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Why Improved Maize (Zea mays)
Varieties are Utopiasin the
Highlands of Central Mexico

Antonio Arellano Hernandez
Centro de Estudios de la Universidad (CEU), UAEM

Carlos Arriaga Jordan
Centro de Investigacion en Ciencias Agropecuarias (CICA), UAEM

Abstract: The objective of the work was to study of the establish the adoption of improved
maizevari etiesinthehighlandsof Central Mexicothroughtheresultsof Specia Programfor
MaizeProductioninthehighlandsof the Stateof Mexico (PEPMA). Thework com prisedtwo
phases: theanal y sisof statisti cal dataandtwosur veys, fol lowed by fieldwork withopeni nter-
viewstofarmerspartici patingin PEPMA inthevil lageof San PedrolaConcepcionintheVal-
ley of Toluca. Theresultsshow that vast major ity of farmerscontinueto sow their autoctonous
landraces, sincehy bridsorimprovedvari etiesarenoreal techni cal optionsgiventhat they do
not perform well in the productive condi tionsof thehighlandsof Central Mexico.

K ey words: Technology Adoption.ImprovedVari eties, Maize, Mexi canHigha ands.
Resumen: El obetivo de este trabajo consiste en € estudio de la adopcion de variedades
mejoradasde maizenlosVallesalto de México atravésdelosresultadosdel Programa Espe
cial deProduccion de Maiz del Estado de México (PEPMA). El trabajo comprende dos fases:
el andlisis estadistico de los datos del PEPMA y dos encuestas, seguidad por un trabajo de
cam po con entrevistas abiertasalos agricultores participantes de la poblacion de San Pedro
la Concepcion en € Valle de Toluca. Los resultados muestran que la gran mayoria de
agricultores continlia sembrando sus semillas autdctonas, los hibridos o las variedades
mejoradas no son opciones técnicas reales en tanto que ellas no se desmpefian bien en las
condiciones de la zona de estudio.

Palabrasclave: Adopcién de tecnologia agricola, variedades mejoradas, Maiz, Valles altos
de México.

I ntroduction

of Mexican diets (Levy and Van Wijnbergen, 1992). There-
fore, theimprovement of maizehasbeenamainstay activityin
the drive to modernise the agricultural sector in Mexico.

I\/I aize(Zeamays) isthemain staplecropinMexicoandthebasis

e
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Genetic improvement of maize began in Mexico in 1938 when the
“Office of Experimental Stations” was established in the Ministry of
Agriculture and Promotion, having as its first director Mr. Edmundo
Taboada. The emphasisthen wasthe breedingofimprovedvari etiesof
free pollination (1VFP). By 1940, the Mexican government signed an
agreement for scientific cooperation with the Rockefeller Foundation,
establishing the “ Office of Special Studies’ in the Ministry, initiating
research into breeding hybrid maize varieties lead by Dr. Edwin
Wellhausen.

Af ter 60 yearsof maizebreedinginMexico, theachievementshave
been under discussion. According to some plant breeders, the imapact
onthegeneticim provement of maizewasshown at thebeginning of the
1970’ sintwo aspects. Firstly, it was estimated that of the total surface
of maize, between 7% (Celis, 1985:185) and 14% (Stakman, 1969:71)
was sown to improved varieties.

Secondly, unquanti fi ableimpactswereassumedfromtheuseof im-
proved varieties. This assumption stated that the genetic combination
between improved and local varieties increased the overall yields of
cul ti vatedmaize. Thisindi rectimprovement” took placewhenpol len
from improved plants fertilized the stigma of loca plants (Angeles,
1968).

On the other hand, the adoption of improved varieties has been low
consideringall thesci entificandextensionwork doneinMexico, even
under the most optimistic estimates’, particularly in the highlands,
where the local landraces of what istermed ‘tropical highland maize’
differ significantly from temperate or lowland tropical maize varieties
where plant breeding has achieved greater success (Hardacre and Ea-
gles 1980; Elliset al., 1992).

Giventhisscenario, thiswork anal y sesthedegreeof adoption of ag-
ricultural technology, specifically of improved maize varieties in the
highlands of Central Mexico through the analysis of results obtained

According to the UN Economic Commission for Latin America (CEPAL), the utilisation of
improved maize varieties in Mexico by 1940 reached 3.4% of all farms (CEPAL, 1982). In
1988, it was estimated that 70% of farms used chemical fertilizers and that between 26
and 32% of all cultivated land was sown to improved varieties (Echeverria, 1988).
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by PEPMA-Programa Especial de Produccién de Maiz (Specia pro-
gramfor Maize Production),agovernment programfor thedissemi na
tion of modern agricultural technologies to increase yields of maize
whereaspecia emphasiswasgiventotheadoptionof improvedvari et
ies.

