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 Summary
Introduction  –  Descriptions of the developmental 

communication and technology transfer between re-
searchers, technicians, and farmers. Although pine-
apple cultivation is an intensive technical activity, 

-
gy. The purpose of this study is to accurately describe 

(R) phenological stages (PS) during the development 
of the pineapple plant. Materials and methods  –  Plants 

environments in Costa Rica. The same substrate and 
management practices were applied in the experi-

the 5/13 phyllotaxy of the pineapple plant, while the 

commonly found in the literature but more precisely 
and systematically. Results and discussion  –  Five veg-
etative and six reproductive (PS) were proposed and 

and other cultivars that are its offspring, such as 
-

tance worldwide. Conclusion  –  The discrete and visual 

pineapple plant will provide a more precise basis on 
which to schedule cultural practices that require pre-

-
-

tween researchers, technicians, and growers. It will 
also provide a basis for proposing improvements for 
pineapple production and the development of com-
putational models for growth prediction.
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What is already known on this subject?
• Until now, no functional phenological stages have been 

described that can serve as a standard and precise 
description for growth and development of pineapple.

• Functional and precise phenological vegetative and 
reproductive stages are proposed as guidance for 

cultural practices in pineapple.

What is the expected impact on horticulture?
• A precise reference on the phenological stages in 

communication and is essential for extension 
recommendations that are based on the timing of 
cultural practices.
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of agricultural activities that are required daily for optimal 
growth and development. Therefore, precise recordkeeping 
and follow-up of the different cultivation practices at differ-
ent growth stages are fundamental. Despite this complexity 
of requirements related to activities at each stage, the exist-

they were developed for other purposes that do not lend 
themselves to practical agronomic use.

The description of the developmental stages for some 
crops has been used successfully for scheduling cultural 
practices, such as irrigation, the application of fertilizers, in-
secticides, fungicides, and growth regulators, and for harvest. 

-
lated to agronomy, such as plant physiology, phytopathology, 
and entomology to understand and describe physiological 
phenomena and the periods for greater predisposition or 
susceptibility to pests and diseases.

precise methodological information so that experiments can 

when a sample was taken or when a treatment was applied 
precisely. For example, in a study of organic acids related to 
CAM metabolism, Rainha et al. (2016) reported taking sam-

Introduction
Pineapple production is an intense activity. For compa-

nies that produce fresh fruit for export, the daily cultivation 
processes range from preparation of the land to harvest of 
the fruit, which is complex for overall crop management. 
The probability of human error is high due to the number 

a  Corresponding author: jvasquez@proagrocr.com.
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samples were actually collected. Therefore, it must be as-
-

ering leads to similar results. Similarly, Zhang et al. (2023) 
reported that a treatment to improve the quality of the ‘MD-
2’ fruit in China was carried out 40 days after fading of the 

-

in Brazil on fertilization with sewage sludge for the fertiliza-
tion of soil cultivated with pineapple (Mota et al., 2021), it is 
indicated that a dose of sludge equivalent to 15 g of inorganic 
fertilizer was applied in the vegetative phase. If the develop-

application, with the information provided it is not really 
known when the fertilization was applied.

For many years the importance of using standardized 
terminology by personnel involved in the production of a 
crop when discussing the development of the plant has been 
established. For example, Fehr et al. (1971) state that in soy-
bean production the descriptions are intended to be objec-
tive and precise so that minimal variation will occur among 
persons identifying the stage of a plant. By the other hand 
Liang (2019) mentions that in phenology currently standard 
observational protocols are usually needed to reduce observ-
er biases and ensure broad data comparability.

An internationally accepted scale for recording the 
growth stages of plant species is clearly desirable. Zadoks 
et al
later their approach was used to develop the BBCH scales, 
an acronym derived from the German “Biologische Bundes-

2018), meaning the Biological Federal Institute, Federal 

participants that were originally interested in the develop-
ment of a nomenclature of phenological stages for plants. 
BBCH scales have been developed for different crop species 
where similar growth stages of each plant receive the same 
code, which helps to systematize the nomenclature and fa-

crop depends both on the uniformity of the plant population 
and on the precision of the characterization of each pheno-
logical stage. For peanut, Boote (1982) established that a cer-
tain stage has been reached when 50% of the sampled plants 
have achieved the characteristic feature of the stage.

