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Abstract
Acrocarpus fraxinifolius stands out due to its uses in the timber industry and rapid growth. However, information 
is scarce regarding its fertilization. We aim to understand how soil preparation and phosphorus doses affect A. 
fraxinifolius initial development. The experimental design used was a randomized block design in a 2 x 5 factorial 
scheme, consisting of two types of soil tillage (minimum and conventional) and five doses of phosphorus (P) (0, 50, 
100, 150, and 200 g of simple superphosphate) with four replications, and plots formed by two plants. The measurement 
occurs at 30 and 210 days after planting, assessing the height and diameter at the stem height. Initially, the minimum 
tillage provided had a higher average height and diameter. However, conventional tillage, acidity correction, and 
fertilization with 108 g of simple superphosphate per plant resulted in Acrocarpus fraxinifolius plants with better 
growth at 210 days after planting.
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1. INTRODUCTION AND OBJECTIVES

The introduction of forest species with higher yield 
potential is strategical for Brazilian forestry. A species from 
the tropical regions of Asia that are gaining prominence 
worldwide is the Acrocarpus fraxinifolius Arn., mainly due to 
its rapid growth, the potential for agroforestry systems, and 
the diversity of its uses in the wood industry, wood panels, 
and paper industry (Nath et al., 2011).

Belonging to the family Fabaceae and subfamily 
Caesalpinioideae, it is popularly known as Indian Cedar, 
Guijarra, Lazcar, Mundane, Pink Cedar, and Shingle tree. 
Despite being cultivated in agroforestry systems with pepper, 
corn, and beans in India and Mexico, its main application is 
shading coffee and tea crops (Nath et al., 2011). The productivity 
of the species in Brazil is in the range of 10 to 40 m³ha.year-
1 with small plantations located in the south and southeast 
regions in spacings of 3 x 3m (Venturin et al., 2014). Despite 

the potential, scientific studies on nutrition and fertilization 
are rare, and there is no study at field preparation for forest 
plantation for Acrocarpus fraxinifolius. 

Tropical soils, in general, have low natural fertility, so 
fertilization is necessary since it is not always able to provide 
all the nutrients that plants demand (Machado et al., 2011), 
especially the nutrients soils intended for forest plantations. 
Thus, the availability of nutrients in the soil is one of the 
factors that influence the productivity of reforestation with 
fast-growing species, since these are necessary for many 
physiological processes of plants, controlling their growth 
and development (Rovedder et al., 2013).

The lack of phosphorus (P) in Brazilian soils is due to 
the source material and the strong interaction of P with soil 
colloids, with less than 0.1% of this element found in the 
soil solution (Nunes et al., 2011). Phosphorus deficiency in 
plants can reduce respiration and photosynthesis, delaying or 
paralyzing cell growth, causing a decline in biomass and seed 
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production, delayed sprouting, reduced leaf emergence, and 
secondary root development (Veigas et al., 2013). Acrocarpus 
fraxinifolius seedlings presented a smaller leaf area, inhibition 
of axial buds, increased branching, and leaf chlorosis when 
in a phosphorus deficit environment, resulting in smaller 
and less vigorous plants (Munguambe et al. 2017). There is a 
positive response in growth after phosphate fertilization for 
several forest species such as Eucalyptus dunnii and Eucalyptus 
benthamii (Stahl et al., 2013); Cassia grandis (Freitas et al., 2017).

Another factor in the establishment and initial growth 
of forest plantations is soil preparation. It alters the density, 
macroporosity, microporosity, and resistance to penetration 
(Silva et al., 2011a). The soil preparation techniques aim to 
maximize the growth of the root system through more or 
less localized soil tillage, facilitating the absorption of water 
and nutrients, also eliminating unwanted plants near the 
seedlings (Gonçalves et al., 2017).

On a conventional soil tillage system, there is an intense 
intervention in the total area of   the soil, with cutting, turning, 
and inversion of ridges, thus increasing the pore volume, the 
degradation of organic matter, and the reduction of density 
(Lisboa et al., 2012). On the other hand, in the minimum 
cultivation system, revolving occurs only in the planting lines, 

thus keeping cover residues in the soil as a form of protection, 
preserving the structure and soil moisture (Sales et al., 2016).

Based on the behavior of other species, the hypothesis is 
that phosphorus fertilization is necessary and, soil preparation 
in minimal cultivation brings better benefits. Both topics are 
essential to support the use of the species for forest plantation 
and reduce the gap regarding fertilization and suitable soil 
preparation techniques. This work aimed to evaluate the 
effect of soil preparation and different doses of phosphorus 
on the initial growth of Acrocarpus fraxinifolius. 