The study was undertaken in the highland valleys of the State of
Mexico (atitudes over 1,800 m) under the consideration that PEPMA
isa case of recent attempts to tranfer agricultural technology, in par-
ticular improved maize varieties, in an area, the State of Mexico, that
haslarge agri cul tural researchfacil i tiessinceithasitsownagri cul tural
research institute ICAMEX-Instituto de Investigacion y Capacitacion
Agricola, Pecuaria, Acuicolay Forestal del Estado de México (Insti-
tutefor Agricultural, Acuaculture and Forestry Research and Training
of the State of Mexico), and isthe venue of the International Research
Centre for the Improvement of Maize and Wheat (CIMMYT), of the
Research Centrefor the Central Highlands of the National Institute of
Forestry, Agricultural, and Livestock Research (INIFAP), and of
several otherinsti tutionsof agri cul tural highereducationandresearch.

Also, the State of Mexico produces 20% of thetotal national maize
production, which placesit as the first largest maize producer among
the 32 states that conform the Mexi canrepublic(INEGI, 1996:340).1n
the State of Mexico maize is sown in more than 600,000 ha, repre-
senting 80% of crop land in the State (INEGI, 1996:340); such that the
livelihoods of the vast majority of the 342,533 farming families of the
State are weaved around this crop.

Thework fol lowed two phases: Thefirst oneisan analysisof statis-
tical data, and the other is an ethnographic study.

Thefirst phase analised three sources of information: The available
database of PEPMA for 1993 (DB-PEPM A-93); theresultsof asur vey
undertakenin 1993 onthewholeof thePEPM A programcar ried out by
apri vateindependent consul tancy firm (COSIA) andthefirstauthor of
this paper (referred to as the COSIA-93 survey) with the objective of
evaluating PEPMA, and which provides a profile of users of agricul-
tural techni calinnovationsincludingimprovedmaizevari eties; andan
ex-post survey under takenby theprinci pal authorin1996 (referedtoas
the ex-post-96 survey).

The ethnographic study of the degree of adoption of modern agri-
cultural technologies at a community level was done at the farming
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village of San Pedro laConcepcién, acommunity located at the centre
of the Valley of Toluca (the city of Tolucaisthe capital of the State),
with farmers participating in the PEPMA program since 1990. The
Valley of Toluca produces around 30% of the maize in the State of
Mexico.

Characterization of campesino farmers and their cropping
practicesin the highlands of the state of Mexico

In the State of Mexico, thetotal surface sown to maize ranges between

587,000 and 644,000 ha, of which 300,000 hahave accesstoirrigation

and 200,000 haarelocatedinar easof adquaterainfall. Of thetotal sur

face sown to maize, 496,000 ha are cultivated in the region known as
the Highland Valleys of the State?, of which 231,000 are either irri-

gated or receive good rainfal. PEPMA covered 28,750 hain 1990;

58,911 hain 1991; 74,193 hain 1992, and 57,903 ha in 1993. This
meansthat by 1992, theprogramachieveditsmaxi mal cov ered surface
sowntomaize, whichrepresentsslightly above 10%of thetotal surface
of the State sown to maize, and 32% of the best lands of the Highland

Valleys.

In 1993, 8,083 farmersof the Highland Valleyswho farmed 57,903
ha (mean farm size of 7.16 ha) participated in PEPMA. Data from
5,377 of these farmers, who farmed 43,738 hawere taken as the sam-
plingframework toconduct obser vations. Thesefiguresrepresent 65%
of farmers and 75% of the land covered by PEPMA in the Highland
Va leys. Thisframework wasnot sel ected by statisti cal procedures, but
wasformed by eliminating datafrom farmersfromwhomnocomplete
files could be found, but taking care that the farmersnot incudedinthe
framework were not specifically biased against.

The COSIA-93 survey was carried out to asample of 774 farmers®
participating in PEPMA in 1993, and a further questionnaire was
applied by the principal author to other 104 farmers in 1996 (the

2 The highland region is characterised by altitudes above 1,800 m, and comprises the
agricultural districts of Atlacomulco, Toluca, Jilotepec, Zumpango, Texcoco and a part of
Valle de Bravo.

3 The survey was conducted with 202 frmers of the District of Toluca, 9 in Zumpango, 63 in
Texcoco, 378 in Atlacomulco, 30 in Valle de Bravo and 82 in Jilotepec (COSIA, 1994).
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ex-post-96 survey). The second and third surveys are taken in this pa
per as complementary to the first source of information. This is
supportedby thecloserelationshipof infor mationinthethreesurveys.

Of the total farmers participating in PEPMA in 1993, 24.7% had
aso participated in PEPMA in 1990, 17.6% in 1991, 29.4% in 1992
and 28% had not participated. Therefore, in 1993, 28% of farmers did
not have any previous experience of participating in PEPMA, whilst
only 24.7% of farmers participated cotinuously during four years.

In1993, 60%of partici pantswereparttimefarmers, sincegenerally
these farmers migrate seasonally in search of paid jobs in the cities
(Woodgate, 1994). The ex-post survey in 1996 showed that 93.3% of
farmers were men, while only 6.7% were women.

