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ABSTRACT

Knowledge of the nutritional efficiency of species can help revegetation of forest areas, guiding the use of species
that best adapt to environmental humidaititude and diversityThe objective of this study was to evaluate the
nutrient utilization efciency of N, PK, Ca and Mg of dominant species in tropical dry forest and rainforest environments.
The work was carried out in two areas, both in Pernambuco state, characterized as: Tropical Dry Forest of Caatinga and
Tropical Rainforest oAtlantic ForestA floristic and phytosociological survey was carried out. Species with highest
density were evaluated, four from the dry forest and three from the rainforest. For each species, leaves of five healthy
individuals of similar size were sampled and nutrient contents were determined. Leaf biomass was estimated by
allometric equations. Rainforest species were more efficient in the use of N and K, and dry forest species in the use of
P and K. In the dry forest environment, the speRiézcarpus spicatugandGuapira opositastored more nutrients,
and in the rainforest, the spec@®luim guianesavas more efficient. These species are essential for the balance of
ecosystems and the continuous and sustainable cycling of nutrients.

Keywords: nutrients stock; caatinga; atlantic forest; nutrient use.

INTRODUCTION to environmental conditions cdre highlighted (Myers
et al, 2000; Cavalcantet al, 2009). The dry forest,

Tropical forest enviroments are globally known as . . . . L
hiah biodi ity sites b th biect to cl represented in Brazil by the Caatinga biome, which is
'gh blodiversity sites because Ihey are subjecto ¢ Ima‘"r?serted in the Brazilian semi-arid region, presents annual

conditions that favor the development and perpetuati%?ecipitations of up to 700 mm, with one or two seasons
of a large number of species (Mittermegeal, 2011). The of drought during the yeatnder temperature regimes

tropical climate, especially due to temperature ant%nging from 17 °C to 35 °C (Reboitaal, 2010; Silveet
humidity, presents more favorable conditions for th%u_, 2010).The rainforest ofAtlantic Forest has
establishment and development of forest species, but ajg@ cipitation varying between 1,000 to 2,200 mm annually
limits their occurrences and thus contributes to thgth temperatures of 19 °C to 26 °C in all its subdivisions.
predominant forest physiognomic identity In the region of Pernambuco state, it presents
Among tropical forests of Northeast Brazil, twoprecipitations up to 1,500 mm and temperatures around 25
distinct formations with compsition and structure related °C (Dasilva & Pinto-da-Rocha, 2011). These formations
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have differentiated leaf sizes and phenological patternsore nutrients, but are scarce due to the lower yields of
determined by the environmental conditions. leaf biomass, and are therefore ledicieit. Another

Both forest formations have high representativenesypothesis is that in drier environments, nutritional
in the Brazilian territory (Mittermeiest al, 2011) and have efficiency is more individualized. Few species are
been subjected to intense disturbances originated fraesponsible for the nutritional efficiency of N, others for P
anthropogenic actions. In the case of dry forest, thend still others for K. In environments of greater diversity
dependence of rural families on energy resources frasnch as in rainforests, the responsibility for nutritional
vegetation has been the most degrading factor (Quesadgply is realized by a larger group of species.
etal, 2009; Chidumayo & Gumbo, 2013). In the rainforest, The objective of this study was to evaluate the
the environment was predominantly impacted by humarutrient utilization diciency of N, R K, Ca and Mg of
pressure per dwelling, the installation of industrial poledominant species in tropical dry forest and rainforest
and extensive sugarcane crops (Stehnetnal, 2009; environments, considering their contents and nutritional
Siminski & Fantini, 2010). stocks in leaf biomass.

