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INFLUENCE OF N-P-K FERTILIZATION AT THE ACCLIMATIZATION
STAGE ON MICROPROPAGATED SEEDLINGS OF Tillandsia bulbosa Hook
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ABSTRACT: Bromeliads are known worldwide for their ornamental potential. In Brazil, species of the genus
Tillandsia occur in the Atlantic rainforest, Amazon rainforest, and rocky fields. This work aimed to evaluate the influence
of nitrogen, phosphorus, and potassium fertilization on micropropagated seedlings of Tillandsia bulbosa, at the
acclimatization stage, and their leaf anatomy. The experiment was carried out in a completely randomized design, in a
4x4+1 factorial scheme, using coconut coir: earthworm humus: sand mixture as substrate (2:1:1). Urea, single
superphosphate, and potassium chloride were used as nitrogen, phosphorus and potassium sources, respectively, at
proportions of 50, 100, 200, and 400% of the dose recommended. The doses were distributed in four applications, testing
total application at planting (1); ¥2 application at planting and 2 at 80 DAP (2); '5 application at planting, s at 50 DAP,
and '3 at 100 DAP (3); and % application at planting, % at 30 DAP, %4 at 60 DAP, and % at 120 DAP (4); and a control
(without fertilization). Leaves anatomy was analyzed at 180 days after planting. Fertilization did not significantly
influence the development of seedlings during acclimatization. The doses of 50, 100, and 200% provided thicker
parenchyma of chlorophyll and aquifer and leaf blade. Tillandsia bulbosa can be acclimatized without fertilizer

application.
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INTRODUCTION

The Bromeliaceae family is one of the
largest plant families in Brazil, with 3,172 species
subordinated to 58 genera. These plants occur in the
Atlantic rainforest, Amazon rainforest, and rocky
fields (MARTINELLI et al., 2008; RIBEIRO et al.,
2009). The arrangement of the leaves in rosette
allows the accumulation of water and debris in the
central cavity, known as cistern. These
morphological traits contribute to the nutrition of
these plants (BENZING, 2000; SIMPSON, 2006).

The genus Tillandsia includes about 550
species of highly variable plant architecture, with
plant height ranging from 1m to small epiphytes of
about 3 cm (TILL, 2000). Species of this genus are
widespread in the Bromeliaceae distribution area,
being responsible for the vast geographic range of
this family (BENZING, 2000).

The leaves of Tillandsia usually present
trichomes, whose function is to absorb water and
nutrients. Moreover, environmental conditions, such
as water and light, can influence the leaf anatomy at
the first developmental stages until the adult stage,
modifying its morphology, anatomy, and physiology
(CASTRO et al., 2009; OLIVEIRA et al., 2012).

One stage of micropropagation is known as
acclimatization, which is the period when seedlings
are transferred from the in vitro to the ex vitro
environment. At this stage, the seedlings will be
gradually exposed to a new environmental
condition, which is a critical stage for their survival
(BATAGIN et al., 2009).

The substrates used at the acclimatization
stage must be suitable for the species, and when
necessary, fertilizers must be applied. Chemical
fertilization in bromeliads is commonly used, and
pineapple (Ananas comosus) is the most studied
species regarding this procedure (AMARAL et al.,
2009). The nutrients most employed in the chemical
fertilization process are nitrogen, phosphorus, and
potassium, which must be applied according to the
requirements of each crop and the fertilization
methodology employed (LONE et al., 2010).

In light of the foregoing, the objective of
this work was to verify the influence of nitrogen,
phosphorus, and potassium fertilization in
micropropagated seedlings of Tillandsia bulbosa by
analyzing leaf anatomy at the acclimatization stage.
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MATERIAL AND METHODS

In  vitro seedlings established for
approximately 120 days in basic MS medium
(MURASHIGE and SKOOG, 1962) were removed
from the flasks, washed in running water to
eliminate the culture medium adhered to the roots,
and transferred to 1.00 L plastic pots for the
fertilization treatments. The substrate used was
composed of coconut coir, earthworm humus, and
sand (2:1:1). The following chemical characteristics
of the substrate were evaluated: pH in water = 6.58;
P and K (mg dm™) = 347 and 200; Ca®*, Mg*",Al**,
H*, Al, Ca*, Mg (cmolc dm™) = 6.88; 2.93; 0.08;
1.63; 9.81; base saturation V (%) = 86.9; organic
matter (g/dm?3) = 37.5. Seedlings were kept in a
greenhouse covered with 50% shading screen and
intermittent misting system.

