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ABSTRACT
The study aimed to estimate the concentrations and efficiency of biological utilization of 
Cu, Fe, Zn, and Mn and the leaf biomass of ten species in a hypoxerophytic Caatinga fragment, 
aiming to contribute to a more adequate choice of species for reforestation programs in the 
Brazilian Caatinga. The leaves of three trees of each species were sampled and the concentration 
of micronutrients was determined, estimating their content and efficiency of biological utilization. 
The efficiency of biological utilization followed the decreasing order: Mn > Cu > Zn > Fe. 
Jatropha mollissima and Spondias tuberosa were less efficient in the use of Fe and Senegalia 
paniculata and Croton blanchetianus, in the use of Zn. However, Piptadenia stipulacea and Mimosa 
ophthalmocentra were very efficient in using Fe and Mn. The nutritional efficiency of the species 
can serve as a criterion for choice of species in forest restoration programs.
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1. INTRODUCTION

The relationships between vegetation and soil in 
hypoxerophytic Caatinga are more dynamic due to 
the addition of residues from the livestock activity to 
the environment and due to greater water availability 
from small intermittent streams (Deusdará et al., 2017). 
Seasonal dry and humid periods in these environments 
are typical and often responsible for variations in soil 
attributes and plant nutrition. Forest nutrition, for 
example, is intensified in the winter and restrained 
in the summer due to the greater and lesser water 
availability, respectively, and due to the contribution of 
organic matter from grazing. Thus, the winter season 
allows a higher N cycling and promotes the growth of 
exuberant vegetation with high biomass production. 
Such vegetation requires a greater amount of nutrients 
from the soil.

The soils of hypoxerophytic Caatinga are deeper 
and more fertile due to the higher humidity of the 
environment. However, they are low acid, neutral or 
alkaline soils, because of a low removal of basic cations 
such as Ca, Mg and K. Nutrient availability is influenced 
mainly by soil pH, and the cationic micronutrients 
Cu, Fe, Zn, and Mn have their availability particularly 
reduced when the soil is low acid, tending to neutral 
or alkaline (Biondi et al., 2011). This low availability of 
micronutrients in the soil can limit the development of 
plant species and, consequently, interfere in the biomass 
production and even in the natural regeneration of 
species in the Caatinga.

Studies on plant nutrition in the Caatinga are 
still very scarce, and works specifically involving 
micronutrients are practically non-existent, especially 
when the objective is to quantify the content and 
nutritional efficiency of these nutrients in a biome. 
However, these micronutrients may be responsible for 
a considerable part of the performance of the species, 
especially in hypoxerophytic Caatinga areas used for 
semi-intensive livestock farming.

Nutrient concentrations in leaves are used to 
diagnose the plant nutritional status because of their 
correlation with plant growth (Fontes  et  al., 2013). 
These correlations provide information about threshold 
concentrations which are “critical levels” that separate 
the appropriate from the toxic levels of the nutrients 
in the plants (Fontes, 2014).

Determining the nutritional concentration is 
important to diagnose the surrounding natural 
environment, to serve as a reference parameter for 
the management of plants of the same species with 
nutritional deficiencies, to act as a subsidy for recovery 
of degraded areas through soil correction, as well as 
for the adoption of reforestation programs with native 
forest species (Medeiros et al., 2008).

Biological utilization efficiency is a coefficient that 
indicates the amount of dry matter of a vegetative part 
of a plant produced per unit of nutrient accumulated 
in that component (Bündchen et al., 2013). Biological 
utilization efficiency is a measure of nutritional efficiency 
of a plant in the use of the absorbed and accumulated 
nutrient (Fontes et al., 2013).

The nutritional efficiency of tree species is 
conceptualized in several ways in the literature; 
however, the most common components of efficiency 
are absorption and utilization of nutrients (Santos et al., 
2008). Fontes et al. (2013) affirmed that an efficient 
species, from the nutritional point of view, is the one 
capable of synthesizing the maximum biomass per unit 
of absorbed nutrient. The amount of nutrients contained 
in the plant, in turn, can predict the capacity of the 
species to store nutrients, defining their contribution 
to the equilibrium of the ecosystem (Espig et al., 2008).