From a practical point of view, the determination of a 
phenological stage depends on the objective sought. Given 
that in intensive pineapple cultivation there are some cultur-
al practices and agronomic decisions that require a high level 
of precision and others where a reasonable level of precision 
is enough, a scale or description of phenological stages must 
support the most critical requirements.

Zhang et al. (2016) published a BBCH scale for pineapple 
using the ‘Comte de Paris’ cultivar as a reference. According 
to Sanewski et al. (2018), the ‘Comte de Paris’ cultivar is very 
different from the ‘Smooth Cayenne’, ‘MD-2’ and ‘CO2’ culti-
vars, for which there is currently a large distribution world-
wide. One notable example of these differences is the growth 

which never happens for the cultivars ‘MD-2’ or ‘CO2’. Addi-
tionally, the description of each stage is not precise enough to 
determine when exactly it occurs. Therefore, the BBCH scale 
proposed by Zhang et al. (2016) for pineapple is not useful 
for the most important cultivars that are currently cultivated.

More than 75 years ago, Okimoto (1948) and Krauss 
(1949) provided a detailed description of the anatomy and 

growth of the vegetative and reproductive organs of the 
pineapple plant, using the ‘Smooth Cayenne’ cultivar. These 
studies are applicable for the most important current culti-
vars, including ‘MD-2’ and ‘CO2’. However, most studies are 
histological in nature, with a detailed description of the mac-
roscopic morphology, vascular anatomy, and histology of the 

and fruit. Microscopic information on the development of 

Sanewski (2018), while the morphology, anatomy, and tax-
onomy have been addressed by d’Eeckenbrugge and Leal 
(2018). However, microscopic descriptions are not helpful 
for practical agronomic use.

The goal of those who develop scales or standards to 

propose precise and objective descriptions of discrete visual 
phenological events of the morphological and physiological 
development of the plant, normally separating them into 
vegetative and reproductive phenological or growth and de-
velopment stages (Boote, 1982).

The objective of the current study was to design descrip-
tions of developmental stages for pineapple ‘MD-2’ based on 

(R-stages) events. The application of these descriptions is 
-

apple researchers and to facilitate communication between 
technicians and operators to carry out cultural practices at 
precise times. As a result of this precision, better planning, 
more rational use of agricultural inputs and better use of re-
sources (labor, machinery and equipment) will lead to im-
proved development and a higher productivity of pineapple 
and, therefore, a greater economic and environmental sus-
tainability of pineapple production. Based on this approach, 
this study also provides recommendations for agronomic use 

of their use.

Materials and methods
In order to develop the growth stages for pineapple, 

plants of the ‘MD-2’ pineapple cultivar were grown in three 

elevations, i.e., 90 m a.s.l., 174 m a.s.l. and 1,573 m a.s.l. 
These three locations are referred to as Warm Zone (WZ), 
Typic Zone (TZ), and Cool Zone (CZ), respectively. At these 
three sites, the cultivar ‘MD-2’ was cultivated at three dif-
ferent planting dates, dividing the year into quarters start-
ing in January 2021. The average rainfall and cumulative, 
maximum and minimum temperature averages, the average 
relative humidity and the average and total cumulative solar 
irradiance of each site are presented in Table 1, where a com-
parison of means is also shown through an ANOVA per study 
site of the indicated climate variables. Soil moisture, which 

-
trolled by applying weekly irrigation equivalent of 43.1 mm. 
The plants were grown in culture bags using the same soil as 
a substrate, i.e., a sandy clay soil with a pH 4.45, to limit the 
factors that can impact growth. The spatial arrangement of 
the plants in the experimental plots resulted in plant density 
of 1.33 plants m-2. Crop management following the standards 
of the Costa Rican agroindustry was applied on all experi-
mental plots.

Each planting within each site consisted of 40 plants. For 
each planting date per zone, 10 plants were selected for a 
periodic weekly follow-up of the phyllotaxy and to determine 
with precision the moment when the vegetative phenological 



3F r u i t s  -  A  p u b l i c a t i o n  o f  I S H S  -  w w w . i s h s . o r g .  -  D O I :  1 0 . 1 7 6 6 0 / t h 2 0 2 3 / 0 1 1

Vásquez-Jiménez et al.  |  Pineapple growth stages

The same criteria were used to evaluate the scope of the re-
productive phenological stages.

