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Abstract
Annona crassiflora is a medicinal species and source of food with little information about its nutritional requirements 
during the initial phase. Therefore, the objective of this study was to evaluate liming, phosphate fertilization and 
its interaction in A. crassiflora seedlings. The experiment was in a 4 × 4 factorial scheme with four replications 
in a randomized block design. The base saturations were: 8.3%, 25%, 50% and 75% and phosphorus: 0 mg dm-3, 
100 mg dm-3, 200 mg dm-3 and 400 mg dm-3. The variables evaluated were biometrics, biomass and nutritional 
analysis. The species responded to the factors in isolation, and the increase in base saturation levels and phosphorus 
doses promoted significant effects for biometric variables, biomass, calcium, magnesium, nitrogen, phosphorus 
and potassium content. The saturation level promoted the best results, being 75% base saturation, while the highest 
phosphorus dosage was 400 mg dm-3.
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1. INTRODUCTION AND OBJECTIVES

Among the native fruits of the Cerrado region, Annona 
crassiflora Mart. (popularly known as marolo or araticum) 
stands out as it presents great potential as a source of food, 
traditional/folk medicine and in the field of the cosmeceutical 
industry (Bailão et al., 2015; Botrel et al., 2016; Valadares  
et al., 2015). Thus, in recent times there has been increasing 
interest in producing seedlings of native species not only 
destined for food and medicine, but also for the conservation 
and recovery of degraded areas; yet, little is known about 
many of the native species of the Cerrado (Souza et al., 2018).

Some authors have verified responses to liming and 
phosphating for other species of the Annonaceae family 
(Freitas et al., 2013; Rozane & Natale, 2014), but there is only 
one report specifically for A. crassiflora in which it responds 
well to liming, but it did not reach an ideal of base saturation 

for the species (Ferreira et al., 2009). Therefore, there is still 
a great need for information on the nutrition of this species.

The practice of liming has elevated the growth of several 
species due to the benefits that this practice offers, among 
them, elevated hydrogenation potential, neutralization of toxic 
aluminum (Al3+), addition of calcium (Ca2+) and magnesium 
(Mg2+) to the soil which increases base saturation, creating more 
favorable conditions to root growth, consequently increasing 
water and nutrient uptake (Freitas et al., 2017). Calcium 
and magnesium additions are extremely important because 
they are components of fundamental structures in plants 
such as the cell wall and chlorophyll molecules, respectively  
(Santin et al., 2013).

Phosphate increases the phosphorus content available to 
plants, which is one of the most required nutrients by plants 
as it participates in the metabolic processes, especially in 
photosynthesis and respiration, being products of carbon 
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metabolism. In addition, it is part of several organic compounds 
involved in the phosphorylation of phospholipid in the cell 
membrane required for synthesizing NADPH and ATP 
forming NADP+/ADP, i.e. chemical binding energy (Shabnam 
& Iqbal, 2016). It is responsible for promoting the increase 
in the photoassimilate production for the plants, stimulating 
the growth and development of both the root system and the 
shoot (Li et al., 2016; Taiz & Zeiger, 2017).

Accordingly, the necessity of studies with liming and 
phosphate fertilization in A. crassiflora seedlings is evident. 
Therefore, the objective of this study was to evaluate the influence 
of phosphate fertilization, liming and its interaction on growth 
and mineral nutrition of Annona crassiflora Mart. seedlings.

2. MATERIALS AND METHODS

The experiment was conducted in a greenhouse of the 
Agricultural Research Corporation of Minas Gerais, Brazil 
(Epamig) at the Technological Center in the South of Minas 
Gerais, Lavras. The soil used was classified as dystrophic 
Red Latosol (dRL) (Embrapa, 2013). The soil sample was 
composed of five different points in the layer from 0  cm 
to 20 cm depth, and later taken for chemical and physical 
characterization (Silva, 2009). The results of these analyses 
are shown in Table 1. The base saturation of the natural soil 
was 8.3%, and the granulometric analysis indicated that the 
soil presented 58% clay, 29% silt and 13% sand.

The experiment was installed in a 4 × 4 factorial scheme 
with four replications, totalizing 64 experimental units, and the 
experimental design was a randomized complete block design. 
The base saturation levels were: 8.3% – natural, 25% (0.69 ton ha-1 
limestone), 50% (1.74 tons ha-1 limestone), 75% (2.77 tons ha-1 
limestone) and 0 mg dm-3, 100 mg dm-3, 200 mg dm-3 and 
400 mg dm-3 phosphorus. The limestone doses were calculated 
by the base saturation method according to Raij (1981). The 
correctives used were calcium carbonate (CaCO3) and magnesium 
carbonate (MgCO3) in a ratio of 4:1, individually incorporated 
into the soil volume of each vessel containing 3.5 dm³ of dRL. 