This study aimed to determine the concentrations 
of Cu, Fe, Zn, and Mn, estimate the leaf biomass, and 
calculate the efficiency of use of the nutrients in ten 
species of great importance value in a hypoxerophytic 
Caatinga fragment, aiming to contribute to a more 
adequate choice of species in reforestation programs 
in the Caatinga in Brazil.

2. MATERIAL AND METHODS

The study was carried out in a remnant fragment 
of hypoxerophytic Caatinga in the municipality of 
Arcoverde in Pernambuco, Brazil, with latitude of 
08º1’3.6” South and longitude of 34º56’44.1” West 
(Beltrão et al., 2005). The municipality is located in the 
geo-environment unit of Borborema Plateau and has 
altitudes varying between 650 and 1,000 m. The relief 
is slightly undulating, with deep valleys and rock 
outcrops (Beltrão et al., 2005). The vegetation of the 
geo-environmental unit where the study was carried 
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out is formed by subdeciduous and deciduous forests, 
typical of the Agreste zone of Brazil (Beltrão et al., 2005).

The study area presents a climate of the Bshs type 
according to Köppen’s classification (Alvares et al., 2013). 
It is a dry area with low latitude steppe, autumn-winter 
rains, and average temperatures varying from minimum 
of 12 °C to a maximum of 25 °C, and average annual 
rainfall of 1,000 mm (Beltrão et al., 2005). During this 
study, the rainfall was of 1,037.5 mm, with a monthly 
average of 86.46 mm in winter.

The studied fragment has hypoxerophytic Caatinga 
vegetation whose last deforestation occurred in 
1949. It is currently intended for cattle grazing in a 
semi-extensive regime as the majority of the Caatinga 
forest fragments of the region (Barbosa et al., 2012). 
The soil of the fragment is classified as Red Yellow 
Argisol (Santos et al., 2013), corresponding to Ultisol 
(Soil Survey Staff, 2014).

Phytosociological studies usually survey horizontal 
and vertical structures, but only the horizontal structure 
was used in the present work, defining the ten species 
of greatest importance value (IV). A systematic 
sampling was made using the fixed plot method, where 
plots were placed in parallel transects; the transects 
were10 m apart from each other, and the sample units 
in the same transect were 25 m apart from each other. 
The phytosociological study was conducted in an area of 
1.0 ha distributed in 40 plots of 10 x 25 m (Barbosa et al., 
2012), considering an edge effect of 20 m.

The ten species with highest IV in the fragment 
were determined (Table 1), and their leaf biomass was 
estimated using allometric equations, considering the 
diameter at breast height (DBH) as dependent variable, 

according to Silva & Sampaio (2008). The following 
Equation 1 was used to estimate leaf biomass (kg plant-1) 
of the tree species:

Ŷ = 0.0681 x DBH 1.5829 (1)

Where Ŷ is the leaf biomass (kg); 0.0681 is a model 
parameter; DBH is the diameter at breast height at 
1.30 m from the ground (cm); and 1.5829 is a model 
parameter.

The following Equation 2 was used for the shrub 
species:

Ŷ = 0. 1900 x DBH 2.0515 (2)

Where Ŷ is the leaf biomass (kg); 0.1900 is a model 
parameter; DBH is the diameter at breast height at 
1.30 m from the ground (cm); and 2.0515 is a model 
parameter.

The average leaf biomass of each species (kg plant-1) 
was estimated using the mean DBH. The DBH of all 
individuals of each species were summed and divided 
by the number of individuals of the species to obtain 
the mean DBH per species. The biomass was multiplied 
by the number of individuals of the species to estimate 
the biomass of each species per unit of area (kg ha-1). 
The total leaf biomass of the area was estimated through 
the sum of the biomass of all species with highest IV 
(Espig et al., 2008).

Leaves were sampled in the rainy season. Newly mature 
leaves were collected from the medium third of the 
crown of the ten species with highest IV in the fragment 
(Table 2). Twenty-five leaves were randomly collected 
per species, at the four cardinal points of each plant. 
Three specimens of each species were sampled in the 

Table 1. Species of greatest importance value (IV) in a hypoxerophytic Caatinga fragment.

