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PREFACE

The article reprinted here is part of the book Swbsistence Agriculture and
Economic Development edited by Dr. Clifton R. Wharton, Jr., and published by
Aldine, in 1969. It is one of four case studies on the execution of agricultural
development. " Dr. Wharton introduces this study as follows:

“Inicnsive agricultural research to develop dramatic improved agricultural tech-
nology is frequently advocated as indispensable for a breakthrough from subsistence
to commercial agriculture. The prototype for most current approaches is the work
of the Rockefeller Foundation in Mexico, which began in 1943 as the Office of
Special Studies and is now being continued as the International Center for Maize
and Wheat Improvement,

“In his case study of the Mexican program, Dr. Delbert T. Myren examines the
20-year experience of the program in an attempt to unravel the puzzle of its greater
success in the case with wheat than with corn, despite almost identical professional
resources and research approaches which led to equally significant technological
breakthroughs. Dr. Myren advances four main explanations:

“1. Between the two crops there were important location differences, with
attendant differences in the quality of the land, especially irrigation. More wheat
was irrigated than corn; and corn was predominantly dependent upon rainfall.

“2. Corn producers are different from wheat producers because the former are
heavily subsistence while the latter are commercial and have a higher level of
literacy. '

*3. Probably the most important explanations for the differential success of

wheat over corn lie in certain technical differences between the two crops:

(a) In wheat the new varieties gave protection against heavy disease losses,
whereas in corn there was no single serious disease problem.

(b) The seeds for the new hybrid corns had to be purchased each new planting
season, whereas the open pollinated wheat could, if necessary, be dupli-
cated by the farmer or by his neighbors.

{c) In the case of wheat, the genotype maintains itself for an indefinite period,
whereas the hybrid corns require a highly competent and efficient seed-
multiplication agency to maintain their hybrid vigor.

(d) The new hybrid corn had inherently lesser ecologic adaptability than the
improved wheat varicties, which meant that corn required greater local-
specific research and development to accommodate for its greater temper-
ature sensitivity.

*4. Finally, there is eight times as much corn acreage as wheat, and there are
forty times more corn farmers than wheat farmers. These important differences
in numbers and size between the two crops seriously affect the ease with which
the new technology can be spread utilizing accepted methods of extension education.

“Dr. Myren's case study offers an excellent analysis of the important consid-
erations that must enter into the strategies involved in an intensive concentration
of resources to achieve major technological breakthroughs.”



CASE STUDY

The Rockefeller Foundation Program in Corn and Wheat
in Mexico

DELBERT

THE COOPERATIVE PROGRAM? betwcen the
Mexican Ministry of Agriculturc and the
Rockefeller Foundation has been hailed as an
exemplary casc of collaborative cffort in
agricultural rescarch [Mosher, 1957, pp.
100-126; Schultz, 1964; pp. 148-149; Stak-
man ct al., 1967]. The two crops that received
major attention from the very Ecginning were
corn and wheat—two of Mcxico's basic
food crops. A similar investment has been
made during the past 20 ycars in cach crop—

1. I am grateful to Dr. Edwin J. Wellhausen and
Dr. Norman E. Borlaug, the scientists who initiated and
have guided for two decades the corn and wheat research
referred to, as well as to Dr. Elmer Johnson, corn gene-
ticist of the Internationul Center for Corn and Wheat
Improvement, for their critical reading and comments
on the manuscript. The interpretation of the available
evidence is the author'sown.

2. Established in.1943 and operated through an Office
of Special Studies from 1945 through 1960. Cooperation
continues at present through the International Maize
and Wheat Improvement Center.
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in salarics of rescarch workers, in equipment,
in scholarships for advanced training of
junior scientists, in extension cffort. Yet if the
results of work with these crops are measured
in terms of the change in yicrd per unit arca
on a national scale, one finds a sharp contrast
between the two. Average corn yields in
1940 were 626 kilograms per hectare; in
1960 they were 839 kg/ha.® Average wheat
yiclds in 1940 were 763 kg/ha; in 1960 they
were 1,341 kg/ha. Thus, over the 20-year
period corn yicelds increased 34 per cent,
while wheat yiclds went up 76 per cent—
morc than twice as fast. The difference

3. The metric system is used throughout this article.
For a quick conversion of vield figures, the shelled
corn yields in kg/ha can be multiplied by o.01593 to
obtain bushels (s¢ lbs.) per acre. Use 0.01487 for con-
verting wheat kilos to bushel (60 1bs.) yields. For example,
one metric ton (1,000 kgs) per hectare of corn is equi-
valent to 15.93 bushels per acre.
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accentuated from 1960 to 1963, with wheat
showing -a yield per unit area gain of s4
per cent while corn yields remained about
constant.4 Preliminary figures for 1967 show
corn yields well above one ton (1204 kgfha)
—a 44 per cent gain over 1960. W%xcat,
however, gained substantially more, putting
the average 1967 yields for the entire country
at.2,800 kg/ha, or 109 per cent above those of
1960 and 267 per cent above those of 1940.

Total prmﬁxction of both crops has also
advanced because of an expansion in area.
However, the main concern of this paper is
with the introduction of improved technology
and therefore yield per unit arca will be tic
most relevant measure.

We have in wheat and corn two parts of a
single program of directed change which
show quite different results. It should be
productive to attempt to isolate the com-
ponents of the why?

DevELOPING THE PACKAGE OF
New TECHNOLOGY

EARLY HISTORY OF CORN
AND WHEAT

The plant scientists who initiated the cooper-
ative corn and wheat improvement programs
in 1943 were dealing with crops that had been
rown in Mexico for a long time. Wheat was
%rought by the Spaniards soon after the
conquest and found to be well adapted to the
soil and climate of Mexico. Corn is indigenous
1o Mexico, and evidence has been found of its
cultivation prior to 5000 B.c. Natural selection
occurred over the years in both crops, resul-
ting in better adaptation of the existing
varieties. In all likelihood ample crossing
also took place, especially in the case of corn,
between local varietics and new ones brought
in by traders and other travelers.
From such sclection the lines would have
been preserved that yielded seed to reproduce

4, The first figures are based on census data; the other
are data of the Direccion General de Economia Agricola,
Mexico. The reporting year for the 1960 census was
May 1, 1959, to April 30, 1960, thereby including the

rincipal irrigated wheat harvest of May and June 1959
Eut not that of 1960. The figures of Economia Agricola
cover the calendar year. Therefore, in speaking of yield
gains for the most recent four years, the Economia
Agricola figures are also used for the base, Wheat yiclds
in kg/ha or 1960-1963 were respectively: 1,417; 1,676;
1,046; 2,187, Corn yiclds in kg/ha for 1960-1963 were
respectively: 975, 993, 995, 946.
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themselves and, insofar as man intervened,
those that produced the greatest amount of
seed for human food. In this way the most
productive varictics were developed for the
conditions under which corn and wheat were
grown. The kind of selection that took place
in corn is evident in present-day varieties
still grown in various parts of Mexico.
Obviously this sclection was not directed
toward obtaining the highest possible yield
under optimum conditions, but rather toward
the selection of lines that would yield some-
thing even under the worst conditions. The
severity of drought and other conditions for
which natural sclection took place varied
greatly from onc arca to another and consc-
quently led to enormous variety in the native
germ plasm found in Mexico.

