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ABSTRACT

Annona glabra is a tropical species that has significant agronomic potential in terms of furnishing fruits for in natura
consumption and for the production of phyto-pharmaceuticals. In vitro cultivation has been considered the most promising form of
propagation for this species, although large scale utilization of this technique is currently limited by high rates of |eaf abscission,
reduced rates of explant multiplication and slow bud growth. The present work evaluated the effects of different cytokinins on
mineral accumulation in shoots of A. glabra cultivated in vitro, and their effects on growth and survival of these plants. Buds of A.
glabra were cultivated in Wood Plant Medium (WPM) in the presence of 6-benzilaminopurine (BAP), thidiazuron (TDZ), kinetin
(KIN), and zeatin (ZEA). KIN and BAP use resulted in the greatest growth, largest accumulation of dry mass and leaf area
development, as well as the greatest survival rate during in vitro cultivation of this species. All cytokinins tested stimulated large
accumulations of nitrogen and boron in shoots, but diminished levels of calcium as compared to controls.

Index terms: Growth regulators, Annonaceae, mineral nutrition.

RESUMO

Annona glabra é uma espécie frutifera tropical que apresenta elevado potencial agronémico pelo fornecimento de frutos para
0 consumo in natura e pela producdo de fitofarmacos. O cultivo in vitro tem sido preconizado como a forma mais adequada de
propagagdo para essa especie, embora sua utilizagdo em larga escala ainda seja limitada pela el evada taxa de abscisdo foliar, reduzida
taxa de multiplicacéo dos explantes e crescimento lento das brotagdes. Objetivou-se, neste trabalho, avaliar o efeito de citocininas
sobre 0 acimulo de minerais nas brotagtes de A. glabra cultivadasin vitro e seus reflexos sobre o crescimento e sobrevivéncia das
plantas nesse tipo de ambiente. Brotagdes de A. glabra foram cultivadas em meio Wood Plant Medium (WPM), na presenca de 6-
benzilaminopurina (BAP), thidiazuron (TDZ), cinetina (KIN) e zeatina (ZEA). A utilizagdo de KIN e BAP induziu maior crescimento,
maior acimulo de massa seca, maior desenvolvimento da érea foliar e maior taxa de sobrevivéncia das plantas durante o cultivoin vitro
dessa espécie. Todas as fontes de citocininas testadas estimularam maiores acimul os de nitrogénio e boro nas brotagfes e menores de
cdcio.

Termos para indexagao: Reguladores de crescimento, Annonaceae, nutri¢cdo mineral.
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INTRODUCTION

Annona glabra isatropical species belonging to
the family Annonaceae. It produces flavorful fruits that

heterogeneous populations) and reduced rooting capacity
(which makes conventional vegetative propagation
difficult) (Scaloppi Janior, 2003). Many attempts have been
made to cultivate (Zobayed et al., 2002; Nagori & Purohit,

are greatly sought after by the native fauna. A. glabrais
an important wild species of Annonaceae due to the
elevated pharmacological potential of its leaves and seeds.
The species also has important agronomic uses, serving
as grafting stock resistant to damp conditions in the
cultivation of commercial varieties of the group.

In vitro cultivation has been recognized as the most
adequate form of propagating this species in light of its
high crossing rates (which results in the formation of very

2004) wild Annonaceae species (Santana et al., 2003;
Oliveiraet a., 2007, 2008; Santana et al., 2008a,b) through
micropropagation, but low levels of explant multiplication,
slow shoots growth rates, and elevated explant mortality
during acclimatization have contributed to the limited
commercial success of this technique.

Successful in vitro cultivation depends, to a very
large degree, on a correct hormonal and minera balancein
the culture medium. Quantifying mineralslevelsin young
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plants and in the culture medium itself during explant growth
would furnish important information for optimizing
micropropagation protocols (Ramage & Williams, 2002).
As such, adequate hormonal control by way of the
equilibrated addition of plant growth regulators combined
with the elucidation of the interactions of these substances
with the other components of the culture medium, could
help overcome some of the obstacles related to the
micropropagation of these plants.

Numerous studies have demonstrated that the
mineral composition of the medium and the addition of
different growth regulators affect explant development
(Sato et a., 2001; Ramage & Williams, 2002; Silvaet d.,
2003). Carvaho & Biasi (2004) demonstrated that the
amount of zeatin (ZEA) and indoleacetic acid (AlA) used
to induce budding in explants of “caqui” (Diospyros kaki)
can be reduced to 1uM and 0.01uM, respectively, when
these explants are cultivated in MS medium (Murashige &
Skoog, 1962) containing only half the normal concentration
of NO,. It has also been suggested that the use of growth
regulators (especially cytokinins) affects the rates of
absorption and trandlocation of essential mineralsin plants
under in vitro conditions as they directly influence the
formation and differentiation of the vascular system and
the regulation of enzymes involved in the assimilatory
metabolism of minerals, principally nitrogen (Aloni, 2001,
Donato et al., 2003).

