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Production and composition
of litter from umbu
tree genotypes

Abstract — The objective of this work was to evaluate the litter yield and
the accumulated nutrient concentrations and amounts in the litter of umbu
tree genotypes from different origins. The experiment was carried out in
a completely randomized design with 14 treatments, during the 2020-2021
season, using 13-year-old trees at the time. The genotypes BGU-44, BGU-45,
BGU-47, BRS-48, BGU-50, BGU-75, BRS-68, EPAMIG-03, EPAMIG-04,
EPAMIG-05, EPAMIG-06, EPAMIG-07, EPAMIG-09, and EPAMIG-13
were evaluated, with three replicates, each one composed of one plant per
plot. Yields and accumulated nutrient concentrations and amounts in the
litter varied between genotypes. The decreasing order of macronutrient
concentrations in the litter was Ca>N>Mg>K>S>P, and of micronutrients
and Na was Fe>B>Mn>Na>Zn>Cu. The accumulated amounts of nutrients
are more associated with the litter yield of the genotypes than with nutrient
concentrations, since the concentrations varied little. The genotypes BGU-61,
EPAMIG-07 and EPAMIG-06 express the highest litter yield and the highest
accumulated nutrient amounts, while EPAMIG-05, BGU-75, BGU-44, BGU-
50, and BGU-45 show the lowest accumulated nutrient amounts.

Index terms: Spondias tuberosa, acessions, fertilization, nutrient cycling.

Producao e composicao de serrapilheira
de gendétipos de umbuzeiro

Resumo — O objetivo deste trabalho foi avaliar a produtividade, os teores
e as quantidades acumuladas de nutrientes em serrapilheira de genotipos
de umbuzeiro de diferentes origens. O experimento foi realizado em
delineamento inteiramente ao acaso com 14 tratamentos, durante a safra
2020-2021, tendo-se utilizado plantas de 13 anos a época. Foram avaliados os
genotipos BGU-44, BGU-45, BGU-47, BRS-48, BGU-50, BGU-75, BRS-68,
EPAMIG-03, EPAMIG-04, EPAMIG-05, EPAMIG-06, EPAMIG-07,
EPAMIG-09 ¢ EPAMIG-13, com trés repeti¢des compostas de uma planta por
parcela. As produtividades, teores ¢ quantidades acumuladas de nutrientes
da serrapilheira variaram entre os genétipos. A ordem decrescente da
concentragdo de macronutrientes foi Ca>N>Mg>K>S>P, e a de micronutrientes
foi Na, Fe>B>Mn>Na>Zn>Cu. As quantidades acumuladas de nutrientes
estdo mais associadas as produtividades de serrapilheira dos genétipos do
que a concentracdo de nutrientes, ja que as concentragdes variaram pouco.
Os gendtipos BGU-61, EPAMIG-07 ¢ EPAMIG-06 expressam maiores
produtividades de serrapilheira e quantidades acumuladas de nutrientes,
enquanto EPAMIG-05, BGU-75, BGU-44, BGU-50 e BGU-45, menores.

Termos para indexacdo: Spondias tuberosa, acessos, adubagao, ciclagem de
nutrientes.
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Introduction

Umbu (Spondias tuberosa Arruda) is a fruit tree
endemic to the Caatinga biome in Northeastern
Brazil, which is tolerant to drought because of its
morphophysiological adaptations that include water and
nutrient-storing tubers, osmotic adjustment, leaves with
high stomatal resistance, senescence, and leaf abscission
during the dry season (Lima Filho & Aidar, 2016). These
traits contribute to increase the water use efficiency
(Santos et al., 2021b; Donato et al., 2022a) and enable
the species to be cultivated under rainfed conditions.
These facts constitute an important “technology” for
the plants coexistence the semiarid conditions because
of the scarcity of water resources that characterizes the
region (Sudene, 2017). The water-limiting conditions
can be worsened also by climate variability and the
growing conflict among the multiple uses of water.

The exploitation of umbu tree has been more
focused on extrativism aiming at selling its fruit for
fresh consumption in urban centers. Recently, the
participation of processed umbu products has increased
through initiatives of associations or cooperatives of
fruit collectors and/or family farmers (Fruto..., 2019;
Boletim.. ., 2023).

