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ExAMPLE WITH MAIZE IN THE CENTRAL VALLEYS OF OAXACA, MExico. Economic Botany 55(1):
106-128, 2001. Collaborative plant breeding is an approach to crop improvement that includes
close attention to specific adaptation and interaction between farmers and formal plant breeders
to better meet the needs of those farmers. Collegial interaction capable of making best use of
the knowledge and skills of farmers and breeders will depend upon an understanding of those
in terms that are relevant to each. To facilitate this interaction with the goal of making farmer
selection practices more effective, the work described here sought to improve outside research-
ers understanding of farmers fundamental perceptions about their populations, growing en-
vironments, and expectations for response to selection. Various methods were used to accom-
plish this with a small sample of maize farmers in two communities in the Central Valleys of
Oaxaca, Mexico. Farmers' decisions about maize varietal type repertoires imply assessments
based on genetic and environmental variation in the local context. A clear distinction was made
between traits of high and low heritability and expected response to selection, however, some
traits of interest to farmers such as large seed size may involve considerations other than their
potential for expression in the progeny generation.

OPINIONES GENETICAS DE LOS GRANJEROS CON RESPECTO A sUS POBLACIONES DE LA COSECHA: UN
EXMPLO cON MAiz EN Los VALLES CENTRALES DE OAXACA, MExico. El fitomeoramiento cola-
borativo es una forma de mgora de las plantas, que presta especial atencion, a la adaptacion
especifica y la interaccion entre agricultores y fitomgjoradores para un meor respuesta a las
necesidades de los primeros. Lo que facilita la interaccion entre agricultores y fitomegjoradores,
pretendiendo que la seleccion de los agricultores sea mas eficiente. El trabajo describe una via
para € mejor entendimiento de los investigadores en relacion a las percepciones fundamentales
de los agricultores respecto a sus poblaciones cultivadas, sus ambientes de cultivo y sus expec-
tativas en relacion con la respuesta a la seleccion. Varios métodos fueron aplicados a una
pequefia muestra de agricultores en dos comunidades en los Valles Centrales de Oaxaca, Mexico.
La decision de los agricultores de escoger sus variedades esta basada en la variacion genética
y ambiental a nivel local. Una clara distincion fue hecha por los agricultores entre los caracteres
de alta y baja heredabilidad asi como la respuesta a la seleccion; pero, los resultados sugieren
gue algunos caracteres de interés para los agricultores como el tamafio del grano son importantes
como criterio de seleccion, aun cuando no lo asocian con un efecto genético.
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Collaborative plant breeding (CPB) isarelative- et a. 1996). Though still under development,
ly new approach to crop improvement (CGIAR CPB involves some form of interaction between
1997; Eyzaguirre and lwanaga 1996; Witcombe farmer-breeders and professional, formally
— trained plant breeders (hereafter, farmers and

1 Received 22 September 1999; accepted 5 Septem-  Plant breeders, respectively) in crop improve-
ber 2000. ment for local use (Cleveland, Soleri, and Smith
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2000; Smale et al. 1998; Sperling and Loevin-
sohn 1996). In the context of CPB, a broad def-
inition of plant breeding is emphasized that in-
cludes varietal choice, seed selection, and seed
procurement (Cleveland, Soleri, and Smith
2000; CPRO-DLO and WAU 1999). CPB is
seen as particularly relevant for agricultural sys-
tems in marginal growing environments, and
there is frequently an emphasis on specific ad-
aptation to local biophysical and sociocultural
factors (Ceccarelli, Grando, and Booth 1996;
Sperling and Scheidegger 1995; Weltzien et al.
1998). Marginal environments are characterized
by multiple stress factors with high variance, re-
sulting in low average and variable productivity
(Falconer 1989). Crop varieties planted in these
environments are frequently farmers varieties
(FVs), farmer managed and selected populations
that include landraces, and locally adapted prog-
eny from crosses between landraces and modern
varieties. FVs are usually assumed to have rel-
atively narrow geographical adaptation to mar-
ginal growing environments, and high yield sta-
bility (low variance across environments includ-
ing years and locations) and moderate yield in
those environments (Harlan 1992).

One form of CPB, and likely one of the most
universally accessible, will be based on modest
revisions of existing local selection methods to
improve farmers' own crop populations, part of
what has been referred to as ““farmer-led” CPB
(McGuire, Manicad, and Sperling 1999). Not
only can this approach be economical, it has the
potential to strengthen the extant selection pro-
cess because @) it is based in the farming com-
munity and is less dependent on external experts
and resources, b) the target environment (where
populations will ultimately be grown and used)
and selection environments are the same, thus
eliminating any problem with lack of correlation
between performance in selection plots and
farmers fields (Atlin and Frey 1989; Ceccarelli
1989), and c) it uses as its starting point crop
populations that are locally adapted through a
history of selection under local conditions (Cec-
carelli, Grando, and Impiglia 1998).

The limited number of CPB efforts that in-
clude changes in farmers selection practices
typicaly involve a transfer of technology ap-
proach, especially regarding biological compo-
nents (McGuire, Manicad, and Sperling 1999).
For example, a project with maize farmers in
Honduras attempted to teach basic genetics and
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techniques such as in-field plant selection, de-
tasseling, and bagging to control cross pollina-
tion (Gomez et al. 1995).

However, it seems likely that understanding
farmers’ plant breeding in terms of the same the-
oretical principles that underlie professional
plant breeding would enhance the probability for
successful CPB both in terms of empowering lo-
cal farmers socially, and of making significant
biological progress in plant breeding. While an
understanding of farmers plant breeding in
terms of professional plant breeding is of obvi-
ous importance for CPB, most research on farm-
ers plant breeding has focused on listings and
classifications of farmers' varietal repertoires or
on their stated selection criteria (e.g., Soleri and
Cleveland 1993). One exception is Louette and
Smale's work in Jalisco, Mexico (1998). They
found that farmers’ selection served primarily to
maintain broad varietal phenotypes for ear char-
acteristics, but that farmers did not undertake se-
lection with the idea of changing their maize
populations.

Not only will CPB likely require greater un-
derstanding of farmers plant breeding, but
methodological adjustments and innovations in
professional plant breeding as well (CPRO-DLO
and WAU 1999). Professional plant breeding
has typically emphasized the development of
modern varieties (MVs) with geographically
wide adaptation to optimal (relatively low stress,
and uniform) growing environments, and high
yield in these environments (Evans 1993; Sim-
monds 1979). While there has aso been atten-
tion to breeding for stress tolerance, this atten-
tion has focused on relatively large-scale envi-
ronments and commercial farmers who can af-
ford to purchase seed and other inputs, not on
the farmers who are the topic of this paper (Ban-
ziger, Edmeades, and Léafitte 1999; Heisey and
Edmeades 1999). Thus, CPB will need to ad-
dress the complexities of interdisciplinary (both
within and between the social and biological sci-
ences) and intercultural (farmers and research-
ers) collaboration, and of plant improvement in
variable, stressful environments.

