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SuMMARY. ‘MD-2’ is the predominant pineapple (Ananas comosus) cultivar for fresh
fruit export worldwide. Costa Rica is one of the most important producers and
exporters of ‘MD-2’, and many growers in this country have switched to this crop.
However, growers have expressed concerns about the limited technical information
available about how to grow this cultivar. We conducted a survey to gather
information about the production practices implemented by commercial pineapple
growers in Costa Rica and use this information to describe the response of the crop
to these practices. Planting density was the most limiting factor affecting yield.
Average planting density was 62,594 plants/ha although planting densities above
70,000 plants/ha produced highest yields. Average yields were 7130 and 4723
boxes/ha for the mother plant and ratoon crops, respectively. Fruit weight ranged
from 1.5 to 2.0 kg and was not evidently affected by planting density or
fertilization. Fertilization levels were between 632 and 520 kg-ha™! nitrogen (N),
129 and 93 kg-ha~! phosphorous (P), and 400 and 340 kg-ha™! potassium for the
mother plant and ratoon crops, respectively. In focus groups, growers considered
that N and P levels could be reduced by 20% and 66% respectively, without
jeopardizing yield. Results indicated that management practices must be modified
for the ratoon crop to avoid yield reductions. The present study illustrated how

a collaborative effort in which growers share information about their production
practices can generate valuable data needed to identify adequate practices when
funding and technical support are not available to experimentally generate these

type of data.

xperimental studies to identify
Eappropriate production prac-

tices are a frequent and im-
portant step in the development of
optimal management strategies for
all crops. However, this effort can be
costly and in many cases requires a high
level of technical knowledge. In many
developing countries, research fund-
ing and technical expertise could be
a limiting factor, so experimentally
generated data about proper produc-
tion practices might not be available
to most growers or might not exist at
all. In these situations, especially for
a new crop, growers can try to adapt
technologies from existing research
data for similar cropping systems,
but ultimately they must rely on their
experience and common sense to
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determine how to grow their crop.
When this happens, it is likely that
there will be large variability in pro-
duction practices being implemented
by different growers. By combining
the results of all these different prac-
tices, it is possible to identify trends
that could give growers a better un-
derstanding of practices that are most
appropriate for maximizing yield as
well as those that appear to be only
marginally beneficial or even counter-
productive, and therefore should be
reduced or eliminated.

Costa Rica is the world’s largest
producer of ‘MD-2’ pineapple and of
fresh pineapple grown for export, and
is among the top five in area devoted
to the crop together with Brazil (fresh

fruit mostly for domestic consump-
tion), Philippines (canned and fresh
fruit production for export), Thailand,
and Indonesia (both mainly canned
fruit for export) (Food and Agricul-
ture Organization - Statistics, 2010;
U.S. Department of Agriculture,
2008). Although pineapple has been
commercially produced in this country
for almost five decades, it was only
recently that there was a rapid increase
in the planted area from ~8000 ha in
the late 1990s to 20,000 ha in 2003,
and to a dramatic 45,000 ha in 2010
(Barquero, 2011; Quijandria et al.,
1997). This tast growth in production
area was not followed by an increase in
the availability of technical information
or assistance for all the new growers
who were switching to pineapple from
crops such as banana (Musa sp.), cas-
sava (Manihot esculenta), papaya
(Carica papaya), rice (Oryza sativa),
and common bean ( Phaseolus vulgaris),
for which production practices are con-
siderably different from those used in
pineapple. Most of the research con-
ducted in pineapple is done by private
companies that do not make informa-
tion available to the general public. For
this reason, there has been a wide range
of production practices used by Costa
Rican growers not affiliated with the
major pineapple producing and export-
ing corporations.

Although in the past the most cul-
tivated cultivar was Smooth Cayenne
because it produced high yields and
large fruit, and the plants were vigorous
and stress-tolerant, a rapid change in
consumer preferences forced growers
to switch to ‘MD-2’ (Bartholomew,
2009). This cultivar is preferred be-
cause of its sweetness and yellow color
(Syahrin, 2011). However, ‘MD-2’
fruit tend to be smaller and the plants
are less vigorous and more suscep-
tible to biotic and abiotic stresses
than ‘Smooth Cayenne’. Furthermore,
‘MD-2’ plants are particularly suscep-
tible to natural flowering, which is
believed to be caused, at least in part,