However despite degradations, these forests still
have high levels of diversity and endemism. It is WO”“/IATERIAL AND METHODS
mentioning that few areas were protected in
conservation units, making preservation of natural Study areas
genetic resources even more important for the The work was carried out in two areas with different
maintenance of this biodiversity (Burger & Delitti, 2008;typologies, both located in the state of Pernambuco,
Cunhaet al, 2013; CGEE, 2016). Considering the highcharacterized as: Tropical Dry Forest of Caatinga located
number of ecosystem services provided by these foréstthe municipality ofAraripina under the geographic
formations to their environment such as regionajoordinates 07°34'34 “S and 40°29'54" W; and Tropical
temperature regulation, water bodies maintenance aRdinforest oAtlantic Forest, inserted in the territorial limits
nutrient cycling, studies related to these themes apg the metropolitan area of Recife at 8°04'03"S and
fundamental for the maintenance and conservation 84°55'00"W (Figure 1).
these forest formations. For a better understanding of vegetation issues and

However in literature studies that aim to verify thetheir relationships with nutrient cycling, a soil
nutritional performance of species in these two foregharacterization of the study areas was performed, where
formations are incipient, especially regarding the role théie chemical attributes were determined according to the
each species exerts in its natural habitat. In this aspegiethodological procedures describedTieyxeiraet al.
the contribution of leaf biomass is important to understanq@017). Deformed samples were collected in four
the nutritional relations of the species with thexperimental units with dimensions of 10 m x 25 m, where
environment. In Caatinga forest, the phenomenon afsubarea of 8 m x 20 m was considered a useful space for
deciduousness intensifies during the seasons of the ygampling. In each of the four experimental units, five simple
when the water deficit becomes more intense (Lima &amples were collected following a “x” pattern where the
Rodal, 2010; Limat al, 2012) While in theAtlantic forest material was removed near the center and the vertices of
the proximity of the sea coast provides better humidithe useful space and transferred to identified pails where
conditions, together with a better distributed rainfalihey were homogenized. Samples with preserved structure
regime, and they collaborate with the permanence of thgre also collected for determination of soil density using
leaves of a good part of the species during the dry seaspwolumetric ring method at depths of 0-to-5 cm; 5-to-10
(Myerset al, 2000). cm and 10-to-20 cm @ble 1).

The efficiency of a species in terms of nutrient uptake For the studyspecies with the highest absolute density
relates the amount of biomass produced to the quantidyd with joint occurrence in at least four of the plots used
of nutrients stored (&hlet al, 2013 Albuquerqueetal, for the phytosociological study were evaluated.
2018). Knowing the nutritional efficiency of the specie€onsidering these conditions, it was possible to select four
can help revegetation of forest areas, guiding the usegpecies for the dry forest and three species for the rainforest,
species that best adapt to environmental humiliijude among 10 dominant species of each arahl€r?).
and diversityas is frequently reported in tropical forest ] ]
areas (Santana & Souto, 2011). Estimate of leaf biomass

Our hypothesis is that the content, stock and Leafbiomass average was estimated for each species
nutritional efficiency should vary between species angkg individual') and area (kg . The equations used
between different forest environments. The dry forestere proposed by Silva & Sampaio (2008) for the dry forest
species, with less diversity than rainforests, accumulaé®d Chavet al.(2014) to the rainforest.
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Quantification of foliar biomass per area in kgt  Ca and Mg by atomic absorption spectrophotometry
species was obtained by the sum of biomasses @kixeiraetal, 2017).
individuals of each species. This measurement was carried Nutrient contents were expressed in gtkhe stock
out in 20 plots with dimensions of 10 m x 25 m (25) m was calculated by multiplying the nutrient content by leaf
totaling 5,000 ry extrapolating the values to 10,0080 m biomass of the species (kghaThe nutritional efficiency
(Espiget al, 2008) (Rble 3). was obtained by the ratio between leaf biomass and nutrient

. . . stock in and expressed in kgk@arroset al, 1986).
Nutrient content, nutrient stock and nutritional

eff|c|ency of SpeCIES Statistical anaJySIS

For each species, five healthy individuals of similar Data were tested for normality and homoscedasticity
size were identified and georeferenced. Leaves of recéfsumptions required for analysis of variance (ARDV
maturity were sampled in these individuals, collected iHSINg Shapiro-Wk (Shapiro &Wilk, 1965) and Levene
the middle third of the plant (crown) in the four cardina{Brown & Forsytre, 1974) tests, respectiveipth at a
points, forming a composite sample. The leaves were driBipbability level of 5%.
in a forced air circulation oven, minced iwéley mill and Subsequent|yanANOVA was performed considering
stored for nutrient determination (N, R, Ca and Mg). the F test at 5% probability level. When significance was
Extraction of N and P was performed using sulfuri@bserved between the effects, the means were analyzed
digestion. Determination of N occurred by distillation andy the Scott-Knott test at a probability of 5%, using the
titration according to the Kjeldahl methoceflescetal, SAEG statistical package (Euclydes, 2007).