The research we report here is situated within
the tradition of research on local (or indigenous)
biological knowledge in terms of the nature of
local knowledge, the conceptua level of this
knowledge, and the purpose of understanding it.
First, in terms of the basic views of local knowl-
edge within ethnobiology we take an aternative
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approach, a middle ground, between utilitarian
and intellectualist views (Berlin 1992, Medin
and Atran 1999). The utilitarian view is a rela-
tivist one, that local knowledge depends on the
goals, theories and beliefs of the local people.
As Berlin notes, the utilitarian tradition is often
dominated by economic concerns, or descrip-
tions of uses, and this continues to be a strong
tradition in economic botany and zoology. The
intellectualist or comparativist tradition suggests
that categories are recognized rather than con-
structed because nature itself is made up of an
organized pattern of units, and there are univer-
sals in human cognition, resulting in cross-cul-
tural similarities in the ways in which humans
view or conceive biological organisms. A more
inductive alternative to these two common ap-
proaches is one that unites them by seeking to
explain both similarities and differences between
local groups, including comparisons between |o-
cal and scientific knowledge (Medin and Atran
1999).

Second, in terms of the level of knowledge,
our focus is different than that of most studies
of local knowledge of the biological environ-
ment, which have been on classification. This
study contributes to a growing area of research
on understanding more complex local biological
knowledge systems, of which classification is an
important part, and on the relationship between
knowledge and practice. For example, Ellen
(1999) concluded on the basis of his own and
others' research on subsistence of rain forest
peoples, that knowledge of general principles
forms the basis for deductive models that func-
tion, for example, in connecting observations at
the species level with forest structure and dy-
namics. Our focus is on local knowledge about
complex functional relationships between organ-
isms and their environments, namely the inter-
actions between genotype and environment that
determine phenotype in crop plants, and that af-
fect varietal classification systems and farmers
plant breeding strategies.

Third, our goa of understanding similarities
and differences between local and scientific
knowledge is a practical one. Thus we are in-
terested not only in the question of the extent to
which local and scientific knowledge are similar
or different, but also in how each can contribute
to achieving farmers' and plant breeders goals.

The research reported here is also based on
two assumptions. First, the biologica model of
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plant breeding described below is a valid rep-
resentation of biological reality. Second, in CPB
the knowledge and practice of both farmers and
breeders are important, and neither should be as-
sumed to be better a priori—their relative merits
in terms of contribution to CPB need to be em-
pirically assessed in each situation. This is the
reason we have suggested collaborative plant
breeding (CPB) as an alternative to participatory
plant breeding (PPB) (Cleveland and Soleri
1997; Cleveland, Soleri, and Smith 2000).

This paper reports results of a small case
study we carried out with farmers in two com-
munities in the Central Valleys of Oaxaca, Mex-
ico. We begin by very briefly describing the
place of maize (Zea mays L.) FVs in Mexico
and the study region, then use a basic biological
model to outline relevant points regarding the
interaction of genetic and environmental varia-
tion in crop populations, focusing on heritability.
Our methods included traditional ones of social
science, as well as a new method that uses hy-
pothetical scenarios based on the biological
model and farmers’ own experiences to explore
farmers’ genetic perceptions—their knowledge
of genetic variation and its relation to environ-
mental variation—in terms of two components
of farmers' plant breeding. First, farmers per-
ceptions of intervarietal differences through
their descriptions of varieties of the most widely
sown class of maize and our measurements of
their maize populations, and the implications of
those designations in terms of genetic and en-
vironmental variation. Second, farmers percep-
tions of heritability for two different traits and
correlation with plant development for one trait
within their maize populations, through their cri-
teria for seed selection, and responses to hypo-
thetical scenarios.

For both of these components we asked three
fundamental questions: (1) What methodologies
can outside researchers use to understand farm-
ers plant breeding? (2) What is the nature of
farmers’ plant breeding knowledge in relation to
the biological model of professional plant breed-
ers? (3) Can this knowledge inform and improve
CPB? The findings suggest both similarities and
differences between the knowledge of farmers
and plant breeders that have important implica-
tions for CPB.

MAaize IN MEXICO

Mexico, the center of maize domestication
and diversity, is also the home of the green rev-
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olution approach to developing MV's of wheat
and maize for increased yield and production. In
the Third World this approach is characterized
by the application of industrial agriculture based
on MVs and high levels of inputs in the better
growing environments. In spite of the release of
222 MVs of maize (104 open-pollinated varie-
ties, 118 hybrids) between 1966-1997 by the
Mexican public sector, and 155 private-sector
MVs (5 open-pollinated varieties, 150 hybrids)
being available on the market by 1997, approx-
imately 80% of the total maize areain 1996 (6.3
million ha) was in FVs (compared to 52% for
all of Latin America) (Morris and Lopez-Pereira
1999).

As with other magjor grain crops, high yielding
maize MVs (as compared to FVs) have been
bred for relatively optimal (fairly uniform, low
stress) environments across wide geographic ar-
eas, and are relatively lacking in genetic diver-
sity—limited work has been done on breeding
for the more stress-prone environments of many
small-scale farmers where yields are relatively
low (Heisey and Edmeades 1999; Smith and
Paliwal 1997). As discussed below, available
data suggest that most maize MV's are not ap-
propriate for small-scale farmers in Mexico,
who are responsible for the magjority of land
planted to this crop (Garcia Barrios and Garcia
Barrios 1994).

The low adoption rate for MVs is likely due
in part to the highly stress-prone growing con-
ditions (drought stress, low fertility, lack of in-
puts such as irrigation and fertilizers) of small-
scale farmers in Mexico. Many MV's have not
been targeted for such conditions, and thus pro-
duce lower yields than FVs (Aquino 1998; Heis-
ey et a. 1998). Even if MVs performed accept-
ably in these farmers’ fields, provided they sup-
plied the additional inputs that the large-scale
commercia farmers do (commercial fertilizers,
pesticides, irrigation), low resource farmers can-
not afford to supply these inputs. Yet small-scale
Mexican farmers are often assumed to be **only
dimly aware of the potential benefits of im-
proved germplasm and crop management prac-
tices,” and lacking the education and skills
needed to manage MVs ‘“‘properly” (Aquino
1998:249), although no data are usually provid-
ed to support such statements. To the contrary,
the few studies that have been carried out sug-
gest that small-scale farmers make decisions in
alocating resources to maize MVsv. FV's based
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on rational comparisons of performance, includ-
ing yield stability (e.g., Perales, Brush, and
Qualset 1998; Smade, Heisey, and Leathers
1995).

While it is difficult to compare yields for FVs
and MVs at a regional or national level because
most data are not disaggregated, some relevant
survey data do exist. For example, disaggregated
data from 1990 and 1994 surveys of 275 gjidos
(communities managing land in common) show
that in the spring-summer season with irrigation
and fertilizer, MV's (“‘improved seeds”) yielded
more (2.36 t/hain 1990, 1.85 in 1994) than FVs
(“local seeds’) with irrigation and fertilizer
(1.36 t/ha in 1990, 1.37 in 1994), and yielded
much more than local seed that were not fertil-
ized or irrigated (0.84 t/hain 1990 and 0.80 in
1994) (de Janvry, Gordillo, and Sadoulet 1997:
72). However, improved maize seed was used
by only 4.6% (1990) and 15.5% (1994) of all
farms, and only 3.0% and 7.8% of farms under
2 ha, which were almost entirely rain fed, and
accounted for 28.8% of al farms (de Janvry,
Gordillo, and Sadoulet 1997:78, 82, 32). These
data support the observation that the adoption of
maize MV's has generally been limited to better
growing environments (Heisey and Edmeades
1999).

