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Figure 1. Location of the study area.



The research programme is based on the document "elaboration of
the VF research programme in Costa Rica" prepared by the Working
Group Costa Rica (WCR) in.1990. The document can be summarized
as follows: '

To develop a methodology to analyze ecologicaly sustainable and
economically feasible land use, three hierarchical levels of
analysis can be distinguished.

1. The Land Use System (LUS) analyses the relations between soil
type and crops as well as technology and yield.

2. The Farm System (FS) analyses the decisions made at the farm
household regarding the generation of income and on farm
activities.

3. The Regional System (RS) analyses the agroecological and
socio-economic boundary conditions and the incentives presented
by development oriented activities.

Ecological aspects of the analysis comprise comparison of the
effects of different crops and production techniques on the soil
as ecological resource. For this comparision the chemical and
physical qualities of the soil are examined as well as the
polution by agrochemicals. Evaluation of the groundwater
condition is included in the ecological approach. Criterions for
‘sustainability have a relative character. The question of what
is in time a more sustainable land use will be answered on the

three different levels for three major soil groups and nine
_important land use types.

Combinations of crops and soils

Maiz Yuca Platano Pifia Palmito Pasto Forestal

I II III
Soil I X X x X P X
Soil II X X
Soil IIIX X x p 4 X x

\J
[ 4

v o .
As landuse 1s.realized in the socio-economic context of the farm
or region, feasibility criterions at corresponding levels are to
be taken in consideration. MGP models on farm scale and regional

scale are developed. to evaluate the different ecological
criterions in economical terms or visa-versa.

Different scenarios will be'tested in close cooperation with the
counter parts.



The Atlantic Zone Programme (CATIE-AUW-MAG) is the result of
an agreement for technical cooperation between the Centro
Agrondémico Tropical de Investigacién y Ensefianza (CATIE),
the Agricultural University Wageningen (AUW) . The
Netherlands and the Ministerio de Agricultura y Ganaderia
(MAG) of Costa Rica. The Programme, that was started in
April 1986, has a 1long-term objective multidisciplinary
research aimed at rational use of the natural resources in

the Atlantic Zone of Costa Rica with emphasis on the small
landowner.
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summary

Pineapple is becoming of more importance in the Atlantic Zone. A growing number

of farmers choose for cultivation of pineapple because of the following qualities

of pineapple:

=) Cultivation is possible on acid soils. In the region of Rio Frio and Neguev
this quality is important.

=) The soil fertility requirements are low. Because a high acidity mostly goes
with a low fertility of the soil, the same soils are used for pineapple
cultivation.

=) Important are the high prices for the fruits. Throughout the year those
prices fluctuate but the mean price is relatively high.

The last three years different developments and changes in the cultivation of
pineapple took place in the Atlantic Zone. They are summarized below:

-) The number of farmers increased from 11 to 94.
=) The cultivated area increased from 52.75 to 112.5 hectares.
=) The variety mostly cultivated is Monte Lirio. This variety is produced just

for the national market. Three years ago the farmers mainly produced Cayena
Lisa for the export and the canning industry.

The farmers cultivate just small areas with pineapple because of the high costs
of the investments at the start of the first cycle. The next crop requires less
inputs. Growing a ratoon crop lowers the price for inputs per year. The produced
fruits however are of lower quality and lower prices are paid. In general a
ratoon crop does not pay.

The cultivation of pineapple withdraws big amounts of Nitrogen and Potassium from
the soil, at 86 Kg and 153 Kg per hectare per year respectively, mainly lost by
removing crop residues and fruits from the field. If farmers want to fill up this
outflow they have to do extra investments in fertilizers and labour. This
additional costs will lower the profits.

Resumen

La pifia esta empezando a tomar importancia en la Zona Atléntica. Un creciente
némero de agricultores escogen el cultivo de la pifia por las siguientes
cualidades de la pifa:

-) El cultivo es posible en suelos &cidos. En la regién de Rio Frio y Neguev
esta cualidad es importante.

=) Los requerimientos de nutrientes del suelo son bajos. Por la alta acidez
en este suelos, los mismos suelos son usados para el cultivo de la pifa.

=) Es importante el alto precio de la fruta. A través de los afios estos

precios fluctGan, pero el precio es relativamente alto.

En los Gltimos tres afios diferentes desarrollos y cambios en el cultivo de la

pifia a tomado un lugar en la Zona Atléntica. Estas estdn resumidas a
continuacién:

=) El nGmero de agricultores aumentdé de 11 a 94.
=) La 4rea cultivada aumenté de 52.75 a 112.5 hectéreas.
-) La variedad m&s cultivada es Monte Lirio, esta variedad es producida para

el mercado nacional. Tres afios atr&s los agricultores produjeron Cayena
Lisa para exportar y la industria enlatadora. ]
Los agricultores cultivan 4reas pequefias con pifia por el alto costo de inversién
al comenzar el primer ciclo. La préxima corta requiere menos inversién.
Creciendo a "ratoon crop" baja el precio de inversién por afio. La fruta
producida, sin embargo es de menor calidad y son pagadas a precios menores. En
general "ratoon crop" no es rentable.

El cultivo de la pifia sin grandes cantidades reservadas de Nitrégeno y Potasio
del suelo, de 86 Kg y 153 Kg por hectdrea, por afio respectivamente,
principalmente perdidas por remover residuos de la corta y frutas del campo. Si
los agricultores quieren llenar esta corriente, deben de hacer inversiones extras
en fertilizantes y labores. Este costo adicional podria bajar las ganancias.
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Chapter 1 INTRODUCTION

This study gives an indication of the agronomic and marketing
aspects of pineapple in relation with the physical production and
marketable amount. The area of investigation was the Atlantic Zone
in Costa Rica.

An inventory was made of the different marketing channels, price
fluctuations and the supply and demand of pineapple.

Also a calculation was made for the costs of pineapple production.
With an analysis of costs and assets, the return on investments was
calculated. With these results the financial profitability of
fertilizer applications and other inputs was investigated. |The
effects of fertilizer applications and the efficiency of "those
applications on both the physical production as the marketable
amount were investigated as well.

The nutrient balance gives an indication of sustainable land use of
pineapple-farmers in the Atlantic Zone.

To calculate the losses of nutrients that leave the field by the
cultivation of pineapple, an inventory is made of the nutrient
flows into and out of the field. The effect of other variables
like putrid and the amount of nutrients left on the field with crop
residues, are tested as well. Farmers from the Neguev-region and
the region of Rio Frio have cooperated in this investigation. Those
farmers were mainly the same as in the preceded investigation of
pineapple (TONJES,1992). The selection of those farmers was random.



Chapter 2 PINEAPPLE
2.1 General aspects

Pineapple (Ananas comosus (L.) Merr. Syn.A.sativus Schult.f.)

is a member of the family of monocotyledons, the genus of

Bromeliaceae. It was domesticated in central and the south of

America.

It is not only cultivated for its edible fruits for 1local

consumption, but also for its flesh and juice for canning and

export, or for the export of whole fresh fruits harvested before
they are fully ripe. Most of the commercial crop of pineapples is
canned in the producer countries.

Some cultivars are grown in small amounts for the extraction of

leaf fibers.

The most important cultivars grown in commercial fruit production

in Central America are;

-) ’Cayenne’; of great importance for canning and export. The
fruit is well shaped, large, yellow flesh color and fine
flavor. From this group the ’Cayena Lisa’ is widely grown
(PURSEGLOVE, 1985) .

-) ’Spanish’; of great importance for the local fruit market.
The variety ’‘Monte Lirio’ has a white colored flesh and a
small heart. It is less sensitive for diseases and is easy to
propagate (PIMA,1990).

-) ’Abacaxi’; not very suitable for export of the fresh fruit
unless harvested half-ripe. The flesh is yellow with small
fibers and good flavor. The plant is resistant to heart and
root rot (PURSEGLOVE,1985). The variety ‘Pan de AzGcar’,
also known as ’‘Sugar Loaf’ or ’‘Azucarona’ is generally grown
for local markets but in Costa Rica of no importance.

The best mean temperature for cultivation is between 24 and 26°C.

Very little growth occurs below 20°C and above 36°C. Pineapple is

tolerant to drought due to the special water storage cells and its

CA-Metabolism.

Pineapples are best suited to tropical lowlands and to areas that

have more than 635 mm rainfall per annum. The soil needs to be well

drained, waterlogging will not be tolerated. Moderately acid soils
with a PH of 5-5,6 are preferred.

2.2 Cultivation aspects

Pineapples are propagated vegetatively by planting the crown of
leaves from the top of the fruit, or from shoots called ’slips’
which grow on the peduncle just below the fruit, or from ’suckers’
produced in leaf axils lower down the stem (Fig. 2.1). The crop is
grown at densities between 40.000 and 45.000 plants per hectare
(PURSEGLOVE, 1985) . In the Atlantic Zone a density of 35.000 plants
per hectare is generally used.



Figure 2.1: Pineapple planting material.

Figure 2.2: Zones of production of pineapple in Costa Rica.
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Under irrigation pineapples are planted in double rows 60 cm apart
with 80 cm between the double rows and 30 cm between plants in the
row. In rainfed cultivation, a spacing of double rows of 60 cm
apart with 90 cm between the double rows and 30 cm apart in the
rows is applied when rainfall is 1limited. When rainfall is
sufficient a closer planting space is possible. In the Atlantic

Zone often the plants are inserted in single rows, with 100 cm

between the rows and 40-50 cm between plants in the row, because of

the low fertility of the soils.

Before planting, the propagules have to be cured to control

mealybug (Pseudococcus brevipes=Dysmicoccus brevipes (Cockerell)).

If pineapples are grown continuously on the same plot, the soil has

to be fumigated to kill nematodes and other destructive organisms.

The plants are inserted into the ground through paper mulch. Black

polytene is used in some areas. Alternatively, the crop may be

mulched with sugar cane bagasse. Fumigation and mulching are only
done by large commercial growers.

The time taken from planting to harvesting depends on;

-) the type of planting material used. Suckers produce much
faster (after 17 months) than crowns do (after 23 months).
However, crowns produce a more uniform crop. Shoots are in

. between.

-) size of the planting material; large planting material gives
earlier fruiting,

-) use of hormones. When a hormone is applied plants bear fruit
after 12 months or even earlier. Hormones also guarantee a
homogenous ripened field and can be applied to plan a
constant production over the year.

The normal crop cycle is four years from the time the crop is

planted until the land is planted with a new crop. This includes;

=) the first crop; harvest after 18-24 months (COBLEY,1986),
when hormones are supplied the harvest could be more than 6
months earlier,

=) one ratoon crop; harvest after 22-36 months when hormones
are applied,

-) field preparation for the new crop; takes about 6-9 months
(PURSEGLOVE, 1985) but is much shorter in the Atlantic Zone
(1-3 months).

A second ratoon crop is sometimes harvested, which requires a year.

In the Atlantic Zone the crop cycle lasts about three years without

the field preparation for the new crop (ANON,1984). Most of the

farmers have at least one ratoon crop.

The yield of fresh fruit per hectare is 38-75 tons for the first

crop, the ratoon crop may give only half of this amount

(PURSEGLOVE,1985). In the Atlantic Zone an average yield of 51

tons for the first crop and 30 tons for the ratoon crop is common

(ANON,1984) . The ratoon crop produces faster than the first crop

but both the quantity and quality are lower.

In commercial production, very large amounts of fertllizers and

pesticides are applied to the crop. Pineapple will however also

produce under low fertility conditions.



2.3 Productjon zones in Costa Rica

The most important production zones in Costa Rica are in Buenos
Aires de Puntarenas (65%), in San Carlos, Grecia, Los Chiles, San
Ramon y Upala in the province of Alajuela (28.7% with 16% just in
San Carlos), Sarapiqui (5.03%) in Alajuela, Siquirres, Martina en
Central in the province of Limén (1.2%) and at last Pérez Zeledon
in the province of San José (Fig. 2.2) (VILLALOBOS,1990).

