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CATIE is a civil, non-profit, autonamous association
scientific and educational in nature. It carries out,
pramotes and stimilates research, training and techni-
cal cooperation in agricultural, animal and forestry
production in order to offer alternatives to the needs
of the American tropics, particularly in the countries
of the Central American Isthmus and the Antilles. The
Center was created in 1973 by the Govermment of Costa
Rica and IICA. AocanpanymgOostaRicaasafmmd.mg
magber, Panamd joined in 1975, Nicaragua in 1978; and
Honduras y Guatemala in 1979,



INTRODUCTION

One of the most important objectives of the Project "Energy Flows in
Rural Capmmities" is to detect the processes in which the use of this
resource could be bettered, This means to collect information and develop
models to increase the energetic efficiency in a way campatible with an
increase in productivity,

In order to achieve these objectives, it was considered convenient to
focus the study on representative ecological areas of Central America. In
same of these areas, detailed studies of production systems had previously
taken place through dynamic surveys so that information on the inputs and
outputs of the material and energy of each agroecosystem of the farm was
available.

The project leader was hired in January 1983. The first months were
dedicated to establishing contacts with other institutions which were also
studying energetic sources in rural areas. Literature concerning this
subject was gathered, including scientific articles as well as book purcha-
ses.

Once this phase was cagpleted, and with same semi-elaborated informa-
tion gathered fram selected areas, an agronamist was hired (May 1983) to
organize the informmation and make it campatible for the energetic analysis.

The agronamist will also gather field data whenever there are informa-
tion gaps. In a second phase, the agronamist will manage the field trials.

Methodology *

The selected areas were studied by the total energetic analysis of
each group. Through this type of analysis all inputs and outputs were trans-



formed into energy values (usually kilocalaries).

The energy of the harvestable products of many crops was obtained
fram the literature. Such values were available for the basic grains and
many tropical roots, Also obtained from the literature was information on
the enexgetic value of fertilizers, herbhicides and pesticides in general,
in their different formulations.

A problem encountered was in the characterization of the farmer hand
labor and the hired hand labor fram the energetic point of view. In order
to characterize the physical labor of a famer, data was taken fram a study
done on rice workers in the Phillippines. In this study it was determined
that a fammer spends an average of. 350 Kcal/hour of physical labor in one
crop.

In order to characterize in an energetic way the money spent in hired
hand labor, many authors use the relation: national energy consumption/
gross national product. In the case of Costa Rica, changing the salary to
dollars, the relatiop (for 1981) would be: 5795 Kcal/US$. However, this
energetic evaluation was not considered satisfactory since it was taken from
a general average of the country. The evaluation is even less éatisfactory
if we consider that most of the GNP is produced in rural areas, and most of
the energy is consumed in urban areas.

As an alternative to -this method is was considered that small farmers
(for wham CATIE develops technology) spend most of their money on food.
For this reason, the average diet, its monetary value and its calorific
was studied in order to change the money into energetic equivalents, The
relation between diet, price in 1981 colones, and Kcal/¢ can be seen in
Appendix 1.

The same methodological problem was encountered with crops that do not



produce energy in the way of food, for example tobacco and, to same extent
coffee. However, we can consider these crops as money generators, with

which energy can be bought, Therefore, a transformation was done of the
money obtained fram the harvested crop sold, to energy, in a similar way ‘
to the detemmination of the energetic value of the money spent on hand labor.

Fornmilation of a Detailed Model

Represented in Appendix 2 is the detailed model of a maize crop with
sane of the energy flows quantified, The symbols used correspond to the
"energetic circuit language" developed by H.T, Odum (explained in Appendix 3).

The next step is the formlation of the mathematical relations between
variables, in order to achieve the simulation of different alternatives in
the energy flows, Later on, a model incorporating all the agroecosystems
of a farm will be campleted in order to study the interaction between them.

In additjon, optimization models will be developed in order to consider
the way to optimize the energetic efficiency, the net energy and the hand
labor efficiency.

