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ABSTRACT

Efficient forest species can be indicated for reforesting environments, which present nutritional restriction. The
objective of this study was to determine the nutrient stock in leaf biomass of the species of greatest importance value
(IV) in a tropical dry forest fragment, as well as to evaluate the nutritional efficiency of these species as reforestation
indicators A phytosociological study of the woody species was carried out defining the ten species with the greatest
IV. Three individuals of each species were selected and sampled, with 25 leaves being collected from the middle part of
the crown of each individualhe N, PK, Ca and Mg contents were determined in these leaves and the leaf biomass
was estimated by an allometric equation, calculating the stock of these nutrients and the nutritional efficiency of the
species. Theschinopsis brasiliensiand Mimosa tenuifloraspecies can be recommended in environments with
restricted Riwvailability, andSpondias tub@sacan additionally be indicated to populate areas with low levels of K and
Mg in the soil. Differences in the nutritional efficiency of the species can be attributed to the differences in the
absorption and translocation capac#éyg well as the utilization of these nutrients.

Keywords: biomass; caatinga; nutritional content; nutrient use.

INTRODUCTION study the stock and part of nutrients or to study nutrient

Plant species are directly related to the soil, seeking?glance and nutrient cycling _(AIveSaI., 2017). .
Leaves are the organs which best reflect the nutritional

find the necessary equilibrium for their establishment, .
which also interferes with species diversity (Sitzl, status of plants (Malavolta, 2006). Thus, the nutritional

2017). Thus, knowledge of the nutritional relation€IcieNcy of the species evaluated by the leaf biomass
between plants and soil is fundamental, especially pyoduction is more adequate than an evaluation through
environments with water restriction, as in dry tropicain® Production of stems and branches, mainly for nutrient
forests. cycling studies (Albuquerquet al, 2018) According to

The nutritional efficiency of plant species expresseHitousek & Sanford (1986), the mineral nutrient content in
by leaf biomass production is determined by thieaf tissues may reflect the seifertility, being useful to
relationship between this biomass and its nutrient stockompare the nutritional condition of different areas.
In forests, the biomass is all of the existing mass or oniedeiroset al (2008) stated that only knowing the s®il’
the tree fraction, also called forest phytomass or trdertility is insufficient for adequate monitoring of the
biomass (Sanquetta, 2002). Biomass can be quantifiednatritional state oplants.

Submitted on March 28 2019 and accepted on Septembef, Z&19.

* This work is part of first author's doctoral thesis with financial supporting of the CAPES and CNPQ.

2 Autarquia de Ensino Superior de Arcoverde, Departamento de Biologia, Arcoverde, Brazil. barbosamd@ig.com.br
¥ Universidade Federal Rural de Pernambuco, Departamento de Agronomia, Recife,f8naaildo.freire@ufrpe.br

“Universidade Federal Rural de Pernambuco, Departamento de Ciéncia Florestal, Recife|utramdrangom@ufrpe.brana.feliciano@ufrpe.brrosival_barros@yahoo.com;br
roseanekarla.floresta@gmail.com

" Corresponding author: fernando.freire@ufrpe.br

Rev CeresVicosa, v 66, n.5, p. 387-394, sep/oct, 2019


https://orcid.org/0000-0002-3264-712X

388 Mozart Duarte Barboset al.

Nutritional efficiency expresses the plants’ ability tdpojuca district in the municipality &rcoverde/PE (Fi-
absorb and utilize nutrients, being efficient when igure 1). The geographic coordinates of the fragment are:
produces more biomass per absorbed nutrient (Calde8201'03.6" South and 34°56'44.1\West, located in
etal, 2004). This biomass production varies with the typklestoregido Sertdo and in the Microregion Sertdo do
of soil, species and environmental factors (Forted., Moxotd in Pernambuco (Martins & Cavararo, 2012).

