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Quality of dwarf cashew tree seedlings as a result
of methods for breaking dormancy, container volume
and application of bovine biofertilizer

Calidad de plantulas de cajueiro enano como resultado
de métodos de rompimiento de dormancia, volumen
de matera y aplicacion de biofertilizante bovino
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Cashew tree seedlings, Catolé do Rocha-PB, Brazil.

Foto: T.H.S. Irineu

ABSTRACT

The dwaf cashew tree presents enormous economic relevance for the Brazilian northeast. When establishing
orchards of this species, the most important phase is the formation of the seedlings. Therefore, studies aim-
ing to improve growth aspects and seedling qualities are extremely relevant. In this sense, the present study
aimed to evaluate the growth and quality of dwarf cashew tree seedlings as a result of methods for breaking
dormancy, container volume and application of bovine biofertilizer. The experiment design was completely
randomized, with a 2x2x5 factorial scheme and six replicates; the experimental unit consisted of five seed-
lings. The treatments involved two methods of breaking dormancy (scarification with sandpaper and immer-
sion in water), two container volumes (1 and 2 kg) and five doses of bovine biofertilizer (0, 2.5, 5.0, 7.5 and
10 mL). The method for breaking dormancy with normal water for 24 hours was the most adequate for the
formation of dwarf cashew tree seedlings. The doses of 7.5 and 10 mL of bovine biofertilizer provided higher
growth and quality in the dwarf cashew tree seedlings. The volume of 2 kg of substrate was the most suitable
volume for growing dwarf cashew trees.
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RESUMEN

El cajueiro presenta enorme relevancia econémica para el Nordeste Brasileno. Para el establecimiento de huertos de
esta espécie, la fase mds importante es la formacién de plantulas. Por esto, estudios para mejorar aspectos de creci-
miento y calidad de pldntulas son de gran importancia. En tal sentido, el objetivo del presente trabajo fue evaluar el
crecimiento y calidad de plantulas de cajueiro en respuesta a métodos de rompimiento de dormancia, volumen de la
matera y aplicacién de biofertilizante bovino. Se utilizé el disefo experimental completamente al azar con arreglo
factorial 2x2x 5, seis repeticiones y la unidad experimental de cinco pldntulas. Los tratamientos consistieron en dos
métodos de rompimiento de dormancia (escarificacién por lija e inmersién en agua), dos voldmenes de matera (1 'y
2 kg) y cinco dosis de biofertilizante bovino (0; 2,5; 5,0; 7,5 y 10 mL). El método de rompimiento de dormancia con
agua normal durante 24 horas fue el méas adecuado para la formacién de plantulas de cajueiro. Las dosis 7,5 y 10,0
mlL de biofertilizante bovino proporcionaron mayor crecimiento y calidad de plantulas de cajueiro. El volumen 2 kg

de sustrato fue el volumen m4s indicado para el cultivo de plantulas de cajueiro.

Palabras clave adicionales: Anacardium occidentale L.; propagacion por esquejes; salida de latencia;

biofertilizante; fruticultura.
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The cashew tree (Anacardium occidentale L.) is one of
the most cultivated fruits in the Brazilian, northeast-
ern semi-arid region, presenting an important crop in
the generation of employment and income since it
has high use potential, both for fresh consumption
of pseudofruit and for processing (Aratjo et al., 2014;
Silva et al., 2019).

During the formation of orchards of this species, the
seedling formation phase significantly contributes to
the costs. Germination is a very important factor in
the process of seedling formation since many species’
present dormancy. Dormancy consists of the phe-
nomenon in which the seeds of a certain species, even
if they are viable and have favorable environmental
conditions for germinating, stop doing so (Costa et
al., 2010; Carvalho et al., 2019).