Characterization of the Studied Areas and Preliminary Results

1., Costa Rica

1.1. Guicimo, Jiménez and Cariari

The study region is located in the west-central area of the Atlantic
zone, province of Lim8n, Costa Rica (see Figure 1l). This region is charac-
terized by two vegetation types ar life zones (as described by Holdridge) s

Guicimo and Jiménez: HHumid tropical forest with an anmial rainfall

estimated between 2500 and 3500 mm.



COSTA RICA

Fig. |

Localization of selected study areas in Costa Rica.




Cariari: Humid premontane forest, with an annual rainfall ranging fram
3500 to 4500 ™m.

Atvbweekdryperiodoftenoocusinl\ugust, while in July and Decem-
ber strong rains can cause floods, The area is flat and the soils have
been classified as: ultisols, axisols and histosols.

In 1981, a dynamic survey of famm activities was carried out on a
group of farms. One of the objectives was to validate two altermative tech-
nologies for maize products and campare them with the farmers own practices.

The two alternative technologies tried out on the farm were:

a. Alternative weed control technology.
b. A more camplete package which included weed control, ferti-
lization and insecticide application.

Summary of Results

A. Net and Gross Energy

A.l., Cariari

Figure 2 shows the net gross energy as a function of the energy input.
The quantities of the energy inputs ranked in the order:

Fammers' own technology <<weed control technology<Jcamplete technolo-
gical package.

In the case of the weed control technology, an increase of approxima-
tely 50% in the invested energy produced an increase of almost 130% in the
energy of the harvested maize. The net energy result is similar. Fertili-
Zer application produced a small decrease of the gross energy, and a greater
decrease in the net energy,
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It is probahle that the difference between the weed control package
and the camplete package is not statistically significant as far as gross
energy is concerned, As other factors are limiting the production, energy
inputs in the form of fertilizers are ineffective, or negative, if net
energy is oonsidered.

A.2, Guicimp and Jimfriez

In this area, the weed control technology produced an increase of more
than 100% in the energetic production of maize, with only a 18% increase in
the energy input (see Figure 3),

The additonal inputs of fertilizers and insecticides produced a slight
increase in both gross and net energy outputs, hut this was small campared
to the increase due to weed control.

B. Energy Ratio

Another way of characterizing the energetic relations of a crop is
through a consideration of energy production per unit energy input.

The relation harvested energy/energy input as a function of the energy
input can be seen in Figure 4. The tendencies are similar to those in
Figures 2 and 3.

The application of the weed control technology increased the energy
input, but its effect on the efficiency of this input was considerable. The
effect is more obvious in Guicimo than in Cariari, probably due to the diffe-
rent climatic conditions.

The application of the camplete technological package reduced the energy
ratio to lower values than the ones obtained in the farmer's traditional
practices doth in Guicimo and Carjari. This effect was greater in Cariari
than in Guicimo,
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It is interesting to note, howeyer, that the energy ratio is much
higher in both technologies and localities than in maize agriculture in
developed countries,

C. Hand Labor Efficiency

Another variable which characterizes the energetic behaviour of an
agroecosysten is the amount of Kcal generated per hour of labor (work).
Figure 5 shows the efficiency of hand labor (Kcal/hour of work), in rela-
tion to the energy used in maize production, First of all, it was obser-
ved that for any level of energy input, the efficiency in hand labor was

greater in Guicimo than in Carjari, The difference is not due to the
apunts of hand labor, since it is similar in both locations, but to the
higher productivity obtained in Guicimo.

The application of the weed control technology produced a high increase
of hand labor efficiency in both cases. This result is obtained due to an
increase in maize production as well as a reduction of worked hour/ha in
the manual weed control.

The application of the camplete technological package has a similar
effect to the one shown in Fiqures 2 and 3, The efficiency reduction in
Cariari is due to the fact that the harvested energy did not increase, as
well as to an increase in.the hand labor used both in fertilization and
insecticjde application.

