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Pineapple Working Group (PWG)

Dear  Colleagues:

You will find an interesting collection of articles in this issue of the newsletter.  I believe this is only the second issue that

includes contributions from growers.   Other interesting reports have come in from various parts of the world where pineapple is

grown and I have included below parts of a report of work that was done in the early 1980s to explore the potential to develop a

pineapple industry in the southern part of China.

It is with a sense of some sadness that I report the closing of another pineapple plantation in Hawaii.  Del Monte Fresh

Produce Hawaii announced early in the year that they would cease planting pineapple in February of 2006 and would discontinue

all operations in Hawaii by 2008.  The closure of this plantation will mean the loss of employment for about 600 workers and a

further drop in acreage planted to pineapple of approximately 3,000 acres.  A report on the local industry is included in News from

the United States (Hawaii).

Measurements of Growth and Determining Appropriate Sample Sizes

Donald P. Gowing, Seattle, WA

Dr. Donald P. Gowing spent a significant part of his professional career at the Pineapple Research Institute of Hawaii.  One of

his last jobs was project manager for a start-up pineapple operation in southern China in the early 1980s.  Dr. Gowing wrote a

project report for the company while working in China and some of the work done there was not new to this former PRI researcher

but may be new to at least some readers and, therefore, was deemed of sufficient note to be reproduced in the newsletter.  I

received the material from Don in 2005 and obtained his permission to include selected portions of his report in the newsletter. 

Some background material has been included to provide context for subsequent material or to provide insight into the utility of

particular techniques.  Some minor editing was done for the sake of brevity and calculation methods for estimating samples sizes

were updated to include references to widely-availabe personal computer software.  Planting material shipped from Australia for

this project was a ‘Smooth Cayenne’ selection.  Errors of omission and commission are the responsibility of the editor.

A.  Measurements of leaf growth

The plantings made in early 1982 grew very slowly in the summer, because of the unfavorable distribution of rainfall, and the

plantings made in late summer made only a little growth before the cooler weather set in.   And then the frost at the end of

December killed a considerable amount of foliage, so that it was March of 1983 before any satisfactory measurements of growth

were made.

Usually, leaf growth is measured by weighing the longest mature leaf on the plant, the D-leaf.  But in March the D-leaves still

had frost-killed tissue, so younger leaves were used, and their elongation measured, rather than their weight.  The range of values

obtained in 1982 and 1983 are provided below.  Figure 6 gives some data and each point represents averages usually of four to six

field blocks (fewer in the 1982 plantings after late summer).

Range in leaf growth, sets of 5 plants, cm plant  day :-1 -1

Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan
1982 plantings

Lowest 0.05 0.18 0.41 0.50 0.50 0.81 0.49 0.76 0.67 0.11 0.00
Highest 0.29 0.44 0.88 0.99 0.88 1.01 0.72 0.98 0.16 0.19 0.06

1983 plantings
Lowest 0.39 0.32 0.57 0.28 0.35 0.40 0.12 0.00
highest 0.70 0.62 0.89 0.91 0.99 0.58 0.58 0.13

Leaf growth appears to have been limited chiefly by temperature, although rainfall does have some influence, of course, and

extended dry periods do reduce leaf growth.  However, the pineapple plant characteristically maintains a fairly constant moisture

within the white tissue at the base of the young leaves at the expense of moisture in the older plant parts.  It is within this basal

white tissue that cell enlargement takes place, when there is sufficient moisture to maintain cell turgor to stretch the cell walls. 

Hence, elongation of pineapple leaves can continue slowly under conditions of soil moisture that would cause near cessation of

growth in many other plants, and the plant will survive (without much growth) even severe droughts.

From our data, it can be seen that older plants (1982 plantings) showed a higher growth rate than young plants (1983

plantings).  This was expected, as the growth rate of plants commonly follows a flattened ‘S’ shaped or sigmoid curve when the

physiology is not over-ridden by other factors such as temperature.  Also, the highest average growth rate attained in any one set

of five leaves was 1.01 cm per day, in August, and 0.98 cm per day for the averages of the several sets on one date of
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Figure 6.  Growth of young leaves of the 1982 (!) and the 1983 (X) plantings.  Data
points are averages for several sets of 5 plants each in field blocks of different ages.

measurement in mid-October.  Immediately afterward, the growth rate fell, and in mid-January 1984 it averaged only 0.04 cm per

day.  Note also that in March 1983 the growth rate had been only 0.05 cm per day, and it is clear that there is very little growth

during the cool months.

The apparent drop in growth rate in September resulted from a change to measuring growth on nearly mature leaves, rather

than in young leaves.  The data may be disregarded, as it would be more usual to measure, and to compare, growth rates on the

approximately linear portion of the sigmoid growth curve.  However, the data probably represent the rate of growth of leaves on

the plantation reasonably well this year.  We do make measurements of plant growth which are more meaningful for commercial

cropping purposes, by taking plant weights and D-leaf weights in the crop log, as discussed in section IV later.

A few further points should be mentioned.  It seems clear that the low rate of growth in January 1984 (data points indicated by

the ‘x’ symbol above Jan in Figure 6) was wholly a response to temperature, rather than to the limited rainfall in that month.  In

the previous March (1982), under 75 mm of rain, growth was also limited by temperature.  Indeed, for the last two weeks of

January, no leaf growth was detectable in many of the plants measured.  In the young leaves, the average elongation was less than 

0.01 cm per day in the 1982 plantings (which had been forced in November).  And the average growth in the 1983 plantings

(which had been covered with straw for protection from frost) was only 0.02 cm per day.

After the older plants were forced in November, their growth rate was less than that of the 1983 plantings, in contrast to the

situation earlier in the year.  After forcing, plants produce no new leaves, and those already formed grow somewhat less rapidly,

apart from the influence of the cold weather.

The well-known data of Watanabe on root growth, and of Farden on growth of pineapple leaves, in relation to temperature

(Sanford, W.G. 1962. Pineapple crop log-concept and development. Better Crops Plant Food 46:32-43.), is shown in figure 7. 

The experimental conditions under which these data were obtained were not those of our field conditions, but some interesting

comparisons can be made.

Soil temperatures at 15 cm depth averaged 30 to 31 °C in the summer, and these fall to 17 to 18 °C in November and

temperatures were below 12 °C at 15 cm depth during periods in December and January, and of course cooler than that at 5 cm

depth in the soil.  Reduced root growth would be expected at such temperatures, but probably no reduction would be expected by

very high soil temperatures in the summer.  Growth of leaves may not be reduced as much as that shown by temperatures above 32

°C.  Although such temperatures are very rarely met in commercial fields in Hawaii, they are common at the Tan Lo Farm.  But

our data indicate that here, the growth rate is still high, supported perhaps by the high humidity in our summers. In Hawaii,

summers are drier, and Farden's data may have reflected that as well, by less growth.  (Ed note: It is believed that the data of

Farden were collected in a controlled-environment chamber at constant day and night temperatures whereas diurnal fluctuations in

temperature at the Tan Lo Farm may provide more favorable conditions for growth.)
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Figure 7.  Growth of pineapple leaves after Farden and of pineapple roots after Watanabe
in relation to temperature.

B. Other Measurements in Plant Development – Sample Size

1.  There are occasions when it is necessary to determine the mean of items relating to pineapple culture, as the average number of

suckers per plant, or mean slip length or weight, or mean fruit size, etc.  How many items should be counted or measured to find

the mean?  It is important to use a large enough sample to have confidence in the accuracy of the determination, but the sample

should not be unnecessarily large, to avoid the extra time and expense.  Some data have been collected on various measurements,

and these can be used to calculate the size of future samplings.

Consider, for example, a sampling of a number of individual fruit weights, which can be used to calculate the mean (0) and a

standard deviation (S.D.) of 2.23±0.19 kg.  The result shows that about 2/3 of similar samples from the same populations will have

means of 0 ± 1 S.D. or between 2.23-0.19 = 2.04 kg and 2.23+0.19 = 2.41 kg.  About 95% of such samples will have means of 0

± 2 S.D.,  i.e, between 1.85 and 2.61 kg, and about 99% of such samples will have means of 0 ± 3 S.D., i.e., between 1.66 and

2.80 kg.  These days, many pocket calculators have an S.D. key, and the statistics are easily calculated.  (Ed note: Spreadsheet

software on the personal computer also makes the calculation of the statistics easy.  In Microsoft Excel, click ‘Tools’ and ‘Data

Analysis’ to calculate basic statistics such as the mean and S.D.  If the ‘Data Analysis’ item does not appear on the menu, add it by

clicking on ‘Add Ins’ in the Tools menu.)

Further, the coefficient of variation (C.V.) of the individual measurement is the S.D. as a percentage of the mean, i.e. C.V.% =

S.D./0 C 100.  Either the C.V. or the S.D. may be used in calculation of the number of measurements needed.  Of course, the

smaller the coefficient of variation or the standard deviation, the smaller the variation in the population, and the fewer the number

of measurements or samples that are needed to determine the mean to the desired confidence level.

2.  For future reference, typical means for data for ‘Smooth Cayenne’ pineapple are given in the following section with their

respective S.D. and C.V. values.  These data are followed by the method for estimating sample size from such data.

a. How much planting material is there in a field block treated with Maintain or Multiprop for production of slips?  Determine

the number of pieces to within 10% of the true mean with a confidence of 99%.  The average C.V. for samplings in ten field

blocks was 51.6%.  Since the measurement is easy to make, we concluded that columns of 200  plants selected at random per

block would usually be sufficient.   (Ed note: When collecting any sample from a field, statistical randomness is an important

concept.  The objective of random sampling is to produce accurate estimates of the population mean.  When collecting random

samples, it is important to be sure that bias on the part of the sampler is avoided.  Samples should be collected in such a way that

they are representative of the field or, if considerable variation within a field is observed,  a particular section of the field.)
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Slips, mean/plant S.D.,± C.V.,% Plants to be counted (n)
7.62 3.23 42.4 123
5.93 3.16 53.2 192
4.03 1.92 47.6 155

b. What is the slip size in a shipment of material as determined to within 5%, with a confidence of 99%?  (This material was

sorted for length at the time of shipment about 50 days earlier.)  Since it was somewhat dry at the time of measurement, the slip

weight variability may not be strictly comparable to that in fresher planting material.  Slip length and base diameter would not

have changed greatly.  We measured 100 units in the sampling, and apparently this was sufficient for the purpose.  Measurements

of internal diameters of slips averaging 264 g fresh weight, 25 cm long, showed a mean internal stem width of 2.93 cm, C.V. of

10.8%.  The internal stem diameter of pineapple crowns (tops) averaged 3.48 cm, C.V. 8%, in a group 25 cm long, weighing 308

g, average.
Mean/plant S.D.,± C.V.,% Plants to be counted (n)

Slip length, cm 26.65 3.15 4 11.8 48
Base diameter, cm  3.67 0.547 14.9 63
Slip weight, g 175.98 35.18 20.0 110

c. How many units are necessary to determine yield in terms of fruit weight, slips, and suckers per

plant?  Some data from a large-scale experiment in Hawaii can be useful (99% confidence, within 5%).  These field plots were

unusually uniform as to plant size, and the C.V. in fruit weight was unusually low.  About 20 fruits per block would be safer to

start with.  This was a trial involving natural fruiting and forcing agents, with different dates of harvest.  Hence, the slip counts

were rather low, and the C.V. for slips a little higher than usual.
Mean/plant S.D.,± C.V.,% Plants to be counted

Plant crop fruit weight, kg 2.01 0.082 4.1 8
Slips/plant, plant crop 1.38 0.373 27.0 198
Suckers/plant, plant crop 1.32 0.165 12.5 45
Ratoon crop fruit weight, kg 1.59 0.094 5.9 13

d.  Nanning Complex uses the number of leaves longer than a particular minimum to determine whether a field block is

ready to force.  How many plants should be used in this count?  Here are some data on the number of leaves, per plant, more than

30 cm in length.  The average C.V.  for 10 samplings in different field blocks was 29.3%.  The range in “n” needed was from 64 to

263 plants, to determine the mean to within 5% with a confidence of 99%.  The mean “n” was 137.  All plants within each block

were of the same kind of planting material, and all plants were the same physiological age.  If slips and suckers and crowns are

mixed in the same block, the C.V. can be expected to be larger.
Mean/plant S.D.,± C.V.,% Plants to be counted
24.1 5.66 23.5 87
18.8 5.43 28.9 131
13.6 5.59 41.2 263

e. Some data from the crop logging in 1983 are also of interest in this connection.  A sample of 10 D-leaves is taken from

among the 100 plants per block from which plant size is estimated.  How many items should be measured to determine the means

to within 5% with a confidence of 99%.  Root anchorage is kg required to pull the plant from the ground, a test of root health.
Mean/plant S.D.,± C.V.,% Plants to be counted

D_leaf weight, g June 10.5 1.140 10.8 35
June 21.8 2.802 12.8 47
Oct 45.2 5.512 12.2 43

Plant weight, kg June 0.51 0.090 17.6 86
October 1.34 0.124 9.3 28

Root anchorage, kg June 15.6 2.229 14.4 59
October 33.3 1.241 5.5 11

And, for leaf tissue analyses:
Mean/plantS.D.,± C.V.,% Plants to be counted

% Ca in D-leaves October 0.020 0.0035 17.7 (In basal white tissue of
% Mg October 0.019 0.0029 10.0  the D-leaves)
% P October 0.013 0.0017 12.7
%K October 0.253 0.0203 8.0
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3. The calculation to determine the number of items to be measured in not complicated.  In the equations below, ‘n’ = the

calculated sample size at the specified confidence level and S.D.  and C.V.  are the means of three or more S.D. or C.V. values2 2

squared and then averaged.

n = S.D.  C Z /E  or n =  C.V.  C Z /P2 22 2 2 2

Here, ‘Z’ is the number of standard deviations for the desired level of confidence taken from a table of ‘t’  statistics in a textbook. 

If a 99% confidence level is desired in the count, Z = 2.79 for n = 25, Z = 2.68 for n = 50, or Z = 2.63 for n = 1000.  ‘E’ is the

allowable error.  Hence, take E = 0.05(0) for an allowable error of 5%, or E =  equals 0.10(0) for an allowable error of 10%.  In

the formula using the C.V., “P” is the allowable error expressed in percent; use 5 for 5%, etc.

If the S.D. is not known from previous work, take a reasonable number for a sampling and determine the S.D., using ‘Z’ for

the number of items measured.  Calculate ‘n’, and if different from the ‘n’ used, recalculate using Z for the new ‘n’, until Z and n

are consistent.  This will then give the best estimate of the number of items to be measured the next time.  The arithmetic is readily

done with a pocket statistical calculator, and the improvement in the quality of the data is well worth the small effort invested.

In our work, we usually calculate an analysis of variance in connection with our field experiments.  The S.D. for the

experimental plots is the square root of the error mean square, and the C.V. of the individual measurement is calculated from the

S.D. and the overall mean, 0.  Spreadsheet software also makes it easy to calculate analysis of variance.

f. And finally, when the calculation shows that an unusually large number of items is to be measured or counted, consideration

should be given to some convenient transformation of the data, if this will give meaningful results.  This was the case in columns

of the number of roots per plant, the data being taken on various types of setts which were planted at the end of the season in 1982. 

There was an interest in how readily the different planting materials were rooting, as it appeared that the suckers were behind the

slips in this respect.  Further, root development in September appeared to be as fast as that obtained earlier in the summer under

higher temperatures.  Earlier in the summer there had been some dry periods, and there was a good series of rains in the first 20

days of September 1982, and then again during October.  Data were taken for 100 plants in each group.  The number has been

calculated to show the number of items required to determine the mean to within 10%, with a confidence of 99%.
Data for Mean Range S.D. C.V. n
100 plants cm no. cm, ± %

Crowns, planted 8 Oct Length, cm 22.83 12-36 ±3.58 15.6 20
Diameter, cm 4.06 2.8-4.9 ±0.36 8.9 9
Root number 5.03  0-20 ±4.05 75.5 430
ox + 0.5† 2.19 0.71-4.53 ±0.87 39.7 108

Slips, planted 8 Oct Length, cm 36.30 24-31 ±6.53 18.0 25
Diameter, cm 3.99 2.9-5.1 ±0.45 11.9 12
Root number 6.68 0-24 ±5.65 84.6 475
ox + 0.5 0.48 0.71-4.95 ±1.43 57.8 223

Suckers, Planted 28 Sep Length, cm 29.14 19-41 ±4.72 16.2 21
Diameter, cm 3.18 2.5-4.1 ±0.32 10.0 10
Root number 2.47 0-11 ±2.76  111.8 >500
ox + 0.5 1.55 0.71-3.39 ±0.74 48.0 154

slips, planted 28 Sep Length, cm 29.10 26-59 ±7.36 25.3 46
Diameter, cm 4.00 2.5-5.7 ±0.60 15.0 19
Root number 4.66 0-33 ±6.86 147.2 > 500 
ox + 0.5 3.33 0.71-5.78 ±1.04 31.3 68 

†To be read as the square root of the sum x+0.5.

Note the very high numbers of plants to be counted to find the average number of roots, and the considerable reduction in the

coefficient of variation and numbers required after the data were transformed to o x+0.5.  In root counts at this stage, the lowest

possible number is zero, and the data were not distributed normally, in the statistical sense of the word.  (This possibility should

also be examined in determinations of the numbers of slips and suckers per plant in estimating the amount of planting material for

collection.)  Some transformation of the data to normalize the distribution, can then usually be justified, and the o x+0.5

transformation is often convenient when there are a lot of zeros in the data.  We did conclude that slips and crowns rooted more

rapidly than suckers, and this is often found to be the case.