The methods most used to breaking seed dormancy
include scarification (Ursulino ez al., 2019) and im-
mersion, which are more practical and safer meth-
ods for small farmers who desire seedlings in a short
period of time. Since the cashew presents dorman-
cy, studies on methods for breaking dormancy are

INTRODUCTION

extremely relevant (Mata et al., 2010). Therefore, it is
necessary to seek more efficient methods to breaking
dormancy, which is a point of paramount importance
for the formation of seedlings with high quality.

Also, seedling producers face uncertainty in the choice
of containers for the production of seedlings. The size
of the appropriate container is an important aspect as
it may influence the health of the seedlings. Studies
with container volumes have shown that the volume
of 2 L of substrate influences the vegetative and qual-
ity behavior of the guava and pineapple (Paiva et al.,
2013; Diniz et al., 2015).

In the formation of fruit orchards, the most impor-
tant step is the seedling formation phase. This phase
is very demanding in terms of nutrients; therefore,
fertilizer alternatives are extremely relevant because
well-formed seedlings influence the quality of the or-
chard. Many seedlings have been using bovine biofer-
tilizer because of the rapid absorption, making it very
useful for annual and perennial crops in conventional
and organic systems or in rapid treatments of nutri-
tional deficiencies in plants.
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Bovine biofertilizer has been used as a way to meet
the nutritional needs of macro and micronutrient
plants and organic matter; in addition, when bio-
fertilizer is applied in liquid form, it provides greater
displacement of nutrients in the soil, facilitating ab-
sorption by plant roots, thereby promoting better
initial growth (Dutra er al., 2018; Melo Filho er al.,
2018; Alves et al., 2019). According to Sd et al. (2013),
biofertilizer, when applied via the soil, favors the ac-
tivity of microorganisms and promotes better nutri-
ent availability to the roots.

In addition to be a product rich in nutrients that are
essential for plants, the bovine biofertilizer is low-
priced and easily prepared by small farmers. Some
studies with biofertilizers have shown positive re-
sults, being able to attenuate possible nutritional de-
ficiencies and favor the growth of plants in the phase
of seedling production (S et al., 2013; Diniz et al.,
2015; Alves et al., 2019).

Because of the scarcity of studies on early dwarf ca-
shew tree seedlings, the present study aimed to eval-
uate the growth and quality of cashew tree seedlings
as a result of methods for breaking dormancy, con-
tainer volumes and application of bovine biofertilizer.

MATERIAL AND METHODS

This experiment was conducted in 2017, for a period
of 71 d in a protected environment, with 50% shad-
ing, at the State University of Paraiba - UEPB, Cam-
pus-IV, municipality of Catole do Rocha-PB, Brazil,
located geographically at latitude 6°20’38” S and lon-
gitude 37°44’48” O with an altitude of 275 m, with a
monthly average temperature above 18°C.

The experiment design was completely randomized,
with a 2x2x5 factorial scheme and six replicates;
the experiment unit consisted of five seedlings. The
treatments consisted of two methods of breaking
dormancy (scarification with sandpaper and immer-
sion in water), 2 container volumes (1 and 2 dm?®) and
five doses of bovine biofertilizer (0, 2.5, 5.0, 7.5 and
10 mL).

The seedlings were cultivated in containers filled
with earthworm humus and soil classified as Eu-
trophic Flubic Neosol (Santos et al., 2013), which
had the following characteristics: pH (H,0)=6.85;
nutrients (cmol. dm3): Ca’*=2.10, Mg**=1.07,
Na*= 3.73, H=0.13, Al*3=0.01, cation exchange
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capacity=>5.94, base sum=95.8; K*=0.01 mg dm?; or-
ganic carbon=4.55%; organic matter=7.85%; assimi-
lable phosphorus=8.31 mg/100 g; soil texture (g kg*):
sand=63.90, silt=20.65 and clay=15.45; apparently
density=1.41 g cm?; field capacity humidity=11.23
g kg?; permanent wilting point humidity=6.56 g kg
and textural class=sandy loam; the soil was analyzed
according to the procedures described in the method-
ology of Santos et al. (2013).