Sucker seed was used, since it is the most widely used in 
the commercial cultivation of ‘MD-2’ pineapple. An illustrat-
ed description of pineapple seed types can be reviewed at 
Py et al. (1987). In all cases, sucker seed harvested the same 
day was used and sown the next day. Seed weight is relevant 
in commercial pineapple cultivation because it is directly re-
lated to the productivity and the duration of the crop cycle. 
A fresh weight between 600 and 650 grams was used, as it is 
the weight preferred by the top producers in Costa Rica. The 
seed was obtained from the same seed plot from a company 
known for its high technological level within the Costa Rican 
agroindustry.

The determination of the vegetative growth stages (Ta-

on the scope of phyllotaxy cycles. The pineapple phyllotaxy 
has been shown to be 5/13 (Ekern, 1968; Kerns et al., 1936; 
Krauss, 1949), which means that 5 leaf turns can always be 
counted around the stem axis of the pineapple plant for a to-
tal of 13 leaves.

The determination of the vegetative stage V1 (root initia-
tion) was carried out through non-destructive sampling, sep-
arating the plants from the soil and checking for compliance 
with the naked eye. For the determination of the V2 stage 

to paint the tip of this leaf at the time of planting). When a 
new leaf appeared after sowing, the V2 stage was considered 

was determined according to the scope of phyllotaxy cycles 
as indicated in the previous paragraph. The technique and 
detailed parameterization of the evaluation are an integral 
part of the results.

The scope of the reproductive stages (R2 to R4) was de-

characterization of stages R2 to R4 is an integral part of the 
results and will be explained in detail in this section. The 
scope of the R5 and R6 reproductive stages was determined 
by observing and describing the general and fundamental 
parameters in use in the agroindustry of fruit production for 
fresh consumption or export. Additionally, the translucency 

-
ize usage within the agro-chain.

The agronomic practice of forcing, i.e

be a main cultural practice in the industry as it determines 

The dates on which the described phenological stages 
were reached generate two response variables that are used 

 1.  Air temperature, relative humidity and solar radiation for the different zones during the study of phenological stages 
of development in pineapple cultivar ‘MD-2’. ANOVA test.

Zone
Temperature† Relative 

humidity
(average %)

Solar radiation‡

(Mj m-2 day-1)
Rainfall*

(mm)Minimum Maximum Average
----------------------------------------- °C -----------------------------------

CZ 14.5 (  9.3–17.0)a 20.7 (16.8–24.2)a 17.5 (14.6–20.3)a 86.5a 12.2 (4,540–4,378)a 243 (2,593–3,256)
WZ 21.3 (14.2–25.9)b 33.1 (26.6–38.1)b 26.9 (23.5–30.1)b 82.1b 19.5 (7,305–6,937)b 137 (1,394–1,887)
TZ 21.7 (15.1–24.3)c 30.2 (22.4–34.4)c 25.7 (20.7–28.9)c 90.4c 14.1 (5,045–5,263)c 242 (2,950–2,859)

† Average of daily data over 2 years and, in brackets, range minimum and maximum of total data.
‡ Average of daily total over 2 years and, in brackets, cumulative total of year 1 and year 2.
* Average monthly over 2 years and, in brackets, cumulative total of year 1 and year 2.

  Growth stage description for the pineapple cultivar ‘MD-2’.

Stage No. Stage title Description
Vegetative stages
V1 Root initiation (RI)
V2
V3 Leaf cycle 1 (LC1)
V4 Leaf cycle 2 (LC2)
V5 Leaf cycle 3 (LC3)
Reproductive stages
R1 Forcing
R2 Open heart (OH)
R3 Early anthesis (EA)

R4 Final anthesis (FA)

R5 Physiological maturity 
(PM)

R6 Harvest maturity (HM)
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to statistically demonstrate the botanical validity of the de-
scribed phenological stages. The experiment consisted of a 
completely randomized multi-site experimental design. The 

(DAP) in which each of the phenological stages are reached 
and the Growing Degree Days (GDD) necessary to reach each 
of the phenological stages. The statistical analysis was car-
ried out using the SAS software, through a statistical model 

Phenological Stage) and the interaction of the Zone by the 
Phenological Stage using GLIMMIX procedure. In all cases, 
the comparison of means was made based on a LSMEANS 
(PDIFF) test using the software indicated above, grouping 
the different phenological stages into V-stages and R-stages 
due to the base temperature differences that are used to cal-
culate the GDDs (13 °C and 2 °C, respectively). More infor-
mation about the methodology used to estimate the GDD or 
Daily Thermal Time (DTT) using ALOHA model available in 
DSSAT 4.8 (Hoogenboom et al., 2021) can be found in Zhang 
and Bartholomew (1993).

