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his article presents fresh improved aggregated data on coffee-growing regio-

Z nal specialization in Costa Rica berween the 1950s to the 1980s and discus-

ses the determinants of the expansion of that coffee cropping frontier with a

model that combines environmental and geo-economic drivers. The model performs a
multiregression analysis that includes agroclimatic, land use, demographic, and mar-
ket access variables to explain the geographical patterns of expansion and intensifica-
tion of coffee-growing areas during the deployment of the Green Revolution. The results
allow us to characterize the locations and understand the main drivers behind coffee re-
gional specialization. The results confirm that the locations of coffee-growing expansion
were conditioned by a dynamic interaction among first and second-nature factors
whose importance changed over time within a complex social and agro-ecological fa-
bric that allowed, to some extent, the endurance of functional shaded management in

small-scale coffee plantations.
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La expansion e intensificacion cafetalera en Costa Rica
durante la revolucion verde (1950-1989):
Factores impulsores y resultados
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CODIGOS JEL: C50, N56, N57, R11.

ste articulo presenta nuevos y mejorados datos agregados de la especializacion

regional del cultivo de café en Costa Rica entre 1950y 1980. Analiza los de-

terminantes de la expansion de la frontera cafetalera a partir de un modelo
que combina factores ambientales y geoeconomicos. El modelo explica los patrones
geograficos de expansion e intensificacion de las dreas cafeteras durante el despliegue
de la revolucion verde en funcion de variables agroclimaticas, de uso del suelo, demo-
graficas vy de acceso al mercado. Los resultados permiten identificar los principales fac-
tores impulsores de la especializacion regional del café. A su vez, confirman que el com-
portamiento espacial de la expansion cafetalera estuvo condicionado por una interaccion
dinamica entre factores de primera y segunda naturaleza, cuya importancia cambio a
lo largo del tiempo dentro de un complejo tejido socioeconémico y agroecologico que per-
mitio, en cierta medida, la pervivencia del modelo de cultivo bajo sombra en cafetales
de pequenia escala.
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Geographic expansion and intensification of coffee-growing in Costa Rica during the Green Revolution

1. INTRODUCTION

The Green Revolution inaugurated a new wave of agrarian change in Latin American
landscapes that combined both the expansion of the agricultural frontier and the inten-
sification of crops. The new technological package involved the introduction of high-yield
varieties, the application of industrial fertilizers and other chemical inputs, and a change
in agricultural functional management (Patel, 2013; Swaminathan & Kesavan, 2017). It
was launched in grain crops (corn, wheat, and rice), and then extended to cash crops (Cul-
lather, 2010). Coffee did not escape from this technological package, initially promoted
by a favourable price situation during the post-war period (Daviron & Ponte, 2005; Pi-
cado, 2014; Gudmundson, 2014). It was a time when, after oil, coffee became the sec-
ond most traded legal commodity in the world. Coffee production remains a relevant eco-
nomic activity. Currently, about 2.25 billion coffee cups are consumed daily, and over 120
million people live off the cultivation of coffee of whom more than 25 million are small
producers (Ponte, 2001, 2002; Daviron & Ponte, 2005).

Latin America remains the most significant coffee growing region in the world, led
by Brazil, although Asian and African countries have recently become significant pro-
ducers. Increased demand during the post-war context led to an improvement in mar-
ket coffee prices. High prices fostered crop expansion in producing countries as well as
the intensification of coffee plantations in line with the Green Revolution. In Colom-
bia, Central America and Mexico coffee intensification meant the transformation from
traditional-organic to modern industrial coffee plantations (Moguel & Toledo, 1999;
Rice, 1999; Sfez, 2000; Samper, 2010; Perfecto, Vandermeer & Philpott, 2014; Infante
& Picado, 2018).

This article draws on previous research conducted by agricultural historians and agri-
cultural economists on the adoption of the Green Revolution package in the coffee sec-
tor of Costa Rica in terms of their technical features, political conditioners and results
(Hall, 1976; Aguilar, Barboza & Leoén, 1982; Sfez, 1995, 2000; Samper, 2001; Ledezma
& Granados, 2008; Picado, 2000; Picado, Ledezma & Granados, 2009; Lopez & Picado,
2012; Gudmundson, 2014; Infante & Picado, 2018). It contributes to this literature with
new Costa Rican regional series of coffee land uses and yields, which have been rebuilt
after noticing the spatial incoherencies of the regionalized data given in some official cen-
suses, and addresses three main geographical and historical questions: How did the cof-
fee frontier expand regionally throughout this period? What drove its geographic spe-
cialization pattern over time? And, what have these socio-ecological outcomes meant for
the Costa Rican countryside?
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Costa Rica is a relevant case study because it was the first Central American country
and one of the first Latin American world regions to promote the Green Revolution on
coffee plantations, and achieved the highest coffee productivity per hectare at specific mo-
ments of the 1970s (Aguilar, Barboza & Ledn, 1982; Rice, 1999; Lopez & Picado, 2012;
Infante & Picado, 2018). Our study adopts a twofold methodological approach. First, we
present the stylized facts arising from the new fresh data on the advance of the Costa Ri-
can coffee frontier at the national and regional level. Then, based on the original dataset
assembled, we propose a coffee specialization model that statistically testes a set of agro-
climatic, land use, demographic, and market access variables to explain coffee-growing
area shares in different Costa Rican regions. Finally, we use the data provided and sta-
tistical results obtained to discuss its most outstanding socioecological outcomes.

One of our main contributions is to provide a novel dataset of the Utilised Agricultural
Area (UAA, meaning all the land used as cropland, pastureland and forest) in different
benchmarks (1955, 1963, 1973 and 1984) at the regional level (Central, Western, Turri-
alba, Tarrazt, Brunca, and Pacific regions). This dataset amends the share of coffee
within these UAAs and corrects the overestimation of total land data found in the agri-
cultural censuses of 1955, 1963, 1973, and 1984!. Another relevant finding is to grasp the
site-specific environmental, demographic and socioeconomic features of the diverse cof-
fee-growing regions of Costa Rica, by testing the relevance of first-nature factors (7. e., agro-
climatic) and second-nature drivers (i. e., market access and labour availability) of the
Costa Rican geographic coffee expansion and specialization during the Green Revolution.

Following this introduction, the article is divided into four sections. Section 2 focuses
on the institutional coffee context, delving into the main phases of the spread and adop-
tion of the Green Revolution (GR). Section 3 presents the methodology, sources, and data
used to test the statistical model. Section 4 shows the main results, and Section 5 concludes.

2. STATE, MARKET, INSTITUTIONS AND GREEN REVOLUTION
DURING COFFEE MODERNIZATION (1950-89)

In Costa Rica, coffee cultivation began around 1820 in the Central Plateau. It expanded
first towards the western region of Alajuela-San Ramoén from 1850 to 1860, and then to
the eastern Reventazon-Turrialba region from the 1890s onwards (Hall, 1976). The three
regions have optimal agroecological conditions for coffee cultivation, although it was in
the first area where the population was concentrated. Population density as a driver of la-

1. See Annex 3 at: DOI https://doi.org/10.26882/histagrar.083x04m.
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bour supply is a crucial issue, as coffee cultivation requires plentiful labour during har-
vest. The expansion to other regions did not mean the closure of prior locations but ra-
ther the opening of new coffee-growing areas in separate locations.

Throughout the nineteenth century low population density and the lack of transport
infrastructure limited Costa Rican coffee expansion. It was not until the second half of
the twentieth century that a favourable economic, political, social, and market context al-
lowed for bringing coffee cultivation outside of traditional regions (Map 1). The con-
struction of the Pan-American Highway connected markets with lands suitable for this
crop and pushed the expansion of the Costa Rican coffee frontier. Coffee growing also
benefitted from expanding consumption, both in foreign and domestic markets (Jiménez,
1995).