Pineapple Issues in Ghana

Condensed from the original at www.freshplaza.com

It was reported that Ghanaian pineapple exporters had "difficulties in pricing for their Smooth Cayenne pineapple" for the last

three years, at least in part due to their inability to supply the pineapple hybrid widely known as MD2.  At the time the report was

written, ‘Smooth Cayenne' represented greater than 95% of Ghanaian pineapple exports.  The Ghana Export Promotion Council
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(GEPC) received a request in 2003 for assistance in obtaining MD2 planting materials to help save the industry and maintain

Ghana's presence as an exporter of fresh pineapple.  In response to a GEPC request for funding of the purchase of MD2 planting

material, the government in a 2004 budget statement offered $2.0 million for purchase of planting material.  Various agencies

were assigned to oversee the acquisition, including ascertain the performance of existing MD2 material and evaluate the capacity

and competence of proposed suppliers and make recommendations.  In the meantime, the Directors of GEPC decided that tissue

cultured plantlets were the most suitable for scaling up production of MD2 pineapples in the country.  The plan was that planting

materials obtained would be used for production of suckers rather than for commercial production.  Inability to supply MD2

pineapple could place Ghana's 11% share of the export market from developing countries to the European Union in jeopardy if

MD2 is not available to farmers.  It was stated that the MD2 variety "currently controls about 75% of the EU market and is priced

at about 2 Euros per kg."

Proceedings of The 5  International Pineapple Symposium Publishedth

The proceedings of the 5  International Pineapple Symposium held in Port Alfred, South Africa, was published in Februaryth

2006  as Acta Horticulturae Volume 702.  Participants at the symposium in Port Alfred should soon receive a copy of the

proceedings in the mail.  Those wishing to purchase the proceedings can do so at the ISHS web site (www.ishs.org; click the

“Publications” link.  Citations for the papers published in the proceedings are included in the reference list at the end of the

newsletter.

Pineapple News Reference List

In response to a readers request about an index to Pineapple News, I have not taken the time to prepare a comprehensive

index but did compile a list of references in the newsletter.  The list can be found at the end of this issue of Pineapple News.  The

list was prepared using EndNote, a reference database software program.  Please contact the editor if you would like to have a

copy of the EndNote database or a copy in another format.  The version of EndNote I currently use has the capability to export a

file as text as well as in rich text, HTML and XML format.

ISHS

As you have read here before, the ISHS is one of the foremost organizations promoting cooperation and communication

among researchers, growers and consumers in the horticultural industries.  The ISHS provides the structure under which our

Pineapple Working Group functions and provides for the publication of meeting proceedings in a volume with high visibility.  An

important benefit of membership is to support an organization with the goal of improving horticulture across the globe.  Detailed

information about ISHS and the benefits of membership can be found at  http://www.ishs.org of you can write to the ISHS

Secretariat, P.O. Box 500, 3001 Leuven, Belgium (E-Mail: info@ishs.org).

News From Australia

Living/Dead Mulch in Pineapples 

David Flewell-Smith  (topend1@bigpond.com) 

Background 

Soil erosion losses (organic matter/nutrients and microbes) of up to 150 tons/ha in the first 12 months of growing pineapples

is not sustainable. Work by Mr Cyril Ciesiolka of the Department of Natural Resources indicated soil losses could be reduced to

under 10 tons/ha with the use of 35 tons/ha of pineapple trash covering the sides of the hills and walkways.  The legume Pinto's

Peanut (Arachuis pintoi) has been grown successfully in walkways - with a high level of timely management - on Mr David

Flewell-Smith's organic pineapple farm. 

Recent Research 

Dr Graham Stirling of Biological Crop Protection has demonstrated the need to reduce tillage, along with planting pangola

grass on reformed hills in the fallow, to reduce soil erosion via covering the soil with pangola grass as well as to increase

biological activity in the soil ( nematode predators etc.) and improved soil tilth.  Research in vegetable crops has shown cover

crops to be useful, with the resulting dead mulch replacing the use of plastic mulch.  In sub-tropical areas, a decreased soil

temperature is a potential problem when replacing black plastic mulch with this natural variety. 

http://www.ishs.org;
http://www.ishs.org
mailto:ISHS@agr.kuleuven.ac.be).
mailto:topend1@bigpond.com
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Current work with a living dead mulch

Precision planting of a nematode-resistant sorghum in summer up the side of and in walkways at planting (see photos and

explanation below) can reduce soil erosion. The sorghum was killed off after five weeks of growth with a contact herbicide

(haloxyfop R,  Dow Chemical Co.’s Verdict R). The stalks dried off, then laid down, providing excellent cover for the base and

sides of the walkways, while the pineapple plants looked good.  This scene looks a bit scary five weeks after planting with the

paddock looking like a crop of sorghum.  At week eight however, the paddock looks like a standard crop of pineapples with a

brown mulch in the walkways. The normal post plant application of bromacil and diuron is left out, which offsets the cost of the

living/dead mulch. 

Future Work 

It would be nice to have a Brown Bear (http://www.brownbearcorp.com/GM%205000.htm) mulching machine to reduce tillage.

Planting the living mulch six weeks before planting would provide good ground cover at planting.  Here at Top End Pineapples,

we are pleased with the results to date.  For Further Information, contact the author or Tim Wolens

(twolens@goldencircle.com).�

News From Brazil

The Next International Pineapple Symposium (IPS)

Domingo Haroldo Reinhardt E-mail: dharoldo@cnpmf.embrapa.br

Photos.  Top right, standard pineapple paddock without any mulch; note silt in walkways.  Top right, pineapple paddock at three weeks after
planting sorghum in walkways. The poor germination of sorghum in foreground is due to a lack of moisture.  Bottom left, Living mulch in
pineapples at nine weeks, having been mulched at seven weeks.  Bottom right: pineapple paddock at nine weeks, four weeks after being
sprayed with haloxyfop.



Newsletter of the Pineapple Working Group, International Society for Horticultural Science

9

As decided during the V International Pineapple Symposium at Port Alfred, SA, Brazil will be the venue for the VI IPS to be

held at João Pessoa city, capital of the state of Paraiba, located at the Northeast coast of the country.  João Pessoa is a nice city of

about 600,000 people, with several rather characteristic denominations, such as "city where the sun shines first" (it is the uttermost

point to the East of America), "the city with the most beautiful beaches" (in the municipality of João Pessoa there are about 25 km

of very nice Atlantic Ocean beaches with colorful, clean and warm waters during all seasons, being the beaches of Tambaú,

Manaíra, Cabo Branco, Sol, Penha and Seixas the most visited), the "third oldest city in Brazil" (the Portuguese João Tavares built

the Fortress of São Felipe in 1585, the site of birth for the development of the city) and finally also "one of the greenest cities in

the world" (there are many trees along the roads and a very large protected tropical forest in the city area). In addition, there are

very nice people and good food, both fish and great meat dishes (cattle, sheep).  And what is most important for all pineapple fans,

most of the Paraiba State pineapple fields can be found within a half circle of just about 20 to 80 km around the capital João

Pessoa.

Paraiba is the largest pineapple producer in Brazil. In 2005, more than 320 million fruits were harvested during the year, even

though a major part is produced during the second semester, with higher volumes from September to December.  Most of the

production comes from small farmers and hence a very large number of people is involved in this pineapple production chain. The

fruits are from the typical Brazilian 'Pérola' variety, certainly an exceptional cultivar for fresh consumption.  And the tropical

subhumid climate (average temperature of about 25.5 ºC, yearly rainfall of about 1,200 mm to 1,400 mm, more than 2,200 hours

per year of bright sunshine and a relative air humidity close to 80% on average) seems to be a great mixture of environmental

conditions, resulting in pineapple fruits that are preferred by most of the Brazilians.

The contract with the International Society of Horticultural Science has recently been signed by Dr. Domingo Haroldo

Reinhardt, convener of the VI IPS. The period set for the VI IPS is November 4 to 9, 2007. Efforts have been started in order to

prepare an event that certainly will be worth a visit to Brazil in general and to João Pessoa in particular. 

Scale Insect Pests of Pineapple and Associated Ants: Progress Report on Pineapple
Research in Espírito Santo, Brazil

Mark Paul Culik and José Aires Ventura 

Instituto Capixaba de Pesquisa, Assistência Técnica e Extensão Rural - INCAPER

Rua Afonso Sarlo 160, CEP 29052-010, Vitória, Espírito Santo, Brasil

markculik3@yahoo.com, ventura@incaper.es.gov.br

Pineapple is an important crop for small farmers in the Brazilian state of Espírito Santo (ES) with the cultivar Pérola grown

almost exclusively and yields averaging about 22 t ha  on 3000 ha.  Until recently, pineapple cultivation has been centered around-1

the municipality of Marataízes in the southern part of the state, but there is great potential for expansion of production based on

favorable growing conditions and there is interest in the development of pineapple cultivation in the northern part of the state in

the municipalities of Linhares, Sooretama, and Pinheiros.

As in other pineapple producing regions, mealybug wilt is one of the most important pest problems of pineapple in Espírito

Santo, but there is a lack of information on management options for this disease in this state. Therefore, as part of efforts for

development of integrated production of pineapple, this research is being conducted to better understand factors affecting

pineapple mealybug wilt in this area. Initial objectives in this part of the research are to determine what species of mealybugs and

other scale insects occur on pineapple and identify the ants associated with scale insect pests of pineapple in Espírito Santo.

Preliminary Results - Review of Literature

Efforts during 2005 were made to conduct a complete review of the scientific literature to determine what scale insect pests

and ants have been recorded from pineapple worldwide. Based on this review, an index of scale insect pests of pineapple has been

prepared containing information on 27 scale insects that have been identified from pineapple, including their scientific and

common names, host plants, geographic distribution, occurrence in Brazil, and associated references for each species.  We hope to

publish this index in the future.  Of interest to note is that most of the scale insect species known from pineapple worldwide occur

in Brazil (22, 81%) but few have been recorded on pineapple in this country (8, 30%).  Likewise, most of the sixteen species of

mealybugs that have been recorded from pineapple are known to be present in Brazil, but only two mealybug species

(Dysmicoccus brevipes and Planococcus citri) have been identified from pineapple in this country (or three, if a reference to D.

neobrevipes that we were unable to confirm is also counted). A similar index with information on about 30 ant species that have

been associated with scale insects and pineapple has also been prepared.

Information for identification of scale insect pests of pineapple (species descriptions, identification keys, methods and

techniques for working with and studying scale insects etc.) was also collected during this literature review to enable us to

accurately identify the insects collected or at least confidently make tentative identifications in this research. Together, this
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information serves as the base for our ongoing work here to identify the scale insects and ants of pineapple collected and to obtain

additional information about the insects found in this research.

Insect Sampling and Identification 

Initial sampling (2005 to present) has been limited to preliminary collections from INCAPER experimental farms in

Domingos Martins (pineapple cultivars Pérola, Smooth Cayenne, and various hybrids), and Sooretama (a hybrid of ‘Smooth

Cayenne’ x ‘Primavera’), several commercial ‘Pérola’ fields in Marataízes from which samples were obtained in August and

October 2005, and collections from ‘Pérola’ fruits purchased at a weekly street fair in the capital city of Vitória, ES, during 2005

and 2006 (including fruits probably originating from Marataízes).

  

Mealybugs (Pseudococcidae)

Mealybugs (and mealybug wilt symptoms) were common on pineapple plants in commercial fields in Marataízes from which

samples were obtained in August and October 2005. Based on males collected, the mealybugs have been identified as

Dysmicoccus brevipes.  Mealybugs were also relatively common on the pineapple fruits purchased in Vitória on various dates

between June 2005 and February 2006.  The fruits apparently had been grown in the area of Marataízes and the mealybugs were

found around the crown and base of the fruits and also were common within closed blossom cups of the fruits.  Mealybugs were

also collected from an infested pineapple plant from an INCAPER research farm in Sooretama in December 2005. All of the

female mealybugs collected from these pineapple fruits and plants that have been examined so far appear to be D. brevipes  (~20

slide mounted specimens examined from 8 samples of the 3 sites or sources).

Armored scales (Diaspididae)

Diaspis bromeliae was identified from pineapple plants from Domingos Martins, Espírito Santo collected in February 2005

and Marataízes in August 2005 (identifications by Dr. Vera R. dos S. Wolff, Fundação de Pesquisa Agropecuária - FEPAGRO).

Diaspidids that appeared to be D. bromeliae and/or Diaspis boisduvalii were common on pineapple plants in Marataízes sampled

in October 2005 with most (75%) of the plants lightly infested. Another species, probably Gymnaspis aechmeae, was also found

on a few (2) of the pineapple plants from Marataízes that were examined. These diaspidid specimens are being further studied to

confirm these identifications.

Ants (Formicidae)

Five species of ants associated with mealybugs on pineapples: Brachymyrmex sp.1, Brachymyrmex patagonicus, Pheidole

sp.1, Pheidole sp.2, and Tapinoma melanocephalum , were identified by Dr. O.C. Bueno, Universidade Estadual Paulista - UNESP

(from nine samples collected from pineapple plants in commercial fields in Marataízes in October 2005). Brachymyrmex sp.1 and

B. patagonicus were the most common ants found (present in more than 50% of the samples).

Preliminary Conclusions and Ongoing Research 

Our initial observations confirm that D. brevipes is common on pineapple in Espírito Santo and these preliminary results also

appear to confirm that other species of mealybugs are either rare or not present on pineapple in this area.

During 2006 our plans are to conduct more widespread sampling of the scale insect pests and ants of pineapple in the major

pineapple producing areas of the state.  The main goals are to determine the levels of infestation of D. brevipes commonly present

on pineapple in this area and to identify the species of ants commonly associated with mealybugs here, as well as to verify if other

species of mealybugs, besides D. brevipes, occur on pineapple in Espírito Santo.

Behaviour of Wild Pineapple Genotypes under in Vitro Conservation

Fernanda Vidigal Duarte Souza, José Renato Santos Cabral, Denis Alves Benjamim .  Embrapa Cassava and Tropical Fruits,1

Caixa postal 007, Cruz das Almas, Bahia, Brazil.  E-mail: Fernanda@cnpmf.embrapa.br, jrenato@cnpmf.embrapa.br

Undergraduate Student, Agronomy College, Federal University of Bahia, Cruz das Almas, BA, Brazil1

In vitro techniques are widely used for germplasm conservation of a number of wild and crop plant species.  The advantages

of this conservation are improved plant health and reduced costs.  Conservation of genetic resource under field conditions are

subject to risks resulting in losses of accessions.  The main causes of these losses are the lack of adaptation of the wild genotypes

to the local environmental conditions and the incidence of pests.

An in vitro pineapple germplasm bank has been established at Embrapa Cassava and Tropical Fruits since 2002 as a backup

of these genetic resources (Souza et al., 2004).  More than 25% of the genotypes from the bank have already been introduced to in

vitro conditions.  The strategy used has been to establish the conditions for minimum plant growth for long-term conservation in
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order to reduce maintenance labour of the collection.  This work has to be accelerated, but some limitations have been detected for

the in vitro establishment of some wild genotypes, which have been addressed by some studies.

One of the main limitations has been the differential response of wild accessions to the basic protocols used for their in vitro

culture and conservation.  In vitro plant development mostly depends on growth regulators and environmental conditions.  Several

experiments have been carried out at Embrapa, including those on the evaluation of plant growth regulators such as ABA (abscisic

acid) and PBZ (paclobutrazol) together with salt reductions in the medium and the incubation of explants at low temperature and

light (Souza et al., 2005).  The effect of these conditions is being evaluated on the micropropagation rates of these genotypes and

on their behaviour in the acclimatisation period.

Establishment Phase

Some accessions are presenting problems in the establishment phase with a variation from 30 to more than 300 days until first

plant emergence and first subculture (Figure 1).  Among the pineapple genotypes studied the Ananassoides, Bracteatus and

Macrodontes varieties have taken the longer periods for their in vitro establishment.

One of the strategies applied to some genotypes with good results has been to make the first subculture at 45 days after

introduction, regardless of plant emergence.  In the case of Ananassoides, an additional problem is the very small size of its buds

and a tendency to excrete large quantities of phenolic substances into the culture medium.  To solve this problem anti-oxidants

such as ascorbic acid and citric acid have been added to the culture medium.  Another alternative is the addition of activated

charcoal, which has given better results for the Ananassoides.

In the establishment phase, the plants were kept in a growth chamber with light intensity of 400 :E m  s , temperatures of 27-2 -1

ºC ± 1°C and a 16 h photoperiod.  The medium consisted of  Murashige & Skoog (1962) (MS) basal salts and vitamins

supplemented with 0.01 mg L of naphthaleneacetic acid (NAA) and 0.1 mg L of benziladenine (BA) (Souza et al, 2004).  Only-1 -1 

one accession had endogenous bacterial contamination, which was found at three months after beginning in vitro cultivation. 

In Vitro  Conservation Period

Accessions were placed into a conservation medium with lower concentrations of mineral salts of MS at a temperature of

21ºC, light intensity  of 300 :E m  s   and a 12 h photoperiod.-2 -1

The initial cultivation of pineapple accessions under in vitro conservation conditions started in March 2004.  A significant

extension of the interval between  subcultures is one of the most important goals in this kind of work in order to reduce labour and

costs.  Until now, results based on a still low number of accessions studied have shown a rather large variation of the time period

for their in vitro conservation, presenting intervals of 230 to almost 750 days between subcultures (Figure 2).  Two years can be

considered as a rather good time period for this type of conservation of pineapple plants, but more studies are needed to determine

the effect of extended storage periods on their recovery ability and genetic stability.  It is very important to know the most

appropriate time interval between subcultures for each accession, not only to monitor the material under storage, but also to plan
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the management of the genebank.  Studies on all steps of in vitro conservation are needed to reach this goal.  A large amount of

data has been obtained during the introduction phase of pineapple genotypes into in vitro storage conditions, including those on

plant morphology, contamination rates, plant viability and vigour, in addition to information on details of the operations being

carried out and the material and labour resources consumed.