However, in the last two decades, commercial
orchards were established with umbu tree genotypes
bearing large fruit (between 50 and 75 g) and giant
ones (over 75 g) (Donato et al., 2024), which have been
prospected and selected by research institutions such as
Embrapa and Epamig (Donato et al., 2019b). These crops
were spread further across Bahia state and the north of
Minas Gerais state, thus requiring the development of
crop management technologies (Donato et al., 2019c¢)
and fertilization programs (Donato et al., 2022b).

Particularly important for umbu trees is the nutrient
cycling — such as the biochemistry between leaves,
tubers, flowers, and fruit, as well as the geochemistry
of washed nutrients from leaves to the ground, and
the biogeochemistry of decomposing litter to the
roots (Donato etal., 2019a, 2022b). In the litter, the
accumulated amount of nutrients that may return to
the plant through cycling may vary with the accession,
mostly depending on the nutrient content and canopy
size (Santos et al., 2020; Donato et al., 2022b; Donato &
Neves, 2023).

The litter is responsible for retaining large quantities
of nutrients, constituting an important way for mineral
elements from vegetation to return to the soil, and the
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composition and quantity of these elements can vary
depending on the time of the year, collection location,
temperature, humidity, initial quality of the forming
material, and soil organisms (Godinho et al., 2014).
Elements that are part of the plant structure, such as Ca,
are found more in the litter than mobile elements, such
as K, which is not part of molecules and is easily washed
away (Godinho et al., 2014). Even the management under
the canopy, without weeding, favors the accumulation
of organic residues on the soil surface, promoting the
soil fertility and the productivity of plants (Morais
et al., 2020). Cycling plays an even more crucial role in
times of high input prices, particularly fertilizers, since
nutrient cycling can reduce the dependence on external
inputs, which is essential to the environmental and
financial sustainability of crops commonly grown by
family farmers.

Inastudy ontherate of retranslocation or biochemical
cycling of nutrients between new and senescent
leaves of umbu trees, Santos etal. (2020) found
differences in rates between genotypes and cycles,
and the following decreasing order of retranslocation:
K>P>N>Mg. However, there is a demand for data on
the quantity produced, nutrient levels accumulated in
litter, and whether there are differences between umbu
genotypes. This is important to estimate the theoretical
biogeochemical cycling of nutrients and their possible
contribution to the nutritional economy.

The objective of this work was to evaluate the litter
yield and accumulated nutrient concentrations and
amounts in the litter of umbu tree genotypes.

Materials and Methods

The experiment was carried out at the umbu tree
genotype collection of Instituto Federal de Educagao,
Ciéncia e Tecnologia Baiano (IF Baiano), campus
Guanambi, in the state of Bahia, Brazil (14°17'32"S,
42°41'34"W, at 547 m altitude). According to the
Koppen-Geiger’s classification, the climate is hot
and dry semiarid, with a well-defined dry season
in the winter and a rainy period between October
and March. The main meteorological data from the
experiment site are shown in figure 1. The average
annual precipitation is 671.5 mm, and the average
annual temperature is 26°C, considering the last
41 years, according to data recorded at the Ceraima
meteorological station Codevasf (1982-2006) and
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Figure 1. Daily meteorological data recorded during the experimental period. A, maximum temperature (T,,.), minimum
temperature (T,,), and thermal amplitude; B, precipitation (P) and average relative humidity (RH); C, reference
evapotranspiration (ETo); D, maximum (VDPmax) and average vapor pressure deficit (VDP,...); E, average wind speed
(WS,ean) and gust (WS,,); F, global normal irradiance (GNI). Data from the automatic meteorological station at IF Baiano,

in G

uanambi, BA, Brazil, from 07/01/2020 to 06/30/2021.
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at the automatic meteorological station of IF Baiano
(2007-2023), located 100 m from the experiment.
The precipitation during the experimental period was
693.40 mm, with 365.74 mm concentrated between
October and December 2020, and 327.66 mm between
January and June 2021 (Figure 1).

The soil in the experimental area is classified as
Latossolo Vermelho-Amarelo, which is equivalent to
Oxisol (Soil Survey Staff, 2014) and has a medium
texture. Chemical characteristics were determined
according to Claessen (1997). The soil is currently
eutrophic, with base saturation between 60% and 80%,
pH with weak acidity to weak alkalinity, low potential
acidity, very high K levels, high Ca and Mg levels,
medium to high P levels, and medium cation exchange
capacity (CEC) (Table 1).

