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Abstract

The purpose of this paper isto mode farmer behavior with respect to in situ conservation, extending
the exigting literature beyond competition within the principa crop to encompass a broader definition of
on-farm diversity and testing the hypothesis thet factors affecting the principa crop explain overdl crop
diversty onthefarm . Primary survey datais used from arura area of Puebla state, Mexico. A
Poisson regression is run on the total number of speciesin the milpa system as explained by culturd,
agricultural and economic variables. A sat of Poisson regressions, one for each crop group, isrunin
order test whether factors affect different cropsin different ways. Policy implication of the findings are
discussed for an in situ conservation program.

Background
Crop genetic resources are the raw materias for crop breeding and a source of continuing

advancesin yidd, pest resstance, and quality improvement. Genetic erosion has been documented in
the cradle areas of crop domestication, where the loss of traditiond cultivars accompanies the
specidization and intengfication that comes with the introduction and dissemination of modern, high-
yidding varieties (FAO 1996, Quaset et d 1997). The conservation of crop genetic diversity in
farmers fidds, in sity, is necessary to protect gainsin crop breeding and provide for the possibility of
further advances in the future.

An understanding of the processes of in situ conservation is emerging from a nascent literature
thet ties divergty outcomes in farmers fidds to the theory of agriculturd households. These studies have
focused on competition between the modern and traditiona varieties of mgor food crops, often in order
to understand why traditional varieties perseverein certain areas without being completdy displaced
despite their dlegedly inferior yields. Key research in this areaincludes Brush, Taylor, and Bellon
(1992) for the case of potatoesin Peru; Bellon (1996) and Widawsky (1996) for the case of ricein
China and the Philippines, respectively; Meng (1997) for whest in Turkey; and Bellon and Taylor

(1993) for maize in Mexico.



However, in redlity, genetic erosion does not occur solely because of direct competition
between traditional and improved varieties of the same species. A more genera understanding of in
Situ conservation requires accounting for the genetic erosion that may result when traditiona crop
varieties are supplanted by other crop production or income activities. Furthermore, genetic erosion
potentialy occurs & multiple levels, including both principa crops and secondary cropsin multiple
cropping systems. These secondary crops are dso of economic and biologica interest. In the Mexican
milpa system, diversty may be conserved within the principa crop, maize, but also within secondary
crops of globa importance including tomato, beans, squashes, chilies, etc. When competition among, as
well aswithin, species shapes diversity outcomes, studies focusng on asingle species are likely to
produce econometrically biased estimates and potentialy will produce mideading policy prescriptions.
Thus, thereisaneed for understanding in situ consarvation and diversity outcomes both within and
across species. This paper will offer empirica tests for the effects of environment, wedth, leve of
market integration, and other household characteristics on farmer behavior regarding in situ
conservation in a context of multidimensond diversty.

Policy Implications

A darting point for this research is that conservation is not satic —it is an active and
evolutionary process. Farmers experiment, trade seed, and adapt farming practices; both breeding and
conservation programs need to take into account the economic contexts of farmer behavior. In situ
conservation means more than that varieties continue to be sown, a broader sense of in situ
conservation should encompass the framework for farmers to continue to adapt and sdlect their local
varieties. For this reason this investigation focuses on the economic, socid, and ecological reasons that

farmers would be more likely to conserve a greater number of varieties.



Previous to any active conservation program it is necessary to understand the process of "de
facto" in situ consarvation. In Mexico in generd the story of maize landracesis puzzling: despite over
40 years of intense breeding activity, well developed extension and agriculturd ingtitutions, over 80% of
Mexican maize is planted from farmer saved seed, and over 80% of Mexican maize production is for
subsstence or technicaly non-commercia. In the sample used for anadlysisin this paper %100 of the
seed is farmer-saved, %090 of farmers sold no maize, and arguably %100 of production is not
commercid. In this sense farmers seem to be consarving "de facto”, in the face of many gpparent
pressures to either stop farming or to change their practices. Thusit isimportant to focus on waysin
which farmers are maintaining diversity while integrating into the process of development.

A related methodologica impetus for this research isto look at the scale for conservation
decisons. Locd seed systems generaly operate within villages, so we need to look & diversity ina
regiona and local level - within and across villages. For thiswork the villages are used to represent a
sample grtification of different levels of infrastructure and market integration. The dratification across
villages with different levels of development was planned in order to capture the dynamic effects while in
across section modd. A further policy implication for the interdisciplinary work is to determine how
results obtained by breedersin one village can be extended to other villagesin the region.

