farm size for
 

the six cooperative sizes, in Figure 8-1.
 

Frequent reference will be made throughout the rest of this study to
 
the solutions which provide the highest income per person attainable by
 
each cooperative size, that is, the last solution in the six columns of
 
Table 8-9. It seemed convenient to identify those six solutions with a
 
name which would distinguish them from all the other optimal solutions.
 

They will be called hereinafter the "highest-income optimal solutions".
 

The expression is somewhat redundant, but it conveys the fact that those
 
are the six solutions, among all the optimal solutions, that allow the
 
highest possible income per person for each cooperative size when every
 

resource but number of cooperative members is variable1
 .
 

The results inTable 8-9 and their graph in Figure 8-1 suggest the
 

following interpretations:
 

First, the highest income per person for each cooperative size and
 
the associated degree of mechanization and farm size are as follows:
 

Cooperative size 125: 
 3066.9 pesos per person, with F3
 

mechanization, on 1937.5 ha of land.
 

1An alternative would be to call those six solutions the optimal solutions, and to designate all other solutions as "suboptimal". However,
suboptimal can easily be equated with non-optimal; and non-optimal implies
an inefficient allocation of resources, which is certainly not the case
in any of the solutions in this study. 
Thus the redundancy of "highestincome optimal" was preferred to the ambiguity of "st'boptimal".
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Figure 8-1. 
Income per person in the optimal solutions for various farm size, for six cooperative
 
sizes
 



Cooperative size 275: 
 3145.9 pesos per person, with F5
 

mechanization, on 3850 ha of land.
 

Cooperative size 425: 
 3154.1 pesos per person, with 17
 

mechanization, on 5737.5 ha of land.
 

Cooperative size 625: 
 3172.3 pesos per person, with Fl0
 

mechanization, on 8125 ha of land.
 

Cooperative size 1000: 
 3159 pesos per person, with F16
 

mechanization, on 14,000 ha of land.
 

Cooperative size 1650: 
 3152.3 pesos per person, with F25
 

mechanization, on 21,450 ha of land.
 

It can be noticed that all six highest-income optimal solutions use
 

full mechanization.
 

Second, as cooperative size increases from 125 to 625, 
so does the
 

highest income per person; as cooperative size increases above 625, the
 

highest income per person decreases. Thus, among the highest-income op

timal solutions, cooperative size G25 achieves the highest income per
 

person (3172.3 pesos) and cooperative size 125 the lowest (3066.9 pesos)
 

although the latter is only 3.32% below the former. 
The linearity of the
 

model and the identical input-output coefficients for all cooperative
 

sizes tend to equalize the highest income per person among cooperative
 

sizes, since it all becomes a matter of scale of production with constant
 

returns. However, the indivisibility of farm machinery ("lumpy" inputs)
 

dith its associated fixed cost causes those small differences.
 

Third, if an "optimal among optimals" were to be chosen from among
 

ill the land-persons combinations considered in this study, itwould be
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a cooperative with 625 members operating on 3172.5 ha of land (13 ha/per

son).
 

Cooperative size 625 is the "optimal among optimals" also at farm
 

sizes above 5.5 ha/person and at 2 ha/person. The first place is taken
 

by cooperative size 275 at farm sizes from 3 to 4.5 ha/person, and by
 

cooperative size 425 at farm sizes 2.5, 5 and 5.5 ha/person.
 

Fourth, partial mechanization is the optimal level for the smaller
 

farm sizes (lower ha/person ratios), while larger farm sizes require full
 

mechanization as the optimal level. Such patterns in the optimal iegrees
 

of mechanization would be due to the fact that small farms have a higher
 

labor/land ratio; on the contrary, labor is not as abundant relative to
 

land in larger farms, so that, at a certain point, the less-labor-using
 

full mechanization becomes more profitable. Specifically, the points at
 

which full mechanization starts being optimal are: 5 ha/pcrson for coop

eratives sizes 125 and 625, 6 ha/person for.cooperatives sizes 275 and
 

413, 6.5 ha/person for cooperative size 1000, and 7.5 ha/person for coop

erative size 1650. The corresponding farm sizes are: 625 ha for coop

erative size 125, 1650 ha for size 275, 2550 ha for size 425, 3125 ha
 

for size 625, 6500 ha for size 100, and 12,375 ha for size 1650.
 

Fifth, an opportunity cost, which can be measured in lost income, is
 

incurred by cooperatives that have a less-than-optimal farm size. Table
 

8-10 shows the income per person at those less-than-optimal sizes, ex

pressed as percent of the income per person in the highest-income optimal
 

solutions. If a loss of income of 10% or less were considered "accept

able", then the "acceptable" farm sizes would be: 6 ha/person or more
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Table 8-10. 
Income per person at various farm sizes, as a percent of

income per person at the highest-income optimal solutions
 
(in percent)' 

Farm size 
in ha/person 125 275 

Cooperative size 
425 625 1000 1650 

2. 54.29 54.98 55.06 51.3 48.53 
2.5 66.23 66.21 63.55 61.94 59.29 
3. 71.31 70.15 67.48 66.76 64.63 
3.5 75.03 74.01 71.28 70.58 68.04 
4. 80.24 78.78 77.80 75.04 74.37 71.41 
4.5 82.41 82.47 81.57 78.69 78.07 74.62 
5. 84.96 85.01 85.26 82.49 81.48 77.74 
5.5 87.11 87.28 87.76 86.49 84.6 80.91 
6. 89.42 90.45 90.18 89.83 87.51 84.04 
6.5 91.72 92.68 93.48 93.06 90.3 87.07 
7. 93.99 94.03 95.74 95.61 92.88 89.8 
7.5 95.5 95.98 96.7 96.76 95.05 92.47 
8. 95.86 96.33 97.04 97.1 97.13 94.95 
8.5 96.21 96.67 97.38 97.44 97.25 97.09 
9. 96.56 97. 97.72 97.78 97.57 97.38 
9.5 95.14 97.32 98.07 98.14 97.95 97.78 

10. 97.24 97.64 98.41 98.48 98.27 98.09 
10.5 97.58 97.97 98.75 99.04 98.58 98.41 
11. 97.92 98.3 99.05 99.14 98.93 98.85 
11.5 98.05 98.62 99.3 99.34 99.24 99.26 
12. 98.05 98.95 99.54 99.67 99.53 99.63 
12.5 98.33 99.28 99.78 99.99 99.85 99.95 
13. 98.67 99.6 99.99 100. 99.9 100. 
13.5 98.93 99.87 100. 99.97 
14. 99.4 100. 100. 
14.5 99.66 

15. 99.92 

15.5 100. 
aSource: Computed from Table 8-9.
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for cooperative sizes 125, 275 and 425, 6.5 ha/person or more for sizes
 

625 and 1000, and 7.5 ha/person of more for size 1650. 
 Below these sizes,
 

the opportunity cost increases rapidly so 
that at the 2 ha/person farm
 

size It represcnLi1 around 50% of the highest possible income per person.
 

The dividing point between "acceptable" and "non-acceptable" farm sizes
 

can be observed In Figure 8-1 as well: 
 At around 7 ha/person, the curves
 

flatten, indicating that no substantial increases in income are forthcom

ing with larger farm sizes; below that point, the curves are steeper,
 

implying that a considerable opportuniLy cost is associated with decreas

ing farm sizes. The largest opportunity cost is incurred by cooperative
 

size 16 0 operating on 3300 ha of land (2 ha/person), since it only at

tains 48.53% of the income per person with the optimal farm size (13 ha/
 

person).
 

Optimal Farm Plans
 

A farm plan consists of the set of recommended agricultural activi

ties quantities of inputs required, quantities of outputs expected, time
 

schedule for farm operations and, finally, information on income and
 

costs. 
 The farm plans dictated by the optimal solutions are designated
 

optimal farm plans.
 

The following observations may be inferred from the plans in the
 

six highest-income optimal solutions (Table 8-11):
 

First, as cooperative size increases, larger absolute amounts of the
 

inputs land, labor, capital, water and ma-zhinery are used. The only ex

ception is water in solution for cooperative size 1000, where 11,510 m3 



Table 8-11. Farm plan in the highest-income optimal solution for each cooperative size' ,b 

Cooperative size 
Unit 125 275 425 625 1000 
 1650
 

Resouices used: 
Landc ha 170.448 340.228 497.628 731.248 1259.036 1930.5
 
Labor hours 44946.355 95921.406 144907.394 214420.324 342257.613 549267.614
 
Capital pesos 222102.822 450111.041 662839.204 976622.138 1645095.383 2546838.785
 
Water m3 45576.481 90974.832 120839.494 199463.338 187953.01 235393.982
 
Machinery
 
Tractors No. 2. 4. 6. 9. 15. 24.
 
Plows No. 2. 3. 4. 6. 10. 16.
 
Harrows No.' 1. 1. 2. 2. 
 4. 6.
 
Motor-and-pump No. -1. 1. 1. 1. 1. 1.
 
Potato planter No. 1. " 1. 2. 3. 6. 5. 
Grain drills No. 1. 1. 2. 2. 4. 6.
 
Cultivators No. 1. 1. 2. 2. 4. 
 6.
 
Sprayers No. 1. 2. 2. 3. 5. 8. 
Potato diggers No. 1. 1. 2. 3. 4. 6. 
Wagons No. 1. 1. 1. 2. 2. 4.
 
Sorters No. 1. 1. 1. 2. 2. 4.
 
Sprinklers No. 1. 2. 2. 4. 4. 
 4.
 

Activities :d
 
PHQB rotation ha 556.128
91.676 996.268
 
P'HQB rotation ha 
 28.342 231.324
 
PHQ'B rotation ha 42.612 
 340.228 346.024 675.125 702.908 702.908
 
P'HQ'B rotation ha 59.928 27.783
 

aSources: Computed from Tables J-1, 7-4,, 1-35, 1-37, 1-39, 1-43, 1-54, 1-65, 5-7 and 5-8. 
bThe meaning of Iiighest-income optimal solutions is explained in the text, page 185. 

CAll land is class 1.
 
d -potato, H=broad beans, Q=quinua, B-barley. The apostrophe means that the crop is irrigated.
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Table 8-11. (Continued) 

Cooperative size 
Unit 125 275 425 625 1000 1650 

Crops: 
Potato, irrigated ha 14.982 14.031 57.831 
Potato, non
irrigated ha 42.612 85.057 109.425 168.781 314.759 424.794 
Quinua, irrigated ha 42.612 85.057 101.488 175.727 175.727 175.727 
Quinua, non
irrigated ha 22.919 7.085 139.032 306.098 

Broad beans ha 42.612 85.057 124.407 182.812 314.759 482.625 
Barley ha 42.612 85.057 124.407 182.812 314.759 482.625 

Land preparation 
schedule: 
June 2-July le ha 42.612 85.057 124.407 182.812 314.759 482.625 
September ha 48.382 95.958 160.089 252.121 386.79 716.381 
October ha 14.648 29.609 50.373 82.681 118.918 191.038 
November ha 42.612 85.057 124.407 182.812 314.759 510.687 
December ha 22.194 44.547 38.352 30.822 123.81 29.769 
Planting schedule: 
Potato, irrigated 
December ha 28.062 
January i ha 14.982 14.031 29.769 
Potato, non
irrigated 
October ha 5.77 10.901 35.682 69.309 72.031 233.756 
November ha 14.648 29.609 50.373 82.681 118.918 191.038 
January if ha 22.194 44.547 23.37 16.791 123.81 

eperiod including the second half of June and the first half of July. 

fFirst half of January. 



Table 8-11. (Continued) 

Unit 125 275 
Cooperative size 
425 625 1000 1650 

Quinuag
October ha 42.612 85.057 124.407 182.812 314.759 482.625 
Broad beans h 
July 2-August ha 42.612 85.057 124.407 182.812 314.759 482.625 
Barley 
December ha 42.612 85.057 124.407 182.812 314.759 482.625 

Output sold: 
Chufo t 

Quinua 
Green broad beans 

cwt 
cwt 
cwt 

2485.375 
1917.531 
6817.889 

5566.452 
3827.568 

13609.131 

8732.42 
5369.129 
19905.129 

12785.584 
8355.707 
29250. 

20481.492 
12773.837 
50361.452 

34379.59 
18649.145 
77220. 

Variable inputs: 
Machinery 
Tractor 
Plow 
Harrow 
Motor-and-pump 
Potato planter 
Grain drill 
Cultivator 
Sprayer 
Potato digger 
Wagon 
Sorter 
Sprinkler 

Diesel 

hours 
hours 
hours 
hours 
hours 
hours 
hours 
hours 
hours 
hours 
hours 
hours 
lit 

2670.749 
1124.952 
281.238 
205.094 
234.365 
281.238 
281.238 
272.716 
89.474 
190.754 
49.708 
205.091 

53410.453 

5363.148 
2245.507 
561.377 
409.387 
467.814 
561.377 
561.377 
544.365 
200.392 
391.054 
111.329 
409.38 

1C7221.843 

7871.716 
3284.346 
821.087 
543.778 
684.239 
821.087 
821.087 
796.205 
314.367 
578.114 
174.648 
488.463 

156631.718 

11569.314 
4826.25 
1206.562 
897.585 

1005.469 
1206.562 
1206.562 
1170. 
460.281 
853.252 
255.712 
845.774 

231485.571 

19816.803 
8309.64 
2077.41 
845.789 
1731.175 
2077.41 
2077.41 
2014.458 
737.334 
1421.485 
409.63 
845.774 

387514.514 

30527.156 
12741.3 
3185.325 
1059.273 
2654.438 
3185.325 
3185.325 
3088.8 
1237.665 
2214.228 
687.592 
845.774 

593786.513 
Gasoline 
Oil 
Grease 

lit 
lit 
kg 

349.076 
277.263 
330.594 

696.787 
556.122 
664.518 

1019.142 
805.666 
975.962 

1497.6 
1202.004 
1434.363 

'2578.506 
1933.697 
2455.214 

3953.664 
2933.491 
3785.321 

%oth irrigated and non-irrigated. 

hPeriod including the second half of July and the month of August.
IThree classes of chuf'o, as explained in Table 5-9, note c. 
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less are used than in the solution for size 625. 
The immediate reason for
 

the lower use of water is that no potatoes are irrigated in the solution
 

for size 1000, although a few more hectares of quinua are irrigated than
 

in solution for size 625.
 

Second, only class 1 land comes 
into these plans. This is explained
 

by the fact that, along the parametric steps applied to each cooperative
 

size, there is a reallocation of resources from the lower to the higher
 

classes of land, 
until all resources available are allocated to class 1
 
land, at which point the highest-income optimal sclution is reached. Any
 

solution below the highest-income optimal uses also land classes other
 

than class 1.
 

Third, the sheep raising activity does not enLer any of the six plans,
 

the reason being its lower profitability and its high labor-intensity.
 

The activity has a revenue of 36,420 pesos against variable costs of
 

30,509 pesos (Tables 6-19 and 6-24); 
thus the resulting return over and 

above variable CONLs I lower than for any of the crops In this study. 
On the other hand, the laho' required In eaci month for ralldng shavp Is 
between 681 and 1569 huuru, with a tatal of 10,732 Iourm for the entlro 

year (Table (;-4). Ii11arg tarmn, labor itss iwher lvot abundant rvlativv 

to land, It It, emorr, jor-t it4bl suiototo ti a la.lir t4i cropm thaIn to 

1mhVVl r4inlng; raltaing a.hvp would I jy giving t uar, pr |isidato|crop 

4CtlVjtIpji JUV' l thtj4a 6 |jhi4 In rfC Irqi lpak ppfrlhi of t p y 
A oor iviallo4J d1atsicalu1o ip bohviol~14 vtO (to *hrv tIIr AiIIvIg 
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Fourth, the rotation potato-broad beans-quinua-barley (PHQB), with
 

or without irrigation, is the only crop activity entering the plans. 
 Since
 

no silage or hay is required for feeding sheep, PHQB becomes the most
 

profitable of the three possible rotations; because only one hectare of
 

unneeded forage (barley is left on the field and plowed under as green
 

manure) must be afforded for every three hectares of marketable crops
 

(potatoes, broad beans and quinua). 
 In the PQB rotation one hectare of
 

unneeded forage would accompany every two hectares of marketable crops,
 

and in the PQBA rotation the proportion would increase to six hectares of
 

unneeded forage (one with barley, five with alfalfa) for every two hec

tares of marketable crops. 
 Barley is not made into hay and soldpbecause
 

labor is the scarce resource in the highest-income optimal solutions; it
 

is allocated to other crops where it is more productive than in hay mak

ing and selling.
 

Fifth, hectares with irritated quinua increase am the cooperative
 

size goes from 125 to 625. 
At alze 625, water becomo a scarce resource 

In November (moe Thle 11-64). Since Irrlgatod quinu. ha. a water require

ment In Nuvo.br, tho hactaro% with irriatWd quinua are conatant throulgh 

the ftluuuna to 4i1v. 625. I ntd 165 , At tUw %&no lilt. only 1ltv' 

Planti"1 potla* (plantd to 0)0<0"Or or J4n4,ry) are IrrIO'ted, 6,lC; 

tIby 4o twt rV441ro *ny wotor In *&vV,#r oid, 11wrooroo 4o* 0t Cwto 

tot 11 gI*teo vwmaf Vth~~Ih4 ivrigtool jVI#Q*'~ WhI.' tho Pottofft Ot 

IrtIoaI4 4,414404 *to O" IJ 0th"4kv V-0e 004wI.On4 .. a. 4 %M#10 loo .

http:004wI.On
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can be found for irrigated potatoes being absent from the solutions to
 
sizes 125, 275 and 1000, while they are present in the other three solu
tions. 
 In the solutions to sizes 125 and 275 water is not limiting at
 
all, and in the solution to size 1000 water is 
scarce in February alone;
 
therefore, potatoes could be irrigated in all three solutions, although
 
in the solution to size 1000 they should be late-planting potatoes.
 

Sixth, a relatively high level of management is implied by the ma
chinery entering the plans, by the volume of output to be handled and by
 
the quantity required of inputs such as 
fertilizer, chemicals, seed, fuel.
 
Certainly, these mandgerial skills do not exist at 
the present time among
 
the Communities in the DAP; 
in the future, education for farm management
 
must be one of the main goals of the extension services 
in the Area. More
 
will be said about this in the recommendations in Chapter IX.
 

Economic relatorwhips can bu derived from theufarm plaum in the 
highcht-Income optimal olutionu (Table 8-12). Except for relative ue 
of water and tnvUvtmvCnt per perkun. thove relationa hpu tvnd to take the
 
hAzMO v4lue, 
 for all stx culurlonto, Zecumo of the linearity f the woel.
 

4rW of &110 unique Infut-o4t4ut 1atri.
 

ito aviwracr jstW~. ii o #ovolvo srup4 te..(a i ng~.valt~vp, (,()C 

Iv. Iiu~qiIb~ .4 ~$.vr 4ou~ilt f~ >t~p 

11449 F0101V, 4,qt0 4a4 0441004 1"~I-jCb (LO'alE. ("(,*I
I t~~ ~ , ~.c~_#4v tIkfft 

*ifqU.~qV.j~~W lt ko 46*1p V!~wst .0 (1f 411042, vo 0 oieli' 4146 
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year is employed, although there are peak periods when all labor available
 

is utilized, as it will be discussed later in this Chapter. 
The volume
 

of water used goes from 2.76% to 12.09% of the total; that percentage is
 

directly related to the cooperative size, except for size 1000 in which it
 

decreases slightly.
 

Working capital to be borrowed per person langes between 1400 and
 

1780 peso3 approximately, while capital invested in equipment and build

ings decreases from some 2800 pesos per person at size 125 to 1570 pesos
 

per person at size 1650. These figures are below the ceiling adopted in
 

practice by the Agricultural Bank for loans 
to groups of farmers (see
 

Chapter IV). 
 Thus, from the viewpoint of capital availability, there
 

would be no obstacle to the implemintation of the highest-income optimal 

plans.
 

Wage bill paid by the cooperative to its members through the year
 

represents around of income,
11% the the other 9% being return to land 

and to collective Mtnagerent. If the Comrmunitle!. were part of an hacienda 

(as nome uo them wur. heuor. the Agrarian Reform), m , L of that 89Z would
 

accrue to the l.aw1ownc'r a. riuturn to lits and
Jland ;ainaguiiwu.t. The low 

figure for r,.:irn to th., Itbut -'ctor (wage oill) aa re ult of the rela-


Lively hI| of n1 ha.n
d 0 !loll jec In the highest-Incomie optimal solu

t luni. 

Finally, the, aVraxv varlabliv c.ont opcill4Ltii butween 32 nnd 36 

pe~ot par 100 Isrh.,t is tutita, wi, ,lwl tyot'-vcrago cukt ranyvis btwean 37
 
nd 4 po..*.., (CplIVaI llivs I thIlo
'# (lh)ta 01vwpt CtOA,w4a Crago both 

varlablo 4W tot4l, olthough hsp canta dftsr_M lntfIl smu cooperatives is 
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of only a few pesos.
 

The farm plans of the highest-income optimal solutions discussed so 

far are all under full mechanization; moreover, Table 8-9 showed that
 

full mechanization is the optimal level in almost two-thirds of all the 

optimal solutions for the various farm sizes.
 

The smaller farm sizes use partial mechanization in their optimal
 

solutions. It seems appropriate to include a set of optimal farm plans,
 

one for each cooperative size, under partial mechanization; it should be
 

possible to observe similarities or dissimilarities in the patterns of
 

optimal plans under partial and under full mechanization. The 4.5 ha/
 

person farm size is chosen, because (as shown in Table 8-9) this is the
 

largest relative farm size whose optimal solutions use partial mechaniza

tion for all cooperative sizes; at the next larger farm size, the optimal
 

level of mechanization changes to full for cooperative sizes 125 and 625.
 

The following characteristics are noticed in these farm plans (Tables 

8-13 and 8-14) in relation to those in the highest-income optimal solu

t ions: 

First, substantially higher percentages of land, labor arid water are
 

used in these farm plans than in the highest-income optimal plans. Work

ing capital borrowed per person is also higher, between 2% and 25% higher.
 

The only substantial variation in machinery required by the two sets of
 

plans is in the nuinber of sprayers and wagons for sizes 625, 1000 and 1650.
 

Second, all ix plans use land classes 1, 2 and 3. The lower vields 

of classes 2 and 3 explain why these plant provide a lower level of out

put, in spite of the fact that all coop2rative sizes but 625 and 125 



Table 8-13. Farm plan in the optimal solution for each cooperative size, at the 4.5 ha/person ratioa 

sizebCooperative 
Unit 125 275 425 625 1000 1650
 

Resources used:
 
Land ha 154.316 349.228 504.24 691.4 1289.6 2143.032
 
Class 1 ha 50.624 111.376 172.124 253.124 405. 668.252
 
Class 2 ha 28.128 61.876 95.624 140.624 225. 371.248
 

Class 3 ha 75.564 175.976 236.492 297.652 659.6 1103.532
 
Labor hours 63922.459 141954.008 220284.333 327162.352 566449.403 950184.79
 
Capital pesos 216610.192 486654.883 730169.584 1048889.683 1879094.575 3197488.342
 

M3
Water 88303.115 184611.306 281997.509 296394.911 358742.1 358929.927
 
Machinery
 
Tractors No. 2. 4. 6. 8. 15. 25.
 

Plows No. 2. 3. 4. 6. ii. 17.
 
Harrows No. 1. 1. 2. 2. 4. 7.
 
Motor-and-pump No. 1. 1. 1. 1. 1. 1.
 
Sprayers No. 2. 3. 3. 5. 9. 14.
 
Wagons No. 1. 1. 1. 2. 4. 7.
 
Sorters No. 1. 1. 1. 2. 2. 3.
 
Sprinklers No. 1. 2. 3. 2. 4. 4.
 

Activities:c
 
PHQB1 rotation ha 6.88
 

92.812
PHQB2 rotation ha 

3.58 162.219 275.883
PHQB3 rotation ha 


7.624
P'HQB1 rotation ha 

P'HQB2 rotation ha 4.861
 
P'HQB3 rotation ha 70.833 2.681
 

aSources: Computed from Tables J-2, 7-3, 1-2, 1-4, 1-6, 1-9, 1-22, 1-33, 5-7, 5-8 and 5-14.
 

bThe degrees of mechanization are: P2 for cooperative size 125, P5 for 275, P7 for 425, Pl0
 

for 625, P17 for 1000, P27 for 1650.
 

CP-potato, H-broad beaw, Q-quinua, Bibarley. The apostrophe means that the crop is irrigated.
 

http:950184.79


Table 8-13. (Continued) 

Unit 125 275 
Cooperative size

b 

425 625 1000 1650 

P'HQ'B1 rotation ha 
P'HQ'B2 rotation ha 
P'HQ'B3 rotation ha 
Sheep raising ewesd 
Silage making cwt 
Hay making cwt 

Crops: 
Potato, irri
gated ha 
Potato, non
irrigated ha 

Quinua, irri
gated ha 

Quinua, non
irrigated ha 

Broad beans ha 
Barley ha 
Land preparation 
schedule: 
June 2-July le ha 
July 2-Aug. if ha 
September ha 
October ha 
November ha 
December ha 

12.656 
7.032 

18.891 

38.579 

38.579 

38.579 
38.579 

c579 
68.761 
8.397 
38.579 

27.844 
15.469 
43.994 

-

87.307 

87.307 

87.307 
87.307 

87.307 
87.421 
49.032 

115.234 
10.234 

43.031 
23.906 
59.123 

123. 
7845.781 

126.06 

126.06 

126.06 
126.06 

66.937 
59.123 

156.418 
79.23 
142.532 

63.281 
35.156 

429. 
24470.588 
8932.095 

169.27 

3.58 

169.27 

3.58 
172.85 
172.85 

98.437 
74.413 
183.2 
120.355 
214.995 

101.25 
51.389 

733. 
46582.074 

160.181 

162.219 

169.761 

152.639 
322.4 
322.4 

157.5 
164.9 
361.532 
164.935 
440.733 

152.559 

1912. 
97882.353 
15581.366 

160.183 

375.575 

152.559 

383.199 
535.758 
535.758 

259.875 
275.883 
618.417 
259.875 
728.982 

dBreeding ewes, that is, ewes lambed in September-October. 

ePeriod including the second half of June and the first half of July. 

fPeriod including the second half of July and the first half of August. 



Table 8-13. (Continued) 

Cooperative bizeb 

Unit 125 275 425 625 1000 1650 
Planting schedule: 
Potato, irri
gated
October ha 
November ha 
December ha 
January 1g ha 
Potato, non
irrigated
October ha 
November ha 
December ha 
Quinuah 
October ha 

Broad beans 
July 2-Aug.i ha 
Aug. 2-Sept.J ha 

Barley
December ha 

Output sold: 
Chufok cwt 
Quinua cwt 

30.182 
8.397 

38.579 

38.579 

38.579 

2471.939 
1308.998 

0.114 
49.032 
27.927 
10.234 

87.307 

87.307 

87.307 

5415.688 
2940.637 

30.358 
79.23 
16.472 

126.06 

66.937 
59.123 

126.06 

8088.744 
4322.921 

10.35 
120.355 
38.565 

3.58 

172.85 

98.437 
74.413 

172.85 

11260.93 
5671.845 

39.132 
121.049 

43.886 
118.333 

322.4 

157.5 
164.9 

322.4 

18448.958 
9952.853 

75.779 
84.404 

6.88 
175.471 
193.224 

535.758 

259.875 
275.883 

535.758 

28869.145 
15674.801 

gFirst half of January. 

hBoth irrigated and non-irrigated. 

iperiod including the second half of July and the month of August. 

iPeriod including the second half of August and the month of 
k Three classes of chufo as explained in Table 5-9, note c. 

September. 



Table 8-13. (Continued)
 

Cooperative sizeb
 
Unit 125 275 425 625 1000 1650
 

Green broad
 
beans cwt 4323.369 9698.804 14617.01 20530.549 36378.503 60317.021
 
Barley hayI cwt 8245.976 9658.854
 
Wethersm No. 
 50. 174. 297. 774.
 
Female lambs No. 10. 59.
34. 	 153.
 
Ewes 	 No. 
 15. 51. 88. 229.
 
Rams 	 No. 
 1. 3. 5. 14.
 
Adult pelts No. 10. 36. 62. 162.
 
Lamb pelts No. 21. 74. 
 126. 330.
 
Wool
 
Class 1 
 kg 408.364 1418.339 2424.543 6323.123
 
Class 2 kg 15.693 54.504 93.171 242.988
 
Class 3 
 kg 	 14.773 51.31 87.71 228.745
 
Class 6 
 kg 18.619 64.668 110.545 288.297
 

Variable inputs:
 
Machinery
 
Tractor hours 1856.452 4196.451 6208.866 8905.193 16256.054 27579.52
 
Plow hours 1294.314 2929.14 4229.333 5799.12 10816.5 17974.667
 
Harrow hours 254.619 576.224 832. 1140.81 2127.836 3536.
 
Motor-and-pump hours 397.3G4 830.751 1268.989 1333,777 1614.339 1615.185
 
Sprayer hours 246.503 558.763 
 806.788 1106.24 2063.356 3428.848
 
Wagon hours 137.773 306.937 592.866 1204.722 1893.161 3711.52
 
Sorter hours 49.439 108.314 161.775 225.219 368.979 577.383
 
Sprinkler hours 185.679 420.207 
 606.73 473.78 736.653 734.265
 

Diesel lit 40438.32 90532.332 134465.311 185537.768 329851.433 545008.285
 
Gasoline lit 316.036 715.217 1032.689 1415.987 2641.096 4388.925
 
Oil lit 242.948 536.939 800.347 1055.997 1781.306 2812.797
 
Grease 	 kg 216.902 490.221 726.735 1045.876 1905.664 3237.693
 

In S4dtion to he hay fed to sheep on the farm.
 

mThe number of w~thers, lambs, ewes, rams and pelts are rounded to the nearest whole number.
 

http:40438.32
http:27579.52
http:14617.01


Table 8-13. (Continued)
 

Cooperative size
b 

Unit 125 275 425 625 1000 1650 

Seed 
Potato cwt 771.58 1746.14 2521.2 3457. 6448. 10715.16 
Quinua lb 385.79 873.07 1260.6 1728.5 3224. 5357.58 
Broad beans cwt 231.474 523.842 756.36 1037.1 1934.4 3214.548 
Barley cwt 38.579 87.307 126.06 172.85 322.4 535.758 

Fertilizer NPKn 

18-46-0 kg 10926.143 22776.65 32886.533 45093.108 84107.712 139768.547 
13-39-0 kg 3857.9 8730.7 12606. 17258. 32240. 53575.8 
Urea 46% kg 9892.041 22386.388 32323.044 44320.468 82666.584 137373.709 
Chemicals 
Agallol 6% kg 9.645 21.827 31.515 43.212 80.6 133.94 
Clordano 40% kg 385.79 873.07 1260.6 1728.5 3224. 5357.58 
DDT 50% kg 84.025 190.155 274.559 376.467 702.187 1166.881 
Metasystox lit 19.29 43.654 63.03 86.425 161.2 267.879 
Drugs 
Thibenzole kg 0.244 0.849 1.451 3.785 
Coopazine kg 6.48 22.507 38.474 100.34 
Nexadip 6% kg 30.867 107.208 183.264 477.946 
Negasunt kg 0.309 1.072 1.833 4.779 
Elmycina cc 123.468 428.832 733.056 1911.782 
Foot and mouth 
disease cc 1183.441 4110.355 7026.342 18324.43 
Pneumoenteritis 
vaccine cc 125.32 435.264 744.052 1940.459 

Concentrate 
For fattening 
lambs tons 6.93 24.069 41.144 107.303 

For ewes-and
lambs tons 6.555 22.768 38.92 101.501 

nFor obtaining the NPK least-cost combinations as computed in Table K-6. 



Table 8-13. (Continued) 

Cooperative size
 

Unit 125 275 425 625 1000 1650 

Salt kg 1.033 3.589 6.135 16 

Ear tags ° No. 123. 429. 733. 1912. 
Annual fixed 
costP pesos 40825.162 67021.286 95380.588 131867.474 226551.882 a46349.805 

Total fixed 
costq pesos 282621.76 460624.64 646447.64 823294.4 1458764.42 2340990.32 
Interest on var
iable costr pesos 17328.815 38932.391 58413.567 63911.175 150327.566 255799.067 

Wage bill (return 
to labor) pesos 

Output sold pesos 
Aggregate income pesos 

64414.205 143049.907 
526268.458 1163023.782 
315912.5 713460. 

221901.736 
1755395.905 
1093440. 

329462.867 
2487721.439 
1560125. 

560670.354 
4155526.626 
2466100. 

957367.154 
6736020.74 
3881130. 

Returns to land 

and marageents pesos 251498.295 570410.093 871538.264 1230662.133 1905429.646 2923762.846 

0Rounded to the nearest whole number.
 

PInterest included.
 

q Investent in -_achinery, shelter and tools (at purchase price).
 

rVariable cost equals capital used (above in this Table), which is borrowed in its entirety.
 

sAggregate income minus wage bill is the return to land and collective management.
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profitability among land classes. For each cooperative size, shadow-prices
 

of land are highest at the smallest farm size, at which the parametric
 

routine begins, and they decrease as farm size increases, until they reeilc
 

sero (land clathc.i cease to be ticarce) at different pcints along the 

routine. "he iiihet.t shadow-prices, for land are at 2 ia/person farm size, 

with P5 mechanizatLion in cooperativ size 275 and wit, P7 mechanization 

In cooperative size 425; they are: 4054.722 pesos for class 1, 2991.606 

pesos for clabs 2, and 1356.656 pesos for class 3. Shadow-prlces for land 

claoses 4 and 5 art always zero, because they are not used in any optimal 

solUtion. 

The highetat thadow-price for one hour of labor is 11.915 pesos under 

partial mechanization, and 14.379 pesos under full mechanization. The 

3 
highsbot L tadow-price for one m of water i, 3.357 pesob under partial 

citau nliat Join atW J. 342 peaus under partial mechanization. Capital has 

no ahohow-pr . ulbe no conistraiutu on supply of credit by the Agricul

tural batik worc Inc Itided In the mojdel. 

Iiolck t.4dy, t,uth abur ai water are treated af, fixed. Labor isI, 

lIatlIut IttnalIly 1lmitt-4 with w, ;n.ssiblIty of hiring worker.,.; water is 

C@omid4rod 1p4it-4 1,y tc I-Actt liat tiut elitough 1i knowa about the supply 

o #Nuvftu&4W ioati,sit tits WAV. TUvrolorv, nu diticutision is included 

0P tho prOlt 4hb1I y .( wht(4 i4bur and watcr. 

AC114a fasm Q.rlv ava lla.lc It thf, toIUorativ,.i ih I ixed at the present 

tItW toy al ticisas ,4 (aiwtl!4i tutiuwy asud by t, prohlbitIon in the Law 

of At4torlfti Mpft a e'ni&t r bg!rt -i laidl. ,,mm day thist prohibition 

COV1 ttPuvpj, In t!-3t C.*40, tho Inforation oi #IiAdow-prIcoo of land 
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(Appendix H) will be useful. 
If a cooperative rents land from another
 

cooperative, both of them will stand to gain (increase in income), pro

vided that the rent is between the shadow-prices of land in the two coop

eratives. 
For instance, assume that the two cooperatives Y and Z have
 

the same size 125, but own different quantities of land, 5 ha/person in
 

Y and 14 ha/person in Z. If both cooperatives'are performing optimally
 

(F3 degree of mechanization, as shown in Table 8-9), 
the shadow-prices
 

for one hectare of class 1 land is 1213 pesos in Y and 117 pesos inZ.
 

Renting a hectare of land from Z to Y at any rent between 1213 and 117
 

pesos would benefit both cooperatives; for example, at a rent of 665 pesos,
 

each cooperative will realize an increase of 548 pesos in aggregate in

come. As land is transferred from Z to Y the gap between the two shadow

prices narrows until it is reduced to zero. 
To know over how many addi

tional hectares the pair of shadow-prices hold, "range analysis" must be
 

applied.
 

The shadow-prices on farm machinery were the basis for determining
 

the various degrees of mechanization, as explained in Chapter VII.
 

Average costs, both variable and total, are quoted in pesos per 100
 

pesos of final output (output sold); these costs also include the wages
 

paid by the cooperative to its own members, since the wage bill does
 

represent a cost to the cooperative as a producing unit.
 

The average variable cost ranges from 30.16 pesos, in cooperative
 

size 425 under F7 mechanization with a 10.5 ha/person farm size, up to
 

53.116 pesos, in cooperative size 1650 under P25 mechanization with a 2.5
 

ha/person farm size. 
The average total cost runs from a minimum of 35.443
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pesos, in cooperative size 625 under F9 mechanization with a 10.5 ha/
 

person farm size, to a maximum of 59.802 pesos, in cooperative size 1650
 

under P26 mechanization with a 2 ha/person farm size.
 

The Tables on average cost (Appendix J) also indicate, for each coop

perative size and degree of mechanization, the farm size at which average 

total cost is lowest. In a competitive framework of perfect mobility of 

resources, freedom of entry and perfect information, there would be a 

long-run tendency for the firms to have that cooperative size, that farm 

size and that degree of mechanization which achieve a minimum average 

total cost of production. In the DAP, at least two of the required con

ditions do not exist: Perfect mobility of land rnd labor resources and 

freedom of entry. As for mobility of resources, at the present time there 

is no market for purchasing or renting lard, and there is no hiring of 

labor either, as explained in Chapter IV. Freedom of entry is non-exist

ing for a~l practical purposes, because of the land tenure arrangements 

institutionalized by the Agrarian Reform process. 

Finally, a few remarks are included on returns to labor, land and
 

management, viewed as income shares for each sector of resources (since
 

all working capital is borrowed, its return is the interest paid).
 