The highest production of pineapple is in the province of
Puntarenas. The cultivation is focused on the production of the
cultivar Cayena Lisa. The farmers produce for PINDECO which exports
the fruits. Eighty-eight percent of the total production is for
PINDECO.

Just 1.77% of the total production of Cayena Lisa is situated in
the province of Limén. The farmers mainly produce for Hortifruti
(PIMA,1990).

Monte Lirio is mainly produced in Alajuela (San Carlos) and in
Heredia.

In april 1989 Costa Rica had a total of 865 farmers who cultivated
pineapple with 11 in the province of Limén. Of the latter, the
largest estates (>10ha) are 1located in Siquirres. The area
cultivated with pineapple in Limén was 52.75 hectares in the year
1989, compared to a total area in Costa Rica of 4,218.7 hectares
(1.25%).

The production in the province of Limén was about 1,846.25 tons,
whereas total production in Costa Rica was 159,770.50 tons of fresh
fruits (1.2%) (Table 2.1).

Tablo 2.13 ?goduotion of Pineqpplqrgo: govq:g} g;ovincggiﬁ}9§9).

| # Parmers _

Alajuela
| Heredia
| Limén

| San José

Puntarenas

) ¢.L.: cayena Lisa.
2) M.L.: Monte Lirio.



Province # hectares Production
L | (tons) | (tons/ha)

’ Alajuela 1,310.80 31.07 45,878.00 28.7

| Heredia 212.50 5.03 7,439.25 4.7 35

| Limén 52.75 1.25 1,846.25 1.2 35

| San José 20.00 0.47 700.00 0.4 35
Puntarenas 2,662.60 62.16 | 103,907.00 65.0 39

4,218.70 100.0 I 159,770.50 | 100.0 ﬂ

Ministerio de Agricultura y Ganaderia. VILLALOBOS, 1990)
In Puntarenas the cultivation of pineapple is more intensified than
in the other provinces. The area under production for pineapple is
big, the production is the highest from Costa Rica and only the
cultivar "Cayena Lisa" is cultivated. In Puntarenas pineapple is
produced by big estates with a high input level, while in the
province of Limén most of the producers are small farmers, mainly
producing the cultivar Monte Lirio.

The production level of pineapple is almost the same in the

provinces of Alajuela, Heredia, Limén and San José (35 ton/ha) and
just a little higher in the province of Puntarenas (39 ton/ha).

Source:

2.4 Developments in the Atlantic Zone

The last three years the number of farmers of pineapple in the
Atlantic Zone increased almost nine times, from 11 to 94.

A growing number of farmers choose for the cultivation of pineapple

because of the low fertility requirements of the crop. Another

reason is the rising price for the fruits on the markets (Table
2.2).

Table 2.2: Mean prices of pineapple for different years on
ditterentrmarkota in value of that year (in colones).

Il pPifia III
CENADA Feria CENADA

9.83 16.25 4.94
13.02 18.12 -— I
1990 J 59.81 22.14 44.46 17.83 25.02 -

Source: Departamento de Economia de Mercados, 1992)



The cultivated area of pineapple increased as well, although less
than the number of farmers. The area cultivated with pineapple
expanded from 52.75 to 112.5 hectares (Table 2.3). Momentary a
tendency is visible of a growing number of farmers with smaller
areas for pineapple cultivation. In 1989 a mean area of 4.8
hectares per farmer was common. In 1992 the area per farmer is much
smaller with a mean of 1.2 hectares. This average area might grow
when farmers that recently have begun to grow pineapple will extend
their acreage with planting material of their own.

The main part of the farmers in the Neguev-region produce the
variety Cayena Lisa. Those farmers produce especially for the
canning-industry of Hortifruti. Hortifruti pays an higher price for
the fruits than the salesmen do. The canning industry processes
just fruits of the variety Cayena Lisa because of the high acid
content. These fruits are most suitable for canning.

Farmers who produce for the canning industry or for export harvest
smaller fruits to supply the demand. Three months after hormone
application harvesting is possible. To produce bigger fruits the
time between hormone application and harvest is two times longer.

Another important development is the variety-choice. In 1989 most
of the farmers cultivated the variety Cayena Lisa. In 1992 just
farmers in the Neguev-region produced Cayena Lisa. The main part of
the farmers in the Atlantic Zone however produce the variety Monte
Lirio. The preference of the consumers on the national market goes
out for this more sweet tasted variety. Another point is that this
v?riety is less sensitive for diseases than the variety Cayena
Lisa. :

Table 2.3: Total number of farmers and total hectares for pineapple
cultivation in the Atlantic Sone (1992). :

: —r= : E— ce— M—
Region Number of | Total # Mean Variety
| farmers ,

Batéan

Cariari Monte Lirio
‘ Merglan ——

Neguev Cayena Lisa(95%)
Monte Lirio (5%)

Rio Frio Monte Lirio

| Talamanca



Chapter 3 Fertility ana fortiliz{ng aspects

Pineapple can be grown on a wide range of soils.

The most important nutrients for pineapple are Nitrogen and
Potassium. Nitrogen application results in a higher yield and
Potassium results in bigger fruits and a higher production per
hectare. A Phosphorus application at the start of the cropping
period contributes to a quick development (MARITZA,1983).

Once the plants have started to bear fruit, Nitrogen applications
can have negative consequences for the fruit quality (ROMERO,1973).

The micro-nutrients are of great importance for the pineapple
plant, especially the elements 2Zinc and Iron (MAG,1991). 2inc
deficiency results in a yellowing of the leaves with some epidermal
sclerosis. Iron deficiency results in chlorosis of the leaves,
followed by a reddish colour on the young fruits.

High Calcium and Manganese content of the soil results in chlorotic
plants caused by an antagonistic action on Iron which results in
Iron-deficiency.

In the Atlantic Zone pineapple cultivation is situated mainly on
the poor acid soils. The sampled soils for pineapple cultivation in
Rio Frio and Neguev have a pH value between 3.74 and 4.73
(TONJES,1992). The low pH has an effect on the availability of
elements in the soils. At low pH, deficiencies of Potassium and
Molybdenum are liable. There is some reduction of Sulphur, but
Sulphur-bacteria are still active (LANDON,1984). The fixation of
Nitrogen by bacteria is reduced and nitrification of organic matter
is significantly retarded. Aluminium ions are released from clay
lattices and become established on the clay complex. Phosphorus
ions can be fixed by Iron and Aluminium to form compounds which are
therefore not readily available to the plants. In acid soils, the
limiting factor is often the (near-)toxic concentration of
Aluminium ions in the soil solution. All micro-nutrients, except
Molybdenum, are better available at lower pH.

Recommended fertilizer applications are given in Table 3.1. The
recommendation is limited to the first crop, for the ratoon crop
usually the fertilizer applications are about one half to one third
of those for the first crop.

Table 3.1 : Recommended fertilizer application for pineapple till
the first harvest (fg;tili;o;ﬂ;o be applied close to each plant).

Time Fertilizer Gram fertilizer
(months) | formula (N-P-K) per plant
= BT e e — —————_—*774——1

1 12-24-12/10-30-10 10 °
20-3-20/18-5-15-6.2 10
3.5-5 20-3-20/15-3-31 12

(Source: Ministerio de AngcuTtura Y Ganageria, 1991)

7



The soils for pineapple cultivation in the sampled zones have a
very low content of nutrients. The concentration of nutrients does
not differ very much between the sample sites. Mainly there are low
values of Magnesium, Potassium, Phosphorus, Copper, and Zinc. The
values for the cation-exchange capacity (CEC) and the fraction
organic matter (O.M.) lay in the range of the medium values
(Table 3.2).

Table 3.2: Critical values of available nutrients.



Chapter 4

MARKET ANALYSIS OF PINEAPPLE

io arke

Eight different marketing channels are known for the sales

pineapple (Fig. 4.1):
1) Farmer
2) Farmer
3) Farmer
4) Farmer
5) Farmer
6) Farmer
7) Farmer
8) Farmer

(VILLALOBOS, 1990)

On national level two

Table 4.1: Different markets where farmers sell their product.

-2>
->
-2>
->
-2>
->
->
->

Middleman -> Consumer.

Middleman -> Retailer -> Consumer.
CENADA -> Retailer -> Consumer.
Feria (Farmer market) =-> Consumer.
Processing industry -> Consumer.
Packer -> Industry -> Consumer.
Packer -> Export -> Consumer.
Traditional market =-> Consumer.

of

important market-centers are distinguished.
The Feria and the CENADA. The Feria are farmer markets, gathering
for the sale of goods and the CENADA is a wholesale-market where
bigger amounts are traded. Prices on the Feria are almost twice as
high as on the CENADA (Fig. 4.2) but the amounts sold on the Feria
are of less importance for the total quantity of pineapple sold by
the farmers on national level. Especially the bigger farmers sell
their pineapples on the Feria in case the offered amount is too
small to be traded on the CENADA. Through middlemen however selling
pineapples on the CENADA is possible. The different markets where
farmers sell their product are represented in Table 4.1.

é Market Number of (%)

; farmers :
R G

LNational market not specified 410 45.86

i CENADA 156 17.45

| Middlemen 126 14.09

| Ferias 85 9.50 "
L Mercado Borbdén 48 5.37 “
f Industry 25 2.82 \
iInternational markets 22 2.46

| Propica 16 1.78 |
' |
| Local markets | 6 | 0.67 |
| TOTAL 894 100.00 g

(Source: Ministerio de Agricultura y Ganaderla, 1990)




Figure 4.1: Marketing channels of pineapple.
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Figure 4.3c: Prices of pineapple on the CENADA

Figure 4.3b: Total supply of pineapple on the CENADA
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Ferias are dominated by middlemen, although official policy is to
promote direct selling by farmers. Especially the smaller farmers
face difficulties regarding the Feria;
1) no possibilities for transporting the fruits,
2) too small quantities and too limited product
diversity which does not pay the rent of a
marketstall,
3) time problems, visiting a marketplace takes a
whole day.
An alternative is to sell the pineapples together with other
cultivated products in small amounts on the 'Mercados
Traditionales’ but this place is of less importance for the total
traded amount of pineapple.
The highest supply of the CENADA is from December till May
(Fig. 4.3.a-b). This indicates that the farmers who produce
pineapple for the local market do not plant their crop to supply
the demand but follow the tendency like most of the farmers do, to
plant the crop at the beginning of the rainy season.
If farmers have no opportunity to transport the harvested fruits to
one of the marketplaces they sell their product to one of the
middlemen. The price they get for the fruits is low and the visits
of the middlemen are not very frequent and often not announced. The
middlemen have a position which looks like a situation of an
oligopsony (where there are only a few buyers, each able to
influence price (COLMAN,1989)).
By selling the pineapples to middlemen they get lower prices for
their product than by selling on the CENADA or the Feria (Fig.
4.2). Benefits of selling the fruits to middlemen are diminishing
risks and transport costs and less problems with time constraints
and limited volume.

4.2 Criteria for characterization of the fruits

On the national market for fresh pineapple a classification in
three quality classes is used, first quality (I), second quality
(II) and third quality (III), with weights more than 2.43 Kg,
between 1.89 and 2.43 Kg and between 1.5 and 1.89 Kg respectively
(PIMA,1990). :

For exportation of fresh fruits, especially to Europe, another
classification is used. The fruits are divided into classes A,B and
C. Fruits in class A have a weight of more than 1.5 Kg For class B
a weight between 1.1 and 1.5 Kg and class C a weight between 0.9
and 1.1 Kg.

