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Preface 
This report documents the first seven years of the Puebla Project - its philosophy, 

objectives, organization, operation and accomplishments. It was preparod by staff mem
bers and advisors, most of whom have been as6ociated with the Project since its begin
ning. 

In analysing progress during these initial yearb, this report reflects the Project's multi
disciplinary team approach. An introductory section states Project objectives, initial 
conceptualization, and the prerequisites for locatin, the Project area. The characteristics 
of the area .ts land and people are described next, followed by an overview of the 
evolvement of Project operations from 1967 to 1973. Chapters 3 and 4 detail the 
methodologies, field operations, and accomplishments of the maize research programs; 
Chapters 5 and 8 describe the methodologies and field operations of the technical as
sistance and evaluation programs. 

Subsequent discussion (Chapter. 6, 7, 9, 10) provides an examination of Project activi
ties in organizing farmers, improving the operations of service institutions, persuading 
farmers to adopt new technology, increasing maize yields, and improving the general 
well-being of the farmers. The benefits attributable to the Project are compared with costs 
in Chapter 11. The Pebla Project's role in getting similar progr,,ms underway in other 
parts of Mexico and other countries is outlined in Chapters 12 and 13. In its final chapter 
(14), the report seeks to summarize what has been learned about the organization and 
operations of successful regional agricultural development projects. 

In term- of the Project's long-term goals, the operations at present are seen to be in 
mid-process, with contributions already ex tending far beyond the Puebla Valley. The 
initial focus on increased maize production has widened, as originally envisioned, to 
encompass the broader development objectives of increased net income, greater 
employment opportunities, and improved general welfare of rural families. 

During the period covered by this report, from 1967 though 1973, the Project was 
administered by the International Maize and Wheat Improvement Center (CIMMYT) and 
operated joint'/ by that institution and members of the Chapingo Graduate College. In 
early 1974, responsibility for the Project passed to the Mexican Ministry of Agriculture 
where it is presently being operated by the Chapingo Graduate College. Members of the 
CIMMYT staff who were functioning as advisors to the Project in 1973 have moved to the 
Graduate College where they are continuing their advisory role to the Project and are 
participating in academic progr.ims to train people in new approache. to increasing crop 
production and improving the quality of life in disadvantage rural areas. 
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INTRODUCTION 

World agriculture faces two problems of great urgency: the threat of an absolute 

shortage of food on a global scale, and the fact of continuing low incomes and malnutri

tion among most of the rural population. 
The Puebla Project is an experiment designed to tackle both problems simultaneously 

by obtaining a large increase in yield of a basic food crop - in this case maize among 

small farmers producing at subsistence levels with traditional methods. 

Much of the world's food is now produced on small farms, where families produce 

mainly for human and animal consumption on the farm and have little or no surplus to 

sell. These families have usually been among the last to discard their traditional farming 

methods and few of them are quick to reap the benefits of new technology. On a 

world-wide basis, however, they represent a vast potential for national development. 

This potential is recognized by the governments of most developing countries; but, 

because of limited resources and lack of knowledge about how to reach theze millions of 

smaller farmers, the national programs to increase crop yields have usually been aimed at 

a relatively small number of commercial farmers. Yet attention to these families of the 

traditional sector is crucial for at least three reasons. (a) their farms represent an 

important part of the arable land in many countries; thus, yields must be increased to 

satisfy total food requirements, (b) in many nations mast of the human resources are 

employed in traditional agriculture and improved agriculture is a readily available source 

of increased capital from within, and (c) traditional farmers make up a large portion of 

the population of many countries and continuous improvement in their farming tech

niques is essential for over-all social development. 
These considerations define the need for more efficient means of providing traditional 

farmers with better production methods. And it is this need that focused the two initial 

objectives of the Puebla Project: (a) to develop, field test, and refine a strategy for 
rapidly increa , g viwl.b of a basic food crop on ninall land holdings, and (b) to train 
teclh 'Itans from other region. in the vI(l('1t'I s and , 'ees.fid use of thid slralegy. 

PHILOSOPHY AND ORGANIZATION 

The conceptual framework of the Puebla Project was derived from several interrelated 

agricultural and social science disciplines, as well as from the working knowledge and field 
experience of the team members. It was conceived as an integrated plan of attack on the 
many problems limiting farmer use of adequate production technology. It was assumed 

that the following factors of change would need to be available in the Project area: (a) 
high-yielding maize varieties, (b) information on efficient production practices, (c) effec
tive communication of agronomic information to farmers and agricultural leaders, (d) 
adequate supplies of agronomic inputs at easily accessible points when they are needed, 

(e) crop insurance, (f) favorable relationships between input costs and crop values, (g) 
adequate production credit at a reasonable rate of interest, and (h) accessible markets 

with a stable price for maize. 
When the Project began, several agricultural institutions responsible for providing 

inputs, credit, crop insurance and markets for maize producers were already operating in 

Puebla. Also, the relationships between the costs of production inputs and the price of 
maize were thought to be satisfactory. However, only very limited results were available 

from trials of maize varieties and production practices, and only one extension agent was 
working the area. 

VIII 



Thus, the action program of the Puebla Project was organized initially to include four 
major components: (a) varietal improvement of maize, (b) research to develop efficient 
recommendations on maize production practices, (c) assistance to farmers in proper use 
of new recommendations, and (d) coordination of the activities of the service agencies, 
the Project team, and the farmers Another component socio economic evaluation was 
added during the first year. 

A key concept within tne philosophy of the Project has been that the production and 
dissemination of information are parts of a development continuum that should not be 
compartmentalized in program operations Constant interaction among staff members 
and feedback of information have been viewed as integral functions of the Project from 
planning of research through delivery of findings to farmers and evaluation of results 

Thus, it was planned that the staff consist of a small team of capable, well-trained 
scientists with an adequate budget and freedom to operate at any political or technical 
level. The team lived and worked in the Project area, cooperating closely in conducting 
the field trials, demonstrations, farmer meetings, etc 

The selection and training of team personnel was seen as the crucial element in deter
mining success. The work of the team was expected to be exceptionally arduous due to 
heavy demands by the large numbers of farmers in the Project area In making decisions, 
team members would have to take into account, simultaneously, knowledge and expecta
tions related to weather, attitudes of farmers, institutional organrization, the personal 
goals of individuals in key positions, and other factors Great skill is required in assessing 
and giving appropriate weight to these varied and interrelated factors. Thus, strong effort 
was given to acquiring the services of well-trained, capable, and innovative young agricul 
turalists. 

PREREQUISITES 

Initially, the two conditions considered necessary in selecting the Project area were: an 
ecological environment that would permit substantial yield increases, and a political 
environment that would be favorable tounard Project objectives. 

The main requirements of the physical -nvironment were: (a) rainfall and temper. 
atures adequate for good-to-high maize yields. The total amount and distribution of 
rainfall should be such that maize would suffer severe drought damage in less than 10 
percent of the years and moderate damage in no moic than 30 percent of the years. There 
should be only light frosts, limited to the first quarter of the growing season; and (b) 
reasonably deep, permeable soils free from toxic amounts of salts. 

The essential aspect of the political environment was that government should strongly 
support the Project operations and have the will and the power to modify existing 
policies and agen-ies as necessary. This factor was especially important in respect to 
availability of key inputs, orderly marketing of the grain, and the relationship between 
the cost of principal inputs and the price of grain at the farm. 

As the Project has evolved, these aspects of the ecological and, to some extent, the 
political environments have been recognized, not as prerequisites, but as factors that 
influence the strategy to be used in a particular program. The basic approach used in 
Puebla should be applicable in most rcgions of the world, when adequate attention has 
been given to the specific environmental, social, and economic conditions in areas where 
the approach is to be used. 
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1 THE PUEDLA AREA : ITS LAND AND PEOPLE
 
INTRODUCTION 

The area selected for the Project comprises 32 muni'i-
pios (counties) in the western part of the State of Puebla, 
Mexico (Fig. 1.1). In choosing the area, the primary consid-
erations wP.re that it fulfill the ecological and political 
prerequisites cited in the Introduction to this report, and 
that the farming population should consist mainly of small 
land holder,.. 
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The Puebla area had two other characteristics that made 
it appropriate for the Project: (a) it comprised about 
116,800 ha of cultivated land with about 80,000 ha used 
for maize production - it was felt that an area of this size 
would be adequate for studying the effectiveness of a new 
approach to rapidly increa'i. y maize yields; and (b) pro
duction practices were traditional, ,armer incomes were 
low, and most of the harvest was consumed dirertly on the 
farm. 
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Fig. 1.1. The project area covers about 117,000 hectares of crop land in32 municipios of the State of Puebla. As the Project 
evolved, the area was divided into five zones with a technical assistance agent responsible for each. 
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Communications within the Project area are adequate, 
and most villages are connected by a network of all-weather 
roads. The Project area is a 2-hour drive from Mexico City 
or the National Agricultural Center at Chapingo, and this 
ready accessibility allowed consultants at both locations to 
maintain close contact with the Project. 

The remainder of this chapter describes the physical 
environment of the area, the farming population, local 
production technology, and agricultural agency services 
available. 

PHYSICAL ENVIRONMENT 

Thre Project area occupies much of the valley drained by 

the Atoyac River and lies mostly between the rising slopes 
of volcanos Popocat6petl and Ixtaccihuatl to the west, and 
La Malinche to the north and east. It is located between 
latitudes 18050' and 19' 25' north and between longitudes 
970 55' and 98040 ' west of Greenwich. The lowest part of 

the valley lies southeast of the city of Puebla at an elevation 
of 2,100 m above sea level. Most of the Project area lies 
between 2,150 and 2,700 m above sea level, although maize 
is produced on the mountain slopes up to elevations of 
2,900 m. 

Climate 

The climate over most of the region is temperate with 
mild winters. The warmest part of the year is in May and 
early June. Temperatures remain fairly constant during the 
last of June, July, and August, and gradually decline during 
September and October. Average monthly temperatures 
during the maize-growing season vary from 18.60 C in May 
to 16.10 C in October. 

Frosts occur mainly during the winter months from 
October through March, when they cause little or no 
damage to annual crops. However, a weather station located 
near the center of the Project area reported frost on one or 
more days during the month of Apr-'in 33 percent of the 
years; in May, 17 percent; and in June, 5 percent. Weather 
stations at two other locations in the area reported no 
frosts during these months. Frosts in May and June can 
seriously damage early plantings of maize. 

Three of the four weather stations in the Puebla area 
reported an average of one hailstorm a month during July 
and August, with about half that amount in September. 
Severe hailstorms during these months would be expected 
to reduce maize yields significantly. 

The average rainfall reported by the four weather 
stations for the 7-month period from April through 
October varied from 777-863 mm. The rainfall during this 
period represents approximately 94 percent of the total for 
the year. 

1. For more information on the climate of the Puebla 
valley, see Jauregui, E.O. 1968. Mesoclima de la Regibn 
Puebla-Tlaxcala. Instituto de Geografia, Universidad Nacio-
nal Autinoma de Mexico. Mexico, D.F. 

Tho average rainfall in the Puebla area during the maize
growing season should be sufficient to satisfy the needs of 
the crop. However, drought damage to maize would be 
expected when: (a) the total rainfall during the year is 
considerably less than the average, or (b) the amounts of 
precipitation are well below average during the critical 
months of June, July, and August. 

In 1967, drought intensities were estimated using 
existing information on soil characteristics, evapotranspira
tion losses, and water needs of maize at critical growth 
periods; and the daily rainfall data available at the four 
weather stations in the Project area. The drought damage, 
estimatedmoderate;for individualsevere.years, wasanclassifiedaverageas: zero or veryslight; or As for the four 

stations, it was estimated that there would have been zero 
oraveryssit drouhtmage in 6pere o he yers 

moderate damage in 30 percent, and severe damage in 10 
percent. Maize growing on soils with a high moisture
supplying capacity would have suffered less from drought 
than these percentages indicate, while maize on soils with a 

low moisture-supplying capacity would have suffered more. 
A moderate effect of drought would be expected to reduce 
yields by 30-60 percent; a severe effect by 60 percent or 
more. 

Soils2 

The soils in the Project area have formed from volcanic 
e/ecta, mainly from the three volcanos: Popocat6petl, Ixtac
cihuatl, and La Malinche. The parent material ranges in size 
from very fine ash to pumice particles several centimeters in 
diameter. The coarser materials are fovynd on the upper 
slopes of the volcanos and the finer materials near the 
center of the valley. The ejecta has probably been waterreworked over much of the area; some of the ash and 
pumice, however, have been deposited directly on the land 
surface during eruptions of the volcanos. The parent materi
als are distinctly layered due to sorting during these 
depositional processes. 

On the upper slopes of the volcanos the streams are very 
deep, and the land surface is being continuously eroded 
away. Little of the eroded material, however, reaches the 
Atoyac River. Most of the material is deposited as alluvial 
fan debris. Alluvial fan building is still occurring in the area 
and is especially noticeable along the San Martin Texmelu
can-Huejotzingo highway, where the stram beds are higher 
than the adjacent land surface. 

The external drainage system is well-developed on the 
upper slopes of the volcanos but is poorly developed 
toward the center of the valley where alluvial fans are form

2. The study of the genesis, morphology, and distribution 
of the soils in the Puebla area was carried out during 
1968-1970. Dr. B.L. Allen, soil morphologist, Texas Tech 
University, Lubbock, Texas, directed and personally con
ducted much of the field work. He carried out three field 
studies, each lasting about a week. Dr. Allen contributed 
most of the ideas and information presented in this section. 
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DEEP SOILS OF POPOCATEPETL 

PUMICEOUS SOILS OF POPOCATEPETL 

SOILS OF LA MALINCHE 

SODIC-LIKE SOILS 

~ HEAVY SOILS OF ZONE Y 

LJ SOILS WITH A COMPACTED HORIZON 

SOILS WITH A HIGH WATER TABLE 

-" UNMAPPED AREA 

Fig. 1.2. The distribution of the seven most important kinds of soils in the project area. The regions shown in white are 
largely mountainous with little production of maize. 

ing. This has resulted in the formation of soils with a high The deep soils of Popocatipetl cover an area of about 
water table and deficient external drainage on both sides of 33,618 ha, of which 26,609 are currently under cultivation. 
the Atoyac River. A drainage system consisting of a net- These soils occupy an area extending from the intermediate 
work of open ditches was constructed in this region many slopes of Popocatdpetl and Ixtacci'huatl to the soils with a 
years ago and has been effective in maintaining the water high water table along the Atoyac River. The predominant 
table low enough for the soils to be farmed, 	 parent material is a light-brown volcanic ash near neutral in 

reaction. The texture of the upper 20-40 cm of these soils is 
loamy sand or sandy loam. This horizon usually contains 

The information accumulated on soils during the early less than 0.5 percent organic matter, has a pH around 6.5, is 
years of the Project permitted the preparation of a soils high in potassium and calcium, and is fairly high in phos
map (Fig. 1.2) showing the approximate boundaries of the phorus. Underlying this horizon is a layer about 2 m deep 
seven most important groups of soils in the Project area. with a loam or clay-loam texture that is largely responsible 
The total area and cultivated area corresponding to each for the high productivity of these soils. This lower horizon 
soil group were estimated from aerial photographs and are has a pH of about 7.0, a cation exchange capacity of 
shown in Table 1.1. around 15 milliequivalents/100 g of soil, and 8 percent of 

available moisture when wet to the field capacity. These 

TABLE 1.1. Total area and cultivated area corresponding soils, when properly managed, can be planted in April and 
to seven groups of soils in the Puebla area. early May with residual moisture from the previous year. 

The pumiceous soils of Popocatdpetl cover an area of 
some 26,799 ha, of which 19,794 are currently under 

Tot- Cultivated cultivation. The parent material of these soils is largely 
Group area area pumice with some volcanic ash. According to Aeppli and 

ha ha Schoenhals 3 , these materials were deposited at the time of 

26,609 the most recent eruptions of Popocat6petl. The stratifica-
Deeps soils of Popocat6petl 33,618 
Pumiceous sois of Popocat6petl 26,799 19,794 tion observed in most of these soils probably resulted from 
Puoios sofs Pc at3 2 	 fr m pd gnc roes .Sois of La Malinche 34,602 25,29825,298 	 differences in the materials deposited at different times, not 

16,560 13,121 from pedogenic processes.Sodic-like soils 
Heavy soils of Zone V 3,151 2,700 
Soils with compacted horizon 28,912 22,403 3. Aeppli, Hans and S-hoenhals, Ernst, 1973. Los suelos 
Soils with high water table 7,527 6,871 de la Cuenca Puebla-Tlaxcala. Comunicaciones 7/1973 

Proyecto Puebla-Tlaxcala. Eds. Wilhelm Lauer and Erd-
Total 151,169 116,796 mann Gormsen. Fundaci6n Alemana para lalnvcstigaci6n 

Cientifica. Mxico. pp. 15-18. 



The texture of the upper horizon of the pumiceous soils,
which may extend to a depth of 80 cm, is gravelly sand.
Despite its coarse texture, this horizon contains about 6 
percent available moisture when wet to the field capacity.
It usually contains less than 0.5 percent organic matter, has 
a pH of about 6.5, and a cation exchange capacity of
around 6 meq/100 g. The lower horizon may be similar to 
the corresponding horizon in the deep soils of Popocatdpetl
or it may be a loose, pumiceous gravel. This latter material
has a pH near 7.0, a cation exchange capacity of around 7
meq/100 g, and contains about 6 percent available moisture 
when wet to the field capacity. When properly managed,
the pumiceous soils can be planted with residual moisture,

The soils of La Malinche cove- some 34,602 ha with 
about 25,298 ha under cultivation. These soils have formed
hom volcanic ash that has been redeposited by water ia
alluvial fans. The upper layer of these soils, about 30 cm in
depth, is usually a sand. This horizon contains 0.5-1.0 per-
cent organic matter, has a pH of around 6.5, is high in 
phosphorus and potassium, and contains about 7 percentavailable moisture when wet to the field capacity. A gravel-
ly sand with a depth of a meter or more is usually found 
underlying this horizon. 

Soils with an incipient B horizon are found on the inter-
mediate slopes of La Malinche. This B horizon has a loamy
sand to sandy loam texture and a cation exchange capacity
of about 15 meq/100 g, with a low base saturation percent-
age (around 35) On the lower slopes of La Malinche, tht
lower soil horizon consists of sediments a meter or more in
depth, with a sandy loam to silty clay loam texture. These 
soils are potentially very productive. When properly man-
aged, the soils of La Malinche also can be planted with
residual moisture. 

The sodic-like soils occupy an area of about 16,560 ha,with 13,121 ha currently under cultivation. The parent

material is a light-grey volcanic ash, 
 alkaline in reaction,

which is found essentially unaltered 
at a depth of 60-160 
cm, depending upon the degree of weathering of the

profile. These soils are similar morphologically to Solonetz 

soils. The surface or A horizon is a loamy sand about 20 cm

deep. This overlies a Bt horizon 
some 60-100 cm in depth, 

which is black, contains around 60 percent clay, has 
acolumnar structure, and has a very firm consistency. This 

horizon is very impermeable and greatly restricts the passage of water and the penetration of maize roots. A thin,

greyish-colored A2 horizon showing the effects of reduc-
tion processes, is usually distinguishable between the A and

Bt horizons, 


The Bt horizon has a cation exchange capacity of about
35 meq/100 g, a base saturation percentage of 80, and is 
slightly alkaline. The content of exchangeable sodium varies
from 4-14 percent of the cation exchange capacity; thus,
the soils are designated sodic-like rather than sodic. Suf-
ficient moisture to permit early plantings usually cannot be
conserved through the winter months. The production
potential of these soils is very low under rainfed conditions,
but relatively high when irrigation water is available. 

The heavy sofls ,f Zone V cover an area of some 3,151
ha, of which 2,700 ha are under cultivatiou. The morphol
ogy of these soils is similar to that of the sodic-like soils,
except that the Bt horizon is less developed and the soils
thus have better internal drainage. The heavy soils of Zone
V have a limited capacity to conserve mcisture over the
winter months; thus, maize plantings usually can not be 
made until the rains begin. 

The soils with a compacted horizon occupy an area of
about 28,912 ha, with 22,403 ha presently under cultiva
tion. The compacted layer that limits both root penetration
and water percolation lies at a depth of 20-60 cm from the
surface. This layer can be: (a) fragipan, (b) claypan, or (c)tepetate. The first two layers are genetic horizons; tpetate
is a partially consolidated volcanic ash. The surface horizon
contains 0.5.1.0 percent organic matter, has a pH of around 
6.5, is high in potassium, and contains moderate amounts 
of phosphorus. Sufficient moisture to permit early plan
tings of maize cannot be conserved through the winter in 
these soils. 

The soils with a high water table cover an area of some
7,527 ha, of which 6,871 ha are under cultivation. The 
depth of the water table in these soils varies with their 
proximity to the Atoyac River, with the seasons, and with
the upkeep of the drainage canals. High yields of maize and 
alfalfa are obtained in soils with the water table more than
50 cm below the surface. These soils are dark-colored 
loams, high in organic matter, with little profile develop.
ment. They have pH values around 7.5, cation exchange
capacities of about 30 meq/100 g, and contain less than 5 
percent exchangeable sodium. 

THE FARMING POPULATION 

Most of the farmers in the region are descendents of the

Indian populations present in the area 
at the time of the
Spanish conquest. In certain villages, Nahuatl, or "Mex
ican" as it is known in the area, is still spoken, although
 
everyone understands Spanish. The information presented

in this section comes mainly 
 from personal interview
 
surveys for 1967 and 1970 (refer to Chapter 8).
 

Number of Farmers 

The number of farm operators in the Project area was
estimated to be 43,300. This value was calculated by
dividing the total cultivated area, 116,800, by 2.7, the aver
age number of cultivated hectares per farm operator. This 
latter value is the average of the estimates of the number of
cultivated hectares per operator from the 1967 and 1970 
surveys. 

According to the surveys, the average family consisted of 
5.54 members in 1967 and 6.17 members in 1971. As
suming there was no change during the 4-year period in the
number of farms in the area, this means the total popula
tion included in the families of farm operators was approx
imately 240,000 in 1967 and 267,000 in 1971. 
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In addition, there are many families living in the villages Percent of Hectares 
who do not operate farm land but depend heavily on Land Farm Operated Percent of 
agriculture for employment and sustenance. Using 1960 Holders Operators Per Farmer Total Area 
Census data for the 32 miunicpio that comprise the Project 
area, and the above estimate of the total population of the Ejidatarios 38.2 2.05 31.9 
families of farm operators, there were estimated to be Private holders 27.5 2.74 30.3 
13,300 landless rural families in the area in 1967. Ejido-private 33.5 2.76 37.2 

Rented 0.4 3.00 0.5

Size of Holdings On shares 0.4 0.20 
 0.1 

100.0 2.47 100.0The average farm size, as mentioned earlier, was esti
mated to be 2.7 ha. The amount of land per farm operator Of special interest is the frequency of combined private
varied considerably as shown below, and ejidal holdings. I:tdatario%are farmers who received 

Amount of Land Operated Percentage of Farmers land from the government as a result of the agrarian reform. 
They have the use of the land while they live, but they 

.50 ha or less 9.2 cannot sell it. Also, private holders value their land very 

.51 1.00 17.5 highly and sell only under exceptional circumstances. 
1.01 1.50 18.7 Consequently, the land market in the area is essentially
1.51 - 2.00 10.7 frozen.
2.01 12.3-2.50

2.01 23.00 82.4 Farmers commonly have several parcels at various loca2.51 3.00 8.4 tions on different kinds of soils and at varying distances3.01 34.00 4.4 from the farmstead, as shown below.3.51 -4.00 6.4 
4.01 - 5.00 4.4 No. of Parcek Percentage of Farmers 
5.01 - 7.50 4.0 per farmer 
7.51 - 10.00 2.8 

10.00 or more 1.2 1 16.7 
Type of Land Tenure 2 or 3 52.5 

4or5 21.2
 
The prevalence of different land-holding systems in the 6 or 7 
 5.6 

area is indicated by the following data from the 1967 8 or 9 4.0 
survey: 10 or more 0.0 

(. 'q,'. 

4 

Is 
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The average farm size in the project area is about 2.7 ha. Approximately 90% of the farms have 5 ha. or less. 
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At certain peak labor periods, 
such as planting and harvest, 
the whole family helps in the 
field and additional workers 

may he hired. As the fields 
often far from the village, 

the women usually bring the 
day meal. 

This phenomenon is explained in part by the farmers' The impression is that at least half of those with some 
awareness of land quality. To be fair to all when the ejidos degree of literacy read and write with considerably dif. were organized, the farmers frequently decided that each ficulty. The percentage of farmers with 3 years or more ofejidatario should have a piece of each of the two or three schooling, 45.9, is perhaps a reasonable estimate of thosequalities of land, instead of a single block of land. A similar that are functionally literate.
procedure is often followed ownersby private in leaving It is customary in the area for farmers to live together inland to their children. villages. Homes are usually (76 percent) made of sun-baked 

adobe bricks. The floors are frequently of brick, cement, orThe Family and the Home tile, but 36 percent are of dirt. The dwellings are small asindicated in the next table (1967 survey).
The family provides both the management of the re

sources used in agricultural production and most of the 
labor used on the farm. Where labor is hired, it is usually Rooms (other than Kitchen)
for short periods of peak activity, such as at harvest time in the Farm Home Percent

when there may, in fact, be a shortage of labor in the One which is also the kitchen 1.2 

One roon,region. Much of this hired labor is offset by members of the 43.8
family working off the farm at other periods when labor Two rooms 32.3 
needs on the farm are low. Two 1.7Three roomsrooms 14.7About 77 percent of the farm operators have some Four rooms 5.2
ability to read and write, as shown in the following data Five or more rooms 2.8 
from the 1967 survey. 

Schooling Percent of Farm Operators 

Never attended school: Though of these families live humbly, many havemost 

Illiterate 22.7 
 some of the minimum comforts associated with modern 
Self-taught, literate 4.3 living as can be seen inthe following table (1967 survey). 

Attended school for: 
Iyear 10.0
 
2years 17.1 
 Living Comforts Percent 
3 years 22.3 Have electric lights 62.9
4 years 9.6 Have radio 59.8
5 years 4.4 Have a sewing machine 45.06 years 8.0 Cook with gas, electricity, or fuel oil 28.7 
More than 6 years 1.6 Have piped water in home or street 13.1Average years of schooling: Have television 8.0
All farmers 2.4 Have drainage 6.0 
Farmers who attended school 3.2 Have refrigerator 1.6 
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In nearly every case, the family diet depends heavily on 
home produced food. The poorest families eat practically 

nothing besides maize and beans with small quantities of 
chiles, onions, and tomatoes for seasoning. Those with 
more resources occasionally consume wheat bread, eggs, 
and meat, and their children drink milk. 

The average total family income, estimated from the 

information provided by the 251 farmers in the 1967 
survey, was $666.80. As is shown below, the income came 
from four main sources: 

Sources of Family Income Percent 

Net income from crops 30.4 
Net income from animals 28.4 
Off-farm wage income 23.7 
Other non-farm income 17.0 

Although most of the family income was derived from 
farming activities, there was some non-farm income, mainly 
from domestic, commercial, and industrial employment in 
nearby cities. 

Contact with Ideas from Outside the Community 

There exists an excellent opportunity for contact with 

the large urban society outside the villages. Local roads are 

rough and eroded, but in most cases they are passable 
during the entire year. The local buses are battered with 
years of wear, but provide a regular and inexpensive means 
of transportation for both people and produce. Traveling 
outside the village, however, is not undertaken casually. 
According to the 1967 survey, only 24 percent of the farm
percent leave every 2 weeks or every month, 43 percentrpteers leave the village at least once a week. Another 14 

rarely leave the village, and the remaining 19 percent 
reported that they never leave the village. 

In spite of limited physical mobility, there is contact 
with ideas from outside the villages, principally through 
radio, as suggested by the following data from the 1967 
survey.
 

Percent of farmers 

Have a radio 59.8 
Listen to it daily 50.221.9 
Listen to a farm program 

Have a television set 7.9 

See TV at home or elsewhere 
at least once per week 12.4 

Read farm magazines regularly 1.6 
7.9Read newspapers regularly 

LOCAL PRODUCTION TECHNOLOGY 

The percentages of the cultivated land used for different 
crops were estimated from survey data for 1967 and 1970: 

PrC e of 
Crop Cultivated Area 

Beans 15.9 
Alfalfa 5.3 
Vegetable crops 3.0
 

Fruit trees 0.9 
Others 5.5 

Most of the maize, beans, and fruit trees are produced 

under rainfed conditions. Alfalfa and vegetable crops 
usually receive supplementary irrigation. 

The important cropping systems under rainfed condi
tions in the Puebla area are (a) maize alone, (b) the 
maize-pole bean (t'h.'ohl rutgati) association, (c) bush 
beans (I'hiascoh, ruIgaor,) alone, (d) maize interplanted in 
orchards, and (e)scarlet runner beans (I'hawculu vo

chi'us), known locally as atw'ct Pumpkin ((Cu'rhilta 
spp.) is interplanted in many of the maize fields with a 
population density of 300-1,000 plants/ha. 

Maize planted alone is the most impoitant crop in the 
Project area. The maize-bean association is the second most 
important cropping system in Zones 1,11, and IV (see Fig. 
1.2). 3ush beans is the second most important crop in Zone 

1I1. Bush beans and aiot o/c follow maike in importance in 
Zone V, yet occupy a small fraction of the total area. Bush 

beans is the third most important crop in Zones 1,11, and 

IV. Maize interplanted in orchards is most common in Zone 

II. 

' ,\!,,"-NhynvrI .' 

I 
, " 

, 

The staple food of the rural familie%in the Puebla area, a

in the rest of Mexico. is natte. It is eaten mainly in the 

form of a thin bread or tortilla. The average annual con
is aboutsumption of maize per person in the PIuebla area 

250 kilos. 
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The local production technology for these crops is the 
product of centuries of interaction among the farmers, their 
environment, and external influences. There is solid evi-
dence that primitive wild maize was domesticated as long 
a; 7,000 years ago in the highland region of which the 
Project area is a part. When the Spanish conquerors arrived 
it Cholula (near the center of the Project area) they found 
",,,
111..ibitants cultivating maize. The historian Bernal Diaz 

.1.1C-%, ilo reports that the farmers in the valley of Mexico 
., e time of the conquest were using human excrement 
awl !li,hbones to fertilize maize. It is probable that knowl-
c1,qe ol these practices extended to the nearby Puebla 
Vill,,,! 

'ierietic Resources 

Great phenotypical diversity is evident in the local 
varieties of maize, bush beans, pole beans, and pumpkin. 
.Most of the local maize varieties belong to the Chalquefto 
race. For early plantings in March and April, farmers use 
late-maturing varieties that flower in 100-120 days and 
require about 180 days to reach physiological maturity, 
These early plantings usually experience some moisture 
stress during the first 2 or 3 months, but have adequate 
moisture during the rest of the growing season. The late 
varieties are generally high-yielding; yields of 10 ton/ha of 
grain have been reported in field trials, 

Farmers use early-maturing varieties with a biological 
cycle of about 130 days for late plantings in June. These 
varieties flower in 75-90 days after planting. Typical 

environmental conditions during the early growth stages of 

late plantings are cool temperatures, low light intensities, 

and abundant moisture. The yielding pote-ntial of early

varieties isonly about half that of late varieties. 


In addition to this relationship between earliness and 
yielding potential, the length of the growing cycle of maize 

varieties tends to be correlated with the height of the 

plants, shape, texture, and color of the grain, and (prob. 

ably) tolerance to early drought. Late-maturing varieties are 

about 3 meters tall and have grain that is usually dented, 

hard, and light-colored. Early-maturing varieties are about 2 

meters tall and produce large kernels that are usually floury 

and dark-colored (red or blue). 


Maize varieties with an intermediate growing season also 
are available in the area for May plantings. Most native 
varieties are susceptible to lodging when produced under 
favorable growing conditions. 

Data collected in the 1967 survey indicated that 54.6 
percent of the farmers knew about hybrid varieties of 
maize. About 15 percent of the farmers had planted hybrid 
maize on at least one occasion, but only 0.8 percent of 
them planted a hybrid in 1967. Of the farmers who knew 
of hybrid maize but had never planted it, 64.2 percent gave 
as their reason that hybrids did not outyield their local 
varieties, or did so only under irrigation, 

The length of the growing season of beans tends to be 
correlated with the growth habit and the size, form, color, 
and flavor of the grain. Beans with a long growing season 
have an indeterminate growth habit (pole beans), large 
grains, light colors, and a flavor preferied by most con
sumers. Beans with a shorter growing cycle have a deter
minate growth habit (bush beans), smaller grain, and a less 
popular flavor. (The yielding potential of the maize-pole 
bean association is suggested by the results from a later 
field trial in which the association receiving both chemical 
fertilizers and chicken manure produced 4.5 tons of maize 
and 3.0 tons of beans per hectare) 

Little is known at present about local production tech
nology for aI'oc'ote and pumpkin. The experimental study 
of the maize-pumpkin association was not undertaken until 
1973. 

Production Practices 

Most farmers manage their soils so that moisture present 
in the profile at harvest time is conserved through the 
winter months; thus maize can be planted in March and 
April, some 2 months before the rainy season begins. Farm. 
ers cut and shock their maize as soon as it reaches phys
iological maturity; they then plow immediately and smooth 
the surface with a wooden plank. This operation is usually 
done in October and repeated in February or March. Maize 

planted in these soils with residual moisture usually suffers 
from drought before the summer rains begin. This moisture 
stress slows down or stops vegetative growth, but otherphsooiaprcsecntu.Asonasheansbgn 

physiological processes continue.As soon as the rains begin,
 
the maize continues its vegetative development. If drought 
is not too prolonged, the maize has sufficient time to
produce large plants and a good yield. By preparing theirland in this manner, farmers (under rainfd conditions) are 

able to use late varieties that require 180 days to reach 
maturity in an area where the period with rainfall and 
without critical frosts lasts only 140 days. 

Farmers who plant with residual moistu'e understand 
that agronomic risk in their plantings is due primarily to 
drought during the period between plantirg and the begin. 
ning of the rainy season and to the midsummer or intra
estival drought (usually between July 15 and August 15). 
Those who plant early are betting that drought during the 

period before the rains begin will not be severe; they stand 
to gain a high yield if early drought is slight. Farmers who 
plant late are betting that early drought will be severe; they 
stand to gain yields less than those produced by early 
plantings if early drought is slight-but will produce com
paratively higher yields if early drought is severe. Thus, 
planting date is a variable that can be manipulated. The 
usual practice is for farmers to use a mixed strategy in 
chbosing the date of planting; that is, they distribute early 
plantings over a period of a month or so. 

Present technology does not provide for the conserva
tion of sufficient moisture during the winter months to 
permit early plantings of maize in sodic-like soils, heavy 
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soils of Zone V. and soils with a compacted horizon. These method, the soil is turned with a single.moldboard plow,
three groups of soils occupy 33 percent of the cultivated the seed is deposited at the bottom of the furrow, and thenland in the Project area (Table 1.1 In addition, some of it is covered by the following passage of the plow. Cultiva
the farmers with soils capable of retaining sufficient mois- tions are made with a hoe. Population densities are aboutture for early plantings are unable to plant early because 60,000/ha for the first method; 90,000/ha for the a bar
they do not employ moisture conservation practices at the becho method. The a barbecho method is commonly used proper time. Furthermore, it is usually not possible to in soils with a high content of pumice in the plow layer,
conserve sufficient moisture to permit early maize plantings possibly because of the ease of hand weeding.
in soils where maize is interplanted in orchards. These three According to the 1967 survey data, 95.2 percent of the
categories account for a sizeable area that is not planted farmers in the Project area knew of chemical fertilizer; 80.1until the rains begin. Farmers use short-season varieties for percent had used it on at least one occasion; and 69.3 perthese late plantings. In the rare years when rains do not cent had used it in 1967 Theso farmers in 1967 used anbegin until early July, farmers prefer not to plant maize average of 49.3 kg/ha N and 20 3 kg/ha P2 0 5 . For the
because of the frost hazard. According to 1967 survey data, entire cultivated area in 1967, tne averige amounts were 34
maize plantings for that year were spread over a three kg/ha N and 14 kg/ha P2 0 Of the farmers aprlving fertimonth period, as shown below. lizers in 1967, 64 percent used the formula 10-8-4, 18 per-Lane cent used ammonium nitrate or ammonium suif,,tf, and.5
Date of Planting Percentage of La percent used other formulas. 

Before March 1 3.Chemical fertilizers have been used for several years in 
March 1-31 March1-3134.6 3.8 the Puebla area as indicated in the survey data shown next. 

April 1-30 37.4
 
May 1-31 
 17.8
After May 31 6.4 In What Year Did You 

First Use Chemical Fertilizers? Percentage of Farmers 
In their plantings of maize alone or in association, farm

ers use between 15,000 and 35,000 plants/ha, depending Have never used it 19.9 upon the fetility level of the soil and the amount of ferti- 1967 7.5
lizer to be used. If pole beans are grown with maize, the 1966 7.5
farmers sow sufficient seed on the same date to give a bean 1965 10.4
density of 5,000-20,000 plants/ha. A common rule-of- 1964 6.4thumb is one bean plant for every two plants of maize. 19u3 6.4Maize plants that have no adjoining bean plant help support 1962 6.0
the weight of the beans and prevent lodging The distance 1961 2.0 
between rows of maize is about 90 cm. 1960 

Farmers use two methods for planting and cultivating 1959 or before 
6.8 

27.1 
bush beans: (a) planted in rows 70 cm apart and cultivated 
with animal-drawn implements, and (b) planted in rows 50 
cm apart, using the method called a barbecho. In this 

:~
 

-4,...j. t>."" • 

When the Project began in 
• -.- 1967, 959%of the farmers 

Ar knew of chemical fertilizer 
.,-L ' ," ' ;" and 80 0%of them had used it 

uk\,--~at least on one occasion. Most 
-S - felt that some fertilizer was 

needed, but did not know 
' •which elements or how much 

.~ ~ b. .to apply. 
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ui ine zi iarmers interviewed in 1967, 191 provided 
information on time of applying fertilizers to maize as 
shown next. Most farmers applied fertilizer only once, at 
the time of the first cultivation. 

Time of Fertilizer Application Percentage of Farmers 

At planting 2.6 
At first cultivation 63.4 
At second cultivation 24.1 
A( both Ist. and 2nd 

ctill ivationis 9.9 

Maize planted atone or in association is usually cultiva. 

ted twice the first cultivation 30-40 days after planting, 
and the second cultivation 60-70 days after planting. Farm-
ers take into account the amount of soil moisture, prob-
ability of frost, and size of the weeds, in deciding when to 
make the first cultivation in early plantings of maize using 
residua! moisture Cultivating is postponed if a frost is 
thought likely. The second cultivation is made after the 
maize is 60 days old and when the soil is moist to a depth 
of at least 30 cm. Some weeds are allowed to grow in the 

maize and are harvested for forage as needed. 
Farmers in Zone III practice a 2-year rotation of maize 

and bush beans Chicken manure (5-10 tons/ha) is applied 
to the maize immediately before the first cultivation. Bush 
beans are then grown the following year without fertiliza-
tion. Yields of both maize and beans are relatively high 
using this rotation. 

It is a common practice in Zones I and V (and to a lesser 
extent in the rest of the area) for farmers to top the maize 
plants when the grain is still in the milk stage and to cure 
the tops in the field and preserve them as high-quality 
forage. The rest of the plant is cut and shocked as soon as 
the grain reaches physiological maturity. Later, the ear is 
harvested and the rest of the plant is preserved as forage of 
a p o o rer q valty th an th at of t h e tops .
 

Farmers use few insecticides and herbicides. Forty-one 

percent of the farmers in 
 1967 knew of chemical insecti-

cides and 22 percent had used them on some occasion, 

principally to control insects on beans. 


AGRICULTURAL SERVICE AGENCIES 

Two official credit banks, the National Agricultural 
Credit Bank and the National Ejidal Credit Bank, were 
operating in Puebla in 1967. According to survey data, 6.4 
percent of the farmers received credit from the Ejidal Bank 
that year and 0.4 percent from the Agricultural Bank. 
Another 5.2 percent bf the farmers obtained credit from 
other sources, mainly private lenders. A third official bank, 
the National Crop and Animal Production Bank, established 
a branch in Puebla in 1967. 

A 
A 

; j. 

. 

' w" 

-..-.. 

Only 39% of the farmers sold maize in 1967. Most of thi, 
maize was sold to local buyers who picked it up at the farm 
home, or it was retailed in ne village on market days. The 
maize was marketed throubaout the year, to cover various 
costs. especially medical care. 

Crop production inputs- fertilizers, improved seeds, 
insecticides, herbicides, etc.-were available to farmers in 
1967 through merchants in the principal cities of Puebla, 
San Martin Texmelucan, Huejotzingo, and Cholula. In 
addition, there were 42 villages in which a total of 80 store 
ad d it feriwe a e s i theao al l e vel .i o, r w h ti 

keepers bought fertilizer and resold it at the local level.
 

According to survey data, only 38.8 percent of the farm
ers sold maize in 1967. This maize was marketed through
out the year, mainly to cover the costs of medical care. 
About 30 percent of the maize was purchased by the 
National Marketing Agency, CONASUPO, at the support 
price of $75.20/ton. The remainder of the maize was sold 
to local buyers at the official price or slightly less. 

Abranch of the National Agricultural Insurance Agency 
operated in Puebla in 1967 and provided crop insurance to 
farmers receiving credit from the official banks. An agency
of the National Agricultural Extension Service was located 
in the city of Puebla, with one extension agent in San 
Martin Texmelucan. There was no agricultural experiment 
station, but investigators of the National Agricultural 
Research Institute occasionally conducted field trials in the 
Project area. 

The characteristics of the service agencies, their 
activities during 1967-1973, and factors limiting their 
effectiveness are discussed in Chapter 7. 
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PROJECT OPERATIONS AND COORDINATION:
 
2 AN OVERVIEW
 

INTRODUCTION 

The Project area was selected in early 1967 after evalu-
ating information collected in visits to the area just prior to 
the maize harvest in 1966, reviewing the results from earlier 
experiments, and studying weather data from several loca-
tions in the region. Members of the CIMMYT staff played a 
key role in the initial planning and setting up of operations. 
Financial support for the Project was approved in March, 
1967, and a research agronomist and a maize breeder were 
employed soon afterwards. The first field experiment was 
installed on April 18, 1967. 

This chapter is designed to highlight program operations 
as they evolved from 1967 to 1973, and to briefly describe 
the coordinating and staffing functions. 

EVOLUTION OF THE PROJECT 

Several agricultural service agencies were operating in the 
Puebla area when the Project was organized, as indicated in 
Chapter 1. The role of the Puebla Project, as conceptualized 
by its planners, was to complement the activities of these 
existing agencies by (a) providing those services that were 
lacking, and (b) coordinating the total effort to assure 
adequate and accessible agricultural services for the small 
farmer. 

Project Operations: 1967 

The information available in early 1967 indicated that 
maize yields would be greatly increased by applying 
adequate quantities of nitrogen and phosphorus, using 
higher plant densities, and controlling weeds properly. 
Thus, the emphasis in the first year was on agronomic 
research to identify outstanding maize varieties and to 
determine optimal packages of production practices. The 
program to provide technical assistance to farmers was 
postponed until reliable recommendations on maize pro-
duction practices were available. 

Although the search for a Project coordinator was begun 
in March 1967, four months elapsed before a q'alified person 
was found for the position (detailed discussion of the 
coordinator's role is reserved for following section). On 
joining the Project in August 1967, the coordinator carried 
out a general reconnaissance of Lhe area, traveling over most 
of the all.weather roads, and observing the technology used 
by the farmers in maize production. Farmers were ques-
tioned about their production practices, average yields, 

relationships with agricultural institutions, and possible 
interest in participating in the Project. 

This exploration led to a better understanding of the 
nature of the problem of increasing maize production in the 
Project area. It brought clearly into focus the need for a 
formal survey to gather more detailed information on the 
characteristics of the farmer and his family, the production 
technology in use at the time, farmers' attitudes toward 
change, etc. As a result, the decision was made to add 
socioeconomic evaluation as another component of the 
Project. An evaluation specialist was selected in late 1967, 
and the first personal interview survey of the farmers was 
made in January and February of 1968. 

Concurrent with the study of the Project area and the 
farming population, the coordinator proceeded to con
solidate relationships with the agricultural institutions in 
Puebla. Interviews were held with the leaders of the dif

ferent institutions, and they were infoimed about the 
philosophy, objectives, organization, and operation of the 
Project. Discussion in these interviews emphasized the 

importance of the role of each institution in achieving the 
goals of the Project. 

The interviews also allowed the coordinator to become 
familiar with all national, state, and local institutions, as 
well as private organizations, involved in agricultural devel
opment in the area. A study was made of the objectives, 
organization, and operating procedures of each institution, 
and an understanding was sought of the decision-making 
process and the responsibilities of key individuals of the 
different organizatioi.s This knowledge was helpful in 
deciding how to proceed in seeking a solution ,o particular 
problems. 

The fertilizer and maize breeding experiments were 
harvested as soon as the maiie reached maturity. Then the 
results were analyzed and a general recommendation was 
formulated for producing maize in the area. This recom
mendation called for a fertilizer treatment of 130-40-0, a 
plant density of 50,000/ha, early control of weeds, 
chemical control of high infestations of rose chafer at 
flowering, and the use of native maize varieties. 

The first Annual Meeting of the Puebla Project was held 
at Puebla in December 1967. Representatives of all agricul
tural institutions were invited, and the Project staff ex
plained the experimental findings and the maize recom
mendation for 1968. 

Project Operations: 1968 

The package of recommended practices for 1968 implied 
three principal changes for the agricultural institutions: (a) 

an increase in the amount of credit per hectare needed to 

purchase fertilizers, (b) substitution of ammonium sulphate 
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and ordinary superphosphate for the formula, 10-8-4, and 
(c) availability of the credit and fertilizer materials at the 
local level in March rather than in May. 

The changes implied by the new recommendation were 
discussed individually with representatives of the different 
institutions. In general, it was found that the institutions 
accepted the findings of the Project, but were uncertain as 
to their participation. The three official banks were reluc-
tant to introduce changes of the suggested magnitude until 
their value had been demonstrated in a network of com-
mercial plantings. The banks felt their credit programs to 
farmers were satisfactory. In their view, the changes rerom-
mended by the Project would present additional risks 
because of the larger amounts of credit required, as well as 
a possible loss of prestige should the new technology not 
provide good results, 

The crop insurance agency maintained that, after the 
new recommendation had been accepted by the credit 
banks and their clients, the farms using the recommenda-
tions could qualify for insurance. This agency, however, 
had rigid operating procedures that did not permit coverage 
for individual small farmers. Again, change was necessary if 
the crop insurance agency were to participate; these 
changes required the presentation of proposals to higher 
authorities and favorable action at that level, 

The Project plans drafted in early 1968 called for a 
continuation of research on maize improvement and agron-
omic practices, and the initiation of the program of tech-
nical assistance to farmers. The assistance program was to 
consist of approximately 100 "high-yield" plots of 0.25-1.0 
ha. The farmers owning these plots would use Project 
recommendations, and they would be supervised by a tech-
nical assistance agent who had been added to the Project 
staff in early 1968. The experiments and high-yield plots 
were limited to the western two-thirds of the Project area 
(known later as Zones I through IV) in order to concentrate 
the efforts of the available staff. 

At the end of each season, 
after results had been evalu
ated. meetings were held at 
which the members of the 
Project team presented their 
findings and recommenda
tions to representatives of the 

V. 	 • agricultural service institu
tions. 

The cost of the fertilizer for the high-yield plots could 
have been considered a demonstration cost and paid by the 
Project. However, because the plots of 0.25-1.0 ha rep
resented a large portion of the total area in maize of many 
farmers, it was decided that free provision of fertilizer 
would establish a difficult precedent. Also, procedures for 
obtaining credit required immediate testing, to facilitate 
channeling of cLedit and fertilizers to more farmers in the 
area. 

Two of the official credit banks decided not to provide 
credit for the high-yield plots in 1968. The third official 
bank agreed to finance about 20 percent of the high-yield 
plots. Another 20 percent of the plantings were financed by 
the farmers. The remaining 60 percent were financed by a 
private fertilizer distributor, Agr6nomos Unidos, which 
made the fertilizer available on credit at an interest rate of 
l',/2 percent/month(these loans were quaranteed by CIM-
MYT). A total of 141 plots were provided for, far in excess 
of the 100 plots originally planned. 

Field personnel of the credit banks provided suggestions 
for locating farmers to cooperate in the Project in 1967 and 
early 1968. In conducting the sccioecor,omic survey in 
early 1968, however, the evaluation team encountered 
negative reaction, and sometimes open hostility, from the 
farmers in several villages. This experience, plus other obser
vations in the area, strongly indicated that contact should 
be made directly with the local authorities of each com
munity. The coordinator proceeded to establish contact 
with each village in the area and to hold meetings to explain 
the objectives and operation of the Project and assess the 
interest of the farmers. 

The experimental plantings and the high-yield plots were 
used as demonstrations of the importance of the improved 
production practices from the time the maize began to 
flower until harvest. Throughout this period, field days were 
held for representatives of the agricultural institutions and 
for groups of farmers. The field days for institutions had 
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two principal objectives: (a) to convince the leaders of the 
institutions that recommendations, based on the field 
experiments, represented 	 the most reliable information 
available for increasing yields, and (b) to acquaint these 
leaders with the capability of the Project staff. The field 
days for farmers sought 	 to demonstrate the results they 
could expect through use of the recommended practices. 

During 1968, audio-visual materials were prepared, using 
the results obtained in 1967 and the experimental plantings 
and high-yield plots. These were prepared specifically for 
use in reaching large numbers of farmers in subsequent 
years. 

Just prior to harvest in 1968, the evaluation specialist 
determined grain :'ields of the high-yield plots and of a 
sample of farmers' plantings Experimental plantings were 
harvested in October and November, the data were anal-
yzed, and new maize iecommendations were proposed. The 
Second Annual Meeting was held in December 1968, to 
inform representatives of the agricultural institutions of the 
accomplishments during the year. 

By the end of 1968, several findings were clear: (a) 
larqe increases in maize yields could be obtained through-
out the Project area; (b) after seeing the results of agronomic 
research, the technical assistance to farmers, and the evalua-
tions, representatives of the agricultural institutions were 
convinced of the value of Project recommendations; (c) the 
farmers who had cooperated with a part of their land in 
high-yield plots were prepared to assist other farmers in 
using the new technology; and (d) the Project staff, farm-
ers, and agricultural agencies could be effectively coordi-
nated in working to achieve the goals of the Project. 

Project Operations: 1969 

Plans for 1969 called for three major modifications in 
the operation of the Project: (a) research activities would 
be extended to cover the entire area; (b) the western three- 
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fourths of the area would be divided into four zones (see 
Fig. 1.2), and a technical assistance agent would be assigned 
to each zone; and (c) a coordinated effort would be made 
to enlist 5,000 farmers to use Project recommendations on 
10,000 ha of maize. 

The decision to promote the use of Project recommenda
tions so extensively in 1969 was made after careful study 
and discussion by the Poject staff and state representatives 
of national agricultural institutions. Expansion of the pro
gram to reach 10,000 ha of maize would require credit 
needed for fertilizer alone amounting to about $560,000. 
Discussions with the different imstitutions led to the pro
posal that the National Ejidal Credit Bank would finance 
2,000 ha, the National Agricultural Credit Bank 1,500 ha, 
the Agricultural Bank of the South 1,500 ha, and that the 
Impulsora de Puebla, through its subdistributor, Agrono
mos Unidos, would finance 5,000 ha This proposal was 
approved at the national level. 

The plan to reach 5,000 farmers in 1969 implied a 
drastic change in operating procedures of the technical 
assistance agents In 1968, one technical assistance agent, 
assisted by the evaluation specialist, had given individual 
attention to 103 farmers In 1969. four agents would have 
to assist u to 5,000 farmers Such assistance seemed pos
sible only if the farmers oiganized into gioups 

The four technical assistance agents launched a piogram 
to inform the farmers in the orea about the maize recom
mendations, and to assist them in uijanizil 9 into groups 
and arranging for ciedit and fertilizeis The field peisonnel 
of the credit banks, the National Marketing Agency, and 
the crop insurance agency, assisted in thi %voik In their 

relationships with the farmer, the technical assistance 
agents made sure that ariangements foi ciedit and fei tilreis 
were always made between the ciedit iiititutions and the 
leaders of the farmei gioups Thus, the "sponsiblity for 
procuring credit and feitilizeis iemained v. ith the individual 
farmer or the group leader 

4~ 

4 	 During the cropping season. 
field days were held for farm. 
ers and representatives of the 
agricultural institution%. Here 
the Minister of Agriculture, 

%j~j 1 ~the Governor of Puebla and 
,,'dI ,other dignitaries listen to an 

Kr'\ explanation of the agronomic 
1r3-arch program. 
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Perhaps the most crucial period in the development of 
the Project was in early 1969. Although the specific func-

tions of the Project staff and participating institutions were 
defined well in advance of planting, the task remained of 

coordinating all activities so that the farmers would have 
fertilizers when needed. The correct fertilizer materials had 

to be ordered early, freight cars had to be available to trans- 
poit the material to Puebla, the shipments had to be 
received by the distributors and dispatched to subdistri-

butoLs, and the farmers had to arrange for credit so they 
could pick up theii fertilizers when needed. Problems 
developed at all points in this chain of events, and continu-
ous contact by the coordiator and a clear understanding of 

Hip operation of each institution provided the means to 
rAuce delays to a minimum and to avoid the loss of 
prospWc tive cooperators. 

A total of 2,561 farmers, organized in 128 groups, were 
is'ited in uing Project recommendations on 5,838 ha. 
Although the total fell short of the stated goal for 1969, 
some 5.4 percent of the farmers in the area did begin using 

the new technology that year. 
During the fall of 1969, regional demonstrations were 

held at six locations in the area. The average maize yields of 

organized farmers and all farmers in the area were esti
mated, agionomic trials were harvested, and the maize 
recommendations were refined. The Third Annual Meeting 
was held in early January 1970, attended by political 

leaders, representatives of agricultural institutions, farmers, 

and Project staff, 

Project Operations: 1970 

A principal addition to the Project in 1970 was the 
initiation of technical assistance to farmers in Zone V (Fig. 
1.2). A fifth technical assistance agent was assigned to this 
zone. 

The main thrust of the technical assistance program in 

1970 was to increase the use of Project recommendations 
by (a) informing farmers of the new technology through 

village meetings and mass communications media, and (b) 
assisting in the formation of new groups and in helping 
oganized farmers arrange for credit and fertilizers. A 
special effort was made to increase the participation of the 

public credit banks by counseling new groups to seek 
financing from these sources, and by assisting the groups in 
making the necessary arrangements. 

