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Summary


This study aims to account for the water footprint of pineapples and bananas grown
on chosen Dole Food Company farms in Costa Rica and Honduras and handled at the
packing facilities close to the farms. In addition, a cooperative of independent
banana-farm in Honduras from which Dole purchases bananas has been analyzed.



The water footprints were calculated in line with the Methodology of the Water
Footprint Network (WFN), and based on primary data collected during the site visit
held in November 2010. The study was conducted by Soil & More International B.V.
and its representative Nataša Sikirica upon request of Dole.



This study takes into account blue and green water fractions of the water footprint.



This pilot project is done in collaboration with the Water Footprint Network (WFN)
and the report was reviewed by the WFN.

The results


The water footprint occurring during the growing phase of bananas and pineapples is
far bigger than the water footprint caused by the handling phase. The water footprint
of the handling phase accounts only for a small fraction, less than 1% of the total
water footprint.



In Costa Rica, the blue water footprint of both pineapples and bananas is zero due to
the fact that there is no irrigation, but the crops are rain-fed.



The water footprint (blue and green water footprint together) of growing pineapples
is lower than the one occurring when growing bananas.



When comparing the water footprint (blue + green) of organic and conventional
pineapples in Costa Rica, the results show that organic ones have an 18% lower
water footprint due to agricultural practices.



When comparing the water footprint of growing bananas (blue + green water
footprint) of Dole’s banana farm in Honduras - “Guanacaste” - with the one of a
cooperative of independent farms in Honduras, the results show that the water
footprint of bananas from the analyzed independent farms is 9% lower due to higher
yields.



There are some uncertainties related to the data and approaches used in the study
which might influence the results.
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List of abbreviations
FAO

Food and Agriculture Organization of the United Nations

Kc

Crop coefficient

MINAET

Ministerio de Ambiente, Energia y Telecomunicaciones (Ministry of
Environment, Energy and Telecommunications of Costa Rica).

TDR

Time domain reflectometry

WFN

Water Footprint Network
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1. Introduction
This study aims to account for the water footprint of pineapples and bananas grown on
chosen Dole Food Company farms in Costa Rica and Honduras and handled at the packing
facilities close to the farms. Apart from that, a cooperative of independent banana-farms in
Honduras from which Dole purchases bananas has been analyzed.
Dole Food Company was founded in Hawaii in 1851. With revenues of $6.9 billion (2007) it
is the world's largest producer and marketer of high-quality fresh fruit and fresh vegetables.
The Company does business in more than 90 countries and employs on average 36,000 fulltime regular employees and 23,000 full-time seasonal or temporary employees, worldwide1.
In Costa Rica and Honduras, Dole Food Company is one of the biggest banana and
pineapple producers.
This study was conducted by Soil & More International B.V. and its representative Nataša
Sikirica, upon request of Dole Food Company, and in collaboration with the Water Footprint
Network.

1

Source: the official website of the Dole Food Company: http://www.dole.com
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1.1

Project description and objective

This study aims to assess the water footprint of Dole’s bananas and pineapples focused on
the accounting phase of the water footprint assessment and blue and green fractions of the
water footprint. The goal is to compare several systems of growing and handling bananas
and pineapples in Costa Rica and Honduras. Three banana-farms and three pineapple farms
have been analyzed. From those farms, two pineapple farms and one banana farm are in
Costa Rica and two banana farms (one of which belongs to a cooperative of independent
banana-farms) and one pineapple farm are in Honduras.
In addition, all packing facilities where handling of bananas and pineapples takes place have
been analyzed.
Analyzed farms and packing facilities are:
Costa Rica:
 Dole’s pineapple farm “El Muelle” (conventional farm) and packing facility
 Dole’s pineapple farm “EcoPiñas del Arenal” (organic farm) and packing facility
 Dole’s banana farm “Rio Frio” (conventional farm) and 3 packing facilities from
which one is a modern packing facility called “New Millennium Packing Plant".
Honduras:
 Dole’s pineapple farm “Montecristo” (conventional farm) and packing facility
 Dole’s banana farm “Guanacaste” (conventional farm) and packing facility
 A cooperative of independent farms2, (conventional farm) and packing facility
The main difference between the countries is that in Costa Rica bananas and pineapples are
rain-fed crops while the analyzed farms in Honduras use some sort of irrigation.
The analyzed packing facilities where bananas are handled within the Rio Frio Farm in Costa
Rica have three different systems of water usage. Thus, this study aims to show how the
systems differ with regards to the water footprint, focusing on the recently tested process of
the “New Millennium Packing Plant".
In Honduras, a Dole banana-farm is compared with a cooperative of independent bananafarms. The main difference between those two farms is the irrigation method. Although they
both use rotor sprinklers and ‘under tree’ irrigation, Dole’s farm includes usage of TDR and
weather stations and the independent grower uses experience, with the help of climatic data
and soil samples.
The results of this study give an insight on different systems of growing and handling two
assessed crops with regards to their water footprint. However, this assessment is a case
study focusing on chosen farms and systems, meaning that the results refer only to
bananas and pineapples of those analyzed farms and do not give generic numbers for all
pineapples and bananas grown by and for Dole in Honduras and Costa Rica.
This pilot project is done in collaboration with the Water Footprint Network (WFN) and the
report was reviewed by the Water Footprint Network. Thus, this study was conducted
according to the Water Footprint Manual made by Hoekstra et al. and published in 2009 3.

2

“Independent grower” or “independent farm” used further in the report.
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2. Water footprint methodology
2.1

Introduction

The water footprint measures a human demand on freshwater. It is a multi-dimensional
indicator that shows water consumption by source and polluted volumes by type of
pollution. All components of a total water footprint are specified geographically (in place)
and temporally (in time).
In the water footprint terminology, water use or water consumption is measured in terms of
water volumes consumed (evaporated) and/or polluted per unit of time. Consumption refers
to the loss of water from the available ground-surface water body in a catchment area,
which happens when water evaporates, returns to another catchment area or the sea or is
incorporated into a product.
Usually three types of water usage are distinguished:
1. Consumptive use of rainwater stored in soils as soil moisture (green water),
2. Consumptive use of water withdrawn from the groundwater or surface water
(blue water), and
3. Pollution of water (grey water).

The blue water footprint presents the consumption of blue water resources (surface
and ground water) along the supply chain of a product.
The green water footprint presents the consumption of green water resources
(rainwater stored in the soil as soil moisture).
The grey water footprint is defined as the volume of freshwater that is required to
assimilate the load of pollutants based on existing ambient water quality standards.