The worm humus had the following characteris-
tics (meq/100 g): Ca=35.40, Mg=19.32, Na=1.82,
K=1.41, §=57.95,H=0.00, A1=0.00, T=57.95, quali-
tative calcium carbonate = present and assimilable
phosphorus=55.14. Others: pH H,O (1:2.5)=7.38,
eletric conductivity (EC)=2.11 dS m™.

The breaking of the dormancy in the cashew nuts
was accomplished with two methods (scarification
with sandpaper and immersion in water for 24 h). Af-
ter treatments for dormancy, the cashew nuts were
sown directly in two-pack polyethylene bags (type 1:
1822 cm and type 2: 22x30 cm), containing 1 and
2 dm?® of substrate, respectively.

For the production of the bovine biofertilizer, the
methodology of Silva ez al. (2012) was used. The ap-
plications of the bovine biofertilizer were done 30 d
after the emergence of the plants in the container, 7
to 7 d apart, applying biofertilizer doses (0, 2.5, 5.0,
7.5 and 10 mL/plant) directly under the substrate of
each container, with a total of six applications.

The bovine biofertilizer had the following chemical
characteristics: pH=5.27, EC=4.81 (dS m™); N=1.30
(g kg'); P=537.0 (mg dm?®); $=9.55 (mg dm?);
Na=2.47 (cmol.dm?®); K=1.34 (cmol.dm?); Ca=3.00
(cmol.dm®) and Mg=4.45 (cmol . dm™).

At 71 d after sowing, six plants were sampled per
treatment for determinations of: height (cm) from
lap bud to apical bud; stem diameter (mm); mea-
sured at a distance of 2.0 cm from the neck, using a
pachymeter with an accuracy of 0.01 mm; number of
leaves; root length, measured with a stepwise ruler in
cm; and leaf area, where the leaves were considered
to have a minimum length of 1.0 cm, measuring the
leaf’s main leaf length x width x adjustment factor
(0.60) (Peixoto and Peixoto, 2009). The total leaf area
was determined by multiplying the leaf area by the
number of leaves.
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Subsequently, the vegetative parts were separated
and placed in paper bags and subjected to forced air
circulation in an oven for 48 h at a temperature of
60°C+1.0 until constant mass was obtained and
then weighed on an analytical balance with an accu-
racy of 0.0001 g, with the results expressed in grams.
The difference between the fresh mass and dry mass
provided the constant dry mass of the plants. At the
end of the experiment, the Dickson Quality Index
(DQI) was determined (Dickson et al., 1960).

The data were analyzed and interpreted with analy-
sis of variance (Test F) and comparison of averages
with the Tukey test, following Ferreira (2014), with a
minimum significance of 5% probability. The analy-
ses were performed with SISVAR statistical software
v 5.0.

RESULTS AND DISCUSSION

It was observed that the interaction between the
factors did not present a significant difference.
The studied pot volumes statistically influenced the
height, root length and leaf area of the seedlings.
The methods for breaking dormancy did not influ-
ence the analyzed variables. The doses of bovine bio-
fertilizer significantly influenced all variables.

It was observed that the height of the cashew seed-
lings was positively influenced by the doses of bovine
biofertilizer, presenting a quadratic polynomial be-
havior, with higher values in height (17.36 cm) in the
seedlings treated with 10 mL of bovine biofertilizer,
with an increase of 14.17% in relation to the seed-
lings that did not receive application of bovine biofer-
tilizer (Fig. 1A).

The results corroborate those found by Veras et al.
(2014) who, when evaluating the growth of cashew
tree seedlings subjected to doses of biofertilizer and
substrate volumes, observed that the cashew had a
higher yield under the application of biofertilizer at a
dose of 120 mL.

