
ABSTRACT 

HINTZE, LUIS HERNANDO. Characteristics, transaction costs, and adoption of modern varieties in 
Honduras (Under the direction of Dr. Mitch Renkow and Dr. Gerald Carlson). 

 

This dissertation researches the factors contributing to the low levels of adoption of improved 

maize varieties and the choice of maize varieties among small farmers in Honduras.  An agricultural 

household model is developed. It explicitly incorporates two explanations from the adoption literature that 

have not yet been tested simultaneously: (i) consumption and production characteristics of different 

varieties as perceived by farmers, and (ii) transaction costs and access to markets.  The empirical analysis 

also considered additional variables that have been used by previous adoption studies related to household 

characteristics, human and financial capital, and environmental characteristics.  To test the model, 

information was collected in a survey of 167 farmers located across 34 villages in two distinctly different 

agro-ecological zones in Honduras.  

From non-parametric analysis of the information regarding farmers’ perception of maize 

characteristics, four conclusions were drawn: (i) Farmers perceive differences among varieties for some 

of the characteristics they consider to be important; (ii) varieties that are widely used tend to be regarded 

as having good performance with respect to the most important characteristics; (iii) sometimes, varieties 

that are widely used are outperformed by other varieties for some of the characteristics evaluated. In those 

cases, however, the ratings obtained by the more popular varieties indicate that they have an acceptable 

performance; (iv) there are important differences in how farmers in the two regions studied perceive the 

different varieties available to them. 

The empirical analyses of the determinants of household variety choice and adoption used 

qualitative choice models and tested the degree to which varietal characteristics contributed to adoption 

decisions, controlling for an array of household socioeconomic characteristics and proxy measures of 

village-specific marketing costs and household-specific transaction costs.  Results indicate that in both 

regions yield was the only characteristic that consistently had a significant impact on varietal choice.  On 

the other hand, consumption characteristics appear to play little if any role in varietal choice in either 



 

area. Transaction costs variables, particularly the quality of roads connecting villages to markets are also 

significant in explaining variety choice. 
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CHAPTER 1 

THE RESEARCH PROBLEM 

 

1.1. Introduction 

During the last decades the use of modern technologies in agriculture, especially the new 

varieties developed by the Green Revolution, have allowed for significant increases in crop yields. 

However, these results have not been evenly shared either by different crops or by different regions 

around the world. The success stories observed in developing countries in the cases of wheat and 

rice have not been equally observed in the case of maize. During the period 1956-95, the yield 

performance of maize was worse than the other two major cereal crops, wheat and rice (Pingali and 

Heisey, 1999). In most developing countries, the development of maize modern varieties and 

management practices for these new varieties has not been followed by a rapid and widespread 

adoption of these varieties and practices (Morris, 1998). Central America (CA) is one of the regions 

where adoption of maize technologies has been very limited. This is also the region of Latin 

America that has the highest concentration of poverty and the largest rural population shares.  

Agricultural households in the region are usually semi-commercialized. They integrate 

production, consumption and labor decisions, and may have different sources of income. One of the 

central decisions they have to face is what crop or crops to grow, and what varieties of these crops 

to choose. If more than one variety is grown simultaneously, farmers also have to decide how they 

will assign their land to the different varieties. Implicit in this decision process is the extent to which 

modern varieties (MVs) will be adopted instead of the traditional varieties (TVs). The term MVs is 

used here to refer to varieties that have been developed by professional breeders.1 MVs can be 

hybrids or open-pollinated varieties (OPVs).2 

Because of the potential gains in yields and the impact these gains might have among poor 

rural households, the adoption of modern varieties has been for a long time one of the main 

objectives of local and international organizations dedicated to rural development. However, public 

funding for research and extension activities in CA has decreased significantly in the last decade 

because of the new roles assigned to the private and public sectors as part of larger structural 

                                                      
1 The terms modern varieties and improved varieties are used here interchangeably. The distinction 
between MVs (or improved varieties) and TVs (often referred to as landraces) should not be 
interpreted as meaning that TVs have not been improved. Farmers may also improve their TVs 
using the knowledge gained by experience of selecting materials. 
2 Some relevant differences between hybrids and OPVs are discussed in section 2.1 of this chapter. 



 2

adjustment programs (Morris and López-Pereira, 1999). 3 A big part of the research and extension 

activities in the post-structural adjustment era is expected to be conducted by private agents. In this 

context, higher efficiency in promoting adoption of MVs will be accomplished if the research and 

extension services can supply new technologies that match farmers’ requirements and consider the 

restrictions they face. The fulfillment of this objective requires a better knowledge of farmers’ 

decision-making process. One aspect of that decision-making process for which more evidence is 

needed is farmers’ assessments of the relative advantages and disadvantages of modern and 

traditional varieties, including not only grain yield but other attributes of importance to them. 

The objective of this research is to study Honduran farmers’ variety choice and why a 

substantial number of them continue to cultivate of comparatively low yielding varieties (that can be 

either traditional varieties or modern varieties) instead of cultivating potentially more productive 

modern varieties.4 The study will focus on how farmers’ perceptions about the characteristics of the 

different varieties and the transaction costs associated with market participation affect the decisions 

to adopt MVs. 

 

1.2. Maize in Central America 

Maize is the main annual crop grown in Central America, both in terms of its share of total 

cropped area and its role in direct human consumption. Approximately 28% of all arable land in the 

region was planted in maize during 1999 (FAO, 2001), and many Central American countries are 

ranked among the highest in the world in per-capita maize consumption (López-Pereira, 1998). 

Total maize production and yields in Central America are 2.9 million t and 1.76 t/ha, respectively. 

Average yields for Latin America as a whole are 2.56 t/ha (see Table 1). 

Maize in Central America is grown in many different environments, and maize cultivation 

is performed using many different technologies and scales of production. Despite the potential yield 

gains from the adoption of improved varieties and the fact the seed prices -particularly hybrid seed 

                                                      
3 Since 1990, Honduras - as most Latin American countries during the last two decades, initiated a 
structural adjustment program. The initial stage of the program included liberalization processes in 
the trade and financial sectors, eliminating controls to interest rates, agricultural prices and trade. 
During a second stage, sectoral reforms in infrastructure, agriculture, environmental and in the 
social sectors were started. Fiscal and monetary policies since then have as objective to sustain 
macroeconomic equilibrium. 
4 In some regions, farmers choose between modern varieties and traditional varieties. In other 
regions, where the use of MVs is already widespread and traditional varieties have been displaced, 
farmers’ main variety choice is between different MVs, some of which are more productive than 
others.   
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prices- are lower in this region compared to other Latin American locations (see Table 2), adoption 

of improved varieties of maize in Central America is still low. Morris and López-Pereira (1999) 

obtained three different estimates for the percentage of total maize area in Central America planted 

with improved seed varieties in 1996.5 These percentages, presented in Table 3, are 22%, 17% and 

24%.6 Among small scale farmers, “(u)se of improved varieties is frequently limited, either because 

farmers lack access to reliable sources of affordable seed or because they prefer to grow traditional 

maize varieties developed to meet specific food and feed requirements” (Morris and López-Pereira, 

1999:5). 

Honduras is a typical example of how important maize is in terms of production and 

employment among other Central American countries.7 Maize is the most important crop in terms of 

area under cultivation, with 411,000 ha (24% of total arable land, as estimated by FAO). It is also 

the main source of energy and proteins, particularly for rural households. The last agricultural 

census, conducted in 1993, registered 268,152 farms cultivating maize (out of a total of 329,000 

farms), most of which are small-scale uses: farms under 5 ha accounted for 40% of total maize area 

and 63% of total maize farms. This study examines the variety adoption decisions of farmers 

located in two regions of Honduras. 

These study areas, Olancho and Choluteca, were chosen because they represent two 

contrasting farming and environmental conditions that are present in the lowland tropics of Central 

America. These regions can also be thought of as the extremes in the range of maize production 

environments in Honduras. Olancho is located in the country’s main maize producing area. It has 

some of the best farming conditions in Honduras, typically enjoys high yields, and is a net exporter 

of maize. Choluteca farmers, on the other hand, usually grow maize for their own consumption in 

marginal, hillside areas using traditional technologies. The irregular pattern of precipitation in 

                                                      
5 The first estimate was based on the opinions given by experts working at the national agricultural 
research system in each country. The other two estimates were based on seed sales in each country. 
Total seed sales during 1996 were divided by a conservative seeding rate of 20 kg/ha to obtain the 
seed sales-based estimates of area planted to modern varieties (without seed recycling). Another 
seed sales-based estimate accounts for the fact that farmers save seed from their harvest to replant it 
in the following season. This estimate (with seed recycling) assumes a conservative seed-recycling 
factor of 3 for open-pollinated varieties (OPV) seed and 1.1 for hybrid seed (i.e., farmers that buy 
OPV seed and plant it, save seed after the first and second harvest; and 10 % of farmers that buy 
hybrid seed save seed for the following year).  
6 Total maize area planted to MVs in Central America as a percentage of total maize area in the 
region. 
7 For more detailed information, see Annex I: Agricultural Sector and Maize Production in 
Honduras. 
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Choluteca makes it a risky environment for agriculture, situation that is also found in other countries 

of Central America. Because of the limited resources for agricultural production in Choluteca, 

households rely on a variety of activities as sources of income. 

 

1.2.1. Seed use and seed industry in Honduras 

In Honduras, no official figures exist for maize area cultivated with modern varieties. 

Estimates obtained by Morris and López-Pereira (1999) are 16%, 12% and 23% of total maize area 

(Table 3). In the case of hybrid seed, estimates from experts of the national research systems (9%), 

and those based on seed sales (7% and 8%, without and with seed recycling, respectively) are not 

very different among them in the case of areas planted with hybrids.8 Estimates of the area planted 

with open-pollinated varieties (OPVs), on the other hand, do differ markedly, making it difficult to 

know with certainty the extent to which OPVs are used. 

Maize is naturally a cross-pollinating crop. Cross-pollination, by allowing the interaction of 

favorable genes from different plants, may result in yield increases, due to a phenomenon called 

“hybrid vigor.” When the plant is self-pollinated, the resulting progeny are often characterized by 

undesirable traits such as lower yield. An important example of this occurs when seed saved from a 

hybrid plant (F1 hybrid) is replanted. The resulting progeny (F2 hybrid) almost always give lower 

yields because of the inbreeding. The magnitude of the decrease in yield depends on the 

hybridization process by which the parent seed was obtained. Single-cross hybrids may experience 

yield decreases of 25-40%.9 For double-cross hybrids, the yield decrease is usually between 8-15% 

(Morris, 1998; Pandey, 1998). Most hybrids available in Honduras are double-cross hybrids. There 

also are some three-way hybrids planted. No single-cross hybrids are sold in Honduras. OPVs, on 

the other hand can be saved from one season to the next without expecting significant changes in the 

plant characteristics, as long as the plants are not pollinated by other maize varieties. 

The figure of 4.9% of total Honduran maize area planted with OPVs that is reported in 

Table 3 is probably an underestimate because the practice of seed recycling seems to be common 

among farmers that use OPV seeds in Honduras. The difference between the estimates of NARS 

                                                      
8 Seed recycling is here understood as the action of farmers saving grain harvested from their own 
plots to be used as seed in the future. 
9 Single-cross hybrids are produced by crossing two inbred lines. Three-way-cross hybrids are 
produced by crossing an inbred line and a single-cross hybrid. Double-cross hybrids are produced 
by crossing two single-cross hybrids. In general, the greater the degree of inbreeding used to 
develop the parent lines, the better the agronomic performance. Superior inbred lines to be used in 
developing hybrids are difficult and expensive to obtain. (Pandey, 1998) 
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experts and those of Morris and López-Pereira probably arise as a result of different assumptions of 

the extent to which seed recycling is practiced (i.e. how many years farmers keep planting and 

saving seed for the following season, and how much seed flows from farmer to farmer). 

There is no official or other reliable data showing the use of modern varieties among 

farmers or seed sales across time. It is thus difficult to infer with certainty the tendencies of 

adoption observed through time. There is some information about the release of new varieties by 

Government agencies. From the seventies to the mid-eighties, the Honduran Government was 

actively involved in maize research through the Maize Breeding Program (Programa de 

Mejoramiento de Maíz, active from 1973 to 1996), conducting comparative variety trials, producing 

seed, and maintaining experimental stations. As of 1990, 18 maize varieties (OPVs and hybrids) had 

been released by the public sector in Honduras. Three of the OPVs released are still widely used and 

account for almost all of the OPV seed sales: HB-104 (for drought-prone areas, released in 1975), 

Dicta-Guayape (recommended for the better maize production environments, released in 1997) and 

Honduras Planta Baja (for intermediate maize production environments, released in 1975).  

For a long period of time, agents involved in research and technology development believed 

that hybrid seed was not an option for small farmers (Heisey, et al., 1998). This perception was 

shared by Honduran officials during most of the length of time in which the Government conducted 

breeding research. Hybrids were believed to require complementary inputs in order to outperform 

OPVs or TVs. Additionally, the decrease in yield from one season to the next if seed was recycled 

implied that farmers will need to buy seed every year. In combination with the limited resources and 

limited access to credit usually faced by small farmers, it was thus assumed that they would prefer 

TVs or OPVs. As a result, Government research and extension agencies worked mainly with open 

pollinated varieties. In total, only three out of 18 varieties released by the public sector before 1990 

were hybrids.10 Foreign seed from private companies, which concentrated in selling hybrid seed, 

started to be commercialized in the first half of the eighties. 

Even though new seed varieties were released, extension agency capacity was limited, 

particularly in regards to reaching small farmers. Extension services were given by the government 

free of charge, but most of that subsidy went to larger farmers; only 20% to 30% of small farmers 

received good quality and timely access to extension, while the percentage for larger farmers was 

70% to 80% (World Bank, 1994: 46). In addition to the promotion of MVs by extension officials, 
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the use of MVs was also promoted by credit institutions. Banks would require farmers to use MVs 

as a condition for receiving a loan. However, credit access was also very limited among small 

farmers. 

Government policies during the 1990’s were oriented toward transferring research and 

extension activities to private agents. Moreover, the concentration of governmental efforts shifted 

away from maize in an attempt to promote diversification towards other crops.11 The State seed 

company was privatized. During this period, private companies (including foreign companies) 

participated actively in the market, investing in marketing and in extension by maintaining 

demonstration plots and giving tours to farmers. Many private seed companies have entered and left 

the market. Most of the seed companies that started at the beginning of the liberalization period are 

no longer in operation since the middle of the 1990’s. According to personal communications from 

current and former foreign seed company officials working in Honduras, the most dynamic period 

for the Honduran seed market started in the second half of the 1990’s.  

Currently the OPV seed sold in Honduras is locally produced by two private companies: the 

former state-owned seed company (Hondugenet), now in hands of Honduran entrepreneurs, and the 

Escuela Agrícola Panamericana Zamorano, a private agricultural college. All the hybrid seed sold 

in the market is imported and distributed by foreign companies. Private companies have 

concentrated their market efforts in the most productive areas of the country and towards 

commercial farmers. Because of the activities of these companies, two tendencies have been 

observed during the nineties: an increase in the sales and use of MVs and an increase in the 

availability and market share of hybrids with respect to OPVs. 

 

1.3. Farmers’ decision process and variety selection 

A significant fraction of maize farmers in Central America are semi-subsistence producers 

that grow maize primarily as a food crop in rain fed plots. These semi-commercialized rural 

households face multiple choices regarding consumption, production and labor allocation decisions. 

They may grow more than one crop or variety either simultaneously or sequentially.12 Some farmers 

                                                                                                                                                                  
10 During the nineties, only two varieties were released (both hybrids materials released in 1998) but 
their production was discontinued. The last plots of hybrid seed production in Honduras were 
destroyed by the Hurricane Mitch in 1998. 
11 According to this view, because of its low yields and low returns compared to other crops, maize 
farming is not an alternative for small farmers to accumulate resources and escape poverty. 
12“In Middle America farmers may plant two or more annual crops simultaneously in alternate rows 
or intermingled in the same row; annual crops with or under biennial or perennial crops, which may 
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cultivate enough land to satisfy their consumption needs; others obtain a marketable surplus but still 

have self-consumption as their main objective, while others sell most of their production and store 

some for household consumption. 

Many small farmers’ cultivate maize using practices that have been in continuous use for 

several generations. However, they are not averse to change per se. There is much evidence that 

small maize farmers frequently experiment with new varieties13, comparing their performance with 

the ones they are used to growing. Farmers extensively adopt new techniques when they 

demonstrate superiority over current alternatives -for example the case of cover crops in Northern 

Honduras (Buckles, Triomphe and Sain, 1998). Varieties can be introduced, substituted and 

abandoned for various reasons. 

Because of the importance of maize to rural households, a critical decision is choosing what 

variety or varieties to grow. Farmers may decide to specialize in modern, traditional or “creolized” 

varieties (an originally improved variety that has mixed with local germplasm, Bellon and Taylor, 

1993). On the other hand, they may prefer to grow a combination of different varieties 

simultaneously and hence they have to decide how to allocate their cropland among the varieties 

chosen. Farmers may even mix MVs and TVs purposefully attempting to obtain a variety that 

combines what they consider valuable from both varieties. Typically, modern varieties are expected 

to have higher yields than traditional varieties but TVs may possess some characteristics that are 

superior to MVs (e.g. yield stability). 

Economic theory informs us that in a world where markets exist, risk is not a consideration, and 

products and inputs are homogeneous, specialization in production is an efficient outcome14. In this 

                                                                                                                                                                  

be the same or mixed; short-term annual crops with long-term annual, biennial or perennial crops 
during early stages of plant development; or randomly, with no set chronological or spatial 
arrangement...” (Wilken 1987:249). Farmers cultivating simultaneously modern and traditional 
varieties have also been observed. See for example Sain and Martinez (1999). 
13 For example, Rice, Smale and Blanco (1997) report that in the area of Veracruz, Mexico, “…seed 
cycles reveal the high frequency of changes in farmers’ seed, among both modern and traditional 
varieties.”(p.9) Total number of varieties grown by farmers since beginning farming were found to 
be, on average, 3.1 varieties of modern maize, 2.9 of white traditional varieties, 2 of yellow TVs and 
1.4 of black TVs. The number of varieties grown per year was lower for each type of variety.  
14 Some analysts from disciplines other than economics have tried to explain diversification on the 
part of peasants. Beal and Sibley (1967) assert that among Guatemalan peasants, decisions are 
heavily influenced by tradition, beliefs and social structures or other non profit-maximization 
related motives. In a sociological study in India, Salim (1986) have even found relation between 
religious beliefs and other social variables and the adoption of high yielding varieties. On-farm 
varietal diversification may also be seen as one aspect of livelihood diversification by rural 
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regard, variety choice is no exception. The Neoclassical model that assumes profit maximization, 

risk neutrality, and existence of markets for both inputs and outputs predicts that farmers will grow 

the crop or variety that provides them with the higher profit per unit of land. However, relaxing any 

of these assumptions may lead to outcomes in which complete specialization is not necessarily 

optimal. 

 

1.3.1. Characteristics and variety choice 

Lipton and Longhurst (1989) recognized that poor farmers value characteristics other than 

yield (stability, sustainability and cross-crop effects) even at its expense. For example, early 

maturing varieties may yield less, but may also be less risky and/or allow for a second crop.  

Farmers consider a variety of factors when evaluating what to grow (Bellon, 1994; Bellon, 

1996; Scoones et al., 1996). Before making their decisions farmers have to analyze, besides what 

the expected yield is, how appropriate are the characteristics of the different technologies available 

to them. In the case of maize varieties, this implies evaluating how they will perform in the local 

environment, the characteristics of their production process, and the characteristics of the final 

product, in other words, how the varieties satisfy different farmer concerns.15 Any single variety 

may have both desirable and undesirable attributes, and no single variety is likely to satisfy all of a 

farmer’s concerns (Bellon and Brush, 1994). 

Among the production characteristics that could be relevant for adoption decisions in the case of 

maize are: 

 Drought resistance 

 Wind resistance (related, among other things, to plant height) 

 Resistance to insects and rot in the field 

 Disease resistance 

 Input requirements (labor and/or management, fertilizer) 

 Adaptation to specific environments (differentiated by altitude, soil type and slope) 

 Cross crop effects (e.g. suitability for inter-cropping) 

 Days to maturity 

 Grain yield 

                                                                                                                                                                  

households, a strategic response to such factors as seasonality of complementary activities and risk 
coping strategies (Ellis, 1998). 
15 According to Bellon and Taylor (1993) findings, farmers’ perceptions of maize characteristics 
revealed concerns related to ecology, management and use. 
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 Grain yield variability 

 Fodder yield 

 

Among the consumption characteristics are: 

 Consumption quality (taste, good for tortillas, tamales and other special dishes)16 

 Ease of processing (washing, shelling, grinding)  

 Color  

 Storage (related, for example, to husk thickness) 

 

Usually, no single variety could be regarded as superior with respect to all different 

characteristics and production conditions. A variety can have superior yield, but could be inferior to 

other varieties in terms of its resistance to drought. In cases like this, the choice of variety becomes 

more complex than in the case of a simple discrete choice of adoption versus no adoption based 

solely on which variety has the highest yield. Similarly, a single variety does not necessarily contain 

all the characteristics that are important for the farmer. An example of this will be a special meal 

that can only be prepared with a specific type of maize. Farmers have knowledge of the 

characteristics associated with each variety and, by perceiving advantages and disadvantages, they 

constantly face with trade-offs.17 The rejection of specific varieties can thus be related to the 

perception that they are not appropriate for the specific environments or needs of farmers.18 

Farm level information on variety characteristics, as evaluated by farmers, supports the idea 

that farmers perceive differences among varieties with respect to a set of characteristics. Bellon and 

Taylor (1993), studying partial adoption of new seed varieties in Southern Mexico found that MVs 

are perceived to be superior to TVs with respect to agronomic traits that are considered to be the 

most important. However, farmers also perceive MVs to have major disadvantages. When 

storability is considered, MVs are outperformed by the creolized and traditional varieties (Bellon 

and Brush, 1994). When use concerns (appropriateness for self consumption) are considered, TVs 

                                                      
16 No objective measures of consumption quality characteristics were available. Even though some 
experiments to assess the consumption quality of new varieties may be conducted as part of the 
activities to breed and release new varieties, nothing like consumption-related (or taste) quality 
standards for maize exist. 
17 Bellon and Brush (1994). 
18 In Central America, this has been mentioned as a possible explanation for low adoption levels by 
López-Pereira (1998) and Wierama et al. (1993). Perrin and Winkelmann (1976), reviewing 
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and creolized varieties are ranked as superior to MVs (Bellon, 1996). Different varieties are 

perceived as performing differently with respect to characteristics in crops other than maize as well. 

Meng (1997) found that wheat MVs among Turkish farmers obtained higher quality rankings with 

respect to yield attributes. In the case of other agronomic characteristics (drought and disease 

resistance) and consumption quality (baking and taste), TVs are superior to MVs. 

 

1.3.2. Transaction costs and variety choice  

When markets for different varieties exist, farmers have the possibility of obtaining the 

desired characteristics by buying one or more maize varieties.19 However when markets for varieties 

are thin and not readily available, households may need to rely on their own production for 

obtaining the amounts desired of those characteristics, and household production and consumption 

decisions will be tightly linked. 

Even when different varieties are traded in the marketplace, the presence of household 

specific transaction costs for marketing the final product or obtaining inputs may also explain why 

some farmers will choose self-sufficiency or planting different varieties or different crops as a way 

to satisfy household demands (De Janvry et al., 1991; Fafchamps, 1992, Omamo, 199820). For 

households that do not attain self-sufficiency in food crops (in this case, the varieties of maize they 

will consume), the opportunity cost of planting a cash crop is the cost of buying food. When the gap 

between buying and selling prices (that exists because transaction costs) is not taken into account, 

observed levels of the cash crop production may fall short of what would be expected. In the case of 

varietal choice, failure to consider transaction costs may render observed planting decision difficult 

to explain. 

Transaction costs are household-specific costs incurred by agents whenever they want to 

participate in the market. Even when markets exist and work smoothly, market exchange entails 

significant costs to households that alter the effective prices they pay or receive. Transportation 

                                                                                                                                                                  

evidence from farm-level studies, conclude that the fact that varieties are not adapted to some 
specific environments is an important obstacle to adoption of MVs in those areas. 
19 The differences among varieties can be reflected in price differences. According to Lipton and 
Longhurst (1989) because of undesired consumption characteristics, price discounts of around 10-
20% are common for MVs. For example, De Walt and De Walt (1982) report a price premium for 
white maize in Southern Honduras, where the preference of white over yellow maize comes from 
the better quality of tortillas obtained from white maize. 
20 Omamo’s result show that, even in the absence of risk, transaction costs may lead smallholders to 
reject a yield increasing technology if increases in transaction costs caused by adoption exceed the 
increase in income. 
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costs are probably the most evident and easy to measure of transaction costs. Other transaction costs 

include the costs of acquiring information, searching, negotiation, monitoring, coordination, 

screening, and enforcement. The presence of transaction costs is one of the main causes of market 

imperfections for rural households, and explains whether or not farmers participate in the market: 

A household’s decision to participate or not on the market for maize depends on the 

position of that household’s supply and demand for maize relative to the price band created 

by the gap between sale and purchase price (...) This price band originates in a set of 

transaction costs, some of which are specific to the region and others to the household itself. 

(De Janvry et al., 1995, p 1353) 

Aguirre (1999) found that there is a significant relation between access to markets and maize 

variety decisions: in relatively isolated areas farmers tend to have a higher level of diversity. Among 

the reasons that explain this behavior, the desire of attaining self-sufficiency in basic products 

consumption is considered the most important.21 Transaction cost can have a stronger effect on 

small farmers. As recognized by Perrin and Winkelmann (1976) and Lipton and Longhurst  (1989), 

there are likely to be economies of size in transaction costs related to acquiring and evaluating 

information on new varieties as well as in acquiring inputs. 

 

1.4. Adoption of modern varieties 

As mentioned before, there has been limited adoption of maize modern varieties in some 

areas of developing countries. However, there are examples of extensive adoption of maize MVs. In 

some of these cases, adoption has not been limited to large farmers in irrigated areas. Extensive use 

of MV among small farmers has been observed in some cases: Kenya, Zambia and Zimbabwe. In 

Central America, El Salvador shows high levels of adoption among small farmers (Heisey et al. 

1998:144-5). 

The adoption of agricultural technologies has been studied extensively, both at the 

aggregate and individual (or farm) level. At the aggregate level, adoption studies focus on 

comparisons across different geographic areas or on the sequence of adoption across time (the 

innovation-diffusion approach). At the individual or farm level, adoption studies try to explain the 

                                                      
21 The relation between transaction costs and variety choice should, however, be treated with 
caution. Bellon and Taylor (1994) findings that local varieties are favored by farmers for poorer-
quality soils are not explained by higher transaction costs of transporting modern inputs to poorer 
lands.  In the areas of their study, poorest quality lands were more accessible and closer to the roads 
than high quality soil. (p. 779) 
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factors that influence the decision whether or not to adopt and, in the cases of divisible technologies 

(like seed), the extent to which the technology is adopted. 

Aggregate studies use measures of adoption such as the proportion of farmers employing 

the new technology in different regions or the area share of a technology at different points in time 

in a particular region.22 The objective of the studies in the innovation-diffusion tradition is to 

evaluate the trajectory of adoption and the adoption ceilings of innovations through the population 

to which the innovation is oriented, usually by modeling the adoption process as following a logistic 

shape over time. Comparisons across geographical areas can inform us about what how regions with 

different environmental characteristics and type of farm populations can differ in adoption levels. 

Comparing across countries, Heisey et al. (1998) found that use of hybrids is positively 

related to farm size, per capita income, investment in breeding research, and infrastructure quality. 

A negative association was found between use of hybrids and seed prices and the degree to which 

maize is grown in lowland tropical environments. Another variable negatively related with hybrid 

use is human consumption of maize. A possible explanation for this relation is consumers’ 

preference for some consumption characteristics not found in hybrids. 

Byerlee (1996:699-700) mentions several empirical regularities of areas in which MV are 

not widely grown: agronomic conditions considered marginal for crop production, poor 

infrastructure and limited access to market, populations for whom quality traits outweigh the yield 

advantage of MVs, locations where other varietal traits have a high value to farmers, and areas 

where the research system has been unable to produce varieties with higher yields. 

Because adoption of new technologies is usually considered a desirable outcome (by 

researchers), adoption studies are oriented toward determining to whom and how to transfer 

information about the new technologies in order to maximize adoption. Farm-level adoption studies 

have usually focused on the differences among farmers (or households) in the economic constraints 

they face, especially with respect to access to productive resources like human and physical 

resources. This perspective complements aggregate level studies because it tries to identify the 

characteristics of the farmers that are more likely to adopt the technology. Most of the empirical 

studies in adoption of agricultural technologies have been oriented toward relating the individual 

adoption decisions to household socioeconomic characteristics using data obtained from 

farm/household level surveys. 

                                                      
22 The work by Griliches (1957) on hybrid corn adoption in the United States may be considered the 
foundation of this body of work. 
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Commonly identified constraints to rapid adoption of new agricultural technologies include 

credit rationing, information asymmetries and/or differential access to information resources, risk 

aversion, small farm size, human capital differences, disruptions in the market for labor and 

complementary inputs (such as seed, chemicals and water) and poor infrastructure (Feder et al., 

1985). The relevance of new technologies to farmers’ circumstances is implicitly assumed by most 

of the adoption studies. The implication of this assumption is that sooner or later all the farmers 

with enough resources to apply the technology will adopt it. 

Farmers’ attitude toward risk is among the most important factors considered in the 

adoption literature.23 Introduction of new technologies, like MVs, may imply uncertainty for the 

farmer about the technology itself because he or she may not know how well the new technology 

will respond to the local conditions. Additionally, there may be differences in yield distributions 

among varieties.24 The existence of a tradeoff between higher yield and risk when selecting among 

modern and traditional varieties (or among cash and food crops) has been extensively argued and 

the hypothesis that low levels of adoption is caused by risk aversion, has been very popular in the 

adoption literature. The expected utility maximization approach has been the preferred way of 

modeling household (and adoption) decision under risk. 

For example, Feder (1980) identifies the variety decision (a risky MV versus a traditional 

non-risky variety) with a portfolio selection problem, trying to link risk with other factors and 

constraints faced by farmers to explain behavior patterns, and finds that risk influences the area 

allocated to the modern crop. Fafchamps (1992) uses a crop portfolio choice model to explain 

simultaneous use of food and cash crops and found that land allocation depends on parameters 

related to risk and market participation.25 

                                                      
23 "In modern decision theory, uncertainty is a state of mind on which the individual perceives 
alternative outcomes to a particular action. Risk, on the other hand has to do with the degree of 
uncertainty in a given situation. There appears to be no consensus, however, regarding how risk 
should be measured." (Roumasset, 1979, p. 4). Some define risk with a measure of dispersion. 
Others define it as the probability that returns to a given decision will fall below some critical (or 
disaster) level -as used in safety first models. 
24 For farmers that are familiar with their varieties, it is the subjective risk assessments about new 
varieties that is relevant the variety choice (Lipton and Longhurst, 1989). 
25 Departing from the utility maximization approach, subsistence first and lexicographic models try 
to capture farmers’ approach to risk by emphasizing farmers’ objective to guarantee a minimum 
consumption level. A problem when dealing with these models is that it is difficult to identify the 
critical elements that the farmer considers in determining his survival level (Scandizzo and Dillon, 
1979, p. 160). For example, in Smale et al. (1994), a minimum requirement variable is created to be 
included in the right hand side of their adoption model. 
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1.4.1. Adoption and variety characteristics 

The use of variety characteristics to explain adoption decisions is relatively recent. 

Reviewing the adoption literature, Feder et al. (1985) do not mention any study including farmers 

concerns and variety characteristics as arguments for explaining adoption decisions, and Lele and 

Makki (1985) asserted that the empirical evaluation of the “incompatibility” hypothesis (the 

hypothesis that MVs are not adequate for small farmers concerns and requirements) has been 

limited.  

The analysis of product characteristics has been effectively carried out using hedonic 

methods that value a differentiated product by its utility-bearing or profit-bearing attributes. 

Hedonic studies analyze the effect these characteristics have on the price of the good or factor. This 

information then allows for inferences to be drawn regarding the underlying demands for these 

characteristics (Palmquist, 1989). On the consumption side, products are demanded because of their 

contribution to household utility. Utility is in turn derived from the characteristics embedded in a 

product (Rosen, 1974; Ladd and Suvannunt, 1976).26 Hedonic studies, however, are best suited for 

goods where enough variation in prices and characteristics exist (for example, the markets for 

houses and land). 

A relatively recent body of research within the adoption literature attempts to incorporate 

farmers’ perceptions about the characteristics inherent in technical innovations into analysis of 

adoption decisions and variety choice. This approach focuses on farmers’ knowledge in attempting 

to understand the adoption of technologies in agriculture. Adesina and Zinnah (1993) used a random 

utility model to analyze the extent of adoption of modern varieties of rice, including among its 

determinants farmers’ perceptions about ease of threshing and tillering. Following the same line of 

work, Adesina and Baidu-Forson (1995) included perceptions about tolerance to weeding, drought, 

relative performance on poor soils, ease of tillering and threshing as well as consumption quality 

variables as determinants of the adoption of sorghum and rice modern varieties. Both studies, using 

data from West Africa, found that most of the farmers’ perceptions of characteristics included in the 

analysis were significant in explaining adoption of modern varieties. Smale, Bellon and Aguirre 

(1999), in a study that included private and public characteristics, found that end-use characteristics 

are significant determinants of the area allocated to maize varieties planted by Mexican households. 