2013). In fact, knowledge of nutritional aspects becomes In 1949, the northwest side of the fragment suffered
an important tool to understand the establishment deforestation for planting corn, beans and forage palm,
plants in different soil types (Sihat al., 2017). and in 1954, the southeast side was used for tomato

According to Batisteet al (2015), knowing the planting. Starting from 1960, all these areas were
adaptability of a species under low soil fertility conditionpreserved under natural regeneration and grazed by
can provide subsidies for the forest sectmlping the goats and cattle.
forestry worker when choosing the material to be used in The region presents BSh climate type according to
the reforestation, as a lack of knowledge on the nutritionile Koppen classification (Alvares al, 2013), with an
requirements of the species can compromise the succassrage annual temperature of 18.5 °C and mean annual
of native area recomposition projects (Cadbal, 2013). precipitation of 1100 mm (Martins & Cavararo, 2012).

According to Limaet al (2018b) when studied the  The soil of the fragment is classifieddkisol (San-
nutritional efficiency of plants as an indicator of forestos et al, 2013) Soil sampling was carried out by
species for the restoration of forests in Brazil concludezbllecting three simple samples in each of the 40 plots
that the nutritional utilization efficiency may indicate a(10 ~ 25 m) distributed in the fragment to form a
diversified, established, and nutritionally balanced foresbmposite, being performed in two depths (0.0-0.10; 0.10-
fragment, especially when there is a diversifie®.20 m) (Bble 1).
contribution of the species to the nutrient cycling.
Therefore, this study is of great importance, being concise
but essential for the advancement of knowledge in the Leaf sampling was performed in the ten major IV
nutritional relations of species in dry forests. species. These species were determined through previous

Based on these aspects, this study aimed to detergfiudies of phytosociologperformed according to Miller
ne the nutrient stock in leaf biomass of species with tHgombois & Ellenberg (1974). The phytosociological
greatest importance values (IV) in a tropical dry foresitructure of the tree-shrub component was determined in
fragment, as well as to evaluate the nutritional efficienc§0 sample units of 10 m x 25 m (256)mAll tree-shrub

Leaf nutrient sampling and analysis

of these species as reforestation indicators. individuals with circumference at breast height (CBH > 10
cm, at 1.30 m from the soil) were measured.
MATERIAL AND METHODS In the higher IV species, fresh leaves were randomly
o collected at the four cardinal points of each individual,
Characterization of the study area and approximately 25 leaves were removed. Three

The dry tropical forest fragment studied belongs tndividuals of each species were sampled, having the size
the Caatinga Biome and is located on the Cavalcanti fargimilarity and the vegetative development of the

Arcoverde

Pernambuco

Figure 1 Location of the fragment in the municipalityArfcoverde, Pernambuco, Brazil.

Rev CeresVicosa, v 66, n.5, p. 387-394, sep/oct, 2048




Nutrient stock and nutritional efficiency of woody species in dry tropical forest as reforestatiorB89

individuals sampled as repetition selection criterion. Thestimate the leaf biomass of plants in the same biome of
collected leaves were conditioned in paper bags and ghis study

in a forced air circulation oven at a temperature of 65 °C The mean DBH by species was obtained by the sum
until reaching constant weight, and then later crushed the DBHSs of all individuals, divided by the number of
and stored for the chemical analyzes. individuals. The leaf biomass of each species per area (kg

The Ca, Mg, P and K nutrients were extracted by nitrdra') was obtained by multiplying the biomass by the
perchloric digestion. Then Ca and Mg were determinatumber of individuals. The total leaf biomass was
by atomic absorption spectrophotometPwas dosed estimated by summing the biomass of all species (Espig
by colorimetry and K determined by flame photometryet al, 2008).

(Silva, 2009)Also, N was extracted by sulfur digestion

and determined by distillation and titration by the Kjeldahl ~ Stock and nutritional efficiency of species

method (Bdescet al, 1995) Determining the nutrient stock in leaf biomass of each

Leaf biomass of forest species speciles in kg hawas obtained by multiplying the content
(g kg*) by biomass.