1995). P was dosed by colorimetry (Braga & Defelip
1974). For K, Ca and Mg, samples were digestedolﬁESULTSAND DISCUSSION

microwaves using wet digestion: 0.2 g of dry plant materiafutritional characterisi cs of tropical dry forest

5 mL of nitric acid and 5 ml of hydrogen peroxide were Species

used. Digester was set to a maximum power of 800 Species of the tropical dry forest presented foliar
with a temperature of 160 °C for 30 minutes (elapsed timmautritional contents in the following decreasing order: N
of digestion). K was measured by flame photometry arelK > Ca > Mg > RFigure 2A, B, C, D and EAlveset al.
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Figure 1: Geographical location of tropical dry forest and rainforest in the citidsaoipina and Recife in Pernambuco, Brazil.
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(2017) observed similar behavionly with Ca being more N contentGuapira opositgpresented the highest content
absorbed than Mg. of N, showing a content around 33% higher than the

Pilocarpus spicatusvas the species that presentecverage of the other species, but showed little content of
the highest leaf content of 8howing a content around K. Species did not differ in Ca conte@roton limae
30% higher than the average of the other species, besidbswed less Mg than the other species (Figure 2A, B, C,
having also high content of K. Howeyémpresented low D and E).

Table 1:Location, climatic, vegetative and soil characterization in tropical dry forest and rainforest, in Pernambuco, Brazil

Tipology/Ambiente Dry Forest (Caatinga) Rainforest (Atlantic Forest)
Location Araripina, Pernambuco Recife, Pernambuco

Area 20 ha 25ha

Climate BShw™ As’?

Elevation 847 m 40m

Precipitatiofd < 700 mm yea¥ ~1500 mm yea¥
Temperature 23to 27 °C 258 °C

Domairt FTS FODTB®
Phytophysionomy ArbustiveArboreal Caatinga Atlantic Forest

AD (ni hat)” 1288 970

H’ (nats ha) 2.32 3.66
Soil/Classificatioh DystrophicYellow Latosol (Oxisol) DystrophicYellow Latosol (Oxisol)
Soil chemical attributeéemh) 0-5cm 5-10cm 10-20cm 0-5cm 5-10cm 10-20cm
pH (H,0) 5.07 4,92 491 4.75 4.58 4.47
Ca?(cmol dm® 0.46 0.29 0.24 0.34 0.24 0.16
Mg*?(cmol, dn® 0.10 0.09 0.03 0.10 0.09 0.07
K*2(cmol, dnm?® 0.08 0.08 0.07 0.09 0.09 0.09
Al*3(cmol dm?® 0.03 0.03 0.03 0.53 0.51 0.50
(H+Al) (cmol dm® 3.26 3.18 3.05 3.18 4.29 4.54
P (mg dn?) 2.30 2.07 2.61 2.56 2.34 2.06
CEC, nia (CMoO, drr3)1° 3.90 3.64 3.39 3.27 2.74 2.38
CEC cive(Cmol drrtt 0.67 0.49 0.37 1.40 0.91 0.82
V (%)*2 16.41 12.64 10.03 26.60 14.59 13.44
m (%)= 4.47 6.12 8.11 37.85 56.04 60.97
N (g kg? 0.43 0.34 0.29 0.40 0.38 0.33
Ds (g cm4 1.39 1.59 1.70 1.48 1.55 1.60