Assuredly yields must have moved up as
the carly cultivators of corn, and later those
who introduced wheat, learned better culti-
vation practices through experience. How-
ever, as we move into the sccond quarter of
the present century and are able to trace what
is arpcning through statistics - collected
ahnually by a government agency, we find
both corn and wheat yields ncarly static for
the two decades from 1925 to 1945. The
lowest and highest annual corn yield for
1925-1929 was §13 and 698 kg/ha, and the
corresponding figures for wheat were 646
and 729 kg/ha. These moved along together
with a slow rate of increase, perhaps owing
principally to new fertilc land being brought
into production, until the mid-1950's, when
wheat yiclds began to move sharply ahead of
corn, as can be seen in Table 13.16.

Table 13.16. Highest and Lowest Annual Average
Yields of Corn and Wheat in Mexico by 5-Year
Periods, 1925~1964

CORN WHEAT
Lowest Highest Lowest Highest

1925-29 513 698 646 729
1930-34 448 633 703 869
1935-39 545 605 708 864
194044 491 690 710 815
1945-49 634 761 740 941
1950-54 721 854 863 1,098
1955-59 803 880 1,063 1,592
1960-64 946 1,133 1,471 2,056
1965-67 1,090 1,204 2,400 2,800

Souncs: Direccion General de Econoinia Agricola; the
1965-1967 data arestill considered preliminary.
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It was during this period that the plant
scientists who formed the cooperative corn-
and-wheat-improvement programs entered
the picture. Starting with a one-man Rocke-
feller Foundation task force in 1943, by the
mid-1950's the group had grown to 18
Foundation staff and about 100 fulltime
Mexican associates, many of whom had
received advanced training abroad under
Foundation scholarships. The results of the
program are amply cfocumentcd in annual
reports, books, and published papers [Harrar,
1963; Stakman ct al., 1967], so I shall not go
into a general description of the program.
What interests us here is how new know-
ledge was brought to bear on problems of
wheat and corn production and whether
there were any important differences between
the approaches used on the two crops.

THE RESEARCH APPROACHES ON
CORN AND WHEAT

There was actually considerable similarity in
the broad outline of attack.

1. A team of outside scientists—made up
of a plant pathologist, a geneticist, and a soil
scientist—traveled through more than sooco
miles of Mexico’s agricultural arcas and
recommended the approach and general lines
of research that appeared to offer most
promisc.

2. This scientific observation tour led to
the selection of certain types of individuals
for the research posts. The most scrious
limitation to wheat production appeared to
be stem rust, and recent experience in the
United States had suggested that imporzant
progress could be made through incorpor-
ating genetic resistance. A plant pathologist
with a strong genetic background was chosen
to lead the wheat-improvement work. For
the corn program, where no single disease
limitation was cvident, a geneticist well
versed in the production of the new hybrids
that werc revolutionizing yield expectations
in the corn belt was obtained for the rescarch
post. A soil scientist and an entomologist
were added to study what appeared to be
other scrious yicld limitations.

3. These specialists had several character-
istics in common. They were relatively young.
They had top scientific preparation in a ﬁcfd
that was judged to have real potential for
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solving an applied problem. They had pre-
vious practical experience, and they were
looking for a challenge. Within their persons
they were ,carriers of the best knowhow
that had been developed in other areas.
Equally important, they knew the main
sources from which additional information
could be quickly obtained.

4. Young graduates of local agricultural
colleges were given specialized in-service
training with both the wheat and corn
research programs, and the most promising
were sent abroad for advanced study, first
at the Master’s and then at the Ph.D. level.
These young local scientists provided addi-
tional information links with specialized
research programs under way in the United
States. As they completed their specialized
training, they also perfected their knowledge
of English and specialized vocabulary, making
the major scientific journals of the world
readily accessible to them.

5. Simultaneously a well-organized tech-
nical library was established, to assist scientists
in keeping contact with latest rescarch
methods and thcory from other parts of the
world.

6. A policy of prompt release of rescarch
results was cstablished from the beginning
and applied equally to corn and wheat.

There were also differences. As the work
progressed and new varicties were ready for
release, corn and wheat took slightly different
tacks. In the case of the corn hybrids, a
governmental organization, the National
Corn Commission, was set up in 1046 under
the Ministry of Agriculture to handle seed
multiplication and distribution. In the case of
wheat, where the genotype perpetuates itself
unchanged and the only possible problem is
mechanical mixing of the sced, multiplication
and distribution has been handled mostly by
private farmers. The ministry has limited its
intervention to the first increasc and to a
voluntary seed certification program.

The nature of the product wasalso different.
As corn is an open pollinated plant, new seed
of the hybrids ﬁad to be purcgascd each year
in order to get full benefit of the hybrid
vigor. The self-pollination of wheat meant
that a farmer could buy a small amount of
the new seed, multiply it himself, and then

row it as many years as he wished. But in
oth cases an effort was made to assure that all
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interested farmers should receive seed. In
rclation to this, Dr. Sterling Wortman
comments as follows:

I think that there was one additional difference
between the wheat and corn programs in Mexico,
at least as I recall the situation when I was in charge
of corn from 1951~1954. As I look back I realize
that in the corn program we primarily had a plant
breeding effort under way, not a comprchensive
production program of which plant breeding was a
necessary part. We were concerned very much
with the problem of developing the many varieties
of hybrids needed for the great number of
ecological situations in Mexico and we carricd this
program to the point of producing foundation sced
for the National Corn Commission. We did not,
unfortunately, measure our own progress by what
happened to the national average yiclds of corn in
Mexico. Rather we worried about getting cnough
foundation sced to the Corn Comumission to allow
it to plant the projected acreage of single crosses for
the production of doubles. The wheat program on
the other hand was concerned not only with
development of rust resistant, high yielding
varieties but with sced production, the use of
higher amounts of fertilizer, and adoption by
farmers. [Personal communication]

In summary, the way of bringing know-
ledge to bear was on the whole similar for
both crops. Has equal rescarch progress been
made?

RESEARCH RESULTS: EXPERIMENTAL
AND FARMERS FIELDS

The highest possible yiclds are a good reflec-
tion of the level of technology currently
available. In both corn and wheat, not only
the research workers, but also farmers have
made efforts at different times to obtain
maximum yields. Other progressive farmers
arc using modern technology to obtain a
lower level of yiclds that they consider
optimum. If the distance between the two is
great, it may be possible to change procedures
or costs to raisc the optimum level of produc-
tion without a change in the basic technolog-
ical components.