The doses of biofertilizer provided a significant differ-
ence for stem diameter (P<0.01), and the regression
equation adjusted to the experiment data presented
a quadratic polynomial model, in which, as the doses
of biofertilizer were increased, there was an increase
in diameter, with the highest value of 6.08 (mm) ob-
tained with the dose of 10 mL (Fig. 1B).

These values are higher than those obtained by Costa
et al. (2012), who evaluated the growth of cashews
irrigated with domestic effluent and verified that the
diameter of the seedlings was not influenced by the
wastewater, presenting 1.0 (cm), statistically equal
to that found in those irrigated with a water supply
(control), values lower than those found in the pres-
ent study.

The number of leaves presented a quadratic behavior,
with a statistical significance (P<0.01), obtaining a
higher value (14 leaves) in the seedlings that received
an application of 7.5 mL of bovine biofertilizer; as the
biofertilizer dose was increased, there was a decrease
in leaf number of 0.0224 with the recommended op-
timum dose of 7.5 (Fig. 1C).

This result is greater than that obtained by Costa et
al. (2012) when studying cashew tree seedlings ir-
rigated with domestic effluent, which obtained 13
leaves, found in the highest percentage of residual
water.

The highest number of leaves is a result of the posi-
tive effect of the bovine biofertilizer, which may
have stimulated the release of humic substances and,
consequently, released nitrogen and carbon, as well
as the high percentage of cation exchange capacity
in the soil, thus favoring the absorption of essential
nutrients (Cavalcante et al., 2007; Viana et al., 2013).

The root length showed a regression equation with
respect to the effect of bovine biofertilizer doses,
with an increasing linear behavior. Notably, the most
marked growth was observed in the treatment with
the dose of 10 mL, presenting an increase of 18.91%
in relation to the control. Raising the dose showed an
increase of 0.4112 in root length (Fig. 1D).

It is possible that the greater root expansion of the
saplings treated with biofertilizer was due to the
physical improvement provided by the humic sub-
stances present in the bovine biofertilizer (Aidyn et
al., 2012). In passion fruit seedlings, Cavalcante et al.
(2009) and Mesquita et al. (2012) observed that the
seedlings showed superiority in root development
when the seedlings were fertirrigated with bovine
biofertilizer.

It was observed that leaf area was influenced by the
doses of biofertilizer; the maximum value obtained
was 28.49 cm? with the dose of 7.5 mL of bovine bio-
fertilizer; as the doses of biofertilizer increased, there
was a decrease (-0.0601) in the leaf area of the cashew
tree seedlings (Fig. 1E). With an increase in leaf area,
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Figure 1. Height (A), stem diameter (B), number of leaves (C), root length (D), leaf area of seedling (E), total leaf area (F), root

dry mass (G), dry mass of the aerial part (H), total dry mass (I) and Dickson Quality Index (J) of cashew tree seedlings

submitted to doses of bovine biofertilizer.
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there is greater efficiency in plants in the photosyn-
thetic processes, as well as in the transport of solutes
in the vegetal tissues. These results corroborate those
obtained by Mesquita et al. (2012) for papaya seedlings
and by Cavalcante et al. (2007) for guava seedlings.

The total leaf area presented a significant effect
(P=0.01), showing a quadratic polynomial behavior;
the dose of 7.5 mL provided a larger leaf area (386.56
cm?), and, beyond that dose, there was a decrease of
-0.5312 in total leaf area (cm?) (Fig. 1F).

The dry mass of the root was influenced by the doses
of biofertilizer at the level of P<0.01, presenting an
increasing quadratic polynomial model. The maxi-
mum values were obtained with the dose of 10 mL,
observing that, as the doses of bovine biofertilizer
rose, an increase in root dry mass (Fig. 1G) was ob-
served. The results obtained in the present study cor-
roborate those obtained by Veras et al. (2014), who,
when evaluating different doses of biofertilizer in the
development of cashew seedlings, obtained the best
results with the highest doses of biofertilizer for most
of the analyzed variables.