In the southern Mexican state of Oaxaca,
92.7% of maize area harvested in 1990 was in
FV's, with the remainder in MV's (5.5% in open-
pollinated varieties, 1.8% in hybrids) (Aragon
Cuevas 1995). Grain yields in Oaxaca during
this period were only 0.8 t/ha (INEGI 1996:32),
40% of the yield for Mexico as a whole, and
20% of the world average. In addition there are
high rates of emigration from farm communities,
and agriculture may often be associated with
degradation of soil and vegetation (M. Rees
pers. comm. 1998; Stephen 1991).

THE BioLocicAL MODEL:
HERITABILITY

A central theme of biological scientific theory
and practice, including plant breeding, is the rel-
ative contributions of nature (genetic variation,
V) and nurture (nongenetic or environmental
variation, Vg) to individua phenotypes. Varia-
tion in population phenotype (Vg), on which
choice and selection are based, is determined by
genetic variation (Vg), environmental variation
(Vp), and variation in genotype-by-environment
(G X E) interaction (Vgyg), (Vp = Vg + Vg +
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Vaxe) Vaxe represents the degree to which ge-
notypes behave consistently across a number of
environments. Environmental variation can be
partitioned into several components: Ve = V| +
V: + Vy (V. = variance due to location, e.g.,
soil and climatic variables, V; = variance due
to time, e.g., season or year; and V,, = variance
due to breeder or farmer management). Low
quantitative G X E means relatively little change
in performance over environments. High quan-
titative G X E is characterized by marked chang-
es in performance with changes in environmen-
tal factors and is associated with reduced stabil-
ity of performance (defined as variance across
environments) of an individual genotype. Qual-
itative G X E between two or more varieties
means that they change rank across environ-
ments, and this is often referred to as a crossover
because the regression lines for yield (or other
traits) cross over at some point.

Broad sense heritability (H) is the proportion
of V, dueto genetic variance (V4/Vp), while nar-
row sense heritability (h?) is the proportion of
V, due to additive genetic variance (V,/Vp), that
is, the proportion of Vg directly transmissible
from parents to progeny, and therefore of pri-
mary interest in plant breeding. Heritabilitiesin-
fluence not only selection, but also choice of
germ plasm for planting or crossing. Traits with
high average heritability vary less with variation
in the environment than traits with low average
heritability, and therefore high heritability traits
are theoretically easier to use in classification of
Ccrop genotypes.

Estimating the heritability of traits in partic-
ular environments and populations is of centra
interest to plant breeders (Nyquist 1991; Sim-
monds 1979). Traditionally, estimates have re-
lied upon methods that attempt to characterize
environmental variation through research design
and the use of genetically defined materias, e.g.,
clones or families of full or half siblings. How-
ever, as increasing attention is being given to
more marginal environments, interest in herita-
bility estimates for these environments is grow-
ing (e.g., Bolafos and Edmeades 1996; Ceccar-
eli 1996). Consideration of heritability within
the context of CPB requires attention to the po-
tential for specific adaptation and farmer-breeder
interaction. Attention to specific adaptation
means heritability estimates made under the con-
ditions experienced by farmers and their crop
populations (Soleri and Smith n.d.). Attention to
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interaction suggests enhancing communication
and understanding of researcher and farmer per-
spectives (e.g., Dhamotharan et al. 1997), for ex-
ample by trying to understand the extent to
which farmer plant breeding (knowledge, prac-
tice and genotypes, and environments) can be
understood in terms of the basic biological mod-
el of plant breeding (Cleveland, Soleri, and
Smith 2000).

MATERIALS AND METHODS

This research was undertaken as part of a
study of local maize populations and farmer se-
lection in two communities in the Central Val-
leys of Oaxaca, Mexico (Soleri 1999). Com-
munities in this area are predominantly either
indigenous Zapotec, Mestizo, or a mix of these
two (INEGI 1993:35). While off-farm work is
increasingly important in this region, including
temporary migration within Mexico and to the
USA (M. Rees pers. comm. 1997; Stephen
1994), subsistence agriculture is still predomi-
nant and maize production is the foundation of
most rural households' economy (INEGI 1993:
73). Eighty-eight percent of summer maize pro-
duction in the Central Valleys is under rain-fed
conditions with most households experiencing
harvest failure about one of every four years
(Dilley 1993:114). We worked with eight farm
families in Santa Maria (pseudonyms are used
for communities throughout), a community in
the Zimatlan Valley, and with five families in
San Antonio, a community in the Mitla Valley
(Table 1). Households were initially selected for
participation in another component of this re-
search concerning quantitative description of
their crop populations (Soleri and Smith n.d.).
Some households were identified through rec-
ommendations of fellow community members
and municipal authorities as households known
to be managing diverse maize varieties or
known as respected maize farmers (e.g., hard-
working, not implying large-scale). Others were
chosen during walking tours of fields in the 1996
spring planting season. The sample contained
representatives of the main household types in
each of the communities, based on the two most
important distinguishing characteristics. gender
of household head and weslth. Interviews were
conducted with individuals primarily responsible
for agriculture, typically a wife and husband, or
mother and son, and younger workers who usu-
aly deferred to the primary pair. When we use
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TABLE 1. CHARACTERISTICS OF STUDY COMMUNITIES IN THE CENTRAL VALLEYS OF OAXACA, MEXICO.

Characteristic Santa Maria San Antonio

Elevation (meters above sea level)2 1490 1780
Average annual precipitation (mm)P 685 468
Predominant soil characteristics® dluvial, sandy clay piedmont, gravel
District average maize yield (t/ha)2 0.76 0.45
Average sowing rate (seed/ha)? 47 000 40 000
Population (1995)2¢ 2800 2533
Predominant ethnic/linguistic groupf Mestizo/Spanish Zapotec/Zapotec

2INEGI 1996.

b Dilley 1993.

¢ Kirkby 1973.

dBased on field observations, Soleri 1996-1997.

©1998 estimates for both communities = 3000, M. Rees personal communication 1998.

fINEGI 1993.

the word “‘farmer’” in the rest of this paper, it
refers to a farm household, unless otherwise in-
dicated.

The larger study that this work was part of
was conducted from June-December 1996,
June-December 1997, and June-August and Oc-
tober 1998, with data collected in Spanish
through participant observation, informa dis-
cussions, formal interviews, and on-farm and
experimental plot research. Questions regarding
farmers varietal choices were administered dur-
ing formal interviews in 1996 and 1997. Com-
munity-level comparisons between farmer esti-
mates of maize cycle length (days from sowing
to anthesis and harvest) were analyzed using the
Mann-Whitney one-tailed test of medians with
significance at P = 0.05.