Due to the lack of fertilization
recommendation studies for 7. bulbosa, doses were
estimated based on the general recommendation for
pot experimentation in greenhouse tests, according
to Malavolta (1980). The fertilizer was prepared by
mixing 300 mg of N, 200 mg of P, and 200 mg of K
per dm3 of substrate. Urea, single superphosphate
(P,0s), and potassium chloride (K,O) were used as
nitrogen, phosphorus, and potassium sources,
respectively.

The experiment consisted of a completely
randomized design, in a 4x4+1 factorial scheme,
with four fertilizer concentrations (50, 100, 200 and
400%), in four split applications, via soil [total
planting (1); ¥2 at 80 days after planting (DAP) (2);
Y5 at planting, /5 at 50 DAP, and 5 at 100 DAP (3);
Y at planting, ¥4 at 30 DAP, % at 60 DAP, and % at
120 DAP) (4), and a control (without fertilization)],
with four replications and two seedlings per
replication. At 180 days after planting, the following
variables were analyzed: seedlings survival
percentage, seedlings height, number of leaves, dry
weight of shoot, vascular bundle area, abaxial and
adaxial epidermis thickness, abaxial and adaxial
cuticle thickness, aquifer parenchyma thickness,
chlorophyll parenchyma thickness, and leaf blade
thickness.

For the leaf anatomy study, leaves were
collected at 180 days after planting and were
subsequently were with FAA 50% (JOHANSEN,
1940) and preserved in 50% ethanol (v/v).
Anatomical analyses were performed on the middle
third of the completely-expanded leaves from the
apex, according to the methodology described by
Kraus and Arduin (1997). Afterward, the material
was placed in activated resin for infiltration.
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The infiltrated seedling fragments were
placed in histomold®, at 37 °C. The embedded
seedling material was cut using a semiautomatic
microtome LEICA RM 22235, in cross sections
with £ 7 um thickness. The sections were stained
with 0.05% (v/v) toluidine blue at pH 4.8, followed
by washing with distilled water. After drying, the
slides were mounted using stained glass. The slides
were observed under an optical microscope
equipped with LEICA DMS500 capture system.
Anatomical analyses were performed using the
UTHSCSA Image Tool (University of Texas, San
Antonio, USA).

Five cross sections of 7. bulbosa were
evaluated for each stage of the experiment. Results
were subject to analysis of variance (ANOVA), and
when significant, the means were compared by the
Tukey’s test at 5% probability. Regression analysis
was applied to the fertilizer concentrations. All
statistical analyses were performed using the
SISVAR® 5.3 statistical software (FERREIRA,
2011).

RESULTS AND DISCUSSION

According to Table 1, for the variables
seedling survival, seedling height, and dry weight of
shoot, no significant difference was observed at the
doses of 50, 100, and 200% of fertilizer. This result
indicates that there is no need for split application
and that the complete concentration can be applied
at planting. Conversely, the split application was
beneficial at the dose of 400% of fertilizer. This
result is due to the fact that complete fertilizer
application at a dose of 400% caused total mortality
of the seedlings; conversely, seedlings had a better
reaction with split application. When analyzing the
doses of fertilizer within each split application,
results are represented by negative and quadratic
linear equations, where the highest dose (400%)
provided lower results (Table 1).

The number of leaves did not significantly
differ at the doses of 50 and 100% of fertilizer, and
can be entirely applied at planting. For the dose of
200% of fertilizer, the highest mean (14.75) was
obtained with four split applications, not differing
from the total application at planting neither from
the four split applications. At the dose of 400%, the
total fertilizer application at planting caused 100%
mortality of the seedlings, which indicates that this
dose needs to be split (Table 1). Similar results were
reported  for  Guzmania  lingulata,  where
fertilizations with N, P, K, Ca and Mg did not
significantly influence the number of leaves
(CHAO-YI; DER-MING, 2008).
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Table 1. Survival (%), plant height (cm), number of leaves, and dry weight of shoot (mg) of Tillandsia bulbosa
seedlings in function of the dose and the fertilizer split application at the acclimatization stage.