The next step will be to develop a computerised databank in order to manage these data and to assist in the management of the

genebank. This will also aid the daily tasks directed to the in vitro collection by listing items such as the identity of cultures that

should be transferred on a particular date as recommended by the IPGRI (Hodkin, 2005).
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Acclimatization of Pineapple Plants from in Vitro Conservation

Taliane Leila Soares , Fernanda Vidigal Duarte Souza , Everton Hilo de Souza1 2 3

Graduate Student, Agronomy College, Federal University of Bahia, 44.380-000, Cruz das Almas, BA, Brazil. 1

Researcher, Ph.D., Embrapa Cassava and Tropical Fruits, C.P. 007, 44.380-000, Cruz das Almas, BA, Brazil,2

fernanda@cnpmf.embrapa.br

Undergraduate Student, Agronomy College, Federal University of Bahia, Brazil3

The in vitro germplasm conservation is one of the alternatives currently used in the preservation of genetic resources of a

large number of species. It is based on the culture of plant collections under laboratory conditions, using tissue culture techniques

that may vary depending on the species and its reproduction. These plant conservation procedures include some steps that need

adjustments, considering the differential response of some genotypes. Among the in vitro conservation strategies, there is the

slow-growth technique, which has been the most used in order to extend to a maximum the interval between subcultures. In some

cases, the plants suffer excessive stress during the in vitro conservation affecting their development and viability during the

following ex vitro acclimatization period.

At Embrapa Cassava and Tropical Fruits studies have been carried out in order to define protocols that enable the creating of

a security copy for the genotypes that integrate the large field pineapple genebank (Souza et al., 2004, Canto et al., 2004). Some

experiments have been carried out aiming at improving the techniques used at different stages of the in vitro conservation of
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pineapple genotypes (Souza et al., 2005). A large interval between subcultures together with good performance of the plants

during their regeneration and ex vitro acclimatization have been the main objectives of the most recent studies.

The acclimatization is the period of transition of plants from their in vitro to their ex vitro condition and is one of the most

important stages in tissue culture of plants (Díaz et al., 2004). The fragility of this stage is due to physiological, nutritional and

anatomical disorders that are rather common aspects for in vitro plants (Corsato and Crocomor, 2002). Little research has been

done on the residual effect of growth regulators used at the in vitro conservation period on the acclimatization of pineapple plants. 

One of the trials being carried out by Embrapa Cassava and Tropical Fruits has been the evaluation of the effect of ABA (abscisic

acid) and PBZ (paclobutrazol), in combination with different concentrations of MS salts, on the growth limitation of in vitro

pineapple plants for long-term conservation (data not shown). This paper presents preliminary results of those treatments on plant

survival and development during the ex vitro acclimatization period.

The plants used for the acclimatization assay were obtained from two experiments.  In Experiment 1 the treatments followed a

factorial scheme with three concentrations (0, 1.89, 3.78 and 7.56 :mol L  of ABA) and four concentrations of MS (Murashige-1

and Skoog, 1962) salts (full, ½ MS, 1/3 MS, ¼ MS). In Experiment 2 the same concentrations of MS salts also followed a

factorial scheme with three concentrations of PBZ (0, 0.85, 1.70 and 3.40 :mol L ). The culture medium in both experiments was-1

complemented with 3% of sacharose and solidified with 8 g L  of agar. Incubation occurred at 22 ± 1ºC, light intensity of 300 :E-1

m-2 s  and photoperiod of 12 h. In order to determine the best treatment to limit the in vitro plant growth some parameters as root-1

volume and shoot and root fresh and dry weight, and roots were assessed for one year (Souza et al., 2005). After this period some

five plants per treatment were micropropagated to evaluate the effect of these treatments on the rescue of these plants and their in

vitro multiplication rate (data not published). The other five plants of each treatment have been directed to acclimatization. The

plants were removed from the culture medium, rinsed in water to remove the agar and avoid contamination and cultivated in boxes

(4.5 x 14.5 cm) containing Plantmax® as substrate. The survival rate (%), height (cm) and leaf number were evaluated at 60 and

120 days. The experiment was conducted under greenhouse conditions, (about 90% relative air humidity, temperatures around

25/C and artificial nebulization).

No loss of plants occurred in the treatments studied in both experiments, except the one with 3.40 :mol L  of PBZ + ¼ MS-1

which had an excessive growth limitation.  The percentage of dead plants was high, reaching 40%  at 60 and 100% at 120 days of

the acclimatization period (Table 1).  In general, this behavior of the plants during acclimatization was expected. The influence of

PBZ on the gibberelic acid (GA3) content has been studied in many plant species. It is known that PBZ affects the synthesis of the

GA3, inhibiting plant growth and causing abnormal development, these effects usually being reversible (Canto et al., 2004), but in

this study the rather low concentrations of MS salts together with a rather high PBZ concentration resulted in plant death.  Other

interaction effects of PBZ and MS salts can be seen in Table 1.

Table 1. Effects of the in vitro treatments on plant height (PH) and leaf number (LN) during the acclimatization period.

Treatments 60 days 120 days
PH LN PH LN

T1 - Control 8.20 ± 0.51 21.80 ± 1.30 13.24 ± 1.45 24.20 ± 2.77
T2- MS + 0.85 PBZ* 8.58 ± 1.94 20.60 ± 4.97 14.46 ± 0.77 24.80 ± 2.59
T3 - MS + 1.70 PBZ 7.74 ±1.83 21.00 ± 6.96 7.88 ± 2.24 23.00 ± 5.15
T4 - MS + 3.40 PBZ 9.12 ± 1.75 22.00 ± 2.00 12.98 ± 2.15 27.20 ± 2.68
T5 MS/2 + 0.0 PBZ 8.54 ±1.39 19.00 ± 2.55 11.88 ± 1.06 18.40 ± 3.36
T6 MS/2 + 0.85 PBZ 8.22 ± 0.66 15.00 ± 1.26 12.25 ± 0.97 22.00 ± 2.16
T7 MS/2 + 1.70 PBZ 3.96 ± 1.11 22.60 ± 4.39 5.32 ± 0.94 21.00 ± 7.35
T8 MS/2 + 3.40 PBZ 5.00 ± 2.09 13.00 ± 2.22 13.20 ± 0.85 18.25 ± 1.26
T9 MS/3 + 0.0 PBZ 8.28 ± 1.70 18.60 ± 1.14 9.28 ± 5.12 22.25 ± 5.50
T10 MS/3 + 0.85 PBZ 7.42 ± 1.12 16.00 ± 2.00 14.66 ± 1.19 19.40 ± 0.55
T11 MS/3 + 1.70 PBZ 6.90 ± 1.73 16.60 ± 3.05 12.93 ± 1.35 18.25 ± 3.59
T12 MS/3 + 3.40 PBZ 2.10 ± 0.40 12.40 ± 4.98 12.25 ± 0.07 13.50 ± 0.71
T13 MS/4 + 0.0 PBZ 6.40 ± 1.01 17.60 ± 1.67 13.12 ± 1.96 23.00 ± 2.00
T14 MS/4 + 0.85 PBZ 3.92 ± 1.03 13.40 ± 1.95 6.48 ± 1.73 17.80 ± 3.83
T15 MS/4 +1.70 PBZ 4.48 ± 0.97 15.20 ± 3.96 10.06 ± 3.52 18.00 ± 3.54
T16 MS/4 + 3.40 PBZ 1.67 ± 0.51 4.67 ± 2.08 - -

*Concentrations of PBZ (:mol L )-1

Plants coming from in vitro treatments with the higher concentrations of MS salts, independent of the PBZ concentrations,

were taller, especially at 60 days of acclimatization (T4, T12).  As expected, an increase in PBZ concentration reduced plant

height, with stronger effects at lower concentrations of MS salts.

Similar results could be observed for leaf number, but the reduction effects of lower salts and higher PBZ concentrations were

smaller than those observed for plant height (Table 1). A larger number of leaves usually favors plant development, especially

after the first several days of the acclimatization period when leaves reach their true photosynthetic capacity and have reduced

water loss by transpiration due to the development of protective structures on their surfaces (wax, cutine).
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The interactive effects of ABA and MS salts during the in vitro period on pineapple plant growth at the acclimatization period

can be seen in Table 2.  As compared to PBZ effects, ABA had less of an impact on plant growth and morphology.  Even the

leaves of plants showing lack of chlorophyll in their leaves due to ABA and low concentration of MS salts turned green during

acclimatization.  In this study the lowest plant heights and leaf numbers were obtained for 1/3MS + 7.56 :mol L  of ABA both at-1

60 and 120 days of acclimatization. These plants showed normal morphology.  The results show that ABA can keep in vitro

growth rates low, increasing the intervals between subcultures, without inducing negative effects on plant development during the

period of acclimatization. 

Table 2. Effect of the in vitrot treatments on height of plant (PH) and leaf number (LN) of pineapple plants during the

acclimatization periods.

Treatments 60 days 120 days
PH LN PH LN

T1 - Control 7.34 ± 1.42 19.4 ± 3.97 12.82 ± 1.69 24.20 ± 4.71
T2- MS + 1.89 ABA1 7.88 ± 1.61 19.6 ± 3.27 14.50 ±4.11 24.00 ± 4.36
T3 - MS + 3.78 ABA 8.34 ± 1.88 18.2 ± 4.21 12.68 ± 4.01 21.20 ± 5.02
T4 - MS + 7.56 ABA 8.78 ± 1.26 19.4 ± 1.52 15.66 ± 1.05 22.00 ± 1.58
T5 MS/2 + 0.0 ABA 7.72 ± 1.17 20.4 ± 2.70 13.64 ± 3.16 24.60 ± 3.71
T6 MS/2 + 1..9 ABA 7.98 ± 1.18 23.8 ± 2.39 12.68 ± 2.33 29.75 ± 1.26
T7 MS/2 + 3.78 ABA 6.60 ± 2.66 19.2 ± 2.95 14.26 ± 1.25 21.40 ± 2.70
T8 MS/2 + 7.56 ABA 6.90 ± 1.08 18.2 ± 2.95 12.38 ± 2.40 21.25 ± 3.20
T9 MS/3 + 0.0 ABA 9.70 ± 1.18 21.0 ± 2.00 14.04 ± 1.39 26.20 ± 1.92
T10 MS/3 + 1.89 ABA 9.70 ±  0.73 20.6 ± 2.19 15.14 ± 1.44 24.40 ± 2.61
T11 MS/3 + 3.78 ABA 7.60 ± 1.29 18.4 ± 1.14 13.48 ± 1.73 23.00 ± 2.45
T12 MS/3 + 7.56 ABA 4.74 ± 1.30 14.0 ± 4.30 6.10 ± 1.27 14.50 ± 4.95
T13 MS/4 + 0.0 ABA 6.56 ± 0.86 16.2 ± 2.17 10.95 ± 4.26 20.75 ± 4.11
T14 MS/4 + 1.89 ABA 7.68 ± 1.58 17.4 ± 2.07 13.22 ± 1.03 23.00 ± 1.58
T15 MS/4 + 3.78 ABA 8.26 ± 1.04 17.4 ± 1.04 10.90 ± 4.22 19.40 ± 6.91
T16 MS/4 + 7.56 ABA 7.06 ± 0.98 15.8 ± 0.98 11.08 ±  2.01 19.00 ± 1.73

1 Concentrations of ABA1 (:mol L )-1

Results have also shown that the MS salt concentrations seemed to be more determinant on pineapple plant development

during the acclimatization period than the concentrations of the growth regulators used. 

The studies will be continued in order to evaluate the effects of these treatments on plant development under field conditions and

to detect the occurrence of any somaclonal variation.
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Breeding for Ornamental Pineapple

José Renato Santos Cabral, Fernanda Vidigal Duarte Souza.  Embrapa Cassava and Tropical Fruits, Cruz das Almas, Bahia,

Brazil, jrenato@cnpmf.embrapa.br , fernanda@cnpmf.embrapa.br 

The sector of floriculture and ornamental plants has moved annually a total of about US $16 billions in the world, with about

US $8 billions of that in the international market.  Brazil shares 2.5% of this market, but could easily increase its share if its

potential would be used in relation to the ecological conditions and the genetic resources available.

Among the tropical ornamentals,  pineapple has conquered its market share and consumer preference.  In Brazil the

production of ornamental pineapple is still rather small and mostly concentrated on one variety.  However, there is a large genetic

variability in the genus Ananas in Brazil, with a great potential for the creation of new varieties by breeding programs or even to

be used directly as ornamental plants.
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The Active Pineapple Germplasm Bank (APGB) of Embrapa Cassava and Tropical Fruits, located at Cruz das Almas, Bahia,

Brazi, has a total of 678 accessions under field conditions belonging to the genus Ananas and other bromeliaceae. It is one of the

largest pineapple collections in the world, probably containing a rather large portion of the genetic variability available in nature.

There are several genotypes with ornamental potential exhibiting beauty, rusticity and above all originality. They present a large

source of colors, forms and sizes of inflorescences, fruits and crowns, as well as different plant architectures.

The first step of this work at Embrapa Cassava and Tropical Fruits was the identification and selection of genotypes with

potential for ornamental use. The genebank accessions were evaluated with respect to the beauty of their inflorescence, plant

architecture, absence of spines, crown/fruit sizerelation and peduncle length. Based upon these characteristics the following

genotypes have preliminarily been selected: LBB -1448 (BRA-012882), FRF-223 (BRA-004936), FRF-221 (BRA-004898),

Selvagem-6 (BRA-001627), Curauá Roxo (BRA-013323), Silvestre-25 (BRA-002020), Pseudananas x Rondon (BRA-003948) 

and São Bento x Local de Tefé (BRA-003981). These genotypes have potential for direct use as ornamentals and hence will be

multiplied and submitted to acceptance tests among producers and consumers.

Crossings have been carried out among plants of the species Ananas comosus var comosus, Ananas comosus var. erectifolius,

Ananas comosus var. bracteatus, Ananas comosus var. ananassoides  and Ananas  macrodontes. A total of 5,104 plants from

seven crossings have been obtained as shown in Table 1.  The plants of the first progenies are now in the phase of evaluation

under field conditions.  One genotype from the crossing between Ananás São Bento (Ananas comosus var. bracteatus) and

'Primavera'  (Ananas comosus var. comosus) has been selected for the beauty of its inflorescence and its spineless leaves (Figure

1A).  The plants obtained from the crossings done in 2005 are still in the growth phase under screenhouse conditions (Figure 1B).

The next step will be their evaluation in the field and the selection of genotypes with characteristics according to the criteria

defined.

Table 1. Number of plants obtained from crossings between parent plants of different species, looking for ornamental pineapples.

Cruz das Almas, BA, 2005.

Crossing Number of plants
Ananás São Bento x Primavera 34
FRF-1387 x FRF-223 1,100
G-44 x FRF-1387 720
Curauá Roxo x Tricolor 300
(FRF-1392 x FRF-32 920
FRF-22 x FRF-1387 1,830
Silvestre 25 x Primavera 200
Total 5,104
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Integrated Pineapple Production In Brazil: An R&D Project

Aristoteles Pires de Matos , Luiz Francisco da Silva Souza , Nilton Fritzons Sanches , José Elias Júnior , Fernando Antonio1 2 2 3

Teixeira4

Coordinator of Integrated Pineapple Production, National Research Center on Cassava and Tropical Fruits,1

apmatos@cnpmf.embrapa.br; National Research Center on Cassava and Tropical Fruits; State of Tocantins Secretariat of2 3

Agriculture and Supply (SEAGRO); Agricultural Cooperative of Pedro Afonso (COAPA), Tocantins.4

Introduction

“Integrated production is defined as a system based on sustainability, employment of natural resources, and regulations that

ensure the substitution of polluting agents, employment of adequate monitoring instruments and the traceability of the whole

process. This makes production economically viable, environmentally safe and socially fair”.

In order to cope with consumers’ requirements regarding fruit quality, sustainability of the production system and social

fairness to workers, the Brazilian Ministry of Agriculture Livestock and Food Supply set up an Integrated Fruit Production

Program with the following goals: organization of the production bases; better quality products with added value; profit increase;

reduction of production costs; competitiveness; guarantee of high quality and healthy food; residue levels in accordance to

national and international standards; sustainability of production systems and post-harvest management. 

In August 2004, the Integrated Pineapple Production Project was approved to be conducted in the State of Tocantins with the

following objectives: training pineapple growers on good agricultural practices towards integrated pineapple production;

establishing an integrated pest management system; monitoring occurrence of pests and diseases in order to achieve adequate

control and maximum economic benefits; keeping residue levels within national and international requirements; monitoring soil

chemical properties and nutritional status of pineapple plants; and reducing environment and health risks, among others. By

August 2005, another project was approved to be conducted in the States of Bahia and Paraíba, and a third one to be carried out in

Rio de Janeiro. The present communication reports the activities performed in the State of Tocantins since September 2004.

Pineapple Crop In The State Of Tocantins

Pineapple was introduced as a commercial crop in Tocantins in 1987.  Since then the area cultivated has increased from 268

hectares in 1992 to 2,733 ha in 2004.  Pineapple is considered the most important fruit crop in Tocantins where it is grown in

several regions, ranging from smallholders production with just one hectare or less, up to large orchards with about 100 hectares.

In those regions the soil and climatic conditions are favorable for pineapple crop development and production. In addition, those

conditions make it possible to concentrate the harvest in the off-season of the Brazilian production, resulting in a higher income

for growers. Fruit quality is also good and ‘Pérola’ pineapples have been exported from Tocantins to the European Union from

2000, reaching a volume of about 3,000 tons in 2004.

Almost all pineapple fields in Tocantins are planted with the cultivar Pérola.  At the end of the cycle crop residues are either

chopped and left as surface mulch or incorporated into the soil.  After a fallow period the field is plowed and harrowed. The total

phosphorus is applied as a pre planting fertilization.  Planting of slips is done by hand and the population density is just about

28,000 plants per hectare, as large fruit size is a market requirement.  Nitrogen and potassium fertilization is divided into up to

four fractions applied during the vegetative phase of the crop cycle.  Micronutrients are usually supplied during crop development. 

Weeds are controlled with herbicides, usually by pre-emergence application complemented by hoeing.  Pesticides are sprayed

during flowering to control pests and diseases; no IPM recommendations are used.  Few pineapple growers use sprinkler irrigation

during the dry season to sustain plant growth.

