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SUMMARY

In vitro propagation of pineapple produces uniform and disease-free plantlets,
but requires a long period of acclimatization before transplanting to the field.
Quicker adaptation to the ex vitro environment and growth acceleration of
pineapple plantlets are prerequisites for the production of a greater amount of
vigorous, well-rooted planting material.  The combination of humic acids and
endophytic bacteria could be a useful technological approach to reduce the critical
period of acclimatization.  The aim of this study was to evaluate the initial
performance of tissue-cultured pineapple variety Vitória in response to application
of humic acids isolated from vermicompost and plant growth-promoting bacteria
(Burkholderia spp.) during greenhouse acclimatization.  The basal leaf axils were
treated with humic acids while roots were immersed in bacterial medium.  Humic
acids and bacteria application improved shoot growth (14 and 102 %, respectively),
compared with the control; the effect of the combined treatment was most
pronounced (147 %).  Likewise, humic acids increased root growth by 50 %, bacteria
by 81 % and the combined treatment by 105 %.  Inoculation was found to significantly
increase the accumulation of N (115 %), P (112 %) and K (69 %) in pineapple leaves.
Pineapple growth was influenced by inoculation with Burkholderia spp., and
further improved in combination with humic acids, resulting in higher shoot and
root biomass as well as nutrient contents (N 132 %, P 131 %, K 80 %) than in
uninoculated plantlets.  The stability and increased consistency of the host plant
response to bacterization in the presence of humic substances indicate a promising
biotechnological tool to improve growth and adaptation of pineapple plantlets to
the ex vitro environment.

Index terms: Ananas comosus, plant growth-promoting bacteria, diazotrophic
bacteria, humic substances, inoculant, biofertilizer.
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RESUMO:        PROMOÇÃO DO CRESCIMENTO DO ABACAXIZEIRO ‘VITÓRIA’
POR ÁCIDOS HÚMICOS E Burkholderia spp. DURANTE A
ACLIMATIZAÇÃO

A propagação in vitro de abacaxizeiro produz mudas uniformes e sadias, mas exige longo
período de aclimatização antes da transferência para o campo.  A adaptação ao ambiente ex
vitro seguida da aceleração do crescimento das mudas de abacaxizeiro é um pré-requisito para
a produção de maior quantidade de material propagativo vigoroso e enraizado.  A combinação
de ácidos húmicos e bactérias endofíticas pode ser uma tecnologia útil para reduzir o período
crítico de aclimatização.  O objetivo deste trabalho foi avaliar o desempenho inicial do
abacaxizeiro ‘Vitória’ propagado por cultura de tecidos em resposta à aplicação de ácidos
húmicos isolados de vermicomposto e bactérias promotoras de crescimento de plantas
(Burkholderia spp.) durante a aclimatização em casa de vegetação.  Os ácidos húmicos foram
aplicados nas axilas das folhas basais, enquanto as raízes foram imersas no meio bacteriano.
Foram observados incrementos no crescimento da parte aérea com a aplicação de ácidos
húmicos (14 %) e bactérias (102 %) quando comparado ao controle, com efeito mais pronunciado
no tratamento combinado (147 %).  Da mesma forma, o crescimento das raízes aumentou
50 % com ácidos húmicos, 81 % com bactérias e 105 % com o tratamento combinado.  A
inoculação conjunta aumentou significativamente o acúmulo de N (115 %), P (112 %) e K
(69 %) nas folhas do abacaxizeiro.  O crescimento do abacaxizeiro foi influenciado pela
inoculação com Burkholderia spp. reforçada pela associação com ácidos húmicos, que resultou
em maior massa da parte aérea e raiz e maior conteúdo de nutrientes (N, 132 %; P, 131 %; K,
80 %) quando comparado com mudas não inoculadas.  A consistência da resposta da planta
hospedeira para bacterização na presença de substâncias húmicas aponta para uma ferramenta
biotecnológica promissora para melhorar o crescimento e a adaptação de mudas de abacaxizeiro
ao ambiente ex vitro.