Interestingly, the -highcst-rccordcd corn
yields are Wclrabovc those of wheat, both on
individual experimental plots and where
farmers have tried for maximum yiclds
without considering cost. In fact, expericnce
with yicld contests has shown that a farmer
may give the same care on a larger area that
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the scientist gives on small plots and obtain
similar results. In the case of corn this means
special attention to: (1) selecting a fertile
piece of land that is level, of uniform quality,
and has good drainage; (2) overplant and
then thin out by hand in order to obtain an
optimum number of plants, uniformly
distributed; (3) irrigate with sufficient fre-
quency, so that the plants have an optimum
water supply available at all times; (4) use
proper fertilizer in excess of usual needs and
apply it at intervals, to assurc an optimum
supply available to the plant at all times;
(s) cultivate by hand as needed, to avoid any
detriment from weeds.

Providing this kind of care, in 1957 one
farmer in the valley of Mexico obtained a
yicld of 15 ton/ha of dry shelled corn (15.5
per cent moisture content) on 1.7 hectares
with the hybrid H-125 [ltie, 1957]. Earlier,
in 1950 and 1951, two farmers in the Valley
of Mexico had obtained yields of 12.96 tons
and 12.20 tons per hectare of dry shelled
corn (15.5 per cent moisturc) on 1 hectare
and 20 hectare lots, respectively, with the
hybrid H-1. In 1954 another farmer in the
Valley of Mexico, an ejidatario, obtained 12
ton/ha on a g-hectare plot of H-1 (Diaz del
Pino, 1957].

An optimum population of corn is crucial
for obtaining high yiclds. In fact, as fertiliza-
tion is increased, plant population must also
be increased in order to get maximum yields
LDAG, 1964, p. 9s). For wheat, on the other

and, although much of the same special care
is cssential, the heavy labor investment in
overplanting and hand thinning is not needed
because of the plant’s tillering ability. For
example, in one wheat experiment with 25
varicties, including all of the commercial
ones and using recommended fertilization
rates, there was no statistically significant
difference in yicld between sceding rates of
60, 80, 100, and 120 kilos per hectare [Rocke-
feller, 1958, p. 120].

A top wheat yicld in 1957 was about 6.5
tons. The best farmers were getting at the
most 6 tons/ha in commercial production.
Today the best farmers are getting 8 ton/ha on
acreages of 50 hectares and over.® The wheat

5. This yicld information was provided by Dr.
Ignacio Narvacz, wheat specialist of Mexico's National
Institute for Agricultural Research; that on corn, which
follows, is from Dr. Elmer Johnson, Rockefeller Founda-
tion corn geneticist.
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breeders credit the higher level of the top
yields to a continuous improvement of yield
potential of the new varicties and to the fact
that farmers have simultancously learned to
manage more precisely the key factors of
production, such as land leveling—which
permits more accuratc watcr management—
density of planting, timing, and amount of
fertilizer application and insect control.
However, they estimate that the varieties
grown in 1950 would not yield over 3.5
ton/ha today under the very best care. Thus,
under optimum conditions the increment
attributable to varicty changes alone is
calculated at 4.5 ton/ha. In addition, the new
varicties are an insurance policy against a
complete loss from stem rust, such as some-
tisnes occurred with the old varietics.

In com, the increment in yield because of
varictal changes alone is estimated in more
modest terms. Where original varietics have
been compared in recent years with the best
hybrids for a region, the gain averaged about
35 per cent. Intcrestingly, the cvidence indi-
cates that the best obtainable yiclds with the
varietics that cxisted 20 years ago were sub-
stantially higher for corn than for wheat,
Even with present varietics and technology
for the two crops, it appears that the top level
of corn yields 1s well above that for wheat and
probably has been at all times during the past
two decades. In other words, it is not the
yield ceiling that has kept down average
yields in the case of corn relative to wheat.

PossiBLE EXPLANATIONS FOR YIELD
Di1rFPERENCES BETWEEN CORN AND
WHEAT

Based upon experience to date, there are
four areas that may offer possible explanations
for the differences in yields between corn and
wheat.

LOCATIONAL PIFFERENCBS AND
QUALITY OF LAND

Both corn and wheat are grown on substan-
tial land areas, but the acreage is greater in
the case of corn. In 1960 the harvested area of
wheat was 846,162 hectares, while that of
corn was 6,802,491, or eight times as much,
Much more relevant is the quality of land
involved, and here we sce an important

DEVELOPING SUBSISTENCE AGRICULTURE

difference that has resulted from shifts in the
predominant locations where the crop is
grown. There has been a substantial geographi-
cal shift in wheat production. In 1940 the
main wheat-producing area, accounting for
43 per cent of the harvest, was the central
part of Mexico, especially the Bajio region.
The northwest produced 17 per cent. By
1950 the northwest had 30 per cent of the
wheat acreage and 38 per cent of the harvest.
In 1960 this had grown to 38.5 per cent of the
acreage and 46.5 per cent of the harvest. By
1964 the northwest accounted for s4.5 per
cent of the wheat area and 71.5 per cent of
the harvest.

Because of the expansion in the total area
planted to wheat, up to 1960 the percentage
reduction of area in the other production
regions took place without reducing total
area planted. In fact, in Guanajuato of the
center and in Zacatecas, Nucvo Leon,
Chihuahua and Coahuila in the north there
were substantial increases in arca planted. By
1964, however, the arca planted had dropped
off again sharply in the north, especially in
the states of Coahuila, Durango, and Zacate-
cas, as well as in the states of Guanajuato and
Puebla in the center region.

A geographical shift in production arca
might account for an increasc in yields if the
shift was to better land or from poor rainfall
to good rainfall or irrigated areas. There was
no indication of such change in the data of the
past three censuses, which show 73.4 per cent
of the wheat land under irrigation in 1940,
72.3 per cent in 1950, and 68.3 per cent in
1960. However, ycarly data since tflcn show a
growing predominance of irrigated produc-
tion. There is a problem in making compari-
sons here because of a substantial discrepancy
between the census data and those of the
Direccion General de Economia Agricola.
There is reason to belicve that the data of the
DGEA are morec accurate in this case. Theirs
show 82.4 per cent of the harvested wheat
area under irrigation in 1959, 84.3 per cent in
1960, 87.8 per cent in 1961, 87.4 per cent in
1962, and 89.0 per cent in 1963. According to
these same figures, 93.7 per cent of the total
wheat harvest was produced under irrigation
in 1962 and 95.2 per cent in 1963.

