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GROWTH ANALYSIS FOR THREE PINEAPPLE CULTIVARS

GROWN ON PLASTIC MULCH AND BARE SOIL

Andrés Rebolledo-Martínez, Ana Lid del Ángel-Pérez, Alberto E. Becerril-Román
and Laureano Rebolledo-Martínez

Introduction

Over 90% of commercial
pineapple plantations in
Mexico are established in the
rainy season and in the ma-
jority of these regions, 80%
of the rain falls from June to
October (Rebolledo et al.,
2000). Hence, the use of
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plastic to cover the soil is an
option to improve the condi-
tions of soil humidity (Py et
al., 1984) and increase yield
and quality of the fruit (Dole
and Dole, 1991; Rebolledo,
et al., 1997). On the other
hand, even though there are
many pineapple cultivars
worldwide (Cunha et al . ,

RESUMEN

Con la finalidad de establecer el ritmo de crecimiento de
tres cultivares de piña (Ananas comosus var. comosus) desarro-
llados sobre suelo con y sin cubierta plástica, se estableció un
experimento en Veracruz, México. La precipitación anual fue de
1200mm, la temperatura promedio anual de 23ºC a 50msnm. El
diseño experimental fue en bloques al azar con cuatro repeticio-
nes y arreglo de tratamientos en parcelas divididas. Los trata-
mientos fueron con y sin cubierta plástica, y en cada una se
ensayaron los cultivares ‘Champaka’, ‘Oro’ y ‘Cayena Lisa’. Se
midió el peso seco total y área foliar en ocho muestreos durante
el ciclo; se estimó el índice de área foliar (IAF), tasa de creci-

miento relativo (TCR), tasa unitaria foliar (TUF) y relación de
área foliar (RAF). Las plantas desarrolladas sobre suelo con
cubierta plástica fueron superiores a aquellas desarrolladas so-
bre suelo desnudo en producción de materia seca, área foliar e
IAF, presentando mayor TCR y TUF, y menor RAF. El cultivar
‘Oro’ mostró la más alta TCR y ULR durante la etapa vegeta-
tiva en relación con los otros cultivares, pero menor que ‘Caye-
na Lisa’ durante la etapa reproductiva; ‘Champaka’ tuvo un
comportamiento intermedio. No hubo diferencias significativas
entre cultivares en relación a producción de materia seca, área
foliar y LAI.

SUMMARY

In order to determine the growth behavior of three pine-
apple cultivars (Ananas comosus var. comosus) grown on soil
with and without plastic mulch and bare soil, an experiment was
established in Veracruz State, México. The annual rainfall was
1200mm, the annual average temperature 23ºC and the altitude
of 50masl. The experimental design was in randomized blocks
with four replications in a split plot; the treatments were plastic
mulch and bare soil, and in each one the cultivars ‘Champaka’,
‘Oro’ and ‘Smooth Cayenne’ were evaluated. Dry mass accumu-
lation and foliar area of the plants were determined at eight dif-
ferent dates during the production cycle and the relative growth

rate (RGR), unit leaf ratio (ULR), leaf area ratio (LAR), and
leaf area index (LAI) were estimated. Plants grown on soil with
plastic mulch cover were superior to those grown on bare soil
for foliage dry mass production, leaf area and LAI, presenting
higher RGR, ULR and lower LAR. Plants of the ‘Oro’ cultivar
showed higher RGR and ULR during the vegetative phase in
relation to the other cultivars, but lower ones than ‘Smooth Cay-
enne’ plants during the reproductive phase. ‘Champaka’ had an
intermediate behavior. There were no significant differences
among the cultivars in relation to lead dry mass production, leaf
area and LAI.

1999), most plantations in
Mexico are established with
the ‘Smooth Cayenne’ culti-
var (Rebolledo et al., 2000)
and only a few have the
genotypes ‘Champaka’ and
MD-2 (‘Oro’), which have
shown outstanding perfor-
mances in agroecosystems of
other pineapple regions in

the world (Del Monte, 1994;
Jiménez, 1996).

The methodology of growth
analysis provides an effective
method for evaluating plant
development allowing to
quantify dry mass production
and distribution of the plant
(Hunt, 1982; Torres, 1984;
Becerril and Quinlan, 1993).
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crescimento relativo (TCR), taxa unitária foliar (TUF) e rela-
ção de área foliar (RAF). As plantas desenvolvidas sobre solo
com coberta plástica foram superiores a aquelas desenvolvidas
sobre solo desnudo em produção de matéria seca, área foliar e
IAF, apresentando maior TCR e TUF, e menor RAF. O cultivar
‘Oro’ mostrou a mais alta TCR e ULR durante a etapa vegeta-
tiva em relação com os outros cultivares mas, menor que
‘Cayena Lisa’ durante a etapa reprodutiva; ‘Champaca’ teve
um comportamento intermédio. Não houve diferenças significa-
tivas entre cultivares em relação a produção de matéria seca,
área foliar e LAI.