Project Activities – 2004/2005

Participatory diagnostic survey.  A participatory diagnostic survey identified weed management and fertilization as the main

constraints to pineapple crop production in Tocantins.  Field trials were designed to study the effect of cover crops, such as pearl

millet (Pennisetum  glaucum (L.) R. Br.) and indian goosegrass (Eleusine indica (L.) Gaertn), planted between pineapple rows, on

the suppression of both weeds and soil borne diseases.  Field trials were also designed to determine nutrient levels for the

pineapple crop in Tocantins.  Currently five trials are addressing fertilization and another one cover crops.

Meetings.  One of the first steps of this project was to hold meetings to motivate growers on the integrated pineapple production

system focusing on sustainability, environmental protection, economic viability and social fairness. A preliminary version of the

regulating norms for integrated pineapple production has been widely discussed, elaborated and made available to pineapple

growers.

Training.  Considering that integrated fruit production is a relatively new concept for Brazilian pineapple growers, training

activities have been carried out in order to disseminate this production concept and to prepare growers to conduct orchards in

accordance with regulating norms specific for integrated pineapple production.  Eight training events dealt with the subjects:

Integrated Fruit Production: pineapple crop; Safe Use and Application of Pesticides on the Pineapple Crop; Integrated

mailto:apmatos@cnpmf.embrapa.br
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Management of Pineapple Pests and Diseases; Good Agricultural Practices for Pineapple Production; and Integrated Pineapple

Production.

Recommended fertilization

One of the most important contributions of this project to the pineapple industry in Tocantins has been the compilation of a

document containing fertilization recommendations for the pineapple crop.  For a population density of about 28,000 plants/ha,

these recommendations, which depend on the soil analysis data are: total phosphorus (90 kg/ha) supplied at planting; nitrogen

(260 kg/ha) and potassium (520 kg/ha) supplied during the vegetative cycle, fractionated in four applications. Micronutrients are

also supplied.  As stated elsewhere, field trials are being conducted to study plant nutritional requirements.  The results of these

studies will provide additional information to support further adjustment, if necessary, in the current recommendation for

pineapple fertilization in Tocantins.

Field activities

During the growing season 2004/2005 only one grower volunteered to conduct a 10 ha orchard in accordance with the

regulating norms specific for the integrated pineapple production.  Activities consisted of: 1. soil testing prior planting; 2. liming

and fertilizer application as recommended by soil analysis; 3. weed management/control; 4. monitoring mealybug wilt (pineapple

mealybug wilt associated virus), heart rot (Phytophthora nicotianae var. parasitica), fusariose (Fusarium subglutinans) and

pineapple fruit borer (Strymon megarus).

Weed management has consisted of growing cover crops, spraying contact herbicides and keeping mulch (dry leaves and

straws) in the space between rows.  This management reduced to half the number of herbicide applications during the crop cycle.

In addition to providing weed control, surface mulch is expected to retain soil moisture, allow more rainwater infiltration and

reduce runoff, thus improving soil properties. Surface mulch may also mitigate dust, a common problem during the windy season

in Tocantins where pineapple is grown on coarse-textured (sandy) soils.

Monitoring mealybug wilt, heart rot and fusariose started two months after planting and ended just before artificial induction

of flowering.  Monitoring of the pineapple fruit borer has been done from the sixth week after forcing up to the dry petal stage. 

During the whole crop cycle cultural control measures have been carried out in order to keep the incidence of pests and diseases at

a low level.  Neither insecticide nor fungicide applications have been performed during the vegetative phase of the crop cycle,

since pest/disease incidence has not reached critical levels.  Considering that fusariose incidence in fruits reached about 13%,

fungicide spray to developing inflorescences may be required, depending on the environmental conditions after forcing.

In general, as already mentioned, at the end of the crop cycle the pineapple plants are destroyed and after a fallow period a

new field is started.  However, at least one pineapple grower in Tocantins adopted a fairly interesting crop rotation system, based

on his own experience.  The rotation consists of cultivating soybeans followed by melon, watermelon and finally pineapple.  Using

this crop rotation system does not require a fallow period before planting a new pineapple field.

Project Activities – 2005/2006

During the 2005/2006 growing season eight additional growers joined the project and the cultivated area increased from 10

hectares in 2004/2005 to 112 hectares spread over six pineapple growing regions in Tocantins.

Partnership

The National Research Center on Cassava and Tropical Fruits, the leading institute of the integrated pineapple production

project, is located in the State of Bahia, around 1,400km from the region in Tocantins where the project is being carried out.  This

is due to a rather well organized R&D network involving several organizations such as the Ministry of Agriculture Livestock and

Supply, the Ministry of Science and Technology, the State of Tocantins Secretariat of Agriculture and Supply (SEAGRO), the

Federal University of Tocantins (UFT), the State of Tocantins Development Agency (RURALTINS) and the State of Tocantins

Sanitary Agency (ADAPEC), among others. In addition to government institutes, private organizations such as the Amazonia

Fruit, Agricultural Cooperative of Pedro Afonso (COAPA) and individual pineapple growers have also been very important

partners.�

News From Costa Rica

Costa Rica: Becoming Differentiated in a Demanding Market

Gabriela Centeno, Sustainable Markets Intelligence Center - CIMS

One of the most polemic products during 2005 was the pineapple, and there is no doubt controversy will continue to surround

this fruit,.  The multinational Del Monte Corp. began large-scale pineapple production in Costa Rica in the mid 1990's. Although,
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the producing sector is currently constituted of producers all sizes, Del Monte continues at the forefront of pineapple trade at the

international level.  This places the company in a prestigious position worldwide, extensive now to the country that became the

largest exporter of fresh pineapple in the world.

Moreover, fresh pineapple consumption continues to grow in the main market destinations.  Imports of this product to the

United States reached almost 578 thousand tons during 2005, for a CIF value (cost, insurance and freight) of 266 million dollars.

The most surprising fact is that these numbers represent an increase of 103% in the volume of fresh pineapple and only 15%

increase in value (USDA, 2006).  The CIF value of every ton decreased 44% with respect to the previous year (2004), however, it

returned to the levels of ten years ago.

In the European Union, imports volume increased 18%, reaching 419 thousand tons (data until September, 2005). The CIF

value also increased 11%, representing 348 million euros (to September, 2005). The average CIF value per unit went from 880

euros/ton (01-09/2004) to 830 euros/ton (01-09/2005) (Eurostat, 2006).

At the same time, Costa Rica has lost market share (in percentage terms), during the last couple of years due to gain in

participation of traditional players such as Ecuador (increase of 11% in the US market) and Guatemala (increase of 85% in the US

market), who are already exporting the Gold variety; as well as the entrance of new players such as Panama (increase of 114% also

in the US market). Other traditional exporters have also suffered from the increase in exports, such as Honduras (-4.5%).

These and some other reasons have lead many representatives of the industry to wonder about the panorama for the coming years.

How will the companies differentiate themselves and remain competitive in this environment? Will the prices recuperate to the

previous levels or will they continue the downward trend? Will Del Monte move their pineapple division to other countries or they

will take advantage of the facilities and positioning that they already have in Costa Rica? These are some of the issues that will be

further touched on in this article.

There is no doubt that the current situation of Costa Rica as the preeminent exporter of fresh pineapple to the United States

will remain unsurpassed by its competitors in the short and medium terms. Even more, because Del Monte has decided to establish

the plantations of the new variety Honey Gold in this country utilizing all the resources that they have already developed.

In addition, Costa Rican fruit commands a premium price in the international market, mainly due to its high quality. However,

the Costa Rican pineapple prices have decreased significantly during the last years, especially during the last term of 2005. In the

middle of 2005 some packinghouses paid the lowest prices in the history of the Gold variety of US$0.30/kg to the producers.

However, the prices have increased reaching US$0.45/kg in September. During 2006 it is hoped to see again the maximum prices

in March and April, of at least US$0.48/kg.

A fact that threatens market stability is the continuous expansion of the areas planted to pineapple in the country, which is

already at 25,000 ha. This trend has led to talk by experts about an eventual over-supply situation in 2007. If this occurs, a fall in

price will be inevitable.

To avoid suffering from this conjuncture in the massive market of fresh pineapple, companies need to identify and implement

comparative advantages to their production and to look for new/alternative ways to sell their fruit. According to Prof. Pánfilo

Tabora, expert in this subject at EARTH University, this can be done by adding value or differentiation. Value can be added in

two main forms:

• Slightly processing (pealing, cutting, dicing): The new consumption trends promote the sales of "ready to eat" products,

which save time and effort. There is no doubt that the commercialization of fresh pineapple would adjust to this trend,

and affecting the price at the same time, reducing quality losses and extending the product's shelf life. 

• Fruit processing (juiced and canned): In this way competition among those countries trading fresh pineapple (mainly in

Latin American) is diminished. However, one would be competing against the giants of the processing industry, such as

Thailand and the Philippines. At the product level, it has the same characteristics as slightly processed fruit. 

Another possibility could be a change of variety. Del Monte is already implementing this measure; its Honey Gold that will

enter the market this year. According to Tabora, the Queen variety and other smaller varieties already used in Asia and Africa also

represent good alternatives. 

Another solution for differentiation consists in becoming certified with some sustainability seal, such as the organic or

Fairtrade.  After the approval of the use of ethylene in the United States (2002) and Europe (2005), organic-scale production

became more feasible.  Organic markets, therefore, represents a good alternative for many producers and exporters.

Moreover, Fairtrade certification works with minimum prices, which insures some stability in this market and in the price paid

for the fruit. Many producers in Ghana and Costa Rica already enjoy the benefits of this system.

Finally, regardless of the choice a company decides to implement, it is very important, especially for smaller growers, to start

using mechanisms of market intelligence.  Market intelligence allows for opportune decision taking to help growers to remain

competitive in a market that grows more demanding every day.�

News From Cuba
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‘Red Spanish’ Continues to be "the Queen" of Pineapples Cultivated  in Cuba

Miriam Isidrón Pérez 1, Aroldo Cisneros Peña 2, Yamila Rosales Simonnot3, Argelio Pi Ferrer Escalona3 .

1. Laboratorio de Biotecnología, Facultad de Agronomía, Universidad Agraria de La Habana, Cuba. biotec@isch.edu.cu

2. Centro de Bioplantas, Universidad de Ciego de Ávila, Cuba.

3. Jardín Botánico, Ministerio de Ciencia y Tecnología, Holguín, Cuba.

In a national national effort to identify the pineapple cultivars being grown in Cuba, prospecting was done throughout the

country and 59 accessions were collected. The collecting expeditions were made between 1998 and 2005 in 13 of the 14 provinces

in the country and included 24 municipalities. The sampling showed that 'Red Spanish' was the main cultivar present in the fields

in the country.  More than 92% of the prospected areas (including governmental enterprises, small or larger farms and small

family yards) support their pineapple production growing 'Red Spanish'.  There were two principal clones of ‘Red Spanish’ and

both have reddish green leaves, an oval fruit shape, and deep eyes.  The Camagüeyana type can be distinguished from the

Pinareña type by the more regular and curved spine distribution on the leaf margins and the greater vigor shown by this clone.

Some differences in crown forms were observed, particularly the presence of small crowns adjacent to the principal one, but there

were no fasciation in any of the  ‘Red Spanish’ accessions.  Soils used in pineapple farms in Cuba are very diverse and include

sandy, loam, and red and black clays.  Some soils are over limestone rocks or other parent materials, but we always found

well-developed 'Red Spanish' plants if there were no drainage problems, nutritional deficiencies or high pH conditions in the field.

We found commercial plantings of 'Red Spanish' pineapple growing from sea level up to 1200 m, but better plants grow around 25

to 250 m. No chemical fertilization is frequently used by farmers, organic composts and mulches were used in some places, and

irrigation practices are not usual. Some other pineapple cultivars were found in prospecting work including 'Smooth Cayenne',

'Cabezona', 'Piña Blanca' and 'Piña de Cuba', but none of the plantings were of commercial size. 'Piña de Cuba' is threatened

because no more than 150 plants were encountered throughout the country, but that is a theme for another comment. All results

indicated that 'Red Spanish' represents a very well adapted pineapple genotype in Cuba.

Estimating the Weight of Pineapple Fruits

Ing. Lorenzo Donis García and Dr. Oscar Fernández García, Univercidad de Ciego de Ávila, Cuba.  E-mail:

pfa_lorenzod@agronomia.unica.cu

Abstract

From 2002 to 2004, a series of experiments was conducted to develop a methodology for the estimation of the weight of

pineapple fruits, this being one of the elements of major importance in the forecast of short-term production.  The current practice

was totally empirical, resulting as a consequence in high costs for crop production and marketing, since it is impossible to plan

without good information of the volume of fruit available for harvesting.  Vegetative and reproductive organs were evaluated at

the time of induction of flowering and about 50 days later when the flowers at the base of the inflorescence were opened.  The use

of the reproductive parameters provided estimates of high precision in both ‘Espanola Roja’ and ‘Smooth Cayenne’ and the

diameter of the inflorescence was of major practical precision and reliability.  The use of the weight of the ‘D’ leaf also provided

good estimates but was more complex and costly in its practical execution.

Introduction

Pineapple (Ananas comosus. L Merrill) is cultivated in all the tropical and subtropical countries (Loeillet, 1997).  The

qualities of pineapple fruits in the diet, its exquisite flavor, high digestibility and incomparable beauty has given it a premier place

among the world’s fruits.  Pineapple is cultivated in commercial quantities in a great number of countries, including Thailand, The

Philippines, Brazil, China, and India.  In recent years Costa Rica, Ecuador and Colombia have been highlighted while the volume

of production in Mexico has declinded (FAOSTAT, 2004).

A principal problem of the agricultural sector is the lack of information about the volume of production of fruit that is

harvested. Without such information, planning the volume of production that will produce a profit is difficult and overproduction

can dramatically harm the producer.  At the present time, production is estimated by calculating the number of fruits across a

representative portion of the block and the product of this number and the density provides an estimate of the number of fruits

produced.  The weight of the fruit is predicted empirically based on the personal experience of the producer.  The ‘D’ leaf is

reported to provide a good estimate of plant and fruit weight (Pelegrin, 1982; Peña and Legón, 1983; Domínguez, 1985) but its

use is relatively complex and costly in practical execution.  According to Wiliams (1971), Kantorowitz et al., (1971), and

Fernandez (1990) the particularities of forecasting are determined by the culture in which one works.

The objectives of this study were to: 1) evaluate the organs of the plant that are best suited to the estimation of fruit weight

and, 2) find a practical and precise method to estimate the weight of the fruits.
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Materials and Methods

During the years 2002-2004 we developed with the pineapple company in the province of Ciego de Avila, experiments to

level of production of ‘Smooth Cayenne’, in a Red Ferra lítico soil.  The attentions fitotecnia were realized bearing the orientated

in mind for the instructive technician for the culture(culturing) of the pineapple. (Minagri, 1999).  The layout of the plantation

field was 1 / 0.40 / 0.30 m with blocks of 12 double rows for the cultivation of ‘Smooth Cayenne’ and of 1 / 0.40 / 0.30 for

‘Espanola Roja’.  In the first two campaigns vegetative and reproductive parameters were evaluated in 6 blocks of each cultivar. 

At the time of floral induction, there were marked three points of 10 m in every block. ‘D’ leaves were then removed from

approximately 60 plants and weighed immediately with an analytical scale.

To the 45 later ones to the floral induction in the selected plants the following measurements were realized: Diameter of the

peduncle (DP); Height of the peduncle (AP); Height of the inflorescence (AI); Diameter of the inflorescence (DI); and Weight of

the ‘D’ leaf (PH).

A slide gauge was used to measure the diameter of the peduncle at the base of the fruit, the diameter of the central part of the

inflorescence and its height from the base to the base of the crown.  At the time of harvest, the weight of the fruits with and

without the crown as well as the diameter and height of the fruit was determined from 60 plants.  This information was evaluated

statistically using SPSS and EXEL.  

In the last campaign ten blocks cultivated similarly as above and the vegetative and reproductive parameters were evaluated in

a similar form.  The information obtained was used to validate the equations obtained with the results of the previous campaigns.

Results and Discussion

Correlation analysis is usually employed to find the possible dependence of one factor on another one.  Correlation among the

various measured parameters for ‘Espanola Roja’ is presented in Table 1 and those for ‘Smooth Cayenne’ in Table 2.

Table 1: Correlation between (among) the parameters studied in ‘Espanola Roja’.

Parameter PCC PSC DF AF
PHD* 0.91264235 0.91789 0.89254 0.86253
DI 0.98401645 0.96312073 0.91190675 0.89610073
AI 0.72680036 0.69845123 0.69643764 0.67521277
DP 0.5226378 0.50036524 0.48287165 0.45963551
AP 0.5920845 0.54921347 0.57452437 0.5214783
*Parameters are PHD, D-leaf weight; DI, inflorescence diameter; AI, inflorescence height, DP, peduncle diameter; AP, peduncle

height.  (Ed note: Column parameters were not defined but PCC appears to be fruit weight with crown.)

Table 2. Correlation of the parameters studied in ‘Smooth Cayenne’.

Parameter PCC PSC DF AF
PHD* 0.9419 0.9288 0.9078 0.7867
DI 0.9743 0.9515 0.8988 0.8783
AI 0.8883 0.8183 0.8032 0.8153
DP 0.7874 0.7447 0.7039 0.6575
AP 0.5061 0.5872 0.5243 0.5486
*Parameters are PHD, D-leaf weight; DI, inflorescence diameter; AI, inflorescence height, DP, peduncle diameter; AP, peduncle

height.   (Ed note: Column parameters were not defined but PCC appears to be fruit weight with crown.)

The coefficients of correlation indicate that there is a high degree of dependence of one factor on the other, suggesting that it

was possible to estimate fruit weights from the measurement of some one from these parameters.  Nevertheless it is important to

emphasize that for both ‘Espanola Roja’ and ‘Smooth Cayenne’, the highest correlation coefficients were obtained between

inflorescence diameter and fruit weight.  The results confirm those of Py and Pelegrin (1958), Peña and Legón (1983) and

Domínguez (1985) with regard to the relationship between ‘D’ leaf weight and the weight of the fruit (Table 1 and 2, Figure 1),

but the correlation between fruit weight and other parameters is not as high.