Termos de Indexação: Ananas comosus, bactérias promotoras de crescimento de plantas,
bactérias diazotróficas, substâncias húmicas, inoculante, biofertilizante.

INTRODUCTION

Pineapple is predominantly propagated vegetatively,
from adult plant parts obtained after fruit harvest
(d’Eekenbrugge & Leal, 2003).  This method is
somewhat limited by the irregular size and low number
of pest and disease-free plantlets.  In vitro propagation
provides larger amounts of healthy and uniform
plantlets (Teixeira et al., 2001).  However, prior to
transplanting to the field, the plantlets need a long
adaptation period due to the incomplete morphological
development, i.e., the reduced root systems, leaves
with thin cuticle and external periclinal walls of
epidermal cells and low stomatal density (Barboza et
al., 2006).  The acclimatization period of pineapples
varies from 6 to 8 months in the greenhouse until the
plants reach a height of 200 - 300 mm - an appropriate
size for field transference (Teixeira et al., 2001).  This
lengthy period is the major limitation of a more
widespread use of in vitro pineapple propagation.

Plant growth-promoting bacteria (PGPB) can
reduce this time.  The application of inoculants or
biofertilizers containing PGPB can accelerate growth
of pineapple plantlets during acclimatization (Mello
et al., 2002; Weber et al., 2003; Baldotto et al., 2010).
Increased pineapple dry matter in response to
inoculation was reported for Burkholderia cepacia in

plantlets of  ‘Smooth Cayenne’ and for Asaia bogorensis
in plantlets of  ‘Cayenne Champac’ (Weber et al.,
2003).  On the other hand, the foliar application of
humic acids isolated from vermicompost at 15 mmol L-1

of C promotes significant growth of shoot and root
systems as well as nutrient accumulation in leaves of
pineapple ‘Vitória’ during acclimatization (Baldotto et
al., 2009).

Humic acids comprise a set of heterogeneous
organic molecules, self-assembled in organic
aggregates, stabilized by H bonding and hydrophobic
interactions, present in soil, water, sediments, and
organic residues (Piccolo, 2002).  It was previously
observed that humic acids can act as plant growth
promoters, particularly in the root system (Façanha
et al., 2002; Zandonadi et al., 2007) and nutrient
uptake (Chen et al., 2004).  Recently, Marques Júnior
et al (2008) evaluated the use of PGPB (Herbaspirillum
seropedicae) and humic acids on heat-treated sugar
cane and observed significant plant growth.

The pineapple variety ‘Vitória’, released in 2006,
has promising characteristics in terms of producer
and consumer acceptance, with fusariosis resistance,
thornless leaves, cylindrical fruits with yellowish rind,
white pulp with high sugar content and good tillering
(INCAPER, 2006).  However, similarly to other
pineapple varieties, the growth of this cultivar during
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acclimatization is slow.  The use of combined
applications of humic acids and PGPB could be a
viable strategy to increase biomass and improve
acclimatization of in vitro-propagated pineapple
plantlets.

The aim of this study was to evaluate plant growth
and nutrient accumulation of pineapple variety
‘Vitória’ propagated in vitro in response to humic acid
application isolated from vermicompost and plant
growth-promoting bacteria (Burkholderia spp.) during
acclimatization.

MATERIALS AND METHODS

Plant material

Pineapple plantlets (Ananas comosus L. Merrill)
‘Vitória’ (INCAPER, 2006) were provided by the
Laboratório de Biotecnologia – BIOMUDAS.  The
plantlets were propagated in vitro in glass (baby food)
pots and kept in MS medium as described by
Murashige & Skoog (1962), without addition of growth
regulators and vitamins.  The in vitro plantlets were
kept in a room with a 25 μmol m-2 s-1 flow of
photosynthetic photons at 25 ± 2 ºC and a photoperiod
of 16 h.  After three months of cultivation, the plantlets
were transferred to new MS medium in test tubes.
For the following experimental stages, plantlets with
approximately 1.5 g fresh matter were selected.

