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The objective of this research was to study the effects of P fertilizers applied at time of planting on lychees’ nutritional status and on
plant growth. The treatments consisted of five doses of P: zero, 50, 100, 200, and 300 g of P2O5 per plant, furnished by triple super-
phosphate. Plant diameter was evaluated during two years and the plants’ nutritional status on the second year. The second year
foliar levels of macro and micronutrients (with the exception of Zn) were increased by the P fertilizer. The orchard’s initial deve-
lopment, especially during the second year, was also influenced by the fertilizer. The P doses of 164 and 158 g of P2O5 per plant
resulted in the largest plant diameter after the first and the second year, respectively. These doses were found to be associated with
a foliar P level of <1.4 g kg−1.

1. Introduction

The demand for fruits has been growing all over the world in
recent years due to growing awareness of the importance of a
well-balanced diet for human health purposes. Thus, increas-
ing fruit production has become an important item in the
agenda of farmers in general. Lychee (Litchi chinensis Sonn) is
one of the fruits the consumption of which has been growing
steadily in recent years. Lychee, a fruit tree originated in
China, was introduced in Brazil in 1810 [1].

Brazilian soils are, usually, of low fertility. Menzel and
Simpson [2] investigated several factors capable of causing
lychee plants to produce poorly and concluded that the
plants’ nutritional status was one of the most important.
Ghosh [3] also considered plant malnutrition as the most im-
portant reason for poor productive performance of lychee.

Phosphorus is one of the most important productivity-
limiting nutrients due to its role in plant metabolism.
Reports by Koen et al. [4] and Vilela and Anghinoni [5], indi-
cate the importance of P in productivity of lychee plants. Rai
et al. [6], working on Alfisol (3.2 g ha−1 of P, using a Bray I

extractor) in China, showed that 220 g of P per lychee plant
caused the plants to grow and produce more. They also
observed a significant correlation between fruit production
and P level in leaves. In an Australian study, Menzel et al. [7]
suggested that the adequate level of P in leaves for a good
production was between 1.4 and 2.2 g kg−1, as measured in
branch leaves after panicle emergence in the period between
May and August. Martins et al. [1] recommend 0.11 to
0.22 kg of fertilizers containing 2–4% of P for lychee plants in
their first year of cultivation. In Hawaii, a recommendation
of 78 g of P2O5 per lychee plant is reported by Menzel and
Simpson [2].

The above data reveal an obvious lack of published infor-
mation for the fertilization of lychee plants in Brazil, espe-
cially for P fertilizers [8]. The low mobility of P in the soil and
the fact that the effect of P on plant growth is more important
at the beginning of the plants’ development emphasize the
importance for an investigation into how to apply P fertiliz-
ers to lychee plants at the onset of their growth, right after
the seedlings have been obtained by the marcottage meth-
od.
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Figure 1: Effect of phosphorus applied at planting on lychee plants stem diameter at the first (a) and second (b) year after planting.
∗∗Significant P < 0.01 and ∗significant P < 0.05.

2. Material and Methods

The experiment was conducted on the “Flora” farm in
Uberlândia, state of Minas Gerais, Brazil, with a red-yellow
latosol of clayish texture, located at 18◦55′23′′ of south lati-
tude and 48◦17′19′′ of longitude. According to Köppen’s
classification, the climate is of the Cwa subtropical type with
a short, moderate, and dry Winter and a hot and rainy Sum-
mer.

The chemical soil analyses, following the methods rec-
ommended by Raij et al. [9], were based on 20 soil samples
(0 to 20 cm) and yielded the following results: pH (CaCl2):
5.2; organic matter (OM): 17 g dm−3; P (resin): 6 mg dm−3;
K: 0.5 mmolcdm−3, Ca: 19; mmolcdm−3; Mg: 9 mmolcdm−3;
H + Al: 20 mmolcdm−3; sum of bases (SB): 28.5 mmolcdm−3;
cation exchange capacity (CTC): 48.5 mmolcdm−3; bases
saturation (V): 59%.

The orchard used in this experiment was planted in
January 2004, with lychee plants of the “Bengal” cultivar. The
spacing between plants was 6 × 6 m. The cuttings used to
form the orchard had been produced by the vegetative meth-
od known as marcottage, due to the fact that this procedure
reduces the duration of the plants juvenile period in addition
to being a guarantee for the plants genetic identity [10].

The experiment was set according to a randomized
complete block design with 4 replicates. Doses of P applied
to the plants were considered the treatments and they were
of 0, 50, 100, 200, and 300 g of P2O5 per plant, in the fur-
row at planting on January 2, 2004. The dose of 100 g of
P2O5 per plant is indicated as suitable for lychee [8]. Triple
superphosphate with 44% of P2O5 was used to furnish the
needed P2O5. During the second year of the experiment,
those doses were doubled and applied to the plants. Five trees
were considered to form an experimental unit with the three
central trees used to make the programmed measurements.

In addition to the mentioned P doses, each plant also
received 20 L of cow manure (N: 7.4 g kg−1; P = 1.6 g kg−1;

K = 23.1 g kg−1), 5 g of Zn furnished by zinc sulfate, and 1 g
of B, provided by boric acid, in the furrow at planting. Cut-
tings developing into plants in the field were watered each
2-3 days depending on weather conditions.

In the first year, the plants were fertilized by the side-dres-
sing method with 40 g of N and 60 g of K2O per plant. In the
second year, the doses were 80 g of N and 100 g of K2O. The
fertilizers were placed on the soil surface, around the seed-
lings, at a distance of 0.3 to 0.5 m from the plant. The fer-
tilizer doses were divided in three parts, applied during the
rainy season (February, March, and April). Half of the N
dose was furnished by urea and the other half by ammonium
sulfate, whereas potassium was furnished by potassium chlo-
ride.