Furthermore, the Mexican economy is undergoing a broad transformation under NAFTA and a
new environment of economic liberaization, including the dimination of subsidies and price supports.
Thereisaneed to look a how nationa and regiona changes affect farming decisions shaping diversity.
The regression results testing the effect of market variables and outside income opportunities on
diversty conservation and competition with other crop or income opportunitieswill inform analys's of

the effects of market changes and regiona development which accompanies agricultura transformation.



Literature
The badc framework for household farm models of diversty isinherited from aliterature that

sought to explain the partia adoption of Green Revolution agricultura technologies. Reviews by Feder,
Just and Zilberman (1985), Hayami and Ruttan (1985), and Feder and Umdi (1993) outline the variety
of explanations and empirica andyss of the 1970s and 80s. Whilethe in situ conservation of
traditiona varieties can be seen as afailure to adopt, the key to the present research is to understand the
positive benefits that diversty can provide for farmers and how choices among traditiond varieties may
shape diversity outcomes.

The review by Feder, Just and Zilberman (1985) points to the theme that larger farmers are able
to adopt firg and take advantage of differentid land vaues, with sgnificant equity implication of the new
technology. A more recent review by Feder and Umdi (1993) considers a later generation of Green
Revolution studies of the aggregate diffusion process, many of which gpply to the study of diversity
because of ther ability to tie adoption behavior to specific indtitutional, environmenta, or infrastructure
congraints faced by household farms.

Treatment of the demand for crop diversity as arisk issue has been inherited from atheme that
has been centrd to the partid adoption literature. Among the most important for the gpplication to the
diversty moddling are safety first specifications, where consumption demand for abasic grain must be
satisfied before the profit maximization decisions on other resources are made (Roumasset, 1977).
Rosenzwelg and Binswanger (1993) modd the ability of different farmers to bear weather related risks.
The ability of wedthier farmers to smooth their consumption ex post increases their ability to adopt
more risky technologies. Thisled Rosenzwelg and Binswanger to conclude that poorer households

suffer more from an efficiency loss due to production diversfication, including presumably their failure to



adopt superior but risky technologies. In the crop genetic diversity case, the equity implications that
poor households are the guardians of traditiond cultivars need to be investigated. However, when
other crop income or off farm income provides risk hedging against crop varigbility, thereis less need
for crop diversity asameans for risk spreading (Swanson et a 1994).

The demand for diversity may reflect consumption demands for basic grains and the demand
for cash income from producing adternative crops. When households consume a large percentage of
their production, an increase in price variability may lead households to dedicate alarger share of
resources to producing the staple in order to cover subsistence needs (Finkel shtain and Chalfant 1991)
The continued cultivation of traditiond varieties to satisfy the subsstence requirements of the household
may reflect high transaction cogts in the marketing for specific consumption traits that households prefer.

If traditional varieties are localy consumed goods, the effect of wedth on farm-level diversity
will depend partly on whether the traditiond varieties are normd or inferior goods (Meng 1997). For
indance, if atraditiona variety isvaued for family consumption or for ritua use it should receive aprice
premium. On the other hand, if atraditiond variety or wild reative is an inferior good that will be
subdtituted out with anincrease in the use of markets for consumption, the sgns of the wedth effect are
ambiguous. Furthermore, factor and commodity subdtitutability usualy is congtrained in the developing
country cradle areas of diversty. The effects of high transaction costs on the subdtitutability of hired for
household labor and purchased for domestically produced food have been shown to have drastic effects
on the impacts of Green Revolution technical change (De Janvry, Fafchamps and Sadoulet 1991).
Missing markets decrease the own and cross price eladticities of supply for food crops-- the market or
policy effects on basic grain diversity will be less than those predicted by a mode that assumes the

existence of perfect markets.



Recent studies have extended the partial adoption literature by taking into account a
combination of these effects (Feder and Umali 1993). The nesting of a number of models to test for a
multiple number of explanations by Smde, Just, and Leethers (1994) integrated questions of input fixity,
portfolio behavior, safety firdt, and learning. The results for Maawi HY'V maize adoption found thet a
nesting of hypotheses had more explanatory power than any single model, showing the need to
incorporate multiple hypotheses into explanatory models. Meng (1997) included missing markets, risk
averson, and environmental condraints in an inclusive modd. Meng found that the factors affecting
variety choice more important than factors affecting post-choice diversity management; explanatory
environmentd variables found to be sgnificant include regiond effects, off-farm income and market
integration.

