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Abstract

Data collected through a survey of 252 rural households support the conventional wisdom that maize in
Paraguay is grown by many different categories of producers, ranging from small-scale semisubsistence
farmers to large-scale commercial growers. Semisubsistence farmers plant primarily local varieties, while
commercial growers plant almost exclusively improved varieties and hybrids (the latter often imported
from Argentina and Brazil). Nearly 50% of the country's total maize area is planted to improved
materials, far more than had previously been believed. Use of purchased inputs remains low among all
categories of producers, suggesting that recent dramatic increases in maize production have been made
possible by exploiting the natural fertility of newly cleared forest land. Future research efforts will have to
strike a balance between the specialized needs of different producer groups.
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Figure 1. Maize produdion trends, Paraguay,
1961-91.

M'lize Production Practices in Paraguay:
Survey Findings and Implications for Research

Michael Morris and Mercedes Alvarez

Introduction and Objectives

As Paraguay's agricultural sector adjusts to political and economic reforms introduced
beginning in the late 1980s, maize remains something of an enigma. Official production
statistics, admittedly less accurate than desired, depict a remarkable transformation of the
maize subsector. Over the past three decades, area planted to maize grew at a rate of nearly
6% per year as the crop moved into fertile growing areas along the southeastern border
with Brazil (Figure 1). During the same period, yields rose by nearly 2% annually, a rate of
growth fueled in part by the spread of improved germplasm and management practices.
These developments helped stimulate a dramatic increase in production, which grew six
fold between 1961 and 1991.1

Yet despite these gains, average maize yields remain low. Most farmers continue to plant
local varieties and use few, if any, purchased inputs. This does not necessarily mean that
maize growers in Paraguay are unfamiliar with improved production technologies or lack
the resources needed to acquire them; if adoption is unprofitable, use of "improved"

technologies would be irrational. But
Area ('000 ha), whatever the explanation, the limited use of
Production ('000 t) Yield (t/ha) improved germplasm and management
1,200 .,....------------~ 2.5 practices has contributed to a big
1,000 2.0 discrepancy between yields observed in

800 farmers' fields and those realized on
600 1.5 experiment stations. In and of itself, the fact

1.0 that farmers' yields are lower than
400 researchers' yields is not necessarily
200 0.5 alarming - in fact it is quite normal.

o +"""""'''T''T''T''T'''l~'''''''r''I'''''I'''l'''''''''I'''T''T''T''T''T''T'''l..,..,..,...,-+ 0.0 However, the unusually large size of the
1961 65 70 75 80 85 90 yield gap in Paraguay has raised concern

Year over the performance of the maize subsector
and has led to calls for identifying and
resolving production constraints.

1 These figures should be interpreted with caution, because official production statistics are often unreliable.
Discrepancies between published figures are sometimes so large as to defy explanation. For example, the 1991
National Agricultural Census estimated the area planted to maize in Paraguay at 243,000 ha, while the Ministry of
Agriculture placed the figure above 500,000 ha. In view of such large discrepancies, it is difficult to form an
accurate picture of the true size of the maize sector.
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In 1989, researchers from the Maize Research Program of the Agricultural Research
Directorate (DIA) in Paraguay's Ministry of Agriculture joined with colleagues from the
International Maize and Wheat Improvement Center (CIMMYT) in conducting a
preliminary diagnostic study of the maize subsector (Morris, Alvarez, and Espinoza 1990).
One important finding of the diagnostic study was that reliable baseline information about
the maize subsector was largely unavailable. In view of this lack of information, the
decision was taken to launch a second, more comprehensive survey. The objectives of the
1991 Maize Producers Survey were to:

• identify the principal maize-based cropping systems and to develop a typology of maize
producers;

• describe farmers' crop management practices (e.g., land preparation, planting methods,
weed control, pest control, fertilization practices, harvesting methods, storage practices);

• determine farmers' preferences for different types of maize germplasm and to identify
factors restricting the availability of improved germplasm; and

• spell out the implications for research, both germplasm improvement (breeding) and
crop management research.

This report presents selected findings of the 1991 Maize Producers Survey and discusses
implications for maize research.

The Maize Subsector in Paraguay

More than 99% of the maize produced in Paraguay comes from the Region Oriental (Eastern
Region), which includes the 14 departments located east of the Paraguay River (Figure 2).
Conditions in the Region Oriental are generally favorable for maize production. The climate
is tropical-subtropical, with a mean annual temperature of 21.60 C, ranging from a mean
monthly high of 31.g> C in January to a mean monthly low of 10.40 C in July (Encarnaci6n
weather station). Average annual rainfall varies between 1,300 and 1,700 mm and is
distributed unimodally, with the rainy season beginning in September or October and
continuing until March or April. Soils are highly variable and include sandy and calcareous
alluvials, sandy latosols, latosols of basaltic origin, laterites, and red-yellow podzolics.

The Region Oriental is home to a wide range of agricultural activities. Ranching dominates
on the open grasslands found along the northern and western borders, while crop
cultivation is more common further to the south in what were once densely forested zones.
Agriculture is the mainstay of the economy. According to the most recent national
agricultural census, in 1991 the total population of the Region Oriental was just over 1.1
million persons (aged 10 or older), of whom 52% were engaged in agriculture full time and
27% part time. Except for a small number of indigenous people who live in protected
reserves and who support themselves mainly by hunting and gathering, the population
consists primarily of Paraguayans of mixed European descent whose forebears arrived
during the late 19th and early 20th centuries via Brazil and Argentina. Small"colonies"
founded by immigrants from North America and Japan also exist in some areas.

2



During the early part of this century, the economy of the Region Oriental was based on
small-scale semisubsistp.nce farming. Many of the early European settlers cleared a few
hectares from the forest and planted maize, manioc, and beans for home consumption,
along with cotton and tobacco as cash crops. However, beginning in the 1970s the landscape
was transformed by the appearance of a new type of settler who used heavy machinery to
clear extensive areas from the forest to establish large-scale commercial farming operations.
During the past 20 years, large-scale commercial agriculture in the Region Oriental has
centered on two crops: soybeans (which are transported by truck and/or river barge to
export points in Brazil and Argentina) and wheat (whose production was heavily promoted
by the government dUring the 1970s and 1980s in an effort to substitute for costly flour
imports). Production of wheat has leveled off in recent years following the removal of
unsustainable government subsidies, leaving soybeans as the main commercial crop.

Bolivia

Alto Paraguay

Pres. Hayes

Argentina

Wgm~ 1-10% of national maize production

~ > 10% of national maize production

Brazil

Argentina

Figure 2. Distribution of maize production in Paraguay's Region Oriental.
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To this day, the region's relatively low population density continues to attract settlers,
particularly immigrants from southern BraziL2 Their presence is particularly noticeable in
the sparsely populated departments along the eastern and southern borders, where large
areas are still being cleared and put under cultivation. Until fairly recently, the government
of Paraguay made little effort to prevent the illegal occupation of forest land, but increasing
conflicts over land tenure have forced the authorities to introduce measures designed to
"regularize" land ownership. Rising public concern that slash-and-burn agriculture may be
inflicting irreversible damage on the region's fragile forest ecosystems also has forced the
government to assume a more active role in regulating land use.

According to the conventional wisdom, maize is grown by two distinct types of producers:

• Small-scale producers grow maize primarily as a subsistence crop, planting mostly local
varieties3 with low yield potential, high yield stability, and moderate resistance to local
pests and diseases. Land is prepared manually or with the help of animals, usually oxen
or horses. Maize is planted by hand, either as a monocrop or in association with cotton,
manioc, or beans. Small-scale farmers apply little or no fertilizer and rarely use
herbicides and pesticides. Weeding is carried out manually or using animal-drawn
implements. Because of labor shortages during the harvest period, the maize crop is
often left standing in the field for an extended period after grain maturity.

• Large-scale producers grow maize primarily for use on the farm as feed or for sale.4 These
producers plant both local and improved materials, including hybrids. Land preparation
is completely mechanized, and seed is drilled using tractor-drawn planters. Modest
amounts of fertilizer are applied. Herbicide use, while increasing, is still relatively
uncommon, so most weeding is done with tractor-drawn implements. Most commercial
farmers contract labor to harvest maize by hand, although a few use combine harvesters.

While these stylized descriptions are at least partly accurate, they are inadequate as a basis
for defining maize research priorities because they provide little precise information about
production practices associated with different categories of producers. For leaders of the
national maize program, the lack of reliable information greatly complicates research
decision making. Since the number of potential research topics far exceeds the supply of
research resources, it is imperative that scientific personnel, facilities, and operating funds
be used as efficiently as possible. This can be achieved only if production constraints are
clearly identified and correctly ranked. Yet identifying and ranking research priorities
requires detailed quantitative information about farmers' current practices and constraints
- precisely the information that has been lacking.

2 The 1991 census recorded approXimately 60,000 Brazilians liVing in the Region Oriental, but the number of illegal
(unrecorded) immigrants from Brazil is undoubtedly much higher.

3 Throughout this report, the term "local varieties" refers to open-pollinated varieties (OPVs) that have not been
worked on by a formal breeding program, whereas the term "improved OPVs" refers to open-pollinated varieties
that have been worked on by a formal breeding program. Use of these terms does not imply that local varieties are
unimproved. Countless studies have shown that farmers continuously improve their varieties by systematically
selecting for desirable characteristics and recombining materials showing superior performance.

4 Soybeans and wheat (grown in rotation) are the main commercial crops for large-scale producers, relatively few of
whom plant maize as a cash crop, since this usually means reducing the area planted to soybeans.

4



Methodology

The design of the 1991 Maize Producers Survey was influenced by three factors: 1) the study
objectives, 2) statistical theory, and 3) the amount of resources available to collect data in the
field. As frequently happens in applied research, the need to accommodate conflicting
technical and economic constraints gave rise to a number of minor practical problems, and
compromises were sometimes necessary to come up with a workable survey design.

Survey design and sample selection
Farm households in the Region Oriental of Paraguay formed the population from which
units for the survey were sampled. Information compiled from secondary sources, as well as
insights gained from the preliminary diagnostic survey carried out in 1989, were used in
selecting a multistage, stratified, clustered random sample. Sufficient resources were
available to permit interviews with approximately 260 respondents. The sampling
procedure was therefore designed to distribute these 260 interviews across the Region
Oriental in a manner which would ensure: 1) representative coverage across maize
producing areas, 2) inclusion of both large-scale and small-scale producers, and 3) random
selection of farm households.

Pre-testing of the questionnaire revealed that a team composea of two enumerators could
comfortably complete four interviews per day. Consequently, the 260 interviews were
divided into 65 clusters of four interviews each.

In the first stage of the sampling procedure, the 65 clusters were distributed across 13
departments of the Region Oriental in proportion to the quantity of maize produced in each
department (Table 1).5 For example, the department of Canindeyti, which accounted for 8%
of national maize production in 1988-89, was assigned 8% of the clusters, or five clusters.
Rounding was sometimes necessary to ensure that the 65 clusters were distributed as
discrete units. Clusters were then assigned to individual districts within each department
by',random selection (with replacement).

In the second stage of the sampling procedure, 72 interviews (approximately 25% of the
total sample) were reserved for large-scale producers. Pre-stratification was deemed
necessary to ensure that an adequate number of large-scale producers would be included.
Since only 2% of all farm households in Paraguay cultivate an area of 50 ha or more, simple
random selection from a complete list of farm households would have included too few
large-scale producers (given the objectives of the survey). The 72 interviews reserved for
large-scale producers were distributed across six departments near the southeastern border
with Brazil, where large-scale producers were known to be concentrated.

In the third stage of the sampling procedure, teams of enumerators traveled to the
administrative headquarters of each of the 65 selected districts and requested a list of the

5 The Central Department, which includes the Asunci6n greater metropolitan area, was not included because maize
production in this department is negligible.
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counties located in each district. Four counties were then randomly selected (with
replacement) by drawing names out of a hat.