The leaf biomasses of the ten species with higher IV Tne nutritional efficiency of the ten largest IV species
were estimated through allometric equations, whichf the fragment was calculated by the ratio between the
establish a relationship between the mean diameter-giaf piomass of the species and the nutrient stock
breast height (DBH) and leaf biomass, according to Silgcumulated in the biomass (Esptal, 2008)

& Sampaio (2008). These equations were adjusted to

Satistical Analyses

. o . . _ The assumptions of normality and homoscedasticity
Table I Chemical characterization and soil particle sizq| evenes test) of the data of content, stock and nutritional

distribution efficiency of the species for N, R, Ca e Mg were met for

Attribute Depth (m) analysis of variance (ANQY), as well as the independence
0.0-0.10 0.10-0.20 was guaranteed with the use of sample casualization (Zar

pH (H,0) 543 543 2010).According to Ferreiraet al. (2012) when the

Ca* (cmol dn?) 4.55 2.88 assumptions of normality of errors, homogeneities of

Mg?*(cmol_ dm?) 2.78 4.60 variances and independence of the residues are verified,

K*(cmol_dm®) 0.47 0.39 the ANOVA is appropriately applicabl&hus, an F-test

Al**(cmol, dm?) 0.10 0.08 was applied at the 5% probability level. When significant,

H+Al (cmol_dn) 6.81 5.86 the means were grouped by the Scott-Knott test at 5%

P (mg drr) 22.19 10.89 probability This test was chosen because it better group

Fe (mg kg) 85.29 80.81 the differences between species, avoiding the excessive

Cu (mg kg') 1.85 1.5 . . .

Zn (mg kg) 5 64 439 numper of letters due to the high quantlty of species

Mn (mg kg?) 511 457 stuc'lle.d.The data We.re analyzed usiA@SISTAT 7.7

SB (cmo) dm?)® 780 787 statistical software (Silva &zevedo, 2016).

CEC potentia{cmol_ dn?)@ 14.61 13.70

CEC effective (cmqldn®)® 7.90 7.95 RESULTSAND DISCUSSION

V (%)@ 53.30 57.40 :

m (%) 1.30 1.00 Leaf biomass

TOC(g kgh)® 15.6 105 The leaf biomass of the largest tree species and shrubs

CO,,. (g kgH)?® 23 1.2 in the fragment varied from 31.6 to 1448.7 kg {&able 2).

CO,,, (g kgh® 1.6 3.2 The tree species that presented the largest biomass were

CO,. (g kgh)® 9.9 55 Poincianella pyramidalisndMimosa ophthalmocentra

HS (g kg")®? 13.8 9.9 followed by the shrub speci€oton blanchetianuand

Sand (g kg) 790 790 Jatropha mollissimaThePiptadenia stipulaceapecies

Silt (g kg') 100 100 had the lowest leaf biomass among the ten evaluated

Clay (g kg 90 20

species (@ble 2).
(1) SB: Sum of base$? CEC potential: Cation exchange capacity ; ; ;
potential;® CEC effective: Cation exchange capacity effectite; The work by Silva & Sampaio (2008) selected nine

V: Base saturatior? m: Aluminum saturation® TOC: Total oganic ~ Caatinga species to establish the models and the allometric
carbon;® CO,,.: Organic Carbon of humic acids fractidh;CO.,..  equations to determine the leaf biomass in plants of this
Organic Carbon of fulvic acids fractiof¥, CQ,.: Organic Carbon of environment from the DBHAmong these selected plants,