1 Climate of low-latitude hot steppes and altitude or hot semi-arid cliri@tepical moist climate with rainfall from autumn to winter
(Alvares et al, 2013);3(Reboitaet al, 2010; Dasilva & Pinto-da-Rocha, 201#)BGE (2012);°Dry tropical forest;’Lowlands Dense
Ombrophilous Forest:Absolute density (number of individuals Ha®Shannon-Wiener diversity indeXSantoset al, 2013; Soil Survey
Staff, 2014);*°Potential cation exchange capacitiEffective cation exchange capacitySaturation by Basesd?Saturation by aluminum;
1Soil bulk density

Table 2: Characterization of the species from tropical dry forest and rainforest in Pernambuco, Brazil

BotanicalFamily Deciduity AD!(Ind. ha?) RD?(%) AF3%)

Species
Dry Forest
Croton limae A.P. Gomes, M.FSales FE. Berry  Euphorbiaceae Deciduous 236 18.32 95
Guapira oppositdVell.) Reitz Nyctaginaceae Deciduous 310 24.07 95
Metrodorea mollisTaub. Rutaceae Non-deciduous 232 18.01 95
Pilocarpus spicatud. St.-Hil Rutaceae Non-deciduous 102 7.92 70
Rainforest
Brosimum guianens@ubl.) Huber ex Ducke Moraceae Deciduous 77 7.94 60
Dialium guianenséAlbl.) Sandwith Fabeceae Deciduous 20 2.06 35
Helicostylis tomentos@Poepp. & Endl.) Rusby Moraceae Non-deciduous 104 10.72 75

1Absolute density = (individuals number of the species i/fRglative density = (individuals number of the species i/total individuals
number) x 100 (Mueller-Dombois & Ellemberg, 197#)psolute frequency = (plots number that occurred for a given species/total plots
number) x 100.
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High N contents in species may be due tefficient in the absorption of nutrients, even in adverse
decomposition of @anic matterwhich intensifies in the conditions (soil naturally poor), being able to contribute
wet period in dry forest environment (Sileeal, 2018). It  with a vegetal material of better nutritional quality when
is also worth mentioning that this forest is located in thénere is foliar abscission.

Araripe plateau, where the rainfall regime is higher than in  The nutritional efficiency of the species followed the
lowland areas. Freitast al (2010) reported that rainfall following decreasing order: P > Mg > K > Ca > N (Figure
intensifies decomposition of ganic matterincreasing 2K, L, M, N and O)Guapira opositavas more efficientin
the availability of N. the use of K (Figure 2M), demonstrating the relevance of

The contents of N and P showed that only one specittgs species to the nutritional sustainability of the forest,
was responsible for the highest contents of thesad Croton limaewas more efficient in the use of Mg
nutrients:Guapira opositdor N andPilocarpus spicatus (Figure 20). The species differed little in the use of N, P
for P (Figure 2A and B). For K, Ca and Mg the specieasnd Ca (Figure K, L and N). The responsibility for
were grouped and more than one species was responsihléritional efficiency was of more than one species. The
for the high contents of these nutrients (Figure 2C, D aqpbpulation should not exhibit evidence of
E). The species’ strategies for nutrient uptake may lmonodominance.
different depending on site characteristics (Esigl, Species that presented lower nutritional contents
2008), in addition to their specific genetic abilities (JewellFigure 2A, B, C, D and E)) were more efficient in using
et al, 2016). Therefore, it is suggested that these spectbgse nutrients (Figure 2K, L, M, N and O). Content and
have similar functional strategies for K, Ca and Mgefficiency present an inverse relationship with the forest
absorption, considering the low levels of these nutrientgpe, as verified in studies Byveset al. (2017), for the
in the soil (Bble 1), a common feature in tropical soildry forest environment, and Espa al. (2008), for
with low natural fertility (Santana & Souto, 2011). Thisrainforest. Environments with low nutritional availability
did not occur with the contents of P and K, where onlysually have species with high efficiency of nutrient
one species stood out for P and another for K. utilization (Limaet al.,2018), providing better utilization