Pineapples exported to Europe are mainly of the variety Cayena
Lisa. On the market of fresh fruits the most important criteria of
quality are color, weight and the condition of the crown. Consumers
in Europe prefer a yellow or orange flesh which goes with a green
outside when the fruit is not mature. The leaves of the crown must

be green while brown edges on the leaves will lower the value of
the fruit.

10



The fruits that are preferred for exportation have weights between
0.9 and 1.3 Kg although even fruits of more than 2 Kg are exported.
Especially the smaller fruits are important because of the lower
transport costs.

For the national market and also by salesmen other criteria are
used. Especially the variety Monte Lirio is important here. The
most important factor for qualification is the size of the fruit.
Big fruits are preferred and the bigger the fruit the higher the
price per Kg. Second of importance is the color (smooth white
flesh) and after this the health and the quality are important (no
damaged or attacked fruits). Finally the ’‘grados brits’ ,sweetness
of the fruit, is important. These criteria however are arbitrary
and difficult to quantify.

alysis

The price for pineapples of quality I is the highest on both the
CENADA and the Feria (Fig. 4.4). In the Atlantic Zone just a small
part of quality I is produced. Mainly pineapples of quality II are
produced. The quantity of quality I sold on the market is high
compared to quality II and quality III (Fig. 4.5). The prices for
all the three qualities fluctuate throughout the year on both the
CENADA and the Feria. From June till December the prices are higher
than the rest of the year (Fig. 4.3c). This results from a
diminished supply in those months. Pineapples of quality A are
cultivated by big estates for exportation of the fresh fruit or for
the canning industry.

The price farmers get for their product if they sell it for the
export-market, is between the prices on the Feria and those on the
CENADA (Fig. 4.2).

4.4 Characterization of demand

Just as for other products the demand for pineapple is mainly
influenced by the price. If prices rise the demand will diminish.
Other important factors which influence the demand of pineapple
are:

=) Income of the people: Income influences the consumer
behavior. Those effects can have consequences for the
elasticity of demand. The demand for pineapple rises 1% with
the income of people (PIMA,1990). The people spent 1% of this
extra income for extra pineapple consumption.

-) Growth of the population: The population of the Atlantic
Zone grows with 2.86% per year (LOK,1992). If the preference
of the consumers for pineapple doesn’t change, the demand
for pineapple will grow with the same rate.

11
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=) Complementary goods: The prices of complementary goods have
direct consequences on the consumption of pineapple. An
example of complementary goods are the fruits besides
pineapple in a fruit salad. If the prices of the other fruits
in the salad are rising the whole salad including the
pineapple parts is getting more expensive, with consequences
for the consumption of pineapple.

-) Substitution goods: If prices of substitutes are falling, the
consumption of the substitutes generally will increase and the
consumption of pineapple decrease.

=) Taste and preference of the consumer: This aspect is very
difficult to quantify but is very important for the demand of
pineapple.

4.5 Characterization of the supply

The supply is relatively high in the first five months of the year.
Therefore the price is relatively low (Fig. 4.3b-c and Fig. 4.6).
This results from the fact that the first harvest mostly takes
place from December till June. The second harvest (from the ratoon
crop) mainly takes place from November till May the next year. The
quantity and quality of this second yield are often lower than the
first yield.

On the average this results in a lower supply in the months June
till November. The prices of lower quality fruits will rise as well
in those months.

4.6 Characterjzation of the export market

In Table 4.2 the total exported amount and the value in dollars are
represented.

Table 4.2 : Export of fresh pineapples from Costa Rica in weight

12



The export from pineapple increased until 1988. After 1988 the
export stabilized at a total of about 100 million Kg.

Most of the pineapples are exported to the United States (58.2%
with a value of 20.7 million dollars) and Germany (24.8% with a
value of 11.4 million dollars) (Table 4.3).

Table 4.3: Export of pineappie from Costa Rica to different
countries in Kg and value in dollars (1991).

% of total |
export

Total value

($)

Country Total weight

(Kg)

| United States

58,400,725

20,677,121

Germanx

24,851,642

11,377,522

| 1taly

10,816,678

5,040,344

Belgium/Luxembourg 3,256,617
2,259,000
406,241
154,878

55,169

1.190,688
238,086
323,628

50,823
17,510

Panama

Canada
| Scotland
The Netherlands

100,285,822 38,943,229 _100.00 |

~de Informacion Comercial, 1992)

Other important export markets are Italy, Belgium/Luxembourg and
Panama with respectively 10.8 , 3.3 and 2.3 percent of the total
export (Fig. 4.7). The export to Italy is still growing and becomes
of more importance every year. Hortifruti exported 40,905 Kg from
the Atlantic Zone in 1991.

Costa Rica imports pineapple especially from Nicaragua (Table 4.4).
The imported amount however is just a very small part compared to
the total amount produced and exported.

Table 4.4: Import from p;ggggplo from qicg:ggga.

year | Amount (kg) | vear

386.320 265.200
80.800 246.440

stica y Censos,

989)

13



After 1987 the import of pineapple from Nicaragua has decreased
because of measurements by the government to protect the national
production. Because the fruits from Nicaragua are produced at lower
costs, they can be sold at lower prices. The production in Costa
Rica however is sufficient for the national market.

14



Chapter 5 NUTRIENT-CYCLE

5.1 General aspects

When land is put under cultivation on a more permanent basis the
soil fertility tends to decline at a rate that is largely governed
by the nature of those land use types and their management.

The nutrient balance for pineapple will give an indication of the
nutrient-cycle for pineapple cultivation and give a better insight
into the present state, and the near-future effects on the soil
nutrient stock. The balance is calculated as the sum of inputs
minus the sum of outputs.

The following inputs can be distinguished;
1) nutrient applications by fertilizing,
2) animal manure,

3) deposition by rain and dust,

4) biological N-fixation,

5) sedimentation.

In this calculation the nutrient input by fertilizers is qualified
for 20 farmers. For the cultivation of pineapple no animal manure
or other organic fertilizers are applied.

In humid regions the wet deposition is higher than the dry
deposition. Just the wet deposition is considered in this study.
Values of 1.5, 0.15 and 4.9 Kg halyr! for N, P and K are used
(STOORVOGEL, 1992) .

The biological N-fixation is very small in relation to the nutrient
application by fertilizers. The area under leguminous crops is
negligible. A fixed contribution of 2 Kg N ha' yr' was assumed.

The effect of sedimentation was omitted, because on the relative
high situated plots where pineapple mostly is cultivated, the value
for sedimentation is very low.

The output from the system consists of the following parts;
1) harvested product leaving the field,

2) crop residues leaving the field,

3) erosion,

4) leaching,

5) denitrification.

Of these, the outputs by the harvested product and the residues
leaving the field are quantified.

In Table 5.1 the nutrient concentrations in the harvested product
and in the crop residues are represented.

1S



Table 5.1: Nutrient concentrations in fruit, crown, leaves, stem
and shoot (fresh-weight) (TONJES,1992).

Leaves

' The pineapple fields mostly are situated on horizontal Plots to
minimize the influence of erosion. Losses of 500 Kg ha'! yr' of soil
are used in this study.

Leaching of nutrients released from soil material may be an
important factor in fertile soils but in the soils used for
cultivation of pineapple this factor is very small. Leaching is
influenced by factors like rainfall, texture, soil N and K content,
and fertilizer input. The fraction of mineralized soil N and total
fertilizer N submitted to leaching was set at 50%. P-leaching was
omitted because most of the soils have a P-fixation of more than
70% and P is very immobile in the soil. The K-leaching has been
determined as a function of the exchangeable K and clay content
(based on SMALING et al.,b1992).

Denitrification is dependent of drainage and fertilizer
application. Below a pH-value of about 5.5, bacterial activity is
reduced and nitrification of organic matter is significantly
retarded. In general a denitrification of 3% of all mineralized and
fertilized N is used. In Figure 5.1 the flows of nutrients are
represented.

5.2 Inputs by fertili licat]

In Table 5.2 the amount of nutrients applied per hectare per farmer
is represented for pineapple cultivation. The differences between
the farmers are very big. The ' P fertilizer applications are
sometimes inefficient (Fig. 5.2a-c). The farmers which apply larger
amounts of nutrients (>100 Kg), supply them just one or two times
per cultivation-cycle in high amounts. The applied amount of
fertilizer K is very low compared to the applied amount of
fertilizer N. The differences in K uptake and the production of dry
weight are mainly caused by differences in the K content of the
different soils (Fig. 5.2c).

The nutrient applications at the start of the cultivation-cycle are
very ineffective as well. In that stadium the plants are not able
to take up this nutrients. After three months the roots are
developed and applications become more effective.

16



Figure 5.1: Nutrient-cycle of pineapple.
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Table 5.2: Amount of nutrients applied by farmers per hectare per
cycle.

Farmer
number
——————————————— —d - )
1 | 1.0 541.2 128.7 42.8 | 8.00 | 1.2600
| 2 0.75 0.9 0.4 0.6 17.76 | 8.8800
l 3 2.5 892.4 266.4 88.8 0.0 0.0
4 1.0 183.8 8.2 14.3 | 408.00 | 64.2600
} 5 0.5 18.2 18.2 18.2 0.34 | 0.0536
6 1.0 46.2 0.0 0.0 0.0 0.0
7 0.25 41.4 124.3 41.4 0.0 0.0
8 1.0 28.4 85.1 28.4 0.0 0.0
9 0.5 143.5 20.4 6.8 0.0 0.0
10 | 0.5 85.1 255.2 85.1 0.0 0.0
11 3 5.0 0.6 0.2 0.4 12.00 | 1.8900
l 12 i 1.0 21.3 8.5 14.9 | 425.25 66.9769é
13 ! 2.0 1.9 0.8 1.3 37.89 | 5.9674
14 0.5 77.1 0.0 0.0 | 0.0 0.0
15 1.0 16.8 9.0 3.0 0.0 0.0
16 1.0 91.1 0.0 0.0 0.0 0.0
17 2.0 13.6 40.8 13.6 0.0 0.0
18 1.0 0.0 0.0 0.0 0.0 0.0
19 1.5 0.8 0.3 0.5 15.14 | 2.3845
| 20 |_0.5 0.6 0.2 | 0.4 | 12.00 | 1.8900 ]
24.5 2204.8 966.6 360.5 |936.38 | 153.562 |
Mean: | 1.2§W_ 110.2 | 48.3 | 18.0 | 46.82 [ 7.6781 |
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The effect of fertilizer applications on the different plant parts
are represented in Figures 5.2d-f. A rising tendency is
perceptible. By increasing applications of Nitrogen, Phosphate and
Potassium the percentage of the nutrient in the different parts of
the plant is increasing too. More fertilizers are removed with crop
residues at higher fertilizer application.

2.3 Outputs

The outputs quantified here are the harvested fruits and the crop
residues leaving the field. Not all the fruits are suitable for the
market. An alternative application for rejected fruits is as fodder
for cattle. Just a small part of the farmers use rejected fruits,
the main group leave the fruits in the field when a ratoon crop is
grown.

Because the fruits of the ratoon crop have a lower quality than the
fruits from the first crop, a part of the farmers have only one
harvest per planting. After this harvest the farmers remove all the
crop residues from the field. Other methods are spraying or
burning. By burning the main part of N get lost, K and P however in
smaller amounts. The total amount of nutrients leaving the field
with fruits and plant-residues per hectare per cycle are
represented in Table 5.3a-b.

In Appendix 1 the specified figures are given.

The erosion per hectare per year was set at 500 Kg soil. Because no
direct values for N were available the lost amount of N by erosion
is calculated as fraction of the organic matter. Erosion results in
losses of 4.29 Kg N ha! yr?!, 0.005 Kg P ha! yr! and 0.0002 Kg K ha’
yr!. The value for K is calculated with the mean values of the
exchangeable K.

Losses by 1leaching for N are calculated as 50% of the total
fertilizer and soil N (as function of the organic matter) and
results in losses of 27.9 and 2.6 Kg N ha'! yr! respectively.