The work was performed during the 2020-2021
season, using 13-year-old trees at the time. The area
was established in 2007, in 8x8x8 m spacing in a
quincunx (180 plants ha'). Crop practices, including
fertilization, pest and disease control, mowing,
pruning, and removal of shoots from the rootstock
followed recommendations by Donato et al. (2019¢).

The experiment was carried out in a completely
randomized design, with 14 treatments (umbu tree
genotypes) and three replicates of one plant per
plot. The genotypes originate from the counties, in
parenthesis, of the following Brazilian states: Bahia
— BGU-44 (Anagé), BGU-45 (Brumado), BGU-47
(Sao Gabriel), BRS-48 (América Dourada), BGU-
50 (Santana), and BGU-75 (Macaubas); and in the
north of Minas Gerais state — BRS-68/EPAMIG-01
(Lontra), EPAMIG-03, and EPAMIG-05 (Porteirinha);
EPAMIG-04 (Janatba), EPAMIG-06, EPAMIG-07
and BGU-61 (Januaria), EPAMIG-13 (Mamonas)
(Donato et al., 2019b).

The Empresa de Pesquisa Agropecuaria de Minas
Gerais (Epamig) has named the genotypes collected in
the north of Minas Gerais, deposited in the collection
of umbu tree genotypes of EPAMIG North, located
in the municipality of Nova Porteirinha, in the state
of Minas Gerais. BGU refers to accessions collected
throughout the Brazilian Semiarid region, deposited at
the active germplasm bank of umbu tree of Embrapa
Semiarido, located in the municipality of Petrolina,
in the state of Pernambuco; BRS refers to cultivars
registered by Embrapa (Santos et al., 2021a).
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Table 1. Soil chemical attributes from samples collected at 0-0.2 m soil depth, in each of the 14 umbu tree genotypes.
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Litter quantification from collections of different
treatment was carried out at 30, 80, and 105 days
after placing the collectors on March 17, 2021, with an
interval defined according to the apparent litter amount
deposited on the collectors. Two collectors were placed
per plant on wooden quadrants, which consisted of a
square-shaped frame measuring 1.00x1.00x0.15 m,
whose bottom was covered by a nylon screen of 1.00
mm? mesh (Brito et al., 2017). The collection period
corresponded to the phenological stages of senescence
and leaf abscission, followed by fruit harvest.

At each litter collection, the fresh mass was
determined, followed by drying in an oven at 65°C
until constant mass was attained. Dried samples from
the last collection were placed in paper bags and
sent to the soil laboratory of Epamig North, in Nova
Porteirinha, in Minas Gerais state. The samples were
ground in a Wiley mill and passed through a sieve of
1 mm? mesh for level determinations of P, K, Ca, Mg,
and S (g kg'), and Cu, Fe, Mn, Zn and Na (mg kg")
(Malavolta et al., 1997).

Dry matter contents (DMC) were determined
from the values of fresh (FLM) and dry (DLM)
masses (g). With the totals accumulated in the three
collections, litter yield (kg m?) of fresh (FLY) and
dry (DLY) masses, fresh (FLR) litterfall rate (t ha’
per month), fresh (FLR) and dry matter (DLR), and
the accumulated quantities (Q) of macro (kg ha™') and
micronutrients (g ha') in the litter, considering the dry
matter contents and productivity, were determined.

The obtained data were subjected to the Shapiro-
Wilk’s normality test and to the analysis of variance.
The means were grouped using the Scott-Knott’s
criterion, at 5% probability.

Results and Discussion

Except for K content, the other variables — fresh
(FLM) and dry (DLM) leaf masses, dry matter content
(DMC), fresh (FLY) and dry (DLY) litter yields, fresh
(FLR) and dry (DLR) litterfall rates, accumulated
nutrient concentrations and amounts (Q) in the litter
— varied in accordance with the umbu tree genotypes
(p<0.05) (Table 2). This fact is justified by the genetic
variability (Oliveira et al., 2004) associated with the
ecoregions of origin of the genotypes (Santos et al.,
1999; Balbino et al., 2018).

In addition to the difference between canopy sizes
(Donato et al., 2022b; Donato & Neves, 2023), and,
therefore, between amounts of material that makes up
the litter, there is a difference between genotypes for the
content of elements in the leaves (Santos et al., 2020).