Monoammonium phosphate (MAP) was used as the phosphorus 
source, while the nitrogen was balanced with urea.

After applying the liming treatments, the soil was 
incubated with moisture corresponding to 60% of the total 
pore volume for a period of 20 days. The basic fertilization 
was carried out in all the experimental units with the 
following doses and sources: 0.5 mg boron per dm³ of soil 
(boric acid ACS); 1.5 mg copper per dm³ of soil (copper 
sulfate ACS); 3.0 mg manganese per dm³ of soil (manganese 
sulfate ACS); 5.0 mg zinc per dm³ of soil (zinc sulphate 
ACS); 0.1 mg molybdenum per dm³ of soil (ammonium 
molybdate ACS), and 180 mg potassium per dm³ of soil 
applied in three installments; the first one being 30 days 
after transplanting and the remainder every 20 days using 
potassium chloride as source (Carlos et al., 2014).

The seeds were obtained in the municipality of Felixlândia, 
Minas Gerais. They were benefited and then sown, and 
remained for eight months due to morphophysiological 
dormancy. They were removed from sowing and immersed 
in gibberellic acid solution (GA3) at 500 ppm for 24 hours 
at room temperature, then washed with distilled water and 
hypochlorite to disinfect the seeds and put in vermiculite until 
germination, according to the modified methodology of Silva 
et al. (2007) and Braga Filho (2014). Dormancy break occurred 
30 days after with radicle protrusion, then pre-germinated 
seeds were transplanted to the pre-established treatments, 
maintaining irrigation to reach 60% of the field capacity.

The experiment lasted seven months with plant height, 
stem diameter and number of fully expanded leaves being 
evaluated. The seedlings were removed from the pots after 
the end of the nursery phase, washed in distilled water and 
separated into stem, leaves and roots. They were dried in a 
forced circulation air oven at 65°C until reaching constant 
weight. After drying, the material was weighed and shoot 
dry mass, root dry mass and total dry mass were obtained 
according to Hunt (1990). Additionally, the height/diameter, 
root/shoot ratio and Dickson quality index were calculated 
with the obtained variables (Dickson et al., 1960).

Table 1. Chemical and physical characterization of the soil in its natural condition.

Ca Mg Al H + Al SB e E P K m V 

(cmolc dm-3) (mg dm-3) %

0.1 0.1 0.4 3.2 0.3 0.7 3.5 0.6 34 58 8.3
B Zn Cu Mn Fe S O.M. pH Sand Clay Silt 

(mg dm-3) % Water (1:2.5) %

0.3 0.5 1.5 1.9 34.3 6 2.2 5.1 13 58 29

Ca: calcium; Mg: magnesium; Al: aluminum; H + Al: hydrogen plus aluminum; SB: sum of the bases; e: effective cation exchange capacity; 
E: cation exchange capacity at pH 7.0; P: phosphorus; K: potassium; m: aluminum saturation; V: base saturation; B: boron; Zn: zinc; Cu: 
copper; Mn: manganese; Fe: iron; S: sulfur; O.M.: organic material.
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In order to quantify the Ca, Mg, P, K and N levels contained 
in the leaves, stems and roots of A. crassiflora seedlings, 
the dried vegetal material was ground in a Wiley mill, and 
0.1 g N as well as 0.5 g Ca, Mg, P, and K were weighed and 
then calcined in flasks for extracting each macronutrient.  
P quantification occurred by spectrophotometer, whereas Ca 
and Mg were quantified via atomic absorption; K by flame 
emission photometer and N by means of nitrogen distiller 
and then determined by titration (Silva, 2009).

Data were submitted to the normality test, homogeneity 
of errors, and analysis of variance, and regression analysis 
was employed when the values were found to be significant 
up to 5% probability, using the Sisvar 5.3 statistical program 
(Ferreira, 2011).

3. RESULTS

There was no significant interaction between the 
elevation of base saturation and phosphorus doses for the 
characteristics evaluated in the A. crassiflora seedlings. 
However, the increase in the base saturation and phosphorus 
doses when analyzed separately promoted significant effects 
on the variables of height, stem diameter and number of 
leaves (Figure 1), total dry mass, shoot dry mass, root dry 
mass (Figure 2), and height/diameter ratio, root/shoot ratio 
and Dickson quality index (Figure 3).