the humina fraction!® HS: Humic substance#ll the analytical ) - ] ) .
procedures were according Teixeiraet al (2017). three species are among the ten species with higher IV in
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this study specifically the twcCroton blanchetianuand (2006a) affirmed that N was the element, which presented
Jatropha mollissimahrub species and tlfmincianella the highest levels in the leaf biomass of M&nosa
pyramidalistree species, in addition to two gen&ta  caesalpiniifolialegume in their studies with plants of the
mosaand Schinopsis Fabaceae family in stands located in the forest area region
In evaluating the leaf biomass of five species witln Pernambuco. In the Caatinga forédteset al (2017)
higher 1V in dry tropical forest in a regenerated andlso found the highest levels of N in the leaves of the
preserved arealves et al. (2017) estimated values of plants in both preserved area and in regeneration. In
1,800+ 1,100 to 4,500 + 2,100 kg'heespectivelyFor the studying BFN in native forest species of areas with
Mimosa ophthalmocentrapecies, the authors reportedifferent regeneration times of the Caatinga, Freitad
a leaf biomass of 600 kg fign a preserved area, being(2015) found higher levels of N in legumes of khienosa
lower than that observed in this studiis suggests genus.
that this fragment is in an advanced regeneration stage, P content in leaf biomass varied from 4.71 t0 10.58 g
even though it has been subjected to impactinkg?! and difered among speciesdBle 3).The species
anthropogenic actions. that presented the highest levels of P we&eoton
Biomass in tropical forests may vary according to thelanchetianus Jatropha mollissimaand Piptadenia
degree of conservation, age, forest composition arstipulacea This suggests that anthropic actions, which
various biotic and abiotic factors (Dickost al, 2012; limit the regeneration, growth and establishment of these
Vendramet al, 2012; Scoriza & Pind-Rodrigues, 2014). Irspecies, can compromise the P cycling of this fragment.
Caatinga areas, Sampaio & Freitas (2008) stated that the These results were generally higher than the observed
total biomass in these areas is mainly due to the availabillly Alves et al (2017), who found Reaf levels ranging
of water from 1.7 to 2.9 g kgin the regeneration area and contents
i i . ranging from 1.3 to 2.9 g Kgin preserved area. The P
Nutrient contents in |eaves of forest species levels of this study were also higher than those found by
The N content ranged from 16.98 to 33.32§K@ble Moura et al. (2006a) in the leaf biomass dfimosa
3), constituting similar values to those found by Ribeirgaesalpiniifolia(0.7 g kg' of P), as well as those found
Filhoet al (2007) and Medeirast al (2008), which were py Medeirogt al (2008) in 10 Caatinga tree-shrub species,
26.7t0 35.3 g kgand 16.1to 31.4 g KgrespectivelyNis  where the contents varied from 1.1 to 3.3 g &fP. The
one of the nutrients required in greater quantity by planfagments soil is rich in available Prable 1), mainly on
and which most limits growth (Pintt al, 2011), being the surface, facilitating P absorption and accumulation
used in the synthesis of cellular compounds such 8g the plants, thus explaining the higher levels of P in this
chlorophyll (Malavolta, 2006). study
The N contents in the leaves of the species were higher The K levels ranged from 10.79 to 26.45 ¢ keith
than the other nutrients and did not differ among thigigh species diérentiation (Eble 3).The species with
species. In fact, 60% of the species are Fabacede(T the highest K contents wefroton blanchetianusnd
2), which have the ability to fix atmospherig through  Jatropha mollissimawhile the lowest levels were found
the biological fixation of N (BFN) (Malavolta, 2006). in Spondias tuberosandMimosa tenuiflora Only two
Silvaet al (2018) reported that BFN in tree species ispecies were responsible for the higher K absorption,
responsible for high levels of N in leaves. Moetaal  making them fundamental for K cycling in this fragment.

Table 2 Estimation of leaf biomass of the species with the greatest importance value (1V), family and plant-growth habitats

Species Biomass (kg ha) Family Habitats
Mimosaophthalmocentraart. ex Benth. 1,252.0 Fabaceae tree
Poincianellapyramidalis(Tul.) L.P. Queiroz 1,448.7 Fabaceae tree
Schinopsi®rasiliensisEngl. 142.1 Anacardiaceae tree
SenegalidahiensigBenth.) Seigler & Ebinger 67.5 Fabaceae tree
Senegaliganiculata(Willd.) Killip 57.1 Fabaceae tree
Crotonblanchetianugaill. 233.6 Euphorbiaceae shrub
Jatrophamollissima(Pohl) Baill. 150.4 Euphorbiaceae shrub
SpondiagubeinsaArruda 142.1 Anacardiaceae tree
Mimosatenuiflora(Willd.) Poir. 94.7 Fabaceae tree
PiptadeniastipulaceaBenth.) Ducke 31.6 Fabaceae tree
Total 3,619.8
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The K levels in this study were higher than the found The nutrient content in the biomass varies with the
by Mouraet al (2006a), Medeirost al (2008) and\lves  specificity of each nutrient due to the different levels of
etal (2017).The high levels of soil K @ble 1) may also soil fertility, the nutritional demands of each species and
explain the higher absorptions of this nutrient in thithe age of the forest (Helmisaatial, 2002).
study. The two species that presented the highest levels of