                                                      
26 Lancaster (1966) was the first to explicitly develop the argument that the characteristics 
embedded in goods give rise to utility and that goods possess more than one characteristic. 
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Research projects associated with the International Maize and Wheat Improvement Center 

(CIMMYT) have been trying to collect farm-level data about what are the characteristics that are 

more important to farmers and how the different varieties or technologies provide these 

characteristics (Rice et al., 1997; Bellon et al., 1999; Smale et al., 1999). 

 

1.4.2. Adoption of MV and transaction costs 

Some empirical work has been conducted to evaluate how the presence of transaction costs 

explains farmers’ decisions to participate in the market. Goetz (1992) found that better information 

raises the probability of market participation for sellers in Senegal. However, poor access (measured 

by distance to markets) was not found to be significant. De Janvry et al. (1995), in a study 

conducted in Mexico, found that local market conditions (availability of local purchase points) and 

truck ownership were significant to determine participation in the market as sellers. In Honduras, 

Barreto and Hartkamp (1999) used Census and spatial data and observed that the percentage of 

maize sold increases as accessibility to cities increases.27 

The study of transaction costs as a determinant of crop or variety choice is limited. Meng 

(1997), in a model that includes transaction costs, behavior under risk and environmental constraints 

(land quality), found that distances to market and road quality influence variety choice. Omamo 

(1998) develops an agricultural household model that explicitly includes transportation costs in the 

budget constraint. Omamo found that transportation costs (in an area with poorly developed 

physical infrastructure and inadequate public transportation) explained why farmers choose 

prominently low return food crops instead of high return cash crops. 

Jayne (1999) studied how the decisions of Zimbabwe’s farmers to cultivate cash and food 

crops can be affected by transaction costs among net buyers of the food crop (without requiring a 

risk related explanation). Usually, relative profitability calculations for food and cash crop 

alternatives imply that the cash crop is the better alternative. However, in the presence of transaction 

costs, cash crop cultivation may provide lower expected net revenues than food crops for grain-

deficit households, depending on the level of food marketing costs and consumer prices in rural 

areas. For net food purchasers, the opportunity cost of cash crop production is the cost of acquiring 

food grains (including transaction costs) and not the expected profit of selling grain or other food 

crop. 

                                                      
27 Accessibility was measured in number of hours needed to reach cities or main infrastructure. 
These times were estimated using remote sensing imagery and maps showing roads and cities.  
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The mechanism through which transaction costs affect variety choice is by limiting access 

to markets. If transaction costs make participating in markets too costly, farmers will prefer higher 

levels of self-sufficiency. In that case, the household will need to produce internally whatever 

combination of crops (or varieties) it wants to consume. 

 

1.5. Research objective 

The main objective of the dissertation will be to identify and study the factors that affect the 

choice of maize varieties among small farmers in Honduras. An agricultural household model is 

developed which allows for empirically testing different factors that have been used to explain 

adoption decisions. The study focuses on two explanations from the adoption literature that have not 

yet been tested simultaneously: (i) Consumption and production characteristics of different varieties 

as perceived by farmers, and (ii) the presence of transaction costs and access to markets. This 

approach will also allow for the inclusion of variables that have been used by previous adoption 

studies related to household characteristics, human and financial capital, and environmental 

characteristics. 

By explicitly considering variety characteristics and transaction costs, a better understanding 

of the nature of variety choice and farmers’ allocation decision process is expected. The issue is 

important, because depending on the results obtained, different policy conclusions regarding the 

promotion of MVs use among small farmers can be obtained. If the absence of some production or 

consumption characteristics is found to be significant for determining varietal adoption, breeding for 

those characteristics will be needed for higher adoption levels to be achieved. If transaction costs 

are found to be significant for adoption, government investment in infrastructure or measures to 

improve local markets efficiency will be required. The results of this study will thus help to 

determine the extent to which adoption of MVs can be expanded by organizations such as breeding 

institutions, extension agencies, seed companies that are involved -directly or indirectly- in 

agricultural development.  

 

1.6. Plan of dissertation 

The rest of this dissertation is organized as follows. In Chapter 2, a household model of farm 

decisions is developed. The model includes maize variety characteristics and transaction costs. 

Chapter 2 also includes a discussion of the empirical strategy to be used in the statistical analysis.. 

Chapter 3 is a review of the survey area. It includes some descriptive statistics for the variables 

considered to be more relevant obtained in the formal questionnaire applied to farmers in both study 
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areas. The third chapter also includes some non-parametric tests on the data collected about maize 

variety characteristics. Chapter 4 includes a presentation of the qualitative dependent variable 

models and a discussion their application to analyze adoption and variety choice issues. It also 

presents the econometric results of a multinomial logit model for variety choice, and of a binary 

logit adoption model. Finally, Chapter 5 presents a discussion of the main conclusions, and gives 

implications for breeding activities and infrastructure investments. 
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Table 1 

Maize production and net imports,  
Latin America 1995-97 

Area Yield Production Net imports 
(million 

ha)
t/ha (million t) (million t) 

Central America 1.64 1.76 2.90 0.78 
   Costa Rica 0.02 1.74 0.03 0.31 
   El Salvador 0.29 2.20 0.64 0.14 
   Guatemala 0.57 1.96 1.11 0.14 
   Honduras (a) 0.40 1.44 0.57 0.04 
   Nicaragua 0.28 1.16 0.32 0.02 
   Panama 0.07 1.50 0.11 0.13 

 
Caribbean 0.37 0.90 0.33 0.82 
Mexico 7.60 2.30 17.49 1.83 
Andean Zone (b) 2.32 1.80 4.16 2.73 
Southern Cone (c) 16.96 2.88 48.77 -3.27 

 
Latin America 28.88 2.56 73.97 2.89 
a. Data on maize area and production for Honduras is from the 
   Honduran Secretary of Agriculture.  
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Table 2 
Seed-to-grain price ratios, by type of material, 1997 

 Open-
pollinated 

varieties (a)

Double-
cross 

hybrids (b)

Three-way- 
cross hybrids 

(b) 

Single-cross 
hybrids (b) 

Central America 6.0 9.0 11.0 12.7 
   Costa Rica na 11.3 na na 
   El Salvador na 7.4 na na 
   Guatemala 6.2 10.1 11.0 na 
   Honduras 6.6 9.8 10.7 na 
   Nicaragua 5.4 9.6 na 8.8 
   Panama 4.7 13.0 7.4 13.1 

  
Caribbean 2.3 na na na 
Mexico 7.0 10.7 14.3 16.2 
Andean Zone 5.8 9.0 13.6 9.3 
Southern Cone 6.6 18.7 26.5 35.9 

  
Latin America 6.3 15.7 23.9 33.0 
a. Weighted by volume of 1997 OPV seed sales.  
b. Weighted by volume of 1997 hybrid seed sales.  
Source: CIMMYT maize impact surveys. From Morris and López-Pereira (1999). 
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Table 3 
Area planted to local varieties, improved OPV's and hybrids in Latin America, 1996 (% of maize 

area in each region*) 
  NARS estimates (a) Estimates based on commercial seed sales 
   Improved germplasm Without seed recycling With seed recycling 

  
Local 
varieties Improved Hybrids 

Total 
MV's Improved Hybrids

Total 
MV's Improved Hybrids

Total 
MV's

    OPV's     OPV's     OPV's     
Central America 78.3 3.3 18.5 21.8 3.0 13.5 16.5 9.1 14.8 23.9
   Costa Rica 58.0 1.1 40.9 42.0 1.5 41.4 42.9 3.8 45.9 49.6
   El Salvador 51.8 0.5 47.6 48.1 0.4 34.1 34.6 1.3 37.6 38.9
   Guatemala 82.8 1.7 15.4 17.1 1.4 12.0 13.4 4.2 13.2 17.4
   Honduras 84.3 7.2 8.6 15.8 4.9 7.2 12.1 14.6 7.9 22.5
   Nicaragua 93.1 5.6 1.3 6.9 6.7 1.7 8.4 20.1 1.9 22.0
   Panama 57.1 0.6 42.3 42.9 2.9 15.7 18.6 8.5 17.4 25.9
            
Caribbean 68.7 18.5 12.8 31.3 18.3 2.6 20.9 54.9 2.9 57.8
Mexico 79.7 1.1 19.2 20.3 1.4 19.3 20.6 4.1 21.2 25.3
Andean Zone (b) 55.6 8.2 36.3 44.5 8.0 37.6 45.5 23.9 41.3 65.2
Southern Cone (c) 37.1 6.1 56.8 62.9 2.7 68.0 70.7 8.0 74.8 82.8
            
Latin America 52.1 5.0 42.9 47.9 3.0 48.2 51.1 8.9 53.0 61.8
a. National agricultural research systems expert opinion estimates. 
b. Bolivia, Colombia, Ecuador, Peru, Venezuela.        
c. Argentina, Brazil, Chile, Paraguay, Uruguay.        
* Figures may not sum to 100% due to rounding error.        
Source: CIMMYT maize impact surveys. From Morris and López-Pereira (1999).     
 

 



CHAPTER 2 

A CHARACTERISTICS MODEL WITH PRICE BANDS AND NON-TRADED GOODS 

 

This chapter presents a theoretical model useful for analyzing the variety choice decision 

problem. The model provides information based on which the empirical specification used to 

analyze the Honduran data will be chosen. 

 

2.1. The model 

For the purpose of this study, a farmer’s decision process will be modeled using a 

household model in which variety choice is explicitly presented. The model is general enough to be 

useful as a tool for studying different circumstances faced by farmers and different problems 

encountered  in the context of variety adoption or variety choice studies (e.g. choice among multiple 

varieties, choice between modern and traditional varieties, allocation of land shares among more 

than one varieties, etc).The model follows the tradition of the characteristics literature. Lancaster 

(1976) elaborated the idea that the consumer obtains utility from the consumption of a collection of 

characteristics embedded in the goods, and not from the goods themselves.28  

As discussed in the previous chapter, different maize characteristics are valuable for farmers 

when consumption decisions are made. To reflect this, a representative household is assumed to 

gain utility through consumption of an array of maize characteristics (zc), as well as consumption of 

a composite market good (CN) and leisure  ( l  ).29 

The household does not acquire (either through purchase or own-production) these 

characteristics directly; rather, they are contained in varying amounts by n different types (varieties) 

of maize grain. In this way, how much of these characteristics are consumed is the result of how 

much of each variety is consumed. Let c be the n-vector of varieties consumed c = (c1, c2,..., cn). 

Each variety i is assumed to contain different quantities of m different consumption characteristics 

(zc
1,…, zc

m), plus one additional characteristic (zc
m+i ∀ i=1,…,n) unique to that variety. Thus, there 

are n+m characteristics in all.30 The combinations of characteristics provided by each variety are 

                                                      
28 Two additional ideas that are central to Lancaster’s approach of consumer demand are: (1) Goods 
will possess more than one characteristic and many characteristics will be shared by more than one 
good, (2) Combinations of goods may possess different characteristics than those that the goods 
have separately. 
29See Table 1 for notation used in the model. 
30 The assumption that each variety has a characteristic that is unique to it is not necessary to the 
model. It allows the model to account for those cases in which, for example, there are maize 
varieties that are required to prepare meals that are either highly valued by consumers or are part of 
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assumed to be non-stochastic and completely observable by households. Following Ladd and 

Suvannunt (1976), define zc
ij to be the amount of characteristic j obtained from the consumption of 

maize variety i, and denote zc
0j as the total amount of characteristic j consumed by the household. 

The utility function is defined over the zc
0j’s, which are in turn functions of the ci’s: 

[ ]chcc lCczczzzUU Nn
c

nm
c
m

c
m

c ,),(),...,(),(),...,( 0110001 ++=  (1) 

where hc is a vector of socioeconomic household characteristics affecting utility (e.g. composition 

of the household, human capital indicators, among other things).31 

The decision of what crops and what varieties to grow is central for any agricultural 

household and is the focus of the model. The household is assumed to possess a fixed amount of 

land ( A ) that it allocates among n different varieties of maize plus one cash crop. Assume constant 

non-stochastic yields per acre, so that choices over the area planted to each variety are equivalent to 

choices over the quantity harvested. Let q = (q1, q2,..., qn) be a vector of maize varieties produced by 

the household. The production function for maize varieties is defined as: 

0),,( =qhq
iii

i zxqG  ni ,...,1=∀  (2) 

where zq
i is a vector of production characteristics of variety i (like resistance to drought or pests, or 

husk cover), xi is an s-vector of inputs used in the production of variety i, and hq is a vector of 

socioeconomic characteristics of the household affecting production.32 The production function for 

the cash crop is: 

0),( =qhcc
c xqG  (3) 

Maize produced by the household is either consumed or sold; likewise, household 

consumption demands are met either through own-production or market purchases. For each 

variety, total output is at least as great as the sum of consumption and net sales (mi): 

                                                                                                                                                                  

the traditional diet. In cases like these, other varieties can be regarded as not appropriate for such 
specific uses. Of course, the case in which the characteristics can be provided by more than one 
variety is more commonly observed. The n+m characteristics formulation is general enough to 
accommodate both cases.  
31 For example, consider a case with three varieties and a total of five maize characteristics. 
Characteristic one and two are “common characteristics” (both can be provided by any of the three 
maize varieties). Additionally, characteristics three, four and five are unique to varieties one, two 
and three, respectively (i.e, the only way of acquiring characteristic three is by consuming maize 
variety one). The utility function can be expressed as follows: 
U = U[ z01

c (c1, c2, c3), z02
c(c1, c2, c3), z03

c(c1), z04
c(c2), z05

c(c3), CN, l | hc ].  
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0≥−− iii mcq  ni ,...,1=∀  (4) 

It is assumed that households face transactions costs (τ) when they participate in market 

transactions. These transactions costs encompass a wide variety of household-specific factors, 

including the cost of moving goods to or from the marketplace where exchange takes place, credit 

constraints, liquidity constraints, information gaps, and other household-specific limitations on the 

ability to engage in market activities. For simplicity, assume that τ is identical for both sales and 

purchases (e.g., unit transportation costs to and from a central marketplace). Letting pi be the 

(exogenous) price of variety i in the marketplace, the household’s effective purchase price for 

variety i is Pi
B= pi + τ and its effective sales price is Pi

S= pi
 – τ. 

These prices are incorporated into a household budget constraint that equates total income 

(sales of the cash crop, on and off-farm labor valued at the market wage, and net sales of the 

different maize varieties) to total expenses (input costs and market good purchases): 

0)(
1

=−−−++ ∑
=

NNx

n

i
iiiicc CPxpmpwLQP τκ  (5) 

where κi takes the values 1, -1, 0 if mi >0, mi <0, and mi=0, respectively. Note that when a variety is 

not traded (κi, mi = 0), that variety “falls out” of the budget constraint. 

Finally, the household is constrained to exhaust total time (T*) between work (L) and 

leisure: 

LlT +=*  (6) 

 

The household’s problem is to maximize (1) with respect to (2), (3), (4), (5) and (6). The 

lagrangian for the problem: 

Ω
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32 It may be some overlapping between the characteristics included in hc and those in hq. For 
example, household composition directly affects demand and may also affect production because it 
is an indicator of labor availability. 
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Where lQCxmqc cN ,,,,,,=Ω . 

The first order conditions are: 
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The implications of the first order conditions will be better understood if two different cases 

are considered. In the first one, the households participate in the market buying or selling the 

different varieties. In the second one, there are some varieties that the household do not buy or sell 

in the market. 

(i) Solution when 1=κ  (Households that participate in the market by either buying or 

selling maize): 

From (8.1) and (8.3):  
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where for simplicity, we have defined )(2*
iiiii pP τκκ −=  = (pi-τi). *

iP  is the effective 

price at which maize is sold in the market. 

From (8.1) and (8.2):  
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Using (9) and (10) and defining 
i

j
ji c

z
r

∂

∂
= 0  (the input-output coefficients that indicate the 

amount of total characteristic j contained in each unit of maize variety i): 
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This result is the familiar condition that, at the optimum, the marginal rate of substitution 

between varieties i and j (MRSi, j) equals the marginal rate of transformation (MRTi , j) between 

these varieties, and that these in turn equal the ratio of the prices of i and j. Two peculiarities arise 

from the setting of the model: The first one is that the marginal rates of substitution are the ratio of 

the sums of partial marginal utilities of the various characteristics, weighted by the partial 

derivatives that indicate the contribution of each additional unit of variety i consumed to the total 

amount of characteristic k obtained by the household 
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z0 33. The second is that the price ratio is 

expressed in terms of “effective prices”, that is prices that incorporate the transaction costs incurred 

when participating in the market. For simplicity, (11) is expressed in more familiar terms, where 
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These results imply an interesting relationship between transactions costs and the amount of 

market activity. To see that, rewrite (9) and (10): 

0)( =−− iiii pU τκλ  (9’) 

0)( =−+ iiiii pG τκλφ  (10’) 

)( iiiiii pGU τκλφ −=−=  (12) 

 

                                                      
33 Unlike the case of Ladd and Suvannunt, these coefficients are assumed to be fixed, so farmers’ 
decisions cannot influence their values. 
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Equation (12) tells us that, for a net seller (κi = 1), if τi rises then qi  falls (since dGi > 0) and 

ci  rises (since dUi < 0). For a net buyer (κi = -1), if τi rises then qi  rises ( since dGi < 0) and ci  falls 

(since dUi > 0). In other words, households move toward autarky when transactions costs increase 

(as described in Omamo, 1998). 

 

(ii) Solution when 0=iκ  for one or more varieties (not all varieties are traded) 

For any two traded goods, an equation identical to (11) is obtained: 
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But when the non-traded good is considered (assuming variety 1 is not traded): 
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Production is determined such that it equates MRT1,j with MRS1,j. Again, we can rewrite the 

previous equations more simply as: 
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Because variety 1 is not traded, household consumption demand for it must be met out of own 

production.  

When households don’t participate in a market for a certain commodity, then production of 

other goods is constrained by the bottom relation in (14’)34. In other words, MRTij equals the ratio 

of prices only when both varieties are exchanged, a situation that allows the household to consume 

beyond their production possibilities frontier by participating in market transactions. In practical 
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terms, this means that estimation of a system of supply equations requires inclusion of variables 

contained in the demand function for the non-traded good. These demand side variables are 

household characteristics affecting utility, hc, and maize consumption characteristics zi
c. In a similar 

vein, demands for the traded goods are likewise “contaminated” by the variables that enter into the 

demand for the non-traded good.  

Regarding the production characteristics, zi
q, the model indicates that they should be 

included in the empirical specification for both traded and non-traded varieties. In this way, the 

model incorporates into maize variety production decisions an intuitively appealing idea: the fact 

that different varieties have different production requirements and respond differently to farmers’ 

conditions requires that those differences need to be taken into account. 

It is also worth noting that the relationship between changes in transactions costs and 

movements toward or away from autarky (as described before) still hold for traded goods. This 

means that even if goods are traded in the market, it is still expected that farmers will want their 

own maize production to be able to satisfy their consumption preferences. In the case when varieties 

preferred for consumption are not considered good for sale in the market, instead of devoting all 

their land to one single variety farmers may simultaneously crop different varieties if transaction 

costs are significant. Where certain maize varieties that are not the highest yielding varieties are 

considered acceptable for both, sales and consumption, farmers may decide to allocate some portion 

(or all) of their land to those lower yielding varieties. An important implication of this for the 

empirical implementation of this model is that, in estimating reduced form supply-side equations of 

the model, transaction costs variables should be included regardless of whether or not a household 

participates in the market as net seller or net buyer or is autarkic. 

 

 

2.2. Empirical implementation 

As mentioned before, the model allows for analyzing many aspects of household production 

and consumption decisions in situations in which farmers can choose among different crop varieties. 

For example the model is useful for research about land allocation decisions, adoption and partial 

adoption studies, variety consumption, input use and labor allocation decisions. Here we are 

interested in crop variety choice. 

                                                                                                                                                                  
34 This result is analogous to the one obtained by Renkow and Traxler (1994) in a grain-fodder 
multiproduct analysis. Where straw markets were absent, households equate the rates of product 
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The supply side of the model will be used as a basis for the empirical analysis of maize 

variety choice. The empirical specification, presented in detail in chapter 4, will use qualitative 

choice models (multinomial logit and binary logit) to estimate reduced form equations and will 

include as factors explaining variety choice two sets of variables that have not being used together 

in previous studies: maize variety characteristics and transaction costs. These varieties will be 

complemented by the household socioeconomic characteristics, the explanatory variables that are 

usually incorporated in adoption and variety choice studies. 

As mentioned before, the model provides a rationale for including demand side variables in 

the empirical estimations of the supply side. Among these variables, consumption related maize 

characteristics zc and, household characteristics affecting utility hc will be considered.  

 The focus of the empirical work is variety choice. Hence, no individual supply equations 

will be estimated for individual varieties. Instead, qualitative choice models will be used.35 Inclusion 

of demand side variables will take into account the potential non-separability.36 

 

                                                                                                                                                                  

transformation between grain and straw to the marginal rate of substitution between both products. 
35 The discussion presented in the previous section of the example in which the existence of a non-
traded variety is used to explain how demand side variables affect supply side decisions is meant to 
serve illustrative purposes. The objective of this study will not be served (and the data collected will 
not be adequate) by estimating supply side equations for each variety (e.g. some traded and some 
non-traded).  
36 In household models, separation means that production decisions are independent of consumption 
decisions. Thus, the household behaves as if these decisions were made sequentially: first, 
production decisions are made, then, profits obtained from productive activities will be incorporated 
in the budget constraint of the consumption decision problem. 
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Table 1. Notation used in the model 

 

c an n-vector of types (varieties) of maize consumed. 

CN consumption of a market good  (“non-maize” consumption) 

zc an n- vector of consumption characteristics 

zi
q a k-vector of production characteristics for variety i 

hC a vector of household characteristics affecting utility 

hq A vector of household characteristics affecting production 

q an n- vector maize outputs for different varieties 

QC production of a cash crop 

m an n-vector of market transactions (positive for sales, negative for 

purchases) 

τ an n-vector of (variety-specific) transaction costs 

xi an s-vector of inputs for variety i. 

p an n-vector of maize output prices 

px an s-vector of input prices 

PC cash crop price 

PN market good price 

P* an n-vector of “effective” prices 

κ a vector of “kronekers” with ki = 1 if mi > 0, ki = –1 if mi < 0, ki = 0 if 

mi = 0 

 

 



CHAPTER 3 

SURVEY ON THE USE OF MAIZE VARIETIES IN HONDURAS 

 

3.1. Agriculture in the study area 

The study was conducted in two areas of Honduras: Olancho and Choluteca. These areas 

were selected to cover two different types of maize farming that are present through Honduras and 

the rest of Central America. In the case of Olancho most maize is cultivated on relatively productive 

land; chemical inputs and mechanical traction are widely used; and farmers’ maize output is 

principally oriented towards commercialization. In Choluteca, smaller farms in marginal lands are 

more frequent; agriculture face higher risk because of environmental characteristics; and maize 

surplus and commercialization levels are much lower than in Olancho. 

Population in Olancho is 371,000 inhabitants (15.5 inhabitants per sq. km.) and in 

Choluteca 368,000 (84.4 inhabitants per sq. km.). According to the 1993 census there is 24,300 

maize farms in Olancho with a total of 50,500 ha, and 20,000 farms in Choluteca covering 31,700 

ha of land. 

Information on socioeconomic and production related variables was collected among small 

maize farmers in Olancho and Choluteca. An English version of the questionnaire is presented in 

Appendix II. The questionnaire includes questions about a series of topics: 

• Land use by the household. 

• Farm practices, input use and output in the two main maize plots.  

• Detailed questions about seed purchases and use in the previous years.  

• Questions by maize variety used in 1999 (output, source of seed, yield). 

• Ratings for each maize variety (used in the previous four years) with respect to a 

series of characteristics. 

• Technical assistance and information sources. 

• Maize consumption and post-harvest management. 

• Transaction costs indicators (transportation costs, distance to markets, marketing 

options). 

• Input availability. 

• Household assets and labor. 
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The survey was first conducted during the month of July 2000 in the Olancho department, where 90 

interviews were obtained from eight municipalities (in a total of 21 villages).37 The survey then 

continued in the Choluteca department, where 77 interviews were conducted in six municipalities 

(in a total of 13 villages). For applying the survey, enumerators with previous experience in 

collecting field data were hired and trained (5 in each of the areas). Most of the enumerators had 

studied agronomy or agricultural engineering in Honduran colleges and had previously worked for 

non-governmental agencies or government rural agencies. 

No reliable information listing all the villages existing in Olancho or Choluteca was 

obtained. No list of farmers for each village was available either. Villages were selected attempting: 

(i) to cover the different maize farming conditions and (ii) to include a set of villages located at 

different distances to the main urban center, from villages that are just a few minutes away to 

villages located more than two hours away from the main urban center. Information required to 

conduct a proper sampling inside each village was not available. No village maps or list of 

inhabitants or maize farmers existed or was available. The budget for farm-level research and time 

availability for this study were not enough to cover the resources required for obtaining that 

information. Households were selected “at random” by each enumerator, trying to cover every area 

of each village.38  

Information about growing practices and output obtained on the maize crops planted in the 

“primera” and the “postrera” seasons of the 1999-2000 period was collected. The “primera” or first 

season usually starts in May-June. The “postrera” (second or winter season) starts from August to 

September, depending on the region, the crop and the system used. Information about planting 

decisions for the primera of 2000 was also gathered. In Honduras, 84% of maize output is obtained 

in the primera season. In Olancho, the percentage is even higher (93%). 

Olancho and Choluteca represent contrasting farming and environmental conditions.  

Olancho is considered one of the most productive agricultural areas in Honduras. The Nor Oriental 

region39 has the highest average maize yield of the country (1.9 t/ha for the region versus a national 

                                                      
37 Honduran territory is divided in 18 departamentos. These departamentos are in turn divided into 
municipios (roughly equivalent to an American county). Municipios’ population centers are called 
aldeas; minor villages are called caserios. In this document, both aldeas and caserios are referred to 
as villages. 
38 Typically, farmers in the study areas live in villages and walk everyday to their fields.  
39 Government agricultural data is usually presented for the six regions in which the country is 
divided. These regions may include areas belonging to different departamentos. In the case of the 
Nor Oriental Region, it is comprised basically by the Olancho departament. The Choluteca 
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average of 1.2 t/ha).40 On the contrary, the South Region has the lowest average yields (0.37 t/ha).41 

Olancho is also the main maize-producing department of the country. The municipalities included in 

the survey account for 50% of total maize production in the department of Olancho and 54% in the 

department of Choluteca. 

The typical maize farmer from the study areas in Olancho grows maize during the primera 

season and beans in the postrera. He or she may have some livestock, and may migrate for off-farm 

work but the main activity and source of income is maize. They may also have coffee plants in the 

higher areas. The typical farmer of Choluteca, on the other hand, grows maize in both primera and 

postrera seasons, commonly intercropping maize with sorghum. Off-farm work is more common 

and a more important source of income. In some areas, farmers may also have fruit trees and beans. 

In Olancho, the sample includes regions that range from the valley areas next to the main 

paved highway (in the Municipality of Juticalpa, the capital of the department) to villages that are 

more than two hours away from the main paved road and whose cropping land is in the hillsides. 

Almost all of the villages visited in Olancho have regular access by dirt roads whose conditions 

vary from very good to average. All dirt roads are affected during the rainy season, although most of 

them can still be used most of the time. There is a relatively good road network and bus service to 

most villages. 

The road network in Choluteca is in much worse condition than the one in Olancho. Most of 

the roads going to the villages require four-wheel drive vehicles, even in the dry season. 

Medium and large size farms are common in the valley areas of Olancho, where maize is 

the main crop. For example, in the Juticalpa municipality 56% of maize land (according to data 

from the 1993 Census) belonged to farms with 20 or more ha of maize. The survey, however, was 

mostly conducted among relatively small farmers. The largest amount of land under cultivation by 

any farm in the sample was 17.5 ha, and 75% of farms had less than 5.3 ha under cultivation 

(including other crops) and under 3.5 ha of maize (See Table 1).42  

                                                                                                                                                                  

department, on the other hand, belongs (with some neighboring areas that have similar 
environmental characteristics) to the South Region. 
40 In Honduras, a manzana (mz) is the standard area measure used for agricultural land (1 mz is 
equal to 0.7 ha). The measure used for weight in agricultural transactions is the quintal (qq, 1 qq = 
100 lbs). Yields are usually expressed in qq/mz (1 qq/mz = 0.0643 t/ha). 
41 The figures in this paragraph are for the 1998-99 cropping season and its source is the Honduran 
Secretaria de Agricultura y Ganaderia. 
42 Most large farms are owned by absentee landlords. Because of the surveys’ logistics, including 
them in the survey was not possible. The lack of large farms, however, is not regarded as a problem: 
all large farms are complete MV adopters, and hence uninteresting for this survey. 
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In Choluteca, on the other hand, most agriculture in the low and coastal plain areas is 

oriented towards export crop production (mainly watermelons and cantaloupes) and sugarcane 

plantations. Maize production remains mostly a subsistence activity in the hillsides and less 

productive areas of the department. In the Choluteca department as a whole, 46% of maize land 

belonged to farms with less than 5 ha of maize. The average area with crops held by farmers 

interviewed is 1.6 ha. 75% of farmers have less than 1.8 ha under cultivation, and 2.1 ha with maize.  

In the Olancho department, 98% of the area considered as adequate for maize cultivation is 

rainfed (Calderon-Salin et. al., 1995). The rainy season extends from May to October. Total yearly 

rainfall in Olancho is 1240 mm, which is more evenly distributed than in Choluteca (See Figure 1). 

The first cropping season starts between May and June, and is harvested mainly between September 

and December (some farmer harvest even later). The second season, in which farmers usually plant 

beans, starts in October-December, its harvest taking place mostly between January and February. 

Weather in Choluteca is hot and humid, with little variation through the year. Average 

temperature in the coastal areas is 83 degrees F. It is also a rainy region with extremely dry winters. 

Annual precipitation is between 1500 and 2000 mm. The dry season goes from November to April 

(only 135 mm during that period). A critical problem related to agriculture in the region is the 

irregularity in precipitation.43 Maize agriculture in the areas surveyed in Choluteca is almost entirely 

rain fed. The combination of high temperatures and rain delay make agriculture risky, particularly 

during the first cropping season. 

The first maize cropping season in Choluteca usually starts in May-June, with harvest 

occurring in August or September. For the second maize cropping season, sowing is usually done 

between August and September and is harvested in December and January; those who plant late 

harvest in February. 

 

3.2. Use of hybrids, traditional varieties and open pollinated varieties 

Olancho and Choluteca are markedly different with respect to the use of maize varieties. All 

Olancho farmers surveyed use modern varieties (MVs) while in Choluteca traditional varieties are 

                                                      
43 For example, during the period 1963-79, the minimum and maximum number of days with rain 
were, respectively, 5 and 22 for May, 17 and 30 for June, and 7 and 25 for July. Evaluating data for 
a period of eleven years, De Walt and De Walt (1982) mention that “A particularly notable 
illustration of this (variability) is the month of May in which as little as nine millimeters and as 
much as 620 millimeters of rain may fall.” 
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still used by most farmers.44 Seed companies have worked aggressively in Olancho promoting their 

seed through demonstrative plots and sales efforts. On the other hand, seed companies do not 

consider Choluteca an area in which a significant expansion of modern variety adoption could be 

achieved. 

Farmers were asked about the maize varieties they use. Maize varieties were classified as 

hybrids, open pollinated varieties (OPV), and traditional varieties. Hybrids and OPVs are seeds that 

have been developed by professional breeders. In this study both hybrids and OPVs will be 

indistinctly referred to as improved or modern varieties. Most of modern varieties are 

commercialized by the seed industry. The terms traditional varieties (TV) or landraces are used here 

for those varieties that have been used by local farmers for many generations. Even though their 

ancestory may be unknown, through time TVs may have mixed with some improved varieties. The 

term variety refers to what is perceived by farmers as a distinctive type of maize. In some cases, 

farmers may group different genetic material under one name. For example, farmers in Olancho 

identify the commercial brand Cristiani, but there are more than one line of Cristiani maize seed 

sold in the area. 

Tables 2a and 2b present a classification of farmers according to the type of seed they used 

in Olancho and Choluteca, respectively. In the Olancho survey areas, most farmers use hybrids. 

Those who used hybrids exclusively during the three seasons for which information was collected, 

or those who used hybrids (including advanced generation or “recycled” hybrid seed45) with any 

other type or seed, accounted for 72% of surveyed farmers. Use of OPVs, however, is still 

widespread, 50% of farmers used OPVs during the same period, most of them the variety Guayape. 

Farmers who used any combination of seed (e.g. hybrids and OPV or recycled hybrids) were 30% 

                                                      
44 According to a study conducted in 1992 in Olancho (PRIAG, 1997), only 19% of the farmers 
surveyed used improved maize seed, even though the seed to price ratio reported was only 2.7 
(compared to 6.6 for OPVs in 1997). The widespread adoption of MV in Olancho is thus a relatively 
recent event. No similar information is available for the Choluteca area, an area that seed companies 
did not target because they considered it marginal. 
45 As discussed in chapter 1, advanced generation or “recycled” hybrid seed is hybrid seed that has 
been saved from previous harvests (e.g. a farmer buys hybrid seed and plants it; then, at harvest 
time the farmer selects some of the grain obtained to use it as seed for next year). A significant 
decrease in yields is expected from one generation to the next. The magnitude of the yield decrease 
depends on the type of hybridization process the seed has been obtained from. In the case of OPVs, 
no important decrease in yield is expected if no interbreeding occurs with other varieties.  
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of the whole sample.46 Farmers who used only first generation hybrids during the three cropping 

seasons registered accounted for 36% of the sample. 