As explained at the end of Chapter III, the relative size of those
 

returns is not a crucial issue in the DAP cooperative, because, through
 

the wage bill and the profit distribution, in the end the three returns
 

accrue to the same group of individuals, that is, the members of the
 

cooperative.
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Figure 8-11. 	 Paths of mechlanization for cooperative size 1000 with farms 
larger than 7250 ha but smaller than or equal to 8250 ha, 

and farms larger than 9250 ha but smaller than or equal to 

13250 had 
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Figure 8-11. (Continued)
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Figure 8-12. 	Paths of mechanization for cooperative size 1650 with farms
 
smaller than or equal to 11962 haa
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Table 4-1S. 	 Path of echaul Jton for a cooperative with increasing size 
from 125 to 625, vith a 5 ha/person farm aise 

Cooprative Farm *it@ Path ofb Income per 
etse in ha mechanisation person 

135 625 	 P1 2185.6
 

P2 2487.4
 

P3 2597.1
 

115 	 1375 P5 2674.4 

2125 P7 2689.1 

W1 3125 	 F6 2695.9
 

F9 2802.9
 

Flo 2849.6
 

#6ftrcei Verjv4e tou riguree 6-2, 6-3. 8-4 and 8-8, and from 

Te*i# S-I tgr~hf 6-4. 

O4coist" doa,... are choeen to such a way that Income per person 

1*0, t4 opttmallgy critertos to be considered at the farm level 

Of4 i001be4" awo be hliga incose per person. For example, the 

4flL# f* at op(Ltily could be Cth highest relative use of labor, if 

Woot to Ow ***iedaat r@~c.$ or it could be the highest productivity 

oftaM. I i t*4eItI of land .crcilyl or It could be the lowest use of 

e ~| t Isoo I toade ere io short supplyl or it could be a con

aeine* #opitst.,*wr s, for e"le, the loweet use of capital provided 

I , 1a pof "#f*W is *ot balw a certain figure. Then, obtaining 
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optimal solutions would call for (i) a new objective function embodying
 

the selected criterion, (ii) additional rows with the minimum or maximum
 

constraints, if any, to the selected criterion, and (iii) the optimization
 

of the new objective function.
 

In the case of Bolivian agriculture, a detailed government planning
 

that would dictate farm size, degree of mechanization, use of resources
 

and level of output, appears as quite unfeasible, because it would be
 

violently rejected by the farmers themselves. The only indirect approach
 

the Government could use to bring about the optimization of a variable
 

other than income, would be to institutionalize a certain farm size through
 

the Agrarian Reform process. Then, the cooperatives would be left free
 

to maximize income per person with the constrained farm size andin so
 

doing, they would optimize the variable selected as a goal by the Govern

ment. 
 In most cases, the cooperatives would incur an opportunity cost in
 

terms of lost income per person, as compared to the highest optimal solu

tions that were explained at the beginning of this chapter.
 

Assuming such indirect policy approach by the Government, the results
 

of this study prnvide information to trace the effects on the cooperatives
 

of establishing criteria of optimality other than the highest income per
 

person, that has been used throughout this research.
 

The alternative criteria of optimality that might be chosen are:
 

Highest land, labor or capital productivity, highest relative use of labor,
 

lowest capital borrowed per person and lowest average total cost. 
Table
 

8-19 contains the following information for each one of the six criteria
 



248
 

Table 8-19a. 	Farm sizes and trade-offs under alternative criteria of op
timality, in cooperative sizes 125, 275 and 425a
 

Cooperative size
c
 

Alternativeb 

of criteria 125 	 275 425
 
optimality Ha/ % Ha/ 	 % Ha/ %
 

per- gain lost per- gain lost per- gain lost
 
son 	 in- son in- son in

come 	 come 
 come
 

Highest land
 
productivityd 12. 22.91 1.95 7. 10.96 5.97 10.5 14.47 1.25
 

Highest labor
 
productivityd
 

Highest capital
 
productivityd 12. 15.62 1.95 7. 5.9 5.97 10.5 8.83 1.25
 

Highest relative
 
use of labore 4. 45.87 17.59 2.5 66.86 33.77 2.5 68.67 33.79
 

Lowest capital
 
borrowed/person 12. 21.37 1.95 8. 7.44 3.67 10.5 12.92 1.25
 

Lowest average
 
4.02 10.5 6.04 1.25
total cost 12. 9.85 1.95 7.5 2.77 


aSources: Computed from Appendix J and Table 8-10.
 

bOther than the criterion of highest income per person used through

out this study. It is assumed that these criteria would be applied by
 

merely enforcing a certain farm size and letting the cooperative maximize
 
income per person; in so doing the cooperative would be achieving the
 

optimality under consideration, for example, the highest relative use of
 

labor.
 

cThe kind of information provided by this Table can be best under

stood with the following example on how to read it: For cooperative size
 

125, if the criterion of highest land productivity is chosen, the farm
 

size corresponding to 12 ha/person (1500 ha) must be enforced; as compared
 

with the highest-income optimal solution, there will be a gain of 22.91%
 

in land productivity; such gain will be achieved at the expense of a 1.95%
 

reduction in income per person, there being a trade-off between productiv

ity and income. A blank means that the farm size need not be changed be

cause the alternative optimality being considered is already achieved in
 

the highest-Income optimal solution (determined by the criterion of high

est income per person).
 

dAverage productivity.
 

eAs a percent 	of total labor available on an all-year basis.
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Table 8-19b. Farm sizes and trade-offs under alternative criteria of op
timality, in cooperative sizes 625, 1000 and 1650a
 

Alternativeb Cooperative size c 

of criteria 625 1000 1650 
optimality Ha/ % % Ha/ % % Ila/ % % 

per- gain lost per- gain lost per- gain lost 
son in- son in- son in

come come come 

Highest land 
productivityd 10.5 13.39 0.96 11.5 11.97 0.76 12.5 2.8 0.05 

Highest labor 
productivityd 

Highest capital 
productivity d 10.5 8.27 0.96 11.5 7.85 0.76 12.5 1.8 0.05 

Highest relative 
use of labore 2.5 64.93 36.45 3. 74.58 38.05 3.5 78.87 31.96 

Lowest capital 
borrowed/person 10.5 12.52 0.96 11.5 11.82 0.76 12.5 2.91 0.05 

Lowest average 
total cost 10.5 6.94 0.96 11.5 6.32 0.76 12.5 1.52 0.05 

aSources: Computed from Appendix J and Table 8-10.
 

bOther than the criterion of highest income per person used through

out this study. It is assumed that these criteria would be applied by
 
merely enforcing a certain farm size and letting the cooperative maximize
 
income per person; in so doing the cooperative would be achieving the
 
optimality under consideration, for example, the highest relative use of
 
labor.
 

CSee note c, Table 8-19a.
 

dAverage productivity.
 

Aes a percent of total labor available on an all-year basis.
 

and each one of the cooperative sizes: (i) The farm size (ha/person) that
 

should be enforced, (ii) the gain achieved in the value of the variable
 

being optimized, and (iii) the resulting loss in income per person as com

pared to the highest-income optimal solution for the same cooperative
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size. The trade-off between gain in the optised variable and loss to 

income must be considered by the policy-maker, In deciding viiether to
 

select an alternative criterion of optimality. The dociblon will Involve
 

a value judgement on the "desirability" or "acceptab|lly" tit ch tral

off. For example, It the criterion of higieat relativ, tsa of 1,,bor in 

under di.scusion, the policy-makvr will have to ,valiustE wfhihcer It 14 

"worth" and "soclologically featible" to impo e a rrducltun In htwotwe per 

person in the range of 18% to 38Z, in order 
to achirvo 4 46Z to 791 hiher 

use of labor. 

Some patterns may be noticed among the farm iliet lndicated 4y Table 

8-19: 

Fir_.t, selecting the criterion of htighert l4bor pruductivity wuild 

not call for any polity of reducinj farm htiin helow the I.1vI-ei¢-

optimal tizCH that were given in Table 8-9. 1ha4 1 , 11hir3t 14bor pro

ductivity wian; already a;chlvevd In the hi hest - e ptl iInc, tle Qmuut Iuit 

for all cooperative nlize,. 

Second, if highet relatlve upi.i of labuor lut chloi-n in the opitiItty 

criterion, firnitl mze bu to ti-twreni 2.* anltd 4 la/!,r eon. Offliut.t, reduced 

course, partial mechtiiza ltJuii Ini tLiei uried biy all cooprtAilve.bvIa, bo

cause it ts, mure l.ihor-Intuti.Iv.. 

Tlhird, optlir.lit y i t tie other utiurcr11 eria hitppents sI tIso 0.3f farm 

site withln itach toopiratLv,, wi only %1ligti VariatlIunuiIt illti roplotra

tive tilze 275. The Inlcome Joi iiti.turociat ed with 1ihtehe fti llm la 1#0

tween 4% and 6% for cooperiatlve islz 2P, h&,tween IX and IX lor (Xt) a

tive sizeti 125 and 425, and below 1l for coopie-rattvo asix b1, 1000 and 

http:l.ihor-Intuti.Iv
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in agriculture and in other sectors, with the resulting impact on supply
 

of capital and rates of interest.
 

These three objections to an expansion of the results to the DAP pre

vent a fortiori any indiscriminate application to the entire Altiplano
 

region. In Chapter IX, suggestions are made for further research which
 

will help in the removal of these objections, thereby opening the way for
 

a legitimate expansion of the results of this study to larger geographical
 

areas.
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CHAPTER IX. CONCLUSIONS AND RECOMMENDATIONS 

Conclusions Related to the Objectives
 

The results presented and interpreted in the preceding chapter ful

fill in the following manner the four objectives specified in Chapter I:
 

1. The first objective dealt with optimal land/person ratios, opti

mal degrees of mechanization and paths for mechanizing the farms.
 

The optimal land/person ratios, that is, those which provide the
 

cooperatives with the highest possible income per person, are the follow

ing ones in ascending order: 13 ha/person for cooperatives with 625 and
 

1650 members, 13.5 ha/person for cooperatives with 425, 14 ha/person for
 

cooperatives with 275 and 1000, and 15.5 ha/person for cooperatives with
 

125 members. Thus, the range of optimal land/person ratios is between
 

13 and 15.5 ha/person. The solutions corresponding to these land/person
 

ratios are called in this study the highest-income optimal solutions.
 

The optimal degrees of mechanization are those required by the high

est-income optimal solutions. They are all under full mechanization (as
 

defined in Chapter III, in section "Basic Considerations"): F3 degree for
 

cooperative size 125, F5 for size 275, F7 for size 425, F10 for size 625,
 

FlO for size 1000 and F27 for size 1650 (the kind and number of farm
 

machinery entering each optimal degree can be seen in Table 7-4).
 

The paths for mechanization were derived so that, in the ascending
 

sequence of degrees of mechanization up to the optimal degree, the coop

perative would never experience a decline in income per person. The paths
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for each cooperative size were shown in Figures 8-2 through 8-14. 
The
 

paths branch at various steps, indicating the feasible jumping points
 

from partial to full mechanization. 
Since the jump involves a higher
 

level of mechanical and administrative skills (mainly maintenance, timing
 

of operations and loan repayment), the selection of a specific jumping
 

point is a management decision, to be taken at the farm level according
 

to 
the progress of the cooperative in acquiring those skills.
 

The optimal land/person ratios and optimal degrees of mechanization
 

listed above resulted from treating land parametrically in the linear
 

programming model, that is, from considering the amount of land owned by
 

the cooperative as a variable that can be increased until the highest

income optimal solution is reached; this is the point where land ceases
 

to be a limiting factor.
 

However, cooperatives may be unable to have at their disposal as
 

much land as dictated by the optimal land/person ratios. The results of
 

this study contain information for these cases too. 
 The optimal degree
 

of mechanization for their fixed land/person ratios can be deteemined
 

from studying Tables 8-1 through 8-8, or it can be directly observed in
 

Figures 8-2 through 8-14.
 

The results of this study also provide information on the opportunity
 

cost, in terms of income foregone, of having a farm size below the optimal
 

land/person ratio. Such opportunity cost is not more than 10% of the
 

highest possible income for land/person ratios larger than 6 to 7 ha/
 

person; below that ratio, the cost increases rapidly until it reaches
 

from 45 to 51% at the lowest ratio of 2 ha/person (Table 8-10).
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Information is also obtained on the trade-offs, that would be forced 

by the selection of an optimality criterion other than the income per 

person criterion used throughout this study. The criterion of highest 

relative use of labor (in percent of total available) has the costliest 

trade-off: When the relative use of labor is maximized, 18% to 38% of 

income has to be given up in exchange for an increase of 46% to 79% in 

labor used, as compared with the highest optimal solutions. A much smaller 

loss of income results from choosing four other criteria: land and capi

tal productivities, lowest use of capital per person and lowest average 

total cost. The loss of income is then between 3% and 6% for cooperatives 

size 275, and below 2% for all other cooperative sizes. Furthermore, all 

four criteria are optimized at the same land/person ratio within each 

cooperative size, except for cooperative size 275. Labor productivity 

is already maximized at the optimal land/person ratio!;, so that its choice 

as a criterion of optimality would not entail any trade-off. 

2. The second objective referred to use and scarcity of resources.
 

In the highest-income optimal solutions, the land actually cultivated is 

around 9% of the total farm area, which is the all class 1 land available 

(the reason why all and only class 1 land is used was given in the third 

section of Chapter VIII). The number of hectares cultivated in those
 

solutions increases with the cooperative size, and ranges from 170 to 1930
 

has.
 

The labor used in the highest-income optimal solutions is between 30%
 

and 32% of the total available. In man-hours per year, labor required,
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both unskilled and machinery operator's, runs from 45,000 hours Incoop
perative size 125 up to 550,000 hours In cooporative ulto 1650. Labor
 

shortages, under both part ia! and full nkechanizis, lon, occur I141111y during 
the peak labot -ut.-liy s _'iun t rom May throuh auiu.t , highly labort-,en 


intensiv, hi.irVhLn.I and chuio-making .art, hc ht-dol d. 

Relative utw ol witer run- betweeni 2% and 12Z of the tot4l that can 

be extract-(' on the tarm with ont. m:otor-and-pump. Water shortages exist 

only in Novembur and February, and then only in cuoperatives with 625 

members or more. 

Working capital required by the highest optimal tolutions Increases
 

directly with thc cooperative slze, ranging from 
 222,UO pesob up to
 

2,547,000 pe;o!:,. However, 
 the. relati onship it,. Inver.,w wheu capital In 

considered on i per (c pIta ua',I witii, a ma xi.iuim ofI177 pv ,,,, pr person 

in cooperaLive :. e 125 inal a miinum ofl 1544 pet.o.-i in cooperative, nize 

1650. No capitIal1ihortagtv, call develop, bcuti our Ide 1 hast con, idered 

the supply of cital a-, unllVfed. 

Similar InfolarciLlon an ute and thortage of resourcen for land/parson 

ratios below Lthe optimal one was also obtained. It is presented in 

Appendices, 11and J. 

Whether or not there In a shortage of land in the DAP Ias a whole 

cannot be answered until the results of this research are expanded to the 

entire Area. The reason why this cannot be done at the present time was 

discussed at the end of Chapter VIII. 

3. The third obective addressed itself to the optimal farm plans. 

The farm plans for the six highest-Income optimal solutions were 
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The resultu of tliii titudy, pronented In Chapter VIII, lead to the 

following policy recoinmendaLlunH:
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1. The Low of Agrrtan Rotor* shoqld be rcont4erd In that part 

which indiacrtral ely torbili the renting of land. It we eplotind in 

Chapter VIII (i r.c 0) tt.t rant Itig of 1said betvaio t vo Co(t 4on 

be pror:IA4c ti bt!. traiizat Iiai parta. it (tic frlit I'm blvocts tlic A~r

|141 Pfcdut I vIt I (ah.4ow-,r ccb,) 4A land In thn two CUtIWtAJII Ica. I t 

may t4ke , trw )'c4 u lot t.h Cutt.uilttiit,tu accpat Ihst relt Ingd of land 

14 not 411 IliVAIt Wh t I tIC r ,4utou Oly , but CAt cicI lt . Ir(zL( 41lfut IUoVeOr 

in that J If CI. I toI uni I I hrI c , paIhU ,It l t i1chL' I rev")vc-d, 11 tho 

Law *4% rrvlurtl to aI uhrw Niw.h Iratal 4gretm Lti.a c rt mtuut be takvai to pre

vent the revlval t tihr prre-k.1orr, htienda byrten of la!iii tenure. 

2. Tout thrL wit h it he d I1 ur I on uf t etinlogy ext tsy fun pirb on,. 

should Concrutr.atr om upgr.adin g the rtanagerlal and ,rc Jhisicat 4,1kill t of 

the coopcratw.ivt, ',l1a,. . all optlniL1 htulutionih "rquire the handling of 

large volurinc of inputt, nl~u outputt and tiw,. tU hlI.ctory mcalxlit'rli.nct! Of 

farm inachi nery. At the pre.eriLt Limnae, riAnagevient and cuechanict, are taught 

In hbort cour,,,, at the Lxperimental Station, witlch iti the notst It can be 

done with the low budget .tvallable. In the future, the f ratlbnllty must 

be explored of ionger imd more coanprehen',ive cour:.r,, for :,le cted officers 

of each cooperative, with thie f inancial iiud 'chnical cooperat ion of in

ternational agenclen. Ii early 1970, high-level pvrbon),,l at the Ministry 

of AgriculLure entertained the Idea ot eatblihlngin a technical uchool of 

agricultuit at the L'xper incnttalt St,iLion, which would prepare young men 

from the Communitle, to become cooperative farm managers. The feasibility 

of the project merlts the attention of CODAPA, the advisory board for the 

development of the DAP. 
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S. sitwlardtiod easy methods of ccouslan 4nd keeping recorda 

ahould be wide avollabla to all cooperativwe, so ttilat thte intor~etion my 

be Uttlito In !urther seastch )i4 term "na cmatt. vhlih to 1 r 1(.llyict 

00o 	sjiuztent at tih p1 cutgt tie. Lxticial el advilt, wtuld clscc Ilac 

tho Icc ud4 ius tpi dus Itis thkel v t & (i Ithih e ,')u'"'r. IVIn41dCOUnt a141 

AVd at the perlodic meetintie at the ce tral do LuOe, at1lv4I. Ilie rcor4a 

vOuld be traubfere, un a quarterly or brmitruiLuAly Laisln to LLJ)AIPA for 

tabulation, vlabrAtIon asnd utiragr; unly thi= arrantgruitt will p1lovent 

valuable Intormat Ion I rom bring lost. Pruvlilonw 3-tuht be taken to onoure 

that feedback frum ensuing reacarch on farm management will benefit the 

cooperatives thembelves.
 

4. A Statistician and an agricultural economist should work closely 

with the staff nt thr Experimental Station, so that the data collected, 

both 	at the utation and in the field, may be inuable in econumit Analysis. 

have to he on a permanent full-The statistic ian and the economint do not 

time basis , but they could function as part-tite asfioc ,ate intmnberN of the 

staff. An agricultural (-conomint tilould also be inc lumided in CODAI'A, the 

technical board that oversees the development of the DAP. 

Suggeit ione for Further Reearch 

Within the dincipline of agricultural economi maand as a follow-up 

of this study, the following areas are suggeated for further research. 

1. Proceasin8 of land tenure information being collected by the
 

Agrarian Reform Mobile Teams operating in the DAP as well as in the rest
 

of the Altiplano. A reliable quantitative description of the DAP will
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however. Integer |rograimtig in quite an expenaive method and to un

available at i,,uk ctmputatlon cri trru. At alternative approach within a 

reasonable btdxet cuild ful along the fhllo1vili 1irt-: (I) )rftI.e a few 

representative farmn. in the DAP, on tlhr ban in if trteri t,o tr Jrtrlrln1d. 

(11) obtain a .et of non-integxer prugraminignt ]tli with vArlour co

binatIons of mechanized and non--achanire'l oprrattinh, ard (ill) compare 

these solutionr. with one another. 

3. The .tabllity of the o.itmal farm lann . I face of changing prices 

Of inputs and outputs (iee Chapter 1. page 4). the method to be uned In 

sensitivity analynit, by applying parametric prograrming to the objective 

function. Before thin can be done, the following reliable ent imaten are 

required: (1) On the output tilde, the expectetd range of price variation 

in the urbnn and mining marketo, taking Into connideration that the only 

buyer for the mineB in CC]MIBOL, the Government mining corporation, and 

(ii) on the input aide, the range of price variation for fertilizer, which 
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6. Coate Of Xnetr i, lOloctricity on the farm durlng IO tlie hViten
L-t ...-.. Iciti,
 

the motor Is not 
used for pumping water. 
As notod in Chapter VII (polo
 

213), motor and pump are 
Idled 792 or more of 
the timv on &I all-year
 

basis, although in 
 large farms they are used full-time during Novemeber 

and February. The cost of on-the-farm generation of electricity will then
 

be compared with the 
cost of bringing electricity from the comerical
 

power companies.
 

Suggestion. are made also for reearch in agricultural disciplines
 

other than agricultural economics. 
Theme suggestions stem from the results
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Two levels of mechanization are considered, partial and full. 
In
 

the partial level, only land preparation, part of the planting and plow

ing-under are mechanized. 
 In the full level, mechanization extends also
 

to planting, potato digging and silage and hay making. 
A one-year period
 

is used. 
The level of technology assumed is the one being promoted at
 

the present time by the extension services. No allowance is made for on

the-farm consumption of part of the output produced.
 

Three main variables are considered: Cooperative size (number of
 

persons in the cooperative), farm size (number of hectares at the coopera

tive's disposal, often quoted in ha/person) and degree of mechanization
 

(set of machinery within the partial or full levels of mechanization).
 

For each cooperative size, different combinations of farm sizes and degrees
 

of mechanization are studied.
 

The method chosen for the analysis is linear programming, with its
 

variable-resource and parametric modalities. 
With the variable-resource
 

modality various degrees of mechanization are applied. 
The parametric
 

modality allows to change the farm size available in equal steps over a
 

prespecified range.
 

The data needed were collected, in La Paz and within the DAP, from
 

research and descriptive papers, from field-notebooks at the Experimental
 

Station, from direct observation and from records at the Central LeCoop

erativas (the central agency which groups all cooperatives for marketing
 

and educational purposes). 
 These data represent the most reliable infor

mation available at the present time.
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The cooperative sizes to be analyzed are chosen from a frequency
 

The sizes are
distribution of the 21 cooperatives presently existing. 


125, 275, 425, 625, 1000 and 1650. The farm sizes to be allowed to each
 

cooperative start at 2 ha/person and increase in steps of 0.5 ha up to a
 

possible maximum of 25 ha/person. The degrees of mechanization applied
 

are successively determined during the process of solution, by means of
 

the shadow-Drices of machinery.
 

The four main resources are described. Land is assumed to be homo

geneous throughout the DAP, so that the land classes from the few soil
 

studies available may be generalized. Labor is exclusively the labor
 

supplied by the members of the cooperatives. Water is limited to the
 

maximum that can be extracted with one motor and pump from one well on
 

the farm. Capital is assumed to be non-limiting, that is, available in
 

any amount needed from the Agricultural Bank of Bolivia, at 8% on loans
 

on loans for purchasing machinery. No
for working capital and at 12% 


hiring of outside labor are considered.
renting of land or 


The linear programming iaodel is processed with the IBM-MPSX routine,
 

The number of soluat the Computation Center at Iowa State University. 


tiona obtained is 1517, and the degrees of mechanization applied are 27
 

under partial and 27 undev full mechanization.
 

The results can be ummarized in the following way:
 

1. The optimal farm size (farm size which provides the highest income
 

per person in the cooperative) for the six cooperative sizes is found to
 

be between 13 and 15.5 ha/person. Income per person ranges then from
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3066.9 pesos to 3172.3 pesos. 
All these six solutions use full mechani

zation at different degrees.
 

2. The opportunity cost (loss of income) incurred when having a farm
 

size below the optimal, is not more than 10% of the highest income when
 

farm sizes is 7 ha/person or more. 
Below that land/person ratio, the
 

opportunity cost increases faster, until, at 2 ha/person, it represents
 

around 50% of the highest income (income at the optimal farm size). Thus,
 

if 
a loss of 10% in income is deemed "acceptable", the "acceptable" farm
 

sizes are around 7 ha/person or more.
 

3. The optimal farm plans are presented for the six cooperative
 

sizes with the optimal farm size. 
Only rotation PHQP (potato-broad beans

quinua-barley) enters 
the plan, under various arrangements of irrigation
 

or non-irrigation and of planting dates. 
 Sheep raising enters most solu

tions below the optimal farm sizes, but not the solutions at the optimal
 

farm sizes. This behavior of the sheep raising activity is due to its
 

relatively low profitability and its high use of labor; when labor becomes
 

scarce in certain periods (at large farm sizes mainly) it is 
more profit

ably allocated to crops than to sheep, even it it implies that barley is
 

plowed under as green manure. 
 (Optimal plans for the 4.5 ha/person farm
 

size are also discussed in the report, because that is the highest farm
 

size at which all six cooperative sizes still use partial mechanization.
 

The discussion is omitted from this summary.)
 

4. 
The relative use of land in the solutions for the six cooperative
 

sizes with the optimal farm size amounts to around 9% of the land avail

able, that is, all class 1 land; 
this is simply the result of all resources
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being transfered from other land classes to class 1 along the parametric
 

routine, up to the point where land ceases to be limiting. Labor employed
 

is around 31% of the labor available on an all-year basis. Water used
 

goes from 2.76% to 12.09% of the total, and it is directly related to the
 

cooperative size. Working capital (all borrowed) per person ranges be

tween 1400 pesos and 1780 pesos approximately, while capital invested in
 

equipment and buildings decreases from 2800 pesos per person at coopera

tive size 125 and 1590 pesos per person at size 1650.
 

5. Average variable cost oscillates between 32 and 36 pesos per 100
 

pesos of output, while average total cost ranges between 37 and 44 pesos.
 

6. Looking at all optimal solutions (and not just at the six solu

tions providing the highest income), it is observed that partial mechani

zation is the optimal level for the smaller farm sizes, while full mech

anization is more profitable in larger farms. Such pattern is due to the
 

fact that the smaller farm sizes have a higher labor/land ratio.
 

7. The range of resource use from all optimal solutions is as fol

lows. Land use ranges from 9% to 48% of the fa-m size. The first figure
 

has been explained above. The 48% figure represents all land classes 1,
 

2 and 3; no plan goes above that percentage into using land classes 4 and
 

5, not even when no other resource is limiting; this indicates that weep

ing lovegrass (the only crop suited for classes 4 and 5) is not profitable
 

with present yields. Labor employed is between 19.53% and 54.52% of the
 

total available on an all-year basis, meaning that between 45% and 80%
 

of the labor supplied by the cooperative members goes unemployed in the
 

optimal solutions. Working capital (borrowed) per adult person ranges
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between 1187 pesos and 3176; 
these figures are below the ceiling that the
 

Agricultural Bank is thought to set in practice for loans to groups of
 

farmers. Relative use of water goes from 2% to 20.66%; 
this implies that
 

at least 79% of the motor time available during the year goes unused,
 

even in those solutions where water becomes scarce in some time periods.
 

8. 
The various resources are limiting during different time periods.
 

Land is limiting at any solution below the optimal farm size, its highest
 

shadow-prices per hectare being 4055 pesos for class 1, 2992 pesos for
 

class 2, and 1357 pesos for class 3 land. 
 Labor is limiting mainly in
 

the months of May through August, which are the harvest and processing
 

time; its highest shadow-price per hour is 14 pesos. 
Water becomes scarce
 

only in November and February, with higher shadow-prices in February,
 

when all irrigated crops have a water requirement; the highest shadow

3
price per m is 3 pesos.
 

9. Paths for mechanization in each cooperative and farm size com

bination are designed and diagrammed, on the basis of two criteria:
 

(i) That the degree of mechanization in each step of the path build upon
 

the previous one, so 
that no or vary few pieces of equipment have to be
 

disposed of, and (ii) that income per person in each step be higher than
 

in the previous one. 
An example of the path for mechanization in a speci

fic combination and farm size is given in the report.
 

10. 
 The trade-off implied in choosing alternative criteria of opti

mality is computed. The trade-off is between percent gain in the variable
 

being optimized and the percent loss in income incurred, as compared with
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the situation where maximization of income is the criterion. Six alter

native criteria are examined. Highest average productivity of labor al

ready happens at the six optimal farm sizes, so that no trade-off is
 

involved in choosing it as the criterion of optimality. Choosing the
 

criterion of highest relative use of labor causes an increase of 46% to
 

79% in labor used, in exchange for a reduction of 18% to 38% in income
 

per person. An income loss of 6% or less is associated with the other
 

four criteria, highest productivity of land and capital, lowest capital
 

used per person, lowest average'total cost. These trade-offs are computed
 

on the assumption that the farm size is manipulated to the appropriate
 

size and the cooperatives are then left free to maximize income per per

son; in so doing, they will optimize the preselected criterion variable.
 

11. A comparison of the results of this study with the present situ

ation yields the following conclusions: (i) Eleven out of twenty Commun

ities with a cooperative at the present time own land above the optimal
 

farm size, that is they own enough land to apply the solutions providing
 

the highest possible income; (ii) the reduction in income caused by the
 

insufficient land in the other Communities would be 2% for six of them,
 

and from 16% to 44% for the other three, so that it can be said that only
 

three Communities out of the twenty (15%) experience a substantial short

age of land; (iii) in two Communities, Antipampa and Culli Culli Bajo, for
 

which data on present performance exist, the optimal solutions obtained
 

in this study provide increases in income of 200% to 314% and increases
 

in output of up to 500%.
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The results of this study cannot be expanded to the entire DAP at
 

the present time, because the information on Community size distribution
 

is from a non-random sample, the number of Communities in the DAP is not
 

reliably known, and the total extension of the Area can be only roughly
 

estimated. 
Expansion of the results will be in order when the Commission
 

for the Agrarian Reform publishes the information which is presently col

lecting through Agrarian Reform Mobile Teams.
 

Policy recommendations are made on the following issues: 
 (i)Revi

sion of the Law of Agrarian Reform in that section which indiscriminately
 

forbids renting of land, (ii)upgrading of managerial and mechanical
 

skills in the cooperatives, (iii) standardized accounting and record keep

ing procedures in the cooperatives, and (iv)the role of an agricultural
 

economist at the Experimental Station and at CODAPA, the advisory board
 

for the development of the AAP.
 

Suggestions for further research in agricultural economics deal with:
 

(i) Intermediate levels of mechanization, a mix of the partial and full
 

levels, (ii) the stability of the farm plans in face of changing prices
 

of inputs and outputs, (iii) a multi-year approach as opposed to the one

year approach taken in this study, (iv) projections of demand for output
 

produced in the Area, and (v) 
cost of generating electricity on the farm
 

when the motor is not needed for pumping water.
 

Topics for research in other agricultural disciplines are also indi

cated: 
 (i) A map of soils in the DAP, (ii) yield response to levels of
 

fertilizer, irrigation, planting dates and rotations, (iii) additional
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labor-intensive small-scale activities, (iv)higher yields of weeping
 

lovegrass, (v)improved efficiency in sheep raising, (vi) alternative
 

sources of water for irrigation, (vii) mechanization of quinua thresh

ing and chufio peeling operations, and (viii) efficient handling of large
 

volumes of inputs and outputs by the Central de Cooperativas.
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APPE IX A. UNITS OF HEASURE4ENT
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Table A-i. 
Units of measurement used in this study, their abbreviation
 
and equivalence
 

Units of measurementa Abbreviation U.S. equivalence 

Length:
Milimeter 
Centimeter (= 10 mm) 

nun 
cm 

0.03937 
0.3937 

inches 
inches 

Meter (- 100 cm) m 
0.032808 feet 
39.37 inches 
3.280833 feet 

Kilometer (- 1000 m) km 1.093611 yards
1093.611 yards 

0.62137 miles 

Surface:
 
Square meter 
 6 2 
 10.76387 square feet
Square kilometer (- 10 M2) km2 
 0.3861 square miles
Hectare (- 10000 m
2) ha 2.471044 acres
 

Volume:
 
Cubic centimeter 
 5 0.061023 cubic inches
Cubic meter 
 35.314445 cubic feet
 

264.173 gallons 
Liter (- 1000 cc) 28.37765 bushelslit 0.035316 cubic feet
 

0.264178 gallors
 

Weight:

Gram 
 It 0.035274 ouncenKilogram (- 1000 gr) ka 2.2046233 pounds
Metric ton (- 1000 kg) 
 1on 2204.6223 poundsrund 
 lb 1. poundHundrodwalgiht (- 100 lb) Cve J00. pounds 

honeyIPeWO bullila poclO 
 0 .O6 3 3 3b U 

sFor ObedO~r* Ot Ifrfauvre mw Table A-2. 

pop"... a 1. 
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Table A-2. Equivalence between degrees centigrade and Farenheit, from
 
300C to -30oCa 

Centigrade Farenheit Centigrade Farenheit 

30 86. - 1 30.2 
29 84.2 - 2 28.4 
28 82.4 - 3 26.6 
27 80.6 - 4 24.8 
26 78.8 - 5 23. 
25 77. - 6 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. 
20 68. -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. 
15 59. -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. 
10 50. -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. 
5 41. -26 -14.8 
4 39.2 -27 -16.6 
3 37.4 -28 -18.4 
2 35.6 -29 -20.2 
0 33.8 -30 -22. 
0 32. 

aforwulas V * 1.8 C + 32, where F to depee Farenhelt and C is 
dOgrees Contirade. 



APPENDIX B. MONTHLY WEATHER DATA FROM METEOROLOGICAL STATIONS IN
 

THE DEVELOPMENT AREA OF PATACAMAYA
 

The complete version of this Appendix contains 45 Tables. 
To con

serve space, only the Tables 
on rainfall and rainless days in Patacamaya
 

are included here. 
Copies of the complete version are on file at:
 

Library
 
Department of Economics
 
Iowa State University
 
Ames, Iowa 50010 U.S.A.
 

Claudio Pou
 
Centro de Investigaci6n y Promoci6n del Campesino
 
Casilla 5854
 
La Paz, Bolivia
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Map B-1. Meteorological stations in the Development Area of Patacamaya, 1970 



Table B-I. Rainfall at Patacamaya, 1958-1968 (in mm)a'b
 

Year July Aug. Sept. Oct. 
 Nov. Dec. Jan. Feb. Mar. Apr. May June Total 	% Dec.d
 

to Mar.
 

1957-58 
 102.6 85.3 62.0 27.2
2.3 0.0
1958-59 1.0 0.0 14.0 
 9.0 31.0 44.9 79.2 59.1 128.3 12.0 6.0 3.1 387.6 80.37
1959-60 0.0 
 0.0 46.3 16.1 20.1 117.4 183.5 72.1 29.5 7.0 
 8.1 0.0 500.1 80.48
1960-61 0.0 32.5 101.2 39.5 56.0 37.2 
 87.8 45.3 21.7 50.1 
 9.1 0.0 480.4 39.97
1961-62 
0.0 20.0 45.9 15.7 25.5 112.4 102.7 47.5 68.1 
13.6 8.4 0.0 459.8 71.92
1962-63 0.0 0.0 31.8 
 10.6 14.4 107.7 71.6 91.6 30.2 18.3 0.0
16.0 12.2 76.77
1963-64 0.0 1.0 23.0 
13.3 19.9 72.3
59.1 60.3 130.7 4.5 8.5 0.0 
 -.6 82.12
1964-65 0.0 37.2 12.0 22.1
2.0 53.8 118.3 27.2 67.4 17.0 
 4.5 0.0 .5 73.78
1965-66 3.5 0.0 33.3 8.7 
 39.1 58.5 58.6 44.2 9.4

1966-67 0.0 1.0 1.0 13.2 25.9 62.3 27.6 58.5 

1.6 4.2 0.0 261.1 65.38
 
50.1 1.2 6.0 0.0 246.8 80.43
1967-68 5.7 20.0 34.0 22.9 98.9
2.5 64.6 175.8 28.5 16.9 6.2 4.3 
 446.3 82.41
1968-69 0.0 1.6 
 14.5 17.4 
95.7 29.8
 

0.9 10.3 
 32.5 15.3 77.9 71.1 88.1 	 0069.7 56.9 13.1 9.4 0.7 392.8 73.36
 

aSource: 
 The monthly figures are from Bolivia 1969e and Bolivia 1970. 
These sources organize
the figures by calendar years (January to December). 
For this study the figures were rearranged by
agricultural years (July to June) and the totals and averages were recomputed.
 
bThis Table appears as Table B-4 in the complete version of Appendix B.
 

CSince the sources give the data by calendar years, the first and the last half-years in the
Table are missing. 
The totals for those years have not been computed.
 
dRainfall in December, January, February and March as a percent of annual rainfall.
 



Table B-2. Rainless days at Patacamaya, 1958 -1 968a,b 

Yearc July Aug. Sep. Oct. Nov. Dec. Jan. Feb. 

1957-58 11 18 
1958-59 30 31 27 28 25 22 19 14 
1959-60 31 31 27 27 25 19 10 16 
1960-61 31 25 20 25 20 23 11 17 
1961-62 31 29 21 28 23 15 17 17 
1962-63 31 31 21 27 24 11 16 16 
1963-64 31 30 25 26 28 22 21 12 
1964-65 31 26 27 29 22 21 16 18 
1965-66 30 31 26 27 25 27 18 22 
1966-67 31 30 29 27 23 22 24 14 
1967-68 29 27 22 22 28 14 19 7 
1968-69 31 30 27 25 17 21 

30.6 29.2 24.7 26.5 23.6 17.7 16.5 15.5 

Mar. 

22 
11 
28 
26 
14 
21 
17 
29 
26 
21 
27 

22.0 

Apr. 

28 
26 
24 
26 
25 
26 
27 
27 
29 
29 
23 

26.4 

May 

29 
29 
28 
28 
27 
30 
28 
29 
29 
29 
27 

28.5 

June 

30 
28 
30 
30 
30 
30 
30 
30 
30 
30 
28 

29.6 

Total 

290 
296 
282 
277 
284 
297 
305 
320 
209 
273 

293.3 

Percentd 

79.45 
80.87 
77.26 
75.89 
77.8i 
81.15 
83.56 
87.67 
84.66 
74.59 

80.29 

aSource: Same as Table B-1. 

bThis Table appears as Table B-9 in the complete version of Appendix B. 