The increase in soil base saturation up to 75% promoted 
an increasing linear adjustment for the variables height, stem 
diameter and number of leaves presenting values estimated 
by the equations of 14.32  cm, 8.85  mm and 5.23  leaves, 
respectively (Figure 1a). Phosphorus doses also promoted 
an increasing linear effect, with 400 mg dm³ being the dose 
that promoted the highest values in height, diameter and 
number of leaves, with values estimated by the equations of 
14.78 cm, 9.61 mm and 5.94 leaves simultaneously (Figure 1b).

Considering the maximum mass accumulation point of shoot, 
root and total dry mass, they were obtained at the highest base 
saturation levels (75%), with data being adjusted to the linear 
equation (Figure 2a). In relation to the phosphorus doses, there 
was also an increase in the seedling biomass accumulation, 
presenting increasing linear behavior, with the best response 
found at the highest dose of 400 mg dm-3 (Figure 2b).

Height/diameter ratio (H/D) and Dickson quality index 
(DQI) showed similar behavior in both plants submitted 
to the different liming levels and in the phosphorus doses, 
responding significantly to the treatment applications 
and presenting a linear behavior. Root/shoot (R/S) ratio 
showed quadratic behavior, but only for P doses (Figure 3).

The highest DQI and H/D ratio was obtained at the 
dose of 400 mg dm-3 phosphorus and 75% base saturation.  
On the other hand, as the saturation by base and phosphate 
fertilization increased, the R/S ratio decreased (Figure 3).

Figure 1. Plant height (H), stem diameter (D), number of leaves (NL) of A. crassiflora seedlings in response to base saturation (a) and 
phosphorus (P) doses (b).
* Significant at p ≤ 0.05.
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Figure 2. Total dry mass (TDM), shoot dry mass (SHDM), leaf dry mass (LDM), stem dry mass (SDM), and root dry mass (RDM) of  
A. crassiflora seedlings under different base saturation levels (a) and phosphorus (P) doses (b).
* Significant at p ≤ 0.05.

The increase in base saturation promoted a significant effect 
on the calcium content in the leaves, stem and root. The quadratic 
model fit the obtained data. It was verified that the maximum 
calcium content in the different parts of the plant (leaf, stem and 
root) was reached in 75% (Figure 4a). There was an increase 
in the calcium content in the roots and a decrease in the shoot 
with the increase in phosphorus levels in the soil (Figure 4b).

<figura>

Figure 3. Dickson quality index (DQI), height/diameter ratio (H/D) and root/shoot ratio (R/S) from A. crassiflora seedlings under different 
base saturation levels (a) and phosphorus (P) doses (b).
* Significant at p ≤ 0.05.

Phosphorus doses had a significant effect on magnesium 
content. The behavior that best fit was quadratic, except for 
the magnesium content in the stem. The root and stem were 
the organs that allocated the largest amount of magnesium 
with increased base saturation, presenting quadratic behavior. 
For the leaves, the highest magnesium content was obtained 
at the estimated dose of 29.83% (Figure 5).
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Figure 4. Calcium content in the leaves (L), stem (S) and root (R) of A. crassiflora seedlings in relation to base saturation levels (a) and 
phosphorus (P) doses (b).

* Significant at p ≤ 0.05.

Figure 5. Magnesium content in the leaves (L), stem (S) and root (R) of A. crassiflora in relation to base saturation levels (a) and phosphorus 
(P) doses (b).
* Significant at p ≤ 0.05.

The highest phosphorus content in the leaves, stem and 
root of A. crassiflora seedlings was obtained at baseline 
saturation at 75% (Figure 6a), although the data were 
adjusted to the quadratic model. However, phosphorus 
levels at different phosphorus doses (Figure 6b) showed 
that the highest root content was obtained by applying the 
highest dose (400 mg dm-3). Moreover, the shoot increased 
until the estimated dose of 283.33 mg dm-3 for the leaves 
and 270 mg dm-3 for the stem. From these doses there was a 
decrease in the contents with the increase in the phosphate 

fertilization. The quadratic model was the significant equation 
to represent the behavior.

For the nitrogen content, a significant effect was observed 
for the leaves, stem and root found at baseline saturation at 
28.15%, 73.93% and 50% respectively, responding positively to 
the quadratic model (Figure 7a). For phosphate fertilization, 
a significant effect was also observed for the same variables, 
with the doses of 129 mg dm-3 leaf, 125 mg dm-3 stem and 
100 mg dm-3 in the root, being adjusted to the quadratic 
model (Figure 7b).
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Figure 6. Phosphorus (P) content in leaves (L), stem (S) and root (R) of A. crassiflora seedlings in relation to base saturation levels (a) 
and P doses (b).
* Significant at p ≤ 0.05.

* Significant at p ≤ 0.05.