The good relationship between ‘D’ leaf weight or fruit diameter at flowering and final fruit weight with crown is shown in

Figures 1 and 2.  The data indicate that regression analysis might be used in these cases because the distribution of the data points

shows us a positive dependence and appear to simulate a straight line.  Peña and Legón (1983), found that the relationsip between

‘D’ leaf weight and fruit weight represents a parabola because ‘D’ leaf weight does not exceed 100g while fruit weight continues

to increase as plant weight increases.

In the equations of Table 3,  all the coefficients of regression and the exact coefficients of regression are high.   The values of

the coefficient of Dudpan and Watson (DW) are not guessed right.  (Ed. Note: The authors may be referring to the Durbin-Watson

test, a test for serial correlation.  Its relevance here was not commented on.)   Nevertheless it appreciated that the equation of

better adjustment is that of the diameter of the inflorescence with the high mas coefficients of regression.  The actual fruit weights

and those estimated using the various parameters are shown in Table 4.
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Table 3.  Equations of regression.

Y*= - 1274.8975265 + 41.63218645 X (Inflorescence diameter) ‘Smooth Cayenne’
R = 0.98254          r  a= 0.97123           DW= 1.352Y=-21.987487+15.324550X   (Inflorescence height) Red Spanish2 2

R = 0.95482    r  a = 0.94256       DW= 1.7892 2

Y= - 602.4641595 + 23.694627 X(weight of ‘D’ leaf) ‘Smooth Cayenne’
R = 0.9763          r  a= 0.96327              DW= 1.5632 2

Y=149.058177+30.094768X      (Peduncle height) Red Spanish
R = 0.86562     r  a= 0.84236        DW= 2.6912 2

Y= - 668.756546 + 51.066355 X (Peduncle diameter) ‘Smooth Cayenne’
R = 0.82357         r a= 0.81368              DW= 2.9642 2

Y* = Weight of the fruit with crowN and X is the indicated independent variable.

Table 4. Actual and estimated fruit weights for ‘Smooth Cayenne’ and ‘Espanola Roja’ pineapple.

Cultivar Actual DI* ‘D’ leaf DP AI AP
‘Smooth Cayenne’ 858 890 927 939
‘Espanola Roja’ 730 698 479

*Parameters are: DI, inflorescence diameter; AI, inflorescence height, DP, peduncle diameter; AP, peduncle height. 

Without doubt the best estimation for both cultivars results from the use of the equation based on the diameter of the

inflorescence, without discarding the rest of the equations.   As previously mentioned, the weight of the ‘D’ leaf also provides a

good estimate of fruit weight but the use of this organ requires trained workers to identify it and more sophisticated and

cumbersome equipment.

Conclusions

- The use of the equations of regression turns out to be a precise method and of easy execution.

- The equation fitting the diameter of the inflorescence and the weight of the fruit provides results that are more precise and is

eminently practical.
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Ed Note: Apologies for errors in editing are extended to the authors.  The above represents my best effort to understand what the

authors intended to convey.  There are some unintelligible sentences, which have been left as they originally appeared because the

paper was revised without the authors assistance.  Communication with people in Cuba is often difficult and at the time of editing,

email queries to the senior author were returned.  Despite some anomalies, the work is of interest because the methods appear to

be well-studied, the recommended technique is simple, and only one other study of fruit weight estimation prior to harvest for the

purpose of predicting yield (Donis García, H., and R. Moya Consuegra. 2005. Determination of the variables to use in the

prediction of the pineapple production to cultivate Cayena lisa. Acta Hort. 666:343-347) was found among over 6,500 references

on pineapple.  This study expands on that earlier work.�

News From Egypt

Overcoming Cold Stress by Intercropping of Pineapples under Banana Plantations

Adel Ahmed Abul-Soad, Tropical Fruit Department, Horticulture Research Institute, Agriculture Research Centre, Egypt.  E-mail:

adelaboelsoaud@gmail.com

Although pineapples are one of the most important tropical fruit species and Egyptian consumers like this kind of food, there

is no area cultivated with pineapples in Egypt.  Pineapple fruits have been imported from other countries but the price of fresh

fruits is high. Thus, production of pineapples in Egypt is important and may lower the cost of these fruits in the country.  Some

successful experimental trials have been made on cultivation of pineapples in a greenhouse.  But the cost of production was high

so the trials were ended.  A number of experiments also were performed on cultivation of pineapples in the open field.  All of

these trials failed and the final conclusion was that you can't cultivate pineapples in the open field in Egypt.

The coastal area of Egypt, with a temperature in summer around 25 ºC, is believed to provide a desirable climate for the

growth of pineapples.  Recently, a new trail to cultivate pineapples in the open field under Egyptian conditions was carried out at

the Horticulture Research Institute of Egypt.  The cultivars Queen and Smooth Cayenne were micropropagated through tissue

culture (Photo A). The shoot tip of a crown was used for the initial explant and several thousand plants were produced within one

year.  All plantlets were transplanted into pots containing peat-moss and grown in a greenhouse.  Plantlet survival was better in

peat moss than in other kinds of soil.  After 18 to 24 months, the pineapple plants were distributed to three areas representing the

main climatic regions of Egypt.  The study aimed to investigate the effect of different soil types and ambient conditions, especially

relative humidity, on pineapples grown in the open field at Ali Mobark Station located on the Cairo-Alexandria desert road, Sids

Station at Beni-Sweef (upper Egypt) where the summer day temperature is high (30 /C) and there is a large difference between the

day and night temperature, and as an intercrop under bananas at Kanater Station.  Planting took place in March with the harvest
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projected for 18 months later in September.

In December, an unexpected obstacle emerged.  The winter season caused cold damage on the plants being grown at Ali

Mobark and Sids Stations.  Initially mature leaves turned red in color due to anthocyanin formation but continued exposure to cold

stress produced white leaves.  The leaves also became narrow and smooth and no or slow growth also was observed during the

winter season.  However, intercropping of pineapple plants under banana plantings at Kanater Station was effective in preventing

cold stress (Photo B).  Under banana plants, the mature leaves of pineapple remained green and healthy.  It seems that the big

leaves of banana protect pineapple plants from low

temperature.  The mean temperatures at night ranged

from 8 to 13 ºC through the winter season but on some

nights in some areas the temperature reached 5.5 ºC. 

The outer leaves of banana will be safely removed to

allow direct lighting in the next summer.

When planting pineapple plants in the field, plants

were placed on the two edges of terraces.  Plants

obtained their nutrients from usual fertilization of

banana.  The intercropping of pineapple with banana is

expected to save a lot of costs for fertilization.  No

interaction was observed in water requirements between

the needs of both crops.

The cultivation of pineapple in the open field in

Egypt is economical and very important.  Cold stress in

the winter season was the big problem but intercropping under banana overcame this problem.  Other means that could be used to

overcome cold stress include the cultivation of pineapples under low plastic tunnels, which could be easily anchored in sandy soils

(See photo), intercropping with maize, and covering the surface of the soil with rice straw.  Rice straw from rice cultivation is

considered as waste in Egypt and it is cheap and easy to use.  Covering the surface of the soil could help keep the root

environment warm and thus help to reduce cold stress.

This experimental work was done at the Sids station (Beni-Sweef governorate), which is located beside the Nile river where

the relative humidity ranges from 40 to 60 % and the temperature in summer ranges between 30 and 35 ºC.  Finally, research to

overcome cold stress using different techniques was carried out in different areas of the country.  Overcoming other obstacles to

spread pineapples in Egypt is our target in near future. 

News From France

Pineapple Multiplication: Practical Techniques for Small Farms

Alain Soler and Bernard Dole, CIRAD-PRAM, Martinique.  E-mail: alain.soler@cirad.fr.

Introduction

Selecting and multiplying pineapple plants for fruit quality and yield, vigor of the plants, fast sucker production or introducing

new varieties, require fast multiplication of planting material. This may  be a major constraint for small farmers or small

organizations of producers. All techniques described below rely on the development of buds in leaf axils (just above the point of

leaf attachment).  Even though each leaf covers a bud that potentially may give a new plant, the buds are dormant  due to strong

apical dominance (Py et al, 1984).  Nevertheless, different techniques based on vegetative multiplication exist with advantages and

drawbacks for each of them. (For an extensive review see Py, 1979).

The modern technique of micro propagation is the ultimate technology for fast expansion and introduction of new varieties,

but it is not very convenient for small farmers.  With this technique, it is possible to produce thousands of plants (generally for

pineapple a correct multiplication factor is 1:1000) from very few original plants.  And even with the recent improvements that

have been brought to this technique (González-Olmedo et al, 2005), it still has several drawbacks.  These include a time-lag of one

year between the beginning of the tissue culture and the production of the first in vitro plants as well as an additional 6 months for

hardening and growth before plantlets are ready to be transplanted into the field.  The cost is relatively high for small amounts of

plants.  Finally, several genetic variations such as spiny leaves or multiple slips at the base of the fruits inducing deformations, 

may appear during the first generations of plants.

Another common technique used is the application of phytohormons (like chlorfurenol) mixed with ethephon at forcing or just

after.  This technique, first developed by Sanford (1973), allows a rapid production of slips on the peduncle of the fruit or the
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transformation of the fruitlets into small crowns.  The plantlets obtained need to be grown in beds before they are transplanted into

the fields.  The results in terms of type of plantlets and size are not very consistent and difficult to control.  Nevertheless this

technique is the basis for rapid pineapple propagation in many countries while in others it is not allowed because of the restrictions

about the use of phytochemicals in pineapple cultivation.

Practical techniques for small farms in French West Indies

All of the techniques but the first one described below are used in French West Indies and other Caribbean islands for

expansion of new varieties.  Table 1 below provides a comparison of the timing and production of the different propagation

techniques.

1)  Removal of the flowers: Two months after flower induction on young plants (4 to 6 months old), the young inflorescence is

broken off (castration), which destroys apical dominance and boosts sucker production.  Additional cultural practices such as

cutting off the old leaves and applying fertilizers will also promote faster growth.  Six to seven suckers per plant may be harvested

during the following 12 months depending on the size of suckers the producer is looking for.  The plant density may be increased

up to 100,000 plants/ha resulting in the production of 500,000 plants/ha in 18 months, which includes the time required for growth

of mother plants.  But this technique requires a previous multiplication for new varieties or for multiplication of selected plants.

Finally the technique is very similar to the classical production of suckers after harvesting fruit.

2) Crown leaf budding:  This technique has been used for many years and many alterations of the original technique have been

tested (K.K.Seow et al., 1970; C.K.Lee et al., 1978; H.C.Dass et al., 1984).  Each crown leaf in the pineapple plant covers a bud

on the stem at its base.  The first step is to remove and discard the base of the crown and any dry leaves.  Each green leaf of the

crown can then be carefully removed along with a small piece of the stem just under the bud (Figure 1A).  The top portion of the

crown with associated leaves is too soft to permit the removal of single buds so the whole top is just split vertically into four

pieces.  The cuttings are then dipped into a sodium hypochlorite solution followed by a fungicide dip to protect against rotting and

then planted into flats containing moistened sand, a mixture of black soil and peat (Figure 1B), or agarose (agar medium).  One

month after the transfer to the growing medium the buds develop into plantlets. The stages of development can be seen in Figure

1D.  No fertilizer application is required at this stage.

After two to three months of growth, the plantlets are transferred into propagation trays (sheet pots) Figure 1D) or into beds in

a greenhouse.  The growing media used at this stage consists of 45% black peat, 40% white peat, 15% clay and 4 kg Osmocote

10-11-18+2 per m  (Osmocote may be replaced by other fertilizer compounds).  The propagation trays are installed under shade3

(40%) and irrigated with small sprinklers just to maintain the soil wet (Figure 1E).  After three additional months of growth under

light shade, i.e. when they are five to six months old, they are ready to be transplanted into the field.  One crown can give up to

sixty plantlets depending on the variety of pineapple.

3) Young plant or crown apex destruction: Destroying the apex of young plants or crowns by gouging (Figure 2A) allows for

the fast development (3 months) of  10 to 15 plantlets even directly in the field.  The apex is destroyed manually and then

disinfected with a fungicide (Aliette for example).  Young plants must be about 25-30 cm high before gouging as the stem is very

small and it is difficult to remove the apex correctly.  The stems of crowns are much larger so gouging is much more easily done,

even on a small crown.  After disinfection, the plants or crowns are planted and grown as usual but at a density of 75,000

plants/ha.  Plastic mulch reduces contamination of the new plantlets by soil.   In three months,  about 10 to 15 plantlets can be

removed from the mother plants (Figure 2B) and grown separately in propagation trays or in beds under shade to accelerate

emergence of the new plantlets with the same fertilizer applications and irrigation as described for crown leaf budding.  

They also can be left in place to grow up to the size suitable for transplanting into the field (Figure 2C).  If the plantlets are kept

on the "mother" plant until they reach a size allowing transplantation into the field, the number of plantlets will be reduced to 5 or

6 per crown.  Development of the plantlet is promoted as described above for crown leaf budding, either in sheet pots or in beds

under shade (Figure 1E).

4)  Stem splitting:  The stems of mature plants can be prepared for fast multiplication after harvest of the fruit and of one or two

suckers.  This classical technique allows the production of  20 to 40 plantlets per stem.  The old leaves must be removed from the

stem after which it is split in half (Figure 3A) or cut into slices 1 cm thick.  After being disinfected (insecticide and fungicide

dips), stem halves are laid  over a medium of  perlite + vermiculite (50% each) and irrigated by misting three times a day for 2

minutes.  A sand bed also works fine.  Too much moisture leads to stem rotting, so accurate control of irrigation is needed.   The

plantlets are grown under shade (same device as for leaf budding or even simple tunnels under shading tissue (Figure 3E) may be

sufficient).   Foliar applications of fertilizer mixed with insecticide every 2 weeks promote more rapid growth.  Buds start

developing into small plantlets after 2-3 weeks (Figure 3B).  The stronger the shading the more plantlets while more light results

in fewer but much more vigorous plantlets.  The plantlets (Figure 3C, 3D) may be transplanted into sheet pots as explained for leaf

budding or left on the stem until they reach a size suitable for transplanting into the field (about 3-4 months).  In the latter case, the

emergence of new plantlets will be delayed.  The main drawback of the technique is that it is time consuming for the preparation

of the stems.  An optimization of the method has been developed in Antigua (M.A.SIROY, 1996).
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Figure 1. Crown leaf budding.  A. Separating leaf buds from the crown.  B. Leaves growing in the planting medium. 
C. Four stages of bud development.  D. Plantlets transferred into small pots.  E. Plantlets under shade and irrigated
with small sprinklers.  F. Plantlets ready to be transferred to the field.
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Table 1.  Timing and production of plantlets for different propagation techniques to obtain 50 000 plants for 1 ha.

Method Mutliplier Initial material Mother plant Plantlet production Plantlet Total

growth† growth growth

Tissue culture 1000 50 - 12 6 18

Chlorfurenol 10 5000 6 6 6 18

Plant castration 5 10000 6 12 18

Leaf budding 50 1000 - 3 5 8

Stem splitting 25 2000 - 3 5 8

†This and other columns to the right are time in months.  The “Total” column is considered to be the minimum time.

Figure 2.  A. Destruction of the stem apex by gouging.  B. Plantlets produced by gouging.  C. Plantlets left on the mother plant
(crown.

Figure 3.  A. Stems cleaned and split into halves prior to disinfection.  B. Stem half with growing buds.  C. Stem with plantlets ready to be
picked.  D. Stem slice with growing plantlet.  E. Stems in sand beds covered by shade cloth.
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Conclusion

Multiplication factors and timing of plant production depend on environmental conditions and varieties.  The 3 propagation

techniques described as more practical techniques must be adapted to local conditions, particularly manpower cost, availability of

greenhouses or similar structures or even availability of chemicals.  The choice for a particular technique depends on the goal of

the producers.  The techniques showing the higher multiplication factors are more sophisticated and may require special

infra-structures with higher costs and so they are useful for development of new varieties or multiplication of specifically selected

plants.  With the others, the classical infra-structures of production are sufficient, and so are more convenient for farm expansion.
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Forcing in Pineapples:  What is New ?

Alain Soler  1 alain.soler@cirad.fr, Claude Teisson , 2 claude.teisson@cirad.fr, Bernard Dole ,  1 bernard.dole@cirad.fr, and 

Paul-Alex Marie-Alphonsine , paul-alex.marie_alphonsine@cirad.fr1

 Cirad Pram BP214   97285 Lamentin cedex 2 (Martinique -F.W.I)1

 Cirad-Flhor Montpellier Avenue Agropolis, 34398 Montpellier Cedex 5  France2

Introduction

Successful forcing is a key point for economical sustainability for pineapple farms.  Ethylene, the natural hormone controlling

pineapple flowering, is the best forcing agent.  On that basis, the following different techniques have been developed and are still

in use. 

• Gaseous ethylene injected into water with activated charcoal is the most widely-used technique on large scale farms with

a high level of mechanization (Py et al., 1984).  Night applications are required as the pineapple stomata through which

the plant absorbs the gas are closed during the day.

• Calcium carbide after contact with water produces acetylene, a gas with a chemical structure very close to ethylene

(Abeles, 1973) that can force pineapple (Py et al., 1984).  The explosive nature of acetylene limits this efficient technique

to smaller farms with manual application of a water-saturated solution (Abutiate, 1977).  The technique also requires

night application.

• Ethephon, an ethylene releasing agent, has become the most popular technique over the world as it may be used by large

or small farms and the chemical can be applied during the day, ethylene being released slowly in the plant (Cooke et al.,

1968).  The main limitation of this technique is poor efficiency during hot climatic conditions (season or equatorial

areas).

• Cold water (5/C) has been used on organic farms as other methods were prohibited.  The technique gives results only on

plants very susceptible to natural induction such as plants under stress (nutritional or mechanical stresses); the stresses

enhance the natural production of ethylene by the plants.  The results are very low and this method is scarcely used.