During the first and the second years of the experiment,
always in January (2005 and 2006), the plants’ stem diameter
was measured. In the second year, leaves were taken to evalu-
ate the plants’ nutritional status. The leaf sample consisted
of the central two pairs of leaflets taken from the second
compound leaf, according to instructions found in Carvalho
and Salomão [8]. The methodology followed to determine
the amount of macro- and micronutrients in the plant tissue
was that described in Bataglia et al. [11].

Based upon the results, the analysis of variance of the
several parameters was made and, when necessary, a regres-
sion analysis was also carried out, viewing to establish the
relations between the treatments and the values found for
stem diameter and plants’ nutritional status. For the statis-
tical analysis, the SAS program [12] was employed.

3. Results and Discussion

Phosphorus increased plant stem diameter in a quadratic
manner with the maximum values being 16.99 and 23.95 cm
(9 and 25% larger than those observed for the check treat-
ment plants, thus demonstrating that the P effect on plant
stem diameter occurs slowly) in the first and the second year,
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Figure 2: Effect of phosphorus applied at planting on lychee plants foliar levels of N (a), P (b), K (c), Ca (d), Mg (e), and S (f). ∗Significant
P < 0.05.
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Figure 3: Effect of phosphorus applied at planting on lychee plants foliar levels of B (a), Cu (b), Fe (c), Mn (d), and Zn (e). ∗∗Significant
P < 0.01 and ∗significant P < 0.05.
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respectively. These values were associated with the P2O5

doses of 164 and 158 g per plant, respectively, (Figures 1(a)
and 1(b)). In the literature, no paper indicating the effects
of P on lychee plant stem diameter was found. Prado [13],
working with mango, also reported increased stem diameters
as a consequence of fertilizing the plants with P.

Lychee plants leaf concentrations of macro- (Figure 2)
and micronutrients (Figure 3), in observations made during
the second year, were affected by the application of P fertilizer
at planting.

It was observed that the leaf contents N, K, Ca, Mg, S,
B, Cu, and Mn were higher than those reported by Franco
[14] in a study conducted in an orchard considered to be
very productive, whereas those of P, Fe, and Zn were smaller.
These discrepancies can be ascribed to the differences of
climate and soil existing between the two places where the
experiments were performed.

The P doses used in this experiment caused increments
in P leaf content the maximum value of which was 1.5 g kg−1

which resulted from the dose of 300 g of P2O5 per plant
(Figure 2(b)). This increment in P leaf content was caused
by the increment of P level in the soil.

The doses applied at planting which resulted in the high-
est stem diameters were (of) 164 and 158 g of P2O5 (Figures
1(a) and 1(b)) for the first and the second year, respectively.
These doses were found to be associated with the P leaf level
of <1.4 g kg−1 (Figure 2(b)). This value is different from that
indicated by Rai et al. [6] of 1.8 to 2.9 g kg−1, but within the
range indicated by Menzel et al. [7] of 1.4 to 2.2 g kg−1. These
differences are attributable to soil and climatic conditions in
which the experiments were carried out as well as the age of
the orchards used for the research.

The P doses caused increments in the levels of N, K, Ca,
Mg, and S, the highest values of which were of 20.1, 8.3, 8.7,
2.9, and 1.6 g kg−1, respectively. These values were found to
be associated with doses of 142, 198, 55, and 183 g of P2O5

per plant, respectively, (Figures 2(a), 2(c), 2(d), 2(e), and
2(f)). The levels of the micronutrients B, Cu, Fe, and Mn
reached the maximum values of 88, 56, 85, and 264 mg kg−1

associated with doses per plant of P2O5 of 56, 66, 118, and
39 g, respectively, (Figures 3(a), 3(b), 3(c), and 3(d)). On the
other hand, Zn level in plant leaves decreased with the doses
of P applied to the soil (Figure 3(e)). The level of those
nutrients in the plant leaves is attributed to the effect P causes
on root growth. Vilela and Anghinoni [5] report having ob-
served that P contributes to the elongation of the root system
which, with longer and thinner roots, is thus better equipped
to exploit larger volumes of soil around it. Table 1 shows that
the foliar levels of P correlated positively with the levels of the
other nutrients such as N, K, and Mg.

It was observed that the stem diameter of lychee plants
at the beginning of their development is very dependent on
the plants’ nutritional status in terms of N, P, and K as indi-
cated by the correlation coefficients of the two growing sea-
sons (Table 1). It is also seen that, in the second year, the
correlation between the Zn level in leaves and plant stem dia-
meter was a negative one. P and Zn levels in leaves also
showed a negative correlation according to the explanation

proposed by Safaya [15], P is capable of inhibiting Zn absorp-
tion because it reduces the translocation of the micronutrient
through the root endodermis and epidermis. This situation is
likely to hamper the lychee plants’ nutritional status in terms
of Zn, making necessary a complementary furnishing of Zn
to the plants to avoid nutritional disorders.

4. Conclusions

(1) Fertilizing lychee plants at planting time with P in-
creased the foliar levels of macro- and micronutri-
ents, with the exception of Zn, according to measure-
ments made in the second year. The orchard initial
development, especially that of the second year after
planting, was also promoted by P fertilizer applied at
planting.

(2) The doses of 164 and 158 g of P2O5 per plant were
those which, in the first and in the second year,
respectively, permitted the highest values of plant
stem diameter. These doses were found to be asso-
ciated with the P leaf level of <1.4 g kg−1.
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