The clay content of the soil has a value of 31 (STOORVOGEL,1992).
The amount of fertilizer losses is 70% of the applications and 0.9%
for the exchangeable K. The clay content and exchangeable K are
used to determine the 1leaching for the soil K. Leaching of
fertilizer and soil K results in losses of 6.4 and 1.0

Kg P ha'! yr! respectively.

Losses by denitrification are calculated as 1.7 Kg N ha' yrl.

5.4 Resjdues left on the field

The fruits and plant-residues left on the field are no inputs or
outputs. But by leaving those residues on the field the nutrient
losses can be diminished considerably.
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Table 5.3a: Total amount of nutrients leaving the field with fruits
and plant residues per hectare per cycle.
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Table 5.3b: Total amount of nutrients leaving the field with fruits

and plant residues per hectare per cycle.

Ca (Kg) Mg (Kg) | S (KgL Fe (Kg) Cu (g) Zn g) Mn (Kqg)
1 98.9 69.0 50.4 7.2 1154.1 | 2135.8 24.4
2 73.5 48.3 36.4 4.1 590.3 | 1360.3 15.4
3] 237.0 109.5 59.2 5.3 828.7 | 1125.3 22.9
4 88.7 34.1 23.3 7.7 563.1 398.2 7.0
5]170.4 75.5 67.6 8.8 1313.4 | 1197.4 6.8
6 69.4 35.7 24.9 22.0 753.1 | 1017.6 5.0
7 72.2 34.6 56.5 7.4 735.5 | 1386.0 5.8
8 22.0 16.9 8.4 14.3 275.5 274.1 3.4
9 43.8 26.6 12.7 2.7 268.6 238.5 5.7
10 16.9 15.0 5.9 4.9 286.6 326.3 2.6
11| 249.1 131.9 57.0 14.3 1468.3 711.1 12.1
12 78.0 61.2 34.5 6.1 826.6 770.5 2.0
13 73.7 31.8 22.5 1.4 311.4 305.0 5.0
14 25.7 21.9 8.2 1.0 177.5 535.5 2.2
15 73.3 52.6 22.2 23.2 641.8 977.2 10.3
16 42.8 18.3 13.2 16.5 248.2 297.9 6.6
17 28.5 10.0 14.7 3.0 244.8 243.2 4.2
18 | 120.7 73.7 62.1 5.2 615.7 | 1074.4 11.3
19 | 159.9 73.2 130.0 15.1 829.1 | 1729.8 13.5
20 90.6 34.2 25.9 2.9 436.4 492.0 10.1

]

628.4

829.8




This is especially important for K. A part of these nutrients will
leach, especially K, but an important part will be available for
the ratoon crop after some time.

Farmers who have just one harvest per planting, clear the field
after harvest and plant a new crop. For these farmers the biggest
export from nutrients out of the field is calculated. These losses
should be compensated by fertilizer applications.

The amount of nutrients in the soil has an important effect on the
nutrient amount in the plants. The relation between the amount of
nutrients in the soil and the amount in the plant is represented in
Figures 5.3a-c. '

‘The farmers who take 1 or 2 ratoon crops from the first planting
leave the residues on the field until the last harvest. They cut
off the leaves of the plant and leave two shoots per plant for the
next crop. After the last harvest they remove all the residues from
the field as well. This indicates the importance of management for
the nutrient balance. The total amount of nutrients left on the
field with fruits and plant-residues per hectare per year are

represented in Table 5.5a-b. In Appendix 2 the specified figures
are given.

5.5 The nutrjent balance quantified

For the twenty farmers the sum of the inputs minus the sum of the
outputs can be calculated (Table 5.4). In Figures 5.4a-c the inputs
and output of N, P and K per hectare per cycle are represented. In
Fig. 5.4d the average input and output per hectare per year are
represented. The cultivation of pineapple withdraws 86 Kg N and 166
Kg K per hectare per year, implying that there is net nutrient
depletion of the soil nutrient pools.

Especially the losses of K are high. This is because the different
parts of pineapple plants have high percentages of K. By removal of
the crop residues from the field high losses of K take place. An
important part of the losses of P are compensated by fertilizer
applications. Leaching of this P is small because of the high value
for P-fixation. The mean value of P application is mainly
determined by high inputs by just a small part of the farmers. Very
important however are the low percentages of P in the different
plant parts (Table 5.1). By removal of crop residues from the field
just small losses of P appear (Table 5.4).

5,6 Soil, inputs and cultivation versus production

The production is calculated in 4 ways;

1) the production of fruits per hectare per cycle,
2) fruits sold per hectare per cycle,

3) production of fruits in Kg per hectare per cycle,
4) Kg fruits sold per hectare per cycle.
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Table 5.5a: Total amount of nutrionts left on the field with truit-
and plant-rol:lduol per hectaro per cycle.

Farmer | Months in N (Kg) P (Kg) K (Kg) Ca (Kg)
number [ cultivation
cycle I I N E——
1 18+6+6 480.1 50.0 351.2 216.0
2 12 0.0 0.0 0.0 0.0 I
3 12 0.0 0.0 0.0 0.0
4 18 0.0 0.0 0.0 0.0
5 14+12 103.7 14.5 171.1 72.5
6 12+12+12 479.4 25.3 304.0 184.9
7 11+7 140.2 13.6 169.2 38.0
8 12+12 90.2 6.4 190.2 35.6
9 15 0.0 0.0 0.0 0.0
10 14 0.0 0.0 0.0 0.0
11 14+12+10 402.8 31.8 377.1 452.3
12 ‘ 12+12 93.3 15.4 205.9 43.8
13 | 12+12+12+12 283.6 30.3 392.2 111.3
14 12+10 50.0 4.7 101.0 18.9
15 14 0.0 0.0 0.0 0.0
16 14 0.0 0.0 0.0 0.0
17 18+18 58.2 3.5 30.1 20.3
18 14+12 200.3 14.2 366.0 75.7
19 12+12 189.6 22.2 372.1 93.9
20 12+12 105.6 10 6 188.7 55.6 _
23.65 133.85 12 13 160.94 70.94




Table 5.5b: Total amount of nutrients left on the field with fruits
and plant-residuos per hectare per cycle.

=

number ‘
_ \ i —t L )
1 125.2 86.8 17.7 641.2 | 1712.3 39.2
2 0.0 0.0 0.0 0.0 0.0 0.0
3 0.0 0.0 0.0 0.0 0.0 0.0
4 0.0 0.0 0.0 0.0 0.0 0.0
5 30.6 29.2 3.5 172.4 | 2e64.4 2.7
6 78.3 72.3 75.0 523.5| 775.8 9.5
7 22.2 43.8 1.7 260.3 | 484.0 4.9
8 | 26.7 16.1 30.2 303.3| 313.9 5.2
9 0.0 0.0 0.0 0.0 0.0 0.0
10 0.0 0.0 0.0 0.0 0.0 0.0 "
11 228.7 101.4 25.0 755.3 | 296.2 20.1
12 32.7 17.1 3.0 135.8 | 321.7 0.9
13 45.7 32.8 1.6 293.0| 353.8 7.4 ﬂ
14 14.1 6.2 0.6 34.2 | 113.5 1.1
15 0.0 0.0 0.0 0.0 0.0 0.0
16 0.0 0.0 0.0 0.0 0.0 0.0
17 | 6.2 11.6 2.2 66.2 64.5 2.5
18 45.2 40.0 3.0 134.5 | 424.0 7.0
19 41.4 90.9 9.3 257.0| 819.7 5.8
| 20 18.4 14.6 0.6 107.5| 203.7 6.5
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To determine which factors have effect on those types

of

production, four multiple regressions with the different dependent
productions versus 18 independent variables are calculated.
In Appendix 3 both the dependent as the independent variables are
represented.

The category ’‘sold fruits’ represents the amount of fruits of good
quality. The ’‘produced fruits’ encloses the rejected fruits too.
In Table 5.6 the 4 dependent variables and the correlated variables
are represented.

Table S5.6: Multiple regression with 4 dependent variables and 18
8tepwise.

Stepwise method

independent variables';

Variable | Multiple R Adjusted | standard F F ‘
‘ R square R square | error sig.
| Dependent variable: production fruits per hectare per cycle \

P-left 0.80191 0.64306 | 0.62323 11886.30 | 22.429 | 0.0

Podrido 0.85257 0.72687 | 0.69474 10699.13 | 22.621 | 0.0 I
A Density 0.89686 0.80436 | 0.76767 9333.84 | 21.927 | 0.0 )
| Dependent variable.ifruits sold per hectare per cycle Agng%

Herbic. 0.58044 0.33691 | 0.30008 19232.68 9.146 | 0.01

P-left 0.85390 0.72915 | 0.69729 12648.20 | 22.883 | 0.0 I
. Podrido 0.89112 0.79409 | 0.75549 11367.50 | 20.569 | 0.0 j
| Dependent variable: production inﬁgg_ggr hectare per cycle 4AJ

P-left 0.84190 0.70880 | 0.69262 19799.95 | 43.813 | 0.0

Podrido 0.89230 0.79620 | 0.77222 17044.30 | 33.208 | 0.0

K-exch. 0.92201 0.85010 | 0.82200 15067.35 | 30.247 | 0.0 n
| pH 0.94127 | 0.88600 [0.85560 | 13571.06 | 29.144 0.0 1‘
| Dependent variable: Kg fruits sold per hectare per cycle

P-left 0.84165 | 0.70837 | 0.69217 | 18715.14 | 43.722 |o. o

Duration | 0.89885 0.80793 | 0.78534 15628.46 | 35.755 | 0.0

K-exch. 0.92715 0.8595;_ 0.83329m ~13772.76 32(65§_JQ.Q

* Explanation of dependent and independent variables

in Appendix 3.



With the help of analysis of variance the correlation between the
dependent and independent variables is calculated. In Table 5.7 the
calculated values are represented.

Table 5.7: Multiple rogro--ion with 4 dependent variables and 18
independent variables’.

Analysis of variance

| De;

Rogression 3
Residual

Variable B SE B Beta T Sig T

P-left 3056.553158 446.805078 0.840821 6.841 0.0000
Podrido -0.812828 0.318912 -0.303599 -2.549 0.0215
Density 0.629131 0.249919 0.288056 2.517 0.0229
(Constant) 10040.414693 7401.250487 1.357 0.1937

| Dependent variable: fruits sold per hectare per cycle _

Regression

Variable B SE B Beta T Sig T

Herbicide 249.339931 41.718394 0.693678 5.977 0.0000
P-left 3185.821405 534.657099 0.738225 5.959 0.0000
Podrido -0.873861 0.389005 -0.274941 -2.246 0.0391
(Constant) 16722.615106 5935.988609 0.0124

| Dependent variable. production in Kg per h hectare per cycle

1 |
: Sum of Square § Mean Square ;
|
Regression 21470249454 5528 || 5367562363.6382
Residual 2762603703 7192 | 184173580.2480*J

Variable SE B Beta T Sig T

P-left 5791.028439 661.599539 0.863798 8.753 0.0000 |
Podrido -1.648147 0.464797 -0.333797 -3.546 0.0029
K-exch. =70039.585010 27396.075710 -0.235383 -2.557 0.0219
PH 28207.998519 12980.085120 0.192096 2.173 0.0462
(Constant)-61765.330710 52457.616990 -1.117 0.2574



|
Dependent variqple:rKg»fgu;pgﬁgg}gwggEMpgcggfg_per cycle |

— e

| Sum of Squares Mean Square
| 18583461754.69148 || 6194487251.56383 I
3035022038.25852 189688877.39116 ‘

Regxession
, Residual

Variable B SE B Beta T sig T

P-left 6191.829262 740.162382 0.977834 8.366 0.0000
Duration =1326.128659 391.262452 -0.382077 -3.389 0.0037
K-exch. -67400.604300 27772.674610 -0.239820 -2.427 0.0274
(Constant) 57196.607216 9269.401775 6.170 0.0000

* Explanation of dependent and independent variables in Appendix 3.