The agronomic research program was expanded in 1970 
tc include studies on the production of beans and alterna- 

tive crops for late plantings. The invesigations of the 

production of these crops were made in response to re

quests from many of the farmer groups that had used the 

maize recommendations the previous year. 
In early 1970, CIMMYT signed an agreement with the 

United Nations Development Program that led to the par-

ticipation of the Puebla Project and its advisors in the 
development of similar programs in other areas (refer to 
Chapter 13). The Project and its advisors participated 

mainly in two activities: (a) the training of professional 
staff for new programs in the philosophy, organization, and 

operation of the Puebla Project (refer to Chapter 12); and 
(b) technical assistance to the staff of new programs in 

organization and agronomic research. A group of tech
nicians from Colombia and Mexico were in training in Pue

bla during the second half of 1970. Project advisors traveled 
to Colombia and Peru on several occasions during the year 
to assist in planning and organizing programs in those 

countries. 
Project staff and advisors participated in two interna. 

tional conferences held in Puebla in August 1970, to discuss 
strategies for increasing agricultural production on small 

holdings. These conferences (English spoken at one, 
Spanish at the other) drew participants from 15 Latin 
American countries and 15 international development 

organizations. 
Demonstrations at harvest time, estimations of yield, 

and adjustment of maize recommendations were conducted 
as in previous years. In addition, recommendations for the 

production of bush beans were formulated for parts of the 
Project area. The Fourth Annual Meeting was held in mid-

February 1971. 

Project Operations: 1971 

The operation of the Project in 1971 was similar to 

1970, with one principal difference: a second personal 

interview survey was conducted during the summer of 1971 
to collect data for evaluating social and economic changes 

in the Project area. Interviews were made of a sample of all 
farmers in the area and a second sample of those farmers on 
credit lists. 

The technical assistance agents broadened their activities 
in response to the requests from the farmers for assistance 
in improving other agricultural activities. Short courses for 
farmers on the management of orchards were given, with 
the participation of specialists from other institutions. 
Demonstrations were held to instruct farmers in the use of 

small trench silos for preserving maize stover as silage. 
Several groups were assisted in arranging for long-term loans 

to finance the drilling of wells, or for purchase of farm 
machinery. 

Technicians from Colombia, Ecuador, Peru, and Mexico 
were trained in Puebla during 1971. Project staff and 

advisors provided technical assistance to regional produc
tion programs in Colombia, Peru, Hondur-s, and the States 
of Mexico and Tlaxcala in Mexico. 

The Fifth Annual Meeting was held in Puebla in mid-
February 1972. 

Project Operations: 1972 

In early 1972, the maize breeding component of the 

Puebla Project was discontinued. Progress in developing 
higher-yielding varieties had been slow (refer to Chapter 4). 
Moreover, the maize breeders in CIMMYT felt that this 
type of research could best be done at a research center 
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with ecological conditions similar to the Project area. 

Varietal testing continued and became a part of the agron-

omic research program. 
Results obtained in preliminary studies of the maize-pole 

bean association in 1970 and 1971 indicated that net 

income might be greater with the combination of crops 

than with either maize or bush beans alone. Research was 

intensified on management practices for this association, to 

develop recommendations for its use. 

The effort to achieve a closer coordination of the activi-

ties of the farmers, agricultural institutions, and Project 

staff in previous years had disclosed problems that required 

changes in the operating procedures of institutions. At 

times, through a careful exposition of the problem to the 

indicated institution, it had been possible to reach a sat-

isfactory solution. In other cases, however, little or no 

progress had been made. It became clear from these experi-

ences that a more detai!ed study was needed of the operat-

ing procedures of the agricultural institutions and of the 

reasons farmers have difficulty in using their services. Such 

a study was undertaken in mid-1972. 

Another increasing concern of the Project staff was how 

to develop the capacity of the frmer organizations to 

participate more actively in seeking solutions to their 

production problems. In mid-1972, arrangements were 

made to contra" the services of a sociologist with years of 

experience with farmer organizations, who would provide 

technical assistance to the Project staff in searching for a 

moregovernments,moeef deciednoeaworkin it termergrous.particCIMMYT decided in early i972 to terminatf its partic-

in the Puebla Project at the end of 1973. Theipation ipaton nrojctth a th endof 973.ThePubla 

Project had begun in 1967 as an experiment to !earn how to 
rapidly increase maize production among small, low-income 
frpidly inAste mPro uctond, aongesm, lowicome 
farmers. As the Project evolved, however, it became clear 

that the Project's objectives would shift to more efficient 

strategies for increasing production, net income, and the 

general welfare of small farmers in rainfed areas. CIMMYT 

felt that its mandate was not broad enough to encompass 

all the activities that clearly should be incorporated in so 

extensive an undertaking. This position was made known to 

the Governor of Puebla and the Secretary of Agriculture, 

making clear CIMMYT's reasons for withdrawing support, 

as well as the conviction that the Project should continue. 

A seminar on rural development was held in Bogota, 

Colombia, in September 1972, with the participation of 

of the Puebla Project and similar programsrepresentatives 
in Colombia, Honduras, Peru, and Mexico. The Interna

tional Development Research Center (IDRC) of Canada 

took the initiative in organizing the seminar and provided 

financial support. 
The Sixth Annual Meeting was held in Puebla in March 

1973. 

Project Operations: 1973 

The program of technical assistance to farmers was 

(a)broadened in 1973 to include promotion of the use of: 

a new technology for the maize-pole bean association, and 

(b) agua ammonia as a source of nitrogen for maize. The 

national fertilizer agency, Guanos y Fertilizantes, intro

duced the idea of finding a way to enable small, traditional 

farmers to use agua ammonia. The agency provided the 
agua ammonia, a source of phosphorus, applicators, credit, 

and technical assistance. The Project technical assistance 

agents informed the farmers of the availability of credit for 

these fertilizers and assisted interested farmers in organizing 

and in arranging for and applying the materials. 

During the second half of 1973, the technical assistance 

agents, after months of discussions about how to work more 

effectively with farmer organizations, began to work more 

intensively with selected groups. A series of meetings was 

held in which the farmers and the technical assistance agent 

explored operations that could incrpase net income of the 

farmers. From these discussions, it could usually be agreed 

that one activity should be given priority. A committee was 

elected by the farmers to study how to proceed on the 

priority undertaking. The technical assistance agent pro

vided information and guidance to these groups, but re

sponsibility for group action remained with the farmers. 
A second seminar on rural development, with financial 

support from IDRC, was held at Chapingo, Mexico, in 

September 1973 The staff and advisors of the Puebla 

Project participated in the organization of the seminar and 

in the conferences and work essions. 

In early 1973, the Project staff and advisors began to 
explore, with poltcal leaders of the state and federal 

epoe, ith poltcal teaerno te stae afer 

means for continuing the Puebla Project afterCIMMYT had terminated its participation. Discussionsstudy at several levels proceeded during the year, andand 
suya eea eespoedddrn h er n 
shortly before the end of 1973, the Ministry of Agriculture 

tie e o je ani vtyof tedecideo 
deidtocnnuthPrjtasnatvtyfte 
Graduate College at Chapingo. Present expectations are that 
the Project will become a part of a new national piogram to 
increase ctl production rainfedainal tothe ragricultural prtiof anin areasrramof the 

country. 
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COORDINATION 

The coordinator has been the central figure in the 
operation of the Puebla Project. His function has been that 
of coordinating activities of the farmers, agricultural institu-
tions, and Project staff so as to enable small farmers to 
attain higher levels of production and net income. In prac-
tice, his responsibilities have included three distinct (but 
cdosdy telated) activities. (a) administration of the pro-
qr.m:, (b)direction of the program, and (c) acquisition and 

La.mntenanceof the full support of the agricultural institu-
tions 


7he Project coordinator made most of the decisions 
affecting the administration of the Project. He was responsi-
ble foi locating candidates for staff positions, evaluating 
their qualifications, and deciding whom should be hired. He 
recommended salary levels and perquisites for Project staff, 
the purchase of vehicles and equipment, budget changes, 
etc. He approved the local expenditure of funds for day 
laborers, supplies, gasoline, vehicle maintenance, etc. 

The coordinator directed the activities of the Project 
staff in the: (a) preparation of operational plans, (b) 
execution of these plans, and (c) the summarizing and 
reporting of accomplishments. Fach program presented its 
plans for the year at meetings of staff and advisors that 
were generally held in January. The plans were discussed, 
modified and finally approved. Weekly meetings were held 
throughout the year to discuss progiess and problems of the 
staff. Adjustments in operational plans, as a result of new 
;nformation, were made at these meetings. Important 
matters affecting the operation of the Project were discus-
sed fully at the weekly meetings before a decision was made 
by the coordinator. The coordinator maintained contact 
with the field work by accompanying the members of the 
staff, as time permitted, in their daily activities. At the end 
of the year, the coordinator worked with the staff members 
in analyzing, evaluating, and reporting the results of their 
programs. 

A large part of the coordinator's time was dedicated to 
work with the agricultural institutions. Initially he was 
involved in informing the institutions of the philosophy, 
objectives, and plans of the Project, and becoming familiar 
with their operating procedures Then, as information 
flowed in from the field work, much of this data had to be 
communicated to the institutions. For 2 or 3 months after 
harvest, the coordinator was in almost constant contact 
with representatives of the institutions, explaining the plan 
of operations for the following season and working to 
obtain their approval and support. When a problem arose 
due to the operating procedures of an institution, informa-
tion about the problem was prepared by the Project staff 
and communicated by the coordinator to the responsible 
people. Generally this was followed by a series or meetings 
and the gathering of additional data until a decision could 
be made. 

PROJECT PERSONNEL 

From the beginning it was recognized that the quality of 
the Project staff would be the most important factor in 
assuring the success of the undertaking. Screening proce. 
dures were followed which, hopefully, would assure the 
selection of the best candidates available. 

The Project sought to provide working conditions and 
opportunities that would enable its staff to work har
moniously and effectively and to advance professionally 
through (a) salaries and perquisites that were competitive 
with other employment opportunities; (b) opportune avail
ability of the necessities for getting the job done (adequate 
operating expenses for vehicles, prompt purchase of 
equipment and supplies, revolving funds for the purchase of 
small items, prompt repair of vehicles and equipment, etc.); 
(c) encouragement to use initiative and be innovative (the 
staff could not be provided with an operations manual that 
would cover every exigency that might arise; thus, the team 
members were encouraged to work out their own solutions 
when confronted with new problems and to seek advice 
from other staff and advisors as soon thereafter as possible); 
and (d) opportunities for advancement (outstanding team 
members were given the opportunity to advance both in 
salary and in professional position; also, staff members 
interested in continuing their academic preparation were 
assisted in doing so, after 2 to 3 years with the Project). 

Because of the Project policy encouraging its staff mem. 
bers to continue their academic training, plus the avail
ability of other job opportunities, especially in regional 
production programs in other parts of Mexico, there were 
frequent changes in Project personnel. Figure 2.1 shows 
diagrammatically the periods of employment of profes. 
sional staff during the period 1967-1973. The shortest 
period of service was one cropping season; the longest 
service was 6 years and 4 months. 

When possible, new staff members were hired 1 to 3 
months before the resignation of the person they would 
replace. Thus, it was possible for the departing staff mem
ber to relay to the replacement much of the knowledge that 
had been gained of the area, farmers, and institutions. iAlso, 
many departing staff members entered the Graduate ,.ol
lege at Chapingo and continued to be available for advice 
and information. 

The lines in Figure 2.1 show that there were 35 periods 
of employment in the Project. However, one staff member 
served both in evaluation and coordination, and a second in 
both evaluation and technical assistance; thus, there was a 
total of 33 staff members during the 7-year period. The 
total number of man-years of professional time varied from 
2.2 in 1967 to 12.3 in 1971. 

Beginning in 1967, young farmers in the Project area 
were hired to assist in the field activities. Initially they were 
hired as day laborers, but some of them were given perma
nent employment after a period of training and selection. 
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During 1967-1970, about 15 outstanding farmers were 
selected as permanent field assistants. Other farmers were 
hired as day laborers during the planting and harvesting 
seasons. As an average for the 1967-1973 period, the 
Project used approximately 25 man-years of the time of 
these employees, 

CONSULTING SERVICES 

Specialists in agronomic research, maize breeding, and 
communications, at CIMMYT and the Graduate College at 
Chapingo, served as advisors to the Puebla Project. They 
drafted the original Project proposal, arranged for funding, 
selected the Project area, made the necessary arrangements 
with local institutions, prepared operational plans for 1967, 
and employed the first members of the Project team. 

During the course of the Project, the advisors have as-
sisted the Project staff in: (a) evaluating and modifying 
operational strategies, (b) preparing detailed plans for the 

Project at the beginning of each year, (c) defining appropri
ate methodological procedures, (d) resolving problems that 
have obstructed progress, (e) analysing and interpreting 
research findings, etc. In addition, the advisors have 
complemented the activities of the Project staff by: (a) 
anticipating Project growth and requesting funds needed for 
expansion; (b) giving wide distribution to Project findinqs 

through personal contacts, publications, and conferences; 
(c) projecting the Puebla approach to other areas in 
Mexico and Latin America by obtaining iunds for travel, 
fellowships, equipment, etc.; (d) informing agricultural and 
political leaders of the Puebla experience; (e) planning and 
participating in a training facility at Puebla; and (f) provid
ing assistance in the organization and operation of new 
programs. 

The total time provided by the advisors in direct as
sistance in organizing and operating the Puebla Project 
averaged approximately 172 man-days per year for the 
1967-1973 period. 

Fig. 2.1. Periods of employment of professional staff in the five programs of the Puebla Project. Each line represents the 
period of employment of a staff member. 

PROGRAM 1967 1968 1969 1970 1971 1972 1973 

AGRONOMIC RESEARCH _ 

MAIZE BREEDING 

COORDINATION 

EVALUATION 

TECHNICAL ASSISTANCE 

TOTAL NUMBER OF MAN-YEARS 2.2 6.0 10.8 10.2 12.3 99 10.5 
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Field experiments were closely supervised during the crop 
growing season, and observations on factors affecting yield 
were made periodically. Here the height of unfertilized 
maize plants is being measured. To the right is a plot show
ing a strong nitrogen response. 
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3 AGRONOMIC RESEARCH
 
INTRODUCTION 

Crop production on a given area depends on several 
factors, including soil and climatic conditions, plant variety, 
and production practices. The physical environment cannot 
be changed readily and thus determines the yield potential 
of a region. Varietal characteristics and management prac. 
tices, however, are more easily manipulated, and improve-
ment of these factors can provide higher yields and net 
income. Thus, agronomic research in the Puebla Project was 
designed to provide information on soil management prac-
tices and varieties that would produce higher returns for the 
farmers' production investments, 

GENERAL STRATEGY 

Production practices that can greatly influence crop 
yields in rainfed areas include: land preparation; planting 
date; seeding rate; amount and kind of fertilizers applied; 
time and method of applying the fertilizers; control 
measures for weeds, insects, rodents, and diseases; and 
depth of plowing. As a first step in developing better 
information on these agronomic practices, the Project 
sought to gather as much information as possible on farm-
ers' production practices, soil and climatic characteristics, 
and the experiences of other researchers in the area. This 
information was gained by interviewing farmeis and agron-
omists residing in the area, by reviewing the research find-
ings of the National Agricultural Research Institute, by 
analyzing the available climatic data, and by studying the 
properties of the soils in the area. Through this process an 
understanding was obtained of the physical environment 
and the traditional technology of the farmers, as presented 
in Chapter 1. 

A list of technological questions to be investigated was 
prepared and arranged in order of priority by taking the 
information available at the beginning of a given cropping 
season and estimating: (a) probable deficiencies in existing 
technology, (b) probable improvements that could be made 
economically, (c) which improvements would most likely 
provide the largest increases in yield and net income, and 
(d) which of these aspects of the technology should be 
investigated in the Puebla area. 

Next, field experimentsi were carried out to answer ques-
tions of highest priority. The ecological diversity of the area 
was taken into account in planning the research and in 
locating the field trials. In 1967 and 1968, information on 

the physical environment was limited, and field experi
ments were distributed fairly evenly over the area. In 1969 
and afterward, two or more producing systems were recog
nized in the area, and the experiments were located to 
sample these systems. (Note that a producing system is 
defined as a part of a production universe in which the 
uncontrollable production factors for a crop are reasonably 
constant. Thesc factors include: soil morphology, geomor
phology, climate, previous crop, and at times, planting 
date.) 

During the growing season, observations were made 
periodically on the factors influencing production at each 
experimental site. The trials were harvested, data analyzed, 
and results expressed as treatment means or production 
functions. Data on crop response to rates of fertilization 
and plant density were expressed both as mathematical 
functions and as two-dimensional graphs, for greater cer
tainty and ease of inerpretation. 

In 1967, the information available from the National 
Agricultural Research Institute was taken as a first approxi
mation to the recommendations on crop production 
practices for the Puebla area. (The recommendation for 
rainfed maize in Puebla was fertilize with 80 kg N and 40 
kg P2 O5 /ha, use the hybrid H-28 with 40,(.00 plants/ha, 
and plant at the beginning of the rainy season ) Data col
lected in 1967 were used to revise the exMing recom
mendations on maize production and to calculate a second 
approximation to the recommended practice: The data 
collected in subsequent years were used to generate third, 
fourth, fifth, etc., approximations. 

Beginning in 1969, maize recommendations were for
mulated for distinct producing systems. All available infor
mnation on climatic variability and prices for maize and 
inputs was taken into account in estimating the optimal 
levels of practices. Recommendations were made after 
carefully weighing: (a) the precision of the available infor
mation or. the relationship between yield and the produc
tion factors, (b) the marginal productivity of the factors in 
question, and (c) the risk involved in making recommenda
tions that might not be appropriate for the farmer. 

The remainder of this chapter desciibes the agronomic 
research in the Puebla area in each year, 1967-1973. A final 
section seeks to evaluate the adequacy of the maize tech
nology and to estimate the potential benefits of the im
proved technology, as compared with technology existing 
in 1967. Appendix A provides a benefit: cost analysis of 
the agronomic research program in the Project. 
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emergence, and (c) high-yielding local varieties were avail
able for use in the experiments. 

A field experiment was designed and installed at 23 
FIELD RESEARCH IN 1967 locations distributed throughout the Project area. Treat

ments were used to measure the response of maize to levels 
Information available at the beginning of 1967 indicated of nitrogen and phosphorus fertilizer. The criteria of the 

that maize production was the major agricultural activity in cooperating farmers were used in deciding land preparation 
the Project area, accounting for the greater part of the avail- practices, the date and method of planting, and times of 
able land, labor, and capital. Preliminary findings suggested cultivating each experimental site. 
that maize yields could be increased substantially under The field trials were begun between April 18 and May 
,ost farming conditions by. (a) increasing the rate of 11. Acomposite soil sample was collected at each site. Rain 

iiwrtlization with nitrogen and phosphorus, (b) using higher gauges were installed near each experiment and arrange
pla.t densities, and, (c) using&mentsbetter weed and insect control made for the cooperating farmers to maintainit a 

ijic-dbures There was evidence that fertilization with potas- record of daily rainfall. The experiments were visited 
.slum, although a common practice, was not contributing to regularly during the growing season and data were collected 
higher yields on: (a) dates of all farming operations; (b) phenological 

Based on existing knowledge, the initial reasoning was dates; (c) vegetative response to treatments; and (d) damage 

that optimal levels of fertilization with nitrogen and phos- due to drought, hail, frosts, lodging, excess water, weed and 
phorus would be greatly influenced by local conditions, insect infestations, and diseases. A pit was dug at each 
thus should receive priority in the field research program in experimental site and a description was made of the soil 
1967 It was also concluded that optimum levels of factors profile. 
such as time and method of applying fertilizers, plant den- The experiments were harvested between October 6 and 
sity, genotype, and plant protection, which are generally 25. The ears were harvested from the center rows of each 
less affected by local variations in soils and climate, could plot, weighed, and the moisture content of the grain was 
be estimated a pi ni from experiences gained in similar determined. Observations were made on the percentage of 

regions. rotten kernels, the pollination percentage, and the shelling 
Thus, two hypotheses tested initially were: (a) produc- percentage. 

tion of rainfed maize in most of the area was being limited 
by the rates of nitrogen and phosphorus commonly used by Results: 1967 
farmers, and (b) fertilizin; with potassium or zinc did not 
increase maize yields In desjang the experiments to test The data collected during the growing season on factors 
these hypotheses it was assumed that. (a) a population influencing maize development were summarized for four 
density of 50,000 plants/ha would be near optimal for the distinct parts of the growth cycle: (a) from planting to 45 
higher levels of fertilization with nitrogen and phosphorus days prior to flowering, (b) the 45 days preceding flower
that were thought to be needed, (b) the maize plantings ing, (c) the 45 days after flowering, and (d) the period from 
should be kept free of weeds for the first 60 days after the 46th day after flowerinq to physiological maturity.

V
 
St 

. A . Field experiments were con
,. ,,, ducted in cooperation with 

,-- farmers at sites carefully 

4'. 

, ,~~5 )~,tion 
, 'l % , 

~X * - ~selected 

. 

to sample the varia
in soils, climate and past 

management existing in the 

IN .'. -N , $ area. Here bags with different 
-. -_ * - ,. ,' .. fertilizer treatments are being 

- ~ ~-,..,placed in the experimental 

-e - _;l' plots just prior to application. 
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As soon as the maize reached F .' ' 
maturity, the ears were har-' -

vested from the experimental 
plots, weighed, and graini sam- ~Y * 

pies were takent to determine 'L'- -L 

the moisture content. The " " j.' , - "1 
yield dat.a from the field ex- , " " :.. 
peri t wue,ere ailly7ed % 

interpreted, and used to de- I'A 0ki& 
velop new recommendations 
oil crop production practices. - . " 

.r.> .. ." B: 

The growth cycle was subdivided in this way because the were calculated for each experiment corresponding to the 
magnitude of the effect of most factors on maize yields has estimated optimal rates of nitrogen and phosphorus, these 
been shown to depend on the stage of development of the varied between 2,128 and 7,068 kg/ha grain, with an aver
plant at the time the damage occurs. The effect of drought, age of 4,137 kg/ha The average yield without fertilizer tn 
for example, is greatest when it occurs during the second or the 23 experiments was 1,326 kg/ha Thus. the average 
third parts of the growing period. (Throughout this chapter, increase in yield produced by the estimated optimal levels 
data are presented for these four parts of the growth cycle of fertilization was 2,811 kg/ha 
in their successive order, from planting through physiolog- Results of the 1967 experiments were used to arrive at a 
ical maturity.) second approximation to the recommended package of 

For the 23 experiments conducted in 1967, on the aver- production practices foi maize Because a decision had been 
age there were 0, 7.3, 6.4, and 0.1 days with visible wilting made to limit promotional activities in 1968 and 1969 to 
during the first, second, third, and fourth parts of the Zones I through IV, however, a second approximation was 
growing period, respectively. The highest frequency of derived specifically for that portion of the Project area (see 
drought occurred precisely in the two periods when maize Figure 1.1) Fifteen of the experiments conducted in 1967 
is most susceptible to damage. In general, there was little had been located in Zones I through IV The optimal rates 
damage due to hail, high winds, and frost. of nitrogen for these 15 experiments va, ied fiom 60 to 221 

Maize yields were increased significantly by the applica- kg/ha, with an average of 128 kg/ha The optimal rates of 
tion of nitrogen and phosphorus in 21 of the 23 expert- phosphorus for the same expetiments vaiied from 0 to 128 
ments. Fertilizers did not increase yields in one experiment kg/ha, P2 O",,, with an aveiage of 37 kg/ha 
where the soil was naturally very fertile, nor at a second Two condittons suggested that the recommended levels 
location where drought was severe and a poorly adapted of nitrogen and phosphorus should piobably be slightly 
variety was used. greater than the average optimal levels calculated from the 

Average treatment yields in each experiment were used 1967 results (a) historical rainfall data and information 
to calculate a quadratic equation with maize yield ex- from farmers indicated that drought during the flowering 
pressed as a function of rates of nitrogen and phosphorus. penod of the maize crop (July and August) had been 
These equations were used to estimate the optimal rates of unusually severe in 1967 it was probable that, in most 
fertilizer for each experiment. The partial derivatives of years, reductions in yield due to drought would be less than 
yield with respect to nitrogen and phosphorus were equated those observed in 1967, and (b) one of the varieties used in 
to the ratio of the cost of the corresponding fertilizer to the the experiments seemed poorly adapted in two locations 
price of the maize, This resulted in two equations in two responses to fertilization at those sites would probably have 
unknowns whose simultaneous solution gave the optimal been greater with a better-adapted variety 
rates of nitrogen and phosphorus for each experiment. It was decided, therefore, to recommend 130 kg/ha N 

The estimated optimal rates of nitrogen in the 23 experi- plus 40 kg/ha P2 0, for maize plantings in Zones Ithrough 
ments varied from 0 to 221 kg/ha, with an average of 109 IV in 1968. One-tenth of the nitrogen and all the phos
kg/ha. Optimal rates of phosphorus varied from 0 to 128 kg phorus were to be applied at planting time; the rest of the 
P2 05 /ha, with an average of 30 kg/ha. The maize yields nitrogen was to be applied just before the second cultiva. 

21 



tion. A population density of 50,000 plants/ha was to be 
used, and the plantings were to be kept free of weeds 
during the 60 days following emergence. 

It was estimated that this revised recommendation 
would produce an average increase in yield of 3,066 kg/ha. 
E,,timated costs of this package of practices, mainly fertiliz-
ei ,:osts, were equivalent in value to 1,795 kg/ha maize. The 
cypected average net increase in grain production was 1,271 
t Oha Two additional sources of income would be associ-
,il-I with the use of the recommendation: (a) yields of 
<t,, would be increased proportionately to that of grain 
TIl -ould be sold or used on the farm; and (b) the higher 
.alc._, iequirements for applying fertilizers, harvesting, and 
.heling the maize would increase family employment and 
family income 

The soil samples collected at the 23 experimental sites 
wec e analyzed for nitrifiable nitrogen and available phos-
phorus The experiments were divided into four groups, 
depending on whether the levels of nitrifiable nitrogen and 
available phosphorus were less than, or greater than, 10 
paits per million parts of soil (ppm). The value of 10 ppm 
was selected arbitrarily, to permit a comparison of soil test 
levels and average optimal rates of nitrogen and phos-
phozus The average optimal levels of nitrogen and phos-
phorus for the experiments in each group are shown in 
Table 3 1 

TABLE 3.1. The average optimal fertilizer rates for soils 
containing different amounts of nitrifiable nitrogen and 
available phosphorus. 

Available 
phosphorus 

(ppm) 

Weighted 
average 
N rate 

(Bray P1 Method) 

<10 >10 

Nitrifiable < 10 141-49(10)* 130-9 (5) 137 
nitrogen 
(ppm) >10 90-37(2) 44-12(6) 55 

Weighted 47A10ll average 47 10",, 

P2 0 5 rate 

*The first number is the average optimral rate of nitrogen, the second is 
the average optimal rate of P,O, and the third, in parenthesis, is the 
number of experinient correspondmng to the group 

The average optimal rates of nitrogen were 137 kg/ha for 
soils containing less than 10 ppm of nitrifiable nitrogen and 
55 kg/ha for soils containing more than 10 ppm. The aver-
age optimal rates of PO were: 47 kg/ha for soils contain-
ing less than 10 ppm of available phosphorus; and 10 kg/ha 
relationship between optimal rates of fertilization and levels 

of available soil nutrients prompted the staff and consult-
ants of the Puebla Project to explore the possibility of using 
soil analyses as an aid in determining fertilizer recommenda-
tions for Puebla farmers. Unfortunately, it was not possible 
to provide an efficient soil testing service for the farmers, 
and the Puebla Project was not able to make use of this 
resource. 
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FIELD RESEARCH IN 1968 AND 1969 

The experiments in 1967 suggested that under unfavor
able conditions (severe drought, shallow soils), the popula. 
tion density of 50,000 plants per hectare was probably too 
high. For certain favorable production conditions (little or 
no drought, deep soils) the same plant density appeared to 
be too low. Thus, it was decided to study levels of plant 
density along with levels of nitrogen and phosphorus. 

It was also decided that experimental verification was 
needed for the hypothesis that significant amounts of 
moisture were conserved by fall plowing. 

Observations of the traditional land preparation prac
tices of the farmers during the winter of 1967-1968 led the 
research staff to question the effectiveness of these prac
tices for several reasons: (a) there is little weed growth 
during the winter, thus little moisture should be lost, even 
without plowing; (b) February and March are windy 
months, and leaving the surface bare might foster wind 
erosion; and (c) the organic matter contents of the soils are 
very low, and plowing the soil would tend to accelerate the 
mineralization of the organic matter. 

Another question arose in 1967 about the way farmers 
made their last cultivation. Most farmers cultivated very 
deeply with a double moldboard plow and pruned many of 
the lateral maize roots. This also seemed to be a factor for 
local study. 
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Experiments on farmers' fields were used to obtain infor
mation on rates of fertilization, time on applying nitrogen 
and phosphorus, dates of planting, methods of land prepa
ration, residual effects of fertilizers and manures, and other 
production practices. 



Deep, volcanic ash soils oc
cupy about two-thirds of the 
project area. By plowing in -o. 
the fall, farmers are able to 
conserve much of the mois
ture present in the soils at 
harvest time. Just prior to 
planting, the farmer plows 
deep furrows and plants the . 

maize in holes opened with a 
spade in the bottom of the 
furrows. 

In parts of the Project area (particularly in Zone II), 
much of the maize is grown in fruit orchards in the space 
between rows of trees. It seemed likely that the effect of 
the trees on the production of maize would vary depending 
on: (a) the fruit specie, (b) the amount of space between 
rows of trees, and (c) the size of the trees. Beginning in 
1968, experiments were conducted to determine optimal 
levels of fertilization for maize growing in fruit orchards, 
taking into account the distinct characteristics of the 
orchards. 

As shown in Table 3.2, plant densities, methods of land 
preparation, depth of the last cultivation, and rates of ferti-
lization of maize in orchards were new lines of research in 
1968. Studies on dates of planting were added when it 
became evident in 1967 that farmers planted maize from 
mid-March until late June. The research staff also decided 
,o include studies of times of applying fertilizers and the 
residual effects of fertilizers to develop more reliable infor-
mation about these factors. 

The research program in 1969 (Table 3.2) was similar to 
that of 1968. The principal new line of research was the 
study of application rates for manure and fertilizers. In 

1968, it had been observed that farmers' plantings that had 
received chicken manure that year, or chemical fertilizer 
that year and chicken manure during the preceding three
year period, were often more vigorous than the best experi-
mental treatments. This suggested the possibility of a 
nutritional deficiency other than nitrogen and phosphorus. 
It was decided to include experiments in 1969 to determine 
economically optimal combinations of nitrogen, phos-
phorus, and chicken manure. In addition, the experiments 
were planned so that residual effects of the manure could 
be measured. 

Two other lines of research were initiated in 1969: (a) 
optimal rates of nitrogen, phosphorus, and plant density for 
forage maize; and (b) effect of minimal tillage on maize 
yields. In addition, the use of a "potential yield" treatment 
in many of the experiments was begun that year. This treat
ment consisted of 10 ton/ha of chicken manure, plus 

'A 
V 

chemical fertilizers (140 or 160 1g/ha N plus 50 kg/ha 
P2 0 ). It was assumed that this treatment would provide 
all maize nutrition requirements 

A total of 47 field experiments were conducted in 1968 
and 1969 (Table 3.2). Composite soil samples were collect
ed at each experimental site from the plow layer (0-18 cm) 
and from the subsoil (20-35 cm), for property characteriza
tion. 

TABLE 3.2. Lines of research in maize and numbers of 
field experiments conducted in the Puebla area in 1968 and 
1969. 

Number of 
experiments 

Lines of research 1968 1969 

Rates of nitrogen, phosphorus 
and plant density 8 12 

Rates of nitrogen, phosphorus and 
plant density in maize for forage 0 1 

ate ofniren p ho 

Dates of planting 4 2 

Depth of the last cultivation 2 0 
Rates of nitrogen and phosphorus 

for maize in orchards 2 2 

Methods of land preparation 1 0 

Residual effects of fertilizers 1 1 
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The results obtained in 1968 indicated that the recom-
Results: 1968 and 1969 	 mended rates of nitrogen, phosphorus, and plant density 

shotld be increased for the producing system with deep 
Conditions in 1968 were favorable for the production of 

maize. The average numbers of days per experiment with 
plant wilting were 1.2, 1.7, 2.0, and 0 days during the four 
successive parts of the growing cycle. In three of the 20 
eAperimental sites there was slight damage due to hail 
,c -ing vegetative development, bu: no damage during the 
jriin-fill;ng period. There was slight oi moderate frost 
d ,aije during the first part of the growing cycle in half of 
the expelairnents. 

!o contrast, 1969 was a poor year for maize production. 
P!in: wilting occurred on an average of 14.1, 14.1, 0.5, and 
0 oay,, during the four parts of the growing cycle. In several 
of the cxperiments, the plants began to wilt two weeks 
dtei Cciei(encc and continued under moisture stress until a 
week or so before tasseling. Slight to severe hail damage 
occurrred in one-third of the experiments during the first, 
second, or thd parts of the growing period. Frost did not 
affect the maize plantings in 1969. 

Studies of soil morphology done in 1968 revealed a large 
iegion in the northwestern part of the Project area in which 
the subsoils were sufficiently dense and compacted to re-
strict water movement and the penetration of maize roots. 
Two pioducing systems were thus recognized and taken 
into account in the interpietation of the experimental re-
suits in 1968 (a) deep soils of Popocat6petl, comprising 
Zone, Ill, IV, and parts of I and II, and (b) soils with a 
compact layer impeding root development comprising parts 
of Zones I and I. 

The economically optimal rates of nitrogen for the 
experiments conducted in deep soils in 1968 varied from 
133-2(<U kg/ha, with an average of 187 kg/ha The optimal 
rates of phosphoius vanicd from 50-100 kg/ha P20 5, with 
an average of 81 kg/ha. Optimal population de.isiies varied 
from 42,000-70,000 plants/ha with an average of 64,400 
plants/ha Grain yields, using these optimal treatments, 
vaiied from 4,510-8,790 kg/ha, with an average of 7,462 
kg/ha The average mciease in grain yield above the control 
treatment was 6,434 kg/ha 

For the producing system in which the soils have a 
compacted hoimzon, the average optimal rates of nitrogen, 
phosphorus, and population density were 106 kg/ha, 58 
kg/ha PO and 55,333 plants/ha, respectively The average 
yield obtained using the optimal treatments was 4,847 
kg/ha grain, the average inciease over the control treatment 
was 3,443 kg/ha Clearly, for a favorable year like 1968, the 
two producing system,, differ markedly both in their poten-
tial for maize production and in the optimal rates of nitro-
gen fertilization. 

The overall average grain yield in 1968 using the optimal 
treatments was 5,312 kg/ha more than that obtained with 
the contiol treatment This compares with an average in-
crease of 3,292 kg/ha in 1967 for the experiments con-
ducted in the same area This difference was due primarily 
to more favorable rainfall in 1968 and the flexibility intro-
duced by including plant density in the experimental ma-
trix. 

soils. However, because 1968 was a very favorable year, it 
was decided to increase only the rate of phosphorus by 10 
kg/ha P2 0 5 . 

For the system with soils having a compacted horizon, 
the revised recommendation was for 20 kg/ha less nitrogen 
and 10 kg/ha more P20 5 . Thus, the third approximation of 
the maize recommendations was: (a) 130 kg/ha N, 50 kg/ha 
F2 0 5 , and 50,000 plants/ha for deep soils; and (b) 110 
kg/ha N, 50 kg/ha P2 0s , and 50,000 plants/ha for soils 
with a compacted horizon. For the other production prac
tices, the recommendation remained the same as in the 
previous year. 

Studies of soil morphology done in 1969 identified a 
large area of sodic-like soils in Zone IV. It was also found 
that most of the soils in Zone V had formed on volcanic ash 
derived from the volcano, La Malinche. According to field 
response to fertilizers, these soils were well supplied with 
phosphorus. Thus, four producing systems were recognized 
in the interpretation of experimental results in 1969, in
eluding: (a) deep soils of Popocat~petl; (b) soils of La 
Malinche, and two other systems with soils having a con
pacted layer impeding root development; (c) those compris
ing parts of Zones I and II and recognized first in 1968; and 
(d) the sodic-like soils in Zone IV. 

Even with the unfavorable rainfall regime in 1969, the 
deep soils of Popocat~petl yielded well and reflected the 
need for a high rate of nitrogen fertilization The best yields 
obtained in 1969 on the soils with a compacted horizon in 
Zones I and II were much lower than those obtained in 
1968. The soils of La Malinche showed a lower yielding 
potential than the deep soils of Popocat6petl under the 
unfavorable climatic conditions in 1969. Even though 
maize yields were increased by fertilization on the sodic
like soils, maximum grain yields on these soils barely 
reached 1,500 kg/ha Maize yield on the sodic-like soils 
were limited mainly by excess moisture during the first 
three parts of the growing seeson 

The studies on rates of fertilization of maize in orchards 
showed that the two rows of maize on either side of the 
rows of trees should receive less fertilizer than the other 
rows. The fourth approximation of the maize recommenda
tions is presented in Table 3 3. 

The study of the traditional method of land preparation 
provided str-ng evidence that the moisture content of the 
soil and the per cent emeigcnce of maize planted the fol
lowing spring were lower when the soil was not plowed 
during the late fall, than with traditional practices. The 
study of depth of plowing detected no significant reduction 
in yield due to deep plowing at the last cultivation. 

Date of planting and time of applying nitrogen showed 
contrasting effects on yield in 1968 and 1969. Maize plant
ed during the first week of April in 1968 yielded 2,000 
kg/ha more than maize planted three weeks later. In 1969, 
maize planted on the later date yielded 1,000 kg/ha more 
than that planted three weeks earlier. In 1968, maize yields 
were 600 kg/ha higher when 150 kg/ha N were applied at 

24
 



the second cultivation, rather than at planting time. In 
1969, yields were 1,200 kg/ha higher when 150 kg/ha N 
were applied at planting time, rather than at the second 
cultivation. 

These contrasting effects of date of planting and time of 
applying nitrogen seem to stem from differences in the 
amount and distribution of rainfall during the two years. 
The monthly rainfall for 1968 and 1969, and the monthly 
averages for the 1941-1968 period are shown graphically in 
Figure 3.1. 

In 	1968, rainfall in May was average, and in June it was 
20 percent above the average. Thus, adequate moisture was 
available in 1968 during the vegetative development of 
early plantings of maize. In 1969, on te other hand, rain
fall in May was 40 percent of the 1941-1968 average; in 
June, 27 per cent; and in July, 73 per cent of that average. 
Thus, early planitings of maize suffered severe moisture 
stress during May, June, and early July. 

The higher yields from the later plantings in 1969 appear 
to be due to the fact that these plantings had a longer 
period in which to produce a large plant than did the early 
plantings, after the rains began in July. The better response 
to nitrogen applied at planting time in 1969 was probably 
because moisture deficiencies delayed absorption of nitro-
gen applied at the second cultivation until the plants were 
too old to make maximum use of the nitrogen. 

In 1969, it also was noted that certain maize varieties, 
after being under moisture stress for several weeks, were 
able to delay tasseling for one to two weeks, thereby devel-
oping larger plants and producing higher yields. This char-
acteristic of "latency" was important in 1969, but not in 

1968. 
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Fig. 3.1. Average montly rainfall in Zones I-IV of the Pue
bla Project for 1968. 1969, and the period 1941-1968. 

FIELD RESEARCH IN 1970 

The interactions observed between rainfall pattern and 
date of planting, time of applying nitrogen, and maize varie
ty, in 1968 and 1969 suggested that it would be advanta
geous to make integrated studies of yield response to these 
variables, plus iate of fertili'ation and plant density. Six 
such integrated studies were conducted in 1970, along with 
studies of maize response to iates of nitiogen, phosphorus, 
and plant density in six expei unents located to sample 
regions that had not been studied pieviously 

Research on bean production wa initited in 1970. 
Major emphasis was placed on bush bean% (determinate 
growth habit) and lesser attention was given to the associa

tion of maize with pole beans (indeterminate growth habit). 

TABLE 3.3. Fourth approximation of the maize recommendations for the Puebla area. 

Kg/ha of fertilizers applied at Total 
fertilizers 

Planting First Sesond applied Population 
time cultivation cultivation (kg/ha) density 

Producing system N rJ 0, N PZ04 P7 O (Plants/ha)P, 0, P. 	 O 

1. Deep soils of Popocatepetl 
1.1. Maizealone 	 30 50 0 0 100 0 130 50 50,000 
1.2 Maize in orchards 

121 	 Two rows 
on either side 
of the trees 30 50 0 0 50 0 80 50 50,000 

1.2 2 	 Other rows 30 50 0 0 100 0 130 50 50,000 

2. 	Soils of La Malinche 0 0 80 0 0 0 80 0 40,000 

3 	 Soils with a compacted 
layer impeding root 
development. 
3.1. Non-sudic 	 20 50 0 0 90 0 110 50 50,000 
3.2. Sodic-like 	 Do not grow maize 



A collection was made of 24 local bush varieties and 18 
pole varieties. The response of bush beans to rates of fertili-
zation and plant density was studied at six locations. The 
varieties collected in Puebla were evaluated at three sites. 
The maize.bean association was studied at one location. 

Results: 1970 

nfl 1970 weveras av 
na,,.e and beans. In the several experiments, maize wilted 

rna peans.In quperimnte, efobthd 

A. ,iverae of 6.2, 0.7, 0, and 0 days during the four parts 
the!tegrowing cycle. Hail damage occurred in one-third of 
the t",'perirents during the first part of the growing season; 
wthe other three parts, hail affected the maize in only 

on-tenth of the experiments. In most of the plantings, 
maize was damaged slightly by frost during the first part of 
the grovnq period, 

Table 3 4 shows the average maize yields obtained at 
two locations using several combinations of fertilization, 
plant density, genotype, and date of planting. The average
grain yields for the 16 treatments were 5,352 kg/ha for the 
first planting date, 4,446 kg/ha for the second date, and 
2,029 kg/ha for the third. 

There were large interactions between planting date and 
other factors, including: (a) Planting Date x Rates of Fer-
tilization and Plant Density: comparison of the yields 
obtained with Treatments 2 and 14 shows that the higher 
rate of fertilization and plant density outyielded the lower 
rate by 3,703 kg/ha in the first planting, 3,166 kg/ha in the 

TABLE 3.4. Average maize yields obtained 
genotype, and date of planting. 

No. of 
Treatment 

Planting 
time 

Nitrogen (kg/ha)appied at 
First 

cultivation 

1 0 0 
2 0 50 
3 0 80 
4 0 105 
5 0 105 
6 0 105 
7 0 130 
8 0 130 
9 0 130 
10 0 130 
11 30 0 
12 30 0 
13 30 0 
14 30 0 
15"* 30 0 
16** 30 0 

at two locations 

second planting, and by only 575 kg/ha in the third plant.
ing. A similar comparison of the Control Treatment (1) 
and the "Potential Yield" Treatment (15) indicates that 
Treatment I yields (no fertilizer) were 15 per cent of Treat
ment 15 yields for the first planting date, 12 per cent for 
the second date, and 6 per cent for the third. This seems to 
imply that a given soil can supply more nutrients to early
plantings than to later plantings; (b) Planting Date x Fertili
zation with Phosphorus: the magnitude of this interaction 
can be judged by comparing yields of Treatments 4 and 5, 
Treatments 7 and 9, and Treatments 8 and 10, at the three 
dates of planting. The increase in yield due to phosphorus is 
less than the least significant difference (LSD) for the first 
planting date, and is clearly greater than the least significant 
difference for the second and third planting dates. In these 
experiments the same soil required less phosphorus and 
produced higher yields in early plantings than in later plant
ings; (c) Planting Date x Genotype: comparison of treat
ments 15 and 16 shows that the yield obtained with the 
Composite A x B was 91 percent of that produced by the 
hybrid maize for the first planting date, 120 per cent for 
the second date, and 135 per cent for the third; and (d)
Planting Date x Kind of Fertilizer: comparisons of treat
ments 14 and 15 for the first and second plantings, and 
Treatments 12 and 15 for the third planting, show that the 
best yield obtained with chemical fertilizers alone was 82 
per cent of that obtained with chemical fertilizers plus 
manure for the first planting date, 76 per cent for the 
second date, and 54 per cent for the third. 

using several combinations of fertilization, plant density, 

Second 
cultivation 

Phosphorus 
(kg P2 0S/ha) 
at planting 

Podulation 
density 

(plants/ha) May 3 

Yield in kg/ha 
Planting date* 

May 23 June 13 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

100 
100 
130 
160 
130 

130 

0 
25 

0 
0 

40 
40 

0 
0 

40 
40 
40 
40 
40 
40 
40 

40 

30,000 
30,000 
30,000 
30,000 
30.000 
50,000 
30,000 
50,000 
30,000 
50,000 
50,000 
60,000 
60,000 
60,000 
60,000 

60,000 

1306 
3315 
3869 
4303 
4253 
5399 
4592 
5539 
5006 
5907 
6079 
5989 
6748 
7018 
8533 

7778 

932 
2771 
2264 
2749 
3788 
4103 
2641 
3511 
4048 
4788 
5311 
4958 
5946 
5973 
7872 

9475 

234 
1469 
875 

1128 
1912 
2235 
1240 
1600 
1794 
2358 
1875 
2179 
2089 
2044 
4018 

5420 

AVERAGES 5352 4446 2029 

LSD 5., 532 794 364 
* The hybrid, H-129,.was used for the May 3 planting. The hybrid, H.28, was used for the plantings on May 23 and June 

13.
* These treatments include an application of 10 ton/ha of chicken manure. The composite variety A x B (see Chapter 4, 
page 40) was used in treatment 16. 
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Results similar to those shown in Table 3.4 were ob. 
tained in the other integrated studies. Based on these data,
it was decided to make a separate recommendation for late 
plantings. This recommendation would use 30 kg less nitro-
gen per hectare and 10,000 fewer plants per hectare than 
the recommendation for early plantings. For soils with a 
compacted horizon, a small reduction in the phosphorus 
rate was also recommended for late plantings. 

A fifth approximation of the recommended production 
practices for maize was calculated at the end of 1970, 
taking into account all information available at that time. 
Distinct packages of practices consisting of rates of fertiliza-
tion and plant density were recommended for 16 producing 
systems, varying mainly because of differences in soil 
morphology, planting date, and use for fruit trees, 

Bush bean yields in the six experiments were influenced 
by rates of fertilization and plant density. Average optimal 
levels were 67 kg/ha N, 53 kg/ha P2 05, and 112,500 
plants/ha. The average yield obtained with the optimal treat-
ments was 1,951 kg/ha beans. When no fertilizer was used, 
the average yield was 780 kg/ha. The cost of the average
optimal treatment was equivalent to 605 kg beans with a 
price of $0.12/kg and to 363 kg beans with a price of 
$0. 2 0/kg. Even at the lower price for beans, which rarely 
occurs, the average increase in yield using the optimal treat-
ments was almost double the cost of the treatments. 

These data were used to arrive at a first approximation 
of production practices for bush beans: (a) for deep soils
of Popocat6petl and soils with a compacted horizon: 60 
kg/ha N, 60 kg/ha P2 0 5 , and 120,000 plants per hectare; 
and (b) for the soils of La Malinche: 60 kg/ha N, 30 kg/ha 
P20 5 , and 120,000 Wlants per hectare. The recommenda-
tions of the National Agricultural Research Institute for the 
control of the bean beetle, Epilachnia varii'estis (known
locally as "conchuela") were to be followed, with the farm-
er to select the variety, the date of plantinq, and the time to 
cultivate. 

Results obtained in the study of the maize-bean associa-

tion indicated that this cropping system might provide

greater net income to Puebla farmers than either maize or 

beans grown alone. 


FIELD RESEARCH IN 1971 

Integrated studies of the effects of planting date, fertili
zation, and plant density were continued at four locations 

in 1971. It was decided to continue these experiments for 

several years to accumulate information on the interaction 
between these factors and climatic conditions, 

Data from the integrated studies conducted in 1970 
indicated that investigations of efficient management prac-
tices for late maize planting should take these factors into 
account: (a) existing short-season varieties have a rela-
tively low-yielding ability, as compared to long-season 
varieties; (b) there are probably nutrient deficiencies other 
than nitrogen and phosphorus; and (c) light intensities and 
temperatures are relatively low, and available soil moisture 
abundant, in the initial stages of-plant growth. 

Three experiments were conducted at a single location in 
1971 to determine optimal production practices for late 
plantings of maize. These experiments covered three top
ks: (a) exploration of the yielding ability of six varieties, 
(b) study of the response of a local maize variety to five 
minor elements, and (c) study of the response of an intro. 
duced maize variety to fertilization with nitrogen, phos
phorus, and chicken manure, and to plant density. 

The response of maize to five rates of nitrogen and phos
phorus or nitrogen and plant density was tudied at 10 
locations to produce data for calculating the most adequate 
mathematical model to represent maize response to these 
factors (thesis research of a graduate student at Chapingo). 

Experiments at six locations studied optimal levels of 
fertilization and plant density for bush beans. Two experi
ments compared net income from the maize-bean associa
tion with that obtained from maize and beans grown alone 
(pole beans were used in one experiment and bush beans in 
the other). 

A series of experiments at two locations sought to 
identify crops that might be grown instead o. maize in 
years when the rains do not begin until July. Maize planted 
as late as July runs a high risk of being damaged by frost in 
the fall. Included in this series were sunflowers for forage, 
bush beans, horse beans, oats, barley and maize 

Results: 1971 

The rainfall pattern in 1971 was quite favorable for both 
maize and beans. In the maize experiments, the average
numbers of days with plant wilting were 8.7, 0 4, 0, and 0 
for the four parts of the growing cycle. Slight to severe hail 
damage occurred in the first, second, or third parts of the 
growing cycle in 10 maize experiments Slight to severe 
frost damage occurred in the first part of the growing cycle 
in four maize plantings. None of the bean experiments was 
damaged by drought, hail or frost Bush beans suffered 
moderate leaf damage due to anthracnose diease at three 
sites. 

Only one of the early-maturing maize varieties studied in 
1971, Rojo Salvatori, showed a reasonably high yielding 
ability. Table 3.5 compares this variety with Zacatecas 58,
 
which had the next highest yields. The Rojo Salvatori yield

at the highest leve' of fertilization and plant density was
 

TABLE 35. Grain yields obtained with two early-matur
m 

ing maize varieties receiving different fertilization and plant 
density treatments. 
Nitrogen PO, density manure Grain yields (kQgha)usinq
 

kg/ha kg/ha plants/ha ton/hd /= atecas 58 lojo ,tivaioi
 
60 50 40,000 0 12357 1448 

100 50 60,000 0 833 1840 
150 80 80,000 0 1168 2870 
120 80 80,000 10 2030 2537 
200 100 100,000 0 1098 1676
200 100 120,000 0 1563 1354150 100 120,000 20 1491 3147 
150 100 150.000 20 2597 4317 



three times that obtained at the lowest level of fertilization 
and plant density, 

The studies of the maize-bean association demonstrated 
that net income from the association was approximately 
double that obtained with either maize or beans alone. 
Horse beans, bush beans, oats, and barley all showed some 
advantage over maize for late plantings. The data obtained 
in the study of the response of an early maize variety to 
minor elements was inconclusive. 

In 1971, the production of maize became somewhat 
more profitable for farmers, due to several factors: (a) the 
p, ice of nitrogen fertilizers was reduced by about 14 per-
cent, (b) the maximum moisture content acceptable in 
gJwin purchased at the guaranteed price was increased from 
12 to 14 percent, (c) the practice of paying less for colored 
ginas was discontinued, and (d) the CONASUPO, the 
Nlational Marketing Agency, agreed to purchase maize in 
small lots. 

These changes prompted Project decisions to increase 
the recommended rate of nitrogen fertilization in Zone V 
from 80 to 100 kg/ha and the population density from 
40,00b to 50,000 plants/ha. It was decided not to change 
the recommendations for the rest of the Project area, but to 
develop alternative recommendations that would cost about 
one-half to two-thirds as much as the existing recommenda 

TABLE 3.6. Average yields, protein percentages, and net 
experiments conducted at three locations in 1972. 

Population 
density 

Treatment Fertilizers (kg/ha) applied: of maize* 
No. N P20 5 plants/ha 

1 120 40 30,000 
2 120 40 40,000 
3 120 80 30,000 
4 120 80 40,000 
5 150 40 30,000 
6 150 40 40,000 
7 150 80 30,000 
8 150 80 40,000 
9 90 40 30,000 

10 180 80 40,000 
11 150 0 40,000 

12 150 80 20,000 
13 150 40 +CM + 40,000 
14 120 40 40,000 
15 60 60 0 

LSD 


tions. It was expected that the technical assistance agents 
would provide information to the farmers about costs, 
expected net incomes, and risks involved in the alternative 
recommendations. The farmer would decide which alterna
tive to adopt, or how much land to allot to each recom
mendation. This innovation was designed initially for early 
plantings (those made with residual moisture). 

FIELD RESEARCH IN 1972 

Results obtained with the maize-bean association in 
1970 and 1971 were promising; thus, more resources were 
allotted to the study of this cropping system. Six experi
ments in 1972 measured the response of the association to 
several rates of nitrogen, phosphorus, and plant density of 
maize. These experiments were located in the important 
producing systems of Zones I, II, and IV, where this 
cropping system is commonly used. 

Beginning in 1968, average maize yields were estimated 
each year at harvest time on samples of two categories of 
farmers: (a) farmers on credit lists (who were organized in 
groups, received credit from institutions participating in the 
Project, and could be expected to use the Project recom
mendations), and (b) all farmers in the area (see Chapter 8). 

incomes for several treatments in maize-bean association 

Grain with Net income with 
14 % moisture bean prices/ton ate: 

Percent 
Maize Beans protein** $240 $160 

2987 1300 8.6; 22.0 404.64 300.64 
3306 1246 410.88 311.20 
2962 1548 440.72 316.80 
3074 1393 8.3; 21.8 414.40 304.08 
2796 1575 442.00 315.92 
3758 1361 	 451.36 298.80 
3006 1575 8.7; 22.4 441.44 317.84 
3559 1398 8.7; 22.4 436.00 324.16 
2619 1150 8.3; 21.0 357.60 265.60 
3737 1488 9.0; 23.0 449.04 330.00 
3156 1445 8.5; 22.9 440.48 324.88 
2217 1641 397.92 266.64 
4056 2446 9.4; 24.5 557.04 361.36 
4634 0 8.5 244.24 244.24 

0 1222 20.9 194.08 96.40 

575 225
 

* 	 Population of beans was constant at 60,000 plants per hectare. 

** 	 The protein percentage of maize appears first followed by that of beans. Each value is an average of 15 determinations. 
The analyses were made by biochemist Francisco J. Rodriguez B. of the CIMMYT Protein Quality Laboratory. 

+ 	 Net income was calculated as gross income minus variable costs. The value of maize grain was calculated at $72,00 per ton 
and the value of stover at $8.00 per ton. 
Ten tons per hectare of chicken manure. 44 



In general, average yields of farmers on credit lists were 
only about two-thirds as large as they might have been, 
according to the results obtained in the field experiments, 
This finding suggested studies to determine why the farmers 
on credit lists did not have higher yields, 

In each of the Zones II and V, sicty parcels representing 
60 farmers on credit lists were chosen at random. A repre-
sentative area was selected within each parcel consisting of 
12 rows, 10 meters long. One of the two alternative maize 
recommendations was used on six rows of each parcel in 
Zone II, with the other alternative used on the other six 
rows. In Zone V, the more costly alternative was used on 
six rows of each parcel, with the same recommendation, 
plus 50 kg/ha P20 5 , used on the other six rows. The latter 
treatment was included to test phosphorus needs of maize 
fields in Zone V. 