In this research we investigated farmers’ prac-
tices (varietal classification, seed selection) and
farmers’ genetic perceptions. Farmer identifica-
tion of ear phenotypes they associate with white
maize varieties was accomplished using a ran-
dom sample of 100 ears from aplot in afarmer’'s
field (measured as part of the larger study, Soleri
1999) in their community. Ten of each of the
white maize varieties recognized in their com-
munity were identified by farmers. To compare
the two farmer-identified varieties as represented
by the 10 ear samples, we analyzed 15 morpho-
phenological plant and post-harvest (seed and
ear) traits using orthogonal contrasts with sig-
nificance at P = 0.05 (Soleri, Smith, and Cleve-
land n.d.). All traits were measured on an indi-
vidual plant basis and included traits measured
post anthesis in the field: ear height, total plant
height, stalk diameter, ear leaf width, ear leaf
length, ear leaf area (width X length X 0.75,

L afitte and Edmeades 1994), number of primary
tassel branches, anthesis silking interval (days
between initiation of pollen shed and first silk
emergence), days to anthesis from sowing; and
traits measured post harvest: ear diameter, ear
length, kernel row number, grain yield, weight
of 100 grains, and shelling ratio (grain weight/
ear weight).

Farmers' perceptions regarding heritabilities
in their populations and environments were as-
sessed during formal interviews in 1996, 1997
and 1998. We used hypothetical scenarios re-
garding traits that typically have high (tassel col-
or) or low (ear length) average heritabilities, and
their expression in both a variable, stressful, typ-
ical field of the region and in a hypothetical op-
timal field, one that is uniform and in no way
limits plant growth (Table 2). Using the same
two environmental types, we aso asked about
the effect of seed size on plant development.
Here “seed” refers specifically to maize grain
(also called kernels) used by farmers for plant-
ing. These scenarios built on farmers experi-
ence, but aso presented some situations unfa-
miliar to them, for example an optima field
without resources limiting plant growth. Our
guestions about the expression of traitsin typical
and optimal environments were designed to cre-
ate a contrast in the variability present in the
growing environment and the opportunity to dis-
cuss the interaction of this and V.

REsuLTS

Our objectives were to test both a methodo-
logical approach for understanding how farmers
perceive of abstract concepts such as heritability
in their maize varieties, and to test hypotheses
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TABLE 2. SUMMARY OF FARMER PERCEPTIONS OF HERITABILITY AND GENETIC VARIANCE FOR TWO TRAITS
AND CORRELATION WITH PLANT DEVELOPMENT FOR ONE TRAIT IN MAIZE.

Phenotypic trait Question based on Scenario presented Hypotheses regarding farmers’
selected for biological model to farmers perceptions
Tassel color How do farmers perceive the h? of What would be variation in tassel Null: low h?
a trait with high average h? in color if only seeds from plants Alternative: high h?
environments with high and low  with preferred tassel color
Ve? planted?
Ear length How do farmers perceive the h? What would be variation in ear ~ Null: low h?
and V of atrait with medium/ length if only seeds from Alternative: high h?
low average h? in environments plants with long ears planted?
with high and low V¢?
Seed size How do farmers perceive the phe- What would be the variation in ~ Null: no phenotypic

notypic correlation between
traits with low heritability (seed
size, plant development) in en-
vironments with high and low
Ve? That is, would the pheno-
typic correlation between seed
(endosperm) size and plant de-
velopment (Vg Wwhere E = in-
terna environment, i.e. endo-
sperm) be overridden by field
variability (Vg.e Where E =
field)?

correlation be-
tween seed size
and development
of the plant

Alternative: pheno-
typic correlation
between seed size
and development
of the plant

emergence, seedling size/vigor
and grain yield when only
large seeds planted?

about the similarities and differences between
farmers' perceptions and those of plant breeders
in terms of the biological model. These hypoth-
eses were designed to provide insights into the
nature of farmer knowledge underlying practices
of particular relevance to CPB, for example, the
possibility and nature of a theoretical basis for
farmer knowledge and practices.

TABLE 3. MAIZE VARIETY CLASSIFICATION IN TWO
COMMUNITIES IN THE CENTRAL VALLEYS OF OA-
XACA, MEXICO.

Varietal classification

stated by farmers Community
Name and Grain Cycle Santa  San
color class type length? Maria Antonio
blanco (white) cuadrado — N
bolita — v
— tardon J
— violento v
amarillo (yellow) — tardon J
— violento / J
negrito (black) — violento / v
- =
belatove (purple) — violento J

aDetermined by farmers' statements about both days from planting to
anthesis and from planting to harvest.

Vs, Ve, AND VARIETAL CLASSIFICATION

Although Santa Maria and San Antonio are
only approximately 65 km apart and both com-
munities have good access to major markets,
there is a distinct difference in farmers' naming
practices regarding their white maize varietiesin
the two communities (Table 3). In both locations
blanco criollo (local white) is the primary class
of maize cultivated. In Santa Maria varieties of
blanco are categorized solely based on features
observed in the ear post harvest—particularly
kernel/ear type (cuadrado v. bolita), as well as
pigmentation of the cob and husk. In contrast,
varieties of blanco in San Antonio are catego-
rized on the basis of their cycle length (tardon
[long cycle] v. violento [short cycle]), as mea
sured by days to anthesis and harvest.

To obtain farmers’ estimates of cycle length,
we asked them to tell us the time from planting
to flowering and to maturity for the blanco va-
rieties they had experience with. Farmers re-
sponded in terms of months and fractions of
months, sometimes adjusting this in terms of
weeks or days (Table 4). Farmersin Santa Maria
perceived bolita and cuadrado as having differ-
ent cycle lengths, but they disagreed about
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TABLE 4. FARMERS ESTIMATES OF CYCLE LENGTH FOR BLANCO CRIOLLO MAIZE VARIETIES.

Days from planting until:

Anthesis Ready to harvest
Santa Maria varieties Bolita (n = 8) Cuadrado (n = 7) Bolita Cuadrado
Mean 67 69 128 134
Standard deviation 10 8 15 22
Median 60 69 120 134
San Antonio varieties Violento (n = 5) Tardon (n = 5) Violento Tardon
Mean 68 81 105 144
Standard deviation 13 13 11 8
Median 602 907 1057 1502

2One-tailed Mann Whitney test of medians, significant at P = 0.05.

which was slower or faster, and the differences
between cycle length estimates for the two va
rieties were insignificant. In addition, the lack of
agreement regarding correlation between the
bolita and cuadrado ear phenotypes and cycle
length does not support the hypothesis that these
ear types are indirect selection criteria for cycle
length. In San Antonio, with a more stressful
growing environment due to lower rainfall and
poorer soils, the difference in farmer-declared
cycle lengths was significant. Although farmers
we spoke with in Santa Maria preferred the bol-
ita phenotype, all stated that they grew mixed
populations containing both varieties, and that
keeping them separate was impossible because
of cross-pollination.