FIGURE 1
Costa Rican coffee-growing area in hectares (1949-1989)
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Sources: our own elaboration, from several historical sources.

This favourable external context coincided with a major change at the political and eco-
nomic level in the country with the start of the Second Republic and the birth of a De-
velopmentalist State, which was led mainly by social-democratic governments (Winson,
1989). The stable institutional policy under this developmentalist governance allowed a
strong coffee modernization programme to launch in Costa Rica, inspired by the tech-
nological package of the GR, that promoted: a) genetic change, with the introduction of
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high-yielding seeds; b) technical change, with the implementation of chemical fertilizers
and other industrial inputs; and c) cultural change, with the implementation of new agri-
cultural management practices (Lopez & Picado, 2012; Sfez, 2000).

FIGURE 2
Costa Rican coffee production in bushels (1949-1989)
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Note: a coffee bushel weighs 258 kg.

Sources: our own elaboration, from several historical sources.

Coffee modernization along GR lines was launched in a period of high prices during the
1940s and 1950s and spread during a period of coffee price stability in the 1960s. How-
ever, as experienced in previous periods of coffee trade growth (Topik & Samper, 2006),
the expansion of global consumption caused an increase of cropland and yields in all cof-
fee producers, leading to global overproduction and a fall in international prices. To pre-
vent significant decreases in coffee prices, most producers and consumers agreed on the
ICA (International Coffee Agreement) in 1963, led by the interest of the United States
to prevent Soviet influence in Latin America under the Cold War (Topik & Samper, 2006;
Picado, 2012). The ICA restricted world coffee exports through the imposition of quo-
tas and the establishment of a target price by type of coffee (Bilder, 1963; Tilley & In-
dahsari, 1996).

During the second half of the twentieth century, Costa Rican coffee activity went

through three major phases: 1) production growth by means of substantial crop area ex-
pansion (1948-62); 2) production growth mainly through productivity growth and small
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crop area expansion (1963-72); and 3) production growth and area expansion of new crop
varieties (1972-89) (Figs. 1, 2, and 3). The first phase coincided with the foreign con-
sumption expansion when the coffee market was still more or less liberalized, due to the
levelling out of the previous rise in the United States combined with the recovery in the
old European markets; the second began when Costa Rica joined the ICA, the interna-
tional coffee market was regulated, and the domestic market expanded; and the third re-
sponded to improving coffee prices because of the Brazilian frost of the 1970s, when the
coffee market was still regulated.

FIGURE 3
Costa Rican coffee yield in bushels per hectare (1949-1989)
30.00
25.00
Q
<
5 20.00
o)
<
g 15.00
©
)
>-

10.00

Sources: our own elaboration, from several historical sources.
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2.1. Phases of technology change in Costa Rica’s coffee production
2.1.1. Take-off (1945-62)

Until 1950 Costa Rica’s farmers produced just one commercial variety of coffee. Since
cultivation began around 1820, they had planted Typica coffee (C. arabica), and, from
very early on, its qualities were highly appreciated (bean size, cup quality, and good cherry-
to-green-bean). Although other varieties were tried, only Bourbon gained any real com-
mercial value but cultivation was limited to some mid-altitude areas (800-1200 m). At
the end of the 1940s Villa Sarchi coffee emerged as a natural mutation of Bourbon, as Hi-
brido Tico did from the natural crossing of Typica and Bourbon.
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The Ministry of Agriculture (MAG) launched the Provecto de Plantas de Alto
Rendimiento (High Yield Plant Project) in 1950, and the Programa de Rehabilitacion de
Cafetales (Coffee Plantation Rehabilitation Program) in 1954. It also promoted a Pro-
grama de Seleccion de Semillas (Seed Selection Program), which consisted mainly of test-
ing the Hibrido Tico variety (MAG, 1954: 218-19; 1957: 11). In 1952 the American In-
stitute for Cooperation on Agriculture (IICA) introduced from Brazil the two high-yielding
varieties of Caturra (a natural mutation of Bourbon) and Mundo Novo (a cross between
Bourbon and Sumatra), the first of dwarf height and the second of medium height.

During this period, fertilizer imports increased primarily from the United States and
Germany. In parallel, the MAG and the National Banking System (SBN) launched the
1953 Plan de Préstamos para Abonos y Fungicidas (Fertilizer and Fungicide Loan
Scheme) aimed at promoting industrial fertilization, chemical pesticides, and novel farm-
ing practices (MAG, 1955: 5). Experimental trials with macronutrients, such as Nitro-
gen (N), Phosphorus (P) and Potassium (K), were expanded, as were those with secondary
nutrients, such as Calcium (Ca), Magnesium (Mg) and Sulphur (S), and with micronu-
trients, such as Copper (Cu), Iron (Fe), Zinc (Zn) and Boron (B). Initial findings
pointed to the positive effects of industrial fertilizers on increased production, of copper-
based fungicides on fighting diseases, and of systemic herbicides and diesel-based emul-
sions on weed control (MAG, 1955: 3; 1957: 10; 1959: 24).

A series of changes in farming practices were also promoted. Until 1950, the traditional
coffee plantation grew Typica coffee under the shade of trees, with densities ranging be-
tween 1,200 and 1,500 plants per hectare, and with yields being between 9 and 15 bushels
(the coffee bushel equivalent to 258 kg) per hectare (Sfez, 2000: 67). New systems of cul-
tivation, pruning, and shade management were recommended. The traditional shade-
grown coffee growing had been called into question frequently by agronomists since the
late nineteenth century. However, it was impossible to eradicate it from the coffee plan-
tations (Naranjo, 1997;Viales & Montero, 2015). Moreover, in the face of strong resis-
tance to the adoption of monoculture shown by most Costa Rican coffee producers and
family farmers, the cropping systems proposed during this period of the GR-led mod-
ernization of the sector included the use of new types of regulated shade. These practices
were deemed more commercial, less agrodiverse, and less oriented to family subsistence
and the provision of regulation and support ecosystem services (Perfecto & Vandermeer,
1994; Perfecto et al., 2005; Campbell, 2012). The result was a growth of coffee produc-
tion and yields, accompanied by an expansion of the cultivated area.
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2.1.2. Consolidation (1963-71)

During this phase of worldwide overproduction, the coffee-producing nations came un-
der market regulation. Compared to the earlier period, prices remained low but stable.
The IICA abandoned the studies of coffee and concentrated on other crops, but it con-
tinued to import high-yielding varieties (HYVs) that were distributed by the MAG. From
this time point onwards, research was conducted within the framework of the Coffee In-
stitute of Costa Rica (ICAFE) and the MAG/ICAFE Agreement, and producers had to
adapt to the new policy of world coffee regulation of production and exports.

As of 1963, the International Coffee Organization (ICO) obliged its member states to
not exceed their production quotas, and to initiate policies of agricultural diversification.
In the case of Costa Rica, these measures were incorporated in the 1969 Plan de Politica
Cafetalera (Coffee-Growing Policy Plan). In the early sixties, Costa Rican government re-
stricted loans to coffee producers and promoted diversification in regions not optimal for
growing coffee (MAG, 1971:56-7). Indeed, quite good prices in the fifties, an open agri-
cultural frontier, and improvements in infrastructure had promoted cultivation in mid-
altitude areas (Brunca and Pacific regions) which were not always agroecologically suit-
able. Afterwards, the SBN suspended all loans and raised the interest rate from 6 to 8%
to prevent cultivation in new areas (OFIPLLAN, 1979: 1-2).

