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SUMMARY

The effects of liming rates on growth and heart-of-palm yield of peach palm
plants (Bactris gasipaes Kunth) were studied in a two-year field experiment
conducted in Pariquera-Açu, State of Sao Paulo, Brazil.  Soils in this region are
allic (sub group Ultic Haplorthox), with base saturation ranging from 15 to 26 %
of the cation exchange capacity (CEC).  A randomized complete block design,
with five rates of dolomitic limestone (0, 0.7, 4.7, 8.7, and 14.6 Mg ha-1) and five
replications was utilized.  Individual plots were composed of 80 plants but only
the inner rows (24 plants) were used for data recording.  Planting spacing was
2 x 1 m.  There was a cubic effect of liming rates on growth and yield.  Maximum
heart-of-palm yield was estimated to be achieved at 4.3 Mg ha-1 of limestone
application, corresponding to 51.4 % soil base saturation.  A significant decrease
in growth and yield was observed when large amounts of limestone were applied
(8.7 and 14.6 Mg ha-1), probably due to a decreased micronutrient availability.

Index terms: Bactris gasipaes, biomass, limestone, pejibaye.

RESUMO:  RESPOSTAS DE CRESCIMENTO E PRODUÇÃO DE PALMITO
DA PUPUNHEIRA À CALAGEM

Os efeitos de doses de calcário sobre o crescimento e a produção de palmito de
pupunheiras (Bactris gasipaes Kunth) foram estudados em experimento realizado em campo
em Pariquera-Açu, estado de São Paulo, Brasil. Solos dessa região são álicos (subgrupo
Ultic Haplorthox), com saturação por bases variando de 15 a 26% da capacidade de troca
catiônica. Foi utilizado um delineamento em blocos completos dispostos ao acaso, com cinco
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doses de calcário dolomítico (0, 0,7, 4,7, 8,7 e 14,6 Mg ha-1) e cinco repetições. Parcelas
individuais eram compostas por 80 plantas, das quais apenas as linhas mais internas
(24 plantas) foram utilizadas para análise dos dados. O espaçamento entre plantas foi
2 x 1 m. Foram observados efeitos cúbicos para doses de calcário tanto para o crescimento
quanto para a produção. Estimativas indicam que máxima produção de palmito pode ser
obtida com a aplicação de 4,3 Mg ha-1 de calcário, correspondendo a 51,4% de saturação
por bases. Ocorreram efeitos negativos no crescimento e na produção quando altas doses de
calcário foram aplicadas (8,7 e 14,6 Mg ha-1), provavelmente em virtude do decréscimo na
disponibilidade de micronutrientes.

Termos de indexação: Bactris gasipaes, biomassa, calcário, pupunha.

INTRODUCTION

In the last decades, peach palm (Bactris gasipaes
Kunth) has been increasingly cultivated for palm
heart production (Bovi, 1998a; Ares et al., 2002a).
Owing to its precocity, suckering capacity, and
overall product quality cultivated peach palm it
could replace the exploitation of native palm stands.

High yields with low costs have been achieved in
regions with well-distributed and high rainfall,
coupled with high temperature.  Bactris gasipaes is
a tropical palm and its fast and constant growth is
highly correlated with heart-of-palm yield, as well
as with early and frequent harvests (Bovi et al., 1993;
Clement & Bovi, 2000; Ares et al., 2002b).

The Vale do Ribeira region in Sao Paulo State
has favorable climatic conditions for peach palm
growth (Bovi, 1998b).  Nevertheless, soils in this
region are frequently allic, with low nutrients and
high aluminum contents (Lepsch et al., 1990).

In this fast growing crop a large amount of
nutrients is extracted during harvest (Cantarella &
Bovi, 1996; Ares et al., 2002a; 2003).  Sustained high
yields, as well as the economic lifespan of each stand
require high annual fertilizer applications
(Cantarella & Bovi, 1996; Bovi et al., 2002; Schroth
et al., 2002; Ares et al., 2003).