Traxler and Byerlee (1993) show that the complementary effects of diversity demand can
actudly determine variety choice. Dwarf whesgt varieties produced so much less stiraw for fodder that
profit maximizing farmers stayed with the traditiond varieties unless the yidd gains surpassed a
draw/grain price threshold. In the case of the diversity demand for multiple crops, the diversity of the
system may have production complementarities across crops that will affect demand for total system
diversity. The cross-crop effects of an inter-cropping system have been documented by agro-ecologists
(Altieri and Merrick 1988) and farming systems research, but they have remained largely outside of the
agricultural economics literature, perhaps because of the perceived limited economic importance of
traditional agro-ecosystems. However, these system effects can lead to ahigher level of diversity
demand and utilization. In in situ conservation, there may be important cross effects of the adoption of a

technology package: where adoption of an improved variety in the principa staple has no direct effect



on secondary species, the adoption of complementary inputs such as herbicide or mechanical tillage may
have adverse effects.

Finaly, outsde of the realm of economic theory but directly related to thiswork thereisasmal,
but newer body of literature specific to the description of farmer behavior concerning maize in Mexico.
In the Sierra de Manantlan reserve in Jalisco, Dominique Louette sudied the interaction between farmer
management of their seed lots by phenotypic characteristics and the implications for the genetics of the
sample (Louette and Smae 1996). Hugo Perdes documented the competitiveness of landracesin the
Amecamecavaley and pointed to the way in which farmers adapt and develop new varieties through
congtant selection (Perdles 1998). Mauricio Bellon has worked both in Chigpas on looking at the way
farmers match varieties to agronomic conditions, and in Oaxaca on looking &t the traits or characteristics
that farmerslook for in avariety (Bellon and Taylor 1993).

Simplified Household-Farm Model

Divergty of the milpais congdered to be afunction of the participation in activities |, each
consgting of planting a specific species or variety. The Divergty function isincreasing with respect to the
number of gpecies and the number of varieties within each species, but at adecreasing rate. The
smplest function would be a count of milpa speciesN for cropsi, i=1...N. More sophisticated
measures of diversity can be composed from an indicator vector |, which is avector of zeros and ones
for the relevant species. The intricacies of the congtruction of diversity indices have been discussed
above, for now it will suffice that:

| =[ix iz ... in];ii =1if speciesi is planted

D=F(),F()>0, F«l)<O



For the purposes of this paper, a count of the number of varieties or speciesisused. For maize the use
of aseed lot asaprincipa unit of analyss has been tied to the fact that the seed lot isthe basic
population unit that the farmer manages. In salf pollinated crops such as wheat and rice, aleve of
genetic diverdty can be measured across improved varieties using phylogenetic trees and coefficients of
parentage. For farmer varieties phenotypic and molecular techniques have been used to construct
diversty indicesimplying ahidden or latent diversity within agiven variety. In the case of an open
pollinated farmers varieties, the case sudied here, neither the metric for sudying crop diversity, nor the
link to farmer's behavior is andyticaly dlear.!
Model Motivation

The modeling for this paper looks for explanatory variables to explain household farm
motivations to conserve diversty. The theory of agriculturd household modelsis utilized to focus on
variables explaining how the addition of the jth variety to a household' s “crop portfolio” can increase
household welfare above what it otherwise would be.
Household Models

The household farm agents are modded using arandom utility mode where utility, conssting of
an observable and a stochastic component, is maximized subject to a set of constraints (M cFadden).
These congraints include the full income congtraint present in al household farm models, but may
include other condraints aswell (e.g. risk, missng markets of various clases). The household chooses
vector | to maximize household wdfare, W, subject to a cash income congtraint, with income composed

of stochastic farm income from producing goods Qi and exogenous income Y ; atime congtraint;

! An excellent attempt is made by Louette (1997) to correlate amorphological diversity index to amolecular index as
measured by isozyme analysis. Louette found that while the phenotype for afarmer named variety was consistent,
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technology congtraints; market prices for inputs and outputs, and various types of market congtraints if
goplicable. The set of activitiesj=1...J may include both farm (e.g. milpa, cash crop, livestock) and
non-farm (wage labor, internd or international migration, handcrafts, services). Let Y (3 denote full
income encompassing cash income and time condraints. Let G(3¥ denote other types of market

congiraints on production and or consumption.

The basic modd is:
m;axW(X;Zl) s.t. (1.2)
Y(Y;Z2)£OQ (1.2
G(Y,Z3)£0 (1.3)

Thevector Y of endogenous choice variablesincludes consumption levels of goods and leisure XK,
k=1...K; household time alocation (e.g. between production, wage work, and leisure); and production
choices. Production and labor supply variables include decisons regarding both activity participation
(1j, j=1.. . Jactivities) and levels of output, Qj, or labor supply. The arguments in the household welfare
function are the consumption levels of K consumption goods, including leisure, and avector Z1 of
exogenous household characterigtics affecting wefare given consumption. The income condraint Y isa
function of Z2, avector of exogenous prices for the production (both input and output) and
consumption goods; the family time endowment and the production technology for each activity j. The
congraint vector G, if binding, represents other congraints, particularly those related to high transactions
costs (i.e. the presence of non-traded goods). Gis afunction of Z3, avector of exogenous variables

affecting these condraints.

the genotype varied widely.
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The solution to equations (1a-1c) involves the choices of both discrete (1)) and continuous (Q,
XK) variables as functions of the exogenous vector Z=(Z1,72,73). Because participation, not leve,
determines diversity (D=F (1)), the focus of this paper is on the discrete choice of participation in the J
household production and labor activities.