Hibrido (hybrid) blanco is the only blanco
maize currently distinguished by cycle length in
Santa Maria. One household we worked with in
that community grew it occasionaly and pur-
chased seed from suppliers in Oaxaca City,
though a shop owner in Santa Maria aso sold
hibrido seed. Hibrido was universally known in
both communities for its long cycle and greater
water requirements as compared to local blanco
varieties, and as a maize of foreign origin is not
considered a criollo variety and was not includ-
ed in this study. Color classes of maize other
than blanco are grown in both communities—
amarillo, negrito, and belatove in San Antonio,
amarillo and negrito in Santa Maria. However,
in both communities the non-blanco classes are
typically assumed to be of short cycle length
with the exception of long cycle amarillo pop-
ulations reported in San Antonio and negrito of
comparable cycle length as the blanco popula-
tions in Santa Maria (Table 3). None of the non-
blanco color classes were described by farmers

in either community as having consistent vari-
ants for ear or kernel type as was true of blanco
in Santa Maria

In addition to asking farmers what traits char-
acterize their blanco maize varieties, we also
asked farmers to identify ears belonging to dif-
ferent varieties from among the 100 ear samples
we presented to them (Table 5). Of the 15 mor-
phophenological traits measured on these ears
and the plants that produced them, some within-
community patterns are suggested by farmers
identification, though they were not always con-
sistent and are not conclusive. Although only a
few (n = 3) of the identification exercises with
farmers from San Antonio used samples for
which cycle length data were available, none of
those comparisons showed significant differenc-
es between farmer identified violento and tardon
groups of individual plants, as represented by
their ears, for days to anthesis. Of al of theiden-
tification exercises conducted with farming
households in that community (n = 8 house-
holds), six had at least one significant trait con-
trast between varietal groups. Of the total of 12
significant trait contrasts from that community,
nine (75%) portrayed violento plants/ears/ker-
nels as being smaller than those of tardon. The
significant contrast for kernel row number
showed violento with a higher row number.
However, the most common significantly differ-
ent trait (n = 3) from the exercises in that com-
munity was ear diameter, where results of two
identification exercises showed a violento group
with means greater than the tardon, while the
other exercise had the opposite result.

Of a total of eleven identification exercises
conducted in Santa Maria, seven contained va-
rietal identifications with significantly different
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means for one or more traits (n = 14 significant
trait contrasts). Of these significant contrasts,
79% (n = 11) represented bolita as having
smaller plant or ear characteristics as compared
to cuadrado. In the comparison of farmer-iden-
tified varieties in this community, the most fre-
guent (n = 3 households) significantly different
trait was shelling ratio.

HERITABILITY, SEED SiZE, AND
INTRAPOPULATION SELECTION

The scenarios presented to farmers made use
of traits with high and low average heritability
that were familiar and of interest to them, as
well as both familiar and unfamiliar growing en-
vironments (see Table 2 above). Our purpose
was to create hypothetical situations to facilitate
discussion of the abstract concept of heritability.
Scenarios regarding seed size were intended to
clarify farmers perceptions of the significance
of that trait in selection.

Tassel Color. Tassel, glume, and anther color
(including yellow, red and purple), is an aes-
thetic trait that farmers in both communities
pointed out to us. The pleasure of looking across
a field of green plants with purple tassels was
the reason one household in San Antonio sought
out a yellow maize population known to have
tassels of that color. In Santa Maria a household
was growing a bolita blanco population recently
developed by a family member to have predom-
inantly purple tassels, cobs, and husks; purple
husks transfer their color to tamales steamed in
them, a desired effect. Tassel color is highly her-
itable and as such is among the pigmentation
traits used to identify genotypes in experimental
research (Coe, Neuffer, and Hoisington 1988:
135).

These scenarios were designed to improve un-
derstanding of how farmers perceive the influ-
ence of Vg and V¢ on expression of tassel color.
The potentia role of Vg was represented by the
relationship between phenotypes of maternal
and progeny generations. The potential role of
Ve was represented by the contrasting growing
environments. The null hypothesis was that
farmers see arelatively small contribution by V4
to total V—Ilow heritability—saying that seeds
from plants with a given tassel color would pro-
duce plants with a diversity of tassel colors
when planted in a typica environment, and
mostly tassels of the given color when planted
in an optimal environment, attributing V, pre-
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dominantly to V¢ and Vg, The aternative hy-
pothesis was that farmers see tassel color pri-
marily determined by Vg, that the tassel color of
the progeny plant would be the same as that of
the parent regardless of the environment. Our
hypotheses did not include the effects of the pol-
len parent or of segregation in the formation of
progeny phenotypes, athough some farmers did
mention this.

Using photographs from a local population of
maize that included plants with both purple and
yellow tassels, we asked farmers what tassel col-
or would result if seed were only taken from
plants with purple tassels and those seed were
planted in 1) a typical field, and, 2) an optimal
field (Fig. 1). The majority of responses to these
scenarios stated that tassel color would be purple
in either field; that is, it will not be affected by
the growing environment (Table 6). The remain-
der stated that there would be a mixture of col-
ors, and that after five years of isolation from
cross pollination with other populations and con-
tinued selection for that color, the population
would have all purple tassels.

Ear Length. Ear length is one of farmers’ cen-
tral selection criteria in both communities (So-
leri, Smith, and Cleveland n.d.), and is a trait
with medium to low average heritability (<0.50)
(Hallauer and Miranda 1988). Again, our sce-
narios were designed to elicit farmers' percep-
tions about the relative influence of genetic and
environmental sources of variation on V; of this
trait. The null hypothesis was that farmers see a
relatively small contribution by Vg to total Vg,
saying seeds from long ears would produce
plants with a diversity of ear lengths when plant-
ed in atypica field and mostly long ears when
planted in an optimal field. The alternative hy-
pothesis was that farmers see ear length primar-
ily determined by Vg, with progeny phenotype
for the most part the same as that of the parent,
regardless of the environment. As with tassel
color, our hypotheses did not include the effects
of the pollen parent or of segregation in progeny
phenotypes although these were noted by some
farmers.

We asked what would be the length of the ears
produced in atypical field as compared to those
produced in a optimal field, if they planted only
seed from the long ears from a typical harvest
of variable sized ears (Fig. 2). The farmers stat-
ed that the typical field would produce a harvest
of variable ear lengths while the harvest from
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(P=purple, Y=yellow)

If sced from purple-tasseled
plants only are planted in a

typical, variable field. . ...
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uniform, good field.. ...

.....what will be the tassel color of the progeny plants?

All tassels purple = 9
1
Mixed tassel colors = 3

Most tassels purple

All tassels purple = 9
Most tassels purple = 1
Mixed tassel colors = 3

Fig. 1. Genetic perceptions. Responses to tassel color scenario. (P = purple, Y = yellow).

the optimal field would consist of uniformly
long ears, and gave environmental reasons when
asked why this would occur (Table 7). One
farmer noted that there would always be some
variation present in any environment.

Seed Sze. Some studies have found a signif-
icant relationship between seed size and early
plant growth (e.g., Revilla et al. 1999). Partici-
pant observation, discussions and formal inter-

views during our first field season (1996) clearly
indicated that, as with ear length, farmers found
large seed size desirable but completely depen-
dent on the environment in which the plant
grew. To avoid questions that would seem re-
dundant to the farmers, we did not present sce-
narios regarding heritability for seed size as we
did for tassel color and ear length. Instead, we
wanted to ascertain why large seed size was



2001] SOLERI & CLEVELAND: FARMERS GENETIC PERCEPTIONS REGARDING MAIZE 117

sought out for planting. Therefore, in subsequent
SyHovxyHdo-do interviews we focused on discerning farmers
perceptions of differences between large and
small seeds that might explain their preferences
LWOMWOMMO for large seed.