2.2

Scope and boundaries of the study

A full water footprint assessment consists of four distinct phases:
1. setting goals and scope,
2. water footprint accounting,
3. water footprint sustainability assessment, and
4. water footprint response formulation.
This study focuses on the first two phases of the water footprint assessment; the other two
phases are not included due to time and resource constrains. In order to address the
sustainability of water use and to allow identifying water-related impacts and vulnerabilities
of growing pineapples and bananas and to formulate potential response actions, it is
recommended that further research of the other two phases of the water footprint
assessment is conducted.
3

For the duration of this project, an updated version of the Water Footprint Assessment manual has been
published by the Water Footprint Network in February 2011. However, the water footprint accounting phase of the
methodology, which corresponds to the scope of this study, did not change.
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In this study, two types (fractions) of the water footprint are taken into account:
 The green water footprint
 The blue water footprint
Exclusion
The following sources of water consumption are not included in this study:
 The water footprint due to production of electricity and fuels consumed (including
fuels needed for transportation).
 Water embedded in the product (since it is a very small part of the total
footprint).
 The water footprint of input materials (package material, fertilizers, etc.). This is
due to the fact that data is needed to calculate the water footprint of different
packaging materials, as well as other input materials which are not available.
Also, the water footprint of those input materials is expected to play a minor role
in the total water footprint.
 The water footprint of capital goods (like trucks, buildings, equipment, etc.).
 Human water requirements as well as water requirements of animals providing
transport services.
 Water consumption to dilute/prepare fertilizers and agrochemicals for adequate
application4.

2.3

Data source and data collection

Most data used in this study is primary data that is collected via questionnaires as well as a
site visit of the pineapple and banana farms and packing facilities in Costa Rica and
Honduras. The site visit took place in November 2010, where all analyzed farms and
packing facilities were visited by the author of this study.

2.4

Explanation of calculation method

The water footprint of bananas and pineapples shows the sum of the process water
footprints for all processes in the supply chain. There are two identified process steps in the
production of pineapples and bananas:
1. Banana and pineapple growing (farm phase)
2. Banana and pineapple handling (packing facility phase)

Banana and pineapple growing (farm phase)
The water footprint of growing bananas and pineapples is calculated by summing up the
green and blue components (fractions):

4

In some cases, before being applied, fertilizers and agrochemicals require to be mixed with water (to be diluted
in order to reach a concentration as following producers’ instructions).
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Green and blue water footprints
The blue and the green water footprint represent evapotranspiration loss of water. The blue
and green water footprints are calculated as crop water use per crop yield, as shown in the
formula:

The crop water use (CWU) can be expressed in different units, as m 3 of water per hectare of
crop, or in liters per hectare (or per m 2). The yields are usually expressed in tons per
hectare or kg per m2; data regarding the yields used in this study are primary data
presenting the yields of the year 2009/2010 5. In this study all the results are shown in
liters of water per kilogram pineapples/bananas (which is equal to m 3/t).
The green crop water use (CWU green) is the part of the crop water use referring to the
evapotranspiration of rainwater that is stored in soil as soil moisture; it is dependent on
rainfall, crop and soil characteristics. Blue crop water use (CWU blue) is the
evapotranspiration loss of surface and groundwater applied through irrigation. It is
dependent on the availability of green water and irrigation water required to meet crop
evapotranspiration demand. Crop water use (blue and green) is calculated with the help of
the CROPWAT model. CROPWAT is a model developed by the Food and Agriculture
Organization of the United Nations (FAO) in order to help growers to estimate irrigation
specifications. The calculations take into account a dynamic soil water balance, meaning
that the ‘irrigation schedule option’ of the model was used.
When running the model, for non-irrigated crops (in this study, bananas and pineapples in
Costa Rica) the option “non-irrigation (rain-fed)” was chosen; in case of irrigated farms the
option “irrigate below/above critical depletion; refill soil below/above soil capacity” was
chosen.
For pineapples, since a plant has a cycle of 18 months, both in Costa Rica and Honduras 6,
the results from the model (green, blue) referring to 18 months are divided by 1.5 in order
to express the results per year. All primary data (such as total yields per ha, water used for
irrigation, etc.) is provided for the period of one year.
Climatic data
All assessed farms have small meteorological stations from where they source data on, at
least the minimum and maximum temperature, precipitation, and evaporation. However,
not all of those farms’ stations record data on humidity, wind speed and sun duration which
are also required to run the CROPWAT model. Other possible sources of climatic data that
were analyzed are national meteorological bodies in both countries. In Honduras, that is the
National Meteorological Service “Servicio Meteorologico Nacional de Honduras”. However,
the entity does not publicly provide data for 2009; and there is just daily data for 2010
which is not detailed enough to be used for the purpose of calculating the water use of the
crop. In Costa Rica, there is a meteorological national institute "El Instituto Meteorologico
Nacional” (IMN) that provides some historical meteorological data. However, on the website,
only average values from a period of 8 years are shown and data for 2009 is not publicly
available.
Therefore, it was decided to use all climatic data from CLIMWAT 2.0 (which represent
averages of 30 years) in order to have comparable results.
5
6

All the data used in the study are from 2009 in case of Costa Rican farms, and 2010 in case of Honduras.
Source: Dole Fruit Company.
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Irrigation
Data on irrigation practices (type, frequency of irrigation, and amount of water used) were
primary data obtained from Dole representatives, a site visit and the independent grower.
Soil
Data on the soil type is primary data, as well as some other soil parameters. The type of
data used for each of the analyzed crops is explained further in the report.
Crop parameters
Data regarding crop coefficients and other crop parameters needed to run the CROPWAT 8.0
model are sourced from different sources, such as Allen et al. (1998), Chapagain & Hoekstra
(2004), the CROPWAT 8.0 model itself and some primary data. The sources of crop
parameters used in the study are presented for each of the analyzed farms/crops further in
the report.