RESUMO

Com a finalidade de estabelecer o ritmo de crescimento de
três cultivares de abacaxi (Ananas comosus var. comosus) de-
senvolvidos sobre solo com e sem coberta plástica, se estabele-
ceu um experimento em Veracruz, México. A precipitação anual
foi 1200mm, a temperatura média anual de 23°C a 50msnm. O
desenho experimental foi em blocos aleatórios com quatro re-
petições e arranjo de tratamentos em parcelas divididas. Os
tratamentos foram com e sem coberta plástica, e em cada uma
se ensaiaram os cultivares ‘Champaca’, ‘Oro’ e ‘Cayena Lisa’.
Mediu-se o peso seco total e área foliar em oito amostras du-
rante o ciclo; estimou-se o índice de área foliar (IAF), taxa de

The main indices to analyze
plant growth are the Relative
Growth Rate (RGR) that rep-
resents plant efficiency to
produce new material in a
specific period; the Unit Leaf
Rate (ULR), equivalent to the
Net Assimilation Rate (NAR),
that measures the efficiency
of the foliar area to produce
new material in a specific pe-
riod, and the Leaf Area Ratio
(LAR), which indicates the
leaf area quantity produced in
relation to the total dry
weight of the plant (Hunt,
1982; Becerril and Quinlan,
1993). The functional ap-
proach analysis uses data
from samples collected peri-
odically, and it has been car-
ried out successfully for an-
nual, biannual and perennial
crops, either of short size or
reduced longevity (Brand et
al., 1987).

Studies on growth and de-
velopment in the cultivation
of pineapple during its veg-
etative phase indicate that the
RGR is similar for planting
densities of 60000 plants·ha-1

(IRFA, 1987) and 30,000
plants·ha-1 (Rebolledo et al.,
1993), with values ranging
from 5.1 to 9.6mg·g-1·day-1 at
high densities (Tay and Tan,
1971) and 6.84mg·g-1·day-1 at
low densities (Rebolledo et
al., 1993). In Mexico, ULR
ranged from 1.7 to
2.3g·m-2·day-1 at low densities
whereas at high densities in
Malaysia had a similar trend,
with values from 0.66 to
1.3g·m-2·day-1, (Tay and Tan,
1971; Rebolledo et al., 1993).
Bartholomew et al.  (2002)
found LAR values for pine-
apple ranging from 0.3 to

0.8cm2·g-1 under controlled
conditions, the highest values
being recorded during the
early plant development
stages, while in Mexico Re-
bolledo et al. (1993) found a
LAR from 1.0 to 1.3cm2·g-1

until flowering, the higher
rates being recorded at the
early stages. In Hawaii, with
a density of 66000 plants·ha-1,
the foliar area at eight months
was 0.7m2 (Bartholomew y
Kadzimin, 1977), whereas in
Mexico, at a lower density
(30000 plants·ha-1) and the
same plant age, a higher
value was obtained (1.1m2);
in this case differences in cli-
mates and planting densities
may have accounted for plant
leaf area differences (Re-
bolledo et al., 1993). For dry
mass  production a hectare
with 50000 plants could yield
about 45ton (Lacoeuille,
1978). The object of this
study was to determine and
compare the growth behavior
of pineapple plants from the
cultivars ‘Champaka’, ‘Oro’
and ‘Smooth Cayenne’ grown
in soil with and without plas-
tic cover, under tropical
subhumid conditions.

Material and Methods

The trial was established in
the south of the state of
Veracruz, Mexico, at the Pa-
paloapan Research Station
(INIFAP) located at 18º06'N
and 95º31'W, at 50masl. The
climate is classified as Aw0,
the driest of the subhumid cli-
mates (García, 1988). Average
temperature during the course
of the experiment (18
months) was 23ºC. The cold-

est period took place from
Dec to Feb with an average
of 19.2ºC and minimum and
maximum average tempera-
tures of 16.2 and 28.9ºC, re-
spectively. The warmest pe-
riod was from Apr to Jun,
with an average of 23.5ºC
and extremes of 20.9 and
36.7ºC. Rainfalls were
1,344mm from Jan 1998 to
Jun 1999 (planting to crop-
ping) and 1,173mm during
1998, with the following dis-
tribution: 6.7% from Jan to
May, 79.3% from Jun to Oct
and 14% from Nov to Dec.
From Jan to May 1999, the
rainfall reached only 56mm.
The soils are Cambisoils, with
a predominant sandy loam
texture, low contents in or-
ganic matter and nutrients, a
pH of 4-4.5 and salinity of
0.06dS·m-1.