This phase was marked by the eruptions of the Irazi volcano (March 1963-May 1964),
which wreaked havoc in the plantations of the Central Region, the country’s main cof-
fee-producing area. The MAG launched the Proyecto de Renovacion y Repoblamiento de
Plantaciones (Plantation Renewal and Repopulation Scheme) in 1964. Previous studies
have tended to ignore this natural event, which contributed to the acceleration of tech-
nological change as nearly 24,500 hectares (31% of the country’s coffee-producing area)
were renewed or repopulated (MAG, 1967: 9). Around this date (1963), Central Amer-
ican Fertilizers (FERTICA) was founded, which in the seventies was to become the most
important fertilizer industry in the country. This was also the time when the Catuai va-
riety was introduced from Brazil.

Research into coffee varieties, industrial fertilizers and farming practices continued.
Experimental trials noted an increase in production when the distance between plants was
shortened, as opposed to the distance between rows (the greater the number of plants,
the greater the yields). Pruning systems were recommended concerning planting densi-
ties (MAG, 1970: 143; 1972: 175). Although the use of shade was considered to lower
coffee production, experiments also found that full-sun cultivation affected its quality and
increased weed control costs (MAG, 1966: 90-1; 1967: 85; 1968: 94). The implementa-
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tion of these GR management practices led to an expansion of the production and pro-
ductivity through yield increases in a context where the expansion of the cultivated area
was very low.

2.1.3. Dynamization (1972-89)

A marked hike in coffee prices characterized this phase due to the Brazilian frosts of the
1970s, which led to the suspension of the economic clauses of the ICA until 1980, fo-
llowed by new price regulations between 1983-86 and 1987-89. The appearance of cof-
fee leaf rust in Brazil also forced the MAG to set up the Comision Técnica Permanente Ase-
sora contra la Roya (an Advisory Committee against Rust) and to sign the MAG/CATIE
contract (CATIE is the The Tropical Agricultural Research and Higher Education Cen-
ter). From then on, genetic research focused on developing plants that combined adap-
tability, uniformity, production capacity, rust resistance, and cup quality (MAG, 1979: 56-
7; 1980: 17; 1985: 3).

In Costa Rica, the first outbreak of rust was identified in the canton of San Carlos
(1983), from where it quickly expanded to other counties (McCook, 2009, 2017). Re-
search to combat the disease had begun in the early 1970s, and by the end of the decade
seed multiplication fields of the more resistant varieties like GeishaT. 2722 and Catimor
had been developed and were released for distribution and sale to farmers in 1981 (MAG,
1979:56-7; 1986: 9).

In 1986, the Programa de Certificacion de Semilla y Almacigo de Café (Coffee Seed
and Seedbed Certification Program) was launched under the auspices of the Oficina Na-
cional de Semilla (National Seed Office, ONS). Although improved seed production was
a task specifically directed, supervised and executed by agricultural experts from the MAG
and ICAFE, the private sector began to sell them without implementing any rigorous con-
trols over their selection and preparation. To monitor seed certification, the Programa de
Certificacion de Plantas de Almacigo (Seedling Certification Program) was introduced,
which meant seedling production had to meet specific quality standards (Vargas, 1986:
11).

Research into chemical inputs also underwent a phase of dynamization (MAG, 1973:
92). The soil-plant nutrition program continued to examine fertilizer needs, possible
sources of nutrients, the best methods and periods of application of those nutrients, the
levels and quantities to use, and their effects on yields and coffee quality. The fertilizer pro-
gram continued to test different agrochemicals to combat weeds, the best dosages and pe-
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riods for application, the use of different types of equipment, the effects on the crop, and
the economic and social advantages and disadvantages of their use (MAG, 1974: 69; 1978:
345 1979: 101).

In 1978 the Programa Cooperativo para la Proteccion y Modernizacion de la Caficul-
tura (Cooperative Programme of Protection and Modernization of Coffee Growing,
PROMECAFE) was established as a result of an initiative of USAID (the US foreign as-
sistance agency created by the president John F. Kennedy in 1961) to foster what they
named zechnical coffee production in Latin American countries. A year later, within the
framework of PROMECAFE, Costa Rica implemented the Programa de Mejoramiento
de la Produccion de Café (Program for the Improvement of Coffee Production, PMP) to
combat what was considered the low productivity of about 60% of coffee plantations. The
initiative set the target of improving 25,000 hectares of traditional coffee-growing areas
(30% of the national coffee area) focusing on small and medium-sized family farms. The
PMP was set to be completed in seven years (1980-81 to 1986-87). In the first year, 1,000
hectares were treated, and in the following years, 6,000 hectares were improved along GR
lines each year. The PMP opted for HYVs grown in high densities (7,000 trees/ha), al-
though in some areas traditional varieties were recommended. The SBN granted seven-
year loans, the first three years interest-free and then, from the fourth year on, charging
a 10% interest rate (at a time when the yearly Costa Rican inflation rate rose from 18.13%
in 1980 to0 53.07% in 1982, fell back to 11.97% in 1984 and was 16.85% in 1987, mak-
ing that interest rate negative in real terms).

3. METHODOLOGY AND SOURCES

Our methodology to explain the locations of coffee-growing regions from a geo-econo-
mic and agro-ecological point of view advances in two steps. First, we outline the Costa
Rican coffee-growing expansion from 1950 to 1980 with new stylized facts obtained from
the critical elaboration of the information given in the agricultural censuses (DGEC, 1959,
1965, 1975, 1987) and counties atlases (1950, 1963, 1973 and 1984). As explained in
Montero (2018), the inconsistencies found between the figures of the total utilized agri-
cultural area and the aggregation of the extension of all the crops given in these sources
have been corrected, which gives rise to new data on coffee specialization by regions and
time points (the new data used is given in Annex 3, see note 1).

In both sources, the information is displayed at the level of political-administrative di-

visions (provinces and counties), and there have been some changes in the political bor-
ders at the county level along the four-time points. While the number of provinces re-
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mained stable (seven), the number of counties increased from 65 in 1955 to 81 in 1984.
To carry out our analysis in a way that keeps the coherence of all the regions considered
among the time points, we have homogenized the sample in the only feasible manner —
1. e. according to the spatial borders set in the former territorial division.

Agricultural censuses also provided information on areas devoted to sugarcane and ba-
sic grains (corn, beans, and rice) besides coffee. According to the censuses, land use data
were grouped and homogenized into five categories: permanent crops (PC), arable crops
(AC), pastures (P), forests (F), and other land (OL) not cultivated, which are part of farm
units occupied by roads, sidewalks, buildings and other uses. Then we proceeded to cal-
culate the Utilized Agricultural Area (UAA).

UAA= PC+AC+P+F-OL

Accordingly, we estimated the average share of each land use in the UAA, as well as
the average area devoted to cultivating coffee, sugarcane, and basic grains, by assuming
that coffee expansion was at the expense of the other land-uses. This information allowed
us to outline how the growth of the extent of coffee plantations (in hectares) and pro-
duction (in coffee bushels) affected the development of all the rest of crops and land uses
(in hectares) accounted at the regional level and by each intercensal period (1955-63,
1963-73, 1973-84), as well as for all the study period (1955-84).The information obtained
was checked also considering the number of coffee farms and coffee production and yields.
Demographic data was added and grouped into five categories: total population (TP),
male population (MP), female population (FP), rural population (RP), and urban pop-
ulation (UP).

Once the systematization of data was completed, the information was sorted by cof-
fee regions. These are based, with some adjustments, on the ICAFE’s coffee regionaliza-
tion because it responds better to the political-administrative division of the country. In
this way, we established six regions of study: Central, Western, Tarrazu, Turrialba, Brunca,
and Pacific regions (Annex 1 and Map 1).