Banana and pineapple handling (packing facility phase)
The water footprint of handling bananas and pineapples in the packing facilities is calculated
as the sum of blue and green water footprint. However, there is no green water footprint at
this phase; the green water footprint of this level is zero.
The blue water footprint is calculated according to the following formula:

In a first step the amount of water used per year (withdrawal), the amount of fruit handled
per facility, as well as practices such as recycling, and other water saving measures were
analyzed. The water withdrawn in the packing facilities is not transferred to another
catchment area. Thus, the water footprint at this level would only be water that is
evaporated through the processes of washing the fruit in basins full of water with sprinklers
inside the basin, as well as the water that evaporates through the different recycling
processes after being used, and through discharge of used water to the channels/rivers etc.
However, it was not possible to establish the exact amount of water that is evaporated and
for that reason, it is assumed that 10% of the water is evaporated, and in case of the “New
Millennium Packing Plant” 5% (since there are no open basins used anymore, as explained
further in the report). Thus, the evaporation factor used is 10%, or 5% as mentioned for
each packing facility further in the report.
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3. Water footprint of pineapples
Pineapple plant
The pineapple is the leading edible member of the family Bromeliaceae which has about
2,000 species, mostly epiphytic and many decorative. In botany, the fruit is known as
Ananas comosus Merr. (syns. A. sativus Schult. f., Ananassa sativa Lindl., Bromelia ananas
L., B. comosa L.); however, it is called piña by Spanish-speaking people, abacaxi in the
Portuguese tongue, ananas by the Dutch and French and the people of former French and
Dutch colonies; nanas in southern Asia and the East Indes (Morton, 1987).
Origin and distribution of the pineapple
Native to southern Brazil and Paraguay (perhaps especially the Parana-Paraguay River) area
where wild relatives occur, the pineapple was apparently domesticated by the Indians and
carried by them up through South and Central America to Mexico and the West Indies long
before the arrival of Europeans. Christopher Columbus and his shipmates saw the pineapple
for the first time on the island of Guadeloupe in 1493 and then again in Panama in 1502.
Caribbean Indians placed pineapples or pineapple crowns outside the entrances to their
dwellings as symbols of friendship and hospitality. Europeans adopted the motif and the
fruit was represented in carvings over doorways in Spain, England, and later in New England
for many years. The plant has become naturalized in Costa Rica, Guatemala, Honduras and
Trinidad but the fruits of wild plants are hardly edible (Morton, 1987).
Pineapple is a perennial plant, however, in commercial production pineapple plants are
replanted usually after the first harvest, or sometimes after the second. A full cycle of a
pineapple plant, both in Costa Rica and Honduras, is 18 months (Source: Dole Fruit
Company). The pineapples are planted and harvested throughout the year, meaning that in
one year some hectares are harvested, some are planted with new plants, and some are in
different growing stages. All the data, such as yields are recorded and collected each year,
meaning that all the data refers to one year of farm activity no matter in which growing
phase the pineapples are.
The pineapple plant closes its stomata during the day, and opens them during the night.
Because of that, pineapples have very small crop coefficients; and the majority of
evapotranspiration from pineapples is evaporation from the soil (Allen et al., 1998).
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3.1

Pineapples: Costa Rica

In Costa Rica two pineapple-farms were visited, one conventional and one organic farm: El
Muelle and EcoPiñas, respectively. Those farms are spread around in patches where some
hectares of conventional penetrate into organic and vice versa as shown below.
El Muelle- Dole’s conventional pineapple farm
The El Muelle farm is situated at the coordinates N 10º33'00"; W 84º25'48" (Altitude 90 m);
it has 1,023 ha of total surface. It is a conventional farm where certain agrochemicals are
used. The application of fertilizers and agrochemicals is usually done with the help of a
stroller and a spray boom7.
The pineapples are perennial plants; however, for commercial reasons since the fruit
becomes smaller after some time and is commercially not attractive, the plant is harvested
only once (or 2 times maximum) and afterwards destroyed and new plants are planted. In
order to eradicate the plant, the herbicide paraquat 8 was used until June 2008 - a
commonly used commercial product “Gramaxone” which has 20% paraquat as its active
substance. The application of the commercial product was from 6-9 liters/ha, (1.2-1.8 liters
of active substance per ha). Nowadays, none of Dole’s pineapple farm uses paraquat
anymore, but instead a mechanical way of removing pineapple plants is used after which
the plant is chopped and applied to the soil.

7

With stroller: herbicides; with spray boom: foliar fertilization, disease & pest control, as well as sun-burn
protection.
8
N’N dimethyl 4,4-bipyridinum dichloride.
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EcoPiñas del Arenal- organic Dole’s pineapple farm
The farm has a total surface of 161.08 ha and is located on the following coordinates: N
10º33'00"; W 84º25'48" and the altitude of 90 m. The main difference to the conventional
farm is that no chemicals are used; the only inputs are natural inputs (such as different
microorganisms and fungi from which some are produced in Dole’s laboratory) as well as
organic fertilizers (mostly compost that is predominantly made of sugar cane). Another
major difference is the usage of a plastic cover, which is an anti-weed and soil erosion
measure. Application of the fertilizers is done with the boom.

Figure 1: Map of Dole’s pineapples’ farms, EcoPiñas del Arenal (organic farm; in green) Pinas del Muelle farm
(conventional farm; in yellow); and packing plant (in brown).
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Figure 2: Patches of vegetation around the pineapple plantation in Costa Rica

All data used in order to calculate the water footprint of growing the pineapples at Dole’s
assessed farms in Costa Rica are shown in the table below.
Set of data used

“El Muelle” farm

“EcoPiñas
farm

Assessed fruit
Assessed year
Country
Yields

Pineapple
2009
Costa Rica
46.04 tons/ha

Pineapple
2009
Costa Rica
49.95 tons/ha

Irrigation practice
Meteorological/clim
ate data used

No irrigation
Station:
Ciudad-Quesada (Lo -84.41; La
10.31)
Heavy soil (clay)

No irrigation
Station:
Ciudad-Quesada (Lo -84.41; La
10.31)
Heavy soil (clay)

0.55/0.33/0.33
Source: Allen et
p.112)9 + 10%
90/180/263/15

0.50/0.30/0.30
Source: Allen et
p.112)
90/180/263/15

Soil type
Crop coefficient
Crop stage (days)
Other crop
parameters

Allen et al. (1998)

al.

(1998;

del

Allen et al. (1998)

Arenal”

Source

Primary data

al.