Species Habit IV1 (%) AD2 (Ind. ha-1) Mean DBH3 (cm)
Mimosa ophthalmocentra Mart. ex. Benth Tree 29.21 649 5.00
Poincianella pyramidalis (Tul.) L. P. Queiroz Tree 26.65 436 5.69
Schinopsis brasiliensis Engl Tree 5.29 29 12.57
Senegalia bahiensis (Benth.) Seigler & Ebinger Tree 5.27 73 4.24
Senegalia paniculata (Wild) Killip Tree 4.59 63 3.78
Croton blanchetianus Baill Shrub 4.44 60 3.62
Jatropha mollissima (Pohl) Baill Shrub 3.44 41 3.95
Spondias tuberosa Arruda Tree 2.91 4 17.63
Mimosa tenuiflora (Wild.) Poir Tree 2.14 18 7.73
Piptadenia stipulacea (Benth.) Ducke Tree 2.09 19 5.42
1Importance value; 2Absolut density; 3Diameter at breast height.
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fragment, and the selection criterion for repetition was 
the similarity in size and vegetative development of the 
species sampled. Afterwards, the collected leaves were 
packed in paper bags and stored in styrofoam boxes, 
and then taken to a forced air circulation chamber at 
65 °C until a constant weight was reached.

Nitric-perchloric digestion was carried out in 
the leaves to extract and to determine Cu, Fe, Zn, 
and Mn by atomic absorption spectrophotometry 
(EMBRAPA, 2009).

Nutrient content in the leaf biomass of the species 
(kg ha-1) was determined by multiplying the nutrient 
concentration (mg kg-1) by the dry leaf biomass of 
each species.

The efficiency of biological utilization of each 
nutrient in each of the ten species with highest IV 
was calculated by the ratio between their leaf biomass 
and the nutrient content accumulated in that biomass 
(Espig et al., 2008).

The concentrations, contents, and utilization 
efficiencies of Cu, Fe, Zn, and Mn were analyzed 
through analysis of variance (ANOVA) and post hoc 
mean comparisons using the Scott–Knott test at 5% 
probability, with significant results at 5% probability 
level. When the coefficients of variation (CV) were 
greater than 30%, the data were transformed using 
√x as transformation model.

3. RESULTS AND DISCUSSION

Leaf biomass estimates in this research were 
performed according to Silva & Sampaio (2008), 
who selected nine native Caatinga species to establish 

models and allometric equations based on their 
DBH. Three of the species selected by the authors 
also occurredamong the ten that had the highest IV 
in the present study, specifically two shrub species 
(Croton blanchetianus and Jatropha mollissima); one 
tree species (Poincianella pyramidalis); and two tree 
genera (Mimosa and Schinopsis) (Table 2).

The leaf biomass of each studied species ranged 
from 0.6 to 6.4 kg plant-1. Spondias tuberosa was the 
most representative species in terms of leaf biomass, 
followed by the tree species Schinopsis brasiliensis and 
the shrubs Jatropha mollissima and Croton blanchetianus. 
The species that presented the lowest leaf biomass were 
the trees Senegalia paniculata, Senegalia bahiensis, and 
Mimosa ophthalmocentra (Table 2).

The leaf biomass per hectare of the studied species 
ranged from 18.8 to 564.7 kg ha-1 to 1,588.6 kg ha-1 
(Table 2). Alves et al. (2017) evaluated the leaf biomass of 
five species with the highest IV in Floresta, Pernambuco, 
Brazil, and found values of 1,800 ± 1,100 kg ha-1 
in regenerated areas and 4,500 ± 2,100 kg ha-1 in a 
preserved area in the Caatinga. Therefore, the impacts 
of anthropization and/or degradation are evident 
in this studied fragment despite decades elapsed of 
preservation.

The tree species Mimosa ophthalmocentra showed a 
high leaf biomass value as a result of the high number 
of individuals in the studied fragment (Table 1). On the 
other hand, the tree species Piptadenia stipulacea had 
the lowest of leaf biomass value per area (Table  2) 
because, although it was not the least abundant species 
in the fragment, it had a low DBH (Table 1).