Finally, we performed the second methodological step of this research: the entire
dataset was used to identify the role of the so called firsz-nature and second-nature deter-
minants of coffee geographical locations. To that aim, we used a coffee specialization model
to explain the historical geography of this process by combining the following agro-eco-
logical and geo-economic driving factors: a) soil and climate; b) land availability and land
use; ¢) demographic variables and labour availability; and d) market access. By special-
ization we mean the conversion of the regions analysed as relevant parts of the whole Costa
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Rican coffee-growing land turned into an export-oriented cash crop. The model was ap-
plied to four time benchmarks in correspondence with the available agricultural censuses.
To this dataset, we incorporated agroclimatic data and geographical distances to Costa
Rican ports and the capital.

MAP 1
The expansion of coffee-growing frontier

during the Green Revolution in Costa Rica, 1950-89
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Source: our own elaboration.

Most agroclimatic data were derived from the historical reports of the stations of Insti-
tuto Meteorologico Nacional (IMN), the ICAFE, and the Centro de Investigaciones Ge-
ofisicas (CIGEFI). The information taken was the average temperature, average rainfall,
relative humidity, rainy days, and hours of sunshine. Elevation data were obtained at the
district level from the Division Territorial Administrativa de Costa Rica (Administrative
Territorial Division of Costa Rica) and allowed calculating averages at the county level.
Market access was obtained considering the distances of each county to the main seaports
(Puerto Limon and Puntarenas), and to the capital.
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4. RESULTS

4.1. Coffee expansion and levels of regional specialization according to the
new data on Utilized Agricultural Area: Main stylized facts

From the 1950s to the 1980s, the Costa Rican coffee area grew from 54,940 hectares to
approximately 89,780 hectares (Fig. 1).The first period experienced the most significant
increase when around 24,000 hectares were transformed into coffee plantations pulled
by the rise in market prices, pushed by a national coffee policy aimed at fostering the adop-
tion of the GR, and allowed by wide land and labour availability. During the second pe-
riod, expansion slowed down, and only 2,200 hectares were added to the existing coffee
agroecosystems, given that yield increases fostered by agrochemicals mainly drove pro-
duction growth and, when overproduction ensued, the price downturn limited the crop
area expansion even more. Finally, in the third period, the Brazilian frost and the reco-
very of world prices led to an increase in Costa Rican coffee area of approximately 9,000
hectares. As expected, coffee production increased both as a result of coffee area expan-
sion and crop intensification through the GR package (Aguilar, Barboza & Leon, 1982;
Lopez & Picado, 2012; Infante & Picado, 2018). As a result, the country’s coffee harvest
went from 523,000 coffee bushels in 1955 to 2,200,000 coffee bushels in 1984 (Fig. 2).
However, the most considerable production growth coincided with the largest expansion
of the coffee-growing area.

The increase in Costa Rican coffee area and production took on different nuances at
the regional level (Map 1).The Brunca Region showed the largest area increase (Fig. 4).
This expansion could be attributed to several factors: a) the construction of the Pan-Amer-
ican Highway which improved the connection of the region to the domestic and inter-
national markets; b) the relatively optimal agroecological conditions of the region; c) the
steady migration flow; and d) the overall increase in the resident population. This region
also showed the most significant increase in coffee production (Fig. 5). Between 1955 and
1984, it went from 10,720 to about 307,000 bushels, most of it in the first period. The
existing private coffee mills were unable to process this fast increase (Chacén & Montero,
2015).In 1951 the Banco Nacional de Costa Rica (BNCR) established El General cof-
fee mill, which in a few years absorbed part of the harvest increases and reached its full
capacity. In 1962-63 this coffee mill —which a year later became a cooperative— received
coffee from 3,500 clients and processed some 35,000 bushels (Raventos, 1986).
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FIGURE 4
Costa Rican coffee area (by regions), 1955-1984
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FIGURE 5
Costa Rican coffee productions (by regions), 1955-1984
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FIGURE 6
Costa Rican coffee yields in bushels per hectare (by regions), 1955-1984
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Sources: own elaboration from agricultural censuses of 1955, 1963, 1973 and 1984. See note 1 and Mon-
tero (2018) for detailed data.

TABLE 1
Costa Rican annual growth of coffee area and production
by regions and intercensal periods, 1955-1984

Regions 1955-63 1963-73 1973-84 1955-84
Area Production Area Production Area Production Area Production

Brunca 14.0% 29.4% 4.9% 9.2% 0.5% 3.7% 5.6% 12.2%
Western 5.3% 13.2% 1.2% 4.5% 1.8% 4.5% 2.6% 6.8%
Turrialba 3.4% 16.6% 0.2% 2.8% 3.2% 3.7% 2.2% 6.7%
Tarrazu 2.8% 8.4% 0.6% 3.4% 1.1% 5.4% 1.4% 5.5%
Pacific 6.2% 5.4% -2.6% 2.2% 0.1% 5.7% 0.8% 4.4%
Central 2.6% 2.6% -2.1% 0.3% -0.9% 1.7% -0.4% 2.4%
Total 4.5% 9.1% 0.2% 3.1% 1.0% 3.9% 1.7% 5.0%

Source: own elaboration from the agricultural censuses of 1955, 1963, 1973 and 1984. See note 1 and Mon-
tero (2018) for detailed data.

The Western Region was the area with the second-largest increase in coffee-growing sur-
face, which doubled from 1955 to 1984 (Fig. 4). Historically, it had been one of the lead-
ing coffee production areas of Costa Rica, but cultivation remained concentrated in sev-
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eral specific counties (Alajuela, Naranjo, and Sarchi) due to the lack of railways that in
other countries like Brazil had drove the advance of the coffee-growing frontier (Vidal
Luna, Klein & Summerhill, 2016). It was in the second half of the twentieth century when
improvements in transport infrastructure allowed the expansion of the coffee frontier to-
wards other counties (Poas, Alfaro Ruiz, Orotina, and San Mateo). This was also the re-
gion with the second-greatest coffee production, which between 1955 and 1984 grew from
about 107,700 to 735,620 bushels. The first period recorded the most significant increase
fundamentally linked to area expansion, while in the other periods production growth was
mainly related to yield increases through technological change (Figs. 5, and 6, and Table

1.

The Turrialba Region was also crucial in coffee area expansion. Coffee cropping be-
gan in the late nineteenth century in this county, where medium and large properties pre-
dominated, despite having to deal with labour shortages (Hall, 1976). After 1950 infras-
tructure improvements helped to enlarge the cultivated area. Despite showing an increase
as a coffee-growing region, the Turrialba Region occupied the penultimate position in
Costa Rican coffee production (Fig. 4). Technological change seems to have been grad-
ual there. According to the Census of 1963, most coffee producers (63%) in this region
still had not changed to the HYV recommended by the GR promoters.

The Tarrazt Region, currently one of the country’s most important coffee growing re-
gions, was the fourth in experiencing the largest coffee area increase. It rose from about
8,020 to approximately 12,100 hectares from 1955 to 1984, and growth was also stronger
in the first period (Table 1). Expansion can be here explained by several factors: a) the
construction of the Pan-American Highway; b) optimal agroecological conditions of these
new areas; ¢) the opening of the agricultural frontier outside traditional coffee-growing
regions; and d) population increase which favoured coffee production. The Highway cre-
ated access to the market for some land, mainly in Los Santos area, with optimal condi-
tions for coffee growing despite being very steep and prone to soil erosion (Picado, 2000;
Ledezma & Granados, 2008). The region also ranked fourth regarding coffee production
(Table 1). The technological change was active both in new and traditional zones, while
the coffee frontier remained open. In 1960 production expansion allowed the establish-
ment of two coffee mill cooperatives (Coope Tarrazu and Coope Dota) (Picado, Ledezma
& Granados, 2009; Chacon & Montero, 2015).