As such, the objective of the present work was to
evauate the effects of four different cytokinins on the
uptake of essential mineralsin shoots of A. glabra cultured
in vitro, and examine their effects on plant growth and
survival.

MATERIALS AND METHODS

Young plants of Annona glabra used to provide
explants for the experiments described here were cloned in
vitro from the same mother plant and maintained in a green
house under photon irradiance of 130-170 mol.m2s?, a
photoperiod of 16hr, and without temperature control.
Phytosanitary control of the plants included spraying with
the fungicide Benlate (2.0 g L) one week before explant
collection.

Nodule segments were removed from the stock
plants and kept in running water in alaminar flow chamber
for 6 hr, immersed in 70% ethyl acohol (v/v) for 1 minute,
and then sodium hypochlorite (1% active chloride) with a
few drops of detergent during 15 minutes. The material
was additionally washed in sterile distilled water, and
subsequently isolated and maintained in a 200 mg L
solution of ascorbic acid for 5 minutes.

The nodule segments were inoculated into test
tubes (25x150 mm) containing 15 ml of WPM medium (Lloyd
& Mccown, 1981) solidified with 0.65% agar and
supplemented with 3 mg L of sucrose and 1 mg L of
activated charcoal. The pH of the culture medium was
adjusted to 5.7 before autoclaving. Treatments consisted
of the addition of 1 mg L concentrations of 6-
benzilaminopurine (BAP), thidiazuron (TDZ), kinetin (KIN)
and zeatin (ZEA), in addition to controls without any
cytokinin. The 1 mg L-*cytokinin concentration used was
based on the results obtained by Santana (2003) who
reported inhibitory effects of some cytokinins on explant
multiplication and rooting when used in concentrations
above2.0mg L. Only ZEA was sterilefiltered and added
to the culture medium after autoclaving. After inoculation
the test tubes were maintained in darkness for seven days
and then transferred to an environment with a 16 hour
photoperiod, a photon irradiance of 50 pmol m? s?, and
temperatures of 27 + 2°C.

After 55 days of in vitro cultivation, evaluations of
explant growth were made by quantifying the survival rate,
number of buds per explant, bud length, as well as dry
weight and leaf area, using five replicates per treatment,
with each replicate composed of five tubes with one plant
each. Budswere collected for mineral analysis at the same
time and washed in distilled water, dried in a forced air
oven at 60° C to 70° C, weighed, and then ground to obtain
the extracts.

Phosphorous (P) content was determined using the
molybdate colorimetric technique; potassium (K) by flame
photometry; calcium (Ca), magnesium (Mg), copper (Cu),
iron (Fe), manganese (Mn), and zinc (Zn) by atomic
absorption spectrophotometry; sulfur (S) by turbidimetry
with BaCl.; nitrogen (N) by the semi micro Kjeldahl method;
and boron (B) by colorimetry of curcumin/boric acid
(Maavoltaet a., 1997).

The experiment was conducted in a completely
randomized design with three replicate per treatment, with
each replicate composed of 5 mg of fresh material. Statistical
analyses were performed using the SISVAR 4.3 software
program (Ferreira, 1999). Averages were compared by using
the Scott-Knott test at a 5% probability level.

RESULTS AND DISCUSSION

Significant effects (P< 0.05) of cytokinin treatments
on explants of Annona glabra were observed in relation
to all of the variables analyzed. Treatment with kinetin
(KIN) promoted the highest levels of explant survival,
followed by treatment with 6-benzilaminopurine (BAP)
(Table 1).
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Table 1 — Surviva rate, number of shoot buds, leaf area, length, and dry weight of buds of Annona glabra cultivated in
vitro in WPM medium supplemented with different cytokinins.

Cytokinin Survival rate Number of Leaf area Bud length Dry weight
source (%) buds (cm?) (cm) (mg)
Control 68.50 ¢ 0.59 ¢ 455 b 1.76 b 82.60 b

BAP 78.00 b 133 b 8.87 a 222 a 165.23 a
KIN 88.50 a 093 c 11.25 a 267 a 170.60 a
TDZzZ 73.00 c 126 b 581 b 115 ¢ 111.41b
ZEA 66.50 c 293 a 6.85 b 192 b 82.65 b

* Averages followed by the same lettersin any column indicate no significant differences between them, according to the Scott-

Knott test at a 5% probability level.