Table 2. Leaf biomass of the species of greatest importance value (IV) per individual and area in a hypoxerophytic 
Caatinga fragment.

Species Leaf biomass per individual (kg plant-1) Leaf biomass per area (kg ha-1)
Mimosa ophthalmocentra 0.9 564.7
Poincianella pyramidalis 1.1 465.5
Schinopsis brasiliensis 3.7 108.6
Senegalia bahiensis 0.7 48.9
Senegalia paniculata 0.6 35.2
Croton blanchetianus 2.7 159.6
Jatropha mollissima 3.2 130.5
Spondias tuberosa 6.4 25.6
Mimosa tenuiflora 1.7 31.2
Piptadenia stipulacea 1.0 18.8
Total leaf biomass - 1,588.6
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The species that had the highest biomass per area 
were Mimosa ophthalmocentra, Poincianella pyramidalis, 
Croton blanchetianus, Jatropha mollissima and 
Schinopsis brasilienses (Table 2). Poincianella pyramidalis 
and Mimosa ophthalmocetra are species that have a great 
resistance to drought and good ability to compete for light. 
This justifies their large number of individuals (Table 1) 
and, consequently, greater biomass in relation to the other 
species with the highest IV in the fragment (Table 2).

There was a high biomass variation between 
species, what can be attributed to the physiological and 
morphological characteristics of the individuals, age of 
the stands, soil fertility, disturbances, and management 
adopted in the area. Additionally, Njana (2016) cited 
soil type, climate, topography, natural regeneration, 
and human impact as factors that may also influence 
biomass in tropical forests. Medeiros  et  al. (2008) 
also found variation in plant shoot biomass in the 
Caatinga. Barbosa et al. (2012) added that variation 
of environmental factors, such as hydrology, can 
also influence the aerial biomass of forest species, 
corroborating Moura et al. (2016) who affirmed that 
the total biomass in Caatinga areas is mainly a function 
of water availability.

The leaf biomass estimates of Mimosa ophthalmocentra 
and Jatropha molissima were higher than those found 
by Alves et al. (2017) in a regenerating Caatinga area 
for these same species. This allows us to infer that 

although this fragment has traces of degradation, 
it is in an advanced state of regeneration due to the 
long time without anthropic interference and also for 
the the best local edaphoclimatic conditions when 
compared to the area where Alves et al. (2017) carried 
out their research.

The environment of the present site of study is 
more humid and the Caatinga was hypoxerophytic, 
while the environment in Floresta is drier and the 
Caatinga is hyperxerophytic. Moreover, the fragment 
studied in the present research has a soil that offers a 
greater contribution of N, which has a concentration of 
76.94 g kg-1 (Barbosa et al., 2012), while the soil in the 
preserved fragment studied by Alves et al. (2017) in the 
rainy season presented N concentrations ranging from 
3.1 to 18.6 g kg-1. This higher contribution of N in the 
present study may have resulted from the semi-extensive 
livestock activity practiced in the area, because this 
sort of activity favors the growth and development of 
species. The regeneration in this environment is likely 
to be faster than in hyperxerophytic Caatinga areas 
without additional contribution of N.

The concentrations of Fe, Zn, and Mn in the leaves of 
the species varied among the species, while concentrations 
of Cu did not depend on the species (Table 3).

Table 3. Copper, Iron, Zinc, and Manganese concentrations in the leaves of species of highest importance value (IV) 
in a hypoxerophytic Caatinga fragment.