Results and discussion
The V-stages and R-stages for cultivar ‘MD-2’ allows the 

methodology and phenological stages that will be described 
and explained below to be used by the most important culti-
vars grown throughout the world. This not only includes the 
cultivar ‘MD-2’, but also the cultivar ‘CO2’ which is sibling of 
‘MD-2’, as well as the cultivar ‘Smooth Cayenne’, which con-
tributed the largest parental component of the two previous 
cultivars (Sanewski et al., 2018).

phenological stages has for future research, the agroindus-
try, technicians, and pineapple farmers, the techniques and 
equipment used are provided along with a description, when 
applicable, so that the information serves as a diagnostic tool.

The phyllotaxy 5/13 in the emission of leaves of the pine-
apple plant was demonstrated in this study. This represents 
botanical evidence of the validity of using the phyllotaxis cy-
cles as a method of evaluating the phenological development 
of the pineapple plant in a systematic and objective way. The 
phyllotaxy was demonstrated since identifying the smallest 
leaf in the whorl in the central part of the vegetative seed of 
the pineapple, the 14th leaf that emerges in the whorl will oc-
cur in the same position and exactly 13 leaves will have been 
produced. Consequently, leaf number 14 is leaf number 1 of 
the following leaf cycle.

statistical means, since the data were collected in contrast-
ing natural environments, especially with respect to tem-
perature and solar radiation. There are statistical differences 

to reach the plants each phenological stage, but when the 
Growing Degree Days (GDD) are analyzed, there are no sta-
tistical differences (p > 0.05), which means that the leaf cy-
cles are completed systematically according to thermal time 
for each site (Table 3).

A schematic representation of the advancement of the 
phenological stages in a typical Costa Rican environment can 

 Phenological stages of the pineapple cultivar ‘MD-2’. A) Root initiation, the arrows in the picture point to the white 

cone lies between Open heart and Early anthesis. F) Early anthesis, at least one of the long spirals presents the emergence of 

emergence of the petals with a length of 3 and 4 mm in the last fruitlet, the crown has differentiated. H1) Physiological matu-
rity, 13 °Brix degrees external appearance is green. H2) Harvest partially yellow color, in the export agroindustry it is usually 
due to the practice of degreening.
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 Duration of the individual phenological stages in Days After Planting (DAP) and Growing Degree Days (GDD) of the 

occurred before the stage and e.q. means the stage was reached simultaneously with the previous stage. Average data of three 
replicates. LSMEANS (PDIFF) test.

Stages
WZ TZ CZ WZ TZ CZ

Average DAP† Average GDD‡

V-stages
V1 7 A 8 A 21 A 103 a 106 a 90 a
V2 7 B 12 B 30 A e.q. 37 a 34 a
V3 100 B 105 B 315 A 1,220 a 1,152 a 1,167 a
V4 165 A 177 A n.f. 834 a 857 a n.f.
V5 228 B 258 A n.f. 839 a 881 a n.f.
R-stages
R1 Moment of forcing is a technical criterion
R2 267 B 256 B 424 A 853 a 946 a 840 a
R3 284 B 272 B 452 A 439 a 441 a 438 a
R4 307 B 291 B 493 A 606 a 556 a 667 a
R5 384 B 366 B 624 A 1,970 a 2,049 a 2,039 a
R6 388 A 370 A e.q. 110 a 107 a e.q.

†

‡

 
by phenological stage.