In Choluteca, on the other hand, use of hybrids is uncommon; TVs still dominates maize 

production among farmers in the surveyed areas. Many of the farmers that used MVs during the 

1999-2000 cropping year, did so for the first time, primarily because they received the seed as relief 

aid following the Hurricane Mitch disaster. 92% of all farmers in the sample either planted TVs 

only or TVs and OPVs. The percentage of farmers that used only TV was lower for the farmers with 

larger land holdings under cultivation (Table 3b). No clear pattern could be observed for those 

farmers that used MV. 

Seed type used during the 1999-2000 cropping year by farm size (as measured by total land 

under cultivation) is presented in Tables 3a and 3b for Olancho and Choluteca, respectively. The 

percentage of Olancho farmers that used only hybrids was observed to be higher for the farmers 

with larger areas under cultivation. On the other hand, the percentage of farmers that used only OPV 

was higher the smaller the total area under cultivation. 

In Olancho, the percentage of farmers that grow only one variety of maize per season has 

been around 90% during the period 1998-2000 (Table 4). Farmers were also asked for the number 

of varieties they used during the 1995-96 cropping-year. During that period, the percentage of 

farmers that grew more than one variety was 18% (compared to 9% in 2000). This may be an 

indication that, in the past, the use of more than one variety at the same time was not uncommon, 

and that a tendency towards specialization has been occurring. 

In Choluteca, the percentage of farmers growing more than one variety stayed around 16% 

between the 1995-96 year and the 1998-99 year. This percentage went up to 18% during the primera 

of 1999-2000 and then dropped the two following seasons. It may be possible that the influx of seed 

                                                      
46Every farmer was classified according to the varieties of maize he or she planted during both the 
first and the second cropping season of 1999-2000, as well as the first season of 2000-2001, 
considering the two main plots of maize he or she worked. In Olancho almost all farmers cultivate 
only during the first season, and those who are registered as having used a combination of seed 
types used more than one seed during one single season. In the case of Choluteca, those who are 
registered as having used a combination of seed types, could have done it either by using more than 
one type of seed in one season, or alternating seed types in two consecutive seasons, primera and 
postrera. In any given year, the number of farmers who used only one type of seed increases 
compared to the same figure for the three seasons combined, implying that is more likely that the 
farmers alternate seed types in consecutive seasons than that they used a combination of seeds at 
any given season. 
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from post-Mitch aid led some farmers who used to grow only one variety, to experiment with new 

varieties on part of their land. 

In terms of area cultivated, hybrids were planted in 77.7% of Olancho’s total maize area 

during 1999-2000. In almost all of the remaining area, OPVs were used (only in 0.7% of the area, 

corresponding to two plots, were traditional varieties used). During the same period, 77.9% of 

Choluteca’s maize area was sown with traditional varieties. Besides the 1.7% of maize area that 

used hybrids, the rest of Choluteca’s maize land surveyed was sowed with OPVs. 

 

3.3. Maize production and yields by variety 

3.3.1. Olancho 

Table 5 provides data on maize production and yields by variety. In Olancho, hybrids from 

the Cargill and Cristiani brands are the most common varieties; both have similar aggregate total 

outputs. Yields reported for Cargill seeds (2.1 t/ha), are higher than yields for Cristiani seeds (1.7 

t/ha).47 The third variety in terms of production and area is Guayape, an open pollinated variety 

(OPV) that has been very common in the area for the last 15-20 years. Contrary to what was 

expected, reported yields from the OPV Guayape are higher than Cristiani’s.48 

Maize seed is sold in 50 lbs bags. The price of a bag of Guayape seed is US$ 23 to 25. In 

the case of Cristiani seed it is US$ 35 to 37 and in the case of Cargill it ranges from US$ 36 (for a 

two-way hybrid seed) to US$ 43 (for a three-way hybrid). According to seed suppliers, most of 

Cargill sales in the region are from two-way hybrid seed (the same type of hybrid as Cristiani seed). 

Because yields for Honduras Planta Baja (HPB) and Cargill recycled are obtained from only 

one and two observations, respectively, caution in interpreting them is needed. It is not expected, 

and very unlikely that, on average, yields from recycled Cargill seed will outperform new Cargill 

seed.  

Although the number of observations is small, yields for recycled Cristiani seed drop by 

17.7% compared with yields from new seed. Most recycled hybrid seed is from second generation 

                                                      
47 These yields are obtained by dividing aggregated production by aggregated area sown by seed 
variety. If a plot that was planted reported zero production, the values were still added. Total crop 
failures (no production at all) were reported for 6 (17.5 ha) out of 22 plots that used Cargill in 
Olancho, against 6 (18.9 ha) out of 42 for Cristiani. In the case of Guayape seed, 5 (10.5 ha) out of 
43 plots reported total crop failure. 
48 Despite the fact that for both varieties the percentage of plots that reported total failures were 
similar, the area affected by total crop failure was more than double for Cristiani seed than for 
Guayape seed. 
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(i.e. first time reused). When asked about recycling seed practices, most farmers reported being 

aware of the fact that the decrease in yield that comes from using recycled hybrid seed of third 

generation is so high that, instead of using third generation hybrid seed, they would probably prefer 

to obtain some OPV seed from members of the community if they cannot afford to buy new hybrid 

seed. 

About the variety that is referred to by farmers as H5, it is likely, but not certain, that it is 

also one of Cristiani’s lines (HS5G). In the field it was not possible to clear that doubt. Even if H5 is 

not one of Cristiani’s seeds, it is most probably a hybrid; in most cases it was obtained as post-

disaster aid and almost all aid reported in the areas under study in Olancho were of hybrid seed.  

For each variety farmers used during 1999, they were asked what they considered an 

average yield, as well as what the yields would be in the best year and in the worst year. This 

information is shown in Table 6. Farmers generally perceive differences in expected yields. In 

Olancho, farmers expect Cargill seed to outperform Cristiani and Cristiani to outperform Guayape. 

Farmers were asked about expected yields with and without fertilization, however, only a few 

answers for hybrid materials without fertilization were obtained.49 

 

3.3.2. Choluteca 

In Choluteca, the great majority of plots are planted with the traditional varieties white 

maicito or yellow maicito.50 Both have similar observed average yields (0.6 t/ha), although area and 

number of plots devoted to the white variety is higher than those with the yellow variety. No large 

differences in yield between those two varieties appear to exist. Beliefs about normal yields, as well 

as those for best possible and worst possible yields are very similar.  

Characteristics other than yield could help to explain the preference of one variety over the 

other. One characteristic that was mentioned by farmers as an advantage of yellow maize is that it 

takes less time to dry (after reaching its maturity). The advantage of white maize is related to its 

consumption quality. It is common that farmers use both varieties simultaneously. These issues will 

be analyzed more extensively in the maize characteristics section. 

 

 

                                                      
49 Some farmers could not give any estimates of yields without fertilization. The reason usually 
mentioned for not giving estimates was that they had never planted those varieties without fertilizer. 
Farmers will add that without fertilization nothing will be obtained. 
50 Maicito means literally “little maize.” 
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3.4. Sales and consumption of maize 

Olancho as a region is a net exporter of maize. In Choluteca maize production is mostly 

oriented towards self-consumption. However, adding up across the farmers interviewed, a small 

maize surplus was generated. This difference is clearly observed in Table 7, in which 61 of the 90 

Olancho farmers surveyed sold maize, whereas only 15 of the 77 Choluteca farmers surveyed sold 

maize. 

Average sales during 1999 (calculated including those who did not sell) in Olancho were 

3.2 t/year, and in Choluteca 0.07 t/year. During 1999, average quantities sold for those who did sell 

during that year, were also higher in Olancho (4.8 t) than in Choluteca (0.35 t). 

In Choluteca, 33% of households had maize deficits during 1999.51 As no reliable 

information on maize purchases were obtained from the survey, and storage losses were not 

mentioned by farmers as being high, maize deficits (shown in Table 8) are used to impute maize 

purchases. Olancho is a net exporter area with relative high yields; nonetheless, a substantial 

number of households were net purchasers of maize (14 households, 16% of total sample). Of these, 

9 households did not harvest any maize production due to crop failures. In Choluteca, if the primera 

season fails, farmers can still obtain some maize in the postrera season. In Olancho, as noted before, 

the postrera is cultivated mostly with beans, even when maize crops fail.  

 

3.5. Farming systems and intercropping52 

Farming systems are different in the two study areas. Intercropping is very uncommon in 

Olancho. Intercropping practices were used in only two of the 120 plots planted with maize in 

Olancho during 1999. Maize planting is almost exclusively done in the primera season (only a few 

farmers that have access to irrigation plant maize in the postrera). In the typical agricultural system, 

farmers alternate maize in the primera and beans in the postrera. 

In Choluteca, on the other hand, even though monocropping is also dominant, intercropping 

is much more common. From the 148 maize plots registered by the survey (in either the first or 

                                                      
51 Maize deficits were calculated subtracting total maize consumption requirements, as stated by 
farmers interviewed, from total maize output during 1999. According to survey results, Olancho 
households reported, on average, yearly requirements of 256.5 kg/person (5.7 quintal/person). In 
Choluteca average yearly household requirements reported were 148.5 kg/person (3.3 
quintal/person). 
52 Intercropping is here understood as the simultaneous planting of two crops in the same plot of 
land. The common practice (in Olancho) of planting beans while maize has already reached it 
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second season), 22 were intercropped with beans, and 37 with sorghum (maicillo). Farmers did not 

report any preference between maize varieties regarding their suitability to be used in intercropping. 

Maize production is evenly distributed between the two growing seasons; half of the 148 registered 

maize plots corresponded to the primera season and the remaining to the postrera. Intercropping is 

more common in the primera season, where 49% of maize plots were intercropped; in the postrera 

the percentage was only 30%. 

Maize is preferred to sorghum for consumption, but the latter can substitute for the former if 

necessary. Tortillas and other food preparations that are usually made with maize can instead have 

sorghum as the main ingredient. When maize and sorghum are both intercropped, sorghum may 

resist droughts that will severely affect maize, so farmers will still obtain some grain output for 

consumption even though it is from a “less-preferred” grain.53 

 

3.6. Seed use and management 

Farmers in the study areas were observed to obtain their maize seed every year from a 

variety of sources and using different methods: buying it from commercial suppliers (mostly in 

Olancho), buying it or exchanging it from other farmers in their communities, or saving it from one 

year to the other (a common practice in Choluteca). 

 Data assembled for the main plot in each farm shows that, on average, seed use in Olancho 

is 19.6 kg/ha.54 In Choluteca it was 13.4 kg/ha during the primera and 12.5 kg/ha during the 

postrera. For the second maize plot of each farm, the Olancho average is 17.7 kg/ha. In Choluteca it 

is 12.4 kg/ha for both, primera and postrera seasons. 

Farmers were asked about the way they obtained the seed and the source from which it was 

obtained (Tables 9 and 10, respectively). In Olancho, the main method of seed acquisition is 

purchase (45% of farmers55). There are still a considerable number of farmers (27%) that use seed 

that is saved from the previous harvest. The seed selection practice used by the big majority of those 

                                                                                                                                                                  

mature stage, but before is harvested, is not considered intercropping. A farmer is considered to be 
intercropping if she does it in at least one of her plots and in one of the periods. 
53 Choluteca is the department with the highest number of farms growing sorghum and with the 
largest area devoted to that crop. It is also the second largest producer nationwide. The main system 
in which sorghum is grown is intercropped (54% of total sorghum area according to the 1993 
Census). 
54 The amount of seed considered optimal for Olancho rain fed maize cropping is 19.3 kg/ha 
(Calderon-Salin, et al., 1995). No information is available for Choluteca. 
55 These figures are for the main variety sown. In some cases farmers may have bought some seed 
and also saved some seed from the previous season and used both during 1999. 
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farmers that save seed in both areas is, after harvesting, to select the cobs that seem to be the best 

and take from them the grains from the middle of the cob.56 41% of farmers obtained seed from a 

store, usually in the capital of the department. A quarter of the farmers still obtain their seed from 

neighbors or relatives. Thus, farmers who buy seed, usually do it either from stores or from 

somebody in the village. When seed is obtained in the village it may be exchanged maize (i.e. a 

farmers’ grain is exchanged for another farmers’ maize)57 or bought in cash (usually at the price of 

maize grain). 

In Choluteca, most farmers (64%) use seed saved from their own harvest. Only 12% of 

farmers purchased seed. None of those purchasing seed did so in a store; rather, they purchased seed 

from neighbors or relatives. In Choluteca, 23% of  farmers during 1999 used both their own seed 

and seed that was donated after Hurricane Mitch. Government agencies are no longer involved in 

the distribution of seed, even as post-disaster aid.58 

Information by variety (Table 11) shows that in 54% of Olancho cases that used the OPV 

Guayape, the seed was saved by the farmer, and in 23% of the cases was purchased. On the 

contrary, in the case of the hybrids Cristiani and Cargill, purchased seed was used in 64% of the 

cases and 25% was obtained through donations. The remaining 11% is evenly divided between 

those who save their own seed and those who obtained the seed by barter. 

In Choluteca, most farmers planting traditional varieties used seed saved from the previous 

harvest, and 20% used seed that was obtained by purchase. When improved maize was used, in 27 

out of 29 cases the seed was obtained as a donation or a gift. 

In Olancho, farmers that used Cargill have used that brand an average of 2.6 years, and 

those who used Cristiani have done it for 2.8 years. Guayape, on the contrary, has been used for 7.8 

years on average.  

In the case of farmers who use Guayape and save their own seed, they have had the same 

seed for five years on average. As mentioned before, because Guayape is an OPV no large decrease 

                                                      
56 The practice recommended by professional researchers is to select in the field the plants that have 
the desired phenotypic characteristics and then gather grain from their cobs. This practice, however, 
is not common among farmers in the study areas. 
57 A farmer may believe that his or her neighbor’s maize is better than his or hers so he/she would 
prefer to ask the neighbor for some of the grain he/she saved for seed from the previous harvest, 
instead of using some of the seed he or she saved. A farmer may also need to ask for seed when his 
or her crop failed and could not save any grain he/she found suitable to be used as seed.  
58 After Hurricane Mitch hit Honduras, relief efforts were conducted to provide maize and beans 
seed to allow farmers to continue their activities. In Olancho seed was distributed mainly through 
the Catholic Church, and in Choluteca largely through the Red Cross. 
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in yields is expected by saving seed for several years. Only three cases of seed recycling were 

recorded for Cristiani seed, the average number of years they have been maintaining the seed being 

three years. As mentioned before, saving and using the seed for more than three years would lead to 

a significant yield decrease in hybrids. 

In Choluteca, farmers have been using the TV white and yellow maicito for over twenty 

years, almost the same amount of time that they say they have been, on average, keeping the seed 

they are currently using. In the case of the modern varieties, the average of years using that variety 

is 1.8 years.59 

 

3.7. Other inputs use 

Use of commercial inputs (fertilizer, herbicides and insecticides) in maize farming is 

common in both areas, particularly among the largest farmers. Farmers do not necessarily apply a 

fixed package of inputs but evaluate their particular needs and resources and act accordingly. 

 

3.7.1. Fertilizer 

Fertilization of maize fields is a common practice in the study areas.  In 1999, 89% of 

Olancho farmers applied some fertilizer -urea, “formula” (NPK), or both. The remaining 11% did 

not fertilize (Table 12). Counting individual plots (instead of farmers) cultivated with maize in 

1999, the percentage of plots in which fertilizer was applied and those in which no fertilizer was 

used were also 89% and 11%, respectively.  

It should be noted that during the first season of 2000, the percentage of plots that did not 

use any fertilizer rose to 21%.  This could be explained, in part, by the fact that during 1999 many 

farmers received fertilizer as post-Mitch aid. 

In Choluteca, 66% of farmers used both urea and formula in at least one of their plots. 

Farmers using exclusively urea accounted for 16% of the total and those using no fertilizer at all 

accounted for 17% of farmers. It is possible that the percentage of farmers that simultaneously use 

both fertilizers is higher in Choluteca than in Olancho, despite Choluteca being identified as a more 

subsistence oriented, low technology agriculture, because the low productivity of the soil forces 

farmers to add some nutrients to guarantee production.60 In Choluteca, post-Mitch fertilizer aid 

                                                      
59 Most farmers used improved varieties for the first time after they received maize seed as post-
Mitch aid. 
60 Indeed, a common answer for farmers when asked about the need of fertilization is that “sin 
ayuda no crece nada” (if no help is provided to the plant nothing will grow). 
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(used in the primera or postrera of 1999) was also given. As in the case of Olancho, in the first 

season of 2000, the percentage of plots in which urea and formula was used simultaneously dropped 

(from 60% to 42%), and the proportion of plots without any fertilization rose markedly (from 20% 

to 42%). 

Information on fertilizer use by farm size is presented in Tables 13a and 13b for Olancho 

and Choluteca, respectively. In Olancho the percentage of farmers that do not use any fertilizer 

decreases with farm size, and the percentage of farmers using both NPK and urea simultaneously is 

above 50% for farms larger than 5.3 ha. In Choluteca, the percentage of farmers that use NPK and 

urea increases with farm size, but no pattern was observed between farm size and percentage of 

farmers who do not use any fertilizer. 

On the other hand, even though urea use in Choluteca is common, the intensity of its use is 

much lower than in Olancho. On average, farmers who applied urea used 146.0 kg/ha and 53.8 

kg/ha in Olancho and Choluteca, respectively. In the case of NPK, the differences are smaller, 39.3 

kg/ha in Olancho and 35.4 kg/ha in Choluteca. The recommended amounts of fertilizer for rainfed 

maize cultivation in Olancho are much higher: 193 kg/ha of NPK and 322 kg/ha of urea (Calderon-

Salin et al., 1995). 

In the primera of 2000, an increase in fertilizer intensity use (kg/ha) was observed in 

Olancho, and a decrease in Choluteca. 

 

3.7.2. Herbicides and insecticides 

Chemical herbicides are widely used in both areas (Table 14). In Olancho, in 90% of maize 

plots herbicides were used; in Choluteca, the percentage was 76%. For the primera of 2000, the 

percentages fell to 75% and 65%, respectively. 

Herbicides are used in the different stages of maize development. It is also common to use 

them to help to clear the land (weeding) during the preparation process previous to the sowing of 

maize. Chemical weeding is preferred to manual weeding because it saves labor. It may take 20-28 

man-days of labor to weed one manzana (0.7 ha) of maize and sorghum if it is done by hand. The 

same task can be accomplished in one day using chemical weeding and a sprayer. (De Walt and De 

Walt, 1982). 

In Olancho, insecticide was used in 52% of maize plots during 1999, while in the case of 

Choluteca it was used in 49% of maize plots. As in the case of fertilizer and herbicides, the use of 

insecticide decreased from 1999 to the primera of 2000. Even though herbicides and insecticides 

were not included as part of post-Mitch aid packages, the decrease in their use may be related to an 
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indirect effect associated with a less tight budget constraint in 1999 compared to 2000: those 

farmers that received fertilizer or seed during 1999, could devote their available cash to buy other 

inputs during that year. 

 

3.7.3. Farm tractor use 

In Olancho, 43% of plots used a tractor to prepare the land and 13% to sow it during 1999 

(Table 15). 37% prepared land using only ox plow, and 62% used only ox plow to sow. Some 

farmers used both tractor and ox plow. A relatively small proportion used no mechanical traction for 

preparation or sowing (8% and 13%, respectively). Only 7 out of the 90 farmers interviewed in 

Olancho own a tractor. It is common and relatively easy to rent tractors in the area. 

In Choluteca, on the contrary, 90% of plots were prepared manually (using neither tractor 

nor ox plow). Almost all the plots were sowed manually (99%). Farmers use a dibble stick (called 

barreta) to make holes in the ground, in which the seeds are put. In many cases, the steep slopes of 

Choluteca farmlands make it too difficult to use mechanical traction. None of Choluteca’s farmers 

own a tractor. 

 

3.8. Extension services and information 

Access to extension services is very limited in Honduras. The lack of formal extension 

services is usually compensated with informal information networks. Small maize farmers are not 

served either by public agencies or private agents. Government agencies have significantly reduced 

their participation in extension services. Government policy currently promotes the provision of 

extension services by private contractors.  

Research dealing with basic grains (maize, beans and sorghum) is not considered a priority 

by the Government. Its research efforts are oriented towards crop diversification because grain 

production is seen as not being profitable enough to allow small farmers to accumulate wealth and 

to transcend poverty61. In Choluteca, moreover, some NGO’s that have extensively worked in the 

area are reducing their projects related to agriculture. Institutions involved in agricultural 

development perceive with skepticism the prospects of basic grains production in marginal 

environments. 

Table 16 shows the small number of farmers that received extension services of any kind. 

Even for those who receive some advice or participated in extension-related activities, the frequency 

                                                      
61 Personal communication from Government officials at the Ministry of Agriculture. 
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of these activities is very low. A very high percentage of farmers mentioned that they have never 

had any advise from extension workers. 

Most information about new maize varieties and seed availability is transmitted through an 

informal network consisting of many different sources (Table 17). Even in the highly 

commercialized area of Olancho, farmers’ main sources of information about seeds and varieties are 

neighbors or relatives. Information obtained by radio broadcasts (commercial advertisement) is 

important in both areas as well. In Olancho, seed retailers are also a source of information. 

Contrary to what was expected, the percentage of farmers that said that they receive no 

information at all about new seed and maize varieties is lower in Choluteca than in Olancho. This is 

surprising considering how extensive is the use of improved varieties in Olancho. A possible 

explanation is that the amount of information that Olancho farmers require for each variety is higher 

than in Choluteca. Farmers in Choluteca were rarely able to talk about specific varieties of 

improved maize, but as they are aware of the existence of improved varieties (what they call 

maizón) they may think of that as having information about new varieties. In Olancho, even though 

farmers have a higher level of awareness about specific commercial seeds existing in the market, 

they may feel that they are not receiving information if they do not get detailed facts useful for 

planting decisions.  

 

3.9. Silo ownership and grain storage 

Farmers store maize for future consumption or in expectation of better prices later in the 

post-harvest period. Maize resistance to spoilage or to insect infestation can be obtained through 

appropriate storage methods or through the use of maize varieties that have better storage 

characteristics. Metallic silos are a very efficient method of storing maize and other grains and are 

used by most farmers in Olancho.  

All farmers in the sample stored maize after the harvest for household consumption. Insect 

damage is a concern when storing grains. The main insect affecting stored grain is the gorgojo 

(grain weevil, species sitophilus zeamais), a weevil that uses the grain to feed and to implant its 

eggs on it. Before silos were disseminated in Honduras62, a variety of storage methods were 

employed, some of which are still in use. Use of cedar boxes was very common, although those 

                                                      
62 A Swiss-funded project (POSTCOSECHA) promoted the use of silos and teaching programs 
oriented to enable local artisans to build silos. Silos are tall cylindric-shaped metallic containers. 
Silos with capacity of 30 qq (1.45 t) and 8 qq (0.36 t) are available. While the project lasted, silos 
sales were subsidized. In 2000 the 30 quintal silo price was approximately US$ 80.  
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boxes cannot be sealed tightly enough to prevent insect infestation. A method still used is the troja, 

“…a pen constructed of corn stalks or wood on the floor of the house. The grain is simply dumped 

into this container” (De Walt and De Walt (1982), p 43). Some people put a layer of lime on the 

floor of the storage device or add wood ash to grain as methods of diminishing insect damage. 

Another method still used is to put cobs tied up by their husks above the household fire, in such a 

way that the smoke from the fire will prevent insect infestation. Some farmers use plastic bags (the 

same in which grains are sold and bought). After silos, the best way to keep grain stored is in barrels 

that have airtight lids. A common way to protect grain from insect damage in Honduras is to use 

insecticide pills in conjunction with any of the previous storage methods. 

In Olancho most farmers store grain in silos and in Choluteca most do it in barrels, bags and 

silos. The introduction of silos at a household level is expected to have reduced dramatically storage 

losses of grains. It is also expected that households that own silos to store grains will not be greatly 

concerned about how soft the grain of maize is because resistance to insects in storage is guaranteed 

(see maize characteristics section). In Olancho, 71 farmers (out of 90) own silos. In Choluteca, only 

11 out of 77 owned a silo. 

No information was gathered about the precise extent of storage loses in the study areas. 

Because Olancho farmers use better storage methods, it is expected that they have lower storage 

loses than Choluteca farmers. However, farmers in Choluteca did not mention storage loses as being 

a significant problem. 

 

3.10. Livestock 

Agricultural activities are usually complemented with livestock either for household 

consumption, or for sales. Animals are also a relatively liquid asset that can be sold as cash needs 

arise. Information about livestock ownership may serve as an indicator of wealth, which is expected 

to be associated with the adoption of technologies. Table 18 shows livestock ownership reported by 

surveyed farmers. A higher percentage of surveyed farmers own livestock in Olancho than in 

Choluteca. Moreover, for those who own some animals, the average number registered is lower in 

Choluteca than in Olancho. 

 

3.11. Income sources and off-farm employment 

Information about income sources and off-farm employment was collected because of its 

potential relation with adoption of modern varieties. Off-farm employment may be important 
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because it relaxes the budget constraint, and allows farmers to have cash available to buy seeds and 

other inputs. 

Farmers were asked what are their three main sources of cash income (Table 19). Because 

of the high level of commercialization of Olancho’s farmers, 89 out of 90 farmers mentioned maize 

production as one of the three most important sources of income. In the case of Choluteca, because 

the lower productivity and total production levels of its farms, the main income source comes from 

off-farm wages. For only 13 out of the 77 farmers surveyed is maize production the main source of 

income. 

As shown in Table 19a, transfers are not frequently mentioned as a source of income and 

they may be underreported because of the extent of migration to the US. Transfers from working 

relatives in the US may be an important source of income for some families. Farmers were asked if 

they have a member of the family living in the US who send money to help his/her family. The 

number of families that have some member working in the US and sending money is 19 (21%) in 

Olancho and 12 (16%) in Choluteca. 

In Olancho the main off-farm jobs for farmers are the work on the coffee harvest in the 

mountain areas,63 and agricultural labor sold locally to neighbors. However, off-farm jobs are not as 

common in Olancho as in Choluteca. In Choluteca most farmers also work for the agro-industrial 

companies that produce watermelons, cantaloupes, sugarcane and shrimp, in the coastal region of 

that department. Some Choluteca farmers may also migrate temporarily to neighboring departments 

to work in the coffee harvest. In Olancho, only 29% of the families had a member working off-farm 

in 1999. In Choluteca, the percentage is 66%. Also, for those who work off-farm in Choluteca, they 

do it for a longer period of time (30.5 weeks compared to 23.0 weeks in Olancho).  

 

3.12. Access to credit 

Credit has frequently been associated with the adoption of a number of agricultural 

technologies, among them high yielding varieties.64 Among the farmers sampled in both areas, only 

a small percentage have access to credit sources. 

The drastic reduction in public credit to small farmers that followed the implementation of 

the structural adjustment programs started during 1990 has left farmers with few alternatives of 

financing. Small farmers’ access to private banks loans is also very limited. Small farmers may 

                                                      
63 Migration is common inside the Olancho department as well as to other of Honduras’ 
departments. Most coffee areas are concentrated west of Olancho and north of Choluteca. 
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sometimes rely on relatives or neighbors to obtain resources, although those are difficult to account 

for. Non-governmental organizations working in rural development projects sometimes offer credit 

to farmers as well. Lack of collateral (titles on agricultural and/or urban properties) and large 

transaction costs (information gathering and surveillance costs relative to loan sizes) are the key 

factors limiting the development of rural financial markets in Honduras.65 

Only a few farmers from the sample obtained credit for agricultural production. In Olancho, 

eight in the primera and four in the postrera received credit. In Choluteca, the figures are even 

smaller, only three for the primera and two for the postrera. 

 

3.13. Maize characteristics 

One of the main objectives of this study is to evaluate how maize characteristics, as 

perceived by farmers, influence their decision on what variety or varieties to grow. In this section, a 

series of nonparametric tests are conducted in order to begin quantifying the relative importance of 

various varietal characteristics.  

Four conclusions can be drawn from the results of this analysis: (i) Farmers perceive 

differences among varieties and groups of varieties for some of the characteristics they consider to 

be important; (ii) varieties that are widely used tend to be regarded as having good performance 

with respect to the most important characteristics; (iii) sometimes, varieties that are used by the 

majority of farmers are outperformed by other varieties for some of the characteristics evaluated. In 

those cases, however, the ratings obtained by the more popular varieties indicate that they do not 

perform badly; instead, they have an “acceptable” performance; (iv) there are important differences 

in how farmers in Olancho and Choluteca perceive the different varieties available to them. 

For each of 15 characteristics thought to be potentially important, farmers were asked to 

rate each variety using the following scale: 1= very good/good, 2= regular/average/sufficient, 3= 

bad. The list of 15 characteristics included in the survey was defined during group discussions held 

before the formal survey was conducted. The questionnaire also inquired about what characteristics 

farmers consider to be more important. However, unsatisfying results were obtained regarding the 

relative importance of characteristics: Farmers tended to say that all the characteristics were very 

important.66 

                                                                                                                                                                  
64 Feder et al. (1985). 
65 Banco Interamericano de Desarrollo, 1999. 
66 After the first observation gave unconvincing results, a change in the formulation of the question 
was made. In the new formulation, farmers where asked to mention the three most important 
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Using the ratings given by farmers, non-parametric tests were conducted. These tests are the 

most appropriate for analyzing non-numeric ordinal data such as was collected here (Conover, 

1999).67 The Wilcoxon-Mann-Whitney (WMW) and the Kruskall-Wallis (KW) tests are based on 

the sum of ranks obtained from pooling the data (ratings) of the different varieties under evaluation. 

The WMW test is used for two independent samples, the KW test is used for more than two 

independent samples. Two sets of tests were conducted.68 The WMW set of tests are used to 

compare groups of varieties: hybrids versus open pollinated varieties (OPV) in Olancho and modern 

varieties (MV) versus traditional varieties (TV) in Choluteca. The KW tests are used to compare 

individual varieties within each region. The null hypotheses for both the WMW and KW tests are no 

differences among groups of varieties or individual varieties, respectively. 

The mean ranks and the tests results are shown in Tables 20a and 20b for Olancho and 

Choluteca, respectively. The lower the mean rank of a variety, the better it is perceived by farmers 

(with respect to each characteristic evaluated). Tables 21a and 21b show the percentages of ratings 

(1, 2, 3 and “no opinion” or “all the same” answers) given by farmers. Mean ranks data convey the 

same information as ratings data but is more convenient than ratings data for comparisons among 

varieties. 

 

3.13.1. Olancho 

In Olancho, for the analysis of characteristics and considering that no traditional varieties 

are used, varieties were classified into hybrids (mostly Cargill and Cristiani seeds) and OPVs 

(mostly Guayape seed). In Olancho, the ranks and tests generally show that there are differences 

                                                                                                                                                                  

characteristics. The enumerator read the list of characteristics from the questionnaire and farmers 
usually agreed that the three first characteristics mentioned (yield, early maturity and drought 
resistance) were the most important. Even though these answers may be reasonable, doubts about 
the adequacy of the question persisted. 
67 The numbers 1, 2, 3 were just the tabulations codes for the survey. Because the numbers by 
themselves convey no information, the data is non-numeric. A, B, C, could have also been instead 
of 1, 2, 3 as long as A is superior to B and B is superior to C. 
68 The WMW test, for example, is used to test if differences exist between two independent samples 
of size n and m. The ratings for each variety (given by a subsample of the farmers) are treated here 
as independent from each other. Ranks 1 to n+m are assigned to the observations, from smallest to 
largest. “If several sample values are exactly equal to each other (tied), assign to each the average of 
the ranks that would have been assigned to them had there been no ties.” Conover, 1999, p 272. 
Because ratings of varieties take only three values, a large number of ties is observed in these tests. 
The KW test uses the same method of ranking  for more than two samples. 
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among varieties and that hybrids usually outperform OPVs.69 That could help to explain the 

widespread use of hybrids in Olancho. However, no variety is superior to the others for all 

characteristics. This implies that farmers face trade-offs and that they have to weight how much 

they value each characteristic and how good each variety is with respect to each characteristic 

considered to be valuable. 

Comparing hybrids and OPVs as groups of varieties, statistical differences among groups 

are observed for four characteristics: lodging resistance, taste, resistance to damage in storage and 

husk cover quality. When disaggregated information is used, significant differences are observed for 

five characteristics (if a 10% significance level is used, the number of characteristics for which 

differences are observed increases to nine). Among individual varieties, Cargill tends to dominate 

the other two for most characteristics. 

During group discussions held with farmers, it could be observed that three characteristics 

are considered to be among the most important by farmers: yield, early maturity and drought 

resistance. In terms of these three characteristics, although no statistical difference were found 

between groups, hybrids outperform OPVs as measured by the mean ranks and the percentage of 

“1” ratings obtained. When individual varieties were compared (KW tests) regarding these three 

characteristics, only early maturity showed statistical difference among varieties.70 

Hybrids also outperform OPVs with respect to resistance to lodging, another important 

characteristic; the difference being statistically significant. The likely explanation is that the OPV 

used in this area (Guayape) has a taller plant than any of the main hybrids (either from Cargill or 

Cristiani).71 Cargill variety obtains a much better rank than the rest of varieties, due probably to its 

short stature. 