Split Fertilizer (%) Equation CvV
application 50 100 200 400 (%)
—————————————— Survival (%) ------------- 21.84
1 100.0 a 100.0 a 87.5a 0.0b*  Y=127.7174-0.2978X ; R*=91.18%
2 100.0 a 100.0 a 87.5a  50.0a Y= 112.5000-0.1500X ; R*=96.28%
3 100.0 a 100.0 a 87.5a  625a Y=108.6956-0.1130X ; R*=97.97%
4 87.5a 87.5a 100.0a  50.0a Y= 70.8333+0.3145X-0.0009X> ; R’* =
96.42%
Control 87.5
——————————— Plant height (cm) ------------ 20.62
1 1127 a 11.66 a 1028a  0.00b*  Y=14.6771-0.0339X ; R*=89.23%
2 10.10a  850a 8.81a 575a Y=10.3750-0.0120X ; R*=96.81%
3 10.47 a 11.06a 88la 6.18 a Y=11.6994-0.0136X ; R*=94.05%
4 948 a 995a 1147a 522a Y= 7.2750+0.0443X-0.0001X* ; R* =
97.95%
Control 10.55
———————————————— Number of leaves ----------—--- 17.35
1 13.25a 1437a 11.00ab 0.00b*  Y=17.3315-0.0409X - R* = 92.48%
2 13.00a 13.62a 8.62b 7.37 a Y=14.0597-0.0181X - R*=81.11%
3 13.25a 1537a 1125ab 8.12a Y=15.3913-0.0180X - R* = 82.41%
4 10.50 a 14.00 a 1475a 6.87a Y= 7.5208+0.0775X-0.0001X*> ; R* =
97.99%
Control 14.75
——————— Dry weight of shoot (mg) ------- 31.97
1 32136a 355.88a 331.72a 0.00b* Y= 258.6755+1.4149X-0.0051X> ; R* =
99.90%
2 336.01a 298.38a 210.79a 185.76a Y=336.5230-0.4201X ; R*=83.69%
3 281.97a 401.59a  284.15a 149.32a Y= 297.9152+0.5909X-0.0024X> ; R* =
76.41%
4 298.68a 379.6la 34542a 113.65a Y= 243.8757+1.5030X-0.0045X*; R? =
96.31%
Control 300.75

* Significant difference when compared with the control by the Tukey’s test (p<0.05); Means followed by the same letters in the
columns do not statistically differ by the Tukey’s test (p<0.05); Split application: (1) total application at planting; (2) V2 at planting, and
14 at 80 days after planting (DAP); (3) % at planting, /3 at 50 DAP, and % at 100 DAP; (4) % at planting, Y4 at 30 DAP, Y4 at 60 DAP,

and %4 at 120 DAP.

No significant differences were observed
between the treatments and the control for all
variables analyzed, except for the total application
of 400% of fertilizer, which caused 100% of
seedling mortality (Table 1).

The species used in the present study is
epiphyte. The primary function of its roots is the
seedling’s support. They are usually sensitive to
nutrients excess and absorb the elements from the
rainwater and particles from the atmosphere through
the trichomes (AMARAL et al., 2009). However,
their roots may have secondary importance in
nutrient absorption from the substrate (DEMATTE;
VIDAL, 2015). Possibly, the dose of 400% of
fertilizer provided nutrients above ideal content for

this species, resulting in plant mortality or reduction
of seedling survival (Table 1).

Regarding the anatomical characteristics of
the leaves, a significant effect in the fertilizer split
application was observed for the analyzed variables.
For the vascular bundle area, in general, the highest
values were reported at the doses of 100 and 200%
of fertilizer when using three and four split
applications (Table 2 and Figure 1). The responses
to the doses of fertilizer within each split application
are represented by quadratic equations, where the
dose of 400% of fertilizer had inferior results when
using all split applications and when compared with
the control. At the doses of 100 and 200%, vascular
bundle area was observed when compared with the
control. The expansion of vascular bundles
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increased the efficiency of the water-carrying
capacity and translocation of photoassimilates in the
leaves and provided greater support and protection
to vascular tissues (VAN DER MERWE et al. 1994;
MAGALHAES et al., 2009). Thus, this expansion
may increase the survival capacity and improve
seedling development at the acclimatization stage.

Abaxial  epidermis  thickness  varied
according to the split application and fertilizer. The
lowest means in all the split applications, regarding
the doses and the control, were achieved with 400%
of fertilizer. In general, a greater thickness was
obtained with 100% of fertilizer (Table 2 and Figure
B1).