 Moments in which the phenological stages of the pineapple cultivar ‘MD-2’ are reached throughout the growing 
season of a typical Costa Rican environment (TZ). Sowing in January 2021, forcing in May 2022 and harvest in October 2022. 
Mj: mean Mj m-2 day-1. GDD: mean daily thermal time units. Note that after forcing, there is an increase in GDD units, which is 
due to the change in base temperature (Tbase). Tbase of V-stages = 13 °C and Tbase of R-stages = 2 °C.
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be seen in Figure 2. Note the change in GDD that occurs after 
forcing, which is mainly due to the effect of a different base 
temperature on plant development and infructescence.

 Root Initiation (RI): Initiation corresponds to the mo-
ment after sowing when one or more white root tips are vis-
ible emerging from the stem. We found that it is impossible to 
objectively, practically, and easily review this stage without 
separating the plant from the soil. However, this is the only 
stage that has such a drawback. We determined that non-
destructive sampling is a necessary and viable option for this 
stage, since it is related to the type, age, and quality of the 
seed, which can be considered a growth limiting factor and 
can already become evident at this stage.

The stage is considered reached when white root tips are 
observed (Figure 1A). Otherwise, a new sampling must be 
scheduled and the procedure repeated after 3 to 7 days.

An example picture of root initiation stage is presented 
in Figure 1A. Once the plant has been sampled, it can be re-
planted without negative effects on growth, provided that 
the sampling is done in the state shown in Figure 1A.

This stage is mainly dependent on soil temperature and 
available soil moisture. There is no dormancy in the pine-
apple vegetative seed, but the start of rooting is affected by 
the quality of the seed, which, among other factors, depends 
on the dry matter content of the stem consisting mainly of 
starch (Bartholomew, 2018; Vásquez-Jiménez et al., 2018). 
For this reason, the evaluation of this stage has implications 
and agronomic diagnostic scope of the quality and homoge-
neity of the seed, which can be transcendental in the man-
agement and continuous improvement of the pineapple crop.

(FNL): We found that it is not possible to determine with cer-
tainty and precision this phenological stage without an initial 
reference mark. Therefore, to determine this phenological 
stage, as well as the different leaf cycles, it was necessary to 
build and implement a tool and to use water-based paint and 
a plastic measuring tape with graduations in cm.

The tool is a stainless-steel cylinder with a 19 mm diam-
eter and 50 mm length welded to a holding rod that is 10 mm 
in diameter and 500 mm long. The cylinder was delicately 
slid into the whorl of the bud, and white paint was used to 
mark the tip of the last leaf (smallest leaf) protruding from 
one side of the cylinder. The cylinder selects the smallest leaf 
in a consistent and systematic way.

-
-

cient amount of data, a relationship can be found between 
the length of this leaf and the accumulated number of leaves 
in each leaf cycle. A plastic measuring tape with centimeter 
graduations (see Figure 1C) slides over the blade of the leaf 
to take measurements at each sampling event.

This selected leaf will be considered as the reference leaf, 
from which the subsequent leaves that emerge or grow in 

marked at planting time. Either weekly or at agronomically 
viable time intervals, the cylinder is slid again to check if a 
new leaf is protruding from the side of the cylinder. When a 
new leaf does emerge, the tip is painted with a white water-
based paint, and the phenological stage “leaf initiation and 

i.e

methodology are presented in Figure 1B. This leaf initiation 
stage always occurs at or a few days after the initiation of the 
root, depending on the number of heat units (GDD) that ac-
cumulate per day at the cultivation site.

With good quality seed and warm or typical pineapple 
production environments, root initiation and the emergence 

-
mum temperature, adequate soil moisture, and a high starch 
content in the seed stem. These conditions were found in the 
WZ site (Table 3) favored by a higher temperature compared 
to the other sites (Table 1). These conditions are the neces-
sary stimuli for both root initiation and leaf growth. Occa-
sionally, these stages occur only a few days apart. The effect 
of soil temperature and soil moisture on the growth of the 
pineapple plant has been described in other studies (Bartho-
lomew, 2018; Vásquez-Jiménez et al., 2018). In the process 
of monitoring and applying the methodology, we found that 
both stage V1 and V2 can be diagnostic traits of seed quality 
and the technical management of seed homogenization.