The P and K contents of the species in this study ané soil natural resources.
lower than the proposed by Faquin (2002) for forest . . L , .
essences. Santes al (2015) evaluated dry forest soil Nutritional characterlstlgs of tropical rainforest
and found little availability of Pevidenced by low Species
contents of P in species. The species presented adequatd he species presented the following decreasing order
contents to those suggested by Faquin (2002) for nutrie@sutritional contents: N > K > Ca > Mg >$tmilar to that
Ca and Mg, demonstrating ability to absorb thes®und by Espigt al.(2008), when evaluated the nutrient
nutrients. content in ten species of greater value of importance in

Pilocarpus spicatusind Guapira opositgpresented the same fragment.
the largest stocks of nutrients, being responsible for 26 Species presented similar contents of N and P in the
and 42% of the N stock; 36 and 32% of P stock and 41 ai@pical rainforest (Figure 3A and B). The high demand of
17% of K stock; 40 and 30% of Ca stock and 36 and 33bbplants (Kurpp&t al, 2010), as well as the low availability
Mg stock, respectively (Figure 26 H, | and J)This of Pin tropical soils (&ble 1) may justify this behavidn
effect was influenced by the high leaf biomass of thedbis case, there was not a single species responsible for
species when compared to the other speciabl¢T3). the highest contents of these nutrients. The contents of
Other studies in similar forests showed this same behavi§rand Mg of theBrosimum guianenseaching 49 and
(Alvesetal, 2017). 46% of the total contents found, respectively (Figure 3C

Given the expressiveness of nutritional stocks of,N, rnd E).

K, Ca and Mg ofPilocarpus spicatusand Guapira According to Espiget al (2008), the diversity of
oposita it can be inferred that these species are essensigiecies and their diverse nutritional contents provide
for the nutritional balance of this ecosystem. Thereforautritional sustainability for ecosystems. Species that have
any anthropic impacts that may lead to the suppressibigher levels of nutrient storage can help in the demand
of these species may pose risks to the entire communitfythose species that are poorly nutritionally efficient,
of the forest fragment. In addition, species with sucminimizing losses and contributing to the perpetuation of
characteristics in a tropical dry forest environment caifie ecosystem services provided by the forest.

serve as basis for restoration strategies and sustainableWith the exception of Cdialium guianensevas the
forest management plans, which rarely consider trgpecies that most stored nutrients, representing 51, 49, 39
nutritional sustainability of environments in which theyand 45% of N, PK and Mg, respective]yf the amount

are proposing intervention. Considering that they werored by the species (Figure @H | and J). Leaf biomass
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Figure 4: Content (A, B, C, D and E), stock, (G H, | and J) and nutritionalfégiency (K, L, M, N and O) of N, K, Ca and Mg
in species of tropical rainforest in Pernambuco, BrAzibrages represented by the same letter among species dderdiydihe
Skott-Knott test at 5% probability
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Table 3: Foliar biomass of the species from tropical dry forest and rainforest in Pernambuco, Brazil

) Total DBH!? BWD?2 Leaf biomass
Species -
Heigth (m) (cm) (g cnmd) (kg plant?) (kg ha?)
Dry Forest
Guapira opposita 3.97 5.41 0.664 1.05 247.80
Croton limae 4.30 4.10 0.706 0.65 201.50
Metrodorea mollis 3.90 4.45 0.789 0.78 180.96
Pilocarpus spicatus 3.74 3.88 0.799 3.44 350.88
Total 981.14
Rainforest
Brosimum guianense 13.88 13.41 0.843 10.08 773.85
Dialium guianense 19.15 28.46 0.896 83.62 1,642.40
Hellicostilys tomentosa 13.31 10.89 0.615 7.78 809.12
Total 3,225.37

Diameter at breast heighiBasic wood density (Chavet al, 2009), used in the allometric equation of Chavel (2014);°The values
of leaf biomass correspond to 5% of the total biomass according to @hake(2014).