The biofertilizer doses provided a significant differ-
ence for the dry mass of the shoot at the level of
(P=0.01), presenting a quadratic behavior. As the
doses of bovine biofertilizer increased, there was an
increase of 31.22 between the doses of 0 to 100 mL
(Fig. 1H).

The results presented in this research were 6.22 g/
plant, which corroborate the data obtained by Tor-
res et al. (2014), who found similar results where the
use of bovine biofertilizers promoted increases in the
fresh mass of the aerial part of seedlings irrigated
with water.

The regression equation adjusted to the experiment
data of total dry mass presented a linearly increas-
ing behavior, and a significant effect was observed
at P<0.01 for the biofertilizer doses. The dose of 10
mlL/plant-time gave the best results in total dry mass,
which was 8.75 (g/plant), presenting an increase in
relation to the control of 62.33% (Fig. 11).

The Dickson Quality Index (DQI) was statistically
influenced (P<0.01) by the Tukey test; the regres-
sion equation adjusted to the DQI data presented a
quadratic behavior. The application of the 7.5 mL/
plant-time dose gave satisfactory results; when the
dose was increased, there was a decrease in the DQI,
with a maximum value of 2.58 (Fig. 1]).

There was a significant difference between the means
of the treatments of volumes for plant height, root
length and leaf area of the dwarf cashew seedlings in
relation to the containers used.

The increments were 6.46, 26.52 and 11.74% for
plant height, root length and leaf area of the seed-
ling, respectively, with the use of the 1 kg container
in relation to the volume of 2 kg of substrate in poly-
ethylene plastic bags. In the other analyzed variables,

Table 1. Estimated growth averages of dwarf cashew seedlings with two container volumes (V, and V,) and methods for
breaking dormancy (S, and S,).
. Container volumes Dormancy breaking
Variable
Vi vV, S, S,

Height (cm) 15.46 b 16.46 a 15.90 a 16.02 a 0.35
Stem diameter (mm) 5.74a 590 a 573 a 593 a 0.07
Leaves number 12.61a 12.65a 1220 a 13.07a 0.34
Root length (cm) 18.47Db 2337 a 20.10 a 2174 a 0.65
Leaf area (cm?) 2291b 25.60 a 23.71a 24.80 a 0.7
Total leaf area (cm?) 296.68 a 333.68a 296.83 a 33352a 13.23
Root dry mass (g) 2.56 a 259 a 25ba 259 a 0.02
Dry mass of the aerial part (g) 4644 471a 465a 471a 0.03
Total dry mass (g) 6.92 a 730 a 6.95a 7.27 a 0.16
Dickson Quality Index 194 a 2.06a 197a 2.03a 0.07

Means followed by the same letter do not differ according to the Tukey test (P<0.05). V, = 1kg; V, = 2 kg; S, = scarification with sandpaper; S, = immersion

in water. LSD = Least significant difference value.
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it was observed that, although they did not present
a significant effect for the volume, it was possible to
notice that the substrate volume of 2 kg was higher
than the substrate volume of 1 kg (Tab. 1).

The data found in the present study corroborate
those of Veras ez al. (2014), who studied the effect of
substrate volumes on the development of cashew tree
seedlings and observed that the volume of substrates
did not affect the behavior of the cashew trees, as
also observed by Correia er al. (2013) in eucalyptus
seedlings when they verified that a higher volume of
substrate provided the highest values for height and
stem diameter at the level of the soil.

Dantas et al. (2013), when evaluating pineapple seed-
lings in different substrate volumes, observed that
the volume of 2 kg was better than the 1 kg volume
for the growth and dry matter characteristics of
pineapple seedlings. For this reason, even if there is
good availability of water, light and nutrients, dwarf
cashew seedlings may have growth limited by con-
tainer volume.