As a relatively new crop, there is a lack of overall
scientific knowledge, especially on mineral nutrition.
High nitrogen applications are routinely
recommended for this crop (Cantarella & Bovi, 1996;
Ares et al., 2002a; Bovi et al., 2002).  Nonetheless, it
is recognized that in acid soils and when large
amounts of nitrogen fertilizer are frequently applied,
liming is essential to promote adequate plant
development (Tisdale & Nelson, 1975).  However,
no research data in this respect is available for peach
palm.  Yield responses to lime have been reported for
other palms such as coconut and oil palm (Manciot
et al., 1980; Chew et al., 1984; Romney, 1987; Resende
et al., 1991).

The objective of this study was to evaluate liming
effects on peach palm growth and heart-of-palm yield
and to determine the ideal soil base saturation for
this crop.

MATERIAL AND METHODS

The experiment was conducted in Pariquera-Açu
county, Sao Paulo State (24 ° 35 ’ S, 47 ° 50 ’ W,
altitude 25 m), where peach palm plantations have
increased in the last ten years (Bovi et al., 1998a).
The climate of the region is mesothermic, tropical,
hot and humid, with average annual temperature
of 21.8 °C, annual rainfall of 1587 mm, and
evapotranspiration of 1140 mm (Lepsch et al., 1990).
The soil of the experimental area is classified as allic
Yellow Latosol (Ultic Haplorthox), with a moderate,
clayey A horizon (Sakai & Lepsch, 1984) in a gently
undulating topography.

Liming rates were established after the soil
chemical analysis according to the soil base
saturation method, as reported by Raij (1991).
Treatments aimed at elevating the initial soil base
saturation from 26 % at 0–20 cm depth (control) to
30, 50, 70 and 100 %, which required application of
0, 0.7, 4.7, 8.7 and 14.6 Mg ha-1 of dolomitic limestone
(35.4 % of CaO and 16 % of MgO with 97 % of CaO3
equivalent).  A randomized complete block design,
with five replications and 80 plants (8 x 10 rows) per
plot was utilized.  Limestone was broadcasted and
incorporated by plowing.

One month after liming, 10 month-old peach
palm seedlings (Yurimaguas spineless population)
with mean plant diameter and height of 1.69 and
37.4 cm, respectively, were planted in the plots in a
2 x 1 m spacing.  Single superphosphate (20 g P2O5/
plant) was applied in the planting hole.  A
sidedressing of 50 g per plant of a 20-5-15 NPK
formula, beginning six months after planting, four
times a year, was also applied.

Plant growth was evaluated every six months,
taking measurements of the following variables:
diameter (at soil level during the first year and at
50 cm height after that period) and height of the
main stem, number of suckers per plant and
percentage of suckered plants, as recommended by
Clement & Bovi (2000).  The heart-of-palm yield was
evaluated two years after planting, by harvesting
all plants with the main stem at least 160 cm high,
measured from the soil to the intersection of the first
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leaf (spear).  The weight of the edible parts (heart-
of-palm itself plus apical and basal edible residues)
was assessed.  Only the inner 24 plants of each plot
were considered for the statistical analysis in order
to avoid border effects.  Growth and yield data used
in the analysis represent plant means.  Results
reported here for number of suckers and percentage
of suckered plants were taken 12 months after
planting (time of best expression of both traits), while
plant diameter, height, as well as the percentage of
harvestable plants were recorded 18 months after
planting (also time of best expression of those traits).

Soil samples were taken before applying
treatments and then two and 24 months after the
beginning of the experiment.  Six soil samples per
plot were taken at two depths (0–20 and 20–40 cm).
The samples were carefully mixed and a composed
sample was obtained for each depth.  Samples were
dried at 45 oC and passed through a 2 mm mesh
sieve.  Soil analysis was performed following
standard procedures, with the cation exchange
capacity (CEC) determined at pH 7.0 (Raij 1991;
Abreu et al., 2001).

Leaf samples were taken at harvest and consisted
of leaflets of six plants from the inner rows.  From
each plant, 12 leaflets were collected in the middle
portion of the second fully expanded leaf (leaf +2).
Twe samples after conventional preparation
procedures, were analyzed according to methods
described by Bataglia et al. (1983) and Abreu et al.
(2001), and expressed as total contents.  N
quantification was carried out by Kjeldahl
distillation.  After dry ashing the tissue and HCl
dissolution, other nutrients were determined by
spectrophotometry (P, B), flame photometry (K), and
inductively coupled plasma spectrometry (Ca, Mg,
Cu, Fe, Mn, and Zn).