Units
To convert U.S. to SI, To convert Slto U.S.,
multiply by U.S. unit Sl unit multiply by
0.4047 acre(s) ha 24711
0.3048 ft m 3.2808
2.54 inch(es) cm 0.3937
0.4536 b kg 2.2046
1.1209 1b/acre kg-ha™! 0.8922
28.3495 oz g 0.0353
2.2417 ton,/acre Mg-ha™ 0.4461
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by low temperatures and results in
significant variations in fruit produc-
tion and harvest timing (Kuan et al.,
2005). Thus, the switch to ‘MD-2’
made pineapple production more
challenging and risky, obligating
growers to have a greater technical
understanding of the crop to ensure
success. Unfortunately, there is lim-
ited information about ‘MD-2’ grow-
ing requirements in the literature.
Planting density and fertilization
are among the production factors that
have the greatest influence on yield,
therefore appropriate practices in these
areas are critical for optimum produc-
tion. Traditionally, pineapple pro-
duction has used planting densities
of around 30,000 plants/ha in low-
input systems (Rebolledo et al.,
2000; Selamat and Masaud, 2005;
Uriza-Avila et al., 2005), but the

intensification of the crop has favored
the use of higher planting densities
that range from 50,000 plants/ha to
more than 70,000 plants/ha (Hepton,
2003; Hung et al., 2011; Perez et al.,
2005). Since pineapple growers in
Costa Rica with no access to privately
funded research on this crop have ex-
pressed interest in identifying planting
densities for ‘MD-2’ that maximize
yield and fruit quality, the objective
of the present study was to gather
information about the production
practices implemented by commercial
pineapple growers in this country and
use this information to describe the
response of the crop to these practices.
Thus, growers who have no access
to experimental data could identify
appropriate practices for ‘MD-2’ pro-
duction using a collaborative approach
based on information/experience

sharing, but the results must be eval-
uated in the light of sustainability and
best management practices.

Materials and methods

The survey was conducted be-
tween March and Dec. 2011 in the
northern and Atlantic regions of Costa
Rica where most of the pineapple pro-
duction is located (~67%) (Fig. 1).
The survey was designed to generate
information about efficiency in ditter-
ent aspects of pineapple production
including planting, fertilization, pest
management, soil management, har-
vest and postharvest, economics, and
collaboration among growers. In the
present article, only aspects related to
effects of planting and fertilization on
yield are discussed.

Growers were contacted by tele-
phone or e-mail to request their
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Fig. 1. Area where pineapple grower survey was conducted in Costa Rica. The colored area shows the northern and Atlantic
regions where most of the ‘MD-2’ pineapple production is located. The circled area indicates the area where 44 farms were
surveyed. The insert shows the location of the country in Central America.
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participation in the survey, and a per-
sonal appointment was set with those
willing to share information about
their production practices. The sur-
vey was conducted at the farm, and
the person interviewed was either the
owner of the farm or the general or
production manager to ensure that
the information provided was accu-
rate. Quantitative and open discus-
sion questions were formulated. For
the quantitative questions, growers
were asked to provide average values
based on their records for: planting
density; amounts of N, P, and potas-
sium (K) applied; total yield; fruit
size; and packing efficiency for the
mother plant and ratoon crops. Most
growers provided fruit size data only
for the mother plant crop and did not
provide details about fertilizer for-
mulations and fertilization applica-
tion timing. For the open discussion
questions, growers were asked to
explain their selection of production
practices and their opinion about the
results obtained. After the survey was
conducted and the data analyzed, four
focus groups were convened with a
subsample of the interviewed growers
to document their interpretation and
explanation of the results.

Farms were arbitrarily classified
as small, medium, and large. Small
farms had less than 50 ha planted with
pineapple and had no packing plant.
Medium size farms had a planted area
of 50 to 250 ha and had their own
packing plant. Large farms had a plant-
ing area greater than 250 ha and also
had a packing plant. This classification
was important to take into consider-
ation the level of technical resources
available to growers when determining
the sample and avoid bias toward any
specific type of farm. In general, large
farms have more resources (inputs,
equipment, financing) than small or
some medium farms. The statistical
component of SigmaPlot 11.2 (Systat,
San Jose, CA) was used to conduct
linear and nonlinear regression anal-
yses to identify the equations that best
described the relations between the
different variables, and # tests were
used to make specific comparisons
between mother plant and ratoon
crops. When fruit size was reported
as the number of fruit packed in a box
containing 25 1b of total fruit weight,
these data were transformed to report
average fruit weight. Answers or values
were not included in the analysis when
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the respondent expressed reservations
about their accuracy or consistency
over time.