Our question was, Do farmers perceive a cor-
relation between seed phenotype (size) and other
phenotypic traits of the plant that grows from
that seed, such as seedling vigor? The null hy-
pothesis was that farmers would see no corre-
lation, saying that later developmental stages
would be the same for big seeds and small seeds
when planted in an optimal field, and similarly,
they would be the same in a typica field. The
aternative hypothesis was that later develop-
mental stages would not be the same for big
seeds and small seeds, that a correlation exists.
Effects of seed size on subsequent stages within
one generation can be a genetic effect due to
pleiotropy, linkage, or epistatic effects, or may
be entirely due to seed size per se.

Two comparably large ears, one with small
seeds and the other with large seeds, but other-
wise similar, were used to demonstrate these
scenarios. We asked farmers to imagine that in
both a typical field, and an optimal field one row
of each seed type is planted with identical spac-
ing, one seed per hill, and only ears produced
by single ear plants considered. We aso asked
farmers more specifically what major problems
they have in the first month after planting, and
referred to those answers in explaining our ques-
tion about the effects of seed size in a typical
field. We asked if there would be any differences
in atypical field between large and small seeds.
The mgjority of farmers (10) answered that there
would be no differences, with a minority (3)
stating that larger seeds emerge better and pro-
duce larger seedlings in the typical field they are
familiar with (Table 8).

Since more farmers initially provided more
detailed answers about differences in an optimal
field, we asked farmers more specificaly if there
would be differences in emergence/seedling size
and vigor, plant size, or grain harvested when
large and small seeds were planted in an optimal
field. The majority of responses suggest that
these farmers see seed size as having no con-
sequence for plant performance, implying no
phenotypic or genetic correlation between these
traits. A total of three households stated that
there would be differences in some aspect of
seedling/plant performance associated with dif-

Sta. Maria  S. Antonio

DI MO AMT O

Total

Response

Most, but not all of seed parent’s color

A mixture of colors
Most, but not all of seed parent’s color

A mixture of colors

Yes

No

All same color as seed parent
All same color as seed parent

No. of
households
13
3
4

Typical field?
Optimal field?

TABLE 6. FARMERS RESPONSES TO GENETIC PERCEPTIONS SCENARIOS REGARDING HERITABILITY AND GENETIC VARIANCE OF TASSEL COLOR.
Scenario/question

seed selected only from seed parents with one tas-

sel color (either purple or yellow), when grown in

a(n):
ed for 5 years? (if did not answer ““all same color

as seed parent” above)

What will be the tassel color of plants grown from
Will there be more of that color if isolated and select-
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planted in a

typical, variable field. ...
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.....what will be the length of ears produced by the progeny plants?

All same ear length = 0
Mixed ear lengths = 13

All same, large eat length = 12
Mixed ear lengths, but longer than
in typical field = 1

Fig. 2. Genetic perceptions: responses to ear length scenarios.

ferent seed sizes: in emergence (two), seedling
sizelvigor (two), and yield (one).

Altogether, four households said that there
would be differences between large and small
seeds in either a typical or optimal field. Re-
sponses that differences in seed size will result
in differences in seedling/plant performance in

both types of fields (two households) can be in-
terpreted as suggesting a genotypic correlation
between these that is evident regardless of en-
vironmental variation. The response of one
household that there was a difference only in an
optimal but not in a typical field suggests a ge-
netic correlation may exist but is masked by the
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variation present in a typical field, and therefore
cowstooowoovxoooo | notreflected in phenotypic correlation between
seed size and seedling/plant performance where
there is high V¢ and V.. The response of one
other household that there is a difference only
in typical fields suggests that the advantages of
large seeds are only evident under stress. How-
ever, due both to the small sample size and the
CoOmMmadO—dNO«—N~O« « « | complex nature of the relationships involved, the
findings are only suggestive and further research
is required. One farmer provided the following
explanation: This is why we (farmers here) do
not use small seeds, this is what we think will
happen (poorer seedling vigor), but we do not
know this for certain because we never plant
small seeds because that is not our custom here.
To be sure of what the results would be we
would need to try it for a while.

Finally, since the majority of farmers said that
there were either no differences in performance
between large and small seeds, or that any dif-
ferences in early plant development did not re-
sult in differences at harvest, we asked them
why they select/purchase large seeds for plant-
ing, mentioning that they cost more, and provide
fewer seeds per unit volume (maize is sold by
volume). Most households (nine) offered no rea-
son except custom for selecting large seeds.
However, three households (the three who said
that larger seeds produced larger and/or more
vigorous seedlings in an optimal field) reiterated
that a reason for planting larger seeds is because
they produce larger seedlings. Finally, the one
household responding that there would be a dif-
ference in a typical field, stated a possible re-
duction in seed size over generations if large
seed were not selected, implying recognition of
the possibility of a genetic component to seed
size and that selecting large seed size maintains
this characteristic in a population, rather than
changing the population.

S. Antonio

OO THO ANMNOAMO

Sta. Maria

Total

Environment determines everything
Water determines

Nothing limiting growth
There is always some variation

Soil determines
All long

All short
Nothing limiting growth

Water determines
Soil determines

Mixed sizes

Response
Mixed sizes
Environment determines everything

All long
All short

13
10

3
10

Typical field?
Optimal field?

Why?
Why?

DiscussioN AND CONCLUSIONS

The results of this study address the three fun-
damental questions we posed at the beginning of
this paper. First, the genetic perceptions scenar-
ios proved to be a useful method for outsiders
to communicate with farmers about, and to un-
derstand the abstract conceptual bases of, farm-
ers plant breeding. Second, the results provide
theoretical and empirical insights into farmer
plant breeding knowledge and practice in terms
of the biological model of plant breeding. Third,

Scenario/question

TABLE 7. FARMERS RESPONSES TO GENETIC PERCEPTIONS SCENARIOS REGARDING HERITABILITY AND GENETIC VARIANCE OF EAR LENGTH.
No. of
households

will the ears be that are produced when those

seeds are sown in a
will the ears be that are produced when those

seeds are sown in an

If only seed from long ears are selected, what size
If only seed from long ears are selected, what size



[VOL. 55

'9Z1S Pass Ul S90ULBJLIP JO 8duenbasuod auo Ueyy alow 0} ApAnsod papuodsal Spjoyssnoy aWos «

yioq Jo ppY fewndo

0 e e sBulpass Jebre| aonpoud spsss seble ue Jo [ealdAy e Ul Seuo [ewsS Uey) JuseIp
0 T T SIeak sy} JOAO o[BS awoda( |[IM Spass 1,uUop am 4| % spass abfe| pres eyl sployssnoy Jo Slemsuy
v z 9 pass Jo adAl awes ‘eouaIp ON
T T 4 wiosnd INO SSUO |fews Uey) JUSBJ4Ip spass
0 T T ¢SMOU OYM 6 abre| pres U eyl Sployesnoy JO SIMSUY
JPunueld oy pass abre| aseyoindoees AYmm
€ € 9 ON
Z 0 T T SOA L ¢peIsaney uelf Jo Junowy
< S 9 T ON
5 0 Z z A €T ¢ioBinpzss Buljpess
@ S 9 T ON
© 0 Z 4 SOA €T ¢douablewq
3 5 g ot ON
m 0 € € SOA €T SNUBRHIP IV
O Ul S30UBBLLIP BlY) afe
w ‘PR windo Ue Ul UMOS Spass [fews ‘A 8Be| LI
S <] 0T ON ¢S9oURIRYIP Aue asey) ol
0 € e (Buipsas Jebre| sanlb ‘Jenaq seblowe pass Jebre|) SoA T ‘PPl EoIdAle ul uMmos spass [ews ‘A able| Yl
0 T T asess1q
Z 0 Z spkezi| sy
0 Z 4 SPSSM
T Z € spiid
Z € S S\
T [ 9 Jenre| 108sU| ¢ @1q1ssod asuodsal auo uey) aiow) pass azrew Hul
S L zT Jorem jo e €1 -Jue|d Jeije yiuow 1siiy Ut swaiqoud Jofew ase Jeym
olONY S BLRIN BIS PIoL BVSUY SPIOYESIOH uonsand

'3ZIS d33S 40 103443 IHL ONIAYVO3d SOIdVYNIOS SNOILJIOHad DOI11INIO OL SISNOIS3Y SHIANIVL g 319V |

120



2001]

these insights appear to have potential for in-
forming and improving CPB.