Coffee cultivation also expanded in the Pacific Region, but only for a while. Higher
prices in the international market led to a kind of “coffee fever” that pushed coffee cul-
tivation to non-optimal areas. During the first period, the coffee-growing area grew at an
annual rate of 6.2%, while production increased at an annual rate of 5.4%. In the later

Historia Agraria, 83 = Abril 2021 = pp. 129-164 145



Andrea Montero, Marc Badia-Miro6 and Enric Tello

periods, cultivated area and production fell in most zones (Table 1). Today coffee culti-
vation in this region is insignificant. After the breakdown of the ICA, most coffee producers
of this region changed to new crops such as melon, rice, or to other land uses such as pas-
tures in the 1990s.

The Central Region was the only one with a net area decrease, from around 20,200
to 18,000 hectares, although this did not mean a reduction in coffee production due to
the impact of technical change on yields. Between 1955 and 1984, harvests doubled from
249,700 to approximately 496,800 bushels thanks to crop intensification (Fig. 5, and Table
1). We also observe that some lands close to the main cities, formerly devoted to coffee,
changed to residential and industrial uses in the context of the Import Substitution In-
dustrialization (ISI) policies and urban sprawl.

The stylized regional facts suggest that the increase in Costa Rican coffee area was
closely linked to the dynamics of the international market, and to the existence of an open
frontier where coffee cultivation could be expanded. The country went through a coffee
expansion and land-use intensification, which was at first directly associated with high cof-
fee prices. This was also possible because of other endogenous factors such as land avail-
ability with adequate agroclimatic conditions, growth in transport infrastructures, labour
availability and favourable institutional policies.

Population increase as a result of growing birth rates was also one of the pushing fac-
tors that favoured coffee-growing expansion. However, its long-term impact differed
throughout the different phases of the Costa Rican demographic transition, the increase
of urbanization rates, and rural-urban migrations. During a great part of our study pe-
riod, and despite the increasing migration to the metropolitan area of San José and other
cities, the population of Costa Rica could supply most of the workforce that coffee grow-
ers needed. But when birth rates declined with the advancement of the demographic tran-
sition and urbanization processes, agricultural family labour could provide the permanent
workforce throughout the year, but not the increased demand at harvest peaks. Thanks
to the existence of different harvest altitudes and seasons between coffee regions of the
country, seasonal migrations could supply the necessary coffee pickers from rural and also
urban areas of Costa Rica. Only when the country entered the third phase of its demo-
graphic transition at the end of the twentieth century did harvesters increasingly have to
be recruited from Nicaragua and the Ngobe indigenous communities on the border with
Panama, with relevant impacts on rural inequality.

Regarding its impact on the Costa Rican agricultural landscapes, these coffee regions
experienced complex and changing dynamics along different historical moments. Dur-
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ing the intercensal periods analysed here coffee expansion did not necessarily mean cof-
fee predominance. It only became another crop in a varied agricultural landscape that
tended towards diversification. Overall, from the 1950s to the 1980s, we observe an ex-
pansion in the share of coffee cultivation area over the UAA, although it varied accord-
ing to different regions and it never became the predominant crop in any Costa Rican re-
gion (Table 2)

TABLE 2
Regional coffee land shares in the UAA (1955-1984)

Regions 1955 1963 1973 1984

Tarrazu 8.95% 11.19% 11.96% 16.17%
Central 6.23% 7.68% 7.54% 6.51%
Turrialba 5.63% 7.37% 6.18% 11.32%
Western 2.74% 4.16% 4.72% 6.23%
Brunca 0.48% 1.38% 2.23% 2.46%
Pacific 0.25% 0.43% 0.31% 0.35%
Total 1.67% 2.39% 2.46% 2.99%

Source: own elaboration from the agricultural censuses of 1955, 1963, 1973 and 1984. See note 1 and Mon-
tero (2018) for detailed data.

By regions, Tarrazu reports the highest percentage of coffee area, which nearly doubled
from 1955 to 1984. In the Central Region, where the cropping area decreased as land was
taken over by urban sprawl, coffee remained an important crop in the regional landscape,
and in some counties its share was greater than half. In the Western Region, the mosaic
pattern of land uses was even more diversified. Historically, coffee had been a comple-
mentary crop to sugarcane, but had not replaced it. In Tarrazu coffee gained importance
within the UAA after the 1970s, although a landscape mosaic pattern also prevailed (Pi-
cado, Ledezma & Granados, 2009). In the Brunca Region the share of land occupied by
coffee grew, but this crop was far from being the most important. Forests, pastures, and
basic grains were the land uses that predominated. The Pacific Region figures confirm the
limited extent of coffee plantations in the area, where cattle and pastures remained the
main agrarian land uses.

During the first period, when the advance of the coffee frontier was greater, in most
of the regions area expansion went in parallel to the growth in pastures within a large for-
est land matrix, meaning only a small reduction in sugarcane cultivation. This means that
most of this coffee expansion was the result of an open frontier dynamic.
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4.2. Main drivers of regional coffee-growing specialization: Model
specification, results and discussion

We tested the determinants of the coffee-growing frontier expansion of Costa Rica from
1950 to 1980, outlined so far, by considering the following model:

Coffee_Supj, = ay + ap - AGRCLj, + a3 - LUSES;, + ay - MKAC; + a5 - DEN;_q + &, [1]

Where Coffee SupjZ is the percentage of proportion of UAA allocated to coffee for each
Costa Rican region j in the period  AGRCL,, are a set of agroclimatic variables that could
affect coffee specialization in each region j (constant for the four periods); LUSESJ-Z is the
percentage share of UAA allocated to several lands uses (sugarcane, pastures, forest, and
basic grains) complementary or substitutive of coffee plantations for each region j and in
the period t; MKACﬂ tries to capture the pull effect through market access (either do-
mestic and foreign) as assessed by distances from the capital of the region j to the sea-
port and to the capital of the country (constant for the four periods); and DE]\T]-,[ refers
to population density for each region j and the period z.

We apply logarithms for each of the variables and incorporate two sets of dummies:
spatial dummies for each region (Central, Western, Tarrazt, Brunca, and Pacific), and time
dummies (1955, 1963, 1984). The main statistics of the variables considered are seen in
Table 3.

TABLE 3

Main variable statistics
Variables Mean Minimum Maximum SD Unit
Coffee-growing area (1) 0.145 4.96 0.854 0.197 Percentage
Altitude (1) 851 16.4 1874 532.18 Meters
Sunshine (1) 5.553 4.2 75 0.701 Hours
Rainy days (1) 188.39 125 256 29.11 Days
UAA sugarcane (2) 0.018 0 0.26 0.036 Percentage
UAA grains (2) 0.044 0 0.28 0.045 Percentage
UAA pastures (2) 0.39 0 0.87 0.195 Percentage
UAA forests (2) 0.202 0 0.7 0.133 Percentage
Dist. Puerto Limon (3) 217.10 33 475 96.02 Kilometres
Pop. density (4) 322.08 3.1 7079 827.56 Inhabitants/km?2

Notes: (1) soil and climate; (2) land uses; (3) demographic; and (4) market access.

Source: our own elaboration from the sources indicated in the text.
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After testing this set of variables, the results obtained have confirmed: a) a positive and
significant relationship of coffee-growing locations with agroclimatic and environmental
variables such as altitude, sunshine and rainy days; b) a negative and significant rela-
tionship with pastures; ) a positive and stronger relationship with population density; and
d) a negative and significant relationship with the distances to the main port (Puerto
Limoén), taken as proxy for market access. We run the test for each time point (1955, 1963,
1973, and 1984) and the whole sample (Table 4).