Treatment with zeatin (ZEA) resulted in the largest
number of buds per explant, followed by BAP and
thidiazuron (TDZ). KIN and BAP provoked the largest
increase in the bud length and leaf area, as well as the
greatest dry weight accumulation (Table 1). Only the TDZ
treatment resulted in growth reduction in buds of A. glabra
in relation to the control group. Among the various
treatments, the plants exposed to KIN appeared more
vigorous, with thick, dark-green leaves. Vitrified plants
were not seen in any of the samples.

Explants treated with KIN or BAP exhibited
essentially the same responses among all of the variables
analyzed - with the exception of survival rate, which was
greater after KIN exposure (Table 1). Carvalho & Biasi (2004)
observed similar results with BAP and KIN in in vitro
multiplication of “caqui”. On the other hand, Fraguas et
al. (2004) reported that the best growth of woody plantsin
vitro was obtained using BAP instead of KIN.

In spite of the fact that ZEA was the only cytokinin
that induced multiple budding in A. glabra, few reports of
the use of this growth regulator have been published -
possibly due to the high costs of this substance, which
inhibits its wide use in commercial applications. However,
ZEA has shown itself to be very efficient at eliciting budding
in some species, such as kaki, (Diospyros kaki) (Carvalho
& Bias, 2004), blueberry (Vaccinium ashei) (Silva et d.,
2006), and Vaccinium vitis (Debnath & Mcrae, 2002).
Although TDZ is considered one of the most potent
cytokinins, principally among woody plants, the reduced
growth rate observed in buds of A. glabra at concentrations
of 2mg L* were very similar to the results obtained by
Akasaka et a. (2000) - who noted a negative effect of this
cytokinin on in vitro development of Arachis hypogaea.

Analyses of the mineral content of A. glabra
buds indicated that concentrations of nitrogen,
potassium, calcium, magnesium, boron, iron, and zinc

were affected by the presence of cytokininsin the culture
medium (Table 2).

It can be seen that all of the cytokinins resulted in
increases in nitrogen levels, although the greatest
increases resulted from the presence of KIN, BAP, and
ZEA. Likewise, al of the cytokinins stimulated greater
(and essentially equal) absorption of boron. On the other
hand, all of the cytokinins tested provoked areduction in
calcium levelsinthe buds. Only ZEA stimulated greater
accumulation of potassium and magnesium among the
buds; while BAP induced alarge uptake of iron (Table 2).

Barberaki & Kintzios (2002) reported that the
accumulation of macronutrients in plant tissue cultivated
in vitro is greatly affected by the presence of growth
regulators. These authors found that cytokinins principally
influence the accumulation of nitrogen, phosphorous,
calcium, and magnesium in callus tissue of Viscum album.

Nitrogen is essential for normal growth and
development in plants, and plays an important role in
regulating of many physiologica functions (Konno et al.,
1999; Ramage & Williams, 2002). Leljak-Levanic et a. (2004)
demongtrated that NH," and NO,” concentrationsin the culture
medium affect numerous morphogenetic responses, including
the development of callus tissue and somatic embryos.
Sivakumar et d. (2005) reported that a correct balance between
NH," and NO; in the culture medium is directly related to
biomass accumulation in chrysanthemums. In the present
work, explants cultivated in the presence of BAP and KIN
demonstrated a greater accumulation of nitrogen in the buds,
aswell as greater growth, leaf thickness, shoots length, and
dry weight (Table 1). This suggests a possible link between
cytokinins and the enzymes involved in the nitrogen
assimilation (Samuelson et ., 1995). Similarly, Chauhan &
Kothari (2004) found that 6-benzilaminopurine acts
synergistically with AgNO, in stimulating bud regeneration
in leaf explants of Hordeum vulgare.
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Table 2 — Macro-element content: nitrogen (N), phosphorous (P), potassium (K), calcium (Ca), magnesium (Mg), and
sulfur (S); and micro-element content: boron (B), copper (Cu), iron (Fe), manganese (Mn), and zinc (Zn) of Annona
glabracultivated in vitro in WPM medium supplemented with different cytokinins.

Macro-elements (g kg?)