In the remainder of this section we discuss the
results regarding farmers' varieta classification
and intrapopulation selection, and the usefulness
of the insights this information provides for
CPB.

Vs, Ve, AND VARIETAL CLASSIFICATION

The objectives, methods and results for the
investigation of varietal classification within
blanco criollo are presented in Table 9. Farmers
indicated that they recognize a concept paralel
to Vg by their use of distinctly named varieties.
In the case of Santa Maria, both varieties as con-
ceived by farmers may be present within one
population. We hypothesize that the contrast in
blanco criollo varieties between Santa Maria
and San Antonio reflects, in part, differences be-
tween their growing environments. In Santa Ma-
rig, aside from hibrido, no distinct blanco vari-
eties were identified as being maintained for al-
location to particular environments determined
by variation between locations, years or other
factors among fields cultivated by that commu-
nity. San Antonio farmers, on the other hand,
say that they maintain blanco varieties based on
their different performances in response to Vg,
specifically year-to-year variation in timing and
amount of precipitation. Attention to cycle
length in San Antonio may be one reason that
despite gene flow through seed exchange and
subsequent pollen movement there is a signifi-
cant difference in days to anthesis between
white maize populations evaluated from these
two communities (Soleri 1999).

These findings suggest that intrafield V¢ ap-
pears greater to farmers in Santa Maria than V¢
between fields/years and, therefore, maintaining
separate varieties (distinct sets of V) for differ-
ent fieldslyears is not worth their effort. Thisis
not the case in the eyes of San Antonio farmers.
Rather, the findings suggest the hypothesis that
one of the factors contributing to farmers’ main-
tenance of distinct varieties of a class of maize
(blanco in this case), is those farmers assess-
ment of the magnitude of V¢ among their grow-
ing environments and the costs and benefits to
them of maintaining each variety. Evidence from
two communities in the Sierra Juarez de Oaxaca
supports this hypothesis as well (Soleri et al.
1998). Those communities are both located at
2500 m above sea level, their maize fields are
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distributed across a 300 m range of elevations
and farmers maintain distinct local white maize
varieties specifically for two or even three dif-
ferent classes of field elevations. Whether or not
this classification and use of varieties according
to specific environments is based on genetic dif-
ferences, and if it occurs simultaneously with the
post-harvest oriented distinctions reported in
Santa Maria (cuadrado v. balita), cannot be de-
termined from this study but would have impli-
cations for population V.

The result that farmer categorization of vari-
eties by duration in the ear identification exer-
cise in San Antonio was not supported by phe-
nological measurements of plants from which
selected ears came complicates interpretation of
farmers’ comments and practices, makes draw-
ing conclusions difficult. The simplest conclu-
sion regarding the San Antonio identificationsis
that these cycle length categories are the result
of poor observation by the farmers. However,
the consistent interest in cycle length in San An-
tonio, the efforts made to seek out planting ma-
terial based on this, and other evidence of farm-
ers astute observations do not support this ar-
gument. The findings suggest a number of other
explanations of what may be occurring. It could
be that the ears in the identification exercise sim-
ply did not present adequate or familiar variation
for distinctions to be made. It may aso be that
when they enter the community, violento varie-
ties may be identified by ear or kernel pheno-
types as is done in the market place. However,
after years of cultivation (and cross-pollination)
in local fields, those ear and kernel phenotypes
are no longer so obvious and distinct. Instead,
the sorting by cycle length may be occurring in
farmers’ fields intentionally sown to a particular
variety that experiences conditions eliminating
or reducing the presence of individuals of a dif-
ferent cycle type. This is particularly plausible
if we assume that alleles contributing to ear and
kernel phenotypes and cycle length are segre-
gating independently of one another. This hy-
pothesis is also supported by field data showing
a significant difference in days to anthesis be-
tween a farmer-identified violento population
and others identified as tardon (Soleri 1999). Fi-
nally, a different standard for kernel phenotypes
of newly acquired seed of different cycle vari-
eties as compared to seed saved on farm for
these same varieties may also help explain the
results of this study.
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TABLE 10. SUMMARY OF FARMER PERCEPTIONS OF
WITH PLANT DEVELOPMENT FOR ONE TRAIT IN MAIZE.

SOLERI & CLEVELAND: FARMERS GENETIC PERCEPTIONS REGARDING MAIZE

123

HERITABILITY FOR TWO TRAITS AND CORRELATION

Farmers' responses:
Observed and expected
frequencies based on null
hypotheses about phenotype
variation (tassel color, ear
length) or correlation (seed
size) in field that is

Typical Optimal
Phenotypic trait Observed; Some/ Some/
selected for expected None  much None  much Conclusions
Tassel color Observed % 4a 9 4 Most farmers perceive Vg of traits with
Expected (null hypothe- 0 13 13 0 high h? even in environments with
sis: low heritability) high V. A minority sees some vari-
ability due to segregation.
Ear length Observed 0 13 12 1 Most farmers do not perceive Vg of
Expected (null hypothe- 0 13 13 0 traits with low h? V¢ is swamped by
sis: low heritability) Ve A minority does see V.
Seed size Observed 10 3 10 3 Most farmers do not explicitly perceive
Expected (null hypothe- 13 0 13 0 any phenotypic correlation between

sis: no positive phe-
notypic correlation
between seed size and
development of the
plant)

seed size and plant development. A
minority does perceive this, and it is
a reason for selecting large seeds for
planting.

2Chi square significant at P = 0.05.

HERITABILITY, SEED SiZE, AND
INTRAPOPULATION SELECTION

The hypotheses, results, and conclusions for
the investigation of intrapopulation variation are
presented in Table 10. Farmers' responses to the
genetic perceptions scenarios showed generd
agreement among farmers regarding high and
low heritability traits. Genetic variation and the
capacity to select from it were clearly recog-
nized for the high heritability trait, tassel color.
Here, farmers see phenotypic variation consis-
tently expressed despite contrasting environ-
ments, and they attribute this variation to a non-
environmental source. In contrast, based on the
design of our scenarios, farmer responses indi-
cated that for traits with medium to low average
heritability most farmers perceived no Vg, eg.,
an optimum environment will produce uniform
phenotypes. These responses can be interpreted
in two other ways. First, perhaps there is no V4
for these traits in these populations. This seems
unlikely based on seed procurement practices in
the region (Smale, Aguirre, and Bellon 1998),
potential for cross pollination, and Oaxaca’s lo-
cation in the region of origin and diversification
of maize (Doebley 1990). Second, farmers' cat-
egorization of all phenotypes being the same,

"van a estar todos iguales, parecidos’ (they
will al be the same, identical) may actually in-
clude a certain level of variation that an outsider
might categorize as being different. We tried to
address this possibility by pointedly questioning
respondents in this regard, ““ ¢ES decir, exacta-
mente parecidos en todos sus aspectos?’ (That
is to say, exactly the same in al ways?). Given
the findings of this small study neither of these
explanations appear likely and it seems best to
limit our interpretation to the original one out-
lined above, that farmers perceive of no Vg for
low h? traits.