Recently European regulation (CE 1138/2005 as a complement of Annex II regulation CEE N° 2092/91) and following the

US regulation (http://www.ams.usda.gov/nop/NationalList/FinalRule.html, § 205.601 Synthetic substances allowed for use in

organic crop production; (k) As plant growth regulators, Ethylene - for regulation of pineapple flowering) allows the use of

ethylene, and ethylene only, as a forcing agent for organic pineapple production.  This alteration of the European regulation may

be considered as a good opportunity for many small farmers, the main suppliers of organically produced pineapple on the markets,

mailto:alain.soler@cirad.fr,
mailto:claude.teisson@cirad.fr,
mailto:bernard.dole@cirad.fr,
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providing that adequate techniques are developed for the use of gaseous ethylene with minimal equipment. For this we developed

the following two strategies.

1. Adaptation of the injection of gaseous ethylene into water with activated charcoal as a small device handled by a single

operator.

2. Enrichment of dry activated charcoal with ethylene.

Material and Methods

1. Small equipment for injection of gaseous ethylene into water:  For this development we took into consideration the typical

conditions of application in large fields: 680g to 2500g of ethylene (or 0.8 to 3 L) in 6000 to 7000 L  of water with 0.5 % active

charcoal in suspension.  Spraying is done at night when stomata are open, and the treatment replicated 2 to 3 days after the first

application.

2. Dry activated charcoal enriched with ethylene:  This technique is based on the fact that ethylene is extremely efficient when

applied directly into the heart of the plant.  In experimental conditions a quantity as low as 0.16 ml/plant induces flowering (Dass

et al, 1975).  Another fact is that activated charcoal has the capability to fix gases.

2.1.  Enrichment of the activated charcoal: Activated charcoal is placed inside a plastic bag or other vessel and enriched with

ethylene under vacuum.  Three to four successive cycles of vacuum application for 2 minutes at 9.0 mBar max (1.7m /hr by a3

Vacuubrand® pump, model MZ 2C), each followed by breaking the vacuum by injection of pure ethylene into the bag.  The

ethylene and charcoal stay in contact at atmospheric pressure for 3 minutes before a new cycle starts.  At the end of the last cycle

the plastic bag or vessel containing the activated charcoal is quickly sealed or tightly closed after the atmosphere has been

saturated with ethylene.  The technique of enrichment of activated charcoal with ethylene was set up by F.Lebeau from Faculté

des Sciences Agronomiques of Gembloux (Belgium). 

2.2.  Different forms of activated charcoal:  Different forms and quality of activated charcoal have been prepared: Powder 

(mesh100-400) and granules (0.5-2mm).  According to the quality of the activated charcoal, the amount of ethylene fixed may

vary from 1% to 6% by weight. 

2.3 Finally two modes of application were tested:  Application of dry powder in the heart of the plant or liquid application after

mixing the activated charcoal powder in water.  Two experimentations were set up, one in Cameroon and the other in Martinique.

2.3.1.  Cameroon: A high quality dry activated charcoal powder with ethylene enrichment of 6% was applied into the heart of the

plant or mixed with water.  Only one application was made early in the morning (7:00 a.m.).  There were 200 plants per treatment

in two plots and the plant D-leaf weight ranged from 65 to 78g. 

2.3.2 .  Martinique: An industrial quality activated charcoal powder enriched with 1.0 and 2.0% ethylene was mixed in water.  One

application, 50 ml in the heart of the plant, by a 15 L knapsack sprayer was made early in the evening (7:00 p.m.).  There were

140 plants per treatment in two plots and plant D leaf weight averaged 80g.  Comparison was made with the standard ethephon

treatment (Ethrel 400ppm + 5% urea in water - 50ml/plant).

Results

1.  Description of a small equipment for injection of gaseous ethylene into water:  The system is based on alteration of a small

boom sprayer placed on a tractor (Figure 1).  The main alteration of the classical system is the use of a double hose mounted on a

hose reel (Figure 2) and with a double nozzle sprayer that allows the treatment of a double pineapple row, the boom staying

outside the plot.

The two key points of the system are: 

• The pumping system must allow the mixture "water/activated charcoal"  (but not ethylene) to recirculate constantly

towards the tank in order to keep the mixture homogeneous, and must have the appropriate pressure regulator;

• The ethylene injection device (Figure 3) is specifically required to allow the gas to be injected into water and form very

small bubbles to increase the efficiency of gas take up by the mixture.

2. Dry activated charcoal enriched with ethylene:  Preliminary analysis of the amount ethylene fixed on the activated charcoal and

its stability showed that when the enriched charcoal is left in open air it loses half of the fixed ethylene in about 15 minutes.  This 

provides enough time to prepare the suspension in water and to spray it on the plants.  Using this data we could evaluate the actual

amount of ethylene applied during the different treatments.  Data are shown together with the percentage of plants forced in the

following tables.

2.1 Experiment in Cameroon: The forcing was relatively good (Table 1) but not completely successful (a range between 80 and

90% of plants flowered) for most of the treatments with ethylene, regardless of whether a water suspension or dry powder was

used.  The exception was treatment where 2 mg/plant of ethylene was used.
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Table 1: Pineapple forcing by activated charcoal enriched with 6% ethylene (Dry powder or Water suspension)
Treatment Activated Charcoal Ethylene Plants forced 

mg/plant mg/plant‡ %
Control (no application) 0 0 0.6
Dry powder* 690 42/21 84.5
Dry powder 350 21/10 84.8
Water suspension† 1180 71/35 89
Water suspension 430 26/13 80
Water suspension 232 14/7 84
Water suspension 55 4/2 42.5
*The indicated quantity of dry activated charcoal powder was poured directly into the heart of the plant.
†The activated charcoal was suspended in water and 50 ml were poured into the heart of the plant.
‡Estimation of amount of ethylene just after enrichment and at the end of the application. 

2.2  Experiment in Martinique: The forcing with ethylene was excellent (almost 100%) for most of the treatments (Table 2),

except for ethylene at 1.4 mg/plant.  The standard technique with ethephon also gave excellent results.
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Table 2: Pineapple forcing by activated charcoal enriched with 1 and 2 % ethylene (Water suspension).
Treatment Activated Charcoal Ethylene Plants forced 

mg/plant mg/plant† %
Control (Standard Ethephon application) 0 400ppm/50ml 97.1
Water suspension charcoal enrich.1%* 570 5.7/2.8 100.0
Water suspension charcoal enrich.1% 285 2.8/1.4 98.6
Water suspension charcoal enrich.1% 142 1.4/0.7 93.6
Water suspension charcoal enrich.2% 570 11.4/5.7 98.6
Water suspension charcoal enrich.2% 142 2.8/1.4 75.7
*The activated charcoal powder was suspended in water enriched with 1 or 2% ethylene by weight and applied as a spray at 50
ml/plant.
†Estimation of amount of ethylene just after enrichment and before application .

Discussion

1. Small equipment for injection of gaseous ethylene into water:  The equipment as designed allows forcing of pineapple for small

farms with the same efficiency as on large farms.  Basically the technology is the same but it has been adapted to the

mechanization capabilities of small farmers.  Nevertheless, it requires a minimum level of equipment: tractor, small boom sprayer

(600 to 1000L), access to bottled ethylene, the ethylene injector, and finally activated charcoal.

2.  Dry activated charcoal enriched with ethylene:  In Cameroon and Martinique, except for the lowest quantities of ethylene, all

the results were good, even if we take into consideration that the activated charcoal was applied only once.   In some treatments,

the amount of ethylene applied was far beyond what is physiologically required to force pineapple.  For field applications the

forcing may be correct with levels of ethylene as low as 5 mg when applied into the heart of each plant.

The differences between the results in Cameroon and those from Martinique may result from the sensitivity of the plants at the

time of the treatments.  It is well known, but not clearly understood, that many factors such as growth of the plants, phytosanitary

conditions, climatic conditions, particularly the difference between day and night temperatures (Conway et al., 1982), are all key

factors controlling the response of pineapple plants to ethylene or ethylene releasing agents.  These factors alter the sensitivity of

the plants to the forcing treatment.  Another factor to be taken into account is the stability of the enriched charcoal.  Charcoal

enrichment for Cameroon was prepared in Belgium a relatively long time before use while charcoal enrichment for Martinique

was done two days before treatment.

Conclusion

The two techniques reported here offer small farmers better control of the cycle of pineapple making their work easier and

making pineapple farming economically more sustainable.  These two techniques were developed for small growers but with the

alteration of the European regulation regarding forcing in organic farming we realized that these results would be of special

interest to organic growers who previously could not force their pineapples and  typically harvested fruit in a given field over a

five to six month period.  These techniques make the forecasting of cultural practices and harvesting as feasible in pineapple

organic production as it is for a large industrial farm.

Former studies showed that other ethylene releasing agents in dry powder or dry pellet forms (Ethylene chlatrate by Air

liquide) were very efficient in forcing pineapple.  They could not be developed commercially where usage was limited to only

pineapple forcing.  Activated charcoal does not have this constraint as it is a cheap component and has many other uses mainly as

a basic component of water or gas cleaning filters.  Further studies are required to develop a commercial product that is easy to

formulate and apply and that is stable and cheap enough to be used by small farmers.
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News From Indonesia

Pineapple Root Health Problem in Indonesia

Contributed by Dudy Arfiain, PT Great Giant Pineapple Company, Indonesia.  E-mail: OomAulia@ggpc.co.id

Formatted and edited by D. Bartholomew.

Mr. Arfian wrote a few months back asking about a root health problem on the PT Great Giant Pineapple Co. farm in

Indonesia and included pictures of plant injury (see photograph below showing plant with a poor root system on the left and one

with a healthy root system on the right).   Mr. Arfian reports that the possible pest problems such as symphlids, Phythopthora,

Pythium , nematodes and white grubs in fields did not exceed the economical limit.  Dudy reports the following.

•  Al saturation is very high in a lot of areas (average 63.97% or 45% above 70% Al saturation)

•  Poor internal drainage, which results in poor aeration and an increase in Al toxicity in the root system.  Root

development is very poor and the colour of root tips is more brownish than white.

•  Lime application of approximately 1.78 tons/ha was not too effective in controlling the Al saturation, only reducing it by

about 50%.

• Average soil parameters were, pH, 3.76; CEC, 2.81; Al saturation, 63.97%; nutrients (me/100 g) were P, 11.76; K, 0.21;

Ca, 0.46, Mg, 0.34; Al, 1.80.  Average leaf analysis for plant nutrient elements, N as percentage and all others as ppm,

from 90 locations were as follows: N, 0.19; P, 256; K, 3760; Ca, 54; Mg, 166; Fe, 18.4; Zn,3.21.

•  Liming reduced Al saturation and increased exchangeable Ca but not significantly affect levels of exchangable Mg, P

and Fe.

Dudy closed by saying “I hope other readers can share with us their experience”.  Please contact Mr. Arfian directly at the email

address above.

mailto:OomAulia@ggpc.co.id.
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News From Israel

Pineapple Production in Israel

Yoav Krayn, Israel.  E-mail: krayny@013.net. 

Pineapple production in Israel became established in the 1980's.  The fruit is grown for fresh market consumption only and is

considered an exotic fruit.  Israel's climate is subtropical and limits production.   Production is predominantly in greenhouses and

growers must contend with a fragmented market.

Pineapple production was established in Israel by a small group of farmers in the beginning of the 1980's on very small plots.  

Production is scattered throughout Israel and ranges from the arid region in the south all the way to the cooler northern areas,

mainly on the coastal plain at sea level.  These diverse growing areas have marked climactic differentials as well.   Minimum

temperatures can reach freezing at times (some regions experience an occasional frost).  Generally, minimum temperatures on the

coast may reach 5 °C.  There is also a threat of hail and strong winds.  Maximum temperatures in the summer may exceed 40 °C.

For most farmers, pineapple is an additional production line. To this day production operations are very small (miniscule in

relation to world production).  An average farm cultivates about 1.5 ha.   There are roughly 50 growers in Israel and the dominant

cultivar being grown is Queen.  There are other varieties in cultivation but information is hard to come by.

The main planting material used is suckers.  Planting densities vary and are site specific.  In general the time from planting to

harvesting is 18 months (and from planting to flower induction treatment 12 months).  After each plant crop is harvested and

suckers are produced, the field is replanted.  Rattoon crops are not the norm.

Locally grown pineapples are sold for fresh consumption.  Pineapples enjoy an exotic aura and are a specialty item.  The local

climate is not hospitable to pineapple growing and they are produced by intensive methods (greenhouses etc…).  Many of the

problems mentioned in the literature related to subtropical climates are manifested in Israel, including significant natural flower

induction, cold damage and sunburn.  There are no known growth regulators that are used to mitigate the effects of natural

flowering.  Information on this and other subjects is sketchy at best and therefore, difficult to assess.  Owing to the pronounced

effect of the climate, fruit quality varies significantly.

Farmers usually face marketing problems on their own since the market is fragmented and marketing information is not shared. 

The summer months (July -September), are usually the time of year when there is a glut in the market (because of natural flowering)

and prices plummet.

Pineapples are and will continue to be a wholesome part of Israeli fruit production.  There is room for improvement in

production standards and market information free flow.  However, since local production is relatively small, government agencies

are not involved in research and market forces make it very difficult for single farmers to conduct the kind of research needed.�

News From South Africa

.Production of Organic Pineapple in the Eastern Cape 2002 - 2010

Contributed by David Murray, ARC-ITSC, Bathurst, Eastern Cape, South Africa; Email, pga@

Introduction

Globally, pineapple in both fresh and processed forms are readily available - availability is just a matter of logistics and

affordability.  Since its discovery in 1494, production techniques and materials have evolved to counter most of the production

hazards resulting in fewer crop failures.  Today, transportation and packaging innovations can distribute superior tasting fruit across

the World in pristine condition throughout the year.  The "exotic" status of the pineapple is gone and suppliers are focusing on

ways and means of creating and maintaining their respective competitive edges in the market place. 

Del Monte Corporation and their hybrid MD2 pineapple has been a good example of this for the past decade.  Some of the old

pineapple mystique still lives on in the Organic Pineapple arena and the latest financial reports indicate an attractive competitive

edge for those brave enough to open this door.  Strangely enough, there exists a market even for conventionally processed Organic

Pineapple!  Perusal of the limited information available indicates that Costa Rica and Honduras are the market leaders with

collectively some 250+ producers who have the potential for approximately 15,000 tons per annum Organic Pineapple in the future.

Organic Pineapple Research & Development: South Africa

Funded by the Eastern Cape Pineapple Growers Association and the ARC-Institute for Tropical and Subtropical Crops,

Nelspruit, organically certifiable Cayenne Pineapple production has been a focus since 2002 (Table 1).  The Development Strategy
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revolves around 3 separate sequential phases, all centered at the Industry Research farm at Bathurst.  The cultivation method

evolved must be "producer friendly' - apart from company-owned pineapple production, the SA producers are some of the largest

private producers in the World today and need no further complications of their tasks.

Table 1.  Time scale for organic pineapple production.

Phase Time Scale Site - Bathurst Soil
Phase I 2002 - 2005 No recent pineapple cultivation Well rested soil
Phase II 2005 - 2008 Recent pineapple cultivation Medium fertility
Phase III 2007 - 2010 Current pineapple cultivation Poor fertility/soil type

In the first two years following trash incorporation, each site goes through a conditioning/detoxification process using

approved techniques, materials, biological stimulants etc, before being established to the local CM94 Cayenne Selection at 45,000

plants/ha on double row ridges.  Once analytical and subjective soil analyses indicate the "desired" structural, mineral and

biological status, then and only then, does the trial commence.  Ideal soil parameters (Table 2)  are closely allied to those found in

the Albrecht Papers - these seem to be the starting point for most organic gurus.

Table 2.  Ideal composition of soil for most crops.

Soil component
M 45% Minerals
M 5% Humus
M 25% Air
M 25% Water
Ideal plant nutrient contents are: Calcium, 60 - 70%; Magnesium, 10 - 15%; Potassium, 3 - 5%; Sodium, 1 - 3%, Phosphate, 25 -
130 mg kg ; Iron, 100 250 mg kg ; Manganese, 40 - 240 mg kg ; Sulphur, 20 - 30 mg kg ; Zinc, 6 - 20 mg kg ; Copper, 2 - 10 mg-1 -1 -1 -1 -1

kg ; and Boron, 1 - 2 mg kg-1 -1

Certified off-the-shelf organic products (Table 3) have been utilized in an effort to foster the producer-friendliness of this exercise. 

This results in the following approach:

•  Initially biological stimulants/inoculants to detox and enrich the soil

•  Follow with chicken manure and other organic mineral soil supplements

•  Followed by soil building ley crops (Sorghum) and more biological amendments

•  A comprehensive soil incorporated dose of preplant plant food immediately prior to planting

•  Thereafter the minimum of postplant sidedressings and sprays.

In Phase I, the CM94 plant material was slips, all dipped in organic pesticide/fungicide.  All post plant applications were based on

subjective plant and root inspection and/or leaf analyses.

Table 3.  Fertilizers used in the various treatments, all are in terms of amounts applied per hectare (ha).

Treatment Description
A1 2.0 T Talborne (www.talborne.co.za 2 5 2): Vita Veg 6:3:4 (14) sustained release (SR) source of N, P O  + K O

2 5 2Top dressing of 1.0 T Talborne Vita Nitro Boost 4:1:1 (14) SR source of N, P O  + K O.

A2 Soil Systems (Pty) Ltd., Australia: 30 T composted chicken manure, 2.5 T dolomitic lime, 2.5 T gypsum, 10 kg copper
sulphate, 3.5 kg boric acid, 250 g sodium molybdate, 250 g colbalt sulphate.