The amount of P left on the field with crop residues is positive
correlated with all the dependent variables. The higher the amount
Phosphate left on the field, the higher the production. This is
considered for both the total production of fruits as the
production of usable fruits. The applied amount of P is not
correlated with one of the production variables. The same
conclusion can be drawn for the applications of N and K.

An other important variable is ’podrido’. A big part of the losses
can be accounted to plants attacked by ’podrido’. ‘Podrido’ is
caused by bad drainage. Pineapple 1is very sensitive for
waterlogging. In the lower parts of the field most of the plants
are putrified. ’‘Podrido’ has a negative effect on the production
and especially on the total production of fruits. Plants mostly get
attacked by ’‘podrido’ at the beginning of the growing cycle. Those
plants don’t bear fruits at all so this variable does not influence
the quality of the fruits. Most of the farmers have problems with
‘podrido’. The problems are bigger in Rio Frio because their fields
are situated relatively lower than in other areas. The soils in the
Neguev are mainly well drained so ’‘podrido’ is here of 1less
importance.

The variables, plant density, herbicide use and pH are positive
correlated with the production. The sampled soils have very low pH-
values (3.74-4.73). The optimum pH-value for pineapple cultivation
is about 5 which explains the positive correlation.

The duration of the cultivation cycle is negative correlated with
the Kg of fruits sold per hectare per cycle. The usable amount
decreases with the number of ratoon crops. The weight of fruits
from the ratoon crop is lower than the weight of fruits from the
first harvest. A 1longer cultivation cycle gives no positive
response on the total weight of marketable fruits.
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The exchangeable K in the soil is negative correlated with the
production. These levels however give no direct indication of the
capacity of the soil to release currently unavailable K over a
period of time. By higher levels of pH the exchangeable K is higher
as well. Possibly another variable which is correlated with the
exchangeable K is responsible for the negative correlation between
the production in Kg and the exchangeable K as suggested here.
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Chapter 6 CO8ST8 AND ASSETS

6.1 Introduction

An important aspect of the cultivation of pineapple is the
profitability. Besides the fact that pineapple is an easy crop to
cultivate, the low fertility requirements by the crop and the
tolerance for acid soils, an important motivation for the farmers
to grow pineapple are the relative high prices for the fruit in
relation to other fruits. For sustainable land use the farmer has
investment in labour and inputs. With an analysis of the costs and
assets, the profitability for the different farmers can be
calculated. The outflow of nutrients however has to be compensated
which requires further investments in fertilizers.

First the profit for the pineapple cultivation practiced in the
Atlantic Zone is calculated. After that an estimation is made of
the profitability in case the outflow of nutrients by removing crop
residues and fruits is compensated for fertilizer application.

6.2 Costs

The costs of the cultivation of pineapple can be divided into four
groups. These four groups are split up in sub-groups. The following
costs can be distinguished:
1) Labour;
-) field preparation,
-) cure of planting material,
-) planting,
-) applications of fertilizers, herbicides,
pesticides, insecticides and hormones,
-) weeding, :
-) harvesting,
-) the same work as mentioned above, done by day-
labourers.

2) Materials;
-) planting material,
-) chemicals for field preparation,
-) fertilizers, herbicides, pesticides, insecticides
and hormones,
-) tractor use.

3) Others;
-) transport of the fruits,
-) transport of planting material,
-) transport of materials.

4) Unforeseen expenses and interest (10%).

23



The costs for labour are calculated with the opportunity costs. For
the opportunity costs a value of $ 1.50 per hour is used
(VILLALOBOS,1990) . The costs of day-labourers are different for the
farmers. A summary of the different costs in dollars is represented
in Table 6.1a-c.

The costs per cycle, per cultivation, per hectare per cultivation
and the costs per hectare per year are calculated. The mean costs
per hectare per year are about 1500 dollars. This is for the first
cycle. The crop in the second cycle is planted with planting
material from the first cycle which means lower costs. The number
of hours for field preparation for the second cycle is lower than
for the first so the total costs.for the second cycle are lower.

The first crop implicates most of the inputs. For the ratoon crop
Jjust a small amount of inputs are applied. Most farmers leave the
crop on the field without very much attention.

A big problem is the investment to be made at the start of the
cultivation of pineapple. This is the main reason that just small
areas are under cultivation.

6.3 Assets

The assets for pineapple cultivation consists of the sale of fruits
and planting material. Because the prices of the fruits fluctuate
throughout the year, the time of harvesting is important for the
income of the farmer. In Chapter 4 the fluctuation of prices is
discussed. For the ratoon crop the assets are lower than for the
first harvest because of the lower prices for the smaller fruits.

6.4 Income

Farmers become income from selling fruits and in some cases from
selling shoots as planting material for other farmers. In Table 6.2
the net and gross income of farmers per cycle per hectare is
represented. The net income for the first cycle and second cycle
differ because of the lower costs for the second one (less
investments).

One of the main reasons for the negative income of some farmers are
the high 1losses by plant rot. The farmers who have a short
cultivation cycle with just one harvest have fruits of better
quality than the farmers with one or more ratoon crops. The prices
for those fruits are higher and so are the assets. The number of
produced fruits is higher when the cultivation-cycle is longer. The
difference between the farmers with a long cultivation-cycle and
those with a cultivation-cycle of 12 months however is small (Fig.
6.1) . Farmers have a long cultivation cycle to lower the average
costs per year. If farmers are able to de higher investments they

can harvest one crop per cycle which gives a higher return on
investments.
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Table 6.1a: Costs in dollars of farmers for different inputs per
hectare.

Costs Costs Costs Costs
fertilizer | herbicide hormone pesticide
use use 7 use use
1 468.6159 7.212 21.1203 10.6311
2 11.3072 72.1205 5.9373 43.7379
3 865.3372 70.8474 0.2741 139.7057
4 367.8811 29.5197 0.8283 0.0
5 19.8562 12.8114 0.0740 0.0
6 29.8846 91.3689 4.9695 18.1283
7 134.6028 11.5124 0.0 0.0
8 92.0848 16.6215 0.0926 36.2566
9 110.4418 11.8078 5.4814 0.0
10 276.2544 7.3800 0.1316 47.8952
11 7.6400 19.4892 0.1100 0.0
‘l, 12 270.7424 43.2723 4.9696 0.0
I 13 32.0574 42.7047 0.5482 0.0629
14 49.8078 101.5210 0.3704 0.0
15 18.8763 33.2428 0.1852 0.0
16 58.9030 21.3524 0.0926 0.0
17 44.1747 286.1492 2.0707 0.0
18 0.0 4.5075 15.8067 0.0
19 9.6391 73.8513 8.9196 0.0
20 12.6666 ,O?Q 79.19§Q _ 0.0




Table 6.1b: Costs in dollars of farmers for different inputs per

hectare. _ _ .
Costs Costs cure Costs
planting planting field
material | material | preparation |

1 3030.5240 1731.4810 17.4086 74.0741(m) |

2 1736.2960 2592.5920 22.4096 20.3041(c)

3 1641.7776 555.5552 0.0 74.0741(m)

4 ? 2130.4940 666.6667 0.0 9.8399(c)

5 | 2662.2220 370.3704 0.0 4.5838(c)

6 1542.2220 444.4444 0.0 48.8450(c)

7 1 1114.0736 829.6296 0.0 37.5108(c)

8 j 1068.1480 555.0000 0.0 36.5858(c)

9 ‘ 1370.3706 370.3704 0.0 4.5838(c)
10 | 814.8146 370.3704 0.0 3.8198(c)
11 ] 1896.9602 251.8518 30.8182 3.8198(c)
12 | 957.5925 1111.1110 0.0 0.0
13 3394.0735 21.2963 0.0 22.2222(m)
14 1 1481.4820 296.2962 0.0 8.6032(c)
15 | 776.2962 488.8889 0.0 16.2817(c)
16 865.1852 555.5556 0.0 17.3311(c)
17 1 1118.6480 185.1852 17.9607 65.1267(c) "
18 § 2250.3700 833.3333 0.0 0.7640(c)
19 3 1643.7033 414.8148 0.0 5.7355(c)

| 2120.0000 W35§,5§§§»ﬂ» 0.0 7.6398(c)




Table 6.10: Total costs in dollars of cultivation of pineapple for

different farmers.

Farmer | # # costs costs costs costs
number months | har- of per per per
+ per vests | cycle cultiva- | hectare hectare
# Ha cycle per tion per
cycle year

— | — 2 AL I D TR R b
1/1.0 30 3 5361.06 | 1787.02 5361.06 2144.42
2/0.75 12 1 3378.53 | 3378.53 4504.71 4504.71
3/2.5 12 1 8368.93 | 8368.93 3347.57 3347.57
4/1.0 18 1 3205.23 | 3205.23 3205.23 2136.82
5/0.5 26 2 1534.96 767.48 3069.92 1416.89
6/1.0 36 3 2179.86 726.62 2179.86 726.62
7/0.25 18 2 531.83 265.92 2127.33 1418.22
8/1.0 24 2 1804.79 902.40 1804.79 902.40
9/0.5 15 1 936.53 936.53 1873.06 1498.44
10/0.5 \ 14 1 760.34 760.34 1520.67 1303.43
11/5.0 36 3 11053.44 | 3684.48 2510.69 736.90
12/1.0 24 2 2387.69 | 1193.84 2387.69 1193.84
13/2.0 48 4 7025.93 | 1756.48 3512.97 878.24
14/0.5 22 2 969.04 484.13 1938.08 1057.13
15/1.0 14 1 1333.77 | 1333.77 1333.77 1143.23
16/1.0 14 1 1518.42 | 1518.42 1518.42 1301.50
17/2.0 36 2 3438.63 | 1719.32 1719.32 573.11
18/1.0 26 2 2688.12 | 1344.06 2688.12 1240.67
19/1.5 24 2 3235.00 | 1617.50 2156.66 1078.33
20/0.5 A 24 7 2 1248.05 624.01 2496.06 7}248.034
mA 23.65 1.9 7 382.09 '35. 78.7 al .6




Table 6.2: Net and gross income of farmers for the first and the
second cycle on the same tiold,r;pwdpllarp per hectare.

. e ——
Income Income- | Income- Income Income- | Income 1
out of costs, costs, out of costs, -costs |
fruits first second | fruits | first second |

J tshoots | cycle |cycle ] _ | +shoots |cycle |cycle |

1 6774 1413 3144 3402 1192 1444 |

2 11644 7140 9732 j 3703 1316 2427 &

3 7318 3971 4527 L 1426 -886 -674 |
4 2543 338 1004 1939 1941 2309
5 6272 2201 2572 ! 4282 2948 3437
6 3271 1091 1535 4527 3009 3564
7 6969 4841 5671 I 2202 -678 =307
8 3370 1566 2121 ! 3246 5 422
I 9 4753 2880 3251 ! 6809 2383 2798

10 2968 1447 1817 ,i 2289 2023__ 2437 I

The returns of investments are represented in figures 6.2a-c.

By increasing investments the gross return increases as well.
Important however is the development of the net return of
investments. The net return of investments increases with
increasing costs. In figure 6.2c the net income is calculated when
the prices for fruits decrease with 20%. The net income of some
more farmers fall below zero and for other farmers the profits are
much lower.

For most of the small farmers the high prices for pineapple are
very important to produce a paying crop. Important here is the time
of harvesting because prices are lower in the first five months of
the year (see characterization of the supply, Chapter 4.5).