CSee note c, Table B-1. 

dRainless days as a percent of the days in the year. 
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APPENDIX C. 
LABOR, WATER AND MACHINE TIME
 

REQUIREMENTS, BY TIME PERIODS
 

The complete version of this Appendix consists of 22 Tables. 
To con
serve space, only a sample of 5 Tables is included here. Copies of the
 

complete version are on file at:
 

Library
 
Department of Economics
 
Iowa State University
 
Ames, Iowa 
50010 U.S.A.
 

Claudio Pou

Centro de Investigaci6n y Promoci6n del Campesino

Casilla 5854
 
La Paz, Bolivia
 



Table C-1. 
Operator's labor requirements, by time periods, planting dates and level of mechanization
 
for growing potato (in hours/ha)a,b
 

Time periods Under partial mechanization Under full mechanization 

Oct. 
by planting dates 

Nov. Dec. Jan. 1 Oct. 
by planting dates 

Nov. Dec. Jan. 1 
September 
October 
November 

December 

January 2 
Feruary 1-

6.754 
3.086 
_c 

_d 

6.754 
3 .0 8 6c 

_d 
6.754 

3.086 6.754 

3.086 

6.754 
4.928 
_c 

_d 

3.696 

6.754 
4.928c 

_d 
6.754 

4.928 6.754 

4.928 
February 1 3.696 

February 2
February 
March 1 
March 2 
June 
Total 

0.064 
_e 

3.696 
13.600g 

_e 
0.064 

3.696 
13.600g 

0.064 

3.696 
13.600 

fe 

0.064 
3.696 

13.600 

2.464 
0.064 

3.696 
21.602g 

2.464 
e 

0.064 

3.696" 
21.602g 

3.696 
2.464 
_f 

0.064 

3.696 
21.602 

3.696 
2.528 
3.696 

21.602 
aSource: 
 Computed from Figure 5-1 and Table 5-6.
 
bLabor for operating machinery, from land preparation up to excluding harvest, but including the
plowing under after harvest. 
To allow time for maintenance, repair and record-keeping, the figures
from Table 5-6 have been increased by 10% for the tractor, 12% for the motor, 4.5% for the pump and
2% for all the other machinery.
 

CFor irrigated potato add 0.097.
 

dFor irrigated potato add 0.228.
 

eFor irrigated potato add 0.580.
 

fFor irrigated potato add 0.609.
 

gFor irrigated potato add 0.905. 



Table C-2. Labor requirements, by time periods, planting dates and level of mechanization forgrowing potato (in hours/ha)a,b
 

Time periods Under partial mechanization Under full mechanization
by planting dates

Oct. by planting dates
Nov. Dec. 
 Jan. 1 Oct. 
 Nov. Dec. Jan. 1 
September 
 6.754 


6.754
October 
 40.586 
 6.754 
 12.928 6.754
November 
 _c 40.586c 
 6.754

December _c 12.928c 6.754
-d -d 
 40.586 6.754 
 -d _d
January 1 136. 12.928 6.754
40.586 3.696
January 2 12.928
136. 

February 1 56. 3.696


136. 
 2.464 
 3.696
February 2 0.664 56. 56. 
 9.664 2.464 2.464
February 
 -e -e _f f
March 1 e 2e 4f
9.664 9.664 f
136.
March 2 9.664 9.664 
 3.696
65.664
June 12.128
3.696 3.696 3.696 D
3.696 3.696 
 3.696 
 3.696 3.696t
 
Total 252.7g .7g f
252 252.7 252.7f 
 39 .202g 39 .202g 39.202 f 39.202f
 

aSource: 
 Computed from Figure 5-1 and Tables 5-2, 5-4 and C-1.
 

to excluding harvest, but including the plowing under after harvest. 


bLabor in this table includes both unskilled labor and operator's labor from land preparation up
This Table appears as Table C-7
in the complete version of Appendix C.
 
CFor irrigated potato add 4.809.
 

dFor irrigated potato add 11.284.
 

eFor irrigated potato add 28.708.
 

fFor irrigated potato add 30.145.
 

g or irrigated potato add 44.801.
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Table C-3. 


Time periods 

July 1 

July 2 

July 

August 1 

August 2 

August 

September 1 

September 2 

September 

October 1 

October 2 

October 

November 1 

November 2 

November 

December 1 

December 2 

December 

January 1 

January 2 

January 

February 1 

February 2 

February 

March 1 

March 2 

March 

April 1 

April 2 

April 

May 1 

May 2 

May 

June 1 

June 2 

June 

Total 


Operator's, total and adult labor, by time periods, for rais
ing sheep (in hours/flock unit of 200 breeding ewes)a,b
 

Operator's laborc Total labor Adult labord 
344. 136. 
368. 144. 

0.002 0.002 0.002 
344. 136. 
376.46 148. 

0.002 0.002 0.002 
726.75 518.75 
726.75 518.75 

0.001 0.001 0.001 
726.75 518.75 
842.67 618.67 

0.002 0.002 0.002 
368. 160. 
382.72 158.92 

0.009 0.009 0.009 
348.53 140.53 
372.53 148.53 

0.002 0.002 0.002 
372.53 28.53 

0.001 
388.53 
0.001 

4.53 
0.001 

348. 24. 

0.001 
333.23 
0.001 

3.69 
0.001 

408.42 57.38 
395. 15.99 

0.009 0.009 0.009 
448. 136. 

0.001 
448. 
0.001 

136. 
0.001 

448. 136. 
496. 160. 

0.001 0.001 0.001 
375.19 162.88 
344. 136. 

0.002 0.002 0.002 
0.033 10732.093 4347.933 

aSource: Computed from Tables 5-12, 5-i3 and C-16.
 
bThis Table is Table C-14 in the complete version of Appendix C. 
CCorreH pondIng to the motor-and-pump time for extracting the water 

required each month (Table C-16). 
dThat Iart of the total labor that. inust be adult labor. Thene figures

arts gives. lhire a8 additional Information, although they do not enterlinear programming model because 
ti

all labor available was reduced to male 
adult labor (Table 4-4).
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Tablo 9-1. w.b .r o hw, tn th tamr, by tiock di Iwand A * b 

cSm I ng!a e Wea~d r 

, , 1€tamod lambs ,,1 

,p,,I 211 6 

Ry 209 6 

Joao 207 4.5 

205 4.5
 

203 . 4.5
 
I I_ 	 _ 

201 4.5 108
 , 	 --. _ __ _ _ ,__ .Iy'_ __ _ _ _ _ 

200 4.5 208
 

199 4.5 197
 

198 4.5 187
 
I 	 i____i____i___________ 

, 	173 4,5 90 88 

213 6 

212 =4 6 
I l 	 n i I '
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Fattning8 Fatteningh Replacementi 
wetheru ewe lambs ewe lambs Totals 

88 
"! 

18 70 
-1 _ 

393 
_ _ _ _ _ _ _ 

87 18 69 389 
-1 

86 
"1 

18 69 
-1 

384.5 

85 18 68 380.5 

84 17 68 376.5 

83 17 
-1 

67 480.5 

83 
" 

16 67 
-1 

578.5 

82 16 66 ,564.5 

82 16 66 553.5 

16 G5 517.5 
170 34 71 494 

88 18 70 394 
i I I I II 
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Table 9-2. Coposition of the breeding ewes flock, by months
 

Open Totalk

Pregnant Lactating 


April 106 105 211
 

May 209 209
 

207
June 207 


205
July 205 


August 203 203
 

September 101 100 201
 

October 196 4 200
 

November 188 11 199
 

December 92 106 198
 

January 173 173
 

February 213 213
 

212 212
March 


1
 
Lamb stock from birth to weaning, by months
 Table E-3. 


Deaths 
 Total lambsm
Lambs born 


September October living
 
Lambs born 


September 108 	 7 108
 

11 208
October 	 101 107 


November 	 97 100 10 197
 

91n 187
December 	 96 9 


n	 1780
90
88
January 
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Table 9-4. Deaths. by flock a*4 woth P 

wo~6ning Palt0 

April 2 1 1 4 
May 2 1 3 
June 2 1 1 4 
July 

Augusc 

September 

2 

2 

1 1 

1 
1 
1 

1 
4 
4 
9 

October 

November 

1 

1 

U 

10 
1 1 14 

1I 
December 1 9 1 1 11 
January 

February 

1 

1 1 1 

1 
3 

March 1 1 
Total 17 37 to 

Table E-5. Number of head iarkteod, by ce. and eooh-

JWel 
cullad 
for age 

Kan* 
Cullo4 
for CRC 

wethoro 
I 

el I.I 

April 
May 
June 
July 
August 
September 
October 
Novemnber 
December 
January 
February 
March 

24 
24 

L.5 

81 14 

24 
U 
91 

Total 48 1.5 81 146. 
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TabLe 1-12. (Coatinued) 

Fed requirod tn tons/vonth 
corr cto. (or concentrate 


e4 ttv~tn.required
 

4.44$ Z.264 


4.90? 2.416 

6.41 2.42 


6.114 2.524 

10.0" 2.574 

8.)4) 2.552 

8.111 2.672 


1.444 2.712 

5.465 2.871 

5,926 2.90, 

6.,1151 4.716 

O6D$ ,.31 


Total dry1 

matter 

f4baflock in tons/month 

10.994 9.8946 

11.549 10.3491 

10.962 9.8658 

11.516 10.3644 

14.665 13.3965 

13.105 11.7945 

13.813 12.4317 

12.438 11.1942 

1004 9*7236 

14.463 13.0347 

13.491 12.1437 

12.17) 10.9557 

135.1465 
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Table 9-13. Annual figures resulting from Tables E-1 through E-12
 

Breeding ewes 
 200
 

Starting number of eweskk 
 213
 

Rams in production 
 6
 

Lambs crop at birth 
 215
 

Dead lambs 11 
 37
 

Dead adultsmm 
 33
 

Lambs weaned 
 178
 

Wethers to be fed and sold 
 89
 

Ewe lambs to be fed and sold 
 18
 

Ewe lambs to be grown for replacement 71
 

Wool production (in kg) 
 741
 

Ewes culled for age and sold 
 48
 

Rams culled for age and sold 
 1.5
 

Wethers sold 
 81
 

Ewe lambs sold 
 16
 

Maximum number of head on the farm in any one month (October) 578.5
 

Minimum number of head on the farm in any one month (August) 376.5
 

Average number of head on the farm 
 458.8
 

Concentrate ration required for ewes-and-lambs (in tons) 10.618
 

Concentrate ration required for fattening lambs (in tons) 11.2255
 

Feed required, other than concentrate ration (in tons of
 
dry matter) 
 135.1485
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Table H-14. Symbols and notes to Tables E-1 through E-13. 

aSources: 
 This Table results from applying the parameters in Table
 
5-10 and the calendar in Figure 5-4 to a flock of 200 breeding ewes (that
 
is, lambed in September-October), assuming breeding rams with 31/32 pure
 
blood and breeding ewes with at least 3/4 pure blood. This Table is the
 
source for the other Tables in this Appendix. The source United States
 
Academy of Science, Committee on Animal Nutrition, 1968 is also used for
 
Tables E-7 and E-8.
 

bThe main figure in each box indicates the number of head on the farm
 
during that month. Many boxes have also figures at the lower corners,,
 
which indicate the changes in the number of head at the end of the month;
 
figures with a negative sign are losses, figures with a positive sign are
 
gains. The figures at the right corner are deaths. The figures at the
 
left corner with a negative sign are losses either to sales or to other
 
columns in the Table; those with a positive sign are gains either through
 
purchase or from birth or from another column in the Table. The main
 
figure in each box is obtained by performing the additions and/or subtrac
tions indicated in the box immediately above (previous month); for example,
 
the figure for ewes in February is: 173 - 24 + 65 - 1 = 213. Some changes
 
in the stock (mainly deaths and births) are actually spread during the
 
month, but here all changes are treated as happening at the end of the
 
month, except births which are assumed at the beginning of the month. This
 
procedure makes calculation of labor, feed and capital coefficients easier
 
and provides these coefficients with a desirable margin of safety.
 

cThe figures for September-October are the starting point of the whole
 

Table, since the unit flock is defined as having 200 ewes lambed in
 
September-October. In December-January, 25% ewes are culled for age, and
 
at the end of January the replacement ewes are b:rought in; they are 65, so
 
as to ensure 200 ewes in September-October. Planned natural mating is
 
done during 51 days (three estrous cycles) in April-May.
 

dAt the end of May, 1.5 rams are culled for age. The replacement 1.5
 

rams are introduced at the end of January.
 

eLambing period is September-October. Deaths reduce the 215 lamb
 
crop at the rate shown in Table E-3.
 

fThe 178 lambs living at the conclusion of the weaning period (Table
 
E-3) are distributed at the end of January in the following manner: 89
 
wethers and 18 ewe-lambs to be fed and sold, 71 ewe-lambs kept for replace
ment.
 

gwethers are fattened from the end of January until the end of Feb
ruary of the following year. They are sold in the first half of March,
 
at the age of 16 to 17 months.
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Table E-14. (Continued)
 

hEwe-lambs are fattened and sold according to the same 
time sequence
 
as wethers (note g above). 

IEwe-lambs for replacement are grown during one year, starting in
January, and then transferred to the flock of breeding ewes.
 

JThe totals are the horizontal addition of all the main figures for
 
each month.
 

kThis column is the first column in the previous Table. 

1The Table shows how the stock of 215 lambs born Is reduced by deathsuntil the end of 
the weaning period. As explained in note b above, all

births are treated as happening at the beginning of the month.
 

mThis column is the addition of the third and fourth columns in
 
Table E-1.
 

nNinety-one lambs from the September crop are weaned during December,
and 90 lambs from the October crop are weaned in January. 

0The 178 lambs living at the end of the weaning period transare 
fered according to note f above. 

PThe figures in this Table (other than the totals) are taken from the
right hand side corne'rs of the boxes in Table L-]. 

qFlocks that bemust pastured and housed separately. 
rWhen there are two flocks, the description of each flock is given. 

Starred flocks must be tended by an adult. 

SWhen there are two flocks, there Is a continuous transfer of animals
between flocks, according to the patterns of mating and lambing. Hereeach flock is assumed to contain half the number of ewes existing at the 
time.
 

tDifferences in average weights reflect the periods of gestation,

lactation, culling and replacement.
 

UBased on feed containing 90% dry matter. 
 Lactating ewes receive
 
concentrate ration as 
part of their requirement (Table E-10).
 

vDifferences in average weights are due to the fact th&t older rams 
are culled at the end of May.
 



wi%. -41t14I 4*~4 IIMLd **#" *40 *&--W 4* ak# o**o ;*t+* 

wILO00R1 4VO4* O afWA. NO 041*41* 4+I44~*"44 

1E4*1~ ~o4h 4* 4*4 , f qIf4*4 44 aow*fl444 

wow* of# 4*,#9 110'4*4 f 0,04 44 4*.w W44 4~ 

# i~u~ 44 ***a" 40w *4 414 k*4jw"v*Ap 

:01 f*WaMW* 7 	 (1 4&JU~ t**44 .*OWI044* 4*;- *4 s*~*#4 

*0v 41* v.01 t"- "- 44 *4* 44144 440 44~ 'q044wS* 	 " -o 1*4-

40 	 4. #4 $awM . 

~*I#,*$i. Oroo 	 VOO 'Ic4'4.-w44*44O 4+IA4 

f"O #*44dokf 

O 0.40oma* 1$dtf1* & l1 4 * * 4.tw4*44 



Sig ~ 44 a * g*i ;4#~4 4A44 45*4~..a ~4 ~ 4)j44 

a4 

44A14'.,i4'"4~ C444444- 4 igg~~i~.i ~i 



4t444 

tZ44j~ 4s~3~~ A~4.4o W6, 4414~#t~:#*p~~* 



AI
 

.(48~ 



4 

4 ~ 4 ** 

4~v 44A 44% 

7 4#4*j4~44f"#40 ;Ot44 



Oil 

'41 

O
ilA

 

JI 
J1 

ai 

-
L

. 

4 

~x 

ii 

*40 





I 
II
 

V
P

 
i
i
i
-
"
 

i
 
3 

51
 
-
+
4



Its U
,
 

t
)
t


 

$*si M
4fr 

#4l. 

+
+
 

+
+
 

t 
.
 

t 
t
+
 





I 

pa' 
S

 
1!

I I
A

 

I ~~ , 

S0 
~

-, 
~

, 
-U

 

~Ii 
~

 
I 

*i. 
q


4
*~

 
W

 
~

* 

'W
i 

~
 

~
~

a
d

i4
 

P
p 

:9
~

:%
~* 

1
~

 

jill 
ii' I'
 



3434 

a. 

M
IN

 

$wAgt 



Table G-1. (Continued)
 

Identifi- Rowa 

cation type 
mmber 

90 L 
91 L 
92 L 
93 L 

94 L 
95 L 
96 L 
97 L 
98 L 
99 L 

100 L 
101 L 
102 L 
103 L 
104 L 
105 L 
106 L 
107 L 
108 L 
109 L 
110 L 
111 L 
112 L 
113 L 
114 L 
115 L 
116 L 
117 L 
118 L 
119 L 
120 L 

Row nameb 


TJAN2 


ThEBi 

TFEB2 

THAR1 


THAR2 

TJlL 

TAUG 


TSEP 

TOCT 

TNOV 

rDC 

TJAN 

THAR 

TAPR 

THAY 

TJUN 

TFE/MA 

THY/IJN 

TJN2/JL1 

TJL2/AU1 

TJL2/AU 

TAU2/SEl 

THY/JL1 
THY/JL 

ThY/AUl 

THY/AU 

THY/SE]. 

ThY/SE 

TJN/JL1 

TJN/JL 

TJN/AUl 


Unitc 
 RHSd 


value
 

104. 


96. 

96.
 

104.
 

112.
 
216.
 
208.
 

208.
 
208.
 
208.
 
216.
 
208.
 
216.
 
208.
 
208.
 
208.
 
408.
 
416.
 
208.
 
208.
 
320.
 
216.
 
520. 

632.
 
728.
 
840.
 
944.
 

1048.
 
312.
 
424.
 
520.
 

Row description
 

(corresponding description applies to rows 90
 
through 137).
 

-J
 



Table G-1. (Continued) 

Identifi- Rowa 
cation type 
number 

121 L 
122 L 
123 L 
124 L 
125 L 
126 L 
127 L 
128 L 
129 L 
130 L 
131 L 
132 L 
133 L 
134 L 
135 L 
136 L 
137 L 
138 L 

139 L 

140 L 

141 L 

142 L 

143 L 

144 L 

145 L 

146 L 

147 L 

148 L 

149 L 

150 L 

151 L 


Row nameb 


TJN/AU 
TJN/SEl 

TJN/SE 

TJN2/JL 
TJN2/AJl 

TJN2/AU 

TJN2/SEl 

TJN2/SE 

TJL/AU1 

TJL/AJ 
TJL/SEl 

TJL/SE 

TJL2/SE1 

TJL2/SE 

TAU/SEl 

TAIJ/SE 

TAU2/SE

PJAN1 
PJUL 

PAUG 

PSEP 

POCT 

PNOV 

PDEC 

PJAN 

PMAY 

PJUN 

PJN2/JL1 

PJL2/AUl 

PAU2/SEI 

PJN/JLl 


Unitc 
 RHSd 


value 

632. 
736.
 
840.
 
320.
 
416.
 
528.
 
632.
 
736.
 
312.
 
424.
 
528.
 
632.
 
424.
 
528.
 
312.
 
416.
 
320.
 
104. 

216. 

208. 

208.
 
208.
 
208.
 
216.
 
208.
 
208.
 
208.
 
208.
 
208.
 
216.
 
312.
 

Row description
 

Plow time available in first-half of January 
(corresponding description applies to rows
 
139 through 171)
 



Table G-1. (Continued)
 

Identifi- Rowa 
cation type 
number 

152 L 

153 L 

154 L 

155 L 

156 L 

157 L 

158 L 

159 L 

160 L 

161 L 

162 L 

163 L 

164 L 

165 L 

166 L 

167 L 

168 L 

169 L 

170 L 

171 L 

172 L 

173 L 

174 L 

175 L 

176 L 

177 L 

178 L 

179 L 

180 L 

181 L 

182 L 


Row nameb 

PJN/JL 

PJN/AUl 

PJN/AU 

PJN/SE1 

PJN/SE 

PJN2/JL 

PJN2/AUl 

PJN2/AU 

PJN2/SE1 

PJN2/SE 

PJL/AU1 

PJL/AU 

PJL/SE1 

PJL/SE 

PJL2/AIJ 

PJL2/SE1 

PJL2/SE 

PAIJ/SE1 

PAU/SE 

PAU2/SE 

HAUG 

HSEP 

HOCT 

HNOV 

HDEC 

HJN2/JL1 

HJL2/AUl 

HJL2/AU 

PPJAN1 

PPJAN2 

PPFEBl 


Unite- RHSd 
value 

424.
 
520.
 
632.
 
736.
 
840.
 
320.
 
416.
 
528.
 
632.
 
736.
 
312.
 
424.
 
528.
 
632.
 
320.
 
424.
 
528.
 
312.
 
416.
 
320.
 
208. 

208. 

208.
 
208.
 
216.
 
208.
 
208.
 
320. 

104. 

104. 

96. 


Row description 

Harrow time available in August (corresponding
 
description applies to rows 173 through 179).
 

-.
 
Potato planter time available in first-half of-

January (correspoiding description applies to
 
rows 181 through 1U6).
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14 ia 
cation
aimber 

coln 5buit
saw" Objectivec

fumetic
cierfC iciet 

Column description 

470 
M69DAI2 
ha) 

Barley on land 2. 
Barley on land 3. 

471 ALFI S ha Alfalfa on land 1. 
47-, ALn2 Alfalfa on land 2. 
47) AL?3 Alfalfa on land 3. 
474 
475 
476 

477 

GH)AAJl 
GSLA1A12 
GMUU3 

CMA.USILl 

I ba Broad beans, planted in July and first-half of Au
guston land 1, to be harvested green (correspond-
Ing description applies to colmns 475 through 479). 

478 Gmwis%2 
479 CWHAUSZ3 
4O 
481 
482 

483 

Dum2nIUI 
DV11JLAV2 
D Lan"3 

D MUSEI 

Broad beans, planted in July and first-half of Au
gust, to be harvested dry (corresponding description 
applies to columns 481 thro"gh 485). 

4" DUMUS22 
45 DMMAUS93 
4 
487 
4" 
4S9 
490 
491 
492 
49) 
49 
49S 
496 
497 
498 
499 

SILI 
13I1.2 

ISIL 
B1Ay 
IAMY 
BMTlT 
A1U 
£S11. 
,SML3 
AM"A? 
AWfl 
AMT) 
AASTI 
AlfAtm 

Barley, on land 1, to be made into silage. 
Barley, on land 2. to be made into silage. 
Barley. on lan! 3. to be made Into silage. 
Barley. on land 1, to be nade into hay. 
Barley. on land 2. to bt c-de into hay. 
Barley, on land I, to bv -adr into hay. 
Alfalfa. on land 1. to !c noide into silage. 
Alfalfa, on land 2, to !ie =ide into silage. 
Alfalfa. -n land 3, to te mae into silage. 
Alfalfa. on land 1. to bc nade into hay. 
Alfalfa. on land 2, to be made into hay. 
Alfalfa. on land 3. to bec.Ade into hay. 
Alftlfa, on land I. to be pastured. 
Alfalfa, on land 2, to be pastured. 



Table G-2. (Continued)
 

-
Identifi a Columnb Unit Objectivec 
cation name function 
number coefficient 

500 APAST3 

501 POTHARV 1 cwt 

502 QUIHARV 

503 GHHARV 
504 DHHARV 

505 BSIU{AK 
506 BHAYMAK 
507 ASILMAK 
508 AHAYMAK 
509 CHUMAK 
510 SELCHUl 
511 SELCHU2 
512 SELCHU3 
513 SELQUIN 
514 SELGBEAN 
515 SELDBEAN 
516 SELBHAY 
517 SELAHAY 
518 SELLPELT 
519 SELAPELT 
520 SEL1DOL1 
521 SELWOOL2 
522 SLEWOOL3 

523 SELWOL6 

524 SELRAMS 


4VaJes for columns 

- .091 

- .227 

- .091 

- .227 


1 5 0 .g 
130. 
110. 

60. 
25. 
80. 

10. 

18. 

_h 


Column description
 

Alfalfa, on land 3, to be pastured.
 
Harvesting potato.
 
Harvesting quinua.
 
Harvesting green beans. 
Harvesting dry beans.
 
Making barley silage.
 
Making barley hay.
 
Making alfalfa silage.
 
Making alfalfa hay.
 
Making chifo. 
Selling first-class 
Selling second-class 
Selling third-class 
Selling quinua. 
Selling green beans. 
Selling dry beans.
 
Selling barley hay.
 
Selling alfalfa hay.
 
Selling lamb pelts.
 
Selling adult pelts.
 

chuflo. 
chuflo. 

chuflo. 

Selling first-class wool. 
Selling second-class wool. 
Selling third-class wool.
 
Selling sixth-class wool.
 
Selling culled rams.
 

510 to 517 are the prices per cwt received at the Central de Cooperativas. 

lValties are zero for columns 518-527 because the sale prices are included in the value for 
column 414, in an effort to obtain a meaningful shadow price for sheep raising activity when it does 
not On! r the optimal program. Columns 518-527 are then mere accounting activities. 



Table G-2. 


-
Identifi a 

cation 

number 


525 

526 

527 

528 

529 

530 

531 

532 

533 

534 

535 

536 

537 

538 

539 

540 

541 

542 


543 

544 

545 


546 

547 

548 

549 


550 

551 

552 

553 


(Continued)
 

Columnb Unit 

name 


SELEWES 

SELWETH 

SELFLAMB 

TRACTOR 1 hour 

PLOW 

HARROW 

MOTORPUM 

PPLANTER 

DRILL 

CULTIVAT 

SPRAYER 

HARVESTR 

RAKE 

BALER 

PDIGGER 

WAGON 

SORTER 

SPRINKLR 


ELSHEARS 

*LANDTR 1 ha 

*LABORTR 1 hour 


*BSILJUL 1 ton 

*BSILAUG 

"BSILSEP 

*BSILOCT
 

*BSILNOV
 
*BSILDFC
 
*BSILJAN
 
*BSILFEB
 

Column description
 

Selling culled ewes.
 
Selling fattened wethers.
 
Selling fattened female lambs.
 
Using tractor.
 
Using plow.
 
Using harrow.
 
Using motor-and-pump.
 
Using potato planter.
 
Using grain drill.
 
Using cultivator.
 
Using sprayer.
 
Using forage harvester.
 
Using hay rake. Q
 
Using hay baler.
 
Using potato digger.
 
Using farm wagon.
 
Using sorter for chudo.
 
Using sprinkler.
 

Using electric shears
 
Transfer of land fromorow 3 to rows 4 through 8.
 
Transfer of labor from row 2 to rows 9 through 76.
 

Transfering dry matter from row 314 to row 356
 
(corresponding description applies to rows 547
 
through 557).
 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-


-


Objectivec 

function
 
coefficient
 

14.756 

3.306 

.832 


10.916 

3.031 

4.312 

1.771 

1.751 

5.471 

4.54 

8.146 

3.198 

1.487 

.113 

.045 


.25 




Table G-2. 


Identifi-a 


cation 

number 


554 

555 


556 

557 

558 

559 

560 


561 

562 
563 


564 

565 

566 

567 

568 

569570 
571 
572 
573 
574 
575 


576 

577 


578 

579 


580 

581 

(Continued) 

Columnb Unit Objectivec Colum description 
name function 

coefficient 

*BSILMAR 
*BSILAPR 

*BSILMAY 
*BSILJUN 
*ASILJJUL 
*ASILAUG 

Transfer of dry matter from row 316 to row 356
(corresponding description applies to rows 558 

*ASILSEP 

*ASILOCT 
through 569). 

*ASILNOV 
*ASILDEC 

*ASILJAN 
*ASILFEB 
*ASILMAR 
*ASILAPR 
*ASIIMAY 
*ASILUN*BHAYJUL 
*BHAYAUG 
*BHAYSEP 
*BRAYOCT 

Transfer of dry matter from row 315 to row 356 
(corresponding description applies to rows 571 
through 581). 

*BHAYNOV 
*BHAYDEC 

*BAYJAN 
*BHAYPEB 

*BHAYMAR 
*BHAYAPR 
*BHAYMAY 
*BHAYJUN 



Table G-2. (Continued) 

Identifi - a Columnb Unit ObjectiveC Colcmn description 
cation name function 
number coefficient 

582 *AHAYJUL Tranfer of dry matter from raw 317 to "m 35 
583 *AHAYAUG (corresponding description applies to rws $3 
584 *AHAYSEP through 593). 
585 *AHAYOCT 
586 *AHAYNOV 
587 *AHAYDEC 
588 *AHAYJAN 
589 *AHAYFEB 
590 *AFAYMAR 
591 *AHAYAPR 
592 *AEYMAY 
593 *AHAYJUN 
594 *WETMJAN Transfer of dry matter from row 355 to rw M 
595 *WETRFEB (corresponding description applies to rows $95 
596 
597 

*W-ETPY.AY 
*WETRAPR 

through 598). 

598 *;w-.---r&AY 
599 *ALTRLNAR Transfer -f dry matter fromt row 354 to row 3" 
600 *ALTRAPR (correscnding description &;-,les to rows 600 
601 
602 

*ALTIRMAY 
*ALTRJUN 

through 602). 



Plwe 0-1 	 0 brohle predurt for duma1 ebedlIr7 C"Setr to
 
needed to hWndle overlpplaq tim portodo$.l
 

~ource0 based on vlgure. 5-l. 5-2 *ad 5-). 

bsoae (i tihc ttat: partod in vhich tare operatioas must be porfonrnW 
overlap with ofir. aeuther, to presented In P1iuree 5-1 to 5-3. This Tble 
shows how thc ivrtl4pplus In ap poprchd by means of *u-ralleo subsidiary 
Constraints. lhe tractur time connatAins fro Kay to Septeaber are usao 

as an eianplv here. :iubsidiary rnve for all resourcee ore listed In noto 
of Table (.-l. 

cThe tractor time periods trom Hay to September dictated by fligures 

5-I through -i. 

d The trA'tor t ime periods needed to take care of the overlapping of 
original time I;-rudr. Unless these subsidiary constraints are added. 
potential Infrasiblltlees are built Into the linear programming matrix. 
Note a below bhuwa Now the tiba spen of the subuidiary conotraints to roa 

eAn an example. th, span of the three last periods to read this ways 
August - first half of September. August-September, second half of August 
September, respectively. 



dSubiBldiary coustralms 
orialmse 

comtrals" 

4 4 4 4 4 4 

It 

qAW 

14 

10 



Table G-3. Tractor time constraints from May to September, and derivt iou of OM 
vlm a"p rO1r.
ment coefficientsa,b
 

Row names Derivation of RHS values 
 Derivation of requlre.et coefflcl..tg
procedured example 
 procedure f
 
______lest


for one QSEP KJLAU, HX'SE AMYX" 

trac tor 
ThAY 
 A 208. 
 A 
 3.3 3.3
TJUN 0.212
B 208. a 0.33TJUL C 216. 
 C 3.3
 

. .54 TAUG D 208.4 w TSEP D 6.05E 208. 1.1
 
4'4"' THY/JN A + D 416.8 TJN2/JL1 F + G 208. 

N + A + 33.3 3.3 O.S3 u TJL2/AU1 H + I 208. N 6.05P 6.05
 
TJL2/AU 
 H + D 320. 

K 216. 
Q + D + 

a 
P 6.05 2,2 6.05TAU2/SEl 
 J + 

2.2
 

TKY/JL1 
 A + B + G 520. 
 A + B + H + N 
 9.35 3.3
TMY/JL 0.S3A + B + C 632. previous + C 3.3 0.S39.35 3.3
Tff/AU1 previous + I 728. previous + P 3.3 9.35TKY/AU A + B + C + 9.35 0.53D 840. previous - D + Q 9.35 11.55 9.35 0.53TMY/SEI previous + K 
 944. previous 
' R 9.35 11.55 11.55Thy/SE A + B + C + D + 0.53E 1048. previous * E 10.45 11.55 11.55
TJN/JL1 0.53B + G 312. E + % 6.05TJN/JL 0.318
B + C 424. previous + C 
 3.3 6.C-"
TJN/AUI previous + I 520. 
0.318 

previous + P 3.3 
 6.05 b.05
TJN/AU 0.31B
B + C + D 632. previous + D * Q 9.35 8.25 6.05 0.1*
w TJN/SE1 previous + K 736. previous + R 0.35 8.25w C TJN/SE 0.25 0.31*B + C + D + E 840. previous - E 10.45 8.25-r C TJN2/JL 8.25 0.312F + C 320. C + N 3.3 6.05" TJN2/AUI previous + I 416. previous -' P 3.3 6.05 6.05= TJN2/AU F + C + D 528. previous + D + Q 9.35 8.25rn U TJN2/SE1 previous + K 632. 6.05 
previous + R 9.35 
 8.25 8.25
TJN2/SE F + C + D + E 736. previous + E 10.45 8.25 8.25 

http:requlre.et


T L/D C + 1 312. C + r 3.3 6.0TJL/AD C + D 424. prevous + D + Q 9.35 2.2 6.05
TjL/SE previous + K 528. previous + Rt 9.35 
 2.2 8.25IJL/SE C + D + E 632. previous + E 10.45 2.2 8.25
 
TJL2/SE1 H + D + K 
 424. D + P + Q + R 6.05 2.2 8.25
TJL2/SE 
 H + D + E 528. previous * E 7.15 2.2 8.25

TAU/SE1 D + K 
 312. D - R 6.05 2.2
TAU/SE 
 D + E 416. previos + E 7.15 2.2

TAU2/SE J 
- E 320. 
 E *.1 
 2.2
 
aSources: Rows 
 and procedures are based on Figure G-1; for the original constraints., 3M v3.mare from Table 4-8 and requirement coefficients are from Tables C-18, C-19 and C-22.
 
bThis Table shows how the coefficients for the original and subsidiary constraints frim 1i~mgseG-1 are computed. Although the computations were done manuAlly in this study. a sLole cmptu r PM

gram can be devised for the task. 
cDescribed in lable G-1. identification numbers IO4-105, 95-97, 107-137. 
dEah letter represents the hours of 
tractor time ava'lable n a certain tiaw period: A 'ty (206 

hours for one tractor), B-June (208), C-July (216). D-August (208), F-scoond haif of tJ (104). Gfirst half of July (104), H-second half of July (1 1first half of August (96), J-*cmd baa at
August (112), K-first half of September (104).
 

eEach letter represents the requirement of trActor hours 
duing A certain ti" perlod: AN,y, 
B-June, C-July. D-August, E-September, M-Kay and June, l'osecond half of J.une & firot halt ctf July.PI-second half of July ard first half of August, Q-second half of July and August. R-econd halt of 
August and first half of Septe'mber.
 

fUnder full mechanization. 
The four activities are described in Tab!e G-2, i4autLf "tti 
numbers 419, 421, 422 ad 508.
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in4
the iHS eectlon of the Uatrli only the vector for the triot 
dqe* of partial mechentxetion is reproduced. The KOS valuee for Uwb 

Other 26 degree. are computed on the haste of Table 7-3. 
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*YRLAP,O; 
*OYL A V1'. 
*YRWATEA 
*CAPITAL 
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*LANDUSE 
*TRACTOR 
*PLOW 
*HARROW 
*MOTPUMP 
*KINK 
*WAGON 
*SORTER 
*ZPRINK 
*ALFDMAT 
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E *WEDMAT 
L *DRYMJUL 
L *DRYMAUG 
L *DRYMSEP 
L *DRYMOCT 
L *DRYMNOV 
L *DRYMDEC 
L *DRYPJAN 
L *DRYMFEB 
L *DRYMMAR 
L *DRYMAPR 
L *DRYMMAY 
L *DRYMJUN 