A3 - A6 Inorganic industry standard: 1.5 T dolomitic lime, 500 kg gypsum, 100 kg potassium chloride, 25 kg copper sulfate, 25
kg manganese sulphagte, 15 kg Boronat, 4 kg zinc sulphate, 4 L chlorpyrifos, 100 L Telone, Hyvar-X, diuron, Atrazine

B Full organic soil preplant program: 15 T composted chicken manure, 2.0 T dolomitic lime, 1.0 T Talborne Vita Veg
6.3.4 (14), 1.0 T soft rock phosphate, 30 L Humic Acid (18% wt/vol Organic Humate and 29 g/L Organic K, pH 11 -
12), 50 L animal molasses, 40 kg Biocult (Invam Biocult (Pty) Ltd, RSA; biocult@freemail.absa.co.za), 8 kg zinc
chelate, 10 kg copper sulphate

C 50% organic soil preplant program: 7.5 T composted chicken manure, 1.0 T dolomitic lime, 500 kg Vita Veg 6.3.4
(14), 500 kg soft rock phosphate, 15 L Humic Acid, 25 L animal molasses, 20 kg Biocult, 4 kg zinc chelate, 5 kg
copper sulphate

D Perspective block: Nil preplant fertiliser, nil nematicide, 1 x  sidedressing (N:K), 2 x foliar sprays, conventional
herbicides

http://www.talborne.co.za)
mailto:biocult@freemail.absa.co.za
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Post Plant Applications : Organic Treatments B & C in Table 3.

• Beetle traps baited with kairomone attractant placed at 200 m  intervals2

• 3 x Talborne 6.3.4 (14) sidedressings @ 500 kg/ha per application.

• 4 x Talborne Biotrissol + Pyrol + Molasses foliar sprays

• 9 x manual hoeings (total 807 man hours/ha)

• Ice block induction in 2004 unsuccessful

• Harvest period (22/3/2005 - 2/11/2005)

Nutrient analysis are shown in Table 4.

Table 4.  Final leaf analysis (Received 8/6/2004).

Orchard N P K Ca Mg Na Mn Fe Cu Zn B
- - - - - - - - - - - - %- - - - - - - - - - - - - - -          - - - - - - - - - - - - - - - - mg/kg- - - - - - - - - - - - - -

Full Organic AV White 1.53 0.20 3.02 0.42 0.21
Green 154 45 268 3 8 11

Full Organic+N White 1.48 0.23 3.09 0.46 0.23
Green 131 48 225 3 10 11

Full Organic+M White 1.53 0.20 2.95 0.45 0.19
Green 140 44 249 5 10 10

Organic Non Plastic White 1.41 0.16 3.08 0.31 0.18
Green 138 49 257 4 9 13

Organic Plastic White 1.68 0.21 3.49 0.48 0.27
Green 132 60 311 5 12 10

Half Organic AV White 1.47 0.22 2.83 0.50 0.20
Green 141 44 196 4 12 10

Half Organic+N White 1.48 0.19 2.68 0.41 0.19
Green 167 42 230 4 11 11

Half Organic+M White 1.57 0.25 2.97 0.45 0.22
Green 143 47 231 4 10 11

Industry AV White 1.53 0.22 2.89 0.58 0.23
Green 172 52 325 5 42 13

Please note: White = white basal section of D-leaf; Green = green basal section of D-leaf, M =Mycorrhiza, and N = Neem Oil.

Loss of Apical Dominance in Pineapple

Col Scott, Summerpride Foods Ltd., East London, South Africa.  E-mail: scottch@border.co.za

I am seeking comments regarding a problem that appears to be specific to the Eastern Cape pineapple industry in South

Africa.  This disorder is most commonly found in young plants due to be forced in early summer.  The first indication of the

problem usually appears in late winter or early spring when affected plants tend to display off-centre heart leaves.  At this stage, if

the plant is bisected, a necrotic area can be seen below the growing point (Fig. 1).  Ground suckers develop as a result and become

obvious a few months later (Fig. 2).

At the time of plant crop harvest, these ground suckers are sufficiently mature to initiate when Ethephon is applied as a

ripening agent.  The resulting fruit are mostly small but more importantly, are out of synchronization with the first ratoon crop. This

phenomenon accounts for some serious losses in first ratoon yield.

There are many schools of thought as to what causes the problem but it does appear to be closely associated with low

temperatures as the highest incidence occurs on Southern slopes after a short period of cold maximum and minimum temperatures

in early to mid winter. Others are convinced that it is caused by fertilizer burn as a result of side dressing with ammonium sulphate. 

However, trials comparing side dressing and foliar sprays demonstrated quite clearly that both forms of treatment produced similar

levels of the disorder.

Growers began to observe the problem in the early nineties, a time when the industry switched from urea to UAN as its main

source of foliar nitrogen.  A little over twelve months ago, the industry reverted to urea again and this year, the level of incidence is

much reduced.  However, the winter of 2005 was also quite mild.  If the problem is related to foliar nitrogen source, we really need

a typical Eastern Cape winter to test the hypothesis.  In the meantime, we will be installing trials comparing urea and UAN to see if

in fact these products do have an influence.

Ed note: Please respond directly to Col at the email address above.  Perhaps Col will provide an update on this work for the next

issue of the newsletter.
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Pineapple "D-Leaves" - Useful Indicators of Plant Health and Growth Status in the Smooth
Cayenne Cultivar

Graham Petty, ARC - Institute for Tropical and Subtropical Crops, Private Bag X1, Bathurst, 6166, South Africa.  Tel/Fax: 046

625 0946; E-mail: grahamp@imaginet.co.za

In the Eastern Cape almost all commercially grown pineapples are of the Smooth Cayenne cultivar.  In this and other cultivars,

the leaves are arranged in a spiral fashion around the central axis/stump, with oldest leaves closest to the soil and youngest leaves

closest to the apical meristem.  The D-leaf is the youngest fully mature leaf on a plant and is generally the longest leaf.  It is used in

chemical analyses to determine plants nutrient status.  D-leaves are also commonly used as a measure of plant size.  The

determination of pineapple plant size is of great importance for a number of reasons, including:

1. Deciding when plants are large enough to force (induce flowering).

2. In research, to compare the efficacy of experimental treatments.

3. In the annual Industry competition, to determine the winner of the Bertie Gibson Trophy, which is awarded to the grower with

the best 12 month old pineapple plantation.

Determining plant mass, by weighing whole plants after removing from the soil, is destructive, laborious and time consuming. 

These problems are particularly relevant when judging for the Bertie Gibson Trophy as data on a very large number of plants is

desirable.  If valid judgment of plant size can be based on D-leaf mass, then larger samples can be taken in time available and

plants are not destroyed.  To this end a study was undertaken to clarify the relationship between D-leaf mass and plant mass.

Method

A sample of 57 twelve-month old plants (Figure 1) , categorized as small, medium and large were sampled from a Bathurst

pineapple plantation in November 2005.  The masses of each plant, and its D-leaf, were determined.  A scatter diagram was drawn

with D-leaf mass as the independent variable on the X axis, and plant mass as dependent variable on the Y axis.  Pearson's

correlation coefficient, r, was calculated to determine the strength of the relationship between the two variables - D-leaf mass and

plant mass.  The linear regression equation was calculated and the regression line fitted to the scatter diagram, giving the nature of

the relationship and a means whereby plant mass can be estimated from D-leaf mass.

Results and Discussion
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Data were fitted by linear regression (see equation for

the graph on Figure 2) and the resulting R  indicates that2

95% of the variation in plant mass can be explained by D-

leaf mass. It should be noted that the coefficient r, and the

regression equation, are applicable to plants of a particular

age and location, and are subject to variation for different

ages and geographical locations.

Summary

For year-old Cayenne pineapple plants in the Bathurst

district it is possible to estimate the mass of these plants by

determining the mass of their D-leaves, and applying the

regression equation of Figure 2 where y = plant mass and x

= D-leaf mass.  By this means, much larger samples can be

taken per unit time and destruction of productive pineapple

plants is avoided.  Plant mass is an important indicator of

maturity and is useful in making management decisions.  It

is also of importance in points allocation in judging for the

annual Bertie Gibson Trophy competition.  In addition,

mass is important in evaluating experimental treatments in

pineapple research.

Attracting and Trapping Popillia
bipunctata, a White Grub Pest of
Pineapples in South Africa's Eastern
Cape, for Monitoring and Control

G. J. Petty, ARC - Institute for Tropical and Subtropical

Crops, Private Bag X1, Bathurst, 6166, South Africa. 

Tel/Fax: 046 625 0946; E-mail: grahamp@imaginet.co.za

Introduction

Pineapples, Ananas comosus (L.) Merr. are damaged to a greater or lesser extent in the Eastern Cape of South Africa by the

larvae (white grubs) of more than 12 species of scarabaeid beetles.  One of these species, Popillia bipunctata, (Figure 1) has been

responsible for severe pineapple damage in the Bathurst - Grahamstown area.  This species is closely related to the Japanese beetle,

Popillia japonica, a notorious crop pest in a number of countries including the USA where it has been successfully managed with

kairomone (feeding attractant) baited traps.  Some of the kairomones, which have been shown to be most attractive to the Japanese

beetle, were evaluated against P. bipunctata beetles on pineapple farms in the Bathurst - Grahamstown area.

Initial tests were carried out with "home-made" traps (Figure 2) based on the principles of the Ellesco trap which is for the

Japanese beetle.  In subsequent tests, modified commercially available traps (Figure 3) were used and these, together with different

kairomone dispensing methods, were evaluated and compared on the basis of numbers of P. bipunctata beetles caught.  Apart from

P. bipunctata, all other insect species collected in the traps were identified and recorded.

Method and Materials

In a 2003 - 2004 study kairomones evaluated for attractiveness to P. bipunctata/Popillia beetle included the following:

Cinnamyl alcohol, Nerolidol, ß. phenethyl butyrate, Geraniol and ß ionone.  Each of these "floral attractants" were mixed in the

ratio 9 parts to 1 part Eugenol (vol/vol).  Subsequently, Cinnamyl alcohol and Eugenol were mixed in an 8:2 ratio, respectively, to

prevent solidification of the mixture at low temperatures.  Tests were carried out at three different sites but results presented here

are for one site, where highest counts occurred.

Figure 2 shows the construction of the "home-made" trap used in the initial 2003 - 2004 studies when the efficacy of the

different kairomones was evaluated.  The trap is comprised of a 3 L plastic jar with screw-on lid, through which passes the stem of

a large yellow funnel.  Into the funnel are fitted two plastic fins at 90/ to each other.  Resting in the upper section of the fins is a 50

ml vial containing the kairomone which is released into the atmosphere via an absorbent wick.
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Traps, each with its own kairomone

mixture, were placed 10 m apart in

pineapple fields in a line at right angles

to the direction of the prevailing wind. 

This was to minimize interaction

between different kairomones.  The

tops of the funnels were at the height of

the plant canopy.  Beetles were

collected and counted from 30

September 2003 to 3 March 2004.

In a 2004 - 2005 study, a

commercially available bucket-funnel

insect trap was obtained and modified

by placing fins in the funnel section, as

shown in Figure 3.  Also, different

sulphur-yellow and dark-green colour

combinations were evaluated i.e. traps

were all yellow, or all green, or yellow

with green fins.

An important aspect of these traps

is the mechanism by which the

kairomone is released into the

atmosphere.  Three possibilities were

investigated.

1. The vial-wick method, with two variations

a. a commercially available form, and

b. a 50 ml vial fitted with a lamp wick or a cotton dentist roll as wick.

2. A commercially available "balloon" dispenser containing the liquid kairomone.  The microporosity of this dispenser can be

varied by the manufacturer to increase/decrease the release rate.

3. A commercially available sachet with the kairomone in a solid state wafer.  Here, too, the release rate can be set in the

manufacturing process to give increased/decreased rates.

4. With the above mentioned variations in design, colour and dispenser, eight different trap types were evaluated for

effectiveness, (See Table 2).  Traps were sited in pineapple plantations on eight farms.  The results obtained at one such site

will be given here. 
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Results and Discussion

2003 - 2004 Flight Season

The results given for beetles per trap in Table 1, ranked from most effective to least effective kairomone,  show the Cinnamyl

alcohol mixture to be almost twice as effective as the second best, Nerolidol, with 46% and 24% respectively.  The remaining three

kairomones were less than half as effective as Nerolidol and of similar efficacy.

Table 1. The number of adult Popillia bipunctata beetles collected per trap baited with five different kairomone mixtures (9 parts :

1 part Eugenol) for the three month period : 15 November 2003 to 17 February 2004.

Kairomone Beetles per trap Percentage of total
Cinnamyl alcohol 2760 46
Nerolidol 1450 24
ß Phenethyl butyrate 667 11
Geraniol 608 10
ß Ionone 485 8
Total 5970

In Figure 4, the periods (P) in days vary in length and are: Period 3, 20 days; Period 4, 46 days; Periods 5, 6 and 7, 14 days

each.  In terms of beetles collected over time between September and March, the greatest activity occurred during Period 4, i.e.,

between 20 January and 3 February, when almost 400 beetles/week were collected by Cinnamyl alcohol and 200 beetles/week by

Nerolidol.

2004 - 2005 Flight Season

The number of beetles collected by trap type (1-7, one of each) placed in the field from 25 November 2004 to 28 February

2005, and type 8 from 28 January 2005, gave the following total numbers of Popillia beetles (Table 2).

Table 2. Total number and percentage of Popillia caught in Trap type 1 - 8.

Trap type Number of beetles Percentage of total
1a 1790 15
1b 1983 16
2 968 8
3 779 6
4 1630 13
5 2000 16
6 1166 10
7 1950 16
8 150

1. "Home-made";  2. Commercial - all yellow + balloon dispenser; 3. Commercial - yellow with green fins + balloon dispenser; 4.

Commercial - all yellow + glass vial - dental roll wick dispenser; 5. Commercial - yellow with green fins + glass vial - dental roll

wick dispenser; 6. Commercial - yellow + sachet dispenser; 7. Commercial - yellow with green fins + sachet dispenser; 8.

Commercial - all green + commercial vial - wick dispenser.

The above 9 traps collected 12,266 beetles.  With an equal sex ratio this represents 6,133 egg laying females which could,

potentially, produce 245,320 eggs and white grubs.  The 150 beetles for Trap type 8 represents 14% of catch for the limited period

it was in the field.

Conclusions

From total beetle counts it is apparent that:-

1. Most effective kairomone tested was the Cinnamyl alcohol - Eugenol 8:2 mixture.

2. Traps should be placed from the beginning of December to the end of February.

3. A colour combination of sulphur yellow bucket and dark green fins is generally more effective than an all yellow trap.

4. The commercial traps in their presently modified form are at least as effective as the original (Type 1) traps, and can be factory

mass produced, thus reducing costs.

5. The recently developed commercial vial-wick dispenser is more effective than the commercial sachet dispenser or balloon

dispenser.  An added advantage is that the vials can be resealed, preserving the remaining kairomone for the following season.

With this kairomone trapping system, one of two different objectives may be achieved:

1. With a low number of traps, widely dispersed, the threat posed by Popillia beetles can be monitored and timely action taken

before eggs are laid and grubs become a problem.
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2. With a greater number of traps per unit area, it may be possible to keep beetle numbers below the economic threshold.  At the

present time it is not known how many traps per unit area are required to achieve this objective.�

News From the United States (Hawaii)

The Hawaii Pineapple Industry, It's Problems and Potential

L. Douglas McCleur, Senior Management (Retired), Maui Pineapple Company, Haliimaile, HI

The Hawaii Pineapple Industry production has gone from 76,000 crop acres in the 1970's to probably less than 12,000 acres

today.  The reasons for this declining in production are many but the primary causes are as follows.

1. When Del Monte established a pineapple cannery in the Philippines in the 1930's where they had good cheap labor, a good port,

and pretty good conditions for growing canned and fresh pineapple, Del Monte became the low-cost producer of pineapple in the

world.  Consequently, Dole felt it too needed to have an operations in Asia and started an operation in Mindanao and Thailand in

an effort to compete with the canned and fresh fruit produced by Del Monte.

With these moves, the industry started to cut back on support for the Pineapple Research Institute of Hawaii and spread the

technology for producing ‘Smooth Cayenne’ pineapple and their varieties all over the world.  Soon locally owned operations started

all over Asia, Africa and Central America.  Some of these companies died but others have continued to flourish, particularly in

Thailand, Indonesia, Malaysia, Africa and Central America.

2. In the 1990's the consumer started to request more fresh fruit and less canned products.  Thus, canned fruit demand fell while

major packers tried to shift production to plastic cups and glass.  The "Whole Fresh" fruit industry grew to meet this increasing

demand utilizing the superior fresh fruit varieties developed by the Pineapple Research Institute of Hawaii.

3. Del Monte took one of these varieties to Costa Rica, named it Del Monte Gold, developed refined growing and packaging

techniques, refined the shipping techniques and established a major business in the United States.  About the same time both Dole

and Del Monte were developing a market in Japan for fresh fruit and fresh cut pineapple products.  Thus, the "New Fresh Fruit

Varieties" spread through out the world as the business flourished.

The problem now for Hawaii producers is that the market is accepting these fresh pineapple varieties being grown in areas of

the world with lower growing costs and less distanced to markets than is the case for Hawaii.  Thus, Hawaii's production continues

to shrink as production in Mexico and Central America increases.  While Hawaii producers continue to promote a Hawaii name, the

major producers in Hawaii also have operations in Central America and I expect can produce a case of finished goods at

considerably lower cost than from Hawaii.  Hawaii struggles to compete with these areas of low cost production.

Another dilemma for Hawaii is that it takes so long to produce a new variety and without the Pineapple Research Institute or

other major crop breeding program, it is difficult to produce a truly superior "Hawaiian" variety.  The varieties now in the market

were developed over 30 years ago.  New varieties are being developed by scientists throughout the world but they are often doing it

using the new crop development techniques utilizing "Genetic Modification".  These techniques have a great chance for success in

producing a new superior variety that will have disease and pest resistance as well as have great acceptance in the market place.  It

is my opinion that the major marketers of pineapple will have to review their stance on being anti GMO or others will be able to

make great inroads with the consumer and thus the market.

The other dilemma for Hawaii producers is the high value of the farm land on which their crops are grown, similar to what has

happened to farm land in much of the United States.  With tourism now the leading industry in our state, and with the high real

estate values, there is great temptation for the land owners to develop the land into resorts, golf courses and high priced housing.

Possible solutions for the Hawaii Pineapple industry might be as follows.

