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Abstraet 

Developing maize varielies Ihal will be readily adoptcd by subsistenee farmers is challenging as Ihere are 
numerous characlerislics in addilion to agronomic performance Ihal are importanl lo Ihese farmers. Fur­
Ihermore, lhese preferenees vary from localion lO location. lt may be logic.l lo conclude Ihal beo.use of 
Ihese location-specific requiremenls, maize breeding Ihal targels subsistenee farmers should be done at a 
localized level. Natinnal maize-improvement programs have an important role to play ín developing ím­
proved maize genotypes for Ihese farmers beeause Ihey have aecess lo a wide range of genetic malerials 
Ihal altows for Ihe identificalion of genes for disease resistance .nd high yield lha! may nol be available 
in local germplasm. Furthermore, they h.ve the expertise required to incorporale these genes effieiently 
into genotypes Ihal meel Ihe farmers' olher requirements. T O increase the impact of genotypes developed 
by national maize-improvement programs, however, farmer input into Iheir aetivilies is essential. A bal­
ance between on-Sl.tion breeding .ctivities and inleraetíons wilh farmers l' nceded in arder for the 
process lO be efficienl. Therefore, Ihe Natíonal Maize Researeh Program wílhin Nopal', Nalional Agri­
cultural Couneil (NARC) has developed the following procedures for developing maizo genotypes for 
subsistence farmers wilh Iheir input. Firsl, Ihrough on-farm surveys, Ihe required grain (Le., flinl, dent, 
yellow, or while) and planl (Le., tall,leafy, early, or late, ele.) types are determined Seeond, exolic and 
locally developed genotypes are screened for Ihe desired characleristics .nd general adapt.tion on-sta­
lion using local varieties from lbe largeted environmenl as checks to ensure thal maturity duralion 
matches Ihal a1ready used by farmers. Promising malerials are initially tested on-sl.tíon foryield and dis­
ease resistanc •. Elile malerials (approximately six lo eight genotypes) are then tesled in on-farm trials 
under farmers' condítions. Farmers who grow Ihese materials observe their agronomic performance and 
provide inpul abaut which entries they prefer. Only those varieties that have proven lo be high yielding 
and slable, and which have Ihe eharacterislics preferred by farmers, will be released and made available 
on a more national seale. Maintenanee ofreleased genotypes and seed multiplicatíon is a resource-inten­
sive aetivity Iha! mus! be limiled lO genotypes thal are Ihe most likely to have an impacto We believe that 
Ihis varietaI-development seheme will efficiently provide new and desirable oplions to small-seale sub­
sislence maíze farmers in Nopal. 

Introduction 

Maize is one ofthe tbree most important cereal crops in the world. Global annual maize production 
nowexceeds 550 million toos. Oflhat, approximately 100 millíon tons are used directly for human 
food (CIMMYT 1999). Maíze is growíng in importance in Asia, primarily as a feed for animals. 
Nevertheless, there are significant areas of Ihe regíon where maíze is still the dominan! cereal in the 
human dieto In Nepal, for example, ofthe 1.4 míllíon toos produced annually, it is estimated thal 
86% ís used directly as human food (CIMMYT 1999). The development ofhybrids ís one ofthe 
maín reasons for the phenomenal advances in maize productivity tbroughout !he world in Ihe past 
few decades. In mosl developed countries, the area planted lo hybrids approaches 100% of allland 
planted to como Growth in the use ofhybrids has been impressive in areas ofthe developing world 
as well. For example, 60% and 46% ofthe area planted to maíze is sown lo hybrids in Thailand and 
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Vietnam, respectively. 80th within Asia and globally, there is a significant negative correlation be­
tween the percent utilization of maize for human food and the use of improved varieties (CIMMYT 
1999). Ihis can partial1y be explained by the fact that subsistence farmers have limited cash and are 
reluctant to pay the premium price associated with improved seeds, particularly hybrid seed, which 
must be purchased each year. Single-cross hybrid seed in Asia costs on average US $3.12 per kg, in 
comparison to US $0.69 per kg for open-pollinated varieties (OPVs) (Gerpacio 1999). 