In the fourth and final stage of the sampling procedure, the teams of enumerators drove
from the district headquarters to each selected county. Since lists of farmers were not
available at the county level, and since it would have taken a long time to develop such
lists, an ad hoc procedure was used to select individual maize producers. Upon reaching the
boundary of the county, the enumerators arbitrarily decided on a distance between 1 km
and 5 km and designated a side of the road (right or left). Having proceeded this distance,
they selected the first house appearing on the designated side of the road. If the inhabitants
of the first house were not maize producers, the team selected the next house on the same
side of the road, continuing on until a maize-producing household was identified. In the
case of interviews reserved for large-scale producers, the enumerators followed the same
procedure, but selected only houses that appeared to be associated with large-scale farming,
as evidenced by the presence of barns, silos, mechanized farm machinery, and so forth.6

Although use of a purposive sampling procedure (i.e., selection of maize-growing
households, with pre-stratification) meant that the sample could not be considered
representative of the rural population as a whole, data on numbers of farms, farm sizes,
distribution of cultivated area by farm size category, numbers of maize producers, and
distribution of maize area by farm size category were available through the national
agricultural census conducted in 1991 (Table 2). By adjusting the survey results based on

Table 1. Composition of the sample, 1991 Maize Producers Survey

Maize production Number of Number of Number of Number of Mean
dusters to producers to large-scale producers farm size

Department (000 t) (%) interview interview producers interviewed (ha)

Concepcion 46,498 4 3 12 12 36.5

San Pedro 129,070 11 7 28 28 15.4
Cordillera 31,992 3 2 8 8 6.0

Guaira 59,568 5 3 12 12 9.8

Caaguazu 145,362 13 8 32 8 36 14.9

Caazapa 44,200 4 2 8 2 8 3.6 a

Itapua 172,211 15 10 40 20 37 205.6

Misiones 40,298 3 2 8 8 5.4

Paraguari 87,260 8 5 20 20 6.6

Alto Parana 232,715 20 13 52 26 43 158.2

NeembucU 29,324 3 2 8 8 6.7

Amambay 45,636 4 3 12 ~ 6 12 259.1

Canindeyu. 88,795 8 5 20 10 20 25.3

Total 1,155,833 100 65 260 72 252 81.4

Source: Ministry of Agriculture data, calculated from producer survey.
a Excluding one unrepresentative cooperative comprising 7,000 ha.

6 This ad 1wc selection procedure worked extremely well. Maize producers falling within the desired farm size
categories were identified quickly, and no obvious biases were evident in the final sample.
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information obtained from the census, it was possible to extrapolate from the sample results
and to draw conclusions that can be considered valid for the population as a whole.

Questionnaire design
The questionnaire administered during the survey included the following sections:
• demographic characteristics of the household;
• resources of the household and agricultural activities;
• management practices on the three largest maize plots;
• characteristics of maize germplasm currently in use;
• farmer's knowledge of three common maize varieties;
• land preparation and planting methods (maize);
• use of purchased inputs on maize (fertilizer, herbicide, pesticide);
• maize harvesting and storage methods; and
• utilization of maize.

The questionnaire was extensively pre-tested in late 1990 through farmer interviews
conducted near the National Agronomy Institute (Instituto Agron6mico Nacional, IAN) in
Caacupe. During the pre-testing phase, the questionnaire was repeatedly revised, with an
eye toward streamlining the order of questioning, increasing the precision of the
information solicited, and improving ease of administration. The final version of the
questionnaire required approximately 45 minutes to administer.

Selection and training of enumerators
Enumerators for the survey were recruited from the Ministry of Agriculture (MAG) and
from the National Agricultural Extension Service (SEAG). Invitations were extended to
personnel from different divisions within these institutions to take advantage of the full
range of available knowledge and experience. Also, involving staff from different divisions
seemed like a good way to build capacity for future surveys.

Prior to the start of field data collection, the survey participants (14 enumerators and two
supervisors) convened at the Centro Salesiano near Asuncion for training. Three days were
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spent discussing the objectives of the survey, reviewing the questionnaire, and practicing
interviewing techniques - first in the classroom with fellow enumerators and then in
nearby villages with farmers. On the fourth day, five teams were formed of 2-3 enumerators
each, and each team developed a tentative itinerary to its assigned survey zone. Training
concluded with the distribution of survey materials and funds to cover operating expenses.

Survey logistics
Field data were collected from 10-20 February 1991. During this period, the five teams of
enumerators completed 252 interviews. The final sample size fell slightly short of the target
number of 260 because a few interviews were either not completed or generated unusable
data. Among the 244 interviews in which the gender of the respondent(s) was recorded, 127
interviews (50%) were conducted with men only, 6 interviews (2%) were conducted with
women only, and 119 interviews (47%) were conducted with married couples.

In addition to the five teams of enumerators, two supervisors also participated in the
survey, joining each team of enumerators for an average of two days each. The participation
of the supervisors acted as a check on the performance of the enumerators and ensured that
the questionnaire was administered in a consistent manner.

Characteristics of Survey Respondents

Distribution of sample by farm size
Since maize production practices were hypothesized to vary as a function of the scale of
farming operations, when the data were analyzed the survey respondents were stratified
according to farm size? Three measures were considered as possible criteria for
stratification:

1. area planted to maize in the current year,
2. total area owned and/or rented
3. area planted to all crops in the current year.

The first measure (area planted to maize in the current year) was judged unsuitable as a
basis for stratification, because visual inspection of the sample data revealed a relatively
poor correlation between total cultivated area and area planted to maize. Many of the
largest farms reported planting only a limited area of maize; therefore, stratification
according to area planted to maize would have groupedJogether some very small farms
that plant a relatively large proportion of their area to maize and some very large farms that
plant a relatively small proportion of their area to maize. This was considered undesirable,
since it might have masked important differences in maize production practices related to
the overall scale of farming operations.

7 The post-stratification of the survey respondents (classification according to farm size category) should be
distinguished from the pre-stratification performed earlier when the sample was selected (deliberate inclusion in
the sample of 72 large-scale producers).
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The second measure (total area owned and/or rented) was also judged unsuitable as a basis
for stratification, because it fails to differentiate between farms where the major activity is
cultivating field crops and farms that produce mainly livestock (ranches). Stratification
according to total area owned and/or rented by the farm would have risked mixing
together crop farms and ranches.

The third measure (area planted to all crops in the current year) was eventually selected as
the most appropriate for stratification. Subsequent analysis of the survey data supported
the appropriateness of the measure, as the farm size categories defined by area planted to
all crops grouped together farms that were relatively homogeneous within categories and
relatively heterogeneous between categories.

Table 3 presents the definitions of the five farm size categories and shows the number of
sampled households falling into each category.s Table 3 also shows the relationship between
household labor availability and farm size among survey respondents. Across the entire
sample, the mean number of family members living and working on each farm was 3.18.
Interestingly, household labor availability was found to increase with farm. size across the
three smallest farm size categories, before falling off slightly among the two largest farm
size categories. This pattern is consistent with the idea that farms smaller than 20 ha tend to
be semisubsistence farms worked mostly by family members (whose numbers increase in
proportion to farm size), whereas farms larger than 20 ha tend to be commercially oriented
farms operated to a large extent with hired workers.

Cropping pattems
Cropping patterns differ according to farm. size. Most households in the three smallest farm
size categories grow cotton, maize, manioc, and beans; a few also grow soybeans (Table 4).
Mixed cropping is common on small farms. Cotton, maize, and manioc are also grown on
larger farms, and to a lesser extent beans. Farms in the two largest categories grow
significantly more soybeans and wheat than those in the smaller categories, with wheat
production concentrated in the largest farm size category. Monocropping appears to be the

Table 3. Farm size categories and their distribution in the sample

Farm size
category

Very small
Small
Medium
Large
Very large
Unknown

Area cultivated
(current year)

0-5ha
5 -10 ha
10 - 20 ha
20-50 ha
>50ha

Frequency
in sample

85
70
32
24
33
8

Percentage of
samplell

34%
28%
13%
10%
13%
3%

Mean number of
family workers

2.71
3.26
3.84
2.90
3.40
3.13

Source: Calculated from survey data.
a Does not sum to 100% due to rounding.

8 Throughout the rest of this report, the expression "farm size" will refer to these categories based on the total
cultivated area.
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norm on larger farms. While approximately half of the farms in the two largest size
categories reported growing manioc, the mean area planted to manioc is virtually the same
as on smaller farms, suggesting that a fixed amount of manioc is produced for horne
consumption, regardless of farm size. In contrast, the mean area planted to cotton, maize,
beans, soybeans, and wheat on the larger farms is considerably larger than on smaller
farms, indicating that these crops are grown as commercial crops.

Table 4. Cropping patterns, sample farmers

Proportion of Mean area planted Proportion associated
farms growing among growers with maize

Farm size category (%) (ha) (%)

Cotton

Very small (0 - 5 ha) 79 1.93 27
Small (5 - 10 ha) 86 3.65 13
Medium (10 - 20 ha) 91 5.60 5
Large (20 - 50 ha) 63 6.35 0
Very large (> 50 ha) 36 519.00 0

Maize

Very small (0 - 5 ha) 100 • 1.35 100
Small (5 - 10 ha) 100· 2.81 100
Medium (10 - 20 ha) l()()- 3.95 100
Large (20 - 50 ha) 100 • 11.30 100
Very large (> 50 ha) 100 • 118.87 100

Manioc

Very small (0 - 5 ha) 91 0.77 53
Small (5 - 10 ha) 89 1.30 61
Medium (10 - 20 ha) 91 1.47 45
Large (20 - 50 ha) 50 1.19 16
Very large (> 50 ha) 42 1.38 4

Beans

Very small (0 - 5 ha) 40 0.44 43
Small (5 - 10 ha) 39 0.55 22
Medium (10 - 20 ha) 28 0.75 7
Large (20 - 50 ha) 13 14.67 0
Very large (> SO ha) 6 9.50 0

Soybeans

Very small (0 - 5 ha) 2 0.75 0
Small (5 - 10 ha) 7 4.80 13
Medium (10 - 20 ha) 34 5.68 10
Large (20 - 50 ha) 42 18.00 6
Very large (> 50 ha) 79 342.94 0

Wheat

Very small (0 - 5 ha) 0 0.00 0
Small (5 - 10 ha) 1 1.50 0
Medium (10 - 20 ha) 0 0.00 0
Large (20 - 50 ha) 4 6.00 0
Very large (> SO ha) 36 130.71 0

Source: Calculated from survey data.
a Sample purposively selected to include only maize producers.
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Income from cropping
In the three smallest farm size categories, cotton was consistently ranked as the most
important source of income from cropping, cited by approximately 65% of respondents in
all three size categories. After cotton, the most important sources of income from cropping
varied by farm size; manioc (8%) was cited second most frequently on very small farms,
tobacco (10%) on small farms, and soybeans (13%) on medium farms. Sources of income
from cropping were more diversified on large farms. Cotton and soybeans ranked as the
most important sources of income on large farms, cited by 33% and 30% of respondents,
respectively. Tobacco (13%), vegetables (13%), and maize (8%) followed in importance.
Soybeans ranked as the most important source of income on very large farms, cited by 54%
of respondents in this size category. Maize and cotton followed in importance, cited by 18%
and 15% of respondents, respectively. Wheat was conspicuous by its absence from the list
of important sources of income, given the considerable area planted to wheat on very large
farms. The low profitability of wheat can be attributed to low producer prices for wheat
(which would be even lower in the absence of government protection in the form of
restrictions on wheat imports). Despite the low profitability of wheat, commercial farmers
continue to grow the crop because of an absence of alternatives during the cool
winter season.