 Leaf cycle 1 (LC1): We established that this pheno-
logical stage is reached when 13 leaves have emerged after 
sowing (1 leaf with the tip painted white and the following 

leaves the tip of each leaf is painted with red paint. The meth-
odology for determining this stage is the same as described 
earlier for the V2 stage.

cycle is reached more slowly than the following leaf cycles 

et al., 1987) and due to the greater demand for 
assimilates during this period while the pineapple plant 

depends on the photosynthesis rate and the interception of 
solar radiation (João et al., 2014). Due to this slow initial 
growth (see LC1 in a typical phenological development in 

counting of new leaves has a minimum precision of 7 days. 
From a practical point of view this means that weekly evalu-
ations are recommended to evaluate the emergence of new 
leaves and to count the phyllotaxis cycles.

 Leaf cycle 2 (LC2): This phenological stage is reached 
when 26 leaves have emerged after sowing. The second leaf 

-

robust root system, while there are 13 more leaves compared 
to the V3 stage.

Because the ‘MD-2’ pineapple plant does not develop 
vegetative structures other than roots, leaves, and the main 

are produced can easily support the development of a new 
whorl of leaves that emerges from the apex of the stem, with 
some of the surplus assimilates stored in the stem (Zhang 
and Bartholomew, 1997).

-

during the middle of this leaf cycle or later, for example for 
-

(Bartholomew and Sanewski, 2018), and as a result, no more 
leaf cycles are produced in these plants (see CZ site in Ta-
ble 3).

The elongation of the leaves stops when a new leaf cycle 
is initiated, i.e., for every 13 leaves that emerge, one leaf com-
pletes its full length. Leaf number 14 marks the completion 
of the elongation of leaf number 1, leaf number 15 marks the 
completion of the elongation of leaf number 2, and so on.

However, we found that leaf measurements may differ up 
to about 10 cm from the time a cycle is completed to time of 
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harvest. This difference may be due in part to the fact that the 

 Leaf cycle 3 (LC3): This phenological stage is reached 
when 39 emerged leaves have been counted after sowing. 
Again, this leaf cycle is reached faster than leaf cycle 2. It is 
important to keep in mind that if the tracking is done cor-
rectly, the tip of the leaf 1, leaf 14, leaf 27 and leaf 40, will al-
ways be pointing in the same direction. We determined that 

It is important to note that a plant could be induced nat-

plant can continue to increase the number of leaves and, con-
sequently, its leaf cycles. Seed with a lower weight than the 
one used in this study could require more than 3 leaf cycles 
to reach forcing with agronomically correct conditions.

Only three leaf cycles are described here because for the 
-

ter the third leaf cycle, if the plant is not induced (forcing) 
the harvest index decreases below the economic interests of 
production.

Finally, it is important to emphasize the agronomic rel-
evance of the phyllotaxis cycles (or leaf count) to evaluate 
and compare the vigor between plantations or between 

to evaluate and compare the growth and vigor of plants in 
different treatments, for example Wang et al. (2011) used 

response in the plant to different treatments used to control 
soil pests. Usman et al. (2015) used characteristics of the 

pineapple plant and as a criterion to determine the oppor-
tune moment of forcing. The problem with the estimation of 
the fresh weight of the pineapple plant or variables associat-

being a succulent CAM plant, about one third of the volume 
of the leaves is water storage tissue, and when it is depleted 

-
lomew, 2018). In such cases, the plant weight differs before 
and after rain, although the dry matter is the same. There-
fore, the number of leaves produced after sowing is a more 
robust variable to evaluate the growth of the pineapple plant.

Reproductive growth stages
A total of six reproductive phenological stages were de-

Growth of the infructescence of the pineapple could be 
observed from one day to the next, from Open heart to Final 
anthesis (see Figure 2). After Final anthesis, the changes are 
much less noticeable to the naked eye. For this reason, pre-

could be used as reference points for projection and predic-
tion of the dates of physiological maturity and harvest matu-

are included mainly because of their relevance to the pineap-
ple agroindustry. In all cases, the R-stages were statistically 

the phenological R-stages described are completed system-

where the plants are being grown.
Natural Flowering (NF) is reported as one of the main 

problems of the pineapple agroindustry (Bartholomew, 

-
ered one of the most relevant agronomic practices in the 
pine agroindustry (Min and Bartholomew, 1993). For these 

-
ering events. It can also be used for scheduling phytosanitary 
management activities and setting the harvest date for ma-
ture fruits.