6.5 Estimation of profits by compensation nutrient outflow

If farmers apply the amount of nutrients to compensate the lack of
nutrients that is removed from the field with crop residues and
other outputs, the profits get lower. The mean income for one
hectare per cycle is $ 2000 and for the second cycle $ 2600. The
negative flows of N and K are 86 and 166 Kg per hectare per year
respectively. They can be compensated by applications of
fertilizers. The mean cost for those applications are $ 100 for N
and $§ 400 for K.
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In this calculation the leaching percentages for N and K are 50%
and 70% respectively.

The costs of total labour for extra fertilizer applications are
323%$1.5= $478. The transport of extra fertilizers takes about $60
per hectare per year.

An average extra investment of about 1000 dollars has to be done
which lowers the mean income for the first cycle to $ 1000 and for
the second cycle to $ 1600. When the prices for the fruits fall
with 20% the mean income for the farmers is about $1430. The extra
investment will almost annul this profit.

The outflow of nutrients from the field can not just be compensated
with fertilizer applications. Leaving crop residues to increase the
content of organic matter is very important too.



Chapter 7 Conclusions

Some of the reasons for cultivating pineapple are the high prices
for the fruits, the low fertility requirements ,tolerance for acid
soils and pineapple has the name to be a very easy crop to
cultivate. A growing number of farmers invest in a pineapple
cultivation. Different problems (can) arise;

*

The growth in the export market is decreasing. The production
can therefore exceed the demand. This can cause lower prices
for the fruits.

Exhaustion of the soil takes place because of intensive land
use and losses of Nitrogen and Potassium. Big nutrient losses
are caused by transporting crop residues and fruits from the
field.

High losses occur when pineapple is cultivated on badly
drained soils, due to plant-rot.

The harvests of most farmers coincide because most plant their
crop at the start of the rainy season. The high supply in
this period lowers the prices.

By changing the plant date and using hormones in the right
period, the time of harvest can be manipulated and in this
way the supply can be adjusted to the demand.

The price for the fruits often is determined by the middlemen
that have a dominant position as buyer of fruits from small
farmers. Benefits of middlemen are diminishing risks and
transport costs and less problems with time constraints and
limited volume.

The response to P fertilization is sometimes low, due to
inefficient fertilizer applications.

Because of the high costs for inputs, a lot of farmers have a
long cultivation cycle to lower the average costs per year.
Harvesting one crop per cycle gives a higher return on
investments. Most of the farmers however are not able to do
those investments.

These developments can cause lower profits than farmers expect and

make the cultivation of pineapple more complicated then they
thought it would be.

27



APPENDIX |
TOTAL AMOUNT LEAVING THE FIELD ( FRUITS AND PLANT-RESIDUES ):
(per hectare) FIRST HARVEST: SECOND HARVEST:
Farser Nuaber ofNusber ofNuaber ofNuaber ofNuaber of Farser  Nusber ofNusber ofNusber ofNusber ofNusber of
nusber: fruits: leaves: crowns: stess: shoots: nusber: fruits: leaves: crowns: stess: shoots:

]

1 34000 0 34000 0 100000 ' I 23250 0 23250 0 0
2 40825 50000 40825 40825 73000 H 2

3 27000 30000 27000 27000 292500 : 3

4 12000 30000 12000 12000 105000 : 4

3 14500 0 14300 0 0 , 3 36873 50000 36875 36875 123000
6 24310 0 24310 0 0 : 6 15250 0 15250 0 0
7 22840 0 22840 0 0 : 7 19480 22680 19480 19480 73710
8 12620 0 12620 0 0 ‘ 8 5920 12500 5920 5920 12500
9 12300 20000 12300 12300 50000 H 9
10 12140 20000 12140 12140 45000 i 10
1 13150 0 13130 0 0 H i1 25130 0 25150 0 0
12 16400 0 16400 0 0 H 12 25400 45000 25400 25400 123750
13 1110 0 1110 0 0 A 13 3150 0 3150 0 0
1 12300 0 12300 0 0 H 14 8850 25000 8850 8850 23000
15 15300 22000 15300 15300 77000 ] 15

16 16250 25000 16250 16250 62500 i 16

17 8173 0 6173 0 0 : 17 4225 15000 4225 4223 75000
18 14250 0 14250 0 0 ‘ 18 20727 35000 20727 20727 354900
19 19165 0 19163 0 0 i 19 27316 39200 27316 27316 387296
20 10700 0 10700 0 0 : 20 13440 19200 13440 13440 163696

THIRD HARVEST: FOURTH HARVEST:

Farser Nuaber ofNuaber ofNusber ofNusber ofNusber of
nuaber: fruits: leaves: crowns: stess: shoots:

Farser  Nuaber ofNusber ofNusber ofNuaber ofNusber of
nuaber: fruits: leaves: crowns: stess: shoots:

1 16200 23800 16200 16200 83300 H 1
2 . 2
3 : 3
4 : 4
y - i 3
6 10500 15500 10500 10500 96875 . 6
) . 7
8 ' 8
9 : 9
10 : 10
11 20800 34000 20800 20800 68000 H 11
12 : 12
13 1130 0 1150 0 0 : 13 700 16650 700 700 239094
14 b 14
4] ] 15
16 ‘ 16
17 H 17
18 : 18
19 H 19
20 ‘ 20



APPENDIX |

TOTAL AMOUNT OF NUTRIENTS LEAVING THE FIELD WITH FRUITS AND PLANT-RESIDUES

Farser
nuaber

(in grasses) FIRST HARVEST:

t N P K Ca Mg S Fe Cu In Hn

1 B84496.7 16641.97 133608.4 17023.79 14625.48 12363.72 801.2945 452,4383 757.57681 5936.385
2 222144.6 30797.38 626209.9 73493.44 48260.67 36365.57 4075,284 590.3168 1360.343 15443.03
3 477239.3 31839.72 526638.2 237023.7 109496.4 59240.11 5250.441 828.7415 1125.294 22915.01
4 154269 13389.59 195874.9 B88668.76 34120.15 23251.72 7680,237 563.1089 398.2229 6971.737
3 20129.13 2593.673 46334.56 3991.227 2916.284 1517.86 365.7426 284,761 190.1402 354.9897
6 30540.36 3999.27 69573.98 8314.603 6312.213 2350.266 B876.0634 294.9039 387.8792 1054.998
7 41327.45 6243.245 71598.72 22544.99 9047.335 11484.84 3345.083 290,4248 550,0868 962,1252
8 12276.08 1366.759 34226.34 3311.892 2732.482 657.237 375.8271 90.48502 85.36584 550.4104
9 1735013 7348.181 273491.6 43978.48 26593.9 12688.49 2725.684 268.633 238.4779 5705.528
10 50533.32 7040,01 128904.1 16882.08 14960.57 5873.193 4909.628 286.5692 326.2643 2569.215
11 24043.18 3237.991 48575.88 4220.834 3518.19 1129.256 355.4818 242.0012 124.4291 416.3585
12 13963.09 2180.003 47624.01 3848.211 4252.372 3279.623 632.2892 247.0175 113.8065 210.7162
13 1845.775 170.1586 4353.618 692.1488 406.7212 312,596 11.59952 19.77532 12.50872 32.09165
14 16292.11 2187.936 27380.37 1923.622 2855.328 770.6442 196.7068 82.96362 243.338 424.4333
13 126291.7 14712.81 179900.8 73333.49 52600.39 22157.21 23152,17 641.7616 977.1647 10341.77
16 80947.44 9937,355 171762.5 42758.26 18290.03 13218.31 16506.98 248.177 297.8511 6621.96
17 11116.91 1650.806 17263.54 1528.911 1088.331 1144.843 139,3728 93.04095 101.0324 289.9408
18 20917.79 2486.896 54563.32 4308.773 3373.83 1503.589 330.3407 172,7485 192.2532 494,356
19 23608.75 2197.095 61396.3 6381.792 4333.321 2149.278 710.6211 176.7072 190.8926  1462.2
20 17814.76 1074.505 30105.96 8310.412 4280.198 3241.415 951.7629 118.9024 103.4491 853.7584

TOTAL AMOUNT OF NUTRIENTS LEAVING THE FIELD WITH FRUITS AND PLANT-RESIDUES
(in grasses) SECOND HARVEST:

Farser

nusber: N P K Ca Mg S Fe Cu In Kn
1 38328.79 8197.106 85718.8 6514.366 6818.185 4741,028 401.1695 282.8761 475.6089 2803.899
2 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0 0
5 274897 38078.77 485262.1 166383 72412.65 66119.3 8436.165 1028.611 1007.217 6405.741
6 19158.39 3763.426 43644.72 5215.866 3939.739 1474.355 549.5667 184.9973 243.322 661.8144
7T 149012 16356.64 198077.2 49645.73 25504.72 45039.74 4059.569 445.052 835.9421 4821.231
0 48616.98 3689.358 106375.5 18689.71 14127.66 7722.936 13965.33 185.0094 188.7644 2832.487
9 0 0 0 0 0 0 0 9 0 0
10 0 0 0 0 0 0 0 0 0 0

11 43983.73 6231.063 92903.67 8072.546 6728.706 2159.756 679.8759 462,8387 237.9766 796.3053
12 169375.5 27240.27 389381.6 74205.32 56977.19 31243.97 5482.776 579.5462 656.7095 1765.356
13 5238.009 482.8824 12354.86 1964.206 1154.209 887.0967 32.91756 56.11914 35.49773 91.07091
14 71966.38 7118.301 133130.4 23738.94 19007.43 7440.136 801.6235 94.53803 292.1343 1729.442
13 0 0 0 0 0 0 0 0 0 0
16 0 0 0 0 0 0 0 0 0 0
17 91468.26 6374.638 52445.29 26997.56 8862,238 13543.83 2904.554 151.7242 142.1543 3942.013
18 335118.9 26655.22 633841.3 116402.6 70334.43 50623.6 4845,538 442,9298 882.1784 10764.01
19 332249.7 38373.96 631983.4 133517.8 66868.38 134859.7 14394.78 652.3536 1538.926 12076.17
20 153498.6 14764.47 288700.2 82282.97 29952.73 22610.66 1923.563 317.486 388.566 9286.175



APPENDIX |

TOTAL AMOUNT OF NUTRIENTS LEAVING THE FIELD WITH FRUITS AND PLANT-RESIDUES

(in grasaes) THIRD HARVEST:

Farser
nusber: N P K Ca g S Fe Cu In L]
i 196267.9 23971.89 188653.3 75321.89 47551.3 33334.91 6045.7465 418.8054 902.5909 15623.93
2 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0 0
L] 0 0 0 0 0 0 0 0 0 0
] o0 0 0 0 0 0 0 0 0 0
6 132897.6 9944.906 120930.3 55886.5 25416.75 21080.21 20525.93 273.1942 386.4158 3245.044
7 0 0 0 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0 0 0 0
9 0 0 0 0 0 0 0 0 0 0
10 0 0 0 0 0 0 0 0 0 0
11 244724.1 21815.86 269890.7 236832.1 121604.1 53732.02 13227.25 763.4927 348.7051 10849.76
12 0 0 0 0 0 0 0 0 0 0
13 1912.289 176.2904 4510.505 717.0911 421.3778 323.8607 12.01752 20.48794 12,93949 33.24811
14 0 0 0 0 0 0 0 0 0 0
15 0 0 0 0 0 0 0 9 0 0
16 0 0 0 0 0 0 0 0 0 0
17 0 0 0 0 0 0 0 0 0 0
18 0 0 0 0 0 0 0 0 0 0
19 0 0 0 9 0 0 0 0 0 0
20 0 0 0 0 0 0 0 0 0 0
TOTAL AMOUNT OF NUTRIENTS LEAVING THE FIELD WITH FRUITS AND PLANT-RESIDUES
(in grasses) FOURTH HARVEST:
Farser
nusber: N P K Ca L] S Fe Cu In Hn
1 0 0 0 0 - 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0 0 0
7 0 0 0 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0 0 0 0
9 0 0 0 0 0 0 0 0 0 0
10 0 0 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0 0 0
12 0 0 0 0 0 0 0 0 0 0
13 185721.1 19749.59 269873.3 70330.02 29826.35 21014.48 1293.576 214.9938 244.0805 4833.449
14 0 0 0 0 0 0 0 0 0 0
15 0 0 0 0 0 0 0 0 0 0
16 0 0 0 0 0 0 0 0 0 0
17 0 0 0 0 0 0 0 0 0 0
18 0 0 0 0 0 0 0 0 0 0
19 0 0 0 0 0 0 0 0 0 0
20 0 0 0 0 0 0 0 0 0 0