Data analysis was performed by polynomial
regression and curve fitting (Steel & Torrie, 1980;
Hyams, 1997).  The dose of lime that led to maximum
plant response was calculated by equaling the
derivative of the best-fitted equation to zero.

RESULTS AND DISCUSSION

Selected soil chemical characteristics at different
liming rates sixty days after liming application, are
presented in table 1.  Two months after liming, soil
base saturation was 26, 37, 46, 56, and 74 % at 0–
20 cm soil depth.  Soil base saturation increased
markedly with liming, but even 60 days after lime
application the observed base saturation values were
lower than those predicted at the beginning of the
experiment.  The relationship between the two
values (theoretically estimated and analytically
determined) can be expressed by the following
equation: V % determined = 23.834 + 0.479 V %
estimated (R2 = 0.9880; P < 0.01).  Factors such as
lime granulometry, soil-buffering capacity, chemical
balance of lime reactions, and possible losses of Ca
and Mg are responsible for this behavior (Raij 1991;
Quaggio, 2000).

The increments in pH, Ca and Mg, and the
decrease in Al in the 20–40 cm layer indicate a
positive sub-superficial effect of lime.  As pointed
out by Quaggio (2000), liming effects (increased soil
pH, Ca and Mg contents, and reduced exchangeable
Al, decreasing P adsorption) are doses related and
normally restricted to the application layer (0–
20 cm) or immediately above that (20–40 cm).
Nevertheless, we should bear in mind that the root
system of peach palm is very superficial, with around

Soil depth Limestone
applied

Organic
matter

pH in
CaCl2

P Resin K Ca Mg H + Al CEC(1) Soil base
saturation

cm Mg ha-1 % Mg dm-3 __________________________ cmolc dm-3 __________________________ %

0–20 0 2.2 4.1 1 0.09 1.5 0.9 7.2 9.7 26
0.7 2.3 4.2 1 0.06 2.2 1.2 5.8 9.3 37
4.7 2.2 4.5 1 0.03 2.8 1.2 4.7 8.7 46
8.7 2.2 4.8 1 0.11 3.5 1.3 3.8 8.7 56

14.6 2.1 5.3 24 0.04 6.3 1.7 2.8 10.8 74

20–40 0 1.6 3.9 1 0.01 1.1 0.3 8.0 9.4 15
0.7 1.9 4.1 1 0.05 1.6 0.8 6.5 8.9 27
4.7 1.6 4.6 1 0.03 2.6 1.2 4.3 8.1 47
8.7 1.6 4.6 2 0.07 3.8 1.5 3.8 9.2 59

14.6 1.3 5.7 16 0.01 7.4 1.8 2.0 11.2 82

(1) CEC - Cation Exchange Capacity.

Table 1. Selected soil chemical characteristics of the plots, sixty days after liming. Pariquera-Açu, São
Paulo, Brazil
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70-80 % of it in the first 0–20 cm soil layer (Bassoi
et al., 1999; Bovi et al., 1999; Lopez-Zamora et al.,
2002; Ramos, 2002; Vega, 2003).  Therefore, some
benefic effects of liming, such as decreased subsoil
acidity and promotion of a deeper root development,
are not potentially useful for this palm.

Twenty-two months after liming application, the
soil base saturation at 0–20 cm depth was 29, 39,
50, 62, and 79 % for 0, 0.7, 4.7, 8.7, and 14.6 Mg ha-1

of magnesium limestone, respectively.  These values
are higher than those reported two months after
liming (Table 1), and suggested that lime reactions
had not ended by the time of first soil sampling.
Lime reaction in soils, even 24 months after its
application, was observed by Camargo et al. (1982),
Quaggio et al. (1982) and Oliveira et al. (1997).

Plant response to liming, leading to maximum
efficiency in growth and yield as an interaction of
factors related to the studied crop, to the soil itself,
as well as to the rate, purity, and particle size of the
lime utilized (Quaggio, 2000).  The regression
analysis of growth data showed significant
differences (P < 0.05) among liming rates for plant

diameter and height, as well as for percentage of
plants with suckers and number of suckers per plant.