Species
Cu Fe Zn Mn

___________________________mg kg-1____________________________

Mimosa ophthalmocentra 15.80 93.68 b 24.22 b 12.35 c
Poincianella pyramidalis 22.92 112.48 b 28.67 b 10.77 c
Schinopsis brasiliensis 15.82 96.60 b 29.38 b 19.15 b
Senegalia bahiensis 15.22 98.53 b 22.20 b 12.35 c
Senegalia paniculata 17.37 117.45 b 84.03 a 20.28 b
Croton blanchetianus 17.62 106.05 b 102.47 a 40.88 a
Jatropha mollissima 15.62 558.20 a 35.22 b 23.82 b
Spondias tuberosa 14.85 199.05 b 26.90 b 17.35 b
Mimosa tenuiflora 13.25 110.07 b 30.72 b 11.38 c
Piptadenia stipulacea 13.42 111.27 b 38.63 b 7.15 c
Average 16.20 160.34 43.24 17.55
Fcalculated 1.16ns 4.91** 4.30** 12.95***
CV (%)1 27.42 25.28 21.22 26.50
1Coefficient of variation = Standard deviation/Average x 100. Averages followed by equal letters in the columns do not differ from 
each other at 5% probability level by the Scott-Knott’s test. ** and *** Significant at 1 and 0.1% probability by the F test, respectively. 
nsNot significant.
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The nutrient concentrations in the leaf biomass 
of the species studied had the following decreasing 
order: Fe > Zn > M n> Cu (Table 3).

Fe was the micronutrient with the highest 
concentration in the species with highest IV, with an 
average value of 160.34 mg kg-1 (Table 3). This shows 
that the plants have had a good absorption of this 
nutrient, as it is natural in well-developed soils such as 
the Argisol in the studied area, where the available levels 
of Fe are higher than those of other micronutrients. 
In their natural evolution, these soils concentrate large 
amounts of Fe oxides.

The highest Fe concentration was found in 
Jatropha mollissima (Table  3). Species may have 
different nutrient concentrations in the leaves for 
two reasons: they may be more efficient in absorbing 
certain nutrients that are required in their metabolism; 
or they can concentrate in the leaves a greater amount 
of the nutrient, as a result of lower biomass production 
in some species that leads them to concentrate the 
nutrient (Alves et al., 2017).

In the case of Fe concentration in this study, 
there were differences between the species justified 
by the two reasons. Jatropha mollissima had a smaller 
individual leaf biomass than Spondia tuberosa and 
Schinopsis brasiliensis (Table  2), causing differences 
between these two species; Fe was more concentrated 
in Jatropha mollissima due to its smaller biomass. 
On the other hand, this species produced more biomass 
at individual level than the other species (Table 2), 
and despite of it, Fe concentrations were higher in 
Jatropha mollissima (Table 3). This species likely has 
a high demand for Fe and, therefore, absorbs more of 
this micronutrient than the other species.

Zn concentration was of 43.24 mg kg-1, higher than 
those of Mn and Cu (Table 3). It has been reported that 
high levels of P induce Zn deficiency (Muner et al., 2011), 
but in the present work this behavior was not observed. 
Barbosa et al. (2012) also found high levels of P in the 
same plants.

The difference of Zn and Fe concentration 
of between the species may have been due to the 
concentration effect and greater nutrient absorption 
capacity. Senegalia paniculata was one of the species 
that produced less biomass at individual level (Table 2) 
and the absorbed Zn was therefore concentrated in 
such biomass. As a result, Zn concentrations in this 

species were higher than those of all the other species 
but Croton blanchetianus (Table  3). Although the 
latter species produced 4.5 times more biomass than 
Senegalia paniculata (Table 2), their Zn concentrations 
did not differ statistically (Table 3). This suggests a high 
demand for Zn in Croton blanchetianus.

Mn concentrations in differed from one species 
to the other to greater extents than Fe and Zn 
concentrations (Table 3). In this case, the results were 
due to different demands rather than concentration or 
dilution effects. Croton blanchetianus demanded more 
Mn than the other species, similar to the observed for 
Zn concentrations (Table 3).

We can conclude that Jatropha mollissima had high 
demand for Fe, and Croton blanchetianus for Zn and Mn. 
Thus, environments poor in Fe may compromise the 
regeneration, growth, and development of Jatropha 
mollissima. Similarly, environments that are poor in 
Zn and Mn may restrict the development of Croton 
blanchetianus.

Brun  et  al. (2012) found variations in nutrient 
concentrations in the leaves of native species from Rio 
Grande do Sul. Medeiros et al. (2008) also observed 
variations in Mn concentrations in Tabebuia serratifolia, 
Aspidosperma pylifolium, Tabebuia cariíba, and 
Astronium urundeuva, finding higher concentrations 
in the leaves than in the branches. Corcioli et al. (2016) 
affirmed that under good conditions of Mn supply, 
leaves accumulate high amounts of Mn according to 
the age of the plant.