In1993, thedistri bution of farmsizeinrangesof 5.0 hawas: 17% of
farmers held between 0.1 and 5.0 ha, 32% between 5.1 and 10.0 ha,
16% between 10.1 and 15.0 haand 35% between 15.1 and 20.0 ha(Fig
ure 1). Themeanfarm sizewas 7.0 ha. Before 1993, 44% of had farms
of lessthan 2.0 ha, whileby 1993 lessthan 17% of farm ershad lessthan
2.0 ha. This means that in relation to the previous years, PEPMA in
1993 selected “elite” farmerswirh larger farms.

Figure 1. Percentage of farmers according to the surface range of
their Units of production

15,1-20 ha.
35% 0,1-5 ha.
17%

10,1-15 ha.

5,1-10 ha.
16%

32%

Source: files of PEPMA -94

The ex-post survey of 1996 showed that the percentage distribution
of farm sizewas different, and that 8.8% of participating farmers held
farmslarger than 20.0 ha, including some that cropped 120.0 ha. This
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situation was not evident from previous surveys due to legal
restrictionsim posed by theagrar ianlaw (modi fiedin 1992); andthere-
fore the fear of some farmers of declaring ownership of larger farms
than the legal maximum size allowed by the old Agrarian Law (100.0
ha).

Before analysing the use of improved maize varieties, the use of
other agricultural innovations by the surveyed farmers is reviewed.
Farmers utilised agricultural machinery for tilling and cultivating the
land in 89% of thetotal surface, while animal drawn implementswere
used in 11% of theland. Sowing with tractor was practicedin 87.4% of
the land, whilst the rest was sown with animal traction. Cultivations
were undertaken with animal traction in 9% of the land, 88% utilised
tractor, and 3% did them by hand.

The survey of COSIA-93, and the ex-post survey in 1996, confirm
this high percentage of mechanization of participating farmers.
Farmers of the Highland VValleys have highly adopted agricultural ma-
chinery in their practices, although a high number of them rents them
in.

At the time of harvesting, the use of combine harvesters is not
common, since only 17% of the land is harvested with machinery*.

How can it be explained that 83% of the land is harvested by hand
when it needs 20 man/days per hectare? Although this question does
not belong to the topic developed in this paper, it may be said that
according to observations, by the end of the year work in the cities
tends to decrease and the family members take advantage to return
home and participate in harvesting.

Fertilisation is a practice that was introduced since the 1940's, and
sincethen theincreasinguseof syntheticfertilisershascausedthepro-
gressivelossof thenatural fertil ity of soils. Theresultisavi ciouscir cle
of increased amounts of fertilisers used with increased loss of natural
fertility.In1993,thesurveyedfarmersapplied 263ferti liser formul aes,

In 1996, 95.2% of farmers stated to have harvested maize by hand. The increase of 12
percentage points in manual harvesting compared with 1993 may be explained due to
the effect of the economic crisis of 1994/1995, which would have impeded the rent of
harvesting machinery after the 1994 harvest.
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of which, 16 were the most commonly used (Table 1). Farmers in-
creased the amount of fertilisers used up to 25% above the rates
recommended by extension agents’.

Table 1. Fertiliser formulaes most commonly used by farmers

Number of farmers First fertilisation Second fertilisation
206 36-92-30 115-00-00
120 50-69-30 115-00-00
102 80-90-30 90-00-00
161 70-60-30 70-00-00
158 70-70-30 70-00-00
153 70-80-30 70-00-00
254 73-60-30 87-00-00
233 70-70-30 70-00-00
201 70-60-30 70-00-00
114 36-92-30 90-00-00
204 40-60-30 80-00-00
128 40-60-30 80-00-00
135 46-92-30 90-00-00
115 50-60-30 90-00-00
335 60-60-30 70-00-00

The formulae read: kg Nitrogen, kg Phosphate, and kg Potassium
Souce: Filesof ICAMEX (1994) and COSIA (1994).

Accordingtoagri cul tural researchers,farmershaveover appliedthe
recommended rates of nitrogen fertilizers since this element was di-
rectly linked, over many decades, to theincreasein the productivity of
plants (Alvarez, 1991). Theex-post sur vey of 1996 showed that 94.2%
of farmers usually apply synthetic fertilizers at |east once in the crop-
ping cycle, and 67.3% give a second application.

5 The recommended rates for the Highland Valleys is 120-60-30 under irrigation or
residual moisture, and 90-50-30 for rainfed conditions (ICAMEX, 1994).
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Researchersintheproductivity of agricutural systemsconsider that
itisnot enoughto sow good seedsto obtainthebenefitsof atechnologi-
cal package. They recommend a plant density between 60,000 and
70,000 plants per hectare as an adequate density to obtain high yields
(Turrent et al., 1992). The plant densities achieved by the majority of
farmers in the study (78.6%) were between 50,000 and 70,000
plants/ha, which are in line with the recommendations (Figure 2).