Conclusions and Future Plans

Table 1 shows the energetic costs of each production technology in
both Guicimo and Cariari. Also en Table 1 are the percentages with which
the hand labor and inputs contribute to the total,
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Table 1:
C A RIAIRTI
Total Energy % Fertilizers % Herbicides % Labor
THOROLOGY Input (Kcalzha) + Pesticides
Farmers' own technology 479304 58.9 16.11 24,71
Validation of alternative
weed control technology 803602 72.64 16.20 10.8
Validation of alternative
technological package 1763943 86.66 7.85 5.48
GUACIMD/JIMENEZ
TECHNOLOGY Total Energy % Fertilizers % Herbicides % Labor
Input (Kcal/ha) + Pesticides
Farmers' own technology 800000 69.2 17.9 12.8
Validation of alternative
weed control technology 947000 64.61 26.8 8.6
Validation of alternative
technological package 1914324 82.41 11.27 6.3
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The greatest percentages of the enexrgy input in any of the production
systems are due to the fertilizers, The most important of these are the
ccxrpom@ (N-P-K) and ammwonjum nitrate,

As can be seen in Figures 2«5, an increase in the energy input can
cause a strong increase in the energetic indicators, as long as the correct
technology is used, These findings refute the general assertion that impor-
ted energy inputs increase yields hut lower the energy efficiency.

Various sources of information state that the soils in Guicimo and
Cariari are low in same elements, especially zinc, If this is true, expe-
riments should be designed in a way such that the lacking (limiting) ele-
ments should also be applied, in addition to normal fertilizers.

Due to the high rainfall in both localities, ...t especially in Cariari,
it can be expected that losses of fertilizer through leaching are severe.
This indicates the need to estahlish different forms of applying chemical
fertilizer and the use of organic fertilizer, in order to diminish the
losses caused by leaching. These experiments can be included in a second
phase of the Energy Flows Project.

Information has also been gathered in this region for crops such as
cassava, cacao and livestock activities, This information will be analyzed,
in order to obtain a camplete diagnosis of the energy flows in these camm-

nities.,

1,2. Acosta-Puriscal

The study region is located in the central highlands on the southeast
slope of the mpuntains forming the southern limit of Costa Rica's central
valleys (Figure 1), This area includes life zones ranging fram moist tropi-
cal forest to premontane rain forest with altitudes fram 800 m to 1200 m.
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Annual rainfall in Acosta ranges from 1300 mm to 3400 mm, with an
average of 2300 mm. In Puriscal annual rainfall varies from 1600 to 3500 mm
with an average of 2100 mm, The rainy season begins in May and extends
until November in Acosta and until December in Puriscal.

The average monthly temperatures vary from 19.6°C to 22.4°C. The topo-
graphy of the area is very rough with "moderate" slopes fram 30% to very
steep inclines of more than 8Q%, with very few flat locations,

Soil types found are ultisols, axisols and in few places, inceptisols.
During 1981 various surveys were done of the fams in this area. The infor-
mation gathered fram these surveys is basically the same as the type obtai-
ned in Guicimo and Cariari and includes annual crops like maize, bean
(growth both in monoculture and as a maize-bean intercrop) and tobacco, and
perennial crops including coffee, bananas, and citrus.

The monoculture beans are cultivated in two different ways. One is the
planted bean, which involves cleaning, preparing the soil, weed control and
fertilization, the other way is called "covered bean", which consists in
broadcasting the seeds and then, cutting the existing vegetation to form a
mulch. This latter type of production requires very little hand labor and
inputs,

Sumary of Results

Table 2 shows an energetic analysis of an average tobacco plantation
in Puriscal. This production system requires heavy inputs of hired labor,
especially at harvest time, The nitrogen fertilizers and campound formula
show the highest percentage of total energy consumed (77%).

Table 3 shows a similar analysis for a coffee plantation in Puriscal.
Again we can see that the fertilijzer contributes 85% of the total energetic
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Table 2: Energy analysis of tobacco production
' in Puriscal (Costa Rica)

Labor input .. HrfMa , Energy (Kcal/Ha)
Land preparation 24 8400
Ploughing 240 84000
Planting 96 33600
Weeding 168 58800
Fertilizing 96 33600
Application of herbicides 15 5250
Application of other pesticides 20 7000
Harvest 448 156800
Hired labor 208 (= 1248 ¢) 243553

Sub-total 631003

Agrochemical inputs Kg/Ha
N-P-K 1000 3130900
NO;NH, 25 155350
Herbicides 1.2 131756
Other pesticides 8 222160
Sub-total 3640166
Total energy input 4271169
Yield (kg/ha) 1144 kg/ha (35882 ¢) 9095669
Energy ratio (output/input) 2,14
Net energy output 5677663

Labor efficiency (Kcal/Hr) 7461
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Table 3: Energy analysis of coffee production in Puriscal.