Bacterial growth and inoculation

Diazotrophic bacteria of the Laboratório de Biologia
Celular e Tecidual, Universidade Estadual do Norte
Fluminense Darcy Ribeiro were used.  Both bacteria
Burkholderia sp.  UENF 114111 and Burkholderia
silvatlantica UENF 117111 can solubilize phosphate
in vitro (Baldotto et al., 2008), and were isolated from
plants of Ananas comosus (L.) Merrill ‘Smooth
Cayenne’ which came from an area of the Integrated
Agroecological Production System, Embrapa
Agrobiologia, Rio de Janeiro, Brazil (Santos, 2008).

The bacteria were grown in liquid DYGS medium
(Döbereiner et al., 1995) for 24 h, in a rotary shaker
at 120 rpm and 30 ºC.  For bacterial inoculation, the
plantlets were removed from the test tubes and
washed in sterilized water to remove the cultivation
medium.  Next, the roots were immersed in 10 mL of
bacterial medium (108 cells mL-1) for 30 min.  The
substrate was infested with the same medium (Mello
et al., 2002).  In treatments containing humic acid,
plantlets were previously placed in baby food glass
pots containing 50 mL of humic acid isolated from
vermicompost at a concentration of 15 mmol L-1 of C
for 24 h (Baldotto et al., 2009).

The main characteristics of the humic acid from
vermicompost were determined in previous tests

(Baldotto et al., 2007; Busato, 2008) as follows:
485 g kg-1 C, 25 g kg-1 N, C/N ratio of 19.4, 3,040 and
2,850 mmolc kg-1 of carboxylic and phenolic acids,
respectively.  The control treatment was immersed
for 30 min in autoclaved DYGS medium.  Later,
pineapple plants were transferred to 1.0 dm3 pots
containing substrate Plantmax Hortaliças® for an
accclimatization period of 90 days in a greenhouse.
Every 14 days during acclimatization, all plants were
treated with 5 mL of nutrient solution (Hoagland &
Arnon 1950).  The treatments containing humic acids
were treated with additional 5 mL of AH (15 mmol L-1

of C) applied to the basal leaf axils of the pineapple
plants by an automatic pipette.

Growth analysis

After 90 days of acclimatization, the plants were
collected to measure the following variables: root fresh
matter (RFM), shoot fresh matter (SFM), root dry
matter (RDM) and shoot dry matter (SDM), after
drying by forced air ventilation at 60 oC for seven days.
The foliar area (FA) was estimated by the Leaf Area
Meter model LI-3100, LI-COR, USA.

Nutritional analysis

After drying, leaves of the pineapple plants were
ground in a Wiley grinder (mesh 60 cm-2).  Then the
powder was sulfuric acid-digested combined with
hydrogen peroxide to determine the total contents of
N, P, K, Ca, and Mg.  For N, the Nessler Method was
used and for P molecular absorption spectrophotometry
(colorimetry, at 725 nm wavelength), after reaction
with ascorbic acid and ammonium molybdate.  The
K content was determined by flame photometry and
the Mg and Ca contents by atomic absorption
spectrophotometry.  All analyses were performed
according to the commonly used methods for pineapple
(Baldotto et al., 2009).  Nitrogen, P, K, Ca, and Mg
contents were estimated by multiplying the shoot dry
matter and quantity of the considered nutrient.