TABLE 4
Explaining regional coffee specialization determinants in Costa Rica
(1) 2 (3) 4 (5) (6)
Variables oLS oLS oLs oLS TOBIT TOBIT
Altitude (Lg) 1.134** 1.190*** 1.139** 0.891*** 1.081*** 1.206***
(4.88) (3.90) (3.96) (3.12) (10.22) (6.25)
Sunshine (Lg) 3.537*** 3.941** 2.518 3.095 3.560*** 3.999***
(2.78) (2.38) (1.40) (1.6) (3.72) (2.31)
Rainy D (Lg) 2.123"* 2915 3.043*** 2.689*** 2.788** 2.989***
(2.02) (2.05) (2.46) (2.02) (3.70) (2.16)
Pastures (Lg) -0.630* -0.483" -0.400 -1.434** -0.455** -0.485*
(-1.99) (-1.76) (-1.22) (-3.27) (-3.23) (-1.81)
Puerto Limén Dist. (Lg) 0.053 -0.757* -0.348* -0.410 -0.492*** -0.775*
(0.14) (-1.76) (-0.64) (-1.03) (-2.04) (-1.72)
Pop. Dens. (Lg) 0.966*** 0.702*** 0.549*** 0.597*** 0.695*** 0.697***
(5.60) (5.05) (4.26) (3.79) (10.25) (5.45)
Const. -32.231 -32.766™** -32.007 -30.368*** -31.844*** -33.272***
(-4.29) (-3.20) (-3.46) (-3.31) (-5.87) (-3.31)
Observ. 65 65 65 65 260 65
R2 0.838 0.814 0.787 0.767 /01.185 /01.077
Spatial D Yes Yes Yes Yes Yes Yes
Temporal D No No No No Yes No
Year 1955 1963 1973 1984 1955-84 1963

Note: significance t-statistics in brackets. *** significance at 1%; ** significance at 5%; and * significance
at 10%. See note 1 for more detailed results.

Source: our own elaboration, from the data described in the text.

First of all, these results make it apparent that coffee plantations have to be seen as a set
of agroecosystems whose location patterns where chosen according to environmental,
technical, and socioeconomic factors that continuously interacted in these territories.
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From 1950 to 1980 regional coffee expansion was determined in Costa Rica by the plant
agroecological adaptability and its tolerance level to soil and climate conditions that have
two extreme points (maximum and minimum), and some optimal values in between. Al-
though it grows in a wide altitudinal span from near sea level up to 1,800 meters, the op-
timal range is considered to be between 1,000 meters and 1,400 meters. Cultivation is
not currently recommended below 600 meters or above 1,600 meters (Hall, 1976;
Fournier, 1980). The results confirm that the Costa Rican coffee-growing frontier ex-
panded mainly in those agroecological optimal areas.

The difficulties of expanding coffee plantations outside Costa Rican first-nature op-
timal regions, together with the ban on planting species other than Arabica, led the coun-
try to become a highland coffee producer very early and to keep this feature throughout
the years of the GR (Hall, 1976; Naranjo, 1997; Samper, 2001; Viales & Montero,
2015). Before 1950 most coffee plantations were established above 800 meters and be-
low 1,400 meters (Echeverria, 1969; Hall, 1976; Ramirez, 1996). Highland production
became a hallmark of the Costa Rican coffee industry due to its crucial link with prod-
uct quality. At higher altitudes acidity increases and gives a taste that has been highly val-
ued in the international market. Indeed, altitude also determines the coffee settlement paid
to producers (Samper, 2001; Viales & Montero, 2015). This became an important fea-
ture of Costa Rican coffee specialization throughout its long history, which has prompted
coffee-growers to search more for economies of scope of a high-quality product copro-
duced together with other goods in poly-cultural shaded coffee plantations, rather than
economies of scale to compete through larger sales at lower prices.

From 1950 to 1980 coffee also expanded to some areas considered marginal, both low-
lands and highlands, because of the strong institutional promotion of the GR type of man-
agement aimed at overcoming natural constraints (Aguilar, Barboza & Leon, 1982; Hall,
1976; Samper, 2001; Picado, 2000; Ledezma & Granados 2008). Yet these attempts did
not go very far, as shown by the positive and significant relationship obtained in our sta-
tistical test with first-nature variables. This confirms that the altitude remained a deter-
mining factor for farmers to decide where to establish coffee plantations, although the reg-
ulated market could have also promoted the production of lower quality coffee in a period
when the indicative prices per coffee group did not vary significantly, thus penalizing high
over low quality production (Montero, 2018).

Coffee-growing management also varies depending on altitude. In highlands, the dis-
tance between coffee plants has to be greater because they are taller and grow slower, har-
vesting starts later, and the expensive task of picking the berries can become unprofitable
in a greater number of years than in lower altitudes where the plant behaves inversely to

150 pp- 129-164 = Abril 2021 « Historia Agraria, 83



Geographic expansion and intensification of coffee-growing in Costa Rica during the Green Revolution

the aspects described above (Pérez & Pelecano, 1979). These agroclimatic conditions also
change when considering other factors such as temperature and humidity, which directly
influence the vegetative growth of the plant, or precipitation that has a positive effect on
flowering (Charpantier, 1988). Even when coffee was confined to middle zones, other cli-
matic elements could reach sub-optimal thresholds.

The results of the model also show a positive and significant relationship between sun-
shine levels (luminosity) and coffee specialization areas. The influence of luminosity on
crops runs through three different components: intensity (radiation), quality, and dura-
tion (photoperiod). Coffee produces a drier product when it receives more radiation, and
there is a positive correlation between leaf area index and coffee production. The higher
the light intensity, the greater the production of coffee berries is. However, this also im-
plies a crop more prone to weed growth and disease infections (Rodriguez, 1999).

After an initial phase of trial and adoption of the crop following the older Caribbean
way of monoculture plantations, in Costa Rica coffee was traditionally grown mainly un-
der agroforestry systems with regulated shade (Charpantier, 1988; Naranjo, 1997; Sfez,
2000; Samper, 2001). During the GR period there was an active institutional attempt to
convince farmers to remove shade trees from coffee plantations (Picado, 2000; Lopez &
Picado, 2012). Indeed, many agronomists had already recommended supressing the shade
since the nineteenth century, arguing that the intercropped trees prevented the coffee from
receiving the necessary radiation, or even that coffee bushes would shade themselves. They
also considered that an excess of shade generated a moister environment that stimulated
fungal diseases (Naranjo, 1997;Viales & Montero, 2015).

These efforts failed. Despite all recommendations and pressures during the GR de-
ployment, most small and medium-size producers decided to keep their coffee plantations
under regulated shade even though this might negatively impact the quantity of produc-
tion (Montero, 2018). Costa Rican family farmers also knew from their own biocultural
knowledge that the secondary products and by-products of the shade trees could offset
or even overcompensate for any eventual lower coffee production, while keeping the whole
plantation and soil in a better agroecological state, which helped to ensure product qual-
ity and yield stability in the long run (Campbell, 2012; Iverson et al., 2014).

In Costa Rica, coffee under shade comprised, and includes, two modalities: tempo-
rary shade and permanent shade. The function of temporary shade is to reduce the lu-
minosity, in order to protect the coffee from direct sunlight. It is made up of fast-grow-
ing plants, and these, in principle, remain only the time it takes for the permanent shade
to grow. The permanent shade is usually cultivated one year before eliminating tempo-
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rary shade, and it is the type of definitive shade that regulates the entry of light into the
coffee plantation. The regulated shade system requires annual maintenance, which con-
sists of pruning (Pérez & Pelecano, 1979: 30-1; Pérez, 1983: 22-4; Ramirez, 1986: 1-3;
Rodriguez, 1999: 31-2).