(1998;

Primary data
CLIMWAT
2.0;
FAO
From CROPWAT
8.0
based
on
Primary data
Literature

Chapagain
&
Hoekstra (2004)
X 1.510
Literature

9

As for bare soils. The crop coefficients for pineapples provided in Chapagain & Hoekstra (2004) are the same as
in Allen et al. (1998) with bare soils.
10
Every stage provided in Chapagain & Hoekstra (2004) is multiplied with 1.5 since the full cycle of pineapples in
Honduras is 18 months (1.5 year) as the data provided in Chapagain & Hoekstra (2004) is for 12 months (1 year).
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Packing facility Agroindustrial Piñas del Bosque S.A., Costa Rica
After harvesting, pineapples are transported from the fields to the packing facility
Agroindustrial Piñas del Bosque S.A. In the packing facility the pineapples are washed,
sorted and packed. Washing of pineapples is done in basins with water; the basins are of
about 5,100 liters capacity.
Simultaneously with washing, pineapples are sorted by quality: export quality pineapples
float on the surface of the water while others (most of which will be sold to a juice
company) sink to the bottom of the basin. The water used in the packing facility goes
through several phases of treatment and is reused in the packing facility (
Figure 3 shows the treatment system). In this way, the water can be used for up to 15
packing days. The water is sourced from a well owned by Dole which is located close to the
packing facility.
Organic and conventional pineapples are packed in the same facility but at different times
so that the packing system can be set up accordingly. One of the crucial differences is that
de-greening11 and post-harvest application of fungicides (usual practice for conventional), is
not applied to organic pineapples.

Figure 3: Treatment plant with recirculation system of the waste water from Dole’s pineapple-packing facility
Agroindustrial Piñas del Bosque S.A (Costa Rica).

11

De-greening is process of chemicals application to conventional pineapples after being harvested in
order to get the well-known yellow color that is more attractive from the selling point of view; organic
pineapples do not go through this process, which is the reason why organic pineapples have more
greenish color when ready to be sold (as well when in supermarkets and other selling points).

Soil & More International

Page 16

Data used for the water footprint calculations of Dole’s pineapple packing facility in Costa
Rica, Agroindustrial Piñas del Bosque S.A., is given in the table below.
Name of packing facility
Fruit packed
Country
Assessed year
Amount of water per year (m3)
Evaporated water
Amount of fruit per year (t)
Source of water

Agroindustrial Piñas del
Bosque S.A.
Pineapple
Costa Rica
2009
5,720 m3
10%
47,101 t + 8,046.42 t
Well (groundwater)

Source
Primary data
Primary data
Primary data
Primary data
Estimated
Primary data
Primary data

Results: Pineapples Costa Rica
Based on the methodology explained in Chapter 2 and available data, the water footprint of
growing and handling pineapples in Costa Rica is calculated and presented in the tables
below.
Pineapple growing

Farm
El Muelle
(conventional; Costa Rica)
Ecopiñas del Arenal
(organic; Costa Rica)

Green water
footprint
(l/kg)

Blue water
footprint
(l/kg)

Total water
footprint
(l/kg)

69.8

-

69.8

56.9

-

56.9

Green water
footprint
(l/kg)

Blue water
footprint
(l/kg)

Total water
footprint
(l/kg)

-

0.010

0.010

Pineapple handling

Packing facility
Pineapple packing Agroindustrial
Piñas del Bosque S.A.
(Costa Rica)
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3.2

Pineapples: Honduras

Montecristo farm
Dole’s pineapple plantations for export are situated on the northern part of Honduras; the
assessed plantation is Montecristo that spreads on 992 ha. The plantation is situated on the
following geographical coordinates 15° 44' 30.17'' N; 86° 52' 55.47'' W in a plain valley,
close to the national park “Pico Bonito Mountain” (Figure 4).

Figure 4: Dole’s pineapple plantation in Honduras, Montecristo, with view on the Pico Bonito Mountain, one of 21
national parks of Honduras.

Irrigation
All the pineapple-fields are irrigated; however, the irrigation takes place just a few months
per year, usually from March until end of July. The water for irrigation is sourced from a well
owned by Dole that is located within the farm (Figure 5).

Figure 5: Water well, source of irrigation water for Dole’s pineapple-plantations
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The irrigation is done by using mobile guns that apply between 350-400 gallons of water per
minute. The amount of water applied is estimated by using meteorological data
(temperature, humidity, evaporation and rainfall) that is measured daily on the farm, as
well as based on crop coefficient factors and the efficiency of the system. Figure 6 shows
the part of the irrigation system used at the Montecristo pineapple farm showing irrigation
tubes and the mobile gun.

Figure 6: A part of the irrigation system used in Dole’s pineapple plantation in Honduras

The soil is covered with nylon that protects it from erosion and prevents weed growth. This
is a common practice in organic pineapples cultivation (as in the case of analyzed organic
pineapples from Costa Rica), however here it is used for conventional pineapples on the
whole plantation. Between the rows of pineapples there are ditches that control water.
With rain lots of soil are washed out as well, however washed out sediment is collected and
returned back to the fields.
Paraquat
In Honduras, paraquat was used until September 2007, as Gramoxone with 20% paraquat
as its active substance. The herbicide was used once per year with the application rate of 6
liters of product per hectare. Today the practice is to manually remove and cut the plant
and mechanically incorporate it to the soil.
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Data used for the calculations of the water footprint of growing the pineapples on Dole’s
farm, “Montecristo” are summarized in the table below.
Montecristo farm
Assessed fruit
Country
Assessed year
Country
Geographical coordinates
Yields
Irrigation practice
Source of water for irrigation
Meteorological data used
Soil type

Source
Pineapple
Honduras
2009
Honduras
15° 44' 30.17'' N ;
86° 52' 55.47'' W
60.00 t/ha
From March to end of July

Crop coefficient

Groundwater (Dole’s well)
La Ceiba
Red sandy loam in CROPWAT
(with primary data on soil
moisture)
Primary data: Sandy loam
(coastal) and silt clay loam
(mountain)
0.45/0.55/0.33

Crop stage (days)

90/180/263/15

Other crop parameters
Total available moisture of soil

Allen et al. (1998)
130 mm/m

Primary data
Primary data
Primary data
Primary data
CLIMWAT 2.0 (FAO)
CROPWAT 8.0;
Primary data

Dole’s research centre in La
Ceiba
Chapagain & Hoekstra (2004) x
1.512
Dole’s research centre in La
Ceiba

Packing facility Montecristo, Honduras
The packing facility “Montecristo Packing Plant” is situated close to the farm in the
municipality of El Porvenir. In the packing plant about 52,400 tons of pineapples are
processed per year. The processes that take place there are pre-washing, washing,
fungicide application, and packing. The water is used mainly for pre-washing, washing, and
fungicide application. Washing is done in tanks with water (see Figure 7) that is changed
daily and disinfected with chlorine. The concentration of chlorine in the water is between 80
and 100 ppm.
All the water is sourced from a well that is owned by Dole and is located close to the facility.
The water in the packing facility is being reused which decreases the water usage by half.