1.Utilized the abundant available pineapple land for crop rotation and thus reduce the nematode populations naturally, thereby

reducing the reliance on expensive nematode control.

2. Invest in research and capital to utilize optics, quality control automation and automate grading and packing.  This could reduce

the cost of Hawaii's expensive labor while at the same time improving the product quality to the consumer.

3. Start a major research program to produce a true "Hawaii" variety that would differentiate the Hawaii producer from the rest of

the world.

4. Utilize Hawaii's great land to develop and research the growing techniques to produce a superior "Organic" pineapple to meet

the growing demand for this type of product in the premium-priced United States market.

The worlds consumers are getting used to having their goods and services come from all over the world.  In this environment,

the challenge for Hawaii is to keep the pineapple industry a strong vital part of our landscape and economy.
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Nematode Control Research in Hawaii

Brent Sipes, Depart. Plant and Environmental Protection Sciences, 3190 Maile Way, Univ. of Hawaii, Honolulu, HI 96822

Some of our efforts have continued to focus on systemic acquired resistance (SAR) as a potential tool for nematode control in

pineapple.  The expression of PR-1 gene (a SAR marker) 1, 7, 14, and 21 days following application by acibenzolar-s-methyl was

followed.  Pineapples were uprooted, washed,  RNA extracted, first strand cDNA generated, and a regular PCR performed using

primers specific to the pineapple PR-1 gene.  A 266 bp band, indicative of PR-1 induction, was present in acibenzolar-treated

pineapple up to 21 days post treatment.  In another test, 1, 7, 14, or 21 days post acibenzolar application, 40,000 eggs of R.

reniformis were inoculated onto pineapples.  Nematode reproduction on pineapples treated with 100 or 200 mg L  acibenzolar was-1

55% lower than that on pineapples treated with 0 or 50 mg L. Nematode reproduction on pineapples treated with the same

concentrations but inoculated at different times was not significantly different (P > 0.05). Anecdotal evidence suggested that 

imidochlorprid, an insecticide, might also induce SAR or the related induced systemic resistance. Crowns were dipped into a

solution of imidochlorprid or water, planted, inoculated with nematodes, and then harvested 9 months later. The plants grew very

poorly and at harvest had a small to nonexistant root system. We isolated Pythium  spp. from the soil and roots. We will need

additional tests to determine if imidochlorpid induces SAR in pineapple.  We have also been evaluating compost tea and

Paceilomyces lilacinus as potential for biological control type agents. These test were just started and there are no visible

differences among treatments yet.  We are preparing to screen a new set of transgenic plants for nematode resistance. Previous

plants proved to not be transgenic and had not greater resistance to nematodes than their wildtype parents. 

Phytophthora updates from Hawaii

Glenn Taniguchi, Dept. of Plant and Environmental Protection Sciences,

In a study trial designed to look at fruitlet core rot/black spot disease, commercial hybrid cultivars from Hawaii were planted. 

Crowns were dipped in Ridomil Gold at label rate before planting. Four months after planting all hybrid cultivars sustained severe

heart rot from Phytophthora nicotiana. ‘Smooth Cayenne’ was not affected. This study for fruitlet core rot/black spot was a disaster

but Phytophthora heart rot data was collected as an informational fact. The following table is presented.

Table 1. Percent mortality by Phytophtora nicotiana on crowns dipped in Ridomil Gold before planting, at 4 months post plant.

Hybrid Percent Mortality

73-114 (also known as MD-2) 97.5
9-70 20.0
D-10 20.0
73-50 20.0
Cayenne  0

For added information a second test was installed with no pre-plant fungicide treatment to determine cultivar susceptibility to

Phytophthora heart rot.  Four months after planting all hybrid cultivars sustained 100 percent heart rot from P. nicotiana. ‘Smooth

Cayenne’ sustained only 30 percent heart rot.  Table 2.

Table 2.  Percent mortality by Phytophthora nicotiana on untreated crowns, at 4 months post plant.

Hybrid Percent Mortality

73-114 (also known as MD-2) 100.0
9-70 100.0
73-50 100.0
Cayenne   30.0

In summary, it appears that Ridomil Gold only provides a maximum of 80% protection under heavy disease pressure.  All

commercial hybrid cultivars are extremely susceptible to Phytophthora heart rot.  ‘Smooth Cayenne’, a rather resistant variety,

benefits from a Ridomil Gold dip treatment. An advisory statement from the makers of Ridomil Gold say that protection from

disease infection will be compromised if plants are planted in a heavy disease pressure area, susceptible varieties are planted, or

heavy nematode populations are present.

Time Course of PR-1 Gene Expression in Pineapple Foliar Applied with Acibenzolat-smethyl
and its Effects to Reproduction of Reniform Nematodes.
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B. Chinnasri , T. Borsics , D. Christopher , and B. Sipes .  Departments of Plant and Environmental Protection1 2 2 1 1

Sciences and Molecular Biosciences and Bioengineering, Univ. of Hawaii, Honolulu, HI 968222

Systemic acquired resistance (SAR) is an intrinsic ability of plants to defense themselves against pathogens and characterized by

the coordinated expression of pathogenesis-related genes (Prgenes).  In our study, the expression of PR-1 gene (SAR marker) 1, 7,

14, or 21 days following application by acibenzolar-s-methyl (a potent SAR inducer) and the effect of the SAR induction on

Rotylenchulus reniformis were investigated.  Pineapple crowns were planted onto 15-cm diameter clay-pots.  One month later,

pineapple plants were foliar applied with a solution of 100 mg acibenzolar L  of water (10 ml per plant).  One, 7, 14, or 21 days-1

post application, pineapples were uprooted, washed, and RNA extracted.  First strand cDNA was generated and a regular PCR was

performed using the two primers specific to pineapple PR-1 gene. A 266 bp band, indicative of PR-1 induction, was present in

acibenzolar-treated pineapple up to 21 days post treatment.  To determine the effect on nematodes, a separate set of pineapples

were grown and treated with acibenzolar at 0, 50, 100 or 200 mg L  of water. One, 7, 14, or 21 days post application, 40,000 eggs-1

of R. reniformis were inoculated onto pineapples.  The result showed that reproduction of nematode on pineapples treated with 100

or 200 mg L  was 55% lower than that on pineapples treated with 0 or 50 mg acibenzolar L .  Nematode reproduction on-1 -1

pineapples treated with the same concentrations but inoculated at different times was not significantly different (P > 0.05).  SAR

was induced in pineapple as early as 24 hours after acibenzolar application, remained activated for at least 21 days post application,

and reduced nematode reproduction at rates above 100 mg L .-1

Molecular Characterization of Two Pineapple Mealybug Wilt-associated Viruses Reveals an
Early Divergence Within the Genus Ampelovirus.

Michael Melzer, Diane Sether, and John Hu. Department of Plant and Environmental Protection Sciences, Univ. of Hawaii,

Honolulu, HI 96822

The family Closteroviridae represents a diverse assemblage of plant viruses and includes members that are responsible for diseases

of great economic importance.  The family is currently composed of three genera: Closterovirus, Crinivirus, and Ampelovirus,

whose members are vectored by aphids, whiteflies, and mealybugs, respectively.  In this study, the genomes of two Pineapple

mealybug wilt-associated ampeloviruses (PMWaVs), PMWaV-1 and PMWaV-3, were partially sequenced from viral RNA. 

Orthologous open reading frames (ORFs) identified in the PMWaV-1 and PMWaV-3 genomes had moderate (63-72%) amino acid

identity and a similar organization.  This organization, however, differed from the genomes of other ampeloviruses with the lack of

an intergenic region between the RdRp and p6, and the presence of a novel ORF downstream of the putative coat protein (CP).  The

28.1 kDa PMWaV-1 CP and 28.8 kDa PMWaV-3 CP are by far the smallest identified among the ampeloviruses.  The putative

ORF1a/1b +1 ribosomal frameshift sequence of PMWaV-1 and PMWaV-3 also differed from other ampeloviruses.  Phylogenetic

analyses placed PMWaV-1, PMWaV-3, and select grapevine leafroll-associated viruses in a monophyletic group that diverged

from other ampeloviruses early in their evolution.  Overall, the distinctions between these two ampelovirus groups are equivalent to

the differences observed between genera, and ultimately warrant the establishment of a second mealybug-transmissible genus within

the family Closteroviridae.

Development of Transgenic Pineapple Plant with Resistance to PMWaV-2

E.A. Perez , H. Ma , M J. Melzer , D.M. Sether , W.B. Borth , K. Cheah , C. Nagai , and J.S. Hu . Department of Plant and1 1 1 1 1 1 2 1

Environmental Protection Sciences, Univ. of Hawaii, Honolulu, HI 96822  and Hawaii Agricultural Research Center,Aiea, HI .1 2

Pineapple mealybug wilt associated virus-2 (PMWaV-2) infection and mealybug feeding are involved in the etiology of mealybug

wilt of pineapple (MWP), a serious disease of pineapple worldwide.  The PMWaV-2 coat protein (CP) gene was engineered in

sense and inverted repeat orientations into pCAMBIA 1300 transformation vector and introduced into pineapples using either leaf

bases and Agrobacgterium tumefaciens (CP sense gene) or protocorm-like bodies (plbs) and biolistic bombardment (CP inverted

repeat gene).  Primary transformants from leaf

bases were regenerated on Murashige and Skoog’s (MS) media containing 1 mg L  of benzylamino purine (BAP) with or without-1

16 mg L  of hygromycin B and those from plbs were regenerated on MS media containing 0.5 mg L  BAP with increasing-1 -1

antibiotic concentration of 16 to 25 mg L  of hygromycin B.  Plants regenerated from the two transformations were further selected-1

in stepped increases of 25, 35, and 50 mg/l of hygromycin B. CP gene sequences were detected in plants after the third selection

cycle, confirming the integration of the CP gene into
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the pineapple genome. At least seven lines of putatively transgenic pineapple plants that are resistant to PMWaV-2 infection have

been produced after multiple challenges with viruliferous mealybugs and they have not developed MWP symptoms after several

months.

Characterization of Bacterial Strains to Trace Origins of a Pineapple Heart Rot Disease
Outbreak in Hawaii.

Glorimar Marrero, Wendy Kaneshiro, Benjamin Vine, John Berestecky, and Anne Alvarez. Plant and Environmental Protection

Sciences, Univ. of Hawaii, Honolulu, HI 96822

Erwinia chrysanthemi, causal agent of bacterial heart rot disease of pineapple, was isolated from diseased pineapple planting stocks

in Hawaii, in December 2003.  This was the first report of bacterial heart rot in the state; therefore, the origin of the disease was of

interest.  Additional strains of Erwinia and other bacteria were isolated from local plants, irrigation water, and pineapple planting

stocks originating from Hawaii, Costa Rica, Honduras, and the Philippines.  Strains were initially characterized using

bacteriological tests, metabolic profiles, 16SrDNA sequence analysis, reactivity with monoclonal antibodies (MAbs) and rep-PCR. 

Subsequently, additional MAbs were produced against E. chrysanthemi and used to screen and compare their reactivity against

other bacterial strains isolated from plant and environmental samples.  One MAb, clone no. 19C2G4, does react with strains from

Costa Rica, Honduras, and Hawaii field plants, but not with closely related subspecies of Erwinia or non-Erwinia saprophytes.  The

combined results from bacteriological tests, rep-PCR, 16SrDNA sequence analysis and serological tests provide evidence that

supports the conclusion that pineapple bacterial heart rot disease was not introduced to Hawaii from the Philippines, but rather from

Central America.

Update on Hawaii Production – Del Monte Announces Plans to Close

D.P. Bartholomew, Dept. of Tropical Plant and Soil Science, University of Hawaii, Honolulu, HI 96822

  Del Monte, in its current incarnation, Del Monte Fresh Produce Hawaii, has been in Hawaii for more than 100 years.  On

February 1, 2006 Del Monte Fresh Produce Hawaii  announced that they would close their Kunia plantation and cease all

operations in Hawaii.  Del Monte said it was no longer economically feasible to continue producing pineapple in Hawaii because of

increased planting of pineapple at lower costs in other parts of the world.  The closure of the plantation will eliminate at least 700

jobs, more than one-third of Hawaii's 1,800 jobs in the pineapple industry.  All planting is scheduled to stop on February 19 and

other operations will be phased out over the next three years with complete closure scheduled for mid-2008.  The closure will leave

only Maui Pineapple Co. and Dole Food Co. as Hawaii's remaining pineapple growers.  Both growers own the land on which they

grow pineapple, which may reduce their costs of operation.

At present Del Monte leases 5,100 acres of land and grows pineapple on 3,100 acres.  Del Monte representatives said that high

costs, increased competition and the inability to obtain a long-term extension of their land lease were causes for the closure.  Maui

Pineapple Company has indicated an interest in the land depending on the cost.  Maui Pineapple Co. plans to focus on a niche

market for premium fresh pineapple, and government and institutional markets for processed pineapple.  The compnay is

modernizing its processing facility in Kahului to reduce costs and is building an adjacent $17.5 million fruit grading and packing

facility that is expected to be ready in June. 

In 2005, pineapple output was 212,000 U.S. tons, a 4% decline from the 220,000 tons produced in 2004 according to the

USDA, NASS, Hawaii field office.  Fresh sales represented 50% of the total production, which was a decline from the 116,000 tons

processed in 2004.  Acreage in pineapple in 2004 was 14,000, an 8% increase from the previous year.  The farm value of pineapple

harvested in 2005 was estimated at $79.3 million.  The farm value of pineapple for processing was $148 per ton while that for fresh

fruit $600 per ton, down from $634 per ton in 2004.�

Reviews of Books and Book Chapters

 The Pineapple
King of Fruits

Fran Beauman

336pp. Chatto and Wimdus. £16.99.
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November, 2005

Lovers of pineapple the fruit or pineapple the crop, as well as lovers of good books, will enjoy reading Fran Beauman’s

wonderful book.  This delicious history of pineapple begins in Central and South America but much of the story is centered in

Europe, particularly England but also in the Netherlands and France, where the fruit was relatively unavailable until fast ocean-

going ships were invented.  Notably, history is about the unusual rather than the common and pineapples were unusual in Europe

and they have a surprisingly rich history there.  In tropical countries where pineapple fruits were common, their history is more

sparse, presumably in part because the fruit was quite ordinary.  Hawaii may be the exception to the limited history of pineapple in

the tropics because of its unique role in leading the world in the mechanized production and processing of pineapple.  The canning

industry that developed in the early 20  century in Hawaii had access to capital, a highly organized and well-funded, at least for theth

time, research effort, and the rapidly growing United States markets.  As a result, money was poured into research and the

contributions those early research efforts made to the development of the industry is quite well documented.  But the story of

pineapple in Hawaii makes up only a small portion of this interesting book.

Fran Beauman has thoroughly researched the world’s literature on pineapple in preparation for writing this well documented

book that focuses on the social history of pineapple.  There is enough botany to introduce readers to the important physical

attributes of the pineapple plant and fruit but the intrigue surrounding the history of pineapple is mostly not in its botany.  This

history of pineapple is much about the culture of Europe, and in particular of England, during the period from shortly after the

discovery of pineapples in Central America by the Spanish to its fall from kingly status when it began to be shipped in quantity to

both Europe and the United States after the invention of the steam engine and the development of steam-driven ships.  The author

attributes the kingly status of the pineapple among the rich and royal of Europe to its limited availability and exotic qualities,

including even the presence of a crown.  This exotic appearance and its high status caused its peculiar shape to be enshrined on the

tops of gate posts, mirrors, mantels, and bed posts.  Wedgwood even made earthernware in the shape of pineapples.  The use of the

pineapple as a symbol in art and architecture may have been what caused people to think of pineapple as a symbol of hospitality. 

However, Beauman argues convincingly that it was more a symbol of status than of hospitality because only the very wealthy had

access to the fruit until at least the middle of the 19  century.th

Beauman writes that when pineapple was most sought after, the wealthy of England, and later of America, spent the equivalent

of £5,000 in today’s money to grow a single pineapple fruit in one of England’s many “pineries”.  Matthew J Reisz

(http://enjoyment.independent.co.uk/books/reviews/article337336.ece) wrote in his review of the book that “it is stuffed with

astonishing, tirelessly researched and skilfully presented information about everything from the design of pineries to Victorian

costermongers, from early gardening weeklies to the marketing of Hawaii.”  The final chapter summarizes information about the

recent and very rapid growth of pineapple as a fresh fruit in Europe and the United States following the introduction of hybrid 73-

114, which was bred and selected at the Pineapple Research Institute of Hawaii but first grown in quantity in Costa Rica by Del

Monte Fresh Produce.  You won’t learn how to grow better pineapples from reading this book but you will certainly have a greater

appreciation of its social and cultural history in much of the world and be throughly entertained in the process.  Other, perhaps

more scintillating, reviews can be found on the internet.

D. Bartholomew�

Notices

Commercial Services

Maintain CF 125 continues to be available for use in pineapple plant propagation.  A renewal letter for registration of the

product was received in 2003.  For further information, contact Bhushan Mandava, Repar Corporation, P.O. Box 4321, Silver

Spring, MD 20914  Tel: 202-223-1424  Fax: 202-223-0141; E-Mail: mandava@compuserve.com 

Directory of Professionals

This listing is maintained as a convenience for those seeking assistance from professionals with experience in pineapple production and
processing.  If you have such expertise and are able to provide consulting services, please send you rname, address, E-mail address, and areas of
expertise to D.P. Bartholomew (duaneb@hawaii.edu).

No new names were received in 2006.

Web Sites of Possible Interest
http://www.cims-la.com/ES/ (Available in Spanish and English)

http://www.freshplaza.com/ (An internet newsletter on and about fresh fruits and vegetables)

mailto:duaneb@hawaii.edu).
http://www.cims-la.com/ES/
http://www.freshplaza.com/


Newsletter of the Pineapple Working Group, International Society for Horticultural Science

44

http://www.ers.usda.gov/Briefing/Organic/ (USDA Economic Research Service)

http://www.talborne.co.za/ (Supplier of certified organic fertiizers)�
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