Other sources of income
About one-third of all respondents (slightly more in the smallest three farm size categories)
rely exclusively on income from cropping; two-thirds reported that income from cropping
is supplemented with income from alternative sources (Table 5). Commerce was cited as
the main source of non-cropping income by approximately 17-20% of respondents across a
wide range of farm sizes, with the exception of very large farms. Contract services (i.e., off
farm employment) were also cited as a common source of income, particularly by
respondents in the smallest farm size classes. Livestock production, while relatively
unimportant among smaller farms, was cited by 39% of respondents from very large farms
as the main source of non-cropping income.

Table s. Major source of income other than cropping cited by sample farmers (% of
respondents in each farm size category)

Farm size Contract Livestock Other No other
category Commerce services production activities" income source

Very small 18 18 6 18 40
Small 17 9 13 20 41
Medium 20 8 9 2S 38
Large 17 8 29 21 25
Very large 9 3 39 19 30

Source: Calculated from survey data.
a Includes carpentry, butchering, transport, assembly of agricultural produce, among other activities.
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Livestock ownership
Ownership of the five most common types of animals (oxen, horses, cows, pigs, chickens) in
most cases increases with farm size (Table 6). However, the mean number of cattle owned is
disproportionately high in the "large" farm size category (20-50 ha), which suggests that
most commercial dairy and/or beef operations fall into this category. Although not all
farms in the 20-50 ha category have livestock operations, commercial production of dairy/
beef cattle apparently is not possible on smaller farms, presumably for technical reasons
(e.g., insufficient land for pasture and/or growing feed crops). Livestock ownership per
hectare in most cases decreases with increasing farm size, with the exception of the sharp
jump in the mean number of cattle owned per hectare in the "large" (20-50 ha) farm size
category.

Ownership of draft animals and farm machinery
Ownership of draft animals (oxen and horses) is common. Most farms in the three smallest
farm size categories and many farms in the larger farm size categories own oxen and/or
horses (Table 7). The percentage of farms owning either oxen or horses is considerably
higher than the percentage owning both oxen and horses, indicating that the overlap is not
perfect. This means that a large majority of farms in the smaller farm size categories own
some form of draft animal. Judging by the high frequency of oxcart ownership, oxen are
used extensively for transport. Ownership of tractors and utility vehicles is rare on smaller
farms, becoming the norm only on farms exceeding 20 ha. Combine harvesters are owned
only on very large farms.

Summary of characteristics of survey respondents
The information on household demographics supports the view that maize in Paraguay is
grown by several distinctly different types of producers. At one end of the spectrum can be
found small-scale farmers cultivating a few hectares using primarily family labor and



relying heavily on oxen and/or horses for draft power. Many of these small-scale farmers
grow cotton and manioc as cash crops, as well as manioc, maize, and beans as subsistence
crops. They raise cattle, pigs, and chickens to supply meat, milk, and eggs for household
consumption. Many supplement their income from cropping by seeking off-farm sources of
income, most commonly by engaging in commerce or by hiring out their labor.

At the other end of the spectrum can be found farmers who work extensive land holdings
(often 50 ha or more) with the help of hired labor and who rely heavily on tractors for draft
power. Many of these farmers grow cotton and soybeans as cash crops (the very largest
farms also produce wheat), as well as small quantities of manioc and maize for household
food and feed use. Large-scale farmers engage extensively in commercial livestock
production, particularly production of cattle and pigs. In addition, they also raise chickens
for household consumption.

While the survey results confirm the existence of small-scale, semisubsistence farmers and
large-scale commercial farmers, they also reveal the existence of other categories of farmers
whose scale of operations and mix of agricultural and nonagricultural activities place them
somewhere between the two extremes. Rather than indicating a sharp dichotomy, the data
show a gradual transition in scale of operations, technologies, and cropping systems as one
moves from one end of the spectrum to the other. In the middle of the spectrum can be
found a range of medium-scale farmers engaging in both commercial and subsistence
farming, relying on animal traction and machinery for draft power, and supplementing
their income from cropping with varying degrees of commercial livestock production and/
or off-farm sources of income.

Table 7. Ownership of draft animals and farm machinery, sample farmers

Percentage of farms owning

Oxen or Combine Utility
Farm size category Oxen Oxcart Horses Wagon horse(s) Tractor harvester vehicle

Very small 56 50 40 5 71 1 0 4
Small 58 47 52 10 75 10 3 10
Medium 51 51 54 8 76 13 11 16
Large 25 17 38 29 50 54 33 46
Very large 28 25 56 31 62 72 38 47
Total sample 49 43 .47 13 70 20 11 19

Mean number owned

Very small 1.06 0.38 0.80 0.08 0.00 0.00 0.04
Small 1.51 0.60 1.09 0.07 0.07 0.01 0.07
Medium 1.66 0.56 1.41 0.06 0.22 0.00 0.16
Large 1.71 0.46 1.75 0.46 0.70 0.17 0.54

Very large 0.52 0.15 2.67 0.51 4.40 1.88 2.03
Total sample 1.23 0.44 1.31 0.17 0.71 0.27 0.38

Source: Calculated from survey data.
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Maize Production Practices

This section presents data on maize production practices, beginning with a review of the
importance of maize on farms of different sizes. Next, management practices involved in
growing maize are examined, including land preparation, sources of seed, choice of variety,
planting practices, fertilizer use, weed control, pest control, harvesting, and storage. Finally,
utilization of maize is discussed. Throughout, an effort is made to determine whether farm
size is related in a systematic way to maize production practices and utilization patterns,
since evidence of such relationships is likely to have important implications for setting
research priorities.

Maize area
Even though small-scale farmers plant a high proportion of their land to maize, maize area
is relatively small when expressed as a proportion of total cultivated area, because small
farms account for a relatively modest proportion of total cultivated area. Official production
statistics suggest that maize area constitutes approximately 25% of the total cultivated area.
Since some maize is grown in association with other crops, the monocrop equivalent maize
area expressed as a proportion of total cultivated area is lower, probably on the order of 15%.

As expected, mean area planted to maize increases with farm size (Table 8). Maize area
expressed as a proportion of total cultivated area declines as farm size increases, except on
large farms, where most commercial cattle ranching is concentrated and maize is
particularly important as a feed crop.

This finding is consistent with agricultural census data showing that maize area is
distributed fairly evenly across farm size categories. Small-scale producers plant maize on a
larger proportion of the relatively small area they cultivate; medium-scale producers plant
maize on an intermediate proportion of the intermediate area they cultivate; and large-scale
producers plant maize on a smaller proportion of the relatively large area they cultivate.
Since the two parameters are inversely related, the absolute area planted to maize ends up
being similar for each farm size category.

Maize is grown in association with other crops to a varying extent on smaller and larger
farms (Table 8). Approximately 25% of the maize area in the smallest two farm size
categories includes at least one associated crop (usually manioc, cotton, or beans).

Table 8. Area planted to maize, sample farmers, 1~

Farm size category

Very small (0-5 ha)
Small (5-10 ha)
Medium (10-20 ha)
Large (20-50 ha)
Very large (>50 ha)

Mean maize area
cultivated

per household (ha)

1.35
2.81
3.95

11.30
118.87

Maize area as
a proportion of

cultivated area (%)

32
29
24
35
16

Maize area
that is

monocropped (%)

74
79
85
94
99

Source: Calculated from survey data.
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In contrast, mixed cropping is rare among large-scale producers. The transition from
associated cropping to monocropping in maize is not abrupt; rather, the importance of
associated cropping declines gradually with increasing farm size (Figure 3).

Land preparation
Farmers in Paraguay distinguish three types of agricultural land: 1) rosado (forest land from
which trees have been felled, with the stumps still in place); 2) destroncado (forest land from
which trees have been felled and the stumps removed); and 3) barbecho (cleared, de
stumped land that has been plowed). This system of classification corresponds roughly to
the length of time that the land has been cultivated: rosado tends to be recently cleared land
under cultivation for 1-3 years; destroncado tends to be slightly older land cultivated for 4-10
years; and barbecho land tends have been cultivated for 10 years or more. The current
distribution of land types in the Region Oriental derives from historical settlement patterns.
Barbecho land predominates in the densely populated westernmost departments
surrounding Asuncion, which have long been inhabited and cultivated. Rosado and
destroncado land is found in the sparsely populated easternmost departments along the
border with Brazil, which have only recently been settled and where the forest is still being
destroyed and put under cultivation (either continuous cultivation by settlers holding legal
title to the land or some form of fallow system practiced by squatters occupying the land
temporarily).

o Associated ~ Monocropped

Figure 3. Relative importance of monocropping
and associated cropping of maize.
Note: Data for each farm size category calculated using

survey results. Adjusted total calculated using
survey results and national agricultural census data.

Adjusted total

Very large farms Large farms
1% 6%

• 0.%

Very small farms

26%

~.%
Small farms

~
~9%
Medium farms

~85%

Judging from the survey results, the
association between land type used for
growing maize and farm size appears to be
weak, with one exception: farmers in the
large farm size category (20-50 ha) grow a
much higher proportion of their maize on
rosado and destroncado land than those in
the other farm size categories (Table 9).
This finding is consistent with the earlier
finding that the large farm size category
includes a high number of cattle ranchers;
evidently these ranchers reserve barbecho
land for grazing animals, while rosado and
destroncado land is used for growing feed.
Small-scale farmers plant a slightly higher
proportion of their maize on barbecho land
than do large-scale producers, but the
difference is not pronounced.

Three basic operations are used to prepare
land for planting maize: 1) clearing (cutting
and removing grass, shrubs, and/or small
trees), 2) plowing (turning the soil and
incorporating residues), and 3) harrowing
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(breaking clods and forming seedbeds). The frequency with which these operations are
performed depends primarily on land type, although farm size also appears to playa role.
Clearing is performed on rosado land by approximately 25% of farmers, on destroncado land
by only 3% of farmers, and on barbecho land by approximately 50% of farmers, with these
percentages little affected by farm size (Table 10). Clearing operations are rarely performed
more than once on any land type. Virtually all clearing operations are carried out by hand,
with small-scale farmers relying heavily on family labor and large-scale producers relying
heavily on contract labor.

Plowing operations are performed on rosado land by only 2% of farmers, on destroncado land
by 8% of farmers, and on barbecho land by approximately 60% of farmers (Table 10). While
large-scale producers usually plow only once, small-scale farmers frequently plow several
times. The difference can be explained by the source of draft power: small-scale farmers
generally turn the soil by hand (using hoes) or with animal-drawn implements, whereas
large-scale producers almost always plow using tractors.

Table 9. Types of land planted to maize by sample farmers

Farm size category

Very small (0-5 ha)
Small (5-10 ha)
Medium (10-20 ha)
Large (20-50 ha)
Very large (>50 ha)
Total

Rosado (%)

14
19
24
44
10
13

DestToncado (%)

4
6
6

43
20
20

Barbecho (%)

79
76
68
12
70
67

Source: Calculated from survey data.

Table 10. Land preparation operations for maize, by land type and farm size, sample farmers

Type of operation Rosado land Destroncado land Barbecho land

and farm size % who Mean number % who Mean number % who Mean number
category· perform of operationsa perform of operationsa perform of operationsa

Clearing operations
Very small 23 1.26 2 1.00 68 1.13
Small 27 1.23 7 1.14 59 1.10
Medium 37 1.16 0 41 1.07
Large 42 1.00 8 1.50 17 1.00
Very large 27 1.23 3 1.00 73 1.22

Plowing operations
1.18Very small 2 1.00 0 70

Small 1 1.00 3 1.00 70 1.13
Medium 3 1.00 9 1.33 53 1.36
Large 0 33 1.38 37 1.11
Very large 0 18 1.00 42 1.00

Harrowing operations
1.09Very small 1 1.00 0 22

Small 0 3 1.00 24 1.04
Medium 3 1.00 9 1.67 50 1.12
Large 0 33 1.24 33 1.38
Very large 3 1.00 15 1.20 64 1.71

Source: Calculated from survey data.
a Among those who perform the operation.
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Harrowing (or rakir.g) operations are performed on rosado land by only 1% of farmers, on
destroncado land by 7% of farmers, and on barbecho land by approximately 33% of farmers
(Table 10). The percentage of farmers who harrow varies little across farm size categories,
although it is interesting to note that on barbecho land, large-scale producers who do harrow
tend to do so two or even three times. Multiple harrowing is presumably made possible by
the high incidence of tractor ownership among large-scale producers, which enables them to
prepare the land rapidly.