12

Every stage provided in Chapagain & Hoekstra (2004) is multiplied with 1.5 since the full cycle of
pineapples in Honduras is 18 months as the data provided in Chapagain & Hoekstra (2004) is for 12
months.
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The yearly water consumption (withdrawal) in the packing facility is 18,340 m3. After being
used for washing, the water is discharged into the ditches. The water that is used for postharvest application of fungicides goes to special treatment and is later applied on the fallow
fields of the farm; this soil is later treated with machinery.

Figure 7: Washing basins of Doles’ pineapple-packing facility “Montecristo” in Honduras.

Data used for the calculations of the water footprint of Dole’s pineapple packing facility
Montecristo in Honduras is summarized below.
Montecristo packing plant
Fruit packed
Country
Assessed year
Water used per year
Evaporated water
Amount of pineapple handled
per year
Source of water
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Data
Pineapples
Honduras
2010
18,340 m3
10%
52,400 tons

Source

Groundwater (well)

Primary data

Primary data
Assumed
Primary data
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Results: Pineapples Honduras
Based on above explained methodology and available data the water footprints of growing
and handling the pineapples are calculated and shown in the tables below.
Pineapple growing

Packing facility
Montecristo Farm
(Honduras)

Green water
footprint
(liter/kg=m3/ton)

Blue water
footprint
(liter/kg=m3/ton)

Total water footprint
(liter/kg=m3/ton)

115.8

6.7

122.5

Green water
footprint
(liter/kg=m3/ton)

Blue water
footprint
(liter/kg=m3/ton)

Total water footprint
(liter/kg=m3/ton)

-

0.035

0.035

Pineapple handling

Packing facility
Montecristo packing
facility (Honduras)
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4. Water footprint of bananas
The banana is a perennial plant that when cultivated can live up to 30 years; however, its
life-span depends on many different factors such as soil quality and maintenance. In Costa
Rica, at the Rio Frio farm, a banana plant produces fruit up to 6-7 years (Source: Dole’s
representatives).

Figure 8: Banana plant

Soil & More International

Page 23

4.1

Bananas: Costa Rica

Banana Costa Rica – Rio Frio farm
The assessed Dole’s banana plantation in Costa Rica is “Rio Frio” situated in the town of Rio
Frio, in the department Sarapiqui, province of Heredia, on the geographical coordinates 10°
19’59’’ N, 83°52’59’’W, and altitude of 130 m. The farm has 1,479.84 hectares in total.
There is a meteorological station on the farm that registers different meteorological
parameters.
Fertilization and agrochemicals
At the farm, different agrochemicals and fertilizers are applied, and the application is done
manually or by plane13. The table below shows the data summary and approaches used for
the water footprint calculations of the Rio Frio bananas.
Rio Frio farm
Assessed fruit
Country
Year
Geographical coordinates
Yields
Irrigation
Meteorological data used
Soil data
Crop coefficient
Crop Length
Other crop parameters

Source
Banana
Costa Rica
2009
10° 19' 59" North, 83° 52' 59"
West; Altitude 130,
39 tons/ha
No
Coliblanco Station
(Coordinates:-83.8; 9.95)
Medium (loam) in CROPWAT;
based on primary data
Kc ini: 1.00/Kc mid: 1.20/Kc
end: 1.10
Initial: 120/
Dev.:60/Mid:180/Late:5.
CROPWAT 8.0

Primary data
Primary data
Primary data
CLIMWAT 2.0 (FAO)
CROPWAT 8.0; Primary data
Chapagain & Hoekstra (2004)
Chapagain & Hoekstra (2004)
CROPWAT 8.0 (FAO)

Packing facility of bananas (Rio Frio, Costa Rica)
The banana handling phase requires a certain amount of water. The typical processes which
require water are washing, de-handing and de-latexing. For those processes, basins with
water are usually used (see Figure 9). Three different banana packing facilities in Costa
Rica are analyzed since they differ in the processes of bananas handling, as well as in the
amount of water used. One facility has a water recirculation system. One facility is the
newly tested system “New Millennium Packing Plant” that uses much less water in
comparison to the other two, since most of the processes, such as de-handing (Figure 10),
and de-latexing (Figure 11), are done on the field instead. Thus, in this packing plant there
are no basins with water which is why it is assumed in this study that the evaporation of
water is lower14.
All the water that is used in the facilities is sourced from wells that are located close to the
facility, thus the origin of the water is groundwater.

13

By plane: usually in the case of agrochemicals used against sigatoka disease.
Here it is assumed evaporation factor of 5% in comparison to the other analyzed packing facilities
where the evaporation factor is assumed to be 10%.
14
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Figure 9: Basins with water for banana handling; one of Dole’s packing facilities in Costa Rica.

Figure 10: “New Millennium Packing Plant”, showing the process of de-handing on the field (Source: Dole Fruit
Company).

Soil & More International

Page 25

Figure 11: “New Millennium Packing Plant”, showing the process of de-latexing (Source: Dole Fruit Company).

The waste water is discharged in the channels after it goes through a simple treatment
system as shown below.

Figure 12: Treatment of water after using it at the banana packing facility Rio Frio in Costa Rica

Data used for the water footprint calculations of banana handling at the three different
packing facilities in Costa Rica are shown in the tables below.
Rio Frio packing facility
Assessed Fruit
Country
Assessed year
Source of water

Bananas
Costa Rica
2009
Well (groundwater)

Packing

No recirculation

Amount of bananas handled
(tons/year)
Amount of water per year
(withdrawal) m3/year
Evaporation (assumed)
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Source
Primary
Primary
Primary
Primary

data
data
data
data

With
recirculation

New
Millennium

13,148.24

14,805.47

1,274.06

171,364.00

7,298.00

537.00

10%

10%

5%
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Results: Bananas Costa Rica
Based on the methodology explained in Chapter 2 and available data, the water footprint of
bananas growing and handling in Costa Rica are calculated and results are shown in the
tables below.
Bananas growing

Rio Frio
(Costa Rica)

Green water
footprint
(liters/kg=m3/ton)
230

Blue water
footprint
(liters/kg=m3/ton)
0

Total water
footprint
(liters/kg=m3/ton)
230

Green water
footprint
(liters/kg=m3/ton)

Blue water
footprint
(liters/kg=m3/ton)

Total water
footprint
(liters/kg=m3/ton)

1.30
0.05
0.02

1.30
0.05
0.02

Bananas handling

Rio Frio
(Costa Rica)
No recirculation
With recirculation
New Millennium
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4.2

Bananas: Honduras

In Honduras, two banana-farms are assessed: a farm owned by Dole called “Guanacaste”,
and a banana-farm run by a cooperative of independent growers from which Dole buys
bananas for export.
Guanacaste farm
Guanacaste farm is part of Isletas farm, which is situated in Sonaguera (Colon Province),
situated on the geographical coordinates 15° 36' 33.12'' N; 86° 09' 11.52'' W (coordinates
refer to the packing plant which is situated close to the farm). The surface of the farm is
284.06 hectares; and the total surface of Dole’s bananas in this region of Aguan Valley is
5,300 ha (Dole’s owned farm).