2. MATERIALS AND METHODS

The experimental area is in Lavras, Minas Gerais at the 
coordinates 21°13'47.615"S; 44°59'9.899"W. The climate is Cwb, 
according to Köppen’s classification, characterized by tropical 
altitude with mild summers, an average annual temperature 
of 19, 6°C, average annual precipitation of 1511 mm, average 
annual relative humidity of 76.2%, and total annual evaporation 
of 901.1 mm (Alvares et al., 2013). The predominant biome is 
Savanna (Cerrado), and the soil is Cambisol Haplic Dystrophic 
(EMBRAPA, 2013). Table 1 displays the main results of the 
soil chemical analysis before preparation.

Table 1. Chemical analysis of dystrophic cambisol at a depth of 0–20 cm in Lavras-MG.

pH
MO K P Ca Mg Al H+Al V Zn Fe Mn Cu B S

dag/Kg mg.dm-3 cmol.dm-3 % mg.dm-3

6.2 1.19 45.3 1.6 1.3 0.62 0.11 2.32 46.7 0.5 156.7 12.5 0.96 0.04 26.3
* MO: organic matter; V: base saturation index.

The soil preparation consisted of two different approaches: 
(1) conventional tillage, where limestone was applied 
superficially, followed by plowing, harrowing, limestone 
incorporation, and furrowing, and (2) minimal cultivation, 
where only the limestone application was carried out on 
the surface, followed by furrowing, considering a depth 
of 20 cm.

The doses of P used, 0, 50, 100, 150, and 200 g per pit, 
were calculated based on the P contents expressed in the soil 
analysis (Table 1) and based on the proposal by Barros & 
Novais (1999) for eucalyptus. The source of P was the simple 
superphosphate (18% P2O5).

The experimental design was a randomized complete 
block in a 2 x 5 factorial scheme, composed of two types of 
soil preparation (conventional preparation and minimum 
cultivation) and five doses of P (0, 50, 100, 150, and 200 g per 
pit), with four replications, and plots formed by two plants.

The arrangement used was 6 x 1.5 m, with the phosphate 
fertilizer was incorporated into the soil in lateral holes after 
planting. At 180 days after planting, was applied a top dressing 
with 60 g of NPK, 10:00:20 formulation. At 30 and 210 days 

after planting, were measured the height and diameter at the 
ground level.

The data obtained were submitted to the Shapiro-Wilk 
normality tests. Subsequently, the analysis of variance p<0.05, 
when detected a difference, was performed the Tukey 
test p<0.05, and regression analysis, using the SISVAR software 
(FERREIRA, 2019).

3. RESULTS AND DISCUSSION

Individuals of  Acrocarpus fraxinifolius  had general 
averages of 68.10 cm in height and 12.33 mm in diameter of 
the collar at 210 days, with an average increase of 46.24 cm in 
height and 9.09 mm in diameter over a period of 6 months.  
There was a significant interaction (p<0.05) between 
phosphorus doses and soil preparation for height and stem 
diameter at 210 days after fertilization, as well as the effect of 
the type of soil preparation, influenced the growth in height 
and diameter of the stem at both evaluated ages (Table 2).  
The experimental precision (CV%) remained between 10.59 
and 29.22%, considered adequate for field experiments.
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Table 2. Analysis of variance for height and diameter at the soil base of Acrocarpus fraxinifolius seedlings at 30 and 210 days after planting.

Source of Variation Df
Sum of Squares

Height Stem diameter 
30 days 210 days 30 days 210 days

Block 3 1.88 158.97 0.1 10.3

Phosphorus (P) 4 12.14 810.32 0.19 17.39

Soil Preparation 1 336.69* 19891.6* 5.48* 770.09*

Phosphorus * Soil Preparation 4 15.53 1045.36* 0.25 23.39*

Residual 27 5.36 383.79 0.23 12.76

Mean - 21.86 cm 68.1 cm 3.24 mm 12.23 mm

CV (%) - 10.59 28.77 14.91 29.22
* Significant by the F test p<0.05.

The response to soil preparation varied according to age. 
The minimum cultivation (2) provided the highest growth in 
height and diameter of the stem at 30 days. However, after 210 
days, seedlings planted under conventional tillage (1) showed 

superior growth in the evaluated characteristics (Table 3). 
Conventional tillage at 210 days after fertilization provided 
an increase of 97.84% in height and 111.84% in diameter 
at the ground level of the Acrocarpus fraxinifolius seedling.

Table 3. Average height and diameter at the soil base of Acrocarpus fraxinifolius, at 30 and 210 days after planting, by the type of soil preparation.