Participation can be modeled following the random utility framework proposed by McFadden.
Let W; © (Xk;Z) denote the household’s maximum welfare, given the congtraints represented by 1.2 and
1.3, if the houschold participatesin activity j, and let W, © (Xk;Z) denote maximum constrained welfare
otherwise. Both W; © (Xk;Z) and W; © (Xk;Z) assume optimal choicesof Qj " j, I, and Xk.

In the random utility modd, W°(Xk; Z) = W°(Xk;Z) +e;, and
W (Xk; Z2) = V_\/_j (Xk;Z) +e_;. Thehousehold choosesto participate in activity j if
WE(Xk;Z)+e, > WE(Xk;Z) +e_; or W°(Xk;Z)- WS(Xk;Z)>e_, - e,. Thesolution to this set
of Jparticipation decisonsyields a set of optima participation choices I* (Z), where the probability of

observing a household's participation in activity j is given by

Pr(j) =Pr(lj*=1) (2.1)
= Pr(W°(Xk; Z) > W (Xk; 2)) (2.2)
= H(W°(Xk; 2) - W (Xk;Z)) (2.3)

If the errors are each normally distributed with mean zero and congtant variance, H(¥ isthe
norma cumulative digtribution function, and the mode given by (2) can be estimated by a Probit for
participation in each activity.

The Random Utility modd can be extended to look at the choice of the total number of varieties

grown as the result of a series of participation choices so that a count of the total number of activities
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(here varieties or species grown) indicates the increase in utility from an addition to the count. The
summeation of a series of discrete choices following a Random Utility framework can be approximated
using a Poisson regression for acount of the totd activities | (Hellerstein and Mendelsohn 1993) .
Theform of the household wefare function W(X) and congraints Y (Y') and G(Y ) determines
what exogenous variables arein vectors Z1, Z2, and Z3. The range of possibilitiesincludes two
contrasting scenarios. 1) perfect markets, and 2) perfect markets, but one or more markets is missing.

1) In the first case the household faces perfect markets (i.e., exogenous prices) for al
consumption goods and variable inputs. In this case the household is a perfect neo-classical farm
household, and farm decisions are solved recursvely; that is, farm input and output decisions are made
first and the resulting incomeis usad to solve the consumption decisons.

In this case, the diversity outcome takes the form of asmple derived demand, D = F (1* (Z2)),
resulting from the farmer’ s profit maximizing production decison. This can adso be called latent diversty
asit exigsonly asaresult of the farmers behavior given market prices and does not enter the modd as
achoice variable. The only exogenous parameters necessary for the activity choice estimation are Z2,
variables representing farm characterigtics. Congtant returns to scale in a given activity would lead to
Specidization into one agriculturd activity (i.e., zero activity diversty). If, however, there are decreasing
returnsto scale in production activities, then an interior solution for a diverse production set is possible.
For example, if yields for different crops depend on land qudlity, and the qudity of the farm’sland
endowment is heterogeneous, amix of crop activitiesis possible.

2)The second case is with one or more markets missing. Markets may be present in some form,
but households may not use them for transactions or base their activity-participation decisons on

exogenous market prices. The areain which fidld work was conducted for this paper is characterized
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by high transactions costs caused by geographic and culturd isolation. These transactions costs may
introduce market imperfections which prevent afully recursive, separable mode solution. When
transaction codts create a wide enough price band, households' internd equilibrium of supply and
demand may fal within the band, leading to salf sufficiency and making household production and
consumption decisons a function of subjective vauations or “shadow prices.”.

Obvious areas where there may be high transaction cogts are in the hiring of labor and the
availability of credit. A missng market for labor may mean that when a household has off-farm
opportunities with a higher wage (and possible lower variance of income) an inability to hirein non-
household labor may cause households to switch into less labor intensive agriculturd technologies.
Alternatively, when household labor alocations are guided by shadow wages, there may be aduggish
response to changes in the profitability of cash-crop production and a substitution out of [abor intensve
subsistence production.

Ancther possble missing market isthat for insurance if farm output is stochastic. The demand
for crop diversity as aportfolio in order to spread risk is common in the literature. However empirical
measurement of variance of price or output, or a household leve of risk averson are difficult to obtain.
In thismodd it will suffice that amissng market for insurance, Smilar to that of credit, will causea
household's level of wedlth or exogenous income to affect the activity choice decisons.