Results and discussion

A total of 51 farms were con-
tacted, and 44 agreed to participate
in the survey for a response rate of
0.85. Not all participating farms an-
swered all questions, but for all vari-
ables there was an effective response
rate above 0.77. This sample included
12 small, 16 medium, and 16 large
farms. All the farms identified them-
selves as independent, meaning that
they were not owned by the pineapple
growing and exporting corporations.
Also, they reported growing exclu-
sively ‘MD-2’, and had no research
program or direct access to one.
Ninety-three percent of the farms
maintained their pineapple produc-
tion area under a monoculture system.

Only 7% of the farms reported grow-
ing pineapple as part of a crop rota-
tion system. The survey covered a
total of 24,637 ha of farmland with
an effective pineapple planted area of
13,698 ha. Costa Rica’s total pineapple
planted area is 245,000 ha, from which
two-thirds are in the regions where
the survey was conducted. Based on
this, the survey covered 30% of coun-
try’s planted area, and 47% of the
pineapple production of the northern
and Atlantic regions combined. Based
on the information provided by
growers, 90% of the farms were lo-
cated in flat areas (less than 15% slope),
and the soil textures were clay (36% of
respondents), clay loam (30%), loam
(12%), sandy loam (14%), sand (6%),
and the remaining farms (2%) did not
answer.

YieLp. The average reported
yield for the mother plant crop was
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Fig. 2. Marketable ‘MD-2’ pineapple fruit yield for the mother plant and ratoon
crops based on planted area on 44 farms in Costa Rica in 2011. The data were best
fit using hyperbola-single rectangular IT equations; 1 ha = 2.4711 acres, 1 box = 25
Ib = 11.3 kg, 1 box/ha = 0.4047 box/acre.
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7130 25-1b boxes per hectare. This
value represents the amount of fruit
that met the quality standards for
packing and export. Overall, the
packed fruit represented 80% to 90%
of the fruit produced in the field (data
not shown). There was a positive re-
lation between planted area and yield
(Fig. 2). Yield started to reach a
threshold at ~8000 boxes/ha, al-
though two farms produced more
than 8696 boxes/ha. Below 100 ha,
there was a rapid decline in yield as
planted area decreased.

Many growers obtain a ratoon
crop ~7 months after the harvest of
the mother plant crop. The average
yield for the ratoon crop was 4783
boxes,/ha and the yield threshold was
around 6000 boxes/ha (Fig. 2). This
represented a 35% reduction com-
pared with the mother plant crop al-
though there was significant variation.
However, several farms reported only
11% reduction, while on other farms
yield was reduced by more than 50%.
Those growers with minimum yield
reductions between crops mentioned
that they implement specific manage-
ment practices to promote vigor in
the ratoon crop, which represents ad-
ditional efforts, while many of the
growers with high yield reductions in
the ratoon crop recognized only prun-
ing the plants after the plant crop
harvest and then going back to the
regular management without taking
any additional measures.

There was no evident relationship
between fruit size and vyield (Fig. 3)
suggesting that fruit size by itselfis not
the most limiting component for max-
imum vyield determination.

VEGETATIVE PROPAGULES.
Growers used vegetative propagules
with a weight range of 400-700 g
(41% of respondents), less than 400 g
(39%), or more than 700 g (18%). The
types of propagules were slips and
lateral shoots (90% respondents), basal
suckers (75%), and crowns (57%).
When planting an area, growers only
use one type of propagule to ensure
uniformity. Selection of a specific
propagule type usually depends on
availability and projected harvest date,
generally choosing smaller or larger
propagules for longer or shorter grow-
ing periods, respectively.

PLANTING DENSITY. Propagules
are commonly planted in raised beds
with two rows of pineapple plants.
Beds are generally spaced at 3.5 ft and
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planting rows at 18 inches. Planting
density is modified by varying the dis-
tance between plants within the row.
There was a positive relation between
farm size and planting density in which
the largest variation was observed in
small and medium size farms (Fig. 4).
Average planting density was 62,594
plants/ha although the reported den-
sities ranged from 35,000 to 74,200
plants/ha.