In the Central Valleys of Oaxaca, where var-
iation among years and soils and moisture avail-
ability even within fields is substantial (Dilley
1993; Kirkby 1973), farmers responses are
overwhelmingly that *‘the environment is every-
thing” for some traits of interest to them such
as ear length. They clearly distinguished be-
tween two traits of low average heritability (ear
length, seed size) and a trait with high average
heritability (tassel color), and their expectations
for response to directional selection reflect this.
Still, this research was only a beginning step in
understanding the complexities of these farmers
selection. For example, it is difficult to ascertain
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* Same popuiation (V') compared across range of environments. Assumes low
_yielding environments are characterized by high ity relative to bigh yielding
ones as in Qaxaca study.

Fig. 3. Graphic representation of the hypothesis of
experience limiting perceptions and theory: farmers
experience of V¢ obscuring contribution of Vg to V*.

farmers’ motivation for seeking large seed size
even in the face of greater costs to themselves
as was the case in the 1997 summer planting
season, when the price of maize seed for plant-
ing was approximately 30% greater than that of
maize grain of the same variety for eating at the
two markets nearest Santa Maria and San An-
tonio. Most households (9, see Table 6) did not
give a reason for selecting/purchasing large
seeds or said that it was a custom, despite wide-
spread recognition that it has no consequences
in terms of changing population traits. It is not
clear whether this preference for large seeds is
based largely on unarticulated recognition of
their physiological superiority, or is based on
custom or aesthetics. Our planned experiments
on the effect of seed size on seed viability and
seedling vigor for farmers' varieties should help
to illuminate the biological situation. However,
while determining the original motivation for a
contemporary practice would be difficult, this
should not preclude the possibility that a con-
cern for seed viability and seedling vigor was a
factor in its origin.

Three farmers said that they select large seed
because of the larger seedlings they produce, but
only one of them implied a potential for herita-
bility of seed size. Therefore, it seems appropri-
ate to consider the following hypothesis: al-
though farmers consider seed size to be a trait
related to seed and seedling performance, most
consider seed size the result of the maternal
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Average productivity of growing environments

*Partially based on Cecearelli 1989.

Fig. 4. Graphic representation of hypothesis of ex-
perience limiting perceptions and theory: range of Vg
experienced by plant breeders limiting their anticipa-
tion of G X E*.

plant’s growing environment and not inherited,
making their low expectations for genetic re-
sponse irrelevant in determining how and why
they conduct their selection (Louette and Smale
1998 had similar findings). Still, care must be
taken to avoid rationalizing farmer practices be-
yond what can be convincingly tested simply to
satisfy researchers desires for a mechanistic
logic underlying those practices (Richards
1995).

These findings indicate that the limits of farm-
ers theory must be understood in context. As
with formally trained researchers, it appears that
most farmers base their understanding of V5 and
h? on their own experiences. As such, farmers
responses may not so much deny the presence
of Vg in their maize populations for traits of low
average h?, but reflect their unfamiliarity with
optimal growing environments and indicate the
overwhelming influence of V¢ inlocal fields, ob-
scuring Vg in low h? traits (Fig. 3). Similarly, it
has been suggested that the theory underlying
some plant breeders practices reflects their ex-
periences (Ceccarelli 1989, 1996; Cleveland
n.d.). For example, contrasting assumptions
among plant breeders regarding appropriate se-
lection environments for highly stress-prone tar-
get environments have been attributed to con-
trasting experiences with range and type of Vg,
affecting the likelihood of anticipating the ge-
notype X environment interactions that might
occur in the margina fields of many farmers

(Fig. 4).
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When challenged with these imaginary situa-
tions, some of the components of which they are
familiar with, some farmers made sophisticated
analyses of the determinants of V, suggesting an
understanding similar to that of plant breeders.
For example, two of the households we worked
with pointed out that even after five cycles of
isolation and selection for a highly heritable trait
such as tassel color, occasional nonselected phe-
notypes will still occur—a few yellow tassels
among the population selected for purple tas-
sels—a result that outside researchers would at-
tribute to crossing and segregation in a hetero-
geneous population.

Overadl, the variation in farmers’ responsesis
not surprising, given the variability in the distri-
bution of expertise and inquisitiveness that is a
frequent finding of researchers, for example in
regard to genetic resources (Friis-Hansen 1996)
or propagule selection (Boster 1996; for a gen-
eral review see Berlin 1992: Chapter 5).

IMPLICATIONS FOR COLLABORATIVE PLANT
BREEDING

These genetic perceptions discussions with
farmers were not undertaken as tests of their
knowledge, nor was their knowledge being com-
pared against a correct or scientific template. We
recognize that many other factors that lie beyond
the realm of this work contribute to farmers
knowledge and practices regarding their crops,
including sociocultural, economic, and individ-
ual variables (Berlin 1992).

A genetic perceptions-style approach attempts
to neutralize the realm of practice—in this case
selection and crop improvement—to the extent
that the dichotomy between scientific and non-
scientific practice is abandoned and the common
elements contributing to farmer and breeder
practice, such as theory, are recognized. The
greatest obstacle to this has typically been the
hierarchy of knowledge implicit in many con-
ventional approaches to agricultural research
and extension, particularly in the context of low
resource, small-scale agriculture (Chambers
1993). Though we are well aware that our ap-
proach is till clearly grounded in the western
scientific paradigm, the hope is that attempting
to be cognizant of the limits of that paradigm
serves to ameliorate the bias of that grounding.

This research provides early empirical evidence
that farmers knowledge and practice concerning
varietal choices, including seed procurement pat-
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terns, and selection strategies and practices are at
least partiadly based on theory—fundamental per-
ceptions about their crop populations and growing
environments and the interaction between them.
Thus, while documentation of the specific patterns
and practices themselves is vauable, it seems like-
ly that identifying and understanding the percep-
tions that underlie them may ultimately provide
more versatile tools for the development of CPB.

It may be that a more profound understanding
of farmers genetic perceptions could contribute
to more appropriate educational efforts that go
beyond a hierarchical transfer of technologies
such as experimental design, stratified selection
or pollination control, and provide farmers with
conceptual tools they can use to adapt or devel-
op their own innovations to best meet their
needs (Bentley 1989; Cleveland and Soleri
1991). Finally, giving plant breeders and other
researchers an appreciation for the redlity of the
challenges facing farmers, the theory contribut-
ing to how farmers address those challenges, and
the situation of theory among other factors in
the formation of both farmers and researchers
practices may facilitate real collaboration and
the benefits it has to offer.
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