The varieties (as groups as well as individually) are also statistically different regarding 

quality of husk cover, an important trait considering that the practice of leaving the maize to dry in 

the fields after reaching its maturity is very common in Olancho. The extent to which maize is 

                                                      
69 No distinction was made between first generation hybrids and recycled hybrids when collecting 
data on ratings for varieties. It is not expected that this fact will affect the conclusions regarding 
variety characteristics because the number of farmers using recycled hybrids is relatively small. 
70 Unless noted otherwise, when reference to statistical differences are mentioned, a 5% level of 
significance is used. 
71 The commercial information for Guayape seed indicates that plant height range from 2.5m to 
2.75m, in the case of the most used Cristiani variety, HS5G, the plant height is reported to be 2.4m. 
However, Guayape seed maize that has been kept for many years (a common practice as seen 
before) is observed by farmers to have become taller than Guayape maize from new seed. 
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exposed to damage by insects and other animals during that period is related to the quality of the 

husk cover. 

In terms of consumption related characteristics (taste and tortilla quality), OPVs outperform 

hybrids as a group, but the hybrid Cargill is individually ranked as the best among all the varieties. 

It is worth noting that even though OPVs are preferred for consumption, hybrids are still considered 

acceptable. None of the farmers thought that hybrids were bad for tortillas, and only one (out of 79) 

thought that they have a bad taste. 

One of the hybrids (Cristiani) obtains the best ranking for guaranteeing a minimum output 

under non-optimal conditions –identified in Tables 20a and 20b as the “yield something” 

characteristic, usually associated with TVs. When varieties are grouped in hybrids and OPVs, no 

significant differences could be found. 

No statistically significant differences in labor or input (fertilizer, chemicals) requirements 

were observed between hybrids and OPVs, either as groups or individually. Farmers in the study 

area do not believe that hybrids require more effort or care than OPVs.72 

Three characteristics were not considered to be very important by farmers during group 

discussions held prior to the formal survey. First, resistance to spoilage or susceptibility to insects in 

storage was not critical for most farmers because the use of silos guarantee that the grain is going to 

be kept without damage regardless of its consistency and hardness.73 Second, ease of shelling also is 

not perceived as being very important in most areas of Olancho, because of the extensive use of 

mechanical shelling (only on 8 out of the 90 farms is maize shelled by hand). Third, fodder 

production also was not seen as a very important characteristic despite the fact that most farmers 

own some cattle. It is very common to buy feed for cattle and or to have grazing or fallow land 

dedicated to the animals. None of the varieties is seen as having a bad performance in this respect 

                                                      
72“Todo maiz requiere trabajo” (all kinds of maize require work) and “Ojala hubiera un maiz que 
creciera solo” (I wish there was a maize that will grow by itself) were typical comments about this 
question. When the government was actively involved in maize research and extension, it was a 
common belief, even among extensionists and government officials, that MVs needed 
complementary inputs to achieve their yield advantage over TV. The prevalent argument at time 
was that because small farmers would face tighter liquidity constraints, they would not adopt MV as 
larger and wealthier farmers. 
73 Even though storage quality is not considered an important trait, farmers perceive significant 
differences between groups and varieties. It is possible that because silos were adopted not long ago, 
farmers are still conscious about differences regarding this characteristic, even though they are not 
greatly affected by it anymore. 
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although the Kruskal-Wallis test showed that individual varieties are significantly different from 

one other. 

 

3.13.2. Choluteca 

In Choluteca, the statistical tests show much greater differences in perception among groups 

of varieties and individual varieties than in Olancho. Mean ranks indicate that traditional varieties 

outperform modern varieties in most characteristics, yield being an important exception. These 

perceptions may help to explain why traditional varieties are still widely used in Choluteca. 

Traditional varieties (TVs) in the area are what farmers call white and yellow maicito. 

Farmers usually only differentiate between maicito and maizón (literally, “big maize” -a term used 

to refer to any improved or commercial variety). Farmers typically do not know whether a variety is 

an OPV or a hybrid (or if there is any difference between them). Most farmers cannot identify 

modern varieties by their commercial names either. In contrast, when asking about maicito during 

the survey, enumerators had to ask explicitly to differentiate between white or yellow maicito.  

As groups of varieties, MVs outperform TVs in terms of yields. Farmers are clearly aware 

of the advantages of MVs. However, farmers evaluate this yield advantage in relation to the 

advantages TVs have in other characteristics.  

When white and yellow maicito -the two TVs- are compared, statistical differences are 

found with respect to two of the characteristics farmers value the most: early maturity and resistance 

to drought (See Table 22). In both cases, yellow outperforms white maicito. In the case of yield, 

yellow is also perceived to be better, and the differences are statistically significant at 5% 

significance level. For tortilla quality (an important characteristic considering that most maize is for 

home consumption and that tortillas are consumed daily), on the other hand, white outperforms 

yellow maicito, the differences being also statistically significant at the 10% level. Yellow maicito 

is also considered to be better in guaranteeing a minimum production level, something that can be 

important in a risky environment as Choluteca’s.  

Early maturity is a critical characteristic for farmers in Choluteca because it is linked to the 

ability to avoid drought: the shorter the growing period, the smaller the risk for the crop of being 

affected by drought. TVs are ranked as significantly better than MVs regarding early maturity and 

resistance to drought (Table 20b). Because the risk of drought is large, it is not surprising that even 

for the well adapted TVs, around one quarter of total answers gave them a “2” rating rather than 

“1”. 
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TVs are ranked significantly better than MVs with respect to consumption characteristics 

(taste and tortilla quality). However, no respondent rated MVs as having bad consumption quality. 

A substantial number of Choluteca farmers are used to consuming maize that they have purchased 

in the market: thus they are used to consuming maize grown in other parts of the country, maize 

which is usually modern varieties. Mean ranks show that white maicito is the preferred variety for 

consumption. 

Because traditional storage methods are more common in Choluteca, I expected resistance 

to spoilage or susceptibility to insects in storage to be perceived as more important to Choluteca 

farmers.74 According to survey data, TVs are ranked as significantly better than MVs with respect to 

these characteristics. 

TVs as a group are also seen to outperform MVs with respect to the ability to produce at 

least a minimum amount under less than optimal conditions. This characteristic is expected to be 

important in Choluteca because of their farmers’ low income levels. Individually, yellow maicito 

outperform the other varieties. 

The majority of households in Choluteca shell maize manually. Ease of shelling may thus 

be also an important characteristic for farmers. In this regard, TVs are perceived as clearly superior 

to MVs. 

 

3.14. Transaction costs 

Transaction costs influence the effective price farmers receive for their output or pay for 

their inputs. These prices will affect farmers’ decisions to participate or not in the market. When 

households simultaneously produce and consume maize, and varieties are perceived to be different, 

farmers’ decision of what variety or mix of varieties to grow may be affected by market 

participation decisions. 

The questionnaire gathered information related to transaction costs farmers have to incur 

when participating in the market, either to buy inputs (seed, fertilizer and chemicals) or to sell maize 

and other products. Transaction costs-related variables try to capture some of the relevant costs of 

transportation, searching and waiting. Transaction costs in Olancho are expected to be smaller than 

Choluteca’s because of a better transportation network and a more active maize trading system. 

                                                      
74 It was mentioned before that Choluteca’ farmers did not report storage loses as being a major 
problem. That does not necessarily mean that storage quality is not important. We are assuming that 
maize storage is an important concern but (probably because the maize storage quality of the 
varieties grown) farmers are not significantly affected in this respect.  
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3.14.1. Organization and marketing options  

Information regarding organization and marketing options is presented in Table 23. Farmers 

were asked how many times they have sold agricultural products outside the village in the last two 

years. This information was intended to serve as an indicator of marketing experience. More 

marketing experience is assumed here to reduce transaction costs related to searching and 

monitoring. The percentage of farmers that sold agricultural products outside the village in the last 

two years in Olancho was very low (8%). That may be explained by the fact that 87 out of 89 

farmers in Olancho mentioned that maize traders visit either the villages or their fields to buy the 

crops. In Choluteca, the percentage of farmers that have experience selling outside the village is 

higher than in Olancho but still low (15%) and only 36 out of 76 farmers mentioned that maize 

traders visited their villages or plots. Because traded surpluses in Choluteca are smaller, a 

middleman will probably not have as many commercial opportunities as in Olancho and will have to 

deal with many farmers simultaneously, thereby increasing his or her transaction costs. 

One way in which small farmers may reduce searching costs and may obtain more 

bargaining power when faced with maize or input traders is to market collectively through 

organized groups or cooperatives. Farmers in both areas, however, seem to favor not being 

constrained by group decisions.75 As shown in Table 23, only 10 out of 88 farmers in Olancho 

belong to any organization that includes among its purposes commercial activities (inputs purchases 

or output sales). In Choluteca 11 out of the 77 farmers belong to an organization. Even when 

farmers belong to organized groups, they are not necessarily bound to make all their purchases and 

sales through them. 

Usually maize is sold by volume and not by weight. In Olancho 74% of farmers who 

reported sales, sold by bags of maize grain. Farmers report that the bags usually weigh between 230 

and 250 lbs.76 In Olancho, in 86% of recorded transactions, maize was sold to marketing agents 

(called coyotes) who visit the villages or farmers’ fields. In Choluteca, when farmers sell, they do it 

mainly to neighbors (41%) instead to marketing agents. 

                                                      
75 Negotiation between members of a group and monitoring group representatives in charge of the 
trading activities also carry transaction costs. The decision of participating or not in a group 
probably depends on which costs farmers perceive to be higher. 
76 The system is confusing since a bag is supposed to weight around 200 lbs. Most farmers complain 
that they are systematically being cheated by marketers. However, as that practice is common, 
farmers expect the bag to weight that much and so may negotiate accordingly. 
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Because of the trading practices that are common in Olancho, it is likely that transportation 

costs will be internalized by traders and will be reflected in the price farmers receive from 

middlemen. Other transaction costs (searching, waiting) do not appear to be very important because 

of the availability of marketers. No clear answers were obtained when farmers were asked why they 

do not market their maize by themselves. As farmers frequently complain about marketers having 

too much bargaining power, it seems reasonable to expect that farmers would try to take their maize 

to the marketing centers in the cities to obtain better prices or selling conditions. Farmers mentioned 

that to sell in the city is complicated, that they need the money quickly, and a few farmers said that 

their relationship with the marketer they deal with is satisfactory. On one side, some money can be 

saved by avoiding middlemen but on the other hand, individual small farmers probably have less 

bargaining power when facing maize buyers in the cities, and have less information to decide what 

is the best place to sell. 

Additionally, availability of vehicles for rent is not perceived to be a problem that hinders 

direct trade (Table 24). In Olancho, 66% of farmers think that hiring a vehicle for maize 

transportation is easy, only 7% think that it is not possible. In Choluteca, almost all farmers 

interviewed think that it is very easy to hire a vehicle.  

Ownership of a vehicle, usually a pickup truck, may eliminate searching and waiting costs 

for transportation. In Olancho, 23 of the farmers have a vehicle; none of the farmers in Choluteca 

did. 

Transaction costs may also make inputs more difficult to obtain and hence more expensive 

because of time spent searching. However, most farmers mentioned not having any problem finding 

seeds or fertilizer. These inputs can be found in stores in the main towns and cities. Searching costs 

are thus expected not to be important regarding inputs. Transaction costs for input purchases are 

mainly related to transportation costs. 

 

3.14.2. Transportation  

In absolute terms, Olancho farmers reported spending more on transportation because they 

travel larger distances than Choluteca farmers. Better road quality and a greater volume of market 

activity in Olancho are reflected in lower transportation costs per kilometer per ton. 

Compared to other countries of the region, Honduras’ road network is relatively good in 

terms of its extensiveness and some quality and coverage measures. According to the World Bank, 

the normalized road index for Honduras in 1998 is higher than for El Salvador, Nicaragua, 
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Guatemala and Panama.77 However, only 20.3 % of Honduran roads are paved. By way of 

comparison, the average for developing countries is 29.6% and for Latin America and the Caribbean 

is 26.0%. Neighbor countries Nicaragua and El Salvador have lower percentages of paved roads 

(10.1% and 19.8%, respectively). 

Indicators of coverage in transportation include spatial road density and per capita road 

density. Honduras’ ratio of roads per 1,000 inhabitants is 5.6 km (the average in Central America is 

4.3 km.). The road density is 0.3 km of roads per square km (in Costa Rica, Guatemala and 

Dominican Republic these ratios are 0.70, 0.26 and 0.28, respectively). Because only 68% of rural 

roads are subject to maintenance programs, it is expected that the state of most of the rural roads is 

deficient.78 

Public buses are the most frequent means of transportation used by farmers in both areas. 

Seeds or other inputs, as well as maize for consumption purchased in the town or city can be 

transported to the village using public buses. Bus owners charge for each bag transported (often, the 

charge for a 100 lb. bag is roughly similar to the bus fare per passenger). As discussed before, most 

farmers that sell a big part of their harvest do not transport the maize to the marketing centers 

themselves, even though renting a vehicle or hiring transportation services is feasible. However, if a 

farmer in need of cash wants to sell some small quantity they have stored after harvest time, they 

can take a few bags to the city in the regular bus. Because the practice of renting a vehicle or using 

services for transporting big loads of maize is uncommon, bus charges were considered to be the 

relevant costs for surveyed farmers. 

Buses to most villages that are not on the main roads usually run once or twice a day on 

fixed schedules. A farmer in one of those villages will usually leave early in the morning and return 

sometime in the afternoon. In those cases, then, a day of farm work is lost every time a farmer goes 

to the market. For villages that are close to the main roads, bus service is more frequent and the 

amount of time needed to go the market is lower. 

As mentioned before, Olancho’s road network is in much better condition than in 

Choluteca. Maize producing villages in Choluteca are located mainly in the hillsides, where roads 

are narrower and winding. Similarly, transportation services to Olancho villages are more frequent 

                                                      
77 The normalized road index has a value of 100 if a country’s total length of roads is equal to what 
would be expected considering population, population density, per capita income, urbanization and 
region specific dummy variables. Normalized road index average for Latin America and the 
Caribbean is 115 and for Honduras 120. The expected road lengths were estimated using country 
data from all over the world. 
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than those in Choluteca. In Olancho, most of the villages have relatively easy access by dirt roads. 

During the rainy season, Olancho dirt roads can be affected but most are still open. In Choluteca, 

only the main paved road (part of the Pan-American Highway) that runs through the coastal plain, 

and a few roads connecting the heads of some municipalities with the paved road are in good to fair 

condition (i.e. dirt roads with a leveled surface). Access to some villages in El Corpus, Choluteca, 

and Pespire municipalities are particularly difficult, requiring four-wheel drive vehicles even during 

the dry season. In only a few cases, because lack of frequent transportation services, did farmers 

mention that they had to walk or ride a horse or a mule to the main road. 

Two sets of information about distances were obtained in the survey. First, information 

reported by farmers on distances to markets, travel time, and travel costs was gathered through the 

formal questionnaire. Second, because different farmers living in the same village have reported 

different market places for their purchases, distances from each village to the closest market town or 

city where input suppliers exist were also estimated. 

Average information reported by farmers is shown in Table 25. Transportation costs 

collected were usually the cost of transporting a 100 lb bag in the public bus. Farmers in Olancho 

reported that they tend to travel greater distances to obtain their inputs. Even if input suppliers in 

closer towns exist, farmers sometimes prefer to purchase inputs in Juticalpa, the capital and main 

commercial center of the department.79  

On average, reported transportation time to the place that farmers consider to be the market 

(the place where farmers will more often go to trade, particularly inputs) is not statistically different 

for both areas (1.4 hours). Because of better quality of the roads in Olancho, distances are traveled 

faster than in Choluteca. As greater distances are traveled by Olancho farmers, they reported that, 

on average, the cost per ton of transporting goods to or from the market are higher than in 

Choluteca. Reported transportation costs were roughly equivalent to 6-7% of maize price. 

On the other hand, the distances to the closest input market and to the closest municipality 

center (reported in Table 26) are larger in Choluteca. In Olancho, the average distance is 16 km, less 

                                                                                                                                                                  
78 Banco Interamericano de Desarrollo (1999). 
79 Differences in distances traveled do not seem to be explained by vehicle ownership. On average, 
Olancho farmers that do not own a vehicle reported traveling distances 43% longer to buy their 
inputs than those who own a vehicle. The department capital is the commercial and administrative 
center. Farmers in Olancho may prefer to travel to Juticalpa because they can simultaneously shop 
for a wide variety of goods, perform administrative procedures, attend health care centers and enjoy 
entertainment activities. 
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than half of what farmers reported to travel. In Choluteca, the distance was almost the same (20 km) 

to what farmers reported (21 km).80 

In Olancho, average transportation costs per village were also estimated. Using that 

information, average transportation cost (weighted by villages sample shares) per kilometer per ton 

was estimated for each area: US$ 0.27 in Olancho and US$ 0.49 in Choluteca.81 

Because roads vary considerably with respect to their state of maintenance, an indicator to 

account for those differences was considered useful. Roads traveled for conducting the survey were 

rated according to their quality. The rating, explained in Table 27, ranges from 1 (best, a paved road 

in good state of maintenance that allow for fluid traffic) to 5 (worst, dirt roads that required four 

wheel drive vehicles and in which speed usually could not exceed 10 miles per hour). Traveling 

from the department capital to each of the villages, required transiting segments with different road 

qualities.82 An average road quality index for the trip from each village to their respective 

Department capital (Juticalpa in Olancho, and Choluteca city in Choluteca) and closest market were 

then estimated by weighting the length of the different road segments with their respective road 

quality index. The results are shown in Table 26 and in Figures 2 and 3, where each of the points 

displayed indicates a village from the sample. Figure 4 presents a map showing the locations of a 

hypothetical village and a market city, as well as the roads connecting them. Additionally, the 

computation of the RQI index for farmers living in that village is presented. 

Using those indices per village and the share of the sample corresponding to each village, the 

weighted road quality average index to the Department capital for Choluteca was 15.2% higher (i.e. 

worse road quality) than Olancho’s. When the quality of the roads to the closest market is 

considered, the differences are drastically reduced although Olancho roads are still rated as slightly 

better: 2.52 for Olancho and 2.58 for Choluteca.  

 

                                                      
80 Because farmers do not necessarily travel to the closest town where inputs are available but prefer 
to a go to a town or city that is a bigger commercial center and is located farther away, the distance 
to the closest input market available was estimated for each village included in the sample. 
81 In Olancho, transportation costs from villages to towns or capital department were recorded. The 
figure reported here is based on information of transportation cost to the capital department. When 
costs to the closest market are used, cost per km per ton is much higher (US$ 0.44), indicating that it 
is relatively more expensive to travel shorter distances. 
82 For example, to travel from Juticalpa to El Naranjal, one of the villages surveyed in Olancho, the 
paved road is used for the first 10 km (this segment was rated with an index of 1). A secondary road 
departing from the paved road is then used for the next 30 km (a dirt road in good condition, rated 
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with an index of 2). Finally, the road leading to the village (3 km from the secondary road, a dirt 
road in worse maintenance condition than the previous segment, rated 3) is transited. 
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Table 1 
Total farm land area by farm and region (ha) 

  Olancho Choluteca 

  

Area 
with 

crops

Area 
with 

maize
Own 
land

Farm 
area

Area 
with 

crops

Area 
with 

maize*
Own 
land

Farm 
area

Sum 354.7 256.6 279.8 647.7 120.8 130.7 79.2 219.8
Mean 3.9 2.9 3.1 7.2 1.6 1.7 1.0 2.9
St. Dv. 3.7 3.0 3.3 13.2 1.0 1.0 1.4 3.1
Quantiles            
100% Max 17.5 17.5 15.4 119.0 7.0 6.3 8.4 18.2
90% 8.2 5.8 7.5 14.0 2.8 2.8 2.1 6.7
75% 5.3 3.5 4.2 8.1 1.8 2.1 1.4 3.5
50% Median 2.8 1.8 1.9 4.4 1.4 1.4 0.7 1.8
25% 1.4 1.1 1.1 1.4 1.1 1.2 0.0 1.1
0% Min 0.4 0.0 0.0 0.0 0.4 0.2 0.0 0.0
* In Choluteca area with maize is bigger than total crop area because, if a plot is used the two
season to grow maize, it is counted twice (e.g. a 2 ha plot that is cultivated with maize in primera
and segunda of 1999 will be reported as a maize area of 4 ha for 1999) 
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Table 2a 
Olancho: farmers by seed type used 1999-2000 

1999-2000 2000-2001 All seasons*
Primera  Postrera  Both 

seasons 
Primera  

Seed types used by farmer n % n % n % n % n %
Hybrids only 46 51.7 2 100.0 46 51.7 31 39.2 32 35.5
Recycled hybrids only 7 7.9 0 0.0 7 7.9 11 13.9 5 5.6
OPV only 32 36.0 0 0.0 32 36.0 28 35.4 25 27.8
Hybrids and recycled hybrids 0 0.0 0 0.0 1 1.1 3 3.8 5 5.6
Hybrids and OPV 3 3.4 0 0.0 3 3.4 4 5.1 15 16.7
Recycled hybrids and OPV 0 0.0 0 0.0 0 0.0 1 1.3 3 3.3
Hybrids, recycled hybrid and OPV 0 0.0 0 0.0 0 0.0 0 0.0 3 3.3
Hybrids and TV 0 0.0 0 0.0 0 0.0 0 0.0 1 1.1
Recycled hybrids and TV 0 0.0 0 0.0 0 0.0 0 0.0 1 1.1
TV only 1 1.1 0 0.0 0 0.0 1 1.3 0 0.0
Total 89 100.0 2 100.0 89 100.0 79 100.0 90 100.0
* The three seasons for which this information was collected. For example, 35.5% of farmers used only 
hybrids in all the seasons in which they planted maize. A farmer that used only hybrids in the primera 
of 1999-2000 (classified for that season among the 51.7% of farmers under that category), did not plant 
in postrera, and used an OPV in the primera of 2000-2001 will be classified as having used “hybrids 
and OPV”, thus belonging to the 16.7% of farmers in that category for all seasons. That explains why 
the percentage of farmers that used hybrid only in either of the seasons is higher than the percentage 
for “all seasons” (shown in the last column).  
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Table 2b 

Choluteca: farmers by seed type used 1999-2000 
1999-2000 2000-2001 All seasons*

Primera  Postrera  Both 
seasons 

Primera  

Seed type used n % n % n % n % n %
Hybrids only 2 2.9 1 1.5 0 0.0 0 0.0 0 0.0
Recycled hybrids only 0 0.0 1 1.5 0 0.0 1 1.6 0 0.0
OPV only 20 29.4 7 10.3 7 9.1 4 6.3 3 3.9
Hybrids and recycled hybrids 0 0.0 0 0.0 1 1.3 0 0.0 1 1.3
OPV and TV 2 2.9 2 2.9 21 27.3 0 0.0 26 33.8
Hybrids and TV 0 0.0 0 0.0 2 2.6 0 0.0 1 1.3
TV only 44 64.7 57 83.8 46 59.7 58 92.1 45 58.4
Hybrids, recycled hybrids and TV 0 0.0 0 0.0 0 0.0 0 0.0 1 1.3
Total 68 100.0 68 100.0 77 100.0 63 100.0 77 100.0
* The three seasons for which this information was collected. 
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Table 3a 

Olancho: farmers by seed type use and total crop land 1999 
 Total 

sample 
Total crop land (ha) 

  0 - 1.4 1.4 - 2.8 2.8 - 5.3 5.3 - 8.2 8.2 + 
Seed type used by farmer n % n % n % n % n % n %
Hybrids only 46 51.7 4 19.0 8 40.0 15 57.7 11 78.6 8 100.0
Recycled hybrids only 7 7.9 1 4.8 0 0.0 6 23.1 0 0.0 0 0.0
OPV only 32 36.0 16 76.2 10 50.0 4 15.4 2 14.3 0 0.0
Hybrids and recycled 
hybrids 

1 1.1 0 0.0 1 5.0 0 0.0 0 0.0 0 0.0

Hybrids and OPV 3 3.4 0 0.0 1 5.0 1 3.8 1 7.1 0 0.0
Total 89 100.0 21 100.0 20 100.0 26 100.0 14 100.0 8 100.0
Note: Because of the high frequency of observations at some of the total crop land values, no exact percentiles could be obtained.

 
 

Table 3b 
Choluteca: farmers by seed type use and total crop land 1999 

 Total 
sample 

Total crop land (ha) 

  0 - 1.1 1.1 - 1.4 1.4 - 1.8 1.8 - 2.8 2.8 +  
Seed type used by farmer n % n % n % n % n % n %
OPV only 7 9.1 2 15.4 1 6.7 3 10.7 0 0.0 1 11.1
Hybrids and recycled 
hybrids 

1 1.3 0 0.0 1 6.7 0 0.0 0 0.0 0 0.0

OPV and TV 21 27.3 0 0.0 3 20.0 9 32.1 5 41.7 4 44.4
Hybrids and TV 2 2.6 0 0.0 1 6.7 1 3.6 0 0.0 0 0.0
TV only 46 59.7 11 84.6 9 60.0 15 53.6 7 58.3 4 44.4
Total 77 100.0 13 100.0 15 100.0 28 100.0 12 100.0 9 100.0
Note: Because of the high frequency of observations at some of the total crop land values, no exact percentiles could be obtained.   
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Table 4 

Number of maize varieties grown per season 
 Primera 
1995-96 

Primera 
1998-99 

Primera 
1999-2000 

Postrera 
1999-2000 

Primera 
2000-01 

 n % n % n % n % n % 
Olancho     

0 2 2.6 3 4.8 1 1.1 87 97.8 3 3.3 
1 61 79.2 56 90.3 81 91.0 2 2.2 79 87.8 
2 10 13.0 3 4.8 6 6.7 0 0.0 8 8.9 
3 4 5.2 0 0.0 1 1.1 0 0.0 0 0.0 

Total 
Olancho 

77 100.0 62 100.0 89 100.0 89 100.0 90 100.0 

Choluteca     
0 2 2.6 7 9.2 5 6.6 6 7.9 12 15.8 
1 63 81.8 57 75.0 57 75.0 59 77.6 58 76.3 
2 12 15.6 12 15.8 13 17.1 11 14.5 6 7.9 
3 0 0.0 0 0.0 1 1.3 0 0.0 0 0.0 

Total 
Choluteca 

77 100.0 76 100.0 76 100.0 76 100.0 76 100.0 
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Table 5 

Maize production and yields by variety (sum of information from the two main maize plots) 
 Olancho Choluteca Total 

Variety Production 
(t) 

Area 
(ha) 

Yield 
(t/ha) 

Number 
of plots

Produc
tion (t)

Area 
(ha) 

Yield 
(t/ha) 

Number 
of plots 

Production 
(t) 

Area 
(ha) 

Yield 
(t/ha)

Number 
of plots 

Cargill 165.7 79.5 2.1 22 0.2 0.4 0.6 1 166.0 79.8 2.1 23
Cristiani 170.2 101.0 1.7 42 1.7 1.1 1.6 2 171.9 102.0 1.7 44
Guayape  94.0 53.0 1.8 43 0.0 0.0 NA 0 94.0 53.0 1.8 43
HPB 3.2 1.1 3.1 1 0.0 0.0 NA 0 3.2 1.1 3.1 1
White 
maicito  

0.0 0.0 NA 0 52.7 81.1 0.6 83 52.7 81.1 0.6 83

Yellow 
maicito 

0.0 0.0 NA 0 12.4 19.5 0.6 28 12.4 19.5 0.6 28

Non-
identified 
improved 

0.0 0.0 NA 0 20.0 26.7 0.7 31 20.0 26.7 0.7 31

Cargill 
recycled 

3.6 1.1 3.5 2 0.0 0.0 NA 0 3.6 1.1 3.5 2

Cristiani 
recycled 

17.3 12.6 1.4 6 1.1 0.7 1.5 1 18.4 13.3 1.4 7

Other OPV 1.8 2.8 0.6 1 0.0 0.0 NA 0 1.8 2.8 0.6 1
H5 15.6 10.5 1.5 6 0.0 0.0 NA 0 15.6 10.5 1.5 6
Other TV 1.3 1.8 0.7 2 1.7 0.7 2.4 2 3.0 2.5 1.2 4
Total 472.7 263.2 1.8 125 89.8 130.0 0.7 148 562.5 393.2 1.4 273
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Table 6 

Farmers beliefs about yields ranges by varieties (t/ha) 
 Using fertilizer Without fertilizer 
 Normal n Higher n Lower n Normal n Higher n Lower n

Cargill 4.9 16 5.6 15 2.3 15 2.0 3 1.9 4 0.8 3
Cristiani 3.9 22 4.8 20 1.8 19 1.2 2 2.0 3 0.5 5
Guayape 3.3 28 4.0 25 1.7 22 1.7 12 2.2 12 0.4 27
White maicito 1.1 32 1.5 26 0.4 26 0.7 27 0.8 25 0.2 27
Yellow maicito 1.2 12 1.4 10 0.4 9 0.7 11 1.0 9 0.2 14
Unidentified 
MV 

1.0 11 1.4 5 0.7 2 0.5 5 0.6 4 0.1 10
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Table 7 
Maize sales per farm 

Olancho Choluteca 
All farmers 

  Observations 90 77 
  Mean (t) 3.24 0.07 
  Standard Deviation 8.16 0.24 
  Maximum (t) 70.20 1.80 
Farmers who sold maize 
  Observations 61 15 
  Mean (t) 4.78 0.35 
  Standard Deviation 9.55 0.45 

 
 
 
 

Table 8 
Imputed maize purchases per farm 

Olancho Choluteca 
Farmers with deficits  
  Observations 14 25 
  Mean (t) 0.90 0.48 
  Standard Deviation 0.60 0.36 
  Maximum (t) 2.25 1.62 
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Table 9 

Seed acquisition 
 Olancho (%) Choluteca (%) Total (%)

Own seed  24 27.0 49 63.6 73 44.0
Barter 14 15.7 1 1.3 15 9.0
Purchase 40 44.9 9 11.7 49 29.5
Donation 11 12.4 18 23.4 29 17.5
Total 89 100.0 77 100.0 166 100.0

 
 
 

Table 10 
Seed source 

 Olancho (%) Choluteca (%) Total (%)
Own seed 24 27.3 49 63.6 73 44.2
Family/neighbor 22 25.0 10 13.0 32 19.4
Store 36 40.9 0 0.0 36 21.8
Government 1 1.1 0 0.0 1 0.6
NGO 0 0.0 17 22.1 17 10.3
Church 5 5.7 0 0.0 5 3.0
Other source 0 0.0 1 1.3 1 0.6
Total 88 100.0 77 100.0 165 100.0

 
 
 

Table 11 
Seed acquisition by variety 

 Own seed Barter Purchase Donation Total 
Olancho 

Cargill 1 0 11 2 14 
Cristiani 3 3 21 11 38 
Guayape 21 7 9 2 39 
Choluteca 
White maicito 52 1 6 1 60 
Yellow maicito 17 0 4 1 22 
Unidentified MV 1 0 1 27 29 
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Table 12 

Use of fertilizer*: 1999 
Olancho Choluteca 

n % n % 
No fertilizer 10 11.4 13 16.9 
Manure 0 0.0 1 1.3 
Urea only 50 56.8 12 15.6 
NPK only 0 0.0 0 0.0 
Urea and NPK 28 31.8 51 66.2 
Total 88 100.0 77 100.0 
* Farmers that used fertilizer in at least one of their plots cultivated with 
maize 
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Table 13a 
Olancho: farmers by fertilizer use and total crop land 1999 

 Total sample Total crop land (ha) 
   0 - 1.4 1.4 - 2.8 2.8 - 5.3 5.3 - 8.2 8.2 + 
 n % n % n % n % n % n %

No fertilizer 10 11.4 4 20.0 2 10.0 3 11.5 1 7.1 0 0.0
Urea only 50 56.8 11 55.0 13 65.0 17 65.4 6 42.9 3 37.5
Urea and NPK 28 31.8 5 25.0 5 25.0 6 23.1 7 50.0 5 62.5
Total 88 100.0 20 100.0 20 100.0 26 100.0 14 100.0 8 100.0
Note: Because of the high frequency of observations at some of the total crop land areas, no exact percentiles could be 
obtained.   