Figure 2: Percentages of sowuing hibrid, IVFP and LV by
farmer”subgrup

OHybrides

EVPL

ove

a2 al a3

Sub-groups

Source: files of PEPMA-93

It can be said that the use of techni calinnovationsfor the maize crop
is essentialy in accordance with the recomendations of scientists.
However, technological innovations as the use of pesticides, herbi-
cides, agri cul tural machinery andevenfertilisers,donot comefromthe
research stations in the area of study; but they flow through networks
that start with transnational companiesthat generate many of thesein-
puts, and arrive in Mexico and the study region through the relation-
ships of those firms that produce them with the marketing and
commercialisationactivitiesof local companies, wherethefarmersare
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the last point of this network, which links them to it and transforms
them in consumers of these inputs. The recommendations for use of
these agrochemical s appear on the labels, so that farmersusually have
littleor nodi rectcontactwithMexi canagri cul tural researchersortheir
findings.

Adoption of improved maize varietiesin the highland valleys

Inthe 1980’ s, Mexi canplant breedersconsid eredthat therewasaset of
commercial improved maize varieties released by the National Insti-
tute of Forestry, Agricultural and Livestock Research (Instituto
Nacional de Investigaciones Forestales, Agricolas y Pecuarias -
INIFAP) that were adapted to the agricultural conditions of the high-
lands of central Mexico. The following hybrids were availablefor the
irrigated areas: H-127, H-129, H-131, H-133, H-135; and for areas of
rainfed agriculture the available hybrids were H-28, H-30, H-32; as
well as the following improved varieties of free pollination (1VFP)
suited for rainfed conditions: VS-22, V-23, and V-29
(Arellano-Vazquez, unpublished).

Inthe Highland Valleys of the State of Mexico, the agricultural re-
search and training institute of the state government ICAMEX had re-
leased the following improved varieties of free pollination (which
originated in local landraces): Acambay, Santiago Y eche, Almoloya
de Juérez, Ixtlahuaca, Amarillo Zanahoria (‘ Carrot Yellow’); as well
astwo synthetic IVFP: V-11, and V-105.

Table 2. Yields of improved and hybrid varieties most utilised in
the Highland Valleys of the State of Mexico

Vaietiesrele: by INIFAP. Varieties rel eased by ICAMEX
Variety ton/ha Variety ton/ha
V-22* 58 Acambay *** 7,3
V-23* 6,7 Almoloya*** 71
H-28** 6.4 Amarillo zanahoria *** 7.2
H-30"** 7,1 Ixtlahuaca*** 7.7
H-32"** 7.0 V-11+ 7.8
H-34 ** 7.3 V-105* 7.5

* Synthetic free pollinating variety.
** Hybrid.

*** |mproved free pollinating variety.
1Hybrid form by an agreement between INIFAP and ICAMEX.
Source GEM-FIRCO (1990:2).
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During thetime of PEPMA, from all of these varieties, farmers had
access mainly to thefour hybrids, four synthetic varieties and four im-
proved free pollination varieties shown in Table 2.

The use of improved varieties by farmers did not meet the expecta-
tions of scientists. Of the 5,377 farmers included in the first survey,
there were three distinct groups: those who sowed hybrids (a) or im-
proved free pollination varieties (b) in at least a part of their farm, and
those who sowed only local varieties (c).

a) The group who sowed a part of their farms with hybrids was
formed by 223 farmers who cropped 3,312.0 hawith hybrid varieties,
whichrepresented 5%of thetotal land sur veyed(Table3andFigure3).

Table 3. Use of improved varieties by surveyed farmers

participating in PEPMA 1993"
Group Type of varieties Surface (ha) Mean Farm Size Numbre of
(ha/farm) Farmers

al Hybrids 17705 16.0 111
a2 Hybrids+lV FP 400.5 143 28
a3 Hybrids+lVFP+LV 539.0 14.8 38
ad Hybrids+LV 602.0 13.0 46
b.1-b4 | IVFP+LV 31827 12.6 249
b.5 IVFP 2167.0 13.0 167
C. Locd varieties 35076.3 74 4,738

Totd 43 738.0 - 5,377

PEPM A-Highland 57 903.0 7.0 8216

Valleys

1 65% of farmers and 75% of the land from ICAMEX, 1993.
Source: COSIA (1994).

Farmersin this group had farms between 13.0 and 16.0 ha, which
can be compared against those farmers who cropped exclusively local
vari eties(LV)whohadameanfarmsizeof 7.4 ha. Thisfirst groupwas
formedby four subgroups. Thosewhoex clusively sowedhy brids(a.1),
those who cropped hybrids and improved varieties of free pollination
(IVFP) (a.2), those who cropped hybrids with IVPF and local (unim-
proved) vari eties(LV) (a.3),andthosewhogrew hy bridsandLV (a.4).

The (a.1) group was formed by 111 farmers who exclusively grew
hybrid varieties, representing just 4% of the total land within the
PEPMA. Another 112 farmers (groups a.2, a.3 and a.4) sowed at least
part of their farmstohy brids, andtherestwithanother maizevari ety.
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Of these 112 farmers, the 28 farmers of the a.2 group sowed 60% of
their land to I VFP; the 38 farmers of the a.3 group sowed only 20% of
their land to hybrids, 35%to IVFP and 45%to LV; and the 46 farmers
of the a4 group sowed 65% of their land to LV. (Figure 3).