Missing Market for Consumption Good

A particularly interesting case with important implications for modedling diversty levelsiswhere
there isamissing market for a crop (or atrait supplied by acrop) that increases farm leve diversty.
This could be a commodity with a consumption trait which the family may vaue but for which high

transactions codts create a missing market, forcing the household to satisfy dl of its demand for the good
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through its own production. If households demand a series of pecific traits within in their consumption
of staples, high transactions cogts for staples tend to promote on-farm diversity in staple crops. Another
possihility isthat farm-households demand aleve of qudlity that is higher in the loca production than the
leve available in market varieties.

Smplifying the modd in (1), the household derives utility from consuming the production-
congtrained staple, Xa, and al other consumption goods with market prices represented by total income
Y. The amplified farm profit function is substituted into the cash income congtraint, which is reduced to

acombination of farm profits (from production of tradables) and exogenousincome Y .
MaxU(Ca,Y; Zl stt.
I:Y=§|1hpiQi- CaQi;ZBng?, (3.1)
g: Qa I:_lCa
The first order conditions for al commaodities except the constrained staple are;
forit a Uyﬂ pi - C'aniTg =0or pi = C'aQiT (3.2

In the case of the subsistence good, however, the first order conditions include another term which

reflects the need to meet the subsistence constraint:
fori =a Uy(C (Qa))+Uxa=0or C (Xa) =|9 33)

Smilar to asafety firg formulation in the risk literature, the right hand term is the household
shadow price or subjective vauation of the subsistence crop. Thus, the derived demands
Qi * (Z1,22,Z3) now are functions of variablesinfluencing this subsistence demand: the Z1 varigbles,
household demographics and taste preferences, and Z3 the variables affecting the missing markets such

asinfragtructure and labor market congraints. Thustheleve of diversty D =F (I *(Z1,Z2,Z3)) isno
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longer a production-derived demand but rather is affected by both consumption and production
characterigtics of the household, as well as village wide market congraints,
Hypotheses:

The firgt hypothessto test isthat the effects on diversty are Smilar within aswell as across
species (i.e. for infraspecies diverdty as well asinter-gpecies diversty). The test is whether the
determinants of farm leved diversity are sgnificant and of the same sgn for diversity within the same crop
as within the multiple-crop syssem asawhole.

ID. _ 1D,

Thenull hessis
hypot 1w Ty

whereD. isthe infra-species diversity within the principa species, here maize, and D. isthe
interspecies diversity of dl of the cropsin the milpa cropping system.

Both within the principa crop and the crop system as awhole, the theoretical modd leadsto a
test of whether the household decisions are made in a separable, recursive way. Thiswill be carried out

by testing aregresson mode to see whether the demographic and market related variables affect the

_,_ M _,
YZ1(demographic)  Z3(market)

household's levd of diversity:

If the Z1 and Z3 variables affect the diversty outcomes, important hypotheses to test are:

Culture affects Diversty - _o >0
fCulture
Divergty isLabor Intensve - b >0
TLabor
Subs stence behavior affects diversty demand - L >0
Subsistence

1D <0, 1D <0
TYMIGRATION Wealth

Wesdlth and Exogenous Income affect diversity -
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Description of Site and Survey Sample
This research was carried out as a part of the McKnight Foundation Collaborative Crop

Research MILPA project, composed of ajoint Mexico-US research team of botanists, biologists, crop
breeders, and socid scientists. Research teams are based around the principa crops of the milpa:
maize, beans, squash, and quelites (a broad category of other edible plants found in the milpa). The fifth
research group, the socio-economic group, concentrates on loca and regiond andysis of the
motivations behind farmer behavior.

The sample was structured to cover a mountainous region roughly ddimited (and isolated) by
two mgor river valeys. The region is aso characterized by the dependence on two mgor market towns
sarving as commercia poles, and is served by one mgor highway with two branch roads. Thereisdso
abagic correspondence to an adminidrative region in the provison of different levels of government
sarvices from the commercid poles. Within the sample areathe principa regions are dictated by the
topography and climate of theregion. Tierra Cdiente (Hot Lands) are roughly below 1200 mad, and
are characterized by sub-tropica vegetation and include alowland trangition zone to the coastd plain of
Veracruz state. TierraFria ( Cold Lands) are those above 1200 mad and are characterized by
temperate vegetation and a trangtion towards the higher dtitude zone of the high plateau of Puebla Sate.
The principa agronomic and economic differences are that the Tierra Cdiente lands 1) grow coffee, the
most important cash crop in the region, and 2) can grow two cycles of maizein ayear.