The geographical shift in comn production
has been relatively minor, and because of the
vagaries of natural rainfall cultivation, a
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Table 13.17 Geographical Distribution of Corn Production Percentage of Area and of
Production, by Region for 1940, 1950, 1960, 1964,
1940 1950 1960 1964
Area  Prod. Area  Prod, Area  Prod, Area  Prod.
Reglon % % % % % % % %

North 2391 19.77 2524 21.79 2370  20.71 19.31 1557
Gulf of Mexico 9.07 1424 9.03 11.51 1122 12.63 15.30 18.32
Pacific North 4.88 6.78 4.84 6.39 5.17 7.74 3.50 4.23
Pacific South 1280 13.56 1692 18.10 18.88  18.72 13.51 12.44
Center-High Valleys 20.56 21.13 18.03 1740 17.19  17.80 1693 13.13
Center-Bajio 28.78 24,52 2594 2481 2384 2240 3145 36.31
100.00 100.00 100.00 100.00 100,00 100.00 100.00 100.60

The 1940, 1950, 1960 data are from the national census.
Direccion General de Economia Agricola.

Those for 1964 are preliminary estimates of the

larger sampling of years than available at
Erescnt should be analyzed. There docs,

owever, appear to be a definite increase in
both percentage of arca and percentage of
production in the gulf states and in the Bajio,
while the states of the central high valleys
have decreased on both counts. There may
also have been some decrease in the north
(see Table 13.17).

As in wheat, part of the shift has been
from low-yicld arcas to new lands, in this
case the gulf states. In addition, the amount of
land planted to corn appears to be increasing
again in the Bajio, where yields had stagnated
at a low level but in the past few years have
increased notably (scc Table 13.18). In spite of
this, the geographical shift in corn production
has been of minor proportions compared to
that for wheat.

The census figures on crop area lost pro-
vide a further indication of the better quality
of land used in wheat production. The 1940,
1950, and 1960 data siow that the planted
corn arca that was not harvested varied from
16.1 to 18.0 per cent, while that for wheat

varied from 12.0 to 13.1 per cent. The
majority of corn crop failures were due to
drought, varying from 9.1 to 14.2 per cent.
In wheat, drought was also the leading cause
(up to 6.6 per cent) but was followed closcly
by frost and, in descending order, insects and
discascs, flooding, hail, and others.

The tabulation of corn acreage according to
natural rainfall or irrigated production is
available only from 1959 through 1962.
However, during that four-year period there
was no obvious shift from one to the other,
the percentage of irrigated arca being res-
pectively 9.53, 9.17,9.23, and 9.91, accounting
for 17.38, 9.98, 14.74, and 14.95 per cent of
the total production. The extent of advantage
that could be gained from this kind of shift is
cvident in Table 13.19.

Clearly, natural-rainfall yiclds of wheat
have not moved ahcad of corn. In faci, the
yiclds of corn grown on residual moisture are
ahead of wheat. Only in the irrigated arca does
the scale tip heavily in favor of wheat. This,
added to the fact that most of the wheat
acrcage is now on irrigated land, explains

Table 13.18. Com Yields by Regions (in Kilograms per Hectare), 1940-1964

Region 1940 1950 1960 1959 1960 1961 1962 1963 1964 1965 1966 1967
North 518 683 733 655 745 734 750 621 914 794 755 631
Gulf of Mexico 983 1,008 944 1,097 1,161 1,059 1,052 1,443 1,357 1,471 1,650 1,650
Pacific North 870 1,044 1,257 1,386 1,282 1,523 1,522 1,324 1,372 1,799 1217 1,634
Pacific South 664 846 832 939 972 960 964 1,018 1,043 989 917 898
Center-High Valleys 644 763 869 781 764 751 763 629 879 979 934 949
Center-Bajio 53¢ 757 788 884 1,067 1,144 1,140 969 1,308 1,223 1,377 1,664
Mexico asa whole 626 836 839 880 975 993 995 946 1,133 1,124 1,090 1,204

The first three columns are Agricultural Census data, and the others are fromn the Direccion General de Economia

Agricola of the Mexican Ministry of Agriculture.
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Table 13.19. Average Corn and Wheat Yields (in
Kilograms per Hectare) on Three Types of Plantings
Quwer a Four-Year Period, 1959-1962

CORN WHEAT
Lowest Highest Lowest Highest
Natural rainfall 772 962 860 972
Residual moisture 1,043 1,463 881 1,002
Irrigated 1,062 1,587 1,447 2,086

Sounce: Direccion General de Economia Agricola,

much of the difference in average yields per
hectare. It does not explain, however, why
more of the yield potential of corn is not
being realized in its irrigated areas,

THE PRODUCERS OF CORN AND
WHEAT: SUBSISTENCE VERSUS
COMMERCIAL ORIENTATION

Another possible explanation for the failure
to exploit the yield potential of corn in
irrigated arcas might be found by taking a
closer look at the people who decide which
crops to grow, which sceds to plant, and on
what lanf to plant them—the individual farm
operators. Their decisions may be affected
by a number of factors—by past experience,
by access to new information, by access to
markets, by price expectations (which may in
turn be stabilized by government), by
availability of resources for purchasing new
inputs, and by many other factors. But in the
final analysis it is the sum of their individual
decisions on the adoption of new practices
that determincs the level of technology used
on a national scale in corn and wheat cultiva-
tion.

Arc there any differences in the kind of
decision-makers who grow corn and wheat?

In spite of the fact that numerous farmers
grow both crops, the average wheat producer
and the average corn producer arc indeed

uite different. The wheat farraer tends to be
:Lc operator of a commercial farming enter-
prise; he grows his crop under irrigation and
sclls it, either directly or indirectly, to the
millers for processing. Considerable corn is
also produced for sale, but the vast majority
of farmers who grow corn do so first of all to
provide food for the family (often interplant-
ed with beans, in an attempt to assure some
production of the twe most basic subsistence
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crops) and secondly to produce a marketable
surplus.

Although we have no accurate figures on
the number of farmers who grow wheat and
corn, one indication is provided by the 1960
census in a classification of farms by predo-
minant crop. Corn predominates on 748,378,
or 54.8 per cent, of the farm units,® while
wheat predominates on only 28,388, or
2.1 per cent. It is probable that corn is grown
on at least two-thirds of the farms by some
two million farm familics, while wheat is
grown by less than 50,000. If so, there are 40
times more corn farmers than wheat farmers,
and consequently 40 times as many decision-
makers to be reached with information about
new production practices. If this is true, it
also indicates something about problems of
mechanization of the two crops, as the
average wheat land per farmer would be
about 17 hectares, whifc the average for corn
would be about 3 hectares. These, of course,
are rough estimates at best.

The census data, as presented, offer only
one clue as to the type of farmers who grow
wheat and corn. Acreage data for the two
crops is given under a threc-way tenancy
classification of larger than five hectares, five
hectares or less, and ejido. The percentage of
wheat land is least on the small private E\rms
and has tended to drop off from 1940
through 1960. These same farms have more
than 80 per cent of their harvested arca in
corn, and this ha¢ tended to move up slightly
during the same period. In contrast, the per-
centage of arca in corn among the larger
farms dropped off from 71.2 in 1940 to 64.1
in 1950 and 61.4 in 1960. In the ¢jids scctor
there appears to be a slight percentage drop
in both crops from 1940 to 1950 and then a
slight risc again in 1960 as shown in Table
13.20.