The development ofOPV s for areas of the world where maize is grown as a subsistenee erop makes 
good sense. Compared to hybrids, OPV seed is more readily produced, it can be made available to 
farmers at a lower cost, and ít can be generated by farmers themselves. Nevertheless, in large areas 
of the world where maize is a subsistence food erop, a large percentage ofthe area is no! planted to 
improved varieties (OPVs or hybrids) even though modern varieties with excellent adaptation are 
available from both the public and private sectors. The poor adoption of improved maize varieties 
can be attributed to many factors, primary among whieh may be the lack ofviable seed enterprises. 
Other factors, such as the varieties' lacking the eharacteristics that are important to farmers, also 
constrain adoption. Farmers in Nepal for example, prefer the-tr own varieties because they are ear­
Iier, have better husk cover and culinary characteristies than improved OPVs. In order to improve 
adoption of modem varietíes, there is a need for greater farmer input ¡nto the development of geno­
types that take these preferences into account. Thls paper discusses issues relative to developing 
and providing improved maize genotypes to farmers and describes a get111plasm-improvement 
scheme adopted by the National Maíze Research Program in Nepal to ensure that the products they 
develop are better targeted to the requirements of farmers. 

Fixing favorable alleles-the numbers game 

Maize is cross-pollinated under normal cireumstances. Therefore, a crop or plot of a desrred geno­
type must be earefully managed if the seed it produces is to be genetieally pureo Furthermore, in 
relatíon to participatory approaches lo plant breedíng it means that seed of genotypes !hat are tested 
or demonstrated in farmers' fields in a typical small plot are likely to be contaminated or genetically 
altered through the inflow of foreign pollen. Saved seed will, therefore, not produce a phenotype 
idcntícal to tbat observed the previous season. In a varietal-improvement program, be it through 
informal farmer selection or through a forrnally organized plant-breeding program, success is 
determined by the abílity of the breeder to find desirable charaeteristics and fix them in the popula­
tion so that they can be expressed in subsequent generations. For traits that do not exist or that have 
little expression in an otherwÍse desirable populatíon, eonventional breedíng programs have a sub­
stantial competitive advantage over farmer-Ied approaches. In order to find favorable alleles for 
stress toleranee, for example, many thousands oflines and populatíons might need to be sereened in 
order to identif'y a few genotypes with the desired characteristics. Similarly, for alleles tbat are 
found in a very low frequency in a population, breeding techniques that inc\ude selfing and exten­
sive testing with reeombination of best lines can be used to increase their expression relatívely 
quickIy. 

Developing OPVs through conventional methods requires both time and land resourees. As an 
example, the following steps are required to develop a superior experimental variety using full-sibs 
developed from an improved population (which itself may have been improved through many 
cycles of selectíon). First, 250 full-sib progenies are generated by hand-pollinatíon. Ihese are 
tested in up to six locations, including sites where a stress of interest is presento Next, eight to 10 
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superior families are selected and recombined using remnant seed. The progeny ofthese crosses are 
then allowed to intermate for one further cycle. The favorable alleJes in these EVTs are now more 
or less fixed and these varieties are ready for testíng. 

In order to maintain these materials (produce breeder seed), at leasl 1500 plants need to be grown if 
theyare hand-pollinated (bulked pollen). Foundation and certified seed can be produced from this 
breeder seed. Using these procedures, the greater the number of materials tested and the lower the 
experimental error of the experiments, the greater the likelihood that superior materials can be iden­
tified. Seed production requires isolation, and mínimum standards of isolatíon are sel for different 
classes of seed. As mentioned, this process is expensive and requíres substantial areas of uniform 
Jand to ensure adequate testing. Nevertheless, it is very effective in ídentirying and fixing favorable 
anejes for ¡he traits of interes!. It is very effective in identirying resistance or tolerance to stresses 
that are prevalent in the testing environrnents and in developing materials wÍth high yield potential. 
High yield potentíal and stress tolerance in OPV s, however, does nol mean Ihat ¡hey will be accept­
able to farmers or will be adopted by them. 