The highest potassium content in leaves, stem and root 
were obtained at the levels estimated at 35.8%, 21.2% and 
59.22%, respectively, while the best fit equation was the 
quadratic model (Figure 8a). The phosphorus doses that 

Figure 7. Nitrogen content in leaves (L), stem (S) and root (R) of A. crassiflora seedlings as a function of base saturation levels (a) and 
phosphorus (P) doses (b).

promoted the highest potassium content were 240 mg dm-3 
and 265  mg  dm-3 in leaves and stem, respectively.  
A significant effect was observed for the quadratic model. 
The potassium content in the root was influenced by the 
400 mg dm-3 dose of phosphorus in an increasing linear 
fashion (Figure 8b).
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Figure 8. Potassium content in leaves (L), stem (S) and root (R) of A. crassiflora seedlings as a function of base saturation levels (a) and 
phosphorus (P) doses (b).

* Significant at p ≤ 0.05.

4. DISCUSSION

Positive results have been recorded when it comes to 
phosphate fertilization. This fertilization was favorable to the 
growth of several forest and native species of the Cerrado, 
such as macaúba (Acrocomia aculeata (Jacq.) Lodd. ex 
Mart.) (Pimentel et al., 2016), barbatimão (Stryphnodendron 
adstringens (Mart.) Coville.) (Carnevali et al., 2016), jatobá-
do-cerrado (Hymenaea stigonocarpa Mart. ex Hayne) (Alves 
et al., 2015), pear tree (Pyrus communis L.) (Brunetto et al., 
2015), kingwood (Astronium fraxinifolium Schott), black 
wattle (Acacia mangium Willd.) (Valadares et al., 2015), 
Bahia rosewood (Dalbergia nigra (Vell.) Allemão ex Benth) 
(Carlos et al., 2015) and eucalyptus (Eucalyptus grandis) 
(Tng et al., 2014).

These results are found due to the benefits that phosphate 
fertilization promotes in plants, as verified in this study. Plants 
that are well nourished in terms of phosphorus are able to 
potentiate vital processes such as photosynthesis, thereby 
fixing and incorporating higher CO2 concentrations in organic 
matter (Shabnam & Iqbal, 2016), through the transfer of 
energy (ATP, NADPH, ADP and NADP) of phospholipids, 
phosphoproteins and nucleic acids (Taiz & Zeiger, 2017), 
thus promoting biomass gain seen in the growth itself by 
increasing the size and volume of the A. crassiflora seedlings, 
constituting an important indicator of the morphological 
behavior of a plant development. The same would not be 

possible with only a simple record of the nutritional content 
of the seedlings (Pedó et al., 2014).

The increase in base saturation levels positively influenced 
the growth of A. crassiflora seedlings. This effect was not only 
observed in this study, but in several others involving several 
species such as Pinus taeda L. (Batista et al., 2015), Toona ciliata 
M. Roem var. australis (Braga et al., 2015), Fagus sylvatica L. 
(Forey et al., 2015), Juglans regia L., Robinia pseudoacacia L. 
and Eucalyptus sp. (Chatzistathis et al., 2015). However, this 
does not apply to all species, as there are those that respond in 
the opposite way to the one found in this study, and there are 
those that do not even respond to the effect of liming; among 
these species are Astronium fraxinifolium Schott, Guazuma 
ulmifolia Lam., Anadenanthera macrocarpa (Benth.) Brenan 
and Inga edulis Mart. (Silva et al., 2011). This is related to 
the fact that some species evolutionarily develop tolerance 
mechanisms to aluminum toxicity with the capacity to adapt 
to acidic soils, and therefore do not respond to limestone 
application, being that the calcium and magnesium contents 
contained in the soil in natural conditions are sufficient to 
meet the requirements of these species during its initial  
phase (Santin et al., 2013).

The increase in the base saturation levels in an isolated 
way promoted an increase in the P, Ca, Mg, N and K levels 
in the A. crassiflora seedlings, considering the optimal 
absorption range for each nutrient. These results indicate 
greater absorption of these nutrients to invest in the seedlings’ 
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In general, the content and accumulation of nutrients 
can be considered good development predictors of the 
morphophysiological strategies of plants, as in the case 
of A. crassiflora, indicating the ability of this species to 
attenuate its morphological responses in acquiring nutrients 
in response to mineral fertilization. This occurs due to the 
phosphorus supply and the base saturation levels at the 
beginning of the vegetative cycle, influencing the demand 
of photoassimilates that are destined to form several organs 
and tissues (Crusciol et al., 2016).

5. CONCLUSIONS

Phosphate fertilization and the increase in base saturation 
promoted satisfactory growth and development of A. 
crassiflora seedlings, so that the best results were found at 
the highest levels tested for both phosphorus (400 mg dm-3) 
and liming (75%).
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