For abaxial cuticle thickness, with 50 and
100% of fertilizer, the highest means were obtained
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when the fertilized was applied at once at planting
and in two split applications. For 200% of fertilizer,
means ranged from 1.27 to 1.32um. At 400% of
fertilizer, a greater abaxial cuticle thickness (1.28
um) was obtained when fertilization was carried out
in four split applications, although it did not
significantly differ from two split applications. The
results of the split applications 1 and 2 are
characterized by negative linear equations, where
smaller doses allowed greater cuticle thickness.
Conversely, the results of the split applications 3
and 4 are represented by quadratic equations, with a
greater thicknesses at the dose of 100% of fertilizer
(Table 2).

Table 2. Vascular bundle area (um) and thickness (um) of the abaxial and adaxial epidermis, of the abaxial and
adaxial cuticles, of the aquifer and chlorophyll parenchyma, and of the leaf blade of Tillandsia
bulbosa, according to the dose and fertilizer split application at the acclimatization stage.

Split Fertilizer (%) Equation CvV
application 50 100 200 400 (%)
----------- Area do feixe vascular (pmz) ———— 6.56
1 2266.5a 2282.5c¢ 2914.8a* 0.0 c* Y= 1353.8750+174545X-0.0519X* ; R* =
97.16%
2 2270.5a 2650.5 2511.8b 1050.5b* Y= 1992.7916+8.1092X-0.0262X> ; R’> =
b* 98.83%
3 22745a  3068.8 a* 2971.5 a* 1084.3 b* Y= 1760.0416+14.9851X-0.0417X> ; R* =
96.72%
4 2278.5a  2976.5 a* 3065.0 a* 1523.5a* Y= 1729.9166+146881X-0.0380X> ; R’ =
97.42%
Control 2262.5
-- Abaxial epidermis thickness (um) -- 5.28
1 7.25b 8.52a* 7.08a 0.00b* Y= 6.6116+0.0239X-0.0001X> ; R* =
99.00%
2 6.84b 6.14b* 7.06a 5.11 a* Y= 6.1354+0.0088X-0.00002x*> ; R* =
75.99%
3 8.17 a 8.75a* 6.07b* 475 a* Y= 9.5454-0.0181X+0.00001X> ; R® =
88.21%
4 6.14 c* 8.49 a 6.42b* 4.72 a* Y= 6.4629+0.0108X-0.0004X> ; R> =
61.16%
Control 7.59
-- Adaxial epidermis thickness (um) -- 5.15
1 5.15 a* 585ab 5.26a* 0.00d* Y= 4.4450+0.0201X-0.00007X> ; R* =
99.78%
2 539a 529c¢* 523a* 539a Ns
3 509a*  627a* 5.04a* 3.11c* Y= 52054+0.0070X-0.00003X> ; R*> =
86.08%
4 4.63 b* 576 b 5.18 a* 4.10 b* Y= 4.4608+0.0108X-0.00003X* ; R* =
72.50%
Control 6.02
-- Abaxial cuticle thickness (um) -- 7.96
1 1.73 a* 1.61 ab* 1.30a 0.00 c* Y=2.1115-0.0050X ; R* = 96.52%
1.88 a* 1.72a* 1.27a 1.13ab  Y=1.9019-0.0021X ; R*=85.78%
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3 1.29 b 1.48b 125a 1.09b Y= 1.3558+0.0002X-0.000002X> ; R®> =
70.23%