Adding farmer participation to the conventional breeding program 

The rates of adoption of improved genotypes developed through the conventional methods 
described aboye have not been high in many areas of the world. Including traits lhat farmers prefer 
in OPV s may help improve rates of adoption in some of these regions. We propose lhat (1) input in 
the beginning ofthe development process, (2) coupled with more inlensive on-farm testing ofthe 
materials lhat are developed, are two ways to improve the rates of adoption of newly developed 
genotypes that farrners desire. Moreover, we believe that identirying and fixing farmer .. desired .. 
trails is most effectively carried out through conventional, tried .. and .. tested breeding methods, like 
those briefly referred to aboye. 

Input at the beginning of the development process 

Before a breeding prograrn begins, the targetenvironrnent and the basic requirements of the farm .. 
ers in that particular enVÍTonrnent must be clearly understood. In Nepal, the Natíonal Maize 
Research Prograrn is currently developing materials that target the mid-hills, the high hills, the 
terai, and areas in both the terai and valley bottoms that require early-maturing varieties. Generally 
speaking, the biotic stresses differ significantly between the various agroecologies-enough that 
material developed for one ecology will not do well in another, and vice versa. Some extremely 
important farmer characteristics that must be ascertained at the beginning stages are length of 
growing period and grain type. This input can be obtained through farmer interviews (rapid rural 
appraisals [RRAs 1 and more formal surveys) and by soliciting farmers' reactíons to on-going trials 
either on .. farm or on-station. In Nepal, using an RRA approach, we found that farmers in dífferent 
areas of the country preferred different characteristics (tabIe 1). Furthermore, by having farmers 
view trials, they provided valuable reedback on the length of maturity they desired. 

F armer feedback during testing 

After the on .. statíon work of identifYíng and the fIxing favorable alleles has been concluded, the 
experimental varieties need to be tested widely. Multilocatíonal testing, usually on-station where 
experimental error can be controlled, allows researchers to identiry high-yie1ding genotypes that 
are stable and adapted across environrnents (inc1uding having resistance lo the prevalent díseases). 
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Table 1. Grain Characteristics Desired by Farmers in Maize Varieties in Various Regions of 
Nepal, Based on Results ofRapid Rural Appraisals Conducted by the National Maize 
Research Program, October 1999 

Region Grain type Reason for preferenee 

Eastem White flint Good storage, high get yield 

Central Yellow flint Good storage, taste, grit yield 

Far western White dent High Hour yield-used in rotis 

Tera; Yellow dent or flint Used for animal feed 

Farmer input into the selection of experimental varieties can be obtained by allowing them to visit 
trials being conducted on-station. Generally, however, on-station yield trials contain a re1atively 
large number of entries. Furthennore, a single visit to the research station would not allow fanners 
to select entries for grain type, unless fanners visited trials at the time ofharvest. In the Hill Maize 
Research Project, the top four to six entries of the coordinated varietal trial are tested further 
on-farm, in what is tenned a farmer field trial (FFT). These trials are conducted as widely as 
resources allow, and in addition to yield, feedback from farmers on varieties lhat they prefer is 
obtained and used in detennining which varieties are released. This process allows fanners to eval­
uate fewer materials, and since plots are larger, a good evaluation of seed characteristics can be 
obtained. 

A novel approach to allow fanners' input at an earlier stage of testing is being used by Centro 
Internacional de Mejoramiento de Maíz y Trigo (CIMMYT) in southern Africa (CIMMYT 
2000: 12-14). It is called the molher-daughter testing scheme. Wilhin a given agroeco10gy, a com­
plete set of experimental varieties is tested on an experiment station, on a substation, or on-farm 
(wilh researcher management). The complete set can contain as many entries as desired by the 
breeder. These are grown in a lattice design wilh replications. The complete set is referred to as the 
"molher." In fanns in the area represented by the mother trials, four to six entries lhat represent a 
block within a rep of lhe lattice are grown. These smaller on-fann trials are referred to as "daugh­
ters" and lhese daughter trials may be managed by nongovernmental organizations (NGOs), exten­
sion programs, cornrnunity-based organizations, or farmers themselves. 