View of Dole’s banana-plantation “Guanacaste” with surrounding (Honduras).

Surrounding of Dole’s banana-farm, “Guanacaste”, in Honduras.

Soil & More International

Page 28

Irrigation
All the bananas are irrigated throughout the year. For this purpose, rotor sprinklers are
used; the sprinklers are placed in the fields at a distance of 10 meters to each other (10x10
m). The water needed to irrigate the fields is calculated using meteorological data
(precipitation, average, maximum and minimum temperature), and moisture of the soil
(monthly water usage for irrigating the banana fields is presented in Annex I).
Soil moisture is measured on every 15 ha. There are 5 monitoring points from which the
samples are taken and soil moisture is measured. The water is sourced from the Aguan
River and is brought by canals (Figure 13) to the central point (6 km distance) from where it
is later transported with underground pipes to rotator sprinklers (Figure 14). This system of
irrigations is usually called “under tree” irrigation.

Figure 13: A part of the irrigation system of the banana plantation Guanacaste in Honduras; the channel
transferring the water from the Aguan River.

Figure 14: Irrigation system of banana plantation Guanacaste in Honduras: central point (left photo), and
sprinklers placed within banana plantation (right photo).
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Fertilization and application of agrochemicals
Application of fertilizers is done manually or through the irrigation system. Agrochemicals
are applied manually and by planes15.
All the data and approaches used to calculate the water footprint of growing bananas at
Dole’s farm in Honduras are summarized in the table below.
Guanacaste farm
Assessed fruit
Country
Year
Yields
Geographical
coordinates
Irrigation practice
Type of irrigation
Meteorological data
used
Soil data

Crop coefficient
Crop stage

Source
Bananas
Honduras
2010
61.72 tons/ha
15° 36' 33.12'' N
86° 09' 11.52'' W
Yes
Sprinkler (“Under tree”)
Olanchito
(Coordinates: -86.56; 15.51)
Medium (loam) from CROPWAT 8.0
Primary data: Sandy loam (from fine
sandy loam to loam with pockets of
sandy loam)
Kc ini: 1.00/Kc mid: 1.20/Kc end: 1.10
Initial: 120/ Dev.: 60/Mid:180/Late:5.

Primary data
Primary data
Primary data
Primary data
CLIMWAT 2.0 (FAO)
CROPWAT 8.0 (FAO);
Primary data

Chapagain & Hoekstra (2004)
Chapagain & Hoekstra (2004)

Packing of bananas- Honduras
There are 20 packing facilities which are all situated close to the farm. The closest packing
facility to the assessed farm which is analyzed in this study is Guanacaste Packing Plant.
The processes taking place there are pre-washing, washing, fruit selection, post harvest
fungicide application and packing. Pre-washing, washing, fruit selection, and post harvest
fungicide application are processes that require water.
The water for the processes is sourced from a well owned by Dole, “Guanacaste well” and is
located at about 70 m distance from the packing facility. The water used for washing
constantly circulates through the purification system.
The processes that bananas go through are explained in more details in the following: when
harvested, the banana stem is prewashed after which it goes to de-handing area (about 8
hands from one stem) and is put in a tank with water. Next it goes to the clustering area
where the hand is divided in 3-4 parts called “clusters”. The clusters are put in the second
water tank, called delatex tank (as its purpose is to take out the latex). Then, the clusters
go to the selection area where the clusters are selected and ready for packing. After that,
the fruit is weighted and fungicide is applied on the crown of the cluster. Finally, the fruit is
labelled and the clusters are packed into boxes. The circulating water comes from the dehanding and de-latexing area. The water in de-handing tank is used for 3 days and then
changed, which leads to a yearly water consumption (withdrawal) of 23,371.05 m3 (taking
into account the recycling system). A recirculation and purification system was installed in
2009 on this packing facility, and the first system was installed in 1997. Today, just one out
of the 20 packing facilities does not have such a system; however, it is being constructed
and will be finished soon. The water used for washing is disinfected with chlorine.
15

By planes: usually in case of chemicals used against sigatoka pest disease.
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The concentration of chlorine in the water is 0.7-5 ppm. 17,558.38 tons of bananas go
through the facility per year. After usage, the water is discharged in the field area next to
the packing facility.
All the data and approaches used to calculate the water footprint of banana handling at
Dole’s packing facility Guanacaste in Honduras are summarized in the table below.
Guanacaste packing plant
Assessed fruit
Country
Assessed year
Water used (m3/year)
Evaporated water
Amount of bananas handled
(tons/year)
Source of water

Source
Banana
Honduras
2010
23,371.05
10%
17,558.38

Primary data
Assumed
Primary data

Groundwater (well)

Primary data

Individual grower banana farm
Besides having its own banana farms in Honduras, Dole buys bananas from independent
growers (a cooperative of independent farms). For the comparison reasons, this study
analyzes the water footprint of bananas cultivated by an independent grower, i.e. a
cooperative of independent farms. The analyzed farm cultivates 392 ha of bananas.
Irrigation
The whole plantation is irrigated several months per year, from January until the end of
August. The type of irrigation is “under tree” irrigation. Most of the plantation (i.e. 85%) is
irrigated with water from the Ulua River that is bordering with the plantation on the one
side. 15% of the plantation is irrigated with water coming from a well.
The water from the river is pumped via channel (Figure 15 next page) to the central irrigation
point from where it is distributed with underground pipes to sprinklers that are placed
around the plantation (Figure 16). The sprinklers are placed every 10 meters between the
rows and every 11 meters perpendicularly. The amount of water and the frequency of
irrigation are estimated by using the meteorological data measured on the farm
(precipitation, evaporation, and temperature) and soil samples. Soil samples are taken on
specific spots within the plantation (depth from 0-15 cm, and 15-30 cm). By observing and
‘feeling’ by touching the soil samples and based on measured meteorological data, irrigation
experts estimate the amount of water needed for the irrigation as well as its frequency.
Thus, experience plays an important role in estimating the amount of water needed for
irrigation (since no TDR or other digitalized equipment is used for that purpose). The fields
are irrigated, on average, about 2 times per week during the mentioned period, however
the frequency depends on above mentioned parameters.
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Figure 15: Ulua River (left photo) from where the water is sourced and distributed by channel (right photo) to the
central point; independent banana-grower, Honduras.