There were no significant differences in Cu 
concentration between species. Corcioli et al. (2016) 
reported that plants rarely exhibit Cu deficiency due to 
adequate availability of the element in the majority of 
soils. The authors also added that nutrient deficiency 
is difficult to diagnose due to the interference of other 
elements such as Fe and Zn.

These differences in micronutrient concentrations 
between species can be attributed to the age of the 
individuals and nutrient availability in the soil; both factors 
directly interfere with nutrient absorption. When species 
in the same site differ in nutrient concentration, this 
may indicate different absorption efficiencies among 
the species. When the same species differ in nutrient 
concentration between different sites, this may indicate 
the quality of the site (Espig et al., 2008).
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In more restrictive contexts, species tend to present 
a greater absorption capacity, optimizing the available 
nutrients. According to some authors, nutrient concentrations 
of species growing when in the same site may indicate 
their nutritional demands (Bündchen et al., 2013). High 
levels of nutrients found in plants seem to be a matter 
of nutritional needs, but Nunes et al. (2013) say that 
they are the result of a higher absorption efficiency of 
the species, especially in nutrient-poor sites.

The adequate levels may have been related to the soil 
pH of the fragment, which promoted greater availability 
and consequently greater absorption of micronutrients, 
leading to a differentiation between species based on 
their ability to absorb and accumulate them. Among the 
factors that affect the nutrient availability in the soil, pH 
is one of the most important (Nachtigall et al., 2009).

The average contents of Cu, Fe, Zn, and Mn in the 
species were 34.51; 432.69; 88.03; and 43.58 mg plant-1, 
respectively, and obeyed the following decreasing order: 
Fe > Zn > Mn > Cu (Table 4).

The species Spondias tuberosa presented higher contents 
in of Cu, Fe, and Mn than the other species. Jatropha 
mollissima presented the highest Fe content, while Zn and 
Mn contents were highest in Croton blanchetianus (Table 4). 
This difference can be attributed to the high individual 
biomass production of Spondias tuberosa and Croton 
blanchetianus (Table 2). In the case of Jatropha mollissima, 
is the result was due to the high Fe concentration found 
in the species (Table 3).

As for the contents of Cu, Fe, Zn, and Mn in the species 
per area, average values of 2.85; 22.51; 6.32; 2.59 g ha-1, 

Table 4. Content of Copper, Iron, Zinc, and Manganese by species (mg plant-1) and area (g ha-1) in the leaves of the 
species of greatest importance value (IV) in a hypoxerophytic Caatinga fragment.

Species
Cu Fe Zn Mn

_________________________mg plant-1________________________

Mimosa ophthalmocentra 13.75 c 81.51 b 29.77 c 10.74 c
Poincianella pyramidalis 24.47 c 120.08 b 30.60 c 11.49 c
Schinopsis brasiliensis 59.21 b 361.63 b 110.00 c 71.70 b
Senegalia bahiensis 10.20 c 66.04 b 14.88 c 8.28 c
Senegalia paniculata 9.70 c 65.63 b 46.96 c 11.33 c
Croton blanchetianus 46.87 b 282.13 b 272.60 a 108.76 a
Jatropha mollissima 49.69 b 1776.08 a 112.05 c 75.78 b
Spondias tuberosa 94.97 a 1272.92 a 172.03 b 110.95 a
Mimosa tenuiflora 22.98 c 190.85 b 53.26 c 19.74 c
Piptadenia stipulacea 13.28 c 109.99 b 38.19 c 70.07 c
Average 34.51 432.69 88.03 43.58
F calculated 10.43*** 4.86 *** 7.78*** 18.60***
CV (%)1 17.19 36.34 21.78 16.18