The cornfsubsistence and wheat/commer-
cial distinction, though not wholly appropri-
ate in all cases, does highlight the importance
of the shift in emphasis from sccurity to
profitability as a farmer moves from sub-
sistence toward greater commercial produc-
tion or, conversc%y, in arcas of growing rural

6. In this case the census considers each ¢jido a farin
unit, even though, as is now usually the case, the land
area has been officially parceled and most farming
decisions are made by the individual ejidatarios. In 1960
there were 18,699 ¢fidos, with 1,597,691 ejidatarios. In
addition there are 1,346,442 private operators.
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Table 13.20. Percentage of Total Farming Area in Corn and Wheat by Farm Class
Jor 1940, 1950, 1960
1940 1950 1960
%t %in %in  %in %in  %in
com  wheat corn  wheat com  wheat
More than 5 ha, 71.2 78 64.1 7.3 61,5 107
5 ha. or less 83.6 4.2 86.2 35 86.2 3.2
Ejido 67.7 9.6 65.2 6.0 66.3 6.5
Average 70.9 8.3 66.8 6.3 65.6 8.2

Source: National Census data.

population and static technology, a shift to
corn in order to have the sccurity of an ade-
quate harvest of the basic food crop. It is
cvident that whoever grows a crop—an
efidatario, a small or a large private operator—
does so for cconomic reasons: As soon as he is
in a position to produce something beyond
what his family consumes, he becomes
concerned with profitability [Myren, 1964).
In this casc the relative profitability of the
two crops is especially pertinent because corn
can be grown successfully wherever wheat is
currently produced, although in most places
not during the same growing period.

The main problem in getting a fair com-
parison of relative profitability of corn and
wheat under field conditions is the great
variation of managerial ability among the
farmers who grow the two crops. For this
kind of comparison we have to go to the
Bajio region, where many farmers grow
both crops under irrigation. Data for 1960
from 16 of these farmers show the following
average results:?

Cont Wheat
Total arca (ha) 464.00 774.00
Yicld (kg/ha) 247174 2,576.87
Value of production (pesosfha)  2,146.19 2,413.31
Cost (pesosfha) 2,066.51 2,071.67
Net return (pesos/ha) 79.68  341.64

Twelve had higher returns with wheat and
four with corn. On the average, and in spitc
of the demonstrated higher yield potential of
corn, these farmers achicved greater average
profits from wheat than from corn. Costs
were nearly identical, and the difference in

rofit was duc principally to yiclds and the
Eighcr support price for wheat.

7. Based on data provided by the Departamento de
Economia Agricola, Instituto Nacional de Investigaciones
Agricolas, Mexico.

Since then, howcver, two important
changes have taken place. On the one hand
the corn guarantee price has been raised from
800 to 940 pesos per ton, while wheat has
remained at 913 in the Bajio, drastically
changing the relative profitability of the two.
(During the past four years the guarantec
pricc for wheat in the northwest has been
adjusted downward to permit sales on the
world market at a relatively small loss for the
price-support agency.)

Another interesting and closcly related
factor has been the influence of commercial-
ism when linked with a technology that
required continual change. In the case of
wheat, initial success coupled with an ever-
changing technology contributed to the
development of farmer entreprencurs who
began to look to agricultural science as a
handmaiden in their mastery of nature.

Undoubtedly the precondition for the
takcoft in wheat yiclds was the water-re-
sources policy of the Mexican government,
which was responsible for constructing the
dams and canals for irrigating the descrt
valleys of the northwest coast. The initial
breakthrough in wheat improvement was™
made by the scientists who found that they
could produce varicties resistant to steam rust,
thereby providing insurance against the
heavy losses that sometimes occurred with
existing susceptible varictics. This stimulated
the farmers to make heavier investments in
fertilizer and in cquipment for better land
preparation, as well as to give greater care to
the crop, especially in applying irrigation. It
also stimulated public and commercial invest-
ment in farm credit, machinery, and fertilizer
distribution, With readily available inputs and
assurance of higher yields, the irrigated area
planted to wheat expanded rapidly.

It turned out, however, that the production
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of improved varictics was to be a continuing
battle. The races of stem rust have shown
remarkable talent at hybridization and mu-
tation, producing new races that again and
again have threatened wheat harvests, cs-
pecially in the northwest, where production
was cxpanded most rapidly. Fortunatcly the
rescarch program has anticipated this cven-
tuality and has been able to quickly offer new
varictics.

As farmers continued to increase fertiliza-
tion rates, another problem appeared—
scrious yicld limitations because of lodging.
To contend with this, dwarf varictics
incorporating the Japanese Norin strain were
developed.

In the process of fighting stem rust and
lodging, &rmcrs have changed varicties at
least a half a dozen times. In onc casc a single
new variety came to dominate more than go
per cent of the total arca planted to wheat
within three ycars after its introduction. Other
varictal changes have been as rapid but have
been distributed among several varictics with
similar yield potential. Over the years farmers
have profited by, and then discarded, the
Kentanas, the Chapingos, the Gabos, the
Yaquis, the Tolucas, the Lermas, the Lerma
Rojos, and the Nainaris. More recently there
has been a rapid shift to the dwarfs and semi-
dwarfs—first the Pitics, Penjamos, Mayos,
Sonoras, Nadadores, and Lerma Rojo 64, and
now the 66's Tobaris, Jaral, INIA, Norocste,
Sicte Cerros, Norteiio, CIANO, Azteca, and
Bajio—which today account for most of
Mexico’s wheat acreage.

Through the necessity of rapid change
(where a new race of rust would cause
disastrous results) farmers have learned much
about wheat genctics. More important, they
have developed an acute awarcness of the
possibilities of agricultural science for pro-
ducing uscful results and have come to view
change as an expected and normal thing in
their operations. In much the same way that
North Amecrican farmers comparc new
modcls of automobiles, those of northwestern
Mexico talk about the relativé merits of the
new wheat varietics. The experiment station
has replaced tradition as the source of guide-
lines for agriculture. Now technology has
helped to develop a “new breed” of farmer
in the case of. wheat. Corn was not so
fortunate.

DEVELOPING SUBSISTENCE AGRICULTURE

THE TECHNICAL DIFFERENCES
BETWEEN CORN AND WHEAT

Perhaps the most important explanations for
the differential success of corn and wheat lic
in the technical differences between the two
crops.

First is the fact, alrcady mentioned, that in
the case of wheat there was a scrious yicld
limiting factor, in the form of stem rust, that
could be cffectively removed by plant
breeding, thereby offering a dramatic yield
increase at practically no cost to the farmer
through the usc of new sced. A single yicld-
limiting factor of this type was not present
in corn.