Figure 16: The central point (left photo) from where the water is distributed to the banana-fields with and by pipes
distributed to the sprinklers within the fields (right photo); independent banana-grower, Honduras.
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Application of fertilizers and agrochemicals
The application of fertilizers and agrochemicals is the same as in Dole’s farms. Data used to
calculate the water footprint of bananas from analyzed independent banana-farm in
Honduras are summarized in the table below.
Independent farm
Assessed fruit
Country
Assessed year
Yields
Irrigation
Type of irrigation
Water source
Meteorological data used

Soil data
Crop coefficient
Crop stage

Year: 2010
Bananas
Honduras
2010
67.9 t/ha
yes
Sprinkler (“under tree’’)
Ulua river
La–Mesa (San Pedro Sula)
station
(Coordinates: -87.93; 15.45)
Medium (loam) from CROPWAT
8.0; based on primary data
Kc ini: 1.00/Kc mid: 1.20/Kc
end: 1.10
Initial: 120/ Dev.:
60/Mid:180/Late:5.

Source

Primary data
Primary data
Primary data
Primary data
CLIMWAT 2.0 (FAO)

CROPWAT 8.0; Primary data
Chapagain & Hoekstra (2004)
Chapagain & Hoekstra (2004)

Packing facility of an independent banana-grower, Honduras
The packing facility is located close to the farm. The processes that take place in the
packing facility and require water are pre-washing, de-handing and clustering, fruit
selection, post-harvest fungicide application, and washing of the facility. Most of those
processes happen in a basin full of water (Figure 17). The water is not reused or recycled,
but it runs constantly (and usually the water is completely changed once a week). Chlorine
is added to the water in the basin in the concentration of 0.5-1 ppm. Effluent water
parameters such as amount of nitrogen, grease, suspended matters, etc. (as required by
the law) are measured. It is interesting to mention that the part of the water containing
solid organic matter deposited on the bottom of the washing tank is applied back to the
banana plantation.

Figure 17: Basin with water at the banana-packing facility of an independent grower; Honduras.
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The data used for the water footprint calculation of the packing facility of an independent
banana-grower in Honduras are summarized below.
Independent
banana
grower’s packing plant
Assessed fruit
Country
Assessed year
Amount of water per year (m3)
Evaporated water
Amount of fruit per year (t)
Source of water

Source
Bananas
Honduras
2010
301,135.0
10%
17,969.00
Well (groundwater)

Primary data
Assumed
Primary data
Primary data

Results: Bananas Honduras
The results of the water footprint of growing and handling bananas at the analyzed farms
and packing facilities in Honduras are presented in below tables.
Banana growing

Guanacaste farm
Independent
grower’s farm

Green water
footprint (l/kg)

Blue water
footprint (l/kg)

Total water
footprint (l/kg)

173.8
166.0

42.1
32.2

215.9
198.2

Green water
footprint (l/kg)

Blue water
footprint (l/kg)

Total water
footprint (l/kg)

-

0.13

0.13

-

1.68

1.68

Bananas handling

Guanacaste packing
facility
Independent
grower’s packing
facility
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5. Conclusions, discussion and recommendations
All the results of the study are summarized in the tables below.
Pineapples growing
Farm
El Muelle (conventional;
Costa Rica)
Ecopiñas (organic; Costa
Rica)
Montecristo (conventional;
Honduras)

Green water
footprint (l/kg)

Blue water
footprint (l/kg)

Total water
footprint (l/kg)

69.8

-

69.8

56.9

-

56.9

115.8

6.7

122.5

Green
water
footprint (l/kg)

Blue
water
footprint (l/kg)

Total
water
footprint (l/kg)

-

0.010

0.010

-

0.035

0.035

Green water
footprint (l/kg)
230

Blue
water
footprint (l/kg)
0

Total
water
footprint (l/kg)
230

173.8

42.1

215.9

166.0

32.2

198.2

Green water
footprint (l/kg)

Blue water
footprint (l/kg)

Total water
footprint (l/kg)

-

1.30

1.30

-

0.05

0.05

-

0.02

0.02

-

0.13

0.13

-

1.68

1.68

Pineapples handling
Packing facility
Agroindustrial Piñas
del Bosque S.A. (Costa Rica)
Montecristo packing facility
(Honduras)

Bananas growing
Farm
Rio Frio
(conventional; Costa Rica)
Guanacaste farm
(conventional; Honduras)
Independent grower
(conventional; Honduras)

Bananas handling
Packing facility
Rio Frio (Costa Rica)
No recirculation
Rio Frio (Costa Rica)
With recirculation
Rio Frio (Costa Rica)
New Millennium Packing Plant
Guanacaste
(Honduras)
Independent grower
(Honduras)
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Conclusions
Based on the results of this study, it is possible to draw several conclusions; however, there
are some uncertainties that are pointed out further in the report which could have an impact
on the results.
The results show that the water footprints of the growing phase of bananas and pineapples
are far bigger than the water footprints of the handling phase of the same fruits. In case of
bananas as well as pineapples the water footprint of the handling phase accounts for only
small fraction, less than 1% of the total water footprint. Below tables show those ratios per
farm and crop.
Bananas

Rio Frio
(conventional)

Guanacaste
(conventional)

Independent grower
(conventional)

Total growing

99.995%

99.94%

99.96%

Total handling

0.005%*

0.06%

0.04%

*No recirculation.
Pineapples

El Muelle
(conventional)