 
 

Table 13b 
Choluteca: farmers by fertilizer use and total crop land 1999 

 Total sample Total crop land (ha) 
   0 - 1.1 1.1 - 1.4 1.4 - 1.8 1.8 - 2.8 2.8 + 
 n % n % n % n % n % n %

No fertilizer 13 16.9 6 46.2 1 6.7 5 17.9 1 8.3 0 0.0
Manure 1 1.3 0 0.0 0 0.0 0 0.0 0 0.0 1 11.1
Urea only 12 15.6 4 30.8 2 13.3 3 10.7 2 16.7 1 11.1
Urea and NPK 51 66.2 3 23.1 12 80.0 20 71.4 9 75.0 7 77.8
Total 77 100.0 13 100.0 15 100.0 28 100.0 12 100.0 9 100.0
Note: Because of the high frequency of observations at some of the total crop land areas, no exact percentiles could be 
obtained.   
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Table 14 
Use of herbicides and insecticides by plot 

 Olancho Choluteca 
 1999 2000 1999 2000 

Herbicide 

  % of plots 89.7 75.7 75.7 65.2 
  Number of plots 117 70 148 66 
Insecticide 
  % of plots 52.1 39.4 49.3 42.4 
  Number of plots 117 66 148 66 
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Table 15 

Land preparation and sowing methods by plots 
 Land preparation Sowing 
 1999 2000 1999 2000 
 plots % plots % plots % plots %

Olancho  
Manual 11 8.3 8 9.5 18 13.3 11 12.9
Tractor 57 42.9 33 39.3 18 13.3 9 10.6
Ox plow 49 36.8 35 41.7 84 62.2 58 68.2
Tractor and ox plow 16 12.0 8 9.5 15 11.1 7 8.2
Total Olancho 133 100.0 84 100.0 135 100.0 85 100.0
Choluteca 
Manual 130 89.0 50 86.2 144 98.6 57 98.3
Tractor 0 0.0 1 1.7 0 0.0 0 0.0
Ox plow 16 11.0 6 10.3 2 1.4 0 0.0
Tractor and ox plow 0 0.0 1 1.7 0 0.0 1 1.7
Total Choluteca 146 100.0 58 100.0 146 100.0 58 100.0
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Table 16 

Technical extension 
 Olancho Choluteca 
 1998 1999 2000 times * 1998 1999 2000 times *

Visited by extensionist 11 9 9 1.4 8 11 3 5.7
On-farm experiments 5 5 2 n.a. 2 3 1 n.a
Visit to demonstrative 
plots 

6 7 5 1.2 3 3 1 2.0

   * Average number of visits received or made during the period 1998-00, for those who received or made 
visits. 
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Table 17 

Sources of information about new seeds or maize varieties 
Olancho (%) Choluteca (%)

Did not receive information 18 20.0 10 13.0
Seed retailer 9 10.0 0 0.0
Neighbor/family 37 41.1 11 14.3
Government agency 0 0.0 1 1.3
Radio 14 15.6 10 13.0
Extensionist 3 3.3 5 6.5
Neighbor/family and radio 3 3.3 30 39.0
Neighbor/family, radio and extensionist 0 0.0 5 6.5
Neighbor/family and other * 1 1.1 4 5.2
Seed retailer and other * 4 4.4 0 0.0
Other source 1 1.1 1 1.3
Total 90 100.0 77 100.0
* Combination with other source(s) mentioned before 
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Table 18 

Livestock ownership * 
 Farms with cattle Farms with pigs Farms with horses and mules 

 n % Average 
owned

n % Average 
owned

n % Average 
owned

Olancho 65 72.2 12.8 58 64.4 4.4 57 63.3 3.5
   (13.5) (4.0)   (3.4)

Choluteca 26 33.8 3.5 27 35.1 2.1 23 29.9 1.6
   (2.8) (1.4)   (0.8)

* Percentages are with respect to total number of farmers for each area in the sample: 90 in Olancho and 77 in 
Choluteca.  Averages are for those who own animals. Standard errors in parenthesis 
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Table 19 

Sources of cash income 
 Olancho Choluteca 
 First Second Third Total First Second Third Total

Maize production 61 21 7 89 13 5 1 19
Bean production 10 45 8 63 1 3 0 4
Other crop production 6 7 8 21 7 10 1 18
Agricultural wage 1 3 2 6 26 2 0 28
Other wage 2 1 3 6 4 6 0 10
Transfers 1 2 1 4 1 1 1 3
Cattle 7 7 8 22 11 9 1 21
Other self-employed 2 0 2 4 6 0 1 7
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Table 20a 

Olancho: Rank mean scores per variety and non-parametric tests results 
 Mann-Whitney-Wilcoxon 

two-sample test 
Kruskal-Wallis test 

 Mean score Test Mean score Test 
    Hybrids OPV   

 Hybrids 
a/ 

OPV b/ p-value 
c/ 

Cargill Cristiani H5 Guayape K-W 
statistic

p-value 
d/

Yield 60.5 66.8 0.174 58.8 61.2 72.7 68.0 5.70 0.126
Early maturity 60.7 66.5 0.303 51.8 59.3 83.3 68.0 9.64 0.022
Drought resistance 55.1 59.8 0.404 47.6 55.6 63.4 60.4 3.25 0.355
Insect resistance 44.7 44.2 0.928 32.7 52.5 41.8 45.1 7.44 0.059
Lodging 
resistance 

52.1 78.9 <.001 33.5 53.5 78.4 80.7 37.98 <.001

Grain weight 58.9 66.4 0.160 51.7 57.5 79.8 66.9 9.32 0.025
Taste 59.1 49.5 0.026 46.0 54.1 58.0 53.7 5.18 0.159
Tortillas 51.5 46.8 0.222 44.1 53.0 63.0 74.1 7.43 0.059
Storage 50.6 62.4 0.030 40.5 72.9 42.8 56.2 18.53 <.001
Fodder 44.7 51.1 0.198 33.2 49.5 47.7 52.5 7.27 0.064
Shelling 36.7 44.9 0.053 33.3 41.3 34.7 45.0 4.70 0.196
Labor requirement 47.3 44.3 0.554 58.2 45.1 35.9 45.2 5.27 0.153
Input requirement 50.1 43.0 0.158 56.6 44.3 50.4 42.9 4.44 0.218
Yield something 44.1 44.9 0.872 60.8 38.4 39.8 45.6 8.36 0.039
Husk cover 31.7 40.8 0.025 35.6 29.5 36.5 41.4 6.49 0.090
  The lower the mean score, the better rated the variety was with respect to each characteristic. The null 
hypothesis of both tests is no difference among groups of varieties or varieties, respectively. One test was 
conducted for each characteristic. 
a/ Hybrids include seeds of the commercial brands Cargill, Cristiani, the so-called H5 and other non-identified varieties 
received as post-Mitch aid. 
b/ OPV is mainly Guayape seed. 
c/ Two-sided p-value of the Mann-Whitney-Wilcoxon two-sample test  
d/ p-value for the Kruskal-Wallis test  
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Table 20b 

Choluteca: Rank mean scores per variety and non-parametric tests results 
 Mann-Whitney-Wilcoxon 

two-sample test 
Kruskal-Wallis test 

 Mean score Test Mean score Test 
   MV TV  

 Modern 
varieties 

a/ 

Tradition
al 

varieties 
b/ 

p-value 
c/

Non-
identified

White 
maicito

Yellow 
maicito 

K-W 
statistic 

p-value 
d/

Yield 52.4 63.8 0.043 52.6 67.7 52.0 10.3 0.008
Early maturity 90.8 52.7 <.001 83.8 58.6 39.7 31.6 <0.001
Drought resistance 78.4 53.3 0.000 63.9 58.1 40.3 10.8 0.045
Insect resistance 63.2 53.5 0.108 64.3 52.5 52.4 3.8 0.152
Lodging resistance 44.0 67.2 0.001 42.5 68.6 62.6 13.5 0.001
Grain weight 48.7 64.8 0.010 50.5 64.7 59.8 4.7 0.097
Taste 81.6 55.9 <.001 78.9 56.5 55.8 18.7 <0.001
Tortillas 74.2 58.4 0.003 72.8 55.6 64.9 10.2 0.006
Storage 74.9 49.5 <.001 75.2 51.5 44.3 18.0 <0.001
Fodder 50.3 51.9 0.779 50.8 51.6 52.2 0.0 0.982
Shelling 86.7 52.9 <.001 86.7 52.8 53.2 48.9 <0.001
Labor requirement 70.1 54.1 0.011 69.8 53.8 56.8 6.0 0.050
Input requirement 50.0 48.3 0.822 66.4 53.6 51.8 4.9 0.873
Yield something 68.2 51.8 0.003 66.1 51.5 43.4 11.2 0.037
Husk cover 62.7 58.5 0.307 64.2 58.6 56.5 2.4 0.304
  The lower the mean score, the better rated the variety was with respect to each characteristic. The null hypothesis of both 
tests is no difference among groups of varieties or varieties, respectively. One test was conducted for each characteristic. 
a/ Modern varieties includes what farmers identified as Planta Baja, HB104, maizon, and materials given as post-Mitch aid.
b/ Traditional varieties include white and yellow maicito. 
c/ Two-sided p-value of the Mann-Whitney-Wilcoxon two-sample test   
d/ p-value for the Kruskal-Wallis test   
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Table 21a 

Olancho: Percentage of rating answers with respect to grouped varieties  
 Hybrids Open pollinated varieties 
 No 
opinion/ all 
the same 

Very 
good 

Regular/ 
average

Bad n No opinion/ 
all the same

Very 
good 

Regular/ 
average 

Bad n

Yield 2.6 81.8 15.6 0.0 77 3.8 71.2 25.0 0.0 52
Early maturity 2.6 61.0 33.8 2.6 77 3.8 50.0 46.2 0.0 52
Drought 
resistance 

13.0 49.4 32.5 5.2 77 11.5 46.2 28.8 13.5 52

Insect resistance 34.2 25.0 36.8 3.9 76 26.9 30.8 34.6 7.7 52
Lodging 
resistance 

2.6 63.2 30.3 3.9 76 1.9 21.2 69.2 7.7 52

Grain weight 5.3 68.4 23.7 2.6 76 1.9 57.7 40.4 0.0 52
Taste 26.3 63.2 9.2 1.3 76 17.3 71.2 11.5 0.0 52
Tortillas 26.3 57.9 15.8 0.0 76 19.2 71.2 9.6 0.0 52
Storage 15.8 51.3 28.9 3.9 76 11.5 34.6 48.1 5.8 52
Fodder 30.3 42.1 27.6 0.0 76 21.2 38.5 36.5 3.8 52
Shelling 43.4 43.4 13.2 0.0 76 27.5 41.2 29.4 2.0 51
Labor 
requirement 

31.6 28.9 30.3 9.2 76 25.0 34.6 34.6 5.8 52

Input 
requirement 

32.5 19.5 36.4 11.7 77 21.2 28.8 46.2 3.8 52

Yield something 36.8 28.9 27.6 6.6 76 23.1 28.8 48.1 0.0 52
Husk cover 4.7 74.4 18.6 2.3 43 12.1 45.5 39.4 3.0 33
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Table 21b 

Choluteca: Percentage of rating answers with respect to grouped varieties 
 Modern varieties Traditional varieties 
 No opinion/ 
all the same 

Very 
good 

Regular/ 
average

Bad n No opinion/ 
all the same

Very 
good 

Regular/ 
average 

Bad n

Yield 9.1 81.8 3.0 6.1 33 1.1 68.5 29.3 1.1 92
Early maturity 3.0 15.2 69.7 12.1 33 0.0 73.9 26.1 0.0 92
Drought 
resistance 

27.3 18.2 36.4 18.2 33 0.0 66.3 25.0 8.7 92

Insect resistance 12.1 21.2 54.5 12.1 33 10.9 32.6 52.2 4.3 92
Lodging 
resistance 

9.1 66.7 21.2 3.0 33 0.0 37.0 48.9 14.1 92

Grain weight 3.0 69.7 27.3 0.0 33 4.3 43.5 51.1 1.1 92
Taste 3.0 45.5 48.5 3.0 33 0.0 88.0 12.0 0.0 92
Tortillas 3.0 57.6 39.4 0.0 33 0.0 84.8 15.2 0.0 92
Storage 21.2 21.2 36.4 21.2 33 8.7 58.7 31.5 1.1 92
Fodder 15.2 51.5 33.3 0.0 33 19.6 46.7 32.6 1.1 92
Shelling 6.1 39.4 39.4 15.2 33 1.1 95.7 3.3 0.0 92
Labor 
requirement 

15.2 21.2 54.5 9.1 33 5.4 44.6 50.0 0.0 92

Input 
requirement 

12.1 21.2 57.6 9.1 33 9.8 40.2 50.0 0.0 92

Yield something 24.2 39.4 33.3 3.0 33 7.6 75.0 17.4 0.0 92
Husk cover 12.1 72.7 15.2 0.0 33 3.3 87.0 9.8 0.0 92
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Table 22 

Choluteca: Mann-Whitney-Wilcoxon two-sample test for traditional 
varieties 

 Mean score Test 
White maicito Yellow maicito p-value a/ 

Yield 49.59 37.50 0.012 
Early maturity 50.72 36.20 0.002 
Drought resistance 51.00 35.70 0.003 
Insect resistance 41.54 41.44 0.991 
Lodging resistance 47.93 43.06 0.386 
Grain weight 45.54 41.88 0.491 
Taste 46.66 46.11 0.879 
Tortillas 44.45 51.43 0.071 
Storage 44.15 38.38 0.241 
Fodder 37.37 37.85 0.463 
Shelling 45.92 46.19 0.900 
Labor requirement 43.25 45.67 0.638 
Input requirement 42.40 41.08 0.797 
Yield something 45.08 38.27 0.088 
Husk cover 45.44 43.92 0.636 
The lower the mean score, the better rated the variety was with respect  to each 
characteristic. The null hypothesis is no difference among varieties.  One test was 
conducted for each characteristic. 
a/ Two-sided p-value of the Mann-Whitney-Wilcoxon two-sample test 
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Table 23 

Commercialization of agricultural products 
 Olancho (%) Choluteca (%) Total (%) 

Sold harvest outside the village in the last two years 
   Yes  7 8.2 11 14.7 18 11.3 
   No 78 91.8 64 85.3 142 88.8 
   Total 85 100.0 75 100.0 160 100.0 
Belongs to organization for marketing purposes 
   Yes 10 11.4 11 14.3 21 12.7 
   No 78 88.6 66 85.7 144 87.3 
   Total 88 100.0 77 100.0 165 100.0 
Traders come to village to buy maize 

   Yes  87 97.8 36 47.4 123 74.5 
   No 2 2.2 40 52.6 42 25.5 
   Total 89 100.0 76 100.0 165 100.0 
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Table 24 

Vehicle availability 
 Olancho Choluteca 

n (%) n (%) 
It is easy to rent/vehicle owner 57 66.3 70 93.3 
It is difficult to rent 23 26.7 5 6.7 
It is not possible to rent 6 7.0 0 0.0 
Total 86 100.0 75 100.0 

 
 
 

Table 25 
Distance to markets and transportation costs 

 Olancho   Choluteca   
 Average  s.e. n Average s.e. n

Time to market (hours) 1.4 1.3 66 1.4 1.2 58
Transportation costs (US$/t) 11.0 5.9 66 9.1 4.6 70
Distance to seed market (km) 36.1 30.4 50 9.9 12.1 10
Distance to fertilizer market (km) 35.0 35.3 86 20.9 14.5 60
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Table 26 
Distances from each village to markets and road quality* 

Sample 
size 

Distance to 
Municipalit
y (km) 

Distance to 
Department 
capital (km) 

Weighted 
road quality 

(to 
Department 

capital) 

Distance 
to closest 

market 
(km) 

Weighted 
road quality 

(to closest 
market)

Olancho 
El Naranjal (San Francisco de la Paz) 2 8 43 1.8 8 2.4
El Quiscamote (San Francisco de la P.) 4 4 39 1.8 4 2.8
El Pedregal (San Francisco de la Paz) 8 4 39 1.8 4 2.8
Horcones/Las Tunas (Guarizama) 7 15 50 1.9 15 2.3
El Tizate (Guarizama) 7 17 56 2.0 20 2.5
El Jute (Manto) 4 30 71 2.3 33 2.9
San Antonio (Manto) 9 22 61 2.1 25 2.6
El Marañón (Guarizama) 4 13 55 2.0 15 2.3
Tierra Chela (Guarizama) 3 2 48 1.9 24 1.7
El Jute (Guarizama) 4 36 71 2.7 53 3.3
La Medina (Yocón) 5 3 94 2.1 3 3.0
Las Lajas (El Rosario) 4 1 86 2.1 13 3.1
Cofradía (Salamá) 7 1 65 1.9 11 3.0
Pozo Zarco (Salamá) 1 2 71 1.9 12 3.0
Panuaya-Parumbre (Silca) 5 6 76 2.0 6 4.0
Silca (Silca) 1 0 70 1.8 0 
La Pusunca (Juticalpa) 3 17 17 1.1 17 1.1
Jutiquile (Juticalpa) 3 15 15 1.0 15 1.0
La Empalizada (Juticalpa) 3 6 6 2.0 6 2.0
San Marcos de Jutiquile (Juticalpa) 3 19 19 1.2 19 1.2
Guacoca (San Francisco de la Paz) 3 21 21 1.5 21 1.5
Total Olancho 90   
Weighted average 12.18 53.33 1.91 15.86 2.52
Choluteca 
San Ramón Centro (Choluteca) 4 28 28 5.0 28 5.0
Santa Teresa (El Triunfo) 4 8 53 1.4 8 4.0
Santa María (El Triunfo) 5 18 41 1.3 18 3.1
Condega (Pespire) 5 8 68 3.5 8 3.5
El Chaparral-Marilica (Pespire) 5 4 64 3.0 4 3.0
San Rafael (Namasigüe) 5 10 23 1.3 26 1.5
Siete de Mayo (Namasigüe) 5 10 20 1.5 20 1.5
San Benito Viejo (Concepción de María) 9 8 58 1.4 15 2.0
San Benito Nuevo (Concepción de M.) 7 9 59 1.4 16 2.0
San Juan Arriba (Corpus) 12 5 24 3.3 24 3.3
Tapatoca (Choluteca) 9 34 34 2.0 34 1.9
Santa Cruz de Yarile (Choluteca) 6 27 27 1.5 27 1.5
Copal Abajo (Choluteca) 1 12 12 2.0 12 2.0
Total Choluteca 77   
Weighted average 13.84 40.21 2.20 19.99 2.58
* The name of the municipality is in parenthesis. 
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Table 27 
Criteria used to rate roads (road quality index: 1-5)  

1 Best. A paved road in good state of maintenance that allow for fluid traffic up to the 
speed limit (usually 62 miles per hour). These are the only roads that usually have 
road signs. Traffic and public transportation is frequent. 

2 Dirt roads with leveled surface. In most parts allow for fluid traffic at speeds of up 
to 40 miles per hour. Usually well served by public transportation. 

3 Dirt roads in poor state of maintenance. May have segments similar to "2" but also 
segments that allow for speeds up to only 20 miles per hour. Frequent potholes 
require careful driving. Also served by public transportation. 

4 Not well leveled roads in poor state of maintenance. Most segments allow for speeds 
up to 15 miles per hour. Unfrequent traffic and almost no public transportation. 

5 Worst. Not leveled roads that required four wheel drive vehicles even during the dry 
season and in which speed usually could not exceed 5-10 miles per hour. May 
require to cross small rivers. Usually connect small towns in geographically difficult 
areas and have no regular public transportation services. Rarely used by motor 
vehicles. 

 
 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Distances from villages to Department capital
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Figure 1. Precipitation in Olancho and Choluteca
(average of 5 and 13 years, respectively)
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Figure 3. Distances from villages to closest input market
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Market 
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Roads traveled: 
Market – point B: distance=10 km, RQI=1 
Point B – point C: distance=15 km, RQI=2 
Point C – point D:  distance=10 km, RQI=4 
Point D – Village: distance=5 km, RQI=5 
The RQI for farmers living in the village was calculated using: 
RQI= [(10x1) + (15x2) + (10x4) + (5x5)]/(10+15+10+5) 

 
Figure 4. Computation of RQI index 



CHAPTER 4 

EMPIRICAL STRATEGY AND RESULTS 

 

This chapter presents a discussion of the relevant empirical methods that can be used to 

analyze variety choice using the household data collected in Honduras. Next, the empirical 

specifications and results are presented and discussed.  

 

4.1. Empirical Issues and Strategy 

The model informs about the nature of production decision among maize farmers. That 

information is used for the formulation of the empirical specification of variety choice. The model 

developed in Chapter II also gives the theoretical basis for:  

(i) Including demand side variables (i.e. household characteristics affecting 

demand) in supply side equations;  

(ii) Using production and consumption variety characteristics in the estimation of 

supply side equations; and  

(iii) Including transaction cost variables. 

In the theoretical model, production decisions are expressed in quantities produced of each 

variety. As the big majority of farmers in the areas of study use only one maize variety during a 

given cropping year, the most appropriate way of approaching the problem is by using qualitative 

choice models, in which the dependent variable is a qualitative outcome (e.g. if the farmer used 

improved maize varieties or not). According to Train (1986), qualitative choice situations are those 

in which the decision-maker (in our case, a maize farmer) has to choose among a set of alternatives 

having the following characteristics: 

(1) The set of alternatives is finite, meaning in our case that the number of relevant 

varieties available to farmers is finite for the period of time under analysis and 

within each of the study areas.  

(2) The alternatives are mutually exclusive. In this study, that can be interpreted as 

farmers differentiating among varieties. The non-parametric tests presented in 

Chapter 3 confirmed this assumption for the study areas.  

(3) The set of alternatives is exhaustive. This means that all relevant alternatives are 

included in the choice set. This would be problematic if the number of 

alternatives in the choice set were high because the large number of parameters 

estimates will make it difficult to interpret the results. However, in each of the 

study areas, the choice set can be reduced to only three varieties. 
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As will be discussed later, the set of alternatives for the empirical estimation reflects closely 

the structure of the choice faced by farmers. Moreover, this not only reduces the set of alternatives 

to three varieties, but it also satisfies the three conditions mentioned above. 

Because the focus of this study is on variety choice and because of the magnitude of the 

task of estimating a whole household model, only the supply side of the model will be estimated. 

Instead of estimating conventional supply functions, we use the information from the supply side of 

the model to gather information about the factors influencing variety choice. 

Qualitative choice models calculate the probability that a decision-maker, in our case a 

farmer, will choose a particular alternative (maize variety) from the choice set (the different 

varieties available to farmers in each of the two study areas). If the alternatives in the choice set are 

modeled without any order or ranking among them, the dependent variable is called nominal.83 

When the choice set consists of only two options, binary logit or probit models are the most 

frequently used empirical formulations. In the case in which more than two maize varieties are 

available, the multinomial logit or discrete choice models can be used. 

 

4.1.1. Qualitative choice models for binary choice 

Binary dependent variables usually describe if an event has occurred or not. In the context 

of adoption studies, the problem can be modeled as one in which the farmer has two alternatives, to 

adopt a variety or not. In a case like that, the dependent variable will take the value of 1 if the 

farmer adopts and 0 if he or she does not adopt. 

The dichotomous decision of adoption versus non-adoption will not be the best choice in 

cases in which farmers adopt the modern varieties in part of their farmland. A situation in which 

partial adoption is predominant is best approached with a Tobit model. The relevant issue in partial 

adoption studies is the extent to which farmers use modern varieties. A Tobit model in which the 

dependent variable takes values between 0 and 1 (representing area shares) will be more adequate. 

In cases in which many varieties are available to farmers, a dichotomous model will be 

appropriate if the set of choices could be reduced to or grouped into two options. If the two groups 

of varieties are homogeneous that will not present a problem. However, if two varieties belonging to 

the same group (e.g. two modern varieties) are considered to be markedly different, then a binary 

analysis will not be enough to explain farmers’ decisions. If the research objective is to obtain more 

                                                      
83 As apposed to ordinal variables, in the cases in which the alternatives can be ordered, for example 
education attained: no education, elementary education, high school, college, etc. 
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detail about the choice of specific varieties, information will be lost when, instead of the decision to 

be modeled as a multiple choice problem, it is modeled as a dichotomous choice problem. 

Qualitative choice models can be approached by the formulation and estimation of 

probabilities. The random utility model is a qualitative choice model that is consistent with 

economic theory. The probability and the RUM approaches are briefly discussed. 

 

4.1.2. Probabilities approach 

The general form of a probability model, in which the dependent variable takes the value  i 

= 0, 1, 2,…, n is: 

Prob (alternative i is chosen) =  F(B, X)  

where F indicates the functional form used for the model, X is a set of variables that are believed to 

influence the decision and B is a set of parameters to be estimated. 

For a binary or dichotomous dependent variable, a probability models will take the 

following form: 

Prob (Y=1) = F (B´X) (1) 

Prob (Y=0) = 1 – F (B´X) 

For a model like (1) to be estimated, a specific form for the function F should be used. The 

problem is that B´X can take any real number value but, in the case of a binary decision, the 

dependent variable can only take the values 0 and 1. Moreover, we are interested in estimating 

probabilities, that are in the [0,1] range. A link function that can take any real number value (from 

the B´X) and map them into [0,1] is needed. The linear function is discarded because it takes values 

outside the unit interval. The functions most commonly used are the logistic cumulative density 

function (cdf) and the normal cdf, which are used by the logit and probit models, respectively. 

 

4.1.3. Random utility approach 

When qualitative choice models are used to analyze economic problems, consistency with 

economic theory is desirable. The random utility model (RUM) achieves that consistency. The 

RUM formulation assumes that different levels of utility are obtained by choosing different 

alternatives from the choice set: 

Uil=Vil+eil (2) 

The utility level obtained from alternative i by individual l (Uil) has some components that 

are observed by the researcher and other that are not. Vil, usually referred to as the representative 

utility (Train, 1986), or average utility (Long, 1997) includes the factors that are observed. The 
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element eil, on the other hand, is the random error associated with the choices and captures the 

unobserved factors that influence the utility level of alternative i. 

In the case in which only two options are available, the probability of choosing alternative 

one over alternative two can be expressed as: 

Prob(y=1)= Pr(U1>U2) 

 = Pr(V1+e1>V2+e2) 

 = Pr(e2-e1<V1-V2) (3) 

By making assumptions about the distribution of the random errors (the e’s), the probability 

that some individual will choose alternative 1 can be obtained as a function of (V1-V2). If e1 and e2 

are drawn independently from a Weibull  (extreme value) distribution, then e2-e1 has a cumulative 

density given by the logistic function. This means that the probability has the same formula as in the 

case of the logit model and that the probabilities of choosing the alternatives can be estimated 

empirically. 
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The generalization to more than two choices is straightforward, and results in the 

multinomial logit model: 

Prob(y=i)= Pr(Ui>Uj) for all i different from j. (5) 
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To be identified, a model in which Vi= Bi´X  requires some normalization. Usually, one of 

the B’s is arbitrarily constrained to equal 0. If B1= 0 (i.e. the set of parameters for alternative 1 are 

all equal to zero), then exp(B1´X)= exp(0)= 1. 
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4.1.4. The Multinomial Logit (MNL) model  

The MNL model is the most frequently used model to explain decisions when the individual 

has to choose from unordered multiple responses (also called nominal outcomes). It is an extension 

of the binary logit model. The MNL model can be thought as the simultaneous estimation of binary 

logits for all possible comparisons among all the alternatives in the choice set (Long, 1997, p. 149). 

A classical example of this model is the study by Schmidt and Strauss (1975) of occupational choice 

in which race, sex, educational attainment, and labor market experience are used as explanatory 

variables. 

Because of the normalization imposed in the MNL, parameter estimates can be interpreted 

as indicators of the magnitude of the impact of those variables in the ratios of probabilities among 

alternatives. 

In the MNL model the effects of the independent variables are allowed to differ for each 

outcome. There is a set of parameter estimates Bj for n-1 of the alternatives from the choice set.84 

Because of this, the MNL proliferates in parameters and the number of explanatory variables that 

can be included in the model is especially limited in small-sample cases. Interpreting the MNL 

model estimates becomes difficult as the number of alternatives in the choice set increases. That is 

why most applications of this model are in cases when a relatively small number of choices are 

present. 

To the extent of our knowledge, the only application of the MNL model found in the 

literature that deals with issues related to variety adoption or variety choice is by Sain, Herrera and 

Martinez (1996) for the case of maize in Guatemala. Because partial adoption was present in a 

significant extent in their study area, they classified farmers in adopters, partial adopters and 

adopters. No study has so far classified farmers according to the specific variety they use when the 

choice set has more than two alternatives. 

The MNL model has a characteristic called independence of irrelevant alternatives (IIA), 

which may be restrictive in some cases. IIA refers to the fact that the odds of choosing one 

alternative over another alternative are independent of the presence or absence of additional 

alternatives in the choice set. In other words, the ratio of probabilities is the same no matter what 

other alternatives are in the choice set. The classical red/blue bus example illustrates the problems 

IIA can generate. Suppose that a person has two choices for transportation: car and a red bus, with 

probabilities ½ of using each of them. Thus, the odds of taking the car versus the red bus are equal 

                                                      
84 Recall that for identification purposes the vector of parameters corresponding to one of the 
alternatives is set equal to zero. 
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to 1. If a new bus service, identical to the red bus, is started, with the only difference being the color 

of the bus, IIA requires to maintain the same ratio for Pr (probability of using the red bus) and Pc 

(probability of driving a car). As the two buses are identical, the ratio of probabilities of using the 

red bus over the blue bus must also be one (Pr/Pb = 1). The only  probabilities for which Pr/Pb =1 and 

Pr/Pc = 1 are 1/3 for each of the three options (the probabilities should adjust in order for the original 

ratio of probabilities to stay the same). However, in real life we expect that the probabilities of 

driving a car will not change and those who initially use to take the red bus will now split between 

the red and blue bus lines. 

As a consequence, MNL model (and other models that have the IIA characteristic) should 

only be used in cases where the alternatives are considered different by decision makers (Long, 

1997, p. 183). The non-parametric results discussed in Chapter 3 provide evidence that farmers 

perceive that the maize varieties available to them (the alternatives in the choice set) are different 

from each other.  

 

4.1.5. The discrete choice model (conditional logit) 

A limitation of the MNL model for the analysis proposed here is that it only allows for the 

use of characteristics of the decision-maker, and not for the use of characteristics of the choices. A 

model that allows for including choice-specific characteristics is the discrete choice model. The 

discrete choice model has been used to study transportation decisions (e.g. Domencich and 

McFadden, 1975). The general form of the discrete choice model is: 
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where Pij is the probability that individual i makes choice j, and xij is a set of variables informing 

about the characteristics of the choices. In this model, only one set of parameters is estimated (note 

that the B’s have no subscript). 

The MNL model and the discrete choice model can be combined to allow for choice-

specific as well as household specific variables (Boskin, 1974): 

 

∑ =
+

+
= n

k ikik

ijij
ij

yaxB

yaxB
P

1
'

'

)'exp(

)'exp(
 (9) 

 



 94

where yi is a set of characteristics for individual i and the a’s are the associated parameters. For 

estimation purposes the household or decision-maker characteristics variables (yi) need to be 

interacted with choice-specific dummies in order to enter the model.85 Because our theoretical 

model indicates that variety choice will depend on both, household-specific characteristics and 

choice-specific characteristics, this “combined” model would be particularly useful for a study like 

ours. Unfortunately,  because of the patterns of maize variety use among farmers in the study area, 

the data collected during the fieldwork was insufficient for estimating the discrete choice model. 

The data on xij, the variables informing about the characteristics of the choices, is available 

from the survey questions in which farmers gave their opinions about the maize varieties. Farmers 

were asked to give their opinions about varieties they have used at least once, varieties they have 

received some first-hand information about from farmers or extension agents, or varieties they have 

been able to evaluate by observing them in the field. One problem with the feasibility of estimating 

a conditional logit model with our data set originates in the large number of farmers who only gave 

their opinion about one of the maize varieties in the choice set.86 The conditional logit model 

assumes that for these farmers, the choice is comprised by only one variety; hence, the probability 

of adopting the variety chosen is one, because no other alternative is assumed to exist. The 

parameters estimates and the variance-covariance matrix of the parameters are exactly the same if 

the observations with only one choice are dropped from the estimation. All the information from 

those observations is lost for estimation purposes, and the observations that have only 

characteristics for one choice are dropped out of the estimation.  

This problem is insurmountable for two reasons. First, the number of observations with 

which we are left is too small for using maximum likelihood methods. Second (and more 

importantly), the structure of the sample will change if those observations are left out of the 

empirical analysis (i.e. the proportion of farmers choosing each of the options in the choice set will 

change significantly).  

Because the information requirements of the model makes it impossible to estimate with the 

data collected, an alternative empirical strategy is followed. First, a multinomial logit model that 

                                                      
85 For example, if income is included in the model, it will produce estimates to n-1 parameters for 
income: income_choice1, income_choice2, …, income_choicen-1, where n is the total number of 
alternatives.  
86 There are different reasons that may explain why farmers gave opinion about only one variety: 
lack of knowledge about the existence of other varieties, lack of experience planting other varieties, 
lack of enough information about other varieties’ characteristics. This research did not inquired 
further into the process by which farmers, voluntarily or not, gain access to information about 
different varieties and this can be an issue for further  study. 
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includes household characteristics and transaction costs will be presented. This model, however, 

will not make use of the information on variety characteristics. As mentioned before, the use of 

MNL models in the context of adoption studies has been limited and, to our knowledge, it has not 

been used before to explain the choice of crop varieties. Second, a binary logit in the tradition of the 

adoption studies will be presented. The binary logit will group farmers in two categories (adopters 

and non-adopters) and will use the information on variety characteristics collected from all farmers. 

 
4.1.6. Implementation 

Using the model from Chapter 2 as a base for a variety choice probability model, the 

variables to be included in estimating an empirical model like equation (1) are those that influence 

variety choice decision, and X = (τi, zc, zq
i, hc, hq, P, Px, Pc, I). The probability of choosing a 

particular variety will depend on household-specific transaction costs (τi) and maize characteristics 

(zc, zq
i), as well as household characteristics, prices, and income. The inclusion of the vector of 

maize consumption characteristics (zc) and household characteristics associated with demand (hc) 

allows for testing of separability in the model. As explained earlier, the theoretical model predicts 

that zc and hc will influence adoption of a variety only if the household does not engage in market 

transactions for that variety. In other words, the model predicts that the zc, the consumption 

characteristics (as well as household characteristics influencing consumption, hc), will not matter for 

fully commercialized producers.87 Production characteristics (zi
q), on the other hand, are expected to 

matter for all farmers. For example, all farmers, despite their relation to the market, are expected to 

care about how adequate is the variety’s growing cycle length to their farming conditions. 