Figure 3. Seed types used in the Units of Production (UP)
per range of mean surface of the group that sowsIVFP and LV

avePL

EvL

k} = S )
b 0 W o

- g L L.:_o. s

w '

Rank of surface exploited by PU(Sub-Groups,Ha.)

Source: files of PEPMA -93

Of those farmers who grew hybrids with some other varieties, the
most out standingaspectisthat they grewlocal vari etiesinproportions
that are above 50% of their farms. The the subgroup a.2 who grew hy-
bridswith I'VFP sowed 82% of their farmsto these | atter varieties, the
a.3subgroup, whogrewsthethreetypesof vari eties(hy brids, IVFPand
LV)sowed44.5%tolocal vari eties(LV), thoseinandthesubgroupa.4
kept 60 % of their land to grow their own varieties.

The logic of these behaviour is that the majority of farmersin the
Highland Valleys have no confidence in the yields they may obtain
from growing hybrid varieties. This will be discussed in detail when
the findings in the village of San Pedro la Concepcidn are discussed.
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Theb) group consisted of 416 farmerswho did not grow hybrid va-
rieties and used only IVFP or loca varieties. The group may be
arranged in five sub groupsgiven therangeof crop ped land and type of
varieties sown (Figure 3).

Subgroup b.1). formed by 23 farmers (5.6%) with farms between
0.1and 5.0 ha, sow ing 47% of their farmsto IVFPand 53%to LV; sub-
group b.2) wasformed by 44 farmers (10.6%) who had farms between
5.1 and 10.0 ha, and sowed 48% of their land to IVFP and 52%to LV,
subgroup b.3) also of 22 farmers (5.3%) cropped between 10.1 and
15.0 ha, and sowed 47% of their farmsto IVFP and 53% to LV; sub-
group b.4) formed by 48 farmers (11.5%) had between 15.1 and 20.0
ha, grew IVFP in 36.6% of their land; and subgroup b.5), who exclu-
sively grew IVFP was formed by 67% of the 416 farmers (279), had
farms with amean size of 13.0 ha

As can be seen, 33% of these farmers al so decided not to sow more
than 50% of their land to IV FP, trusting more the performance of their
local varieties.

Groupc),thevast majority of farmers(4,737) whogrew ex clusively
indigenous local varieties in farms with a mean size of 7.4 ha, repre-
senting atotal of 35,076 hectares.

It can be concluded at this stage that improvedmaizevari etieswere
not commonly used in the Highland Valleys of the State of Mexico,
even within the PEPMA program. The improved hybrid varieties are
only used exclusively by avery small sector of the surveyed farmers
(111) representing only 2.1% of total farmers; who have the larger
mean farm size from all the farmers surveyed (16.0 ha/ farm); com-
pared with the vast majority (88%) of farmerswho retained their habit
of sowing, and conserving, their antique, indigenous local varieties’.

Thesefarm ershad ameanfarm size of 7.4 ha, whichislessthan half
thefarm size of farmersgrow ingonly hy brids, and four timesthemean
farm size of the overall maize farmersin the State of Mexico.

6 The ex-post survey in 1996 showed that 13.5% of farmers grew improved varieties
(hybrid and IVFP), while the remaining 86.5% continued growing their indigenous
varieties.

266



Why Improved Maize (Zea mays) Varieties
are Utopias in the Highlands of Central Mexico

Figure 4. Thevillage of San Pedro la Concepcion, State of Mexico

San Felipedel Progreso . ‘
1

Ixtlahuaca

.+ Temoaya

Ejido San Villa
Pedrola Victoria
Concepcién

@ ; ©* < Latitude North 19°23'

Toluca

Amanalcode Becerra ; Zinacantepec

’ A

Longitude West 99°46'

Source: Trigos, 1992:42

Onanover dl statecontext, theresultsobtained fromtheaboveanal-
y sisareconfirmed by thefact that theuseof seedfromimprovedvari et-
iesisvery limited. According to the Mexican national system for the
certificationandinspectionof seeds( S stema nacional de certificacion
e inspeccion de semillas), the sales of seed from improved varieties
were, in the State of Mexico, of 221.7 ton in 1991, 252.8 ton in 1992
and 258.7 ton in 1993. Considering the recommended sowing rates of
25 kg seed/ha, these figures represent 8,868 ha, 10,348 haand 10,348
hasownin1991,1992and1993toimprovedvari eties. Therefore, uti li-
sation of improved maize varieties in the state was 1.38% in 1991,
1.58% in 1992 and 1.76% in 1993, of the total land sown to maize.

The5,377 farmerspartici patinginthePEPM A programconsidered
inthisstudy sowed in 1993 3,312.0 haof hybridvarieties and just over
4,000 haof IVFP, representing 16.7% of the surveyed land beingsown
to improved varieties.