These two plots in each of the selected parcels were 
managed by Project research agronomists. In addition, the 
agronomists made regular observations of the production 
practices used by the owners of the parcels, supplementing 
this information with data collected directly from the farm-
ers. 

Additionally in 1972, two field experiments were made 
to: (a) determine if weed problems were greater in fields 
using Project recommendations than in fields using the 
traditional technology, and (b) evaluate the profitability of 
the intensive weed control methods in the Project recom-
mendations. It had been found that many farmers had the 
impression that weed control was more difficult in fields 
where the Project recommendations were used, and there 
was concern that this feeling might discourage farmers from 
adopting the new technology. 

The weed control experiments consisted of 12 treat-
ments. Project recommendations were used in half the 
treatments and the traditional technolcgy in the other half. 
Several weed control measures were used with each of the 
technologies. The more intensive weed control practices 
consisted of hand weeding at different growth stages, and 
the use of herbicides. The experimental plot consisted of 
six rows, each 5 meters long. A randomized complete block 
design with six replications was used. 

Results: 1972 

Conditions in 1972 were excellent for maize and beans,
perhaps comparable to 1968. In 24 experimental plantingsof maize, or of maize associated with beans, the average 

numbers of days with wilting of the maize plants were 0.5, 
1.0, 0, and 0.9 for the four parts of the growing cycle. The 
corresponding averages for 1968 were similar. 1.2, 1.7, 2.0, 
and 0. Hail and frost damage in 1972 were also slight, 

Table 3.6 shows average yields, protein percentages of 
the grain, and net incomes for treatments used in three 
maize-bean association experiments conducted in the deep 
soils of Popocat6petl. The inclusion of 60,000 plants/ha of 
beans in a planting of maize with 40,000 plants/ha, fertil-
ized with 120 kg/ha Nand 40 kg/ha P20; resulted in: (a) a 
decrease in the maize yield of 1,328 kg/ha (Treatment 14 
minus Treatment 2); (b) production of 1,246 kg/ha beans; 

and (c) an increase in net income per hectare of $166.64 
with beans priced at $240/ton, or $66.96 with beans priced 
at $160/ton. 

Bean production increased remarkably when 10 ton/ha 
of chicken manure was added to the treatment consisting 
of 150 kg/ha N, 40 kg/ha P2C5 , 40,000 plants/ha of maize, 
and 60,000 plants/ha of beans. Comparison of bean yields 
obtained with Treatments 6 and 13 shows that the increase 
due to manure was 1,085 kg/ha. Part of this increase in 
bean yield was probably due to the nitrogen and phos
phorus contained in the manure. Most of the increase, 
however, was apparently due to some different, undeter
mined cause. The nct income from the maize-bean associa
tion receiving both chicken manure and chemical fertilizers 
(Treatment 13) was 2.28 times that derived from maize 
planted alone, with beans priced at $240/ton. The protein 
percentage of the beans fertilized with chicken manure was 
1.5 percent points higher than that of the beans receiving 
the highest rate of chemical fertilizers (24.5 versus 23.0 
percent). 

Table 3.7 compares the amounts of protein and lysine 
produced by common maize planted alone, and by the 
maize-bean association, with the amounts produced by 
opaque maize. Opaque maize produced nearly twice as 
much lysine per hectare as did common maize. The com
mon maize-bean association, fertilized with nitrogen and 
phosphorus, produced 59 percent more iysizie than did 
opaque maize alone. The common maize-bean association, 
fertilized with nitrogen, phosphorus, and chicken manure, 
produced 2.39 times as much lysine as opaque maize alone. 

TABLE 3.7. The amounts of protein and lysine produced 
by common and opaque maize planted alone, and by the 
common maize-beap association. 

Protein Lysine* 

' of %0of 
kq/ha Opaque kg/ha Opaque 

Common maize, planted alone 394 93 99 52 
Opaque maize, planted alone" 423 100 199 100 
Maize bean association with 150 

kg/lia of N. 80 kg/ha of P,0 5 
and 40.000 plants/ha of maize 623 147 303 159 

Maize bean association with
150 kg/ha of N,
40kg/ha of P20 5. 
10 ton/ha of chicken manure 
and 40,000 plants/ha of maize 981 232 45.5 239 

In calculating the production of lysine per hectare, the protein of 
beans and common maize was assumed to have 7.2%and 2.5), lysine, 
respectively For bean proteii from the treatment with the chicken 
manure, it was assumed that the percentage of lysine dropped to616. 
Source Mercedes Hernandez, c a. 1971 Valor nutritivo de los all 
mentos, Tablas de uso practico Publicaciones de la Divisi6n de Nutri. 
cion L-12, 5a Instituto Nacional de la Nutricion, M6xico. p. 20. 
Based on data from an experiment carried out on the deep soils of 
Popocat~petl The best opaque variety yielded 4,700 kg/ha with 
50,000 plants/ha and fertilized with 130 kg/ha of nitrogen plus 50 
kg/ha of P2 05 It was assumed that the grain contained 956 protein and 
that the protein had 4.5%,lysine. 
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The opaque maize would have had to yield 11.3 ton/ha to 
equal the production of lysine by this maize-bean associa. 
tion in 1972. An association of pole beans with an opaque 
maize would seem certain to yield an even higher produc-
tion of lysine per hectare. 

The study of the use of technology by the farmers on 
credit lists disclosed that farmers' yields on the average 
were lower than those obtained in the parcels controlled by 
the research agronomists. The average yield of the farmers' 
pal eels in Zone II was 3,444 kg/ha and for the control plots 
within these parcels it was 4,725 kg/ha. In Zone V, the 
fdrmers' yields averaged 4,076 kg/ha versus a control yield 
4,841 kg/ha. The lower yields obtained by farmers can be 
,attributed to failure to make full use of the recommended 
technology. Only 28.1 purcent of the farmers studied in 
Zone II used at least three-quarters of the recommended 
amounts of all three main inputs: nitrogen, phosphorus, 
and plants per hectare. Another 19.3 percent of the Zone II 
farmers applied at least three-quarters of the recommended 

rates of fertilizer, but used fewer plants than recommended. 
In Zone V, 56.9 percent of the farmers in the study used at 
least three-quarters of the recommended amounts of nitro
gen, phosphorus and plant density, with an additional 
37.2 percent falling short only in the use of the recom
mended plant density. 

The data obtained in the weed-control experiments 
refuted the hypothesis that the maize technology recom
mended by the Project results in greater weed infestations 
than traditional technology. When the more intensive weed 
control measures of the new technology were used, the 
weed population at harvest time was lower than that ob
tained with traditional methods, and increases in maize 
production were proportionately greater. 

A sixth approximation of the recommended production 
practices was developed in early 1973. The recommenda. 
tions for several producing systems in Zone II are shown in 
Table 3.8, illustrating the type of information on produc
tion practices available to farmers in 1973. 

TABLE 3.8. The seventh approximation of the recommended production practices for several producing systems in Zone II. 

Producing system Fertilizer (kg/ha) to apply at aze Bean Variety 

First Second population population of beans 
Planting Level of Planting cultivation cultivation density Maize density or other 

Soil morphology date Crop capital* N P2 01 N N plants/ha variety plants/ha crops 

Deep soils of Po 
pocatepetl 

1 2 Free of pumice 
on the surface, 
less than 2350 m 
altitude 

Apr. I-
May 15 

Maize 

Maize in or
chards 
a) 2 rows on 

each side 
of trees 

b) Other rows 

i 
II 

I 
I 

Apr. 25 
May 15 

Maize bean 
association 

I 
11 

Bunch beans I 

May16 
June 15 

Maize and 
maize in or
chards 1 

May 16. 
June 15 

Maize bean 
association 

1 
iI 

May 16. 
June 30 

Bunch beans I 

July I-
July 15 

Bunch beans I 

June 16. 
July 15 

Oats 
Barley 
Horse beans 

1 
1 
1 

30-40 
0 

0 
80 

100 
0 

50.000 
40,000 

H 131 
H-I1 

30.40 
30-40 

0 
0 

50 
100 

40,000 
50,000 

H 131 
H 131 

30 •40 
30. 0 

60. 

0 
0 

0 

120 
60 

0 

40,000 
30,000 

native 
native 

60,000 
45,000 

120,000 

native 
native 

native 

30-40 70 0 40.000 native 

30.40 
30-30 

120 
60 

0 
0 

40.000 
30,000 

native 
native 

60,000 
45.000 

native 
nalive 

60-60 0 0 -. 120,000 native 

30.30 0 0 .. 90.000 native 

40.40 
30.30 
40-40 

Use 90 k9 of seed per hectare 
Use 60 kg of seed per hectare 
Plant density of 60,000 pts/ha 

Cuaehtemoc 
Apizaco 
INIA 15001 

RecommendationR I presupposes the availability to the farmer of unlimited capital for maize production; recommendation it presupposes limited capital of one-half to 

two-thirds that required fur the more costly recnmmendation. 
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AN EVALUATION OF THE 
AGRONOMIC RESEARCH PROGRAM 

This section seeks to evaluate the results of agronomic 

research in terms of impact on maize yields, on net incomes 
of farmers, and on the risks farmers take with input 
investments for maize production. A major difficulty in 
making such an evaluation stems from the fact that in-
creases ia production and net income are generated by 
many interacting factors (production credit, distribution of 
inputs, markets, input cost: product price ratios, etc.), and 
not by improved technology alone. Nevertheless, it seems 

reasonable to examine the influence of project recom-
mendations by comparing increases in maize yields and net 

income- and changes in risk as well - that can be expected 
if fanners adopt each of several production technologies 
presently available, 

According to the 1967 sur;ey, 69.3 percent of the farm-

ers applied fertilizers to their maize plantings that year. The 
of those farmers (on the average)production technology 

consisted of approximately 50 kg/ha N, 25 kg/he P2 C5 , 10 

kg,/ha K2 0 (potassium), 25,000 plants/ha, a local variety 

and a planting date ranging from 0 to 75 days before the 

beginning of the rainy season. Each of these production 

factors showed variation across the Project area, probably 

in response to the diversity of local producing conditions. 

Unfortunately, the 1967 survey was not designed to collect 
such information on the local production technology. Thus, 

the average production technology of farmers is used here 

to represent the traditional technology, allowing flexibility
only for the local variety and the planting date. The inflex-

ibility of the fertilizer treatment and the population density 

assumptions is very probably biased against the traditional 

technology in these comparisons. However, the assumption 
that all farmers fertilized their maize should be a bias 

favoring the traditional technology, since only 69.3 percent 

of farmers applied fertilizer to their maize plantings iii 

1967. 
A maizetechnology, recommended by the National 

Agricultural Research Institute (INIA), was available to the 

Puebla farmers in 1967. It consisted of 80 kg/ha N, 40 
kg/ha P2 C 5 , 40,000 plants/ha, the hybrid H-28, and plant-

ing as soon as the rains began. This recom mendation 

applied to the entire Project area. 
The INIA technology was modified in two ways to 

facilitate the comparison of technologies: (a) the recom-

mendation to plant at the beginning of the rainy season was 
changed to "plant early (late March, April, early May) in 

producing systems with adequate residual moisture." (It is 

known, a posteriori, that early plantings of maize produce 
assumed that, once active promotionhigher yields. It was 

of the INIA technology was underway, the F-roject staff 

would recognize this fact and quickly change the recom
mended date of planting). (b) the recommendation to plant 

H-28 was discarded. This change was made because native 

varieties (not H-28) were planted in most of the experi

ments whose results were used to compare the different 

technologies. It was thought that this change would intro
duce little bias against the INIA technology, since local 
varieties compare favorably with H-28 in their yielding 
ability (see Chapter 4). 

As indicated previously, the results obtained in the 

experiments conducted in 1967 were used to develop a new 
recommendation for maize, referred to here as the second 
approximation to the maize production technology. Experi
mental results obtained in subsequent years were used to 

develop a third, fourth, fifth, and sixth approximation. The 
sixth approximation, available at the beginning of 1972, 
included recommendations for 16 maize-producing systems. 
As shown in Table 3 9, these systems differed in soil 
morphology, previous crop, elevation above sea level, or 
planting date Alternative recommendations for two levels 
of capital investment were available for each of the 16 

systems The recommendation for the lower level of capital, 

referred to here as the limited capital recommendation, was 
selected rather intuitively, however, it corresponds closely 

to the factor combination that maximizes the rate of 
return on capital 

The 16 pairs of recommendations, together with their 

variable costs expressed in tons of maize grain per hectare. 

Project area since 1972. 

r11 1 soils above level elvtiogs betwe-r 100Deep of Popoatepelsea plantings Lefore rl, i rd 2 550meters 

11 2 Deep soils of Popocatepeil elevationws betevii, 2 1(,O id2350 

meters above sea level planting, betiwe,.n ., y 16 nrld Juice 15 

12 Deep cf Popocitepetl ti ,r,d 2600soils elvonnins ltt:er 251 

meers bove level befoe April 50s plantinp 
2 1 1 PUMICeous soils%Of POPO. rep0r I GVAIU t vs.-rnl 2 100 Ind 

2,350 meters above sea lhemlplaitivgs lefore t.:ay 1 

21 2 Pumiceous soils of l'opocatepetl ecev iti , ttween 2100 ard 

2.350 meters above ,,e, level pitmirgs between 1.-lay 16 and 

June 15 
22 Pumiceous soil of Popmoatepetl eltenti ns betweent 2 i5l and 

2,800 meterrabove ,eailevel plint,,i bwfore April '0 
3 Soils of La Ilalindhc, plintirgs beloie Apil 5 
4 Heavw soils of Zone V, plaitiiij- at the stalt if the -111YitWInI 

5 1 2 Soils witha comp cttdho ri.,n Pl,lt, ii,.lidApil
51I 2 Soils with a compacted hor t. on pl.x'itwc , l,1,-+In 1,',y 

51 3 Soils with acompacted hortn, pimitily rid, IvJune 

Mmn April 

6 1 2 Sodic like soils, plantings made Ili l.ay 

61 3 Sodic like soils, plaitninig% side InJlneI 

7 1 Soils with a high miter table plnting Inmmedrately ,ftun the
 

turning of alfalfi stubble plantiq, be fote i d 1,
 

7 2 Soils with a high water table (,t tny itrigated soil, one or mote
 
years after the turning of lfalf, -stubble plantings befute April 

6 1 1 Sodre like soils plantiigs ,aditl.t h 

15. 
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are shown in Table 3.10. Variable costs were calculnted on 
the assumption that the farming operation was a mixed 
enterprise. Hired labor was included as a cost, but labor by 
family members was not included. For the calculations in 
Table 3.10, it was assumed that hired labor included: one-
thild of the labor at planting and the first fertilization; 
one half of the labor at the second cultivation and second 
fertil;zation; three-fourths of the labor at harvest time; and 

,nr thld of the labor for shelling. The expense of this labor 

wv. included a,, a variable cost. 

,ve,,al aspects of the unlimited capital technologies 
.h~c.. in Table 3 10 may be noted (a) the recommended 

etes, o itroqen vary from 0 to 150 kg/ha with an average 
,of 108 Vg/ha, weighted according to the area planted to 

m,,ize (Table 3 11 ) The zero value corresponds to maize 

planted imimediately after turning under alfalfa stubble, in 
sols with a high watei table The 150 kg/ha value is for 

rnatze planting, in both irrigated soils and soils with a high 

watei table, where one or more years have elapsed since the 

incoiporatlon of ,ilfalfa stubble, (b) the recommended rates 
,A, phophorus vary from 0 to 60 ka/ha P2 0 5 , with a 

weighted average of 32 kg/ha; (c) the recommended plant 

densities vary fiora 30,000 to 60,000 plants/ha, with a 
weighted average of 48,530 plants/ha, and (d) the variable 
costs of these production formulas vary fiom 0 02 to 1.46 
tons/ha of maize, with a weighted average of 0 98 ton/ha. 

The vaiiable costs of the limited capital technologies 
vary from 0 02 to 0 92 ton/ha of maize, with a weighted 
aiveiage of 0 64 tonl/ha The vaiiable costs of the traditional 
and INIA technologies are 0 54 and 0 82 ton/ha of maize, 
respectively 

Three assumptions were made in comparing the limited 
capital and uniimited capital technologies of the Project 
with the tradiional and INIA technologies (a) the aver-
ages of the experimental yields obtained from 1967 
through 1972 are reasonable approximations of the average 
yields that will be obtained in the future, (b) experimental 
yields, when reduced by 20 percent, are reasonable approxi-
mations to commercial yields, and (c) the areas planted to 
maize, costs of inputs and prices of grain and stover will not 
soon change appreciably. 

The basic data for comparing technologies were prod-
uced in 125 field experiments, which cluded fertilization, 

plant density, and date of planting variables, conducted on 

farmers' fields from 1967 to 1972 These experiments 
sampled, with varying degrees of intensity, the 16 produc-

ing systems listed in Table 3.9. The areas plants to maize in 
each of these systems were estimated from survey data and 

the soils map shown in Figure 1 2. The number of experi-
ments conducted in each producing system, areas planted in 
maize, and average commercial yields estimated for the four 
technologies are shown in Table 3.11. 

Table 3 12 shows the distribution of the 125 expcri, 

ments among years and among five producing systems. The 
three largest systems (1.1.1, 2.1.1, and 3) were sampled
quite adequately in each of the six years. The remaining 13 

systems, taken in'ividually, were much less adequately 
sampled, either because the number of experiments was 

small or the distribution among years was inadequate. As a 
group, however, the 13 systems were sampled quite satisfac
torily. The four production technologies are compared here 
for producing systems 1.1.1, 2.1.1, and 3; the combined 13 
systems; and the entire Project area. 

Net increases in maize yields, A M, were calculated for 
the different technologies and producing systems according 
to the formula: 

A M = -Y - C - T 

where Y is the estimated commercial yield, C is the variable 

cost associated with a given technology above the cost of 

the check expressed in ton/ha maize and T is the yield of 

the check treatment (no fertilizer, 30,000 plants/ha). As 

shown in Table 3.13, estimated average net increases using 

the traditional, INIA, limited capital, and unlimited capital 

technologies were 0.74, 1.05, 1.12, and 1.44 tons/ha of 
maize, respectively. 

TABLE 3.10. The production technologies, together with 
their costs, recommended for 16 producing systems in the 
Project area since 1972. 

Recommended Cost of the technology* in 

technology' for tons of maize in the field 

Producing Limited Unlimited Limited Unlimited 
system capital capital capital capital 

I 1 1 80 040,000 1304050000 060 1 19
 
S1 2 602030000 1004040000 055 096
 
1 2 804040000 1306050000 082 130
 

2 1 1 80 4040,000 130 60 50.000 0 82 1 30 

2 1 2 60 20 30000 100 50 50,000 0 55 1 03 

22 804040000 130 60 50,000 082 1 30 
3 80 040000 100 050000 060 075
 
4 80 040000 100 050000 060 075
 

5 1 I 80 Zo 40,000 130 50 50,000 076 1 25
 
5 1 2 80 30 40,000 I10 50 50.000 086 1 10
 
5 1 3 60 20 30,000 804040,000 055 082
 
6 11 803040,000 110 50 50,000 076 1.10
 
6 1 2 602030000 804040,000 055 090
 

6 1 3 60 20 30,000 60 20 30,000 0 55 0.55
 

71 0 060000 0 060.000 002 002
 
7.2 1003050000 1506060,000 092 1 46 

Averages 75 15 38,260 1083248,280 064 098 

The three values refer to kilograms per hectare of nitrogen, kilograms 

per hectare of 1120s (phosphorus) and plants per hectare, respectively 

' 	 This is the total cost of fertilizer (price, transport, application, insur 
ance, interest) expressed in terms of grain, after costs of harvesting, 
shelling, sacking. and transport have been dis.ounted The cost of the 

traditional and IIIIA technologmes are eqoivalert to 0 54 and 0 82 tons 

of grain, respectively If these values and the values in the table are 

multiplied by $54 80, the costs of the technologies in U S dollars are 
obtained This value for tinuze in the field is based on a price of U S 
$72 per ton for maize with 14, moisture, placed at a warehouse of the 

National Marketing Agency 

i Weighted acording to the arr- planted to maize (Sep Table 3 11) 



TABLE 3.11. The number of experiments conducted in 16 producing systems in the Puebla area. areas planted in maize, and 
estimated commercial yields* using various production technologies. 

Area planted Project technologies 
Producing No. of in maize Traditional INIA Limited Unlimited 
system expts. ha Check** technology + technology + capital capital 

1.1.1 27 10586 0.52 2.05 2.86 2.63 3.80 
1.1.2. 16 7072 0.38 1.34 1.88 1.49 2.08 
1.2 1 1019 0.68 1.88 2.37 2.37 3.36 
2.1.1 18 8874 0.79 2.15 2.82 2.82 3.87 
2.1.2 8 3642 0.20 1.09 1.54 1.20 1.97 
2.2 4 1852 0.48 1.89 2.54 2.54 3.45 
3 24 22739 1.00 2.56 3.29 3.20 3.64 
4 7 2078 1.15 2.04 2.49 2.41 2.71 
5.1.1 3 2817 0.88 2.12 2.66 2.58 3.66 
5.1.2 5 4355 1.44 2.28 2.65 2.59 3.01 
5.1.3 5 5636 0.15 1.26 1.61 1.35 1.62 
6.1.1 1 1281 0.34 0.66 1.64 1.60 2.21 
6.1.2 1 1963 0.52 1.43 1.88 1.55 1.88 
6.1.3 3 2540 0.44 0.90 1.08 1.04 1.04 
7.1 1 893 4.00 4.00 4.96 5.41 5.41 
7.2 2 2653 1.60 3.62 4.12 4.42 5.14 

Total 125 80000 
Average + ' 0.78 2.05 2.67 2.54 3.19 

* The commercial yield was estimated as 80 0of the yield obtained experimentally, expressed as tons per hectare of grain 

with 142, moisture. 
** No fertilizer; 30,000 plants per hectare. 

+ Traditional technology; 50 kg/ha of nitrogen, 25 kg/ha of P2 05 (phosphorus), 10 kg/ha of K20(potassium) and 25,000 
plants per hectare. 
INIA technology: 80 kg/ha of nitrogen, 40 kg/ha of P2 0 5 , and 40,000 plants per hectare.
 

++ Weighted according to the areas planted in each producing system
 

Estimated net increases for one producing system (6.1.3) TABLE 3.12. Distribution of the experiments conducted 
were:--0.08, -0.18, 0.05, and 0.05 ton/ha, respectively, for in the Project area among years and among five producing 
the traditional, INIA, limited capital, and unlimited capital systems. 
technologies. These values were calculated from data 
obtained in two experiments conducted in 1969 and one in planted 
1970. The implication of these figures could be that it is Prolicinq n maite 

to systei ha 1967 1968 1969 1970 1971 1972 Total
irrational to plant maize in this system. However, due 

the limited amount of data available (and to the probability I 1 1 10,586 9 7 2 3 4 2 27 
that farmers' experiences, covering a much longer period of 2 1 8,874 3 3 3 3 4 2 18 

8 4 4 24time than that studied experimentally, has demonstrated 3 22,739 2 0 6 
the profitability of maize production), a tentative recom- 13 remaining

systems 37,801 8 3 7 19 15 4 56s316
made of 60 kg/ha N, 20 kg/ha P209), and 

nendation was 
30,000 plants/ha. systems 80,000 22 13 18 33 27 12 125 

http:were:--0.08


Table 3.14 shows the variable costs, net increases, risks, 
and "adequacy indices" for the four technologies used in 
systems 1.1.1, 2.1.1, and 3; the combined 13 systems; and 
the total Project area. As used here, risk is defined arbi-
trarily in two ways (a) as the standardized probability 
tha t the net increase in maize yield will be 0.5 ton/ha or 
!es, and (b) as the standardized probability that the net 
jr,',vabe in maize yield will be 0 ton/ha or less. In the 
emi,urdei of this chapter, the first criterion of risk will be 

cxpie.,ed as R (0 5) and the second criterion as R (0) 
Onc of the definitions of risk as a net increase of 0.5 

ton/ha or less of grain was based on 1970 survey data 
indic.iting that an average fdmily consumed 1,546 kg/year 
,f maize for food, and had an average area of 2.27 ha of 
maite Thu, from each hectare in maize, an average of 0.68 
ton of grain was needed to feed the family. In this defini- 
tion of risk. it was assumed that most of the yield obtained 
with the check teatment would be used to cover the fixed 
costs of production, and that 0 5 ton/ha to feed the family 
would have to come from net increase in yield. 

TABLE 3 13. Estimated net increases in tons of maize per 
hectare, A M*, using four production technologies in 16 
producing systems. 

Producing Limited Unlimited 
system Traditional INIA capital capital 

1.1.1 0.99 1.52 1.51 2.10 
1.1.2 0.42 0.65 0.56 0.78 
1.2 0.67 0.88 0.88 1.37 
2.1.1 0.82 1.19 1.19 1.77 
2.1.2 0.35 0.47 0.50 0.67 
2.2 0.87 1.24 1.24 1.67 
3 1.05 1.45 1.61 1.92 
4 0.38 0.59 0.80 0.93 

5.1,1 0.73 0.96 0.96 1.53 

5.1.2 0.30 0.39 0.39 0.47 
5.1.3 0.57 0.64 0.65 0.65 
6.1.1 -0.22 0.49 0.50 0.77 
6.1.2 0.38 0.55 0.49 0.55 
6.1.3 -0.08 0.18 0.05 0.05 
7.1 -0.54 0.14 1.39 1.39 
7.2 1.48 1.70 1.91 2.08 
Overall** 0.74 1.05 1.12 1.44 

* The commercial yield obtained with a given technology, 

less the check yield, less the variable costs associated 
with the use of the technology. The commercial yield is 
estimated to be 80%of the experimental yield, ex-
pressed as grain with 1494 moisture. 

** Averages weighted according to the areas planted in 
maize. 

The value A M r 0 is used in the alternative defini
tion of risk, to examine the case in which the value of the 
increase in maize yield is equal to or less than the variable 
costs of production. Information is available in Table 3.14 
to calculate risk using net increase values other than 0.5 or 
0 ton/ha. 

In the calculation of risk there is an implicit assumption 
that the net increase values belong to a population with a 
normal distribution. This hypothesis was tested for tradi
tional technology used in the entire Project area, and was 
not rejected. 

For the five systems in Table 3.14, calculations were 
made of the mean squares of the net increase values as
sociated with the following: (a) years, with a degrees of 
freedom; (b) total, with n- 1 degrees of freedom; and (c) 
residuals (sites confounded with the interaction sites x 
years), with r- 1-a degrees of freedom. In 18 of the 20 
cases (four technologies x five systems), the mean square 
associated with years was larger than that associated with 
sites plus the site x years interaction. In nine cases, the 
difference was not significant, in six it was significant at the 
5 percent level, and in three cases it was significant at the 1 
percent level. The mean square associated with years was 
selected as the estimator of the variance of the net increase
values. This quantity appears in Table 3.14 as sz, 

The values of risk presented in Table 3.14 were obtained 
from a tabulation of areas corresponding to a normal 

population with a mean of 0 and a variance of 1. To use 
this table, the values 0.5 and 0 were standardized for each 
technology and producing system by subtracting the value 
of2 MI and divicing by the appropriate standard deviation, 

The use of traditional technology in producing system 
1.1.1 gave an average net increase in maize production of 
0.99 ton/ha, with a risk represented by the number 0.213 
for R(0.5) and the number 0.054 for R(0) (see Table 
3 14). This level of risk indicates that the net increase will 
be 0.5 ton/ha or less in four years out of 20, with one year 
having zero or negative net increase The estimated net 
increase using traditional technology in system 1 1.1 was 
more than that for system 2 1 1, and similar to that for 
system 3. The level of risk in using traditional technology in 
systems 2.1.1 and 3 indicates that net increases of 0.5 
ton/ha or less can be expected in 6 years out of 20 In two 
of the six years, the net increase will be zero or negative for 
system 2.1.1, whereas in system 3, three of the six years 
will have a zero or negative net increase of yield These 
three systems are the most productive in the Project area 
and account for 53 percent of the area planted to maize 

The use of traditional technology in the 13 remaining 
systems gave an average net increase of 0.44 ton/ha with a 
risk represented by the numbers 0.547 for R(0.5) and 

0.195 fr R(0). That is, in 1 out of every 20 years a 
net increase of 0.5 ton/ha or less can be expected; 4 of 
the;e 11 years will show a zero or negative net increase. 

The average net increase for the whole area using tradi
tional technology was 0.73 ton/ha with a risk represented 

by the numbers 0.399 for R(0.5) and 0.206 for R(0). 
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This means that in 8 out of 20 years the net increase of is defined as R(0), the limited capital technology becomes 

yield will be 0.5 ton/ha or less; whereas in 4 of the 8 years slightly riskier in system 1.1.1 than the traditional tech

the net increase will be zero or negative. nology: 0.065 versus 0.054. With the same definition of 
risk, the unlimited capital technology is slightly riskier than 

Average net increases in production per unit of cost, the traditional technology in the total area (aggregated 16 

expressed as kilograms; of maize, are shown in Table 3.14 producing systems). 
as values of A M/C. These values were 1.83, 1.52 and 1.94 
for traditional technology in systems 1.1.1, 2.1.1, and 3; The unlimited capital technology was superior to the 

0.81 for the combined 13 systems; and 1.35 for the total INIA technology when compared in terms of net increase in 

area. yield, or as risk defined as the probability that the net 

When compared with the traditional technology, in all increase in yield be equal to 0.5 ton/ha or less, R (0.5), in 

five individual and aggregated producing systems, the INIA, the five individual and aggregated producing systems. Using 

limited capital, and unlimited capital technologies produced the same criteria, the unlimited capital technology was also 

higher net increases in maize yields and lower risks, with better than the limited capital technology in systems 1.1.1, 

two exceptions. These two exceptions were in relation to 2.1.1, and 3; whereas in the remaining systems, net in

risk and not in relation to net increases in yields. When risk creases in yield were larger with the unlimited capital tech-

TABLE 3.14. Variable costs, net increases, risks, and adequacy indices" for four production technologies used in several 

individual or aggregated producing systems. 

Variable 

Individual or cost 
aggregated of Net 
producing technology increase 

R 
+

Risk, Adequacy indices" of the technologies
system* Technology C 6 M** AM s3 + 

(ton/ha) (ton/ha) C AM P( AM -0.5)P( AM <0) la o llb Ila llb Ilia Ilib 

1 1 (27) Traditional 054 0.99 1.83 03804 0213 0054 100 1 00 1 00 100 066 091 

INIA 0.82 1.52 185 06932 0110 0034 297 245 1 96 1 61 1 26 144 
1 13 1 18 I 37Limnited Capital 060 1.51 252 0996' 0156 0065 209 125 1 88 

Unlimited Capital 1.19 2.10 176 10200 0056 0019 801 606 363 275 1 91 204 

2.1.1 	 (18) Traditional 0.54 0.82 1.52 0.3749 0304 0090 1 00 100 100 100 041 0 70 

INIA 082 119 145 03948 0136 0029 325 445 214 293 092 1 13 

Limited Capital 082 1.19 1.45 03948 0136 0029 325 445 2 14 2 91 092 113 

Unlimited Capital 1 30 177 136 1 1453 0117 0049 560 393 2 33 1 61 141 1 62 

100 058 	 0813 (24) 	 Traditional 0.54 1.05 1.94 10190 0295 0149 100 1 00 1 00 

INIA 082 1.45 177 17421 0236 0136 1 73 1 52 1 14 100 092 1 14 

Limited Capital 060 161 2.68 2.0559 0219 0131 206 174 185 1 57 1 13 132 

Unlimited Capital 075 1.92 256 33232 0218 0 147 247 186 1 78 1 34 1 34 1 53 

13 sys. 
100 100 010 025tems (56) 	 Traditional 0.54 0.44 081 02644 0547 0195 100 100 

395 0 10 	 056082 0.63 0.77 0.1399 0364 0046 2 15 600 142 

Limited Capital 0.64 0.68 1.06 00918 0277 0013 305 2393 257 20 10 031 067 
1 81 065 

(aggegated) 	 INIA 

Unlimited Capital 099 086 0.87 0.5159 0308 0115 347 3 31 189 029 

1 00 I 00 022 047 
Overall (125) 	 Traditional 0 54 0 73' 1.35 08021 0399 0206 100 100 

0306 0168 189 1 78 1 24 1 17 048 074106' 12194 

Limited Capital 064 1 11' 1 73 1 3319 0298 0 168 203 186 1 71 156 059INIA 082 129 
0 82 

192 1 45 106 0 72 094098 146' 1.49 34542 0303 0215 263Unlimited Capital 

* The number of experiments conducted in each system isgiven in parenthesis
 

** The commercial yield obtained withagiven technology, lessthe check yield, less the variable costs assocs,ted with the useof the technology
 

+ S2 AM is the estimator of the variance among years, of the net increase values (5degrees of freedom) 

*+	The standardized probability of obtaining a net increase equal or smaller than 0 5and 0 ton/ha
 

1 _A1 =I Ct l=M( )C
ti- -j-, Ri 11=1 -- Ci , II1=5M(l H) CR 

INIA, limited capital and unlimited capital technologies, t indicates traditional technology
 

la, Ila, and Ilia refer to the case when R=P( A M5 0.5 ton/hIa), lb, lib and Illb refer to the case when R=P( A M'0 ton/ha)
The index i, indicates 
-

Unweighted averages 
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nology, but risk was also higher. Using R (0) as the criterion 
of risk, the unlimited capital technology was riskier than 
both the limited capital and the INIA technologies in all 
instances, except in system 1.1.1. 

For the five individual and aggregated producing sys-
tems, the unlimited capital technology produced net in-
crpaes in yield about twice those obtained with the tradi-
tional technology The risk using unlimited capital tech-
nology was 26 to 76 percent of that using traditional tech-
nology with R (0 5), and was 35 to 104 percent of that 
using traditional technology with R (0). The variable costs 
of the unlimited capital technology were 1.39 to 2.41 times 
greater 	than those of the traditional techrology.


Net incrca:es in yield using 
 the limited capital tech-
nology and the INIA technology were equal for systems 
I I I and 2.1 1. The risk using the two technologies was thesame in system 2 1 1, but was higher by 42 percent when 
u,,r.g R (0 5) and by 91 percent when using R (0), for the 
limited capital technology in system 1 1 1 (13 percent of 
the area) Vaiiable cost of the limited capital technology 
was 27 percent lower than that of the INIA technology in 
the same system Compared to the INIA technology in 
system 3 (29 percent of the area), the limited capital tech. 
nology had a variable cost that was 27 percent less, a net 
increase in yield 1I percent higher, and a lower risk factor 
that was less by 7 percent using R (0.5), and less by 4 
percent using R (0). The same comparison of technologies 

ior the aggregated 13 systems (47 percent of the area)
shows a variable cost for the limited capital technology that 
was 22 percent less, a net increase in yield that was 8 per
cent higher and a ritk factor that was 24 percent lower 
using R(0.5) and 72 percent lower using R(0).

Average net increases in production per unit of cost,
A M/C, were higher using the limited capital, as compared 
to the traditional technology in four of the five systems.
This was true in spite of the higher cost of the limited 
capital technology. The INIA technology was superior to 
the traditional technology in net increase per unit of cost 
only in system 1.1.1. The unlimited capital technology was 
superior to the traditional technology, using the net in
crease per uni, of cost as a measure of efficiency, in 76 
percent of the area (system 3 and the combined 13 sys
tems). 

The "adequacy indices" in Table 3.14 provide additional 
criteria for comparing the four technologies. Index Ia 
provides a measure of the relative net increase in yield per
unit of risk for R (0.5), and lb provides a similar measure 
for R (0), using traditional technology as a base. According 
to 	 1-idex Ia, the unlimited capital technology in system
1.1.1 is eight times better than the traditional technology. 
Indices Ia and Ib, however, do not take into account the 
differences in variable costs associated with distinct tech
nologies. Indices Ila and llb do incorporate this concept,
and, for system 1.1.1, Index Ila shows that the relative net 

TABLE 3.15. Comparison of four technologies, assuming that each was used in the production of 80,000 hectares of maize. 

Average yield (ton/ha) 
Total production of grain (tons) 

Average net increase (ton/ha of
grain)A 

Total net increase in grain (tons) 
Total net increase in stover (tons)** 

Value of net increase, A P" 

Fertilizers used
Ammonium sulphate (tons) 

Simple supeiphophate (tons) 

Potassium chloride (tons) 


-Total cost of fertilizers, F + 

A P/F ratio 

Traditional INIA 
Limited 
capital 

Unlimited 
capital 

2.05 
164 211 

2.67 
213311 

2.54 
203 366 

3.19 
254 844 

0.74 
59 204 

1.05 
84 244 

1.12 
89 769 

1.44 
114 821 

75 457 93 119 86 270 109 245 

$3,666,928 $5,138,048 $5,402,432 $6,903,960 

20 000 32 000 29 823 43 003 
9 756 
1 333 

15 609 
0 

6 067 
0 

12 775 
0 

$2,353,584 $3,550,704 $2,787,552 $4,267,176 

1.56 1.45 1.94 1.62 

* The increase is the commercial yield, less the check yield, less the variable costs expressed in ton/ha of grain. The average 
net increase is weighted according to the ar.a in each producing system.

** Net increase in stover is the yield with a given technology, less the check yield.+ Value of the grain in the field was $5 4 .80/ton; value of stover in the field was $5. 6 0/ton. These are market prices less 
costs associated with harvesting and marketing. 

++ The cost of fertilizer was the market price plus costs of transport, application, interest on loan, and crop insurance. 
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increase in yield per unit of risk, adjusted for differences in 
variable costs, is 3.63 times greater for unlimited capital 
technologyof than for traditional technology. Index MIIameasure is athe outcome of a game in which the farmer 

plays to win A M and has a probability of -RI (0.5) of 
doing so, but also has a probability, R (0.5), of losing C.more. 

A comparison will next be made of the impact of the 
four technologies on production, net increases, and ferti-
lizer consumption,use assuminghaoflan eachnomalytechnology were to beonth 8000 evtedtomaize 
used on the 80,000 ha of land normally devoted to mie 
production in the Project area. The data needed for thiscomparison are shown in Table 3.15. Estimated total 
production with the four technologies varies from 164,211 

prodctin wth rom164211he ourtecnoloiesvares 
to 254,844 tons/year; the value of net increase varies from 
$3,666,928 to $6,903,960; and the cost of fertilizers varies 
from $2,353,584 to $4,267,176. 

Compared with the traditional technology, the INIA 
technology would require a 51 percent larger investment in 
fertilizers and would produce 30 percent more maize with a 
net increase worth 40 percent more. That is, using the INIA 
technology, farmers could invest $1,197,120 more in ferti. 
lizers and gain an additional $1,471,120. Each additional 
dolJar spent on fertilizers would yield a profit of $1.23. 
Globally, each dollar invested in fertilizers using the tradi-

tional and INIA technologies produces a gain of $1.56 and 
$1.45, respectively. 

The limited capital technology would require an 18 per.cent larger investment in fertilizers than would the traditional technology; would produce 24 percent more maize, 

an woulied a enase wor erc ore. 
Using the limited capital technology, farmers would invest 
$433,968 moretechnology, and inwouldfertilizers an additionalwith traditionalgain than the$1,735,504. 
Thus, each additional dollar spent on fertilizers with thet edca ital dol l sp d e o f tzr with thelmited capital technology would give a profit or $4.00. In a 
global sense, each dollar invested in fertilizers using the
limited capital technology would yield a profit of $1.94 
compared to $1.56 in the case of the traditional tech
nology. 

The unlimited capital technology compared with the 
traditional, would require an 81 percent larger investment 
in fertilizers, produce 55 percent more maize, and yield a 
profit worth 88 percent more. Farmers would invest 
$1,913,592 more in fertilizers with the unlimited capital 
technology as compared to the traditional, but could gain 
$3,237,032 more. In this case, each additional dollar spent 
on fertilizers would yield a profit of $1.69. 
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4 MAIZE VARIETY IMPROVEMENT
 
INTRODUCTION 

Prior to the Puebla Project, it was known that Chalque-
flo and C6nico were the predominant races of maize in the 

region. The Mexican Agricultural Research Institute (INIA) 
had done some varietal testing, and two hybrids (H-28 and 

H-129) were recommended for the area. A limited survey in 

the fall of 1966 indicated, however, that most farmers were 

growing native varieties. This finding was confirmed by a 
farm survey in early 138 which revealed that, although 15 

percent of the farmers had used hybrid maize on at least 

one occasion, less than 1 percent of the farmers had grown 

hybrids in 1967. 
It seemed reasonable to expect varieties that yield more, 

particularly in unfavorable years, would be readily accepted 

by farmers and would represent an economical way to in-

crease production. Thus, maize improvement research 

became an integral part of the Puebla Project. The research 

objective was to quickly develop improved varieties that 

would yield more than the available hybrids and native 

varieties, and that would compare favorably in terms of 

grain type, lodging, earliness, and disease resistance. 

STRATEGY OF GENETIC IMPROVEMENT 

The maize improvement program consisted of the fol. 

lowing activities: 

(a) 	 The collection of information from farmers 
throughout the Project area to establish farmer 
preferences as to grain type, earliness, and other 
morphological characteristics. 

(b) 	 The collection of outstanding native varieties in the 

area. It was expected that some of these might be 

useful for immediate distribution, and many would 

be valuable as breeding materials. 

(c) 	 The testing of promising local varieties and exotic 
materials at representative sites throughout the area. 

Initially these varietal trials were to identify out

standing genotypes, both for immediatetousecompareand asbreeding materials, and subsequently 

the performance of existing and newly produced 
t era ne oproved 

materials. 

(d) 	 The development of cryptic double-cross (SIx Si) 

hybrids and S 1x double-cross hybrids. The decision 
to use this breeding method was based on experi
ence in other areas indicating that it should be 

possible to develop a hybrid by the third year of the 

Project that would outyield the parental varieties by 
25 to 30 percent. This timetable was dependent on 

growing two crops per year, through winter plant
ings 	at lower altitudes. Since the proposed life of 

the project was only 5 years, it was necessary to 

have improved materials available by the end of the 

third year, if they were to significantly influence 

production within this time period. 
(e) 	 The development of open-pollinated varieties 

through mass selection. This method was chosen on 

the basis of research experience suggesting that in

crease in yield could be expected, varying from 4 to 

10 percent per year. In addition, since farmers 

would cooperate in the selection, they would have 

improved seed available immediately and could 

continue to attain better yielding materials through 
their own efforts after the Project ended. 

)A 

CIA € 

k X 

eea oaraswr afidotec era at sveral loca

tions, to compare tue performance of native varieties, im
varieties and hybrids, and experimental materials. 

VarietalVrea trials were carried out each year 

39
 



PROGRAM AND RESULTS 

As information was collected from farmers, it become 
teevidntf hatlenthgrwin sesonwasa mjor

evident that length of the growing season was a major 
,: ncerni of farmers in deciding which variety to plant. A 

in laiet.:inceri of famengrs deciding toAprlan A 
.,, iuority of plantings are made in late Mdrch, April, and 

Ily May, in soils that conserve sufficient moisture from 

season. Farmers use late-maturing varie-e previous rainyti..forthee Exlymatrinetlyplatins. vaietes akeThe 
1 thesainerr ofa he plantings. in makJueE~ atie 

p thermainder obheg.min 
,.Fer the rains begin. 

Farmers find a wide range of kernel colors-white, yel-
ow, red, blue, and mixes- acceptable for home consurnp-

tion. For the market, however, whites and yellows are 
tn.frd, thne maket, hoer ies andcryell art 
preferred, since local buyers sometimes discriminate against 

vrea ,ble. mseason,
Overall, the maize improvement program has emphasized 

the production of high-yielding varieties, that are resistant 
to dseaesor nd ldgig, an lat plntigs.(twooth arl 

to diseases and lodging, for both early and late plantings. 

Production of Hybrids 

During the summer of 1967, several local varieties were 

examined, and the variety Pinto Salvatori was chosen as 
germplasm for the production of cryptic double-cross 

hybrids. Five hundred crosses of selected plants were made 
and the second ears of each of the 1,000 parental plants 
were self-pollinated. Because of problems in obtaining suf-
ficient seed of the cross, as well as the self-pollinations, the 
program realized only 94 complete sets 

During the winter of 1967-1968, topcrosses were made 
at the experiment station of the National Seed Production 
Company near Tepalcingo, Morelos, by crossing H-28 and 
S 1lines of several varieties that were outsti-nding in the 
summer varietal trials. Individual plants of the variety were 
selfed at the same time they were crossed with 10 to 15 
plants of H-28. 

The 94 cryptic double-crosses from the variety Pinto 
Salvatori and 68 topcrosses from the winter program were 
yield-tested in 1968 at four locations in the Puebla area. 
Eleven of the cryptic double-crosses and eight of the 
topcrosses to H-28 yielded significantly more than did the 
best commercial hybrids. 

The S Iparents of the five best cryptic hybrids were 
planted for increase and to obtain more seed of the crosses 
at the Tepalcingo station during the winter of 1968-1969. 
Also, these 10 parental lines were arbitrarily divided into 
two groups to form two composites (A and B). The cross 
between these two composites was made in detasseling 
blocks and seed was produced for semi-commercial testing 
in the Puebla area. 

Comp A x Comp B, together with the five best topcros-
ses to H.28 and other promising m, .ials, was tested at 
three locations in the Puebla area d ,g the summer of 
1969. Selected farmers were given small lots of Comp A x 
Comp B for comparison against their local varieties. The 
results with Comp A x Comp B were not up to expecta-
tions. 

During the summer of 1970, Comp A x Comp B was 
included in varietal tests at 16 locations and was planted onasm-omiilsaea e ie.Fo h eut 
a semi-commeicial scale at a few sites. From the results 
obtained i:n 1969 and 1970, it was evident that Comp A x 
obandi199nd97,twsevetthtCmAx
Comp B was not superior to the parental variety, and it was 
decided not to promote the use of Comp A x Comp B in 

Pee thearea.
 
the ie ouan
 

five outstanding cryptic hybrids, the five best 
topcrosses to H-28, and Comp A x Comp B, were continued 

the varietal trials in 1971 and 1972. The relative yields, 
days to flowering, and lodging percentages of these hybrids 
and other promising materials, are given in Table 4.1. 
Several conclusions can be drawn from these data: (a) 
Seracoluincnbedwnfmthsdt:()
compared to the parental variety Pinto Salvatori, Comp A x 
Comp B yields slightly less, has a slightly longer growing 

and has the same tendency to lodge, (b) four of the 
cryptic hybrids outyield Pinto Salvatori by 5 to 11 percent 

( to h es 113 and 24,to l ea nd h v at e 
of these, 113 and 246, lodge less and have about the 

same growing season as the parental variety); and (c) the 

five topcrosses with H-28 yield from 2 to 7 percent more 

than H-28 (topcross 257 yields 7 percent more and flowers 
in 3 days less than H-28). 

Production of Varieties 
Observation nurseries, including 41 composites of earlier 

collections from the Puebla area and 18 other promising 
materials, were planted at two locations in the summer of 
1967. The relative performance of the several entries 
provided guidance to select those materials to be used in 
the genetic improvement program. Two composites were 
formed at Tepalcingo during the following winter: (a) an 
early composite by intercrossing Puebla groups 10, 11, 26, 
and 30; Chapalote x C6nico, Chalquefio x C6nico; Harinoso 
de Ocho x C6nico, Colorado Salvatori; and H-28; and (b) a 
late composite by intercrossing Puebla groups 33, 44, and 
49; Bat~n E-CIV; Hidalgo 8 M-CI, Pinto Salvatori; and Blan
co Salvatori. 

During the summer of 1968, mass selection blocks were 
planted and carried through the first cycle of selection with 
the early and late composites. The first cycle of mass selec
tion in an opaque-2 composite was also conducted. The 

opaque-2 composite was formed by mixing seed that car
ried the opaque-2 gene from Mexico group 10, Hidalgo 8, 
Pinto Salvatori, and Blanco Rubi'n. 

The mass selection blocks were fertilized each year 
according to the recommendations of the Project. Plant 
densities of 24,000 plants/ha were used in 1968, 1969, and 
1970. Densities were changed to 50,000 plants/ha in 1971 
as a result of a study at Chapingo indicating that the plant 
density in mass selection blocks should be similar to that in 
commercial plantings. 

Mass selection with the early composite was done at four 
locations in 1968, five locations in 1969, and one location 
in 1970. Work with this composite was discontinued in 
1971 when it became clear that it was not sufficiently early 
for late May and June plantings in the Puebla area. 
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TABLE 4.1. Relative yields, days to flowering (50%of 
tassels showing), and lodging percentages of selected maize 
varieties and hybrids studied in the area of the Puebla Proj-
ect. 

ZZ M- M 5:3below': Mr- i 2,, 

Mo no U 
0 1 

Material 

H-28 84 228 100 95 4 
Colorado Salvatorl 26 88 97.5 91 10 
Rojo Salvatori 45 96 85 4 87 7 
Pinto Salvatori 84 228 1032 97 13 
H-129 82 224 1026 106 7 
H-129 (before Apr. 21) 30 78 1069 - 
H.129 (after Apr 20) 52 146 1000 - 
H.127 27 92 93 1 101 4 
H-125 23 84 1022 102 4 
H-131 19 56 1195 106 7 
CDC 358 14 40 1127 102 12 
CDC 275 14 40 1087 100 13 
CDC 246 14 40 1106 95 9 
CDC 205 14 40 101 7 01 17CDC 11I3 14 40 1141l 97 9' 

Comp A x Comp B 28 86 1024 100 13 
H.28 x Pue gpo 44.309 15 44 1050 97 5 
H-28 x Colorado 292 15 44 1022 89 6 
H-28xColorado 257 15 44 1072 92 6 
H-28 x Colorado 276 15 44 102 2 91 3 
H-28x Puegpo44 333 15 44 1051 90 3 
Comp 1TSMP 12 36 1032 100 13 
Comp 1500 35 92 972 100 15 
Local variety 24 64 90 3 92 12 

-The 

* Average yield expressed as a percentage of H-28 (average yield ofH4728aton/h4 siesofgrai wih 1 ~ mistre)a 

Mass selection with the opaque-2 composite was realized 
at one location in each of the years from 1968 to 1971. 
Mass selection with the late composite was carried out at 22 
sites during the years 1968.1972, an average of 4.4 sites/ 
year. CIMMYT decided in 1972 to discontinue the mass 
selection work, as well as other breeding activities This 
decision was based on the assumption that maize breeding 
activities could not be conducted successfully on farmers' 
fields. 

The late composite was included in varietal trials in 
1970, 1971, and 1972; average yields of the late composite 
in 1972 before mass selection and after the fourth cycle 
were 6.14 and 6.38 tons/ha, respectively. Apparently, four 
cycles of selection produced little or no improvement in the 
late composite. Also, as seen in Table 4.1, the late com-
posite, Comp IT SMP, yields the same as Pinto Salvatori, is 
slightly later, and has the same tendency to lodge. 

In 1972, the opaque-2 composite, after four cycles of 
selection, was compared with seven INIA opaques, three 

CIMMYT opaques, and three normal hybrids. The opaque.2 
composite of the Project produced 4 percent more opaque 
grain than the best INIA material and 16 percent more than 
the best CIMMYT material. However, it still yielded well 

the hybrids with normal grain (85 percent of H-129 
and 70 percent of H-131). 

Evaluation of Materials 

A total of 163 varietal trials was done in the Project area 
during the period 1967-1972. These trials included farmers' 
varieties from the Puebla area and similar regions; improved 
varieties and hybrids; and experimental materials from 

CIMMYT, INIA, the Graduate College at Chapingo, and the 
breeding program of the Puebla Project. Separate trials were 
conducted for late materials, early materials, and opaques. 
These trials were conducted at population and fertilization 

levels similar to the unlimited capital recommendations of 
the Project. 

The relative yields of 21 of the most outstanding mate

rials are shown in Table 4.1, alarg with days to flowering 
and lodging percentag'%. Pinto Salvatori is an outstanding 
native vatiety and should be used more widely in the area. 
In yielding ability it compares favorably with H 129 and 
H-125 and is superior to H-28 and H-127. A recently re

leased INIA hybrid, H.131, is the highe,,t-yielding material 
studied, outyielding Pinto 'alvatori and H-129 by about 16 
percent. It should be recomm,-nded for Match and April 
plantings in the Project area. 

varietal evaluations summarized in Table 4.1 include 

small sample of local varieties (only the eight collected in
the spring of 1967). A second collection of native varieties 

was made in the winter of 1970-1971, including 216 from 
Puebla, 20 from Tlaxcala, 9 from -lidalgo. and 4 from 

Veracruz. These were divided into early and late materials 

and included in evaluation trials in 1971 and 1972 

In Table 4.2, the average yields and days to floweing of 
20 of the best late native varieties are compared with Pinto 
Salvatori, H-129, and H-131 Pinto Salvatori and H-131 
outyielded all the native varieties On the other hand, the 
native varieties outyielded H-129. These findings indicate 
that many of the native varieties in Puebla compare favora
bly in yielding ability to the best improved materials 
presently available. (It should be remembered that when a 
local variety and a hybrid yield almost equally and are 
similar in other respects, the local variety is preferred 
because of the expense and other problems associated with 
the production and distribution of hybrid seed.) 

In Table 4.3, the average yields and days to flowering of 
18 of the best early native varieties are compared with the 
hybrids H-35E, H-30, and 1-28. The materials are arranged 
in order of earliness to facilitate the comparison of varieties 
with similar growing seasons. Both H-30 and the e, perimen
tal hybrid, H.35E, outyielded all native varieties that had a 
similar number of days to flowering. H-30 flowered five 
days earlier than H-28 and should be useful for May and 
early June plantings. H-35E flowered a week before H-30 
and might be suitable for mid-June plantings. 
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EVALUATION OF THE RESEARCH PROGRAM 

The maize improvement program did not meet its goal 
of developing higher-yielding materials and putting them 
into commerical production by the seventh year of Project 
operation Two of the best cryptic hybrids outyielded the 
b'est materials available in 1967 by about 10 percent. 
Howevei. as the parental lines of these crosses yielded 
poorly and lodged badly, it was not feasible to produce 
these hybrids commerciafly. The Comp A x Comp B, 
formed from the parental lines of the five best ciyptic 
hybrids, could have been produced at low cost, but un-
fortunately it did not retain the high yielding capacity of 
the single crosses. 

TABLE 4.,. A erage yields and days to flowering of late 
maturing local varieties and introduced hybrids. The values 
are averages for seven experiments carried out in 1971 and1972. 

Yield of grain Days to 
Material with 14- moisture flowering 

ton/ha. 

Pinto Salvatori 5.52 107 
Pue. 26 5.45 118 
Pue. 66 5.36 107 
Pue. 41 5.30 118 
Pe. 77 5.30 ilFour 
Pe. 108 5.28 108 

Pue. 79 5.28 114 

Pue. 27 5.21 120 

Pue. 67 5.21 106 

Pue. 119 5.17 I11 

Tlax. 145 5.17 113 

Pue. 69 5.17 113 

Pue. 45 5.12 113 

Pue. 4 5.10 105 

Pue. 62 5.08 106 

Pue. 2 5.07 104 

Po. 59 5.07 108 

Pue. 10 5.06 105
 

Pue. 116 5.06 108 
Pue. 141 5.04 112 
Pue. 36 5.04 107 
H-131 5.60 120 
H,129 4.65 121 

TABLE 4.3. Average yields and days to flowering of early 
maturing local- varieties and introduced hybrids. The values 
are averages foi four experiments carried out in 1971 and 

1972. 