Practices for disposing of crop residues during land preparation vary by farm size (Table 11).
More than half of all maize farmers incorporate crop residues during land preparation. This
practice is twice as common in the largest farm size category (84%) than in the smallest
(42%). The particularly high incidence of residue incorporation on large-scale farms can be
attributed to the use of tractors, which make it possible to incorporate residues when the
land is plowed, with little additional expense or loss of time. In contrast, when land is
plowed manually or using animals, residues are incorporated in a separate operation
requiring additional investment in time and resources. Despite efforts by the national
extension service to discourage burning of crop residues, many farmers continue to bum.
The practice is particularly common on smaller farms (practiced by 58% of farms in the
smallest size category), presumably to save the cost of incorporating or removing residues.
Although crop residues are mostly disposed of by incorporation or burning, a negligible
percentage of small-scale producers also reported removing crop residues to feed to
livestock.

Maize varieties
Paraguayan farmers grow many different types of maize, including local varieties, improved
OPVs, and hybrids. Local varieties are known by their Guarani language names (Table 12).
The most widely grown local varieties include floury materials used for human
consumption (avati moroti), as well as yellow flints and dents used for livestock feed (tupi
pyta and sape pyta). Many farmers also plant white flint materials (tupi moroti) used to
prepare specialty dishes. Some white dents (sape moroti) also are grown for food or feed.

Table 11. Crop residue disposal during land
preparation, sample farmers (percentage of
respondents in each farm size category)

Table 12. Local maize cultivars grown in
Paraguay

Farm size
category

Very small
Small
Medium
Large
Very large
Total

Incorporate Bum Re~ove

residues residues residues

42 57 1
51 45 4
71 26 3
73 27 a
84 13 3
57 41 2

Localname

Avati moroti
Tupimoroti
Tupipyta
Sapepyta
Sape moroti

Grain
color

White
White
Yellow
Yellow
White

Grain
type

Floury
flint
Flint
Dent
Dent

Main use

Human food
Human food
Animal feed
Animal feed
Animal feed

Source: Calculated from survey data.
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The national maize program, working with support from CIMMYT, has developed and
released several improved OPVs. One of these, a yellow flint material derived from the
CIMMYT experimental variety Suwan 8027 and released in Paraguay under the name
Guarani V-312 (also widely known as carape pyta), has been adopted by some farmers as a
higher yielding, insect-resistant alternative to traditional yellow flint materials.

In addition to growing local varieties and improved OPVs, some farmers also grow hybrids.
Hybrid maize first appeared in Paraguay in the 1960s, having been introduced from Brazil
and Argentina by commercial farmers. Given the limited size of the Paraguayan market,
commercial seed companies for a long time expressed little interest in establishing local
operations; not until the 1980s did a few companies begin to build networks of distribution
outlets. Currently about a dozen companies sell hybrid maize seed in Paraguay, including
several Brazilian seed companies (UNIMILHO, Agroceres) and some of the large
transnationals (Pioneer, Dekalb, Cargill, ICI). Since the size of the Paraguayan market does
not justify establishing a country-level breeding program, most of these companies sell
materials developed originally for the Brazilian and Argentinean market - typically yellow
semi-flint materials suitable for feed uses.

Because many Paraguayan farmers grow several types of maize, often planting them in
separate fields and managing them differently, survey respondents were asked about the
varieties they used on their three largest maize fields. In most cases, especially among the
smaller farm size categories, the three largest fields include a high proportion of each
household's total maize area, usually more than 90%. The results reported here refer to the
518 fields from which usable data were obtained.

As expected, use of improved OPVs and hybrids increases with farm size (Table 13).
Producers in the smallest farm size category plant only 15% of their maize area to improved
materials, while those in the largest farm size category plant 97% of their maize area to
improved materials. Not only does the use of local materials vary with farm size, but so
does the choice of local varieties. Although all farmers grow food maize (avati moroti, tupi
moroti) to satisfy household consumption requirements, farmers in the smaller farm size

Table 13. Sample farmers' use of local and improved maize germplasm (% area planted to
each type of material)

Farm size category

Type of material
Very small

(0-5 ha)
Small

(5-10 ha)
Medium
(10-20 ha)

'.Large
(~o-SO ha)

Very large
(>SOha)

Sample
total

(weighted)

Adjusted
total

(Paraguay)

Local materials
Floury types (food)
Yellow flints (feed)
Yellow dents (feed)
White flints (food)

Improved materials
Guarani V-312 (feed)
Hybrids (feed)

All varieties

85
36
22
21
7

15
8
6

100

80
30
28
15

6
20
10
10

100

59
17
9

30
3

41
7

35
100

40
5

17
18
o

60
10
50

100

3
1
o
1
1

97
2

95
100

15
4
4
5
1

85
4

81
100

51
16
14
17
3

49
7

42
100

Source: Calculated from survey data.
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categories plant a relatively hi~er proportion of their maize area to these materials
compared to farmers in the larger farm size categories. The latter plant a relatively higher
proportion of their maize area to feed materials (tupi pyta, sape pyta).

~ Improved materials 0 Local materials

4001c~ CJ%. 59%

60%

Figure 4. Area planted to improved and local
maize materials.
Note: Data for each farm size category calculated

using survey results. Adjusted total calculated
using survey results and national agricultural
census data.

Medium farms

Very small farms

15%

~~
Small farms

~%

80o~
Large farms

Adjusted total

Very large farms
3%

••

Since the sample included many large
scale producers (attributable to the
purposive selection procedure), the sample
totals disproportionately reflect the
germplasm choices of commercial farmers.
When the sample results are adjusted
based on the area known to be planted in
each farm size category, the results change
considerably (Figure 4, final column in
Table 13). In 1991, just over half (51%) of
the total area planted to maize in Paraguay
was planted to local varieties. Of the
remaining portion (49%) planted to
improved materials, approximately 7%
was planted to the improved variety
Guarani V-312, while the remaining 42%
was planted to hybrids. The large area
under hybrids, which can be attributed to
the extensive use of hybrids by large-scale
producers who account for a significant
proportion of national maize area,
indicates that overall use of hybrids is
much more extensive than previously
recognized.

Table 14. Intercropping of maize (% of maize area in which maize is associated with one or
more other crops) by sample farmers

Farm size category
Sample Adjusted

Very small Small Medium Large Very large total total
Type of material (0-5 ha) (5--10 ha) (10-20 ha) (20-50 ha) (>SOha) (weighted) (Paraguay)

Local materials 42 48 38 12 8 31 29
Floury types (food) 50 40 27 75 7 42 37
Yellow flints (feed) 36 65 9 17 0 31 24
Yellow dents (feed) 31 29 26 0 15 24 27
White flints (food) 57 52 50 6 0 25 21

Improved materials 10 19 12 0 0 0 5
Guarani V-312 (feed) 16 37 0 0 2 6 10
Hybrids (feed) 0 0 1 0 0 0 0

All varieties 38 43 22 5 0 5 20

Source: Calculated from survey data.
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Differences in germpiasm type are associated with differences in management practices
(Table 14). About 30% of the area planted to local materials involves crop mixtures, with this
proportion approaching 50% in the two smallest farm size categories. In contrast, improved
OPVs and hybrids are generally monocropped, particularly on larger farms. Hybrids,
whether grown by small-scale or large-scale farmers, are virtually never associated with
other crops.

Most farmers have grown many different materials (Table 15). An extremely high
percentage (86%) have grown avati moroti, the floury local variety used in preparing many
traditional dishes. Yellow flint materials have been grown somewhat less extensively (61%),
followed by white dents (53%) and white flints (54%). Slightly more than one-fourth of all
farmers have grown hybrids (27%), approximately the same percentage that has grown the
improved OPV Guarani V-312 (25%). Use of hybrids is concentrated heavily in the two
largest farm size categories, whereas use of Guarani V-312 is about the same across farm
size categories.

Experimentation with different varieties is common. Many farmers have tried one or more
materials, which they subsequently abandoned (Table 16). Interestingly, more than 40% of
those who have tried growing an improved CPV or hybrid no longer grow the material.
Disadoption of improved materials has been particularly common among small-scale
farmers. Disadopters have many reasons to explain why they no longer grow particular

Table 15. Sample farmers' familiarity with six common maize materials (% of farmers who
have grown each type of maize)

Farm size Floury Yellow Yellow White Guarani
category types flints dents flints V-312 Hybrids

Very small 99 75 48 61 24 6
Small 93 76 60 74 31 19
Medium 81 53 68 41 16 34
Large 50 29 78 33 17 58
Very large 72 24 45 21 27 70
Total 86 61 53 54 2S 27

Source: Calculated from survey data.

Table 16. Disadoption of six common maize materials, byJarm size (% of sample farmers in
each farm size category who once grew the material but no longer do so)

Farm size Floury Yellow Yellow White Guarani
category types flints dents flints V-312 Hybrids

Very small 11 36 34 60 55 60
Small 8 38 43 38 50 77
Medium 19 53 24 54 20 45
Large 25 57 88 88 0 36
Very large 74 63 40 57 33 17
Total 19 41 3S 60 43 41

Source: Calculated from survey data.
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materials (Table 17). Unavailability of seed and lack of land are consistently cited as
primary reasons. In the case of Guarani V-312, poor yield was the reason given most
frequently to explain disadoption.

Because of the extensive effort invested in developing and promoting Guarani V-312,
survey respondents were asked to compare Guarani V-312 to local varieties in terms of non
yield characteristics. Compared to the most commonly planted local varieties (avati moroti
and sape pyta), Guarani V-312 was cited for its early maturity, excellent storage properties,
and suitability as a dual-purpose food and feed material (Table 18). However, considering
that over half of the respondents in the two smallest farm size categories reported that they
no longer grew Guarani V-3I2, often because of poor yields, evidently these attractive non
yield characteristics do not always compensate for inadequate yields.

Table 17. Primary reason given by sample farmers for not planting six common maize
materials which were grown in the past (% of disadopters of each material giving this reason)

Floury Yellow Yellow White Guarani
types flints dents flints V·312 Hybrids

Primary reason given by farmer (n = 27) (n = 72) (n = 49) (n =96) (n = 27) (n = 33)

Seed unavailable 30 31 39 32 26 27
Land unavailable 15 13 4 6 6
Poor yield 7 7 8 8 30 15
Don't need this type of maize 15 4 10 16 7 6
No good for food 2 1 4
No good for feed 24 2 5 7 9
No good for sales 11 7 4 13 7 3
Attacked by insects in storage 7 1 8 2 4 3
Susceptible to disease 1 4
Susceptible to drought stress 4 3 2 3 4
Variety too tall, lodges 1 2 4 3
Other reason 11 10 2 13 3 18

Source: Calculated from survey data.

Table 18. Sample farmers' perceptions of Guarani V-312 compared to local materials

Guarani V·312 Avati moroti Tupipyta
(improved variety) (loca! food variety) (local feed variety)

Yes Indifferent No Yes Indifferent No Yes Indifferent No

Suitable for human food? 59 8 33 100 0 0 47 26 27
Suitable for animal feed? 94 2 4 38 12 50 93 4 4
Suitable for marketing? 81 6 13 74 14 13 72 12 17
Early maturing? 92 6 2 9 27 64 52 34 14
Storage losses? 16 44 40 82 12 6 29 43 27
Acceptable grain color? 43 50 7 S4 43 3 84 11 5

Source: Calculated from survey data.
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Maize Seed
Information about seed sources was
collected for up to three fields for each
farmer. The results reported here refer to
the 482 fields from which usable data on
seed sources were obtained.