COLUMNS 
LANDUSED *LANDUSE - 1.00000 
LABOR *YRLABOR - 1.00000 *CAPITAL 1.00000 
LABOR 
OLABOR 

*REVLAB 
*OYLABOR 

-
-

1.0C,'00 
1.00000 *CAPITAL .25000 

OLABOR 
WATER 
CAPITAL 
FCOSTPAY 
REVLABOR 

*REVLAB 
*YRWATER 
*CAPITAL 
*FIXCOST 
*REVLAB 

-
-
-

.25000 
1.00000 
1.00000 
1.00000 
1.00000 

*MOTPUMP 
INCOME 
INCOME 

-
-

.00450 

.08000 
1.00000 

TOTSALES *TOrSALE - 1.00000 
SALESAGR 
SALESLIV 
PQBL 
PQBI 

P'QBl 
P'QBI 
PQ'81 
PQ'BI 
P'Q'B1 
P'Q'BI 
PHQBl 
PHQBI 

*TOTSALE 
*TOTSALE 
*PI 
*Bl 
*P' 
*B1 
*PJ 
*B1 
*P'l 
*Bl 
*Pl 
*H1 

1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 

*SALEAGR 
*SALELIV 
*Qj 
*BHARV1 

*Qj 
*BHARVI 
*Q'1 
*BHARV1 
*Q'l 
*BHARVI 
*Q1 
*81 

-
-

-

-

-

-

1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 

PHQBI 
PHQB2 
PHQB2 

*BHARVI 
*P2 
*H2 

- 1.00000 
1.00000 
1.00000 

*Q2 
*B2 

1.00000 
1.00000 

PHQB2 *BHARV2 - 1.00000 
PHQB3 
PHQB3 

*P3 
*H3 

1.00000 
1.00000 

*Q3 
*B3 

1.00000 
1.00000 

PHQB3 
P'HQB1 
P'HQBI 
PfHQBl 
P'HQB2 

*BHARV3 
*P'I 
*HI 
*BHARVI 
*P'2 

-

-

1.00000 
1.00000 
1.00000 
1.00000 
1.00000 

*Ql 
*Bl 

*02 

1.00000 
1.00000 

1.00000 
P'HQB2 
P'HQB2 

*H2 
*BHARV2 -

1.00000 
1.00000 

*B2 1.00000 

P'HQB3 
P'HQB3 

*P'3 
*H3 

1.00000 
1.00000 

*Q3 
*B3 

1.00000 
1.03000 



P'HQB3 *BHARV3 

PHQ081 
PHQ'BI *HI 

PHQ'BI *BHARV1 

PHQ'B2 *P2 

PHQ'B2 *H2 

PHQ"B2 *BHARV2 

PHQ'H3 *P3 

PHQ'B3 *H3 

PHQ'B3 *BHARV3 
P'HQ'BI *Psi 
PIHQ'BI *HI 
P'HQ'BI *BHARVI 
P'HQ'B2 *P$2 

PmHQ*B2 *H2 

P'HQ'B2 *BHARV2 

P'HQ'B3 *P'3 
PIHQ'B3 *H3 

P'HQIB3 *BHARV3 

POBAI *Pj 

POBAI *Bl 

POBAI *BHARVI 
PQBA2 *P2 

PQBA2 *B2 

PQBA2 *BHARV2 

PQBA3 *P3 

PQBA3 *B3 

PQBA3 *BHARV3 

PIQBAI *P'I 

P'QBAI *B1 

P'QBA1 *BHARVL 

P'QBA2 *P'2 

P'QBA2 *B2 

P'QBA2 *BHARV2 

P'QBA3 *P#3 

P'QBA3 *B3 

PIQBA3 *BHARV3 

PQ'BAI *pI 
PQ'BAI *Bl 
PQBAI *BHARV1 
PQ'BA2 *P2 

PQ'RA2 *82 

PQiBAZ *BHARV2 

PQ'BA3 *P3 
PQ'BA3 *B3 
PQ'BA3 *HHARV3 
P'OQBAL *Psi 
P'Q*BAI *B1 
P'QIBAI *BHARVI 
P'Q'BA2 *P12 
P'Q'BA2 *B2 

-

-

-

-

-

-


-


-

-

-

-

-


-

-

-

-

-

1.00000
 
1.00000 

1.00000 


1.00000
 
1.00000 

1.00000 

1.00000
 
1.00000 

1.00000 

1.00000
 
1.00000 

1.00000 

1.00000
 
1.00000 

1.00000 

1.00000
 
1.00000 

1.00000 

1.00000
 
1.00000 

1.00000 

1.00000 

1.00000 

1.00000 

1.00000 

1.00000 

1.00000 

1.00000 

1.00000 

1.00000 

1.00000 

1.00000 

1.00000 

1.00000 

1.00000 

1.00000 

1.00000 

1.00000 

1.00000 

1.00000 

1.00000 

1.00000 

1.00000 

1.00000 

1.00000 

1.00000 

1.00000 

1.00000 

1.00000 

1.00000 

1.00000 


*Q3 1 1.00000 
*B1 1.00000 

*Q12 1.00000 
*B2 1.00000 

*Q13 1.00000 
*B3 1.00000 

*Q'1 1.00000 
*Bl 1.00000 

*Q12 1.03030 
*B2 1.00000 

*Q'3 1.00000 
*B3 1.00000 

*Ql 1.00000 
*AI 1.00000 
*AHARVI - 4.00000 
*02 1.00000 
*A2 1.00000 
*AHARV2 - 4.00000 
*Q3 1.00000 
*A3 1.00000 
*AHARV3 - 4.00000 
*01 1.00000 
*AI 1.00000 
*AHARV1 - 4.00000 
*Q2 1.00000 
*A2 1.00000 
*AHARV2 - 4.00000 
*Q3 1.00000 
*A3 1.00000 
*AHARV3 - 4.00000 
*Q:i 1.00000 
*Al 1.00000 
*AHARVL - 4.00000 
*Q'2 1.00000 
*A2 1.00000 
*AHARV2 - 4.00000 
*Q'3 1.00000 
*A3 1.00000 
*AFIAIV3 - 4.00000 
*Q'1 1.00000 
*AI 1.00000 
*AHARVI - 4.00000 
*Q'2 1.00000 
*A2 1.00000 
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P'Q'8A2 *BHARV2 
 - 1,00000 *AHARV2  4.00000
P'Q'BA3 *P'3 
 1.00000 *Q'3 1.00000
P'Q'BA3 *B3 
 1.00000 
 *A3 
 1.00000
P'Q'BA3 *BHARV3  1.00000 
 *AHARV3 
 - 4.00000BARCONI 
 *BI 
 1.00000 *6HARV1BARCON2 - 1.00000*B2 
 1.00000 
 *BHARV2 
 - 1.00000ALFCCNI 
 *AI 
 1.00000 
 *AHARV1  4.00000
ALFCON2 *A2 
 1.00000 
 *AHARV2  4.00000
ALFCON3 
 *A3 
 1.00000 
 *AHARV3  4.00000
WEEP3 
 *WEEP 
 1.00000 
 *WEDMAT  .13000
WEEP4 *WEEP 1.00000 *WFDMAI - .12530WEEP5 
 *WEEP 
 1.00000 
 *WED4AT  .12000
SHEEP JULI 
 344.00000 
 JUL2 
 368.00000
SHEEP 
 AUGL 
 344.00000 
 AUG2 
 376.46000
SHEEP 
 SEP1 
 726.75000 
 SEP2 
 726.75000
SHEEP 
 OCTI 
 726.75000 
 OCT2 842.o7090
SHEEP 
 NOVI 
 368.00000 
 NOV2 
 382.72000
SHEEP DECI 
 348.53000 
 DEC2 
 372.53000
SHEEP 
 JANI 
 372.53000 
 JAN2 
 388.53000
SHEEP 
 FEBI 
 348.00000 
 FEB2 
 333.23000
SHEEP 
 MARl 
 408.42000 
 MAR2 
 395.00000
SHEEP 
 APRI 
 448.00000 
 APR2 
 448.00000
SHEEP 
 MAY1 
 448.00000 
 MAY2 
 496.00000
SHEFP 
 JUNI 
 375.19000 
 JUN2 
 344.00000
SHEEP 
 JUL 
 712.00200 
 AUG 
 720.46200
SHEEP 
 SEP 
 1453.50100 
 OCT 
 1569.42200
SHEEP 
 NOV 
 750.72900 
 DEC 
 721.06200
SHEEP 
 JAN 
 761.06200 
 FEB 
 681.23100
SHEEP 
 MAR 
 803.42900 
 APR 
 896.00100
SHEEP 
 MAY 
 944.00100 
 JUN 
 719.19200
SHEEP FE/MA 
 1484.66000 
 MY/JL 1663.19300
SHEFP JN2/JLI 688.00000 JN2/AU 
 1776.46400
SHEEP JL2/AU1 
 712.00000 
 JL2/AU 1088.46200
SHEEP AU2/SEI 1103.21000 MY/JLI 
 2007.19300
SHEEP MY/JL 
 2375.19500 
 MY/AUI 2719.19500
SHEEP MY/AU 
 3096.65700 
 MY/SEI 3832.40700
SHEEP 
 MY/SE 4559.15800 
 JN/JLI 
 1063.19200
SHEEP JN/JL 1431.19400 JN/AUI 
 1775.1,400
SHEEP JN/AU 
 2151.65600 
 JN/SEI 2878.40600
SHFFP JN/SE 
 3605.15700 JN2/JL 
 1056.00200
SHEEP JN2/AUI 
 1398.00200 
 JN2/SEI 1503.21400
SHEEP JN2/SE 2229.96500 JL/AUI 
 1056.00200
SHEEP 
 JL/AU 1432.46400 
 JL/SE1 2159.21400SHFFP JL/SF 
 2885.96500 JL2/SFI 
 1815.21200
SHEEP JL2/SE 2541.96300 AU/SE 1 1447.21260SHEFP AU/SE 2173.96300 AU2/SE 1829.96100
SHEEP 
 *YRLABOR 
 10732.09300 
 OJUL  .00200
SHEEP 
 OAUG 
 - .00200 OSEP 
 - .00100SHEEP 
 0O0l  .00200 ONOV  .00900
SHEEP (OfC - .00200 OJAN - .00100SHEEP OFEB 
 - .00100 OMAR - .00900 
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SHEEP OAPR - .00100 OMAY - .00100 
SHEEP OJUN - .00200 OFE/MA - .01000 
SHEEP OMY/JN - .00300 OJN2/AU - .00400 
SHEEP OJL2/AU - .00200 *OYLABO . .03300 
SHEEP WATJUL 2.88100 WATAUG 2.85000 
SHEEP WATSEP 1.97000 WATOST 2.48700 
SHEEP WATNOV 12.42100 WATOEC 2.24300 
SHEEP WAIJAN 1.95900 WATFEB 1.88200 
SHEEP WATMAR 11.49100 WATAPR 1.48800 
SHEEP WATMAY 1.47200 WATJUN 2.92300 
SHEEP *YRWATER 46.05800 *CAPITAL 13344.95200 
SHEEP *LPELTS - 34.50000 *APELTS - 17.00000 
SHEEP *WOOL1 - 661.49000 *WOOL2 - 25.42000 
SHEEP *WOOL3 - 23.93000 *WOOL6 - 30.16000 
SHEEP *RAMS - 1.50000 *EWES - 24.00000 
SHEEP *WETHERS - 81.00000 1xFL AMBS - 16.00000 
SHEEP *DRYMJUL 10.36440 *OR YMAU. 13.39650 
SHEEP *DRYMSEP 11.79450 *DRYMOCT 12.43170 
SHEEP *DRYMNOV 11.19420 *DRYMDE^ 9.72360 
SHEEP *ORYfJAN 13.03470 *DRYMFEB 12.14370 
SHEEP *DRYMMAR 10.95570 *DRYMAPR 9.89460 
SHEEP *DRYtAMAY 10.34910 *ORYMJUN 9.86580 
SHEEP INCOME 16646.12100 
POCT JANI 136.00000 FEBI 56.00000 
POCT FEB2 9.66400 SEP 6.75400 
POCT OCT 40.58600 JAN 136.0000d 
POCT FEB 65.66400 JUN 3.69600 
POCT FE/MA 65.66400 MY/JN 3.69600 
POCT MY/JLl 3.69600 MY/IJL 3.69600 
POCT MY/AUl 3.69600 MY/AU 3.69600 
POCT MY/SEI 3.69600 MY/SE 10.45000 
POCT JN/JL1 3.69600 JN/JL 3.69600 
POCT JN/AUl 3.69600 JN/AU 3.69600 
POCT JN/SEI 3.69600 JN/SE 10.45000 
POCT JI/SE 6.75400 JL2/SE 6.75400 
POCT AU/SE 6.75400 AU2/SE 6.75400 
POCT *YRLABOR 252.70000 OSEP - 6.75400 
POCT OOCI - 3.08600 OFEB - .06400 
POCT OJUN - 3.69600 OFE/MA - .06400 
POCT OMY/JN - 3.69600 *OYLABOR 13.60000 
POCT TSEP 6.05000 TOCT 2. 75000 
POCT TJUN 3.30000 IMY/JN 3.30000 
POCT TMY/AUI 3.30000 TMY/AU 3.30000 
POCT TMY/SEI 3,30000 TMY/SE 3.30000 
VOCT TJN/JLI 3.30000 TJN/JL 3.30000 
POCT IJN/AUl 3.30000 TJN/AU 3.30000 
POC 
POCT 

TJN/SFI 
TJNZ/SF 

3.30000 
6.05000 

TJN/SE 
TJL/SE 

9.35000 
6.05000 

POCT TJL2/S[ 6.05000 TAU/SE 6.05000 
POCT TAU2/SE 6.05000 PSEP 3.30000 
POCT POCT 2.75000 PJUN 3.30000 
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POCT PJN/JL1 3.30000 PJN/JL 3.30000 
POCT PJN/AU1 3.30000 PJN/AU 3.30000 
POCT HSEP 1.65000 KFEB2 3.20000 
POCT *CAPITAL 1906.77700 *POCT 1.00000 
POCT *TRACTOR 12.10000 *PLOW 9.35000 
POCT *HARROW 1.65000 *KINK 3.20000 
POCT INCOME - 1906.77700 
PNOV JAN2 136.00000 FEB2 56.00000 
PNOV MARL 9.66400 OCT 6.75400 
PNOV NOV 40.58600 JAN 136.00000 
PNOV FEB 56.00000 MAR 9.66400 
PNOV 
PNOV 

JUN 
MY/JN 

3.69600 
3.69600 

FE/MA 
MY/JL1 

65.66400 
3.69600 

PNOV MY/JL 3.69600 MY/AUl 3.69600 
PNOV MY/AU 3.69600 MY/SEI 3.69600 
PNOV MY/SE 3.69600 JN/JL1 3.69600 
PNOV JN/JL 3.69600 JN/AUI 3.69600 
PNOV JN/AU 3.69600 JN/SEI 3.69600 
PNOV JN/SE 3.69600 *YRLABOR 252.70000 
PNOV OMARi - .06400 OOCT - 6.75400 
PNOV ONOV - 3.08600 OMAR - .06400 
PNOV OJUN - 3.69600 OFE/MA - .06400 
PNOV OMY/JN - 3.69600 *OYLABOR 13.60000 
PNOV TOCT 6.05000 TNOV 2.75000 
PNOV TJUN 3.30000 TMY/JN 3.30000 
PNOV TMY/JLl 3.30000 TMY/JL 3.30000 
PNOV TMY/AUl 3.30000 TMY/AU 3.30000 
PNOV TMY/SEI 3.30000 TMY/SE 3.30000 
PNOV TJN/JLl 3.30000 TJN/JL 3.30000 
PNOV TJN/AUl 3.30000 TJN/AU 3.30000 
PNOV TJN/SEI 3.30000 TJN/SE 3.30000 
PNOV POCT 3.30000 PNOV 2. 75000 
PNOV PJUN 3.30000 PJN/JL1 3.30000 
PNOV PJN/JL 3.30000 PJN/AUl 3.30000 
PNOV PJN/AU 3.30000 HOCT 1.65000 
PNOV KMARI 3.20000 *CAPITAL 1906.77700 
PNOV *PNOV - 1.00000 *TRACTO 12.10000 
PNOV *PLOW 9.35000 *HARROW I.c,000 
PNOV *KINK 3.20000 INCOME 1906.77700 
POEC FFB1 136.00000 FEB2 56.00000 
PDEC MARl 9.66400 NOV 6. 75400 
PDEC DEC 40.58600 FEB 192.00000 
PDEC MAR 9.64400 JUN 3.69600 
POEC FE/MA 201.66400 MY/JN 3.69600 
PDEC MY/JLl 3.69600 MY/JL 3.69600 
PDEC 
PDEC 

MY/AUl 
MY/SEI 

3.69600 
3.69600 

MY/AU 
MY/SE 

3.69600 
3.609600 

PDEC JN/JL1 3.69600 JN/JL 3.69600 
Pi)FC JN/AUL 3.69600 JN/AU 3.69600 
POEC JN/SEl 3.69600 JN/SF 3.69600 
POEC *YRLABOR 252.70000 ONOV 6.75400 
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PDEC ODEC - 3.08600 OMAR - .06400POEC OJUN - 3.69600 OFF/MA - .06400
POEC OMY/JN  3.69600 *OYLABOR 
 13.60000

PDEC TNOV 
 6.05000 TDEC 
 2.75000

PDEC TJUN 
 3.30000 TMY/JN 
 3.30000
PDEC TMY/JL1 3.30000 
 TMY/JL 3.30000

PDEC TMY/AUl 3.30000 TMY/AU 3.30000

PDEC TMY/SEI 3.30000 TMY/SE 
 3.30000

PDEC TJN/JL1 3.30000 TJN/JL 
 3.30000
PDEC TJN/AUI 3.30000 TJN/AU 3.30000

PDEC TJN/SE1 3.30000 TJN/SE 
 3.30000

POEC PNOV 
 3.30000 PDEC 
 2.75000
POEC PJUN 
 3.30000 PJN/JLI 
 3.30000
POEC PJN/JL 3.30000 PJN/AUI 3.30000PDEC PJN/AU 3.30000 HNOV 1.65000
PDEC KMART 
 3.20000 *CAPITAL 1906.77700POEC *PDEC  1.00000 *TRACTOR 
 12.10000

PDEC *PIl W 9.35000 *HARROW 1.65000PDEC *KINK 
 3.20000 INCOME - 1906.77700 
PJAN JANI 
 40.58600 
 MARl 136.00000
PJAN MAR2 
 65.66400 DEC 
 6.75400
PJAN JAN 
 40.58600 MAR 
 201.66400

PJAN JUN 
 3.69600 FE/MA 
 201.66400

PJAN MY/JN 3.69600 MY/JLI 
 3.69600

PJAN MY/JL 3.69600 MY/AUl 
 3.69600
PJAN MY/AU 3.69600 
 MY/SEI 3.69600

PJAN MY/SE 3.69600 JN/JLI 
 3.69600

PJAN JN/JL 3.69600 
 JN/AUI 3.69600

PJAN JN/AU 3.69600 JN/SEI 
 3.69600
PJAN JN/SE 3.69600 
 *YRLABI, 252.70000

PJAN OJANI 
 - 3.08600 OMAR2 .06400

PJAN, ODEC 
 - 6.75400 OJAN - 3.08600
PJAN OMAR 
 - .06400 OJUN  3.69600
 
PJAN OFE/MA - .06400 OMY/JN - 3.69600
PJAN *OYLABOR 13.60000 
 TJANI 
 2. 75000
PJAN TDEC 
 6.05000 TJAN 
 2.75000
PJAN TJUN 
 3.30000 TMY/JN 
 3.30000

PJAN TMY/JLI 3.30000 
 TMY/JL 3.30000PJAN TMY/AUI 3.30000 TMY/AU 
 3.30000

PJAN TMY/SE1 3.30000 TMY/SE 3.30000
PJAN TJN/JLL 3.30000 TJN/JL 
 3.30000

PJAN TJN/AUI 3.30000 
 TJN/AU 3.30000
PJAN TJN/SEI 3.30000 TJN/SE 3.30000
PJAN PJANI 
 2.75000 PDEC 
 3.30000

PJAN PJAN 
 2.75000 PJUN 
 3.30000
PJAN PJN/JLI 3.30000 PJN/JL 
 3.30000
PJAN PJN/AUI 3.30000 PJN/AU 3.30000
PJAN HDEC 1.65000 KMAR2 3.20000PJAN *CAPITAL 1906.77700 *PJAN 1.00000-
PJAN *TRACTOR 
 12.10000 *PLOW 
 9.35000
 
PJAN *HARROW 1.65000 *KINK 
 3.20000
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PJAN INCOME - 1906.77700 
QSEP JUL 3.69600 AUG 6.75400 
QSEP SEP 32.46400 DEC 48.00000 
QSEP JAN 80.00000 JN2/AU 3.69600 
QSEP MY/JL 3.69600 MY/AUI 3.69600 
OSEP MY/AU 10.45000 MY/SEI 10.45000 
QSEP 
QSFP 

MY/SE 
JN/AUI 

42.41900 
3.69600 

JN/JL 
JN/AU 

3.69600 
10.45000 

QSEP 
QSEP 

JN/SEI 
JN2/JL 

10.45000 
3.69600 

JN/SE 
JN2/AUI 

42.91400 
3.69600 

QSEP JN2/SEI 10.45000 JN2/SE 42.91400 
QSFP 
QSEP 

JL/AUI 
JL/SEI 

3.69600 
10.45000 

JL/AU 
JLI/SE 

10.45000 
42.91400 

QSEP JL2/SEI 6.75400 JL2/SE 32.46400 
USEP 
QSFP 

AU/SEI 
AU2/SE 

6.75400 
32.46400 

AU/SE 
*YRLABO-4 

32.4e4u0 
110.91400 

OSEP OJUl - 3.69600 OAUG 6.154J0 
QSFP OSEP - 2.46400 OJN2/AU 10.45000 
QSEP OJL2/AU - 6.75400 * YLAB]R 12.91400 
()SEP TJUL 3.30000 lAUG 6.05000 
QSEP 
QSEP 

TSEP 
TMY/JL 

2.20000 
3.30000 

TJL2/AU 
IMY/AUI 

6.05000 
3.30000 

QSEP 
QSEP 

TMY/AU 
TMY/SE 

9.35000 
11.55000 

TMY/SE 1 
TJN/JL 

9.35000 
3. 10000 

QSEP TJN/AUI 3.30000 TJN/AU 9.35000 
QSEP 
CSEP 

TJN/.EI 
TJN2/JL 

9.35000 
3.30000 

TJN/Sf 
TJN2//iU1 

11.55000 
3.30000 

QSEP TJN2/AU 9.35000 TJN2/SF1 9.35000 
QSEP 
CSEP 
QSEP 
CSEP 
QSEP 

TJN2/SE 
TJL/AU 
TJL/SE 
TJL2/SE 
TAU/SE 

11.55000 
9.35000 

11.55000 
8.25000 
8.25000 

TJL/AUI 
TJL/SEI 
TJL2/SFI 
TAU/SEI 
TAU2/SF 

3.30000 
9.35000 
6.05000 
6.05000 
?.20000 

QSEP PJUL 3.30000 PAUG 3.30000 
QSFP PSEP 2.20000 PJN/JL 3.30000 
QSEP PJN/AUI 3.30000 PJN/AU 6.60000 
QSEP 
QSEP 

PJN/SEI 
PJN2/JL 

6.60000 
3.30000 

PJN/SE 
PJN2/AUI 

8.80000 
1.30000 

OSFP PJN2/AU 6.60000 PJN2/SEI 6.60000 
GSEP PJN2/SE 8.80000 PJL/AUI 3.30000 
QSEP 
QSEP 

PJL/AU 
PJL/SE 

6.60000 
8.80000 

PJL/SEI 
PJL2IAU 

6.60000 
3.30000 

QSEP PJL2/SEI 3.30000 PJL2/SF 5.50000 
CSEP 
QSFP 

PAU/SEI 
PAU2/SE 

3.30000 
2.20000 

PAU/SE 
HAUG 

5.50000 
1.65000 

CSFP 
CSFP 

HJL2/AU 
*QS[P -

1.65000 
1.00000 

*CAPI TAL 
*TRACTOR 

195.42000 
1).55000 

QSEP *PLOW 8.80000 *HARROW 1.65000 
QSFP INCOMF - 195.42000 
QOCT JANI 48.00000 JAN2 80.00000 
COCT JUL 3.69600 SEP 6.75400 
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QOCT OCT 32.46400 JAN 128.00000 
QOCT 
QOCT 
COCT 

JN2/AU 
MY/AUI 
MY/SEI 

3.69600 
3.69600 
3.69600 

MY/JL 
MY/AU 
MY/SE 

3.69600 
3.69600 

10.45000 
QOCT 
COCT 

JN/JL 
JN/AU 

3.69600 
3.69600 

JNI/AUI 
JN/SEI 

3.69600 
3.69600 

wocr JN/.F 10.45000 JN2/JL 3.69600 
QOCT JN2/AUI 3.69600 JN?/SFI 3.69600 
COCT 
QOCT 
QOCT 

JN2/SE 
JL/AU 
JL/SE 

10.45000 
3.69600 

10.45000 

JL/AUI 
JL/SEI 
JL2/SF 

3.69600 
3.69600 
6. 75400 

COCT AU/SF 6.7540r AIJ2/SE 6.75400 
QOCT *YRLABOR 170.91400 OJLJL 3.69600 
COCT OSFP - 6.75400 UtICT 2.46400 
QOCT OJN2/AU - 3.69600 *OYLABOR 12.91400 
COCT TJut 3.30000 tSE P 6.05000 
QOCT 
COCT 

TOCT 
TMY/AUI 

2.20000 
3.30000 

TMY/JL 
TIMY/AU 

3.30000 
3.30000 

QOCT Tt4Y/SE1 3.30000 TMY/SF 9.35000 
QPCi 

IJCT 
TJN/JL 
TJN/AU 

3.30000 
3.30000 

IJN/AUl 
TJN/SEI 

3.30000 
3.30000 

GOCT TJN/SE 9.35000 IJN2/JL 3.30000 
COCT TJN2/AUI 3.30000 TJN2/AU 3.30000 
QOCT TJN2/SE1 3.30000 TJN2/SF 9.35000 
QOCT TJL/AU1 3.30000 TJL/AU 3.30000 
COCT 
COCT 

TJL/$El 
TJL2/SE 

3.30000 
6.05000 

IJI /SE 
TAU/SE 

9.35000 
6.05000 

QOCT 
COCT 

TAU2/SF 
PSEP 

6.05000 
3.30000 

PiJi[ 
POCT 

3.30000 
2.20000 

QOCT PJN/AU1 3.30000 PJN/AU 3.30000 
COCT 
QOCT 
QOCT 

PJN2/JL 
PJN?/AU 
PJL/AU 

3.30000 
3.30000 
3.30000 

PJN?/AUI 
PJL/AUI 
HiPI1.65)000 

3.30000 
3.30000 

COCT *CAPITAL t95.42000 *QOCT - 1.00000 
COI *TRACTOR 11.55000 1PLOW 8.80000 
COCT *IIARROW 1.65000 INCOME 195.42000 
HJLAU NOV 56.00000 DCC 57.66400 
HJLAU MAY 3.69600 MY/JN 3.69600 
HJLAU JN2/JLI 6.75400 JN//AU 39.21800 
HJLAU JL2/AU 32.46400 MY/JLI 6. 75400 
HJLAU MY/JL 10.45000 MY/AUl 10.45000 
HJLAU 
HJLAU 

MY/AU 
MY/SF 

43.91400 
43.91400 

MY/SEL 
JN/JLI 

43.91400 
6.75400 

HJLAU JN/JL 6.75400 JN/AUI 6. 75400 
HJLAU ,JN/AU 39.21800 JN/SEI 39.21800 
HJLAU 
HJLAU 

,JN/IS 
JN2/AUI 

39.21800 
6.75400 

JN2/JL 
JN2/SEI 

6.75400 
39.21800 

HJLAU 
HJLAU 

JN2/SE 
JL/SE1 

39.21800 
32.46400 

JL/AU 
JL/SE 

32.46400 
32.46400 

FHJLAU JL2/SEI 32.46400 JL2/SE 32.46400 
HJLAU *YRLAFIOR 156.57800 ODEC .06400 
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HJLAU 
 OMAY - 3.69600 0MY/JN  3.69600HJLAU 0JN2/JLI - 6.75400 OJN2/AU - 6.75400HJLAU OJL2/AU - 2.46400 *CYLABOR 12.97800
HJLAU TMAY 
 3.30000 TMY/JN 
 3.30000
HJLAU TJN2/JLI 
 6.05000 
 TJI 2/AU 2.20000HJLAU TMY/JL 
 9.35000 TMY/JL 
 9.35000
IJLAU IMY/AUl 
 9.35000 IMY/Ai 11. .)5000
HJLAU TMY/SEI 11.55000 IMY/SF 11.55000
HJLAU TJN/JL 1 6.05000 ITJN/JL 6.05000HJLAU TJN/AUI 6.05000 TJN/AU 8.25000HJLAU TJN/SFI 
 8.2500 IJN/SF 8.25000HJLAU TJN2/JL 
 6.05000 TJN2/AUI 6.05000
HJLAU 1JN2/AU 
 8.25000 TJN2/SEI q.2500 0HJLAU TJN?/SE 8.25000 TJL/AU 
 2.20000
HJLAU TJL/SE I 2.20000 TJL/SE 2.20000
HJLAU TJL2/SEI 2.20300 TJL2/SF 
 2.20000
HJLAU 
 PMAY 
 3.30000 
 PJN.'JL1 
 3.30000
HJLAU PJL2/AU 
 2.20000 PJN/JL1 3.30000
HJLAU PJN/jL 
 3.30000 PJ.11/AU1 3. 30000HJLAU PJN/AU 5.50000 PJN/ 5.50000
HJLAU PJN /SE 
F1 

5.50000 PJN2/J1 3. 30000HJLAU PJN2/AUI 3. 30000 PJN2/AU 5.50000HJLAU PJN2/SFI 5.5000() PJN21SF 5.50000HJLAU HJN2/JI 1 1.65000 KDFC 3.20000HJLAU *CAp iTA1 53J.51 700 *HJI AU 1.00000HJLAU *TRACOR 11. 55000 *PI rW H. 80000HJLAU *llAkRkW 1.65000 *KINK 3.20000
HJLAU I NCOME  530.51700
HAUSE NOV 356.0000 DFC 57.66400HAUSF 
 MAY 3.69600 MY/JN 
 3.69600
HAUSE JN2/AU 6.75400 JL2/AUIl 
 6.75400
HAUSE J[2/AU 
 6.75400 AU2/SEI 
 32.46400
HAUSE MY/AUl 10.45000 MY/AU 
 10.45000
HAUSF MY/SEI 43.9140J MY/SE 
 43.91400
HAUSE J N/AU1 6. 15400 JN/AU 6.75400
HAU5[ JN/SFI 19.21800 JN/SE 39.21800
HAUSE JN2/AUI 6.75400 JN2/SE1 39.21800
liAUS L, JN2/SE 39.21800 JL/AUI
HAUSf Jl/AU 6. 75400
 

6.15400 Jt /SF 1 39.21800
HAUSF JL/SF 19.?1M0o JL2/SF1 39.21800HAUSf- JL 21SE 39.21H00 AU/SFI 32.46400
HAUS( AU/SF 32. 6 4 00 AU//SE 32.46400HAUSF *YRI ABOR 155.5W800 ()[)( C  .06400HAUSE 
 GMAY  3.69600 r)MY/J N  3.69600hAUSF (JN2/Au  u. 75400 0.JL?'A()I  6.75400
HAUSF OJit4/AU - 6.15400 (AU?/SEHAUSI *OYL ABCR l2. 9 
I - 2.40400

l1i00 TMAY 3.30000
HAUSE TMY/JN 
 3.3000u I,JL2/AUI 6.05000HAUSF TJL2/AU 
 6.05000 TAU2/SFI 2.20000HAUSF TMY/JLl 1.30000 IMY/JL 
 3.30000
HAUSF TMY/AUl 9.35000 TMY/AU 
 9.35000
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HAUSE 
HAUSF 
HAUSE 
HAUSE 
HAUSE 

TMY/SEI 
TJN/AUI 
TJN/SEl 
TJN2/AUI 
TJN?/SEI 

11.55000 
6.05000 
8.25000 
6.05000 
8.25000 

IMY/SF 
TJN/AU 
TJN/SF 
TJN2/AU 
TJN21SE 

11.55000 
6.05000 
8.25000 
6.05000 
8.25000 

HAUSE TJL/AUJI 6.05000 TJLI/AU 6.05000 
HAUSF TJL/SEL 8.25000 TJL/SE 8.25000 
HAUSE TJL2/SEI 8.25000 TJL 2/SE 8.25000 
HAUSE 
HAUSF_ 

TAU/SE1 
TAU2/SE 

2.20000 
2.20000 

TAU/SE 
P-AY 

2.20000 
3.30000 

HAUSE P JL2/AUI 3.30000 PAU2/SE1 2.20000 
HAUSE PJN/AUj 3.30000 P,IN/AU 3.30000 
HAUSF PJN/SFI 5.50000 PJN/SE 5.50000 
HAUSF PJN?/AUI 3.30000 PJN2/AU 3.30000 
HAUSF PJN2/SFI 5.50000 PJN?/SE 5.50000 
HAUSE PJL/AUI 3.30000 PJL/AU 3.30000 
HAUSE PJL/Sr| 5.50000 PJL /SE 5.50000 
HAUSE 
HAUSF 

PJL2/AU 
PJL?/SE 

3.30000 
5.5000o 

PJL2/SF 
HJI 2/AUJl 

5.50000 
1.65000 

HAUSE HJL2/AU 1.65000 Kt)C 3.20000 
HAUSF *CAPITAL 530.51 00 4IIAUSE 1.00000 
HAUSF *IRAC TOR 11.55000 *PL UW 8.80000 
HAUSE *HARROW 1.65000 *KINK 3.20000 
HAUSF INCOMF - 530.51 700 
BARL NOV 6.75400 :)FC, 48.00000 
BARL JAN 32. 00000 JUN 3.69600 
BARL MY/JN 3.69600 JN2/JLI 3.69600 
BARL JN2/AU 3.69600 MY/JL 1 3.69600 
MARL 
BARL 

MY/JL 
MY/AU 

3.69600 
3.69600 

MY/AUl 
MY/SEl 

3.69600 
3.69600 

BARL 
GARL 

MY/SE 
JN/JL 

3.ol9600 
3.6960,} 

JN/JL 1 
IN/AUl 

3.09600 
3.69600 

BARL JN/AU 3.69600 ,JN/SF I 3.69600 
BARL JN/SE 3.69600 'YRIABOR 90.45000 
BARL ONOV - 6.75400 (IJUN 3.69600 
MARL OMY/JN - 3.61';,00 *nYLABOA 10.45000 
BARL TNOV 6.0 00 ,JlUN 3.30000 
BARL TMY/JN 3.30000 [iY/JLl 3.30000 
MARL IMY/JL 3.30000 TMY/AUI 3.30000 
BARL TMY/AU 3.30000 TmY/SFl 3.30000 
BARL 
BARL 
BARL 

TMY/SE 
TJN/JL 
TjN/AU 

15.95000 
3.30000 
3.30000 

TJN/JL 1 
TJN/AUI 
IJN/SEI 

3.30000 
3.30000 
3.30000 

BARL TJN/SE 15.95000 PN[]V 3.30000 
SARL PJUN 3.30000 PJN/JLI 3.30000 
MARL 
BARL 
'ARL 
BMARL 

PJN/JL 
PJN/AU 
PJN/ISEI1 
HNOV 

3.30000 
3.30000 
3.30000 
1.65UOO 

PJN/AUl 
PJNi?/JL 
PAN/SF 
*(-AlI TA-

3.30000 
3.30000 
3.30000 

356.57000 
BARL 
dARL 

*B 
*PLOW 

- I.00000 
6.60000 

*T RACTOR 
*IIARROW 

9.35000 
1.65000 



BARL 
ALFAL 

ALFAL 

ALFAL 

ALFAL 

ALFAL 
ALFAL 

ALFAL 
ALFAL 

ALFAL 

ALFAL 

ALFAL 

ALFAL 
ALFAL 

ALFAL 
ALFAL 

ALFAL 
ALFAL 

ALFAL 
ALFAL 
ALFAL 

ALFAL 
ALFAL 

ALFAL 
ALFAL 
ALFAL 

ALFAL 

ALFAL 

ALFAL 

ALFAL 
ALFAL 

ALFAL 

ALFAL 

ALFAL 
ALFAL 
ALFAL 
ALFAL 
ALFAL 
ALFAL 
ALFAL 

ALFAL 
WEEP 

hEEP 
WEEP 
WEEP 

WEEP 

WEFP 

WFFP 
WEEP 

WEEP 

WFEP 


I NC0ME 
SEP 

NOV 

JAN 

JUN 

MY/JN 
MY/JL 

MY/AU 

MY/SF 

JN/J( 

JN/SE 
JL/SE 

AU/SE 

JN/£Et 

#YRL ABCR 
0OCT 
ODEC 

oF[ii 

OMY/JN 
WAISEP 
WATN(;V 

WATJAN 

*YRWATEk 

TJIJN 

TMY/JLI 

TMY/AUI 

TMY/SEI 

TJN/JLI 
TJN/AUI 

TJN/SEI 
TJNZ/.JL 

TJN2/AU 

TJN21SE 

TJL2/sr 
TALJ2/SF 
PJUN 

PJN/JL 

PJN/AU 

*CAPITAL 

*TRACTnR 

*HARROW 

NOV 

JAN 

MY/JN 

MY/I. 

MY/AU 

MY/SF 

JN/JL 
JN/AU 

JN/SE 

ONOV 


- 356.57000 
80.67400 
75.24000 

20.82100 

3.69600 

3.69603 

3.b960J 

3.69630 


84.37000 

3.69600 


84.37000 

80.6'400 

A0.67430 

3.69600 


425.14600 

- 2.25100 
- 1.28600 
- 1.33800 
- 3.69600 

452.59700 
409.40300 

113.46000 


2306.58800 

3.30000 

3.30000 

3.30000 

3.30000 

3.30000 

3.30000 

3.30000 

3.30000 

3.30000 


15.95000 

12. 65000 
1'.65000 
3.30000 
3.30000 
3.30000 

444.40000 
15.95000 

1.6,5000 

6.75400 


128.00000 

3.69600 

3.69600 

3.69600 

3.69600 

3.69600 

3.69600 

3.69600 

- 6.75400 

OCT 

OEC 

FEB 

FE/MA 

MY/JLI 

MY/AU! 
MY/SF I1. 
JN/JLI! 
.N/AU1 

JN2/SF 
JLI2/SF 
JN/AUi 
AU//SE 

OSFP 
0N bV 

OJAN 

CJUN 
*'JYLABO(R 

WArTOC T 
WAtLXEC 

WATFER 
TSFP 

TMY/JN 

TMY/JL 

TMY/AU 

TMY/SF 

TJN/JL 
TJN/AU 

fJN/SF 

1JN2/AUI 

IJN2/SFI 

TJL/SF 

TAU/SE 

PSuP 

PJN/JL1 

PJN/AUt 

HSfU P 

*A 

*PLOW 

I NC 'MF 
DEC 

JUN 
MY/JLI 

MY/AUI 

MY/SFI 

JN/.JI.[ 

JN/4U1 

JN/SE1 

*YRLAIIOR 

OJUN 


111.6700 
63.88000
 
69. 13800 
69.13800
 
3.69600
 
4.6j900 

69 60j 
.t )060 

3.6911) 
80.614JJ 
8J.61400
 

.t/)60 
8,0.614,J0
 
I ',.4,9000 

- "'0J3 
.4,'100 
.69b00 

,6.O0833 
rdot.91100 
3146.39100
 
176. 740O 
12.65000 
3.3JO00
 
3.30000
 
3.30000
 

19.95000
 
3.30000
 
3.30000
 

15.95000
 
3.10000
 
3.3000 

12.6')000
 
I?. 65000 
3.10000 
3.30030 
1.30000 
1.65003 
1.00000 
6.60000
 

444.40000
 
48.00000
 

3.69600 
3.69600
 
3.09600
 
3.69600
 
3.69600
 
3.69600
 
3.69600
 

186.45000
 
3.69600
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PJAN 3 LAN03 
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).9600 
6.0O000 

1,10000 

1.100O0 

$.33000 


.11000 
S.1030ci 

S~3000
. 