Yield of grain Days to 
Material with 14%moisture 

ton/ha. 
flowering 

Tlax. 237 2.27 82 
Pue. 178 2.35 83 
Pue. 153 2.59 84 
Pue. 217 2.49 85 
H-35E 3.14 86 
Pue. 139 2.70 86 
Pue. 175 2.52 87 
Pue. 214 2.68 87 

Pue. 184 2.75 88 
Pue. 183 2.80 88 
Pue. 53 2.83 88 
Pue. 216 2.90 89 
Pue. 159 3.08 89Pe 5 .88
 
Pue. 210 2.78 90 

Pue. 200 3.26 90 
Pue. 86 2.88 91 
Pue. 91 2.92 91 
Pue. 29 3.07 91 

Pue. 195 3.01 92 
H.30 3.82 93 
H-28 3.60 98 

years of mass selection in the late composite at a 
total of 19 sites produced little or nu improvement in 
yielding ability. This result is not in accord with the 
experiences of many maize breeders and possibly was 
influenced by the following considerations: (a) the plant 
density in the selection blocks in 1968, 1969, and 1970 was 
only about half that used in commercial plantings; there is 
some evidence that plants that are outstanding at low 
densities are not necessarily superior at high densities; (b) 
there were difficulties at many sites in achieving complete 
isolation of the selection block, because the adjoining plant. 
ings could not be controlled; this may have resulted in the 
introduction of undesirable germplasm into the composite;and (c) the land chosen for some of the selection blocks 

was quite variable; this made it difficult to select only those
plants that were genetically superior. 

The major contribution of the maize improvement 
program has been in determining the usefulness of local and 
introduced materials for early and late plantings in the area. 
Pinto Salvatori is an outstanding local variety that should 
be used more widely for plantings in March, April, and 
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early May. H-131 yields about 16 percent more than Pinto 
Salvtori and is recommended for March and April plant-
ings. H-30 is superior to local varieties for late May and 
early June plantings. H-35E shows promise for mid-June 
plantings. In general, the maize improvement work demon-
strated that many local varieties are high-yielding when 
production conditions are favorable, 

Maize improvement experience in the Puebla Project
indicates that the development of improved varieties for a 
regional program can perhans best be achieved in a coop-
erative effort with a nearby research center. The crop
improvement component of the regional program would 
have the responsibility of collecting the information that is 
necessary to clearly define the characteristics of tho im-
proved varieties needed by farmers. The regional program 
would assist in the collection of local genetic materials that 

might be useful in producing such improved varieties. It 
would determine the major conditions used for crop
production in the area and conduct evaluation trials at sites 
located so as to adequately sample these conditions. 

The crop improvement program at a neighboring re
search center would have the responsibility for selecting the
materials and methods for producing improved varieties. It 
would supervise all breeding activities, both in the regional 
program and at the research center. The selfing, crossing, 
and selection of materials miqht be done either at the re
search center or at appropriate locations in the Project area. 
The selection of plants tolerant to moisture stress, for 
example, might best be made at appropriate sites in the 
Project area. The most experienced personnel available 
should participate in any step involving a subjective evalua
tion of materials. 



Field demonstrations were held at harvest time, to show 
farmers how yield and net income were increased by using 
the new technology. Here the net returns from using the 
recommended number of bags of fertilizer are being dis
cussed with the farmers. 
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5 TECHNICAL ASSISTANCE TO FARMERS
 
INTRODUCTION 

Technical assistance to Puebla Project farmers began in 

early 1968, when new maize recommendations were devel-
oped based on the 1967 research results and complementa-

ry data. This new maize technology brought several changes 

for its users, including (a) higher investment in fertilizers--
the new fertilizer iecornmendation in 1968 cost aL out 130

theicomendtioew ertlizr in196 cot aout130 
percent more than the average fertilizer treatment used in 

1967 by the 70 percent of the farmers who fertilized their 

maize; (b) purchase of ndividual fertilizer materials instead 

of a formula, and the mixing of the materials at home; (c) 

application of a part of the fertilizers at planting time and
the remainder at the second cultivation, instead of applying 
all the fertilizer at the first cultivation; (d) use of hliqher

alltheferilierte frstculivaion (d ofhiqert us 
plant densities-50,000 plants/ha-instead of the 15,000 to 

25,000 used earlier; and (e) control of weeds, with more 

complete and timely methods, plus control of the rose 

chafer at flowering time when necessary. 
Although these changes were largely quantitative, they 

did imply wide-reaching changes in farm management and 

farming practices for the Pueblan farm families. 
The central aim of the technical assistance program was 

to provide every possible assistance necessary to enable the 
farmers to use the new technology effectively. Technicjl 
assistance agents sought rapid adoption of Project recommendations by concentrating on. (a) providing the farm-
ers with information about the Project, including how the 
new recommendations were developed ndithehsevera 
components of the new recommendations; (b) assisting the 

farmers in obtaining credit and in arranging for fertilizers; 
(c) instructing the farmers in the most efficient ways to use 
the recommendations, and (d) collecting information from 
the farmers about obstacles limiting their use of agricultural 
services in the area, transmitting the information to the 
members of the Project team and to representatives of 
service agencies, and assisting in finding ways to overcome 
the difficulties, 

PROJECT PROGRAM: 1968 

Location of the High-yield Plots 

A demonstration program was planned for 1968 so that 
the farmers could have a first-hand look at the advantages 
of the new maize technology. Plans were made to locate 

"high-yield" plots throughout the western three-quarters of 
the Project area. Initially, the plans called for the custom

ary procedure ihused for locating demonstrations; thatcosno wesbelctoswt o ol is, 

choosing of highly accessible locations with good soils, 
where the largest possible approach numberthatof farmersfieldscould see thebeplots. This implied the should 

located first, and the owners then convinced to participate. 

owever, thexp er tin by t eatinpte 
However, the experience obtained by the evaluation team 
in early 1968 indicated a change in strategy The team 

encountered negative attitudes and, in some cases, hostility 

among many farmers, thus plans were ievamped to work 

through the existing power stiuctuie in each community
The political administrative unit in tile Puebla area is the 

municipto or county, each of which has a principal village 
an several ancillary population units or communities. The 
municipal president and othei municipal authoritis hive in 

the principal village with auxiliaiv autloiies, responsible
to the municipal president residing 'n each of the corn

munities. 

As a first measure, the Project staff began to cont,,ct the 
municipal presidents and explain the Project and its goals. 
These initial visits provided a brief description of the 
Project, using the report piepared for the fiist annual meet
ing, a map showing the locations of the experiment, 
conducted in 1967, and a list of th ooperiting farmerse 

This basic information was attached to an official letter of 

presentatuon signed by the General Agent of the fmnmstmdy of 
Agriculture, the State Director of Agiiculture, and the 
coordinator of the Project The letter explaine the re
sponsibilities of the municipal authoities and the important role they would play in developing the Project

The presidents were asked to airange general meetings of 

ae mnici authot so t ll ioran ould 
b etprovid e he Project n theork plan s 1 
Sh eetn werh of t heemunicipiosrin 

thes trn eets of thero ca 
During e ti s me wh tmuniipa uld 

careful explanation was made of what the Project could 
provide and how the farmers might cooperate At the 
completion of each meeting, the participants were asked 
which farmers in the locality might be interested in the 

Project. The authorities usually asked for time to return to 
their villages to explain the Project and find out who might 
be interested. In a few cases, the local authority himself was 
ready to participate and to initiate Project work in his 
village. 
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The next step was to schedule a series of meeting with 
farmers in the villages where authorities had expressed some 
interest. The local authorities took the initiative in organ-
izing the meetings and inviting the farmers. At these meet-
ings, Project technician explained the Project and sug-
'j,.sted how the farmers might participate by using the new 
,ocrnmindations in a part of their maize plantings. A total 
;t ,] such meetings were held, 

lhe farmers learned that they would have to provide the 
c Itili rs and labor, and the Project technicians would 

%i.tini the field operations to assure that the recommenda, 
-r wine used correctly. For those who did not have 

;,:cy to purchase the fertilizers, help was offered in ob-
:,..i.,i credit from a private or official agency. After all 
.spc(s involved in using Project recommendations had 
'enr, explained in detail and discussed at great length, a 

:;i:;.l group of farmers gradually took the initiative. These 
farers generally had two characteristics: they were (a) 
X.Sponsiblc workers of their land with a desire to progress, 
and (b) persons whose moral character and influence were 
amply recognized in the community. 

In some communities, many farmers wished to partici- 
pate; in such cases, the final selection of participants was 
made by visiting the possible sites. Generally, no less than 
two and no mote than five sites were selected in each com. 
munity, but in a few cases there were more than five. There 
were 25 sites around one village, and eight sites at another, 
due principally to the enthusiasm of the farmers and the 
fact that the village land was very extensive. There were 
only two instances where farmers were accepted and later 
withdrew; these withdrawals were due to objections of the 
wives, principally because the husband was planning to 
obtain fertilizer on credit and they objected to going in 
debt. 

Credit 

A total of 141 high-yield plots, varying in size from 0.25 
to 1.0 ha, were established by 103 farmers. Each farmer 
was given information about the availability of credit, the 
interest rate, and what the role of crop insurance could be 
in reducing risks from natural causes. 

In 1968, 60 percent of the farmers who participated 
were financed by Agronomos Uni. )s, a private fertilizer 
distributor. An additional 20 percent of the credit was 
provided by the Agricultural Bank of the South, and 20 
percent of the plantings were self-financed by the farmers. 
Credit was provided at an interest rate of 1-1/2 percent/ 
month. The credit was extended for 9 months, sufficient 
time to cover the long growing season and allow the farmer 
to harvest and sell enough maize to repay the loan. 

The letters of credit which the farmers signed on receiv-
ing the fertilizers were prepared in two ways: most of them 
showed only the amount of the loan and the rate of inter-
est; a few indicated the total amount of the loan plus 
interest. In those cases where the interest was calculated in 
the original loan agreement, and the farmer paid before the 
9 months were up, he received a cash refund for interest 
corresponding to the difference between 9 months and the 
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actual loan time. This turned out to be an agreeable surprise 
with good will resulting for the distributor who provided 
the credit. 

In contrast, there was occasional friction when the farm
er arrived to pay his loan with the understanding that only 
the principal was to be paid as indicated in the letter of 
credit. In such cases, when the interest was calculated, the 
farmer often did not have enough money on hand to make 
payment. One such farmer considered the interest a fraud. 
Bad feelings often occurred, even among those farmers who 
understood that the credit terms were very favorable 
compared to local lenders and had simply forgotten to 
calculate the interest. Because of these experiences, it was 
decided that the total amount of the loan, principal plus 
interest, should be stated in the letter of credit, whenever 
possible. 

Crop Insurance 

After the plantings had been made, the crop insurance 
agency insured them. This was an experimental operation 
for the insurance agency, because their usual procedure was 
to insure plantings of only 5 ha or more. The plots financed 
by Agronomos Unidos varied from 0.25 to 1.0 ha, and at 
the outset it was difficult for the insurance agency to 
include them. However, the risk aspects of rainfed plantings 
were of special interest to the Project, and the participation 
of the crop insurance agency was ultimately arranged. The 
insurance agency made the necessary inspections of the 
plantings, and discarded 14 plots that were considered 
unacceptable. The remainder were fully insured. According 
to the yield levels obtained at the end of 1968, the insur
ance agency had no indemnifiable losses whatsoever due to 
hail, drought, wind, frost, and other risks covered by the 
program. There were reductions in yield due to these 
causes, but none that would require payment under the 
insurance regulations. The maximum coverage was for a 
value equivalent to 1.1 tons/ha grain. 

Planting and Care of the High-yield Plots 

The high-yield plots were planted on dates decided upon 
by the farmer cooperators. The plantings were used as 
demonstrations, and the neighboring farmers were invited 
to watch the procedures, In some cases, the cooperating 
farmer made the fertilizer mixture several days before 
planting; in others, the mixing was part of the demonstra. 
tion. 

The farmers were shown how and when to apply the 
mixture so that the fertilizer would be evenly distributed at 
the bottom of the furrow. A convenient local measure was 
found for calibrating the fertilizer distribution a I-liter oil 
can, When this can was filled to about one finger below the 
top and distributed over 20 meters, the appropriate amount 
of the mixture was applied. For rapid measuring, a 
20-meter wire was used to locate stakes at 20-meter inter. 
vals along the row. 
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The program to promote 
farmer use of the new maize 7 
technology was initiated in A 
1968, with 103 farmers par
ticipating with 141 high-yield 
plots. Eighty percent of these 
farmers were provided credit 
by a fertilizer distributor and 
an official bank. Here farmers 
are seen signing loan agree
ments. 

The traditional planting rate for maize required a full 
step distance between hills; however, the new planting rate 
was demonstrated in terms of a distance between hills of 
about one-half step. The higher population required learn-
ing a new rhythm of planting inserting the shovel, opening 
and covering twice as many holes per hectare. 

To assure an optimum population density, the farmers, 
at first, were taught to overplant and then thin to the 
desired 50,000 plants/ha. In this way, the population could 
be assured in spite of soil insects, inadequate germination, 
and other factors. However, the fertilizer applied at plant-
ing time caused vigorous early growth. When told that it 
was time to thin the plants, the farmers frequently replied: 
"Here I have one of the most beautiful plantings of maize 
that I have ever grown, and you want me to pull out some 
of the plants." To them, pullinr of the superfluous p!3nts 
was a destructive act. As a result, before the planting season 
was far advanced, it was decided to reduce the planting rate 
and eliminate the thinning operation. 

The technicians kept in contact with the high-yield plots 
throughout the growinq season. As the plantings were 
completed, attention was given to weed control, and where 
necessary, to control of the rose chafer. Demonstrations for 
neighboring farmers were held at the secoid cultivation 
when the second fertilizer application was made. The 
visiting farmers learned which fertilizer to apply, and how 
much, as well as how to keep fertilizer out of the bud to 
avoid damaging plants. 

Result Do-onstrations 

Local clemonstrations were held just prior to harvest at 
15 of the high-yield plots, and neighbors and farmers from 
adjoining communities were Invited via local sound equip-

-

. . 

ment, printed circulars, and posters. Attendance ranged 
from 11 to 75 farmers. 

The demonstration consitcd of thiee paits- (a) the 
technical assistance agent's explanation of the Puebla 
Project, (b) the cooperating farnivi' repoit of the practices 
used in the high.yield ploit, and (c) open dicu',sion led by 
the farmer and technician An interesting w.pact of the 
discussion was the obviously greater ,elf confidence felt by 
the visiting farmers when iai,ing qe,,ton, ,nd making or
ments to the farmer-demonstratoi 

Two regional dernon,trationw, i,.o %w,vt, held just before 
harvest at stiategic locations wheie both a high yield plot 
and an experiment could be seen FAinivis vili hign yield 
plots in each locality were asked to oiganize the event In 
meetings with these farmers to plan the demon',tiation, two 
aspects were noted (a) the farmeis lacked confidence in 
their ability to plan and carry out a demontation, ,nd (b) 
they thought that no one would attend. They felt that the 
technical assistance agents should make the devcison, The 
technicians, however, encouraged the farmei s and imsted 
that the farmers handle the arrangements, 

The organizational approach which evolved was to name 
a committee of the most enthusiastic fii mers with the 
formal title Committee for Oiganizing the Agricultural 
Field Day. The committee took charge of (a) inviting the 
authorities, both of the federal and state government,,, (b) 
inviting the neighbors, (c) naming a person to receive each 
of the groups as they arrived from the different communi 
ties, and (d) naming members to look after the srnooth 

functioning of the demonstration to assure that there 
would be an atmosphere of hospitality. 

The technical assistance agents invited farmers from 
other parts of the Project area, using personal contact, a 
poster, aprinted circular, plus personal invitations to all farm. 
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ers with high-yield plots. General attendance was good at 
both events. 

Through organization of the events, the farmers gained
experiences of lasting value, plus confidence in their ability
to conduct demonstrations of this type. Attendance was 
greater thin they had imagined possible, and often included 
farmers from the more distant villages.

Other demonstrations were held throughout the growing 
season for representatives of various Mexican state and 
national institutions, including the Secretary of Agriculture,
the Governor of Puebla, state directors of agriculture,
directors of the official banks, manyand other profes
sionals interested in the Project. There were also numerous 
visitors from Latin America, Europe, and the United States. 
Printed Matter and Audio-visual Aids 

In meetings with farmers it was impressive to see that 
even those who were barely literate took notes on the 
recommendditions on scraps of paper Mimeographed and 
printed materials weie prepared to ensure accurate recording of the information 

At the end of 1968, a pamphilet was published with

Project recommendations foi increasing 
 maize yields entitled. "Would You Like to Increae Your Maize Yields? " 
The text was minimal and essential data were shown in 
illustraton', Tihu, farmers attending a meeting could first 

iecommendations then homehear the and take a folder 
containing the same infoimation 

During the 1968 maize growing season, farmers in the 
region also played a cential role in the filming of a 16-mm 
color movie for ue in promotional activities in subsequent 
years, entitled' "Would You Like to Increase Your Maize 
Harvest? " 
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Pamphlets were prepared with the information farmers 
needed to use project recommendation,, correctly. The text 
was kept to a mininum, and the essential data were pres
ented in illustrations. 

A 16 mm. filn in color enitiled "'Would You Like to 
IncreaseYour Maize Harvest? "was produced in1968. The film 
has been very uveful in demon%trating to farmers exactly
how to obtain higher yield of maize. It also serves as an
attraction to bring farmers together to dicum,, cunulioni 
pmblems of credit and input availability. 
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PROJECT PROGRAM: 1969 

The Project began its 1969 program on an optimistic 
had been with the socialnote: successful contact made 

network of the farming community in 1968, additional 

research results were available, finances had been obtained 

to expand the technical team of the Project, and the banks 
ready to expand credit toand fertilizer distributors were 

make fertilizer more reedily available Thus, the Project 

team and service institutions decided to attempt to extend 

the use of the improved technology to a total of 10,000 ha 

operated by about 5,000 farmers. 

As in 1968, promotional activities were concentrated in 

the western three-fourths of the Project area. This region 

divided into four zones (Fig. 1.2) and a technical as-was 

sistance agent was given responsibility for each zone. 


Organizing Groups 

If the four technical assistance agents were to provide 
guidance to 5,000 farmers in using the new maize recom-
mendations, it was clearly necessary that the farmers be 
organized into groups. Beginning in early 1969, the tech-
nical assistance agents began to hold meetings in the villages 
to promote the formation of groups. These meetings were 
often organized through farmers who had participated with 
high-yield plots in 1968. Many of these farmers were al-
ready aware of the advantages of working together in 
groups, particularly because of past problems encountered 
in arranging for the transportation of small quantities of 

fertilizer at a reasonable price, 

X..
 

A typical meeting began with an explanation of the 
Project and presentation of the results obtained by farmers 
with high.yield plots in 1968, followed by a showing of the 
locally produced color film: "Would You Like to Increase 

Your Maize Harvest? ". The film was extremely useful in 
demonstrating how higher yields could be obtained. It lent 

credibility to the recommendations by its careful documen

tation of 1968 successes, using local names and places. 

About halfway through the film, projection was stopped 

and questions encouraged. During this intermission, a 

mimeographed map of the region was distributed, that gave 

recommendations for each community. Thus, each farmer 

could identify his own land, and, on the back of the sheet, find 

the specific fertilizer recommendation. The movie was 

shown 71 times in 59 villages, with a total attendance of 

4,570 in 1969. 
After the advantages of the new maize technology had 

been amply discussed at a meeting, and farmers had expres

sed an interest in using it, the technical assistance agent 

suggested that the farmers consider forming a group. He 

stressed that organization would permit: (a) ready access 

to information about the recommendations and assistance 
in using them correctly, and (b) easier arrangements for 
credit and fertilizers. 

Two or more meetings and lengthy discussions were 
sometimes necessary before the farmers were convinced of 
the advantages of organized action and decided to form a 
group. Once the group was formed, the members elected a 
representative and proceeded to discuss operational 
procedures, acceptance of new members, credit arrange
ments, etc. The technical assistance agents devoted most of 
their time to the formation of the groups, and to assisting 
them in increasing their membership, learning about the 
Project recommendations, and arranging for credit and 

fertilizers. 

During tile cropping season interchanges among farmer groups were organized. A representative of the host group welcomed 

the visitors and explained how the farmers in his greup were trying to improve their crop production. Then tile hosts and 

visitors made a walking tour of high-yield plots in the immediate vicinity. 
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Radio Usage 

A radio program about the Project was initiated in 
March 1969 over a local radio station that transmits to all 
the Project area. The program was aired Sunday mornings
from 7:30 8:00-one of the most convenient hours for 
farmers, according to data collected by the evaluation team. 
individuals and groups were advised of the program via a 
printed flyer, which included the topics, the radio station, 
the hour, and the date. Farmers were encouraged to tell 
their neighbors of the program. 

The radio program content inclulled recommendations 
nd news notes about happenings of the moment. For exam-

pie. farmers were notified that fertilizers had arrived at 
,ome location, that farmers who had their land prepared
.Jnould mix their fertilizers to be ready for planting, that 
[hey should mix simple super phosphate and ammonium 
..uiphate in certain proportions and take certain precautions 
to presarve it. Basically, the program attempted to provide
specific technical information about matters of current 
interest to the farmers. In addition, popular local music was 
included, 

Supervision of the High-yield Plots 

In all villages with one or more organized groups, a 
demonstration was held at planting time to instruct the
farmers in the new fertilization and planting techniques. As 
in 1968, the technical assistant agent first showed the farm-
ers how to distribute the fertilizer and place the seed. Then 
all farmers attending were invited to participate in the 
planting. 

During the 60 days or so following the emergence of the
maize, the technical assistance agents accompanied the 
members of the organized groups on field inspections of 
their high-yield plots. The technicians called attention to 
any deficiencies in the way the fertilizer had been applied, 
distance between hills of maize, weed control, etc., ex-
plaining how such factors could reduce yields. It was 
emphasized that greater care in employing the new tech
nology would enable the farmers to realize higher yields
 
and net income.
 

Interchanges Among Farmer Groups 

During the summer of 1969, after most of the maize had 
received the last cultivation, the technical assistance agents
began to talk with several r-'tstanding groups of farmers 
about organizing a tour of th,,ir high-yield plots and inviting
farmers from other parts of the atea to attend. In general,
the idea was received with enthusiasm, and 11 of the groups
proceeded to organize such events.

The members of the group hosting the tour decided 
when it should be held, how it should be organized, and 
which groups should be invited to attend. The technical 
assistance agent provided information about possible groups 
to invite, and assisted in delivering invitations to the groups. 

The local farmers received the visitors at a convenient 
location for beginning the tour, The representative of the 
host group welcomed the visitors and explained what the 
farmers in his group were doing to increase their maize 
production. Hosts and visitors then made a walking tour of 
several high-yield plots in the immediate vicinity. The 
owner of each plot gave a short explanation of the practices
used in his planting. The other farmers were encouraged to 
ask questions, offer suggestions, and tell about their own 
maize production practices. As opportunities arose, the 
technical assistance agent would point out examples of the 
correct or deficient use of the several components of the 
improved maize technology. Refreshments were usually
served by the hosts at the close of the tour. 

These events, referred to locally as interchanges among 
farmer groups, provided opportunities for farmers from 
different parts of the Project area to exchange experiences 
and ideas about a wide range of subjects. While the tour was 
in progress, the conversation was usually centered on ques
tions related to the production of maize, beans, and other 
crops. During meals and afterward, the farmers frequently 
broke up into small groups and discussed a variety of farm
ing and non-farming activities. A total of 570 farmers from

35 villages participated in these interchanges in 1969.
 

Result Demonstrations 

The success of the demonstrations held just prior to 
harvest in 1968 prompted planning in early 1969 to hold 
six regional demonstrations in the fal of 1969. Convenient 
locations were selected for the demonstrations, and several 
agronomic trials plus a high-yield plot were installed at each 
site. 

As in 1968, the local farmers organized the field days.
Project technicians explained the experiments and the 
importance of the findings. The owner of the high-yield
plot described the practices that he used and gave a benefit: 
cost analysis of the operation. Approximately 1,200 farmers 
attended the six regional demonstrations. 

Beginning in 1969, technical assistance agents have encour
aged farmers to organize into groups. This has facilitated 
the flow of information on technology to the farmers and 
has enabled them to arrange for credit and fertilizers more 
easily. 
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PROJECT PROGRAM: 1970 

The technical assistance program was expanded in 1970 
to encompass the entire Project area. A fifth technical 
assistance agent was assigned the responsibility for Zone V. 
the eastern part of the area. 

The first 3 months of 1970 were devoted to an intensive 
campaign to increase the number of farmers using Project 
recommendations. Meetings were held in the villages 
throughout the area to explain Project recommendations 
and show the results obtained in previous years by farmers 
using the new technology. Again the Project-produced film, 
"Would You Like to Increase Your Maize Harvest? ", was 
very useful in this promotional effort and was projected in 
116 communities with an attendance of 9,900 farmers, 

The farmers were encouraged to form new groups and to 
increase the membership of groups already functioning. 
Groups with very large membership were urged to divide 
into smaller groups, to simplify administration and allow 
more farmers an opportunity to participate in a leadership 
capacity. Operating procedures of the different credit 
agencies were explained to the groups and they were as-
sisted in presenting their requests for credit and in comply-
ing with the requisites of the agencies. 

During the maize planting and vegetative development 
periods, the technical assistance agents concentrated on 
helping the farmers to use the new technology correctly. As 
in previous years, demonstrations were held at planting 
time and field inspections of high-yield plots were made 
during the early part of the growing season. During the 
summer, there were eight interchanges among groups of 
farmers, with 610 farmers from 62 communities participat
ing. 

Farmer meetings continued to be held throughout the 
year to provide information on crop production practices, 
the organization of groups, the operating procedures of 
service agencies, etc. Approximately 500 farmers were as-
sisted in attending a field day at the Chapingo research 
center of the National Agricultural Research Institute. 
Regional demonstrations were held in Zones II, III, IV, and 
V just prior to the maize harvest, with an attendance of 
1,300 farmers. 

By early 1970, the technical assistance agents were 
beginning to receive requests from the farmers for informa-
tion and guidance in improving their production practices 
for crops other than maize, particularly from farmers who 
had used Project recommendations the previous season. 
One of the first requests was for recommendations for the 
production of beans. This request was transmitted to the 
rest of the Project team and research on bean production 
was initiated by Project technicians during the 1970 season. 

PROJECT PROGRAM: 1971 

In 1971, the technical assistance program continued to 
promote greater use of Project recommendations by the 
farmers, to instruct the farmers in the correct use of the 
new technology, to assist organized groups in arranging for 
credit and fertilizers, and to provide information on a vari
ety of subjects of interest to the farmers. Project recom
mendations were available in 1971 not only for maize, but 
also for bush beans and alternative crops for maiz" (in years 
when plantings are delayed until late June or early July). 

A total of 192 meetings were held in 91 villages with 
3,686 farmers in attendance in 1971. Movies were projected 
for 1,576 farmers in 60 villages. Ninety-three demonstra
tions of planting techniques were held in 75 communities, 
with 1,389 farmers participating. Interchanges among 
groups of farmers were arranged in two communities. Radio 
programs were broadcast each Sunday morning at 7:30 
from March through December. 

During 1971, the farmers continued to bring pressure on 
the technical assistance agents to assist them with a variety 
of production activities. These requests were communicated 
to the other members of the Project team. Most of the 
requests, however, required resources and expertise not 
available in the Puebla Project, which was funded primarily 
to increase maize production. Thus, the technical assistance 
agents began to search for ways to mobilize resources from 
outside the Puebla Project for use in responding to the 
farmers' requests. 

As a result of this work, short courses on the manage
ment of fruit orchards were organized and were attended 
by about 1,000 farmers in six communities. These courses 
were presented by specialists in fruit culture, employed by 
the Mexican state and federal governments. Specialists of 
the National Extension Service also participated in demon
strations held at four locations to show how small trench 
silos are used to preserve maize stover in the form of silage. 

PROJECT PROGRAM: 1972 

As in past years, the technical assistance program fo
cused primary attention on increasing the efficient use of 
Project recommendations. A total of 382 meetings were 
held in 107 villages, attended by 7,875 farmers. There were 
187 demonstrations of the planting techniques and the 
second application of nitrogen in 86 communities, with 
3,121 farmers participating. Eight regional demonstrations 
were held just prior to the maize harvest, with a total 
attendance of 771. 

The technical assistance agents continued to assist farm
ers with other activities whenever possible. Farmers in 58 
villages were assisted in constructing 119 trench silos for 
the preservation of about 1,280 tons of stover. Farmers in 
Zones I and II were given help in arranging for 3,600 fruit 
trees and establishing 12 ha of orchards. Women in a few 
villages were aided in acquiring sewing machines and organ
izing sewing centers. 
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PROJECT PROGRAM: 1973 

The technical assistance program in 1973 continued to 
center attention on increasing the adoption of Project 
recommendations. These recommendations, however, now 
included packages of production practices for the maize-
pole bean association as a result of research conducted 
during 1970-1972. The results obtained in many exper-
iments had shown conclusively that net income from the 
association could be significantly greater than from either 
maize or beans grown alone. Thus, the technical assistance 
agents began to tell the farmers about the advantages of the 
new technology for the maize-bean association, encouraging 
them to try the association on a part of their land. 

Several obstacles were encountered, however, that limi-
ted farmer use of the new recommendations for the maize
bean association. The information that previously had been 
available to the service institutions recommended that 
maize and beans should be grown alone, rather than in 
association. Thus, the crop insurance agency was not pre-
pared to insure the a.,.'ciation, and the official credit banks 
could not authorize credit for farmers who wished to grow
it. The Project team arranged discussions with the repre-
sentatives of the banks and crop insurance agency, and 
explained the research results that clearly demonstrated the 
advantages of the association. The representatives of the 
institutions were convinced by the research findings, and 
modified their operating procedures so that credit and 
insurance were available for the maize-bean association, 

A further difficulty was presented by the farmers them
selves. They objected to the recommended plant density for 
beans-60,000 plants/ha-contending that it was too highand would result in severe lodging before maturity. The 
Project agronomists agreed that their research data on plant
density for beans was not conclusive and that it should be 
investigated further. They insisted, however, that farmers 
use the recommended seeding rate for beans in at least a 
few rows of their maize-bean associations. 

Although these problems greatly reduced the effec
tiveness of the campaign promoting the new technology for 
the maize-bean association, it was possible to get farmers to 
use the new recommendations on small plots at many sites 
throughout the area. 

Use of Agua Ammonia 

A new source of fertilizer and credit became available in 
1973 to farmers in the Puebla area who made use of Project 
recommendations for maize. Guanomex, the decentralized 
federal agency responsible for the production and distribu
tion of chemical fertilizers, was interested in finding a way 
to make fertilizers available to small farmers at a lower cost. 
Guanomex decided that this objective could be achieved, 
using agua ammonia as the source of nitrogen. They offered 
to provide agua ammonia to farmers, on credit, along with 
the applicators, other equipment, and technical assistance 
required for its use. Ammonium phosphate, 18-46-0, also 
was made available for application at planting time to 
farmers who planned to apply phosphorus. 
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In 1973,, , I Guanomex pro

"f''' 
 '' "' moted the use of aqua ammo. 
V "nia by small farmers in thef,N , . Puebla area. Although there 

'"" - , '",. ,are problems in the design of 
.-
,
... ,the dpplicator yet to be re,. =. . solved, there is interest in this 

" ° :';',source,,-' or nitrogen, because of 
h&_ its lower cost. 
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The Puebla staff studied the proposal of Guanomex and 
decided that the potential advantages for the small farmers 
in Puebla of having this additional source of nitrogen avail-
able at a lower cost outweighed the risks involved in moving 
ahead with a technology that had not been tested locally. 

Therefore, the technical assistance agents began meetings 
in early Apiil to inform farmers of the availability of the 
new source of fertilizer and credit, and to explain that the 
cost of nitrogen in the form of agua ammonia was expected 
to be about 60 per cent of that of solid materials. They also 
described the characteristics of agua ammonia and the 
precautions to observe in its application, etc. Although 
many farmers were not convinced that agua ammonia was 
equal to the solid sources of nitrogen, they were attracted 
by the lower cost and seemed confident that it must be 
satisfactory, since the technical assistance agent was recom-
mending it. More than 2,000 farmers signed up to use agua 
ammonia on some 5,000 ha of maize. 

Guanomex made a horse-drawn applicator available in 
late April for testing in the Puebla area. It turned out to be 
almost impossible to handle the applicator in the field, 

because of its excessive weight and high center of gravity. 
The farmers were invited to offer suggestions on how to 
improve it. Several farmers agreed to assist in redesigning the 
applicator. Within a short time, a much lighter, better 
balanced, applicator was developed, although still not 
totally satisfactory. 

It was late May before the redesigned applicators were 
available to the farmers, and the plant for the production of 
agua ammonia was in operation. By that time, most of the 
farmers who had signed up to use agua ammonia had found 
it necessary to arrange for solid materials in order to make 
the sidedressing application of nitrogen at the proper time. 
Guanomex had provided many of these farmers with urea 
and ammonium sulphate through two of its local distribu-
tors. In total, agua ammonia was used by about 250 farmers 
on approximately 500 ha. 

More Effective Group Action 

When Project technicians began to promote the organiza-
tion of farmer groups in 1969, they expected that these 
groups would gradually develop into strong farmer organ-
izations, with the capability of taking the leadership in 
finding solutions to many of their problems. By early 1972, 
such development had not occurred. Most farmers looked 
upon the groups solely as an.instrument for obtaining credit 
and fertilizers. Once this was accomplished, they had little 
interest in meetings or other group activities until it was 
again time to arrange for credit. 

As Project technicians and advisors explored ways of 
developing the effectiveness of the groups, they were 
acutely aware of their lack of experience in such work. 
Thus, arrangements were made for a sociologist with many 
years of experience in organizing small farmers in Mexico to 
devote a part of his time to providing technical assistance to 
Project staff. 

A new strategy for working with the farmer organiza
tions was not adopted until mid-1973. Each of the tech. 
nical assistance agents then began to hold general meetings, 
inviting the members of the several groups in his zone. The 
technician presented the proposition that many problems 
prevented the farmers from improving their agricultural 
production, net income, and general welfare. He suggested 
that the farmers themselves could best resolve these prob
lems. He pointed out that people like himself and represent
atives of the service agencies could help, but, in order for 
their help to be effective, the farmers would have to par
ticipate more actively in deciding what needed to be done 
and how to do it 

Several general meetings were held over a period of 
several weeks at which the farmers discussed the problems 
which they felt to be the greatest obstacles to progress. 
Gradually, they were able to define a small list of problems 
that were most pressing, and, of these, the one which they 
felt should receive top priority 

The next step was to form a new organization of those 
farmers interested in working together to iesolve common 
problems, and, specifically, the problem they had given top 
priority. These new organizations are still in the process of 
development and consolidation. 

The Union of Progressive Maize and Bean Farmers of 
Zone III is an example of these new farmer organizations 
This organization held its first meeting in August 1973 and 
has been meeting regularly every two weeks It decided to 
give top priority to finding means for members to obtain 
chicken manure at a lower cost. After a few weeks of study, 
the Union discovered that by eliminating the mark-ups by 
two middle men the truck driver and the administrator of 
the chicken farm the current price for manure (about 
$112/truck load) could be cut in half. The Union began 
negotiating directly with the owners of the chicken farms 
to obtain this better price. 

Although the Union has made some progress in its ef

forts to make manure available to its members at a lower 
cost, it has encountered many obstacles. Its lack of legal 
status, for example, has prevented the Union from negotiat
ing long-term contracts with the manure producers. It is 
expected that this problem can be resolved through legaliza
tion as a Civil Society. 

In 1973, the Union had 95 members from nine villages, 
with a Governing Board composed of 18 farmers, who are 
the old group coordinators and their alternates from the 
nine villages. The affairs of the Union are administered by a 
president, secretary, and treasurer and their alternates. 
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Farmers in organized groups periodically hold meetings 
with the technical assistance agent. These meetings provide 
opportunities for the farmers to obtain information about 
production technology, credit, crop insurance, ind other 
matters of interest to them. 
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6 ORGANIZATION OF THE FARMERS
 
INTRODUCTION 


The new maize recommendation promoted in 1968 was 
used by 103 farmers located throughout most of the Pro-
ject area. Their average yield was 3.98 ton/ha on a total of 
76 ha. These results were extremely favorable, and it was 
decided that the rew technology should be promoted as 
rapidly as possible among all farmers in the area, 

In 1968, the technical assistance agents had worked 
directly with indi',idual farmers. With an estimated 43,300 
farm operators in the area and only four technical assist-
ance agents and their assistants available is 1969, it was 
clearly necessary to find a way to work with groups of 
farmers, rather than individuals. In addition to facilitating 
the flow of information to and from farmers, organized 
groups of farmers could better: (a) arrange for credit, 
inputs, and other agricultural services; (b) encourage favor-
able change in the operating procedures of the service 
institutions; (c) secure more favorable prices in the purchas-
ing of inputs and the marketing of produce; and (d) plan 
and conduct projects for community improvement, 

A review of organizational experiences in other parts of 
Mexico and other countries with many kinds of farmer 
organizations, produced no particular organizational model 
that seemed appropriate for the farmers in Puebla. As a 
beginning, therefore, it seemed advisable to: (a) acquire as 
much information as possible about farmers' experiences 
with, and attitudes toward, group action; (b) provide farm-
ers with information about the advantages of working 
together; and (c) assist farmers in organizing in the ways 
they felt most appropriate, 

ORGANIZATION OF FARMERS PRIOR TO 
THE PUEBLA PROJECT 

The political unit in the State of Puebla isthe municipio, 
or county. It is governed by a council consisting of a pres
ident, secretary, and treasurer. The council is usually 
housed in a central building in the principal town in the 
munkiipio. Most of the legal and administrative actions 
affecting the citizens of the various communities in the 
municipio occur in that building, including: payment of 
property taxes, civil wedding ceremonies, regrestration of 
births and deaths, etc. Each village in the municipiohas an 

auxiliary council with the responsibility for less important 
transactions. This type of organization was introduced by 
the Spaniards during the Colonia Era and has undergone 
few changes. 
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Many of the villages in Puebla are ejidos. These are com
munities of farmers who received land from the government 
as a result of the agrarian reform. (The title to the land 
remains with the e'ido. The c'idalario retains use rights to 
land within the cjido without paying reit as long as he 
farms it, and at the time of his death may will these rights 
to a member of his/her immediate family.) The highest 
authority within the ejido is the comi. ariado, or executive 
committee. Its principal function is to represent the interest 
of the cjidatariosin their relationships with higher authori
ties and service institutions. A second function is to partic
ipate in political actions at the community level and, 
through the Agrarian Community League, at the regional 
and national levels. The comiumtado consists of a president, 
secretary, treasurer, and vigilance committee. 

Credit societies were functioning in several citdo%at the 
time of the 1967 survey. An ujudal credit society consists of 
those elidaiarws who wish to receive credit from the 
National Ejidal Credit Bank, an official credit agency 
formed with the express purpose of providing credit to the 
elidatario The society is represented in its transactions 
with the Bank by a delegate. A vigilance committee is 
responsible for watching over transactions between the 
efidal authorities and the Ejidal Bank and for seeing that 
the credit received by the elidatari is used for production 
purposes. The credit societies functioning in 1967 limited 
their action to arranging for credit; they were not involved 
in acquiring better information on crop production prac
tices or other activities to increase net income from agricul
tural production. 

Small landowners in at least two villages in the area had 
been oiganized in agricultural credit societies prior to 1967. 
These societies consisted of landowners who wished to 
obtain credit from another official bank, the National 
Agricultural Credit Bank. Neither of these societies was 
functioning at the time of the 1967 survey. 

ACTION OF THE PUEBLA PROJECT 
IN THE ORGANIZATION OF FARMERS 

To obtain a better understanding of farmers' attitudes 
toward organized group action and iheir previous experi
ences in trying to work together, the interviews in the 1967 
survey asked the farmers specific questions about matters 
of organization. The majority of farmers inteiviewed 
showed no desire to belong to an organization. Few mem. 
bers of the community, even members of their own farni
lies, were considered worthy of their trust and confidence. 
Many of those interviewed declared that they preferred "to 
work alone," "not to depend on anyone," and that "each 
person should do whatever his means permit." 



The farmers also expressed distrust of the motives of the 
Puebla Project. When told that the services of the technical 
assistance agents would be free, they replied that "no one 
ever came to the communities with the sole purpose of 
doing good." They felt that, in one way or another, they 

would have to pay for the assistance. Many farmers sus-
pected that the Project was a scheme to expropriate their 
Iind to set up an industry, or to redistribute the land. Some 
liiiners seemed to feel that the Project was the govern-
meit's way of finding out how much each farmer owned, 
5o Lheir taxes could be raised. And there were farmers who 
d,-clared that the interviewers must be Communists, 
bi:..ause "only Communists go around in groups and talk 
,,bout the necessity of organizing the poor." 

Clearly, in the early stages of the Project's implementa-
tier, it would have been fruitless to talk to the farmers 
alout the advantages of organizing groups or credit ocie-
ties for participation in the action program. Thus, the new 
maize recommendation in 1968 was promoted among 
individual farmers on a voluntary basis, 

Mny of the farmers who participated in 1968 felt that 
the tiansportation of the fertilizers was both expensive and 
troublesome If they chose to move the fertilizers by 
passenger buses, the sacks were often torn and the fertilizer 
spilled. If an individual farmer hired a truck to transport his 
fertilizer, it was costly to haul the small amounts. Farmers 
who purchased their fertilizers from local stores found the 
prices to be relatively high. 

These experiences caused the farmers to discuss group 

of lowering the costs of the fertilizers andaction as means 
of transporting them to the farm. The Project's technical 
assistance agents encouraged the farmers to fully explore 
advantages of organized action and to discuss it with their 
neighbors 

During the promotion stage for the 1969 growing 
season, the idea of organizing gioups of farmers began to be 
accepted in many villages. The technical assistance agents 
pointed out that, in addition to being able to transport 
fertilizeis at lower cost, organizing would make it easier for 

the farmers to secure credit and other services. It was also 
mentioned that they would be able to buy fertilizers at a 
lower price than could be obtained by individual; after the 
members of a group had accumulated sufficient reserves of 
capital. 

The promotional activities of the technical assistance 
agents in early 1969 led to the organization of 58 credit 
groups with 1,556 members (Table 6.1) to receive credit 
and fertilizers from a local fertilizer distributor, Agr6nomos 
Unidos. The Agricultural Bank of the South participated in 
the organization of 55 groups with 542 farmers, and made 
credit available to them for maize production. The other 
official credit banks provided credit to enable their regular 
clients to use Project recommendations. As shown in Table 
6.1, the National Ejidal Credit Bank authorized credit for 
413 efidatarios organized in 15 credit societies, and the 
National Agricultural Credit Bank financed 50 individual 
farmers. 

The Impulsora de Puebla, the main fertilizer distributor 
in the State, participated indirectly in 1969 by providing 
financing and fertilizers to Agr6nomos Unidos. The Impul
sora continued its funding of Agr6nomos Uaidos in 1970 
and, in addition, provided credit directly to 253 farmers in 
21 groups. In 1971, the Impulsora absorbed the clients of 
Agr6nomos Unidos and continued to provide credit to a 
similar number of farmers in 1972 and 1973. 

The National Ejidal Credit Bank decided in 1970 to 
reactivate many credit societies in the Puebla area that had 
been suspended because a large proportion of their membeshdfidtuepyhirla.Tutenmero 

credit societies receiving credit in 1970 increased to 59, 
with 2,122 farmer members. Table 6.1 shows that the 
number of credit societies receiving financing from the 
Ejidal 3ank has remained fairly constant since 1970. 

The National Agricultural Credit Bank began providing 
credit to groups of farmers in 1970. It made credit available 
to credit societies with 10 or more members, and to soli
darity groups with a minimum of three members and a 
maximum of nine. The solidarity group evolved as the most 

TABLE 6.1 The numbers of groups and organized farmers receiving credit from several sources during the period 1969 1973 

Impulsora de 
Puebla 

No. of No. of 
Year groups farmers 

1969 0 0 
1970 21 253 
1971 41 1352 
1972 50 1514 
1973 62 1459 

National Ejidal 

Credit Bank 


No. of No. of 
groups farmers 

15 413 
59 2122 
54 2199 
52 2499 
60 2410 

National Agricul-
tural Credit Bank 

No. of No. of 
groups farmers 

0 50 

23 480 

58 1114 


261 1774 

314 1865 

Agricultural 
Bank All sources 

of the South Others* credit 

No. of No. of No. of Nu. of No. of No. of 
groups farmers groups farmers groups farmers 

55 542 58 1556 128 2561
 
52 487 64 1491 219 4833
 
20 296 10 279 183 5240
 
13 183 9 232 385 6202
 
5 40 112 1420 553 7194 

* The 58 groups in 1969 and 64 groups in 1970 received credit from Agr6nomos Unidos, a fertilizer distributor. The 10 

groups in 1971 and 9 groups in 1972 received credit from the owner of the Hacienda Coxtocan. The 112 groups in 1973 
received credit from Coxtocan and two fertilizer distributors, Agroquimica Olmeca and Guano-Mex. 
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attractive type of organization to the farmers, as it is very 
easy to form and only one member of the group has to file 
the title to his land with the bank as a guarantee. (The 
members of a solidarity group accept common responsibil
ity for debts incurred by the group.) As shown in Table 6.1, 

the number of farmers receiving credit from the Agricul-
tural Bank increased to 1,865 in 1973, and the number of 
groups to 314. 

Since 1970, the technical assistance agents have recom-Sinc 190, he averecin-echica asistnceagets 

mended the subdivision of large credit groups or societies, 

In many villages, groups that receive credit from the Impul-
more than 20 members have divided to formsora and have 

groups of about 10 members. Each of these subgroups has a 

leader or assistant representative. Coordinating the assistant 

representatives, there is a general representative or coordi-

nator who is elected by all the members and is responsible 

for the organization at the village level. This subdivision of 

large groups into smaller units facilitates administration, 
internal communication, and contact with the technical 
assistance agents. 

The solidarity groups that work with the Agricultural 
Bank have been encouraged to develop a similar organiza- 
tion at the village level. Many of the solidarity groups have 
preferred to maintain their independence, however, and this 
has limited the effectiveness of their village coordinators, 

Beginning in 1973, vigilance committees have been 
formed in the villages with several subgroups receiving 
credit from the Impulsora or the Agricultural Bank. These 

From 1969 onward, the technical assistance agents concen- 
trated their efforts on promoting the organization of the 
farmers and in assisting tile groups to use tile improved 
production technologies adequately. By 1973, 7,194 farm-
ers were organized in 553 groups and received credit from 
seven different sources, 

committees are composed of one member from each of the 
subgroups in the village. 

BENEFITS RECEIVED BY FARMERS 
THROUGH ORGANIZED ACTION 

When the technical assistance agents began to promote
the organization of farmers in 1969, it was assumed that 
organized action by farmers would be fruitful in many 
ways. In 1973, selected farmers were asked whether they 

were receiving benefits from working together in groups.Information was collected from 69 farmers in 35 groups 

scattered throughout the Project area. Some of the impres
sions obtained from the farmers about the importance of 

of
o tanedfrom the are abouthe ipoin 

organized group action are cited in the following sections. 

Better Understanding of the New Technology 

The general impression of the farmers seems to be that 
organization has given them greater access to information 
about Project recommendations. Most of the meetings and 
demonstrations at which the technical assistance cgents 
provide information on production practices are organized 
by the groups. Members of the groups are quite consistent 
in attending these sessions, and a better understanding of 
the new technology by the organized farmers should lead to 
a more effective use of the recommendations. 

The difference betweer the average yields of farmers on 
credit lists and all farmers in the area (Table 9 8) has gad
ually decreases over the years. This seems to indicate that 
an increasing number of farmers not on credit lists are using 
the new technology. Perhaps, in terms of better informa
tion on technology, the advantages of being organized are 
most notable in the early years of the program. 
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Access of Small Farmers to Agricultural Credit 

In practice, it is almost impossible for individual small 

landholders to receive credit from an official bank or a 

private institution. This is due to the high administrative 

cost of a small loan, and to the fact that most small holders, 

on an individual basis, cannot provide the guarantee re-

quired by the credit agency. 
Farmers organized in groups receive credit from the 

Impulsora de Puebla without providing any guarantee. For 
to receive credit from the Nationalthe organized farmers 

one memberAgricultural Credit Bank, it is sufficient that 

of the group deposits the title to his land with the bank. By 

organizing into groups, it was possible for the number of 

.,mall farmers receivinq credit in Puebla to increase from a 

few hundred in 1968 to 7,194 in 1973 (Table 6.1). 

Greater Efficiency in Obtaining Credit 

Farmers are convinced that group action greatly expe-

dites the arranging for institutional credit. The represent-

atives of groups take care of most of the formalities re-

quired in securing credit. After the necessary papers have 

been prepared by the credit agency, the group represent-

atives collect the signatures of the farmers on the individual 

documents that specify the debt of each client. 

The National Agricultural Credit Bank is the only agency 

that require all members of the group to go to the bai=k to 

sign the individual documents specifying the amount of the 

loan. Some groups require all men bers to assist in picking 
ertiizer distributor, to up the fertilizers from the bank, o 

reduce costs. 

A1,In the past individual small 
landholders have found it 
almost impossible to obtain . 

credit from an official bank 

or private institution. Small 
farmers in Puebla, by organ- -. 

izing, have been able to ar

range for credit. Moreover, 
group representatives are able 

to handle many of the re
quirements for obtaining 
loans, thus simplifying for 

organized farmers the process 
of arranging for credit. 

and picking up the fertilizers,In arranging for credit 
group representatives made an average of 5.6 trips to the 

credit agency in 1973. The other members of the groups, 

however, made an average of only 1.7 trips. About 47 

percent of the group members did not go to the agency at 

all; the representatives, assisted by the bank inspectors or 

the technical assistance agents, took care of all formalities. 

The costs of the trips of the representatives to the 3gencies 

were covered by group funds. 

Prompt Delivery of Fertilizers 

According to the farmers interviewed in 1973, the credit 

groups have bevn effective in reducing delays in the delivery 

of fertilizers. Apparently the pressure brought by the 

groups, reinforced by the technical assistance agents, has 

on the part of the three creditcreated a new awareness 
banks and the Impulsora of the importance of timely 

delivery of the fertilizers. The delays in fertilizer deliveries 

that have o,,urred in the l4 it few years have been due to 

deficiencies in the distribution of materials at the national 

level, not to faulty scheduling of farmers' needs by the 

agencies in Puebla. 

Efficient and Cheaper Transport of Fertilizers 

farmers have been receivingAnother reason organized 
on time is that the groups themselves havetheir fertilizers 

made the arrangements for the transportation of the materi

als. After the group representative receives the delivery 

order, he and the other members of the group hire a truck 

to haul the fertilizers at as low a cost as possible. If avail

able, a trucker from the local village is hired for the job. 

-,\ 

-
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thenfat. thA tev moryofithporanizredsofaershav,iassistance agents participated in about 37 percent of thesethe fact that th e m ajority of the organized farmers have g t e i e e i c s e t t 

Ordinarily, a group is able to arrange for the hauling of 
fertilizers for $2.40/ton. If the members of the group load 
the fertilizers at the warehouse and unload them at their 
houses, the cost is about $1.60/ton. Earlier, when farmers 
had to arrange for transportation individually, the cost was 
often as much as $4.80/ton., not including loading and 
unloading. 

Prompt Repayment of Loans 

Prior to the Puebla Project, only about 50 percent of the 
short-term loans made by the official credit banks were 
repaid. In 1971 and 1972, the repayment rate to the Ejidal 
and Agricultural Banks was over 90 percent; the rate was 
about 98 percent to the Impulsora de Puebla. 

Very probably, one of the reasons for the high level of 
repayment is the profitability of the new maize recom
mendations. An even more important reason, perhaps, is 

accepted a common responsibility for the debts of all mem-
bers of the group. Each farmer knows that all members of 
the group must repay loans on time in order for the group 
to qualify for credit the following season, 

When one or more members of a group fail to repay 
their loans, the rest of the group takes action to assure 
repayment. As a first step, in most cases, the group repre-
sentative calls on the defaulting farmer to ask him to pay 
within a fixed period. If failure to pay was due to unusual 
family problems, or a poor harvest due to uncontrollable 
factors, then the other members of the group may cooper- 
ate to repay the debt and collect later when the farmer is 
better able to make payment. 

In some groups, if a member fails to pay because of 
irresponsibility, the group takes firmer action to liquidate 
this debt. In a few instances, the group demands some itemof popetyox mul,ewig mahin,plw, ec.)andof property (mule, ox, plow, sewing machine, etc.) andoft 

does not return it until the offender pays his debt. If the 
defaulting member continues to refuse to pay, he is ex-pelled from the group, and the other members repay the 

loan in order to obtain credit for the following season, 
One group, after trying to convince three irresponsible 

members to repay their loans in 1972, took the extreme 
measure of putting them in jail. Contrary to what might be 
expected as a result of this action (distrust and doubt on 
the part of new members), membership in this group 
climbed from 111 in 1972 to 200 in 1973. After a few days 
in jail, the defaulting members repaid their loans and peti-
tioned the group to be readmitted, promising to be more 
responsible in the future. The group's decision, however, 
was for permanent expulsion of the three farmers, 

Another reason for the high repayment of loans in 
recent years is the fact that the credit agencies, with the 
exception of the Ejidal Bank, have initiated the practice of 
discounting interest for those vho repay their loans befor a 
they become due. Farmers with additional income during 
the year prefer to pay off their loans in installments, thus 
saving money they would have paid out in interest. Approx-
imately 45 percent of the farmers interviewed in 1973 
liquidated their loans by making several payments through-

out the year. 
Greater Efficiency in the Repayment of Loans 

Many of the farmers receiving credit from the Agricul
tural Bank or the Impulsora de Puebla m ike payments on 
their loans directly to the general representative or coordi
nator. This coordinator travels once a week to the agency 
concerned, delivers the payments, and obtains the necessary 
receipts. Thus, members not only save money on travel and 
meals, but also time and effort. Generally, the expenses of 
the representative are paid from a fund raised by the group 
specifically for this type of activity. 

Access to Information on Other Activities 
According to the 35 representatives interviewed in 1973, 

28 of the groups held an average of four meetings during 
the year; the other seven held no meetings. The technical 

g .T e p i c p l t e e m e i g 
gatherings. The principal themes discussed at these meetingswere agricultural credit and the correct use of the new 
maize technology. Other subjects of interest to the farmers, 
such as the pruning and grafting of fruit trees, were also 
discussed in some group meetings 

At harvest time in 1972, demonstrations were held in 

many corairr unities to show farmers how to construct small 
trench silos for converting the maize plants into a palatable 
silage after harvest of the ear but while still partly green. 
The silo provides ar.economical means of increasing the 
supply of good quality animal feed during the dry season. 