4 1.37b 142b 132a 1.28a Y= 1.4254-0.0004X+0.000000X> : R*> =
73.48%

Control 1.31
-- Adaxial culticle thickness (um) -- 5.97

1 1.37 a* 133a  121a  0.00c*  Y=1.7398-0.0040X ; R* = 90.66%
2 1.33ab  1.37a* 1.18a 1.04ab Y= 1.4043-0.0009X ; R>=91.72%
3 1.13 ¢ 1.29a 1.16a  0.96 b* Y= 1.1337+0.0011X-0.000004X> ; R*> =
79.87%
4 121bc  135a 120a 1.13a Y= 1.2604+0.0002X-0.000001X> ; R*> =
53.17%
Control 1.18
-- Aquiferous parenchyma thickness (um) -- 5.76
— ; 2 . R _
| 1387br 12260 o oos 0ooer Y= 60.7358+0.9887X-0.0028X* ; R
c* 95.71%
127.73 y Y= 56.1058+1.0105X-0.0022X> ; R* =
2 104.89b % 17126 a% 98.32b o
127.27 Y= 121.603+0.2615X-0.0006X> : R*> =
ES ES ES ’
3 140.69 a* 15296 b* 114.34a% o
154.01 . Y= 24.5375+1.4729X-0.0032X> : R®> =
4 81.50c 3 180.87 a* 91.54b ¢ oo
Control 88.37
- Chlorophyll parenchyma thickness (um) - 3.27
1 286.90 be* 262.41b 277.09b 0.00c*  Y=360.3819-0.8201X ; R* = 84.49%
2 309.64 a*  276.64 b 300.22 a* 188.08 a* Y= 328.8088-0.3208X ; R*> = 80.15%
3 27448 ¢  276.81b 284.37 b* 172.49 b* Y= 308.7890-0.3026X ; R* = 77.54%
- ) CR2 =
4 503,51 b 289'59 £00.86 4% 158.68 b+ Y= 343:6181-0.4170X ; R* = 81.62%
Control 257.59
———————— Leaf blade thickness (um) ------ 3.13
— ) 2 . Rp2
1 416.30 a*  392.01 ¢ 446.18 b* 0.00 c* 3{7‘73?733‘923”‘8815)( 0.0066X" ; R
418.90 Y= 357.599+1.2737X-0.0035X> : R*> =
ES ES ES ’
2 42999 a* 486.24 a% 299.09 2%
421.88 Y= 388.862+0.7568X-0.0024X> : R*> =
* ES k ’
3 430.87 a* 450.87b* 296.75a% o "o
- ) 2 . R
4 388395 8065 404 en o s a7 Y= 309.252+42.073X-0.0054X* ;R
a* 98.36%

Control 362.59

* Significant difference when compared with the control by the Tukey’s test (p<0.05).

Means followed by the same letters in the columns do not statistically differ by the Tukey’s test (p<0.05).

Split application: (1) total application at planting; (2) Y2 at planting, and %2 at 80 days after planting (DAP); (3) 's at planting, 5 at 50
DAP, and 5 at 100 DAP; (4) % at planting, % at 30 DAP, % at 60 DAP, and % at 120 DAP.
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Figure 1. Details of the mesophyll in cross sections of Tillandsia bulbosa leaves taken from seedlings grown
with 50 (A), 100 (B), 200 (C), 400% (D), O - control (E) of fertilizer applied in four different
periods. (1) Total application at planting; (2) 2 at planting and Y2 at 80 DAP (days after planting);
(3) ' at planting, '5 at 50 DAP, and 5 at 100 DAP; (4) at planting, % at 30 DAP, % at 60 DAP, and
Y at 120 DAP. Ac = air channel; Sc = substomatal camera; Abe = abaxial epidermis; Ade = adaxial
epidermis; St = stomata; Vb = vascular bundle; H = hypodermis; Ap = aquifer parenchyma; Cp =
chlorophyll parenchyma; T = trichomes; The arrows indicate idioblast with presence of druse.

Better results for adaxial cuticle thickness
were reported when the dose of 50% of fertilizer
was applied at once at planting, and in two split
applications. For the doses of 100 and 200% of
fertilizer, the means ranged between 1.29 and 1.37
(100%) and 1.16 and 1.21 (200%). When analyzing
the doses of fertilizer within each split application,
the responses are represented by linear and
quadratic equations, where the dose of 400%
provided the lowest thickness values (Table 2 and
Figure D1).

Different biotic and/or abiotic stresses, such
as nutrient availability, may result in changes in
epidermis and leaf cuticle thickness. Seedlings with
lower epidermis thickness are more susceptible to
the attack by pests and pathogens, as well as to
higher transpiration rates, and consequently
excessive water loss. Thus, seedlings with greater
epidermis and cuticle thickness will have greater
chances of survival when transferred to an external
environment since the primary functions of these
tissues are the protection of the seedlings surface
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and the control of the gas exchanges (CASTRO et
al., 2009; JAVELLE et al., 2010).