Use of farmer's own seed (seed saved from
the previous harvest) is extensive,
accounting for 70% of all fields surveyed
and an estimated 48% of total national
maize area (Table 19, Figure 5). Since most
of the seed obtained from neighbors is
saved from the previous harvest as well, the
area planted to saved seed is probably
somewhat higher. Small-scale farmers rely
heavily on their own seed. More than 80%
of all fields (75% of the area) in the two
smallest farm size categories are planted
with farmer's own seed, compared to only
27% of fields (3% of the area) in the largest
farm size category. On very large farms, the
large discrepancy between the proportion
of fields planted with farmers' own seed

Table 19. Sample farmers' sources of maize seed

Farm size category

Seed source
Very small

(0-5 ha)
Small

(5-10 ha)
Medium
(10-20 ha)

Large
(20-50 ha)

Very large
(>5Oha)

Sample Adjusted
total total

(weighted) (Paraguay)

(% of fields planted using seed from each source)

Farmer's own seed
Other farmers
SENASE
Store in Paraguay
Store in Brazil
Cooperative/other
Total

83 81 64 51 27
8 8 15 11 6
1 0 0 0 0
4 3 3 5 29
1 3 8 14 30
3 5 10 19 8

100 100 100 100 100

(% of maize area planted using seed from these sources)

70
9
o
7
7
6

100

Source: Calculated from survey data.

Farmer's own seed
Other farmers
SENASE
'Store in Paraguay
Store in Brazil
Cooperative/other
Total

75
10
4
5
4
2

100

77 53 42 3
11 17 13 3
1 0 0 0
3 3 3 46
8 24 40 46
0 3 2 2

100 100 100 100
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and the proportion of total maize area planted with farmers' own seed arises because large
scale farmers plant many small plots using saved seed. These are generally garden plots
planted with local specialty cultivars.

Small-scale producers use very little purchased seed. Only about 10% of fields (12% of the
area) in the two smallest farm size categories were planted with seed purchased from the
national seed company, from commercial seed distributors, or from agricultural
cooperatives. In contrast, 67% of fields (94% of the area) in the largest farm size category
were planted with purchased seed. This pattern is not surprising, considering that small
scale farmers plant mostly OPVs and large-scale commercial farmers plant mostly hybrids,
whose seed must be replaced annually. The sources of purchased seed most commonly
cited by large-scale producers were seed distributors in Brazil, seed distributors in
Paraguay, and agricultural cooperatives.

Among farmers who purchase maize seed, those in the first four farm size categories travel
an average of about 20 km. to make the purchase; farmers in the fifth farm size category
(very large producers) travel an average of over 100 km. This would appear to be consistent
with the high proportion of large-scale producers who purchase maize seed from input
suppliers in Brazil and Argentina.

Although the genetic purity of open-pollinated materials can be maintained for several
years by managing seed carefully at the farm level, improved OPVs gradually become
contaminated as a result of natural outcrossing in farmers' fields. Contamination is
particularly common where farmers plant many different types of materials, especially
when they plant them in the same or adjacent fields (as is common in Paraguay). When
such contamination is likely, the best way for farmers to maintain the genetic purity of their
materials is by frequent replacement of seed with fresh, uncontaminated seed.

In an effort to determine the rate at which farmers replace maize seed, survey respondents
were asked to estimate the age of the seed planted in the current year. Many farmers replant
their own seed for long periods without replacement (Table 20). The practice is particularly
common among small-scale producers; nearly two-thirds of the maize area in the two

Table 20. Maize area planted by sample farmers using seed of different ages (% of maize area
planted to seed of different ages)

.
. Farm size category

Sample Adjusted
Very small Small Medium Large Very large total total

Estimated seed age (0-5 ha) (5-10 ha) (10-20 ha) (20-50 ha) (>50 ha) (weighted) (Paraguay)

Purchased in current year 21 11 39 49 97 84 45
Re-used 2-4 years 12 18 18 35 1 5 17
Re-used 5-9 years 10 5 6 9 0 2 6
Re-used > 10 years 56 66 37 7 2 9 32
Total 100 100 100 100 100 100 100

Source: Calculated from survey data.
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smallest farm size categories is planted to seed that is at least 10 years old. Although there is
of course no alternative to replanting seed of local varieties (since commercial seed is not
available), these farmers rarely replace seed even of commercial OPVs. Large-scale
producers replace their maize seed more frequently. Producers in the largest farm size
category are particularly good at replacing seed; virtually the entire area planted by these
producers is sown using seed purchased in the current year. These results are not surprising
considering that large-scale farmers plant mostly hybrids and that hybrid seed should be
replaced annually. Extrapolating to the national level, nearly half of the national maize area
is planted using newly purchased seed.

Planting practices
Maize in Paraguay is planted using one of four methods: 1) dibbling seed into holes made
with a planting stake, 2) dibbling seed directly into furrows formed on raised beds,
3) drilling seed by means of a hand-held mechanical seed drill (matraca), and 4) drilling seed
by means of a tractor-drawn mechanical seed drill. Planting stakes are favored by small
scale producers but used less frequently as farm size increases (Table 21). Dibbling maize
seed into furrows is a relatively uncommon method, used by a few small- and medium
scale producers. By far the most common planting method is use of a hand-held mechanical
seed drill, which is used to plant more than half of all fields (representing about 53% of the
national maize area). Tractor-drawn mechanical seed drills are favored by very large-scale
farmers and are used to plant about 29% of the national maize area.

To determine whether farmers vary their planting practices to accommodate differences in
plant type and/or soil fertility levels, information was collected on three parameters that
influence plant population: 1) mean distance between rows, 2) mean distance between hills,
and 3) mean number of seeds planted per hill. Based on these parameters, approximate

Table 21. Maize planting methods used by sample farmers

Farm size category
Sample Adjusted

Very small Small Medium Large Very large total total
Planting method (0-5 ha) (5-10 ha) (10-20 ha) (20-50 ha) (>50 ha) (weighted) (Paraguay)

(% of fields planted using each method)

Planting stake 10 7 2 0 0 5
Furrows on beds 46 35 16 3 5 25
Manual seed drill 44 56 79 78 38 55
Mechanized seed drill 0 1 2 19 57 16
Total 100 100 100 100 100 100

(% of maize area planted using each method)

Planting stake 66 1 5 0 0 1 11

Furrows on beds 16 9 10 0 0 1 7
Manual seed drill 18 89 72 61 16 24 53
Mechanized seed drill 0 1 13 39 84 73 29
Total 100 100 100 100 100 100 100

Source: Calculated from survey data.
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plant populations were calculated for two hypothetical germination rates (100% and 90%).
Despite some variability in the data, several general tendencies can be discerned (Table 22).
First, planting densities are low for all combinations of plant types and farm sizes.9 Second,
local materials generally are planted at low densities compared to improved OPVs and
hybrids. Third, more seeds of local materials are planted per hill. Fourth, farmers in the
smaller farm size categories generally plant at lower densities than farmers in the larger

Table 22. Planting parameters for six types of maize, sample farmers

Farm size category

Maize type and Very small Small Medium Large Very large
planting parameter (0-5 ha) (5-10 ha) (10-20 ha) (20-50 ha) (>50 ha) Total

Local floury types (Avati moroti)
Distance between rows (cm) 129 109 104 120 96 115
Distance between hills (em) 76 72 59 52 58 68
Seeds per hill (cm) 3.5 3.5 3.5 3.0 2.8 3.4
Density'l 36/000 45/000 57/000 48/000 50/000 43/000
Density (90% germination)a 32/000 40/000 51/000 43/000 45/000 39,000

Local yellow flints (Thpi pyta)
Distance between rows (em) 110 118 120 90 118 112
Distance between hills (cm) 77 68 63 55 60 71
Seeds per hill (em) 3.3 3.3 4.0 3.0 2.7 3.3

Densi~ 39/000 41/000 53/000 61/000 38/000 41/000
Density (90% germination)a 35/000 37/000 48/000 55/000 34/000 37/000

Local yellow dents (Sape pyta)
Distance between rows (cm) 108 lOS 127 110 104 110

Distance between hills (cm) 75 68 70 63 80 70

Seeds per hill (em) 3.3 3.5 3.6 2.7 3.3 3.4

Densi~ 41/000 49/000 41,000 39/000 40/000 44/000
Density (90% germination)a 37/000 44/000 37/000 35/000 36/000 39/000

Local white flints (Tupi moron)
Distance between rows (em) 112 115 208 100 75 128

Distance between hills (cm) 69 82 76 80 25 74

Seeds per hill (em) 3.5 3.7 3.4 3.5 1.0 3.5

Densi~ 45/000 39/000 22/000 44/000 53/000 37/000

Density (90% germination)a 41/000 35/000 19/000 39/000 48/000 33/000

Guarani V-312 (Carape pyta)
Distance between rows (em) 106 98 98 118 101 105

Distance between hills (cm) 69 60 43 50 47 54

Seeds per hill (em) 3.0 2.9 3.6 3.1 2.2 2.9

Density'l 41/000 49,000 85/000 53/000 46/000 51/000

Density (90% germination)a 37/000 44/000 77/000 48/000 42/000 46/000

Hybrids
Distance between rows (cm) 107 110 104 121 93 101

Distance between hills (cm) 73 37 52 60 27 38

Seeds per hill (cm) 3.1 2.7 2.6 3.3 1.7 2.2

Densi~ 40/000 66/000 48/000 45/000 68/000 57/000

Density (90% germination)a 36/000 60/000 43/000 41/000 61/000 52/000

Source: Calculated from survey data.
a Rounded to nearest 1/000.

9 As a general rule, when soil fertility is adequate, modem hybrids should be planted at densities of around 53,000-

55/000 plants/ha.
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farm size categories. Because of the strong association between farm size and choice of
germplasm, it is difficult to determine directions of causality in these relationships. However,
low planting densities would be expected when plants are large and/or soil fertility levels
are low. Since local materials are generally larger than improved OPVs and hybrids, and
since respondents in the smaller farm size categories cultivate older barbecho soils (and use
less fertilizer) than those in the large farm size categories, these results suggest that farmers
vary planting density in a rational manner in response to differences in plant type and soil
fertility levels.

The distribution of maize planting dates among survey respondents reflects two distinct
growing seasons: a major season beginning in July and a minor season beginning in January.
During the major growing season, maize planting activity begins to pick up in late June
(coinciding with the onset of the rainy season) before peaking in July, August, and
September. During the minor growing season, maize is planted in January and February and
grown using a combination of rainfall and residual soil moisture. Local varieties are almost
always grown during the major growing season, because they are longer duration materials
and require relatively abundant rainfall for an extended period. In contrast, many of the
materials planted during the ~or growing season are early maturing hybrids that
complete their growth cycle quickly enough to avoid drought stress at the end of the dry
season.

When data on planting dates are disaggregated by type of material (local varieties vs.
improved OPVs and hybrids), cropping pattern (monocropped maize vs. associated maize),
and farm size category (large vs. small), three overlapping patterns can be discerned. First,
local varieties tend to be planted earlier than improved OPVs and hybrids, presumably
reflecting the longer growth cycles of many local varieties. More than 80% of all fields sown to
local varieties by survey respondents had already been planted by the end of August,
compared to only 35% of all fields sown to improved OPVs and hybrids (Figure 6). Second,
monocropped materials tend to be planted slightly earlier than associated materials (Figure 7).
Third, small-scale farmers tend to plant earlier than large-scale producers. Among survey
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Figure 6. Cumulative probability distributions
of maize planting dates, local variety and
monocropped hybrids, Paraguay.

Figure 7. Cumulative probability distributions
of planting dates, monocropped local variety
and associated local variety, Paraguay.
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respondents, 50% of ull maize fields sown by very small-scale fanners had already been
planted by the beginning of July, compared to only about 35% of all maize fields sown by very
large-scale fanners (Figure 8).