The experimental design
was in completely randomized
blocks with are having four
replications and treatment dis-
tribution in a split plots array.
The experimental unit (small
plots) consisted of three 9m
long planting beds (distance
of 1.25m from center to cen-
ter of the beds) with two
rows per bed spaced 45cm.
The distance between plants
within the row resulted in a
density of 45000 plants·ha-1.
There were 120 plants per
plot, 56 of them set up in the
four central rows being used
for evaluations. In these small
plots the cultivars ‘Cham-
paka’, ‘Oro’ and ‘Smooth Ca-
yenne’ were studied, whereas
in the big plots the treatments
studied were plastic cover and
no cover (bare soil). The
planting was done in Dec,

1997 with suckers of 500g.
Black polyethylene mulch of
caliber 125 was placed by
hand along the beds. Fertiliza-
tion doses were 14-8-14-4g of
N, P2O5, K2O and Mg per
plant (equivalent to 675, 360,
675, 180kg of N, P2O5, K2O
and Mg per ha, respectively).
The other cultural practices
were done in agreement with
the technical recommenda-
tions provided for the region
(Rebolledo et al., 1998).

For growth analysis, samples
were taken at eight different
moments of the cycle. In each
one a plant of intermediate
size was taken from each ex-
perimental unit according to
the technique proposed by
Sanford (1962). Total foliage
biomass content and fresh
matter were determined. Dry
weight was obtained by dry-
ing at 70°C for 72h. Total fo-
liar area was estimated from
the total leaves fresh weight,
following the equation by Re-
bolledo (1992):

Foliage Area (cm2) = 34.6087
+ 5.65202 * total leaves fresh
weight in g.

Foliar area index was also
calculated dividing the foliage
area by the surface soil (in
m2) for all the cultivation
cycle.

Data obtained for total
plant dry matter and foliar
area were logarithmically
transformed and the regres-
sion equations were adjusted
for each level of the factors
studied. The adjusted model
was of third degree. The par-
allelism of cubic lines was
tested by the Extra Sum of
Squares technique (Martínez
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and Castillo, 1987) for each
one of the factors.

Relative growth rate
(RGR); unit leaf rate (ULR)
and leaf area ratio (LAR)
were calculated as described
by Richards (1969), Hunt
(1982) and Becerril and
Quinlan (1993).

where b, c and d: parameters
estimated from the adjusted
curve, t: time in days, and
DW: dry weight.

where (b+2ct+3dt2): the previ-
ously calculated RGR, loge

DW and loge FA: natural
logarithms of total dry weight
and area foliage values re-
spectively, from the adjusted
equations.

where logeFA-logeDW: natural
logarithms of foliar area and
dry weight values respec-
tively, from the adjusted
equations.

Results and Discussion

Total dry matter

Plants grown on soil with
plastic cover presented higher
dry matter than those grown
on bare soil during the cycle
(Figure 1). This indicates
that the cover improved the
conditions for plant develop-
ment, as was indicated by Py
et al. (1984); especially pro-
viding a better conservation
of soil humidity (Dole and
Dole, 1991; Rebolledo et al.,
1997). In all treatments,
maximum leaf dry matter
production was reached dur-
ing the flowering period (14
months after planting), when
the last leaves developed af-
ter the flowering induction
treatment. From then until
fruit harvest the demand im-
posed by the development of
the fruit slips and results in a
reduction of the total leaf dry

weight suckers (Malézieux,
1986, 1993. Figure 1). These
demands are met by translo-
cation of nutrients and photo-
synthates from the vegetative
organs, as was also shown by
Lima et al. (2002).

The cultivars had a similar
performance along the major

better than ‘Oro’ (Figure 2).
This was similar to previous
findings (Tay and Tan, 1971;
Rebolledo et al., 1993; Bar-
tholomew and Malézieux,
1994).

Growth analysis

Table I presents the ad-
justed equations (cubic ef-
fects) for total dry weight and
total foliage area of the
plants. The total dry weight
and total foliage area equa-
tions were compared inside
each factor studied. Differ-
ences were found among cul-
tivars and among the two soil
cover treatments for both
variables (p≤0.05).