For aquifer parenchyma thickness, using the
doses of 50% and 400% of fertilizer, the best results
were obtained when using three split applications.
For 100% of fertilizer, a greater thickness was
obtained when using four split applications (154.01
pum). At a dose of 200% of fertilizer, split
applications 2 (171.26pm) and 4 (180.87um)
presented better results (Table 2 and Figure 1). The
responses for each split application under the
different doses are represented by quadratic
equations, where the dose of 200% of fertilizer
provided higher values in relation to the other
treatments (Table 2 and Figure C1). In general, a
greater thickness was reported at doses of 50, 100,
and 200% of fertilizer, when compared with the
control.

A thicker aquifer parenchyma assists in
storage capacity and reduction of water loss, making
more efficient the use of this resource and providing
lower transpiration rate. This tissue also protects the
chlorophyll parenchyma against photo-oxidation in
environments with high light incidence, limiting the
light intensity that reaches the photosynthetic
apparatus (PEREIRA et al., 2013).

A thicker chlorophyll parenchyma was
observed in seedlings in treatments at the dose of 50
and 400% of fertilizer using two split applications.
For the treatment with 100% of fertilizer, the best
result, 309.59um, was obtained with four split
applications. The use of the dose of 200% of
fertilizer in 2 and 4 applications resulted in the
greatest thickness (300.22 and 299.86um). The dose
of 400% of fertilizer had inferior results in all the
split applications when compared with the control.
For the other doses, higher means were obtained,
although some did not differ significantly from the
control. The results for the fertilizer doses within
each split application are represented by negative
linear equations, where smaller thickness was
obtained at higher doses (Table 2).
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A thicker chlorophyll parenchyma increases
the light diffusion capacity in the Ileaf, and
consequently the efficiency in the use of this
resource, probably favoring the photochemical stage
of photosynthesis and influencing seedling’s ability
to assimilate carbon (VOGELMANN; GORTON,
2014). These factors may increase the
photosynthetic capacity of the seedlings, reducing
the stress caused by the transfer from the
heterotrophic to autotrophic condition at the
acclimatization stage.

The highest values of leaf blades (446.18 to
494.87um, ) were observed in the treatments with
200%, and the lowest values (0.00 to 299.09um)
were reported in the treatment with 400% (Table 2).
Leaf blade represents the main photosynthetic tissue
of the plant, and thus, probably, a greater thickness
can provide greater photosynthetic capacity,
favoring CO, diffusion (TOMAS et al., 2013).

CONCLUSIONS

Fertilization did not significantly influence
the development of 7. bulbosa seedlings during the
acclimatization stage.

The doses of 50, 100, and 200% provided a
greater thickness of chlorophyll parenchyma,
aquifer parenchyma, and leaf blade.

T. bulbosa can be acclimatized without
fertilizer application.
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RESUMO: As bromélias sdo conhecidas mundialmente por seu potencial ornamental. No Brasil, as espécies de
Tillandsia podem ser encontradas na Mata Atlantica, Floresta Amazonica e campos rupestres. O objetivo deste trabalho foi
verificar a influéncia de adubacéo com nitrogénio, fésforo e potdssio em plantulas micropropagadas de Tillandsia bulbosa,
na fase de aclimatizacdo e na sua anatomia foliar. O experimento foi implantado em delineamento inteiramente
casualizado, em esquema fatorial 4x4+1, utilizando como substrato a mistura de p6 de coco: himus de minhoca: areia
(2:1:1). Ureia, super fosfato simples e cloreto de potdssio foram utilizados como fontes de nitrogénio, fésforo e potassio,
nas propor¢des de 50, 100, 200 e 400% da dose recomendada. As doses foram distribuidas em quatro aplicacdes, testando
aplicagdo total no plantio (1); ¥2 no plantio e ¥2 aos 80 DAP (2); /5 no plantio, /5 aos 50 DAP e 5 aos 100 DAP (3) e ¥4 no
plantio, % aos 30 DAP, 4 aos 60 DAP e Y4 aos 120 DAP (4), e uma testemunha (sem adubagdo). Foi realizado o estudo
anatdomico das folhas aos 180 dias. A adubacdo ndo influenciou significativamente o desenvolvimento das plantulas
durante a aclimatizacdo. As doses de 50, 100 e 200% proporcionaram maior espessura de parénquimas clorofiliano e
aquifero e do limbo foliar. A aclimatizacdo de Tillandsia bulbosa pode ser realizada sem a necessidade de adubagio.
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