The survey was gpplied across a series of 281 households in a series of 24 villages. The survey
sample was structured to cover arepresentative sample of villagesin the sudy area. Five of the
gmallest communities were sampled once (n»6) while most communities were sampled twice (n»12).

Within each village, households were sdlected a random. The focus on the farming systems meant that
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the commercia centers were not sampled, but some commercid activity was picked up in the sample
frame.

The digribution in dimate zones is 9 villages with atotal of 118 householdsin Tierra Fria, and
15 villages with 163 householdsin Tierra Cdiente.  Of these households 225 cultivated maizein the last
year, 216 planted white maize, 42 planted yellow maize, and 17 planted blue maize. In the area of
beans, 113 households planted Frijol Gordo, and 65 planted Frijol Negro and 38 reporting the
exisience of wild beans. Although the arealis not amgjor producer of squash, 95 households reported
growing Caabaza Pipian for household consumption, 41 grew caabaza chilacayote, and 71 grew
chayote. Inthe areaof quelites, severd quelites were recorded of the various onesthat grow in the
areas, using quintonil (amaranth greens) as an indication 180 reported quintonil growing in their fieds,
177 reported consuming them, and 11 reported selling them in the market. Descriptive statistics for the
variables used in this paper arein Table 1.

The survey used as a basic unit of andysis farmer named varieties. In thisregion the farmers do
not differentiate racia types, so colored types were used as varieties. Areaand yidd, basic
morphologica characterigtics, farmer preferences and history were collected for each variety.
Information on the other principa milpa crops: beans, squash and quelites were collected to characterize
the intengty of the diversty in the milpa sysem.

In order to look at the correlation of diversity demand with agronomic congtraints, farmer
characterization of land quality, soil type, dope and distance to each plot were recorded. The marketing
of maize, the portions of the harvest sold and used for subsistence, were recorded. In addition to the

household survey village level variables such as prices and transactions costs were recorded.
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Age, education, sex, languages spoken, and principal occupation were recorded for each family
member. Characterigtics of the home were recorded to provide an indication of the level of wedth as

well asthe principa language spoken as an indication of ethnicity.

Table 1 - Descriptive Statistics

The variables used for the basic household characterigtics in this regression specification are the
age of the household head, age squared as a quadratic term, the years of education of the household
head, the family size and the principa language sooken (0 is Spanish, 0.5 is bilingud, and 1 for
monolingud in the indigenous language, either Nahautl or Totonaco).

In the study of the farmer management of maize diversity one interesting pattern was observed
with cultura relevance. Many farmers plant red maize and manage it as a sub-population within the
white maize. One cob per ten liters of seed, mixed or planted in the corners seemsto be a cultura
practice that had avariety of folk interpretations. However the management of the other color variants,
ydlow and blue, is as a separate population, with selection against mixed types. While only 3
households reported sowing red maize as a separate population, 60 reported sowing red maize within
the white maize. Therefore in study the sowing of red maize is used as a 0-1 dummy variable to indicate
the ritud planting of seed as amore "indigenous' practice.

The principa variables used to describe the agronomic links to higher levels of on-farm diversity
arethetotd hectares farmed, a dummy for being located in the high dtitude zone (Tierra Cdiente), the
use of multiple parcels for growing the milpa crops and having multiple parcels with multiple dopes.
Finaly adummy varigble is used for whether the farmer has an established coffee plantation (planted

before the current time period) to indicate participation in the principa cash crop in the region.
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Village level characteristics such aslevel of commercid activity, access to paved roads, and
being an municipa capita were used to consiruct an infrastructure variable, here represented as a
dummy variable set equal to onefor better infrastructure.

A st of village level variables were congtructed from household level datain order to get at
important characteristics that are complicated by the endogeneity of household choices concerning
activity participation with other input dlocations. A village level average of households who sold maizein
at least two of the last five years was congtructed to indicate the rdative intengity of maize markets.
Household consumption of manufactured tortillas was recorded to describe the subgtitution in
consumption (and alocation of household time) of an indudtria, non-loca maize, here the village level
averages are presented. The household characteristics were aso used to caculate avillage level average
for the percent of family labor of the total used in maize production, and the percent of the total land
area used in maize production.

Findly exogenous income from migrants living outsde of the household isinduded. An
objective wealth variable was al so constructed from a count of mgor durable goods and surveyor
recording of household construction and services.

Empirical Results

As discussed above the Poisson modd is used because of the nature of a discrete dependent
variadlein the form of count of varieties dlows an improvement of modd specification over alesst
squaresmodd. A nested modd is run with dl of the possble explanatory variables so that if the
household characterigtics or the market related characteristics are significant then we can rgect the
separable modd.  Furthermore the moded is run for a Sngle aggregated count of varieties, and a

separate set of three regressons for the principa crop groups of maize, beans and squash. Different
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ggns or sgnificance in the explanatory variables indicates whether or not the principa crop modd is
useful for thetotd system diversty.