For the variables FLM, FLY, and FLR, the highest
values were recorded for the EPAMIG-07, BGU-61
and EPAMIG-06 genotypes, and the lowest values
were observed in EPAMIG-05, followed by BGU-75
and BGU-50 (Table 3). These results may be associated
with the larger canopy area in the EPAMIG-07,
BGU-61, and EPAMIG-06 genotypes whose values
were 37.24, 39.04, and 36.83 m? respectively, in
comparison with EPAMIG-05 that showed a smaller
canopy area (26.89 m?) when evaluated at 12 years of
age (Donato & Neves, 2023). A greater canopy area
suggests a greater quantity of leaves present on the tree
and on the ground after abscission. However, there are
exceptions, such as BGU-75 (45.05 m?) and BGU-50
(40.69 m?) that expressed larger canopy areas.

Additionally, = EPAMIG-07, BGU-61, and
EPAMIG-06 originate in Januaria, which is a
municipality (in Minas Gerais state) located on
the border of the Brazilian Semiarid, with higher
average of annual precipitation of 934.2 mm (Inmet,
2023); therefore, these genotypes may have a greater
probability of showing trees with larger canopies. In
contrast, EPAMIG-05 originates from Porteirinha, in
Minas Gerais state, and is amunicipality with the lowest
average rainfall in this state, according to a historical
series from 1941-2012, showing only 650 mm annual
average precipitation (Fonseca & Santos, 2020).

The canopy area is a varietal characteristic, including
the influence of rootstocks (Donato et al., 2019a; Donato
& Neves, 2023), but with environmental influence.
However, 'BRS-68' originating from Lontra, Minas
Gerais state, close to Januaria, shows a canopy of 36.08
m? (Donato & Neves, 2023), which is close to the values
recorded for EPAMIG-07, BGU-61, and EPAMIG-06,
but with medium litter masses. This fact suggests that
the genotypic differences with phenotypic expression in
leaf shape and size can influence the total amount of
litterfall, in addition to canopy size.

Phylogeography studies showed that ecogeographic
regions may have modeled the population structure
of the species, resulting in genetic differences,
for instance between the Caatinga and interfaces
(Balbino et al., 2018), such as between Januaria and
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Porteirinha regions, both in the state of Minas Gerais,
and Macaubas, in the state of Bahia. This variability
(Oliveira etal., 2004) can determine phenotypic
differences for across ecoregions for fruit types
(Santos et al., 1999), as well as for canopy architecture,
diameter, and height (Donato & Neves, 2023), which
explains the differences in the litterfall produced by
the genotypes.

For DLM, DLY and DLR, the highest values
were observed in the EPAMIG-07, EPAMIG-06,
BGU-61, EPAMIG-13, and EPAMIG-04 genotypes.
Overall, EPAMIG-05 and BGU-75 expressed lower
values for mass, litter yield, and litterfall rates. The
lowest dry matter content was recorded for BGU-44,
and the highest values were recorded for BGU-50,

S.LR. Donato et al.

EPAMIG-03, EPAMIG-04, EPAMIG-13, BGU-75,
BGU-45, EPAMIG-07, EPAMIG-06, and BGU- 47.

In summary, the amount of litter produced can be
influenced by species (Abreu et al., 2023), cultivars
(Brito etal., 2017), and local climatic conditions
(Abreu et al., 2023), with special accumulation in the
Caatinga ecosystem due to the reduced precipitation
(Lima etal., 2015), but also in other ecosystems
(Godinho et al., 2014).

The order of macronutrient concentrations in the
litter was Ca>N>Mg>K>S>P (Table 4). In newly
mature, fully expanded leaves, and macronutrient
concentrations the order was N>Ca>K>Mg>S>P. The
order of biochemical cycling or rate of retranslocation
of nutrients from leaves to other organs, such as fruit
and xylopodia, was K>P>N>Mg, according to the

Table 2. Analysis of variance with the respective mean squares of fresh (FLM) and dry (DLM) masses, dry matter content
(DMC), fresh (FLY) and dry litter yield (DLY), and fresh (FLR) and dry litterfall rates (DLR), and of the concentrations
and quantities of nutrients and sodium accumulated (Q) in the litter dry matter of 14 umbu tree genotypes, in the 2020-2021

se€ason.