 Forcing: termination of leaf production by exogenous 
application of a growth regulator, and initiation of the transi-
tion to reproductive growth. This stage does not really cor-
respond to a phenological stage itself, since the application of 
ethylene is an event through an operation based on a techni-
cal decision. This stage is a clear distinction for the beginning 

the reproductive phenological stages. For a typical pineap-
ple production environment, for a seed size as indicated in 
the methodology and an average technological management 

between leaf cycle 2 and leaf cycle 3, with the upper limit of 

-
-

cence. The estimation of the harvest date of the fruit, wheth-

the harvest date (Malezieux et al., 1994), and for this reason, 

ones can be used for estimating the harvest date.
This stage is complete when the tool described in V2 is 

-
der snugly enters the last whorl of leaves and rests on the 

emergence. An example picture is shown in Figure 1D; the 
-

ferentiated).
Due to the rapid growth of pineapple infructescence and 

1 day is achieved in the determination of the reproductive 
phenological stages described in this study.

-
culties resulting from different characteristics, lengths, and 

confusion. Therefore, early anthesis is reached when petals 
approximately 3 to 4 mm in length resembling pencil points 

spirals and the fruit crown is not differentiated. An example 
picture is shown in Figure 1F.

The phenological stage prior to early anthesis is common-
ly known in the Costa Rican pineapple agroindustry as “red 

-

as a phenological stage, but it obviously occurs between open 
heart and early anthesis (Figure 1E). The characteristic “red 

open heart and of-
early anthe-

sis
stage, but under the indicated caveats it could eventually be 

require too much precision.
-



8 I n t e r n a t i o n a l  J o u r n a l  o f  T r o p i c a l  a n d  S u b t r o p i c a l  H o r t i c u l t u r e

Vásquez-Jiménez et al.  |  Pineapple growth stages

nation of this stage is similar to the previous phenological 

fruit has already started to differentiate (Figure 1G).
Depending on the vigor of the plants, the weather condi-

tions during the vegetative development stages, the conse-
quent allocation of photosynthate to the stem, and the pre-
vailing weather conditions after , the plants may 
develop vegetative buds at the base of the fruit (seed slip), at 
the base of the fruit stalk (hapa seed), or on the stem of the 
plant (sucker seed) (Py et al., 1987).

The number of propagules can vary according to the 
vigor of the plant, available photosynthates, and the size and 
strength of the sinks. All combinations are possible, from none 
to one of each, several of each, several of only one type, etc.

The fruit is the main sink (Bartholomew and Sanewski, 
2018), but in  it is still small, so the propagules 
can develop. Slip buds were found that swelled up to 3 cm 
but then did not continue their growth. Due to all the pos-
sible combinations, the systematic production of these prop-
agules cannot be characterized as a phenological stage. How-
ever, bud initiation of propagules, if it occurs,) occurs just 
after .

 physiological maturity (PA): This stage is not observ-
able with the naked eye. Because pineapple is a non-climac-
teric fruit, the determination of physiological maturity is rel-
evant to ensure the quality of the fruit (Ikram et al., 2020). 
For fresh export pineapple, this stage must be sampled, e. ., 
destructive sampling, and the brix degrees and internal color 
determined, which is a common practice in the pineapple 
agroindustry. For practical purposes, this stage is completed 

handheld refractometer degrees brix or similar), and a uni-
-

ent intensities or shades of yellow color can be seen in all the 

Also at physiological maturity, the practice of degreening oc-
curs, which involves the application of ethephon for cosmetic 
purposes to improve the external appearance (color) of the 

The term translucency is widely used in the pineapple 
agroindustry to describe fresh fruit for export as an impor-
tant subjective evaluation variable of the physiological matu-
rity of the fruit. In this case, the concept is used incorrectly 
to characterize grades of internal color
required quality. The same concept is used to characterize a 
physiological problem that leads to the rejection of the fruit, 
applying the concept of translucency correctly. This concept 
was originated in Hawaii, where important studies from the 
Pineapple Research Institute were devoted to or involved the 
study of translucency for canned fruit. In Hawaii, the term 
translucency, i.e., the ability of a body to let light pass through 
it, was correctly used to refer to pineapple that produces a 
high recovery or a high fruit yield for canned fruit (fancy-slic-
es = fruit with translucency), mostly for ‘Smooth Cayenne’. 
However, some levels of translucency can cause losses in 
canned fruit because the fruit does not withstand automated 
peeling. In other words, translucency of the pineapple fruit 
was utilized as a maturity index and a quality attribute desir-
able for processing (Sinha et al., 2012).