In the single equation, nested modd (Table 2) we rgect the hypothesis that decisons related to
diversity are made separably on production characteristics done. The coefficients for the age of the
household head and the planting of ritua varieties are postive and sgnificant, implying that household
characterigtics influence the choices leading to totd system diversity. Furthermore the age variables with
the linear term posgitive and sgnificant, and the quadratic term negative and sgnificant, indicate thet it is
the middle-aged farmers who have more diverse syslems. Education is avariable that has been
previoudy found correlated with farm productivity (Taylor and Y unez 2000), and is here positive and
sgnificant with diversty.

The agronomic characteristics that are Significant are the location in a high dtitude ecologica
zone, and the planting of multiple parcds having different dopes. This second finding is congstent with
Bdlon'sfindingsin Chigpas (Bellon and Taylor 1993). Findly the planting of coffeeisdso found to be
positive and sgnificant, which may be surprising, but in this modd specification other important factors
such as wedth and ecological zone are held constant.

Findly the Sgnificant village leve variablesindude the leve of infragtructure, which is negative
and ggnificant. Thisisan important finding for the hypothesis that missng markets may increase the
level of diversty in farmer's fields as they seek to supply products which they cannot trade for. The
intengty of family labor is pogtive and sgnificant which is congstent with the farmers observetions thet
the growing of secondary cropsis rlaively labor intensive.

In the system of equations modd (Table 3), different variables are sgnificant for each of the

crops, leading usto reject the hypothesis that the tota system diversity is predicted by the principa crop
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diversty. The education level of the household head is postive and sgnificant for beans and squash,
but not for the principa crop maize. Theritua planting of maize is postive and sgnificant for maize and
squash, but not for beans.

Within the agronomic characterigtics, the high atitude ecological zone favors the leve of
diverdty for both beans and squash, but not sgnificantly for maize. Multiple parces was significant for
al three crops, but diginct by the multiple parcels significant for maize but multiple dopes sgnificant for
beans and squash. Findly the coffee growing dummy is highly significant only for squash, and not for
maize or beans.

Theinfragtructure variable is negative and highly sgnificant for the growing of beans, but not
ggnificant for either squash or maize. Perhgps the case for missng markets can be made most strongly
for beans, where local varieties are less substituted by market consumption. Findly the intensity of
family labor is pogitive and Sgnificant for beans and squash, but not for maize, as commented upon
above.

Conclusions

Thefirgt concluson is that the models for multiple crop diversity cannot follow the
primary crop. Prescriptions to address genetic eroson or to form conservation plans if based on the
principa crop will be missing crucid diversty outcomesin other crops. Secondly the model
specification must include exogenous variables which can describe the household-farm whether at the
household, demographic levd, or a the village, market level. Third the use of village leve variables
congructed from household information is useful in providing indications of both villages and households

consarving higher levels of diveraty.
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An important policy outcome is that consumption and market variables are important
explanatory variables. Markets may not be able to fulfill the household demand for certain crops,
gpecific consumption characteristics, or agpects of diversty that are of interest to farmers.  Therefore
whether looking a genetic eroson or searching for some temporary diversity equilibrium (i.e. defactoin
Situ conservation), important factors will be farmers preferences and levels of market integration, both
of which are changing through time.

Furthermore, culture does affect diversity, in this case even when holding other characterigtics
congtant. Indigenous farmers, holding constant wedlth and market integration, do tend to conserve a
higher level of diveraty. While this not necessarily anew result this mode has used ethnicity to indicate
preferences which affect divergity within an econometric specification.

Findly, diversty is negetively affected by improved infrastiructure and off-farm income. This
points to the difficult redlity that in situ conservation must face the tradeoffs between devel opment and
diversty. While locd diversity may reach temporary equilibria of de facto conservation, any long term
policy will have to carefully address the gpparent contradictions of economic development and genetic

consarvation.



Table 1. Descriptive Statistics
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Mean Std.Dev. Min Max