Regarding the Ca contents, it was verified that themdl the nutrients were from the Euphorbiaceae family:
was no difference between the species. The avera@eoton blanchetianuandJatropha molissimavere the
content was 19.70 g Kgof Ca, ranging from 14.35 to two species with the highest nutrient content, suggesting
22.52 g kd (Table 3), therefore being higher than thathat this family may have some adaptive/nutritional
established by Malavolta (2006) (5.0 g'kgn this case, characteristics, such as higher absorption capacity
all species were efficient in Ca uptake as also occurr@doviding higher nutrient contents in their leaves.
with N, suggesting that the responsibility for Ca and N Alvesetal (2017) also found thaatropha molissima
cycling is not only concentrated in a group of speciegxcelled in the absorption of these same nutrients, with
but in all species with higher IV in the fragment. Lieta the exception of Mg. Haridasan (2005) stated that higher
al. (2018b) reported that when the site is of low naturalutrients levels in the plant may indicate greater nutrient
fertility, species do not dér in their ability to absorb availability in the soil, a higher nutritional requirement of
and utilize nutrients. In the case of this stuslyil Ca the species, or better utilization of the nutrient by the
contents are high @ble 1) and the species did notspecies.
differentiate. The species studied by Ligtal (2018b) The differences in the contents and the diversity of
were tropical humid, naturally from less fertile soilsspecies are fundamental, since they confer balance in the
(Turneret al, 2018). mineral nutrition, because species with greater

Working in the same biome (Caatinga), Moatal accumulation capacity of a certain nutrient later make it
(2006a) and Medeirost al. (2008) found Ca contents in available to the species with smaller capacity of absorption
the species that ranged from 6.6 to 9.5 4 &gd 10.0 to by way of cycling, thereby avoiding leaching losses and
30.6 g kg, respectivelyln working in two Caatinga areas thus maintaining an integrated and stable system (etma
(preserved and in regeneratiolyeset al (2017) reported al., 2018b).
leaf contents ranging from 8.3 to 16.9 ¢'legnd 8.0 t0 17.8
g kg, respectively Nutrient stocks in leaf biomass

The Mg and Ca leaf contents did not differ between N stocks in leaf biomass ranged from 0.96 to 34.75 kg
species and varied from 1.61 to 5.88 ¢,kgith a mean of ha?, with a mean of 91lkg ha (Table 4). In working in the
4.04 g kd! (Table 3).The Mg contents of this study were Caatinga regeneration arédyeset al (2017), found N
similar to those found b&lveset al (2017)Accordingto stocks in the leaves of the species varying from 0.64 to
Malavolta (2006), Mg is part of the photosyntheti®23.40 kg ha, and ranging from 5.94 to 59.4 kg*ia a
complex, meaning that it is part of the chlorophyll structurgreserved area. The N stock of the regenerated areas found
with the highest Mg contents commonly being observeoly the authors was lower than of this studile the
in the leaves. stock in the preserved area was higheflecting the

Table 3 Nutrient contents in the leaves of the species with greatest importance value (1V)