Relative growth rate

The evolution of the rela-
tive growth rate (RGR) over
the crop cycle was similar for
both soil cover treatments
(Figure 3). The values were

almost the same until flower-
ing induction, but during the
reproduction phase the reduc-
tion of RGR was slower for
plants on soil with plastic
cover, resulting in higher val-
ues than those determined for
plants on bare soil. This re-
duction followed a similar
trend as that observed for dry
matter accumulation, FA and
LAI, emphasizing again that
during this stage of the cycle
the plant metabolism switches
mostly from the production of
foliage and photosynthates to
the mobilization of already
available photosynthates to
the growth and development
of the fruit, slips and suckers
(Malézieux, 1993). Regarding
the behavior of the cultivars,
‘Oro’ started with a faster
relative growth than the other
two genotypes, occurring the
opposite during the reproduc-
tive phase of the plants, espe-
cially in comparison to
‘Smooth Cayenne’. This sug-

Figure 1. Total dry matter accumulation during a crop cycle for three
pineapple cultivars grown on soil with and without plastic cover. Values
with different letters are statistically different (p<0.05). FIT: flowering
induction treatment.

1 dDWi
RGR = –— × ——– = b + 2ct + 3dt2

DW dt

1     dDWi   (b + 2ct + 3dt2) exp (log DW)
ULR = –— × ——– = ————————————

FA     dt exp (loge FA)

FA
LAR = —— = exp (logeFA - logeDW)

DWi

part of the cycle,
although, at the be-
ginning and the
end of the cycle,

(Figure 1). Lacoeuille (1978)
obtained with a density of
50000 plants·ha-1, 45ton of
dry matter for ‘Smooth Cay-
enne’. In this study, a 45000
plants·ha-1 density yielded
around 35ton of dry matter.

Reinhardt and
Medina. (1992)
reported lower
values for a den-

sity of 37500 plants·ha-1 for
both cultivars ‘Smooth Cay-
enne’ and ‘Perola’.

Foliar area  and leaf area
index

Similar curves (Figure 2)
over the crop cycle were ob-
tained for foliar area (FA) and
leaf area index (LAI). The
values determined for plants
grown on soil with plastic
cover were always higher
than those for bare soil. Hav-
ing more FA results in larger
productivity by soil area, as
emphasized by Coombs et al.
(1988), who stated that pro-
ductivity of crops or natural
ecosystems should be ex-
pressed in terms of land area
units. Zhang and Bartho-
lomew (1993) obtained
smaller FA indices than those
observed in our study, using
different planting densities
and longer cultivation cycles.
There were no statistical dif-
ferences for both variables
except for data sampled at
nine months after planting,
where ‘Champaka’ and
‘Smooth Cayenne’ performed

‘Smooth Cayenne’ presented a
higher total dry matter than
‘Oro’ and ‘Champaka’ which
showed intermediate values
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gests that ‘Oro’ is photosyn-
thetically more efficient, but
has a lower total dry matter
production, as shown in Fig-
ure 1. All three cultivars pre-
sented the typical reduction of
RGR after flowering induc-
tion, a phenomenon observed
by others (Bartholomew and
Kadzimin, 1977; Rebolledo et
al., 1993; Zhang and Bartho-
lomew, 1997).

Unit leaf rate

Results obtained for the
unit leaf rate (ULR) were
rather similar to those for
RGR reported above (Figure
4). Again, the ULR values for
plants grown on soil with
plastic cover were  higher af-
ter flowering induction. Like-
wise, the ‘Oro’ cultivar
showed higher rates during
the vegetative stage and lower
ones in the reproductive
phase, with statistical differ-
ences in relation to ‘Smooth
Cayenne’. The overall shape
of the curves were almost the
same of those shown for
RGR.

Leaf area ratio

The leaf area ratio (LAR)
for all treatments studied in-
creased for the first 180 days,
but from 250 days onwards it
dropped steadily until the end
of the cycle (Figure 5). This
resulted in an overall different
curve from those shown for
the other variables, such as
dry matter, FAR, LAI, RGR
and ULR, which reached their
maxima mostly around the
flowering induction time (300
days). The plants invest less
dry matter into the formation
of leaf area from 250 days
after planting, but leaf area
still increases until 50 days
later. Plants grown on soil
with plastic cover and higher
LAR during the first part of
the cycle, and lower values
than plants grown on bare
soil from eight months after
planting.