Peach palm plant diameter (Figure 1a) and
height (Figure 1b), as well as number of suckers
(Figure 1c) and percentage of plants with suckers
(Figure 1d) responses to liming followed significant
(P < 0.01) cubic trends (Figure 1).  There was a good
fit up to 8.7 Mg ha-1 for all growth traits.  For higher
doses the fitted third order (cubic) curve has no
biological meaning, and responses are better
represented by a linear equation fitted at that interval.
Growth response, as indicated by these four measured
variables, increased up to a 46 % soil base saturation
(corresponding to 4.7 Mg ha-1).  It worth noting that
especially for plant height (a trait highly correlated
to the harvest time and heart-of-palm  yield), the
highest tested liming rate (14.6 Mg ha-1) resulted in
smaller values than the control (Figure 1b),
suggesting overliming effects.  As suggested by
Sanchez (1976) and Quaggio (2000), the major
consequences of overliming are yield reduction, soil
structure deterioration, and reduced availability of
phosphorus, boron, zinc, and manganese.

Figure 1. Mean growth of peach palm plants submitted to five liming rates, evaluated for plant diameter
(a), plant height (b), number of suckers (c), and percentage of plants with suckers (d). Bars represent
the standard deviation.  Pariquera-Açu, São Paulo, Brazil.
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Yield response to lime, as evaluated by percentage
of harvestable plants (Figure 2a), heart-of-palm
(Figure 2b), and residue (basal and apical) yield at
the first harvest (Figure 2c), was significant
(P < 0.01) and similar to plant diameter and height
(Figures 1a and 1b).  This was expected, as the total
yield (Figure 2d) is a function of the number of plants
harvested per plot and the individual yield of each
harvested palm.  Heart-of-palm yield also showed a
significant (P < 0.01) cubic trend for the data.  There
was a marked yield response to liming up to a 46 %
soil base saturation (obtained by the application of
4.7 Mg ha-1 of limestone), with a sharper decrease
after words.

When 4.7 Mg ha-1 of limestone per hectare was
applied to the plots, there was an increase of 30 % in
harvestable plants compared to the control
(Figure 2a), indicating that harvest could be started
earlier than 18 months in the best treatments.  Also,
heart-of-palm and residue yield (Figures 2b and 2c)
was significantly higher in that treatment when
compared to all the others.  At this lime rate the
relative yield response was 77 % higher than that of
the control treatment.

Growth and yield responses to liming have been
reported for coconut and oil palm (Manciot et al., 1980;
Chew et al., 1984; Romney, 1987; Resende et al., 1991).
Although significant responses to lime application
have been frequently observed on acid peat soils,
especially for those two palm species, it is not clear
whether this response was due to a direct effect of
Ca and Mg supply and reduction in toxic Al, or to an
indirect effect of making N, P and micronutrients
more readily available.  Acid soil infertility is
frequently due to three major factors: aluminum
toxicity, calcium or magnesium deficiency, and
manganese toxicity (Sanchez, 1976).  Nevertheless,
palms are known to tolerate high concentration of
exchangeable Al and they usually do not respond to
P supply (Ollagnier et al., 1970, Romney, 1987;
Tampubolon et al., 1990), due to their high mycorrhizal
colonization (Sieverding, 1991; Marschner, 1996;
Sudo et al., 1996).  They are, however, very responsive
to N and Mg (Davis & Pillai, 1966; Manciot et al.,
1980; Secretaria & Maravilla, 1997; Ramos, 2002).

Limestone rates of 8.7 and 14.6 Mg ha-1 promoted
a significant reduction in growth and, especially
yield, compared to the best treatment (4.7 Mg ha-1).

Figure 2. Mean yield of peach palm plants submitted to five liming rates, evaluated for percentage of
harvestable plants (a), palm heart weight (b), residue weight (c), and total yield (d). Bars represent
the standard deviation.  Pariquera-Açu, São Paulo, Brazil.
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The often observed yield decrease in some plants
submitted to liming has normally been associated
to a decrease in Zn, Cu, Fe, and Mn (Kamprath, 1970;
Quaggio, 2000).  Although there was no clear
relationship between leaf zinc contents (Table 2) and
the soil of base saturation or the pH of the soil
(Table 1), there was a significant negative
correlation between leaf Mn, B and P concentration
with soil base saturation, pH, or other related
parameters.  The relationship between leaf Mn and
soil pH or soil base saturation was especially strong
(r = -0.9138, P < 0.01), suggesting that peach palm
could be very sensitive to the decreased availability
of Mn as a result of soil pH elevation.  Micronutrients
were not applied to the plants and soil initial levels
of those elements were usually low (B 0.20, Cu 0.10,
Fe 159, Mn 1.57 and Zn 0.53 mg dm-3).