If thisfigureinthe use of improved varietiesin the surveyed farms
isapplied to the whole of the 57,903 ha participating in PEPMA inthe
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Highland Valleys of the State of Mexico, itwouldrepresent 8,106.4ha
sown to improved varieties, which would mean that farmers partici-
pating in PEPMA would have used 78.3% of the state total of seed of
improved maize varieties.

In any case, from the availablefiguresit may be stated that the sur-
face sown to improved varieties in the area of study utilised between
59.2% and 78.3% of the Statetotal of improvedseedstock (by di viding
thesur faceof thestudy sowntoim proved seedsintothetotal sur faceof
the State of Mexico sown to improved seeds). This means that: 1) the
surface of the State of Mexico sown to maize substracting the study
areawas 543,692 ha (587,430 haof the State’ sland sown to maize mi-
nus 43,738 hafrom PEPMA); 2) the land sown to improved varieties
substracting the study area was 3,036.4 ha (10,348.4 ha of the State’'s
land sown to improvedvari eties mi nus7,312.0 haof thestudy area); 3)
the land sown to improved varietiesin the study areawas 7,312.0 ha,
which represented 17% and 1.24% of the land sown to maize with im-
provedvari etiesfor PEPM A andthe Stateof Mexicorespectively, and;
4) therateof uti li sationof seed of improvedvari etiesout sidetheareaof
study was only 0.06%.

It may be concluded from the avail able data, only 24.7% of the par-
ticipating farmersin PEPMA in 1993 were the same asin 1990. Sixty
percent of participants were part time farmers since they have to mi-
grate out of their villages to find paid jobs in the cities. Participating
farmers had mean farm size of 7.0 haper farmer, which meansthat the
majority of farmers holding mean surfaces of 2.0 ha/farmer did not
benefit from the government subsidy in PEPMA.

Farmerswere usually utilisingfarmmachinery,syntheticfertilisers
and other innovations as the plant density recommended by research
institutes. However, the majority of farmers refused to utilise the im-
proved varieties recommended by PEPMA extension agents.

The following section shows the information from the field work
undertaken in avillage in the Valley of Toluca with the objective of
findinganswerstotherejectionof farmerstowardsimprovedvari eties.

Theuseof agricultural technol ogyandimproved maizevarietiesin
San Pedro la Concepcion

Hereinafter, the rate of adoption of improved maize varieties in the
village of San Pedro la Concepcion is discussed.

268



Why Improved Maize (Zea mays) Varieties
are Utopias in the Highlands of Central Mexico

Thevil lageof San PedrolaConcepcionislo catedinthemunicipaity
of Almoloya de Juarez which belongs to the agricultural district of
Toluca, and has a population of 1,181 inhabitants (IGECEM, 1995)
(Figure 4).

Ninety per cent of thehousesinthevil lagehaveel ectricity and piped
water. on electricidad y agua potable, and 100% of the familieshavea
radio and 70% television. The village is accesible by road all year
round.

Food is based primarily in the consumption of maize, such that the
majority of farmers allocate their production to self-consumption and
to the feeding of their livestock (devoted also mainly to self consump-
tion).

Forty per cent of farmersmi grateseasonaly towork inthecities, and
atleastamember of thefamily worksper manently out sidethevil lage.

In 1936, whithin the framework of the Mexican Agrarian Reform,
144 farmers obtained the rights of use of 786.20 ha of which 109 ha
have access to partial irrigation and the rest are rainfed.

In 1936, farmersheld 4.5 haof rainfed land and 0.75 haof irrigated
land per farmer. At present, due to population pressure, land holdings
per farmer have decreased drastically, such that 7.8% of farmers have
lesthan 1.0 ha, 50.7% have 1.0 ha, 7.5% have between 1.25y 1.5 ha,
and only 20% hold morethan 2.0 ha. In San Pedro laConcepcion, asin
vast areas of the Highland Valleys, one of the most important con-
straintsfor agricultureisthe diminishing size of production units. This
decreaseinthesizeof landholdingsper farmer |leadstoal ossof inter est
inthemajor ity of theinhabit antsof San PedrolaConcepciéntogetin
volvedinagri cul ture, seekingcrop pingsystemsthatrely lessinlabour,
inputs and capital (Trigos, 1996: personal communication).

In 1990, the management of PEPMA hired an agronomist as an ex-
tension agent to integrate a dessemination unit in San Pedro la
Concepcion. Inafew weeks, hewasableto uniteagroup of 44 farmers
interested in participating in PEPMA with their 146.5 ha (Table 4).
This unit had less than half the surface set by PEPMA administrators
(350 ha) to establish an extension unit.