Historical sources confirm that the presence of shade in Costa Rican coffee planta-
tions continued to be maintained during the period of the greatest technological change
along GR lines. Although we refer especially to the shade of service, it contributed to keep
a series of ecosystem services such as temperature control, Nitrogen fixation, runoff re-
duction, maintenance of stable crops, increased longevity of coffee plantations, erosion
control, and coffee quality maintenance (DaMatta, 2004; Rojas, Canessa & Ramirez,
2005; Rapidel er al., 2015). In 1981, the results of a survey-sampling on coffee technol-
ogy in Costa Rica concluded that 89% of the 4,300 producers surveyed were still using
shade (MAG, 1981:5). In 1992 a study carried out by the Coffee Institute of Costa Rica
(ICAFE) showed that 74% of the coffee area in the country was under shade, and that
the tree species most used for this purpose (38.7% of shade trees) was a legume, the Ery-
thrina poeppigiana usually known in the region as poré (Obando, 1995: 5; Campbell,
2012). In 2008, a nationwide study accounted for more than 262 tree and shrub species
used in coffee plantations only in the Central Valley (Virgilio Filho, 2008).

Statistical results also found a positive and significant relationship between rainy days
and coffee locations. As with altitude, the optimal precipitation range for coffee is quite
broad, ranging from 1,200 to 2,300 mm per year (Rojas, 1987; Rodriguez, 1999). Pre-
cipitations levels above 3,000 mm or below 1,000 mm are not suitable for the plant. An
excess of rain attenuates bush growth and causes the coffee berries to fall when they have
formed due to poor root aeration when water saturates the soil. Conversely, water stress
paralyzes growth, prevents fruits from reaching physiological maturity, and reduces pro-
duction (Rodriguez, 1999).

Precipitation distribution throughout the year is another crucial agroclimatic factor for
coffee growth, as it significantly affects flowering and ripening season. Coffee requires
enough rainy days, such as a minimum of 145 and a maximum of 245. They have to be
distributed over a given period because the plant also requires a dry period of 3 to 4
months (Campos, 1978). Hence, the flowering of the coffee plant is highly influenced by
precipitation distribution. During the rainy season, flower buds grow up to a certain point
(4 to 5 mm, or 7 to 8 mm), but they cease to grow during the dry season when they go
dormant, and they resume in response to precipitation of some magnitude. It is during
these “floral rains” that the principal flowering takes place (Rojas, 1987; Rodriguez, 1999).
To sum up, first and foremost, our model confirms the relevance of first-nature deter-
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minants in the Costa Rican location of coffee-growing specialization (Krugman, 1993;
Cronon, 1991).

Regarding land-use variables, the results confirm a negative and significant relation-
ship between pastures and coffee land shares. This means that when the share of the cof-
fee surface within the UAA is higher, the share of pastures is lower (Table 4). Coffee seems
to have been substitutive to pasture (surely over grazing land), and to a lesser extent to
forests®. A non-significant relationship was found with sugarcane or basic grains and cof-
fee. These results confirmed that coffee was more a supplementary crop than a substi-
tute during the major period of technological change along GR lines (Annex 2).

Our statistical findings are consistent with the fact that during the period considered
Costa Rica went through a long process of agricultural diversification. Favourable pub-
lic policies, like the one implemented for coffee, were also applied to sugarcane, basic
grains, and pastures for livestock rearing (Solis, 1983; Aguilar & Solis, 1988; Ledn & Ar-
royo, 2012; Ledn, 2012). They fostered the expansion of these cultivations and land uses
in specific regions where coffee remained a complementary crop (Barrantes, Bonilla &
Ramirez, 2011). Coffee plantation did not jeopardize basic grains, either grown by sub-
sistence or commercial farmers, nor other cash crops and agricultural activities, and not
even between 1955 and 1963 when the largest coffee area expansion occurred.

Considering demographic variables, the statistical model confirms the existence of a
significant relationship between population density and coffee land share in the UAA,
which corroborates that coffee cropping is an activity that requires a large supply of sea-
sonal labour during harvest and some amount of permanent workforce for the rest of the
year. Despite population growth after the 1950s, the country suffered a lack of manpower
that became a severe problem for the coffee industry which had to compete in the
labour market with other agricultural, livestock, agro-industrial, and industrial activities.
In the 1950s agriculture remained the largest employment sector, with some 130,000
workers that represented 55% of the country’s economically active population (EAP). In
the 1970s —during the ISI context— agricultural EAP went down to nearly 45%, but it re-
mained quite high (Le6n, 2012).

Historically, Costa Rican coffee production has been mainly managed by small and
medium landowners, where unpaid family labour was essential to cover the permanent

work needed throughout the year (Samper, 2001). However, coffee expansion also led to
semi-proletarianization and proletarianization of the harvesting workforce beginning in

2. See annex 2 at https://doi.org/10.26882/histagrar.083x04m.
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the nineteenth century (Gudmundson, 1989; Molina, 2002). Despite the historically
chronic lack of labour, harvesting was never mechanized, not even on large estates (%a-
ciendas) . Given the existence of climatic gradients and weather oscillations during the year,
berries’ ripening varied along with time and altitude, forcing farms to perform various col-
lections in order to guarantee that all of them were picked properly. Once again, the pri-
ority given to quality largely explains why farmers opted for manual harvesting.

Medium and large coffee producers had to compete for reaping labour. This was good
for the harvesters, because they obtained a higher payment for each cajuela of coffee col-
lected (1/20 of coffee bushel). In 1961 a study of the cost of coffee production per hectare
pointed out that the greatest share of expenses was incurred at the harvest time (43%).
In Costa Rica, there are early maturing (Turrialba, Brunca, and Pacific) and late matur-
ing (Central, Western, and Tarraza) coffee regions. This allowed for seasonal regional mi-
grations of coffee pickers. Large producers transported hired pickers from long distances
to their large estates (haciendas), accommodating them during three or four months of
harvest. Alternatively, small and medium coffee producers agree on sharing hired labour
from the start of the harvest.

Finally, distances to ports and the capital were contemplated as market access vari-
ables (both foreign and domestic) in the model. Costa Rica has two major ports: Puerto
Limon (on the Caribbean) and Puntarenas (on the Pacific). The results show a negative
and important relationship between distance to Puerto Limén and coffee specialization
areas, thus confirming the relevance of second-nature drivers. Coffee was from the on-
set a cash-crop exported to European marketplaces, and up to the mid-twentieth century
Puerto Limoén became the most important port on the Caribbean coast. Then, from 1950
onwards, the US became a tremendous coffee commercial partner. New York and New
Orleans were the main coffee trading places, and the maritime routes from the East coast
retained its important role.

During our period of analysis, and especially from the 1970s onwards, the domestic
market was invigorated with ongoing changes in consumption patterns, institutional pro-
motion, and reduction of local transport costs with the construction of the Pan-Ameri-
can Highway and its connection to secondary roads. Internal consumption supple-
mented foreign markets as a pulling force of coffee production growth, which experienced
a five-fold increase from the 1950s to the 1980s (Hall, 1976; Jiménez, 2013).

Transport costs to the markets were assumed by coffee miller-exporters and traders,
who concentrated the ownership of trucks. Small and medium-sized producers had to de-
liver coffee directly to these millers and receivers (Hall, 1976; Sfez, 2000). Up to the 1950s,
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cars, and later pickup trucks or jeeps, mainly did this job. But gradually, light cargo trucks
formed part of the Costa Rican rural landscape. In 1960 pickup trucks and jeeps ac-
counted for 19% and 16% of the vehicular fleet, respectively, and cargo trucks 19%
(MOPT, 1961).The Banco Nacional granted credit for purchasing these vehicles through
Rural Credit Boards (Chacon & Montero, 2015). Not all producers could count on their
transport, as it required larger capital investments, and many of them had to rely on those
who were able to offer freight services during harvest.