1.10000 
I.SO000 

i31J~00 

9 11 .?450 
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1.*00000 
1.00000 
1.030000 
1.00000 
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1.*00000 
1.0000k, 
1.J0O00, 
1.00000 
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.300000 
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.UOtJO 
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1.00000 
.0000u 


1.00000 
1.00000 
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1.00000 
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I p00000 
1.00000 
1.00000 
.33000 

1.00000
 

*']Y14i04 

IOUN 

T04Y/JLI 
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PINOV3 OFEB .58000 *OYLABOI - .90500 
PINOV3 WATNOV 130.99700 WATDEC 307.05400 
P NOV3 WATFEB 781.28600 *YR WATER 1219.33700 
P'DEC1 LANDI 1.00000 *Pei - 1.00000 
P'DECI *PHARV 260.00000 *LANDUSE 1.00000 
P'DEC1 FEB 30.14500 FE/MA 30.14500 
PIDECI *YRLABOR 30.14500 OFEB - .60900 
O'DEC1 ,OYLABCR .60900 WATFEB 820.33700 
PIDECI, *YRWATER 820.33700 *PDEC 1.00000 
P'DEC2 LAND2 1.00000 *P,2 - 1.00000 
P'DEC2 *PHARV 215.00000 *LANDUSE 1.00000 
P'OEC2 FEB 30.14500 FE/MA 30.14500 
P'DEC2 *YRLABOR 30.14500 OFEB - .60900 
PIDEC2 *OYLABOR .60900 WATFEB 820.33700 
PIDEC2 *YRWATER 820.33700 *PDEC 1.00000 
P'DEC3 LAND3 1.00000 *P'3 - 1.00000 
P'DEC3 *PHARV 125.00000 *LANDUSE 1.00000 
P'DEC3 FEB 30.14500 FE/MA 30.14500 
P'DEC3 *YRL ABOR 30.14500 OFEB - .60Q0 
P'DEC3 *OYLABGR .60900 WATFEB 820.337%0 
P'DEC3 *YRWATER 820.33700 *PDEC 1.00000 
P'JAKI LANOI 1.00000 *P'I - 1.00000 
P'JAN1 *PHARV 255.00000 *LANDUSE 1.00000 
P'JANI FEB 30.14500 FE/MA 30.14500 
P'JAN1 *YRLABOR 30.14500 OFEB - .60900 
P'JANL *OYLABOR .60900 WATFEB 820.33700 
P'JANL *YRWATER 820.33700 *PJAN 1.00000 
PIJAN2 LAND2 1.00000 *P'2 - 1.00000 
P'JAN2 *PHARV 211.00000 *LANDUSE 1.00000 
P'JAN2 FEB 30.14500 FE/MA 30.14500 
P'JAN2 *YRLABOR 30.14500 OFEB - .60900 
PIJAN2 *OYL.ABOR .60900 WATFER 820.33700 
P JAN2 *YRWATER 820.33700 *PJAN 1.00000 
P'JAN3 LAND3 1.00000 *P'3 - 1.00000 
P'JAN3 *PHARV 122.00000 *LANDUSE 1.00000 
P JAN3 FEB 30.14500 FE/MA 30.14500 
P JAN3 *YRt ABOR 30.14500 OFEB - .60900 
PIJAN3 *OYLABGR .60900 WATFEB 820.33700 
P'JAN3 *YRWAIER 820.33700 *PJAN 1.00000 
QSEPI LANDI 1.00000 *QSEP 1.00000 
QSEPI Ql 1.00000 *QH ARV - 35.00000 
QSEPI *LANDUSE 1.00000 
QSEP2 IANO2 1.00000 4*QSEP 1.00000 
QSEP2 *Q2 - 1.00000 *QHARV - 30.00000 
QSEP2 *LANUUSE 1.00000 
QSEP3 LAND3 1.00000 *QSEP 1.00000 
QSEP3 *Q3 1.00000 *QHARV - 20.00000 
QSEP3 *LANDUSE 1.00000 
COCTI LANDI 1.00000 *QOCT 1.00000 
QOCTI *Q1 1.00000 *QHARV - 35.00000 
QOCTI *LANDUSE 1.00000 
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COCT2 
 LAND2 
 1.00000 *QOCT 
 1.00000
QOCT2 *Q2  1.00000 *QHARV  30.00000
QOCT2 *LANDUSE 
 1.00000
OOCT3 
 LAND3 
 1.00000 *QOCT 
 1.00000
QOCT3 *Q3 
 - 1.00000 *QHARV - 20.00000
QOCT3 *LANDUSE 
 1.00000
Q'SEPI LANDI 
 1.00000 *QSEP 
 1.00000
Q'SEPI *QOL - I1.00000 *QHARV  45.00000Q'SEPI *LANDUSE 
 1.00000 
 NOV 
 41.66600
Q'SEPI FEB 7.25800 FE/MA 
 7.25800
Q'SEPI *YRLABOR 
 48.92400 
 ONOV 
 - .67600Q'SEP1 OFEB 
 - .11800 OFE/MA  .11800
QISEPI *OYLABOR 
 .79400 WATNOV 
 910.82200
Q'SEPI WATFEB 
 158.75200 
 *YRWATEI 
 1069.57400
Q'SEPI ZNOV 
 4.09900 
 ZFEB 
 .71400
Q SEPI *ZPRINK 
 4.81300
QISEP2 LAND2 
 1.00000 *QSEP 
 1.00000
QISEP2 *Q'2  1.00000 *QHARV  38.00000
Q'SEP2 *LANDUSE 
 1.00000 
 NOV 
 41.66600
Q'SEP2 FEB 
 7.25800 FE/MA 
 7.25800
Q'SEP2 *YRLABOR 
 48.92400 
 ONOV 
 - .67600Q'SEP2 OFEB 
 - .11800 OFE/MA  .11800
Q'SEP2 *OYLABOR .79400 WATNOV 
 910.82200
Q'SEP2 WATFEB 
 158.75200 
 *YRWATER 
 1069.57400
Q'SEP2 ZNOV 
 4.09900 
 ZFEB 
 .71400Q'SEP2 *ZPRINK 
 4.81300
C'SEP3 LAND3 1.00000 *QSEP 1.00000
Q'SEP3 *Q'3  1.00000 *QHARV  25.00000
Q'SEP3 *LANDUSE 
 1.00000 
 NOV 
 41.66600
Q'SEP3 FEB 
 7.25800 FE/MA 
 7.25800
Q'SEP3 *YRLABOR 48.92400 
 ONOV  .67600Q'SEP3 OFEB  .11800 OFE/MA  .11800Q'SEP3 *OYLABOR .79400 WATNOV 
 910.82200
Q'SEP3 WATFEB 158.75200 
 *YRWATER 
 1069.57400
Q'SEP3 ZNOV 4.09900 ZFEB .71400
Q'SEP3 *ZPRINK 4.81300
Q'OCTI LAN{I 
 1.00000 *QOCT 
 1.00000
Q'OCTI *Q'l  1.00000 *QHARV  45.00000
Q'OCTI *LANDUSE 1.00000 NOV 
 41.66600
Q'0CT[ FEB 7.25800 FE/MA 
 7.25800
Q'OCT 
 *YRL ABOR 48.92400

Q'OCTI ONOV - .67600OFEB - .11800 OFE/MA - .11800G'OCT1 *OYLABCR .79400 WATNOV 
 910.82200
Q'OC1I WATFER 158.75200 *YRWATER 1069.57400Q'OCri ZNOV 
 4.09900 
 ZFEB 
 .71400
QIOCTI *ZPRINK 
 4.81300
Q'OCT2 LAND2 
 1.00000 *QOCT
Q'OCT2 *Q'2 1.00000 
- 1.00000 *QHARV 38.00000
Q'OC12 *LANDUSE 1.00000 
 NOV 
 41.66600
Q'OCT2 FEB 
 7.25800 FE/MA 
 7.25800Q'OCT2 *YRLABOR 48.92400 
 ONOV 
 .67600 



389 
j 

Q'OCT2 
Q'OCT2 
Q'0Cr2 
QlOCT2 
Q'OCT2 
Q'OCT3 
Q'OCT3 
Q'OCT3 
Q'OCT3 
Q'OCT3 
Q'OCT3 
Q'OCT3 

OFEB 
*OYLABOR 
WATFEB 
ZNOV 
*ZPRINK 
LAND3 
*Q'3 
*LANDUSE 
FEB 
*YRLABOR 
OFEB 
*CIYL ABOR 

-

-

-

.11800 

.79400 
158.75200 
4.09900 
4.81300 
1.00000 
1.00000 
1.00000 
7.25800 

48.92400 
.11800 
.79400 

OFE/MA 
WATNOV 
*YRWATER 
ZFEB 

*QOCT 

NOV 
FE/MA 
ONOV 
OFE/MA 
WATNOV 

.11800 
910.82200 
1069.57400 

,71400 

1.00000 
-QHARV25.00000 

41.66600 
7.25800 

- .67600 
- .11800 

910.82200 
Q'OCT3' 
Q'0C13 

WAIFEB 
ZNOV 

158.75200 
4.09900 

*YRWATER 
ZFEB 

1069.57400 
.71400 

Q'OCT3 *ZPRINK 4.81300 
HJLAUI LANDI 1.00000 *HJLAU 1.00000 
HJLAUl *H1 - 1.00000 *HJLAUI - 1.00000 
HJLAUI *LANDUSE 1.00000 
HJLAU2 LAND2 1.00000 *HJLAU 1.00000 
HJLAU2 *H2 - 1.00000 *HJLAU2 - 1.00000 
HJLAU2 *LANDUSE 1.00000 
HJLAU3 LAND3 1.00000 *HJLAU 1.00000 
HJLAU3 *H3 - 1.00000 *HJLAU3 - 1.00000 
HJLAU3 *LANOUSE 1.00000 
HAUSE1 LAND1 1.00000 *HAUSE 1.00000 
HAUSE1 *HI - 1.00000 *HAUSEI - 1.00000 
HAUSEI *LANDUSE 1.00000 
HAUSE2 LAND2 1.00000 *HAUSE 1.00000 
HAUSE2 *H2 - 1.00000 *HAUSE2 - 1.00000 
HAUSE2 *LANDUSE 1.00000 
HAUSE3 LAND3 1.00000 *HAUSE 1.00000 
HAUSE3 *H3 - 1.00000 *HAUSE3 - 1.00000 
HAUSE3 *LANDUSE 1.00000 
BARI 
BARI 
BAR2 

LANDI 
*BI 
LAND2 

-
1.00000 
1.00000 
1.00000 

*B 
*LANDUSE 
*B 

1.00000 
1.00000 
1.00000 

BAR2 
BAR3 
BAR3 
ALFI 

*B2 
LAND3 
*1R3 
LANDI 

-

-

1.00000 
1.00000 
1.00000 
5.00000 

*LANDUSE 
*B 
*LANDUS _ 

*A 

1.00000 
1.00000 
1.00000 
1.00000 

ALFI 
ALF2 

*AI 
LAND2 

- 1.00000 
5.00000 

*LANDUSE 
*A 

5.00000 
1.00000 

ALF2 
ALF3 
ALF3 

*A2 
LAND3 
*A3 

-

-

1.00000 
5.00000 
1.00000 

*LANDUSE 
*A 
*LANDUSE 

5.00000 
1.00000 
5.00000 

GHHJLAUI 
GHHJLAU2 
GHHJLAU3 
GHHAUSEI 

*HJLAUI 
*HJLAU2 
*HJIAU3 
*HAUSEI 

1.00000 
1.00000 
1.00000 
1.00000 

*HFORGH 
*HFORGH 
*HFORGH 
*HFORGH 

-
-
-
-

160.00000 
133.00000 
80.00000 

155.00000 
GHHAUSE2 *HAUSE2 1.00000 *HFORGH - 129.00000 
GHHAUSE3 *HAUSE3 1.00000 *HFORGH - 77.00000 
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DHHJLAUl 
*HJLAUI 
 1.00000 
 *HFORDH 
 - 45.00000DHHJLAU2 *HJLAU2 
 1.00000 *HFORDH  37.00000
DHHJLAU3 *HJLAU3 
 1.00000 
 *HFORDH 
 - 22.00000DHHAUSEI *HAUSEI 
 1.00000 *HFORDH  43.00000
DHHAUSE2 *HAUSE2 
 1.00000 
 *HFORDH 
 - 36.00000
DHHAUSE3 
 *HAUSE3 
 1.00000 *HFORDH  21.00000
BSILI 
 *BHARVI 
 1.00000 
 *BFORSIL 
 - 400.00000
BSIL2 *BHARV2 
 1.00000 
 *BFORSIL  130.00000BSIL3 
 *BHARV3 
 1.00000 
 *BFORSIL 
 - 190.00000RHAYl *IHARVI 
 1.00000 
 *FBFORHAY  210.00000
BHAY2 
 *BHARV2 
 1.00000 
 *BFORHAY 
 - 173.00000BHAY3 
 *BHARV3 
 1.00000 *BFORHAY  100.00000
ASILI *AHARVI 
 1.00000 
 *AFORSIL  800.00000
ASIL2 
 *AHARV2 
 1.00000 *AFORSIL  667.00000
ASIL3 *AHARV3 
 1.00000 
 *AFORSIL 
 - 400.00000AHAYI 
 *AHARV1 
 1.00000 
 *AFORHAY  430.00000
AHAY2 *AHARV2 
 1.00000 *AFORHAY  358.00000
AHAY3 
 *AHARV3 
 1.00000 *AFORHAY  215.00000
APASTI 
 *AHARVI 
 1.00000 *ALFDMAT  9.34700

APAST2 *AHARV2 
 1.00000 *ALFOMAT  7.94600
APAST3 
 *AHARV3 
 1.00000 
 *ALFDMAT  6.07700
POTHARV *PHARV 
 1.00000 
 *POTATO 
 - 1.00000POTHARV 
 MAY .66700 MY/JN 
 .66700
POTHARV MY/JLI 
 .66700 MY/JL 
 .66700
POTHARV MY/AUI 
 .66700 MY/AU 
 .66700
POTHARV MY/SEI 
 .66700 MY/SE 
 .66700
POIHARV *YRL ABOR .66700
QUIHARV *QHARV 
 1.00000 *OUINUA  1.00000
QUIHARV JUN 
 1.33300 
 JUL 
 1.84700
QUIHARV MY/JN 
 1.33300 JN2/AU 
 1.84700
QUIHARV MY/JLI 
 1.33300 MY/JL 
 3.18000
QUIHARV MY/Aul 
 3.18000 MY/AU 
 3.18000
QUIHARV MY/SEI 
 3.18000 MY/SE 
 3.18000
QUIHARV JN/JLI 
 1.33300 
 JN/JL 3.18000QUIHARV JN/AUI 
 3.18000 JN/AU 3.18000
CUIHARV JN/SEI 
 3.18000 JN/SE 
 3.18000
QUIHARV JN2/JL 
 1.84700 JN2/AUI 
 1.84700
QUIHARV JN2/SEI 
 1.84700 JN2/SE 
 1.84700
QUIHARV JL/AUI 
 1.84700 JL/AU 1.84700
QUIHARV JL/SEI 
 1.84700 
 JL/SE 1.84700QUIHARV *YRLABOR 
 3.18000 OJUL 
 - .01900QUIHARV OJN2/AL  .01900 *OYLABOR 
 .01900
QUIHARV TJUL 
 .01700 TMY/JL 
 .01700
QUIHARV TMY/AU.1 
 .01700 TMY/AU
QUIHARV TMY/SEI .01700
 

.01700 TMY/SE 
 .01700
QUIHAiRV TJN/JL .01700 TJN/AUI .01700
QUIHARV TJN/AU .01700 TJN/SFI 
 .01700
QUIHARV TJN/SF 
 .01700 TJN2/JL .01700
QUIHARV TJN2/AU1 
 .01700 TJN2/AU 
 .01700
QUIHARV TJN2/SEI 
 .01700 TJN2/SE
QUIHARV TJL/AU1 .01700
 

.01700 TJL/AU 
 .01700
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QUIHARV TJL/SEI .01700 TJL/SE .01700 
QUIHARV WJUL .01700 *TRACTOR .01700 
QUIHARV *WAGON .01700 
GHHARV *HFOKGh 1.00000 *GBEANS - 1.00000 
GHHARV FE/MA .20600 *YRLABOR .20600 
GHHARV OFF/MA .01900 *OYLABOR - .01900 
GHHARV TFE/MA .01700 WFE/MA .01700 
GHHARV *TRACTOR .01700 *WAGON .01700 
DHHARV *HFORDH 1.00000 *DBEANS - 1.00000 
DHHARV MAY .91900 MY/JN .91900 
DHHARV MY/JL1 .91900 MY/JL .91900 
DHHARV MY/AUI .91900 MY/AU .91900 
DHHARV MY/SEl .91900 MY/SE .91900 
DHHARV *YRLABOR .91900 OMAY .01900 
DHHARV OMY/JN .01900 *OYLABOR .10900 
DHHARV TMAY .01700 TMY/JN .01700 
DHHARV TMY/JL1 .01700 TMY/JL .01700 
DHHARV TMY/AUl .01700 TMY/AU .01700 
DHHARV TMY/SE1 .01700 TMY/SE .01700 
DHHARV WMAY .01700 WMY/JN .01700 
DHHARV *TRACTOR .01700 *WAGON .01700 
BSILMAK APR .57900 *YRLABOR .57900 
BSILMAK OAPR .01900 *OYLABOR .01900 
BSILMAK TAPR .01700 WAPR .01700 
BSILMAK *BFfRSIL 1:00000 *CAPITAL .09100 
BSILMAK *BARSIL 1.00000 *TRACTOR .01700 
8SILMAK *WAGCN .01700 INCOME .09100 
BHAYMAK MY/JN .48800 MY/JLI .48800 
BHAYMAK MY/JL .48800 MY/AUL .48800 
RHAYMAK MY/AU .48800 MY/SE1 .48800 
BHAYMAK MY/SE .48800 *YRLABOR, .48800 
RHAYMAK OMY/JN .01900 *OYLABOR .01900 
BHAYMAK TMY/JN .01700 TMY/JL1 .01700 
BHAYMAK TMY/JL .01700 TMY/AUI .01700 
8HAYMAK TMY/AU .01700 TMY/SEl .01700 
RHAYMAK TMY/SE .01700 WMY/JN .01700 
BHAYMAK *BFCJRHAY 1:00000 *CAPITAL .22700 
RHAYMAK *BAPHAY 1.00000 *TRACTOR .01700 
BHAYMAK *WAGCN .01700 INCOME .22700 
ASILMAK MAR .28950 APR .26000 
ASILMAK FE/MA .26000 *YRLABOR .52000 
ASILMAK OMAR .00950 OAPR .00950 
ASILMA( OFF/MA .00950 *OYLABOR .01900 
ASILMAK TMAR .00850 TAPR .00850 
ASILMAK TFE/MA .00850 WMAR .00850 
ASILMAK WAPk .00850 WFE/MA .00850 
ASILMAK *AFORS IL 1.00000 *CAPITAL .09100 
ASILMAK *ALFStL. .10000 *TRACTOR .01700 
ASI LMAK *WAGON .01700 INCOME .09100 
AHAYMAK MAY .19500 JUN .29300 
AHAYMAK MY/JN .48800 MY/JLI .48800 
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AHAYMAK MY/JL 
 .48800 MY/AUl 
 .48800
AHAYMAK MY/AU 
 .48800 MY/SEL 
 .48800
AHAYMAK MY/SE 
 .48800 JN/JLI 
 .29300
AHAYMAK JN/JL 
 .29300 JN/AUI 
 .29300
AHAYMAK JN/AU 
 .29300 JN/SE1 
 .29300
AHAYMAK 
 JN/SE .29300 *YRLABO: .48800
AHAYMAK OMAY 
 - .00760 OJUN .01140
AHAYMAK OMY/JN - .01900 *OYLABOR 
 .01900
AHAYMAK TMAY 
 .00680 TJUN 
 .01020
AHAYMAK TMY/JN .01700 
 TMY/JLI 
 .01700
AHAYMAK TMY/JL 
 .01700 TMY/AUL .01700
AHAYMAK TMY/AU .01700 
 TMY/SEI 
 ,01700
AHAYMAK TMY/SE 
 .017C0 TJN/JLL .01020
AHAYMAK IJN/JL 
 .01020 TJN/AUI .01020
AHAYMAK TJN/AU 
 .01020 TJN/SEI .01020
AHAYMAK TJN/SE .01020 
 WMAY 
 .00700
AHAYMAK WJUN 
 .01000 WMY/JN 
 .01700
AHAYMAK *AFORHAY 
 1.00000 *CAPITAL 
 .22700

AHAYMAK *ALFHAY 
 - 1.00000 *TRACTOR .01700
AHAYMAK *WAGCN 
 .01700 INCOME 
 - .22700CHUMAK *POTATO 
 3.00000 *CHUNOI 
 - .40000
CHUMAK *CHUN02  .57000 *CHUN03  .03000
CHUMIK AUG 
 .22910 JN2/AU 
 9.22910
CHUMAK 
 MY/AU 9.22910 MY/SE1 
 9.22910
CHUMAK MY/SE 
 9.22910 JN/AU 
 9.22910
CHUMAK 
 JN/SEI 9.22910 JN/SE 
 9.22910
CHUMAK JN2/SEI 9.22910 JN2/SE 
 9.22910
CHUMAK 
 JL/AU .22910 JL/SEI 
 .22910
CHUMAK AU/SE 
 .22910 *YRLABOR 
 9.22910
CHUMAK OAUG 
 .01910 *OYLABOR 
 .01910
CHUMAK TAUG 
 .01700 TMY/JN 
 .01700
CHUMAK TMY/SEI 
 .01700 TMY/SE 
 .01700
CHUMAK TJN/AU 
 .01700 TJN/SEI .01700
CHUMAK TJN/SE 
 .01700 TJN2/SE[ .01700
CHUMAK TJN2/SE 
 .01700 TJL/SEI .01700
CHUMAK TJLI/SE 
 .01700 TJL2/SE1 .01700
CHUMAK TJL2/SF .01700 TAU/SE1 .01700CHUMAK TAU/SE 
 .01700 TAU21SEI 
 .01700
CHUMAK TAU2/SF .01700 SAUG 
 .02000
CHUMAK WAUG 
 .01700 *TRACIOR 
 .01700
CHUMAK 
 *S2 RTER 
 .02000 *WAGON 
 .01700
SELOHUI *CIAUNOI 1.00000 AUG2 .20000
SELCHUl AUG 
 .20000 MY/AU 
 .20000
SELClUI MY/SEI .20000 MY/SF 
 .20000
SELCHU1 JN/AU .20000 JN/SF1 .20000
SFLCHU1 
 JN/SE .20000 JN2/AU 
 .20000
SELCHUI JN2/SEI 
 .20000 JN2/SE 
 .20000
SELCHUI JL/AU 
 .20000 JL/SEI 
 .20000
SELCHUI JLISE 
 .20000 JLZ/AU 
 .20000
SFLCHUI JL2/SEI 
 .20000 JL2/SE 
 .20000
SELCHUl AU/SE1 
 .20000 AU/SE 
 .20000
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SELCHUI AU2/SE1 .20000 AU2/SE .20000 
SELCHUI1 *YRLABOR .20000 *SALEAGR 150.00000 
SELCHUI INCOME 150.00000 
SELCHU2 *CHUN02 1.00000 AUG2 .20000 
SELCHU2 AUG .20000 MY/AU .20000 
SELCHU2 MY/SEI .20000 MY/SE .20000 
SELCHU2 JN/AU .20000 JN/SFI .20000 
SELCHU2 JN/SE .20000 JN2/AU .20000 
SELCHU2 JN2/SEI .20000 JN2/SE .20000 
SELCHU2 JL/AU .20000 JL/SEI .20000 
SELCHU2 JL/SE .20000 JL2/AU .20000 
SELCHU2 JL2/SEI .20000 JL2/SE .20000 
SELCHU2 AU/SEI .20000 AU/SE .20000 
SELCHU2 AU2/SEI .20000 AU2/SE .20000 
SELCHU2 *YRLABOR .20000 *SALFAGR 130.00000 
SELCHU2 INCOME 130.00000 
SELCHU3 #CHUN03 1.00000 AUG2 .20000 
SELCHU3 AUG .20000 MY/AU .20000 
SELCHU3 MY/SE1 .20000 MY/SE .20000 
SELCHU3 JN/AU .20000 JN/SEL .20000 
SELCHU3 JN/SE .20000 JN2/AU .20000 
SELCHU3 JN2/SEI .20000 JN2/SE .20000 
SELCHU3 JL/AU .20000 JL/SEI .20000 
SELCHU3 JL/SE .20000 JL2/AU .20000 
SELCHU3 JL2/SE1 .20000 JL2/SE .20000 
SELCHU3 AU/SEI .20000 AU/SE .20000 
SELCHU3 AU2/SEI .20000 AU2/SE .20000 
SELCHU3 *YRL ABOR .20000 *SALEAGR 110.00000 
SELCHU3 INCOME 110.00000 
SELQUIN *QUINUA 1.00000 AUG .20000 
SE QUIN MY/AU .20000 MY/SE 1 .20000 
SELQUIN MY/SE .20000 JN/AU .20000 
SELQUIN JN/SE1 .20000 JN/SE .20000 
SELQUIN JN2/AU .20000 JN2/SEI .20000 
SELQUIN JN2/SE .20000 JL/AU .20000 
SELQUIN JL/SEL .20000 JL/SE .20000 
SELQUIN JL2/AU .20000 JL2/SEI .20000 
SELQUIN JL2/SE .20000 AU/SEI .20000 
SELQUIN AU/SE .20000 *YRLABOR .20000 
SFLQUIN *SALEAGR 60.00000 INCOME 60.00000 
SELGBEAN *GBEANS 1.00000 MAR .20000 
SELGBEAN FE/MA .20000 *YRLABO .20000 
SELGBEAN *SALEAGR 25.00000 INCOME 25.00000 
SELDBEAN *DBANS 1.00000 JUN .20000 
SELDBEAK MY/JN .20000 MY/AU .20000 
SELDBEAN MY/SEt .20000 MY/SE .20000 
SELDBEAN JN/AU .20000 JN/SE1 .20000 
SELDBEAN JN/SE .20000 *YRLABOR .20000 
SELDBEAN *SALEAGR 80.00000 INCOME 80.00000 
SELBHAY JN2/AU .20000 *YRLABOR .20000 
SELBHAY *BARHAY 1.00000 *SALEAGR 2.45000 
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SELBHAY 
SELBHAY 
SELBHAY 
SELBHAY 
SELBHAY 

MY/AU 
MY/SE 
JN/SEI 
JN2/SF1 
INCOME 

.20000 

.20000 

.20000 

.20000 
2.45000 

MY/SEl 
JN/AU 
JN/SE 
JN2/SE 

.20000 

.20000 

.20000 

.20000 

SELAHAY JN2/AU .20000 *YRLABOR .20000 
SELAHAY *ALFHAY 1.00000 *SALEAGR 4.41000 
SELAHAY 
SELAHAY 
SELAHAY 
SELAHAY 
SELAHAY 

MY/AU 
MY/SE 
JN/SEI 
JN2/SE1 
INCOME 

.20000 

.20000 

.20000 

.20000 
4.41000 

MY/SE1 
JN/AU 
JN/SE 
JN2/SE 

.20000 

.20000 

.20000 

.20000 

SELLPELT 
SELAPELT 
SELWOOLl 

*LPELTS 
*APELTS 
*WOOLI 

1.00000 
1.00000 
1.00000 

*SALELIV 
*SALELIV 
*SALELIV 

9.50000 
14.25000 
9.02500 

SELWOOL2 
SELWOOL3 

*WOOL2 
*W00L3 

1.00000 
1.00000 

*SALELIV 
*SALFLIV 

8.55000 
7.60000 

SELWOOL6 
SELRAMS 
SELEWES 

*WOOL6 
*RAMS 
*EWES 

1.00000 
1.00000 
1.00000 

*SALELIV 
*SALELIV 
*SALELIV 

2.75500 
334.00000 
221.50000 

SELWETH *WETHERS 1.00000 *SALFLIV 188.30000 
SELFLAMB 
TRACTOR 

*FLAMBS 
*TRACTOR -

1.00000 
1.00000 

*SALELIV 
*CAPITAL 

188.30000 
14. 75600 

TRACTOR INCOME - 14.75600 
PLOW *PLOW - 1.00000 *CAPI TAL 3.30600 
PLOW INCOME - 3. 30600 
HARRCW *HARROW - 1.00000 *CAPITAL .83200 
HARROW INCOME - .83200 
MOTORPUM *MOTPUMP - 1.00000 *CAPITAL 10.91600 
MOTORPUM INCOME - 10.91600 
SPRAYER *KINK - 1.00000 *CAPITAL 1.75100 
SPRAYER INCOME - 1.75100 
WAGON *WAGCN - 1.00000 *CAPITAL 1.48700 
WAGON INCOME - 1.48700 
SORTER *SORTER - 1.00000 *CAPITAL .11300 
SORTER INCOME - .11300 
SPRINKLR *ZPRINK - 1.00000 *CAPITAL .04500 
SPRINKLR 
*LANDTR 
*LANDTR 

INCOME 
LAND 
LAND2 

-

-

.04500 
1.00000 
.05000 

LAND1 
LAND3 

-
-

.09000 

.34000 
*LANDTR 
*LABORTR 
*LABORTR 

LAND4 
PEOPLE 
JUL2 

-

-

.23000 
1.00000 

47.50760 

LAND5 
JULI 
AUGI 

-
-
-

.04000 
44.11420 
40.72080 

*LABORTR AUG2 - 47.50760 SEPT - 44.11420 
*LABORTR SEP2 - 44.11420 OCTI - 44.11420 
*LABORTR 
*LABORTR 
*LABORTR 

OCT2 
NOV2 
DEC2 

-

-

-

44.11420 
49.64700 
53.46600 

NOVI 
DFC1 
JANI 

-
-
-

49.64700 
49.64700 
49.64700 

*LABORTR JAN2 - 49.64700 FE81 - 40.72080 
*LABORTR 
*LABORTR 

FEB2 
MAR2 

-
-

40.72080 
47.50760 

MARI 
APRI 

-
-

44.11420 
44.11420 
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*LABORTR APR2 - 44.11420 MAYI - 44.11420 
*LABORTR MAY2 - 44.11420 JUNI - 44.11420 
*LABORTR JUN2 - 44.11420 JUL - 91.62180 

*LABORTR AUG - 88.22840 SEP - 88.22840 
*LABORTR OCT - 88.22840 NOV - 99.29400 
*LABORTR DEC - 103.11300 JAN - 99.29400 
*LABORTR FEB - 81.44160 MAR - 91.62180 
*LABORTR APR - 88.22840 MAY - 88.22840 
*LABORTR JUN - 88.22840 FE/MA - 173.06340 
*LABORTR MY/JN - 17o.45680 JN2/JL[ - 88.22840 
*LARORTR JN2/AU - 223.96440 JL2/AUI - 88.22840 
*LABORTR JL2/AU - 135.73600 AU2/SF1 - 91.62180 
*LABORTR *FIXCOST - 16.30510 MY/JLI - 132.34260 
*LABCRTR MY/JL - 179.85020 MY/AUI - 220.57100 
*LABORTR MY/AU - 268.07860 MY/SEI - 312.19280 
*LABORTR MY/SE - 355.30700 JN/JLI - 132.34260 
*LAEORTR JN/JL - 179.85020 JN/AU1 - 220.57100 
*LABORTR JN/AU - 268.07860 JN!SEI - 312.19280 

4!LABORTR JN/SE - 356.30700 JN2/JL - 135.73600 
*LABORTR JN2/AUl - 176.45680 JN2/SEI - 268.07860 
*LABORTR JN2/SE - 312.19280 JL/AUL - 132.34260 
*LABORTR JL/AU - 179.85020 JL/SEI - 223.96440 
*LABORTR JL/SE - 268.07860 JL2/SEI - 179.85020 
*LABORTR JL2/SE - 223-96440 AU/SEI - 132.34260 

*LABORTR AU/SE - 176.45680 AU2/SE - 135.73600 
*BSILJUL *DRYMJUL - .29400 *rARSIL 22.04600 
*BSILAUG *DRYMAUG - .28000 *BARSIL 22.04600 
*BSILSEP *DRYMSEP - .26600 *BARSIL 22.04600 
*BSILOCT *DRYMOCT - .25200 *BARSIL 22.04600 
*BSILNOV *DRYMNOV - .24000 *BARSIL 22.04600 
*BSILDEC *DRYMDEC - .28800 *BARSIL 22.04600 
*BSILJAN *DRYMJAN - .21600 ,*BARSIL 22.04600 
4,bSILFEB *DRYMFEB - .20600 *BARSIL 22.04600 
*BSILMAR *DRYMMAR - .19500 *BARS IL 22.04600 
*BSILAPR *DRYMAPR - .18600 *,9ARSIL 22.04600 
*BSILMAY *DRYMMAY - .17600 *BARSIL 22.04600 
*BSILJUN *'DRYIJUN - .31000 *8ARSIL 22.04600 
*ASILJUL *DRYMJUL - .30600 *ALFSIL 22.04600 
*ASILAUG *DRYMAUG - .29100 *ALFSIL 22.04600 
*ASILSEP *DRYMSEP - .27600 *ALFSIL 22.04600 
*ASILOCT *DRYMOCT - .26200 *ALFSIL 22.04600 
*ASILNOV *DRYMNGV - .24900 *ALFSIL 22.04600 
#ASILDEC *DRYPDEC - .23700 *ALFSIL 22.04600 
*ASILJAN *DRYMJAN - .22500 *ALFSIL 22.04600 
*ASILFEB VIDRYMFEB - .21400 *ALFSIL 22.04600 
*ASILMAR *DRYMMAR - .20300 *ALFSL 22.04600 
*ASILAPR *DRYMAPR - .19300 *ALFSIL 22.04600 
*ASIILMAY *DRYMMAY - .18300 *ALFSIL 22.04600 
*ASILJUN *DRYMJUN - .32200 *ALFS[L 22.04600 
*BHAYJUL *BARHAY 22.04600 *DRYMJUL - .87300 
*BHAYAUG *BARHAY 22.04600 *DRYMAUG - .85600 
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*BHAYSEP *BARHAY 22.04600 *DRYMSEP - .83800 
*BHAYOCT 
*BHAYNOV 
*BHAYDEC 

*BARHAY 
*BARHAY 
*BARHAY 

22.04600 
22.04600 
22.04600 

*DRYMOCT 
*DRYMNOV 
*DRYMDEC 

-
-
-

.82200 

.80500 

.78900 
*BHAYJAN 
*BHAYFEB 
*BHAYMAR 
*BHAYAPR 

*BARHAY 
*BARHAY 
*RBAkAY 
*BARHAY 

22.04600 
22.04600 
22.04600 
22.04600 

*DRYMJAN 
*DRYMFEB 
*DRYMMAR 
*DRYMAPR 

-
-
-
-

.73300 

.75800 

.74300 

.72800 
*BHAYMAY 
*BHAYJUN 
*AHAYJUL 
*AHAYAUG 

*BARHAY 
*EARHAY 
*ALFHAY 
*ALFHAY 

22.04600 
22.04600 
22.04600 
22.04600 

*DRYMMAY 
*DRYMJUN 
*DRYMJUL 
*DRYMAUG 

-
-
-
-

.71300 

.69900 

.89200 

.87400 
*AHAYSEP 
*AHAYOCT 
*AHAYNOV 

*ALFHAN' 
*ALFHAY 
*ALFHAY 

22.04600 
22.04600 
22.04600 

*DRYMSFP 
*DRYMOCT 
*DRYMNOV 

-
-
-

.85700 

.84000 

.82300 
*AHAYOEC 
*AHAYJAN 
*AHAYFFB 

*ALFHAY 
*ALFHAY 
*-ALFHAY 

22.04600 
22.04600 
22.04600 

*DRYMDEC 
*DRYMJAN 
*DRYMFEB 

-
-
-

.80600 

.79000 

.77400 
*AHAYMAR 
*AHAYAPR 
#AHAYMAY 
*AHA YJUN 
*WETRJAN 
*WETRFEB 
*WETRMAR 
*WETRAPR 
*WETRMAY 
*ALTRMAR 

*ALFHAY 
*ALFHAY 
*ALFHAY 
*ALFHAY 
*DRYMJAN 
*DRYMFEb 
*DRYMMAR 
*DRYMAPR 
*DRYMMAY 
*DRYMMAR 

-

-

-

-

-

-

22.04600 
22.04600 
22.04600 
22.04600 
1.00000 
11.00000 
1.00000 
1.00000 
1.00000 
1.00000 

*DRYMMAR 
*DRYMAPR 
*DRYMMAY 
*DRYMJUN 
*WEDMAT 
*WFDY4AT 
*WEDMAT 
*WEDMAT 
*WEDMAT 
*ALFDMAT 

-
-
-
-

.75900 
.74400 
.72900 
.71400 

1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 

*ALTRAPR 
*ALTRMAY 
*ALTRJUN 

*DRYMAPR 
4*DRYMMAY 
*DRYMJUN 

-
-

-

1.00000 
1.00000 
1.00000 

*ALFDMAT 
*ALFDMAT 
*ALFDMAT 

1.00000 
1.00000 
1.00000 

RHS 
CHGCOL 
PI 

LAND 
PEOPLE 

1.00000 
125.00000 LAND 500.00000 

P1 
Pi 

WATJUL 
WATSEP 

165391.2000 
160056.0000 

WATAUG 
WATOCT 

165391.2000 
165391.2000 

P1 
Pi 
P1 
P1 
Pi 
PI 
Pi 
PI 
Pi 
PI 
Pi 
P1 
Pi 

WATNOV 
WATJAN 
WATMAR 
WATMAY 
TJANI 
TAUG 
TOCT 
TDEC 
TMAR 
TMAY 
TFE/MA 
TJN2/JLI 
TJL2/AU 

160056.0000 
165391.2000 
165391.2000 
165391.2000 

104.00000 
208.00000 
208.00000 
216.00000 
216.00000 
208.00000 
408.00000 
208.00000 
320.00000 