Soil preparation
Height (cm) Stem diameter (mm)

30 days 210 days 30 days 210 days 
Conventional 18.96 b 90.4 a 2.87 b 16.61 a

Minimum Cultivation 24.76 a 45.8 b 3.61 a 7.84 b
Means followed by the same letter, in the column, do not differ from each other, by the Tukey test p<0.05.

The interaction between phosphorus doses and type of 
soil tillage found at 210 days after fertilization show that, for 
both height (Figure 1) and stem diameter at ground level 
(Figure 2), Acrocarpus fraxinifolius seedlings responded in 
similar ways. The soil preparation in minimum cultivation 
(2) did not show a response regarding the increase in the 
applied phosphorus dose, therefore there is no significant 
relationship between these parameters in both characteristics. 

The conventional tillage (1) has a quadratic regression for the 
phosphorus dose for height and the stem diameter.

The maximum point for the phosphorus dose was 
approximately 108g/plant. Thus, fertilization with a dose 
of 108 g/plant of simple superphosphate per pit resulted in 
the best average height (106.96 cm) and diameter at ground 
level (19.36 mm) in Acrocarpus fraxinifolius seedlings when 
in corrected soil.

Figure 1. Height of seedlings of Acrocarpus fraxinifolius, 210 days 
after planting, depending on the type of soil preparation and the 
doses of simple superphosphate.

Figure 2. Diameter at soil base of the Acrocarpus fraxinifolius 
seedling, 210 days after planting, depending on the type of soil 
preparation and the doses of simple superphosphate.
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The results make it clear that the tillage of the soil only 
in the cultivation line, featuring minimal cultivation, was 
efficient in promoting the initial growth of  Acrocarpus 
fraxinifolius  seedlings in the first month after planting. 
Minimum cultivation provides higher infiltration rates and 
lower rates of water loss in the soil when compared to other 
types of soil preparation that involve higher disturbance and 
changes in soil structure (Silva et al. 2011b). Thus, the result 
found may be associated with minimal cultivation provided 
better moisture conditions for the plants in the initial evaluation 
period. Soil management is one of the practices that affect the 
water infiltration capacity in the soil and, consequently, the 
availability of nutrients and satisfaction of the water demand 
for plants (Pereira & Rodrigues, 2013).

At 210 days after planting, the results changed from the initial 
evaluation, with plants from the area with conventional tillage 
showing superior performance. With soil decompaction, the 
soil has a low resistance to penetration, and a myriad of pores, 
becoming more suitable for the establishment and development of 
forest species. Prevedello et al. (2013) highlight soil decompaction 
as one of the silvicultural practices that increase productivity. 

Thus, at 210 days, through the development of the 
plants, expansion of the capacity to explore larger volumes 
and depths of soil by the roots and the occurrence of rain, 
the area subjected to practices of plowing, harrowing, and 
limestone incorporation possibly provided the plants better 
conditions for this exploration, which resulted in better 
seedling performance. Similar results were found by Prevedello 
et al. (2013) when they found that the growth of Eucalyptus 
grandis was higher in areas where soil tillage was carried out 
as a method of soil preparation.

The phosphorus application was significant with conventional 
tillage at the second evaluation (Figures 1 and 2). This relation 
is possibly related to the practice of incorporating limestone 
and consequent correction of soil pH. According to Fidalski 
et al. (2015), the limestone application increases the negative 
charges in the soil, thus increasing the availability and efficiency 
of nutrients such as phosphorus. In line with these results, Dias 
et al. (2015) report that the practice of liming associated with 
the application of phosphate resulted in the best performance 
of seedlings of Eucalyptus dunnii and Eucalyptus benthamii.

Although the plants have a high demand for phosphorus in 
the early stages of development, which justifies its application 
at the time of implantation (Munguambe et al., 2017), for 
some forest species, its effect has been verified not only from 
the first year after planting (Vasconcelos et al., 2017). This 
fact indicates the importance of continuous evaluations 
of Acrocarpus fraxinifolius plants and, consequently, the effect of 
phosphorus on seedling development for an extended period.

A better understanding of how the species respond to 
soil preparation and phosphorus fertilization may lay the 
foundation to encourage the use of Acrocarpus fraxinifolius as 
an alternative species to Brazilian forestry. Since there is little 
information about the species, new studies are necessary 
to help define the recommendation of ideal fertilization to 
maximize the productivity of the species.

4. CONCLUSIONS
1. The conventional soil preparation with the superficial 

application of limestone, followed by plowing, harrowing, 
limestone incorporation, and furrow was superior to the 
minimum cultivation.

2. Phosphate dosage interacts with the type of soil 
preparation. The dosage of 108g of simple superphosphate 
per hole in conventional soil preparation is recommended for 
superior growth of Acrocarpus fraxinifolius seedlings at 210 
days after planting in the implantation model of this work.
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