Second is the lesser geographic and ccologic
adaptabilitics of hybrid corn, versus the
improved wheat varictics. While the same
varictics of wheat have given excellent results
throughout the country, and in fact also in
Pakistan, India, Egypt, and other countries
[Borlaug ct al., 1964; CIMMYT, 1967, the
corn hybrids have had a more limited area of
adaptation. Part of this is rclated to tempera-
ture. In Mexico wheat is grown in the high
valleys in the summertime and in the other
principal producing regions—El Bajio, La
Laguna and the northwest coastal plain—in
the winter, so that the temperature is some-
what similar in all cases. However, breeding
mcthods have also influenced the develop-
ment of varictics with very wide adaptation.
Mexican wheat varicties have been among
the highest yiclding at locations from o
degrees to so degrees latitude, over a wide
range of lengitudes, and under both irrigated
and natural rainfall conditions. This is due in
part to their inscnsitivity to changes in day
length and date of planting and is in sharp
contrast to the Canadian and northern
United States spring-wheat varietics, which
arc all very sensitive to changes in day length
[Borlaug, 1965).

The Mexican wheat varictics also differ
from the corn hybrids in this sense. Although
the best corn hybrid developed for natural
rainfall plantings at sea level on the Gulf Coast
is also the best onc available for irrigated
production at sca level on the northwest coast
3,000 kilometers away, this breadth of
adaptation is not common. In order to obtain
hybrids that yicld better than local native
varietics, it has generally been necessary te
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develop them for specific climatic conditions.

In most of Mexico corn is produced under
natural rainfall and is grown j’uring the June-
to-October rainy scason. The temperature
during this period is much lower on the
mountain slopes and in the high valleys than
it is in the coastal arcas. As the corn hybrids
arc very scnsitive to temperature, this means
that many different varictics or hybrids arc
nceded in order to have onc with optimum
production potential for cach situation. At the
cool temperatures of high altitudes the best
tropical varicty develops extreme vegetative
growth and takes ncarly 12 months to mature,
extending well beyond the frost-free period
and the normal rainy scason. As a result, there
arc still many arcas of Mexico for which
improved varictics or hybrids have not been
developed. The present situation on hybrid
corn usc is reflected in the national census
data (Table 13.21).

Table 13.21. Selected Measuires on Use of
Improvcd Corn Varictics on a National Scale,

1940, 1950, 1960

1940 1950 1960
Average yicld (kg/ha)
Common varicty alone 664 812 841
Common varicties inter-
planted with beans 486 666 636
Improved or Hybrid a 1,621 1,471
Qver-all average 626 791 839

Proportion of arca in im-
proved or hybrid corn a

Proportion of harvest from
improved or hybridcorn @

0.64%° 4.549,
13490 7.969

2 Not available for planting in 1940.
Based on only the ¢jido and larger than s-ha farms,
The subdivision by kind of corn planted was not included
for farms of § ha and under in the 1950 Census,

On the irrigated corn land a much higher
percentage is planted to improved varictics
and hybrids, as shown in Table 13.22. Less
than 8 per cent of the land planted to native
varictics is irrigated, in contrast to 32 per cent

" 13.22. Irrigated Land as Percentage of Total
Jor Three Types of Corn Plantings

Common varictics alone 8.43
Common varictics interplanted with beans 6.15
Improved or hybrid 31.83
Average, all comm 9,14

Source: 1960 Census Data,
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for improved corn. The corn hybrids have
made an impact under good rainfall as well as
irrigated conditions, but they have reccived
by far the greatest acceptance for pli~ting
under irrigation.

Incidentally, the census comparison of the
average yicld of the improved varictics or
hybrids with that of the native varictics may
give a misleading impression of their relative

‘merits. Hybrids show a distinct advantage,

but not of the magnitude suggested by the
census data, which docs not show the higher
percentage of irrigated land among hybrid
plantings. This is pointed out, perhaps a bit
too strikingly, in the data (Table 13.23) from
a marginal rainfall arca in the Bajio region,
collected from farm opcrators in four
municipios ncar Cclaya, Guanajuato, and
covering the period from November 1, 1959,
to October 31, 1960.

We can move another step closcr to sccing
the actual benefits from improved corns under
ficld conditions by comparing fertilized-
irrigated hybrid with fertilized-irrigated native
corn, Although we arc dealing with small
numbers here, Table 13.24 is at least suggestive
of what happens.

Using tEcsc same figures as a basis for
calculation, it appears that the cash return,
after subtracting the cost cf fertilizer, is ncarly
twice as great for fertilizer applicd to hybrid
as to the native varictics. On the average, the
9 native plantings reccived more fertilizer per
unit arca than the 15 hybrid plantings, but
the hybrids yiclded 450 kg/ha more, suggest-
ing that where an adapted hybrid is available.
it offers important yicld potential.

So in corn growing we begin to sce three
basic systems of production, two of which
overlap to some extent. At the onc extreme
we have typical subsistence farming, with
native varictics intcrplanted with beans. At
the other extreme we have the hybrids, scl-
dom interplanted, frequently grown under
irrigation, and usually fcrtilizcn%. In between
is the large number of farmers who still grow
native varictics without interplanting and in
many cases attain considerable success on
irrigated land through adequate fertilization.
A few others may plant hybrids for certain
purposes and native varictics for others.

In the main producing arcas, the rccom-
mended corn varieties have changed three or
four times during the past two decades, and a
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Table 13.23. Comparative Data on Corn Production Under Natural Rainfall and

Irvigation for Selected Farmers in Bajio Region®

NATURAL RAINFALL IRRIGATED
Area Area
No. of harvested  Production  Yield No. of harvested . Production Yield
cases (ha) (ke) (kg/ha) cases (ha) (ke) (kg/ha)
Native corn interplanted 47 489.0 135,795 278 1 3.0 1,000 333
Native corn alone 24 496.5 180,072 363 16 4805 1,144,700 2,382
Improved corn or hybrids 7 235.5 98,750 419 18 3850 1,158,970 3,010
78 1,221.0 414617 340 35 8685 2,304,670 2,654
Improved comn or hybrid as
9}, of total 19.29 23.82 44.33 50.29

o This covers all plantings that farmers indicated as hybrid, including those from seed saved from previous hybrid
plantings. In this area of low precipitation, only 8.9%, of the natural rainfall plantings were entirely or partly hybrid, in

contrast to §1.4%, for the irrigated plantings.

number of progressive farmers have promptly
followed the recommendations. Other farmers
have benefited indirectly from new germ
plasm introduced to an arca through hybrid
plantings and distributed by natural crossing
with native varictics. The majority, however,
have still to plant their first hybrid.