WATDEC 
WATFEB 
WATAPR 
WATJUN 
TJUL 
TSEP 
TNOV 
TJAN 
TAPR 
TJUN 
TMY/JN 
TJL2/AUI 
TAU2/SEL 

lto5391.2000 
149385.6000 
160056.0000 
160056.0000 

216.00000 
208.00000 
208.00000 
208.00000 
208.00000 
208.00000 
416.00000 
208.00000 
216.00000 

Pi 
PI 

TMY/JLI 
TMY/AUI 

520.00000 
728.00000 

TMY/JL 
TMY/AU 

632.00000 
840.00000 
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P1 TMY/SE 1 944.00000 TMY/SE 1048.00000 
P1 TJN/JL1 312.00000 TJN/JL 424.00000 
P1 TJN/AU1 520.00000 TJN/AU 632.00000 
PI TJN/SE1 736.00000 TJN/SE 840.00000 
P1 TJN2/JL 320.00000 TJN2/AUI 416.00000 
Pi TJN2/AU 528.00000 TJN2/SEI 632.00000 
PI TJN2/SE 736.00000 TJL/AU1 312.00000 
PI TJL/AU 424.00000 TJL/SEI 528.00000 
Pi TJL/SE 632.00000 TJL2/SE1 424.00000 
Pi TJL2/SE 528.00000 TAU/SE1 312.00000 
P1 TAU/SE 416.00000 TAU2/SE 320.00000 
P1 PJAN1 104.00000 PJUL 216.00000 
Pi PAUG 208.00000 PSEP 208.00000 
Pi POCT 208.00000 PNOV 208.00000 
PI PDEC 216.00000 PJAN 208.00000 
Pi PMAY 208.00000 PJUN 208.00000 
P1 PJN2/JLI 208.00000 PJL2/AUl 208.00000 
Pi PAU2/SEI 216.00000 PJN/JLI 312.00000 
PE PJN/JL 424.00000 PJN/AUI 520.00000 
PI PJN/AU 632.00000 PJN/SEI 736.00000 
P1 PJN/SE 840.00000 PJN'2/JL 320.00000 
P1 PJN2/AUI 416.00000 PJN2/AU 528.00000 
PI PJN2/SEI 632.00000 PJN2/SE 736.00000 
P1 PJL/AUl 312.00000 PJL/AU 424.00000 
PI PJL/SEI 528.00000 PJL/SE 632.00000 
P1 PJL2/AU 320.00000 PJL2/SEL 424.00000 
Pi PJL2/SE 528.00000 PAU/SEI 312.00000 
Pi PAU/SE 416.00000 PAU2/SE 320.00000 
P1 HAUG 208.00000 HSEP 208.00000 
P1 HOCT 208.00000 HNOV 208.00000 
P1 HDEC 216.00000 HJN2/JLI 208.00000 
P1 HJL2/AUI 208.00000 HJL2/AU 320.00000 
P1 KFEB2 96.00000 KMARI 104.00000 
Pi KMAR2 112.00000 KDEC 216.00000 
Pi WJUL 216.00000 WAUG 208.00000 
P1 WMAR 216.00000 WAPR 208.00000 
PI WMAY 208.00000 WJUN 208.00000 
PI WFf:/MA 408.00000 WMY/JN 416.00000 
Pi SAUG 208.00000 ZNOV 208.00000 
Pl ZFEB 192.00000 OMARI .01000 
Pi OMAR2 .01000 OJUL .01000 
P1 OAUG .01000 OSEP .01000 
PI OOCT .01000 ONOV .01000 
PI ODEC .01000 OJAN .01000 
P1 OFEB .01000 OMAR .01000 
PI OAPR .01000 OMAY .01000 
PI OJUN .01000 OFE/MA .01000 
Pi OMY/JN .01000 OJN2/JLI .01000 
Pi OJN2/AU .01000 OJL2/AUl .01000 
P1 OJL2/AU .01000 OAU2/SEL .01000 
P1 *FIXCOST 27107.96700 



Table G-5. 
Linear programming matrix for full mechanizationa
 

a In the RHS section of the matrix only the vector for the first 
degree of full mechanization is reproduced. The RHS values for the other

26 degrees are computed on the basis of Table 7-4.
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NAME FULL
 
ROWS
 
N INCOME
 
E PEOPLE
 
E LAND
 
L LAND1
 
L LAND2
 
L LAND3
 
L LAND4
 
L LAND5
 
L JULl
 
L JUL2
 
L AUGi
 
L AUG2
 
L SEPt
 
L SEP2
 
L OCTI
 
L OCT2
 
L NOVI
 
L NOV2
 
L DECL
 
L DEC2
 
L JANI
 
L JAN2
 
L FEB[
 
L FEB2 
L MARl 
L MAR2
 
L APRI
 
L APR2
 
L MAYI
 
L MAY2
 
L JUNi
 
L JUN2
 
L JUL
 
L AUG
 
L SEP 
L CCT
 
L NOV
 
L DEC
 
L JAN
 
L FEB 
L MAR
 
L APR
 
L MAY
 
L JUN
 
L FE/MA
 
L MY/JN
 
L JN2/JL1
 
L JN2/AU
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L JL2/AUl 
L JL2/AU
 
L AU2/SEI 
L MY/JLl
 
L MY/JL 
L MY/AUL
 

L MY/AU 
L MY/SE1 
L MY/SE 
L JN/JL 1 
L JN/JL 
L JN/AUI 
L JN/AU 
L JN/SEI 
L JN/SE 
L JN2/JL 
L JN2/AUI
 
L JN2/SE1 
L JN2/SE 
L JL/AUl
 
L JL/AU
 
L JL/SE I
 
L JL/SE 
L JL2/SEI 
L JL2/SE 
L AU/SEI 
L AL/SE 
L AU2/SE 
L 6ATJUL 
L WATAUG
 
L WATSEP
 
L WATOCT 
L WATNOV
 
L WATDEC 
L WATJAN 
L WATFEB 
L WATMAR 
L WATAPR
 
L WATMAY 
L 6ATJUM 
L TJANI
 
L TJAN?
 
L TFEBi
 
L TFEB2
 
L TMARI 
L TMAR2
 
L TJUL 
L TAUG 
L TSEP 
L TOCT
 
L TNOV 
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L TDEC
 
L TJAN
 
L TMAR
 
L TAPR
 
L TMAY
 
L TJUN
 
L TFE/MA
 
L TMY/JN
 
L TJN2/JLI 
L TJL2/AU 1 
L TJL2/AU 
1. TAU2/SEI
 
L TMY/JLI
 
L TMY/JL
 
i TMY/AUI
 
ST MY/AU
 
L TMY/SEI
 
L TMY/SE
 
L TJN/JLI
 
L TJN/JL
 
L TJN/AUI
 
L TJN/AU
 
L TJN/SEI
 
L TJN/SE 
L TJN?/JL 
L TJN2/AU 1 
L TJN2/AU
 
L TJN2/SE I
 
L TJN2/SE
 
L TJ I/AUI
 
L TJL/AU
 
L TJLI I
 
L TJLIJ
 
L TJ12/SFI
 
L IJLI/SF
 
L TAU/ FI
 
L TAU/SF
 
L TAU2/SE
 
L PJUL
 
L PAUG
 
L PSEP
 
L POCT
 
L PNOV
 
L PDEC 
L PMAY 
L PJUN 
L PJN2/JL 1 
L PJN/JLI 
L PJN/JL 
L PJN/AUI 
L PJN/AU
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L PJN/SE1 
L PJN/SE
 
L PJN2/JL
 
L PJN2/AUl 
L PJN2/AU
 
L PJL/AUI
 
L PJL/AU 
L PJL2/AU 
L HAUG 
L HSEP 
L HOCT 
L HNOV
 
L HDEC 
L HJN2/JL I 
L HJL2/AUl 
L HJL2/AU 
L PPJAN1
 
L PPJAN2
 
L PPFEBI
 
L PPMAR]
 
L PPOCT 
L PPNOV
 
L PPDEC 
L GJAN2 
L GSEP
 
L GOCT 
L GDEC 
L GJAN 
L GJL2/AU 
L GAU2/SE I 
L GJL2/SE I 
L GJL2/SE 
L GAU2/SE
 
L CJANI 
L CJAN2 
L CFEB1 
L CFEB2
 
L CMAR 1 
L CMAR2
 
L CNOV 
L KFEB2
 
L KMAR I 
L KMAR2 
L KDEC 
L FMAR 
L FAPR 
L RMAY 
L RJUN 
L RMY/JN 
L RMAY 
L B, JUN 
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L BMY/JN 
L DMAY
 
L WJUL 
L WAUG 
L WMAR
 
L WAPR
 
L WMAY 
L WJUN 
L WFE/MA 
L WMY/JN 
L SAUG
 
L ZNOV 
L ZFEF8
 
L OJANi
 
L OJAN2
 
L OFFI
 
L (FEB2
 
L CMAR I
 
L CMAR2 
L OJUL 
L OAUG 
L USE P 
L -OCT
 
L ONOV 
L ODEC 
L CJAN 
L OFE F1
 

L GMAR 
L CAPR 
L (MAY
 
L OJUN 
L CFF/MA 
L LMY/JN 
L C[JN?/JL I
 
L CJN2/AU
 
L GJL2/AUI 
L t'JL1?/AJ 
L fJAU, / ,r I 
E 4vPoc 1 
E ,P ()fC.IE *PNOJV
E *PDi- C 

F *PJAN 
c *4.Sf 1 
F *Q.rjC I 
F *fHJL AJ 
F *HIAUdI 
E *11 

r *PI 
E *lP2
 
E *P3 
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E *Ps I 
E *P9 2 
E *P'3 
E *Ql 
E *Q2 
E *Q3 
E *Q'11 
E *0'2 
E *Q'3 
E *Hl 
E *H2 
E *113 
E *81 
E $82 
E *133 
E 4,A I 
E *A2 
E #A3 
L *wEFfJ 
L OPHARV 
L *QHARV 

L *HJLAU2~
 
L #HJI AU3 
L *IIALJ'i I 
L *HAU I,1 9 
L OHAU'.! 3 

L *lif 0 6Vt 
L w ()w-)t 

L *AHARVI 

L *AitARV/ 
L #A4k 
L OAF Jk',)I 
L *A( p'tAY 
L OV0 I A I t 
L #Cmtjr, i~ 
L. #CHOtNIJ? 
L s*riJt, i 
L Of.1i NwA 
L *Gfit AN, 
L *Ci'I A%', 
E 0HAk' I I 
L. OHAkt.AY 
E *ALfI I 
L. * AL FHAY 
E OLPELTS 

http:OHAkt.AY
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E APELTS 
E *WOOL1. 
E *WOOL2 
E *WOOL3 
E *WOOL6 
E *RAMS 
E *EWFS 
E #WEIHFkS 
E *FLAMBS 
E *SALEAGK 
E *SAL FL IV 
E *TOTSALE 
F *R[V[ A B 
F #YRL ABi(JM 
E *OYL AH(]k 
E *YRWAI FR 
E *CAP IrAL 
E $F IXCOS I 
F *LANDOJSF 
E * RACT)R 
E *PL(jW 
E *1AHR (jW 
E *MOTPuM1 
E *PLAN Tt R 
E *oR Iu 
E *CUt I IV 
E OK INK 

*HAH Vi ')I 
E OFRAK 
E *4AI ( 
E eImr! R 
E *WAGOiN 
E 0 S() IFk 
E *PRINK 
E $AI FMAT 
E *W[DMAT 
L O'ORYMJUl 
L *flHYMAU(, 
L ORYM'J 11 
L *f)yMY ,(.t 
L R)HYMINI) v 
L *r, YMI;l (. 
L $O)HYM )AN 
L ,ORYMII P 
L *DR)YMMAk 
L OjHYMAl#( 
L OMkYMMAY 
L *[)RYM~jIJ 

COLUMNS 
1 ANDtIjtO OLAN(USE - 100000 
LABOK OYRL ABOR - 1.00000 *CAPi TAL 1.00000 
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LABOR 
OLABOR 
OLABOR 
WATER 
CAPITAI 
FCOSiPAY 
RFVLAR 

*REVLAB 
*OYLABOR 
*REVLAB 
*YkWATER 
*CAPIIAI 
9f XCO',r 
"fRf VLAB 

-
-
-
-
-

1.00000 
1.00000 
.25000 

1.00000 
1.00000 
1.00000 
1.00000 

*CAPITAL 

*MOTPUMP 
INCO4E 
INCCMF 

-

-

.25000 

.00450 

.08000 
1.00000 

TOYSALI 
SALUAGk 
SAlI-StIV 
PQIB 
PQB1 
PIQB1 
PVQBl 
PQ*8I 
PQ,'B 
P'' IIpH 
PQIBI 
PHQBI 
PHQFII 
PHOBI 

0 M ({TALF-
#II SALF 
010TSAI -

#.l 
*itl 
#P1 
#flA 
pl. 
il 

*Pl 
otil 
'fIHARVI -

1.00000 
1.00000 
1.00000 
1.0O0000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 

.O0000 
1.000O0 
1.0000 
1.00000 

*'SALEAGR 
#'ALFLIV 
0Q1 
* fiHARVI 
*JI 
,10HARVI 
*ill 
0P lARVl 
*i'I 
*iAR VI 
*1 
*i1 

-
-

-

-

-

-

1.00000 
1.00000 
1.03000 
1.00000 
1.00000 
1.03000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 

PHQBR 
PHtIl/ 
PHQ112 
PHQF 
PHQi 1 
PHR i 
P' HQP, I 
PoliHIu 
P 'HJi5 I 

OP2 
*,H 
*fMARV2 
oPi 
#11 
* 1iA kV S 
*'' I 
O 1 

MIA kV I 

-

-

-

1.00000 
1.0000 
I.ooo0() 
1.0000o 
I.00000 
1 .00000 
1.00000 
1.OOOO0 
1.0000o 

'4,2 
*R2 

*Q 
* 3 

*01 
i1 

1000000 
1.00000 

1.00000 
1.00000 

1.00000 
1.00000 

P ,i(5It") 
P1Huli2 
PU H H/ 
P'HQRi 

I1.000oo 

OtilAkV2 -
*1') 

l.OOOOO 
1, Ij)OOO 
1.OOOoU 

0 / 
* fi 

*k.j 

1.00000 
1.00000 

1.00000 
p1HQ.i 
PHQtB i 

eit 
hIHAAV 3 -

|.00000 
1.00000 

OR3 1.00000 

PHQ'l 
P'11 
PHOi' lil 
PHtQ'P5 

vil 
1 

*IPtARV 
,, 

I -

1.00000o 
1.O000ou 
I .0oooo 
1.0000o0 

*OQ1 
0 it 

*e 1 

1.00000 
1.00000 

1.00000 
PHQ It/
PHQ, it. 
PHQ' 3 
PHQ'RI 
PHO'li1 

oi 
' iHA RV 2 
*;p5 
Oil i 
0eilAkV J 

-

-

I. 000 
I I O00 
1.0000o 
.OOo0 

1.00000 

*it 

*We 1 
,*Rfi 1 

1.00000 

1.00000 
1.00000 

P'HO'P. 
P'HQ'FI 

IopOU1 
*It 

1.0000 
1.000o 

'' 1 
*R1 

1.00000 
1.00000 

P'Ho'RI 
PlHQef/ 
P'IH' "2 
P1HQmlJ' 

#IIIIARVl 
/*i 
*1 
I8HAkV2 

-

-

1.00000 
1.00000 
,.0000o 
1.00000 

Q'2 
0112 

1.00000 
1.00000 
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P'HQ$83 *P'3 1.00000 *Q93 1.00000 
P'HQ#B3 *H3 1.00000 *B3 1.00000 
PIHQ'B3 *BHARV3 L.00000 
PQBAl *PL 1.00000 *Ql 1.00000 
PQBAl *Bl L.00000 *Al 1.00000 
POBAl *BHARV1 1.00000 *AHARV1 - 4.00000 
PQBA2 *P2 1.00000 *Q2 1.00000 
PQBA2 *B2 1.00000 *A2 1.00000 
PQBA2 *BHARV2 1.00000 *AHARV2 - 4.00000 
PQBA3 *P3 1.00000 *Q3 1.00000 
PQBA3 *B3 1.00000 *A3 1.00000 
PQBA3 *BHARV3 - 1.00000 *AHARV3 - 4.00000 
P'QBAI *P'j 1.00000 *Q1 1.00000 
PIQBAl *B1 1.00000 *AI 1.00000 
PIQBAI *BHARVI 1.00000 *AHARVI - 4.00000 
PIQBA2 " '2 1.00000 *Q2 1.00000 
P'QBA2 *B? 1.00000 *A2 1.00000 
P'QBA2 *BHARV2 - 1.00000 *AHARV2 - 4.00000 
P'QBA3 *P'3 1.00000 *Q3 1.00000 
PeQBA3 *B3 1.00000 *A3 1.00000 
PIQBA3 *BHARV3 - 1.00000 *AHARV3 - 4.00000 
PQBAl *PI 1.00000 *Q' 1.00000 
PQOBAI *BI 1.00000 *AI 1.00000 
PQ'BAl *fIHARV1 - 1.00000 *AHARVI - 4.00000 
PQBA? *P2 1.00000 *Q12 1.00000 
PQBA2 *82 1.00000 *A? 1.00000 
PQ'BA2 *BHARV2 - 1.00000 *AHARV2 - 4.03000 
PQ@BA3 *P3 1.00000 *Q'3 1.00000 
PQ'BA3 *,B3 L.00000 *A3 1.00000 
PQ BA3 *[HARV3 - 1.00000 *AHARV3 - 4.00000 
PIQIBAI *P' 1.00000 *Q'I 1.00000 
PQ'Q Al *l 1.00000 *AI 1.00000 
PI°QBA] *RHARV1 - 1.00000 *AHARVI - 4.00000 
P°QOBA2 *f'? 1.00000 *Q'2 1.00000 
PIQ'BA2 *€2 1.00000 *A2 1.00000 
P IQ',8A2 *81ARV2 - 1.00000 *AHARV2 - 4.00000 
PIQ'qA3 *P'3 1.00000 *Q'3 1.00000 
PI'BA3 *13 1.00000 *A3 1.00000 
PIQIBA3 *IHARV 3 - 1.00000 *AHAR,'3 - 4.00000 
BARCONI * 4i1 1.00000 *BHARVI - 1.00000 
RARCON/ *R12 1.00000 *fiHARV2 - 1.00000 
ALFCONI *AI 1.00000 *AHARVI - 4.00000 
ALFCON? *A2 1.00000 *AHARV2 - 4.00000 
ALFCONI *A3 1.00000 *AHARV3 - 4.00000 
WEEP3 *WEFP 1.00000 *WDMAI - .13000 
WEEP4 *WFFP 1.00000 *WIDMAT - .12500 
WEEP5 *WEFP 1.00000 *W1EDi4A - .12000 
SHEEP JULL 344.00000 JUL2 368.00000 
SHEEP AUGI 344.00000 AUG2 376.46000 
SHEEP SEPI 726.75000 SEP2 726.75000 
SHEEP OC"I 726.75000 OCT 842.67000 
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SHEEP 
SHEEP 
SHEEP 
SHEEP 
SHEEP 
SHEEP 
SHEEP 
SHEEP 
SHEEP 
SHEEP 
SHEEP 
SHEEP 
SHEEP 
SHEEP 
SHEEP 
SHEEP 
SHEEP 
SHEEP 
SHEEP 
SHEEP 
SHEEP 
SHEEP 
SHEEP 
SHEEP 
SHEEP 
SHEEP 
SHEEP 
SHEEP 
SHEEP 
SHEEP 
SHEEP 
SHEEP 
SHEEP 
SHEEP 
SHEEP 
SHEEP 
SHEEP 
SHEEP 
SHEEP 
SHEEP 
SHEEP 
SHEEP 
SHEEP 
SHEEP 
SHEEP 
SHEEP 
SHEEP 

NOVI 
DECI 
JANI 
FEBI 
MARl 
APR1 
MAY. 
JUNI 
JUL 
SEP 
NOV 
JAN 
MAR 
MAY 
FE/MA 
JN2/JLI 
JL2/AUI 
AU2/SEI 
MY/JL 
MY/AU 
MY/SE 
JN/JL 
JN/AU 
JN/SE 
JN2/AUI 
JN2/SE 
JL/AU 
JL/SE 
JL2/SE 
AU/SF 
*YRLABOR 
OAUG 
OOCT 
OOEC 
OFER 
OAPR 
OJUN 
OMY/JN 
OJL2/AU 
WATJUL 
WATSEP 
WATNOV 
WATJAN 
WATMAR 
WATMAY 
*YRWATER 
*LPELTS 

368.00000 
348.53000 
372.53000 
348.00000 
408.42000 
448.00000 
448.00000 
375. 19000 
712.00200 

1453.50100 
750.72900 
761.06200 
803.42900 
944.00100 
1484.66000 
688.00000 
712.00000 

1103.21000 
2375.19500 
3096.65700 
4559.15800 
1431.19400 
2151.65600 
3605.15700 
1398.00200 
2229.96500 
1432.46400 
2885.96500 
2541.96300 
2173.96300 
10732.09300 

- .00200 
- .00200 
- .00200 
- .00100 
- .00100 
- .00200 
- .00300 
- .00200 

2.88100 
1.97000 

12.42100 
1.95900 

11.49100 
1,,47200 

46.05800 
- 34.50000 

NOV2 
DEC2 
JAN2 
FEB2 
MAR2 
APR2 
MAY2 
JUN2 
AUG 
OCT 
DEC 
FEB 
APR 
JUN 
MY/JN 
JN2/AU 
JL2/AU 
MY/JLI 
MY/AUI 
MY/SEI 
JN/JLI 
JN/AUI 
JN/SEI 
JN2/JL 
JN2/SE1 
JL/AUI 
JL/SEI 
JL2/SEI 
AU/SE1 
AU2/SE 
OJUL 
OSEP 
ONOV 
OJAN 
OMAR 
OMAY 
OFE/MA 
OJN2/AU 
*OYLABOR 
WATAUG 
WATOCT 
WATOEC 
WAIFEB 
WATAPR 
WAIJUN 
*CAPITAL 
*APELTS 

382.72000 
372.53000 
388.53000 
333.23000 
395.00000 
448.00000 
496.00000 
344.00000 
720.46200 
1569.42200 
721.06200 
681.23100 
896.00100 
719.19200 
1663.19300 
1776.46400 
1088.46200 
2007.19300 
2719.19500 
3832.40700 
1063.19200 
1775.19400 
2878.40600 
1056.00200 
1503.21400 
1056.00200 
2159.21400 
1815.21200 
1447.21260 
1829.96100 

- .00200 
- .00100 
- .00900 
- .00100 
- .00900 
- .00100 
- .01000 
- .00400 

.03300 
2.85000 
2.48700 
2.24300 
1.88200 
1.48800 
2.92300 

13344.95200 
- 17.00000 

SHEEP 
SHEEP 
SHEEP 

*WOOLI 
*WOOL3 
*RAMS 

-
-
-

661.49000 
23.93000 
1.50000 

*w00L2 
*WOOL6 
*EWES 

-
-
-

25.42000 
30. 16000 
24.00000 

SHEEP *WETHERS - 81.00000 *FLAMBS - 16.00000 
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SHEEP *DRYJJUL 10.36440 *ORYMAUS 13.39650 
SHEEP *DRYMSEP 11.79450 *DRYMOCT 12.43170 
SHEEP *DRYMNCV 11.19420 *DRYMDEC 9.72360 
SHEEP *DRYMJAN 13.03470 *DRYMFEB 12.14370 
SHEEP *DRYPMAR 10.95570 *DRYMAPR 9.89460 
SHEEP *DRYMMAY 10.34910 *DRYMJUN 9.86580 
SHEEP INCOME 16646.12100 
POCT JANI 3.69600 FEBI 2.46400 
POCT FEB2 9.66400 SEP 6.75400 
POCT OCT 12.92800 JAN 3.69600 
POCT FEB 12.12800 JUN 3.69600 
POCT FE/MA 12. 12800 MY/JN 3.69600 
POCT MY/JL1 3.69600 MY/JL 3.69600 
POCT 
POCT 

MY/AUI 
MY/SEl 

3.69600 
3.69600 

MY/AU 
MY/SE 

3.69600 
10.45000 

POCT JN/JL1 3.69600 JN/JL 3.69600 
POCT 
POCT 

JN/AUl 
JN/SEI 

3.69600 
3.69600 

JN/AU 
JN/SE 

3.69600 
10.45000 

POCT JL/SE 6.75400 JL2/SE 6.75400 
POCT AU/SE 6.75400 AU2/SE 6.75400 
POCT *YRLABOR 39.20200 OJANI - 3.69600 
POCT OFEBI - 2.46200 OFEB2 - .06400 
POCT OSEP - 6.75400 OOCT - 4.92800 
POCT OJAN - 3.69600 OFFB - 2.52800 
POCT OJUN - 3.69600 OFE/MA - 2.52800 
POCT OMY/JN - 3.69600 *OYLABOR 21.60200 
POCT TJANI 3.30000 TFEBI 2.20000 
POCT TSEP 6.05000 TOCT 4.40000 
POCT TJAN 3.30000 TJUN 3.30000 
POCT TFE/MA 2.20000 TMY/JN 3.30000 
POCT TMY/AUI 3.30000 TMY/AU 3.30000 
POCT TMY/SE1 3.30000 TMY/SE 3.30000 
POCT TJN/JLI 3.30000 TJN/JL 3.30000 
POCT TJN/AUl 3.30000 TJN/AU 3.30000 
POCT TJN/SEI 3.30000 TJN/SE 9.35000 
POCT TJN2/SE 6.05000 TJL/SE 6.05000 
POCT TJL2/SF 6.05000 TAU/SE 6.05000 
POCT TAU2/SE 6.05000 PSEP 3.30000 
POCT 
POCT 

PJUN 
PJN/JL 

3.30000 
3.30000 

PJN/JLI 
PJN/AUl 

3.30000 
3.30000 

POCT PJN/AU 3.30000 HSEP 1.65000 
POCT PPOCT 4.40000 PPJANI, 1.10000 
POCT CJANI 2.20000 CFEBI 2.20000 
POCT KFE82 3.20000 *CAPITAL 1906.77700 
POCT *POCT - 1.00000 *TRACTOR 19.25000 
POCT *PLOW 6.60000 *HARROW 1.65000 
POCT *PLANTER 5.50000 *CULTIV 4.40000 
POCT *KINK 3.20000 INCOME - 1906.77700 
PNOV JAN2 3.69600 FEB2 2.46400 
PNOV MARL 9.66400 OCT 6.75400 
PNOV NOV 12.92800 JAN 3.69600 
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PNOV FEB 2.46400 MAR 9.66400 
PNOV JUN 3.69600 FE/MA 12.12800 
PNOV MY/JN 3.69600 MY/JLI 3.69600 
PNOV MY/JL 3.69600 MY/AUL 3.69600 
PNOV MY/AU 3.69600 MY/SE1 3.69600 
PNOV MY/SE 3.69600 JN/JL1 3.69600 
PNOV JN/JL 3.69600 JN/AU[ 3.69600 
PNOV JN/AU 3.69600 JN/SEI 3.69600 
PNOV JN/SE 3.69600 *YRLABOR 39.20200 
PNOV OJAN2 - 3.69600 OFEB2 - 2.46400 
PNOV OMARI - .06400 OOCT - 6.75400 
PNOV ONOV - 4.92800 OJAN - 3.69600 
PNOV OFEB - 2.46400 OMAR - .06400 
PNOV OJUN - 3.69600 OFE/MA - 2.52800 
PNOV OMY/JN - 3.69600 *OYLABOR 21.60200 
PNOV TJAN2 3.30000 TFEB2 2.20000 
PNOV TOCT 6.05000 TNOV 4.40000 
PNOV TJAN 3.30000 TJUN 3.30000 
PNOV TFE/MA 2.20000 TMY/JN 3.30000 
PNOV TMY/JLl 3.30000 TMY/JL 3.30000 
PNOV TMY/AUI 3.30000 TMY/AU 3.30000 
PNOV TMY/SE1 3.30000 TMY/SE 3.30000 
PNOV TJN/JLI 3.30000 TJN/JL 3.30000 
PNOV TJN/AU1 3.30000 TJN/AU 3.30000 
PNOV TJN/SEI 3.30000 TJN/SE 3.30000 
PNOV POCT 3.30000 PJUN 3.30000 
PNOV PJN/JL1 3.30000 PJN/JL 3.30000 
PNOV PJN/AUl 3.30000 PJN/AU 3.30000 
PNOV HOCT 1.65000 PPNOV 4.40000 
PNOV PPJAN2 1.10000 CJAN2 2.20000 
PNOV CFEB2 2.20000 KMARI 3.20000 
PNOV *CAPITAL 1906.77700 *TRACTOR 19.25000 
PNOV *PLOW 6.60000 *HARROW 1.65000 
PNOV *PLANTER 5.50000 *CULTIV 4.40000 
PNOV *KINK 3.20000 *PNOV 1.00000 
PNOV INCOME - 1906.77700 
PDEC FEBI 3.69600 FEB2 2.46400 
POEC MARI 9.66400 NOV 6. 75400 
POEC DEC 12.92800 FFB 6.15000 
PDEC MAR 9.64400 JUN 3.69600 
PDEC FE/MA 15.82400 MY/JN 3.69600 
PDEC MY/JLI 3.69600 MY/JL 3.69600 
PDEC MY/AUL 3.69600 MY/AU 3.69600 
POEC MY/SE1 3.69600 MY/SE 3.69600 
POEC JN/JLI 3.69600 JN/JL 3.69600 
PDEC 
PDEC 

JN/AUI 
JN/SEI 

3.69600 
3.69600 

JN/AU 
JN/SE 

3.69600 
3.69600 

POEC *YRLABOR 39.20200 OFEBI - 3.69600 
POEC OFEB2 - 2.46400 OMARI - .06400 
POEC ONOV - 6.75400 ODEC - 4.92800 
PDEC OFEB - 6. 16000 OMAR - .06400 
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PDEC OJUN - 3.69600 OFE/MA - 6.22400 
PDEC OMY/JN - 3.69600 *OYLABOR 21.60200 
PDEC TFEBI 3.30000 TFEB2 2.20000 
PDEC TNOV 6.05000 TDEC 4.40000 
POEC TJUN 3.30000 TFE/MA 5.50000 
PDEC TMY/JN 3.30000 TMY/JL 3.30000 
PDEC TMY/JL 3.30000 TMY/AUl 3.30000 
PDEC 
PDEC 

TMY/AU 
TMY/SE 

3.30000 
3.30000 

TMY/SE1 
TJN/JLI 

3.30000 
3.30000 

PDEC TJN/JL 3.30000 TJN/AUI 3.30000 
PDEC TJN/AU 3.30000 TJN/SEI 3.30000 
PDEC TJN/SE 3.30000 PNOV 3.30000 
POEC PJUN 3.30000 PJN/JLL 3.30000 
POEC 
POEC 

PJN/JL 
PJN/AU 

3.30000 
3.30000 

PJN/AUI 
HNOV 

3.30000 
1.65000 

PDEC PPDEC 4.40000 PPFEB1 1.10000 
POEC CFEBI 2.20000 CFEB2 2.20000 
PDEC KMARI 3.20000 *CAPITAL 1906.77700 
PDEC *PDEC - 1.00000 *TRACTOR 19.25000 
PDEC *PLOW 6.60000 *HARROW 1.65000 
POEC *PLANTER 5.50000 *CULTIV 4.40000 
PDEC *KINK 3.20000 INCOME - 1906.77700 
PJAN JANI 12.92800 MARI 3.69600 
PJAN MAR2 12.12800 DEC 6.75400 
PJAN JAN 12.92800 MAR 15.82400 
PJAN JUN 3.69600 FE/MA 15.82400 
PJAN MY/JN 3.69600 MY/JLI 3.69600 
PJAN MY/JL 3.69600 MY/AUl 3.69600 
PJAN MY/AU 3.69600 MY/SE1 3.69600 
PJAN MY/SE 3.69600 JN/JLl 3.69600 
PJAN JN/JL 3.69600 JN/AUI 3.69600 
PJAN JN/AU 3.69600 JN/SEI 3.69600 
PJAN JN/SE 3.69600 *YRLABOR 39.20200 
PJAN OJANI - 4.92800 OMARI - 3.69600 
PJAN OMAR2 - 2.52800 ODEC - 6.75400 
PJAN OJAN - 4.92800 OMAR - 6.22400 
PJAN OJUN - 3.69600 OFE/MA - 6.22400 
PJAN OMY/JN - 3.69600 *OYLABOR 21.60200 
PJAN TJANI 4.40000 TMAR1 3.30000 
PJAN TMAR2 2.20000 TDFC 6.05000 
PJAN TJAN 4.40000 TMAR 5.50000 
PJAN TJUN 3.30000 TFE/MA 5.50000 
PJAN TMY/JN 3.30000 TMY/JL1 3.30000 
PJAN TMY/JL 3.30000 TMY/AUI 3.30000 
PJAN TMY/AU 3.30000 TMY/SE 3.30000 
PJAN TMY/SE 3.30000 TJN/JLI 3.30000 
PJAN TJN/JL 3.30000 TJN/AU 3.30000 
PJAN TJN/AU 3.30000 TJN/SE1 3.30000 
PJAN TJN/SE 3.30000 PDEC 3.30000 
PJAN PJUN 3.30000 PJN/JLI 3.30000 
PJAN PJN/JL 3.30000 PJN/AU1 3.30000 
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PJAN 
PJAN 
PJAN 
PJAN 
PJAN 
PJAN 
PJAN 
PJAN 
QSEP 
QSEP 
QSEP 
QSEP 
QSEP 
QSEP 
QSEP 
QSEP 
QSEP 
QSEP 
QSEP 
QSEP 
QSEP 
QSEP 
QSEP 

PJN/AU 
PPJAN1 
CMARI 
KMAR2 
*PJAN 
*PLOW 
*PLANTER 
*KINK 
JUL 
SEP 
JAN 
JL2/AU 
MY/AU 
MY/SE 
JN/AU 
JN/SE 
JN2/AUl 
JL/AU 
JL/SE 
JL21SE 
AU/SE 
*YRLABOR 
OAUG 

-

-

3.30000 
4.40000 
2.20000 
3.20000 
1.00000 
6.60000 
5.50000 
3.20000 
3.69600 
2.23200 

49.23200 
6.75400 

10.45000 
12. 68200 
10.45000 
12.68200 
10.45000 
10.45000 
12.68200 
8.98600 
8.98600 

109.91400 
6.75400 

HDEC 
PPMARI 
CMAR2 
*CAP[ TAL 
*TRACTOR 
*HARROW 
*CULTIV 
INCCME 
AUG 
DEC 
JN2/AU 
MY/JL 
MY/SE1 
JN/JL 
JN/SEI 
JN2/JL 
JN2/SEI 
JL/SEL 
JL2/SEL 
AU/SEI 
AU2/SE 
OJUL 
OSEP 

-

-

-

1.65000 
1.10000 
2.20000 

1906. 77700 
19.25000 
1.65000 
4.40000 

1906.77700 
6.75400 

48.00000 
10.45000 
3.69600 

10.45000 
3.69600 

10.45000 
10.45000 
12.68200 
10.45000 
6.75400 
6.75400 
2.23000 
3.69600 
1.23200 

QSEP 
QSEP 
QSEP 
QSEP 
QSEP 
QSEP 
QSEP 
QSEP 
QSEP 
GSEP 
QSEP 
QSEP 
CSEP 
QSEP 
CSEP 
QSEP 
QSEP 
CSEP 
QSEP 
QSEP 
QSEP 
QSEP 
QSEP 
QSEP 
OSEP 
QSEP 
QSEP 
QSEP 

OJAN 
OJL2/AU 
TJUL 
TSEP 
TJL2/AU 
TMY/AUI 
TMY/SEI 
TJN/JL 
TJN/AU 
TJN/SE 
TJN2/AUl 
TJN2/SEL 
TJL/AUI 
TJL/SEI 
TJL2/SEI 
TAU/SEI 
TAU2/SE 
PAUG 
PJN/AUI 
PJN2/JL 
PJN2/AU 
PJL/AU 
HAUG 
GSEP 
GJL2/SE 
*CAP[TAL 
*TRACTOR 
*HARROW 

-

-

1.23200 
6.75400 
3.30000 
1.10000 
6.05000 
3.30000 
9.35000 
3.30000 
9.35000 
10.45000 
3.30000 
9.35000 
3.30000 
9.35000 
6.05000 
6.05000 
1.10000 
3.30000 
3.30000 
3.30000 
6.60000 
6.60000 
1.65000 
1.10000 
1.10000 

195.42000 
11.55000 
1.65000 

OJN2/AU 
*OYLABOR 
TAUG 
TJAN 
TMY/JL 
TMY/AU 
TMY/SE 
TJN/AUI 
TJN/SEI 
TJN2/JL 
TJN2/AU 
TJN2/SE 
TJL/AU 
TJL/SE 
TjL2/SE 
TAU/SE 
PJUL 
PJN/JL 
PJN/AU 
PJN2/AUI 
PJL/AUI 
PJL2/AU 
HJL 2/AU 
GJAN 
GAU2/SE 
*QSFP 
*PLOW 
*DRILL 

-

-

10.45000 
12.91400 
6.05000 
1.10000 
3.30000 
9.35000 
10.45000 
3.30000 
9.35000 
3.30000 
9.35000 