Mean square

Source of variation DF Dry matter content, mass, productivity, and litterfall rate
FLM DLM DMC FLY DLY FLR DLR
Genotypes 13 8.4346* 5.3538%* 66.56%* 0.0027** 0.0017** 0.0223** 0.0141%*
Residue 28 0.8310 0.6089 197.30 0.0002 0.0001 0.0021 0.0016
Total 41 - - - - - - -
Macronutrient contents in the litter
N P K Ca Mg S -
Genotypes 13 10.39%** 0.058** 0.423ns 70.45%%* 1.14%%* 0.392%* -
Residue 28 1.83 0.013 0.228 15.34 0.33 0.084 -
Total 41 - - - - - - -
Micronutrient and sodium contents in the litter
B Cu Fe Mn Zn Na -
Genotypes 13 1946.06** 2.09%* 178276** 1285.52* 49.68%* 649.7%* -
Residue 28 320.50 0.38 24672 599.60 14.99 76.96 -
Total 41 - - - - - - -
Quantities of macronutrients accumulated the in litter

QN QP QK QCa QMg QS -
Genotypes 13 17.5511%* 0.0856** 1.0139%* 388,824** 2.6116%* 0.77** -
Residue 28 3.5870 0.1382 0.2156 62.4896 0.4162 0.1537 -
Total 41 - - - - - - -

Quantities of micronutrients and sodium accumulated in litter

QB QCu QFe QMn QZn QNa -
Accesses 13 3262%* 1.90%* 12297** 4107** 78.82%* 2074%** -
Residue 28 549.02 0.254 29096 697.84 11.39 221.33 -
Total 41 - - - - - - -

DF, degree of freedom; CV, coefficient of variation. * and **Significant at 5 and 1% probability, respectively, by the F-test. “Nonsignificant.
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study by Santos et al. (2020); and nutrient export by
fruit order was K>N>P>Ca>Mg>S in the study by
Donato et al. (2022b). These results highlight the high
mobility of K, N, P, and Mg, and the low mobility of
Ca in the plant and its consequent, significant return
to the soil-plant system via leaf abscission, which is
due to the average Ca concentration (44.40 g kg™') that
constitutes nutritional economy. The low mobility
of Ca explains why this nutrient shows the highest
content in the litter, even under different climates and
biomes (Godinho et al., 2014).

As for macronutrients, K levels were not influenced
by genotypes (Table 2), and the average value was
1.78 g kg! (Table 4). For N, the highest values were
found in BGU-50, BGU-61, and BRS-68; and for P,
in BRS-68 and BGU-61. For Ca, Mg, and S, more
genotypes with higher levels were grouped, as following
described. For Ca, the genotypes were: BGU-47, BGU-
75, BGU-45, EPAMIG-04, EPAMIG-05, EPAMIG-06,
BRS-48, EPAMIG-07, and EPAMIG-13. For Mg, the
genotypes were: BGU-47, EPAMIG-07, EPAMIG-05,
BRS-48, BGU-44, BGU-61, and BGU-45. For S, the
genotypes were BGU-61, BGU-47, BRS-48, BRS-68,
BGU-50, EPAMIG-05, and EPAMIG-03.

In general, the genotypes with the highest
frequency of occurrence of the highest concentration

of macronutrients were: BGU-61, BRS-68, BGU-47,
BRS-48, and EPAMIG-05, while the highest
frequencies of lower levels were recorded in BGU-75,
EPAMIG-06, EPAMIG-13, BGU-44, and EPAMIG-04.

For micronutrients and Na, the decreasing
concentration order in litter is Fe>B>Mn>Na>Zn>Cu.
These results prove that Fe and Cu are, respectively,
the micronutrients most and least exported by fruit
(Donato et al., 2022b) and cycled by litter, as well as
those with the highest and lowest concentration in the
leaves (Santos et al., 2020). These results corroborate
the information that Fe and Cu are the micronutrients
with the highest and lowest concentrations in plant dry
matter, respectively (Marschner, 2012).

Manganese (Mn) levels were similar among
genotypes with 113.93 mg kg! average. Higher levels
of micronutrients were found in the genotypes as
follows: for B, in EPAMIG-13, BGU-44, BGU-50,
BGU-45, EPAMIG-04, BGU-47, and EPAMIG-06;
for Cu, in BGU-61, BRS-68, and BGU-50; for Fe,
in BRS-68, with a value of 1,511.11 mg kg', which
is twice the average between genotypes; for Zn, in
BRS-68, BGU-61, EPAMIG-05, and BGU-50; and for
Na, in EPAMIG-04. Overall, BRS-68 and BGU-50
followed by BGU-61 and EPAMIG-04 expressed a
higher frequency of higher levels of micronutrients

Table 3. Means of fresh (FLM) and dry (DLM) leaf masses, dry matter content (DMC), fresh (FLY) and dry (DLY) litter
yield, fresh (FLR) and dry (DLR) litterfall rate, in the litter of 14 umbu tree genotypes, in the 2020-2021 season®.