The data sets include both households that trade maize, as well as subsistence or autarkic 

farmers. The test that zc is significant for autarkic but not for commercialized households will not be 

directly conducted here. We know, however, that there are significant differences between the two 

areas studied here: in Olancho commercialized farmers are the vast majority, while Choluteca is 

predominantly characterized by subsistence farming. It is thus expected that in the more 

commercialized area the estimates of the zc and hc variable will not be significant, while in the 

subsistence oriented area zc and hc will turn out to be significant. Household (socioeconomic) 

characteristics affecting production (hq), and other factors conditioning production will also be 

included. Off-farm income (I) affects adoption through its effect on the budget constraint. Farmers 

                                                      
87 We are still left in the situation of not having explicitly modeled when and how households “cross 
over” from being market participants to being autarkic. Rather, we are simply assuming that the 
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that have cash available independently of farm activities may use the money to buy improved seed 

in the market.  
Because of their role in the theoretical model, output and input prices should also be 

included. However, because the study uses cross-section household data collected over a short 

period of time, and little price variation was observed within the study areas, prices are not included 

in the empirical section. Transaction costs (specifically transportation costs) are included in the 

empirical model to test the extent to which differences in effective prices in the different villages 

affect varietal decisions. It is assumed that most of the differences in prices received by farmers in 

different villages will be related to transaction costs that are captured by the variables included in 

the model. 

Two sets of estimations were conducted, one for each region that was surveyed. The main 

reason that the data for the two areas was not pooled had to do with differences in the choice sets in 

both areas: maize varieties available to farmers in each region were not the same, and in general, 

none of the varieties in one region was available in the other. In addition, it is also worth noting that 

(as discussed in Chapter 3) there are important differences in environmental conditions and farming 

practices across both areas that would be difficult to control for. 

 

4.2. Variables used in the empirical work88 

The more obvious transaction costs usually associated with participating in the market are 

those of moving the goods to or from the marketplace (transportation costs), high search costs due 

to imperfect information, and waiting costs. Transportation related costs are primarily determined 

by distance to the market, and the quality of the infrastructure.  

Variables that have been used in other studies as indicators of transaction costs are distance 

to marketplace, unit transportation cost, presence of paved roads, truck ownership, availability of 

marketing organizations, local buyers, or existence of forward contracts (Omamo, 1998; Meng, 

1999; De Janvry et al., 1995). As indicated in Chapter 3, the survey gathered information about 

distance from households to the closest markets (DISTCLOS, expressed in kilometers), vehicle 

ownership (VEHICLE, a dummy variable that takes the value of 1 if the household has a motor 

vehicle and 0 otherwise), and participation in farmers organizations (ORGANIZ, a dummy that 

                                                                                                                                                                  

width and location of the price bands - which determine whether or not households trade - are 
exogenously determined. 
88 A list of all the variables used in the empirical work is presented in Table 1. 
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takes the value of 1 if the farmer participates in an organization of commercial purposes).89 The 

quality of the roads linking the villages to the closest market was assessed by the road quality index 

(RQICLOS) discussed in Chapter 3. Distances to markets will not suffice as an indicator of access 

to markets and transportation costs if the quality of the roads differs markedly within a region, as is 

the case with the areas of study. Vehicle ownership is expected to reduce waiting and transportation 

costs of participating in the market, particularly in areas where public transportation is scarce or less 

reliable.90 

The main variable used as a proxy for household characteristics affecting production (vector 

hq in theoretical model) is total crop area (AREA, measured in hectares of land under cultivation). It 

is usually assumed that larger farms are more likely to adopt91; however, this variable may be 

related to other factors that have been hypothesized to affect adoption. It might be related with 

wealth, economies of scale, education, labor requirements, scale effect in access to information and 

credit, and ability to stand risk. The estimations can control for some of these possible interactions.  

Farm size may be expected to be more important for technologies that entail large fixed 

costs of implementation. Improved varieties are usually seen as a scale neutral technology (Lipton 

and Longhurst, 1989). Arguments that explain why intensity of adoption may be higher in small 

farms are related to intensive farming practices needed to meet subsistence needs, more efficient use 

of resources (e.g. irrigation, low-cost family labor), and lower supervision costs. Nkonya et al. 

(1997) found that farm size is significant when total maize area is used as an indicator, but not when 

area share is used. 

Familiy size was measured as the total number of family members living in the household 

(MEMB). This is assumed to be one of the household characteristics variables affecting the demand 

side of the model (hc). Sain et al. (1996) mentioned two arguments why larger families have less 

probability of adopting modern seed. First, larger families demand higher quantities of maize for 

self-consumption, which are assumed to be preferably fulfilled with traditional varieties. Second, 

                                                      
89 The survey also collected information on whether or not marketers come to the village, 
transportation costs, if farmers have ever had problems finding some specific seed (or other inputs), 
how many times have the farmer sold maize in the market town, among other indicators that will 
give information about searching time and effort involved in participating in the market. The reason 
for not including the transportation costs reported by farmers as a variable in the empirical model is 
that  a large number of missing observations were reported. 
90 The transaction costs variables included in the model: road quality, distance and vehicle 
ownership are also correlated with travel time. 
91 “...the majority of evidence indicates that the incidence (as opposed to intensity) of adoption of HYV is 
positively related to farm size” (Feder et al., 1985). The cases in which the opposite relation has been found 
can be caused by increasing absolute risk aversion (Feder, 1980). 
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they devote a larger share of their income to satisfying basic needs and thus have fewer resources 

available for acquiring improved seed. Because we are controlling for farm area and other variables 

that explain income, the first argument is probably more relevant than the second. 

 

4.3. The multinomial logit (MNL) model of variety choice 

The following section presents separate MNL model estimation results for Olancho and 

Choluteca. These results include the parameter estimates for each of the comparisons among 

individual varieties (three in each study area) as well as the predicted probabilities (at different 

levels of some independent variables) for using each variety.  

Goodness of fit is measured by the likelihood ratio index (LRI), also called pseudo-R2 

(Long, p.104): 

LRI = 1 – (lnL/lnLo) 

 

where lnL is the maximized value of the log-likelihood function and lnLo is the log likelihood 

computed with only the constant term. Additionally, the percentage of observations correctly 

predicted by the estimated model is also presented as an indicator of goodness of fit. Prediction, in 

the context of qualitative choice models, means that the option actually chosen by the farmer 

(information that we have from the survey) is the one that has been given the highest predicted 

probability by the model among the alternatives in the choice set. 

 

4.3.1. Olancho 

The three varieties in the Olancho choice set were: Cargill hybrid seed (0), Cristiani hybrid 

seed (1), Guayape improved OPV seed (2). As discussed in Chapter 3, it is likely that the other 

variety registered in the survey, called H5 by farmers, is one of Cristiani’s seeds; consequently, 

answers for H5 were registered as being of Cristiani seed. 92 As was also mentioned in Chapter 3, 

Cargill seed is the latest seed released in the market and it is usually perceived by farmers as having 

the highest yields. Because no other variety was mentioned by more than one farmer, this is a good 

approximation to the complete set of options available to farmers in this area.  

The multinomial logit model for Olancho gives good results in the sense that the model 

predicts correctly 64% of the observations in the sample. Table 2 gives the parameter estimates and 

                                                      
92 In Olancho, I experimented with an alternative MNL model with a four-variety choice set (to 
include the variety registered as H5, see Chapter 3), but none of the specifications attempted 
predicted any observation as choosing that variety. 
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p-values of the MNL model. These parameters are then used to estimate a set of predicted 

probabilities for each observation.  

The parameter estimates in Table 2 can be better understood if we consider, for example, 

that the equation for Cristiani versus Cargill -indicated by 1|0, can also be interpreted as 

corresponding to the following equation: 

 

lnΘ1|0(x)= bo+ b1AREA+ b2RQICLOS+ b3DISTCLOS+ b4MEMBER+ b5VEHICLE+ 

 b6OFF-FARM +b7ORGANIZ 

 

where Θ1|0 (x)=
)0Pr(
)1Pr(

=
=

i

i

y
y

 

 

In other words, these are the estimates of the probability of adopting variety 1 (the hybrid 

seed of the Cristiani brand), with the normalization being that the vector of parameters of the 

alternative 0 (the hybrid of Cargill brand) was set equal to 0. As a consequence, the parameters 

estimated express the effects of independent variables on the odds of choosing alternative 1 versus 

alternative 0.93 The effects of most independent variables in the probabilities follow the expected 

patterns and all the variables included (with the exception of distance to markets) were significant 

for at least one of the three equations estimated. 

It is worth noting that the road quality index (on of the variables used as an indicator of 

transaction costs) was found to be significant at 1% level in the two equations that compare a hybrid 

with the OPV. This implies that better quality roads significantly increase the probability of using 

hybrids with respect to the probability of using OPV.94 The effect of the road quality in the 

probability of using the Cargill with respect to the probability of using the other hybrid (Cristiani 

seed) has the expected sign, however it was not statistically significant. Hence, road quality does not 

appear to explain why some farmers plant one hybrid instead of the other, but it does when 

comparing any of the hybrids with the improved OPV. Distance to the closest market, a variable 

that is more often used in empirical studies, is not significant for any of the varieties in the model. 

                                                      
93 An analogous interpretation applies to the other two alternative comparisons: Cristiani versus 
OPV and Cargill versus Guayape. 
94 Note that the road quality index is coded so that a value of 1 indicates the best quality roads and a 
value of 5 indicates the poorest. 
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Figures 1 and 2 show the predicted probabilities of using the three varieties in Olancho at 

different levels of quality road for farms with 5.3 ha and 1.4 ha, respectively95 (and taking the rest of 

the variables at the sample mean). As discussed before, the road quality index takes the value of 1 

for the best roads and 5 for the worst roads. Hybrid seed is more likely to be used by farmers living 

in areas that have better roads connecting them with markets for inputs and output. In areas with the 

worst quality road, the probability of using hybrids is almost nil, no matter the size of the farm. The 

probability of using OPV maize seed, on the other hand, increases in areas where road quality is 

worse-off. The main difference between the two figures is that, for smaller farmers, the probability 

of using the OPV is higher for every quality road level and that the use of the Cristiani hybrid falls 

steeply with the worsening condition of the roads, as the probability of using the OPV is about one 

for the case when the road quality index is five.  

Belonging to an organization was found to be significant in explaining the probability of 

using the Cargill hybrid seed with respect to using the Cristiani hybrid seed, but not significant for 

the other two comparisons (i.e. the probability of choosing either of the hybrids versus the 

probability of using the Guayape OPV seed). As mentioned in Chapter 3, the number of farmers 

belonging to an organization is small (10 out of the 90 farmers) and only one of them uses the OPV 

seed. The model predicts (See Table 3) that belonging to an organization increases the probability of 

using the hybrid Cargill (from 10% to 27%) and decreases the probability of using the hybrid 

Cristiani (from 68% to 36%).96 

Vehicle ownership significantly increases the likelihood of using the Cargill hybrid with 

respect to either the Cristiani or Guayape varieties. Table 3 shows the predicted probabilities when 

farmers own a vehicle and they belong to an organization, leaving all other variables at their mean 

value. For a farmer who owns a vehicle, the probability of using the Cargill hybrid is 28% while for 

a farmer who does not have a vehicle the probability is only 8%. Having a vehicle also decreases the 

probability of using Cristiani and Guayape seed. 

The parameters for the crop area variable (AREA) are statistically significant for the 

equations that compare the probabilities of using either of the two hybrids versus the probability of 

using the OPV. This can be clearly seen in Figure 3, where the probability of using the OPV seed 

                                                      
95 These farm sizes were selected because they represent the 75% and 25% quantiles, respectively, 
of the distribution of farms by total crop area.  
96 Other variables that are expected to affect the transaction costs incurred by farmers that were 
discarded for not contributing to the model were sales experience outside the village and presence of 
marketing agents in the village at harvest time. Both variables are related and they showed little 
variation among farmers in Olancho: most did not have experience selling outside the village and 
most said that marketing agents visit their villages. 
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drops from 55% when crop area is 0.7 ha to only 5% when crop area is 8.2 ha (the 90% quantile). 

Hence, there is strong evidence linking hybrid use to larger farms. However, some differences can 

be observed once the same set of probabilities is graphed considering two scenarios, a farm located 

at 5 km to the nearest market and with good roads (road quality index = 1) connecting it to the 

market and a farm located farther from the market (20 km) and with bad roads (road quality index 

=5). Figure 4 shows that the predicted probabilities of variety choice do not change markedly with 

the size of the farm in cases when the farms are near the market and connected to it with good roads. 

On the other hand, for farms that are farther from the city and having the worst (Figure 5) quality 

roads, the probabilities of using the hybrid Cristiani and the OPV increase and decrease, 

respectively, with the size of the farm. This seems to indicate that the easier access to information 

and markets that characterize areas nearby the market cities make adoption possible even for 

smaller farmers. In distant places, however, the costs of acquiring information and inputs for smaller 

farmers may be relatively high compared with larger farms and may also discourage adoption. 

The family size variable (MEMB) is significant for estimations comparing the probability 

of using the OPV with respect to any of the hybrids, but it does not seem to play a significant role in 

determining which of the hybrids is going to be used. For larger families the probability of using the 

OPV increases from 9% for a family with two members to 45% for a family of 10. On the other 

hand, predicted probabilities indicate that larger families will decrease their probability of using 

Cargill seed. Figures 6 and 7 show that no clear pattern was observed for Cristiani seed, particularly 

if evaluated under different assumptions: for a small farm (1.4 ha of cropland), the probability of 

using Cristiani will decrease when the number of family members is larger; for a big farm (5.3 ha) 

owning a car, however, the probability of using the Cristiani increases as family size gets bigger. 

It is difficult to explain these results. The argument that larger households devote a higher 

part of their production to self-consumption, and thus prefer Guayape to the higher yielding hybrids 

is not confirmed by the ratings analysis shown in Chapter 3 (because Cargill seems to be considered 

a variety with good consumption quality). On the other hand, by including the crop area variable we 

are indirectly controlling for total maize available. The argument that larger families have a tighter 

budget constraint for acquiring seed does not seem to be adequate when other sources of income (as 

off-farm employment) and larger assets (crop land) are controlled for.97  

A group of other variables suggested by the theoretical model were included in many 

alternative specifications of the MNL model. Among the variables related to household production 

                                                      
97 It should be noted that decisions of how much time household members work off-farm are not 
exogenous. The results of the off-farm variable should be taken with caution. 
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characteristics (hq), years of education attained by the household head was one of the variables tried. 

When the success of extension activities to farmers is a concern, a higher level of education might 

imply easier communication between extensionists and farmers or a better ability by farmers to 

follow the recommendations. From that perspective, Lele and Makki (1997) consider education to 

be the most important factor contributing to adoption. Feder et al. (1985) conclude after reviewing 

the literature that farmers with better education are earlier adopters of modern technologies and 

apply inputs more efficiently.98 Moreover, some of the empirical evidence finds significant relations 

between education variables and adoption of MVs (Nkonya et al., 1997, in Tanzania), while others 

do not (Sain and Martinez, 1997, in Guatemala).  

The education variable was not included in the final version of the model because data was 

only available for 65 out of the 90 farms surveyed.99 However, when the variable education was 

included in the MNL model using the subsample of observations that have education data, it was 

significant in the comparison of the probabilities of using Cargill with respect to the other two 

varieties.100 This may be interpreted as indicating that farmers with higher levels of education will 

tend to use the seed from the latest generation (Cargill), but that education levels do not make a 

significant difference in explaining the decision between the varieties that have been in the market 

for a longer period of time. Regarding the variables related to extension services received by 

farmers (number of times an extension agent discussed maize farming production with the farmer), 

these were never significant. This is perhaps explained by the fact that most farmers do not obtain 

information about maize varieties and seed from extension professionals but from neighbors and 

relatives.  

                                                      
98 The answer to what levels of education are needed for improving the likelihood of adoption is not 
clear, however. For example, Feder et al. (1985) cites Jamison and Lau (1982) who found that, for 
chemical inputs, only education above four years affected adoption. Adequate use of chemical 
inputs is thought to require more skills compared with adoption of MVs, that are not considered to 
be, comparatively, a complicated technology to implement. Following this argument, after a 
“threshold” education level, the effects of additional years of education may become irrelevant for 
adoption purposes. On the other hand, if technologies are adopted in packages in which some 
“complicated” technologies are included, adoption of MVs may be constrained by the farmers’ 
education level. 
99 Educational attainment was not included in the initial version of the survey because extension 
professional in the area suggested that it could be a sensitive topic to inquire about. The argument 
was that farmers with low levels of school attainment would feel ashamed or offended by the 
question and either lose interest in the survey or give false information. The question about 
education was included once the survey was already in progress and hence the first questionnaires 
filled do not have that information. 
100 However, including the education variable in the final model meant losing over one quarter of 
the total observations,  thus greatly reducing the model’s explanatory  power. 
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Other variables related to household production characteristics (hq) that were evaluated 

were indicators of household labor supply. Three alternatives proxy variables of labor supply were 

tried, the first one was the number of members of the family between the ages of 15 and 65; second, 

the number of male family members between the ages of 15 and 65 and third the number of family 

members that the family head reported as working in the farm. Only the third alternative showed to 

be statistically significant for determining variety choice as shown in Appendix  III. The results 

indicated that as the number of people working in the farm (variable MENWORK in Appendix III) 

increased the likelihood to use the Cargill seed with respect to either of the other two alternatives is 

higher. 

Another variable, age of the family head, that is usually included in adoption equations to 

test the hypothesis that younger farmers are more receptive to innovations, was also found to be 

significant in some of the formulations attempted. In the model presented in Appendix III, it can be 

observed that it is significant for explaining the probability of adopting the Cargill seed with respect 

of the probabilities of adopting either of the other varieties: the older the household head, the less 

likely the farm is going to use the Cargill seed. Another variable included in the alternative 

specification presented in Appendix III that was found to be statistically significant for at least one 

of the equations in the MNL model is the dummy indicating if the household owns a silo for grain 

storage. Silo ownership increases the probability of using Cristiani seed with respect to the 

probability of using Cargill seed. As seen in Chapter 3, with respect to the characteristics storage 

quality and resistance to pests, Cristiani and Cargill are the worst and best rated varieties, 

respectively. This estimate results indicate that, if the family owns a silo, and thus don’t have to 

worry about grain being rotten or eaten by insects while stored, it will not worry about choosing the 

maize variety that, in the absence of a silo, will cause the higher storage loses. 

The dummy variable indicating whether or not the household had some member of the 

family living in the United States and sending home money was not significant either. This variable 

was included as a test of the assumption that remittances from the U.S. allowed farmers to buy the 

more expensive hybrid seed. Another dummy variable indicating whether or not farmers received 

credit for the maize-planting season, was also found to be insignificant. These estimate results for 

both variables can be seen in Appendix III. Variables indicating the quality and slope of the main 

plot of land cultivated with maize by the household were not found to be statistically significant in 

any formulation of the MNL model as well. 
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4.3.2. Choluteca 

The choice set in the MNL model estimation for the Choluteca region also includes three 

maize varieties, the improved OPV (0), a white traditional variety (1) and a yellow traditional 

variety (2). 

As in the model specification for Olancho, the following variables were included: crop area 

(AREA), road quality to the closest input market (RQICLOS), distance to the closest input market 

(DISTCLOS) and number of family members living in the household (MEMB). In addition, some 

other variables were also included. The first is education of the household head measured by 

number of years of formal education (EDUC). The second is a dummy variable that indicates 

whether or not the farmer received seed as post-disaster aid (MITCHAID). As mentioned before, 

Hurricane Mitch hit Honduras in 1998, causing extensive damage throughout the country. Farmers 

in Choluteca were more affected and reported having suffered bigger loses than farmers in Olancho 

(CIMMYT/PRM 2000). In the aftermath of that disaster, maize seed was distributed free of charge 

among small farmers. Another variable included was a dummy indicating if agriculture is the main 

source of cash income or not (AGRINCO). As discussed in the previous chapter, farmers in 

Choluteca tend to be more diversified than farmers in Olancho, and have more than one source of 

income. It is expected that this variable will influence variety choice because households for which 

maize production is not the main source of income will have a more restricted household labor 

supply compared to those who devote all their time to the farm and because farmers consider the 

modern variety to be more labor intensive. On the other hand, their cash constraint may also be less 

tight and thus they may have more options to choose from in terms of the variety used. The fourth 

variable is the age of the household head (AGE). 

Estimation results are presented in Table 2. The model predicted correctly a high percentage 

of the observations (77.6%). The most important factor in explaining if farmers use the modern 

variety is if they received seed as relief aid. Before the disaster, the vast majority of farmers in 

Choluteca used only traditional varieties. Moreover, most farmers that planted the MV indicated 

having used improved seed varieties for the first time after the disaster. The predicted probabilities 

of using a MV for an average farmer who did not receive seed was only 2%, while for a farmer who 

actually received the seed the estimated probability was 84% (See Table 5). Conversely, the 

predicted probability of using the white TV decreases from 89% for a farmer who did not receive 

seed to only 11% for one that did receive it. Not surprisingly, the coefficient for the MITCHAID 

parameter in the equation that compares the probabilities of using one of the TVs versus the other 

TV is not statistically significant (p-value = 0.158). 
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Total farm size was also statistically significant when comparing the improved variety with 

either of the two TVs: the larger the farm, the higher the probability of using the improved variety 

and the lower the probability of using either of the traditional varieties. Farm size was not 

significant, however, for the ratio of probabilities of the two TVs; that is, a bigger farm was not 

more likely to plant yellow TV than white TV or vice versa.101 

Figure 8 shows the predicted probabilities of variety use for different farm sizes, when all 

other variables are taken at their mean value. However, because of the significance of the variable 

MITCHAID, taking the probabilities at the sample mean hide some valuable information. Figures 9 

and 10 show the probabilities for two types of households, one that received post-Mitch aid and one 

that did not receive aid (additionally, in both cases the dummy variable AGINCO, discussed in the 

next paragraph, is set at the value 0, the one registered for the majority of observations). Among 

those who received seed after the hurricane, the probability of adopting the OPV seed is almost 

100% for larger farms, but not for smaller farms. The smaller farms’ probabilities of adopting the 

OPV seed is only 34% despite the fact that farmers received the seed free of charge. For those who 

did not receive seed (Figure 10), adoption probability is almost 0 for smaller farms and increases up 

to 20% for larger farms. In both cases, the probability of using the yellow TV decreases with farm 

size. 

As indicated by the estimated parameter of the AGINCO variable, farmers for whom 

agriculture is their main source of income have a higher probability of using the OPV (or the white 

TV) compared to the probability of using the yellow TV. Farmers that reported agriculture as their 

main source of income, as opposed to those who obtain most of their income by seasonal off-farm 

work or other activities, tended to be more likely to use the modern variety (which has the 

“disadvantage” of having a longer growing period), compared to the yellow TV. This probably 

indicates that those farmers who do not work off-farm do not value the earlier maturity 

characteristic of TVs as much as those who use that additional time working off-farm. Farmers that 

work off-farm prefer to finish their farming activities in the shortest period of time possible (and 

they can accomplish that by growing the TVs, particularly the yellow one), in order to start working 

in other activities. In other words, the opportunity cost of waiting is higher for those who engage in 

additional cash-generating activities and can take advantage of the additional time they have if they 

use the TV compared to the time available when using the MV.   

                                                      
101 The non-parametric analysis in chapter 3 showed that the main difference between the yellow 
and the white TVs is that the former is perceived as having a shorter maturity period and as being 
more resistant and needing less care than the latter. 
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Regarding the transaction costs variables, as in Olancho, road quality is significant in 

explaining the probability of adopting the improved variety with respect to either of the two TVs. 

Distance to market is again not significant. Figure 11 shows the predicted probabilities of using the 

three maize varieties available in the second study area for different levels of road quality. The 

worse the road quality connecting the villages with the markets for inputs and outputs, the higher 

the estimated probability of using traditional varieties. Figures 12 and 13 show the probabilities for 

farmers that received and did not received post disaster seed aid, respectively. For those who 

received the seed, the probability of using it is almost one if the farm is located in a village with 

good roads connecting it to the city, but it decreases as the road quality decreases. On the other 

hand, for the households that did not receive seed (Figure 13), the changes in predicted probabilities 

are very small. 

Family size was significant for one of the three equations, the one for the ratio of 

probabilities of improved OPV versus the white TV (p-value = 0.061). The predicted probabilities 

of using the improved OPV decrease with family size (Figure 14). The probabilities of using the 

white TV increase with family size, while for the yellow TV there is not a clear tendency (it will be 

different, for example, for those who received seed and those who did not). 

Finally, the only variable that was found to be statistically significant (at a 90% confidence 

level) for explaining the probability of using the white versus the yellow TV is the age of the 

household head. The older the farmer, the higher the probability he or she is going to use the yellow 

over the white TV. For example, for a farmer that did not received seed aid, the predicted 

probabilities of using the white and yellow TVs if he/she has 20 years old are 90% and 2%, 

respectively. For a farmer of 65 years old, the probabilities are 74% and 26%, respectively. Figures 

15 and 16 show the predicted probabilities of variety use for farmers who received and did not 

received seed aid, respectively. The other two variables with the highest significance level for 

explaining the ratio of probabilities between the yellow TV and the white TV are AGINCO and 

MITCHAID, which have p-values of 0.102 and 0.158, respectively. 

Other variables were included in alternative specifications of the model, but were not found 

to be significant. Some of them can be observed in the model presented in Appendix III. The 

information about off-farm work  (OFF-FARM) has probably been captured in the dummy variable 

AGINCO. It is difficult to explain why in this case, as opposed to what was observed in Olancho 

(where OFF-FARM was significant), OFF-FARM is not significant but AGINCO is. Organization 

membership was not significant as well. None of the family labor supply variables were found to be 

significant either, indicating that, despite temporary migration being common among Choluteca 
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households, labor availability does not seem to be an important determinant of variety choice. Other 

variables that were not significant were silo and cattle ownership. 

 

4.4. Binary logit model of adoption 

A binary logit model was estimated in order to include variety characteristics variables in 

the econometric analysis. As mentioned before, the conditional logit model required more data than 

that collected in the survey (i.e. farmers’ assessments of all varieties available in their respective 

regions, even those that they don’t use). Hence, the alternative of estimating a binary logit, a 

common tool in the adoption literature, was followed. Some accommodations of the data were 

required for this analysis; these are discussed below. 

 

4.4.1. Dependent variables 

For the logit analysis each farmer was assigned to one of the two categories: “adopter” or 

“non-adopter”, with the dependent variable thus taking the values of 1 for the adopters and 0 for the 

non-adopters, respectively. That task was straightforward in Olancho, because only in four out of 

the 90 observations did farmers grow OPVs and hybrids during the same year. Another fact that 

makes the classification in Olancho easier is that farms only grow maize in the first season, and thus 

the decision of what variety to grow is only made for one time a year. According to the adopter/non 

adopter classification, 58 farmers in Olancho were classified as adopters and the remaining 32 were 

non-adopters. Farmers using hybrid seed (either Cargill or Cristiani) were included in the group of 

adopters. Those using the OPV Guayape were classified as non-adopters. The four observed cases 

in which farmers used both hybrids and OPV during the same year were classified as adopters. 

In Choluteca TV growers planted the white and yellow maicito traditional varieties. In the 

case of Choluteca the classification of farmers is more complicated than in Olancho because the 

number of farmers that, during the same year, used TV and MV was higher (23 out of 77) and 

because there are two planting seasons each year. Those farmers that used both, TV and MV, or 

those that used exclusively MV, were classified as adopters. 29 out of the 77 observations were 

classified as adopters, and the remaining 48 as non-adopters.102 

                                                      
102 An alternative MNL model estimation was performed. Farmers were classified as: (1) non-
adopters, those who only used the low-yielding variety (LYVs), (2) partial adopters, those who used 
both high-yielding varieties (HYVs) and LYVs during the same year, in any combination of plot or 
cropping season, and (3) full adopters, those who only used HYVs in all their plots and the two 
cropping seasons. A similar set of independent variables as the one discussed in this chapter was 
used in this alternative MNL model. The results (not presented here) showed that total crop area and 
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4.4.2. Maize variety characteristics dummies 

To test if variety characteristics matter for explaining adoption, a dummy variable for each 

characteristic was created. For each farmer, the dummy takes the value of 1 if the high-yielding 

variety (the hybrid in Olancho and the improved OPV in Choluteca, respectively) is rated by the 

farmers to be better than any other variety in the farmers’ choice set.103 It should be recalled that the 

original data collected comprises one characteristic variable for each of the varieties in the farmers’ 

individual choice set, that is, if the farmer gave his or her opinion about three varieties, we will have 

three observations per characteristic per farmer. As a consequence, the inclusion in a binary logit 

estimation of all the information available is not possible without manipulating it and collapsing 

them into one observation per farmer per characteristic. Previous empirical work in adoption and 

variety characteristics has also used variety characteristics dummies. However, the way the 

dummies were obtained was different: farmers were asked directly if they considered MVs to be 

superior to TVs.  

Two main difficulties arise in the process of creating the dummies from the information 

collected in the field: 

1) Many farmers gave their opinion about only one of the varieties in their choice set. 

2) There is more than one high-yielding variety (HYV) in Olancho and more than one low-

yielding variety (LYV) or TV in Choluteca. 

 

4.4.2.1. Opinion about only one variety 

In this case, there were two possible events:  

(a) The farmer only gave his/her opinion about a HYV and thus if the rating given to the 

HYV was one (the best rating in the 1-3 scale) the dummy took the value of 1. I took this as an  

indication that the farmer is satisfied with the variety and he or she cannot do better (to the best of 

his or her knowledge) with any other maize variety. If the rating recorded for this HYV was 2 or 3 

instead, the dummy was given the value of zero. This assumption is not as straightforward as the 

                                                                                                                                                                  

road quality variables are significant variables explaining whether farmers are partial, full or non-
adopters in both areas, and MITCHAID was significant in Choluteca. 
103 See section 4.4.4. for more on the “rule” followed to create the characteristics dummies and how 
results in Choluteca differ if a different criterion is used. 
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previous one, but it seemed reasonable for most cases. The farmer evaluated the variety with respect 

to an ideal or desired potential of maize to provide the given characteristic.104  

 (b) The farmer only gave opinion about a low yielding variety. In this event, if the rating 

given by the farmer to the LYV was 1, then the dummy received a value of 0. If he or she rated the 

LYV as 2 or 3, then the value the dummy takes is 1.  

 

4.4.2.2. More than one HYV (or hybrid) in Olancho and more than one TV in 

Choluteca 

The dummies are supposed to compare HYV versus LYV. However there are cases in 

which a farmer gave his or her opinion about two HYVs in Olancho or about two LYVs in 

Choluteca. To create the dummies, the rating given to the variety actually used was taken. To 

illustrate that, assume a case where there were recorded opinions for two HYV varieties, variety 1 

receiving a rating of 1 and variety 2 receiving a rating of 2. If variety 2 was used, the dummy takes 

the value of 0 even though there is a HYV that has a rating of 1. This seemed appropriate since the 

dummy is meant to represent the evaluation of the variety that was actually used (variety 2), despite 

the fact that it was not superior for the characteristic under evaluation. Indeed, this provides 

valuable information about that characteristic and the decision to use a specific variety. 

 

4.4.3. Olancho results 

The variables included in the regression that were included previously in the MNL model 

were: crop area (AREA), number of family members living in the household (MEMB), and the road 

quality index to the closest market (RQICLOS). Additionally, three variety characteristics variables 

were also included: yield performance (YIELD), early maturity (EARLY), and taste. Yield 

performance and early maturity are both production characteristics (zi
q), while taste is a 

consumption characteristic (zi
c). Yield and early maturity were among the characteristics 

consistently mentioned by farmers as being more important. Each of these characteristics variables 

was also highly associated with the dependent variable when evaluated individually (p-values lower 

than 0.01).  

Alternative specifications including additional characteristics were attempted. However, 

only two other were found to be significant when evaluated individually: grain weight and tortilla 

                                                      
104 The “traditional” approach of asking farmers directly if they believed that the HYV is better than 
the LYV with respect to a particular characteristic precludes the possibility that there are more than 
one variety within the HYV or LYV groups, and that there may exist differences among varieties 
within each group. 
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quality. They were not included in the final model because they show a high association with the 

variables YIELD and TASTE, respectively. Moreover, grain weight is also as indicator of maize 

yield. 

 The results from the logit model of adoption in Olancho, presented in Table 6, give a 

reasonable fit to the data, correctly predicting 88% of the observations. The parameter estimates 

were found to have signs according to the expectations: cropped area has a positive effect on the 

probability of adoption, while an increase in the family size and a lower quality of the transportation 

network is associated with a decrease in the probability of adoption.105 

Individual parameters for maize characteristics have all the expected positive sign implying 

that if the HYV hybrids were considered better than the OPVs, then the probability of adoption 

should increase. However, the YIELD characteristic was the only one showing a high level of 

statistical significance. As these results did not coincide with the findings that the EARLY and 

TASTE variables were individually significant, in specifications in which no other characteristics 

was included, a Wald test on the hypothesis that the parameters for the three characteristics 

variables are all equal to zero was rejected (p-value = 0.0396). The results confirm that these 

characteristics are important for determining adoption of hybrids maize varieties. The low levels of 

significance obtained for early maturity and taste are probably caused by the association observed 

between those variables and the characteristic YIELD. 