. N P K Ca Mg
Species
g kg*

M. ophthalmocentra 27.44 £ 0.96 6.00+0.88b 14.77+0.62cC 15.65 £ 2.71 3.93+1.2%
P. pyramidalis 23.98 £ 2.76 6.39+054b 14.15+0.62c 22.16 + 4.59 1.61+£0.41
S. brasiliensis 19.88 + 0.96 471+0.08b 14.49+1.36¢C 16.59 + 2.85 4.43 + 3.03
S. bahiensis 29.58 + 4.93 6.69+0.14b 17.34+0.81b 19.34 + 8.28 455+ 1.76
S. paniculata 33.32+1.12 6.33+£0.71b 17.44+1.18Db 21.94 £ 6.76 3.27+1.01
C. blanchetianus 25.29 +9.79 10.58 +0.50 a 26.45+1.39a 22.52+4.92 5.81+2.36
J. mollissima 24.09 £+ 0.50 10.27+3.81la 25.85+249a 22.34+4.89 5.88 +1.80
S. tuberosa 21.37 £0.70 556 +0.79b 10.79+2.55d 22.04 +£8.17 2.37+£0.71
M. tenuiflora 16.98 + 8.41 480+0.70b 1258+ 0.54d 20.06 * 6.92 493 +2.92
P. stipulacea 27.53 £ 3.54 8.46+0.15a 19.82+1.28b 14.35 + 8.44 3.71+£1.49
Mean 24.94 + 4.86 6.97 + 1.36 17.36 + 1.46 19.70 £+ 6.31 4.04 £1.95

Means followed by equal letters in the columns belong to the same group by the Scott-Knott test up to the 5% probabititydevel.

significant.

belong to the same group
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greater leaf biomass and the size of the individuals in thiee nutrient stock in the leaves, which will later be
regenerated area. This is a finding that the hypoxerophilieposited in the soil.

Caatinga fragment of this study is in an advanced

regeneration stage. Lodhiyat al. (2002) stated that
nutrient accumulation and distribution in different parts Nutritional efficiency is the ability of species to convert
of the plant are influenced by the climate, species and agetrients, which are absorbed and accumulated in biomass

of the plant.

Nutritional efficiency of forest species

(Espiget al, 2008). Forest species were more efficient in

The species with the largest stocks of N werasing one nutrient than anothEor example, they more
Poincianella pyramidalisndMimosa ophthalmocentra efficiently used Mg > P > K > Ca > N. The usage efficiency
(Table 4), both belonging to the Fabaceae famigb(@ of P, K and Mg difered between speciesafle 5).This
2). In the work carried out kAdveset al (2017), species variation in eficiency may be related to the nutrient’
of this Family Poincianella bracteosand Mimosa availability in the soil or may be an intrinsic characteristic
ophthalmocentrpalso presented higher N stocks.

The Poincianella pyramidalisand Mimosa
ophthalmocentrapecies accumulated the most N in théhe species @ble 5), but it was the most absorbeal(€
fragment, because they presented high leaf biomass B¢rand stored in greater quantity in the planeh(@& 4).
area (1,448.7 and 1,252 kg*haespectively) (@ble 2).
The high leaf production of tHeoincianella pyramidalis evaluating the nutrient utilization efficiency Mimosa
species was also responsible for the higher stocks oftResalpiniifolia Mouraet al. (2006b) observed that N
(9.26 kg ha), K (20.51 kg hd) and Ca (32.11 kg Haof
this species. In relation to Milimosa ophthalmocentra (2017) also observed lower N utilization by species,
presented higher stock (4.92 kg*hérable 2).The high especially when they evaluated the nutrition of species in

absorption capacity of a species may not reflect itegenerated areas.

of the species (Albuquerqe¢ al., 2018).

N was the nutrient which was less efficiently used by

The species did not diér in their N use (able 5). In

was the nutrient used with loweffiefency. Alves et al

importance in nutrient cycling if other variables such as According to Caldeirat al (2002), N is less efficiently
biomass production are not considered. Pbmcianella utilized by the species when compared to other nutrients
pyramidalis and Mimosa ophthalmocentrapecies did due to high leaf contents and internal retranslocation,
not excel in nutrient absorptionglle 3), but produced a returning to the soil through the litterfall and initiating

large amount of leaf biomassafile 2), making them the nutrient cycling.

largest nutrient accumulatorgile 4).