5. CONCLUDING REMARKS

This paper has been focused on explaining the main determinants of Costa Rican coffee
frontier advance and the geographical patterns of regional specialization in the context
of the GR and coffee market regulation. Costa Rican coffee dynamics during that period
responded to market demand. The growing consumption, both domestic and foreign,
prompted modernization of the sector and pushed the advance of the coffee-growing fron-
tier towards new specialization areas, as seen in the statistically significant results of our
model that show the relevance of the distance to seaports or the capital of the country.
Population densities appeared also as a relevant second-nature driver of the locations
where the coffee-growing frontier expanded due to their impact both on labour supply
and increasing demand. This also confirms what can be inferred from the stylized facts,
which suggests that favourable conjunctures in coffee prices pulled area expansion and
coffee crop intensification.

Yet the dataset we have assembled, and some results of our statistical test on the vari-
ables that explain where coffee plantations were spread, and where not, also make apparent
that this historical process was more complex than a simple standard model of induced
innovation. As we expected, the results highlight that coffee specialization areas were al-
ways positively and significantly related to a set of agro-climatic variables (altitude, sun-
shine, rainy days), kept a negative and significant relationship with the pastureland area
(and forestland to a lesser extent) that they replaced, and had no significant relationship
with the proportion of basic grains and the rest of crops. This is also related to the fact
that after the early and robust impulse of the GR in Costa Rica, all coffee-growing regions
kept shaded coffee plantations within diversified cultural landscapes. Counter to the ef-
forts devoted to monoculture propagation in that historical period, forests and pastures
dominated the landscape even in regions with a more significant presence of coffee plan-
tations. The reasons behind this agricultural land use diversification, and the resilience of
shaded cropping in all Costa Rican coffee-growing regions, need to be studied in greater
depth in further research (Campbell, 2012). Still, it seems that the reluctance of family

Historia Agraria, 83 = Abril 2021 pp. 129-164 155



Andrea Montero, Marc Badia-Miro6 and Enric Tello

farms to become too dependent on the success or failure of a single cash-crop could have
played a role in this socioecological outcome.

The maintenance of shaded coffee cultivation was added to the option for optimal
agro-climatic locations within diversified cultural landscapes. On one hand, the strong sig-
nificance of agroecology determinants in choosing planting locations clearly counters the
strong belief by promoters of the GR that the new breeds, agrochemicals, and manage-
ment techniques were abolishing natural restrictions to crops. On the other hand, the com-
plementary role that coffee plantations continued to play alongside with basic grains, sug-
arcane, pastures, and woodland speaks to the multi-purpose aims of Costa Rican rural
communities where family farms predominated. Both sides of the coin entailed that agro-
diversity was maintained at the plot or farm level, as well as at the landscape and regional
level.

This socioecological outcome can be seen from an environmental history standpoint
as an example of farmers’ site-specific traditional knowledge that, in the long run, has
proven to be more agro-ecologically resilient than the technocratic prescriptions of the
GR which tried to offer the same ready-made solutions everywhere and for everything
(Netting, 1993; Berkers, Colding & Folke, 2000; Toledo & Barrera-Bassols, 2008; Gomez-
Baggethun, Corbera & Reyes-Garcia, 2013). This important outcome does not deny the
substantial impact of the GR in Costa Rican coffee production, as shown by the re-
placement of traditional shade trees towards more commercial species at the expense of
the organic fertilization provided by leguminous trees, and the adoption of very high doses
of industrial fertilizers (Perfecto er al., 2005: Infante & Picado, 2018).

We conclude that the Costa Rican coffee sector went through profound and evolving
transformations as a result of a set of historical drivers that set in motion a wide range of
regional trajectories in the territory, which turned out to be much more complex than a
simple adoption of the external inputs, techniques and management prescriptions of the
GR, to respond to favourable market conditions and public policies. In summary, the
model we built and tested using the new dataset has been able to bring to light the role
that all these geographical and historical factors played in pushing, pulling, and condi-
tioning the coffee frontier expansion of Costa Rica during the years of the GR. Both first-
nature factors (i. e., physical geography) and second-nature drivers (. e., human geog-
raphy and agency) played a role in this environmental and socioeconomic history.

We know that after attaining yields of nearly 1,700 kg of coffee per hectare in 1984-

85, a worldwide record, aggregate figures went down up to some 900 kg/ha, a level com-
parable to the one in 1967-71 in the country (Fig. 6). The site-specific Costa Rican fea-
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tures we have brought to light also point out that behind this trend there might have been
the decision of many small coffee growers to make a selective adoption of mainstream
Green Revolution management, and keep coffee growing under shade trees in order to
avoid overdependence on external industrial inputs while they largely adopted industrial
fertilizers at the same time. When world coffee prices went down, this strategy allowed
them to recover profitability during challenging times. This behaviour deserves another
more in-depth study. But if it is confirmed by future research, it would appear to be very
consistent with the persistence of Costa Rica as an old coffee exporter, mainly searching
for product quality differentiation. Further research is needed to study how Costa Rican
coffee growers responded to the end of state-led GR promotion in the 1980s, and the abol-
ishment of ICA market regulation in 1989 when the Cold War had come to an end (Topik
& Samper, 2006; Samper, 2010).
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ANNEX 1

Costa Rican coffee regions and their main geo-historical features

Coffee Beginning Agro-ecological
regions  of coffee-growing conditions Population
Altitude: 800-1600
Temperature: 18- 24°C From the colonial pe-
Central Early of the 19% Rainfall: 1500-2000 mm riod, it concentrates the
Region century Seasons: dry (May-November) major population of the
country.
rainy (December-April)
Soils: mainly volcanic
Altitude: 600-1500
Second half of the Temperature: 21-26°C .
n d ) Initially populated by
Western 19 century and se- - Rainfall: 1000-2000 mm migrations from the
Region cond half of the 20
Seasons: dry (May-November) Central Plateau
century
rainy (December-April)
Soils: volcanic and lateritic
Altitude: 800-1900
Tarrazu Se(;ond half of the Temperature: 18 y 23°C Initially populated by
. 19% century and se- . . :
Region » Rainfall: 2200 y 3000 mm migrations of the west of
TAR cond half of the 20 S , ial
( ) century Seasons: dry (May-November) an José (capital)
rainy (December-April)
Soils: sedimentary
Altitude: 600-1400
T ture: 24-27 °C
Turrialba At the end of the el.npera ure By migration of the
Region 19™ century Rainfall: 2000-4000 Central Plateau
Season: rainy all year
Soils: alluvial and volcanic
At the end of the Altitude: 100-3800 m
Brunca 19“.‘ century but Temperature: 18-32 °C By migration of the
Region mainly in the second ) Central Plateau and
g half of the 20 cen-  Rainfall: 2000-4000 mm other regions
tury Soils: volcanic and lacustrine
At the end of the i )
Pacific 19 century but Altitude: 100-800 m By migration of the
Region mainly in the second Temperature: 27 y 32°C Central Plateau and

half of the 20" cen-
tury

Rainfall: 2000 y 4000 mm

Soils: alluvial and volcanic
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ANNEX 2
Explaining Costa Rican coffee specialization determinants

Supplementary material

ANNEX 3

New dataset on the scope of the Costa Rican Utilized Agricultural Area and the
proportion of crops by region

Supplementary material

(See annex 2 and 3 at https://doi.org/10.26882/histagrar.083x04m.).
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