Total growing
Total handling

99.99%
0.01%

Ecopiñas del
Arenal (organic)
99.98%
0.02%

Montecristo
(conventional)
99.97%
0.03%

In Costa Rica, the blue water footprint of both pineapples and bananas is zero due to the
fact that there is no irrigation. The crops are rain-fed.
When looking at the total water footprint (green and blue water footprint), the results show
that the water footprint of growing pineapples is lower than the one of bananas. The reason
is that the pineapple plant closes its stomata during the day and opens it during the night
which results in low evapotranspiration.
When comparing the total water footprint (blue + green water footprint) of organic and
conventional pineapples in Costa Rica, the results show that organic ones have 18% lower
water footprint due to agricultural practices (usage of plastic cover).
When comparing the water footprint of growing bananas (blue + green water footprint) of
Dole’s banana farm in Honduras (Guanacaste) with an analyzed farm of a cooperative of
independent growers, the results show that the water footprint of bananas from the
independent farm is 9% lower. This is caused by the fact that the yields of analyzed
independent banana grower are a bit higher.
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Discussion, sensitivity analysis & uncertainties
This water footprint study gives the results calculated following the water footprint
methodology and Water Footprint Manual of Hoekstra et al. (2009) and the chosen dataset
and approaches explained in the report. Since the methodology is young and still under
development, it provides a general guidance on how to assess a water footprint, and leaves
open some points for discussion. In addition, data availability and approaches chosen play
very important role when assessing any water footprint.
This study focuses specifically on chosen farms and packing facilities in Costa Rica and
Honduras. Thus, the calculated water footprint results cannot represent all farms and
packing facilities owned by Dole. However, this study gives valuable insight on water
footprint of growing and handling bananas and pineapples in different countries, as well as
difference in water footprints per different water footprint. The results of the study clearly
show that most of the water footprint is due to growing pineapples and bananas; thus this
part of the water footprint gives more opportunity if one would like to influence the water
footprint and the impact of bananas and pineapples production.
Meteorological data used
As already mentioned, in this study it was decided to use the average climate data for a
period of 30 years from the CLIMWAT 2.0 database. If one would use data for example of
the year 2009 the results would differ. In addition, it is important if the year experienced
extreme weather. For example, 2009 was quite a dry year in Costa Rica.
Yields
The results are very much dependent on the yields; thus, the results can differ depending
on the year from which the yields were used to calculate the water footprint. For example,
yields that are chosen to be used in an assessment (a specific year or average of a few
years) can have a significant impact on the results. In this regard, using 2009 yields for
Costa Rica and the yields from 2010 for Honduras can have an impact when comparing
them. Thus, it is recommended to compare the water footprints of the same year, or even a
range of average yields over 5 or 10 years. In order to illustrate how water footprint results
are sensitive to the yields used for the calculation, banana and pineapple yields from
FAOSTAT were used as an example in the following. The data on average country yields
from FAOSTAT for the year 2009 are shown in below table.
Bananas

Pineapples
Yields (t/ha)

Yields (t/ha)

Country

2009

2009

Costa Rica

49.94

47.95

Honduras

29.21

31.45

Source: FAOSTAT (2010).
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Using above mentioned yields, the water footprint of pineapples would differ for 2.4 up to
111.2 liters per kilogram pineapples. In the case of growing bananas the water footprint
would differ for 50.8 up to 262.6 liters per kilogram bananas, depending on the farm. The
differences in total water footprint results, when using FAO yields, are shown in below
tables.
Pineapples
Farm

El Muelle

Ecopiñas

Montecristo

Country

Costa Rica

Costa Rica

Honduras

WF total growing
Dole yields
WF total growing
FAO yields
Difference

69.8

56.9

122.5

l/kg

67.0

59.3

233.7

l/kg

(+) 2.8

(-) 2.4

(-) 111.2

Unit

l/kg

Bananas
Farm

Rio Frio

Guanacaste

Independent farm

Country

Costa Rica

Honduras

Honduras

Unit

WF total growing
primary yields
WF total growing
FAO yields
Difference

230

215.9

198.2

l/kg

179.2

456.3

460.8

l/kg

(+) 50.8

(-) 249.4

(-) 262.6

l/kg

Watershed transfer
Based on the site visit, it is concluded that there is no transfer of water from one watershed
to another in the analyzed farms and packing facilities. This is because water used at the
farms is usually withdrawn from a well that is within the farm itself, or taken from a river
flowing through the plantation itself or close to the plantation. Water used at analyzed
packing facilities is always sourced from a well and discharged in fields around or in
channels that are flowing into a river. The river is usually quite close and there are no
natural obstacles in between that could separate the watersheds. However, it has to be
mentioned that a certain doubt still remains when making the conclusions on watershed
transfer in case of water used in packing facilities.
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Recommendations
Since the focus of this study was the accounting part of the water footprint, it is
recommended that Dole carry out the next two phases of the full water footprint
assessment: a water footprint sustainability assessment and a water footprint response
formulation. Those further steps would give more specific answers to questions like what
does the calculated water footprints mean in terms of local freshwater bodies and area and
what measures are possible to be taken in order to influence the impact?
The sustainability of the water footprint within a catchment or river basin/area could be
analyzed from three different perspectives: environmental, social and economic. A water
footprint sustainability assessment would mean to compare the footprints (the green and
blue water footprints) to the green and blue water that is available in the geographical area.
After proceeding with the sustainability assessment, specific measures could be formulated
in order to influence the impact. This would mean to analyze the possibilities of what could
be done by Dole, as well as the government or local people in order to influence the impact
caused by banana and pineapple production to the area from an environmental, social and
economic perspective.
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Annex I Water used for irrigation (primary data)
Water used for irrigation of pineapples in Honduras: Montectristo farm (Dole’s pineapple
farm). Year: 2010.
Month

Montecristo farm
(Honduras)
0.00
0.00
91.22
80.29
96.69
90.42
60.71
118.30
0.00
0.00
0.00
0.00
537.63

January
February
March
April
May
June
July
August
September
October
November
December
Total

Unit
m3/ha
m3/ha
m3/ha
m3/ha
m3/ha
m3/ha
m3/ha
m3/ha
m3/ha
m3/ha
m3/ha
m3/ha
m3/ha/year

Water used for irrigation of bananas in Honduras: Guanacaste (Dole’s banana farm) and
analyzed independent banana farm. Year: 2010. The data for November and December is
estimated by the irrigation experts of the farm.
Month

Guanacaste farm
(Honduras)

January
February
March
April
May
June
July
August
September
October
November
December
Total

153
148
366
541
699
364
77
208
643
95
85
85
3,464
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Independent
grower
(Honduras)
129
207
562
905
620
222
179
90
0
0
0
0
2,914

Unit
m3/ha
m3/ha
m3/ha
m3/ha
m3/ha
m3/ha
m3/ha
m3/ha
m3/ha
m3/ha
m3/ha
m3/ha
m3/ha/year
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