Labor input . .(Hx/Ha) o .~ Energy (Kcal/Ha)
Land preparation 3.2 1120
Planting 24 25200
Weeding 168 58800
Fertilizing 88 30800
Application of other agroche-

micals 16 5600
Pruning (coffee trees) 104 36400
Pruning (shade trees) 5 1750
Harvest 664 232400
Hired labor 160 ( = 960 @) 187349

Sub-total 579819

Agrochemical inputs (Kg/Ha)
N-P-K 313 979972
NO3NH4 449 2790086
Herbicides .6 65878
Sub-total 3835936
Total energy input 4415745
Yield 1014.3 kg coffee (Gold) (35280 ¢) 8973070
Fuelwood (1081 kg) 5137315
TOTAL OUTPUT 14080385
ENERGY RATIO (OUTPUT/INPUT) . 3.19
NET ENERGY 9664640

LABOR EFFICIENCY (Kcal/Hr) 11137
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cost, Coffee has a higher energetic yield with respect to tobacco, if we
cansider the wood left over after pruning. This wood is usually used as
fuel for cooking and is of a high caloric value (4750 Kcal/kg).

Another source of energy obtained fram coffee is the pulp of the fruit.
The pulp, which constitutes about 41% of the total fruit weight, can be
dried and used as fuel with a caloric value of 3100 Kcal/kg. The energetic
cost of the pulp processing is not included in the energetic analysis of
Table 3, since it was not analysed,

Table 4 shows the energetic analysis of for annual crops. As can be
seen, the covered bean shows the highest energy ratio, and the lowest net
energy. The latter is due to the low yield of -this cxop. If we consider
the net energy and the energetic efficiency of hand labor, the most effi-
cient crops would be maize and bean grown in association (intercrop) and
maize monoculture,

Conclusions and Future Activities

In the case of coffee and tobacco, the highest energetic consumption
factors are the fertilizers, mainly nitrogen. In the case of coffee, toba-
cco, and planted bean there js a linear relation between fertilizer and
yield. This is not so in the maize and maize-bean system. From this, it
can be supposed that there is another limiting factor, or that strong rains
in the area cause fertilizer losses through leaching.

Another problem encountered in this area, which probably contributes
in the high use of fertilizer, is erosion, caused by a cambination of steep
slopes and heavy rainfall, For this reason, an experiment to protect the
s0ild and fertilize it with mulch fram Gliricidia sepium (madero negro) is

being conducted in Puriscal, Soil variables and maize yields fram fertilized
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and non-fertilized crops will be campared in the future, Comparison of the
energy balances of crops receiving mulch fram leguminous tree species and
non-leguminous species will also be carried out, A graduate student is
mde:rta.iting his thesis on this subject, under the direction of the research
leader of the Energy Flows Project, |

Another study proposed is the use of coffee pulp as fertilizer which
has a nitrogen content of 2%, At present, this material is not being used
as fertilizer, fuel or animal feed, and is disposed of in the rivers, thereby
causing pollution. CATIE is installing a processing plant for coffee, which
could be used to make the coffee pulp useful as fertilizer. Another alterna-
tive is to process the pulp on~fam, as is done in same areas of Colambia.

Future plans include the campletion of analysis for Puriscal, and for
Acosta, in orxder to establish a diagnosis of energy flows both at fam level
and a camunity level.

2. Nicaragua
2.1, Jinotega

This region is located around Lake Apands on the side of the Cordillera
Isabelia (see Figure 6), The r_egioni includes areas characterized as tropi-
cal dry forest, sub-tropical lmid forests and mountain rain forest life
Zones,

The region was stratified into three areas which differ, apart fram
altitude, principally in rainfall conditions. Detailed information was
~gathered in this area in 1981, mainly through surveying famers. In the
near future, this information will be organized in order to analyze the
energy flows.
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Fig. ¢ Localization of selected siudy aress in Nicaraguo.