The species used Mg andrere eficiently, meaning

The different nutrient stocks in the leaves may bthat the species showed a high biomass conversion
related to the mobility of the elements within the plantapacity even with low levels of these nutrients in the
(Caldeiraet al, 2007).Alves et al. (2017) reported tissues. Carnevadit al (2016) emphasized that this high
smaller nutrient stocks in Caatinga regeneration areaficiency is related to the role that these nutrients play in
and higher in regenerated areas. This evidences thlant metabolismAccording to Limaet al (2018a), several
importance of preservation, because the more preservedctions occur through dependence between these
the fragment, the greater the amount of biomass andtrients and begin with the role of Mg in the uptake of P

Table 4 Nutrient Sock contents in biomass foliar of the species of greatest importance value (1V)

. N P K Ca Mg

Species
kg hat

M. ophthalmocentra ~ 34.36+1.21a 751+110b 1850+0.78b 19.60+3,40 Db 492+154a
P. pyramidalis 34.75+4.00 a 9,26+0.79a 20.51+0.90a 32.11+ 6,65 a 2.34+£0.60Db
S. brasiliensis 2.83+0.13b 0.66 £0.01e 2.06+0.19e 2.36+0.40c 0.63+0.43c
S. bahiensis 2.00+£0.33b 0.45+0.01e 1.17+£0.05f 1.31+0.56¢ 0.30+0.11c
S. paniculata 1.90+£0.06b 0.36 £0.04 e 1.00+0.06 f 1.25+0.38¢ 0.18£0.06 ¢
C. blanchetianus 591+228b 247+0.11c 6.18+0.32¢c 526+1.14c 1.35+0.54 Db
J. mollissima 3.70+£0.01b 1.54+0.57d 3.89+0.37d 3.36+£0.73 ¢ 0.88+0.27¢c
S. tuberosa 3.04£0.09b 0.79+0.11e 1.53+0.36e 3.13+1.16¢C 0.34+0.10c
M. tenuiflora 1.61+0.79b 0.45+0.07 e 1.19+0.05f 1.90+0.65¢c 0.46£0.27c
P. stipulacea 0.96+0.11b 0.27+£0.005e  0.62+0.04f 0.45+0.26 c 0.11+0.04c
Mean 9.1 £ 1.57 1.61+0.31 5.67 £ 0.44 7.07 £2.46 1.15+0.60

Means followed by equal letters in the columns belong to the same group by the Scott-Knott test up to the 5% probability level.
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Table 5 Nutritional eficiency of the species of greatest importance value (IV)

. N P K Ca Mg
Species
kg kg*

M. ophthalmocentra 36.47 £ 1.26° 168.93+24.57b 67.77+2.84b  65.09 +10.6% 274.18 +95.90 b
P. pyramidalis 42.04 £ 4.55 157.07 £14.03b 70.73+3.09b 46.46 £ 9.78 643.84 + 146.88 a
S. brasiliensis 50.38 £ 2.39 21194 +366a 69.41+6.76Db 61.55+11.12 306.79 + 190.09 b
S. bahiensis 34.49 +6.21 149.49+3.25b 57.74+277c 59.47 +28.08 251.50+ 124.16 b
S. paniculata 30.03+£1.01 159.05+16.93b 57.50+4.07c 48.76 £ 15.80 329.36 + 117.74 b
C. blanchetianus 4510 £ 21.71 94.65+4.42c 37.86+1.98d 46.06 + 11.39 190.00 + 66.86 b
J. mollissima 40.54 £ 0.06 110.26 £ 52.02 ¢ 38.93+3.95d 46.22 + 10.17 179.82 £ 47.59 b
S. tuberosa 46.82 + 1.53 182.47 +28.30b 96.78 +26.49a 50.79 +22.28 446.53 +130.58 a
M. tenuiflora 76.31 +52.86 211.30+30.64a 79.59+351b 54.48 £ 20.49 259.10 + 152.08 b
P. stipulacea 36.75 £ 5.05 118.24 +2.16 ¢ 50.60+3.32¢c 91.92 £+60.32 305.89 +139.62 b
Mean 43.89 + 18.99 156.34 + 24.65  62.69 * 8.89 57.08 + 25.24 318.70 + 132.10

Means followed by equal letters in the columns belong to the same group by the Scott-Knott test up to the 5% probabititydevel.
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