__________________________g ha-1_________________________

Mimosa ophthalmocentra 8.92 a 52.90 a 19.32 a 6.98 a
Poincianella pyramidalis 10.67 a 52.36 a 13.34 a 5.01 a
Schinopsis brasiliensis 1.72 b 10.49 b 3.19 b 2.08 c
Senegalia bahiensis 0.74 b 4.82 b 1.08 b 0.60 d
Senegalia paniculata 0.61 b 4.14 b 2.96 b 0.71 d
Croton blanchetianus 2.81 b 16.93 b 16.35 a 6.52 a
Jatropha mollissima 2.04 b 72.82 a 4.59 b 3.10 c
Spondias tuberosa 0.38 b 5.09 b 0.69 b 0.44 d
Mimosa tenuiflora 0.41 b 3.43 b 0.96 b 0.35 d
Piptadenia stipulacea 0.25 b 2.09 b 0.73 b 0.40 d
Average 2.85 22.51 6.32 2.59
Fcalculated 27.94*** 12.79*** 17.68*** 26.39***
CV (%) 16.71 22.48 20.85 34.72
1Coefficient of variation = Standard deviation/Average x 100. Averages followed by equal letters in the columns do not differ from 
each other at 5% probability level by the Scott-Knott’s test. *** Significant at 0,1% probability by the F test.
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respectively, were found (Table  4) and obeyed the 
following decreasing order: Fe > Zn > Cu > Mn. Even 
though the concentration of Cu was lower than that 
of Mn, on average (Table 4), the amount of Cu stored 
in the leaf biomass of the species was higher than that 
of Mn (Table 4). It was observed that species with a 
higher biomass production per area (Table 2) had higher 
concentrations of Cu than of Mn (Table 3), and since 
the content per area is the product of the concentration 
and the biomass, this inversion can occur, especially 
when evaluating many species.

Fe content was the highest of the evaluated 
micronutrients, ranging from 2.09 to 72.82 g ha-1 with 
an average of 22.51 g ha-1 in the species in the studied 
fragment (Table 4).

The amount of nutrients stored per area dependents 
on the total biomass produced by the species. Mimosa 
ophthalmocentra and Poincianella pyramidalis presented 
the highest Cu, Fe, Zn, and Mn contents (Table 4). 
Although they were not the species with the highest 
concentration of these nutrients (Table 3), they were 
the ones that most produced leaf biomass per area 
in the fragment (Table 2). Thus, if a species presents 
a great stock of a nutrient, it does not mean that the 
species necessarily has a great demand for that nutrient.

The need of a nutrient is more related to its 
concentration than to its content in the species, provided 
that the effects of concentration and dilution are properly 
considered. For example, Jatropha molíssima stocked 
more Fe than Croton blanchetianus per area (Table 4). 
In this case, the Fe stock in the leaves did not depend 
on the biomass produced because Croton blanchetianus 
produced more biomass per area than Jatropha molíssima 
(Table 2). Fe concentration in this species was so high 
(Table 3) that exceeded the low biomass production, 
which confirms its high demand for Fe.

Information about the compartmentalization of 
nutrient content in the species is used in planted forests 
to assist in the proper planning of fertilization through 
the prognosis of exported nutrients during the removal 
of commercial compartments (Espig et al., 2008).

The nutrient contents of forest species are in line with 
the support capacity of the plants, which contributes 
to the balance of the ecosystem. of the nutrients stored 
are returned to the sites through nutrient cycling, thus 
fertilizing the forest environments.

The efficiency of biological utilization of the nutrients 
Fe, Zn, and Mn differed among the species (Table 5). 
Although the efficiency of biological utilization of 
Cu ranged from 47.77 to 89.63 kg g-1, there was no 
statistical difference between species. This variation in 
efficiency between species may be related to fertility 
and nutrient availability in the soil, or even to a specific 
characteristic of the species.

Fe was the nutrient used by the species with lowest 
efficiency, and Mn was the one used with the greatest 
efficiency. In other words, most of the biomass produced 
in the Caatinga contained low amounts of Mn and 
great amounts of Fe (Table 5).

The nutrients ha the following decreasing order of 
efficiency of biological utilization: Mn > Cu > Zn > Fe. 
This decreasing order is the opposite of that observed 
in the content. This means that the larger the stock 
of a nutrient for a given biomass production, the less 
efficient the species may be in relation to that nutrient.