Total Varieties Grown 2.41 1.82 0 9
Tota Varieties of Maize Grown 1.01 0.73 0 4
Total Varieties of Beans Grown 0.66 0.73 0 3
Total Varieties of Squash Grown 0.74 0.88 0 3
Z1 - Household Variables
Age of Household Head 51.33 13.68 20 96
Age Squared 2821.75  1465.45 400 9216
Y ears of Education of Household Head 3.33 2.84 0 15
Family Size 5.16 2.17 1 10
Adults 0.40 0.47 0 1
Principal Language (Spanish=0, 0.22 0.41 0 1
Nahuatl=1)
Ritual Planting of Seed
Z2 - Farm Variables 1.63 1.87 0 16
Total Hectares 0.42 0.49 0 1
High Altitude Dummy 0.11 0.32 0 1
Multiple Parcels 0.06 0.25 0 1
Multiple Slopes on Parcels 0.44 0.50 0 1
Grows Coffee Dummy
Z3 - Village Levd Market Variables 0.16 0.14 0 05
Village Sdesof Maize 0.28 0.22 0 067
Village Sdesof Tortillas 0.37 0.21 0 075
Infrastructure (1=better infrastructure) 0.56 0.50 0 1
Percent Family Labor used in Maize 0.44 0.17 0.092 0.788
Production
Percent of Total Land Area used in Maize 0.56 025 0.137 0.926
Production
Income Variables
Remittances 1200.57  4198.34 0 49300
Wedth 7.64 2.90 0 15

N=281 Householdsin 24 villages



Table 2: Poisson Modd of Tota Varieties Planted
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N=281

Total Varieties

Intercept -1.77809 -(293) ***
Household Variables
Age of Household Head 0.044777 (2.18) **
Age Squared -0.00033 -(1.72) *
Y ears of Education of Household Head 0.0413 (213) **
Family Size 0006305  (0.33)

Principal Language (Spanish=0, Nahuat|=1)
Ritual Planting of Seed

0089025  (0.91)
0283581  (3.06) ***

Farm Variables
Total Hectares
High Altitude Dummy
Multiple Parcels
Multiple Slopes on Parcels
Grows Coffee

0013916  (0.65)
0549125  (2.82) ***
018466  (154)
0449158  (3.20) ***
0416804  (3.01) ***

Village Level Variables
Village Sdles of Maize
Village Sales of Tortillas
Infrastructure (1=better infrastructure)
Percent Family Labor used in Maize Production
Percent of Total Land Area used in Maize Production

-0.18677  -(0.56)
0438007  (1.39)
035491 -(2.47) **
115684  (2.79) ***
0252328  (0.62)

Income Variables

Remittances -106E-05  -(0.87)
Wealth -001685  -(1.07)
R-Squared (Deviance) 0.3242

Note: t-statistics are reported in parentheses; * denotes significance at the %10 level, ** denotes significance at the

5% level, ***denotes significance at the 1% level.
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Table 3: Poisson Modd of Varieties Planted by Crop

N=281 Maize Beans Squash
Intercept -198967  -(2.15) ** -3.36821 -(2.83) *** -380434  -(342) ***
Household Variables
Age of Household Head 00418326  (1.29) 00494487  (1.28) 004704 (1.27)
Age Squared -00003774  -(1.25) -0.0002824 -(0.81) -0.000313 -(0.92)
Y ears of Education of -0.0001318  (0.00) 00708 (1.82)* 00748614  (2.15) **
Household Head
Family Size -00042599 -(0.14) 0.0131557  (0.36) 0016683  (0.47)
Principal Language 0129205  (0.89) -0.0046552  -(0.02) 0142304 (0.80)
(Spanish=0, Nahuatl=1)
Ritual Planting of Seed 023806  (1.68) * 0.0973424  (0.53) 0513265  (3.09) ***
Farm Variables
Total Hectares 00395729  (1.28) 00172949  (0.43) -0.0442669 -(0.97)
High Altitude Dummy 0.09957H4 (0.39) 0.884817 (2.37) ** 0933806  (2.56) **
Multiple Parcels 0342876 (191 * 0122782 (052 00170935  (0.08)
Multiple Slopes on Parcels 0.346478 (1.62) 055912 (202) ** 052016 (204) **
Grows Coffee 0254515  (1.26) 0308507 (1.15) 079214  (2.96) ***
Village Level Variables
Village Sales of Maize 0304806  (0.61) -0.189801 -(0.29) -0.837403 -(1.36)
Village Sdes of Tortillas 0352817  (0.74) 133279 (2.03) ** -0.0535753  -(0.10)
Infrastructure (1=better -0.253572 -(1.17) -0.862033 -(2.87) *** -0.09989%67 -(0.39)
infrastructure)
Percent Family Labor used 0.232675 (0.37) 207312 (250) ** 17208 (2.24) **
in Maize Production
Percent of Total Land Area 0.715519 (1.15) -0537443 -(0.69) 0235749 (0.32)

used in Maize Production

Income Variables

Remittances -172E-05 -(0.88) -1.86E-05 -(0.75) 364E-06 (0.18)
Wealth -0.0027828  -(0.12) -0.0474307 -(1.59) -0.0130435 -(0.45)
R-Squared (deviation) 0.284 0.256 0.197

Note: t-statistics are reported in parentheses; * denotes significance at the %10 level, ** denotes significance at the
5% level, ***denotes significance at the 1% level.
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