Bacteria counting

Bacteria in roots and shoots were counted by the
Most Probable Number (MPN) method (Döbereiner et
al., 1995).  Samples of 1 g of roots and 1 g of shoots were
ground in 9 mL of saline solution (NaCl, 8.5 g L-1) and
these dilutions (10-1) were serially diluted, by diluting
1 mL of the original dilution in 9 mL of saline solution
and repeating this procedure until the 10-7 dilution.
Aliquots of 100 μL of the dilutions were transferred to
glass bottles containing 5 mL of JMV medium
(Döbereiner et al., 1995).  The bottles were incubated
for 7 days at 30 °C.  After this period, the bacterial
growth was evaluated by the presence of a white film
on the medium surface.  The number of bacteria was
obtained by consulting the McCrady Table with three
replications per dilution.
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Experimental design

An orthogonal experimental design [(2+2+1)+1],
with five replications was used to investigate the
effects of the Burkholderia sp.  UENF 114111 (B1),
Burkholderia silvatlantica UENF 117111 (B2),
bacteria and humic acid from vermicompost,
Burkholderia sp.  UENF 114111 + HA (B1+HA) and
Burkholderia silvatlantica UENF 117111 + HA
(B2+HA), humic acid from vermicompost (HA), and
control (-) without application of humic acid and
bacteria.  The experiment had a randomized complete
block design and each experimental unit consisted of
one pineapple plant per pot.

Statistical analysis

The results were submitted to variance analysis
and partitioned using mean contrasts (Table 1)
according to Alvarez V.  & Alvarez (2006).  Then the
data were analyzed by the F test (10, 5 and 1 %).

RESULTS

It was possible to observe differences in pineapple
plantlet growth during the acclimatization period due
to inoculation with plant growth-promoting bacteria
combined or not with humic acids (Table 2).  The
advantages of bacteria inoculation on plant growth
and nutrient content were quantified using the
orthogonal experimental design (control vs. B, Table 3).
In fact, the leaf area increased 52.03 cm2 compared
to the control, a relative increment of 97 % (Table 3).
Inoculation with Burkholderia increased both fresh
and dry matter of the root and shoot system, resulting
in 115, 112 and 69 % higher N, P and K contents
than of the control, respectively (Table 3).

The use of Burkholderia combined with HA also
enhanced the effect of PGPB inoculation in
comparison to the control (control vs.  B+HA, Table 3).
The leaf area increased 122 %, and shoot (147 %) and
root (105 %) growth increased with inoculation in the
presence of HA, compared to the control (Table 3).
Furthermore, increases of 132, 131 and 80 % in the
amounts of N, P and K, respectively, were also
observed in the treatments with Burkholderia and
HA, compared to the control.  The effect of HA isolated
from vermicompost was additive.  In fact, a significant
effect of the contrast B vs.  B+HA on pineapple growth
was observed, while HA vs. B+HA considerably
enhanced growth of shoots (116 %), roots (36 %), leaf
area (111 %) and nutrient accumulation (N 93 %, P
102 %, K 75 %) (Table 3).

Table 1. Contrast coefficients for the treatments:
control, humic acid, bacteria, bacteria and
humic acid

(1) Treatment: (-) = control, HA: humic acid, B1: Burkholderia
sp. UENF 114111, B2: Burkholderia silvatlantica UENF
117111. (2) Contrast: C1: control (-) versus humic acid (HA), C2:
control (-) versus bacteria (B1, B2), C3: control (-) versus
bacteria and humic acid (B1+HA, B2+HA), C4: humic acid (HA)
versus bacteria and humic acid (B1+HA, B2+HA), C5: bacteria
(B1,B2) versus bacteria and humic acid (B1+HA, B2+HA).

Table 2. Characteristics of shoot and root growth and nutrient accumulation in ‘Vitória’ pineapple plants in
response to the application of humic acid and plant growth-promoting bacteria during acclimatization

(1) Treatments: (-) = control, HA: humic acid, B1: Burkholderia sp. UENF 114111, B2: Burkholderia silvatlantica UENF 117111.
(2) Shoot: SFM: shoot fresh matter, SDM: shoot dry matter, FA: foliar area. (3) Root: RFM: root fresh matter, RDM: root dry
matter. (4) Nutrient contents: N, P, K, Ca, Mg: content of nitrogen, phosphorus, potassium, calcium, magnesium, respectively.
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The inoculation of pineapple plantlets with
endophytic diazotrophic bacteria was effective and
increased bacterial population in the shoot and root
system by 2 and 3 log units, respectively (Table 4).
The HA did not change the most probable number of
bacteria in the root system (Table 4).