Demonstrations of the pruning and grafting of fruit trees 
em ainseofrthecprunig an 1rftn o te swere made in several communities In 1971, a technical 

assistance agent arranged for a group of farmers to attend a 
short course on pruning and grafting Farmers who took 
this course have been useful in assisting other farmers in the 

Project area to use improved practices ,n the management 
er rut res 

Meetings and demonstrations oega.ized by farmer 
g eens and enstatins o izew rmergroups have often stimulated interest in ,i new group
activity, such as perforating a well, buying daijy cattle, or
acquiring a tractor. There seems to be an ncrasming aware
ness among the farmers that the organizations should 
expand their activities to include a broader spectrum of the 
problems affecting the community. 

Initiatir,i of New Production Activities 

At I ast 10 of the 385 groups functioning in 1972 were 
involvcJ during the previous 3 years in negotiating a long
term loan for some new group activity. Most of these loans 
had been requested for deep well perforations to convert a 
part of the rainfed land into irrigated fields These wells 
make possible the production of hicher-incorne crops, such 
as alfalfa and vegetables, and they can be grown throughout 
the year. Interest in this organized activity began to develop 
after the groups were successful in using short-term credit 
for maize production. 

The technical assistance agents played a leading role in 
this group work, from the formulation of the idea of a loan 
to the reality of irrigated fields. They provided information 
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on the possibilities of long-term financing, helped the repre-
sentatives make contact with the credit institution that 
could grant the loan, and encouraged the members of the 
groups to have confidence in their capacity to work 
together dnd in the honesty of their representatives. As the 
t.r-iactions for the loans progressed, the role of the tech-
,1;cal assistance agents tended to decline in importance, 
while that of the representatives increased, 

0.[e of the gioups that perforated a well and began to 
p-oduce higher income crops used the profits for a down 
lymert on a tractor costing $7,200. The tractor is being
vi,ed foi preparing the lands of the farmers of the group, 
an-d alko for custom work for other farmers in the com-
imunity, to complete payments on the tractor more quickly. 

In a section of the Project area where fruit production is 
inpoitant, several gioups have begun to use improved tech-
nioiogy in the management of their orchards. With the 
,1,sistance of a specialist in fruit culture, the farmers have 
obtained improved varieties and transplanted them to
carefully prepared land. There is usually one man in the 
group, or in the c'mmunity, who has learned the proper 
techniques for pruning and grafting and can teach the other 
farmers. 

Greater Effectiveness in SolvingCommunity Problems 

Some credit groups that have functioned for several 
years and have developed relatively strong organizations 
have been able to solve some of the other problems affect-
ing the community The traditional holders of power in the 
communities have come to view these groups as a threat to 
their position Local feitilizer dealers fear that the organ-
ized farmers will buy out%ide the community, or demand 
that the dealers respect price% fixed by the national fer-
tilizer agency 

In one conmiunity, a local meichiant almost went bank-
upt in 1971 when most of the faimers, organized in 

gioups, began to purchase the recommended fertilizers 
through one of the tiedit agencie,, The following year, the 
merchant swit(hed forn conventional feitilizers to those 
ieconimended by the technical as iolance agent in hope of 
regaining hlis chent, Sime mo,,t of the farmers were organ-
ized, howevei, few of them purchased fertilizers from the 
merchant. (Accoiding to several leprefentatives, the mer-
chant was prone to fd e dvantage of temporary shortages 
of fertilizer,, by increasing his prices, sometimes doubling
the official price ) In ietaliation, the merchant began to try 
to discredit the ciedit groups Among othei actions, he 
circulated the rumor that some groups were admitting 
irresponsible faimers who were unlikely to repay their 
loans When this rumor reached the credit institutions in 
early 1973, some institutions decided not to accept new 
lients i groups from that community. 

Whea the farmers learned of the action of the credit 
nstitutions, however, they solicited the help of the tech. 

nical assistance agent to find a way to convince the institu-
tions to accept new clients. The grcup representatives and 

technical assistance agent presented their complaint to the 
directors of the credit institutions, but could not obtain an 
alteration in policy. It appeared that the merchant's scheme 
had been successful. 

Nonetheless, the farmers named a commission to present 
their complairt to the Governor and explain why the credit 
institutions had refused to accept new clients from their 
community. The commission described the standards for 
admitting new members into the groups to the Governor, 
showing that only responsible people were accepted. The 
Governor immediately summoned the directors of the 
institutions and asked them to attend to the farmers' peti. 
tion. 

Greater Interchange of Experiences
 
Among Farmers
 

As reportcd in Chapter 5, visits by groups of farmers to 
other communities in the area were beneficial in many 
ways. The visitors were able to directly observe the farmingactivities of the group sponsoring the interchange. An 
informal dialogue between visitors and hosts, with the tech

nical assistance agent as mediator, helped members of all 
groups exchange ideas and experiences about many farming
and nonfarming activities Farmers often returned homewith new impressions about the possibilities for long-term 

credit for perforating a well, or the establishment of a 
small-scale dairy enterprise, fattening of pigs, pruning and 
grafting of fruit trees, etc 

In 1971, a technical assistance agent in one of the princi
pal towns in the area organized another form of exchange
 
of ideas among farmers Farmers who came to town for the
 
weekly market day 
 were invited to attend an afternoon 
meeting, after marketing activities had been completed. On 
these occasions, about 50 farmers (mainly group represent
atives) assembled for a lecture on a subject of current 
interest to the farmers. The presentation was made by the 
technical assistance agent or a specialist invited specifically 
for the occasion. When the specialists spoke, the technical 
assistance agent introduced the speaker and tried to clarify 
any parts of the talk which he felt the farmers might not 
understand. Following the presentation, there was a discus
sion period with active participation by the farmers. This 
discussion period was essential in providing the participants 
with new ideas and information to communicate to their 
groups on returning to their communities. 

FACTORS FAVORING GROUP EFFICIENCY 

Quality of Leadership 

Groups that chose a good leader at the outset have 
consistently maintained good cooperation from their mem
bers and have been able to fulfill all their obligations. 
Groups with good representatives held the largest number 
of meetings in 1972. Ordinarily, the representatives of these 
groups sought out the technical assistance agent, or the 
Project coordinator, and requested a talk on a specific 
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subject. Then the assistant representatives were notified of 
the meeting and they, in turn, advised the members. Thus, 
most members attended and maximum value was obtained 
from the talk and subsequent discussion. 

In contrast, the representatives who were considered 
unreliable rarely held a meeting of interest to the ' roup. 
They seldom took the initiative in presenting group prob-
lems to the technical assistance agent, or in inviting him to 
give a talk in the community. 

Three of the 35 representatives interviewed in 1973 had 
not repaid their loans on time. The members of these three 
groups recognized that they had made a mistake in electing 
the representatives. They pointed out, however, that it is 
very difficult to select the right person. According to the 
members of the groups with the irresponsible represent-
atives, these three individuals had previously had a good 
record in the community; and, while the groups were being 
formed, they had been very active and had given the 
impression they would diligently serve the interests of the 
group. 

Legalization of the Organization 

Two of the 35 groups studied in 1976 had drawn up 
documents outlining the regulations governing the function-
ing of the groups, and the penalties that would be imposed 
on violators. These documents had been signed by the 
members of the groups, the assistant representatives, the 
general representative, and the municipal president, and had 
been registered at the municipal headquarters. In this way, 
the groups acquired legal power to take action against a 
member in case he should deliberately cause problems. 

Legalization of the organizations at the municipal level is 
viewed by most groups as a useful step in making the 
groups more effici;-nt. In the future, it is expected that the 
technical assistance agents can guide other groups in draft-
ing by-laws and in registering them with the municipal 
authorities, 

OUTLOOK FOR MORE ADVANCED FORMS OF 
ORGANIZATION 

The information collected in the study of the farmini 
organizations indicates that several of the groups have mrle 
outstanding progress in learning how to work togethet I,, 
resolving problems of common interest. These groups an. 
now ready to move to higher forms of organization. -ucl: 
cooperatives. 

The evolution from credit groups to more .comrnr ... 
organizational forms will require the assistance ,uf pe 
well trained in the theory and practice of fLrrine *M 

ization. It seems logical that the technical asst.i we , 
could best provide this assistance in a program W1ch t,,, 
Puebla Project. The present agents in Puebla, howve, w 
not technically prepared to do this job. To i :-ccdy ihi 
situation, the technical assistance agents could ti&.Orv , 
specialized training related to the opecation of fii r 
organizations. 

SUMMARY 

The experiences gained in Puebla since 1969 support the 
thesis that a very simple organizational form, such as the 
credit group, should be used in the initial stages of orgin 
izing farmers who may often be distrustful and individual 
istic, with limited managerial ability. After the farmers have 
gained confidence in the Project, and experience in col 
lective action, and have developed responsible leaders with 
administrative capacity, then higher forms of organization 
may be achieved. It is expected that this second stage will 
be much more complex than the first, and will require tech
nical assistance agents well trained in the organization of 
farmers. 
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Three official credit banks - National Agricultural Credit 
Bank, National Ejidal Credit Bank, Agricultural Bank of the 
South - have made loans to enable organized farmers to 
use project recommendations. The total area financed by 
the first two of the these banks increased from 1,516 ha. in 
1969, to 13,617 ha. in 1973. 
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7 THE AGRICULTURAL SERVICE AGENCIES
 
INTRODUCTION 

A part of the general strategy of the Puebla Project has 
been to assure that the farmers have access to materials and 
services essential for favorable change. Some of these serv
ices were being provided by public and private institutions 
in Puebla at the time the Project began, including- (a) 
production credit, (b) agronomic inputs at a favorable 
price, (c) crop insurance, and (d) an accessible market for 
farm produce, with a guaranteed price. 

Since these services were available in Puebla in 1967, the 
Project concentrated initially on agronomic research. Had 
some of these services not been available, it is unlikely that 
the Project would have tried to provide them. Rather the 
Project would have sought a solution through encourage-
ment of government action to create the institutions 
needed. 

The role of the Puebla Project in working with the 
institutions (those involved in credit, the distribution of 
inputs, crop insurance, and marketing) has been that of 
assuring that these services are adequate for small farmers, 
The Project Coordinator assumed the major tesponsibility 
for this activity, 

Planners of the Project felt it imuortant that the Project 
be promoted as a joint effort of all the agricultural agencies, 
with representatives of the different institutions to be fully 
informed of Project activities and the needs of the farmers. 
As greater experience was gained, however, it became 
evident that some of the operating procedures of some 
institutions were restricting farmer use of their services. It 
was clearly necessary that Project staff should more fully 
understand the operations of these institutions and the way 
they reached decisions on farmers' requests. Thus, the staff 
began a more systematic effort to assess these institution-
al procedures. 

After a problem had been fully analyzed, the Project 
staff proceeded to explain the nature of the problem to the 
indicated agency, usually working through the coordinator. 
Full cooperation was given to the agency in finding ways to 
improve its services to the farmers. This proved to be a 
most difficult task, however, and progress in improving the 
operating procedures of the service institutions has been 
modest. 

In this chapter, certain characteristics of the service 
institutions in Puebla, their operatinq procedures, and their 
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accomplishments are described briefly. Changes in the 
institutions that have contributed to improved services are 
reported, as well as problems remaining to be resolved. 

THE IMPULSORA DE PUEBLA 

The production and distribution of chemical fertilizers 
in Mexico is the responsibility of a decentralized agency of 
the federal government, Guanos y Fertilizantes de Mdxico 
(Guanomex). When the Puebla Project began in 1967, 
Guanomex had three authorized dealers in the state, Impul
sora de Puebla and two others, all private companies In 
addition, there was a network of local distributors in the 
villages, mainly retail dealeis who purchased fertilizers in 
the city of Puebla or Mexico City and resold them to the 
farmers. 

Guanomex changed some of its operating prcedures in 
early 1971 when the three authorized distributors in Puebla 
were made official commission agents of Cuanomex, each 
with the concession to distribute certain specific matorials 
at a fixed commission. Impulsora do Puebla became the 
principal agent with the concession to handle low concen
tration materials and mixtures According to the new 
policy, local distributors in the villages would no longer be 
permitted to purchase fertilizers from the official agents, 
thus, they became less important in the distribution net
work. 

Impulsora de Puebla, since its establishment many years 
ago, has functioned both as a fertilizer distributor and as a 
credit agency. Prior to 1968, the Impulsora had provided 
credit only to commercial or semi-commercial farmers who 
could offer security. In 1968, a sub-distributor of the 
Impulsora, Agr6nomos Unidos, agreed to provide fertilizers 
on credit to the first farmers who decided to use Project 
recommendations on a part of their maize planting. These 
were all small farmers and were not required to put up 
collateral. Impulsora backed Agr6nomos Unidos in this 
credit operation. 

In 1969, Impulsora continued to back Agr6nomos Uni
dos in its financing of small farmers who used the Puebla 
Project maize recommendations. In 1970, Impulsora 
continued its participation through Agr6nomos Unidos and, 
in addition, provided credit directly to 253 farmers in 21 
groups. Impulsora absorbed the clients of Agr6nomos Uni
dos at the end of 1970, and has continued this credit pro. 
gram for small farmers. 



Table 7.1 shows the number of hectares financed, total 
amount of credit, and percentage repayment of loans 
within the credit operation of Impulsora, both for credit 
obtained directly and that obtained through Agr6nomos 
Unidos in the years 1968-1973. Impulsora's credit program 
peaked in 1970 and has remained quite static since then. 
This has been true in spite of a growing demand from the 

for more credit from Impulsora and an averagerepayment rate of about 98 percent. 

iliocedure Followed in Granting Credit 

The procedure followed by the Impulsora in granting 

':redit to small farmers is very attractive, since it does not 

rcquire any security from the farmers. All that the Impul
•eora ivqures is a guarantee of the total operation by a 
ie~ponsible agency. CIMMYT provided this guarantee in 
1968 when only $6,000 was loaned Beginning in 1969, the 
credit operation of the Impulsora was endorsed by the 
Aqiicultural Agent, who is the state representative of the 
Ministry of Agriculture 

In 1969 and 1970, the endorsement of the Agriculture 
Agent was not backed up by adequate funds to fully 
guarantee the ciedlt operation. In 1971, however, a special 
fund was formed by collecting a tax of $0.40/ton on all 
fertilizers sold on ciedit or for cash by the three official 
agents of Guanomex and the official credit banks. This 
fund is administeied by the State Fertilization Committee, 
whose chairman is the Agricultural Agent. Since the estab-
lishment of this fund, the guarantee of the credit program 
of the Impulsora has been effective. When the Fertilization 
Committee reimburses the Impulsora for loans not repaid 
on time, it ieceivws the piomissory notes of the indebted 
farmers, with the expectation of iepayment at a later date. 

The Impulsora procedure for granting credit is as fol-
lows. (a) representatives of the sub-groups prepare lists of 
the members desiring credit, and of the number of hectares 
for which financing is requested, (b) the group coordinator 

consolidates the lists of the different sub-groups and deliv
ers the request to the Impulsora; (c) the technical assistance 
agents of the Puebla Project give the Impulsora a list of all 
the communities in their zones with groups requesting 
credit, along with the recommended fertilizer rates; (d) the 
secretaries of the Impulsora or the Puebla Project draw up 
documents for each farmer, specifying the amount of ferti
lizers and credit requested; (e) these documents are given to
the group coordinators, who, with the representatives, 

obtain the signatures of the farmers; (f) the documents are 
then signed by the group coordinators and returned to the 
Impulsora; and (g)the delivery order is given, specifying the 
date the farmers must pick up the fertilizers at the 
company warehouse. In 1972, the average time required 
was 36 days from the preparation of lists to the issuing ofthe delivery order, with extremes of 3 days and 6 weeks. 

Changes in Sales of 10-8-4 

According to survey data, 64 percent of the farmers who 
applied chemical fertilizers in 1967 used the 10-8.4 mix
ture, containirq 10 percent nitrogen (N), 8 percent phos
phorus (P2 0 5 ), and 4 percent potassium (K2 0). Agronomic 
research on farmers' fields, however, has not revealed 
important deficiencies of potassium; thus, the Project has 
recommended that farmers apply only nitrogen and phos
phorus. Moreover, the Project has suggested that farmers 
purchase nitrogenous and phosphatic materials separately 
and prepare their own mixtures, to obtain the right propor
tions of the two elements. 

The relative importance of 10-84 in total sales of the 
Impulsora declined markedly in 1969. The 10-84 mixture 
represented approximately 76 percent of the total nitrogen 
sold by the Impulsora in the period 1966-1968, whereas 
only 27 percent of the nitrogen sold in the years 1969-1972 
was in the form of 10-8-4. In general, there has been a shift 
from 10-8-4 to ammonium sulfate, superhosphate, and non
potassic mixtures, (such as 12-8-0, 10-10-0, and 5-14-0). 

TABLE 7.1. The credit pruvided by several agencies to enable farmers to use Project recommendations for maize during the 
years 1968-1973. 

Impulsora do Puebla aitinal Aqricultuial Credit Bank Nitonl Ejidal Credit Bank Agricultural Bank of the South Toal 

No of Amnt repay No of Amount repay No of Amount repay No of Amount repay No of Amount
Year h c tares f , i(dIt ment he0ie% of credit ment hectares of credit ment hectare% of credtt ment 
 hectares* of credit 

1968 76 6,000 1000 76 6,000
 
1969 2719 lbS(159 960 687 48802 500 829 50,846 555 1,603 105,132 500 5,838 369,839
 
1970 4682 191 163 975 1 788 148,250 51 2 4,522 282,256 720 1,609 123,175 600 12,601 744,844

1971 3,228 108 807 995 4950 202972 91 6 4,920 294,347 91 0 1,172 90,080 620 14,438 696.206
 
1972 4,108 153 95 1 985 7499 383,282 939 5,105 398,722 900 822 39,854 500 17,533 975,811
 
1973 4 220 8207 419,452 5,410 422,584 293 14,202 20,604 

The total number of hectares for 1971 includes 168 with credit guaranteed by the Coxtocan Hacienda, the total for 1973 includes 2,474 ha that were financed by Guanomex 
and the OlitreCa fertilizer company 
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The Puebla Project seems to have been largely respon. 
sible for this change from 10-84 to more adequate fertil-
izers. Sales of ammonium sulfate and superphosphate have 
increased as a direct result of the growing demand for these
materials by farmers using Project recommendations. 
According to the manager of the Impulsora, his company 
has given greater importance to the 10-10-0 and 12-8-0
mixtures since 1971, because the field trials conducted in 
the area showed little response to potassium. 

Outlook for Greater Credit for Small Farmers 

From the Impulsora de Puebla 


As mentioned earlier, the credit provided to small farm-
ers by the Impulsora has not increased since 1970, in spite 
of a repayment rate of around 98 percent. This is due 
mainly to the low interest rate which the Impulsora is 
required to charge on fertilizer credit. According to the 
modified Guanomex policy that became effective in 1971, 
9 percent per year is the maximum interest that the Impul-
sora can charge farmers receiving fertilizers on credit. Since 
the Impulsora acquires the fertilizers from Guanomex at 6 
percent interest, its income from interest on credit sales is 3 
percent per year. However, as credit is usually extended to 
farmers for a period of about 9 months, the effective 
income from interest is less than 3 percent. Under these 
conditions, the tendency of the Impulsora is to increase its 
cash sales and keep sales on credit to a minimum, 

Perhaps permission to charge a higher interest rate is the 
only measure that will induce the Impulsora to increase its 

The Project coordinator 
works closely with (lhe repre
sentaitives of the agricultural 
service agencies. lie provide% 
information on (he finding, , 
of the Project and obstacles 
limiting farmer use of the 
available services, and assists 
in finding ways to eliminate 
such obstacles. 
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sales on credit in the future. Farmers should find"lmpulsora 
credit attractive, even with a higher interest rate, because of 
the simplicity of the credit-granting procedure. 

THE PUEBLA BRANCH OF THE NATIONAL 
AGRICULTURAL CREDIT BANK 

The National Agricultural Credit Bank was founded in 
1926 as an integral part of the agrarian reform program of 
the post-revolutionary governments. Branches of the bank 
were established throughout the country to. (a) promote 
the organization of cptJhhtarim' and small landholders, (b)
make available production credit at locations accessible tothese farmers, and (c) provide for credit at an interest rate 
more attractive than that charged by local moneylenders 
The mandate of the Bank stipulated that possible social 
benefits be considered as well as the solvency of the client, 
in deciding how to allocate its funds 

The law regulating the National Agticultuial Credit Bank 
was modified in 1935 with the cication of the National 
Ejidal Credit Bank. Since then, the Agricultural Bank has 
provided credit exclusiveiy ti,landowners, and the Ejidal
Bank has worked with t'ie tiati,,, The law governing
the Agricultural 'lank was again modified in 1956 in an 
attempt to make its s::vices mote dynamic 

The National Agricultural Cidit Blnk has bainch banks 
in every state. Most branches have sub bianches or agencies
that are located at strategic points The zone corresponding 
to a given agency is divided into sub-zones, with a field 
inspector in charge of each of them The Puebla Branch of 
the Agricultural Bank has six agencius, two of which pro
vide credit to farmers in the Project area. 



The National Agricultural Credit Bank makes three types With the change to solidarity groups in 1971, the Agri
of loans to small farmers organized into solidarity groups: cultural Bank has greatly increased its credit to farmers 
(a) short-term loans (miaximum 12 months), mainly for using Project recommendations. Table 7.1, shows that the
purchase of inputs for annual crops at 10.5 percent/year Agricultural Bank provided credit for 4,950 ha in 1971;
interest, (b) intermediate-term loans (1 to 5 years) to 7,499 ha in 1972; and 8,207 ha in 1973. Repayment of 
acquire work animals, farm machinery, dairy cattle, etc., at loans by solidarity groups exceeded 90 percent during this 
9 to 10 percent/year interest; and (c) long-term loans (6 to period. 
10 yeais) to purchase heavy machinery or construct farm
 
buildings at 7 to 10 percent/year interest. 
 Operating Procedures of the Agricultural Bank 

The majority of the farmers in the Project area are not 
eligible for individual credit from the Agricultural Bank, Farmers in solidarity groups follow these steps in arrang
because their holdings are too small. Although the regula- ing for credit with the Agricultural Bank: (a) the group
tions of the Agricultural Bank provide for the organization representative prepares a list of the members that indicates 
of credit societies, none of these were operating when the their ages, beneficiaries in the case of death, and the areas 
Project began in 1967. As seen in Table 7.1 the Agricul- for which credit is requested; (b) one farmer with a clear 
tural Bank provided credit for farmers to use Project recom- title to his property agrees to guarantee the group loan 
mendations on 687 ha in 1969 and on 1,788 ha in 1970. In both he and his wife must register their signatures with the 
1969, credit was granted to individual farmers; in 1970, to legal department of the bank; (c) each member presents the 
23 groups with a total of 480 farmers. These groups, receipt for his most recent property tax payment, or a 
however, were poorly organized and there was little contact letter from the highest authority in the community certify
with the technical assistance agents. Repayment was made ing that he is a property owner; (d) the representative 
on only about 50 percent of the loans made in these two obtains a written statement from the technical assistance 
years. agent indicating the fertilizer rates recommended for the 

In 1971, the Agicultural Bank and the Project technical group, (e) a credit application is drawn up for the group,
assistance agents began to promote the organization of specifying the total area for which credit is requested and 
solidarity group,,. These groups have a maximum member- the total amount of credit this application is signed by the 
ship of nine and a minimum of three. According to bank group representative, by the guarantor, and by the technical 
regulations each member of these groups must mortgage his assistance agent, (f) based on the application, a special
land to the bank in order to obtain credit As most small form, called F-200, is prepared as a credit application from 
farmers do not have a clear title to their land, the Puebla the group to the Planning Council of the bank these 
Branch of the Agricultmal Bank obtained authorization to F-200's have to be signed by five persons in the Credit,
change this requirement Now, the only requirement is that Legal, and Administrative Departments, as well as by the 
one member of the group has a clear title to his land and is bank manager; (g) the group signs a contract with the bank 
willing to mortgage it to the bank This change in regula- for the amount of credit requested the contract must be 
tions has made it possible for many farmers who were registered in the city of Puebla with the payment of a 
previously unable to qualify for loans to obtain credit as registration fee of $8.00, the contract is good for 5 years,
members of a solidarity group. provided there are no changes in the group, (h) all members 

S-;,, sign a formal charter, specifying that they assume a com
, 
 , mon responsibility for the obligations of the group--this 

"' , -. - 1means that should any member fail to repay his loan, the 
others are obligated to find a way to liquidate it, (i) each 

-~ - - ~ member signs a letter in which he agrees to repay his loanC- .with the produce from the land for which credit was 
received; (j) multiple promissory notes ire drafted showing 
the cost of fertilizers, amount of interest, and other charges 
for each member these documents are prepared with 18 
copies and signed by all members of the group; and, finally
(k) the guarantor deposits a letter with the bank giving it 
power to take possession of his property in case the group 
fails to meet its obligations. 

In 1972, this procedure rt quired an average of 13 days 
from the time the application was presented until the groupOrganized farmers are encouraged to repay their loans as received the order to pick up the fertilizers. Some groups 

soon as possible. Many farmers liquidate their loans by were able to complete this process in 3 days; others re
making several payments throughout the year. In 1972. the quired as much as 4 weeks. 
percentage repayment on loans from the Impulsora de Pue- Some farmers felt this procedure for arranging for credit 
bla was 98 9o,from the National Agricultural Credit Bank was too complicated and chose not to join a solidarity
94,%, and from the National Ejidal Credit Bank 90 ° . group. Other farmers were discouraged from seeking credit 
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through the Agricultural Bank because of the requirement 
that they take crop insurance. (This latter problem is 
common for the three official banks and is discussed in a 
later section.) 

When the number of farmers seeking credit from the 
Agricultural Bank increased sharply in 1971, the bank ran 
short of personnel to handle the loan requests. The farmers 
in solidarity groups suggested that the Bank use the 1 
percent of their loans that is deducted by law for admin-
istrative costs to pay temporary personnel. The director of 
the Bank presented the proposal to the local administrative 
council and obtained the necessary approval, 

Outlook for Greater Credit for Small Farmers 

From the Agricultural Bank 


The Agricultural Bank has become a strong supporter of 
the Project strategy and has fostered close coordination of 
Bank and Project personnel in their relationships with the 
farmers. Both the Puebla Branch and the Central Office of 
the Agricultural Bank are pleased with their credit program 
for solidarity groups using Project recommendations. All 
indications are that the Agricultural Bank will seek to 
increase this credit operation. Prospects for this increase 
were strengthened in 1973 when the Agricultural Bank 
received authorization to extend credit to cidalarios as well 
as landowners, 

Nevertheless, if the Agricultural Bank is to respond fully 
to the growing demand for production credit in the Puebla 
area, it will be necessary to resolve several problems that 
presently limit the effectiveness of the bank's credit pro-
gram: (a) the work load of employees of the Legal and 
Administrative Departments has increased greatly since 
1971 it seems reasonable their salaries should be adjusted 
to compensate for this work, and to put their salaries in line 
with those received by employees of the other official 
banks; (b) bank regulations require that a new contract be 
signed with a solidarity group when members leave, when 
new members enter, or when there is a change in the area 

for which credit is requested. Since such changes are 
frequent, it is necessary to sign a new contract almost every 
year. Farmers feel that the bank should be more flexible 
and permit changes in membership and acreage without the 

trouble and expense of drawing up and registering a new 
contract; (c) the Agricultural Bank is the only official bank 

that deducts interest in advance. A farmer who requests 
$100 at 11.5 percent interest, for example, receives $88 50 

and has to pay back $100 at the end of the year. The 
effective interest rate is 12.99 percent instead of 11.5 
percent. The farmers feel that this method of calculating 
interest should be changed; and (d) the temporary person-
nel hired for the peak work periods are usually poorly paid 

and inefficient. Thus, many documents have to be redone, 
causing delays and a great deal of frustration for the farm-
ers. 

THE PUEBLA BRANCH OF THE NATIONAL 
EJIDAL CREDIT BANK 

The National Ejidal Credit Bank was founded in 1935 
and since that time has granted credit to c'idatarios,with 
the Agricultural Bank providing credit to landowners. In 
addition to extending credit to clidatarium, the Ejidal Bank 
objectives were: to organize the ejidatario to work their 
lands collectively, and to make credit more accessible by 
establishing state and regional branches. The Puebla Branch 
of the Ejidal Bank has seven agencies at strategic locations 
in the state. Each agency has several field inspectors, each 
of whom is responsible for attending the cJ/da/rios in a 
given zone. Two agencies are located in the Project area and 
have provided credit to c/ldataro using Project recom
mendations 

The Ejidal Bank, as in the case of the Agricultural Bank, 
offers short, intermediate, and long-term loans The Ejidal 
Bank makes loans to credit societies and, rarely, to solidar
ity groups. Credit is not provided to individual e'Tlalarios. 

In 1969, the Ejidal Bank granted loans enabling 413 
clidalanos in 15 credit societie to use Project recoin
mendations on 829 ha of maize. Although only 55 percent 
of these loans were repaid (Table 7 1), the Ejidal Bank 
rccoqnized the potential of the new technology and decided 
to reinstate 44 clda! societies that had lost their credit 
standing in the past due to failure of then members to 
repay loans. In 1970, the Bank provided credit for 2,122 
C'lp/rdalrflo in 59 credit societies vth a total of 4,522 ha. 
Table 7.1 shows that the number of hectare% of maize 
plantings financed by the Ejidal Bank has remained fairly 
constant since 1970. About 90 percent of the,,e loans have 
been repaid. 

Operating Procedures of the Ejidal Bank 

To qualify for loans from the Ejidal Baiik, the -jhudllo'. 
must organize a credit society The requirement-, for char

tering a s(ciety are (a) at least 10 vidaio' -,nustrequest 
the founding of a society, (b) the ejidal executive commit
tee must ubmit an application for the formation of a 
society, along with a map of the tnib showing the location 
of the parcels of the applicants, (c) each ipplicant must 
present his elidal certificte, or proof that his nane appear., 

on the most recent ejidal censu list this i. nece,,sary to 
e~tablish that each of the apphicants ha', po.'sion of an 

ejidal parcel, (d) thi, field in,,p (:tor of the Ejidd Bank 
prepares a document specifying the ,ocioeconomic condi
tions of the applicants and the productive potential of their 
soils, (e) the Puebla Branch of the Ejidal Bank sends the 
application of the cldatahiu., the map of the cuui,,, and the 

document prepared by the field inspector to the Central 
Office; and (f) the Central Office approves or disapproves 
the application. 



There is at :east a 6-month lapse from the time the 
application for the formation of a credit society is sub-
mitted until the Central Office makes a decision. The Bank 
does provide, however, for the provisional establishment of 
, society under unusual circumstances and at the request of 
the manager of the Branch Bank. 

After the formation of a credit society has been author-
::'i, the field inspector holds a meeting, in the clido, of all 

•f',d become members and receivetrios who wish to 
::",dit
from the Ejidal Bank. At this meeting, the ejidatarios 
f,,,,
i one member of their group, the delegate, to represent 
Linc soeiety in all transactions involved in arranging for 
' edit. Once established, the credit society can function 

indefinitely. New members can be accepted on approval of 
the membership of the society. The Ejidal Bank is fairly 
flexible in its relationships with the society and permits it 
to continue operating even though there are changes in its 
membership, 

The procedure followed by the credit society in arrang-
ing for loans from the Ejida Bank involves several 
steps: (a) during September preceding the cropping sea-
son, the field inspector, with the assistance of the delegate, 
prepares a list of the credit requirements of each member; 
(b) the Puebla Branch consolidates the requests from the 
several societies, prepares a Plan of Operations, and sends it 
to the Central Office; (c) the Central Office approves all or 
part of the request and returns it to the Branch Bank; at 
least one month before planting time, the Branch Bank noti. 
fies the agencies of the amount of credit approved for their 
areas; (d) the field inspector prepares a final list for each 

society, showing the credit requested by each member (last-

minute changes in members requesting credit is permis. 

sible); (e) the field inspector, assisted by administrative 

personnel of the Bank, prepares a contract that specifies the 

amount of cr6dit requested by the society, both for fer-

tilizers and in cash. A new contract is necessary each year 

foieach type of credit The ,iidalario. however, do not 

parti(:ipate in the preparation and registration of the con-

tracts. Thi is done by the Bank, which pays the registration 

fee from a special fund collected from society members for 

administrative expenses; (f) the field inspector draws up a 

multiple promissory note showing the amount of each 

member's loan, the interest, and other deductions; (g) the 

Bank then sends a delivery order to the delegate with this 

order, the society members obtain their fertilizers and cash 

from the Bank; and (h) each member, on receipt of matori-
als or cash, signs the promissory note. In 1972, the average 
time between the preparation of the final list (step d) and 
receipt of the delivery order was 28 days. 

In an attempt to make the credit-granting process more 
dynamic, the National Ejidal Credit Bank introduced a 
series of administrative reforms in 1973. The central feature 
of these reforms is the creation of Control Boards with an 
assistant bookkeeper and secretaries, to relieve field inspec-
tors of most of their paper work. Its is hoped that this will 
enable the field inspectors to devote more time to field 
activities. 

In early 1973, by presidential decree it was stipulated 
that debts contracted by ejidal credit societies between 
1940 and 1965 would be pardoned at the rate of 20 per
cent for each year that the efidatarios repay new loans on 
time. Thus, in 5 years, all elidatarios with debts from that 
period could liquidate the old loans simply by repaying all 
new loans promptly. The presidential decree further spe. 
cified that debts contracted between 1966 and 1972 would 
be combined into one account and repaid gradually without 
interest. The Bank suggested that each indebted ejidatario 
apply 10 percent of his harvest each year toward paying off 
his account until it was settled. This new policy for reinstat
ing members of the credit societies should increase the 
amount of credit granted in 1974 to enable efidatarios to 
use Project recommendations. 

Outlook for Greater Credit for Ejidatarios From 
the Ejidal Bank 

Taking into account the 90-percent rate of loan repay
ment since 1971 by ejidatarios using Project recommenda
tions, it seems likely that the Ejidal Bank will be interested 
in expanding its credit operation in the Puebla area. To 
accomplish this, however, the Bank must examine a series 
of problems that are believed to limit the effectiveness of 
its credit program, including: (a) eight field inspectors 
attended 52 societies with 2,499 ejidatarios in 1972, an 
average of 6.5 societies and 312.4 ejidatarios per field 
inspector. This is felt to be about the maximum number of 
societies and members that can be attended efficiently by 
one inspector with present operating procedures. It seems 
clear, therefore, that more inspectors will be needed or 
operating procedures must be simplified if the Ejidal Bank 
is to expand its credit operation successfully; (b) In 1969 
and 1970, technical assistance agents of the Project focused 
their efforts on groups receiving credit from the Impulsora 
de Puebla. Since then, they have tried to work more closely 
with the ejidal credit societies. In 1973, for the first time, 
technical assistance agents and bank inspectors began to 
hold meetings to coordinate their activities. Both groups 
would benefit from strengthening this relationship in the 
future to improve their services to the efidatarfios; (c) when 
communicating with Bank administrators, the field inspec
tors sometimes fail to transmit the nature of problems 
influencing the behavior of the ejidatarios. This lack of 
communication results in misunderstandings and strained 
relationships among Bank employees. Recently, for exam
pie, field inspectors were blamed for the failure of many 
ejidal parcels to qualify for crop insurance. However, there 
was little the inspectors could do, because the problem 

arose primarily as a result of unrealistic operating polices of 
the crop insurance agency, plus the tendency of some farm
ers to encourage rejection (believing the cost of the insur. 
ance to be a useless expense). Regular meetings of field 
inspectors and other bank personnel would permit a freer 
flow of information and contribute to a smoother function
ing of the institution; (d) in past years there have been an 
excessive number of changes in administrative personnel 
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and field inspectors. In one year, for example, the Bank 
manager was changed four times. Frequent changes in Bank 
personnel cause many deficiencies in the bank's services to 
the ejidatarios: and (e) members of the ejidal credit soci-
eties are poorly informed of their rights and obligations and 
few participate in transactions with the Bank. Most mem-
bers, for example, do not know what percentage of interest 
they are paying, how much is deducted from their loans for 
crop insurance, or why other deductions are made. Society 
members are poorly informed mainly because they fall to 
attend the meetings held by the field inspector. According 
to the cjidatartos,however, nothing of importance is discus-
sed at the meetings This situation can be improved in the 
future if the field inspector will devote more time to vis-
iting the ejldos, perhaps soliciting the participation of the 
technical assistance agents. 

AGRICULTURAL BANK OF THE SOUTH 

The National Crop and Animal Production Bank was 
established in 1965, with the function of granting credit to 
both e'idattario and landowners Its basic purposes are to 
assist the Agricultural and Ejidal Banks in serving more 
farmers, and to seek new ways to make these services more 
dynamic and efficient. 

The National Crop and Animal Production Bank has 
four regional banks that function independently in admin. 
istrative matters, each providing service in several states. 
One of these regional banks, the Agricultural Bank of the 
South, was established in the city of Puebla in 1967 and 
serves eight southeastern states, with agencies in each. 

The operating procedures of the Agricultural Bank of 

the South arp similar to those of the Ejidal Bank, the dif-

ference being that farmers can organize solidarity groups (if 

their membership is less than 10) or credit societies (if 

membership is 10 or more). The time required to found a 

society is about the same as in the case of the Ejidal Bank. 

An important difference between the Agricultural Bank of 
the South and Ejidal Bank is that the Ejidal Bank field 
inspectors collect payments on loans directly in the com-
munities and, when necessary, from the efidatario.%in their 
homes. The field inspectors of the Agricultural Bank of the 
South do not collect loan payments. 

When the Puebla Project began to promote the use of 
the new maize recommendations, the Project technicians 
and farmers felt that the potential of the Agricultural Bank 
of the South for supplying production credit exceeded that 
of the other official banks It was new, well-equipped, had 
well-trained personnel, and was interested in new ap-
proaches. 

Table 7.1 shows that the credit provided by the Agricul-
tural Bank of the South peaked in 1969 and 1970 and 
steadily declined in the following three years. This tenden-
cy of the bank to reduce its credit program apparentiy 
stems from two causes. (a) the percent repayment on loans 
has been low, only 50 to 62 percent this low repayment 
rate can be explained in part by the fact that the Bank's 
clients have received little technical assistance due to the 

lack of coordination between the Bank's field technicians 
and Project personnel; and (b) the Bank does not feel that 
short-term credit, especially for maize production, is an 
effective way of helping small farme-s. The Bank feels that 
such loans tend to perpetuate the vicious cycle of poverty
subsistence that is at the root of underdevelopment. In 
extending credit to a considerable number of farmers in 
1969 and 1970. this Bank sought to introduce them to the 
Bank's seivices with the aim of promoting long term loans 
to make the farmer's opetations more pioductive. Few of 
the farmers, however, reacted as the Bank had expected. 

Since 1972, the Agricultural Bank of the South has 
promoted a different form of orgai7ation, which consists 
primaily of consulidating the contiguous holdings of a 
group of farmers and operating the land as a single unit 
The bank expects to drill wells and convert most of the 
land to higher-income, irrigated crops This oiganizational 
model is presently being tiled with three ,ocieties in the 
State of Puebla 

In view of the present thinking of the Agricultural Bank 
of the South, it seems unlikely that the Bank will grant 
significant amount%of credit in futuie yeais to enable farm
ers to use Project recommendations 

THE COXTOCAN HACIEN A 

i 1969 , t nm of theCoxto h aechemical fertilzers to many of the c!tdlhartuo who fai med 

thelndact tem pipert The wing ye th 
was deluge wthetw fo ferteis and wairfoce 
coordinatorlookifor o the wa ssit thecl,/uiqrtheof otl(em toPuchla Pioject suggestel that, rather 
than give the fertilizers, the cltdahlaros nmhi wiquest the 
fertilizer on credit from a distibutor, and that she could 
serve as guarantor for the loan, '[ie Pioje t ageed to 
organize the e'pldatarr and pmovilde th.in with techn.cal 
assistance. 

Since 1971, the owner of the Co <to-an lacienda has 
guaranteed the loan', fomabout 250 -liawammin 10 groups 
The credit was extended by the Olmeca fertih:'er company 
in 1971 and by the Imopulsora de liw-li in 1972 mud 1973. 
It is not expected that th" owner of the Coxt(,. in I acienda 
will be equipped to guarantee the lan of langei numbers 
of 'idatarto in future year% 

DIRECT PARTICIPATION OF GU/PNOMEX 

As mentioned earle, Guanomex is a decentralized 
federal agency with the responsibility for the production 
and distribution of chernical fertilizers in Mexico. It ini 
tiated a pilot effort in 1973 to promote the use of agua 
ammonia by organized farmers in the Puebla area. Guano
mex feels that nitrogen in the form of agua ammonia can be 
supplied to small farmers at a cost of only about 60 percent 
of that of solid fertilizers. An important factor contributing 
to this lower cost of liquid fertilizers is the feasibility of 
transferring the personnel and special equipment for hand
ling agua ammonia presently assigned to irrigated areas of 
the country to rainfed areas for a few months each year. 



The Guanomex plan was to provide farmers with horse-
drawn applicators and deliver the agua ammonia to their 
communities in 55-kg tanks that fit directly on the appli-
cators. The farmers had to sign a promissory note on 
receipt of the fertilizer and agree to repay Guanomex at 
!,iirve:;t time. 

The Project technical assistance agents began to inform 
v,,farmers about the Guanomex program in early April 

/.T7. Over 2,000 farmers volunteered to try the agua
.,i, or)a on some 5,000 ha. Several problems arose, how-

ill( luding delays in installing the aqua ammonia plant,
:;I!rmrerous difficulties in adapting the horse-drown 
,.<ic,' r to the conditions in Puebla. Thus, the agua 

, applied to only about 500 ha by about 250,,a was 

'ro ject technicians feel that agua ammonia can be an 
,1pO-tnt source of titrogen for farmers in the Puebla area, 
.frh. price can be maintained at around 60 percent of that 
4 ,jjlid materials. However, the horse-drawn applicator 

,.id in 1973 still has many technical flaws and will have to 
be improved significantly. 

THE NATIONAL AGRICULTURAL 
INSURANCE AGENCY 

About 20 years ago, farmers of the Lagunera Regicn of 
Northern Mexico who received credit from the official 
banks formed a mutual crop insurance association. Each
member paid a fixed amount per hectare, and in the case of 
crop damage, the money was distributed among those mem-
bers suffering losses in accordance with the recommenda-
tions of an inspection committee named by the association, 
This mutual association was quite successful, and similar 
agencies were soon formed in other parts of the country. 
The first mutual association in the State of Puebla was 
established in 1956 and became a part of the National 
Agricultural Insurance Agency (ANAGSA) in 1961. 

The basic purpose of ANAGSA is to complement the 
agricultural credit service provided by the official banks, by
protecting: (a) the farmers against losses due to natural 
causes, and (b) the official banks against losses due to the 
inability of the farmers to repay their loans in unfavorable 
years. ANAGSA expanded its program in 1972 to include 
life insurance, which costs the farmer $2.00/year and 
provides his family with $400 indemnization in case of 
death. 

Table 7.2 shows the hectares of maize insured by 
ANAGSA in the Puebla area, the premiums paid, and the 
amounts of indemnizations for the years 1966-1971. 
Although all farmers applying for official production credit 
must request crop insurance (except for one line of credit 
of the Agricultural Bank), ANAGSA normally rejects some 
of the plantings. For example, in 1971, only about two
thirds of the area receiving credit for maize production was 
approved for crop insurance. 

The average area of maize insured by ANAGSA in 
1970-1972 was more than double that of 1966-1969 (Table
7.2). The premiums paid by the farmers accounted for less 
than one-third of the total premiums; the remainder was 
paid by the federal government. The area on which indem
nization was collected has fluctuated greatly, reflecting
variations in climatic conditions over the years. 

Operating Pro;,edures of ANAGSA 

The procedure used by the official credit banks in 
requesting crop insurance for their clients is as follows: (a)
each bank sends a multiple application to the insurance 
agency with the areas for which credit is requested and 
names of all farmers soliciting credit, and (b) as soon as the 
farmers have signed the contract and promissory notes, the 
Bank sends a complementary report for each farmer to the 
insurance agency, showing his age, beneficiary, and the 
number of parcels in his property that are separated by 

TABLE 7.2. The insuring of maize plantings in the Puebla area in 1966-1972. 

Year 

Area financed 
by official banks 

ha 

Area 
insured 

ha 

Amount 
of 

premiums 

Premiums 
paid by
farmers 

Area 
Indeminized 

ha 
Amount of 

indemnization 

1966 
1967 

1968 

1969 

1970 

1971 

2,973 
3,187 

3,545 

3,118 

7,920 

11,043 

2723 

2740 

2856 

2672 

6139 

7068 

42,832 

45,161 

45,405 

45,048 

103,408 

176,538 

12,456 

29,598 

45,914 

271 

1185 

710 

1840 

1186 

1532 

4,421 

23,069 

10,130 

51,079 

34,762 

59,304 
1972 13,426 5947 
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more than 1 km. The insurance agency uses the information 
in these reports to estimate the number of field inspectors 
needed and the approximate dates of peak field activities. 

Three kinds of field inspections are made: The first 
inspection is normally made a few weeks after emergence of 
the crop. Its purpose is to verify that the insured crop was 
planted, and that plant density and general vigor are sat-
isfactory. The group representative and the membrs 
needed to locate the parcels must accompany the field 
inspector. After each parcel is checked, the inspector draws 
up a legal document specifying the conditions of the crop. 
The document is read to all those present and signed by 
each. The inspector does not inform the farmers at this 
time whether the parcel is accepted or rejected; this 
decision is made later by a higher agency official, 

The second kind of inspection is made when insured 
farmers report crop damage due to natural causes. The 
farmer must advise the insurance agency within 72 hours of 
the time the damage occurs. The agency must inspect the 
damaged crop within a period of time specified by the law 
governing ANAGSA. The damaged crop is inspected by the 
agency field inspector, accompanied by the bank inspector, 
group representative, and the farmer concerned. The inspec-
tor draws up a legal document specifying the nature and 
extent of damage and has it signed by all present. 

The third kind of inspection is made just before harvest 
All plantings that have been reported as being damaged 
during the year, are inspected to determine how much they 
should produce. The field inspector reports this informa-
tion to a higher agency official who decides on indem-
nization. 

Up until 1973, the inspection at harvest time was made 
on all parcels belonging to the farmer reporting damage, not 
just the damaged parcel. This was because the insurance 
agency did not consider the insured unit as a single parcei, 
but as all parcels of the farmer concerned. Field inspectors, 
therefore, estimated the yields of all the parcels and took 
an average. If this yielk was greater than the limit below 
which indemnization was paid, the farmer received no 
compensation, even though one of the parcels were a total 
loss. This procedure for determining indemnization has 
been the principal source of dissatisfaction with the service 
of the insurance agency among the farmers. 

Aware of the farmers' attitude toward the insurance 
agency's procedure for approving indemnization, the Puebla 
Project staff consulted with the agency's director in 1972 
about ways to resolve the problem. The insurance agency 
agreed to treat parcels separated by more than 1 km as 
separate insured units. This modified policy went into 
effect in 1973. 

Crop Insurance Related Problems That Limit 
Farmer Use of Official Credit 

Crop insurance in Puebla is seen as a major factor limit-

ing farmer use of official credit. Although information 

collected in surveys indicates that farmers feel crop insur 

ance is necessary in the region, the majority of them would 
not use it under present circumstances, if it were optional. 
As the farmers see it, the insurance agency is protecting the 
banks against losses, but not themselves. 

To gain the confidence of the farmers in Puebla, changes 
must be made in the insurance agency's operating proce
dures. In addition, closer cooperation is needed with the 
credit banks and the Puebla Project, in coordinating effec
tively the field activities of agency inspectors, bank inspec
tors, and technical assistance agents. Several activities that 
could increase the effectiveness of the insurance agency are: 
(a) 	 informing the farmers of the crop insurance law: Most 

farmers have little or no knowledge of the crop insur
ance law, even about essentials such as the time period 
for advising the insurance agency in case of crop dam
age. However, field inspectors of the agency and banks, 
together with Project technicians, could provide in
structions about the role of crop insurance, rights and 
obligations of the insured, and other operating proce
dures. 

(b) 	 defining the criteiia for rejecting plantings because of 
"imminent risks": I t the present time the insurance 
agency rejects plantigs because of "imminent risks." 
Apparently, however, the reasons for rejecting such 
plantings are not well-defined. This creates dissatisfac
tions among farmers and can be avoided by precisely 
defining the nature of "imminent risks." 

(c) informing the farmers promptly about the acceptance 
or rejection of their plantings and their right to indem
nization. After the field ispectors look over a planting 
and prepare a repoi t, farmers usually conclude that the 
planting is insured. This may oi may not be the case, 
however, since the decisior to accept oi reject a plant
ing is made in the Puebla office of the agency. Sim
ilarly, in the case of inspections at halivest time, farm. 
ers may erroneously conclude that their claim has been 
accepted when the inspector maKes no statement to 
the contrary. It is important that farmers fully under
stand how decisions are made on these matters 3nd thal 
they be advised within a few days following inspec
tions of the action taken by the insurance agency. 

(d) 	 developing a field inspection prccedure that is more 
efficient for a highly fragmented area such as Puebla. 
Farmers in Puebla have an average of about 3 culti
vated hectares distributed among three to four parcels 
that are often separated by a kilometer or more. Many 
of these parcels cannot be reached by vehicle, thus, the 
process of inspecting parcels is very laborious and 
expensive, resulting in long delays in making inspec
tions and more problems for the farmer. Because of 

delays in inspections at harvest time, for example, the 

farmer may be required to postpone cutting and shock
ing his maize and plowing the land. As a result of such 

delays, farmers may not be able to plant early with 

residual moisture the following spring. 
A proceduce similar to that uspd by the original 

mutual crop insurance associations might be a possible 

solution to this problm. Each group would name a 
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committee to inspect members' parcels and render a 
report. The agency field inspectors would make spot 
checks periodically to assure that tbr.c-mmittees w-ie 
observing the regulatiors :-f the insurance agency. A 
procedure similar to this is presently being used with 
good results by one group that receives credit from the 
Impilsora do Puebla. 

(e) 	 to coop-erate mote closely with the credit I infs and 
ihe PL, etl, Project. The bank managers and t' Ptoject 

;zardinacor saw their relations with the direc, ,cof the 
-.- p insurance agency gradually deteriorat,. during 

972 and 1973. The primary ,!ason ;or this weakened 
;:i,)tionship seems to be the quesu,',s a-k;d zy the 
:',ject staff regarding the ,poiatwe pico'lure;cf the 
nmtiance agency. Near the .rd o' 9/2 fc, example, 
', l'oject coordinator in\ teI tie bank inanag, . 2id 

the imuiance agency director t,_ wo:.'. with him in 
triding a way to modi.'y certain liocdur.-s of the 
isiua::ce agency that viere very troub!,coyne to the 

farniii',. The director of the insurance ajency, how-
ever, showed little inchnation to cooperate. The only 
accomplishment of the meeting was th3 decision to 
consider parcels separated by more than 1 km as dif-
ferent units for insurance purposes. Increased coopera- . 

tion between the agency director and the repcesent-
atives of other agricultural institutions it, Ptebla is 
essential to a more effective crop insurance program. 

THE NATIONAL MARKETING AGENCY 

The National Marketing Agency (CONASUJPO) was 
established ;n 1962 with the following objectives: (a) to 
improve rural family income through support prices for 
different aqciculttral products, (b) tumaintain reserves of 
basic foods with which to meet possible rhortages; and (c.) 
to regulate prices in consumer mrkets of basic foods to 
protect the low-income population. 

Until 1971, CONASUPO purchased maize in the Puebla 
area and stoied it in the central warehouses of the National 
Storage Agency (ANDSA). During 1968-1970, howeveg, 
CONASUPO constructed rural warehouses at 15 locations 
throughout the Project area. Since 197, CONASUPO has 
purchased maize at these warehouses without restrictions as 
to grain cole, or m.inra,m quantity pcr producer. It has 
paid the official prike of $75 20/ton f, r grain containing 14 
percent moisture or w,;s Prior to the harvest in 1973, the 
official price was incteased to $96/ton. 

The purchasing procedure of CONASUPO is relatively 
simple. An employee receives the maize from the producer 
at the warehouse, weighs it, and determines the moisture 
content. If the grain contains more than 14 percent mois
ture, its weight is adjusted to that moisture content. A sales 
slip is prepared showing the weight of grain received and its 
v,,ue. The farmer pre';ents the sales slip to the cashier and 
rece.,es his payment. 

Oile 	 problem with this procedure, vs far as farmers are 
concerned, is that the cashie, is normally present at the 
v:arehouse only 2 days per week This means that farmers 
often have to make a !:etotid trip to the warehouse in order 
iro get paid. For this r.,ason, and the inconvenience of 
t'.-ing to haul their grain to the warehouse, most farmers 
ccnitinue to bell their maize to the village grain merchant. 
The 	network of CONASUPO buyers, nonthebss, serves to 
keep the price paid b; the local buyer from talling much 
be'ow the official price. 

Table 7.3 shows .he amounts of maize purchased in 
1971-1972 and 1972-1973 at the 15 rural warehouses, as 
well as the amounts so,,,' to Local consumers. Purchases in 
these 2 years account for a small part of the total maize 
sold in the area, indicating 'hat most farmer., sold to local 
buyers. The amounts purchased in 1972-1973 were much 
lower than in 1971-1972, probably because the price 
offered by local buyers that year was above $75.20/ton, 
due to a general shortage of maize throughout the country. 

TABLE 7.3. Metric tons of maize purchased and sold by 

Conasup6 at the rural warehouses in the Puebla area. 
Name of 	 Purchases Sales 
warehouse 1971-72 197;.73 1971-72 1972-73 
Magdalena 1463 675 7.4 18.7 
Ocotitlin 141 45 
Tlaxco 6485 3606 14.9 74.9 
Coatepec 742 192 .. 56.6 
Malacatepec 191 105 .. 96.8
Benito Juirez 1077 343 .. 67.7 
Teotlalcingo 281 283 84.6 0.9 
Tlautla 2660 1932 . 13.1 
El Verde 751 73 4.5 34.3Acozautla b90 34 .- 2.6Tepeaca 3643 178 -- 210.7 
San Andr6s Cholula 1534 
Emiliano Zapata 460 29.1 
Guadalupe ZaragoLa 20 .- 4.4 
Santiago Coltzingo .. 7 . 

Total 19,558 9,053 '111.4 609.8 
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8 EVALUATION PROCEDURES
 
INTRODUCTION 

The Puebla Project was conceived as an experimental 
approach to develop and test strategies for rapidly increas-
ing yields on small land holdings of subsistence farmers. Its 
operational strategies were designed to be flexible and 

nw inormtio geeraed.subjct o smdifcaton wa
subject to modification as new information was generated.
Thus, provision was made for an evaluation unit with two 

main objectives: (a) to measure the progress made by the 
Project over time, and (b) to identify obstacles and collect 
the information needed for modifying strategies. Immediate 
feedback of this information to Project staff was a crucial 

step in developing remedial actions, 
Consideration was given to contracting an independent 

agency to make the evaluation There were two principal 

arguments in favor of this approach: (a) greater objectivity 
could be expected, as those involved in evaluation would 
have no direct personal interest in the success or failure of 
the Project, and (b) these more objective findings would 
probably carry more weight with policy makers. 