In 1990, these farmers sowed 19 ha with the hybrids H-28 y H-30
(13% of their land), 12.75 ha with the IVFP Almoloya de Juarez, and
Amarillo zanahoria (“Carrot Yellow”) (9% of their land) and 114.75
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ha (78% of their land) with local varieties. Twenty farmers sowed Lo-
cal Varieties(LV) exclusively, 18 sowed hybrids and LV, four sowed
IVFPand LV, onesowed only I VFP, and onesowed hy bridsand | VFP.
No one sowed ex clusively hy brids. Of all farmers, nonesowedhy brids
orVFPinalarger proportionthanLV,whichissimi lar totheob served
valuesin PEPMA’s area of study in the Highland Valleys mentioned
earlier.

Table4. PEPMA in San Pedrola Concepcién in 1990
Varieties Totd land [Mean land/ Tptai Ma)(imum Min_imum Mleen
(ha) farmer Yield Yield (t/ha) Yield Yidd
(1) (t/ha) (t/ha)
H-28 4.00 1.00 21.0 55 5.0 5.25
H-30 15.00 1.07 79.1 5.9 4.6 5.32
Almoloya de Juarez 3.00 1.00 16.1 5.6 5.0 5.37
Ixtlahuaca 4.75 0.95 23.9 5.6 4.1 5.06
Amarillo Zanahoria 5.00 2.50 22.2 45 44 4.45
Local Varigties 114.75 2.30 482.4 59 4.0 4.16
Total or Means 146.00 1.47 644.7 5.5 4.5 4.90

Sources: Files of ICAMEX (1993) and Trigos (1992:52-58)

In San Pedro laConcepcion, theimpact of PEPMA wasweak. Only
30% of farmers wanted to participate in this program with 19% of the
total agricultural land of the village, so that 100 out of 144 farmers
chose to say out of PEPMA.

According with the principal author’s conversations with non par-
ticipant farmers, some of them did not participate out of not havingthe
documentsto provelegal ownership of their land. Thisisbecause after
the 1936 land distribution by the government, the following genera-
tions of campesino farmers continued bequeathing, without legal
docu ments, ever smaller plotsof land to their heirs; which explainsthe
excesive partition and small size of farmsin San Pedro laConcepcion,
asisthe genera experiencein the Highland Valleys.

For other farmers, the small size of their farms does not justify
committing their participation in any program.. For this type of farm-
ers, maize cultivation represents aweekend activity. It is common for
mentomi grateout of thecommu nity inweek daystowork inthecities,
and return during the weekend to visit the family and take decissions,
among those, the management of the farm.
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For other farmers, thefarmsarelike “ nursing homes” where the el-
derly remaininthecountry sidewhiletheyoungstershaveemi gratedto
the cities. That is the case for some of the farmers whose generation
benefited from the land reform of 1936, aswell as some other farmers
from the following generations who are now old and have no interest,
nor money, to modify the management of their maize crop.

Thesesocia changesinthecountry sidehaveimpairedtheadoption
of technical innovations where the prospects of obtaining profits are
not well established.

Also, according to interviewed farmers who did not participate in
PEPMA, the performance of improved varietiesis haphazard in rela-
tiontothecli maticcondi tionsin San PedrolaConcepcion. Thean swer
from these farmersis overwhelming: none utilises improved varieties
or high concentration fertilisers.

In 1990, the most out standingfactsof theex tensionagent’ sactivity
inSanPedrolaConcepcionwastheintroductionof improvedvari etyin
21% of the land of the participating farmers (and only 4% of the
village), the utilisation of fertilisers of high concentration and foliar
fertilisation, and the payback of bank credits (Trigos, 1992:32). The
agronomist himself recogni ses the importance of having had good cli-
maticcondi tionsinthat year intheyieldsobtained by farmers, whichis
also acknowledge in PEPMA’ s general results.

Farmer partici pationinPEPMA for 1991and 1992wasveryirregu-
lar, with only six farmers participating in 1991, and four in 1992. By
1993, only Mr. Atanacio Pama Gonzaga, Mr. Abundio Munguia
Flores and Mr. Jesis Carmona Martinez continued to participate.
According to interviews to the extension agent and farmers, the main
reason why farmers abandoned participation in PEPMA wasthe large
credit debts accumulated in 1991 and 1992.

From interviews held in Autumn 1994 to 13 farmers who had par-
ticipated in PEPMA, in regards to their technical evolution, farmers
thought that cropping practices had not changed through PEPMA,
since they already applied fertilisers, pesticides and herbicides with
products bought in Toluca. According to them, the extensionagentsof
PEPMA did not provide any new knowledge on the cultivation of
maize.

Inrelation to fertilisers, farmers apply 136 kg of Nitrogen, 90 kg of
phosphate, and 30 kg of potash (136-90-30), formula which is above
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what extension agents recomend (Table 1). Farmers apply these
amountssincethey consider ittheonly way of obtaininggoodyields.

Inrelation to improved varieties, 10 of the 13 interviewed farmers
had sown hybrids in the past, although none had done so since 1993.
All considered hybrid seed to be expensive inputs in relation to the
profits obtained.