2.2, Estelf

The Estel? region is located between 12° 3Q' and 14° 30' north and
85° and 86° 45! west (see Pigure 6).

Mean annual temperature varies fram 22.5°C to 25°C. Mean anmual preci-
pitation varies across the region fram 700 mm to 1600 mm with a rainy season
fran May to September and a marked dry season fram November to April.

The soils of the region mainly are mollisols, which accupy the greatest
part of the region. Also alfisols, inceptisols, entisols and vertisols are
found in small extensions in the interior valleys north and west of the
region.

At present surveys are being done to obtain information concerning the
labor requirements, materials and monetary inputs and production outputs.

In May 1983, the research leader traveled to Esteli in order to super—
vise the present activities and to help with the future information gathe-
ring. Processing this infomation is planned for the end of 1983.

3. Honduras
3.1 Camayagua

The study region is located at 87° 50° west and 14° 30' north (see
Figure 7), It includes the Camayagua Valley and the area around El Rosario.
The rainy season extends fram May to Octover and the dry season fram Novem—
ber to April. There tends to be a dry spell of 2-4 weeks during July and
August, known as the "canicula". The average annual rainfall is around
900 mm. The man temperature in the valley varies fram 23°C to 26°C. This
region is characterized by alluvial sojils.

During 1983, work was initiated to collect information fram the farmers

of the area. As irrigation is very camon in this area, infommation about
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the materials used in this actiyity is also being gathered.

In April 1983, the research leadexr of the Energy Flows Project tra-
veled to Honduras to see the djifferent cropping systems and possible pro-
blems regarding jrrigation systems, As a result of this trip, a survey
oconcerning irrigation activities was deyveloped. In addition, another ques-
tionnaire to estimate woad consumption has been developed. Two types of
surveys were carried out; one on indjvidual fams, and one on production

cooperatives, in order to campare their different energy strategies.

Other Activities

Teaching: Fram the middle of June until September, the project leader
was in charge of teaching the "Agroecosystems", a course for post-graduate
students. During the last week of August he participated in the course
"Research and Development of Technology", organized by the Plant Production
Department, This course, which will last 3 months, is being given to
Central and South American students,

In March, the project leader attended a week-long intensive workshop
with ICRAF personnel (Intermational Council for Research in Agroforestry).
The main objective was to develop agroforestry alternatives for the Acosta-
Puriscal region, In this workshop, several agroforestry techniques were
discussed.,

ICRAF personnel‘will write a document, in the fom of research projects,
using the data and ideas discussed in the workshop,
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Appendix 1: Daily diet of nutriments/person in the rural

dispersed area of Costa Rica.

Calories
Proteins

Fats
Carbohydrates
Calcium
Phosphorus

Retinal (vitamin A)
Thiamine
Riboflavin

Niacin

Vitamin C

(keal)
@)

(g)

(9)

(mg)
(mg)
(mg)
(mg)
(mg)
(mg)
(mg)
(mg)

2184
57.00
55.50
373.00
740.00
1075.00
14.10
478.00
0.92
1.09
9.90
40.00

Diet cost for 1981 :

Transformation of colones (¢) to Kcal :

Incame in Colones x 2184 Kcal

¢8.60

Caloric value of money

NOTE: In the case of hired labor the energetic value of physical

labor was subtracted fram the caloric value of money.
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Appendix 3
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Economic transaction. Energy (solid line) and money
(dotted line) flow in an opposite direction.

Outside source of energy - forcing function.

Tank. A campartment of energy storage within the system.

Heat sink. Dispersion of potential energy into heat that
accanpanies all energy transformation and storage.

Work interaction. Intersection of two or more flows.

Consumers. Unit that transfoxms energy quality, stores
it and feeds it back to improve inflow.

Producers. Unit that collects and transforms low quality
energy under control of high quality flows.

Symbols of the Energy Circuit Language Used in the
Energy Flow Model of Appendix 2