Cytokinin source

N P K Ca Mg S
Control 25.26 ¢ 0.737 a 19.39 b 6.61 a 211 b 791 a
BAP 50.80 a 0.608 a 19.09 b 486 b 218 b 877 a
KIN 51.66 a 0.670 a 2013 b 467 b 204 b 795 a
TDZ 4713 b 0.656 a 20.30 b 537 b 205 b 861 a
ZEA 50.37 a 0.674 a 2227 a 5.00 b 316 a 8.05 a
. Micro-elements (mg kg™)
Cytokinin source
B Cu Fe Mn Zn
Control 76.00 b 11.66 a 165.66 b 273.00 a 11033 b
BAP 91.00 a 10.66 a 191.33 a 249.66 a 131.33 a
KIN 100.00 a 10.33 a 162.00 b 255.00 a 126.00 a
TDZ 95.66 a 12.33 a 165.00 b 22533 a 11233 b
ZEA 96.66 a 933 a 197.00 a 24533 a 129.00 a

* Averages followed by the same letters in any column indicate no significant differences between them, according to the Scott-

Knott test at a 5% probability level.

Even though cytokinins were not observed to have
any effect on the accumulation of phosphorous in the present
work, we did observed that its levels were considerably lower
in the explants than the average values for most plant cultures
(Malavoltaet al., 1997). Diniz et a. (1999) pointed out that low
levels of phosphorous in in vitro culture media may be
responsible for the low growth rates observed in some species.
This author considered the interaction of phosphorous with
other medium salts (the latter often in excess in the medium)
to be responsible for the small amounts of phosphorous
present in plants maintained in this type of environment.
Another relevant fact is the reduction of the media pH during
in vitro cultivation, which reduces phosphorous solubility,
and therefore its avail ability for uptake.

An important result in the present research wasthe
marked reduction in calcium concentration in explants
exposed to cytokinins (Table 2). Calciumisdirectly involved
in the processes of cell division in the meristematic zones
of plants, affecting their viability and bud formation and,
consequently, the plant’s multiplication rate. Calcium also
participates in the synthesis of pectin moleculesinvolved
in cell wall formation (Konno et a., 1999), and the lack of
this element may alter the structure and metabolism of the
pectin molecules, reducing the mitotic index in these plants.
Additionally, reduction of the calcium content in tissues
cultivated in vitro is directly related to physiological
disorders such as necrosis of the apex and vitrification.

Another interesting point was the observed
strongly positive effects of the cytokinins on boron
absorption observed in the present work (Table 2). Boron
is the micronutrient that most restricts plant production,
and symptoms of its deficiency and of the toxicity of this
nutrient are limited by its extremely low mobility (Maavolta
et al., 1997). Boron deficiency affects cell wall formation,
cell division and cell size. Salvador et a. (2003) observed a
positive correlation between the leaf content of boron and
phosphorous absorption, and attributed this interaction
to boron’srole in phosphorous transport through the cell
membrane. In the present work, however, the high level of
boron concentrations in plants treated with cytokinins did
not appear to affect phosphorous uptake.

The present work indicated that iron absorption
was increased by addition of BAP and ZEA to the culture
medium. The presence of iron has been related to the degree
of oxidation of explants maintained inin vitro conditions,
and this element is an important constituent of the enzymes
liberated as a result of cell damage, and which initiate a
series of oxidative response processes. The observed
increase in the iron content isinteresting as woody species
generally demonstrate high levels of tissue oxidation
during in vitro establishment - which represents one of
the limiting factors in using this technique with this group
of plants, especially the Annonaceae (Santana et a ., 2003;
Oliveiraet d., 2007).
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Our results indicate the necessity of developing
new formulations for the essential minerals used inin vitro
culture media, taking into consideration the presence of
growth regulators and the mineral composition of the
cultivated tissues themselves. Staikidou et a. (2006), for
example, improvedin vitro growth of species of Galanthus
by developing a culture medium based on the mineral
composition of the bulbs of this plant.

As the presence of cytokinins affects the
absorption of various elements, the morphogenetic effects
resulting from interactions between different minerals must
also be considered in choosing a growth medium. In a
recent study of the interactive effects of essential elements
on in vitro plant tissue growth conducted by Randall &
Terrence (2007), these authors elaborated and confirmed
algorithms for growth regulation in non-embryonic callus
tissue from oranges (valencia variety). These authors
subdivided the mineral components of the MS medium
into five distinct groups, and determined that a greater
availability of NH,NO, and Fe** in the culture medium was
essential for callus growth in this species - with arapid
decrease in fresh weight being observed as aresult of the
progressive reduction of Fe** and NH,NO, levels.

CONCLUSIONS

The evaluation of the effect of different sources of
cytokinins on shoots obtained from cloned plants of
Annona glabra demonstrated that the presence of 6-
benzilaminopurine (BAP), thidiazuron (TDZ), kinetin (KIN),
and zeatin (ZEA) increased nitrogen and boron absorption
and assimilation and reduced calcium concentrations in
buds of A. glabra during in vitro culture. It also shows
that KIN and BAP stimulated the growth of explants of A.
glabraininvitro culture.
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