10.45000 
9.35000 

10.45000 
7.15000 
7.15000 
3.30000 
3.30000 
6.60000 
3.30000 
3.30000 
3.30000 
1.65000 
1.10000 
1.10000 
1.00000 
6.60000 
2.20000 
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QSEP INCOME - 195.42000 
QOCT JAN1 48.00000 JAN2 49.23200 
QOCT JUL 3.69600 SEP 6.75400 
QOCT OCT 2.23200 JAN 97.23200 
QOCT 
0OCT 

JN2/AU 
MY/AUI 

3.69600 
3.69600 

MY/JL 
MY/AU 

3.69600 
3.69600 

QOCT MY/SEI 3.69600 MY/SE 10.45000 
QOCT JN/JL 3.69600 JN/AU1 3.69600 
QOCT JN/AU 3.69600 JN/SEI 3.69600 
QOCT JN/SE 10.45000 JN2/JL 3.69600 
QOCT JN2/AU[ 3.69600 JN2/SEI 3.69600 
QOCT JN2/SE 10.45000 JL/AUl 3.69600 
QOCT JL/AU 3.69600 JL/SEI 3.69600 
QOCT JLI/SE 10.45000 JL2/SE 6.75400 
QOCT AU/SE 6.75400 AU2/SE 6.75400 
QOCT *YRLABOR 109.91400 OJAN2 - 1.23200 
QOCT OJUL - 3.69600 OSEP - 6.75400 
OCT OC - 1.23200 OJAN - 1.23200 

QOCI OJN2/AU - 4.34900 *OYLABOR 12.91400 
QOCT TJAN2 1.10000 TJUL 3.30000 
COCT TSEP 6.05000 TOCT 1.10000 
QOCT TJAN 1.10000 TMY/JL 3.30000 
QOCT TMY/AU1 3.30000 IMY/AU 3.30000 
QOCT TMY/SE1 3.30000 TMY/SE q.35000 
QOCT TJN/JL 3.30000 TJN/AUI 3.30000 
QOCT TJN/AU 3.30000 TJN/SEL 3.30000 
QOCT TJN/SE 9.35000 TJN2/JL 3.30000 
QOCT TJN2/AUI 3.30000 TJN2/AU 3.30000 
QOCT TJN2/SEl 3.30000 TJN2/SE 9.35000 
QOCT TJL/AUI 3.30000 TJL/AU 3.30000 
QOCT TJL/SEL 3.30000 TJL/SE 9.35000 
QOCT TJL2/SE 6.05000 TAU/SF 6.05000 
QOCT TAU2/SE 6.05000 PJUL 3.30000 
QOCT PSEP 3.30000 PJN/AUI 3.30000 
COCT PJN/AU 3.30000 PJN2/JL 3.30000 
QOCT PJN2/AUl 3.30000 PJN2/AU 3.30000 
COCT PJL/AUl 3.30000 PJL/AU 3.30000 
QOCT HSEP 1.65000 GJAN2 1.10000 
COCT GOCT 1.10000 GJAN 1.10000 
QOCT *CAPITAL 195.42000 *QOCT - 1.00000 
COCT *TRACTOR 11.55000 *PLOW 6.60000 
QOCT *HARROW 1.65000 *DRILL 2.20000 
QOCT INCOME - 195.42000 
HJLAU NOV 2.46400 DEC 9.66400 
HJLAU MAY 3.69600 MY/JN 3.69600 
HJLAU JN2/JLI 6.75400 JN2/AU 11.21800 
HJLAU JL2/AU 4.46400 MY/JL. 10.45000 
HJLAU MY/JL 10.45000 MY/AUL 10.45000 
HJLAU MY/AU 14.91400 MY/SEl 14.91400 
HJLAU MY/SE 14.91400 JN/JLI 6.75400 
HJLAU JN/JL 6.75400 JN/AUl 6.75400 
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HJLAU JN/AU 6.75400 JN/SEI 6.75400 
HJLAU JN/SE 6.75400 JN2/JL 6.75400 
HJLAU JN2/AUl 6.75400 JN2/SEI 6.75400 
HJLAU JN2/SE 6.75400 JL/AU 4.46400 
HJLAU JL/SE1 4.46400 JL/SE 4.46400 
HJLAU JL2/SE1 4.46400 JL2/SE 4.46400 
HJLAU *YRLABOR 27.04200 ONOV - 2.46400 
HJLAU ODEC - .06400 OMAY - 3.69600 
HJLAU OMY/JN - 3.69600 OJN2/JLI - 6.75400 
HJLAU OJN2/AU - 9.21800 OJL2/AU - 2.46400 
HJLAU *OYLABOR 15.44200 TNOV 2.20000 
HJLAU TMAY 3.30000 TMY/JN 3.30000 
HJLAU TJN2/JL1 6.05000 TJL2/AU 2.20000 
HJLAU TMY/JL1 9.35000 TMY/JL 9.35000 
HJLAU TMY/AUI 9.35000 TMY/AU 11.55000 
HJLAU TMY/SEI 11.55000 TMY/SE 11.55000 
HJLAU TJN/JLL 6.05000 TJN/JL 6.05000 
HJLAU TJN/AUl 6.05000 TJN/AU 8.25000 
HJLAU TJN/SEI 8.25000 TJN/SE 8.25000 
HJLAU TJN2/JL 6.05000 TJN2/AUl 6.05000 
HJLAU 
HJLAU 

TJN2/AU 
TJN2/SE 

8.25000 
8.25000 

TJN2/SEI 
TJL/AU 

8.25000 
2.20000 

HJLAU TJL/SE1 2.20000 TJL/SE 2.20000 
HJLAU TJL2/SEI 2.20000 TJL2/SE 2.20000 
HJLAU PMAY 3.30000 PJN2/JL1 3.30000 
HJLAU PJN/JL1 3.30000 PJN/JL 3.30000 
HJLAU PJN/AU 3.30000 PJN/AU 3.30000 
HJLAU PJN2/JL 3.30000 PJN2/AUI 3.30000 
HJLAU PJN2/AU 3.30000 HJN2/JL 1.65000 
HJLAU GJL2/AU 2.20000 GJL2/SEI 2.20000 
HJLAU GJL2/SE 2.20000 CNOV 2.20000 
HJLAU KDEC 3.20000 *CAPITAL 530.51700 
HJLAU *HJLAU - 1.00000 *TRACTOR 13.75000 
HJLAU *PLOW 6.60000 *HARROW 1.65000 
HJLAU *DRILL 2.20000 *CULTIV 2.20000 
HJLAU *KINK 3.20000 INCO]ME 530.51700 
HAUSE NOV 2.46400 DEC 9.66400 
HAUSE MAY 3.69600 MY/JN 3.69600 
HAUSE JN2/AU 6.75400 JL2/AUl 6.75400 
HAUSE JL2/AU 6.75400 AU2/SEI 4.464,00 
HAUSE MY/JLI 3.69600 MY/JL 3.69600 
HAUSE MY/AUI 10.45000 MY/SEi 14.91400 
HAUSE MY/SE 14.91400 JN/AUI 6. 75400 
HAUSE JN/AU 6.75400 JN/SEI 11.21800 
HAUSE JN/SE 11.21800 JN2/AU1 11.21800 
HAUSE JN2/SE1 11.21800 JN2/SE 11.21800 
HAUSE JL/AUI 6.75400 JL/AU 6.75400 
HAUSE JL/SEI 11.21800 JL/SE 11.21800 
?hAUSE JL2/SEI 11.21800 JL2/SE 11.21800 
HAUSF AU/SEI 4.46400 AU/SE 4.46400 
HAUSE AU2/SE 4.46400 *YRLABOR 27.04200 
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HAUSE 
HAUSE 
HAUSE 
HAUSE 
HAUSE 

ONOV 
OMAY 
OJN2/AU 
OJL2/AU 
*OYLABOR 

-
-
-
-

2.46400 
3.69600 
6.75400 
6.75400 
15.44200 

ODEC 
OMY/JN 
OJL2/AUI 
OAU2/SE1 
TNOV 

-

-
-
-

.06400 
3.69600 
6.75400 
2.46400 
2.20000 

HAUSE 
HAUSE 
HAUSE 
HAUSE 
HAUSE 
HAUSE 
HAUSE 
HAUSE 
HAUSE 
HAUSE 
HAUSE 
HAUSE 
HAUSE 
HAUSE 
HAUSE 
HAUSE 
HAUSE 
HAUSE 
HAUSE 
HAUSE 
HAUSE 
HAUSF 

TMAY 
TJL2/AUI 
TAU2/SEI 
IMY/JL 
TMY/AU 
TMY/SE 
IJN/AU 
TJN/SF 
TJN2/AU 
TJN2/SE 
TJL/AU 
TJL/SE 
TJL.2/SE 
TAU/SE 
PMAY 
PJN/AU 
PJN2/AU 
PJL/AU 
HJL2/AUl 
GAU2/SE1 
GJL2/SE 
CNOV 

3.30000 
6.05000 
2.20000 
3.30000 
9.35000 
11.55000 
6.05000 
8.25000 
6.05000 
8.25000 
6.05000 
8.25000 
8.25000 
2.20000 
3.30000 
3.30000 
3.30000 
3.30000 
1.65000 
2.20000 
2.20000 
2.20000 

TMY/JN 
TJL2/AU 
TMY/JL1 
TMY/AU1 
TMY/SE1 
TJN/AUI 
TJN/SEI 
TJN2/AUI 
TJN2/SE1 
TJL/AU. 
TJL/SEI 
TJL2/SF1 
TAU/SEI 
TAU2/SE 
PJN/AUI 
PJN2/AUI 
PJL/AUI 
PJL2/AU 
HJL2/AU 
GJL2/SEI 
GAU2/SE 
KDEC 

3.30000 
6.05000 
3.30000 
9.35000 

11.55000 
6.05000 
8.25000 
6.05000 
8.25000 
6.05000 
8.25000 
8.25000 
2.20000 
2.20000 
3.30000 
3.30000 
3.30000 
3.30000 
1.65000 
2.20000 
2.20000 
3.20000 

HAUSE 
HAUSE 

*CAPITAL 
*TRACTOR 

530.51700 
13,75000 

*HAUSE 
*PLOW 

- 1.00000 
6.60000 

HAUSE 
HAUSF 

*HARROW 
*CULTIV 

1.65000 
2.20000 

*DRILL 
*KINK 

2.20000 
3.20000 

HAUSE INCOMF - 530.51700 
BARL NOV 6.75400 DEC 2.23200 
BARk JAN 2.23200 JUN 3.69600 
BARL 
BARL 
BARk 
BARk 
BARI 
BARL 
BARL 

MY/JN 
UY/JL 
MY/AU 
MY/SE 
JN/JL 
JN/AU 
JN/SE 

3.69600 
3.69600 
3.69600 
3.69600 
3.69600 
3.69600 
3.69600 

MY/JLI 
MY/AUl 
MY/SE] 
JN/JLl 
JN/AU1 
JN/SE1 
*YRLABOR 

3.69600 
3.69600 
3.69600 
3.69600 
3.69600 
3.69600 

14.91400 
BARL ONOV - 6.75400 ODEC 1.23200 
EARL OJAN - 1.23200 OJUN 3.69600 
RARL 
BARL 
BARL 

OMY/JN 
TNOV/ 
TJAN 

3.69600 
6.05000 
1.10000 

*OYLABOR 
IDEC 
TJUN 

12.91400 
1.10000 
3.30000 

BARL 
BARL 
EARL 
BARL 
EARL 

TMY/JN 
rMY/JL 
TMY/AU 
TMY/SE 
TJN/JL 

3.30000 
3.30000 
3.30000 
15.95000 
3.30000 

TMY/JLI 
TMY/AUI 
TMY/SE1 
TJN/JLE 
TJN/AUl 

3.30000 
3.30000 
3.30000 
3.30000 
3.30000 
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8ARL 
BARL 
BARL 
BARL 

TJN/AU 
TJN/SE 
PJUN 
PJN/JL 

3.30000 
15.95000 
3.30000 
3.30000 

TJN/SEI 
PNOV 
PJN/JLI 
PJN/AU 

3.30000 
3.30000 
3.30000 
1.30000 

BARL 
BARL 
BARL 
BARL 
BARL 
BARL 
BARL 
ALFAL 
ALFAL 
ALFAL 
ALFAL 
ALFAL 
ALFAL 

PJN/AU 
PJN/SEI 
HNOV 
GJAN 
*B 
*PLOW 
*DRILL 
SFP 
NOV 
JAN 
JUN 
MY/JN 
MY/JI 

-

3.30000 
3.30000 
1.65000 
1.10000 
1.00000 
6.60000 
2.20000 

80.67400 
75.240o 
2O.821O0 

3.6960O 
3.69 6u0 
3.691(00 

PJN//JL 
Pl/*4do0 
(,0Lf U 
*CA1I [At 
4 I A IOR 
*HAH(ITW 
1 %(. 0tr 
JC1 
L ( 

f fi 
f /MA 
MY/J! I 
MY Aol 

3*30000 
1O)O0 
1.100oo 

31b, b/UJo 
11 .• "l4ot 
I .t6,000 

$1, 14030 
65.LI/9Ju 

3.01,iO00 
61. 111j 
69 * I s1JO 

1. 69s0 
.69 t 0 J 

ALFAL 
ALFAL 
ALFAL 
ALFAL 
ALFAL 
ALFAL 
ALFAL 
ALFAL 
ALFAL 
ALFAL 
ALFAL 
ALFAL 
ALFAL 
ALFAL 
ALFAL 
ALFAL 
ALFAL 
ALFAL 
ALFAL 
ALFAL 
ALFAL 
ALFAL 
ALFAL 
ALFAL 
ALFAL 
ALFAL 
ALFAL 
ALFAL 
ALFAL 
ALFAL 
ALFAL 
ALFAL 
ALFAL 
ALFAL 

MY/AU 
MY/SE 
JN/JL 
JN/AU 
JN/SF 
JL/E 
AU/SE 
*YRL ABGR 
OOCT 
ODEC 
0FER 
OFE/MA 
*OYLABCR 
WA flCT 
WAT EC 
WATFEB 
TSEP 
TJUN 
TMY/JLl 
TMY/AUl 
TMY/SEI 
TJN/JLI 
TJN/AUI 
TJN/SE1 
TJN?/JL 
TJN2/AU 
TJN2/SE 
TJL?/SE 
TAU2/SE 
PJUN 
PJN/JL 
PJN/AU 
GOC 
*A 

-
-
-
-

-

3.69600 
84.31JO00 
3.69600 
3.69600 

84.31000 
80.6 140o 
80.61401 

319.3 180( 
3. 4'89 00 
l./ H600 
1. 3800 
I. i 3h 00 

/.?400c 
601.91100 
346.1") 100 
376. 1400) 
1?.65000 
3.30000 
3.30000 
1. 30000 
3.30000 
3. 3000") 
3. 1OO0 
3. )0000 
3.30000 
3. 0000 

l').95000 
1?.65000 
l. ,',o00 
1.l000o 
3.30000 
1.30000 
101000 
1.00000 

MY/'-f 1 
.AJ/. i1 
JN/A0 1 
JN/ f-I 
.N//',I 
J?/lf 
AIJ2/Sf 
i) t 
OIN) V 
( JAN 
(JJUN 
1)MY/JN 
WAISi 11 

A I N)V 
WA!,JAN 
*YRWAIF 
IIC 1 
IMY/JN 
TMY/,JL 
IMY/AU 
IMY /)f 
IJNof) 
1JN'AU 
TJ N/I-) F 
I.JN//AUI 
IjN//Sf. 
LJI /, 
fAU/r 

i" P 
PhJN/J i1i. 
PJ /AUI 
1'6 P 
*CAPITAL 
*TRACTOR 

-

-

-

-

-

. to 63 J 
.,9f1O 
$.6960t0 
3. ,; 600 

80.674UO 
80. to74O0 
8001.,OO 
15. 4900 

1. ''0(l 
., '0O 

36O9600 
1.69600 

4W. 'j,9100 
400. 4F 33U 
II I o 46000 

1.306.U5OOo 
1.10000 
1. 10000 
3.10000 
$. 0000 

15.91)000 
3.10000 
3. 10000 

115.q5000 
1.10000 
3. 10000 

1.615000 
1/.605000 

1. 100O 
10000 

. iJ00o 
1.1s'6000 

4,44.40000 
17.0,000 
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OMAYV 

.21300 

.27300 

.27300 

.27300 

.01400 
Pt(ftqA14V 
P01104Auv 

If iU0 
IMAY 

01400 
601,M) 

O)YI AAOI) 
TMY/JN 

.01400 

.OLZOO 
POtIA4'V 
PQ1 ofA 14v 
P0114AJ4V 
POt 14A 14V 
POtiIAN v 

TMyIAj 
I M Y/ AU 
tMy/ 'J 1 
D)AY 
41,~ tI. I 

601#100 
vI 
*0( 00 
.0100 
01?00 

1MY /.) I.01200 
I00JMY /A u 
~ 
*THACIO4 

.01200 

.m/01200 
.01200 

ou I HAU v *1.LARV 1.000000 0QU INUA - 1600000 
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QUIHARV JUN 1.33300 JUL 1.84700 
QUIHARV MY/JN 1.33300 JN2/AU 1.84700 
QUIHARV 
QUIHARV 
QUIHARV 
QUIHARV 

MY/JII 
MY/AUI 
MY/SEI 
JN/JLI 

1.33300 
3,18000 
3.18000 
1.33300 

MY/JL 
MY/AU 
MY/SE 
JN/JL 

3.18000 
3.18000 
3.18000 
3.18000 

QUIHARV 
CUIHARV 
QUIHARV 
QUIHARV 
QUIHARV 

JN/AUI 
JN/SE1 
JN2/JL 
JN2/SE1 
JL/AUI 

3.18000 
3.18000 
1.84700 
1.84700 
1.84700 

JN/AU 
JN/SE 
JN2/AU 
JN2/SE 
JL/AU 

3.18000 
3.18000 
1.84700 
1.84700 
1.84700 

QUIHARV 
QU!HARV 

JI/SEt 
*YRLABOR 

1.84700 
3.18000 

JL/SE 
OJUL 

1.84700 
.01900 

QUIHARV OJN2/AU - .01900 *OYLABOR .01900 
CUIHARV 
QUIHARV 
CUIHARV 
CUIHARV 
QUIHAkV 
CUIHARV 

TJUL 
TMY/AUI 
fMY/SE1 
TJN/JL 
TJN/AU 
TJN/SE 

.01700 

.01700 

.01700 

.01700 

.01700 

.01700 

TMY/JL 
TMY/AU 
TMY/SE 
TJN/AUl 
TJN/SEL 
TJN2/JL 

.01700 

.01700 

.01700 

.01700 

.01700 

.01700 
QUIHARV TJN21AUI .01700 TJN2/AU .01700 
QUIHARV 
CUIHARV 

TJN2/SEI 
TJL/AU1 

.01700 
.01700 

TJN2/SE 
IJL/AU 

.01700 

.01700 
QUIHARV TJL/SEI .01700 IJL/SE .01700 
QUIHARV WJUL .01700 *TRACTOR .01700 
QUIHARV 
GHHARV 

*WA(;GN 
*HiFORGH 

.01700 
1.00000 *GBEANS - 1.00000 

GHHAkV 
GHHARV 

FE/MA 
OFE/-IA -

.20600 

.01900 
*YRLABOR 
*OYLABOR -

.20600 

.01900 
GHHARV 
GHHARV 

TFE/MA 
*kRACTOR 

.01700 

.01700 
WFE/MA 
*WAGON 

.01700 

.01700 
DHHARV *HFORDH 1.00000 *DBEANS - 1.00000 
DHHARV 
DHHARV 

MAY 
MY/JLI 

.91900 

.91900 
MY/JN 
MY/JL 

.91900 

.91900 
OHHARV 
DHHARV 

MY/AUI 
MY/SEI 

.91900 

.91900 
MY/AU 
MY/SE 

.91900 

.91900 
DHHARV *YRLAROR .91900 OMAY - .01900 
OHHARV OMY/JN - .01900 *OYLABOR .10900 
DHHARV 
DHHARV 
CHHARV 
DHHARV 
DHHARV 
DHHARV 

TMAY 
TMY/JL 
TMY/AUl 
TMY/SFI 
WMAY 
*TRACTOR 

.01700 

.01700 

.01700 

.01700 

.01700 

.01700 

TMY/JN 
TMY/JL 
TMY/ALI 
TMY/SE 
WMY/JN 
*WAGON 

.01700 

.01700 

.01700 

.01700 

.01700 

.01700 
BSILMAK APR .15000 *YRLABOR .15000 
BSILMAK OAPR - .03100 *OYLABOR .03100 
BSILMAK TAPR .02800 FAPR .01100 
BSILMAK WAPR .01700 *BFORSIL 1.00000 
BSILMAK *CAPITAL .09100 *BARSIL - 1.00000 
BSILMAK *TRACTOR .02800 *HARVEST .01100 
BSILMAK *WAGON .01700 INCOME - .09100 



424
 

BHAYMAK MY/JN 
 .14600 MY/JL1 
 .14600
BHAYMAK MY/JL 
 .14600 MY/AUI 
 .14600BHAYMAK MY/AU 
 .14600 MY/SE1 
 .14600
BHAYMAK MY/SE 
 .14600 *YRLABOR 
 .14600
BHAYMAK OMY/JN 
 - .05900 *OYLABOR .05900
BHAYMAK TMY/JN .05300 TMY/JL1 .05300BHAYMAK TMY/JL 
 .05300 TMY/AUl .05300
BHAYMAK TMY/AU 
 .05300 TMY/SEl .05300BHAYMAK TMY/SE 
 .05300 RMY/JN 
 .01400
BHAYMAK BMY/JN 
 .02200 WMY/JN 
 .01700
BHAYMAK 
 *BFORHAY 
 1.00000 *CAPITAL 
 .22700
BHAYMAK *BARHAY  1.00000 *TRACTOR 
 .05300
BHAYMAK *RAKE 
 .01400 *BALER 
 .02200
8HAYMAK *WAGON 
 .01700 INCOME 
 .22700ASILSMAK MAR 
 .07500 APR 
 .07500
ASILMAK FE/MA 
 .07500 *YRLABOR 
 .15000
ASILMAK OMAR 
 - .01550 OAPR .01550
ASILMAK OFE/MA  .01550 ,,OYLABOR 
 .03100
ASILMAK TMAR 
 .01400 TAPR 
 .01400
ASILMAK TFE/MA 
 .01400 FMAR 
 .00550
ASILMAK FAPR 
 .00550 WMAR 
 .00850
ASILMAK WAPR 
 .00850 WFE/MA 
 .00850
ASILMAK *AFORSIL 
 1.00000 *CAPITAL 
 .09100
ASILMAK *ALFSIL  1.00000 *TRACTOR 
 .02800
ASILMAK *HARVEST 
 .01100 *WAGON 
 .01700
ASILMAK INCOME 
 - .09100
AHAYMAK MAY 
 .06800 JUN 
 .07800
AHAYMAK MY/JN 
 .14600 MY/JLl 
 .14600
AHAYMAK MY/JL 
 .14600 MY/AUI 
 .14600
AHAYMAK MY/AU 
 .14600 MY/SEI 
 .14600
AHAYMAK MY/SE 
 .14600 JN/JLl 
 .07800
AHAYMAK JN/JL 
 .07800 JN/AUI 
 .07800
AHAYMAK JN/AU 
 .07800 JN/SEI 
 .07800
AHAYMAK JN/SE 
 .07800 *YRLABOR 
 .14600
AHAYMAK 
 OMAY 
 - .02400 OJUN .03500
AHAYMAK OMY/JN  .05900 *OYLABOR 
 .05900
AHAYMAK TMAY 
 .21200 TJUN 
 .31800
AHAYMAK TMY/JN 
 .53000 TMY/JL1 
 .53000
AHAYMAK TMY/JL 
 .53000 TMY/AUl 
 .53000
AHAYMAK TMY/AU 
 .53000 TMY/SEl .53000
AHAYMAK TMY/SE 
 .53000 TJN/JL1 
 .31800
AHAYMAK TJN/JL 
 .31800 TJN/AUI 
 .31800
AHAYMAK TJN/AU 
 .31800 TJN/SEl .31800
AHAYMAK TJN/SE 
 .31800 RMAY 
 .00600
AHAYMAK RJUN 
 .00800 RMY/JN 
 .01400
AHAYMAK BMAY 
 .00900 BJUN
AHAYMAK RMY/JN .01300
 

.02200 WMAY 
 .00700
AHAYMAK WJUN 
 .01000 WMY/JN 
 .01700
AHAYMAK *AFORHAY 1.00000 *CAPITAL 
 .22700
AHAYMAK *ALFHAY  1.00000 *TRACTOR .05300AHAYMAK 
 *RAKE 
 .01400 *BALER 
 .02200
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AHAYMAK *WAGGN .01700 INCOME - .22700 
CHUMAK *POTATO 3.00000 *CHUNOI - .40000 
CHUMAK *CHUN02 .57000 *CHUN03 - .03000 

CHUMAK AUG .22910 JN2/AU 9.22910
 
CHUMAK MY/AU 9.22910 MY/SE[ 9.22910
 
CHUMAK MY/SE 9.22910 JN/AU 9.22910
 
CHUMAK JN/SFI 9.22910 JN/SE 9.22910
 
CHUMAK JN2/SEI 9.22910 JN2/SE 9.22910
 
CHUMAK JL/AU .22910 JLI/SEl .22910
 
CHUMAK AU/SE .22910 *YRLABOR 9.22910
 
CHUMAK OAUG .01910 *OYLABOR .01910
 

.01700
CHUMAK TAUG .01700 TMY/JN 

CHUMAK TMY/SEI .01700 TMY/SE .01700
 

CHUMAK TJN/AU .01700 TJN/SEI .01700
 

CHUMAK TJN/SE .01700 TJN2/SEI .01700
 

CHUMAK TJN2/SE .01700 TJL/SE1 .01700
 

CHUMAK TJL/SE .01700 TJL2/SEI .01700
 

CHUMAK TJL2/SE .01700 TAU/SEI .01700
 

CHUMAK TAU/SE .01700 TAU2/SEI .01700
 

CHUMAK TAU2/SE .01700 SAUG .02000 
CHUMAK WAUG .01700 *TRACTOR .01700 
CHUMAK *SORTER .02000 *WAGON .01700
 

SELCHUI *CHUNOI 1.00000 AUG2 .20000 
.20000 .20000SELCHUL AUG MY/AU 


SELCHUI MY/SEI .20000 MY/SE .20000 
SELCHUI JN/AU .20000 JN/SEI .20000 
SELCHUL JN/SE .20000 JN2/AU .20000
 
SELCHUI JN2/SEI .20000 JN2/SE .20000
 
SELCHUI JL/AU .20000 JL/SEI .20000
 

.20000 .20000
SELCHU1 JL/SE JL2/AU 

SELCHUI JL2/SEI .20000 JL2/SE .20000 

SELCHUl AU/SE1 .20000 AU/SE .20000
 
SELCHU1 AU2/SE1 .20000 AU2/SE .20000
 
SELCHU1 *YRLABOR .20000 *SALEAGR 150.00000 
SELCHUI INCOME 150.00000 
SELCHU2 *CHUN02 1.00000 AUG2 .20000 
SELCHU2 AUG .20000 MY/AU .20000 
SELCHU2 MY/SEI .20000 MY/SE .20000
 
SELCHU2 JN/AU .20000 JN/SEL .20000
 
SELCHU2 JN/SE .20000 JN2/AU .20000
 
SELCHU2 JN2/SEI .20000 JN2/SE .20000
 
SELCHU2 JL/AU .20000 JL/SEI .20000
 
SELCHU2 JL/SE .20000 JL2/AU .20000
 
SELCHU2 JL2/SEI .20000 JL2/SE .20000
 
SELCHU2 AU/SEl .20000 AU/SE .20000
 
SELCHU2 AU2/SEI .20000 AU2/SE .20000
 
SELCHU2 *YRLABOR .20000 *SALEAG 130.00000
 
SELCHU2 INCOME 130.00000
 
SELCHU3 *CHUNO3 1.00000 AUG2 .20000
 
SELCHU3 AUG .20000 MY/AU .20000
 
SELCHU3 MY/SEI .20000 MY/SE o20000
 



426 

SELCHU3 
SELCHU3 
SELCHU3 

JN/AU 
JN/SE 
JN2/SE1 

.20000 

.20000 

.20000 

JN/SE1 
JN2/AU 
JN2/SE 

.20000 

.20000 

.20000 
SELCHU3 JL/AU .20000 JL/SE1 .20000 
SELCHU3 
SELCHU3 

JL/SE 
JL2/SEI 

.20000 

.20000 
JL2/AU 
JL2/SE 

.20000 

.20000 
SELCHU3 
SELCHU3 

AU/SEI 
AU2/SEI 

.20000 

.20000 
AU/SE 
AU2/SE 

.20000 

.20000 
SELCHU3 *YRLABOR .20000 *SALEAGR 110.00000 
SELCHU3 INCOME 110.00000 
SELQUIN *QUINUA 1.00000 AUG .20000 
SELQUIN 
SELQUIN 
SELQUIN 

MY/AU 
MY/SE 
JN/SEI 

.20000 

.20000 

.20000 

MY/SEI. 
JN/AU 
JN/SE 

.20000 

.20000 

.20000 
SELQUIN 
SELQUIN 

JN2/AU 
JN2/SE 

.20000 

.20000 
JN2/SEl 
JL/AU 

.20000 

.20000 
SELQUIN 
SELQUIN 
SELQUIN 

JL/SEI 
JL2/AU 
JL2/SE 

.20000 

.20000 

.20000 

JLI/SE 
JL2/SEI 
AU/SE1 

.20000 

.20000 

.20000 
SELQUIN AU/SE .20000 *YRLABOR .20000 
SELQUIN *SALEAGR 60.00000 INCOME 60.00000 
SELGB-:AN *GBEANS 1.00000 MAR .20000 
SELGBEAN 
SELGBEAN 

FE/MA 
*SALEAGR 

.20000 
25.00000 

*YRLABOR 
INCOME 

.20000 
25.00000 

SELDBEAN *DBEANS 1.00000 JUN .20000 
SELDBEAN 
SELDBEAN 

MY/JN 
MY/SEI 

.20000 
,20000 

MY/AU 
MY/SE 

.20000 

.20000 
SELDBEAN 
SELDBEAN 

JN/AU 
JN/SE 

.20000 

.20000 
JN/SE1 
*YRLABOR 

.20000 

.20000 
SELDBEAN *SALEAGR 80.00000 INCOME 80.00000 
SELBHAY JN2/AU .20000 *YRLABOR .20000 
SELBHAY *BARHAY 1.00000 *SALEAGR 2.45000 
SELBHAY 
SELBHAY 

MY/AU 
MY/SE 

.20000 

.20000 
MY/SEL 
JN/AU 

.20000 

.20000 
SELBHAY 
SELBHAY 

JN/SE1 
JN2/SEI 

.20000 

.20000 
JN/SE 
JN2/SE 

.20000 

.20000 
SELBHAY INCOME 2.45000 
SELAHAY JN2/AU .20000 *YRLABOR .20000 
SELAHAY' *ALF HAY 1.00000 *SALEAGR 4.41000 
SELAHAY MY/AU .20000 MY/SEl .20000 
SELAHAY 
SELAHAY 

MY/SE 
JN/SEI 

.20000 

.20000 
JN/AU 
JN/SE 

.20000 

.20000 
SELAHAY JN2/SE1 .20000 JN2/SE .20000 
SELAHAY INCOME 4.41000 
SELLPFLT *LPELTS 1.00000 *SALELIV 9.50000 
SELAPELT *APELTS 1.00000 *SALELIV 14.25000 
SELWOOL1 *WOOLI 1.00000 *SALELIV 9.02500 
SELWOOL2 *WOOL2 1.00000 *SALELIV 8.55000 
SELWOOL3 *WOOL3 1.00000 *SALELIV 7.60000 
SELWOOL6 *WOOL6 1.00oO *SALELIV 2.75500 
SELRAMS *RAMS 1.00000 *SALELIV 334.00000 
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SELEWES *EWES 1.00000 *SALELIV 221.50000 
SELWETH *WETHERS 1.00000 *SALELIV 188.30000 
SELFLAME *FLAMBS 1.00000 *SALELIV 188.30000 
TRACTOR *TRACTOR - 1.00000 *CAPITAL 14.75600 
TRACTOR INCOME - 14. 75600 
PLOW *PLOW - 1.00000 *CAPITAL 3.30600 

PLOW INCOME - 3.30600 
HARROW *HARROW - 1.00000 *CAPITAL .83200 

HARROW INCOME - .83200 
MOTORPUM *MOTPUMP - 1.00000 *CAPITAL LO.91600 
MOTORPUM INCOME - 10.916GO 
PPLANTER *PLANTER - 1.00000 *CAPITAL 3.03100 

PPLANTER INCOME - 3.03100 
DRILL *DRILL - 1.00000 *CAPITAL 4.31200 
DRILL INCOME - 4.31200 

CLLTIVAT *CULTIV - 1.00000 *CAPITAL 1.77100 

CULTIVAT INCOME - 1.77100 

SPRAYER *KINK - 1.00000 *CAPITAL 1.75100 

SPRAYER INCOME - 1.75100 

HARVESTR *HARVEST - 1.00000 *CAPITAL 5.74100 
HARVESTR INCOME - 5.74100 

RAKE *RAKE - 1.00000 *CAPITAL 4.54000 
RAKE INCOME - 4.54000 
BALER *BALER - 1.00000 *CAPITAL 8.14600 

BALER INCOME - 8.14600 
PDIGGER *DIGGER - 1.00000 *CAPITAL 3.19800 

POIGGER INCOME - 3. 19800 
WAGON *WAGCN - 1.00000 *CAPITAL 1.48700 
WAGON INCOVE - 1.48700 
SORTER *SORTER - 1.00000 *CAPITAL .11300 
SORTER INCOME - .11300 
SPRINKLR *ZPRINK - 1.00000 *CAPITAL .04500 
SPRINKLR INCOME - .04500 
*LANDTR LAND 1.00000 LANDI - .09000 
*LANDTR LAND2 - .05000 LAND3 - .34000 

*LANDIR LAND4 - .23000 LAND5 - .04000 

*LABORTR PEOPLE 1.00000 JULI - 44.11420 
*LABORTR JUL2 - 47.50760 AUGI - 40.72080 

*LABORTR AUG2 - 47.50760 SEPI - 44.11420 

*LABORTR SEP2 - 44.1i420 OCTI - 44.11420 

*LABORTR OCT2 - 44.11420 NOVI - 49.64700 

*LABORTR NOV2 - 49.64700 DECI - 49.64700 

*LABORTR DEC2 - 53.46600 JAN1 - 49.64700 

*LABORTR JAN2 - 49.64700 FEBI - 40.72080 

*LABORTR FEB2 - 40.72080 MARl - 44.11420 

*LABORTR MAR2 - 47.50760 APRI - 44.11420 

*LABORTR APR2 - 44.11420 MAYI - 44.11420 

*LABORTR MAY2 - 44.11420 JUNI - 44.11420 

*LABORTR JUN2 - 44.11420 JUL - 91.62180 
*LABORTR AUG - 88.22840 SEP - 88.22840 

*LABORTR OCT - 88.22840 NOV - 99.29400 
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*LABORTR DEC - 103.11300 JAN - 99.29400 
*LABORTR FEB - 81.44160 MAR - 91.62180 
*LABORTR APR - 88.22840 MAY - 88.22840 
*LABORTR JUN - 88.22840 FE/MA - 173.06340 
*LABORTR 
*LABORTR 

MY/JN 
JN2/AU 

-
-

176.45680 
221.96440 

JN2/JLI 
JL2/AUI 

-
-

88.22840 
88.22840 

*LABORTR 
*LABORTR 

JL2/AU 
*FIXCOST 

-
-

135.73600 
16.30510 

AU2/SEL 
MY/JL1 

-
-

91.62180 
132.34260 

*LABORTR MY/JL - 179.85020 MY/AUI - 220.57100 
*LABORTR 
*LABORTR 

MY/AU 
MY/SE 

-
-

268.07860 
356.30700 

MY/SE1 
JN/JLI 

-
-

312.19280 
132.34260 

*LABORTR JN/JL - 179.85020 JN/AU1 - 220.57100 
*LABORTR JN/AU - 268.07860 JN/SEl - 312.19280 
*LABORTP JN/SE - 356.30700 JN2/JL - 135.73600 
*LABORTR JN2/AUI - 176.45680 JN2/SEI - 268.07860 
*LABORTR JN2/SE - 312.19280 JL/AUI - 132.34260 
*LABORTR 
*LABORTR 