Yield and farmer preferences are obtained from each of these on-fann trials. The results from all of 
these daughter trials can be combined and statistically analyzed as components of the complete 
tria!. Although each farmer only sees a subset of the complete mother trial on his or her own fann, 
with sufficient replication, this approach should allow researchers to obtain yie1d data lhat can be 
analyzed statistically, as well as infonnation from the farmers as to which material s are preferred. 
The approach allows for more effective farmer input at an earlier stage of testing. With the assis­
tance of extension officers and NGOs, nearly 300 on-farm daughter trials were conducted in 
1999/2000 in Zimbabwe. 

A note on seed production and maintenance 

Developing improved varieties is only par! of the process of getting them into production in fann­
ers' fields. Distinct from lhe cases ofrice and wheat, seed production in maize is more complicated. 
Plots must be isolated to eliminate genetic contamination from foreign pollen. Furthennore, the 

370 



_________________ J"',""Kcc, R",a",n""so""m",.,.;,;K:;.:,B""",K",o,:cir",al",a,-,-", N Baíbhandari. and K. Adhikari 

number of plants grown must be sufficiently large lo ensure Ihat Ihe genetic variability ofthe popu­
latíon is well represented and inbreeding effects are reduced. Seed enterprises rely on a good source 
of foundation seed, which is usually produced from breeder seed maintained by Ihe organization 
that develops Ihe genotype, A lack ofresources universally limits the number ofvarieties tha! can 
be maintained by public institutions, Due to Ihe lack ofinvolvement ofthe public and private sec­
tors in seed production (certified seed) within Nepal, the HilI Maize Research Project supports seed 
production at the community leveL This should allow quality seed of improved varieties lo be avail­
able 10 farmers at a reasonable cost, even in relatively inaccessible areas, 

F urthermore, farmers who use improved seed and retain their own seed for subsequent plantings 
must be trained in how to select seed if Ihey are to continue to benefit from the "fixed favorable 
alleles" in the improved varieties. This training should emphasize that seed should be from plants in 
the field and not cobs in the store, Ihat it should be selected from the center of their larger fields so as 
to avoid contamination from pollen from adjacent fields, and Ihat it should be dried well and stored 
in such a way Ihat it is protected from insect pests and wí11 maintain a high leve! of germinatíon, 

Conclnsion-the strategy of the HiIl Maize Project 

Based on Ihe need to have greater input from farmers in Ihe variety-development process and Ihe 
efficíencíes in finding and fixing favorable alle\es ínherent in statíon-based breeding programs, Ihe 
following breeding strategy has been adopted by Ihe Híll Maize Project for the development of 
OPVs for Ihe híll areas ofNepaL 

l. Based on inforrnation from RRAs and other survey ínstruments and feedback obtained &om 
farmers from on-furrn and on-statíon trials, breeding activities will focus on incorporating traits 
desired by farmers (Le" graín texture and color, maturity length, plant stature, etc.) ínto new 
varieties. 

2. Exolic and locally generated germplasm will be evaluated to determine source populations with 
whích lo work. 

3. Tried-and-tested breeding procedures will be used lo identífy desírable trails and fix them into 
experimental varietíes. 

4, Promising genotypes willbe identified through multilocational on-statÍon testing. 

5. Elite material will be evaluated in farmers' fields for both agronomic performance and farmers' 
preferences in eilher FFTs or molher-daughter trials. 

6. On1y varieties lhat are desíred by farmers will be released. 

7. Community-based seed production will be used as one mechanism for making seeds available 
to farmers at a reasonable price. 

8, Farmers will be trained in techniques Ihat can be used lO ensure Ihe maintenance of genetically 
pure seed. 
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