Translucency in ‘Smooth Cayenne’ as a fruit for fresh 
consumption was described as a physiological disorder in 
Hawaii by Chen and Paull (2001), indicating that it is a fruit 

 
Recently, Chen et al. (2023) described translucency as a 

physiological disease for seven cultivars that are used for 
consumption as fresh fruit, including ‘MD-2’, (‘Tainong 4’, 
‘Tainong 17’, ‘Tainong 21’, ‘Tainong 23’, ‘MD-2’, ‘Smooth Cay-
enne’ and ‘Comte de Paris’).

cultivars of fresh export fruits and canned fruit are essential 
to understand and use the concepts correctly. In export fruit, 
translucency shortens the shelf life, and it is undesirable. 
However, in canned fruit, translucency favors the high recov-
ery of fancy slices, and it is desirable. The ambiguity exists 
only in the fresh fruit export agroindustry, and it often gen-
erates ambiguous differences of opinion between producers 
and fresh fruit buying/exporting companies.

The ambiguity or confusion would not exist if, in the 
pineapple for fresh consumption, when evaluating the inter-
nal condition of the fruit, only the term translucency is used 
to qualify the fruit with this physiological disorder and in-
ternal color
physiological maturity.

 Harvest maturity: This stage is reached when the 
fruit is partially yellow, after degreening that imparts a par-
tial yellow coloration (Figure 1H2). Various color charts have 
been developed by fresh fruit trading companies. Producers 
must respond to these colors according to their contracts. 
Organic producers and producers who trade the fruit locally 
do not carry out degreening, so they must wait for the fruit to 
acquire this color naturally.

Limitations and future directions
The limitations of the phenological stages described 

include the following in the V-stages. For V1, the need to 
separate the plant from the soil to check the white root tips, 
which forces this monitoring to be carried out at a maximum 
of 7 days after sowing to avoid damage to the root system. 
Waiting longer could cause the root to develop too much, 
thus affecting the growth of the plant. To diagnose from V2 
onwards, it is necessary to have marked the smallest leaf vis-
ible in the bud at the time of planting (reference leaf). How-
ever, with good planning this can be done on one monitoring 
station, i.e., a group of monitoring plants or stationary plot, 
for each individual plot. To monitor the emergence of new 
leaves, it is necessary to have a tool like the one indicated in 
V2. However, the measurements used are commercial meas-
urements of the materials used in its construction, so it does 
not represent a major inconvenience.

for any seed size. However, it is important to specify the 
seed size used in any experiment or treatment reported in 

-
ogy is used to identify pineapple phenological stages. Since 

on the duration of the pineapple crop cycle (Haroldo et al., 
2018), more than three leaf cycles could occur if low weight 
seed is used.

Regarding the R-stages, for Final anthesis the number 
of long-whorl fruitlets can be different between fruits. It is 

of the plant population has reached this reproductive stage. 
A smaller percentage could improve the estimation of har-
vest date of small fruits, i.e., fruits with fewer fruitlets, but 
doing so would lead to an early prediction of the harvest date 
of large fruits, i.e., fruits with more fruitlets, and vice versa.

Finally, since the prediction of phenological stages is the 
basis of computational models for crop growth prediction, 
the description of pineapple phenological stages could be 
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used to create growth prediction models or improve exist-
ing ones.

Conclusions
i.e., V1 and V2, can be 

used to evaluate the phenological progress of the crop and 
also allow for diagnosing the quality and uniformity of the 
seed.

The leaf emission monitoring methodology used to de-
termine the phyllotaxis cycles has a minimum precision of 
7 days.

-
ductive phenological stages has a precision of one day.

The phyllotaxis cycles allow to objectively characterize 
the vegetative phenological development of the pineapple 
plant, while the different traits used for characterizing the 
pineapple infructescence growth, provides several oppor-
tunities for improvement of crop management for growers’ 

-
tices with clarity and precision.
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