A third major technical factor favoring the
rapid adoption of the new wheats has been
the ready availability of good sced. When
necessary, phenomenal increases have been
obtained from small initial quantities of sced.
On a trial basis Dr. Norman E. Borlaug,
wheat scientist of the Rockefeller Foundation,
has shown that it is possible to start with as
little as 200 grams of sced and increase it to
150 tons within onc year by usirig adequate
fertilization, watering, spacing, ang carc. The
200 grams were seeded on October § and
yiclded 19 kilos in late February. Six kilos of
this were set aside and the remaining 13
seeded at a ratc of 8 kg/ha in the first days of
March. A total of 3.8 tons were harvested on

June 1§ and immediately transported from the
northwest to the Bajio, where 3.5 tons werc
seeded on June 18. This was seeded at a rate of
100 kg/ha on 35 hectares, and 150 tons were
harvested in October, in good time for
winter plantings. In going from 200 grams to
150 tons, the sced supply is increased 740,000
times in one ycar. Two additional increases
would provide more than all of the 80,000
tons of sced wheat used annually in Mexico.
The improved wheat varictics also have the
advantage that the genotype maintains itself
for an indcfinitc period. This means that if
wheat sced is made available to 20 farmers,
from the following harvest they can cach
distribute to 20 or 30 more, until all have
sced. Each farmer in cffect becomes a sccon-
dary distribution center. Open pollinated corn
varicties can be increased cven more rapidly.
But with the hybrid corns the farmers must
go back cach ycar to the original source to
obtain sced possessing the hybrid vigor (sec
Figure 13.3). As a result, the adequacy of

Table 13.24. Comparative Data For Different Methods of Irrigated Corn Production.
Bajio Region, 1960

Fertilized- Fertilized-  Nonfertilized- Nonfertilized
irrigated irrigated irrigated irrigated
native (9) hybrid (15) native (8)  hybrid (3)
Harvested area (ha) 386.5 366.5 97.0 18.5
Production (kg) 998,500.0 1,111,170.0 147,200.0  48,800.0
Yiceld (kg/ha) 2,583.4 3,031.8 1,517.5 1,688.3
Fert. Cost pesos/ha 438.68 296.27 —_ —
Fert, Cost pesos/ton corn 169.80 104.40 — —_

Bascd on data of the Departamento de Economia Agricola, Instituto Nacional de Investigaciones Agricolas, Mexico.




DELBERT T. MYREN

inrid Con

Figure 13.3. Sced distribution patterns

distribution depends heavily, in the case of
Mexico, on a single seed multiplication
agency.

The advantages of hybrid corn are based
upon the hybrid vigor of specific crosses
between selected genotypes. If the farmer
replants this seed, he can expect a 15 to 20
per cent reduction in yield, giving a resule
only slightly better than that from an un-
improved varicty. This means that the
double-cross hybrids nceded to cover the
different climates of Mexico must be pro-
duced anew each year, requiring an cnormous
sced multiplication and distribution network.
Whether this network is made up of many
private firms or is government-operated, s
in Mexico, it must function at a high level of
efficiency. It has basically two responsibilities:
maintaining consistent high quality in the
sced produccd, and assuring that sufficient
seed is readily available to all interested
farmers.

On the first score, the task is to deliver to
the farmer seed of the same quality and with
identical yicld potential as that produced
originally by the plant breeder. This is not an
easy task {ecausc of the complex sced-
increase process involved in hybrid produc-
tion,

The second problem is to make secd avail-
able to farmers in all parts of Mexico.
Availability in this casc must include price,
location, timing—everything that makes the
seed readily accessible to the farmer. The fact
that a hybrid is available at certain times and
places does not necessarily make it accessible
to a small farmer without a vehicle who lives
far removed from the sced outlets.

A more ample distribution network,
combined with greater sced production,
would undoubtedly result in greater use of
hybrids. Yet if distribution has been a
limitation on the benefits that Mexican
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farmers have realized from the corn hybrids,
there are many extenuating circumstances. In
fact, precisely because of this difficul distri-
bution problem, the corn breeders are today
working scriously toward the development
of improved open-pollinated varieties with
equivalent proguction potential. They feel
now that in many of the developing countries
it will be easier to change the breeding
procedures than to attempt to surmount the
difficult problems of multiplying and distri-
buting hybrids. At some later time, when the
greater development of various aspects of
national cconomies permits adequate organiz-
ation of hybrid sced increase and distribution,
the gains obtained through varietal sclection
may serve as a basis for even more productive

hybrids.

THE ROLE OF INFORMATION
EXTENSION: ILLITERACY AND
UNCERTAINTY

AND

Even if measures are developed to cope with
or to offsct the important tccﬁnical diﬂgrcnccs,
there still remain the important problems of
communicaticn and extension of the new
knowledge. What special information or
cxtension activity is necessary to convince
farm operators to make the desired changes?
Obviously, in the first place the farmer must
know of the existence of the new variety or
new practice. He also needs other kinds of
knowledge. He needs to know if the new
varieties are adapted to his locality and his
farm, and where he can buy sced and under
what conditions. Beyond that, he needs
specific instructions on cultivation practices
in order to get the maximum good out of the
new varieties.

In the case of wheat, where the growers
were concentrated in a few rather well-
defined areas, an important part of this work
was undertaken by the research scientists.
When a new variety was ready for increasc,
the breeders gave small quantitics to both
¢jidatarios and private operators, but only
under the condition that they would follow
a strict set of cultural practices to guarantec a
maximum increase ang at the same time make
a convincing demonstration for their ncigh-
bors. In this way the new wheat varietics
served as a wcc{gc to introduce a whole
package of new practices, the most important
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of which were adequate fertilization and
water management. The experiment station
personnel have also taken the initiative to
reach farmers through well-organized field
days and through yearly publication of four
regional bulletins, giving specific recommen-
dations on varictics and cultural practices.
These, in turn, have usually been reprinted in
full in regional newspapers. In addition, the
dramatic increases in yield which were
obtained caused the message to spread by
word-of-mouth. No large-scale extension
effort was nceded to bring about the yicld
increases that we have seen i5 wiicat.

In the case of com, the rescarch workers
have also participated in experiment-station
field days, publisﬁcd regional farmers’ bulle-
tins, and collaborated closcly in training
extension agents. The Mexican government
set up an cmergency plan in 1954 to stimulate
corn production in the Bajio, and this was
expanded into a national extension program
in 195s. Within recent years this national
extension program has taken the initiative in
promoting corn production campaigns in the
major com-ptocfucing states of Jalisco and
Veracruz. This initiative, tying togcther
technical assistancc with credit and casicr
availability of new inputs, such as improved
sced and fertilizer, is gencrally considered to

DEVELOPING SUBSISTENCE AGRICULTURE

have had creditable results, However, because
of the variability of natural rainfall the impact
is hard to measure, as can be seen in Table
13.25. If we take 1964 as our basis of com-
parison, Jalisco looks especially good; if we
take 1963, Veracruz looks much better. When
compared to 1957, both gained more than
the national average in 1963, but Veracruz
gained less in 1964. Tentative data for the
past three ycars appear to indicate greater
gainsin Jalisco.