Although there are no reports of micronutrient
requirements for peach palm, responses to Mn, B,
Fe and Zn have been reported for other related crops
such as coconut and oil palm (Ollagnier et al., 1970;
Manciot et al., 1980; Romney, 1987).  Davis & Pillai
(1966) found a clear relationship between the leaf
micronutrient status, especially Mn and Mo, and root
diseases in coconut.  The application of those
elements contributes to restore plant growth and
yield.  Low foliar manganese levels had also been
associated with diseases caused by Fusarium in oil
palm (Ollagnier et al., 1970).  In Africa, there was a
decrease in the progression of this disease in plots
where manganese sulphate had been applied.
Occurrence of Fusarium in peach palm has been
reported in Vale do Ribeira in the last ten years
(Bovi, 1998b; Pizzinatto et al., 2001).  A severe
incidence of this disease was observed in 1997 by
the authors in an area previously cultivated with
banana and limed with 6 to 8 Mg ha-1 of limestone.
These reports, together with the significant growth
and yield decrease when soil base saturation
increased above 46 %, and the corresponding decrease
in leaf Mn and B concentration, seem to indicate
that micronutrients play an important role in peach
palm nutrition.  Nevertheless, further research on
this subject is necessary to confirm such hypothesis.

Estimated maximum growth and yield responses
suggest that for soils with chemical characteristics
similar to the one studied here and using the same
type of limestone, lime should be applied in peach
palm culture up to 4.3 Mg ha-1 of dolomitic
limestone.  This rate results in an initial determined
soil base saturation of 51.4 %, which, considering
the relationship expressed in the formula previously
shown, resulted in an estimated value of 57.3 %, very
close to 60 %, which is the soil base saturation
empirically recommended earlier for this crop
(Cantarella & Bovi, 1996).

It should be pointed out that plant responses to
liming are not long-lasting, especially in crops where
nitrogen applications are high and frequent, as in
peach palm (Bovi, 1998b, Bovi et al., 2002; Ares et
al., 2002a; Schroth et al., 2002).  Therefore, soil
acidity and liming needs should be monitored by
periodical soil testing.  Practical experience has
shown that liming in peach palm cultivation should
be reapplied every four years, in order to maximize
plant response to liming.  Nonetheless, due to the
large and superficial root system of this palm (Bassoi
et al., 1999; Bovi et al., 1999; Lopez-Zamora et al.,
2002; Ramos, 2002; Vega, 2003), topsoil lime
dressing without incorporation is recommended,
thus decreasing the liming efficiency.  Therefore,
liming rates should be tested for these conditions.

CONCLUSIONS

1. Peach palm is responsive to liming in the first
two years after planting, attaining maximum growth
and heart-of-palm yield at 51.4 % soil base saturation.

2. Overliming results in decreased growth and
yield in comparison to the best treatment (4.3 Mg ha-1

of magnesium limestone).

3. Adequate liming enhances the suckering
capacity of peach palm plants, contributing to the
sustainability of the crop.

Table 2. Macro and micronutrients in the leaves of peach palm plants two years after planting. Pariquera-
Açu, São Paulo, Brazil

Limestone
rates

N P K Ca Mg B Cu Fe Mn Zn

Mg ha-1 ______________________________________________________ g kg-1 ______________________________________________________ ___________________________________________________ mg kg-1 ___________________________________________________

0 32.25 4.30 13.45 2.89 2.12 14.00 4.95 126.75 33.25 24.10
0.7 32.52 3.52 17.87 3.88 2.75 14.75 6.32 167.00 37.00 32.00
4.7 30.90 3.33 13.80 2.85 2.25 14.25 4.57 183.25 26.25 24.32
8.7 35.42 3.08 14.45 3.35 2.22 12.75 4.32 136.25 18.75 24.20

14.6 36.25 2.90 13.45 4.37 2.54 12.25 4.27 151.00 17.75 25.20
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