DISCUSSION

A biostimulating and biofertilizer effect of
Burkholderia (PGPB) in the presence of humic acid
(HA) from vermicompost was observed in this study,
resulting in growth and nutritional increments of
pineapple ‘Vitória’ plantlets during acclimatization.
The period of pineapple acclimatization is critical due
to the low growth rate of roots and shoots.  In this
phase, structural and physiological adjustments of
plantlets to ex vitro conditions are crucial for the
success in the subsequent phase, i.e., field
transplantation (Barboza et al., 2006).  Therefore,
technologies that promote growth of in vitro-
propagated pineapple plantlets may have a significant
impact on the pineapple production system.

The absence of growth or nutrient accumulation
after the 90-day acclimatization period suggests that
the response to foliar HA application to promote
growth of pineapple plantlets might be a time-related
process, since Baldotto et al. (2009) observed differences
only after 150 days of acclimatization.

Plant response to a low HA concentration is similar
to the activity of auxin-induced cell proton pumps ?
(Canellas et al., 2002; Zandonadi, 2007).  The apoplast
acidification loosens cell walls and cells become
susceptible to the action of vacuole turgor pressure,

Table 4. Most Probable Number (log) of endophytic
diazotrophic bacteria present in shoot and root
of ‘Vitória’ pineapple plants in response to the
application of humic acid and plant growth-
promoting bacteria during acclimatization

(1) Treatment: (-) = control, HA: humic acid, B1: Burkholderia
sp. UENF 114111, B2: Burkholderia silvatlantica UENF
117111. (2) Represents the population of endophytic diazotrophic
bacteria naturally associated with the host plant.

Table 3. Mean contrasts, relative increments, average square of the residue (QMR) and coefficient of variation
(CV) for shoot and root fresh and dry matters, and nutrient accumulation in ‘Vitória’ pineapple plants in
response to the application of humic acid and plant growth-promoting bacteria during acclimatization

(1) Contrast.: (-) = control, HA: humic acid, B: bacteria (B1, B2), B+HA: bacteria and humic acid (B1+HA, B2+HA). (2) Shoot: SFM:
shoot fresh matter, SDM: shoot dry matter, FA: foliar area. (3) Root: RFM: root fresh matter, RDM: root dry matter. (4) Nutrient
content: N, P, K, Ca, Mg: nitrogen, phosphorus, potassium, calcium, magnesium content, respectively. (5) Relative increments:
100(x-y)/y, where x is the average of the highest value treatment and y the average of the lowest value treatment. º, *, **,
significance of  10, 5 and 1 % by the F test, respectively.



1598 Lílian Estrela Borges Baldotto et al.

R. Bras. Ci. Solo, 34:1593-1600, 2010

resulting in cell expansion (Hager et al., 1991).  This
mechanism is known as acid-growth theory (Rayle &
Cleland, 1992).  In addition, the gradient generated
by proton pumps contributes to energizing secondary
active transport and increasing nutrient uptake (Sze
et al., 1999).

Recently, Canellas et al. (2008) verified that organic
acid exudation by roots increased in response to HA
application.  These organic acids may disrupt HA
aggregation (Piccolo, 2001) by releasing bioactive
molecules previously stabilized by weak ligands, such
as auxin units (Façanha et al., 2002).  Burkholderia
also synthesize and secrete organic acids (Rodríguez
& Fraga, 1999).  This fact could partly explain the
synergic effect of HA and bacteria on the development
of pineapple plantlets.