of this species was the factor that contributed the mostabtropical dry forest speciesdlle 3), contributing directly
this result, showing the highest values per individual artd the higher nutritional stock in that forest (Figure@F
per environment @ble 3). H, | and J), noting that in rainforests there is a greater
Biomass influences nutritional stocks because it hasstock of nutrients stored in its aerial biomass (Lénal,
direct relationship with nutrients content. In this study2018). Itis noteworthy that in the rainforest we evaluated
the biomass estimate &fialuim guianensavas higher three species, while in the dry forest we performed
when compared to the estimated by Esgigl. (2008). evaluations in four species, which corroborates with the
Biomass estimation using the equation proposed by ChaWiferentiation between the foliar biomasses in the two
et al.(2014) is more judicious than the one by Godlegl.  environments when compared. It is necessary to consider
(1978), used in the study by Esgigal. (2008), since it that environmental conditions are determinant in both
includes more variables in this estimate such as heigbibmass production and nutrient stock.
and basic wood density Tropical dry forest species were more efficient for P
The nutritional utilization efficiency of tropical and K and less efficient in nutritional utilization of N and
rainforest species presented differences for K and Ca, wig than tropical rainforest (Figure 4K, L, M and O). The
Dialuim guianenseshowing the best utilization Ca presented similar results for the two environments
efficiencies for these nutrients (Figure 3K, L, M, N and O)Figure 4N)Although both forests have low soil nutrient
For this reasonDialuim guianensds presented as the contents, especially for Plable 1).The acidity and
most relevant in nutritional dynamics of this area. Certainlputrient leaching caused by more frequent rainfall in
their nutritional characteristics contribute significantly tgainforest can justify this lower fegiency. Additionally,
the nutritional sustainability of this forest ecosystemn the rainforest\l contents in the soil were higheref@le

considering their performance linked to its biomas$)- It should be emphasized that studies aiming to explain
amounts. nutritional dynamics between distinct forest environments

are rare and important.
- The rainforest species presented P and K luxury
rainforests consumption, even though there were favorable conditions
Nutritional contents of N and Mg of species in thdor P fixation and K leaching in this environment. Turner
tropical dry forest were higher than the nutrient contents al (2018) showed that the pervasive species-specific
of the tropical rainforest (Figure 4sd E). Howevethe phosphorus limitation does not translate into a community-
P and K contents of species were higher in the rainforeside response, because some species grow rapidly on
(Figure 4B and C). The Ca content of species was similarfertile soils despite extremely low phosphorus
in both forests (Figure 4D). The two forests presented tlawailability. However in dry forest species, these same
same decreasing order for the nutritional contents in theiutrients are the most limiting, showing that only P content
species:N>K>Ca>Mg =P in tropical forests should not be primarily responsible for
The combined biomasses of tropical rainforest specib®mass production in these forests. Other indicators are
were around three times higher than the sum of biomassesded, such as incredsgater availability

Nutritional characteristics of tropical dry and
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CONCLUSIONS Chave J, Réjou-Méchain M, BurquAz Chidumayo E, Colgan MS,
Delitti WB & Henry M (2014) Improved allometric models to

The species of the rainforest presenting higherestimate the aboveground biomass of tropical trees. Global
efficiency of N and Mg utilization, and dry forest species ©"an9e Biology 20:3177-3190.
in the use of P and K. In the dry forest environment, tHel'dumayo EN & Gumbo DJJ (2013) The environmental impacts

iepil . dG . . d of charcoal production in tropical ecosystems of the world: a

SpeciesTiiocarpus splcat_uan - uaplr_a oposnastore synthesis. Energy for Sustainable Development, 17:86-94.
Iarger amo_unt_s of r_lutrlents in their blomass.. In th8unhaAPM, Alvala RC & Oliveira GS (2013) Impactos das mu-
rainforestDialuim guianeseroved to be relevantinthe  gancas de cobertura vegetal nos processos de superficie na re-
nutritional efficiency of all nutrients. Therefore, these gido semiarida do Brasil. Revista Brasileira de Meteorologia,
species are essential for the balance of ecosystems arf:139-152-
the cycling of nutrients not only due to nutrient utilizationPaSilva MB & Pinto-da-Rocha R (2011) Histéria biogeografica
da MataAtlantica: opilides (Arachnida) como modelo para sua

but also because they are dominant in these fOrma‘tloﬂsl‘nferéncia. In: Carvalho CJB & EABImeida (Eds.) Biogeografia

da América do Sul - Padrdoes & Processos. Sdo Paulo, Roca.
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