Distinguishing between these three effects is difficult. Since use of local varieties is
concentrated among small-scale farmers, and since small-scale fanners tend to associate
maize with other crops, it is difficult to tell whether planting date is influenced by the type
of material being grown, cropping pattern, farm size, or possibly by all three. 10 Most
probably, the difference in planting dates is primarily a function of the materials themselves,
since most of the local varieties grown in Paraguay have a longer growth cycle than many of
the improved OPVs and hybrids. (In the three cumulative distribution functions, the lag
attributable to germplasm type is the most pronounced.) However, other factors such as
cropping pattern, availability of labor and machinery for land preparation, and seed
availability may also influence maize planting dates, as may demand-side considerations
(e.g., the need to have food or feed available during a particular period in the year).

Fertilizer use
Organic fertilizer -Use of organic fertilizer is relatively rare in Paraguay. Less than 15% of
farmers use organic fertilizer oh any crop, with this proportion remaining relatively constant
across all farm size categories (Table 23). In the few instances that organic fertilizer is used,
most frequently it is applied to cotton, maize, and manioc. Cow manure is the most
common source of organic fertilizer, followed by chicken manure and other types of manure
(e.g., pig manure). Farmers who use organic fertilizer almost always to apply it to barbecho
soils, which have been farmed continuously for many years; they almost never apply
organic fertilizer to recently cleared rosado soils and only rarely to destroncado soils because
of the higher natural fertility of these soils.
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Farmers give a variety of reasons for not
applying organic fertilizer to maize (Table
24). Thirty-eight percent of the survey
respondents stated that there is no need to
apply organic fertilizer, because soil
fertility levels are adequate to ensure
satisfactory yields. An additional 16%
declared that maize does not respond to
orgat)ic fertilizer. A few indicated that they
would like to apply organic fertilizer to
maize but are discouraged by economic
considerations, such as the high cost of
purchasing manure and/or the cost of the
labor required to apply manure.
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10 When the data are disaggregated by variety and farm size and cropping pattern, the numbers of observations for
many of the individual combinations are reduced to the point where distributions of planting dates no longer
show clear patterns.
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Chemical fertilizer - Use of chemical fertilizer is slightly more common. Nearly one-third
of the survey farmers use chemical fertilizer on at least one crop, a proportion that increases
with farm size (Table 23). Producers in the smaller farm size categories tend to apply
chemical fertilizer to cotton, whereas those in the larger farm size categories apply chemical
fertilizer most frequently to soybeans, wheat, and maize. Overall, use of chemical fertilizer
on maize is surprisingly rare, involving only 8% of all farmers (virtually all in the largest
farm size categories).

Table 23. Use of organic and chemical fertilizer, by crop and farm size (% of sample farmers
in each farm size category)

Farmers applying organic fertilizer to

Farm size category None Maize Cotton Soybeans Wheat Manioc Beans

Very small 84 6 8 0 0 7 2
Small 89 4 4 0 1 4 0
Medium 84 6 9 3 0 3 3
Large 92 0 0 0 0 0 0
Very large 84 9 3 9 3 0 0
Total 86 5 6 2 1 4 1

Farmers applying chemical fertilizer to

None Maize Cotton Soybeans Wheat Manioc Beans

Very small 88 0 6 1 1 0 1
Small 76 3 16 3 0 0 6
Medium 69 0 13 16 0 0 3
Large 50 13 13 33 13 0 0
Very large 19 47 19 75 53 0 3
Total 69 8 12 17 9 0 3

Source: Calculated from survey data.

Table 24. Reasons cited by sample farmers for not using fertilizer on maize

Reasons for not using organic fertilizer

No need to apply fertilizer to maize
Do not know how to apply organic fertilizer
Do not have access to organic fertilizer
Maize does not respond to organic fertilizer
Organic fertilizer too expensive
No time to apply organic fertilizer

Reasons for not using chemical fertilizer

No need to apply fertilizer to maize
Maize does not respond to chemical fertilizer
Chemical fertilizer too expensive
Do not know how to apply chemical fertilizer
Do not have access to chemical fertilizer

Source: Calculated from survey data.
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Due to the small number of fertilizer users in the sample, it is difficult to generalize about
fertilizer management practices for maize. Farmers apply four main kinds of fertilizer to
maize: 1) phosphate (applied at planting), 2) urea (applied at planting or topdressed about
four weeks after planting), 3) foliar nitrogen (sprayed about four weeks after planting), and
4) composite fertilizers (applied either at planting, topdressed about four weeks after
planting, or both). As with organic fertilizer, chemical fertilizer is almost always applied to
older barbecho soils, rather than to rosado and destroncado soils. Application levels are
generally low, usually falling in the range of 25-40 kg of nitrogen/ha. Reasons given by
farmers for not applying chemical fertilizer to maize were similar to those given for organic
fertilizer (Table 24).

Weed control
Weed control practices in maize vary by soil type and farm size (Table 25). Hand weeding is
done on all soil types by farmers in all farm size categories. Where soil type and farmer's
resources permit, hand weeding is supplemented by mechanical weeding using animal
drawn or tractor-drawn cultivation equipment. In a few cases (generally only on the largest
farms) hand weeding and mechanical weed control may be supplemented with or replaced
by chemical weed control involving the use of herbicides.

Weed control practices vary somewhat depending on soil type. Hand weeding
predominates on rosado soils, no doubt due to the difficulty of mechanical cultivation in
recently cleared fields from which stumps have not yet been removed. Hand weeding is less
common on destroncado soils, where it may be complemented with mechanical cultivation
using animal-drawn implements (small- to medium-size farms) or tractor-drawn
implements (medium- to large-size farms). Hand weeding remains the favored weed

Table 25. Sample farmers' weed control practices in maize, by land type and farm size

Hand weeding Cultivation with animals Cultivation with tractor Herbicide

Rosado
Very small 94 0 6 0
Small 96 4 0 0
Medium 100 0 0 0
Large 100 0 0 0
Very large 89 0 0 11
Total 96 1 1 1

Destroncado
Very small 100 0 0 0
Small 67 17 17 0
Medium 50 50 0 0
Large 36 36 27 0
Very large 45 9 36 9
Total 51 23 23 3

Barbecho
Very small 65 34 0 1
Small 55 43 2 0
Medium 64 31 5 0
Large 53 20 20 7
Very large 36 15 27 21
Total 58 33 6 3

Source: Calculated from survey data.
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control method on barbecho soils, followed in importance by mechanical cultivation using
animal-drawn implements (small- to medium-size farms) and tractor-drawn implements
(medium- to large-size farms). In addition, 7% of farmers in the large farm size category and
21% of farmers in the very large farm size category use herbicides to control weeds in maize.

Rather than carrying out a predetermined number of weed control operations, farmers
adjust weed control practices according to the severity of weed infestation and the
effectiveness of the weed control method being used. 11 The number of weed control
operations generally varies between one and four (Table 26). A single hand weeding is
sufficient less than half of the time; hand weeding is frequently repeated two, three, and
occasionally even four times. The pattern for mechanical cultivation using animal-drawn
equipment is similar, with more than half of the survey respondents reporting more than
one operation. In contrast, mechanical cultivation using tractor-drawn equipment is usually
done only once, as is application of herbicide. The low frequency of these latter two weed
control practices presumably reflects their greater effectiveness as well as their relatively
high cost.

Given the relatively high incidence of herbicide use on other crops, the low incidence of
herbicide use in maize seems curious. The reason most frequently given for not using
herbicides on maize is that there is no need to use herbicide in view of the availability of
alternative weed control methods (Table 27). Nearly one-third of survey respondents
claimed an interest in using herbicide but pointed out that they are unfamiliar with its use.
One-fifth of respondents claimed familiarity with herbicide but said its cost is prohibitive.
Only one respondent expressed concern about the toxicity of herbicide.

Insect control
Only about 14% of all farmers use insecticide on maize (Table 28). Most apply insecticide to
maize only when the crop is severely threatened by an unusually heavy insect infestation.

Table 26. Type and number of weed control Table 27. Reasons cited by sample
operations in maize, barbecho land (% of farmers for not using herbicide to control
sample farmers using each method) weeds in maize

Number of operations Percentage
performed of farmers

Weed control Number of
No need to use herbicide in maize 43method farmers 1 2 3 4

Hand weeding 166 43 32 22 3 Do not know how to use herbicide 31

Animal-drawn Herbicide too expensive 21
cultivator 96 48 31 20 1

Tractor-drawn Herbicide ineffective 1
cultivator 16 75 25 0 0

Herbicide 10 80 20 0 0 Herbicide is toxic/dangerous >1

Source: Calculated from survey data. Source: Calculated from survey data.

11 Cost considerations presumably also affect the frequency with which different weed control operations are carried
out, although cost data were not collected.
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Normally there is no need to use insecticide, as insect damage is minimal in most years.
Very few farmers claim unfamiliarity with insecticides or cite cost factors as reasons for not
using insecticide on maize.

Farmers' basic familiarity with insecticides is evidenced by the fact that most use insecticide
on crops other than maize (Table 28). Interestingly, the proportion of farmers who use
insecticide is similar for all farm size categories, in contrast with the pattern observed for
fertilizer and herbicide. However, since farmers in the different farm size categories tend to
grow different crops, the pattern of pesticide use differs. Farmers in the smaller farm size
categories use insecticide most frequently on cotton and beans, whereas those in the larger
farm size categories tend to use insecticide most frequently on soybeans, wheat, and cotton.

Harvesting
Maize is harvested either manually or mechanically. Most small-scale farmers harvest maize
by hand; only in the two largest farm size categories do farmers harvest maize using
machines (Table 29, Figure 9). In the most common manual harvesting method, laborers
walk through the field accompanied by an animal-drawn cart; mature ears are removed
from the stalk by hand and tossed into the cart. Mechanical harvesting is done with
combine harvesters.

Table 28. Use of insecticide, by crop and farm size (% of sample farmers in each category
using insecticide)

No Farmers applying insecticide on
insecticide

Farm size category used Maize Cotton Soybeans Wheat Manioc Beans

Very small 13 6 82 6 0 2 22
Small 11 14 89 9 0 3 34
Medium 3 16 94 47 6 6 34
Large 17 8 58 2S 17 4 13
Very large 6 33 39 79 48 0 6
Total 11 14 77 24 9 3 24

Source: Calculated from survey data.

Table 29. Maize harvesting methods, sample farmers

Farm size category
~ Sample Adjusted

Very small Small - Medium Large Very large total total
Harvesting method (0-5 ha) (5-10 ha) (10-20 ha) (20-50 ha) (>50 ha) (weighted) (Paraguay)

(% of farmers harvesting using each method)

Manual 99 99 97 88 SS 91
Mechanical 1 1 3 12 80 70

(% of area harvested using each method)

Manual 100 99 90 7S 20 30 75
Mechanical 0 1 10 25 80 70 25

Source: Calculated from survey data.
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The maize harvest is frequently delayed because it coincides with the cotton harvest, with
which it must compete for labor. Since the cotton crop is far more profitable, maize is often
left standing in the field until the final cotton picking has been completed. In order to
minimize damage to the standing maize crop once grain physiological maturity has been
achieved, about one-quarter of all farmers bend the maize stalks over, leaving the ears
pointing downward and reducing infiltration by rain. The length of time maize is left
standing in the field prior to manual harvesting is substantial, averaging more than eight
weeks across the entire sample. Many farmers leave maize in the field for three months or
more before harvesting. Frequently, the maize crop is not really harvested at a particular
time but is left standing in the field, with small quantities harvested on a daily or weekly
basis to meet the household's immediate food and feed needs.

Storage
Maize storage methods vary widely, depending on whether the grain is to be used for home
food consumption, home feed consumption, sale, or seed (Table 30). Maize destined for
home consumption (both food and feed uses) is usually stored in the form of unhusked
cobs, which are either hung from the ceiling with string in a sheltered interior space or
stacked in a well-ventilated indoor storage area. Some farmers in the larger farm size
categories prefer to shell maize destined for home consumption before storing-it,
particularly maize destined for use as animal feed.