Another very interesting aspect is that the efficiency 
of biological utilization is an indicator of greater or 
lesser nutritional requirement of the species for a 
given nutrient. For example, the efficiency of biological 
utilization of Fe ranged from 2.38 to 11.09 kg g-1, with 
an average of 8.80 kg g-1, with the lesser efficient species 
being Jatropha mollissima and Spondias tuberosa 
(Table  5). Jatropha mollissima had a high demand 
for Fe (Table  3), but did not translate this demand 
into biomass, being inefficient in the utilization of 
this nutrient. Thus, Jatropha mollissima and Spondias 
tuberosa arenot indicated to be used in environments 
with low Fe availability.

Values of efficiency of biological utilization of 
Zn differed significantly only in the case of Senegalia 
paniculata and Croton blanchetianus which were less 
efficient in the use of nutrients in relation to the other 
species (Table 5). Therefore, they should not be indicated 
for environments with restricted Zn availability. 
Efficiency of biological utilization of Mn was the most 
variable among species, with efficiencies ranging from 
24.72 to 149.11 kg g-1. Piptadenia stipulacea was the most 
efficient in Mn utilization and Croton blanchetianus 
was the less efficient (Table 5). The latter species had 
a high demand for Mn (Table 4), but did not convert 
this requirement into leaf biomass (Table 2).

Barbosa et al. (2012) affirmed that this value of 
biological utilization efficiency of nutrients is an 
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indication of the ability of the species to adapt to 
restrictive environments of certain nutrients.

The species Jatropha mollissima and Spondias tuberosa 
are not indicated to be used in areas that have poor 
availability of Fe and Mn because of the low efficiency 
of these species, which implies the need for a greater 
amount of these nutrients in order for them to produce 
biomass. As a suggestion, when there is a restriction 
of Fe and Mn in the soil in reforestation programs in 
the Caatinga, species such as Piptadenia stipulacea 
and Senegalia bahiensis can be indicated because they 
present high efficiency of biological utilization.

The nutritional efficiency of the species refers to 
the capacity of nutrient utilization for leaf biomass 
production. This efficiency is specific to each nutrient 
and depends on the essential physiological needs of each 
species (Bündchen et al., 2013). It is recommended, 
therefore, to give priority to species with greater efficiency 
of absorption in less fertile soils (Nunes et al., 2013).

4. CONCLUSIONS

The efficiency of biological utilization of the 
nutrients by the species followed the decreasing order: 
Mn > Cu > Zn > Fe. The species Jatropha mollissima 
and Spondias tuberosa were less efficient in the use of 
Fe and Senegalia paniculata and Croton blanchetianus 

in the use of Zn. In turn, Piptadenia stipulacea and 
Mimosa ophthalmocentra were very efficient in the use 
of Fe and Mn. The nutritional efficiency of the species 
can contribute as a criterion of choice of species in 
forest restoration programs.
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Table 5. Efficiency of biological utilization of Copper, Iron, Zinc, and Manganese in the leaves of the species with 
greatest importance value (IV) in a hypoxerophytic Caatinga fragment.

Species
Cu Fe Zn Mn

____________________________kg g-1___________________________

Mimosa ophthalmocentra 64.00 11.09 a 29.26 a 86.54 b
Poincianella pyramidalis 47.77 9.16 a 35.47 a 99.38 b
Schinopsis brasiliensis 63.63 10.42 a 34.36 a 55.28 c
Senegalia bahiensis 66.33 10.28 a 46.65 a 83.64 b
Senegalia paniculata 57.97 8.54 a 14.79 b 52.49 c
Croton blanchetianus 65.70 9.98 a 13.64 b 24.72 c
Jatropha mollissima 67.38 2.38 b 28.51 a 42.70 c
Spondias tuberosa 74.00 7.16 b 38.04 a 64.18 c
Mimosa tenuiflora 89.63 9.71 a 33.22 a 93.80 b
Piptadenia stipulacea 75.20 9.26 a 25.91 a 149.11 a
Average 67.16 8.80 29.98 75.19
Fcalculated 0.81ns 3.70** 5.96*** 5.45***
CV (%)1 14.99 25.65 23.91 16.09
1Coefficient of variation = Standard deviation/Average x 100. Averages followed by equal letters in the columns do not differ from 
each other at 5% probability level by the Scott-Knott’s test. ** and *** Significant at 1 and 0,1% probability by the F test, respectively. 
nsNot significant.
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