Inoculation with Burkholderia proved to have a
significant effect on pineapple growth and nutrient
accumulation compared with the control (Tables 2 and
3).  Plant growth promotion in response to
Burkholderia inoculation was also observed in the
pineapple cultivars ‘Pérola’ and ‘Smooth Cayenne’
(Weber et al., 2003).  Other plant species such as:
tomato, maize (Jiang et al., 2008) and vitis (Ait Barka
et al., 2000) also take advantage of the interaction
with Burkholderia.  The genus Burhholderia includes
phytopathogenic bacteria (Burkholder, 1950),
endophytic diazotrophic bacteria (Perin et al., 2006)
and symbiotic strains of the beta-rhizobia group that
induce the formation of nitrogen-fixing root nodules
in host plants (Rasolomampianina et al., 2005).  The
strains used in this study are endophytic diazotrophic
and Burkholderia silvatlantica was reported for the
first time associated with maize and sugarcane (Perin
et al., 2006).  In addition to biological nitrogen fixation,
some other mechanisms are involved in the PGPB
action, e.g., phosphate solubilization (Anandham et
al., 2007; Jiang et al., 2008), phytohormone production
(Jiang et al., 2008), activation of ACC deaminase
(Pandey et al., 2005; Jiang et al., 2008), siderophore
synthesis (Jiang et al., 2008) and biocontrol (Cain et
al., 2000; Vandamme et al., 2007).  The Burkholderia
spp. used in this study have the ability to solubilize
calcium phosphate (Ca5(PO4)3OH) and zinc oxide
(ZnO), secrete indol, and act antagonistically in vitro
to the phytopathogenic fungus Fusarium
subglutinans f. sp.  ananas (Baldotto et al., 2010).

Owing to the differences in mechanisms of plant
growth stimulation, Burkholderia may potentially be
used in the production of inoculants and biofertilizers
(Vessey et al., 2003; Anandham et al., 2007), aiming
to increase plant growth with a low environmental
impact.  However, considering the high genomic
plasticity and great capacity of adaptation to new
environmental conditions of Burkholderia spp, and
also that some strains are pathogenic to plants
(Burkholder, 1950), animals and humans (Valvano
et al., 2006), Compant et al. (2008) emphasized the
need for more studies about the risks of dispersion of
these bacteria in agricultural environments.

The MPN counts showed that, regardless of HA
application, the immersion of the root system
efficiently established the endophytic association.
Previous studies involving sugar cane and maize
(Marques Júnior et al., 2008; Conceição et al., 2008)
showed increases from 10 to 100 log units in bacterial
populations associated to the host plant.  More studies
should be carried out in order to evaluate the
peculiarities of the combined bacteria-HA application
in pineapple by  structural and biochemical
characterization.  As reported by Weber et al. (1999),
the low number of bacterial cells found in the non-
inoculated treatments might be attributed to the
presence of natural populations of diazotrophic bacteria
associated with pineapple plants.

Although positive responses to application of HA
isolated from vermicompost in concentrations from
10 to 80 mg L-1 of C have been widely documented in
literature (Façanha et al., 2002; Quaggiotti et al.,
2004; Zandonadi et al., 2007), the magnitude of these
responses indicates the need to intensify the studies
involving the chemical structure of humic substances
and its relation with bioactivity and mechanisms of
interaction with plants.  In addition, studies explaining
the synergic effect of the combined application of HA
and endophytic diazotrophic bacteria on plant
development are recommended.

The results obtained in this study show the
possibility to use the combination of PGPB
Burkholderia and bioactive fractions of organic matter
in the form of HA in the preparation of biofertilizers
and inoculants, which could increase pineapple
plantlet adaptation to the ex vitro environment,
reducing the acclimatization period.  It is a promising
alternative that could improve the production of
uniform and healthy plantlets.

CONCLUSIONS

1. Humic acid from vermicompost and diazotrophic
bacteria of the genus Burkholderia, separately and
even more when combined, promoted the growth of
the aerial part, root system and contents of N, P, K,
Ca and Mg in pineapple plants ‘Vitória’ cultivated in
vitro, in the acclimatization phase.

2. The combined use of humic acid from
vermicompost and Burkholderia did not affect the
population of endophytic diazotrophic bacteria in the
roots of pineapple plantlets.
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