Planting density was a determi-
nant factor for yield especially for the
mother plant crop (Fig. 5), which was

evident in the positive linear response
between these two variables (72 = 0.66,
P < 0.001). The ratoon crop also
showed a positive relation, but with
a higher level of variability (#* = 0.24,
P=0.01).

Previous reports for other cul-
tivars such as Smooth Cayenne in-
dicated that densities of 30,000
plants/ha allowed maximizing fruit
size (2.42 kg per fruit including crown)
and that above this density fruit size
decreased rapidly (Perez et al., 2005).
However, fruit of that size are not
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Fig. 3. Relationship between ‘MD-2’ marketable fruit yield and size for the mother
plant crop on pineapple 27 farms in Costa Rica in 2011; 1 box = 25 1b = 11.3 kg,
1 box/ha = 0.4047 box/acre, 1 g = 0.0353 oz.
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Fig. 4. Relationship between planting density and hectares planted to ‘MD-2’
pineapple for 44 farms in Costa Rica in 2011. The data were best fit using
a hyperbola-single rectangular I equation; 1 ha = 2.4711 acres, 1 plant/ha = 0.4047

plant/acre.
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desirable in the export market; in-
stead fruit with a weight of 1.6 to Mother plant
1.9 kg are usually preferred by the 10000 -
average consumer. Growers using °
low planting densities explained that

they prefer to leave more space be- 8000 -
tween plants to minimize competition
and ensure the production of large
fruit (~1.8-2.0 kg per fruit), which
usually translate into higher prices.
Also, they were aware that this prac-
tice meant sacrificing yield, although
they were not sure by how much.
Despite the intuitively logical assump-
tion that less competition between
plants should allow for the production
of larger fruit, small growers who
regularly used low planting densities
were the most likely to produce small
fruit (Fig. 6). A recent study evaluating
higher planting densities for ‘Smooth 8000 -
Cayenne’ indicated that the maximum ° o
yield of 86 Mg-ha™ (~7478 boxes/ha) °

was achieved at 66,000 plants/ha and 6000 1 : °
that increasing the density to 78,000
plants/ha caused an ~18% yield de-
crease (Hung et al., 2011). In this 4000 *
case, fruit weight ranged between L

1.2 kg in densities above 71,000
plants/ha to 1.6 kg for densities below
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66, 000 plants/ha. In the present 2000 " ' '
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fruit, a significant number of farms

that had planting densities above Fig. 5. Marketable fruit yield for the mother plant (33 farms) and ratoon crops (27
70,000 plants/ha consistently pro- farms) as affected by planting density on ‘MD-2’ pineapple farms in Costa Rica in
duced large fruit (Fig. 7). Further- 2011. The data were best fit using polynomial linear equations; 1 ha = 2.4711 acres,
more, the highest total yields (above 1 box = 251b = 11.3 kg, 1 box/ha = 0.4047 box/acre.

7826 boxes/ha) were obtained with

the highest planting densities (above

68,000 plants/ha), and those farms 2000
also reported average fruit weights of

1.75 to 1.90 kg. This point is partic-

ularly important because it seems that 1900 poo® e o e o
there is still potential to increase plant- ®
ing density in ‘MD-2’ pineapple. In o
fact, in the focus groups, several large
growers stated that they had begun
using planting densities above 76,000
plants /ha, and by maintaining an ad-
equate fertilization program they in-
creased their yields and the average
fruit size had not been significantly re- o 0
duced. However, they acknowledged 1600 -
that there is a higher risk of obtaining

small fruit at this planting density if ®

production practices are not imple- 1500 - T T T T T T
mented in a timely manner or if there 0 200 400 600 800 1000 1200 1400
are stressful growing conditions (e.g.,
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problems, weather conditions favoring Fig. 6. Relation between marketable fruit size in the mother plant crop and planted
natural ﬂOWCI'ng). Growers pointed area per farm on 37 ‘MD-2’ pineapple farms in Costa Rica in 2011; 1 ha = 2.4711
out that another advantage of using  acres, 1 g =0.0353 oz.
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high planting densities is that the
efficiency of foliar fertilizer applica-
tions is higher because more fertilizer
is intercepted by the plants. Addition-
ally, a denser crop canopy is also more
competitive against weeds, so the need
for hand weeding is reduced by the use
of high densities. It is important to
mention that maximum fruit size is
highly determined by plant weight at
the time of forcing. Thus, it is likely
that those growers that have increased
their planting densities and have main-
tained fruit size have also been able to
maintain plant weight at the time of
forcing.