On the other hand, they say that although the grain of hybridsis
larger, they are“lighter” (lessdense). Given the fact that maizeis sold
by weight andnot vol ume, they wouldrather cul ti vatelocal vari etiesor
IVFP since they yield heavier grains although they might be small. At
harvest time, the differencesin yield betweenhy bridsandfreepol li na
tion varietiesisminimal or even favourablefor thefree pollination va-
rieties.

Also farmers do not like that improved seeds have a higher price
than their own seed. In 1990, the price of improved seed was 7 pesos,
whilst thepriceof maizewasbetween5and 6 pesos. Simi larly,in1994,
the price of grain was 1.5 pesos while the price of improved seed was
up to 9 pesos (Trigos, 1996: personal communication).

Farmer statement clash with the extension agents perception. For
example, according to the extension agent, farmers do not take advan-
tage of the improved varieties because they are not willing to become
disci plinedandadoptthetechnologi cal pack agesrecommendedbythe
extension agronomists of PEPMA.

Thus, thelast negoti ationontheuseof cientifically improved maize
was held within the relationshipbetweenextensionagentsandfarmers
in terms of the benefits of sowing improved varieties of maize.
Throughout PEPMA, farmers agreed to cultivate the hybrids
recommended by the extension agent only in less than half of their
land, which corroborates the figures obtained in PEPMA 1993, where
less than 50% of the lands were sown to hybrid or improved seed.

By 1994, none of the farmers in San Pedro la Concepcion was
willing to follow the extension agents recommendations to sow hy-
brids, although the 13 interviewed farmers would be disposed to try
new hy brid seedsaslong asthey do not show thelimitations perceived
in currently available hybrid seeds (mainly that yields are prone to be
severely affected by less than favourable climatic conditions, and the
high price of seed).
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Conclusions

Chemical (fertilisersand pesticides) and mechanical innovations have
had an impact on the organization of labour and have notably in-
fluenced the productive practices of farmers, but in terms of improved
mai zevari eties, farmerscontinuetoutilisetheirlocal vari eties. Despite
sci entificef fortstoprovidenew plantsof maize, thepracticeof sowing
autoctonous seed is performed almost unchanged since over six thou-
sand years ago.

Independent of the most optimistic figures in regards to the use of
improved varieties, including hybrids, the reality isfar removed from
theoneenvisaged by theteam of the Of ficefor Special Studies(Oficina
de Estudios Especiales) of the Rockefeller Foundation when they pro-
posed to cover Mexican land with hybrid maize varieties.

Also, the hopes of Edmundo Taboada and his team at the Office of
Experimental Stations (Oficina de Campos Experimentales) of uti-
lising stable free pollination varieties did not happen either. The
followers of these plant breeding research have not been able to build
an extensive and stable stock of improved free pollinating maize va-
rieties.

After 60 years of scientific research and extension of manipulated
maize varieties, farmers keep their ancestral alliance to autoctonous
seeds, since hybrids or improved varieties are utopias.

In recent times, farmers have accepted occasionally to sow hybrids
since extension agents have brought hybrid seeds as part of credit
schemes, or havebeentechni cally convinced by theextensionists, who
have promised to subsidise the price of seeds, have convinced them by
means of technical arguments, or have coerced them in the fashion of
pushy salespeople.

The regjection to sow hybrid and improved varieties means the im-
plicit rejection to the extra care that these plants require from the
farmerswhowould needto over protect themaize plants, and/or runthe
risk of lossing all of their investment if unfavourable weather condi-
tionsensue, or to harvest lighter grainsinrelation to local varieties. In
the case of hybrids, farmers also do not accept the need to buy hybrid
seed every year.

If scientists have underestimated the extra labour and care require-
ments that cultivating hybrids or improved varieties mean to farmers,
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thereisamajority of farmers there to limit the existence of improved
varieties by the continued sowing of their local varieties which, al -
though hav ing small but heavy grains, do not requireany thing elsethan
to sow the grains harvested in the preceding agricultura cycle, asthey
have been doing for generations. In short, for the vast majority of
farmers in the highland Valleys, currently available hybrid and im-
provedvari etiesarenoreal techni cal optionstostimulateproduction.

The extension project based ontheideaof deliv eringthedevel oped
techni cal aspectsof maizecul ti vationfromtheex peri mental stationsto
the farmer’s fields was much more complicated than the optimistic
proposals of the extension agents. The story of PEPMA shows a num-
ber of problemsthat fall withintheex planationthat agoodtechnol ogy
cannot be applied by farmers due to political or socia reasons. It also
liesin the explanation of anill conceived technology.

According to the first explanation, the lack of real efforts from
federal and state governments, the conflicts between the teams of ex-
tension agents, and the bank credits which arrived late, contributed to
immobilize PEPMA, and turned the proposal to improve the produc-
tivity of farmsinto an unachievable project. It may be said that, even
not considering political mistakes, farmers are not able to adopt new
technol ogiesproducedby sci entistssincetheimprovedvari etiesdonot
perform well in the productive conditions faced by the majority of
farmers.

The big mistake started in the 1940’'s, when plant geneticists de-
cided to follow plant breeding schemes that farmers did not want.
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