Figure 9. Maize area harvested manually and
mechanically.
Note: Data for each farm size category calculated using .

survey results. Adjusted total calculated using
survey results and national agricultural census data.
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Approximately 30% of farmers treat maize
grain to discourage insect attack during
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that is treated is undoubtedly much higher
than 30%, however, since more than half of
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storage is preferred because the husk cover
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grain weevils).
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(who presumably store larger than average quantities) treat stored grain. Materials used to
treat maize are divided roughly evenly between homemade "organic" products (e.g., ashes,
vegetable oil, grease, wood smoke) and commercial insecticides (e.g., malathion,
phostoxin).

Maize destined for seed use is treated with greater frequency than maize destined for either
consumption or sale. Among farmers in the three smallest farm size categories, exposure to
wood smoke (usually from the kitchen fire) is the most popular treatment method. Large
scale producers most frequently treat seed with phostoxin gas.

Utilization
Maize in Paraguay has five principal uses: home consumption as choda (green maize), home
food use, home feed use, sales, and seed use. Of the 1,267 t of maize produced by survey
respondents for which utilization was specified, less than 1% was consumed as choda, 6%
was retained for home food use, 18% was retained for home feed use, 74% was sold, and

Table 30. Maize storage methods (% of sample farmers citing each method as their primary
storage method)

Maize use and On cob Shelled Standing
farm size category Hanging Bagged Stacked In elevator Bagged In drum In store in field

Maize used for home consumption (food)
Very small 54 3 23 1 7 10 0 1
Small 30 1 35 4 10 16 0 4
Medium 24 3 55 0 6 6 3 3
Large 15 5 60 0 15 5 0 0
Very large 5 10 86 0 0 0 0 0
Total 34 3 40 2 8 10 0 2

Maize used for home consumption (feed)
Very small 44 4 30 1 10 8 0 2
Small 25 8 37 1 11 13 0 5
Medium 18 3 56 0 9 3 3 9
Large 10 0 70 0 20 0 0 0
Very large 0 7 68 0 11 0 14 0
Total 27 5 43 1 11 7 2 4

Maize used for sale
Very small 50 3 17 0 23 7 0 0
Small 18 12 9 0 39 12 3 6
Medium 24 6 29 0 18 0 18 6

iI·

Large 0 0 -29 0 36 0 21 14
Very large 0 4 36 4 16 0 36 4
Total 21 6 22 1 27 5 13 5

Maize used for seed
Very small 82 3 12 0 0 3 0 1
Small 65 3 19 1 4 4 1 1
Medium 46 4 46 0 0 0 0 4
Large 21 5 63 0 11 0 0 0
Very large 5 5 70 0 0 0 20 0
Total 59 3 29 0 2 2 2 1

Source: Calculated from survey data.
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about 1% was kept for seed. However, these proportions varied widely across farm size
categories (Table 32, Figure 10). Farmers in the smallest farm size category retained 75% of
their production for use on the farm (primarily for use as animal feed and as human food)
and sold only 25%. In contrast, farmers in the largest farm size category retained only 13%

Table 31. Products used to treat maize in storage (% of sample farmers citing each treatment
as their primary storage treatment)

Maize use and Vegetable Wood Other No
farm size category Ashes oil Grease smoke Malathion Phostoxin insecticide insecticide

Maize used for home consumption (food)
Very small 5 0 0 14 7 0 6 67
Small 8 2 3 3 9 2 3 71
Medium 3 0 3 0 3 3 3 84
Large 0 0 0 0 10 15 0 75
Very large 9 0 0 0 9 23 9 50
Total 5 0 1 6 8 5 5 70

Maize used for home consumption (feed)
Very small 5 0 0 13 6 0 7 69
Small 8 0 3 2 6 2 5 76
Medium 3 0 3 0 3 3 6 81
Large 0 0 0 0 10 24 0 67
Very large 7 0 3 0 7 31 10 41
Total 5 0 2 5 6 7 6 69

Maize used for sale
Very small 0 0 0 9 3 0 9 78
Small 10 3 3 0 3 3 0 77

Medium 0 0 0 0 6 0 6 88
Large 0 0 0 0 6 19 0 75
Very large 4 0 4 0 4 40 4 44
Total 3 1 2 3 4 12 4 72

Maize used for seed
Very small 1 0 1 37 4 0 4 53
Small 3 1 3 29 4 1 4 54
Medium 0 0 0 14 3 0 3 79
Large 0 0 0 5 5 29 0 62
Very large 9 0 4 0 4 35 9 39
Total 2 0 2 25 4 7 4 56

Source: Calculated from survey data.

Table 32. Utilization of maize by sample farmers (% of production)

Farm size category
AdjustedSample

Very small Small Medium Large Very large total total

(0-5 ha) (5-10 ha) (10-20 ha) (20-50 ha) (>50 ha) (weighted) (Paraguay)

Used for checla 3 2 1 1 1 1 1
Used for food 27 21 5 5 1 6 9
Used for feed 41 30 25 17 12 19 22

Used for sales 25 45 69 77 87 74 67
Used for seed 4 2 1 1 1 1 1

Source: Calculated from survey data.
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of their production for on-farm uses and sold 87%. In the three middle farm size categories,
a gradual transition was observed between the subsistence orientation of the smallest
farmers and the commercial orientation of the largest farmers.

The findings were adjusted using data from the national census to derive estimated
utilization patterns for the country as a whole (Table 32). At the national level, maize is first
and foremost a commercially oriented feed crop. Approximately two-thirds of national
maize production is marketed, with most of this maize going to the livestock feed industry.
An additional 22% of national production is utilized on the farm for feed. Only 10% of
national production is destined for food uses, chiefly in the form of grain (as opposed to
green ears).

Different materials are used for different purposes (Table 33). Among local materials, it is
possible to distinguish between food maizes, feed maizes, and dual-purpose maizes. Floury
materials are destined mostly for food uses: 48% of the production of these materials is
retained for home food use; 30% is sold (presumably also for food use); and 15% is fed to
animals. In contrast, yellow materials (flints and dents) are rarely used for food: 95% of the
production of yellow materials is either used on the farm as animal feed or sold (presumably
also as for feed). White flint materials are the most versatile, in part consumed on the farm
as food (25%), in part used on the farm as feed (50%), and in part sold (24%).

Adjusted total

1% 10%

Very small farms

4%

~O/~_

41%

Small farms

2%

45%~%

~%

Unlike some of the local varieties, none of
the improved materials is used extensively
for food (Table 34). Improved materials are
grown either for on-farm feed use or for sale
as feed. Guarani V-312, the improved OPV, is
grown almost exclusively for on-farm feed
use; only 5% is consumed as food, and
virtually none is sold. Hybrids are grown
primarily for commercial purposes, with
87% of hybrid production sold as feed. In
addition, 11% of hybrid production is used
on the farm as feed.

~ Food use ~ Sales

c:::J Feed use _ Seed

Figure 10. Utilization of maize.
Note: Data for each farm size category calculated using

survey results. Adjusted total calculated using
survey results and national agricultural census data.
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Marketing outlets for maize are numerous
(Table 35). Producers in the larger farm size
categories sell maize most frequently to local
assemblers, feed mills, poultry producers,
and/or commercial grain elevators. In
contrast, producers in the smaller farm size
categories sell maize primarily to other
farmers, local assemblers, and itinerant
assemblers (camioneros). These patterns are
consistent with the marketing channels
described by Morris, Alvarez and Espinoza



Table 33. Sample farmers' utilization of production of local varieties (% of production within
each farm size category)

Used for

Chada Food Feed Sales Seed Total

Floury types (Avati marati)
Very small 4 61 17 14 4 100
Small 2 50 11 32 4 100
Medium 1 21 18 59 1 100
Large 1 72 22 1 4 100
Very large 1 33 32 30 4 100
Total 2 48 15 30 4 100

Yellow flints (Tupi pyta)
Very small 3 5 51 37 4 100
Small 1 1 28 69 1 100
Medium 5 1 92 1 1 100
Large 1 1 34 63 1 100
Very large 1 1 19 78 1 100
Total 1 2 35 60 2 100

Yellow dents (Sape pyta)
Very small 2 38 58 1 1 100
Small 2 2 92 3 1 100
Medium 1 3 28 67 1 100
Large 1 1 35 62 1 100
Very large 1 5 36 55 3 100
Total 1 5 43 SO 1 100

White flints (Tupi maTati)
Very small 1 33 65 1 1 100
Small 1 69 30 1 1 100
Medium 1 5 48 46 1 100
Large
Very large
Total 1 25 SO 24 1 100

Source: Calculated from survey data.

Table 34. Sample farmers' utilization of production of improved varieties (% of production
within each farm size category)

Used for

Chada Food Feed Sales Seed Total

Guarani V-312 (CaTape pyta)
Very small 11 23 6S 1 1 100
Small 1 1 98 1 1 100
Medium
Large

10 100Very large 1 1 90 1
Total 2 3 91 1 4 100

Hybrids
100Very small 1 1 53 47 1

Small 1 8 8 83 1 100
Medium 1 1 1 99 1 100
Large 1 5 12 83 1 100
Very large 1 1 11 88 1 100
Total 1 2 11 87 1 100

Source: Calculated from survey data.
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Table 35. Destination of maize marketed by sample farmers (% of marketed grain within
each farm size category)

Farm size local Itinerant Poultry Feed Grain Asuncion
category assembler assembler producer miller elevator wholesaler

Very small 41 31 14 7 0 0
mall 22 33 14 8 8 6
Medium 10 30 10 0 15 5
Large 5 32 9 18 14 5
Very large 3 27 11 8 22 11
Total 17 31 12 8 12 6

Source: Calculated from survey data.

(1990) in their preliminary diagnostic study. Although the degree of participation in the
maize marketing system increases steadily as a function of farm size, even small-scale
producers sell a portion of their production. This finding is not entirely consistent with the
conventional wisdom, which posits that there are two fundamentally different types of
maize producers in Paraguay, subsistence farmers and commercial farmers.

Implications for Maize Research

The 1991 Maize Producers Survey generated much new information about maize
production practices in Paraguay. On the whole, the survey results support the
conventional wisdom that maize is grown by distinct categories of producers, ranging from
small-scale farmers who grow maize primarily for household food and feed uses, to large
scale farmers who grow maize to feed their own livestock or as a relatively minor
commercial crop. Now, for the first time, detailed empirical data are available showing how
these different categories of producers favor different cropping systems, plant different
maize materials, manage the crop using different practices, and dispose of their production
in different ways. These data can be used to identify critical production constraints, both
technical constraints (e.g., lack of appropriate germplasm or management practices), as well
as policy constraints (e.g., restricted availability of key inputs).

Implications for maize breeding
As noted earlier, use of improved maize germplasm in Paraguay varies greatly with farm
size. Small-scale farmers rarely plant improved materials; only about 15% of these farmers'
maize area is planted to improved OPVs and hybrids. Although poor availability of seed
appears to be at least partly to blame, a more fundamental problem may be that the improved
materials that are available are not always suited to the needs of small-scale farmers.

What do small-scale farmers find lacking in the improved materials currently available?
Most obviously, no improved material resembles avati moroti, the floury local variety
preferred because it is suited for preparing a number of traditional Paraguayan dishes.
Although the national breeding program has a mandate to address the needs of small-scale

37



farmers, investing additional effort in the improvement of floury maize materials would be
risky. Conventional breeding programs are rarely successful in their efforts to improve the
yield potential of local materials without unduly altering the grain quality characteristics
that make them attractive to farmers in the first place. In the case of floury maize types such
as avati moroti, the problem is especially complicated because the range of germplasm
available to breeders is severely limited. Thus/ the prospects for developing a high-yielding,
floury maize similar to avati moroti appear limited.