FEerTILIZATION. Growers predom-
inantly described their fertilization
system as comprised of a basic soil
application at planting (less than 20%
of total fertilization with N, P, and K)
followed by foliar applications with
soluble forms using a spray-boom at
regular intervals of about two weeks
until harvest. Most growers did not
report using soil or leaf analyses to
determine fertilization requirements.
Those growers that reported the use of
leaf analyses indicated that they used
them for micronutrient deficiencies
and not for N, P, or K. Their assump-
tion is that axillary roots at the basal
area of the leaf axis are the most ef-
ficient nutrient absorption system in
pineapple plants, so supplying foliar
tertilizers should suffice to fulfill the
requirements of the crop. In spite of
this, it is still possible that soil nutrients
could significantly contribute to pine-
apple growth. There was no clear rela-
tion between yield and fertilizer rates,
or planting density and fertilizer rates
(r? < 0.17 and P > 0.37). However,
although there was a large variation in
fertilization levels, it is worth noting
that the farms with the highest yields
had fertilization programs that were
close to the median for each nutrient
(Fig. 8). Although small growers had
an average planting density that was
24% lower than the average planting
density on large farms, they also ap-
plied half the amounts of N and K
applied by the large growers. There-
fore, low fertilizer use resulted in small
plants at the time of forcing, which
could explain the small fruit size ob-
tained by small growers even when
using low planting densities. In the
analysis of the results conducted with
the focus groups, several growers from
farms that were among those with the
highest yields (top 20%) considered
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that the average fertilization levels re-
ported for nitrogen and phosphorus
were “luxury rates” and that lower
rates could be used without neces-
sarily sacrificing yields. On the other
hand, they considered the reported
potassium levels (400 and 340 kg-ha™
for the mother plant and ratoon
crops, respectively) to be adequate.
In their opinion, if efficient /calibrated
applications are used, appropriate fer-
tilization rates for the mother plant

crop should be 500 to 580 kg-ha™ N
and 44 to 61 kg-ha™ P, which repre-
sent about up to a 20% and 66% re-
duction, respectively, compared with
the reported averages. These fertil-
ization levels are lower than those
provided in production manuals. For
example, the manual of the Pesticides
Initiative Program recommends for
the mother plant and ratoon crops,
respectively, 800 and 852 kg-ha™ N,
315 and 0 kg-ha™ P, and 387 and
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Fig. 7. Marketable fruit size in the mother plant crop affected by planting density on
37 ‘MD-2’ pineapple farms in Costa Rica in 2011; 1 plant/ha = 0.4047 plant/acre,

1g=0.0353 oz.
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Fig. 8. Amount of nitrogen (N), phosphorous (P), and potassium (K) supplied to
‘MD-2’ pineapple in mother plant (1) and ratoon (2) crops based on reports by
growers on 44 pineapple farms in Costa Rica in 2011. The error bars show the range
of responses; the middle, lower, and upper lines in the box show the median, and the
25 and 75 percentiles, respectively; the dashed line shows the mean; and the stars
indicate the fertilization levels used by the highest yielding farms; 1 kg-ha™! =

0.8922 1b/acre.
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542 kg-ha™ Kata planting density of
70,000 plants/ha (Sanchez, 2005).
Therefore, it seems that growers,
especially those obtaining the high-
est yields, have been able to optimize
their fertilization programs and re-
duce fertilizer rates compared with
common recommendations.

The reduction in fertilizer amounts
was not proportional to the reduction
in yield when comparing the mother
plant and ratoon crops. For example,
nitrogen and potassium fertilization
was reduced by only ~215% and phos-
phorus by 28%, while the overall
yield reduction was around 35%. It
is possible that the yield reduction
is a consequence of limited fertiliza-
tion. As mentioned before, common
recommendations even suggest in-
creasing N and K levels in the ratoon
crop (Sanchez, 2005), although tech-
nical bases for this are not clear. How-
ever, there is a need for developing
production practices that better re-
spond to the requirements of the
ratoon crop. To develop efhicient fer-
tilization programs, growers should
base these programs on soil and leaf
analyses taking into consideration crop
requirements and soil specific charac-
teristics of each farm.

Finally, the results illustrated how
a collaborative effort in which growers
share information about their produc-
tion practices can generate valuable
data needed to identify adequate prac-
tices when funding and technical
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support are not available to experi-
mentally generate this type of data.
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