JL/AU 
JL/SE 

-
-

179.85020 
268.07860 

JL/SEI 
JL2/SEI -

223.96440 
179.85020 

*LABORTR JL2/SE - 223.96440 AU/SE1 - 132.34260 
*LABORTR AU/SE - 176.45680 AU2/SE - 135.73600 
*BSILJUL *DRYMJUL - .29400 *BARSIL 22.04600 
*BSILAUG *DRYMAUG - .28000 *BARSIL 22.04600 
*BSILSEP *DRYMSEP - .26600 *BARSIL 22.04600 
*BSILOCT *DRYlOCT - .25200 *BARSIL 22.04600 
*BSILNOV *DRYMNOV - .24000 *BARSIL 22.04600 
*BSILDEC *DRYMDEC - .28800 *BARSIL 22.04600 
*BSILJAN *DRYMJAN - .21600 *BARSIL 22.04600 
*BSILFEB *DRYMFEB - .20600 *BARSIL 22.04600 
*BSILMAR *DRYMMAR - .19500 *BARSIL 22.04600 
*BSILAPR *DRYMAPR - .18600 *BARSIL 22.04600 
*BSILMAY *DRYMMAY - .17600 *BARSIL 22.04600 
*BSILJUN *DRYMJUN - .31000 *BARSIL 22.04600 
*ASILJUL *DRYPJUL - .30600 *ALFSIL 22.04600 
*ASILAUG *DRYMAUG - .29100 *ALFSIL 22.04600 
*ASILSEP *DRYMSEP - .27600 *ALFSIL 22.04600 
*ASILOCT *DRYMOCT - .26200 *ALFSIL 22.04600 
*ASILNOV *DRYMNCV - .24900 *ALFSIL 22.04600 
*ASILDEC *DRYMDEC - .23700 *ALFSIL 22.04600 
*ASILJAN *DRYMJAN - .22500 *ALFSIL 22.04600 
*ASILFEB *DRYMFEB - .21400 *ALFSIL 22.04600 
*ASILMAR *DRYMMAR - .20300 *ALFSIL 22.04600 
*ASILAPR *DRYMAPR - .19300 *ALFSIL 22.04600 
*ASILMAY *DRYMMAY - .183C0 *ALFSIL 22.04600 
*ASILJUN *DRYMJUN - .32200 *ALFSIL 22.04600 
*BHAYJUL *BARHAY 22.04600 *DRYMJUL - .87300 
*BHAYAUG *FARHAY 22. 04600 *DRYMAUG - .85600 
*BHAYSFP *BARHAY 22.04600 *DRYMSEP - .83800 
*BHAYCCT *BARHAY 22.04600 *DRYMOCT - .82200 
*BHAYNOV *BARHAY 22.04600 *DRYMNOV - .80500 
*BHAYDEC *BARHAY 22.04600 *DRYMDEC - .78900 
*BHAYJAN *BARHAY 22.04600 *DRYMJAN - .73300 
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*BHAYFEB *BARHAY 22.04600 *DRYMFEB - .75800 
*BHAYMAR *BARHAY 22.04600 *DRVYMAR - .74300 
*BHAYAPR *BARHAY 22.04600 *DRYMAPR - .72800 
*BHAYMAY *BARHAY 22.04600 *DRYMMAY - .71300 
*BHAYJUN *BARHAY 22.04600 *DRYMJUN - .69900 
*AHAYJUL *ALFHAY 22.04600 *DRYMJUL - .89200 
*AHAYAUG *ALFHAY 22.04600 *DRYMAUG - .87400 
*AHAYSEP *ALFHAY 22.04600 *DRYMSEP - .85700 
*AHAYOCT *ALFHAY 22.04600 *DRYMOCT - .84000 
*AHAYNOV *ALFHAY 22.04600 *DRYMNOV - .82300 
*AHAYOEC *ALFHAY 22.04600 *DRYMDEC - .80600 
*AHAYJAN *ALFHAY 22.04600 *DRYMJAN - .79000 
*AHAYFEE *ALFHAY 22.04600 *DRYMFEB - .77400 
*AHAYMAR *ALFHAY 22.04600 *DRYMMAR - .75900 
*AHAYAPR *ALFHAY 22.04600 *DRYMAPR - .74400 
*AHAYMAY *ALFHAY 22.04600 *DRYMMAY - .72900 
*AHAYJUN *ALFHAY 22.04600 *DRYMJUN - .71400 
*WETRJAN *DRYMJAN - 1.00000 *WEDMAT 1.00000 
*WETRFEB *DRYMFEB - 1.00000 *WEDMAT 1.00000 
*WETRMAR *DRYMMAR - 1.00000 *WEDMAT 1.00000 
*WETRAPR *DRYPAPR - 1.00000 *WEDMAT 1.00000 
*WETRMAY *DRYMMAY - 1.00000 *WEDMAT 1.00000 
*ALTRMAR *DRYMMAR - 1.00000 *ALFDMAT 1.00000 
*ALTRAPR *DRY!VAPR - 1.00000 *ALFDMAr 1.00000 
*ALTRMAY *DRYMMAY - 1.00000 *ALFDMAT 1.00000 
*ALTRJUN *DRYMJUN - 1.00000 *ALFDMAT 1,00000 

RHS 
CHGCOL LAND 1.00000 
Fl PEOPLE 125.00000 LAND 500.00000 
Fl WATJUL 165391.2000 WATAUG 165391.2000 
Fl WATSEP 160056.0000 WATOCT 165391.2000 
Fl WATNOV 160056.0000 WATDEC 165391.2000 
Fl WATJAN 165391.2000 WATFEB 149385.6000 
Fl WATMAR 165391.2000 WATAPR 160056.0000 
Fl WATMAY 165391.2000 WATJUN 160056.0000 
Fl TJANI 104.00000 TJAN2 104.00000 
Fl TFEBI 96.00000 TFEB2 96.00000 
Fl TMARI 104.00000 TMAR2 112.00000 
Fl TJUL 216.00000 TAUG 208.00000 
Fl TSEP 208.00000 TOCT 208.00000 
Fl TNOV 208.00000 TDEC 216.00000 
Fl TJAN 208.00000 TMAR 216.00000 
Fl TAPR 208.00000 TM4AY 208.00000 
FL TJUN 208.00000 TFF/MA 408.00000 
Fl TMYIJN 416.00000 TJNZ/JLL 208.00000 
FL TJL2/AUI 208.00000 TJL2/AU 320.00000 
FL TAU2/SEI 216.00000 TMY/JLl 520.00000 
FL TMY/JL 632.00000 TMY/AUl 728.00000 
Fl TMY/AU 840.00000 TMY/SEL 944.00000 
Fl TMY/SE 1048.00000 TJN/JL1 312.00000 
Fl TJN/JL 424.00000 TJN/AUl 520.00000 
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Fl TJN/AU 
Fl TJN/SE 
Fl TJN2/AUl 
Fl TJN2/SEI 
FL TJL/AUl 
Fl TJL/SEL 
Fl TJL2/SEI 
Fl TAU/SEL 
Fl TAU2/SE 
Fl PAUG 
Fl POCT 
Fl POEC 
Fl PJUN 
Fl PJN/JLI 
Fl PJN/AUL 
Fl PJN/SE1 
Fl PJN2/JL 
Fl PJN2/AU 
Fl PJL/AU 
Fl HAUG 
Fl HOCT 
Fl HDEC 
Fl HJL2/AUI 
Fl PPJAKI 
Fl PPFEBI 

Fl PPOCT 

Fl PPDEC 
Fl GSEP 
Fl GDEC 
Fl GJLZ/AU 
FL GJL2/SFI 
Fl GAU2/SE

FL CJAN2 
FL CFEB2 
FL CMAR2 
Fl KFEB2 
Fl KMAR2 
Fl FMAR 
Fl RMAY 
Fl RMY/JN 
Fl BJUN 
Fl DMAY 
Fl WAUG 

Fl WAPR 

Fl WJUN 

Fl WMY/JN 

Fl ZNOV 

Fl JAN1 

Fl OFEBI 

Fl OMARI 

Fl OJUL 


632.00000 

840.00000 

416.00000 

632.00000 

312.00000 

528.00000 

424.00000 
312.00000 

320.00000 

208.00000 

208.00000 

216.00000 

208.00000 

312.00000 

520.00000 

736.00000 

320.00000 

528.00000 

424.00000 

208.00000 

208.00000 

216.00000 

208.00000 

104.00000 

96.00000 


208.00000 

216.00000 

208.00000 

216.00000 

320.00000 

424.00000 

320.00000 

104.00000 

96.00000 

112.00000 

96.00000 

112.00000 

216.00000 

208.00000 

416.00000 

208.00000 

208.00000 

208.00000 

208.00000 

208.00000 

416.00000 

208.00000 


.01000 


.01000 


.01000 


.01000 


TJN/SEt 736.00000
 
TJN2/JL 320.00000
 
TJN2/AU 528.00000
 
TJN2/SE 736.00000
 
TJL/AU 424.00000
 
IJL/SE 632.00000
 
TJL2/SE 528.00000 
TAU/SE 416.00000
 
PJUL 216.00000
 
PSEP 208.00000
 
PNOV 208.00000
 
PMAY 208.00000
 
PJN2/JLL 208.00000
 
PJN/JL 424.00000
 
PJN/AU 632.00000
 
PJN/SE 840.00000
 
PJN2/AUl 416.00000
 
PJL/AUI 312.00000
 
PJL2/AU 320.00000
 
HSEP 208.00000
 
HNOV 208.00000
 
HJN2/JL1 208.00000
 
HJL2/AU 320.00000
 
PPJAN2 104.00000
 
PPMARI 104.00000
 
PPNOV 208.00000
 
GJAN2 104.00000
 
GOCT 208.00000
 
GJAN 208.00000
 
GAU2/SEI 216.00000
 
GJL2/SE 528.00000
 
CJANI 104.00000
 
CFEBL 96.00000
 
CMAR1 104.00000
 
CNOV 208.00000
 
KMARI 104.00000
 
KDEC 216.00000
 
FAPR 208.00000
 
RJUN 208.00000
 
BMAY 208.00000
 
BMY/JN 416.00000
 
WJUL 216.00000
 
WMAR 216.00000
 
WMAY 208.00000
 
WFE/MA 408.00000
 
SAUG 208.00000
 
ZFEB 192.00000
 
OJAN2 
 .01000
 
OFEB2 
 .01000
 
OMAR2 
 .01000
 
OAUG 
 .01000
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Table 1-2. Unused machinery in solutions P6 a 

FoM a1it P6-425 P6-625 
in Silo Annual Silo Annual 

ha/peron fixed cost fixed cost 

2. 1 500. 1 500. 

2.5 2 500. 1 500. 

3, 1 500. 1 500. 

3.35 500. 

4. 1 500. 

4.5 1 500. 

5. 1 500. 

5.5 1 500.
 

.1 500.
 

6. 50. 1 500.
 

7. L 500. 1 500. 

1.5 1 500. 1 500. 

6. 1 500. 1 500. 

2. 500..51 500. 

9.3 1 500. 

10. 1 500. 

10. 1 500. 

11.3
 

It.
 

AMho Table sppeare as Table 1-5 In the complete version of 
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Table 1-3. Unused machinery in solutions P7a
 

Farm size P7-425 P7-625 P7-1000 
in K Z Silo Annual K Silo Annual K Silo Annual 

ha/person fixed cost fixed cost fixed cost 

2. 1 500. 1 1 1309.218 

2.5 1 809.218 1 1 1309.218 

3. 1 809.218 1 1 1309.218 

3.5 1 809.218 1 1 1309.218 1 500. 

4. 1 809.218 1 1 1309.218 

4.5 1 809.218 1 500. 

5. 1 1 1309.218 1 500. 1 809.218 

5.5 1 1 1309.218 

6. 1 500. 

6.5 1 500. 

7. 1 1 1 3045.218 

7.5 1 1 1 3045.218 

8. 1 1 1 3045.218 

8.5 1 1 1 3045.218 

9. 1 1 1 3045.218 

9.5 1 1 2236.218 

10. 1 1 1 3045.218 

10.5 1 1 1 3045.218 

11. 1 1 1 3045.218 

11.5 1 1 1309.218 

12. 1 1 1309.218 

12.5 1 500. 

13. 1 500. 

13.5 1 500. 

14. 

14.5 

15. 

aThis Table appears as Table 1-6 in the complete version of
 
Appendix 1.
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Unused machinery in solutions F6a
Table 1-4. 


Farm size F6-425 F6-625
 
in ha/person PP F D W Silo Annual PP W Annual
 

fixed cost fixed cost
 

2. 1 1 1 1 1 13491.734
 

2.5 1 1 1 1 1 13491.734
 

3. 1 1 1 1 12484.167
 

3.5 1 1 1 1 12484.167
 

4. 1 1 5391.334
 

4.5 1 1 5391.334
 

5. 1 1 5391.334
 

5.5 1 1 5391.334 1 1 5391.334
 

6. 1 1 5391.334 1 1 5391.334
 

6.5 1 1 5391.334 1 4383.667
 

7. 1 1 5391.334 1 4383.667
 

7.5 1 1 5391.334
 

8. 1 1 5391.334
 

8.5 1 1 5391.334
 

9. 1 1 5391.334
 

9.5 1 1 5391.334
 

10. 1 1 5391.334
 

aThis Table appears as Table 1-38 in the complete version of
 

Appendix I.
 



444
 

a
 
Unused machinery in solutions F7
Table 1-5. 


Farm size F7-425 F7-625 
in ha/person F R B W Silo Annual 

fixed cost 
W Annual 

fixed cost 

2. 1 1 1 8100.5 

2.5 1 1 1 8100.5 1 1007.667 

3. 1 1 1 8100.5 1 1007.667 

3.5 1 1007.667 1 1007.667 

4. 1 1007.667 1 1007.667 

4.5 1 1007.667 

5. 1 1007.667 

5.5 1 1 1 1 1 8100.5 

6. 1 1 1 1 1 8100.5 

6.5 1 1 1 1 1 15760.666 

7. 1 1 1 1 1 15760.666 

7.5 1 1 1 1 1 15760.666 

8. 1 1 1 1 1 15760.666 

8.5 1 1 1 1 1 15760.666 

9. 1 1 1 1 1 15760.666 

9.5 1 1 1 1 1 15760.666 

10. 1 1 1 1 1 15760.666 

10.5 1 1 1 1 1 15760.666 

11. 1 1 1 1 1 15760.666 

11.5 1 1 1 1 1 15760.666 

12. 1 1 1 1 1 15760.666 

12.5 1 1 1 1 1 15760.666 

13. 1 1 1 1 1 15760.666 

13.5 1 1 1 1 1 15760.666 

aThis Table appears as Table 1-39 in the complete version of
 

Appendix I.
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Table 1-6. Unused machinery In *olutioeo IF8 

Var Yw67.1• 

Yarn siteiin PP v. w S A*A 

ha/porbon (law eob C o 

2. 1 1 2 

2.5 1 1 I161 125w. 

3. 1 1 1 1 12500. 14 

3.5 a. . 125M.141i~ a 
4. 1 1 1 a. U1OO.1*7 

4.5 1 1 10976.$ i 063," 

5. 1 10176.$ 14"14 

5.5 161.97. . 

6. 3 1 10976.$ 

6.5 1076.. 

7. 

7.5 

S. 

6.5 

9. W.633$ 

9.5 1 6"2.93) 

10. 165,l.3
 

10.*5 651,3
 

11. 1 6 .s) 

'Tnto Table appears so Table 1-40 in tw cmplete veoreot of 
Appendix 1. 



As's 

'AL A,4 ,A& 



It T, 

S*54~Ji~jds* . ~j~44~4 44~ .1b TS 

-a __ _ 4
 

*7 ~;; ~ *3 :. ;~ .~ *. :i :q 

411
 

33t 

.1444 * -m Al , 3Os 


4 4 .44
 

4 4!Aw 4 ot
 



4,&$*'t4,d , * 4*W 4 434&Z~s~ jL 4 014 ..T 

-- ~~ .. .- 3 

cis, 

* 1434!4 is. 

14'~t 4,,: 

- - t S ' - 5 - -M 

* ~~ ~ i ?" 21.i4~ , ~ , 

4 ~A4i ~~ ~ ~lo'j'0A4W6~*55i ~ ~ 5~ 
U *.i w" .#A4 am~c* ~ jo t&, t &,* t vit iia 0 4 :s* I 



; WY 

mu 

AW4 

4M; '' 

4 04; *A.~ 

~iV I 

4 

at4 t 

44;&1 1 

ot4 

4ta v1 

sm 

4 * 

U..K ; 

4 

441m;; 

4wk; 

4, 

; af #4161. 

u .4 

1 

; 14;.3 

* . ~,~~ski 

#"4*4 1* 



*w* i1*#i40 A

qh** 

' 46&
 

4, Coota
 

-Z'7 '7 ------

wi *i *i. * 9* 01 



4 

. 4.h. 'j ___ 

mu .:af 

___ _ 

M ; 4a,_ ' 

. 1 cc at. ~ W M a t1 50 61 iki 

No 

a 

0 

j4v 

.i 6at"o 

1 ut 

;i 

a 41*au 

4 t*~ 

a4 

Ito;too 

6 p 7 

On 

&W 

. 

; 

bv 

VVI 

cqup 

.t 

too* 
 4 



its.(~ *.s pcA 

SAA 

4~~i 44

4! ;10, .T 

a. 4,ri 0 , 



;AA ~ W 440144~ 

4.&4 

* - ;E~ 

a a 

; 

*4, 

& 43 

7n 

"'L''a, 

A. 54*'~~ 

.4 

a 17 

4,, 

a 

4 

;a~' 

;4 

so v 

a 

ak4p4 



4 ~~~ 4g4i*040I.& 

AW2*4s j~f *1 , 44 2* &4~ 



455
 

Table J-9. Average total cost in the solutiona for cooperative size 125 
a(in p6oe/100 peoso of output ,old) 

arm oil#e 0eret of pleritil Degrecs of full 
14 &AWII I t 10 mchainizaion 

haprr! F-Jl F2 F3 

1, 414 177 2,1, 54.921 'd.839 53.117 

41. 1I Uu.(j5 48.911 5J.144 52.256 50.435 

5. 05,11f, U1.1 s 41.1j5 'J1.21' 50.795 46.795 

5,5 0, ia 41. 104 4*#. M 50.90 50.109 45.3 

6. 44IV46 4:.4.4 41.6.4 50.y2 41.531 43.719 

4.4.03 41.11(1 41.902 5').482 44.412 42.155 

7 4&,04 o. 4U.21,0 50,239 41.698 40.62 
.$ 430610 1"].9. 43 48.M]1 39.818 40.59 

4) .$44. )V.(*bl 39.6 61 471 67*/ 39.694 41.38 

I.5 )*, ~2)*V:2 ]. 39.577 42.164 

MM39.5 )9.121 39.469 42.262 

9.5 O 14.61iesi 39.367 42.089 

10. 'A.61T6 39.266 41.917 

). 00. , A 39.171 41.744 

|11 )w.V51 MW957 39.077 41.572 

1. 460.24 41.1W 39.038* 41.4 

S. 111774 41.228 

U * S42.43 41.057. 

1). 43.114 41.2 

11.5 4. 7A 41.738 

W4. 44.4,3 42.133 

IS 45.07 42.649 

10. 45.031 43.153 
I. 4,.44 43.303 

1ri AM4 i4 i tmC* i o tho Table are the loav,,t averale 
C**I ~ ie TabWe #"wo~' #s Table J-67 to the complete#0#04#A o 
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Table J-lO. 
 Wage bill as percent of income in solutions for cooperative
 
size 125 (in percent)a
 

Farm size Degrees of partial 
 Degrees of full
 
in mechanization 
 mechanization
 

ha/person P1 P2 F1 F3
P3 F2 


4. 24.78 24.59 21.48 22.31 19.66 17.45
 
4.5 22.93 23.57 20.39 21.49 18.95 15.19
 
5. 21.64 22.28 19.38 19.5 18.34 13.9
 
5.5 21.46 19.43 18.42 19.55 17.39 13.37
 
6. 21.2 17.15 17.53 19.58 15.35 12.85
 
6.5 20.89 16.6 16.69 19.60 14.11 12.36
 
7. 20.59 16.13 16.13 19.63 12.23 11.91
 
7.5 20.29 16. 16. 17.41 11.66 11.74
 
8. 20.26 15.88 15.88 16.02 11.59 11.8
 
8.5 15.76 15.76 11.53 11.89
 
9. 15.65 15.65 11.48 11.88
 
9.5 15.53 15.53 
 11.43 11.82
 

10. 15.45 15.45 11.39 11.77
 
10.5 15.6 15.6 
 11.34 11.71
 
11. 15.81 15.81 
 11.3 11.66
 
11.5 15.89 16.06 11.29 11.61
 
12. 
 16.27 
 11.55
 
12.5 
 16.51 
 11.5
 
13. 
 16.79 
 11.5
 
13.5 
 17.07 
 11.6
 
14. 
 17.35 
 11.67
 
14.5 
 17.63 
 11.78
 
15. 
 17.95 
 11.88
 
15.5 
 18.23 
 11.91
 
16. 
 18.24
 

aThis Table appears as Table J-75 in the complete version of
 
Appendix J.
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Taile J-11. 
 Crop output as percent of total output sold in the solutions
 
for cooperative size 125 (in percent)a
 

Farm size Degrees of partial Degrees of full
 
in mechanization mechanization
 

ha/person P1 P2 P3 Fl F2 F3
 

4. 88.76 92.89 100. 89.08 91.89 96.77
 
4.5 90.44 94.04 100. 89.19 91.87 99.57
 

5. 90.93 95.46 100. 91.97 91.86 100.
 
5.5 90.93 97.93 100. 91.86 93.38 100.
 
6. 90.98 100. 100. 91.79 96.3 100.
 
6.5 91.08 100. 100. 91.74 96.79 100.
 

7. 91.17 100. 100. 91.69 99.7 100.
 
7.5 91.26 100. 100. 92.8 100. 100.
 
8. 91.27 100. 100. 93.61 100. 100.
 

8.5 100. 100. 100. 100.
 
9. 100. 100. 100. 100.
 
9.5 100. 100. 100. 100.
 

10. 100. 100. 100. 100.
 
10.5 100. 100. 100. 
 100.
 
11. 100. 100. 100. 100.
 
11.5 100. 100. 
 100. 100.
 
12. 100. 100.
 

12.5 100. 100.
 

13. 100. 100.
 

13.5 100. 100.
 

14. 100. 100.
 
14.5 100. 
 100.
 
15. 100. 100.
 

15.5 100. 
 100.
 

16. 100.
 

aThis Table appears as Table J-83 in the complete version of
 
Appendix J.
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Table J-12. 
Level of sheep raising activity in solutions for cooperative
 
size 125 (in number of ewes)a
 

Farm size Degrees of partial 
 Degrees of full
 
in mechanization 
 mechanization
 

ha/person P1 P2 P3 F1 
 F2 F3
 

4. 284 
 219 0 267 253 116
 
4.5 251 
 189 
 0 278 264 16
 
5. 246 
 147 0 212 275 0
 
5.5 248 
 68 0 217 230 0
 
6. 249 0 0 
 222 130 0
 
6.5 249 0 0 226 115 0
 
7. 249 0 0 
 230 11 0
 
7.5 249 
 0 0 198 0 0
 
8. 249 0 0 
 175 0 0
 
8.5 
 0 0 
 0 0
 
9. 
 0 0 
 0 0
 
9.5 
 0 0 
 0 0
 

10. 
 0 0 
 0 0
 
10.5 
 0 0 
 0 0
 
11. 
 0 0 
 0 0
 
11.5 
 0 0 
 0 0
 
12. 
 0 
 0
 
12.5 
 0 
 0
 
13. 
 0 
 0
 
13.5 
 0 
 0
 
14. 
 0 
 0
 
14.5 
 0 
 0
 
15. 
 0 
 0
 
15.5 
 0 
 0
 
16. 
 0
 

aThis Table appears as Table J-91 in the complete version of
 
Appendix J.
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APPENIX K. MISCELLANEOUS TABLES
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Table K-1. 	 Water deticit per hectare, by crop# and wntho, at 601 otri
ciency t the ?.xpernta! Station of PatacAaya (hoet in 

Potato Quinua 
 b4	rtry for *raod Alf4ti4 Parandot 
tur gas 604na p4atur 

July 
 61.L 51.0
 

Ausuf~t 
 12.96 
 66.6 75.06
 

September 36.08 
 12.6 $3.23 75.51
 

October 91.55 
 $5.33 67.4 109.65
 

November 9.05 94.62 
 $4.35 34.2 88.57
 

December 
 7.53 64.5 9.63 37.06 9.63 60.28
 

January 41.68 33.37 
 25.06 22.98 10.52 45.83
 

February 91.85 26.75 65.8 
 23.03 43.48 56.5
 

March 108.63 10.63 54.25 65.9
5.76 65.9
 

April 63.73 
 57.27 105.86 96.87
 

May 
 89.26 79.46
 

June 
 72. 66.23
 

Total 	 322.47 
 370.46 212.01 211.39 679.33 879.66
 

a5 ource: St'jan 1960. 

bThehe f Igtre, were cumputed with the M1 ancy .and cr idl, met thod using
Weather information for the year,, 1965-1908. The reotiarch wi, prt of the
Vizachani proj 't. A 20, 1;,. oio waLer fromto i m kou thw f ivid and 
another 20% ]o,,; )n the lield were aw.'.unied; he0% &1 I iclency fighence thw 
ure. A shet-L of one inlIrmter per hectare It. equlval nt to 10 in3 . 

CAn irrigaLon-ferLilization txper iment with ,all.li, and fIencue is 
being performed Rince 1968 at the Experimental Station (Allred 1969); the
 
irrigation coeYffcients are not yet available.
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Table K-1. Wter dvtict per eclar,, by crops *- sabs. at 601 ,f!L
to s|tca ic (k#ot In IMIW)O'c~ifty# 

Potato QIA& Mrly tor I,,4 AINfa Po r*w Mi 
101410 ci~ ~. l~ 

July 37.0.
 

33. 63.62
Ausgt 11.03 

1.21 54,45 1M.IS33.61
September 

56.43 6.11 107.01October 89.51 


74.4 54.52 104.21
November 19.3 141.16 


69.93 62.6" 37.9 55.76Decvaber 33.73 37.9 

Janaury 61.25 33.05 42.82 40.77 28.46 63.3 

34.43 37.25 47.55
February 76.77 23.5 20.06 


5.75 59.93 39.93March 99.06 10.4 48.75 


April 51.06 45.93 83.96 77.35
 

82.4 73.12
may 


38.3 53.
June 


341.17 455.87 229.83 274.79 677.55 866.49
Total 


aSource: Sejax 
1970. 

bSee note b in Table K-i.
 



table K-). 	 Ueitr 4Wtici por tt4ro, Oy crop* .4P4 wnahs, it 60Z @((1. 
cI#~cy, at h* (4r.(4 .id In rdtac.ya,(*hoot in "I 

July 


Sopiember 	 31.75 

Octobvr 	 104.47 

Novmtber 17.5 128.$s 

DoceMber 66.21 186.05 

Janu4ry 41.65 32.55 

February 104.83 31.25 

March 93.11 

April 57.66 


May 


June 


Total 380.96 525.72 


aSource: Sejas 197u.
 

bSao note b In Table K-I.
 

73.71 


21.18 


75. 


32.91 


52.08 


254.88 


11.42 


6.71 


80.7 

126.11 


16.65 


25.28 


324.89 


5. 

51.31 76.2 

77.26 125.34 

54.6 119.6$ 

73.71 174.82 

0.73 46.2 

51.13 65.06 

46.95 46.95 

94.25 87.22 

65.93 56.55 

54.25 49.08 

682.17 966.12 

http:rdtac.ya


Table K-4. Chufio production in five cooperatives, by class, in the Development Area of Pat~c.iny.,
 
69a,b
 

19 6 8
 

Production by cooperatives, in c--t 
Achava Liojila PuJravi San Jose Sant iago Total Perceat 

Bitter potato chufic
 
class 1 82.78 30.09 11. 6. 7. 136.87 39.63
 
class 2 93.1 38.8 30. 17. 
 18. 196.9 57.02 
class 3 10.58 1. 11.5 3.35 

Total 175.88 79.47 42. 23. 25. 35.35 1c0. 

Irish potato chufio 
class 1 25.49 
 93. 1186.9 31.8 
class 2 54.39 
 52. 106.3? 28.63 
class 3 69.79 77. 146.79 19.49
 

Total 149.67 
 222. 371.67 100.
 

aSource: Derived from records at 
the Central de Cooperativas.
 

bInformation is available for only five cooperatives and for the agricultural ear 1968-69 oaly. 

In the Area of Patacav3ya it takes 3 kg of bitter potato, as an average, to =eke I k& of chw& ; the
 
time required is about 3 hours per cwt of potato.
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Table K-$, Total purcia.b co of yra4|1-704 trrtoyr, dik-plow OFt hir
row tor tim~ Poolposa Ar..a at r~4ctwytt j6s'_____ 

Prica ot (rLiurb & 0lleO
 
Prica ,r , ,v [ 


) 1 e4.
 
Tr~ithjitl atiom Na
-u York 1.0. 1660. 

InAsW r, 1). 676.
 
othc;r V='V~z'-
, 150. 1800. 

lut=l fllo,,at otury to Ariea 73J.d 8796.
 
DoUCk , P,:nlj, 1
Tr.,nu*purtation to .a as (ratirod) 295. 1620.354,0.

Ctsculki 14:,rIgi 
 210. 2520. 
isror a, and other 50. 60,
A%=ioh 11g 120. 1440.
Itand I Ijg 10. 120.
I 4 o,,truAr Ic' to 1.4 1,at 820.0 
 9840.
Tote4 C,,-t 1l 1.,4 'al 7499. 89988.Tr4nftprt.3t Ion to i'ac ya (truck) 450. 
From Pataijniy. w the cooperative

'iotal IIromn I . Paz to the cooperAt ve 
159. 

b09.!Total jurc ,,,. ,,:_(__t - - 0597. h 

Source ,: Lh'rIvrd Irtim the contract between McDonald d. 1.a Pa1z andti cuoperat i., anI frun r,.cordh at the Central de CoopratvyA.A. 

Inte'rni.t mal lsrvvt,.i. Ih'L. ri cts)= i'. , r, I-/0f, dL1,
Model 0-310, 69.0j IliP drawbir, )6. )ip belt. 
'I,
 

Ti harrw It, Model IJO,32 dl ks, 20". 'ooet,e price. are oll pricesh at the fact ory In t ie United 
Sta t en . 

CAthens, Model 24, 4 di:,ku, 26". Thin price is FOB price at the 
factory In the nlIted :)Late.,. 

d 5 9 5 for tractor and harrow, 18 for the plow. 

'No bri.akdown 1 . glven. A,sumilng the iname preportionn aa In the previous note the c, ,t would be 066 for tractor and harrow, 154 for plow. 

f26.127 higher than Fo factory price. 

gTratpomrt itln by truck to Patacamaya: 250 for the tractor, 200 forplow and harrow. Tran:port.tt ion of plow and harrow by truck to the cooperative: 100 p)w,,o.;. Travel of tractor to the cooperative: average of
59 pesos (100 liters of dlesel). 

h26.97Z higher than FOB factory price. The estimated breakdown is: 
tractor 71205 pesos, plow 9294 pesos, harrow 10098 pesos.
 

http:Tran:port.tt
http:Tr4nftprt.3t


"S
 

Table -6. Le*-ci combieJttom for W Nitrii|mo, 1910 

B040-0 ut,%(o 16-20-0 400. 4, , ,1. v0. 

1-411-044. 1.0I6,r00.73 6i6.1il 

45Q-0.0 QutLiw 91.63 97.63 14 1. $, 

13-39-0 broad be&" 13-39-0 100. 1W0. I .,.. 

11-4,8-0 0i1.25 6.63 9U. on .16. 

40-40-0 Uarley 16-20-0 200. 17.39 217.)'4 /.('0.10 

20-20-0 200. 100. 419. 

11-48-0 113.J) 07.01 165U.A 33,27 

40-0-0 Weeping lovagraa 86.9b 86.96 166.3* 

Source: Computed from Tablet+. 5-8 and 6-4. 

bNo furmul.:, ,rv.calculaLed uting Jreat 45%, lecauMe the price per kgt 

of nitrogen Iti low r in u1rea 4b%. 

C'tlrj(,4 att which the IrAllizen,,r. will he a.w ilable it the C,nt ral de 
Eauper. tiv.a . 'Ilhy 4,1,. ,uhLt i ned by inlig the I )w6, t pr1(4 or euci formula 
in t he (,o Iiumi 'Iii1)1 ~-4 ; 01) r I tt i. I tla.-nt ()I 0 Ihow(!v -r , n e14-df vr t i I i z4-r 
omitted for the rviv.ou given In note v there. Starred combinat bunt+ tire 

the lenat-co,--t one... 

dThe recominendcd procedure for applying 80-8h-0 1it 50 kg of urea when 

cultivating, while the reut was applied at planting time. Therefore, only 
those combinations that contain 50 or morc Yq of urea will be acceptable.
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APPENDIX L. 
THE SHEEP RAISING ACTIVITY
 

Sheep raising does not enter anyrof the six highest-income optimal
 

Solutions, as shown in Chapter VIII (Table 8-11). 
 It does, enter, however
 

many other solutions Under both partial and full mechanizations.
 

Among extension and research personnel, sheep raising is believed to
I 

be an important part of the agricultural potential of the Altiplano.
 

Therefore, it seems appropriate to include a few remarks on the behavior
 

of the activity throughout all the optimal solutions.
 

Tables J-91 through J-98 show the level at which sheep raising enters
 

the solutions. 
Tables J-91 through J-98 contain the percent of the total
 

output value represented by crop output; 
the rest is output from sheep.
 

A few features are apparent in those tables: 
 (i) At the lower degrees
 

of mechanization, the level of the activity increases with the farm size,
 

(ii) at the higher degrees of mechanization, the level of the activity
 

increases as well at 
the beginning with the farm size, but then it starts
 

decreasing until it is reduced to 
zero at the highest farm sizes, (iii) as
 

a percent of 
the total output value sheep raising never goes above 15%
 

and in most solutions it stays below 10%.
 

The reason for that behavior of the sheep raising activity is 
a
 

result of 
its profitability and its high labor-intonsity.
 

On the question of profitability, Tables 6-19 and 6-24 showed a
 

revenue of 36,420 pesos against variable costs of 30,509 pesos; 
the re

sulting return over and above variable costs is lower than for any of
 

the crops in this study. Moreover, those variable costs do not include
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the cost of hay, silage and pasture; since barley or alfalfa must enter
 
all rotations, their growing costs can be charged to the crop activities,
 

leaving only the costs of making hay and silage to be charged to the
 

sheep activity.
 

On the question of high labor-intensity of sheep raising. 
Table G-4
 

showed that the labor required in each month varies from 681 to 1569
 

hours, with a total of 10,732 hours for the entire year. 
A cursory con

frontation of Tables J-91 through J-98 with the corresponding tables on
 

shadow-prices in Appendix H, shows that the sharp decreases in the sheep
 

raising activity is paralleled by steep increases in the shadow-price for
 

labor during the May-August period. 
This means that, as labor becomes
 

scarce, it is removed from the sheep activity and allocated to crop activ

ities. In this situation of labor scarcity, it is 
more profitable to
 

plow under the barley (required by the rotations) than to make it into
 

hay or silage for feeding sheep; the opportunity cost of making hay or
 

silage ,%0uld be the potato and quinua that would not be grown because of 

the I-bol shortage at harvest time. 

The only two ways in which sheep raising can become more profitable
 

are: 
 (i) by increasing its efficiency and (ii) through a higher output
 

price.
 

Table 5-10 and AF,)endix E should be helpful in detecting what input

output relationships can be improved in order to increase efficiency,
 

The shadow-price on 
the sheep raising activity would tell the percentage
 

by which efficiency should be improved in order for the activity
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to become competitive. However, no shadow-price was present in the solu

tions, because it was hidden in the shadow-prices for auxiliary activities,
 

such as silage or hay making; the shadow-price for sheep can still be
 

tracked and reconstructed, but it is 
a laborious task when so many trans

fer activities are involved.
 

As for higher output prices, the prospects do not seem favorable,
 

since mutton is already overpriced relative to beef (Vanderslice 1970),
 

partly as a result of Government subsidies for shipment of beef by plane
 

from the Beni and Santa Cruz regions.
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APPENDIX M. CHANGES IN THE MODEL
 

For further uses of the model, some changes are suggested, which
 

will shorten the computer time required and will simplify the application
 

of the variable-resource and parametric procedures.
 

1. As a result of the information on shadow-prices (Appendix H), 
a
 
number of rows can be eliminated from the matrices, because they never
 

become limiting constraints:
 

(i) The 68 labor rows can be reduced to two: JAN2 and MY/AU in the
 
partial mechanization matrix, JN2/AU and MY/AU in the full mechanization
 

matrix.
 

(ii) The 12 rows for water can bu brought down to two: WATNOV and
 

WATFEB in both matrices.
 

(iii) The only rows for machinery-time that are ever limiting are
 

those shown in Table 8-16. 
However, for some pieces of machinery all the
 

rows should be kept, because they are needed in checking for unused
 

machinery (Appendix I). Thus, in the matrix for partial mechanization,
 

the following rows are retained: 
 TSEP, TNOV, TJN/SE, PJUN, PJN/JL1,
 

PJN/AU, SAUG, ZNOV and all the rows for harrow, sprayer and wagon. 
In
 

the matrix for full mechanization these rows are kept: 
 TSEP, TNOV, TMY/JN,
 
TMY/SE, TJN/SE, PJUN, PJN/JLI, PJN/AU, FAPR, RMY/JN, BMY/JN, DMAY, SAUG,
 

ZNOV and all the rows for harrow, potato planter, grain drill, cultivator,
 

sprayer and wagon.
 

Then the number of rows decreases from 316 to 168 in the partial
 

mechanization matrix, and from 351 to 207 in the full mechanization matrix.
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2. The machine-time rows can be organized in the same way as the
 

land and labor rows, where one master row supplies the RRS values to the
 

other rows by means of a transfer column (see note i in Table G-1). With
 

this procedure, changing the RHS values, as required by the various de

grees of mechanization, will be a simple matter of assigning to the master
 

rows a RHS value equal to the number of machines entering the particular
 

degree of mechanization; a transfer column will then supply to the other
 

machine-time rows and to the *FIXCOST row the corresponding RHS values.
 

Moreover, by merely looking at the vector of RHS values the composition
 

of the degree of mechanization can be known (without having to check with
 

Tables 7-3 and 7-4).
 

3. Through a set of transfer rows and columns, the purchase prices
 

of the major inputs (fertilizer, concentrate, etc.) can be made to appear
 

by themselves in the objective function (negative sign, or course), in
 

the same manner as the rate of interest. By having these prices isolated,
 

instead of built into the other activities, it will be possible to treat
 

them parametrically in order to study the effects of changing input prices.
 

In the case of fertilizer, even the selection of the least-cost combina

tions (Table K-6) can be handled by the model; then, the fertilizer prices
 

appearing in the objective function will be the prices of the commercial
 

fertilizers from which the least-cost combinations are obtained.
 

4. The same procedure just explained for inputs can be used for the
 

price per kilo of meat in the sheep activity, instead of using the price
 

per head. Then, the effects could be studied of changing the prices at
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which the Central de Cooperativas buys from the cooperatives.
 

5. If the model is going to be used regularly for planning specific
 

farms, a program can be attached that will output a printed report ready
 

for use. It may be the IBM Mathematical Programming System Report Genera

tor MPSRG (Winterboer 1971) or any other similar routine.
 