APPENDIX 1

TOTAL AMOUNT OF NUTRIENTS LEAVING THE FIELD WITH FRUITS AND PLANT-RESIDUES

Farser
nusber:

GO ~N O N o= N

~o

10
1
12
13
14
13
16
17
18
19
20

(in grasses) TOTAL AMOUNT:
sonths in
cult.cycl N P K Ca Mg S Fe Cu In Mn

30 319093.4 48810.97 429980.5 98862.04 68994.97 50439.65 7248.229 1154.14 2135.778 24364.24
12 222144.6 30797.58 626209.9 73493.44 48260.67 36365.57 4075.284 590.3168 1360.343 15443,03
12 477239.3 31839.72 526638.2 237023.7 109496.4 59240.11 5250.441 828.7415 1125.294 22915.01
18 154269 13389.59 195874.9 88668.76 34120.15 23251.72 7680.237 563.1089 398,2229 6971.737
26 295026.1 40672.44 531596.6 170374.2 75528.93 67637.16 8801.908 1313.372 1197,357 760,731
36 202396.3 19707.6 234149 69416.97 356688.7 24904.83 21951.56 733.0953 1017.617 4961.856
18 190339.3 22599.88 2696735.9 72190.72 34552.05 56524.58 7404.652 735.4767 1386.029 5783.356
24 61093.06 5056.117 140601.9 22001.6 14860.14 8380.173 14341.15 275.4944 274,1303 3382.897
13 173501.5 7348.181 273491.6 43978.48 26593.9 12688.49 2725.684 268.633 238.4779 5705.528
14 50533.32 7040.01 128904.1 168682.08 14960.57 5873.193 4909.628 286.5692 326.2643 2569.213
36 314751 31304.91 411370.3 249125.5 131851 57021.03 14262.61 1468.333 711.1108 12062.42
24 183340.6 29420.27 437005.6 78053.53 61229.56 34523.6 6115.065 826.5636 770.516 1976.073
48 194717.2 20578.92 291092.3 73703.46 31808.66 22538.04 1350.111 311,3762 305.0464 4989.88
22 88238.5 9306.237 162510.8 25682.56 21862.75 8210.781 998.3302 177.5017 535.4724 2153.875
14 126291.7 14712.81 179900.8 73333.49 52600.39 22157.21 23152.17 641.7616 977.1647 10341.77
14 80947.44 9937.333 171762.5 42758.26 18290.03 13218.31 16506.98 248.177 297.8511 6621.96
36 102585.2 8023.444 69708.83 28526.48 9950.569 14688.68 043,927 244.7651 243.1866 4231.954
26 336036.7 29142.12 688404.6 120711.4 73708.26 62127.19 5175.879 615.6783 1074.432 11258.36
24 355838.5 40571.05 713379.7 139899.6 73201.7 137009 15105.4 829.0608 1729.819 13538.37
24 173313.4 13838.97 318806.2 90593.38 34232.93 25852.07 2875.326 436.3883 492.0151 10139.93

TOTAL AMOUNT OF NUTRIENTS LEAVING THE FIELD WITH FRUITS AND PLANT-RESIDUES

(in grasses) TOTAL AMOUNT PER YEAR:

Farser sonths in
nusber: cult.cycl N P K Ca Mg ) Fe Cu In in
1 30 127637.4 19524.39 171992.2 39544.82 27597.99 20175.86 2899.292 4561.6559 854.3111 9745.4694
2 12 222144.6 30797.58 626209.9 73493.44 48260.67 36365.57 4075.284 590.3168 1360.343 15443,03
3 12 477259.3 31839.72 526638.2 237023.7 109496.4 59240.11 5250.441 828.7415 1125.294 22915.01
4 18 102846 8926.396 130583.3 59112.5 22746.76 13501.14 5120.158 375.406 265.482 4647.825
] 26 136165.9 18771.9 245352.3 78634.24 34859.51 31217.15 4062.419 606.1719 552.6265 3120.337
[} 36 67332.11  6569.2 78049.65 23138.99 11896.23 8301.611 7317.186 251.0318 339.2057 1653.952
7 18 126893 15066.59 179783.9 48127.15 23034.7 37683.05 4936.435 490.3178 924.0193 3855.571
8 24 30546.53 2528.058 70300.93 11000.8 8430.071 4190.086 7170.577 137.7472 137.0651 1691.449
9 15 138801.2 5878.545 218793.3 35182.79 21275.12 10150.79 2180.548 214.9064 190.7823 4564.423
10 14 43314.28 6034.294 110489.2 14470,35 12823.35 5034.166 4208.253 245.6307 279.6551 2202.184
11 36 104917 10434.97 137123.4 83041.84 43950.33 19007.01 4754.203 489.4442 237.0369 4020.806
12 24 92670.20 14710.14 218502.8 39026.77 30614.78 17261.8 3057.532 413.2818 385.258 988.0343
13 48 48679.29 5144.731 72773.08 18425.87 7952.164 5634.509 337.5277 77.84406 76.26161 1247.47
14 22 48141 5076.129 8B642.25 14008.67 11925.14 4478.608 544,5438 96.81908 292.0758 1174.841
15 14 108250 12610.98 154200.7 62857.28 45086.05 18991.9 19844.71 550.0814 B837.5698 8864.372
16 14 69383.52 8517.733 147225 36649.93 15677.16 11329.98 14148.84 212,7231 255.301 5675.965
1 36 34195.06 2675.148 23236.28 9508.825 3316.856 4896.225 1014.642 81.58838 81.06222 1410.451
18 26 164324.6 13450.21 317725.2 55712.96 34019.2 28674.09 2388.867 284.1592 495.8915 5196.167
19 24 177929.2 20283.53 336689.9 79949.81 36600.85 68504.51 7552.699 414.5304 864.9094 6769.184
20 24 B86656.68 7919.487 159403.1 45296.69 17116.47 12926.04 1437663 218.1942 246.0075 5069.947



APPENDIX 2
TOTAL AMOUNT ON THE FIELD ( FRUITS AND PLANT-RESIDUES ):
(per hectare) AFTER FIRST HARVEST: - AFTER SECOND HARVEST:
Farser  Nusber ofNuaber ofNusber ofNuaber ofNusber of Farser  Nusber ofNusber ofNusber ofNuaber ofNusber of
wsber: fruits: leaves: crowns: stess: shoots: nuaber: fruits: leaves: crowns: stess: shoots:

1500 42500 500 34500 19500 1 340 29250 340 23590 78575
2 0 0 0 0 o 2

3 0 0 0 0 o 3

4 0 0 0 0 o 4

5 1750 25000 1750 16250 12500 ! 5 0 0 0 0 0
6 190 30000 190 24500 165000 ! 6 250 2250 250 15500 125125
7 1500 28000 1500 24340 68320 ! 7 0 0 0 0 0
B 625 25000 625 1345 12500 ! 8 0 0 0 0 0
9 0 0 0 0 o 9

10 0 0 0 0 0 10

1 30 17000 310 13460 o 11 650 34000 650 25800 38000
12 600 30000 600 17000 37500 ¢ 12 0 0 0 0 0
13 370 23000 370 1480 107900 | 13 1200 6350 1200 4350 19862.5
1 450 20000 450 12750 0 1" 0 0 0 0 0
15 0 0 0 0 o 15 0 0

16 0 0 0 0 o 16 0 0

1735 10000 375 6550 35000 17 0 0 0 0 0
18 750 25000 750 15000 83750 ! 18 0 0 0 0 0
19 435 28000 435 19600 107800 ! 19 0 0 0 0 0
20 500 16000 500 11200 o 2 0 0 0 0 0

AFTER THIRD HARVEST: TOTAL IN CULTIVATION-CYCLE:

Farser  Nusber ofNuaber ofNusber ofNusber ofNusber of
waber: fruits: leaves: crowns: stess: shoots:

Farser Nusber ofNusber ocfNuaber ofNuaber ofNusber of
nusber: fruits: leaves: crowns: stess: shoots:

{ ] 1 840 71750 840 58090 98075
2 ' 2 0 0 0 0 0
3 : 3 0 0 0 0 0
4 ] L 0 0 0 0 0
b : J 1750 25000 1750 16250 12500
[ : 6 440 52500 440 40000 290125
7 H 7 1500 28000 1500 24340 68320
8 : 8 623 25000 625 13245 12500
9 ‘ 9 0 0 0 0 0
10 : 10 0 0 0 0 0
1 300 16650 500 1650 33300 1 i 1460 676350 1460 40910 71300
12 : 12 600 30000 600 17000 37500
3 ' 13 1570 29350 1570 5830 127762.5
14 : 14 450 20000 430 12750 0
15 : 15 0 0 0 0 0
16 : 16 0 0 0 0 0
17 . 17 375 10000 373 6330 35000
18 H 18 750 25000 750 13000 83750
19 : 19 435 28000 435 19600 107800
2 . 20 500 16000 300 11200 0



TOTAL
Fareer
nuaber

TOTAL
Fareer
nuaber

APPENDIX 2

AMOUNT OF NUTRIENTS LEFT ON THE FIELD WITH FRUITS AND PLANT-RESIDUES
{in grasees) AFTER FIRST HARVEST:
!
| P K Ca Mg S Fe Cu In L

1 273627.9 27874.98 196769.6 125218.6 72428.35 49340.26 10402.45 367.0729 994.2982 22534.36
2 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0 0

5 103677.9 14335.01 171143.1 72523.46 30634.51 29214 3491.601 172.4487 264.3852 2670.001
6 278917.7 14865.33 175795.3 109116.3 45603.55 43167.52 45466.68 311.7329 458.9732 5523.801
7 140181.7 13569.43 169212.8 38013.63 22160.18 43794.45 1688.074 260.2689 483.9513 4903.236
8 90166.58 6426.997 190232.2 35587.35 26696.6 16068.93 30158.49 303.2521 313.8635 5209.976
9 0 0 0 0 0 0 0 0 0 0
10 0 0 0 0 0 0 0 0 0 0
11 104238.6 8026.884 94147.47 118807.4 38669.61 28520.92 6585.966 196.0618 78.73508 5062.493
12 93263.36 15411.61 203910.7 43766.73 32660.67 17079.88 2972.549 135.7618 321.7125 9335.4973
13 217737.6 23418.78 293696.1 84182.62 34499.04 24840.87 1161.47 223.3971 265.0978 5641.157
14 50033.86 4707.726 101024.6 18894.07 14139.72 6177.33 595.7493 34.18281 113.5126 1147.439
13 0 0 0 0 0 0 0 0 0 0
16 0 0 0 0 0 0 0 0 0 0
17 38221.94 3542.768 30149.57 20283.43 6173.104 11618.82 2167.865 66.20316 64.53704 2511.232
18 200343.2 14229.94 366041.7 75684.88 45150.67 39933.31 3023.043 134.5428 423.9624 7020.135
19 189574.7 22246.8 372097 93838.31 41414.94 90881.82 9272.672 256.9777 819.6979 5761.7435
20 103370.9 10633.4 188670.7 35611.37 18416.32 14647.49 574.9418 107.5371 203.673 6477.184