The LAR values were
higher for the cultivar ‘Oro’
in comparison to ‘Champaka’
and ‘Smooth Cayenne’ at the
beginning and the final period

Figure 2. Foliage area index (m2·m-2; Foliage area/surface soil m2) and foliage area per plant (m2) during a crop cycle
for three pineapple cultivars grown on soil with and without plastic cover. Values with different letters are statistically
different (p<0.05). FIT= Flowering induction treatment

TABLE I
ADJUSTED EQUATIONS FOR TOTAL PLANT DRY MATTER (DW; g·plant-1) AND

FOLIAGE AREA (FA, cm2) DURING A CROP CYCLE FOR THREE PINEAPPLE
CULTIVARS GROWN ON SOIL WITH AND WITHOUT PLASTIC COVER

Variable T Equation s R2

PC Log DW = 4.7301 + 0.0322 t + 0.035 t2 – 0.002 t3 0.1544 0.958
SE ±0.0413 ±0.0293 ±0.0053 ±0.0003
BS Log DW= 4.6640 + 0.0165 t + 0.0380 t2 – 0.0022 t3 0.1452 0.965
SE ±0.0389 ±0.0276 ±0.0050 ±0.0002

Total Cka Log DW = 4.7545 + 0.0087 t + 0.0383 t2 – 0.0022 t3 0.1296 0.971
dry weight SE ±0.0425 ±0.0301 ±0.0054 ±0.0003

Oro Log DW= 4.5830 +  0.0397 t +  0.0370 t2 – 0.0022 t3 0.1678 0.955
SE ±0.0550 ±0.0390 ±0.0070 ±0.0003
SC Log DW= 4.7536 +  0.0247 t +  0.0342 t2 –  0.0019 t3 0.1376 0.967
SE ±0.0451 ±0.0320 ±0.0058 ±0.0003

PC Log FA= –0.8647 +  0.1726 t +  0.0123 t2 –  0.0013 t3 0.1620 0.929
SE ±0.0433 ±0.0307 ±0.0056 ±0.00026
BS Log FA= –1.0232 + 0.0213 t +  0.0050 t2 – 0.0009 t3 0.1524 0.937
ES ±0.0407 ±0.0289 ±0.0052 ±0.00024

Total Cka Log FA= –0.9709 +  0.2345 t +  0.0016 t2 – 0.0008 t3 0.1505 0.942
foliar area SE ±0.0493 ±0.0350 ±0.0062 ±0.0003

Oro Log FA= –0.97029 +  0.1537 t +  0.0164 t2 – 0.0014 t3 0.1796 0.917
SE ±0.0588 ±0.0412 ±0.0075 ±0.00035
SC Log FA= –0.8904 +  0.1908 t +  0.0079 t2 – 0.001 t3 0.1615 0.929
SE ±0.0529 ±0.0375 ±0.0067 ±0.00032

t: time, T: treatment, s: standard deviation, SE: standard error, PC: plastic cover, BS: bare soil, Cka: Champaka, SC:
Smooth Cayenne.
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Figure 4. Unit Leaf Rate (ULR; g·m-2·day-1) during a crop cycle for
three pineapple cultivars grown on soil with and without plastic cover.
FIT: flowering induction treatment.

Figure 3. Relative growth rate (RGR; mg·g-1·day-1) during a crop cycle
for three pineapple cultivars grown on soil with and without plastic
cover. FIT= Flowering induction treatment.

of the crop cycle (Figure 5).
In general, the LAR values
are similar to those reported
by Rebolledo et al. (1993)
and Zhang and Bartholomew
(1997). However, Bartho-
lomew et al. (2002) found
lower values for ‘Smooth
Cayenne’ grown in controlled
conditions.

Conclusions

Under environmental condi-
tions characterized by a very
uneven rainfall distribution
(South of Veracruz State,
Mexico) pineapple plants
grown on soils with plastic
cover present a larger leaf dry
mass production, leaf area
and leaf area index, and are
photosynthetically more effi-
cient as shown by higher
RGR, ULR and lower LAR
values.

Plants of the ‘Oro’ cultivar
presented higher RGR and
ULR during the vegetative
phase, but lower ones than
‘Smooth Cayenne’ plants dur-
ing the reproductive phase.
‘Champaka’ had an intermedi-

Figure 5. Leaf area rate (LAR; cm2·g-1) during a crop cycle for three
pineapple cultivars  grown on soil with and without plastic cover. FIT:
flowering induction treatment

ate behavior. No significant
differences among cultivars
occurred in relation to leaf
dry mass production, leaf area
and LAI.

RGR and ULR increased
until flowering induction, de-
creasing during the reproduc-
tive phase of the plants as a
result of a smaller leaf area
production and the provision
for fruit development.
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