There were also two important reasons for including 
evaluation as an integral part of the Project: (a) it would 
assure a continuous feedback of information to the other 
members of the Project team, and (b) obstacles limiting 
farmer participation could be identified and studied most 
effectively by an evaluation team working side by side with 
the members of the field staff, 

After discussion of alternatives by Project members and 
advisors, evaluation was included as an integral part of the 
Project. In regard to the question of objectivity, it was felt 
that the essential conditions were objective criterid and 
adequate methodology, as in any research, 

After the harvest of the fertilizer experiments in 1967, it 
became evident that the Project would begin promoting the 
use of revised maize technology in 1968. Thus, it was 
necessary to begin immediately to: (a) es, .blish bench-
marks on yield, technology of the farmers, level of living, 
etc. for future comparisons; (b) obtain information about 
the farmers and their present level of technology for use in 
planning the action program, and (c) obtain information on 
the infrastructure of the region- fertilizer distribution, 
agricultural credit, crop insurance, and price support pro-
grams. 

COLLECTION OF EXISTING INFORMATION 

Unpublished data for 1960 were obtained from the 
Census Bureau for the municipios in the Project area. These 

data provided a general idea of the area, the number of 

families living there, the total area planted to maize and the
amount produced, and the size of the holdings. 

Agricola. The methods of data collection and yield estima

arlt produc tion andi ra. 
b yuicpo fre rcin Ge ereEconomf 
bgric. The th dacecion neld estima 

tion used by this agency were studied to determine whether 
suhdtwolprveandqaeetitonfyed 

cha This an sg ed at a o ie d 
changes. This analysis suggested that a more piecise meas
ure of yield was needed to detect minor year-to-year 
changes.

To obtain the necessary kinds of estimates of both yield
and characteristics of the farming population, a probability 
sample was chosen. This sample was used both for personal
interview surveys and for yearly estimates of maize yields. 

PERSONAL INTERVIEW SURVEYS 

Survey: 1967 

Farm operators of the Project area were the population 
of interest in this study. Because the Census lists were 8 
years old, it seemed advisable to look for an alternative 
sampling frame. An area sampling technique turned out to 
be feasible because of the availability of aerial photos taken 
just 6 months earlier. 

To keep costs at a reasonable level, a two-stage sample 
was drawn. The sample was elected as follows. Using a map 
of the region provided by the Mexican Defense Depart
ment, the Project area or was delineated. Next, 25 points 
were identified by locating coordinates with a list of ran
dom numbers These points were then transferred to the 
aerial photos and a square 5 x 5 cm was drawn with the 
point as the center This 25 cm 2 area was equal to 100 ha. 
These squares were then photographed and enlarged to a 
size which simplified identification of individual parcels and 
permitted more precise measurements of area. 

The first stage of the field work involved locating the 25 
segments and finding reference points trees, roads, gulleys
that would help to identify individual parcels. Once the 
segment boundaries were established, the next step was to 
obtain the names of those who had operated each piece of 
land in 1967. The list of names of persons farming any land 
within the segment constituted the sampling frame for the 
second stage. 



...- " Random samples of the farm. 
.. ers in tie area were inter

viewed in early 1968 and in 
mid-1971. The information 

, .. co~lected in these surveys was 
used to describe the condi
tions existing at the beginning

- and to measure the changes 
that had occurred after the 
Project had been operating 
for three years. 

The number of segments to be included in the sample Survey: 1970
 
and the number of farmers needed in each segment were
 
estimated from the variability in two sets of data: (a)
yields from the fertilizer trials plantcd throughout the area A second personal interview survey was conducted in the 
in 1967, and (b)yields measured on a sampling of farmers' summer of 1971, referred to in this report as the 1970 
fields in two municipios of the area in the fall of 1967. survey because the data corresponded to events of 1970. 
Based on these data, a 12 percent random sample was The main objectives of this study were: (a)to quantify
drawn among faimers in each segment to assure that 10 the changes occurring between 1967 and 1970, (b) to 
percent would be scheduled for interviews. A total of 251 examine factors that might have influenced these changes,
farm operators were interviewed in the 25 segments. and (c) to identify the factors that were favorable or 

Interviewers used a questionnaire that was pretested in unfavorable to the progress of the Project. Because com-
December 1967. The questionnaire was designed to obtain parisons had to be made over time, the questionnaire
information on. (a) types of farm ownership, (b) crop included the questions used in 1967, plus questions about 
production, (c) livestock production, (d) farming costs, (e) variables not previously studied. The information collected 
tools and equipment, (f) composition of family income and in 1971 was designed to serve as a new benchmark for 
its distribution, (g) crop production information at the future studies. 
farmers' disposal, (h) knowledge and use of modern agricul- Two categories of farmers were delineated in the Puebla 
tural inputs, (i) marketing of agricultural products, (j) exist- area in 1971: (a) farmers on credit lists who were organ
ing organizations, (k) demographic and cultural character- ized in groups, had received credit in 1970 from the institu
istics of the farmer and his family, ( ) lving conditiins of tions participating in the Project, and had ready access to 
the farmer ard his family, and (m)attitudes and expecta- information ibout the new maize recommendations; and 
tions of the farmers about the future of agriculture. (b) farmets not on ccedit lists who were not organized, did 

After the 1967 pretest, the questionnaire was revised, not receive credit from the participating institutions, and 
Students, principally from the National School of Agricul- had limited access to information about the new recom
ture at Chapingo, conducted the bulk of the interviews mendations. Two samples of farmers were interviewed in 
during the 6-week period from January 2 to February 15, the 1970 survey: (a) farmers on credit lists and (b) all 
1968. farmers in the area (a random sample of farmers from both 

The questionnaires were checked, and the information was the above categories), 
coded and then punched on computer cards. The caids The survey of farmers on credit lists involved astratified 
were computer processed, using specially designed programs random sample in which each stratum was made ofup 
to produce condensed tables. The card punching, pro- farmers who had received credit from one of the following:
qramminq, and processinq were done at the Statistics and the National Agricultural Credit Bank, the National Ejidal
Computation Center of the Graduate College, Chapingo. Credit Bank, the Agricultural Bank of the South, and the 
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Impulsora de Puebla. This stratified sample was used 
because it was thought that there might be significant 
differences among the characteristics of the groups of 
farmers receiving credit from the four institutions. 

The components of variance among and within the strata 
were estimated using the maize yields of farmers on credit 
lists in the 1970 season. (These yields had been estimated 
using an indirect procedure described on page 76). These 
components were used to determine the size of the sample 
necessary to estimate averages in maize yields with a 
90-percent probability. There were 213 farmers in the 
sample. 

A sample design in two stages, similar to that of 1967, 
was used for the survey of all farmers in the area. The 
components of variance among and within segments were 
estimated using the 1970 maize yields of all farmers in the 
area. The size of the sample of segments and number of 
farmers per segment were calculated using these compo-
nents of variance, together with the quotient estimated in 
1967 by dividing the avera,,e cost of identifying and taking 
a census of a segment by tho average cost of interviewing a 
farmer. The number of segments was calculated at 25, but 
was increased to 31 to provide greater precision in the 
estimates. There were seven farmers per segment. 

The sampling procedure used in 1967 assumed an unre-
stricted, random distribution of variables throughout the 
Froject area. This random selection of segments, however, 
produced a pattern in which some parts of the area were 
sampled with greater intensity than others. Between 1967 
and 1970, geographical trends in the distribution of varia-
bility were discerned in the area. These trends showed the 
assumptions of the 1967 sample to be faulty; the sample 
left large areas unrepresented, whereas other areas were 
sampled quite intensively, 

Because of the above findings, plus the high costs 
involved in taking the census of segmpnts, the following 
arbitrary scheme was developed for the first-stage sampling 
in 1970. 

Twenty-one of the segments identified in 1967 were 
used in the 1970 survey. Ten new segments were added, 
located at random in parts of the area not adequately 
covered in 1967. Information about the Project area col-
lected between 1967 and 1970 was used in delineating the 
10 nones in which the new segments were located. The new 
segments were located in the field and the individual parcels 
identified. 

A listing was made of all farmers who worked at least 
one parcel in the 31 segments. The sample of farmers was 
selected at random from these lists and interviews were 
made during the summer of 1971 by students from the 
National School of Agriculture at Chapingo, who had 
received 10 days of specialized training, 

The completed questionnaires from the sample of farm-
ers on credit lists and the sample of all farmers in the area 
Nere checked, and the information transferred to coded 
sheets. Data processing was done at the Statistics and 
Computation Center of the Graduate College, Chapingo. 

STUDIES OF AGRICULTURAL INSTITUTIONS 
AND FARM SECTOR 

Information relative to the infrastructure that had been 
collected through interviews with farmers was supplemented 
with data obtained directly from the agricultural institu
tions in special studies done in 1968 and 1973. 

The 1968 study focused on the level of services provided 
by the credit banks, crop insurance company, and the 
marketing agency. In addition, the fertilizer distribution 
network was identified by compiling a list of all persons 
who sold fertilizer in the villages of the aiea. 

The objectives of the 1973 study were. (a) to obtain a 
detailed understanding of the operating procedures and 
policies of the three official credit banks, the Impulsora de 
Puebla, and the crop insurance company; (b) to tabulate 
the amount of services provided by these institutions during 
the period 1965-1973; (c) to observe changes that had 
occurred in the operating procedures of these institutions in 
recent years; and (d) to determine to what extent such 
changes had been influenced by the Puebla Project. 

Changes in the operating procedures of the institutions, 
and the amounts of services which they provided to farm
ers, were studied by gathering information directly from 
the institutions. Interviews were held with decision-makers, 
both in the office and field, and additional information was 
obtained from their files. 

The Project farmers were interviewed ir 1973 to obtain 
a better understanding of why many farmers were not fol
lowing the Project recommendations. Among the specific 
issues covered in this study were: (a) the effect of farmer 
organizations on the adoption of the new technology, (b) 
the level of understanding by the farmers of the maize 
recommendations, and (c) the farmers' impressions of the 
efficiency of the services provided by the agricultural 
institutions. 

The farmers interviewed in 1973 were located in 10 
communities distribuled throughout the five Project zones. 
These 10 communities were selected because they appeared 
to represent the area adequately in terms of the attention 
received from the Project technical assistance agents, and 
from the agricultural service institutions in Puebla, The first 
part of the study consisted of informal visits by the inves. 
tigator to the communities over a period of 6 months to 
establish rapport with the villagers. In the second phase of 
the study a structured questionnaire was used to interview 

samples of: (a) farmers in organized groups, and (b) unorgan. 
ized farmers. The first sample included 69 farmers, 35 of 
whom were group representatives and 34 were group 
members. The sample of unorganized farmers consisted of 
29 heads of families in five communities where organized 
groups had functioned during the previous 3 or 4 years. 
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ANNUAL ESTIMATES OF MAIZE YIELDS The components of variance among segments, among 
parcels, and within parcels were calculated annually, using

A major goal of the Puebla Project was to increase the maize yields estimated in the evaluation of yields. There 
production per unit area of maize; thus, an accurate and were 25 sample segments in 1968, 36 segments in 1969 and 
continuing measurement of yields was crucial. Maize yields 1970, and 31 segments in 1971 and 1972. The number of 
ould be mcasured by selecting a random sample of fields in 

0.e area each year, with subsequent harvesting and measur-
nqnri giin yields This method required locating the fields, 

-,ctnrj the farmers (who u',ally lived some distance away 
i n(,,jhbl,)iig village), obtaining permission to harvest the 

11*.,f-',.,iy oirnple aiea, harvesting in the presence of the 
f,uiner, and retuining the grain to the farmer. All of the 
1.,ample field, had to be harvested within a brief period 

,Urm maturity of the earliest plantings to the beginning of 
h-rviwt by the farmers These considerations prompted the 

C.r.,gchfor a simpler method for estimating maize yields, 

Development of an Indirect Method 
for Estimating Yields 

In 1968, an estimation of maize yields was designed and 
conducted to provide data for developing a simple, indirect, 
reasonably precise method for estimating yields. In this 
process, the length of ear filled with grain, diameter of the 
unshucked ear at the base, and weight of grain with 12 
poicent moisture were determined for each ear in the maize 
fields included in a random sample. A prediction equation 
was developed by regressing grain yield per-ear on the 
diameter and length of the ear This prediction equation 
was used to prepar'e a table in which eai lengths were listed 
as row headings, ear diameters as column headings, with 
grain yields composing the body of the table A rapid and 
reasonably accurate estimate of yield can be made with this 
table, using measuiements of lengths and diameters of all 
ears in a sample ,tea of a maize field 

This table has been used since 1969 for making annual 
estimates of maize yields in the Pioject area. A detailed 
description of the statistical piocedures used in developing 
the regression model is given in mn unpublished paper 
(Heliodoro Diaz C , Delbeit T Myren, and Richard E. 
Lund, "Estimating Corn Yields in the Puebla Area with a 
Regression Model Based on Ear Length and Diameter"). 

Estimation of Yields of All Farmers in the Area 

An annual estimation of maize yields was made for two 
categories of farmers. (a) all farmers in the area and (b) 
farmers on credit lists. In 1971 and 1972, in addition to 
estimating yields, information was collected from the farm-
ers on the use of technology in the parcels included in the 
samples. 

A three-stage sample was used for estimating average 
yields of all farmers in the area. In the first stage, the 
segments selected for the 1967 and 1970 surveys were used. 
In the second stage, a random selection of parcels was made 
within the segments. In the third stage, five locations of 10 
lineal meters each were chosen and distributed as shown in 

Fig. 8.1. 

locations within a parcel remained constant from year to 
year. The number of parcels per segment varied func.as a 
tion of the magnitudes of the variances calculated for the 
previous season. The selection of parcels was made using a 
random systematic technique, with probability propor
tional to size; that is, a 4 ha parcel had four times as much 
probability of appearing in the sample as a 1 ha parcel. 

After the parcels had been selected, the field was sam
pled as follows. First, a coin was flipped to determine direc
tion of entry into the field. Then the number of rows was 
counted from left to right. Next, using a table of rardom 
numbers, the starting row was selected. In this row, 10 out 
of the first 20 meters were harvested, as shown in Fig. 8.1. 
Then the sampling was moved five rows to the right, pro
gressively, ur,,il a total of 50 meters had been harvested. If 
this procedure carried the sampling to the outer edge of the 
field, as shown in Fig. 8.1, the procedure was begun again 
on the opposite edge and the counting of rows was resumed 
toward the right. 

100 rn 

o 

Fig. 8.1. The diagram shows the way in which the field was 
sampled foi a total of 50 meters of harvested rows. From 
each 20 meters of row, two sections of 5 meters each were 

selected as shown. 
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In 1968, the yield estimate in each parcel was made by were selected as shown in Fig. 8.1. The number of farmers 
harvesting all the ears of maize within the 50 lineal meters. per zone in the sample was determined from variances 
From 1969 onward, the yield estimate in each parcel was calculated from estimates of yield made during the previous 
made using the indirect procedure described above. year for each zone. 

After the sites within parcels were selected, the estima. 
Estimation of Yields of Farmers on Credit Lists tion of yield was made using the indirect procedure de

scribed on page 76. 
The average maize yield of the 103 farmers who used the 

Project recommendation in 1968 was estimated from yield Comments on the Evaluation Program 
measurements made on each farm. On farms where a farmer 
used the recommendations in two or more parcels, one Some deficiencies in the operation of the evaluation pro
parcel was selected at random for sampling, gram are now apparent. As mentioned, a primary concern 

In 1969 and 1970, a random sample in three stages was of evaluation was to quantify the Project's progress, and 
used for estimating the average maize yields. In the first primary emphasis was placed on the socioeconomic surveys, 
stage, the credit groups were the populatior, and a sample the annual estimates of yield, and the use of this informa
of these groups was selected. In the second stage, a sample of tion for evaluating change. As a result, much less impor
parcels within groups was drawn from among all the parcels tance was given to identifying obstacles limiting farmer use 
in selected groups for which the farmers had received credit of the new technology and in studying means to overcome 
for using the new technology. In the third stage, sites these barriers. Thus, the Project was sometimes slow in 
within the parcels were selected according to the scheme modifying its operational strategies, particularly with 
illustrated in Fig. 8.1. respect to farmer organizations and the service institutions. 

In 1971 and 1972, the first step in estimating average This deficiency could be overcome by arranging for an 
maize yields was to divide the Project area into the five evaluation staff to receiv' assistance from highly trained 
work zones described in Chapter 5. Lists were prepared, by consultants with a broad vnderstanding of evaluation It 
zones, of all farmers on credit lists; farmers were randomly may also be necessary to increase the resources allocated to 
selected from the five lists. Among those farmers in the evaluation and to provide the staff with additional training. 
sample who received credit for using the recommendations Another evaluation deficiency related to the rate at 
on only one parcel, this parcel was chosen for sampling, which the collected and processed data was fea back to the 
Among farmers who received credit for two or more par- rest of the Project staff Data on /ield and the use of tech
cels, one parcel was selected at random. Sites within parcels nology collected each year at harvest time were generally 

'py 

An indirect method was deyl eped in 1968 for esti miat- ; ; ] "T' 

ing the average maize yield in
 
the project area just prior to
 
harvest. Measurements of tlle
 
lengths, diameters and 

weights of all cars from a
 
large number of plots were '
 

used to calculate a regression
 
equation. Using this rela
tionship, yields were estimated
 
in subsequent years by meas
uring ear lengths and diame. "
 

ters in a selected area of a " ' "
 
random sample of fields. " ' .,'
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made available within 2 months after the surveys were 
comp'leted. Information from the 1970 socioeconomic 
survey, on the other hand, was not made available to the 
staff until early 1973. This was due to a series of problems 
Melated to coding, programming, and data processing that 
'ould probably have been avoided with additional technical 
,v'si stance. 

Two methodological problems arose in evaluation; one of 
the:,e stemmed from use of the variance of maize yields as 
thr basis for estimating the sample size used in the surveys, 
S:rce the objective of the surveys was to measure many 

huacteristics of the farmer, his family, and farm, it would 
have been more appropriate to use the variance of a more 
ii.lu:,tie vaiiable, such as total family income, in estimating 
;ample size. 

A second methodological problem arose in selecting the 
segments for the 1970 survey of all farmers in the area. The 
arbitrary scheme that was followed was thought to offer a 
better representation of the Project area. This scheme, 
however, led to difficult theoretical problems in hypothesis 
testing, inasmuch as there appeared to be no appropriate 
way to estimate the variances of the statistics of the 1970 
survey. Thus, two alternatives were available for analyzing 
the changes that occurred in the area from 1967 through 

1970: (a) to consider only the 21 common segments of 
the two surveys. In this case, variance estimation would be 
easy to compute and hypothesis testing would be straight 
forward. However, the aggregated area of the 21 segments, 
rather than the total Project area, would become the 
population to which direct inferences could be made. 
Inferences about the total Project area would have to be 
guided by past experience and general knowledge; (b) to 
consider all the information collected from the 25 segments 
in 1967 and the 31 segments in 1970 in making inferences 
about the total Project area. In this case, it would not be 
appropriate to test hypotheses about population parame
ters. Again, past experience and general knowledge would 
play a role in comparing the statistics. 

It was decided to adopt the second alternative for this 
report. Thus, no variances or confidence intervals are 
presented in the chapters where data from the 1967 and 
1970 surveys are compared. 

As mentioned, methods used for selecting the segments 
used in the estimation of yields of all farmers in the area 
differed from 1968 to 1969-1970, and to 1971-1972. This 
should be taken into account in studying the yield data in 
Table 9.8. 
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FARMER ADOPTION OF MAIZE
 
9 RECOMMENDATIONS 

INTRODUCTION 

As described in Chapter 3, new recommendations on the 
production of maize were available at the beginning of 
1968, and these recommendations were modified for 
subsequent years, particularly for certain parts of the area 
and for late dates of planting. Promotion of the use of these 
recommendations was begun in 1968 with 103 farmers, 
and was extended throughout Zones I, II, III, and IV in 
1969, and to the remainder of the area in 1970. 

In general surveys in 1967 and 1970, the Project evalua-
tion team obtained information useful for estimating the 
extent to which the recommendations of the Puebla Project 
have been used by the farmers in the area. Similar informa-
tion was obtained for the 5 years from 1968 to 1972 when 
the evaluation team estimated maize yield. .iust prior to 
harvest and obtained interviews with the fd'mers whose 
fields were sampled. This chapter presents some of these 
data: (a) to show the degree to which farmers have used 
the recommendations, and (b) to compare average maize 
yields during 1967 to 1972. A final section discusses the 
influence of certain factors on farmer adoption. 

LEVEL OF ADOPTION 
OF THE MAIZE RECOMMENDATIONS 

Quantitative discussion of the level of adoption of the 
new maize recommendations is complicated by several 
factors: (a) there was an initial tendency for farmers to 
only partially adopt an individual production practice. For 
example, instead of changing from a traditional level of 
30,000 plants/ha to a recommended level ot 50,000, the 
farmer often changed to some intermediate level; (b) farm-

ers often tended to accept some recommended practices 
more readily than others; that is, they might increase their 
rate of nitrogen fertilization before changing the way they 
apply it; and (c) farmers often tended to use the new tech-
nology initially on only a portion of their land. 

Thus, the evluation of the level of adoption became a 
matter of determining the percentages of farmers who were 
using the usn recommended practices invarious differenth vrosrcomne ratcsi dfeet 

degrees at difterent times. Such evaluation in the Puebla 
area was hampered by the diversity in recommendations 
that had evolved over the years. By 1972, specific maize 

recommendations were available for 16 producing condi-

ons. Recommended rates of nirogen varied from 60 to 
130 kg/ha for rainfed maize, rates of phosphorus from 0 to 
60 kg P2 0 /ha, and plant densities from 30,000-50,000 

79 

plants/ha. The information collected for measuring adop
tion rate, however, was taken from a sample of farmers 
selected at random from the Puebla area as a whole, or 
from the five geographical zones where the technical as
sistance agents were assigned. Thus, information was not 
available for individually evaluating the level of adoption of 
the specific maize recommendations for the 16 producing 
systems. 

Lacking the above information, it was decided to estab
lish arbitrary ranges in values of the several recommended 
practices, corresponding to high, intermediate, and low 
levels of adoption and apply them to the entire project 
area. These ranges are shown in Table 9 1 The lower limits 
for high levels of adoption of nitrooen, phosphorus, and 
plant density--80 kg/ha, 30 kg/ha, and 40,000 plants/ha, 
respectively are the lowest rates of the.,e inputs that were 
being recommended in the area in 1973, except in the case 
of nitrogen, for one producing system with a very low 
production potential and a second system with plantings 
made immediately following alfalfa, .v,, in the case of 
phosphorus, for the two producing systems in Zone V for 
which no phosphoru is iecommended) (The limits be
tween high and intermediate levels of adoption were estab
lished as a function of the recommendations for unlimited 
capital (Chapter 3). Thus, many of the farmers in 
intermediate category can be conideted high adopters in 
terms of Project recommendations for limited capital.) The 
upper limits for the low levels of adoption correspond 
approximately to rates used by farmers who were making 
most intensive use of fertilizers in 1967. The phosphorus 
ranges fo Zone V are different from the rest of the area 
because phosphorus has not been recommended for that 
region since 1970. 

TABLE 9.1. Ranges in rates of nitrogen, phosphorus and 
plants per hectare corresponding to high, intermediate and 
low levels f adoption of the three pract",os. 

Phosphorus (kg/ha of P2 0 5 ) Plant density 
Level of Nitrogen For Zunes Fo- Zone (thousandsadoption (kglha) 1,11,11I,IV V* per ha) 

Low 0.50 020 -> 30 030 
Inter 51 tso 21 30 1 .50 30-40 
High >80 > 30 0 10 > 40 

* The ranges in rates of phosphorus corresponding to the three levels of 
adoption are reversed for Zone V, since phosphorus is not recom. 
mended for maize in that region. 



Most of the available information on the levels of use of 
nitrogen, phosphorus, and plant density refers to a random 
sdrnple of parcels for the Project area. In general, therefore, 
the analysis mad, here refers to the percentage of parcels 
with a certain level of adoption of the recommended prac-
:i-e;. If farmers were to use the new technology uniformly 
ORi E11their parcels, then the percentage of parcels with a 

yPen level of adoption should be similar to the percentage 
t mers with the same level of adoption. However, in the 

Iir~jct, whre the farmers had an average of slightly over 
:tier pdrcels and tended to adopt the new technology 

.,. 5ly on only a part of their land, it was expected that 
calculated in terms of parcels would be lower 

pi.rcentages calculated in terms of farmers for a given 
ii (frpto. Ths ssueypdataior 1967santated ) tnot 

.!.:n:tag(es of farmers with a high level of adoption of 
!.!H'ge ffandrhophrswi a c ig hema withperof 

iotuqes of parcels with high levels of use of the two prac-
te o c t h sand 

n hbelow 
Analsishern is amunttrmsof te aerae of 

nitrogen, phosphorus, and plants per hectare and to the 
percentages of parcels on which these practices were used at 
high, intermediate, and low levels. The available informa-
tion with respect to time of applying fertilizers, weed 
control, and insect control Was not sufficient for drawing 
conclusions about changes in farmer use of these practices. 

All Farmers in the Area 

The 1967 survey involved a random sample of all the 

farmers in the Project area. mpey,The 1970 s as well as the 
yireyield evaluionevaluationstheforfor theear.years from19681968 to1,to 1972, elveinvolvedroj fro 

a sample of all farmers in the area and another sample of 
farmers farmrs n ceditliss.(TheseThee famer wee oranied ntoon credit lists. farmers were organized into 

groups and were aided by the technical assistance agents in 

arranging for credit and in using the new technology 

properly.) The data from the sample of all farmers provide
theIn

trelmeationforatn onte lrevl of adopt ofite 
recommendations for the Prcject area and are presented first,
The use of the recommendations by the farmers on credit 

lists is discussed later. 
The average rates of nitrogen and phosphorus and 

average plant densities for maize planting. in the Puebla 
area for the period 1967-1972 are shown in Table 9.2. 

TABLE 9.2. The average amounts of nitrogen and phos-
phorus in kilograms per hectare and the average number of 
plants in thousands per hectare used in maize plantings in 
the Project area from 1967 to 1972. 

Practice 1967 1968 1969 1970 1971 1972 
increase* 

Pitrogen 34 53 83 78 129 
Phosphorus

(P2 0O5) 
14 . .. 19 30 27 93 

Plant density 31 31 33 33 34 10 

The difference between the values in 1972 and the first year with 
irformation, expressed as a percentage of the value for the first year. 

From 1967 to 1972, the average increases were: nitrogen, 
129 percent; phosphorus, 93 percent; and plants/ha, 10 
percent. The increase in nitrogen use is remarkable and 
reflects the farmers' general awareness of the need to apply 
large amounts of this fertilizer. The slightly smaller change 
in the average application of phosphorus is due in part to 
the recommendation that farmers use no phosphorus for 
maize in Zone V. 

The small change in average plant densities is believed to 
be due to one or more of the following reasons: (a) farm. 
ers are often uncertain at planting time whether they will
obtain all the fertilizer they need; they use a rate of seeding 
lower than that recommended with the idea that the maize 

will produce better at the lower plant density, should they
obtain sufficient fertilizer; (b) farmers are concerned 

about drought and believe their maize will do better, in case 
of drought, if the plant density is low; and (c) the farmers' 
major concern is in increasing their production of large ears, 

they feel this can best be achieved with plant densities 
the recommended levels. All of these reasons have acertain validity and provide an excellent example of how 

ct it an ovie ancele eame ofho 
dfls to cne toincomehfarmers n raifd 
areas to radically change their technology, and how dif
ficult it is to develop and deliver recommendations that are 
adequate for the extremely variable production and 
economic conditions of the farmers. 

The levels of adoption of the recommended rates of 
nitrogen, phosphorus and plant density can also be exam. 

ined in terms of changes in the percentages of parcels with 

high, intermediate, and low levels of use of these practices. 
Table 9.3 shows the information needed for this analysis fortepro 9717.Drn hstmtepretgso
 

prith a high leve tino the tercties
 
parcels with a high level of adoption of the three practicesincreased; whereas, the percentages of parcels with a low 
level of adoption decreased, and the percentages of parcels 
leve intionedecaed, and cntant. 
in the intermediate category remained constant. 

1972, the percentages of parcels with a high level of
adoption of each of the three practices were about equal, 
varying from 44.8 percent for nitrogen to 39.4 percent for 
patdniy 
plant density. 

From 1967 to 1972, the increase in the percentage of 
parcels with a high level of adoption of the nitrogen recom
mendation (37.4 percent) was much greater than the in
creases for the phosphorus (20.6 percent) and plant density 
(25.4 percent) recommendations. This finding again sug
gests that the farmers in the area have accepted the nitrogen 
recommendation more readily than the phosphorus and 
plant density recommendations. The 25A percent change in 
the percentage of parcels with a high level of adoption of 
the plant density recommendation indicates a greater 
acceptance of this recommendation than was suggested by 
the increase of only 10 percent in the average plant density
for all plantings in the area. 

Since there is usually a positive interaction among the 
production factors in their effects on maize yields, the 
maximum increase from a package of production practices 
is obtained when all factors are used at the recommended 
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TABLE 9.3. Percentages of parcels in the Project area with high, intermediate and low levels of adoption of the nitrogen,
phosphorus and plant density recommendations. 

Level of Year 
Practice adoption 1967 1968 1969 1970 1971 1972 Change* 

High 7.4  - 33.1 33.6 44.8 + 37.4
Nitrogen Intermediate 11.0 
 - - 14.0 15.0 14.0 + 3.0 
Low 81.6  - 52.9 51.4 41.2 - 40.4 

High 23.7 - - 38.4 44.4 44.3 + 20.6Phosphorus Intermediate 7.7  - 9.2 6.1 9.1 + 1.4 
Low 68.6 - - 52.4 49.5 46.6 - 22.0 
High - 14.0 15.8 24.9 23.8 39.4 + 25.4Plant density Intermediate - 35.2 34.0 30.8 29.0 33.9 - 1.3 
Low - 50.8 50.2 44.3 47.2 26.7 - 24.1 

* Change is the difference in the values for 1972 and the first year in which information was available. 

TABLE 9.4. Percentages of parcels in the Project area with 
all combinations of high, intermediate and low levels of 
adoption of the nitrogen and 
tions. 1967 

Levels of adoption (N=337)* 

High for both practices 4.8 
High for one; 

intermediate for the 
other 7.7 

High for one, 
low for the other 13.9 

Intermediate 
for both practices 0.3 

Intermediate for one, 
low for the uther 10.4 

Low for both 62.9 

phosphorus recommenda. 
1970 1971 1972 

(N=713) (N=214) (N=221) 

20 7 19.6 29.9 

10.5 12.2 6.8 

19.4 26.6 22.6 

1.0 0.0 0.9 

10.8 8.9 14.5 
37.6 32 7 25.3 

* N is the number of parcels in the sample, 

levels. It is enlightening, therefore, to examine the degree to 
which the nitrogen, phosphorus, and plant density recom-
mendations have been adopted simultaneously.

Information is available for 1967, 1970, 1971, and 1972 
on the percentages of parcels with all combinations of the 
three levels of adoption of the nitrogen and phosphorus
recommendations. Table 9.4 shows the percentage ci par-
cels with high levels of adoption of both nitrogen and phos-
phorus increased from 4.8 percent in 1967 to 29 9 percent
in 1972. The percentage of parcels with a low level of adop-
tion of both practices decreased during the same period by 
a larger amount, from 62.9 percent down to 25 3 percent. 

Information on the percentages of parcels with the three
levels of adoption of the nitrogen, phosphorus, and plant 
density recommendations is available for 1971 and 1972 
only. Table 9.5 shows a high level of adoption of the three 
practices on 10.4 percent of the parcels in 1972 There was 
a high level of adoption of at least two of the practices on 
41.2 percent of the parcels in the same year.

The data in Tables 9.3 through 9.5 show a relatively high 
percentage of the parcels with a high level of adoption of 

individual recommended practices, a lower percentage of 
parcels with a high level of adoption of the nitrogen and 
phosphorus recommendations, and i still lower percentage 
of the parcels with a high level of adoption of the three 
practices. This indicates that most farmers in the Puebla 
areaicesdrdtare presently not realizingU oef1t the full potential of the 
increased production that comes from using all the produc.
tion practices at the recommended levels. Clearly, the job
of adjusting and delivering adequate technology, as well as
that of inducing farmrs to use the recommended tech
nology, is very difficult, and i,: fa from being accomplished 

in the Puebla area. 

TABLE 9.5. Percentages of parcels in the Project area with 
different combinations of high, intermediate and low levels 
of adoption of the nitrogen, phosphorus and plant density 
recommendations. 

1971 1972 
Levels of adoption (N =214)* (N = 221) 

High for the three practices 3.4 10.4 
High for two; intermediate for one 6.5 11.3 

High for two; low for one 21.0 19.5 
High for one, intermediate for two 3.7 2.7 
High for one, intermediate for one; 

low for one 15.9 15.4Intermediate for the three practices 0.0 0.9
Intermediate for two, low for one 3.7 5.9 
ite r e ,tefor two 1.3 1.6 

High for one, low for two 17.3 17.6 
Intermediate for one; low for two 12.6 10.4 
Low for the three 15.9 5 9 

* N is the number of parcels in the sample. 
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Farmers on Credit Lists 	 greater than the percentage of farmers receiving credit.
This, however, does not necessarily imply that the larger 

Farme'; on credit lists receive credit for purchasing the farmers have greater access to credit. It is known, for exam. 
inputs. mainly fertilizers, required for the recommendations pie, that some farmers include the needs of other members 
,)fthe Puebla Project. The technical assistance agents of their family in their request for credit.) 
piovide information about amounts of fertilizers to apply, Table 9.7 shows the percentages of parcels of farmers on 
,Vhf'n and how to apply them, the seeding rate, and other 	 credit lists with high, intermediate, and low levels of adop

.rnmended practices. As a group, farmers on credit lists tion of the nitrogen, phosphorus, and plant density recom
,'C,,ld l.,expected to use the recommendations of the mendations. The percentages for nitrogen and phosphorus

'h, Project most efficiently. in 1971 and 1972, and the percentages for plant density for 
",able 9 6 shows the numbers of farmers on credit lists all years refer specifically to parcels for which credit was 

.aJ t,,c corresponding areas of maize for which credit was received. The percentages for nitrogen and phosphorus in 
,i'cd during the years 1968 to 1973. As noted previ- 1970 refer to all parcels of the farmers on credit lists. The 

,,,, both the numbe of farmers and the area for which differences between 1970 and 1971 in the adoption of the 
'.t ws received increased rapidly in 1969 and 1970, nitrogen and phosphorus recommendations probably over

..0 slower rate recorded for the following 3 years. In state the change in adoption occurring that year; they also 
i'13. 16.6 percent of all the farmers in the Puebla area indicate that some of the farmers on credit lists apply the 
,.
eived credit for the production of maize according to recommended practices on only a part of their parcels.
 
i, jet recommendations, representing 25.8 percent of the 
 In 1971 and 1972, about 75 to 80 percent of the parcels 
tot,l harvested area of this cereal. (Thus, the percentage of of farmers on credit lists for which credit receivedwas 
tim area for which credit was received is about 50 percent showed a high level of adoption of the nitrogen and phos

phorus recommendations; judgment of the adequacy of this 
level of adoption of the fertilizer recommendations byTABLE 9.6. The number of farmers on credit lists and the 	 farmers on credit lists should take into account that five 

,reas of maize for which credit was received in 1968-1973. technical assistance agents were assisting 5,240 farmers in 

1971 and 6,202 in 1972.
Year No. of % of Area % of In 1968, 82 percent of parcels of farmers on credit lists 

farmers total* ha total** showed a high level of adoption of the plant density recom
mendation; this figure declined to 36.1 percent in 1970 and 

1968 103 0.2 76 0.1 has remained fairly constant. The high level of use of the 
1969 2561 5.9 5838 7.3 plant density recommendation in 1968 was due to the close 
1970 4833 11.1 12601 15.8 supervision (particularly at planting time) of the 103 farm
1971 5240 12.1 14438 18.0 ers on credit lists by one full-time and one part-time tech
1972 6202 14.3 17533 21.9 nical assistance agent. The percentage drop in 1969 and 
]973 7194 16.6 20604 25.8 again in 1970 probably reflects the rapid increase in the 

number of farmers on credit lists and the resulting decline 
* Based on a total of 43,300 farmers, 	 in the assistance that could be given to each farmer. The 
** Based on a total of 80,000 ha of maize, 	 low percentage of parcels in 1970 through 1972 with a high 

level of adoption of the plant density recommendation 

TABLE 9.7. Percentages of parcels of farmers on credit lists with high, intermediate and low levels of adoption of the 
nitrogen, phosphorus and plant density recommendations. 

Level of Year
 
Practice adoption 1968 1969 1970 
 1971 1972 Change* 

High - - 51.1 72.9 75.8 24.7 
Nitrogen Intermediate - - 25.5 19.9 17.7 - 7.8 

Low - - 23.4 7.2 6.5 - 16.9 

High - - 64.4 82.3 76.6 12.2 
Phosphorus Intermediate - - 7.6 5.0 9.7 2.1 

Low - - 28.0 12.7 13.7 - 14.3 

High 82.0 55.7 36.1 29.S 37.1 - 44.9 
Plant density Intermediate 18.0 34.4 28.7 28.7 34.7 + 16.7 

Low 0.0 9.9 29.0 41.5 28.2 4 28.2 
Change is the difference in the values for 1972 and the first year in which information was available. 
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indicates the previously discussed (page 80) reluctance of the
farmers in the Puebla area to use high plant populations. 
Perhaps this reluctance is a reflection of the fact that 
information received by the farmer is imperfect, or that the 
farmers adjust the recommendations in terms of their 
perception of application to their local conditions. 

CHANGES IN AVERAGE MAIZE YIELDS 

Information on average maize yields in the Puebla area 
was available for the years 1967 through 1972. Estimations 
of yield were made directly in the field from 1968 to 1972,
using the method described in Chapter 8. Maize yields also 
were estimated for 1967 and 1970 from information col-
lected from farmers in the surveys, taking into account all 
the parcels on which the interviewed farmers grew maize. 

The average maize yields for all farmers in the area and 
for farmers on credit lists are shown in Table 9.8. Using 
1968 as a base, the changes in average yields for the fol
lowing years were calculated and are shown in the table as 
percentages. The year 1968 was used as a base, rather than
1967, because it was felt that the Puebla Project could not 
have influenced the general average for 1967 and because 
all estimations of yields were made in the same way begin-
ningin 1968. 

The average maize yields for farmers on credits lists 
(Table 9.8) varied from 3,985 kg/ha in 1968 to 2,679 kg/ha
in 1971. The high average in 1968 can be attributed to very 
favorable rainfall condition-, and to the fact that the yields
of only 103 carefully selected farmers (who received close 
supervision by the technical assistance ageats) entered into 
the calculation. The average yields of farmers on credit lists 
varied little from 1969 through 1972. 

The average maize yields for all farmers in the area have 
varied from 1,330 kg/ha in 1967 to 2,499 kg/ha in 1972. 
Comparing only the average yields for the first and the last 
years, it is seen that the average yield increased by 88 per-
cent. This, however, overestimates the real increase in maize 

=' 
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TABLE 9.8. Average maize yields* for all farmers in the 
Puebla area and for farmers on credit lists. 

All farmers Farmers on 
in the area credit lists 

Average ':change Average ,chango
yield compared yield compared

Year kg/ha to 1968 kg/ha to 1968 

1967 1330
 
1968 2140 base 3985 base
 
1969 1832 2829
-14.4 -29.0
 
1970 1962** 
 8.3 2732 -31.4
 
1971 1927 2679
9.9 32.8
 
1972 2499 -16.8 2920 267
 

* Grain with 14 moisture. The value foi 196/ wa cal 

culated from information provided by lum,. in thie 
survey; values for the other years welt c,dc!,ittd fiora 
Tfield measurements made just prior to he vest
 
aThe
average yield for 1970, calculated from th survey 

data, was 1864 kg/ha. 

yields in the area, because rainfall conditions weic much 
more favorable in 1972 than in 1967. 

In a rainfed area like Puebla, average maize yi. i'ia 
given year are determined largely by the climatic ,'omditions 
that prevail and the production technology that i used To 
estimate the effect of the new technology on avviaqe yields 
in the Puebla area, it is necessary to adjust the aveiage 
yields in Table 9.8 by eliminating the effect of climate 

Two methods have been used to estimate the percent 
increase in average maize yields of all farmers in the aiea 
due to use of the production practices recommended by the 

Average maize yields for [lie 
project area were adjusted for 
the effects of climate using 
yield data from fertili/er rate 

t experiments conducted each 
Vl year inthe area. The yields of 

t plots receiving a uniform 
- treatment in the several c\

periments conducted each 
year were averaged, and the 

., . variation in these yearly aver

ages was assumed to be dueto climatic differences. 



TABLE 9.9. An estimation of the increase in average maize yields in the Puebla area due to the use of the recommended 
production practices, in which the effect of climate is calculated from experimental data. 

(a) 
Average 

(b) 
Estimation of the 

Year 
yield for 

all farmer 
effect of climate 

(%change 
kg/ha compared to 

1968)* 

1967 1330 
1968 2140 

1969 1832 -18 

1970 1962 .15 

1971 1927 -21 

1972 2499 -6 

(c) 
Estimated yields 

assuming no 
change due to 

new technology** 
kg/ha 

2140 


1755 


1819 


1691 


2011 


(d) 
Differences in 
yield in kg/ha
attributable to 
new technology 

(a-c) 

(e) 
%increase in 

average yields
attributable to 
new technology

d 100) 

0 

+ 77 

+143 

+236 

4488 

4.4 

7.9 

14.0 

24.2 

* These percentages were calculated from the average yields obtained in the field experiments with the treatment consisting 
of 50 kg/ha of nitrogen, 25 kg/ha of P2 05 and 30 thousand plants per hebtare.
 
2140+(the value in column b) (2140), where 2140 is the average yield in 1968.
 

Puebla Project. The first of these involves the use of yield 
data from the fertilizei tate experiments conducted each 
year in the Project area Data were available ftom 8 to 12 
experiments in each of the yeis fiom 1968 to 1972. 
Averaqe yields wete calculated for the plots in the several 
experiments ieceivtng 50 kg/ha N, 25 kg/ha P-O,, and 
30,000 plants/hi (This treatment was used because it 
produced avvtage yieldb stimlai to those fot all faimers in 
the area Sin e an inteiaction can be expected between 
production level and .himatic effects, it was desirable that 
the average level, of pioduction of the,,elected treatment 
and all the fatnmei be simil,it ) The changes in these avetage 
yields with iespet to 1968 weie calculated foi the years 
1969-1972 Shown in column b, Tahle 9 9, these changes, 
expressed as peicentage,, ate e'stimiations of the effect of 
climate. These petwentages wete multiplied by the average 
yield in 1968 to obtain the diffetences in yield due to 
climatic effects Then, the diffet ences in yield due to ch 
mate wee added to thwave,,ge yield in 1968 to obtain the 
avetage annual yields una fected by the now technology, as 
shown in cohlmn c, Table 9 9 

The diffetences between the avetage yields for all farm-
ers and the estimtd yield', a,&suming no effect cf the new 
technology wete con,ded to he the effects attributable to 
the use of the new technology These hiffetences are shown 
as percentages in column e, Table 9 9 

As shown in Table 9 9. estnated mncieases in average 
yields of all farmeis in the ,iea varied fiom 4 4 percent in 
1969 to 24 2 peicent in 1972 This method for adjusting 
average yields fot the effect of climate has obvious dfi-
ciencies The numbe of expetiments that provided the data 
for this calculation was too small to sample the area ad. 
equately Also, these experiments were not distributed ovet 
the Project area so as to give proper weight to the 16 pro-
ducing systems. 
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The second- method for adjusting average yields for the 
effect of climate used the information obtained in tha 
objective yield measurements of samples of farmers on 
credit lists It was asumed that those farmers on credit lists 
with yields in the upper third of the sample had used the 
recommended technology quite adequately, and that this, 
level of use of the technology had been reasonably constant 
over the yeats It was fuithei assumed that (for a given 
year, using 1968 as a base) the change in the average yield 
for the uppei thud of faimeis on credit lists was a measure 
of the relative favotableness of the ch,nate for that year 

This method was used to estimate the effects of climate 
for the years 1969 1972 with the results shown in column 
b, Table 9 10 Data fot faimers on credit lists in Zone V 
were not included in this calculation, because the Puebla 
Project did ,;ot begin to piomote the use of new technology 
in that region until 1970 The estimated combined effects 
of climate and usp of the new technology (Table 9 8) are 
tepioduced a peicentages in column c, Table 9.10. The 
peicentage incieases in yield with respect to 1968 at
tributable to the use of the rpcommended practices, shown 
in column d of Table 9 10, wete calculated by subtracting 
the effect of climate, (column b) from the combined effects 
of climate and technology (column c). The estimated 
increases in yield due to use of the new technology (column 
f) weie calculated by multiplying the percentage increases 
in column d by the average maize yield in 1968. The aver
age yields without the new technology were estimated 
(column g) by subtracting the increases in column f from 
the average yields for the area in column e. The increases in 
yield due to the new technology, expressed as a percentage 
of the average yields without the technology, are shown in 
column h. 

According to this second method of adjusting avera;e 
yields for the effect of climate, estimated increases in aver



TABLE 9.10. An estimation of the increase in average maize yields in the Puebla area due to the use of the recommended
 
production practices, in which the effect of climate is calculated from the maize yields of farmers on credit lists.
 

(a) (b) (c) (d) (h 
Average yield Estimation of Estimation of the * "slmation of (e) (f) () iitcreaw iII aetage
of the upper the effect of effect of climate the effic t of , iqt ' i' "i aisI,'i sttilta i, Itlt tied a retage , ittlibutable

1/3 of farmers climate plus technology technrology (L b) vit iI I ue to lild withot the Ito te,i id i' liology
on credit lists ( change ( change ( cha ge it, t o 1in I ' I, linol,htv ' f) fYear kg/ha compared to 1968) compared to 1968 )' compared to l9rb) kg ha kq ha kg ha ( 100) 

4
 
1968 4965 base base 
 0 2110
 
1969 4090 144 18 ?
176 3 2 Ct, 11,4 39
 
1970 4085 177 83 * 94 .0'
19,2 17(1 11 4
 
1971 4043 186 99 . 87 1927 
 It I'.ll 107 
1972 4097 177 * 168 34 5 2499 73tb 1"61 41 9 

• FromTable 9 8
 
•* Percentage inColumn (d) multiplied by the average yield in 1968
 

age yields of all farmers in the area varied from 3.9 percent eacIh system was adequately sampled It should be possible 
in 1969 to 41.9 percent in 1972. This method also has at a-later date (once the limits of the pioducing systems

obvious limitations. The average use of the new technology were defin,: 1) to reduce the numbe of sites to those neces;
by the upper third of farmers on credit lists may have been sary, based on the vatilabIlity aimong altes '11d tile level of
 
higher in 1968, than in other years. Or, stated ino, e general- precision desited Annul diffierice,, in the lvviage yields
 
ly, there is no empirical basis for assuming tl-.t the use for of the tteatment houlil
of each piiVIle I teitble esti
technology by the upper third of 
 farmers cn credit lists mate of the effects of chmiate
 
was reasonably constant. It is also possible that the upper FACTORS INFLUENCINGTHE ADOPTION
 
third of farmers on credit lists does not provide a repre
sentative sample of the producing conditions in the Puebla OF THE MAIZE RECOMMENDATIONS
 
area. Som e iform aton e , tt, dopton of th e m 'e recom
 

The two methods for estimating the increases in maize Se informa the ifl unii the cie r in
 
yields attributable to the use of the new technology give (Table 9.6), suggets t nure ing 19 ( 1970l ld
fit 

similar percentages for 1969, 1970, and 1971, but differ ablew96) sugget itle 
 nd 7 
markedly for 1972. It is probably reasonable to assume that a oewh e rae fvtrthe ye , thutiorma
 
the true percentage increase in average yields due to the n on th .ivea 


rae net '' Th arid 

n 9 t i tt to the
 
new technology is somewhere near the average of the values hand, indicates an ccelcbler a9t of ilopton itt 1972
 
obtained with the two methods. This calculation would and nd te ava cele ra td t f iepton ab197 o
 

suggest that average maize yields in the Puebla area prob- Based
concludeon the avaiablehas,hnfotntlon,been it tnetioniblethat thei e em toi,tl faly collltmuil iate of 
ably increased through the use of improved technology by increase in the ume of the Project reominendtion,, since 
about 30 percent fiom 1967 to 1972. 1969 

The above efforts to adjust average maize yields for the This increase in the use of the ew nIlZe tUlhnoloot h.as 

effect of climate indicate the need for a project to develop produced an increase in average maize yields that has been 
plans from the outset for collecting the data required for estimated to be around 30 percent ovei the 4 year period
such an adjustment Experience in the Puebla Project sug- 1969-1972, or about 7 5 percent per yeai Theie seem to be 
gests that the necesary data can be generated by making no valid yardsticks for judging whether this is a reasonable 
simple plantings, consisting of three plots managed at low, rate of progress for a iainfed area with a moderate level of 
medium, and high production levels, at sites distributed agronomic risk. It is evident, however, that many farmer at 
throughout the Project area. The number of sites required the t:nd of 1972 were not 'iing the recommendations (41
would be determined as a function of the variability among percent of parcel with a ;ow level of adoption of the 
sites, and these would be located aequately to sample the nitrogen recommendation, 'fable 9 3), and others were only
different producing systems in the Project area. The same using them partially (75 percent of parcels with a low level 
general sites (but not the exact site) and plot treatments of adoption of one or more of the three main practices,
would be used each year. If sufficient information were not Table 9.5). Thus, it seems appropriate to ask why the rate 
available the first ycar to accurately establish the limits of of adoption has not been faster and to examine some of the 
the several producing systems, the number of sites should reasons farmers have continued to use their traditional 
be increases initially by perhaps 00 percent to assure that practices. 
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maize) had estimated average maize yields using the tradi-Availability of Information 
tional technology of: 2.05 ton/ha (1.1.1); 2.15 ton/ha 

In promoting the use of the Pioject's new recommend-

ations. the technical assistance agents also told the farmers 

how to apply them; what they would cost to use; the 

-.xpected increases in production and net income from their 

' in good, average, and poor years; and the importance of 

,q each practice at the recommended havel. It was as-

W.iird that the farmers (particularly those who provide the 

.,>;,.ehip for the community) would require full knowl-

v<'j nev ,echnology to make accurate appraisals., of the 
hi examining the extent to which information on the 

':t recommendations has been disseminated through-

,it ho Puebla area, it is important to distinguish be-
,.,,eer (a) a simple understanding of what the recom-

2,,:dlationsare and (b) full knowledge of how to use them 

.d of the expected returns in terms of increased produc-

tion and net income, 
Relevant data on farmers' knowledge of the recom-

inendations was collected in 1973, in a study of farmers not 

on credit lists in five communities where groups of farmers 

organized by the Puebla Project had functioned for 3 or 4 

years. Of the 29 farmers interviewed, 26 (90 percent) had 

heard of the maize recommendations of the Puebla Project. 

Only 15 (52 percent) of the 29 farmers, however, were 

convinced that the use of the maize recommendations 

would result in higher yields. 

These data suggest that by 1973 must of the farmers in 

the Puebla area had heard of the new maize recommenda-

tions. A much smaller percentage, however, perhaps around 

50 percent, had received information sufficient to persuade 

them that the new technology would increase yields. The 

low level of use of one or more of the three main practices 

on 75 percent of the parcels in 1972 (Table 9.5) suggests 

that perhaps 25 percent or less of the farmers understood 

the more complex aspects of the new technology, such as 

the importance of using all of the recommended practices 

at the recommended levels. Clearly, the Project recom-

mendations have not been completely understood by the 
farmers, thus preventing their full realization of the poten-

tial benefits of the new technology. 

Adequacy of the New Technology 

Another interpretation can be made regarding the 48 

percent of the farmers in the 1973 survey who were not 

convinced of the usefulness of Project recommendations: 

that rather than an indication of the lack of adequate 

information, it could be that the new technology is, in fact, 

not superior to the traditional practices. Certainly, lack of 

adequate technology has been a notable weakness of many 

programs seeking to improve agricultural production in 

rainfed areas. 
The adequacy of the maize recommendations of the 

Puebla Project was examined ,a some detail in Chapter 3. 

Table 3.11 shows that prod-icing systems 1.1.1, 2.1.1, and 

3 (which account for 53 percent of the cultivated area in 

(2.1.1); and 2.56 ton/ha (3). The estimated average yields 

using the Project recommendations for unlimited capital 

were 3.80 ton/ha (1.1.1); 3.87 ton/ha (2.1.1); and 3.64 

ton/ha (3). For the entire Project area, the estimated aver

age yields were 2.05 ton/ha using traditional practices and 

3.13 ton/ha using the Project recommendations for unlim

ited capital. 
The estimated net incomes from using the traditional 

and Puebla Project technologies, expressed in kg/ha of 

maize, are shown in Table 3.13. The estimated net incomes 

using the two Project recommendations are larger than the 

estimated net incomes using the traditional practices in 

each of the 16 producing systems. For the entire area, the 

estimated net incomes using the Project recommendations 

were 51 percent greater for limited capital and 95 percent 

greater for unlimited capital, as compared to the estimated 

net incomes using the traditional practices. 

Another indication of the adequacy of the Project 

recommendations is that most farmers, after they have used 

the new technology, apparently continue to use it in the 

following years. This is a reasonable conclusion to draw 

from the findings that both the level of use of the recom

mendations and the average maize yield in the area have 

increased at a fairly constant rate during the period 

1969-1972. Had a significant proportion of the farmers in 

the area realized lower net incomes because of inadequacy 

of the new technology, it seems reasonable that the use of 

the recomendations and the average yields would have 

leveled off or declined by 1972. 

Risk in Using the New Technology 

In a rainfed area such as Puebla it can be argued that the 

average expected increases in yield and net income from the 

use of the new technology are not as important to the 

farmer as is the probability that net income using the 
Project recommendations may be less than with the tradi

tional practices in some years. It seems reasonable that the 

major concern of many low-income farmers is to assure an 

adequate food supply in very unfavorable years; i.e., their 

first concern is in maximizing the probability of covering 

family needs in poor years, rather than maximizing average 

yields and net income. 
To the extent that this sort of decision-making occurs, it 

can be expected that small farmers will accept or reject the 

new technology in terms of their perception of how it will 

influence their net income in an unfavorable year. Although 

the Project did not directly measure farmers' perceptions of 

the risk involved in adopting the new technology, some 

appreciation of the importance of such risk can be obtained 

from information collected during the 6-year period 

1967-1972. 
As described in Chapter 3, net incomes from the use of 

several production strategies were calculated from the 

results obtained in 125 fertilizer rate-plant density experi
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ments conducted during 1967-1972. These net incomes 
were used to estimate the risks farmers take in using the 
several technologies. Risk was defined arbitrarily as the 
standardized probability of obtaining an increase in net 
income from the use of agiven technology equal or inferior 
in value to. (a) 0.5 ton/ha of maize grain or (b) 0 ton/ha 
of maize grain. 