If we look specifically at the corn hybrids,
we must conclude that they have not played
the same key role as the improved wheat
varieties, which were csscntiar as insurance
against the attack of stem rust, The corn
hybrids have performed an important sup-
porting rolc in attaining the maximum return
from relatively heavy investment in fertilizer.

Whatever the progress up to now, it is
clear that the problem of communicating
with the numecrous decision-makers who
grow corn is much greater than for wheat.
Although in certain irrigated areas many of
the same farmers grow both corn and wheat,
on the average the corn producer is a quite
different person than the wheat producer. A

encral indication of this can Ec obtained
%rom the 1960 population census. In the state
of Sonora, which produces very little corn

Table 13.25. Comparison of Corn Yields (ﬂ)r "]ah‘sto, Veracruz, and Mexico for Selected
in

ilograms per hectare)

Years 1940-1964°

Jalisco
1940 549
1950 731
1957 1,052
1958 916
1959 1,250
1960 1,378
1961 1,464
1962 1,450
1963 1,340
1964 1,683
1962 1,679
1966 1,828
1967 2,046
Percent Increase
1957 to 1963 127
1957 to 1964 160
1950 to 1964 230
1940 to 1964 307

Veracruz Mexico as a whole
1,050 626
1,069 791
1,085 835

958 828
1,158 880
1,214 975
1,085 993
1,086 997
1,590 946
1,432 1,113
1,600° 1,124
1,650° 1,090
1,6500 1,204

147 113

132 136

134 143

136 181

9 The 1940 and 1950 data are from the National Census, Yearly data are from the Direccion General de Economia

Agricola.

Preliminary data, Direccion General de Economia Agricola.
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and nearly three-quarters of the wheat, 66.5
per cent of the rural adult population (20
years and over) is literatc. By contrast, in the
two main corn producing states, Jalisco and
Veracruz, literacy among the rural adult
population is only 36.0 and 43.4 per cent,
respectively.

In other arcas where the rainfall varics
around the bare minimum nceded to produce
a crop, the corn producers have a similar level
of cducation. The data for the farmers with-
out irrigation in Table 13.26 is indicative.
Whereas there is no illiteracy among the
farmers who operate more than 10 hectares
of irrigated land, 44 per cent of thosc who
operate only under natural rainfall conditions
can neither read nor write. Incidentally, all
of the farmers in this sample grow corn, and
86 of the 103 grew it every year during the
1950-1960 decade.

In spite of these deficiencics in formal
schooling, all but ninc of the farmers knew
about hybrid corn. Nevertheless, of the 94
who were aware of hybrid corn, only 41 had
planted it. At first glance this looks promising,
as we know that farmers usually go through
several steps in the adoption process, includ-
ing: (1) initial knowledge of the practice; (2)
acceptance of the practice as a good idea; (3)
testing of the practice on their own land; and
(4) full adoption of the practice once they are
convinced of its uscfulness. It appears that we
have a large group in steps 1 and 2 who may
soon become adopters. In fact, there is some
support for this interpretation in the following
chart (Figure 13.4) showing the number of
persons who planted hybrid in cach of the
past ten years [Reding, 1963].

In spite of the slow increase, this docs look
like the beginning of a typical S-shaped
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Figure 13.4. Number of farmers who planted

hybrid com from 1951 to 1960. Sample of 103

private operators in four municipios near Celaya,
Gto.

adoption rurve. Some doubt, however, is
cast by the large number of persons who have
planted hybrid on their own land and then
discontinued its use after supposedly forming
an opinion on its adaptability to their par-
ticular farms. In 1960 this group represented
41.5 per cent of all who had planted hybrid.
This group will probably also have itsinfluence
on thosc who have not as yet tried hybrids.

Those who have used hybrids continuously
since the first time they tried them are also
frank in listing disadvantages, such as com-
plaints about the condition of the sced that
they purchase; however, they insist that the
advantages more than compensate. The
principal advantage that they list is higher
yicld, followed by others, such as that it
matures more cvenly and has more uniform
plant and cars, better drought resistance and
better tolerance of cxcess water, has a better
market, heavier grain, commonly produces
two cars per stali, does not lodge, has less
plants with no cars, and so forth.

There is no strong indication here that
illiteracy or other impediments to the flow of

Table 13.26. Comparison of Educational Levels of a Sample of Farm Operators According to
Size of Acreage Irrigated

EDUCATION OF FARM OPERATOR

1lliterate

Learned by himselfor only a few months in school
1 to 4 years schooling

5 years or more

Total

(ACREAGE TRRIGATED)
10 ha 10410 So.tha
None orless so.oha ormore Total
22 4 0 0 26
11 8 3 4 26
11 5 7 4 27
6 1 6 11 24
% 18 16 19 103

4 Sample of private farm operators in four municipios near 'Zelaya, Gto.
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knowledge are holding back corn yields. The
miost basic limitation is the uncertainty of both
the quantity and the distribution of therainfall.
In the earlier Table 13.23 we saw that 78
natural rainfall plantings with 1,221 hectares
of corn produced less than one-fifth as much
as the 868.5 hectares in 35 irrigated plantin‘gs.
In this type of area with serious rainfall
limitations, it is doubtful that corn production
will ever be a profitable enterprise, even with
the best foreseeable drought-resistant varieties.
Yet farmers continuc to plow and plant each
car, with no investment cxcept their own
L’xbor and sced, in the hope that this year will
bring good rainfall and a good harvest.
Obviously this is not where the yield in-
creascs are going to be made; but until these
farmers find better alternatives for their
labor, they will continue to plant corn. For
this group, cultivation practices and yields will
not be greatly influenced by whether or not
there is good communication of information.
Even in the arcas with more adequate
rainfall, it is likely that the slow adoption of
improved practices is related more to the
uncertainty and risks involved than to lack of
information about existence of new practices.
The success of extension programs will likely
depend heavily on the degree to which they
hcrp the farmer reduce the risk which he faces
in trying something new [Myren, 1964].

An attempt has been made to evaluate the
impact of new technology on corn and wheat
yields in Mexico over the past two de ades.
In comparing the many aspects that have
influenced yiclds at the farm ﬁvcl, it has been

ossible to focus on a number of factors that
Eavc determined relative success at different
points. It is hoped that this type of comparison
may begin to lay the groundwork for a set of
more gencral guichincs or principles for
future programs aimed at raising the levels of
crop production.
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Note: This article was written in 1965 and brought up
to date in 1967; thus it does not include data on the
Puebla Project, initiated in 1967. For a description of it,
see The Puebla Project 1967-69: Progress Report of a
Program to Rapidly Increase Corn Yields on Small Hold-
ings. CIMMYT, Mexico, 1969.