To evaluate if consumption characteristics were more significant in the most remote 

villages, a separate estimation was conducted for those observations in the sample corresponding to 

the most remote locations (with road quality index higher than the mean). The results of that 

exercise (not reported here) indicated that, even in this case, no consumption characteristics were 

significantly associated with the adoption decisions. 

The results obtained for the household characteristics included in the binary logit model are 

mostly consistent with the results obtained from the MNL model. Figure 17 shows the predicted 

probabilities of hybrids adoption at different farm sizes for two types of farmers: one for whom the 

three characteristic dummy variables take the 0 value and one for whom they take the 1 value. The 

probability of adopting hybrids is higher, at any farm size level, for farmers that consider the 

hybrids to outperform or to be at least as good as the Guayape OPV regarding all three 

characteristics evaluated. The probability of adoption for a farmer with only 0.7 ha of crop area who 

thinks that the Guayape OPV is at least as good as the hybrids in terms of yield, early maturity and 

                                                      
105 Because of missing data for maize characteristics, the number of observations included in the 
estimation was 66, instead of the 89 used in the MNL model. 
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taste, is only 13%. On the other hand, if the same farmer considers the hybrids to outperform the 

OPV with regard to those three characteristics, the probability of adoption will increase to 96%.  

Similarly, road quality is also statistically significant and has the expected sign: farmers 

living in villages with lower quality of roads are less likely to used hybrid seed. Figure 18 shows the 

predicted probabilities. If a farmer considers the hybrids to be superior regarding the three 

characteristics, the probability of adopting them is close to one and only decreases below 80% in the 

cases of farmers living in villages with the poorest quality roads links. If the farmer considers the 

OPV variety to be superior, the probability of adoption is still high for the cases where the best 

roads are available, but it decreases rapidly as road quality deteriorates.  

Family size (MEMB), although having the expected negative sign, was found to be 

insignificant in explaining adoption (p-value = 0.174). This result contrasts with those from the 

MNL model estimation, in which the variable was significant in two of the three equations.  

The fact that some variables that are significant in the MNL model are no longer important 

in explaining adoption in the binary logit model can be due to the information that is lost when 

different varieties are aggregated together. When more than one variety per group (MV or TV) is 

available to farmers, the traditional approach followed in adoption models of comparing MV versus 

TV may have some limitations because not all varieties in each of these groups are necessarily equal 

regarding all relevant characteristics.106 

 

4.4.4. Choluteca results 

In the Choluteca region, variables used in addition to the varietal characteristics variables 

were crop area (AREA), road quality (RQICLOS), distance in kilometers to the nearest market 

(DISTANCE), family size (MEMB), and the dummy indicating if the farmer received seed as post-

disaster aid (MITCHAID). In this case, the same two production characteristics dummies used in 

the specification for Olancho were included: yield (YIELD) and early maturity (EARLY). In 

addition, a consumption characteristics variable (zi
c), the dummy for tortilla quality, was also 

included.  

The logit adoption model again predicts correctly a high percentage of the observations 

(89%) and seems to fit the data adequately. The signs of the coefficients for the household-specific 

variables (crop area, road quality, road distance, and receiving seed aid) all have the expected sign 

                                                      
106 The reason for not including the dummy variable ORGANIZ despite its high level of association 
with adoption decisions is because in every observation in which it takes the value 0 (the farmer 
does not belong to any organization), the dependent variable also takes the value 0 (i.e. the 
household is non- adopter). This rendered models including the ORGANIZ variable inestimable. 
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and are consistent with the results from the MNL model presented in previous sections. Parameter 

estimates were found to be statistically significant for the area, road quality index, family size, and 

especially , the dummy variable indicating if the farmer received improved seed as post-disaster aid. 

Figures 20 to 23 show the predicted probabilities for various levels of farm size and road quality. 

Because of the overwhelming importance of having received post-Mitch seed aid in explaining 

adoption, two figures are presented for each variable considering the two possible scenarios that 

were evaluated: one in which the farmer received seed and a second in which no seed was received. 

Additionally, each figure shows the predicted probabilities for two cases: one in which farmers 

consider the HYV to be superior with respect to the TV and vice versa.  

Turning to the parameter estimates for the variety characteristics, all the signs were 

expected to be positive, but a negative sign was obtained for early maturity. Additionally, a joint test 

of significance was conducted: a Wald test on the hypothesis that the coefficients for the three 

variety characteristics were jointly equal to zero. Contrary to my expectations, the results from the 

test fail to reject the hypothesis (p-value = 0.25587). When a Wald test is conducted only for the 

two production characteristics, it also fails to reject the null hypothesis. The only characteristic that 

seems to be influencing adoption is yield.107 

Finally, a different set of characteristics dummies were created following a looser rule for 

qualifying farmers’ answers. For the dummies included in Table 6, every time a farmer gave her or 

his opinion about more than one variety, and the high yielding variety was rated better than the low 

yielding variety, the dummy was equal to 1. If the rule used to assign the zeros and ones in the 

characteristics dummies was one that considered if HYV were “as good as” instead of “better than”, 

the values assigned to the dummies will be different for every case in which HYV and LYV were 

given the same rating. As there are only three possible ratings (1, 2, and 3), the number of changes 

that this new rule will cause in the characteristics variables may be high in cases in which farmers 

do not perceive big differences in the performance of the different varieties. 

Chi-square individual tests of association between the adoption binary variable and each of 

the new characteristics dummies (as well as logit models with only one characteristic variable in the 

right hand side) show significant levels of association not only for the case of YIELD but also for 

the cases of the consumption characteristics TASTE, TORTILLA, and ease of shelling, as well as 

                                                      
107 Because of the high level of significance and explaining ability of the Mitchaid variable alone, it 
could be argued that some farmers chose to use the OPVs because they did not have any seed left 
from the previous season as a consequence of the damage caused by Hurricane Mitch; and had no 
choice but to use whatever seed they received. This argument could not be confirmed or refuted 
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for fodder yield, and lodging resistance. The results for a binary logit estimation that includes the 

characteristics yield performance, early maturity, tortilla quality and ease of shelling are presented 

in Table 7.108  The results show that the production characteristic yield, as well as both consumption 

characteristics are significant for explaining adoption and have a positive sign. A joint test of 

significance for the four characteristics fails to reject the hypothesis that they are all equal to zero 

(p-value=0.083).  

 

4.5. Discussion 

The qualitative choice models presented in this chapter fit the data well as indicated by the 

proportion of correctly predicted observations, by the computed values of the pseudo-R2, and by the 

fact that the parameter estimates are generally from the expected sign. The multinomial logit model 

of variety choice, by taking into account the entire relevant choice set, gives information about the 

household characteristics and transaction costs variables affecting the farmer’s decisions with more 

detail than the traditional binary adoption models. However, because of data limitations, maize 

characteristics could not be included in a multiple-choice model. The binary logit models allow us 

to assess the impact of variety characteristics on whether or not households choose to grow 

improved varieties (hybrids in Olancho, OPVs in Choluteca).  

Interestingly, in both Olancho and Choluteca the parameter estimates for the transaction 

cost variable (road quality) indicate that better roads significantly increase the probability of 

planting HYVs over LYVs, but that distance to the closest input market – the variable of choice in 

most empirical studies (e.g., Goetz, 1992) – is not significant in explaining varietal choice. Another 

variable affecting transaction costs that showed to influence adoption in Olancho, particularly for 

the decision to choose between the two hybrids, was organization membership; those who belong to 

some farmers’ organization are more likely to use the highest yielding seed available. The same 

variable, however, did not appear to influence adoption in Choluteca; the reason for that difference 

in the results is not clear.109 

                                                                                                                                                                  

using the data available. No conclusive evidence was found indicating that the majority of farmers 
could not save enough maize to use as seed after the disaster. 
108 The other characteristics were not included in the model because it will cause the presence of 
multicollinearity problems. 
109 Even though the same question was used in both regions for inquiring about organization 
membership, it is possible that differences in the origin and nature of these organizations have some 
impact on how important they are for variety decision. As Olancho has commercially oriented 
farmers, organizations may have a higher emphasis in productivity and commercial issues than in 
Choluteca. 
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Farm size also significantly increased the probability of adoption in both regions, indicating 

the importance of scale effects. The MNL model in Olancho shows that farm size is more important 

for farmers living in areas facing more difficult transportation conditions than for those having 

access to good roads. It also shows that farm size influences the decision to adopt hybrid seed 

versus (lower yielding) OPVs, but does not affect the decision between two hybrids. Similarly, the 

MNL model for Choluteca showed that farm size is significant in explaining the probability of 

adopting the modern variety, but does not have a statistically significant effect in deciding between 

the two traditional varieties. 

In Choluteca, the results indicate that the most important factor in explaining variety choice 

is if they received seed as post-Hurricane Mitch relief aid. Before the disaster, the vast majority of 

farmers used only traditional varieties and most farmers declared having used improved seed 

varieties for the first time after the disaster. The result may indicate the possibility that inadequacies 

in extension and other “normal” channels of transmitting information about improved seed varieties 

may represent an important limiting factor to adoption in the area. Extension activities in that region 

are mostly conducted by non-governmental organizations that do not always encourage farmers to 

adopt improved varieties. Hence, the finding that the extension variable was not significant in any of 

the specifications in Choluteca may be related not only to the scarcity of the extension activities but 

also to the quality of information being passed away by extension agents.  

Results indicate that in both regions yield was the only variety characteristic that 

consistently had a significant impact on varietal choice.  In Olancho, early maturity was also found 

to be important.  On the other hand, consumption characteristics appear to play little if any role in 

varietal choice in either area.  In the case of Olancho, the non-parametric tests presented in Chapter 

3 showed that hybrids perform well with respect to taste and other consumption characteristics. 

Apparently, farmers there did not face a big trade-off between yield-related characteristics and how 

good the varieties are for consumption in the household. 

In Choluteca, the non-parametric tests indicated that TVs are considered better than MVs 

with respect to several consumption characteristics.  However, there too the results from the binary 

logit regressions suggest that farmers’ preferences over these consumption characteristics does not 

translate into their choice of what varieties to plant.  Rather, the availability of free MV seeds, along 

road quality and selected household characteristics were the primary determinants of varietal choice. 

Regarding the remaining household characteristics, the evidence suggests that: 

• Vehicle ownership, another variable influencing transaction costs, increases the 

probability of adopting hybrids in Olancho. 
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• Older farmers are less likely to adopt the latest generation HYV (in Olancho) or are 

more likely to keep using the “oldest” and less riskier variety (Choluteca). 

• If the availability of alternative income sources may influence variety decision is 

not clear. Time spent working off-farm in Olancho helps to explain the probability 

of adopting the highest yielding and most expensive hybrid. However, other 

variables capturing the same “liquidity effect” (remittances from USA and credit 

access) do not seem to explain variety choice. 

• The effect of education in adoption is not conclusive either. In Olancho, the sub-

sample for which education attainment information is available showed that the 

probability of adopting the highest yielding of the hybrid increases. In Choluteca, 

surprisingly, the results showed an inverse relation between education and adoption 

of the OPV, result that is difficult to explain.110 

• Labor supply was only found to be significant for explaining the adoption of the 

highest yielding hybrid in Olancho, but was not found to explain farmers’ decisions 

in Choluteca. Hence, only partial support for the hypothesis that higher 

requirements of labor and management by some varieties affect variety choice was 

found. 

• Family size showed that it was significant for explaining some of the variety 

decisions in the MNL model (although not in the binary logit model). In Choluteca 

it was significant for explaining the relative probability of using one of the TV 

versus the MV, as well as for explaining adoption in the binary logit model. These 

results suggest that non-separability in farmers decisions hold (particularly in the 

case of Choluteca), i.e. factors affecting the household’s utility function have an 

impact in farmer’s production decisions.  The reason behind this finding may be 

that households with larger families demand higher quantities of maize for self 

consumption, which are assumed to be preferably fulfilled with OPVs in the case of 

Olancho and TVs in the case of Choluteca. The marked farmers preference for TVs 

over MVs in Choluteca is consistent with this explanation. The favorable 

perception of hybrids’ consumption characteristics in Olancho, on the other hand, 

does not support this explanation. 

                                                      
110 However, the result would not be that surprising if we consider that education is expected to be 
correlated with access to income opportunities off-farm. As households with higher education get 
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A note of caution should be raised in interpreting the results for the Choluteca region. It can 

be argued that Hurricane Mitch caused a severe disruption in farmer’s production systems and 

livelihood, particularly when observing the high significance of the variable indicating if farmers 

received post disaster relief aid, and that more research is needed under less exceptional conditions.  

The hypothesis that after Hurricane Mitch farmers had no choice but to use whatever seed they 

could obtain, is difficult to evaluate without additional information about farmers’ seed use in the 

following seasons. Moreover, some farmers received the seed and decided not to use it, while other 

farmers bought (improved and TVs) to be used during the post Mitch period, showing that seed was 

not completely unavailable, at least for all farmers. 

 

 

 

                                                                                                                                                                  

higher incomes from non-farm activities, they will decide to concentrate in those activities and have 
fewer incentives to adopt the MV. 
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Table 1 

Variables included in the econometrical analysis 
 

Variable Description Symbol 
in model 

RQICLOS Road quality index from village to nearest market (1: best -5 worst) τ 
DISTCLOS Distance to closest market (km) τ 
VEHICLE Dummy. 1: the farmer owns a vehicle, 0: otherwise τ 
ORGANIZ Dummy. 1: the farmer belongs to an organization, 0: otherwise τ 
AREA Area under cultivation by household (ha) hq 

CATTLE Heads of cattle owned by the household hq 
EDUCATION Years of education by household head hq 
AGE Age of household head hq 
SILO Dummy. 1: the household owns a silo for grain storage, 0: otherwise  hq 
EXTENSION Number of visits by extension agent during the last two years hq 
MENWORK Number of family males reported as working in the farm hq 
MEMBER Family size hc 
OFF-FARM Number of weeks worked off-farm by family members I 
AGINCOME Dummy. 1: agricultural production is the main source of cash 

income. 0: Otherwise 
I 

USA Dummy. 1: the household receives remittances from abroad. 0: 
otherwise 

I 

MITCHAID Dummy. 1: the household received seed as post-disaster aid after 
Hurricane Mitch. 0: otherwise 

 

 Characteristics dummies. 1: the high-yielding variety is considered 
(according to the rating given by each farmer) better or equal than 
the low-yielding variety regarding the characteristic, 0: otherwise 

 

TORTILLA Tortilla quality  zc 

TASTE Taste  zc 
STORAGE Resistance to spoilage and pests in storage zc 
SHELLING Ease of shelling maize grain zc 
YIELD Maize yield  zc 
EARLY Early maturity, the shortest the time to maturity, the better zq 
LODGING Plant resistance to lodging zq 
DROUGHT Resistance to drought zq 
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  Table 2. Multinomial logit estimation results (p-values in parentheses)   

 
     Olancho    Choluteca   
 
 Cargilla Cristiania Cristiania OPV vs. OPV vs. Yellow TV vs. 
Variable vs. OPV vs. OPV vs. Cargilla White TV Yellow TV White TV 
 
Crop area 0.396** 0.413** 0.017  1.433** 2.503 ** -1.070 
 (.028)  (.012)  (.862)  (.024)  (.016)  (.228) 
Road qualityb -1.897*** -1.564*** 0.334  -0.909* -1.003 * 0.094 
 (.009)  (.005)  (.536)  (.083)  (.052)  (.842) 
Distance to nearest mkt. 0.021  0.015  -0.006  0.020  -0.018  0.038 
 (.601)  (.501)  (.877)  (.754)  (.799)  (.566) 
Family size -0.496** -0.217* 0.279  -0.503* -0.310  -0.193 
 (.025)  (.081)  (.155)  (.061)  (.268)  (.269) 
Vehicle ownership 1.867 * 0.495  -1.372*  
 (.086)  (.587)  (.091)  
Off-farm income 0.021  -0.009  -0.030   
 (.442)  (.704)  (.136)  
Organization member 0.481  -1.154  -1.635*  
 (.763)  (.455)  (.097)  
Education       -1.078*** 0.911 ** -0.167 
       (.006)  (.028)  (.514) 
Age       -0.062  -0.128 *** 0.066 ** 
       (.131)  (.008)  (.042) 
Ag. Income       0.245   2.766  -2.521 
       (.825)  (.103)  (.102) 
Hurricane Mitch aid       6.069*** 4.559 ***  1.510 
       (.000)  (.004)  (.158) 
Constant 4.535 *  4.457** -0.077  3.908   6.152  -2.244 
 (.051)  (.011)  (.965)  (.280)  (.124)  (.502) 
N 89     76 
Log-likelihood -63.678     -39.027 
Pseudo-R2 0.300     0.507 
% predicted correctly 64.0     77.6     
a.  Hybrid seed 
b.  The road quality index ranges from 1 to 5, with a value of 1 indicating the best road quality and a value of 5 
indicating the worst road quality. 
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Table 3 

Olancho: Probabilities of variety use by vehicle ownership and organization 
membership * 

  Cargill Cristiani Guayape 
Vehicle No 0.080 0.647 0.273 
 Yes 0.280 0.573 0.147 
Organization No 0.100 0.678 0.222 
 Yes 0.271 0.358 0.371 

None 0.070 0.678 0.252 Vehicle and  
organization Both 0.549 0.262 0.189 
* All other variables are set at the sample average. 
     

 
 
 

Table 4. Olancho: Probabilities of variety use by number 

of family members 

Family  
members 

Cargill Cristiani Guayape 

2 0.330 0.583 0.087 
3 0.265 0.619 0.115 
4 0.208 0.643 0.149 
5 0.160 0.653 0.187 
6 0.120 0.648 0.231 
9 0.046 0.567 0.388 
10 0.032 0.523 0.445 

 
 
 

Table 5. Choluteca: Probabilities of variety use

and Post-Mitch aid 

 OPV White TV Yellow TV 
Yes 0.016 0.890 0.094
No 0.841 0.108 0.051
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Table 6.  Logit estimates of adoption of improved high-yielding maize varietiesa 

 

     Olancho   Choluteca 

 

Variable   Parameter p-value   Parameter p-value 

 

Constant 3.119 0.185 -1.180 0.267 
Crop area 0.353 0.086 0.841 0.071 
Family size -0.250 0.174 – – 
Hurricane Mitch aid – – 3.642 0.000 
 
Transactions cost variables 
Road quality indexb -1.460 0.065 -0.767 0.080 
Distance to nearest market – – -0.040 0.441 
 
Characteristics variablesc 
Yield 2.676 0.010 1.437 0.078 
Early maturity 1.229 0.207 -0.875 0.368 
Taste 1.166 0.299 – – 
Tortilla quality – – 0.821 0.520 
 
 
N  66 72 
Log likelihood -18.732 -23.355 
Pseudo R2 0.572 0.498 
% predicted correctly 88 89 
 
a. “Improved” high-yielding varieties are hybrids in Olancho and improved OPVs in Choluteca. 
b. The road quality index ranges from 1 to 5, with a value of 1 indicating the best road quality and 
a value of 5 indicating the worst road quality. 
c. A Wald test on the hypothesis that the three characteristics variables in Olancho were all equal to 
zero was rejected with (p-value=0.0396). A similar test in Choluteca failed to reject the hypothesis 
(p-value=0.25587). 
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Table 7.  Choluteca: Logit estimates of adoption of improved OPVs maize varieties with 
alternative dummy characteristics variablesa 

 
  Choluteca 

 
Variable Parameter p-value 
 
Constant -5.959 0.0959 
Hurricane Mitch aid 4.698 0.0182 
 
Transactions cost variables 
Road quality indexb -0.867 0.235 
Distance to nearest market -0.167 0.131 
 
Characteristics variables 
Yield 5.458 0.011 
Early maturity -0.727 0.681 
Tortilla quality 2.566 0.090 
Ease of shelling 3.338 0.088 
 
 
N   71 
Log likelihood  -9.400 
Pseudo R2  0.793 
% predicted correctly  97 
 
a. The characteristics variables take the value of 1 if the improved variety is considered to be “at 
least as good” as the TV regarding each characteristic, and 0 otherwise. 
b. The road quality index ranges from 1 to 5, with a value of 1 indicating the best road quality and 
a value of 5 indicating the worst road quality. 
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Figure 1. Olancho: Probabilities of variety use by road quality 
index (farm with 5.3 ha - 75% quantile)
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Figure 2. Olancho: Probabilities of variety use by road quality 
index (farm with1.43 ha - 25% quantile)
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Figure 3. Olancho: Probabilities of variety use by crop area
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Figure 4. Olancho: Probabilities of variety use by crop area 
(farms at 5 km to city and with best roads)
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Figure 5. Olancho: Probabilities of variety use by crop area 
(farms at 20 km. to city and worst roads)
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Figure 6. Olancho: Probabilities of variety use by family size (1.4ha, 
no car)
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Figure 7. Olancho: Probabilities of variety use by family size (5.3ha, 
car)
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Figure 8. Choluteca: Probabilities of variety use by crop area
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Figure 9. Choluteca: Probabilities of variety use by crop area (received 
post-Mitch aid, agrinco=0)
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Figure 10. Choluteca: Probabilities of variety use by crop area (no 
Mitch aid, agrinco=0)
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Figure 11. Choluteca: Probabilities of variety use by road 
quality index
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Figure 12. Choluteca: Probabilities of variety use by road 
quality index (received Mitch aid)
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Figure 13. Choluteca: Probabilities of variety use by road 
quality index (no Mitch aid)
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Figure 14. Choluteca: Probabilities of variety use by family size
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Figure 15. Choluteca: Probabilities of variety use by age of 
family head (Mitchaid=1)
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Figure 16. Choluteca: Probabilities of variety use by age of 
family head (Mitchaid=0)
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Figure 17. Olancho: Probabilities of adopting hybrids by 
crop area
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Figure 19. Olancho: Probabilities of adopting hybrids by 
family size
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Figure 18. Olancho: Probabilities of adopting hybrids by 
road quality
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Figure 20. Choluteca: Probabilities of adopting improved 
OPVs by crop area (for farmers who received post-Mitch 

seed)
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Figure 21. Choluteca: Probabilities of adopting improved 
OPVs by crop area (for farmers who did not receive post-

Mitch seed)
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Figure 22. Choluteca: Probabilities of adopting improved 
OPVs by road quality (for farmers who received post-

Mitch seed)
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Figure 23. Choluteca: Probabilities of adopting improved 
OPVs by road quality (for farmers who did not received 

post-Mitch seed)
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CHAPTER 5 

CONCLUSIONS 

 

The main objective of this dissertation has been to identify and study the factors that affect 

the choice of maize varieties among small farmers in Honduras. An agricultural household model 

was developed that allowed empirically testing various candidate explanations of the main 

determinants of varietal choice.  The model focused on two explanations from the adoption 

literature that have not yet been tested simultaneously: (i) consumption and production 

characteristics of different varieties as perceived by farmers, and (ii) the presence of transaction 

costs and access to markets. The empirical analysis also considered additional variables that have 

been used by previous adoption studies related to household characteristics, human and financial 

capital, and environmental characteristics. 

To test the model, information was collected in a survey of 167 farmers located across 34 

villages in two distinctly different agro-ecological zones in Honduras.  In the Olancho zone, maize 

farming is highly commercialized and average farm sizes are comparatively large.  The Choluteca 

zone, on the other hand, is dominated by near-subsistence farm households with smaller land 

holdings in a much riskier environment and less productive lands. Olancho and Choluteca are 

markedly different with respect to the use of maize varieties as well. All Olancho farmers surveyed 

use modern varieties (MVs) and hybrids are planted by 60% of them while in Choluteca traditional 

varieties are still used by most farmers.  

From non-parametric analysis of the information regarding farmers’ perception of maize 

characteristics, four conclusions were drawn: (i) Farmers perceive differences among varieties and 

groups of varieties for some of the characteristics they consider to be important; (ii) varieties that 

are widely used tend to be regarded as having good performance with respect to the most important 

characteristics; (iii) sometimes, varieties that are used by the majority of farmers are outperformed 

by other varieties for some of the characteristics evaluated. In those cases, however, the ratings 

obtained by the more popular varieties indicate that they do not perform badly; instead, they have an 

“acceptable” performance; (iv) there are important differences in how farmers in Olancho and 

Choluteca perceive the different varieties available to them. 

In general, higher yielding varieties (hybrids in Olancho and improved OPVs in Choluteca) 

dominate in terms of production characteristics (e.g. yield, duration, grain weight) in both regions, 
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but are regarded as inferior with regard to consumption characteristics (including taste, tortilla 

quality, storability) in the near subsistence region. 

In Olancho, the non-parametric results generally show that there are differences among 

varieties and that hybrids usually outperform OPVs. These findings are consistent with the 

widespread use of hybrids in Olancho. However, no variety is superior to the others for all 

characteristics, implying that farmers face trade-offs and that they have to weigh how much they 

value each characteristic and how well each variety performs with respect to each characteristic 

considered to be valuable. 

In Choluteca, the statistical tests show much greater differences in perception among groups 

of varieties and individual varieties than in Olancho. Mean ranks indicate that traditional varieties 

outperform modern varieties in most characteristics, yield being an important exception. These 

perceptions are consistent with the fact that traditional varieties are still widely used in Choluteca. 

The empirical analyses of the determinants of household varietal choice tested the degree to 

which household assessments of specific varietal characteristics contributed to adoption decisions, 

controlling for an array of household socioeconomic characteristics and proxy measures of village-

specific marketing costs and household-specific transaction costs.  Results indicate that in both 

regions yield was the only characteristic that consistently had a significant impact on varietal 

choice.  In Olancho, early maturity was also found to be important.  On the other hand, consumption 

characteristics appear to play little if any role in varietal choice in either area.   

In the case of Olancho, the non-parametric tests presented in Chapter 3 showed that hybrids 

perform well with respect to taste and other consumption characteristics. Apparently, farmers there 

did not face a big trade-off between yield-related characteristics and how good the varieties are for 

consumption in the household.   

In Choluteca, the non-parametric tests indicated that TVs are considered better than MVs 

with respect to several consumption characteristics.  However, there too the results from the binary 

logit regressions suggest that farmers’ preferences over these consumption characteristics does not 

translate into their choice of what varieties to plant.  Rather, the availability of free MV seeds, along 

road quality and selected household characteristics were the primary determinants of varietal choice. 

Interestingly, in both Olancho and Choluteca the parameter estimates for the transaction 

cost variables consistently indicated that better roads significantly increase the probability of 

planting HYVs over LYVs, but that distance to the closest input market – the variable of choice in 

most empirical studies– is not significant in explaining varietal choice. Another variable affecting 

transaction costs that influenced adoption in Olancho, particularly for the decision to choose 
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between the two hybrids, was organization membership; those who belong to some farmers’ 

organization are more likely to use the highest yielding seed available. The same variable, however, 

did not appear to influence adoption in Choluteca, the reason for that difference in the results is not 

clear. 

This finding suggests that investments in road infrastructure represent a potentially 

important means of stimulating agricultural productivity via MV adoption. However, whether the 

negative relationship between road quality and adoption of the highest yielding variety available is 

due to difficulties in accessing inputs or to high costs of marketing output (or both) is still a topic for 

future research.   

Farm size also showed to increase the probability of adoption in both regions, indicating the 

importance of scale effects. The MNL model in Olancho indicated that farm size is more important 

for farmers living in areas facing more difficult transportation conditions than for those having 

access to good roads. It also suggested that farm size influences the decision to adopt hybrid seed 

versus (lower yielding) OPVs, but does not affect the decision between two hybrids. Similarly, the 

MNL model for Choluteca showed that farm size is significant in explaining the probability of 

adopting the modern variety, but does not have a statistically significant effect in deciding between 

the two traditional varieties. 

In Choluteca, the results indicate that the most important factor in explaining variety choice 

is if farmers received seed as post-Hurricane Mitch relief aid. Before the disaster, the vast majority 

of farmers used only traditional varieties and most farmers declared having used improved seed 

varieties for the first time after the disaster. The result may indicate the possibility that inadequacies 

in extension and other “normal” channels of transmitting information about improved seed varieties 

may represent an important limiting factor to adoption in the area.  Ameliorating information 

deficits of this sort often falls to the public sector, particularly for relatively less productive 

agricultural regions where the private sector does not find it profitable to participate, like Choluteca.  

Extension activities in that region are mostly conducted by non-governmental organizations that do 

not always encourage farmers to adopt improved varieties. Hence, the finding that the extension 

variable was not significant in any of the specifications in Choluteca may be related not only to the 

scarcity of the extension activities but also to its adequacy. Given the declining role of the public 

sector in Honduras’ seed distribution and extension systems, it is difficult to imagine that these 

deficits – and hence low levels of MV adoption in such low-productivity areas – are likely to be 

reversed in the foreseeable future. 

Regarding the remaining household characteristics, the evidence suggests that: 
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• Vehicle ownership, another variable influencing transaction costs, increases the 

probability of adopting hybrids in Olancho. 

• Older farmers are less likely to adopt the latest generation HYV (in Olancho) or are 

more likely to keep using the “oldest” and less riskier variety (Choluteca). 

• If the availability of alternative income sources may influence variety decision is 

not clear. Time spent working off-farm in Olancho helps to explain the probability of adopting the 

highest yielding and most expensive hybrid. However, other variables capturing the same “liquidity 

effect” (remittances from USA and credit access) do not seem to explain variety choice. 

• The effect of education in adoption is not conclusive either. In Olancho, the sub-

sample for which education attainment information is available showed that the probability of 

adopting the highest yielding of the hybrid increases. In Choluteca, surprisingly, the results showed 

an inverse relation between education and adoption of the OPV, a result that is difficult to explain. 

• Labor supply was only found to be significant for explaining the adoption of the 

highest yielding hybrid in Olancho, but was not found to explain farmers’ decisions in Choluteca. 

Additionally, the characteristic variable indicating the assessed labor requirements of the different 

varieties was not significant either. Hence, only partial support for the hypothesis that higher 

requirements of labor and management by some varieties affect variety choice was found. 

• Family size showed that it was significant for explaining some of the variety 

decisions in the MNL model (although not in the binary logit model). In Choluteca it was significant 

for explaining the relative probability of using one of the TV versus the MV, as well as for 

explaining adoption in the binary logit model. These results suggest that non-separability in farmers 

decisions hold (particularly in the case of Choluteca), i.e. factors affecting the household’s utility 

function have an impact in farmer’s production decisions.  The argument usually raised to explain 

findings like these is that households with larger families demand higher quantities of maize for self 

consumption, which are assumed to be preferably fulfilled with OPVs in the case of Olancho and 

TVs in the case of Choluteca. The marked farmer preference for TVs over MVs in Choluteca is 

consistent with this explanation. The favorable perception of hybrids’ consumption characteristics 

in Olancho, on the other hand, does not support this explanation. 

 

Limitations and suggestions for future research 

Two important caveats related to this research suggest fruitful avenues for future research.  

First, a note of caution should be raised regarding the importance of post-Mitch aid in the Choluteca 

region. It can be argued that Hurricane Mitch caused a severe disruption in farmer’s production 
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systems and livelihood, particularly in light of the high level of significance of the variable 

indicating if farmers received post disaster relief aid. More research under less exceptional 

conditions will be required to test this.   

The hypothesis that after Hurricane Mitch farmers had no choice but to use whatever seed 

they could obtain is difficult to evaluate without additional information about farmers’ seed use in 

the following seasons. Moreover, some farmers received the seed and decided not to use it, while 

other farmers bought (improved and TVs) to be used during the post Mitch period, showing that 

seed was not completely unavailable, at least for all farmers.  Ultimately, only time – and future 

research – will tell whether farmers in the region continue to plant improved OPVs. 

Second, the results that have been presented here suggest that multiple choice models 

should be applied for adoption or variety choice models (whenever is feasible) in locations where 

the relevant choice set has more than two varieties. Previous adoption studies have relied almost 

exclusively on binary logit models. I am not aware of any variety choice model that have used more 

than two varieties (MV,TV). If the issue of interest is the extent to which each variety matches 

farmers’ preferences or productive possibilities, aggregating two or more varieties (reducing the 

problem to the MV-TV dichotomy) that do not perform similarly with respect to a series of 

characteristics may lead to loss of valuable information and thus limit how much of the decision 

process can be explained.111  

The diversity of varieties found in the study areas analyzed here was limited compared to 

other locations where variety characteristics studies have been conducted before in America (e.g. 

Southern Mexico).112 In locations with many varieties available, and where farmers’ opinions about 

all the relevant varieties in the choice set can be collected, a conditional logit model will be the best 

alternative and its use should be attempted when possible. Conditional logit models will allow for 

studying in more detail how these characteristics affect decisions in a multiple choice situation. 

Collecting farmers’ ratings on all varieties in the choice set proved not to be an easy task in 

this work. Even in cases where farmers’ ratings for all varieties available in the choice set can be 

collected, we are still left with the problem of arbitrarily measuring variety ratings. In other words, 

                                                      
111 For example, in a region where three crop varieties exist: 1, 2, and 3. 1 and 2 are MVs, 3 is a TV. 
If MV1 and TV3 are good for consumption, and MV2 is not; but MV1 has the highest yield, MV2 
the lowest and TV3 intermediate, the aggregation of MV1 and MV2 results in “scores” for the yield 
and consumption characteristics of the MV group that will not compare favorably with respect to 
the TV making it difficult to understand why will a majority of farmers use MVs. 
112 Unlike the areas studied here, Southern Mexico is a region with a high concentration of 
indigenous population and a traditional center of maize diversity. 
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even if variety characteristics can be included in the conditional logit framework, it will be difficult 

to interpret the exact meaning of an increase in one unit of the rating. Unfortunately, any way of 

including farmers’ perception of variety characteristics (at least any way devised until now) will be 

less than optimal. 