As shown in Table 3 14 for traditional technology, risk 
defined as the probability of a net income of 0 5 ton/ha or 

less, was nearly four times as great in producing system 
1.1.1.; three times as gieat in ystem 2 1 1,and 32 percent 
greater in the entire area as compared with that using 
recommendations for unlimited capital When defined as 

the probability of a net income of 0 toii/ha or less, iisks 

using the traditional practices were nearly three times as 
great in producing system I I I, twice as great in system 
2.1.1, and about 4 per cent less for the entire area as 

compared with that of using Project recommendations foi 
unlimited capital, 

Comparison of net incomes and risks using Project 

recommendations for unlimited capital and those for tradi 

tional practices suggests several observations about the 

relative risks involved (a) for average and favorable years 

there is a high probability of an attractive income from 

using either technology, the expected net income is nearly 

twice as large with the Project recommendations as with 

traditional practices, (b) for less favorable years, the value 
of the net income will be equal to or less than 0 5 ton/ha 

of maize in many instances, the probability of thewe low 

incomes is much higher with the traditional than with the 

recommended technology, (c) for the least favorable years, 

net incomes less than zero can be expected the probability 

of net losses is similar for the two technologies, and (d) net 

incomes using the traditional technology are sometimes (12 

percent of the experiments during . 967-72) larger than the 
Project reconimerdations. Based on the available informa-

tion it appears that farmers, as a whole, would assume less 
risk by using the Project recommendations than by using 

the traditional technology. There are instances, nonetheless, 
where farmers will lower their net incomes by switchtng 

from the traditional to the new technology. Hopefufly, the 

frequency of these latter situations can be gradually re-

duced as agronomic knowledge of the area is improved, 

It seems quite likely that the above evaluation of the 
significance of risk differs from farmers' perception of the 
risk involved in using the new technology. The results 
farmers have obtained from using the Project recommenda-
tions have been less favorable than those reported in the 

experiments, which can be attributed to failure to use the 

recommendations fully, as discussed earlier. The farmersof casesa higher percentage
have probably encountered 

(higher than the 12 percent cited previously) where the 
Project recommendations have been less profitable than the 
traditional practices. Also, the experience of the farmers 
extends over a much longer span of years than the period 
covered in this study, and almost certainly includes years 
less favorable than any of those of the 1967-1972 period. It 

seems reasonable to conclude that a certain percentage of 
the farmers in the area, perhaps one-fourth, now feel that a 
change from the traditional to the new technology would 
mean a reduction in net income from their maize in the less 
favorable years. 

Availability of Credit 

As can be calculated from tile information ti Table 3.10, 
the average cost involved in using the Ptoje( t recommenda
tions for limited capital is 19 percent gleater than for the 
traditionil technology, the avetage ccst of the recom

mendations for unlimited capital is 82 poecut gieater than 
for the traditional technoloq Ac(oidiiirj to the data col
lected in the arci, only about 1 ) peicent of the farmers 
have ',ufficient personal fund' to pu.ha a' the inputs re 
quirerd by the Project re(ommend,iatiun, 'lhi, in de'iding 

whether to use the new technology, tho jiveater feitili:er 

cost and the nece'',,ty for (redit to covei thr. expense is a 

major consideiation foi mot fimers 
The di.,uyaon of the iledit in,,ttution'., i Chiapter 7 

suggests that the supply of ciedit vailal,e through the 

official bank, foi ma.i prodw tion ha',. been equal to or 

greater than the dernand tin Ii,o'it ymal' A studv of 29 

farmers not on credit lit', from fVe orMmuliti, n the 

Puebla area in 197!) ilidh(,ited tht theie weie two main 
i easons why moio faim'rs, did not i(qie.t tiedit horn one 

of the official bink', (a) 15 of the flmii s (52 pie, ent) 

feared that they vould not III able to pay bck thlo,ill 

they were particularly concerned about the posllubliltv ,fan 

unfavorable year, and about then IJ, of udet,'tinding of 

the whole process of obtaining ciedit, 111d (h) vven of the 

farmeis (24 peicent) weie iepelled Ibythe unlter of ,, 
queates they had to meet to quahlfy fo 1 l II tlucy we'Ie 
particularly bothered by havi g to 1my ,pleu ici,"fi (lop 

insurance that they felt piovli'd no ieil pi (li,n 
From the standpoint of th' tfru'e it Ipe l,,that the 

lack of satisfactory acess to v,,labhle cillit v l11111g1i'. 

adoption of the Project recomiendltic', ,lpitig 

evidence for this conclusion w, pieeuted in (hal.toi 7 the 

demand for credit fiom the lmpulsoia (it'ubtl- wi'! n-M 

be arranged foi vniy %implyand without ciop i,,i ,,,-,hao' 
been far gieater than the supply Hopefully li:', (obstacle 
can be overcome, both through favorable chumrie Ill tie 

credit institutions and by increasing falmer,,' .nowledge of 
the operation of the banks and the adequacy of the iecom 
mendations. 

Farmer organizations 

Recognizing the farmers' credit needs for the purchase 
of fertilizers, as well as the difficulties individual farmers 
have in securing loans from the banks, the Project team 
began in 1969 to assist small farmers to organize anu wuli, 
together as organized groups. This activity of the Project 
team has been viewed as an essential part of the operational 
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strategy of an agricultural program where the ratio of small 

farmers to technical assistance agents is very large. This 

emphasis on farmer organization has in-reased the number 

of farmers i'i the area who have been able to obtain credit 

(or maize production. The questions be asked, how-can 

cv,r: Are the requirements for becoming members of a 

i,,np too difficult" Would adoption of the Project recom-

.,ations increase if such requirements were less restric-

j:fformation relating to these question%was collected in 

in interviews with 69 farmers belonging to 35 groups 

r:t,.td throughout the area. Approximately 65 percent 

formers indicated that the only requirement for 

a member of their group was that the candidate 

*i->; 

'9 
I,-er,tersponsible person who fulfilled his obliga-

. 20 percent of those interviewed indicated that\ht 

,,.,ild., '. had to deposit some piece of property with the 

.,pir...cnriAtve of thc group guarantee that they wouldto 
.c, the loan at the end of the year. This latter require-py h 

ncnt at first appeared restrictive. However, investigation 

I ve'led that it wa!, necessary only that the candidate, if 

:ontidered to be honest and responsible, sign a contract 

with the group in which he agreed to repay the loan at the 

(,nd of the year. 
Clearly, tho:,e farmers who are judged by their neighbors 

to be dishonest and irresponsible are unlikely to become 

members of the farmer organizations. Apart from these, 

no clear evidence that the requirementshowever, there was 
for membership in the groups constitute a factor limiting 

farmer adoption of the maize recommendations. 

Other Factors 

Characteristics of the farmer, his family, and his land 

(such as level of education, size of the family, number of 

members of the family that work, family capital resources, 

farm size, quality of the land, etc.) probably influence the 
riot adopt the Project recom.farmer's decision to adopt or 


mendations. With the information 
 available it was not 

possible to determine the importance of the first four of 

these factors on adoption. 
The 1970 survey data, however, were used to study the 

influence of farm size on farmer use of the maize recom. 

mendations. The amount of nitrogen used by the 50 

percent of the farmers with the largest farms was compared 

with the amount used by the 50 percent of the farmers 

with the smallest farms. On the average, the farmers with 

the larger holdings used 41 percent more nitrogen per 

hectare than the farmers with the smaller holdings. 

Quality of land almost certainly influences the adoption 

of new technology. Farmers recognize differences in the 

potential of lands to produce and are mre likely to use 

expensive technology on land with high-yielding potential. 

It was not possible to study this factor in Puebla as infor

mation on land quality of the sampled individual holdings 

was not available. 
Other factors which often influence the adoption of new 

technology are the relationships between input costs and 

product prices, availability of inputs, and the network of 

roads in the project area. 

Obviously, the more favorable the relationship between 

maize prices and fertilizer costs in Puebla, the more likely 

that farmers will adopt Project recommendations. It seems 

however, that prices have been an importantunlikely, 
factor restricting farmer use of the new technology. The 

relative prices of maize and fertilizers have remained fairly 

constant during the 1968-1972 period. Approximately 4 kg 

of maize remained equal in value to I kg N; and 3 kg maize 

to I kg P2 0 5 . As noted in Chapter 3, net income from the 

use of fertilizers is quite favorable in most of the producing 

systems in the area, with this price relationship. 

Fertilizers were sold in some 46 towns and villages in the 

area during the early years of the Project. Since 1971, most 

fertilizers have been distributed through the official bank. 

and franchised dealers in six major towns. In most in
to purchase thestances, however, farmers have been able 

quantities of fertilizers they need. On occasion, however, 

they have had to wait several weeks for fertilizer deliveries 

and have not always been able to buy the materials they 

prefer. Difficulties in purchasing fertilizers have probably 

had some influence on the adoption of the maize recom

(a) were lukewarmmendations, because: farmers who 


about the use of fertilizers, have decided to use less ferti.
 

lizer in the face of inconveniences in procurement, (b)
 

those who have been unable to purchase fertilizers prior to
 

planting have, at times, reduced their rate of seeding and
 

thus have obtained lower returns from tne fertilizers; and
 

(c) those who have received and aprlied fertilizers later 

than recommended have sometimes been disappointed with 

the results. 

Difficulties in transporting fertilizers and produce have 

probably not influenced the rate of adoption of the Project 

recommendations. As mentioned in Chapter 1, there is an 

adequate system of roads in the Puebla area. 

10 

The organizing of farmers into groups has helped to In. 

crease the number of small farmers thAt have been able to 

use project recommendations. 
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-------

IMPACT OF INCREASEO PRODUCTION ON
1 0 INCOME, EMPLOYMENT, GENERAL WELFARE
 

INTRODUCTION 

The objectives of the Puebla Project have been stated in 
terms of prodaction, not because the primary concern was 

in producing more maize, but because higher yields of 

maize appeared to be an important first step in increasing 

net inccme that, in turn, would provide farmers with new 
opportunities to improve their qeneral welfare 

Empirical evidence indicates that there is an abundant 
labor supply in the rural areas of Puebla. Emphasis, there 

fore, has been on developing and promoting new tech

nologies that can be used effectively with animal drawn 
equipment and hand labor, and that will tend to increase 

the level of employment. 
Data from the surveys in 1967 and 1970 are compared 

in this chapter to show changes in income, employment, 

and other factors intiuencing the welfare of the farmer, 

during the first three years of the Project 

The average total family income 2 for all farmers in the 

Project area was $666 80 in 1967 and $825.523 in 1970. 

The increase in real income over the three year period was 

23.8 percent 

The contributions of four components to the total fai-

ily income, expressed as peremntages, are shown in Table 

1. As dis( .ise(l in Chapter 8, page 78, tile segments used 
-in the 1970 survey did not represent a rindom sampling of 

the I'roje t area. 'Ihus it is rot possible to test hypotheses 

about (hanges in population parameters that might have 

octurred between I(7 - 1970. The information presented 
in this (hapter is intended to induat the direc tion of 
change, rather than the magnitude of (hange 

2, The following ( n epts were ( onsidered in calculating 

the total fmiuly intonre (I) valtie of crop production, (2) 
value of the (hange in inventory of animals, (3) value ot 

animal produ ts, (4) family intome from off-farm work, (5) 
miscellaneous inconme, (b) (osts of crop production, (7) 
costs of animal proluttion, and (8) csts of hired labor. 

3. The average total lamily inome in 1970 was $913.84. 
This income was deflated, taking 1967 as the base, using 
the price index of Mexico City (1970=1 10.7) as reported by 
"Indicadores Economicos", Gerencia de lnvestigaciones 
Economicas. Banco de Mexico, S.A. Vol. 1, Dec. 1972. All 

Incomes mentioned in this chapter have been adjusted to 

1967 values. 

10.1. The percentage of the total family income derived 
from crop production of all farmers in the area increased 
from 30.4 percent in 1967 to 35 5 percent in 1970. The 
percentage of the total income generated from animal 

production remained almost constant during this period. 
The relative contribution of off-farm income declined from 

40.7 percent in 1967 to 27 7 percent in 1970 
The average family net income from crop production 

increased from $202.57 in 1967 to $293 06 in 1970, or by 
44.7 percent The vailable information indicates that this 

increase lin average net income from crop production was 
due to n increase in verge net income per hectare. The 

gross inome per he.taie horn 1,11e production (grai plus 

stalks) increaed by 44.7 peicent from 1967 to 1970, while 
the gross. income from other crops m reased by 41 0 per

cent." The large nrcreasr, in gros. income torn other crops 

may have been due in pait to a 'hilt from maize to higher 

value crops by those fatimers who ha,,e some irrigation 

facilities, and by a tendency foi farmers who are using the 
new maize technology to increase their rates of fertilization 

of other crops. 

TABLE 10.1. The percentage contribution of four com

ponents to the tot-l farm family income. 

1970 
All Farmer on 

Component 1967 farmers credit lists 

Net income from crops* 30 4 35 5 51.8
 

Net income from animals 28.4 30 0 16.1
 

Off-farm income 40 7 27.7 27.1
 

Miscellaneous income*k 0 5 6.8 5.0
 
..... 

The value of the grain and stalks of maize accounted for 

60.9' of the gross income from crops of all farmers in 

1967 and 61.5 in 1970, it accounted for 79 6 , of the 

gross crop income of farmers on credit lists in 1970. 
*" This component includes income from the rental of 

machinery, implements and work animals, sale of irriga

tion water, gifts, -nd capital gains 

,4. Mai/sc,(ounted for 7 1.0 percent of the tultivated area 

in 197(0 and 61.5 percent of the total value.of crop produc
tion. 
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The 30 percent of the total family income derived from 

animal production in 1970 was unequally distributed 

among the farmers in the area. Gross income from milk 
(94.4 	 percent of which was sold) accounted for 66.5 per-

of the total gross income from animal products and(ent 
the change in inventory of animals. Forty-two percent of 

the gross income from milk went to a single family and 81 

rercent went to four families. Gross income from eggs 
11.7 	 percent of which were sold) accounted for only 2 
,,prent of the total gross income from animal production. 

fis mentioned in earlier chapters, "farmers on credit 

the 	 inputs needed to follow the 
z" rpfers to the farmers orqanized in groups who receive 

:ednt for purchasing 

r,.,rnmendations of the Puebla Project. The average total 

mijldy income for this category of farmers was $771.20 in 

1970. about 6.6 percent less than the average for all farmers 

in the area. 
Table 10.1 shows that the composition of the income of 

farmers on credit lists differs from that of all farmers in the 

area, mainly in that a larger percentage of the income of the 

credit-listed farmers is derive . from crop production with a 

smaller income percentage from animal production. In 

1970, for example, the average family net income from 

crops was $399.48 for farmers on credit lists compared 

with $293.06 for all farmers in the area. The average gross 

income from mill. production in 1970 was $53.42 for farm-

ers on credit lists versus $253.00 for all farmers in the area. 

The 	 value of the milk production of the largest single 

producer in the credit-list category was $2,308; for the all-

farmers category the comparable value was $25,344. 
Perhaps of greater significance than the change in the 

average total family income is the decrease in the percent-

age of families with very low incomes. Table 10.2 shows the 

distribution of family incomes among five income ranges in 

1967 and 1970. From this information it is seen that the 

percentage of all families in the lowest income category 

decreased from 55.8 percent in 1967 to 43.5 percent in 

1970. These results show that many families in the income 

category of $400 or less realized increases in income during 

the three year period.
OWN, 

Tle average total family income for all farmers In the Proj-
ect area increased from $666.80 in 1967 to $825.52 in 
1970. Farmers are using this higher income both for home 
improvements and production investment. Some are begin. 
ning small animal production enterprises.such as this hog 

unit. 

TABLE 10.2. Distribution of annual family incomes 
among five ranges in 1967 and 1970. 

Ranges in 1967 1970* 
%of famiesannual 00 % 

of all of farmersfamily of all 
income families families on credit lists 

(N=251) (N=239) (N=213) 

400 or less 55.8 43.5 39.9 
401 to 600 12.3 20.1 17.4 
601 to 1000 16.3 18.0 18.818.81 to 000 1.0 1.3 

.1000 	o more .6 .1 

2000 _ormore_5.6_7.1_5.1 

* Family incomes in 1970 were adjusted to 1967 prices. 

CHANGES IN EMPLOYMENT 

There is a high level of unemployment and under

employment in most rural areas of Mexico due to the: (a) 

rapid growth in population, (b) low productivity of the 

traditional agriculture, and (c) small number of job op

portunities outside of agriculture. The Puebla Project has 

worked to increase the level of employment by developing 

and promoting a new Lechnology for maize production that 

requires more labor per hectare and enables the farmers to 

increase their net inccme. It is hoped that higher incomes 

will permit farmers to gradually build up capital reserves 

that can be used to :ncrease the productive capacity of their 

resources. If farmers invest this canital in activities that 

increase the use of labor, such as a shift from maize to 

alfalfa or vegetable crop production, the effect on employ

ment, catalyzed by the Puebla Project, should be much 

greater than the initial effect resulting from the use of the 

new maize technology. 5 

Table 10.3 shows the labor requirements for producing 

one hecta;fn of maize using the traditional practices and the 

requirements for the practices recommended by the Puebla 

Project. The average number of man-days required to 
produce one hectare of maize is increased from 40.6 man
days to 52.7 man-days, or by 30 percent, when a change is 

made from the traditional to the new technology. The 

higher labor requirements of the new technology occur at 

planting, at the second cultivation, and at harvest. 

5. There is no clear indication in the Puebla area that new 
capital from the use of the improved maize technology will 

be invested so as to increase employment. on the one hand, 
there is a tendency to slowly diversify land use in the small 
areas where irrigation is available. On the other hand, there 

are cases where farmers have purchased animal-drawn 

implements, such as cultivators, planters, and fertilizer 
distributors, that reduce labor requirements. The main 
justification for Increasing the use of laborsaving farming 
implements is that farm labor becomes scarce at times of 

peak demand - at planting, time of fertilizing, and at 

harvest. 
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TABLE 10.3. Labor requirements for growing one hectare 
of maize using traditional and recommended practires. 

Planting using 

Traditional recommendations 
planting Puebla Project 

Activity man days man days 

Land preparation in fall 

Plowing 30 30 

Smoothing 04 04 


Second land preparation 
Plowing 3.2 3.2 
Smoothing 0 4 04 

Third land piaparation 
Plowing 1.8 1.8 
Smoothing 0.3 03 

Planting 

Rowing out 1.7 1.7
 
Planting 2.6 4.2 

Fertilizing - 18 


First cultivation 
Cultivating 1.7 1 7 
Fertilizing 0.8
 
Uncovenng plants 2.1 2.5 


Second cultivation 

Cultivating 1.8 1.8 
Fertilizing 0.4 2.4 

Straightening plants 1.8 1.8 


Harvest 
Cutting the stalks 2.0 3 3 

Shocking the stalks 1.6 2.2 

Shucking the ears 8.6 12.0 
Shelling the grain 6.4 8.2 

40.6 52.7Total 

These differences in the labor requirements between the 

traditional and new technology can be used to estimate the 

change in the average level of employment in maize produc

tion per farm family that can be attributed to the adoption 

of the recommended practices from 1967 to 1972. An 

assumption can be made that the labor requirements for 

traditional plantings of maize shown in Table 10 3 repre
sent the average level of employment per hectare in maize 

production in 1967 It can also be assumed that the new 

technology was used in 35 percent of the area planted to 

maize in 19726. 'Fhe average area that each farmer planted in 

maize was approximately 2.1 ha in 1972, Multiplying this 

value by 35 percent gives 0.74 ha, the average area in which 

farmers used the recommended practices. When this area is 

6. As dibtussed in Chapter 9, the several recommended 
production practikes have been adopted at different rates, 
and there is no way to quantify precisely the level of adop-
tion of the new technology, 

multiplied by 12.1 man-days (the increase in labor require
ments per hectare in using the new technology) the result
ant is 9.0 man-days, or the approximate labor increase-per 

farm family due to use of the recommendations. That is, 
each farm family on the average increased the number of 

days spent in growing maize fom 85.3 in 1967 to 94.3 in 
1972, or by 11 percent. 

These increases in employment, alhough important, are 

relatively small compared with the level of seasonal unem

ployment in the Project area Clearly, it is important to 
promote other activities in the area that will complement 
the effect of the improved maize technology in increasing 
the level of employment during those periods of the year 
when labor requirements for farming are not high 

OTHER CHANGES THAT INFLUENCE 
THE GENERAL WELFARE 

As noted pr, vicusly in this report, the Project planners 
expected that higher famdly incomes would lead to im
provement, in the general welfare of the farmers. The fol
lowing data provide a de,,criptton of changes in food con

sumption and improvemert, in the home between 1967 
and 1970 

Family welfare can also be influenced by many other 
factors, including the av.ilability of public ervines ,uch as 
potable water, electricity, ,chool, and health center%, uch 

availability can be affected by a tan by the farmer,, on the 

thee ,ervic(.-, Information oninstitutions that provide 

changcs in the availability of thet',e wivice , i'. presented 

here with no attempt to assess how such (hanges were 

brought about. 

V ,c+- ' 

, ,i."' 

-

: -. 
, ,, - ..... 

; ., 

According to the 1967 %urvey, 44 %of the farm families 
lived in hotuw% wit i only ole room besides the kitchen. By 
1971, thirteen percent of the farmers had added another 
room to their houes. 
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Use of Public ServicesChanges ;n the Consumption of Several Foods 

Of the 251 farmers interviewed in the 1967 survey, 63 
Table 10.4 shows the frequencies with which farm fami-

percent had electricity in their homes, 13 percent had 
lies consumed ten selected foods in 1967 and 1970. Certain 

potable water, and 6 percent had plumbing. Of the 239 
.,nqes in the pattern of consumption are evident. As 

77 percent hadinterviewed in the 1970 survey, 
.. 'n in columns 1 and 2, the frequency with which farm 	 farmers 

f. J.ile were eating fish, cheese, chicken, eggs, fruit, veg- electricity in their homes, 21 percent had potable water, 

and 6 percent had plumbing. Eighty.three percent of the 
i,.ild rice increased between 1967 and 1970. Column 

none of these services indicated that they
V a decline in the number of families that never ate farmers who had 

or money to bring thesewould cooperate with eithnr work
"ken, eggs, fruit and vegetables, 


were 
 services to the community and to their homes. This finding 
'..,cies of consumption of maize and beans 

suggests that the majority of the farmers value these serv
.('rded in the sirveys, as it was assumed that all farm 


ate these foods daily. The total annual consump- ices very highly.
i,,-
;a.:ze per person was estimated to be 223 kilos in Sixty-seven percent of the farmers interviewed in the 

*,*' 

-I 
2"53 kilos in 1970. The total annual consumption 1970 survey stated that their children could study through 

i cr person was estimated to be 11 kilos in 1967 and 17 the sixth grade in their communities, 21 percent stated they 

.1 1970. Although considerable error is involved in could study through secondary, and 2 percent indicated 

.*un ug average levels of consumption from survey data, that they could finish high school. The farmers who stated 

e bove figures do suggest that farm familics were eating that their children could only finish primary school were 

: maize and beans in 1970 than in 1967. almost unanimous in their belief that this amount of educa..iO! 
tion was insifficient to enable their children to find jobs 

away from the farm. Nevertheless, nearly all the farmersIml)rovements in the Family Home 	 of theirindicated that money spent on the education 
ne s ent ast wouldtimprov their

i d ren w sa go

Forty-four percent oL the farm fam ilies in 1967 lived in 

room plus a kitchen; 36 percent lived 
houses with only one 

floors. According to the surveys in chances of finding better jobs. 
in houses with earth 

Of the 239 farmers interviewed in the 1970 survey, 12
1967 and 1970, the average number of members per family 

increased from 5.5 to 6.2 during the three-year period. In percent (28) stated there was a medical center of the 

of Health and Welfare in their communities, 86 
light of these conditions and the seasonal unemployment in Ministry 

the area, it would be expected that an increase in family percent indicated there was no medical center in their com

ome would be reflected immediately in improvements in 	 munities, and 2 percent did not know. Only I I of the 28 

farmers that knew of the existence of a medical center in 
in 
the farm home. 

or 29 their communities indicated that they, or some member ofSeventy of the 239 farmers in the 1970 survey, 

percent, reported improvements in their homes. The most their families, had visited the center on at least one oc

frequent improvement, realized by 32 of the farmers, was casion. Fifty-nine of the farmers with no medical center in 

of a room to the home. 	 their communities said that they, or some member of their
thoi ,dition 

'I AIlF 10.4. 1requencies of consumption of 10 selected foods by farm families. 

Percentage of farm families that consume the food Percentage 
al least once every: that never 

4 to 7 days Month Year eat the foodI to 3 days 	 (3) (4)(5(1) 	 (2) 


1967 1967

i. 1967* 1970* 1967 1970 1967 1970 	 1970 1970
 

8.8 15.9 72.9 66.5 13.9 4.2
0.8 0.8 3.2 11.3I.J, 

14.6 3.2 2.943.9 17.1 28.0 26.7fBeef or pork 8.4 9.6 43.0 

7.6 	 0.4 10.5 20.7 9.6 38.2 43.1
Milk 29.1 27.6 	 7.9 

27.6 	 12.1 31.1 30.523.5 8.8 36.6Cheese 1.6 4.6 17.5 

40.2 59.0 29.7 17.5 12,50.4 1.7 5.6 14.6 13.1Chicken 

32.6 8.0 11.3 25.1 3.3 9.2 2.5
Eggs 29.1 59.4 25.9 

Wheat bread 33.5 38.5 35.4 30.5 4.0 9.6 15.9 6.3 8.4 13.8 

9.2 15.5 35.4 10.9 8.0 5.0
Fruit 11.6 30,5 32.7 37.2 

30.7 4.2 12.0 9.2 
Vegetables 14.4 34.3 31.5 38.5 6.8 12.6 

11.6 14.2 19.1 2.5 4.4 5.0
Rice 16.8 30.6 44.2 46.9 

* The number of farmers Interviewed was 251 in 1967 and 239 in 1970. 
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families, had on at least one occasion visited a center in 

another community. That is, 70, or 29 percent, of the 239 
farmers had used the services of the medical centers on at 

least one occasion. 
One indicator of the health conditions of the farm fami-

lies in the area is that 11 percent of the heads-of-families 
were disabled for health rmasons from I to 5 days during 

1970, 10 percent from 6 to 30 days, and 12 percent from 

31 to 90 days. 

Changes in Attitudes of Farmers 

It is commonly thought that the attitudes of traditional 
farmers toward agriculture tend to be pessimistic or fatahs-
tic, and that these attitudes should become more optimistic 

in order to achieve a continuous e'olution of a traditional 

agriculture toward a modern one. It seems reasonable to 

assume that the attitudes of farmers toward agriculture are 

the result both of their cultural heritage and their own 

experiences as farmers If they are to change these at-

titudes, one of the means might be to prove to themselves 

that new ideas or practices offer more advantages than the 

traditional ones 

The availability of a new maize technology in the Puebla 

area in 1968 offered farmers the opportunity to compare 

these new practices with traditional ones Questions were 

asked in the 1970 survey to determine the extent to which 

farmers had found the new technology advantageous. 

Forty-four percent (104) of the 239 farmers interviewed in 
their maize production

they had increased
1970 said that 

Of this 44 percent, 82 farmers, orbetween 1967 and 1970 

79 percent, attributed the iiciease either directly or 

indirectly to the use of the recommendations of the Puebla 
Prjc.7,Project. 

Of the 213 farmes on the credit lists who were inter

viewed in the 1970 survey, 154, or 72 percent, said they 

had increased their maize production during the previous 

three years. Ninety-three percent of these 154 farmers 

atttibuted the increase either directly or indirectly to the 

recommendation, of the Puebla Project 
It is very probable that these increases in maize produc

tion have modified the expectations of the farmeis with 

respect to agriculture Such changes in the expectations of 

the farmers weir estimated by asking the farmers what 

activity they would engage in were they suddenly to receive 

an amount of money greater than their total annual 

income Of the 251 farmer interviewed in 1967, only 53 

percent said that they would continue to farm and would 

buy more fertilizers Seventy three percent of the 239 farm

ers interviewed in the 1970 survey indicated that they 

would 	continue to farm and would improve their produc

tion methods Eighty percent of the 213 farmers on credit 

lists who were interviewed in the 1970 survey stated that 

they would continue to farm and would improve their 

production methods. These results indicate that the number 

of farmers who feel that it is worth-while to make larger 
investments in agricultural production increased from 1967 

to 1970. 

In addition to estimating the change in farmers' expecta

tions with respect to farming, the change in their expecta

tions with respect to progress was also estimated. A nine

level scale was developed in which the first level represented 

the living conditions cf the poorest farmers in the area, 

with the ninth level representing the farmers with the best 

standard of living. When interviewed, the farmer was asked 

to select the level that best represented his present situation 

and the situation he expected to attain within five years 

The results are shown in Table 10 5 

The percentage of farmers who located themselves in the 
lowest two levels decreased from 28 3 percent in 1967 to 
22.2 percent in 1970 A similai ,eduction i, noted in the 

percentage of farmers that expected to rerain in the lowest 
two levels after a period of five years 

The change in expectations with respect to farming is 

larger 	than the change in expectationm with respect to 
,progres Thi, may be due to the fact that farmers, to (late, 

have experienced mainl7 an increwe in nct income from 

crop production, thus. their attitude, towid faming have 

been most affected. 

TABLE 10.5. The percentage, of fimrers whose living 

conditions, according to their own evaluations, corre

sponded to nine levels varying from the pooiest (1) to the 

best (9) in the area 

9691(0- 251) 9/0 (it,19) 

iuttuonion withiPreseni Wit in lrPobi 
h( "crsyewirthsilnr nLPvete setuanon Wive 

I and 2 283 136 222 7 

3 and 4 330 196 39 7 21 7 

259 24 3 21) 31 05 and 6 343 	 3561098and 9 11.2 

, 

Farmers that have increased their production and net 

income through the use of the new mai/e technologies, 
have become m,,re optimistic about the future. This change 
was reflected in the answers given by farmers when ques. 
tioned in the 1967 and 1970 surveys. 
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ABENEFIT: COST ANALYSIS OF THE
 
PUEDLA PROJECT 

INTRODUCTION 

Calculation of the relationships between benefits and 
costs of the Puebla Project required several initial decisions 
and assumptions with respect to (a) the type oi benefits 

to be included, (b) the assignment of values to the resources 
used and benefits produced, (c) the adjustment of costs and 

benefits for different years to the values prevailing during a 
reference year, and (d) the number of years to be consid-

ered. 
The problem of assigning values to the goods and serv-

ices used in the Project, and to the resulting benefits, arises 

from 	 the fact that market prices may not represent ac-

curately the social value of the alternative use of the re-
sources nor the preferences of socity for the benefits. Forrefrenesor he 
this report, however, it was assumed that, with the eventual 
exception of farm labor, market values approximate both 
the alternative costs of the resources employed and the 
preferences of society for the benefits 

Costs and benefits corresponding to a given year were 
adjusted to the values prevailing in a reference year for two 
reasons. (a) the value of money generally increased from 
year to year due to inflation, and the same monetary 
benefits received in different years had different real value; 
and (b) benefits received at a given time could be re
invested, thereby permitting the generation of additional 
benefits. Thus, the difference in value of a dollar of benefits 
obtained in different years was determined by the change in 
monetary prices between these years and by the rate of 
return that the reinvested benefits could produce. 

The cost-benefit analysis presented here covers only the 
seven year period, 1967-1973, although it is clear that 
benefits will continue to accrue well beyond 1973 

soures f sciey fr te bneftsFor 

CLASSIFICATION OF BENEFITS AND COSTS 

The most common practice in defining the type of 
benefits to include in a beiiefit-cost study is to consider 
only those quantifiable benefits directly attributable to the 
project. Although seldom considered because of the dif-
ficulty in identifying or quantifying effects, two additional 
benefits can be included: (a) quantifiable economic 
effects indirectly induced by the operation of the project, 
and (b) intangible benefits generated by the project, includ-
ing changes in attitudes and expectations of the individuals 
who participate in the project, changes in organization, and 
gains in knowledge through learning-by-doing in the use of 
new technology and in arranging for institutional services 
such as credit. 
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Costs of a project can be classified as (a) operational 

costs, the value of the goods and services used to establish 
and operate the project, and (b) associated costs, the vaue 
of the goods and services that are necessary to perform the 
activities of the project maize production, in this case. 
(Should there be an activity similar to that of the project in 

an area, then the av,ociated co,ts chiiqed to a project 

would be the difference between co',, that would have 

been incurred had the pioject not existed and costs in

curred within the piojec t ) 

Fat agricultural projects the net direct benefit is the 

gross value of the project's aqiicultural production, less the 

gross value of estmated a(.riultural production without the 
project, less the estimated difference in the associated costs
incurred with and without the tpioject 

ESTIMATION OF A BENEFIT-COST RATIO 
FOR SEVEN YEARS OF OPERATION OF 
THE PUEBLA PROJECT 

The benefit-cost ratio was calculated using the following 
formula. 

i= 7 (b di) 

_. 

i = I (I + r) (1 11 
B_ 
C 

i = Ci, 

i = ! (I + r1 (1I) 
where 

i=1,2 ,.. 7 

B present value of the stream of real benefits
 
of the Project for the seven-year period
 

C present value of the stream of real costs of
 
the Project for the seven year period 

bi 	 gross benefit attributable to the Project in 
the ir' year 

a i-: 	associated cost attributable to the Project in 
the i11' year 

C 	 cost of the Project in the i t ' year 
r 	 discount rate 
Pi = price index for the il" year using 1967 as 

the base period 



The values of the increases in maize production were
The Puebla Project has been oriented primarily toward 

toward in- calculated using the price guaranteed by the official Mexi
increasing maize production, and secondarily 

CONASUPO. Over the years, the
creasing the production of beans, fruits, forages, and veg- can purchasing agency, 

of 	maize has deviated somewhat from the
etable crops. Information was available, however, only on market price 

,rinual changes in maize yields; thus, only benefits derived guaranteed price, depending on amounts harvested; how

ever, $75.20 per ton seems a teasonable approximation to
!renmaize production are considered here. 

received for their maize
Two alternatives were available to estimate the direct the average price that farmers 

1967 and 1972. The price paid by CONASUPO
.),-fitsaccrued from maize production: (a) to consider 	 between 

was increased to $96.00 in 1973, and this value was used in
:..oiiijicreases in production obtained by farmers on credit 

i direct benefits due to the Project, or (b) to similarly estimating benefits for that year. The direct gross benefits 

*.::,,: the increases in production obtained by all farmers are shown in Table 11.1. 

irea. It was decided to consider only increases in 

production obtained by farmers on credit lists as Derived Gross Benefits 
;j:- benefits, and to treat increases in prodIuction oh

b eesandto treat ireaes inhepareaodtivd The derived gross benefits were considered to be the 
i'4i by the rest of the farmers in the area as derived value of the increases in maize production obtained by all 

farmers in the area not on credit lists. Since there probablyS.o:noftts. 

would have been a small increase in maize production in the 

area in the absence of the Puebla Project (as has occurred in 

parts of Mexico), it is possible that this method of calculat-
Direct Gross Benefits 

ing derived benefits overestimates the true values. For the 

For the farmers on credit lists, the annual increase in purposes of this analysis, however, it was assumed that the 

rl;ze yields attributable to the new technology was cal- increases in maize production during the 1967-1973 period 

culated by taking the difference between the observed due to effects exogenous to the Project were insignificant 

average annual yield and the average annual yield assuming and could be ignored. 
no change due to the new technology. These yields have As a compensating factor, the derived benefits have been 

been estimated in Chapter 9 using two alternative proce- underestimated by considering only the value of the in

dures. The average yields assuming no change in technology creases in maize production obtained by the farmers not on 

estimated in Table 9.9 were used instead of those estimated credit lists. As mentioned earlier, the Project has provided 

in Table 9.10 because they lead to a more conservative some assistance to farmers in improving their production of 

estimate of the direct benefits of the Project. These annual 	 beans, fruits, forages, and vegetable crops. Benefits derived 

increases in maize yields were multiplied by the number of from these secondary activities have not been included in 

hectares cultivated by farmers on credit lists to obtain the the analysis, because no quantitative information was col

increases in production attributable directly to the Project. lected on changes in the production of these crops. 

TABLE 11.1. The calculation of the direct gross benefits attributable to the Puebla Project, associated costs, direct net 

benefits, project costs, present value of net benefits and presentt value of project costs for seven years of operation of the 
project.
 

All yields in the table are with 12V'moisture for 19671971 and 144 moisture for1972-1973. CONASUPO. 

Year 

Average maize 
yield' of farmers 

on credit lists 
kg/ba 

Estimated average 
maize yield in the 
area without the 
Puebla Project*-

kg/ha 

Average increase 
in maize yield at 
tributable to the 
Puebla Project 

kg/ha 

Area benefited 
directly by the 
Puebla Project 

ha 

Increase in pro. 
duction attribut 
able directly to 

the Puebla Project 
kq 

Direct 
gross 

benefits' 
$ 

Associated 
costs 

$ 

Direct 
net 

benefits 
$ 

Project 
costs* 

S 

Present 
value 
of net 

benefits-
1967$ 

Present 
valueof 
project 
costs** 

1967$ 

1967 52,939 52,939 

1968 3894 2091 1803 76 137,028 10,304 3,023 7,281 130,141 6,268 112.031 

1969 2765 1715 1050 5838 6.129,900 460,969 213.694 246,275 169,271 182,084 124,645 

1970 2670 1777 893 12601 11.252,693 846,202 307,190 539,012 199,380 328,666 121,573 

1971 

1972 

26(18 

2920 

1652 
2011 

966 
909 

14438 
17533 

13,947,108 
15.937,497 

1,048,823 
1,198,500 

286,344 
364,056 

762,479 
834,444 

228,190 
219,231 

393,261 
366,986 

117,693 
96,417 

1973. 2920 2011 909 20604 18,729,036 1,797.987 430,344 1,367,643 195,253 488,321 69,716 

Total 1,765,586 695,014 

theofficial Mexican marketi'p. agency,used 121 asthe maximum 
* 

moisture content without a discount in price during 1967.1971 and 14% during 1972.1973. 

• Information from Column c, Table 99. The values for 1967-1971 were adjusted to 12% moisture. 

* 	 A price of $75.20 per ton was used for the years 1968 1972 and $96.00 per ton for 1973. 

* 	 Assuming zero labor costs 

o 	 Includes an 18% overhead charge 

Adjusted for the expected change in value due to income from interest and the change in the price index using 1967 as the reference (See formula, page 95). 

t Yields for 1973 were estimated in September, just prior to harvest 

B 1,765,586 = 

695.014 
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TABLE 11.2. The calculation of the derived gross benefits attributable to the Puebla Project, associated costs, derived net 
benefits, and present value of net benefits for seven years of operation of the project. 

Year 

Average yield* 
of all farmers 

in the area 
kg/ha 

Averageyield 
of farmers in 

credit lists 
ng/ha 

Avernge yield of 
farmers not 

on credit lists** 
kg/ha 

Change in yield 
of farmers, not 
on credit its 
( compared 

to 1968) 

Change in yield 
attributable to 

climate 
(%compared 

to 19681 

Change in yield 
attributable to 

the PueblaProject 
( compared 

to 1968) 

Increase to 
yield attrib 
utable to th-

isbl oj 
ky'ia 

Area of maize 
farmers not on 

i reildt lists 
ha 

increase in prodc 
tion attributable 
sd.ectly to the 
Puebla froject 

kg 

Derived 
gross 

benefits -

$ 

Present 
Derived value of 

Assoccated net net 
costs * benefits benefts

$ 1967 

1967 1300 1300 80000 0 0 0 0 0 

1968 2091 3894 2089 base base 79 924 0 0 0 0 0 

1969 1790 2/65 1713 180 -130 0 0 74 162 0 0 0 0 0 

1970 1917 26/0 1776 -150 -150 0 0 67 f99 0 0 0 0 0 

1971 1883 2618 1721 -176 -210 * 34 71 6c5i62 4654902 350049 321516 28533 14716 

1972 2499 2920 2381 -113 - 60 .173 370 1,2467 23112 /90 1738082 522 124 1 21,358 034510 

1973 2499 2920 2353 .92 -60 .152 32, 59396 1933700 185315 497026 1356 12q 184210 

Total 1033,436 

* 	All yields nthe tablearewth 12 #mo.sture for 1967 1971 and 14 - moisture for 1972 1973 (See footnote fable I I I 

The average yield of farrrrr not on crelit lists was ca,,ulted using the following relarior ship 

Average yield of all farn ers ( hectars-o-ed-tare- on list, ) (average %ield offarmers oncrelit lists) 
80 000 

* 80 000 heLareof fir erso, , red t li ) (-erW yield ot fun-en nt oc ,i'it lists) 
80 000 

A price of $75 20 per ton was uscd for ife eins 19,8 19/2 ard $ 96 00 per 1,, fi 19 Sl 

* Assumuing zero labor sIt, 

* 	 Seefootnote Table i I I 

Yields for 1973 were estimated in Sept ml-r l-t prir to hraest 

-- -- - 0----1 033436 4 03 

F Or0014 
[enefit crictrarro ucn drg d,irud ten flit P 1 765 586 . 

Table 11.2, shows that the first step in estimating the in production, expressed as tons, were multiplied by the 

derived gross benefits was to calculate the average yields of price of maize to obtain the derived gross benefits 

farmers not on credit lists. The following relationship was Associated Costs 
used for this calculation. 
Average yield of all farmers The associated costs are the costs of fertilizers, trans

and labor in excess ofportation, interest, crop insurance, 
/lc-e offrmr 

those incurred by farmers using the traditional technology 
on credit lists (Average yield of farmer 

that the use of the recommended tech-It was recognizedon credit lists80,000 / 	 nology requires a more intensive use of farm implements 
+ 	 and work animals than the traditional technology, but these 

in Creases were considered negligible Labor requirements80.000 hectares of' vrg il ffrin 
of farmers calculated in Table 10 . show that the recommended tech

farmers on credit lists Average yield 
lists nology requires some 12 1 man days per hectare more thanf 80,000 / not on credit 

It was assumed that the total harvested area of maize in the traditional technology Several alternative assumptions 

can be made to calculate the associated cost of this in
the Project area was 80,000 ha 

creased labor requirementThe average yields of farmers not on credit lists, cal-

culated according to the above relationship, are shown in Alternative 1 assumes that there i,, excess rural labor in 
case, there i, no cr,,ociated cost to in-Table 11.2 The differences between the average yields of the area. In this 

1968 and such yields in the creased labor requirementsfarmers not on credit lists in 
following years are shown as percentages in Table 11.2. Alternative 2 aume,, that there it,seasonal unemploy

ment in the area, but that labor i, fully employed at harvestThese values estimate the changes in yield due to climlte 


and the use of the new technology. These values, less the time in cutting and shockiig the stalks and shucking the ears.
 

changes in yield due to climate (Table 9.9, column b), This assumption is consitent with the remark (footnote 5,
 

represent the changes in yield attributable to the Project, Chapter 10) that labor scarcities occur at specific times of
 
be found for theseexpressed as percentages.' These percentages were mul- the year. In this case, hired labor must 

tiplied by the average yield of farmers not on credit lists in activities that impty 5.3 man-days per hectare more than 

1968 to obtain the increases in kg/ha attributable to the with the traditional technology. Following Cano and 

Project. Increases in yield were multiplied by the number of Winkelmann 2, the daily wage of hired labor can be set at 

hectares of maize corresponding to farmers not on credit $1.28. 

lists to obtain the annual increases in production. Increases In Alternative 3, an opportunity cost is charged for 
family labor so that all 12.1 additional man-days per 
hectare are accounted for in the associated costs. Again 

1. The decrease in nitrogen prices by about 14 percent at following Cano and Winkelmann, a reservation price can be 

the national level in 1971 may have contributed to an in- assumed for family labor at half the wage of hired labor. 
crease in fertilizer use, and, in turn, in maize yields. The 

effective decrease in littrogen prices at the local level was 

less than 14 percent, due to shortages of fertilizer at periods 2. j. Cano and D. Winkelmann, "Plan Puebla: Aniliqis de 

of peak demand and, consequently, increases in prices by Beneficios y Costos," El Trirnestre Econ6mico, Vol. 
XXXIX (4). No. 156, pp. 783-796, 1972.

local distributors. 
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Alternative 4, which is introduced essentially to obtain 

the extreme lowest value of the benefit-cost ratio, consists 
of imputing all12.1 additional man-days of labor require-

ments to the associated costs, at the full opportunity cost 
of hired labor. (By using 12.1 days per hectare as the 
additional labor requirement of farmers employing the 

recommended technology, the true increases in labor costs 
hve probably been overestimated. Many farmers on credit 
lists did not use project recommendations fully and ob-

tamed increases in yield less than those used in making the 
,-al,.ulations in Table 10.3. Consequently, their additional 
labor requirements were less than 12.1 days per hectare.) 

Other inputs (insecticides, herbicides, improved seeds, 
et" ) aie seldom used, thus, failure to include them in the 
estimation of associated costs should not affect the global 

vdlue significantly 
The calculation of the costs associated with the direct 

benefits varied somewhat over the 1968-1973 period. The 

fertilizer costs per hectare, using the Project recommenda-

tions, were as follows for the years 1968-1973: -------
YearFertilizer Costs 
Year ($Iha) 

1968 62.88 
1969 57.92 
1970 45.41 
1971 40.42 
1972 40.87 

193413 - --- -

These fertilizer costs include charges for transportation and 

interest. The value for 1968 is an average cost of fertilizer 

for the high-yield plots conducted that year. 3 The 1969 
figure was calculated from data obtained from the fertilizer 

distributor, Agr6nomos Unidos, which distributed fertilizer 
for 2,719 ha of high-yield plantings.4 The values for 

1970-1973 were calculated from data provided by the 
fertilizer distributor, Impulsora de Puebla, on its fertilizer 
sales to farmers on credit lists. 

There was no expenditure for crop insurance in 1968. 

For 1969-1973, the calculation of the cost of crop insur-

ance was based on the average premium of $6.57/ha paid 
by farmers in the five Project zones. It was assumed that 
the area covered by crop insurance corresponding to farm-

ers on the credit lists represented 50 percent of the total 
holdings receiving credit from the official banks. For these 
farmers on the credit lists, the estimated number of insured 

hectares was: 1,560; 3,969; 5,528; 8,009; and 8,186 ha in 

1969, 1970, 1971, 1972, and 1973, respectively. 5 

Jairo Cano and l)elbert T.Myren, "Benefit-Cost Analy-3. 
sisof tile rhIncreasing Agricu-
Puebla Project,"Strategies 
 Mlxico,D.F..
tral rodttion onSmall lloldtng,StrIgCM Y'rT, 

4. Ibid 
in Table 7.2, the total received5. According to the data 

area as indemnization in
by farmers in the Puebla 

exceeded total premiums paid to the insurance1969-1971 
agency. This suggests that perhaps no charge should have 
beecn made for crop insurance. 


It was estimated that the cost of fertilizer would have 
been $23.10/ha if applied according to traditional practices. 
This estimate included a $20.88 fertilizer cost (320 kg/ha 

of 10-84 at $65.28/ton, including transportation) plus 

$2.22 in interest. The associated costs used in the calcula
tion of the lirect net benefits in Table 11.1 were obtained 
by subtracting the estimated fertilizer cost using the tradi

tional practices from the fertilizer cost using the Project 
recommendations. 

The average fertilizer costs (including interest) for all 
farmers in the area and for farmers on credit lists were 
estimated from data collected in surveys at harvest time in 

1971-1972. Estimates of the average fertilizer cost for those 

farmers not on credit lists were made using the following 
relationship: 

Average fertilizer cost of all farmers = 

( ltectares of farmers 
Average fertiliier cost of I on credit lists 

farmers on credit lists / 80,000 

+ 

(Average fertilizer cost of (80,000-hectares of 
farmers not on credit lists,80°000 

These average per hectare tertilizer costs (including a 

6.21-percent transportation charge) for farmers not on 

credit lists were $28.01 in 1971, $31.47 in 1972, and 

$24.69 in 1973. These average costs, less the $23.10 ferti

lizer cost using traditional practices, gave the associated 

costs used in calculating the derived net benefits in Table 
11.2. 

Project Costs
 

Calculations of the annual costs of the Project took into 
consideration: (a) the costs of vehicles, equipment, and 

other durable items, were charged to the year in which they 
were purchased, even though they continued to be used for 
several years, even beyond 1973; (b) an estimation of 

charges for the rental of officas and work areas, which were 

made available at no cost; (c) an estimation of charges for 

services and materials provided by the Graduate College at 

Chapingo at no cost; and (d) an estimation of the cost of 
consulting services to the Puebla Project team from spe

cialists in CIMMYT, the Graduate College at Chapingo, and 

USAID. 
Table 11.3 shows the annual costs of operating the 

Puebla Project, listed by program. Information on individ

ual program costs provides an indication of the relative 

emphasis placed on the several components of the Project. 

of salaries, perquisites,Program expenses included: costs 
travel expenses, equipment, materials, operation and 
maintenance of vehicles, and miscellaneous materials and 

services. 
An estimation of the costs of the consulting services 

provided for the five programs isshown inTable 
11.4.The
 

the calculation of the benefit-cost ratiototal cost used in 
was the sum of the operating expenses in Table 11.3 and 
the consulting services in Table 11.4. In addition, the total 
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TABLE 11.3. Annual costs of the operation of the Puebla Project and each of its five programs*. 

Agronomic Genetic Technical 
Year research improvement Coordination assistance Evaluation Total 

1967 18,294 8,826 8,201 - - 35,321 
1968 25,512 24,918 11,964 18,337 19,315 100,046 

1969 28,945 29,079 11,144 46,891 15,401 131,460 

1970 38,167 37,852 18,036 51,666 10,851 156,572 
1971 40,049 33,209 17,930 58,874 29,880 179,942 

1972 45,204 22,935 19,349 64,221 18,648 170,357 
1973 45,339 7,973 21,351 59,070 17,614 151,347 

Total 241,510 164,792 107,975 299,059 111,709 925,045 
* Including goods and services not paid by CIMMYT. 

cost of operating expenses and consulting services was these circumstances. 
increased by 18 percent to cover overhead administrative To compare costs and benefits cor ;sponding to dif
expenses.6 ferent years, it is necessary to take into account the added 

benefits that may be derived from reinvesting capital. The 

Adjustment of Costs and Benefits 	 costs and benefits in this analysis were adjusted for added 
benefits from reinvestment, using a dis'ount rate of 14 

The general index of wholesale prices for Mexico City percent. The present value of the net benefits and project 
was used to deflate the nominal costs and benefits, taking costs were calculated using the formula on page 95 and are 
1967 as a base period." (See Table A.2 in the Appendix.) shown in Tables 11.1 and 11.2. 
This adjustment was made because as average prices of 
other goods increase while the price of maize remains 
constant-the exchange value of the farmer's maize de- Benefit-Cost Ratios 
creases, even though he continues to produce the same 
amount and continues to receive the same nominal value. te p n ale of nete a n oec ssThe price index serves to indicate how much the exchange calculated in Table 11.1 under the assumption of excess 
value of maize decreases in relation to other goods under labor, were summed for the seven years, 1967-1973. Thepresent value of the stream of net benefits was divided by 

the present value of the stream of project costs to obtain a 

6. The normal overhead charge made by CIMMYT is 18 benefit-cost ratio of 2.54 for the Project when only direct 
percent. benefits are taken into account. Under alternative assump
7. Indicadores 	 Econ6micos, Gcrencia de Investigaciones tions (Table 11.5), the benefit-cost ratios were Alternative 
Econ6micas, Banco de MWxico, S.A., Vol. 1, No. 6 (May 2, 2.20; Alternative 3, 2.15; and Alternative 4, 1.77. The 
1973). ratio of 2.20, corresponding to seasonal unemployment, 

TABLE 11.4. Estimation of the costs of the consulting services provided for the five programs of the Puebla Project. 

Agronomic Genetic Technical 
Year research improvement Coordination assistance Evaluation Total 

599 1,399 9,5421967 6,245 1,299 

1,169 2,728 10,2471968 5,601 749 

809 1,888 11,9901969 	 9,293 .. 

8,172 . 1,165 1,490 1,567 12,3941970 

4,909 -- 6,028 1,664 839 13,4401971 

7,815 1,101 15,4311972 	 6,515 
14,1221973 6,838 .. 6,715 569 

7,401 8,421 87,166Total 47,573 2,048 21,723 
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TABLE 11.5. Benefit-cost ratios for the Puebla Project" 
under alternative labor cost assumption. 

Alternative Direct benefits only Direct and 
derived benefits 

1 2.54 	 4.03 
2 2.20 	 3.48 
3 2.15 	 3.37 
4 1.77 	 2.70 

Alternative 1: 	 Excess rural labor in the project area. Labor 

has a zero opportunity cost. 
Alternative 2: 	 Seasonal unemployment except at harvest, 

Project recommendations require 5.3 man-

days per hectare above traditional technolo-
gy at harvest. Daily wage of hired labor is 

$1.28. 
Alternative 3: No seasonal unemployment. Family labor 

can provide the 12.1 man-days per hectare 

required by recommended technology 
above traditional practices. The opportu-

nity cost of family labor is half that of 
hired labor or 64 cents per day. 

Alternative 4: 	 No seasonal unemployment. The 12.1 man-
days per hectare of additional labor need 

be covered by hired labor at $1.28 per day. 

seems to describe best the conditions of the area. 
The present values of derived net benefits in Table 11.2 

were summed over years and added to the present value of 
the stream of direct net benefits from Table 11.1, assuming 
excess labor. The benefit-cost ratio thus obtained for the 
Puebla Project was 4.03, taking into account both direct 
and derived benefits. The benefit-cost ratios under alter-
native assumptions were: Alternative 2, 3.48; Alternative 3, 
3.37; and Alternative 4, 2.70. Again, Alternative 2, with a 
benefit-cost ratio of 3.48, seems to be the most plausible. 
Table 11 5 summarizes the values obtained, 

According to the ratios obtained, investments in goods 
and services in the Puebla Project during 1967-1973 gener-
ated benefits with a value ranging from 2.70 to 4.03 times 
greater than that of the cost. The farmers now also know 
how to arrange for credit and how to use the new tech-
nology in future years. It can be expected, therefore, that 
benefits due to the Puebla Project will continue to accrue in 
years to come: thereby giving a benefit-coqt ratio well above 
4.0 for direct and derived benefits, 

Intangible Benefits 

The Project team contributed to important changes in 
the area in addition to increases in maize production and 
net income. 

An important intangible benefit derived from the Puebla 
Project is the progress that has been made in assisting 

farmers to organize in groups and resolve problems in a 

collective manner. Many farmers in the area are now aware 

of the advantages in working together in arranging for 

credit, transporting fertilizers, and petitioning governmental 

officials for changes in the operational procedures of service 
agencies. 

The technical assistance program of the Project has 

provided the farmers with a better understanding of the 

agricultural service institutions. In 1967, for example, most 

of the farmers in the Puebla area did not know how to 

arrange for credit from the official banks. Today, however, 

many farmers understand the procedures for requesting 

short-term credits for fertilizers, etc.; some also know how 

to apply for long-term credit to purchase equipment, 
animals, etc. 

Over the long run, perhaps the most important intangi
ble benefit attributable to the Puebla Project will be the 
favorable change that has occurred in the farmer's attitude 
toward modern technology and agriculture in general. 
Successful experience in the use of the new maize tech
nology has given the farmers confidence that improved 
technology can be useful to them in other farming enter
prises, and many have begun to seek new technical informa
tion about other activities, such as irrigation, improvement 
of fruit trees, and vegetable crop production. 