If small-scale farmers' reluctance to grow improved materials can be explained in terms of
the unsuitability of these materials for food uses, what about the case of maize grown for
feed? Virtually all improved OPVs and hybrids currently available are feed materials, either
flints or dents. Although many of these materials appear to be well suited for local
production conditions, adoption by small-scale farmers has been modest. One factor
contributing to the limited use of improved feed maize materials among small-scale farmers
has been the difficulty experienced by these producers in obtaining seed. The survey results
confirm that many small-scale farmers are either unable or unwilling to travel long
distances to purchase maize seed. In recent years, leaders of the national seed service (DISE)
have recognized this problem and have taken steps to improve seed availability. Currently
60-70 ha are set aside to produce seed of Guarani V-312 and other improved OPVs.

But lack of seed may not be the most important factor discouraging adoption of improved
maize among small-scale farmers. After all/ when the need arises these farmers are able to
acquire other kinds of improved inputs/ such as fertilizer and pesticides. A more plausible
explanation is that many of the available materials are simply unsuitable. Many farmers
reported that even though Guarani V-312 has excellent feed qualities and matures early
enough to avoid drought late in the growing season, they have discontinued using it
because it simply does not yield well.

In marked contrast to small-scale farmers, large-scale producers use improved germplasm
extensively. Virtually the entire area cultivated by large-scale producers is planted to
improved materials, mostly hybrids. High adoption rates among large-scale producers can
be attributed to at least three factors: 1) the perception that hybrids outyield local varieties,
2) the suitability of hybrids for feed uses/ and 3) the ability of large-scale producers to travel
considerable distances to purchase seed. Since the national maize program has not released
any hybrids, the hybrids grown in Paraguay are either private company releases or products
of the national maize breeding programs of Brazil and Argentina. Although the extensive use
of imported hybrids could be taken as art indication that the needs of large-scale producers
are being met adequately, such a conclusion is probably unwarranted, given that the
performance of imported hybrids is still poorly understood. Formal crop yield cuts were not
done as part of the survey, but casual observation suggests that yields of hybrids are low,
averaging around 2-2.5 t/ha.12 If these low yields are attributable to farmers' management
practices (perhaps influenced by a lack of economic incentives to invest in fertilizer and

12 Imported hybrids seem to perform better in southern Paraguay, dose to the border with Brazil and Argentina. In
drier zones to the north and west, the yield advantage decreases noticeably.
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other inputs), germplasm per se may not pose a constraint to increased productivity. But if
these low yields reflect a lack of adaptation of imported hybrids to local production
conditions, then germplasm may indeed pose a constraint to increased productivity.

Clearly, this issue has important implications for the breeding strategy of the national maize
program. If imported hybrids yield poorly only because of poor management practices,
public sector breeders may not be justified in allocating resources to developing the kinds of
locally adapted hybrids required by large-scale commercial producers. But if imported
hybrids really are poorly adapted to local production conditions, a strategy of domestic
hybrid development might be justified. However, such work would not necessarily have to
be carried out by the public sector. If the potential market for seed is sufficiently large,·
private companies might be willing to take the lead in efforts to develop hybrids.
Considering that maize seed industries are already well established in Argentina and Brazil,
maize farmers in Paraguay can look forward to continuing spillovers from hybrid
development work going on in neighboring countries. As the size of the Paraguayan market
increases, it is likely that Argentinean and/or Brazilian companies will look to expand their
operations into Paraguay.

What are the implications of these findings for maize breeding? The basic problem
confronting the national program is how to allocate its limited breeding resources between
the needs of small-scale producers (which implies working at least part of the time on food
maizes) and the needs of large-scale producers (which implies concentrating on feed
maizes). The issue is complicated by the fact that maize producers do not fall into two clearly
recognizable groups, each with specific, well-defined germplasm requirements. As the
survey results make clear, there is a wide range of overlapping producer types, including not
only small-scale and large-scale producers, but also medium-sized producers having
characteristics of both extremes in terms of germplasm use and crop management practices.

Several possible strategies are open to the national maize program. Breeding efforts could
be targeted exclusively toward one or the other of the two extremes, or a more balanced
approach could be adopted to accommodate the needs of multiple producer groups. Given
the modest size of the national maize program, however, the latter strategy might not be
feasible; there is a real danger that breeding resources would be spread so thin that
pursuing multiple goals would mean achieving progress toward none.

In addition to deciding which characteristics to targe! (e.g., food vs. feed), breeders in the
national program will have to decide whether to concentrate on DPVs or hybrids. In the
past, the primary emphasis was on developing improved DPVs. This strategy was
consistent with the belief that DPVs are generally better suited to small-scale farmers,
because these farmers are less likely to provide the high levels of management required for
hybrid maize to express its higher yield potential and because these farmers often lack the
resources to purchase new seed every year. However, the conventional wisdom that DPVs
are more appropriate for small-scale farmers is increasingly being questioned. An
accumulating body of evidence suggests that hybrids often perform better than DPVs even
under very low levels of management, and the experience of many developing countries
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suggests that small-scale farmers are willing and able to obtain hybrid seed when
convinced of its value (Byerlee and Heisey 1993; Byerlee, Morris, and Lopez-Pereira 1993;
Lopez-Pereira and Garcia, forthcoming 1995). This would indicate that in the future it may
be possible to meet the needs of small-scale and large-scale producers through a single
breeding program, as long as that program is capable of correctly identifying and separately
targeting the germplasm requirements of different producer groups.

In developing a strategy for the longer term, the directors of the national maize program
will have to anticipate the extent to which germplasm needs of various producer groups are
likely to be met by alternative sources of supply, particularly the private sector. If private
seed companies are likely to supply the materials required by commercial producers, the
national maize program might be justified in concentrating its efforts on producers whose
germplasm needs are not as likely to be met by private companies.

Implications for crop management research
Management practices for maize vary greatly with farm size. Small-scale producers grow
maize as part of associated cropping systems involving complex mixes of food, feed, and
cash crops. In many instances~maize appears to be a relatively minor crop in the system,
grown with few or no purchased inputs to satisfy the household's food and feed needs. In
attempting to develop improved management practices for maize appropriate for small
scale producers, researchers must recognize the severe constraints imposed by the fact that
smallholders produce maize as part of a multicomponent cropping system in which maize
is frequently a minor crop. Improved management practices for maize are unlikely to be
adopted if they conflict with the requirements of the overall cropping system. Nevertheless,
there is scope for improving management practices, both for the cropping system as a
whole, as well as for maize in particular.

For the cropping system as a whole, one of the most important management issues involves
soil fertility. Most small-scale producers are located in areas of relatively high population
density, where they intensively cultivate barbecho soils. Nutrient recycling practices on
barbecho soils are frequently inadequate: fallowing has all but disappeared, crop residues are
rarely incorporated, use of organic fertilizer is infrequent, and chemical fertilizer is almost
never applied. Given the intensive cropping patterns of many small-scale farmers, the
failure to recycle soil nutrients raises worrisome questions about the long-term
sustainability of the cropping system. Researchers should consider implementing trials in
farmers' fields to monitor soil fertility levels over the longer term. Such monitoring trials
should be complemented with on-farm and on-station trials designed to explore such
improved fertility management practices as the incorporation of crop residues, use of
manure and chemical fertilizer, or green manuring.

For the maize crop in particular, small-scale farmers' management practices appear to be
reasonably effective, given the severe resource constraints under which these farmers
operate. Small-scale farmers adjust maize planting dates and plant population densities
according to the type of material being grown, indicating that they appreciate subtle
differences in maturity and plant architecture between local varieties and improved OPVs
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and hybrids. Yet despite reasonably effective management practices, several issues deserve
researchers' attention. Seed management is arguably the most important. Small-scale
producers rarely replace maize seed, preferring to save their own seed and frequently
replanting the same material for as many as 10 years or more. Although these practices may
not greatly affect the yield potential of local varieties, they effectively discourage adoption
of improved materials, since the genetic purity of improved materials is soon lost, with
predictable consequences for performance.

Large-scale producers' maize management practices differ greatly from those of small-scale
producers. Large-scale producers plant maize almost exclusively as a monocrop, so
management practices for maize do not have to accommodate the needs of associated crops.
Management practices of large-scale producers vary considerably as a function of land type.
Large-scale producers currently grow a lot of maize on rosado and destroncado land, but
these transitional land types eventually will become transformed into barbecho land.
Although maize cultivation on rosado and destroncado land will continue at least in the short
term as additional forest land is brought under cultivation, little research effort should be
invested in developing management practices for these land types, since the cropping
systems they support eventually will be replaced.

The single most important crop management research issue for large-scale maize producers
is soil fertility management. Despite the fact that large-scale producers incorporate crop
residues with greater frequency than small-scale producers, and despite the fact that large
scale farmers apply chemical fertilizer to their maize much more frequently, their maize
yields remain low, indicating that inadequate soil fertility may be a constraint. Since large
scale producers understand the advantages of incorporating crop residues and using
fertilizer, their failure to adopt these practices suggest that these practices are uneconomic.
Economic analysis of the returns to improved soil fertility management practices in maize
would shed light on this issue and reveal whether the problem is technical (i.e., crop residue
incorporation and fertilization do not work) or simply economic (i.e., crop residue
incorporation and fertilization do not pay). In investigating soil fertility issues, researchers
must remain aware that much of the land being farmed by large-scale producers has been
brought under cultivation only recently. The long-term response of soil fertility levels in the
face of continuous intensive cultivation consequently remains unknown. Given this
uncertainty, researchers also should think about implementing trials in farmers' fields
designed to monitor soil fertility levels over the longer term.

Looking to the future, a second priority area for crop management research for large-scale
producers may be weed control. Large-scale producers currently control weeds in maize
using a combination of manual weeding and herbicide applications. However, weed
problems in maize are generally not severe, in part because maize is often grown on
recently cleared rosado and destroncado lands. Through time, as more and more maize is
continuously cultivated on barbecho land, weed problems can be expected to intensify, and
the cost of manual weeding may become prohibitive. Researchers therefore may want to
begin experimenting with improved weed control methods (including use of herbicides) in
anticipation of future intensification of weed problems.
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Difficult choices face the national maize program in setting priorities for crop management
research. As in the case of breeding, the choice is whether to give priority to problems that
are relevant to small-scale farmers, problems that are relevant to large-scale producers, or
both. Once again, the decision has important political dimensions. However, a crucial
difference in the case of crop management research is that the single most important
problem - soil fertility management - is important for all maize producers, regardless of
their scale of operation. Thus, a clear opportunity exists to initiate research that is likely to
benefit a wide range of producers. On the other hand, it must be said that strategic research
on soil fertility management will require significant human and financial resources, which
may be beyond the scope of a small commodity-oriented research program such as the
national maize program. Since soil fertility issues are important for many crops, the best
strategy for the maize program may be to explore the possibility of undertaking work in
collaboration with researchers from some of the other commodity programs.

Concluding thoughts
The results of the 1991 Maize Producers Survey will serve to fill in many gaps in the
knowledge surrounding Paraguay's maize subsector. Although it has long been known that
growth in maize production has been fueled mainly by area expansion, detailed empirical
evidence is now available for the first time to document the germplasm preferences and
management practices of different categories of maize farmers. Armed with this
information, leaders of the national maize program should be better prepared to identify
and rank priority issues for research, both breeding and crop management research.

But if the results of the survey have helped to clear up some old mysteries about maize in
Paraguay, they have also raised new questions concerning long-term prospects for the crop.
The fact that many farmers are choosing not to invest in improved production technologies
suggests that maize can be grown profitably at modest yield levels by exploiting the natural
fertility of recently cleared soils. While this may be a successful strategy for farmers in the
short run, little is known about the long-term effects of continuous crop cultivation on the
natural resource base upon which agriculture depends. As pressure on the land intensifies
and today's shifting cultivation gives way to tomorrow's continuous cultivation, vigilance
will be required to ensure that improved germplasm and improved crop management
practices are available to keep maize production profitable for future generations of farmers.
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