Attempts to promote the adoption of new varieties need to include a component of 

participatory assessment of variety characteristics by their target population if they are to be 

consistent with farmers’ preferences and environmental limitations. Similarly, conducting breeding 

and extension activities that take into account farmers’ needs will be key to achieve wider adoption 

among small farmers. Resulting improvements in yield (and nutritious intake in cases where 

improved varieties were bred to have higher micronutrient contents) may be promising ways to fight 

poverty.  
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APPENDIX I: AGRICULTURAL SECTOR AND MAIZE PRODUCTION IN HONDURAS 

 

Agriculture is Honduras’ main economic activity in terms of aggregated output, 

employment, and as source of foreign exchange. During the period 1990-97, agriculture accounted 

for 27% of Honduras GDP. Honduras is still a predominantly rural country, 61% of its population 

and 52% of its labor force live in rural areas. Unlike most Latin America countries, most of the 

Honduras’ poor live in rural areas.113 

Because of Honduras’ rugged topography, only 18% of land is under cultivation (FAO, 

2001).114 Per capita cultivated land in Honduras (0.34 ha) is, however, among the highest in Central 

America. Comparing census data from 1993 and 1974, an increase in total cultivated land has been 

observed, with expansion concentrated in commercial medium-size farms and coffee farming. An 

increase in area cultivated has also been observed in the case of maize (Baumesiter and Wattel, 

1996). 

As in many other developing countries, small-holding is a predominant characteristic of 

Honduran agriculture: 25% of land-holdings are smaller than one hectare. In the last decades there 

has been an increase in the number of farms due to the agrarian reform process and continuing 

fragmentation of landholdings. This increase has been accompanied by an increase in the landless 

rural population. Large-scale farming is also present in some areas of Honduras. Some of those 

operations belong to foreign investors and are dedicated to export-oriented crops. Large-scale 

agriculture, including large cattle operations, can also be found in the most productive valleys of the 

country as well. 

The production of traditional export crops (coffee, bananas and sugarcane) accounts for 

more than 60% of the value of agricultural output (excluding livestock and fisheries); grains 

production (maize, beans, sorghum, rice) accounts for 17%. Some relatively new export crops that 

have high value and profitability compared to traditional crops have shown a significant 

development in recent years. Honduras’ share of world exports of cantaloupes is 11% and the 

country is also one of the three main shrimp exporters in Latin America (Banco Interamericano de 

Desarrollo, 1999). Cantaloupes and shrimp operations are concentrated in the South region of the 

country, where the Choluteca department is located. 

                                                      
113 Honduras has the highest incidence of poverty in Latin America after Haiti and Guatemala. 
According to the World Bank (2001), 51% of rural population is below the poverty line and 69% of 
total population live with less than US $ 2 a day. 
114 Considering arable land under annual and permanent crops data for 1998. 



 144

Use of inputs in Honduran agriculture is low compared to other Central American countries. 

Access to formal credit is limited, with only 7% of farmers receiving it. The 1990s have witnessed a 

sharp decrease in financing of basic grains agriculture due to the structural adjustment program 

(SAP) of the 1990s that included as one of its components the liberalization of the financial system 

(Johnson, 1997; Thorpe, et al., 1995).  

Even though it has shown an increasing trend, use of chemical fertilizer is still very low in 

Honduras. The percentage of farmers that used fertilizer in 1993 was 35%, compared to 5% in 1978. 

Fertilizer consumption per hectare of agricultural land was only 8.7 kg in 1988 (compared to 6.2 kg 

in 1973), the lowest level observed among Central American countries (Armuelles Boutet, 1992, 

cited in World Bank, 1998). The percentage of farmers that use chemical fertilizers is directly 

related to the size of the farm: only 31% of farmers with holdings smaller than 3 ha use them, while 

the percentage for landholdings bigger than 50 ha is 48% (Baumeister and Wattel, 1996). 

Most farms in Honduras use exclusively family labor. Farms that do not hire labor have, on 

average, 5.5 ha; and represent 64% of all farms and 34% of total farm area. Farms that hire 

temporary labor have an average of 8.8 ha and account for 21% of the number of farms and 17% of 

total area. The remaining farms, with an average area of 35 ha, hire temporary and permanent labor 

(Ibid). 

 

1. Maize farming 

Maize is the most important crop in Honduras in terms of area cultivated. The average area 

sowed with maize during the period 1990-97 was 411,000 ha.115 Coffee, the crop with the second 

largest area under cultivation, accounted for 174,250 ha during the same period. Despite the fact 

that maize is extensively cultivated, it is a comparatively low value crop, its share of the aggregated 

value added of crops being only 11%.116 

Although basic grain production in Honduras, as well as in most Central American 

countries, is conducted in a wide variety of production environments, employing different 

technologies and scales of production, it has been usually characterized as having a dual structure. 

On one hand small farm, mostly in hillside land, use low levels of purchased inputs, frequently 

intercropping maize with beans and/or sorghum, and generally have low levels of market sales as a 

share of total output. On the other hand, medium and large holdings tend to be concentrated in the 

                                                      
115 There are no official figures of total land under cultivation. Maize area accounts for 24% of total 
arable land as estimated by FAO. 
116 Escuela Agrícola Panamericana  Zamorano/PRODEPAH (1998). 
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valleys of the most productive regions, use higher amounts of modern inputs, and have greater 

yields and sales shares. 

Most maize in Honduras is produced in lowland tropic environment: maize areas below 

1,000 meters above sea level (masl) account for 78% of the area and 81% of the output. Maize 

yields obtained by cultivating below 1000 masl are higher than yields obtained at other altitude 

levels (Barreto and Hartkamp, 1999). 

Maize production is the dominant activity of small-scale farmers. According to the 1993 

census, farms with less than 5 ha reported 43% of total maize area and 36% of maize production. 

82% of the 328,929 farms registered by the 1993 census reported cultivating maize. Honduras’ 

farms dedicated exclusively to maize cropping have, on average, 2.7 ha and account for 26% of 

farms and 6.7% of agricultural land.  Families simultaneously growing maize and beans, have 

average landholding of 3.2 ha (Baumeister and Wattel, 1996).  

Depending on environmental factors and resources available to the household, small 

farmers may have a diversified portfolio of activities. In those cases, maize farming is 

complemented with other crops, livestock and off-farm work. Honduran farmers with less than 3.5 

ha obtain only 31% of their total income from farm activities, the remaining coming from off-farm 

activities (for farms with more than 3.5 ha, on-farm income represents 77% of total income).117 Off-

farm work is particularly important for small farmers in marginal environments and where limited 

investment possibilities in agriculture are available. Off-farm income is used to satisfy consumption 

requirements not covered by household production, and as a source of cash for capital investment or 

input purchases. However, if non-surplus family labor is devoted to off-farm activities, off-farm 

activities may also imply the use of less intensive agricultural practices. 

Cropping systems in the hillside are characterized by shifting cultivation, in which a period 

of cropping is followed by a period of fallow, although the length of the fallow period varies 

according to specific locations (De Walt and De Walt, 1982). 

Barreto and Hartkamp (1999) identified four main maize production systems in Honduras 

(Table 1). Summer monocropped maize, is the most important system with 67% of the maize area 

harvested. This system is used throughout the country and one of its most important clusters is in 

the department of Olancho. Summer monocropped maize also has the highest yields across 

production systems (1.52 t/ha). Summer intercropped maize accounts for 14% of Honduras 

harvested area. Intercrop systems usually have low maize yields compared to monocrop systems. 

The summer intercrop system is concentrated in the southern part of Honduras, including the 

                                                      
117 Ruben and Clemens (2000). 
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department of Choluteca. The winter monocropped maize system accounts for 17% of harvested 

area and has two main clusters, one of them being also in southern Honduras. The fourth system, 

winter intercrop, accounts for only 1% of maize harvested. 

According to the 1993 census, 37% of maize production is sold. The percentage of maize 

production sold in the market increases with farm size. Farms smaller than 5 ha, sell on average 

25% of their maize output, while farms with more than 500 ha sell 74% of their production (Figure 

1).118  

Production of maize by small farmers may not be enough to satisfy consumption 

requirements in the household. Farms with less than one hectare of land produce on average less 

than one pound of maize per person per day, while maize consumption among peasant families is 

estimated at one pound per capita daily.119 

 

2. Maize production and yields 

Maize production in Honduras has increased at 3.7% yearly during the period 1990-97. This 

growth has been due to the increase in the area cropped with maize (3.7%) and yields (1.9%). 

Maize yields in Honduras (during the 1994-95 to 1997-98 cropping periods) were 1.44 t/ha. 

In Central America maize yields during the period 1995-97 were 1.76 t/ha (See Table 2). These 

levels are well below those obtained in other areas (2.4 t/ha in Latin America) and hide big 

variations within countries and regions. Sain and López Pereira report potential yields obtained in 

trial fields across Central America and Mexico of 4.97 t/ha for hybrids and 4.09 t/ha for OPVs. 

The Nor East region (Olancho department) is the main producer of maize, accounting for 

25% of maize production and 15% of maize area (during the 1994-95 to 1997-98 cropping years). 

The South region (that includes the Choluteca department), on the other hand, has the lowest 

production level and yields (5% and 0.63 t/ha, respectively, see Table 3). 

No recent information at municipality level is available. Table 4 shows information on 

production and yields from the 1993 census for the municipalities included in the survey. Yields for 

Olancho ranges from 2.44 t/ha in Juticalpa (the municipality where the department capital is 

                                                      
118 Data from Barreto and Hartkamp (1999), based on census information. A possible explanation 
for the high percentage of non-sold maize among large farms might be that those farms are farming-
cattle operations, that use maize to feed cattle. 
119 A family of six with one hectare of land, and yields of 1.2 t/ha produce .55 kg/person/day. 
Assuming the same yield and family size, as well as .45 kg (one pound) consumption per person per 
day, a farm with 2.5 ha will have a surplus equivalent of 67% of their output. Assuming a yield of .6 
t/ha, the same family will have a surplus of 34%. Explanations for the low sales percentage obtained 
from the census may be related to other uses for maize (as feed) and to storage loses. 
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located) to 1.3 t/ha in the Silca and Manto municipalities. In Choluteca department, yields range 

from 0.95 t/ha in Choluteca, the municipality capital, to 0.52 t/ha in El Corpus, a municipality in 

which most production areas are located in steep hillsides. 

Maize production in the North East region is mainly concentrated in the summer or primera 

season. In the South region 60% of maize area is sown in the primera season. In the South region, 

maize yields under monocrop system was 0.98 t/ha, while maize yields under intercrop system was 

0.53 t/ha. According to the Ministery of Agriculture, during the primera season of 1998-99, 65% of 

Honduran maize farmers used traditional cropping methods, only 3% used “advanced technologies”, 

and the remaining used an “intermediate technology.”120 Important differences are found between 

Olancho and Choluteca in terms of the prevalent technological level in maize agriculture. Farmers 

that used traditional technology accounted for 79% of farms in the South region and 47% in the 

North East region, the highest and lowest percentages, respectively, observed among Honduras 

regions.  

Even though small farms are still common in all regions of the country, Olancho has a much 

lower share of farms and total area managed by small-holdings, compared to Choluteca. In 1993, 

farms with less than 5 ha accounted for 68% of maize farms and 46% of total area sowed with 

maize in Choluteca. In Olancho the percentages were, 43% and 21%, respectively. 

 

3. Maize consumption 

Maize is the main staple in Honduras. Annual per capita maize consumption during 1995-

97 was 115 kg (Morris and López-Pereira, 1999), with 79% of maize being used for human 

consumption, 12% for animal feed and 9% to other uses. Maize consumption contributes to 54% 

and 47% of energy and protein consumption, respectively, among rural households (the percentages 

being higher for lower income households).121 In Honduras, as throughout Central America, white 

maize is preferred over yellow maize for human consumption. Most maize imports are yellow 

maize, oriented basically to animal feed. 

Maize produced by Olancho farmers is mainly sold, while the main use of Choluteca maize 

is household consumption. Farm level data for 1997-98 shows that Honduran farms use, on average, 

                                                      
120 For farmers to be considered to be using advanced technology, they must make simultaneous use 
of  the following: improved seed, fertilizer, weed control, soil preparation, chemicals or irrigation. A 
farmers with intermediate technology uses 3 or 4 of those techniques and a traditional farmers is one 
that uses less than 3 of the techniques. 
121 Johnson (1998). 
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40% of the maize they produce.122 The percentage of maize used in the household is 57% for the 

South region, indicating that it corresponds to a more subsistence-oriented agriculture. In the North 

East region, on the other hand, household consumption accounts for only 20% of total production 

(see Table 5). 

Sales methods are also different across regions, indicating differences in the market 

development level and total market activity. In Olancho, 67% of maize sold during the primera 

season of 1998-99 is sold at the farm location shortly after harvesting. Maize is sold mostly to 

middlemen (43% of sales) or the parastatal marketing agency, Instituto Hondureño de Mercadeo 

Agrícola. The industry buys directly 16% of maize sold, the remaining being sold directly to 

consumers. In the South region (Choluteca), on the other hand, 71% of maize is sold off-farm. In 

this region maize is sold to middlemen (60%) and directly to final consumers (40%). 

 

                                                      
122 Maize use includes use for human consumption, livestock feed and seed 
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Table 1 
Honduras: Maize production by cropping system and season, stratified by farm size 

  Summer season (primera)  Winter season (postrera)  
 Farm size 

(ha) 
Farms (#) Area 

planted 
(ha) 

Production 
(t) 

Yield 
(t/ha)

Farms (#) Area 
planted  

(ha) 

Production 
(t) 

Yield 
(t/ha) 

Monoculture <5 125,215 99,400 125,617 1.4 43,417 30,551 30,849 1.3
 5-20 49,042 71,466 92,276 1.4 16,504 19,778 20,836 1.3
 20-100 22,787 54,568 78,426 1.6 8,431 15,313 17,708 1.4
 100-500 4,222 28,620 51,624 2.0 1,330 7,183 10,251 1.6
 >500 453 9,206 25,054 2.8 86 2,002 4,686 2.6
 Subtotal 201,719 263,260 372,997 1.5 69,768 74,827 84,330 1.4

Intercropping <5 34,655 28,089 29,354 0.8 3,779 3,012 1,447 0.7
 5-20 12,896 17,778 12,140 0.8 1,483 2,002 792 0.6
 20-100 3,706 7,700 5,460 0.8 468 1,057 547 0.8
 100-500 368 1,868 1,230 0.8 58 350 131 0.6
 >500 23 747 907 1.3 6 25 26 1.7
 Subtotal 51,648 56,182 49,091 0.8 5,794 6,446 2,943 0.7

Source: Barreto and Hartkamp (1999) from data of the 1993 Agricultural Census.  
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Table 2 
Maize production and net imports,  

Latin America 1995-97 
 Area Yield Production Net imports 
 (million 

ha)
t/ha (million t) (million t) 

Central America 1.64 1.76 2.90 0.78 
   Costa Rica 0.02 1.74 0.03 0.31 
   El Salvador 0.29 2.20 0.64 0.14 
   Guatemala 0.57 1.96 1.11 0.14 
   Honduras (a) 0.40 1.44 0.57 0.04 
   Nicaragua 0.28 1.16 0.32 0.02 
   Panama 0.07 1.50 0.11 0.13 

  
Caribbean 0.37 0.90 0.33 0.82 
Mexico 7.60 2.30 17.49 1.83 
Andean Zone (b) 2.32 1.80 4.16 2.73 
Southern Cone (c) 16.96 2.88 48.77 -3.27 

  
Latin America 28.88 2.56 73.97 2.89 
a. Data on maize area and production for Honduras is from the 
   Honduran Secretary of Agriculture.  
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Table 3 

Maize area, production and yield for North East and South administrative regions * 

 North East South Honduras 

 Area 

(000 ha) 

Production 

(000 t) 

Yield 

(t/ha)

Area 

(000 ha)

Production 

(000 t)

Yield 

(t/ha)

Area 

(000 ha) 

Production 

(000 t) 

Yield 

(t/ha)

1994-95 54.9 116.6 2.1 36.7 21.6 0.6 390.7 531.4 1.4

1995-96 64.5 168.0 2.6 41.5 29.3 0.7 406.9 651.2 1.6

1996-97 56.0 134.3 2.4 53.9 35.5 0.7 407.3 536.3 1.3

1997-98 62.3 153.6 2.5 34.7 18.7 0.5 388.8 570.8 1.5

1998-99 61.9 114.7 1.9 50.6 18.6 0.4 390.2 472.7 1.2

Source: Secretaría de Agricultura y Ganadería de Honduras 
* The area reported is sowed area. Yields are obtained dividing production by harvested area. 
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Table 4 
Maize farms and yield by municipality, 1993 

 farms (#) % area sowed 
(ha) 

area harvested 
(ha) 

output (t) yield (t/ha) 

Olancho  
1. El Rosario 413 2 390 386 732 1.90
2. Guarizama 711 3 1,294 1,222 2,866 2.34
3. Juticalpa 3,774 16 11,758 10,953 26,683 2.44
4. Manto 1,097 5 1,443 1,336 1,680 1.26
5. Salama 714 3 738 630 1,090 1.73
6. San Francisco de la Paz 1,130 5 2,443 2,300 5,313 2.31
7. Silca 590 2 1,221 1,106 1,405 1.27
8. Yocon 908 4 1,257 1,249 2,758 2.21
    Sub-total 9,337 38 20,545 19,181 42,527 2.22
Total Olancho 24,272 100 50,487 45,921 85,302 1.86

  
Choluteca  
1. Concepcion de Maria 2,323 12 2,841 2,347 1,385 0.59
2. Choluteca 2,497 12 4,858 2,746 2,613 0.95
3. El Corpus 1,464 7 1,989 1,878 898 0.48
4. El Triunfo 2,958 15 4,800 3,334 2,662 0.80
5. Namasigue 1,816 9 2,889 2,516 2,043 0.81
6. Pespire 2,260 11 3,267 1,901 988 0.52
    Sub-total 13,318 67 20,645 14,722 10,589 0.72
Total Choluteca 19,999 100 31,659 23,334 19,729 0.85
Source: IV Censo Nacional Agropecuario 1993  
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Table 5 
Use of maize output from the primera season 1997-98 

North East South  Honduras 
t % t % t %

Production 143,855 100.0 7,817 100.0 500,633 100.0
Consumption   
Household 21,009 14.6 3,658 46.8 161,645 32.3
Livestock feed 6,811 4.7 561 7.2 31,368 6.3
Seed 1,415 1.0 249 3.2 7,771 1.6
Sales   
Sold 12,992 9.0 2,962 37.9 37,699 7.5
To be sold 101,546 70.6 384 4.9 261,158 52.2
Post-harvest loses 82 0.1 3 0.0 992 0.2
Source: Encuesta de Granos Basicos 1997-98. Direccion General de Estadistica y Censos 

 

 

 

 

 



 

 154

 

 
Figure 1.

Honduras: Maize sales as share of production 
(1993)
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APPENDIX II: QUESTIONNAIRE 

CIMMYT - PRM - NCSU 
SURVEY ON MAIZE VARIETY USE 

 
 Enumerator   
 Date   
 Number   
 
 Village   
 Departamento   
 Farmer’s name   
 Farmer’s age   
 Education level (years)   
 
 
I.  Land use in 1999 (including both, first and second season) 
 
What crops did you have during 1999? 
 Primera (First 

season) 
Postrera 
(Second 
season) 

Area 
(manzanas) 

Soil quality Land 
ownership 

Plot 1      
Plot 2      
Plot 3      
Plot 4      

 
How many manzanas of land did you have with crops during 1999?   
How many manzanas of fallow land or forest did you have during 1999?   
How many plots of land do you have in the farm?   
 
Does the farm have a title? (Yes =1, no=2, in process =3, only some of the plots =4)  
   
 
How many of the last six years did you consider to be (since 1994)?: 
good   
average   
bad   
 
Household evaluation (only for the enumerator) 
Rich  Average  Poor  
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II. Plot level information by cropping season (plots with maize since 1999). Including own, 
rented and fallow land. (If the information given by the farmer is not clear enough, propose him to 
draw a map of each of his plots). 
 
Plot 1 
Area (mz)   
Land quality   
Distance to house (km)   
Slope (hillside=1, valley/plane=2, steep=3)   
Years working the plot   
Irrigation or water source (Yes=1, no=0)   
Ownership (own=1, rented=2, sharecropping =3) 
 
 Primera (First) 

99 
Postrera 
(Second) 99-
2000 

Primera (First) 
2000 

Area sown in plot    
Crop (fallow=0, maize=1, bean=2, 
sorghum=3, other=4) 

   

Maize variety: Cargill=1, Cristiani=2, 
Guayape=3, Planta Baja=4, 
HB104=5, other (specify)=6 

   

Main intercrop (none=0, bean=1, 
sorghum=2, other=3) 

   

Seed used (lbs)    

Maize output (quintals)    
"Normal" output (qq)    
Disaster (none =0, flood=1, 
drought=2, winds/lodging=3, soil 
insects =4, foliage insects =5, 
disease=6, weed=7, other=8) 

   

Fertilizer used (none=0, manure=1, 
urea=2, NPK (formula)=3, other =4) 

   

Quantity of urea used (qq)    
Quantity of NPK (qq)    
Herbicide use (Yes=1, no=2)    
Insecticide use (Yes=1, no=2)    
For soil preparation did you use 
(tractor=1, plow=2, tractor and plow 
=3, none/manual=0) 

   

For sowing did you use (tractor=1, 
plow=2, tractor and plow =3, 
none/manual=0) 

   

Labor hired (days)    
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Plot2 
Area (mz)   
Land quality   
Distance to house (km)   
Slope (hillside=1, valley/plane=2, steep=3)   
Years working the plot   
Irrigation or water source (Yes=1, no=0)   
Ownership (own=1, rented=2, sharecropping =3) 
 
 Primera 99 Postrera 99-2000 Primera 2000 
Area sown in plot    
Crop (fallow=0, maize=1, bean=2, 
sorghum=3, other=4) 

   

Maize variety: Cargill=1, Cristiani=2, 
Guayape=3, Planta Baja=4, 
HB104=5, other (specify) =6 

   

Main intercrop (none=0, bean=1, 
sorghum=2, other=3) 

   

Seed used (lbs)    

Maize output (quintals)    
"Normal" output (qq)    
Disaster (none =0, flood=1, 
drought=2, winds/lodging=3, soil 
insects =4, foliage insects =5, 
disease=6, weed=7, other=8) 

   

Fertilizer used (none=0, manure=1, 
urea=2, NPK (formula)=3, other =4) 

   

Quantity of urea used (qq)    
Quantity of NPK (qq)    
Herbicide use (Yes=1, no=2)    
Insecticide use (Yes=1, no=2)    
For soil preparation did you use 
(tractor=1, plow=2, tractor and plow 
=3, none/manual=0) 

   

For sowing did you use (tractor=1, 
plow=2, tractor and plow =3, 
none/manual=0) 

   

Labor hired (days)    
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III. Importance of maize characteristics 
 
From the following list of characteristics, please pick the three you consider to be more important 
for the decision of which maize variety to sow. 
 
Good yield   
Early maturity   
Drought resistant   
Insect resistant   
Lodging tolerance (winds) or short height   
Grain weight   
Good taste   
Good for tortillas   
Storage resistance   
Good fodder quality and/or quantity   
Ease of threshing   
Low labor and input requirements   
Always yield something   
Good tusk/cover   
Other (explain)   
 



 

 159

IV. Maize seed and varieties 
 
 
IV.1 How many kinds or varieties or maize seeds did you sow in your farm during the following 
periods? Please mention which ones? 
 Primera 1998 (pre- Mitch)  
 Primera 1999   
 Postrera 99-2000   
 Primera 2000   
 
IV.2 How many varieties did you sow five years ago?    
 
In case you sowed more or less varieties than five years ago, please indicate the main reason for the 
change.   
   
 
In case you have changed varieties in the last years, please indicate the main reason. 
  
 
IV.3 Maize seed purchases (lbs) 
 Variety 1  Variety 2 Variety 3 Variety 4 
 1997         
 1998         
 1999         
 2000         
 
IV.4 When was the first time you used hybrids (Olancho) or OPVs (Choluteca)?   
  
 
IV.5 Why did you start using hybrids/OPVs? (Somebody gave me the seed =1, I saw other farmers 
in the area using it with good results=2, it has higher yield than other varieties =3, it was a 
requirement to obtain credit =4, seed was offered as part of a technological package =5, extensionist 
advise =6, other=7)  
 
Did you receive maize seed after hurricane Mitch?   
Who did you receive seed from?   
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IV.6 About varieties or seeds sown in 1999 (primera or segunda)  
 
    
 Variety 1 Variety 2 Variety 3
Area planted (mz)  
For how long have you been using this variety? (years)  
Quantity harvested 1999 (qq)  
Quantity sold 1999 (qq)  
Price received (Lp/qq)  
Where did you sell? (km)  
How did you sell it?: by grain weight=1, by bag of 
grain=2, by weight of cobs=3, by bag of cobs =4, other 
=5, did not sell=0 

 

Who did you sell to?: trader (coyote)=1, store=2, 
neighbor=3, market=4, farmers organization =5 

 

How did you obtain the seed?: (own/saved from 
harvest=1, barter=2, bought=3, donation/gift=4, 
other=5) 

 

Who did you get the seed from? (own =1, 
relative/neighbor=2, store=3, government=4, NGO=5, 
Church=6, other=7) 

 

Where did you buy the seed? (distance in km)  
Seed price paid (Lp/qq)  
If you used seed you saved: since when do you have that 
seed? 

 

Quantity bought/borrowed of maize (qq)  
Price (Lp/qq)  
Where did you buy?  
Grain color (white=1, yellow=2, black/blue=3, other=4)  
Cob (thin=1, medium=2, thick=3)  
Grain size (small=1, medium=2, large=3)  
Days until ready to harvest  
 
With fertilizer 
Yield during a normal year   
Yield during the best year  
Yield during the worst year  
Without fertilizer    
Yield during a normal year  
Yield during the best year  
Yield during the worst year  
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V. Variety characteristics 
 
V.1 Please rate the varieties you have used during the last four years regarding the folowing 
characteristics.  
Ratings: very good/good =1, average/acceptable =2, bad =3, no opinion =0 
 

Variety 1 Variety 2 Variety 3 Variety 4
Yield  
Early maturity  
Drought resistance  
Insect resistant   
Lodging tolerance (winds) or short height   
Grain weight  
Taste  
Good for tortillas  
Storage quality  
Good fodder quality/quantity  
Ease of threshing  
Low labor or management requirements  
Low labor and input requirements  
Always yield something  
Good husk/cover  
Other (explain)  
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VI. Extension and technical advise 
 
VI.1 Activities 
 1998 1999 2000 
Visits by extension agent (number)  
On-farm trials (Yes=1, no=2)  
Visit to farms (number)  
 
When was the last time you received professional advise for your crops?    
 
VI.2 Information source on new seeds and varieties: 
No information =0, seed supplier =1, neighbor/relative =2, government=3, radio=4, extensionist or 
adviser=5, other=6.     
 
VII. Income source 
Is agricultural (own) production your main source of income? (Yes =1, no=2)   
Please list your three most important sources of income. 
 
 Source 1  Source2  Source 3   
Maize production =1, bean production =2, other crop production =3, wage labor in agriculture=4, 
wage labor for non-agricultural labor =5, remittances =6, animal or animal product sales =7, own 
business=8) 
 
VIII. Consumption and post-harvest management 
How much maize do you need a year for family consumption? (qq)   
Are there any varieties of maize that you would like to buy for family consumption that you are not 
able to find in the market? ¿What varieties?   
How is maize threshing done?: by hand =1, in a mechanical thresher =2    
How is maize consumed in the household milled?: by hand =1, mechanical mill =2  
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IX. Transaction cost variables 
 
How long does it take you to get to the market (hours)?     
 
How many times have you sold maize/other crops (outside the village) during the last two years? 
    
 
Do you belong to any farmers’ organization (for commercial purposes)? (Yes=1, no=2)   
 
Does marketers come to the village/plot? (Yes=1, no=2)  
 
Is it possible to hire a truck to transport maize to the market? (Yes =1, is very difficult =2, is not 
possible =3, do not need to hire, ha own vehicle =4)   
 
Transportation cost to market (Lp/qq)   
 
Is there a telephone in the village? (Yes =1, no=2)   
 
X. Storage 
 
Do you store maize after harvest (Yes=1, no=2)   
 
How do you store maize? (Silo=1, barrel=2, “troja”=3, bag=4, other=5)   
 
Do you protect stored maize? (yes=1, no=2), How?   
 
XI. Credit 
 
Please indicate if you received credit (include credit in inputs) and its source?: 
(no credit =0, bank=1, Secretaría de Agricultura/DICTA=2, NGO=3, neighbor/relative =4, seed 
suppler =5, processing firm/mill/marketer =6) 
Primera 1999   
Postrera 1999   
Primera 2000   
 
XII. Seed supply 
 
Have you ever wished to obtain improved maize seed from a dealer and discovered that none was 
available? What varieties were you looking for? 
  
When was the last time that happened?  
 
Where do you usually buy maize seed?  
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XIII. Fertilizer supply 
Where do you usually buy fertilizer?  
Have you had problems finding fertilizer in the market during 1999-2000? (Yes =1, no=2) 
   
 
XIV. Labor supply 
Is it easy to find labor for hiring when needed? (Yes =1, no=2)  
 
XV. Household resources (as of January 2000) 
Do you have?: 
Silo (Yes=1, no=2)   
Motorcycle(Yes=1, no=2)  Tractor (Yes=1, no=2)   
Vehicle (Sí=1, no=2)   
 
Cattle (heads)  Pigs(heads)   
Horses/donkeys/mules (heads)   
 
Do you have in your household (Yes=1, no=2):  
Refrigerator   
Electricity   TV   
 
XV. Family and family labor 
How many people lives in the household? 
 0-5 years 5-15 years 15-65 years Over 65 
Men  
Women  
 
How many male members of the household work in the farm?   
How many female members of the household work in the farm?   
 
Off-farm work during 1999 (weeks) 
Family head  
Wife 
Son/daughter 1 
Son/daughter 2 
Son/daughter 3 
Son/daughter 4 
 
Is there any member of the family living in the US and sending money? (Yes=1, no=0)  
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APPENDIX III. 

   Multinomial full logit estimation results (p-values in parentheses)   

 
    Olancho   Choluteca    
 
 Cargilla Cristiania Cristiania OPV vs. OPV vs. Yellow TV vs. 
Variable vs. OPV vs. OPV vs. Cargilla White TV Yellow TV White TV  
 
Crop area 0.587 ** 0.346 * -0.241  1.597 ** 2.703 ** -1.105 
 (.035)  (.084)  (.245)  (.032)  (.023)  (.280) 
Road qualitya -2.641 ** -1.866 ** 0.776  -0.927  -0.843  -0.084 
 (.032)  (.010)  (.509)  (.122)  (.132)  (.876) 
Distance to nearest mkt.0.048  0.044  -0.003  0.035  0.025  0.010 
 (.386)  (.196)  (.945)  (.656)  (.764)  (.891) 
Vehicle ownership 4.781 ** 2.931 * -1.850       
 (.028)  (.091)  (.174)    
Organization member 3.921  -1.35  -5.274 ** 2.252  1.822  0.431 
 (.200)  (.637)  (.019)  (.221)  (.369)  (.789) 
Family size -1.716 ** -3.47 ** 1.369 ** 0.582 * -0.508  -0.075 
 (.013)  (.035)  (.041)  (.082)  (.129)  (.793) 
Family male farm labor 2.452** .312  -2.14  -0.662  -0.500  -0.162 
 (.029)  (.430)  (.048) ** (.322)  (.545)  (.822) 
Education       -1.073 ** -0.919 * -0.155 
       (.017)  (.059)  (.613) 
Age -0.104 * 0.003   0.106 * -0.029  -0.109 ** 0.080 ** 
 (.071)  (.917)  (.051)  (.509)  (.035)  (.035) 
Silo ownership -1.557  1.391  2.948 * -1.989  -1.351  -0.638 
 (.383)  (.151)  (.071)  (.145)  (.570)  (.646) 
Cattle heads -0.084  0.088 ** -0.004  -0.322  -0.230  -0.092 
 (.356)  (.045)  (.961)  (.332)  (.513)  (.697) 
Ag. Income       0.908  4.094 * -3.186 
       (.551)  (.061)  (.105) 
Off-farm income .080  0.002  -0.080 ** 0.035  0.043  -0.008 
 (.117)  (.995)  (.037)  (.237)  (.197)  (.731) 
USA remittances 1.209  0.427  -.783 
 (.490)  (.692)  (.582) 
Hurricane Mitch aid       7.047 *** 5.696 *** 1.351  
       (.000)  (.004)  (.293) 
Constant 10.908 ** 4.400 * -6.508  2.328  3.873  -1.545 
 (.022)  (.078)  (.152)  (.567)  (.379)  (.652) 
N 78      76 
Log-likelihood -41.823      -34.906 
Pseudo-R2 0.479      0.559 
% predicted correctly 78.2       81.6        
a. Hybrid seed 
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APPENDIX IV.  Map of Honduras and the study areas 