Many subsistence farmers have received another intangi
ble benefit in the form of greater certainty (because of the 
higher yields) that their famil ,ill have sufficient maize 
for the entire year. This represents an important contribu
tion to the general welfare of the subsistence farm family, 
quite apart from the economic value of the increase in 
production. 

Additionally, as a result of the action of the Puebla 
Project, problems in the operation of the credit banks and 
crop insurance company have been identified and studied. 
Operational procedures of these institutions are being 
changed so that greater use of these services can be made by 
the farmers in future years. 
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TRAINING Of STAFF FOR REGIONAL 
12 PRODUCTION PROGRAMS 

INTRODUCTION 

In 1970, the Puebla Project initiated a training program 
to prepare professional staff for the operation of regional 

production programs to assist subsistence-level farmers in 

areas having: (a) physical environments that would permit 

substantial increases in crop yields, and (b) political envi-

ronments that were favorable toward incre.,sing crop pro-

duction. 


During the process of developing the training program, 

specific training activities were discussed and general guide-
lines were adopted for these programs. The basic premises 
were that (a) joint action of professionals from several 
disciplines (agronomy, communications, economics, organ-
ization, etc.) would be necessary in the problem-solving 
process-the training program was designed to provide a 
philosophy for trainees in which the overall goals of increas-
ing production and net income of the farmers would tran-
scend disciplinary goals, with trainees working together as a 
team in achieving these overall goals; (b) since the profes-
sional staffs trained in Puebla would have responsibility for 
organizing and operating production programs in their 
countries, it was important that the trainees develop abili-
ties for effective program planning, as well as in method-
ological skills; and (c) since staff trained in Puebla were 
expected to participate in national programs as trainers, the 
selection of people for training in Puebla, as well as the 
training program itself, should be directed toward the 
preparation of professionals with the capacity both to 
organize and operate production programs and to train 
other nationals for similar activities. The training role of the 
Puebla Project was viewed as that of preparing one or two 
teams of professionals for each interested country, with 
additional training to be the parent count, 's responsibility. 

PRACTICAL TRAINING 

The experiences in the Puebla Project initially indicated 
that professionals should be selected and trained for five 
distinct activities: soil improvement, plant breeding, tech-
nical assistance to farmers, evaluation, and coordination, 
Thus, at first, the Project adopted the idea of selecting five 
technicians, one in each of the five disciplines, and training 
them together as a team. Each of the trainees spent two-
thirds of his time learning the specific skills of his disci-
pline; the remainder of his time was devoted to learning 
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about the activities of the other four members of the team. 
As experience was gained in training, it became apparent
that the practical preparation needed by soils specialists 
and plant breeders was similar and that needed by technical 
assistance agents and coordinators was also similar There
fore, the distinct areas in which practical training was given 
were reduced to (a) agronomic research, (b) technical 
assistance and coordination, and (c) evaluation. 

It was recognized that countries interested in initiating 
regional production programs would have an immediate 
need for trained teams of professionals for operating these 
programs. In addition, it was expected that, within a rel
atively short time, such nations would need more highly 
trained scientists who could provide competent leadership 
in the planning and operation of regional programs that 
would be oriented to their own national needs. These teams 
of professionals with more complete scietific preparation 
would also form the basic staff for implementing the na
tional training programs. Considering these two needs, it 
was decided that the training of staff for regional produc
tion programs should be given at two levels. 

The first level of training has been given by the Fuebla 
Project team in the Project area. The primary objective of 
this training is to prepare technicians to work together as a 
team in all activities. Greater emphasis has been placed on 
preparing the trainees in the skills needed in their particular 
programs, than in teaching them the theoretical bases of the 
methodology. This practical training has required 6 to 8 
months of the trainee's time. 

Within the practical training, the trainees were expected 
to reach selected levels of proficiency. For example, spe
cialists in agronomic research were expected to become 
proficient in: (a) knowledge of soil charactistics such as 
physiographic position, nature of the soil horizons, and 
previous management practices, with the ability to locate 
sites for an experiment, and to arrange with the owner of 
the farm for the experiment at that location; (b) defining 
the materials necessary for the experiments (fertilizers, 
herbicides, insecticides, cord, stakes, chains, etc.), calculat
ing the amounts of materials needed, and preparing the 
fertilizers, seed, herbicides, etc. for each plot, replication, 
or experiment; and (c) staking out the experiment, col
lecting soil samples for analysis, applying the correct ferti. 
lizer treatments to the individual plots, plus the plantings, 
application of herbicides, and other operations involved in 
the installation of the experiment. 



The practical training in agronomic research included 

training in these activities and many others that are basic 

procedures in the process of collecting existing information 

and generating new information to define the production 

technology recommended for a given area. 

Trainees have learned the practical skills needed in their 

specialties by working directly with the approrpriate mem-

bcrs of the Puebla Project team. In addition, they have 
.1irned selected basic skills by working with the other 

the Puebla team. While in Puebla the traineesmrnbers of 
.w,o have participated in other activities with group interac-

,,on and discussion. They have attended weekly meetings of 

the. Puebla Project team to discuss problems affecting the 

operation of the Project and have participated as a group in 
activities such as the installation of demonstration plots, 

field days, etc. 

COMBINED THEORETICAL 
AND APPLIED TRAINING 

both scientificA second level of training has covered 
preparation in a discipline and practical experience in the 

an ac-use of methodological skills. This training involves 

ademic program leading to a M.S. degree at the Graduate 

College at Chapingo, with a thesis problem investigated in 

the Puebla area. These graduate programs have been worked 

out in coordination with professors at the Graduate Col-

lege. In general, this second level of training has covered a 

period of about two years, with the first year devoted entirely 

to course work at the College and the second year to practi-
cal training in Puebla (including thesis research). 

The Puebla Project team has felt that the professionals 

who receive both levels of training should continue their 

academic preparation after work experience in a regional 

for one or more years. Thut, it isproduction program 
expected that countries promoting regional production 

programs could rapidly develop a nucleus of highly trained, 
well.equipped professionals. 

Table 12.1 shows the numbers of professionals who have 
techreceived training in Puebla at the two levels. These 

nicians are now participating in the operation of 10 regional 
production programs in four countries. 

TABLE 12.1. The numbers of professionals who have 
received training in the Puebla Project. 

Level of Year training was initiated 
Country training* 1967-1969 1970 1971 1972 1973 Total 

Colombia 

Subtotal 
Ecuador 

1 
II 

0 
0 

0 

3 
5 

0 

3 
0 

2 

3 
2 

0 

0 
0 

0 

9 
7 

16
12 

a 
Subtotal2 

0 
0 

0 
0 

2 
0 

0 
0 

0 
0 

2 
0 

Honduras III1 0 00 00 00 101 1 

Subtotal 
Mexico t 9 5 7 2 5 

-2 
28 

Mi 8 5 0 0 0 13 

Subtotal 41 

Peru I 0 0 4 0 0 4 
II 1 0 0 0 0 1 

Subtotal 5 

TOTAL 66 
= 

* The numerals Iand IIrefer to the first (practical) and second (theoreti

cal and applied) levels of training, respei.avely. 

102, 

102 



PROMOTION 0f REGIONAL PROOUCTION 
13 PROGRAMS INOTHER AREAS 

INTRODUCTION 
the Project, the staff has assumed 

From the beginning of tregional 
a responsibility for communicating the Project's progress 
and experience to agricultural and political leaders inMexico and other countries. For those countries that might 

wish to launch similar projects, the Puebla Project planners 
have felt that the Project should be prepared to assist bytraining of staff and provision of technical assistance, 

By mid-1969 there was agreement among the staff of the 
Puebla Project that its strategies were proving to be highly 
effective. his assurance grew out of several developmentsin the Project: (a) research findings in 1967 and 1968 
indicated that most farmers in the area could double maize 

indicaned increas inrealie omarae e omze 
yields o bta in c re s n n e he 
the average yield obtained by 103 farmers who used the 
recommended practices on a part of their land in 1968 was3.98 tons/ha of grain, about double the average for the 

3.98ton/haofgain abut dubl th aveageforthe 
area; (c) as a result of promotional activities during the fall 
and winter of 1968-1969, 2,561 farmers organized in credit 
groups and agreed to use Project recommendations on 
5,838 ha of maize; and (d) despite an exceptionally dry 
spring in 1969, by midsummer it was evident that ac

ceptable maize yields and returns on investments in ferti-
lizers would be obtained by farmers using the recommenda-
tions. Thus, plans were made to offer these encouraging 
findings to other parts of Mexico and the world where they 

This information was disseminated through various 
media: (a) exchanges of ideas and experiences with the 
hundreds of people visiting the Puebla Project each year. 
These visits also provided opportunities for the staff to 
encourage more concern for developing effective agricul-
tural programs in areas of small, subsistence farmers; (b) a 
report published in late 1969 describing the Project and its 
operational strategies and accomplishments in 1967, 1968, 
and early 1969. In the year following publication, over 
4,000 copies each in English and Spanish were distributed 
to all parts of the world; and (c) two international confer
ences held in the city of Puebla in August 1970, to discuss 
strategies for increasing agricultural production on small 
holdings. The first conference, with discussions in Spanish, 
was attended by more than 120 agricultural technicians 
from Mexico and 14 other Latin American countries. 
Participants from 15 international development organiza-
tions attended the second conference, with discussions in 
English. A report on the two conferences was published in 
late 1970, and over 4,000 copies each in both English and 
Spanish were distributed during 1971. 

In mid-1969, a more formal plan was drafted, suggesting 
use of the Puebla staff and experience for promoting similar 

agricultural programs in other areas of Latin 
America. At that time, CIMMYT was exploring ways to 

intensify research on high-quality maize varieties, and the 
United Nations Development Program (UNDP) was contem
plating provisions for financial support of global research 
p rog rm s The in a c i al t of iteres ts 
programs. The interaction among these three interests
culminated in a proposal by CIMMYT, and its approval byUNDP to establish an international program to (a) conduct 

reseach and reies to oide a rn oftmaizepopulations and varieties that would be high in nutritive 
value, have improved yield and agronomic characteristics,
and have grain types acceptable for a wide range of local
conditions; and (b) assist government agencies in Central
 
and South America ih developing regional maize production
 

programs to ensure that maizeconsuming subsistence farm
ers and their families would benefit from the discovery of 
ersnei failes would beneto theder of 
"high lysine maize. CIMMYT began operations under thisUNDP Global Project Number 1 in March 1970
 

The Director of CIMMYT, accompanied by Puebla staff,

visited Colombia, Peru, Ecuador, and Bolivia during the 

first half of 1970 to inform political and agricultural leadersof the Puebla experience, and of the opportunity provided 
by the UNDP Project for CIMMYT to cooperate in develop
ing similar programs in maize-producing areas of their 
countrie. At the invitation of agricultural leaders in Argen
tina, Venezuela, and Honduras, similar visits were made tothose countries during 1971. The Puebla staff also met with 
representatives of Mexican institutions to report on the 
experiences in Puebla and to indicate staff intfrest in as
expinc in Pteb andrt indicas 

Several regional production programs, influenced in 
some degree by the Puebla experience, have been initiated 
as a result of these activities. The Puebla staff has been 
involved both in training technicians and in providing tech
nical assistance. These programs and activities are briefly 

East Antioquia Project, Colombia 

Organized in late 1970, this project was an activity of 
the Colombian Agricultural Institute (ICA), a national 
organization with responsibility for agricultural research 
and extension. It is locaed in the eastern part of the 
department (state) of Antioqufa. The project area consists 
of 22 municipioswith a total cultivated area of 172,800 ha. 
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There are approximately 35,600 farms in the region with an The Basic Grains Program, Honduras 
size of 4.8 ha. Activities have been concentratedaverage 

initially in six mn'icipios near Medellin with a cultivated 

area of 52,000 ha. 
The soils in the area have formed from volcanic ash and 

belong to the Andosol category. The average annual precipi-

tation varies from 1,500-2,100 mm and falls mainly in the 

pcitod from April to November. Elevations above sea level 

vary Irom 2,000-2,400 m. 
Diue to high rainfall, high water-holding capacity of the 

c s, and temperate chmate, year-round crop production is 
',',ible with a wide selection of crops. Thus, intensive 

,roppig ,,ystems are used and the land generally produces 
two or three harvests per year. More than 20 different 
,.ropping systems have been observed in the area. The major 
cIop,; are maize, beans, and potatoes. 

Technical assistance was provided to 4,801 familieF with 
8,212 ha in 1972. 

Five similar regional projects were initiated in Colombia 
during 1971-1972. These projects cover a wide range of 
both agricultural and social activities and have been desig-

for 
Rural Development Projects. Project plans call 

assistance to approximately 103,000 families. The Exten-

sion Service in ICA was reorganized in early 1973 as the 

Division of Rural Development. Fourteen additional Rural y 

nated 

Deveopmnt rojctshav nd resnben aproed re 

Development Projects have been approved and are presently 
being organized and staffed. 

Cajamarca-La Iibertad Project, Peru 

This project was organized in early 1971, as a joint 
undertaking of the Agricultural Research Division of the 

Ministry of Agriculture, the Cooperative Maize Research 
Program of the Agrarian University, and the Agro-Industrial 
Research Institute. Field activities were initiated in Septem-
ber 1971 

The Project area comprise; the major pait of the high 
mountainous region of the departments of Cajamarca and 

La Libertad :n noithein Peru. The major crops are maize, 

wheat, barley, and potatoes Approximately 96,000 ha of 
maize and wheat are grown in the aiea annually The aver-
age area of cultivated land per farm is 1 4 ha 

This area is veiy mountainous and has a very poor road 

system. Initially, theiefore, activities were concentrated in a 
region about 10 km wide extending from 15 km north of 

Cajamarca to 15 km south of Cajabamba About 9,500 ha 
of maize and 7,500 ha of wheat are grown in this region 
annually. 

The climate of the region varies from sub-tropical in the 
Condebamba Valley to temperate in the higher valleys and 
mountain slopes. Elevations vary from 2,000-3,500 in 

above sea level. Average annual rainfall varies from 650-750 
mm. All of the wheat is rainfed and about one-half of the 
maize receives one or more irrigations, 

During the past two cropping seasons, applied research 
on maize, wheat, and barley was conducted to develop 
reliable packages of production practices for the farmers in 
the area. There were 183 field trials in 1971-1972, and 100 
field trials in 1972-1973. 

The Central Bank of Honduras and the National Devel

opment Bank sponsor this program, which is conducted in 
thecollaboration with the Rural Development Institute, 

Department of Agriculture, and the Panamerican Agricul

tural School. It was organized in late 1970 and began field 

operations in early 1971. 

The Project area consists of four municipios in the 
Francisco Morazan department. There are approximately 
15,000 ha of cultivated land, with 50 percent planted in 
maize and 32 percent in beans. There are around 3,200 
farms with an average size of 4.6 ha and total population of 
the area is about 40,000. 

The cultivated area is concentrated in the valleys of 
Talanga and Siria, with soils varying from level to rolling 
and from poorly drained planosolic types to well-drained 

,lluvial soils. The climate is tropical with absolute minimum 
temperatures of about 9' C. The average annual rainfall is 

around 1,100 mm, falling mainly from May through Ocmtober. The cultivated land lies at elevations from 500-700 
above sea level. 

The Basic Grains Program expanded its activities in early 
e o l197 to iclu ea s Pro j e t in 

utede tht yEa19r3iso A resecond 
Paraiso. A research program was conducted that year, 

consisting of about 100 trials on farmers' fields to study 
varietal performance and production practices for maize, 

beans, and maize-bean -ssociations. 

Maize Program, State of Mexico, Mexico 

This program was organized in early 1971 by the 
Government of the State of Mexico and is operated by a 

state institution known as DAGEM (organization for the 

development of crop and livestock production) This 

institution includes the directors of 13 agencies involved in 
government, credit, crop insurance, marketing, and organ

izing of farmers. DAGEM is operated by an Executive Coin

mission and the coordinator of the Maize Program reports 
directly to this Commission. 

The project area comprises the major part of the impro
tant maize producing regions in the state. It consists of 

three well-defined zones Valley of Toluca, covering 34 
mumcipios, Valley of Mexico, with 32 mumcipios;and the 

Southwestern Zone, with six municipios About 430,000 ha 

of maize are harvested annually in these 72 miuncipios. 
There are approximately 240,000 farms with an average 
cultivated area of 2.2 ha/farm. 

The soils used for growing maize in the Valleys of 
Toluca and Mexico were formed from volcanic materials 
and lie at elevations between 2,240 and 2,800 m above sea 
level. The cultivated area of the Southwestern Zone lies 
between 400 and 1,800 m above sea level. The average 
annual rainfall varies from 500 mm at the northern limits of 

the region to 1,100 mm at the southern tip of the Valley of 
Toluca. Frost damaging to maize may occur in the valleys 
of Toluca and Mexico in all months except June, July, and 
August. 
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The Project area is divided into five zones with a Region- Tlaxcala Project, Mexico 
al Coordinator in charge of each zone. Several "farmer 
programs" are coordinated by each Regional Coordinator. 
Each farmer program is headed by an outstanding farmer of Organized in early 1971, this project is a cooperative 
the area who promotes the organization of groups of farm- undertaking of the Mexican Ministry of Agriculture and the 
ers. Each group of farmers then elects a leader who is Government of the State of Tlaxcala. The Project area 
responsible for maintaining communications between the comprises 18 municipios in the southern part of the state. 
group and the head of the farmer program. Within this The total cultivated area is 46,000 ha, with nearly 90 per
overall organization, a small team of agronomists can cent planted in maize each year. About 40,000 farm fami
provide technical assistance to a large number of farmers, lies live in the area. 

The Maize Program reported 32 farmer programs func-Tin i1i Progra groups c soils, formedth tepotl ofar277 and 19,1The mainly from volcanic ash, are level in 

farmers. These farmers used the recommended production the central part of the area, and are gently to moderately 
practices on 63,568 ha of maize, with an estimated average rolling the slopes of La M volcano The averageon mlinche 
yield of 3.5 ton/ha. (The estimated avelage maize yield for aral petatin is200a800 m Mose lve d 
the total area was 1.9 ton/ha.) area lies between 2,200 and 2,400 m above sea level. 

In 1972, the Project reported that technical assistance 
Beginning in 1970, the field staff and advisors of the Puebla was provided to 972 farmers who used the recommended 
Project assisted in the development of similar programs in production practices on 2,300 ha of maize. About three-
Colombia, Per6, Honduras, and in the States of Mexico and fourths of these farmers were organized in groups (82 
Tlaxcala, Mexico. Here one of the farmers participating in groups in 37 communities) The average maize yield of 
the Maize Program of the State of Mexico is shown with his farmers using the recommendations was estimated at 2.4 
wife harvesting their maize, ton/ha. 
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14 THE PUEBIA APPROACH'A SYNTHESIS
 
INTRODUCTION 

This chapter briefly describes the Puebla approach for 
rapidly increasing crop production on small rainfed farms, 

1973. No attempt has been 
as it evolved from 1967 to 

series of alternative ways formade in Puebla to test a 

Project goals. Rather, an initial approach wasachieving 
terms of existing knowledge and modificationsdefined in 

were made over the years as new information became 

available. 

ESSENTIAL ELEMENTS 
OF THE PUEBLA APPROACH 

The experiences in the Puebla Project, supplemented by 

findings of similar programs elsewhere, indicate that such 

regional agricultural programs must function effectively in 

at least four major activities: (a) agronomic research, (b) 

technical assistance to farmers, (c) socio-economic evalua-

tions, and (d) coordination of all activities touching directly 

on crop production. A team of specialists from related 

disciplines also should be available to advise Project tech

nicians on a continuing basis. The regional agricultural 

program structure should have certain basic characteristics, 

including: (a) capable, highly motivated, well-trained 

staff, to) incentives that make the work professionally 

rewarding to the staff; and (c) a budget that is adequate 

both in amount and ease of administration of funds. Each 

of these essential elements is discussed briefly in the fol-

lowing sections. 

Agronomic Research 

Agronomic research serves the regional program in 

testing the performance of crop varieties, and in determin-

ing the appropriate packages of production practices for 

different conditions in the area. In general, the amount of 

research required is proportional to the ecological var-
wil beiability in the area. For example, more research 

required in rainfed areas where the frequency and intensiW 

of drought are high and variable within and among years, 

than in areas with irrigation or very favorable rainfall, 

Major steps in conducting agronomic research: 

Gather and evaluate materials and information related(a) 

to the technology used by the farmers in the area. 


(b) Analyze existing technology for modifications that are 
most likely to produce increases in productioi, and net 
income, and list in order of priority the technological ques

tions for investigation. 

Plan and carry out field trials based on above priorities,(c) 

taking into account the ecological diversity of the area.
 

(d) Harvest e therials, analyze the data, and express the 

results as production functions, response curves, or treat

ment means. 

(e) Estimate the risks farmers take in using different levels 

of costly inputs, using the information that is available on 

climatic variability and the fluctuation in prices. 

(f) Develop recommendation for different levels of invest

ment in inputs and for different ecological conditions, 
taking into account the expected risk in production and 

marketing. 

Recommendations produced after 1 year of research are 

an approximation to those needed in the aLea In regions 

with irrigation or very favorable rainfall, this first approxi

mation may have an acceptable lev-l of preciion For rain

fed regions with greater ecological diversity, continued 

agronomic research for one or more years will usually be 

necessary. 

Technical Assistance to Farmers 

When adequate crop production information is available, 

the regional agricultural program should develop a system 

to promote farmer use of the new technology, whereby: 

(a) Farmers would be informed the in yieldrecom-andmendations, of the expected increasesof new 
net income, and of the necessity for using all 

components of the technology precisely to obtain 

maximum results. Major communication media used 

for this purpose in Puebla were-

Radio and paml htl particularly useful in con

vincing the more advanced farmers to use the new 

technology. Television and newspapers were little 

used in Puebla as they reach a very small fraction of 

the rural population, 

Village meting% effective in reaching the less 

advanced farmers. The new recommendations were 

Movies were used to attractexplained in detail. 


people to the meetings, to strengthen the piesenta

tion on technology, and to provide farmers with 

information on related areas of interest. 



Field demonstrations of technology: new practices 

demonstrated to the farmers directly in the field, 

Demonstrations were held at planting time and at 

the second application of nitrogen. A group of 

farmers met in a field farmed by ,a group member; 

the technician demonstrated the new way to plant, 

fertilize, etc.; and all farmers then participated in 

the operation. Demonstrations were particularly 

useful in convincing farmers to use the technology 

correctly. 
Intterchangeof Jartner groups farmers of one village 

invited farmers from other villages to visit their 

plantings during the crop growing season. Farmers 

from the different villages exchanged experiences 

about maize production and other farming and 

non-farming activities. The technician accompanied 
the farmers on a walking tour of several adjoining 

fields. Deficiencies and favorable aspects of each 

planting were pointed out and discussed. These 

group interchanges contributed to a better under-

standing of maize production and also generated 

discussion about many other activities, 
Field delnwistrationv at han'est" incl, r.d local 

demonstrations (attended by farmers trom a few 

villages) and regional demonstrations (atterded by 

farmers from the entire Project area). The effects of 
different combinations of production practices on 

yield were demonstrated, along with costs and 
returns obtainable from different technologies. The 
farmer owning the demonstration field assisted in 
presenting the results, 

(b) 	Farmers would be assisted in arranging for the inputs 
needed to use the new technology. Many farmers 
can purchase seed, fertilizers, insecticides, etc. with 

their own money, oi they can obtain funds from a 
lending agency. Other,,, however, are able to use 

technolojy involving expensive inputs only if credit 
is made available. Technician in the Puebla Project 
assisted in arranging for credit and fertilizers by: 
Organization of farnmors into groups- individual 

small farmers noimally can not qualify for credit 

from a public or private bank. However, a properly 

organized group of small farmeis can qualify. Thus, 

in addition to piomoting the new technology, tech-

nicians encouraged farmers who needed credit to 

organize into gioups Information was provided 

about organizational requirements to obtain credit 

from different iimtitutions. 
Establishingrelationup, bIetwcen group%and credit 

banks: organization of the farmers and instructions 

on how to present their request for credit were 

complemented by the technicians' initial accom-

paniment of the group to the bank to support their 

application for credit. Without such support, groups 

of small farmers often made numerous trips to the 

bank before completing arrangements for credit, or 
too trouble-decided that the credit process was 

some. 

Developing group capability: leaders of the groups 

were encouraged to accept responsibility as rapidly 

as possible for all activities of the groups, including 
with the credit banks. The techniciantransactions 

continued to provide the groups with information 

and ideas, but the decision-making was done by the 

groups. The Puebla Project experiences indicate that 

this effort by the technical team to develop the 

capability of the groups needs to be strengthened. It 

is clearly necessary to plan and carry out a system

atic training program for the farmers, particularly 

the group leadeis, that will assist them in obtaining 

the knowledge and skills they need in resolving their 

common problems more effectively. 
(c) 	 Farmers would be assisted in resolving other pro

blems that prevent them from using effectively the 

crop recommendations. Such problems may arise 

due to dissatisfaction with the requirements of the 

credit banks, the operating procedures of the crop 

insurance agency, the way their farmer organization 
is functioning, etc. These problems can often be 

eliminated, if fully understood and properly pres

ented to the people with authority to resolve them. 

The Puebla technical assistance agents were in daily 

contact with the farmers, learning about their 

needs, limitations, and problems. This information, 
collected from farmers in many villages, was trans

mitted back to the other members of the Project 
team The team studied the information and de

cided what action to take. Usually it was necessary 

to collect additional information from farmers, 
services agencies, or both before deciding on a 
course of action. The Project coordinator would 
then take the initiative in promoting the necessary 

action for bringing about change. 

Evaluations 

The specific responsibility for identifying problems and 

suggesting solutions is assigned to one member of the 

Project team, the evaluator. He takes the leadership in 

synthesizing the information that flows from the farmers 

through the technical assistance agents to the team. This 

leads to the identification of questions, often with respect 

to both farmers and institutions, that need further study 

and clarfication. The evaluator plans and conducts studies 

to obtain the information needed. 
After all the available information about a given problem 

has been assembled, the evaluator, assisted by the rest of 

the team, plans a strategy for working out a solution to the 

problem. This may involve action primarily by the technical 

assistance agents in providing new information to the farm

ers or assisting them with organizational changes. In other 

cases, it may be necessary for the team, usually represented 

by the coordinator, to interact directly with the representa

tives of one or more of the service agencies in finding a 

satisfactory way to modify operating procedures. These 

strategies represent a major source of new ideas for the 
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constant improvement of the plan of operations of i:he 
agricultural program. 

The Puebla Project has had one member of the team, 
well-qualified to carry out socioeconomic evaluations, who 
has assumed the responsibility for identifying, studying, 
and helping resolve problems limiting farmer use of the new 
technology. In larger programs, this function may require 
more than one person. 

A second major responsibility of the Puebla Project 
evaluator was the collecting, analyzing, and interpreting of 
the data needed to measure progress in the Project. This 
involved the collection of data on the socioeconomic 
characteristics of the farming population and their agron-
omic practices at the beginning of the program, and at least 
one other similar study after the program had been operat-
ing for an appropriate period, 

It can be argued that the function of evaluating progress 
in an agricultural program should be assigned to an outside 
agency. Regardless of how this evaluation function is hand-
led, however, it is necessary that the socioeconomic data 
collected in the surveys be made available to the program 
evaluator as promptly as possible. 

Coordination 
Perhaps the most complex function in a regional agricul-

tural program is the coordination of the activities of farm-

ers, program staff, and service institutions. In Puebla, the 
closely relatedcoordinator perform ed three distinct but 

roles:sistanceroles: 

(a) 	 Administration of the program: was responsible for 
the hiring of Project staff, participated in defining 
policy on personnel matters, approved the expendi-
ture of funds, etc. 

(b) 	 Direction of the program: personally diected the 
activities of the staff in the preparation of detailed 
plans of operation, the execution of these plans, 
and the summarizing and reporting of accomplish-
ments. Important matters affecting the functioning 
of the program were fully discussed by the members 
of the team before the coordinator made a decision. 

(c) 	 Acquisition and maintenance of the support of theinsituion tht galsofcn asis inachevig te 
institutions that can assist in achieving the goals of 
the program: informed the representatives of the 
institutions of the plans of the program, its accom-
plishments, and the needs of the farmers. When 
problems arose that required action by the institu-
tions, he provided relevant information and worked 
closely with them in finding a solution. 

Technical Backing for Program Staff 

The staff members in a regional agricultural program 
should interact on a continuing basis with highly trained 
and experienced technicians who are active in their respec-
tive fields. The field staff will normally be composed of 
capable young people with good fundamental preparation 
but with little specialized training or previous experience, 

These young technicians will need guidance from more 
experienced people in preparing detailed plans of operation, 
selecting the best procedures for their work, resolving social 
and technical problems that arise during the execution of 
programs, and analyzing and interpreting the results of their 
endeavors. 

In Puebla, the Project staff received technical assistance 
from specialists at the Graduate College at Chapingo and 
CIMMYT, and from a sociologist working with a private 
organization. Countries that choose to undertake regional 
agricultural programs of the Puebla type will need to 
develop a corps of highly trained and experienced tech
nicians who can provide backing to the staffs in the regional 
programs. Initially, this technical backstopping might be 
provided by a corp- of experts from another country that 
are familiar with local problems As the regional program 
staffs in a country become more experienced, however, the 
country can organize its own team of technical advisors. 
The advisory team should be a part of the national research 
and extension organization or of a national institution of 
higher education in agriculture. It is expected that the team 
of advisors will both provide assistance to program teams 
and participate in the training of staff for such programs. 

As the number of regional programs in a country be
comes larger, it will probably be necessary to partition thecountry into two or more zones, 	and to organize a team of 

i tis e te segepec aadvisrs fo each zone, 
a ms fol hav h on ibiit fo both th a l se 

bthetrc or s ondi ncone stiata c iland atraining ewithin 
and training within their corresponding zones. 

Capable, Highly Motivated, Well-Trained Staff 

Successful regional agricultural programs require a 
dedication of time and effort by the staff far above that 

necessary in most technical and professional careers, due to 
the large number of farmers and groups served. The person
nel selected for these programs should be highly motivated 
to know and undertand the farmer, his family, and co
munity, and to assist them to improve their production, net 

In a n geea w ela eIn addition, the team members of a small farmer pro
gram should have personalities enabling them to gain and 
hold the confiecnce of the farmers and to work harmo
niously with their coworkers. They should have the aca
demic background and capability for rapidly learning the 
technology corresponding to their jobs, for applying this 
knowledge effectively, and for identifying new problems 
and proposing ways to solve them. 

New team members should be instructed in the general 

aspects of the program (philosophy, objectives, character
istics of the area, accomplishments, etc.) and the specific 
techniques that each will employ in his particular part of 
the undertaking. Some of this training can be given in 
formal classes and discussions, although most of it should 
be done in the field, with tha trainees assuming direct 
responsibilities in the program (closely supervised by 
experienced people). 
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Incentives 

One of the principal incentives for young professionals 
to participate in small farmer programs is the opportunityinto 
to use their talents Noetheessfor improving the welfare of this dis-adv~tagd setor theagrculuralproram 
a'Jvantaged sector. Nonetheless, the agricultural program-hould provide working conditions and opportunities that 
,hl ptrostafid t work efcditively andopportunietpes-

lits staff to work effectively and advance profes-
! , including-
() Salaries and perquisites that are competitive with 

other employment opportunities, 
) ronely availability of the necessities for getting the 

Jobonpt (adeqae oertimn expnsues recle, 
pompt purchase of equipment and supplies, revolv. 
aiJ funds for the purchase of small items, prompt 
repair of vehicles and equipment, etc.) 

(:-) Encouragement to use their own initiative and 
inovativeness. The staff cannot be provided with a 
manual of operation that covers every exigency that 
may arise. The team members must be encouraged 
to work out their own solutions when confronted 
with a new problem, and to follow up, when neces-
sary, by seeking appropriate advice from the rest of 
the staff and advisors.* Decisive problem-solving 
should be encouraged, with some mistakes to be 
expected as part of the process. 

(d) 	 Opportunities for advancement, outstanding team 
members should have the opportunity to advance 
both in salary and responsibilities either in the same 
or a different program. Also, those so inclined 
should be assisted in continuing advanced academic 
training after participating for a few years in an 
agricultural program. 

An Adequate Budget 

Agricultural programs for small farmers should be 

adequately funded, with budgets that provide for: 


(a) 	 Adequate staff, competitive salaries, mobility of 
staff, supplies and equipment, etc. 

(b) 	 Availability of funds when needed, a measure that 
can be expedited by delegating the responsibility 
and authority for dispensing funds to the program 
coordinator, 

PROGRAM STRATEGIES 

Efficiency of the regional agricultural programs will 
depend on their success in properly focusing the four 
essential activities (research, technical assistance, evalua-
tion, coordination) and allocating to each the appropriate 
amount of resources to produce the greatest marginal re-
turns. The term focus is defined as the way a given activity 
employs its resources (for example, technical assistance 
may choose to devote widely varying degrees of effort to 
organizing farmers and assisting them to obtain credit). 
Returns are measured in units of progress toward the goals 
of the program (number of participating farmers, degree to 

which participating farmers employ the recommendations 
correctly, increase in average yield, etc.). The strategy of agiven program is the particular way in which the essential 

on of couced and takactivitbotharethe amountan resources for eachiaccount 	 allocated 
activity and how they are used. A programatvt n o hyaeue.Apormmyvr may vary itst 
strategy from year to year, and even from one season of theyear to another. 

Thus, a successful regional agricultural program should 
combine all essential elements with an efficient strategy for 
employing the essential activities. Experiences in the Puebla 
Project provide some insight into how the choice of a pro

gram strategy is influenced by the characteristics of thephysical environment, stage of development of the infra
structure, political environment, size, diversity, and acces
sibility of the program area, and the existence of high
yieling vaities. 
yielding varieties. 

Influence of the Physical Environment 

Intuitively, program planners can agree that the charac
teristics of the physical environment should be taken into 
account in selecting program strategies. Needs of an irri
gated area, for example, are obviously different from those 
of a semi-arid region. Although experience is too limited to 
provide the expression of these relationships in quantitative 
terms, the experiences in Puebla and other programs can be 
used to suggest ways in which strategies may differ in pro
grams conducted under several ecological conditions. Some 
of these suggestions are cited next. 

A large part of the agriculture in Central Mexico is prac
ticed in valleys and plains that lie between 1,500 and 2,800 
m above sea level. The average annual precipitation in these 

areas varies from less than 500 mm to over 1,000 mm and 
falls largely in the period from May to October. 

For illustrative purposes, these agricultural lands have 
been partioned into four categories as shown in Table 14.1. 
Drought frequencies for maize and levels of risk for maize 
and forage grasses shown here were based largely on studies 
conducted in the Bajio region of central Mexico during the 
period from 1962 to 1966. 

Category A in Table 14.1 includes irrigated lands and 
areas with favorable rainfall. Drought in maize is infrequent 
and the level of agronomic risk is low. A satisfactory level 
of precision in crop recommendations can often be ob
tained by extrapolating from experiences in similar areas. In 
other cases, one year of research in the area may be needed 
to provide reliable agronomic information. 

Category B consists of rainfed areas receiving 750-900 
mm of precipitation annually. In a 10-year period, severe 
drought in maize can be expected 1 to 2 years, with mod
erate drought in another 2 to 3 1/2 years. These drought 
effects produce a level of risk for the maize producer that 
can be expressed qualtitatively as ,tMrin'ditlc or ,modcrale 
risk. The Puebla Project is located in a category B region. 
Depending upon the initial yield levels, it is expected that 
improved technology can increase average maize yields 
something like 100 percent in areas of this category. Pro
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Table 14.1. Estimated drought frequencies for maize, and levels of agronomic risk for maize and forage grasses, for four cate
gories of land in central Mexico. 

Drought in maize 	 Level of agronomic risk 

Frequency Maize and Forage
Category* ( of years) Intensity** similar crops grasses 

A. Irrigated land and 
rainfed areas with more 0.109/ severe Low Very low 
than 900 mm of annual rainfall 

B. Rainfed areas with 
750-900 mm of annual 10-20 9 severe Moderate Low 
rainfall 20.35 % moderate 

C. Rainfed areas with 
600-750 mm of annual 20-400/ severe High Moderate
rainfall 	 35-40 % moderate 

D. Rainfed areas with less 
than 600 mm of >40 r severe Very High High 
annual rainfall remainder moderate 

* 	 These categories are defined for deep soils (medium and heavy soils more than 50 cm in depth; light soils more than 75 

cm in depth). In general, with a given amount of rainfall, the effect of drought is inversely proportional to the altitude. 

** 	 Severe drought is arbitrarily defined as drought that reduces the potential yield by 609 or more; moderate drought as 
that which reduces the potential yield by 30 to 60 916. 

gram strategy mould place major stress on local research 
during the first year or so, and later on technical assistance 
with emphasis on work with farmer groups. 

Category C of the same table includes rainfed areas 
receiving 600-750 mm of precipitation annually. In a 
10-year period, the erpected frequency of severe drought in 
maize is 2 to 4 years, with moderate drought in about 4 
additional years. Farmers who grow maize in Category C 
regions assume a high level of risk. 

Present indications are that average maize yields in a 
Category C region can be increased relatively little, perhaps 
by no more than 50-75 percent. Thus, agronomic research 
should give special attention to improved production of 
other species, such as beans, sorghum, millets, and forage aize sho ldgrasones.R ese rch e phaize the ree ing 

grasses. Research on maize should emphasize the breeding
of drought-tolerant varieties and the use of moisture conser
vation practices (early fall plowing, planting on contour, 
mulches, low plant densities, wide row spacings, weed 
control, etc.). Research on animal production also should 

assume greater importance. Applied research in Category C 
areas will require relatively more resources for a longer 

period of time than in Category B areas. Hopefully, how-

ever, much of the research findings will be applicable in 
similar areas with little additional testing. 

Technical assistance in a Category C area will probably 
have little importance during the first few years while 
technological packages are being developed through local 

research. During these years, the principal effort should be 
devoted to explaining the nature of the program, organizing 
the farmers into groups, and preparing them to accept new 
practices once they have been defined. Afterwards the 
resources devoted to technical assistance will be similar to 
those in a Category B area. 

Category D consists of rainfed areas receiving less than 
600 mm of precipitation annually. Maize can be expected 
to suffer moderate or severe drought damage every year. 
The level of risk in growing maize is too high o peimit the 
use of costly inputs such as fertilizers. Agronomic research 

should be concentrated on forage crops for animal produc
io. ajo emphasis shou b on ncraasigtnetincom e and employm ent through non-agricultural activities 

such as cottage industries, arts and crafts, public works, etc. 

It seems reasonable to assume that agricultural areas in 
other parts of Mexico and other countries can be grouped 
into four similar categories. The amounts of rainfall or 

levels of other ecological variables that mark the limits 
between the several categories will have to be determined 
locally. 

The Puebla approach seems to be applicable in regions 
corresponding to the four categories, but is not essential for 
Category A areas. It is expected that strategies used in pro
grams within a given category will be similar, but may vary 
greatly among programs in different categories. 
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Influence of Infrastructure Development 

The lack of roads, markets, inputs, or a favorable input 

cost: produce price relationship in a Project area would 
indicate that the regional agricultural program should 
concentrate its initial action on dwveloping these essentials. 
Under such conditions, technical assistance and agronomic 
iesaich would, to some extent, be supplanted, temporarily 
by specfic action to develop roads, markets, a distribution 

for inputs, or favorable change in the prices of 
inputs and produce. The absence of credit wuld not 
postpone normal program activities, but would imply that 
ilL coordinator may have to devote considerable effort to 
maun. g credit available in the area, 

Influence of the Political Environment 

The political entity, state or nation, sponsoring a re-

gional agricultuial program should be convinced of its merit
before it approves the budget necessary for its operation. 

Political support for the program may become inadequate, 

however, when two situations arise: (a) political leaders 


may accept the importance of the program but fail to grasp 

the magnitude of the problem and become disillusioned 

when short-term accomplishments do not measure up to 
expectations, and (b) there is a change in the political 
leadership. Thus, it is necessary for the program strategy to 
include continuing action by the coordinator to keep the 
political leaders well-informed about program activities, 
difficulties, and accomplishments. The effort required will 
be greater when political support for the program is low. 

influence of Size, Diversity, and 

Accessibility of Program Area 

The size of the staff and budget of a regional agr 
program will generally be proportional to the c, 
area and the number of farmers to be serviced by 
gram. The experience in Puebla suggests the f 
examples of staff assignments for programs with 
sizes of project areas 

(a) 	 25,000 ha would require a coordinator wh 

responsible for technical assistance in a pai 

area, one technical assistance agent, one te 

responsible for agronomic research, and on 

cian in charge of socioeconomic evaluations 

(b) 	 50,000 ha would require a coordinator, 

three technical assistance agents, one ag 

research technician, and one evaluator, 


(c) 	 100,000 ha would require a coordinator, f 

nical assistance agents, two agronomic 

technicians, and one evaluator, 


(d) 	 200,000 ha would require a coordinator 

sistant coordinator, 10 technical assistancc 

three or four agronomic research technici, 
one or two evaluators. 
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The number of technical assistance agents will be deter.
mined more by the number of farm families than by the 
amount of cultivated land. In Puebla, each technical as

sistance agent, assisted by one to twoaide; was responsible 
for about 10,000 farm families. 

The diversity of the area-variability in soils, physiogra
phy, temperature, and rainfall-mainly influences the pro
blem of develo-,,y reliable technological packages. For a 
given size of area, the number of agronomic research tech
nicians will generally increase as the diversity of the area 
increases. 

In the previous exaiaples it was assumed that the areas 
were easily accessible by mechanized transport. Under such 
conditions, a technical assistance agent will be able to reachthe 	most remote village in his area in about an hour. For 
areas with poor communication, relatively larger staffs will 
be needed. 

High-yielding Crop Varieties 
High-yielding maize varieties, both native and improved,

were available in Puebla when the Project was initiated. It seems unlikely, however, that this will always be the case. 
When crop varieties are not available that will permit farm

ers to greatly increase yields (e.g, double average yields in a 
Category B area), agronomic research should support 
development of such varieties. The central role of the 
regional program might be that of assisting a plant breeding 
team at a research center by collecting genetic materials 
from the program area, providing information on farmer 
and market preferences, and testing promising materials in 
the area. 

THE REGIONAL AGRICULTURAL PROGRAM 

ASA FIRST STEP IN RURAL DEVELOPMENT 
It was recognized from the beginning of the Puebla 

Project that the long-range objective was to improve net 
income, employment, and the general welfare of the rural 
people. That is, action to increase basic food crop produc
tion 	was seen as an initial step in the development of the 
rural population. 

The experiences in Puebla support the proposition that 
rural development can be initiated effectively through an 
action program aimed at increasing the production of one 
or more basic crops. With a given amount of resources, a 
program for small, subsistence farmers is more likely to be 
successful if it concentrates its efforts , n one or a few 
farming enterprises. By proving that the ue of new tech
nology leads to higher yields and net incomo, the program 
establishes its credibility and gains the confidence of the 
farmers. Once the program is accepted by the rural people, 
they become more receptive to the entrance of other pro
grams that can contribute to a better way of life. The 
initiative for starting new programs may often come from 
the farmers themselves. Thus, step by step, an agricultural 
program is transformed into an integrated rural develop. 
ment program. 



By early 1970, the Puebla staff felt that it would be 
appropriate to begin to give attention to other farming 
activities. The need to broaden the scope of Project activi
ties was felt most acutely by the technical assistance agents, 
who sensed the eagerness of the farmers to improve all of 
their farming enterprises. Because the Puebla Project was 
programmed and financed specifically to increase maize 
production, however, other activities could not be ex-
panded greatly (except for a small effort in bean produc-
tion). Since 1970, the farmers have steadily increased pres-
sure for the Puebla Project to provide assistance in fruit 
culture, the production of vegetable crops, the perforation 
of wells for irrigation, animal production etc. The Puebla 
staff is in agreement that momentum in the maize produc-

tion effort has been lost due to the inability of the Project 
to respond to these other production concerns. 

Thus, the Puebla experience indicates that a rural devel
opment program can be launched effectively by concentrat
ing initially on rapidly increasing the production and net 
income from an important basic food crop. After a portion 
of the farmers have successfully used the new cropping 
practices, the program should proceed immediately to 
expand to other activities. The rate at which an agricultural 
program is gradually transformed into an integrated rural 
development program may differ from village to village, and 
should reflect the desire and readiness of the rural people to 
undertake new activities. 
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APPENDIX A
 

A BENEFIT: COST ANALYSIS OF
 
THE AGRONOMIC RESEARCH PROGRAM
 

The question has been raised as to whether or not the 
Puebla Project has placed too much emphasis on agronomic 
research. A partial answer to this question is provided in 
th.s section in the form of a summary of costs and some 
h ,nefits associated with this program. 

The costs involved in producing the limited capital and 
,inuinited capital technologies are summarized in Table 
A Thc:,e include all costs of operation - salaries, equip-

,, rnterals, vehicles, etc. - plus consulting services, 

4 ,BIAF A I The cost of generating the maize technology 
uf thi Puebla Project. 

Coss odiscussed 

Year operation costs Total* 

1967 18,294 6,245 28,956 
1968 25,512 5,600 36,713 
1969 28,945 9,293 45,121 
1970** 30,534 5,230 42,201 
1971** 32,039 3,142 41,513 

Total 135,324 29,511 194,504 

** 	 Eighty percent of operating costs and 64%/of consultiag 
costs were assigned to agronomic research on maize. 
The remaining costs were allocated to research on beans 
and the maize-beans association. 

Agronomic research in 1970 and 1971 included, in addition 
to field trials with maize, work with beans and the maize-
beans association. In these years, therefore, only 80 percent 
of the operating costs of the agronomic research program 
and 64 percent of the consulting expenses were considered 
as costs of generating the maize technologies. 

When we refer in the following paragraphs to the bene- 
fits associated with the project technologies, it must be 
kept in mind that what we call benefits, are really the 
confounded effects of the production technologies plus the 
interaction between these technologies and the other 
components of the project (coordination, technical as-
sistance, and evaluation), 

In estimating the benefits associated with the project 
technologies, it was assumed that the Puebla Project might 
have adopted either of two strategies: (1) use the informa-
tion on improved maize production practices available in 
1967, the INIA technology, and devote its resources 
exclusively to technical assistance, coordination, and 
evaluation: or (2) choose, as it did, to include agronomic 
research as an integral part of its activities. The difference 
in cost of the two strategies is $194,504, as shown in Table 
A.1 . The difference in benefits with the two strategies is 
obtained by subtracting the net benefits using the INIA 

technology from net benefits using the limited or unlimited 
capital technologies. 

A net benefit, as used here, is the value of the net in
crease in yield (both grain and stover) with one of the 
improved technologies, less the value of the net increase in 
yield using the traditional technology, with both estimated 
for the same area. That is, net benefits using an improved 
technology are benefits over and above those obtained with 
the traditional technology. 

In calculating benefits it was assumed that the rate of 

adoption of INIA and project recommendations would be 
the same. This assumption tends to favor the INIA tech
nology inasmuch as the efficiency of this technology, as 

earlier, is inferior to that of the Project recom-

The values of the net increases in yield permendations. 
dollar invested in fertilizers, for example, are 1.45, 1.94, 
and 1.62 for the INIA, limited capital, and unlimited 
capital technologies, respectively, as shown in Table 3.15. 

To estimate total net benefits with the three technol
ogies, it was further assumed that benefits would accrue 
over the 20-year period 1967-1986, and that adoption of 
the technologies would occur in the following manner: (1) 
for the years 1968-1973, the areas of adoption would be 
equal to those planted to maize by farmers on credit lists 

(see Table 9.6); and (2) for the period 1974-1986, the area 

of adoption would increase each year by 3.3 percent, the 
average increase in adoption by farmers on credit lists in 
1971-1973. 

Maize prices paid by the National Marketing Agency at 
their warehouses were $75.20 per ton in 1968-1972 and 
$96.00 per ton in 1973. It was assumed that the Agency 

would continue to purchase maize at the latter price during 
the years 1974-1986. The prices for maize used in estimat
ing benefits were calculated by discounting the above prices 
for costs of harvesting, shelling, sacking and transport. 
These prices for maize in the field were $54.80 for the 
1968-1972 period and $78.80 for 1973-1986. A price of 
$5.60 per ton was assigned to maize stover. 

The net benefits attributable to the INIA and unlimited 
capital technologies for the 1967-1968 period are shown in 
Table A.2 as unadjusted additional benefits. The annual 
benefit values were adjusted to their corresponding values 
in 1967, assuming that capital would grow at an annual rate 
of 14 percent, and that the currency would decrease in 
value at a rate represented by the price indices published by 
the Bank of Mexico. This adjustment was made by multi
plying the unadjusted values for a given year by the ap
propriate discount factor (Table A.2) and dividing the 
product by the relative price index. Research costs were 
adjusted to 1967 values in the same manner. 

The total adjusted cost of the research for producing 
project recommendations for maize was $140,930. The 
total adjusted net benefits using the INIA and unlimited 
capital technologies were $2,556,224 and $5,634,691, 
respectively. The difference between the total adjusted net 
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Cost of agronomic research and estimated benefits from using the INIA and unlimited capital technologies, in addition to those produced
TABLE A-2. 

by the traditional technology. 

Additional benefits0 

Year 
Discount 
factors* 

Price 
indices** 

Research costs 

Unadjusted Adjusted-

Percentage 
of area using 
technology + 

INIA 

Unadjusted Adjusted+ 

Unlimited capital 

Unadjusted Adjusted+ 

1967 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 

79 
80 
81 
82 
83 
84 
85 
86 

1.0000 
0.8772 
0.7695 
0.6750 
0.5921 
0.5194 
0.4556 
0.3996 
0.3506 
0.3075 
0.2697 
0.2366 

0.2076 
0.1821 
0.1597 
0.1401 
0.1229 
0.1078 
0.0946 
0.0829 

1.000 
1.019 
1.045 
1.107 
1.148 
1.181 
1.276 
1.276 
1.276 
1.276 
1.276 
1.276 

1.276 
1.276 
1.276 
1.276 
1.276 
1.276 
1.276 
1.276 

28,956 
36,713 
45,121 
42,201 
41,513 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

28,956 
31,604 
33,226 
25,733 
21,411 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0.1 
7.3 

15.8 
18.0 
21.9 
25.8 
29.1 
32.4 
35.7 
39.0 
42.3 

45.6 
48.9 
52.2 
55.5 
58.8 
62.1 
65.4 
68.7 

0 
1,471 

107,392 
232,437 
264,802 
322,175 
534,576 
602,952 
671,328 
739,704 
808,080 
876,456 
944,832 

1,013,208 
1,081,584 
1.149,960 
1,218,336 
1,286,712 
1,355,088 
1,423,464 

0 
1,266 

79,080 
141,730 
136,576 
141,692 
190,872 
188,824 
184,457 
178,259 
172,012 
162,515 
153,720 
144,597 
135,368 
126,261 
117,346 
108,705 
100,463 

92,481 

0 
3,237 

236,301 
511,446 
582,660 
708,903 

1,179,576 
1,330,452 
1,481,328 
1,632,204 
1,783,080 
1,933,956 
2,084,832 
2,235,708 
2,386,584 
2,537,460 
2,688,336 
2,839,212 
2,990,088 
3,140,964 

0 
2,787 

174,003 
311,857 
300,517 
311,773 
421,171 
416,653 
407,017 
393,341 
376,878 
358,600 
339,194 
319,061 
298,697 
278,604 
258,931 
239,864 
221,679 
204,064 

Total 140,930 2,556,224 5,634,691 

f = 1 , where i =0, ....... 19.
 
* Calculated using the formula for compound interest: 

i 
(1 + 0.14) 

were taken from Indicadores Econ6micos, Gerencia de Investigaci6n Econ6mica, Banco de Mdxico, S.A. Vol. 
** The price indices for 1967 through 1973 

I, No. 6. May 1973. Since price of maize was assumed to be constant in the period 1973-1986, no addition corrections for changes in price indices were 

made after 1973. 
The adjusted cost or benefit was calculated by multiplying the unadjusted value by the discount factor and dividing the product by the price index. 

in maize, 80,000 ha, planted by farmers on credit lists. It was assumed that from 1974 
+ - The values for 1967-1973 are the percentages of the total area 

- , the average yearly increase in 1971-1973. 
onward, there would be an annual increase in the area of adoption of 3.3 

or unlimited capital technology and the net increase values 
The unadjusted benefits are the differences between the net increase values using the INIA 

using the traditional technology. 



benefits using the INIA and unlimited capital technologies 

This is the net benefit, attributable to theis $3,078,467. 

research carried out in generating project recommendations 


for maize production. The benefit: cost ratio for the agron-


omic research on maize practices is 21.84. 


Benefits as estimated in Table A.2 for unlimited capital 
agronomicfonlimieda thesti neftsedinTbleA.2 from agrtechnologyInetot inclue a1 the benefits derived 


,,:-.h A benetit of perhaps equal importance is the
on maize production relationships that 
inorato 

rn shs tha .. p,,dt einformationSon m 

.,.,
bn produced. Such information has many usqs. At the 

:.flt rtsoe, for example, there is an energy shortage in 

of the world and there are prospects of ferti-
.t arts 

;rod ationing. The information that has been produced on 


i production relationships can be useful in deciding on 

to employ a limited amount of 
, most efficient way

f.uihizer in the Puebla area. 

The limited capital technology is an example of how a 

scarce resource such as fertilizer can be allocated ef-

ficiently. The total adjusted net benefits using the limited 
earlier, werecapital technology, calculated as described 


$3,038,683. The difference between this value and the total 

INIA technology isadjusted net benefits with the 


the benefit attributable to agronomic
$482,459; this is 

the limited capital technology were the only
research. If 

of the research program, the benefit: cost
contribution 


ratio would be 3.42. 

The use of the limited capital technology instead of the 


INIA technology over the period 1967-1986, with the rate 


A.2, would represent a savingof adoption shown in Table 

of 15,774 tons of ammonium sulphate and 69,141 tons of 

amount of ammoniumsimple superphosphate. This 

sulphate is equal to 53 percent of that needed each year to 

fertilize the 80,000 ha in the Puebla area, using the limited 

tons of simple superphos
capital technology. The 69,141 

to limited capital
phate is sufficient to fertilize according 

all maize plantings in the Puebla area for a 
peido11yasperiod of 11 years. 

A further benefit derived from agronomic research has 
the part of the Projectbeen the feeling of confidence on 

staff, the representatives of the service institutions, and the 

farmers, that maize yields can be greatly increased and with 

the farmers. This confidence in theeconomic benefits to 

maize technology has undoubtedly contributed signifi

to a more rapid rate of adoption of Project recomcantly 

mendations by the farmers.
 

Finally, the educational benefits resulting from the 

agronomic research should be mentioned. The Project staff 

many Latin Americanthat conducted the research and 
benefitedagronomists who received training in Puebla, 

the program. Professionalsfrom their participation in 
have been responsible for agronomictrained in Puebla 

in Honduras, Colomresearch in similar regional programs 

bia, Peru, and the states of Mexico and Tlaxcala in Mexico. 

In general, their experience in Puebla has enabled them to 

achieve greater efficiency in developing improved tech

nology, as compared to that realized in the early years in 

Puebla. 
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