ANOUNT OF NUTRIENTS LEFT ON THE FIELD WITH FRUITS AND PLANT-RESIDUES

(in gramees) AFTER SECOND HARVEST:
N P K Ca Ng S Fe Cu In o
1 206439 22145.1 154410.5 90827.8 52791.64 37422.4 7287.4 274.1597 717.9809 16677.38
2 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 ] 0 0
4 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0 0
6 200470.2 10433.26 128183.1 75803.71 32678.42 29193.02 29550.56 211,7655 316.8762 3996.883
7 0 0 0 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0 0 0 0
9 0 0 0 0 0 0 0 0 0 0
10 0 0 0 0 0 0 0 0 0 0
11 211738.1 16741.68 192973.4 238335.1 117928.4 36733 13168.14 391.1781 159.0234 10192.94
12 0 0 0 0 0 0 0 0 0 0
13 65815.73 6866.899 98460.59 27128.13 11233.78 7991.276 426.0889 69.44272 88.7506 1792.807
14 0 0 0 0 0 0 0 0 0 0
15 0 0 0 0 0 0 0 0 0 0
16 0 0 0 0 0 0 0 0 0 0
17 0 0 0 0 0 0 0 0 0 0
18 0 0 0 0 0 0 0 0 0 0
19 0 0 0 0 0 0 0 0 0 0
20 0 0 0 0 0 0 0 0 0 0

e em mE e m m e em EmE e ® m. *® m. m" e B m= m. m= A" me " m- .- -

e e mE mm A am e M~ me e. cm e~ " B" > G® A" m. m= mm A" m- A= a-



APPENDIX 2
TIAL ANOUNT OF NUTRIENTS LEFT ON THE FIELD WITH FRUITS AND PLANT-RESIDUES
fser  (in grasaes) AFTER THIRD HARVEST:

mber: '
N P X Ca Ny S Fe Cu In Hn '
1 0 0 0 0 0 0 0 0 0 0 :
2 0 0 0 0 0 0 0 0 0 0 H
3 0 0 0 0 0 0 0 0 0 0 H
4 0 0 0 0 0 0 0 0 0 0 .
] 0 0 0 0 0 0 0 0 0 0 ‘
[ 0 0 0 0 0 0 0 0 0 0 H
7 0 0 0 0 0 0 0 0 0 0 :
8 0 0 0 0 0 0 0 0 0 0 H
9 0 0 0 0 0 0 0 0 0 0 :
10 0 0 0 0 0 0 0 0 0 0 '
11 86801.21 7077.719 90013.35 95125.23 52135.26 16178.47 5206.116 168.0729 58.43975 4892.813 '
12 0 0 0 0 0 0 0 0 0 0 '
13 0 0 0 0 0 0 0 0 0 0 :
14 0 0 0 0 0 0 0 0 0 0 :
13 0 0 0 0 0 0 0 0 0 0 .
16 0 0 0 0 0 0 0 0 0 0 :
17 0 0 0 0 0 0 0 0 0 0 :
18 0 0 0 0 0 0 0 0 0 0 :
19 0 0 0 0 0 0 0 0 0 0 ‘
20 0 0 0 0 0 0 0 0 0 0 :
TOTAL AMOUNT OF NUTRIENTS LEFT ON THE FIELD WITH FRUITS AND PLANT-RESIDUES sonths in
Farser  (in grasees) TOTAL AMOUNT: . cult.cycl
xsber
N P K Ca Mg S Fe Cu In tn
1 480086.9 50020.09 351180.1 216046.4 125220 86762.65 17689.85 641.2327 1712.279 39211.74 30
2 0 0 0 0 0 0 0 0 0 0 12
3 0 0 0 0 0 0 0 0 0 0 12
4 0 0 0 0 0 0 0 0 0 0 18
9 103677.9 14335.01 171843.1 72525.46 30634.51 29214 3491.601 172.4487 264.3852 2670.001 26
6 479387.9 23298.6 303978.5 184920 78281,96 72360.54 75017.24 523.4984 775,8494 9520.684 36
7 140181.7 13569.43 169212.8 38013.63 22160.18 43794.45 1688.074 260,2689 483.9513 4903.236 18
8 90165.58 6426.997 190232.2 35587.35 26696.6 16068.93 30158.49 303.2521 313.86355 5209.976 yl]
9 0 0 0 0 0 0 0 0 0 0 13
10 0 0 0 0 0 0 0 0 0 0 14
11 402778 31846.29 377134.5 452267.8 228733.3 101432.4 24960.22 755.3128 296.1982 20148.24 36
12 93263.36 13411.61 205910.7 43766.75 32660.67 17079.88 2972.549 135.7818 321.7125 935.4973 24
13 283533.3 30285.68 392156.6 111310.7 45732.81 32832.15 1587.559 293.0399 353.8484 7433.964 48
14 30033.86 4707.726 101024.6 18894.07 14139.72 6177.33 595.7493 34.18281 113.5126 1147.439 22
15 0 0 0 0 0 9 0 0 0 0 14
16 0 0 0 0 0 0 -0 0 0 0 14
17 38221.94 3342.768 30149.57 20285.43 6175.104 11618.82 2167.865 66.20316 64.53704 2511.232 36
18 200343.2 14229.94 366041.7 75684.88 45150.67 39953.31 3023.043 134.5428 423.9624 7020.135 26
19 189374.7 22246.8 372097 93858.31 41414.94 90881.82 9272.672 256.9777 819.4979 5761.745 pl]

20 105570.9 10633.4 188670.7 $5611.37 18416.32 14647.49 574.9418 107.5371 203.473 6477.184 29



Dependent varijables:
1) Prod. fruits
2) Prod. fr. sold
3) Prod. Kg fruits
4) Prod. fr. sold
Independent varjables:
1) N-app. on leave
2) N-app. soil
3) Total N-app.
4) Total P-app.
5) Total K-app.
6) Pesticide use
7) Hormone use
8) Herbic.
9) PH
10) % O.M.
11) K-exch.
12) Duration
13) Labour hours
14) Density
15) Podrido
16) N-left
17) P-left
18) K-left

APPENDIX 3

Amount of fruits produced per hectare per
cycle.

Amount of fruits sold per hectare per
cycle.

Total production of fruits, in Kg per
hectare. per cycle.

Kg fruits sold per hectare per cycle.

Fertilizer N application on leaves, in Kg
per hectare per cycle.

Fertilizer N application to soil, in Kg
per hectare per cycle.

Total fertilizer N application, in Kg per
hectare per cycle.

Total fertilizer P application, in Kg per
hectare per cycle.

Total fertilizer K application, in Kg per
hectare per cycle.

The use of pesticides, in $ per cycle.
The use of hormone, in $ per cycle.

The use of herbicide, in $ per cycle.
The pH-value of the soil.

The organic matter content of the soil
(%) .

The exchangeable K of the soil in
meq/100g.

The duration of the cycle in months.

The amount of labour, in hours per cycle.
The plant density, in plants per hectare.
The total losses by putrid, in plants per
hectare per cycle.

The total amount of N left on the field
with crop residues, in Kg per hectare per
cycle.

The total amount of P left on the field
with crop residues, in Kg per hectare per
cycle.

The total amount of K left on the field
with crop residues, in Kg per hectare per
cycle.



APPENDIX 3
STATISTICAL ANALYSIS

Dependent variables: iIndependent variables:
pred.  prod.  prod. Kg prod. Kg ;N-app.. N-app. total  total  total pesticide horacne herbicide
Fareer fruits fr, sold fruits fr. sold (on leave soil N-app. P-app. K-app. use use use

nuaber: /ha.,yr. /ha.,yr. /ha.,yr. /ha.,yr. iKg/ha,cyKg/ha,cy Kg/ha,cy Kg/ha,cy Kg/ha,cy $/cycle $/cycle $/cycle
1 74290 71450 141151 135755 T 0.4 540.6  541.2  128.7 42.8 10.6 21.12 1.2

40825 39300 38114 33944 | 0.9 9 0.9 0.4 0.6 43.7 3.94 72.4
3 27000 26000 51165 49270 | 0 B92.4 B892.4 2664 88.8  139.7 0.27 70.8
4 12000 10000 21420 17830 | 0 183.8  183.8 8.2 14.3 0 0.83 29.5
3 53125 48275 80730 73378 | 0 18.2 18.2 18.2 18.2 0 0.07 12.8
] 50500 49060 77518 75307 | 0 46.2 46.2 0 0 18.1 4.97 9.4
7 43820 40320 83039 76406 ; 0 41.4 1.4 1243 41.4 0 0 1.3
8 19165 17500 29092 26563 | 0 28.4 28.4 85.1 28.4 36.3 0.09 16.6
9 12300 11625 19680 18600 | 0 1435 1435 20.4 6.8 0 3.48 1.8
10 12140 11400 16996 15960 | 0 83.1 8.1 28.2 83.1 47.9 0.13 7.4
i 61260 53000 110574 95665 ; 0.6 0 0.6 0.2 0.4 0 0.11 19.5
12 42400 40000 65720 62000 ; 0 21,3 2.3 8.5 14.9 0 4.97 3.3
13 6980 3500 12773 10065 ¢ 1.9 0 1.9 0.8 {3 0.06 0.5 42.7
14 21600 20000 35424 32800 | 0 77.1 17.1 0 0 0 0.37  101.5
15 15300 14400 27138 25560 | 0 16.8 16.8 9 3 0 0.19 33.2
16 16250 15500 24294 23173 | 0 9.1 91.1 0 0 0 0.09 21.4
17 10775 96000 23274 20736 | 0 13.6 13.6 40.8 13.6 0 2.07  28s.4
18 35721 33912 72526 6684l | 0 0 0 0 0 0 15.81 4.5
19 46916 45396 91486 88522\ 0.8 0 0.8 0.3 0.9 0 8.92 713.9
20 24640 23320 29368 27984 § 0.6 0 0.6 0.2 0.4 0 0.2 0

Independent variables:
K-exch. cycle labour plant- loss by N left P left K left

Farser PH % 0.M. #eq/100g duration hours density podrido on field on field on field
nuaber: soil  sonths /cycle pl./ha pl/ha,cy Kg/ha,cy Kg/ha,cy Kg/ha,cy
t 4,17 3.3 0.01 30 2522 42500 14630 192 20 140,5
2 3.92 5.23 0.01 12 1172 50000 917§ 0 0 0
3 4.31 8.74 0.0t 12 1847 - 30000 3000 0 0 0
4 4.26 11.7 0.05 18 1441 30000 18000 0 0 0
5 4,01 8.58 0.02 26 1796 25000 15312 47.9 8.7 79
6 424 11.82 0.0t 36 1041 30000 11500  159.8 8.4 1013
7 3.95 6.08 0.04 18 752 28000 5260 93.5 9 112.8
8 3.89 6.86 0.13 2% 722 25000 150435 45 3.2 93.1
9 3.98  11.08 0.46 15 922 20000 7700 0 0 0
10 3.87 8.47 0.14 14 550 20000 7860 0 0 0
1 4.38  11.54 0.01 36 1643 17000 14665  134.3 0.6 1257
12 4,73 9.83 0.22 24 1236 30000 22800 46,6 1.7 103
13 3.85 10.3 0.07 48 2291 23000 34993 70.9 7.6 98
14 4,03 4.84 0.26 22 1000 20000 8075 21.3 2.6 3%
13 4.14 6.24 0.03 14 24 22000 6700 0 0 0
16 3.95 7.02 0.12 14 384 25000 8750 0 0 0
17 3.93 20.9 0.11 36 893 10000 8838 19.4 1.2 10
18 3.8 3.46 0.02 2 1519 25000 17137 92.5 6.6  168.9
19 3.79 4.68 0.05 24 1110 28000 14342 94.8 11.1 186
20 3.74 1.18 0.27 1] 1430 16000 7680 32.8 5.3 94
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