It was observed that the methods of breaking dor-
mancy did not show significant effects; breaking dor-
mancy with normal water for 24 h stood out over the
scarification process with sandpaper for all analyzed
variables, presenting an increase of 1.17, 1.17, and
4.60% in relation to breaking dormancy with normal
water for root, shoot and total dry matter, respective-
ly (Tab. 1). The data found in this research corrobo-
rate those of Menegazzo et al. (2013), who evaluated
different methods of breaking dormancy and did not
find satisfactory results for scarification.

Zuffo et al. (2014), when evaluating position and
depth of sowing for emergence and initial develop-
ment of Anacardium microcarpum Ducke seedlings,
verified that the lowest depth provided the best re-
sult for dry root and shoot biomass at 1.84 and 2.93,
lower than in the present research, 2.56 and 4.65,
respectively.

Silva et al. (2015) found different results when ana-
lyzing chiseling as a method for breaking dormancy
in terms of the initial growth of ac¢ai seedlings and
noticed that mechanical scarification provided a
higher percentage of emergence and development in
the seeds.

The superior results with the application of the bo-
vine biofertilizer indicate its effectiveness as a source
of nutrients and organic matter, improving soil com-
position and supplying nutrients that are essential for
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increasing crop productivity without causing damage
to the environment.

In addition, the higher values can also be attributed
to the nutrient supply and increase of the biological
activity of the soil that the bovine biofertilizer pro-
vided; therefore, the humic substances present in the
bovine biofertilizer may have improved the substrate
structure and, consequently, induced an increase in
cell division and permeability of cell membranes, pro-
viding greater water and nutrient uptake in the ca-
shew tree seedlings (Khaled and Fawy, 2011).

The increase in most of the analyzed variables may
have been due to the improvement in the substrate
composition, increasing the aeration of the substrate
and allowing greater root growth; as a consequence,
there was greater transport of water and mineral
salts to the seedlings. In addition, some farmers have
observed the effects of bovine biofertilizer on protect-
ing plant roots from soil pathogens, improving soil
fertility and increasing crop yield (Khaled and Fawy,
2011; Celedonio et al., 2013).

The maximum dose of bovine biofertilizer may have
resulted in a higher nitrogen, phosphorus, potas-
sium, calcium, magnesium, sulfur and micronutrient
composition (Celedonio et al., 2013), which induced
greater cell division and leaf expansion.

The application of bovine biofertilizer provided the
highest values for growth, dry mass and quality of
the cashew tree seedlings as a result of the improve-
ment of the soil fertility with the bovine biofertilizer
through the adsorption of exchangeable bases and
the formation of organic complexes, besides develop-
ing negative loads (Silva et a/., 2011). In addition, bio-
fertilizer provides organic matter, with direct positive
effects on soil, such as reduced compaction, increased
water retention and improved nutrient availability
(Pesakovic et al., 2013; Santos et al., 2017).

The data found for the DQI differed from those of
Zuffo et al. (2014), who evaluated the position and
depth of sowing in Anacardium microcarpum Ducke
seedlings and found lower results, in which the high-
est values of the Dickson quality index (DQI) were
found for the 2.0 cm sowing depth and when the po-
sitions of the nuts was thread down (A) and “back”

up (E).

The higher values with the use of the 2 kg container
was explained by the greater space for root growth
and development of the cashew tree seedlings, im-
proving root access to substrate moisture at depth,
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reducing stress resulting from the lack of water and,
consequently, allowing higher growth (Stape et al.,
2010) since the larger containers had a longer length,
resulting in greater space for root growth and increas-
ing the area of nutrient absorption.

CONCLUSIONS

The bovine biofertilizer doses of 7.5 and 10 mL pro-
vided higher growth and quality in the cashew tree
seedlings.

The substrate volume of 2 kg was the most suitable
volume for growing the cashew trees.

The method for breaking dormancy with normal
water for 24 h was the most appropriate one for the
formation of the cashew tree seedlings.
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