Accession FLM DLM DMC FLY DLY FLR DLR
----------- (kg per plant) ----------- (%) —mmmmmmmeee- (kg M2)-mme e ------ (Mg ha! per month) ------

BRS-68 4.88C 3.39B 81.58B 0.087C 0.061B 0.250C 0.174B
EPAMIG-05 1.61E 1.21C 79.78B 0.029E 0.021C 0.083E 0.062C
EPAMIG-13 5.81B 5.02A 87.07A 0.105B 0.090A 0.301B 0.258A
EPAMIG-06 7.04A 5.70A 84.11A 0.126A 0.102A 0.362A 0.293A
BGU-75 291D 2.50C 86.20A 0.052D 0.044C 0.149D 0.128C
BRS-48 5.26B 4.02B 80.73B 0.094B 0.072B 0.270B 0.206B
BGU-44 4.36C 3.49B 72.44D 0.078C 0.062B 0.224C 0.179B
BGU-50 3.40D 3.01B 88.86A 0.061D 0.054B 0.175D 0.155B
BGU-45 4.45C 3.97B 85.25A 0.080C 0.071B 0.228C 0.204B
BGU-47 4.03C 3.40B 82.20A 0.072C 0.061B 0.207C 0.174B
BGU-61 7.29A 5.38A 77.06C 0.131A 0.096A 0.375A 0.276A
EPAMIG-07 7.45A 6.24A 84.70A 0.134A 0.112A 0.383A 0.320A
EPAMIG-04 5.42B 4.56A 87.52A 0.097B 0.082A 0.278B 0.234A
EPAMIG-03 4.50C 4.11B 88.83A 0.082C 0.073B 0.236C 0.211B
Mean 4.90 4.00 83.31 0.08 0.07 0.25 0.20
CV (%) 18.60 19.51 297 18.60 19.51 18.61 19.51

(MMeans followed by equal letters in the columns are in the same group, by the Scott-Knott’s test, at 5% probability.
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17.82B
19.32
20.04

0.99B
1.70B
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28.53

129.48A
74.38C

114.40

1.53B

1.86A

1.75
16.61

2.90B
3.40A

3.

48.03A
42.33B

44.40

1.60
2.

0.50B
0.50B

0.6

10.30B
10.06B
10.08
13.42

EPAMIG-04

98.68B
89.19

— = =

26
78

EPAMIG-03
Mean

S.LR. Donato et al.

113.93

727.13

14

1.

1

9.84

21.49

21.60

15.65

18.51

8.82
(UMeans followed by equal letters in the columns are in the same group, by the Scott-Knott’s test, at 5% probability.

26.84

19.20

CV (%)

in the litter, whereas EPAMIG-07, EPAMIG-03, and
BGU-75 had lower levels.

The highest accumulated amounts (Q) of
macronutrients were found for N, P, and S, in
BGU-61 accession; for K, in EPAMIG-06, BGU-61,
EPAMIG-07, EPAMIG-03, and EPAMIG-13; for Ca,
in EPAMIG-06 and EPAMIG-07; and for Mg, in
EPAMIG-07 (Table 5). The accumulated quantities
of macronutrients were greater and occurred more
frequently in the litter from the BGU-61, EPAMIG-07,
and EPAMIG-06 genotypes, while those with lower
quantities were EPAMIG-05, BGU-75, BGU-44,
BGU-50, and BGU-45.

The highest accumulated quantities (Q) of
micronutrients were found in the umbu tree genotypes,
as follows: for B, in EPAMIG-13, EPAMIG-06,
EPAMIG-04, BGU-61, EPAMIG-07, BRS-48, and
BGU-44; for Cu, in BGU-61; for Fe, in BRS-68,
BGU-61, EPAMIG-07, EPAMIG-13, EPAMIG-03, and
EPAMIG-04; for Mn, in EPAMIG-07, EPAMIG-06,
BGU-61, EPAMIG-04, and EPAMIG-03; for Zn, in
BGU-61 and EPAMIG-07; for Na, in EPAMIG-07,
EPAMIG-06, EPAMIG-04, and BGU-61. Overall,
the greater accumulated quantities of micronutrients
were greater and occurred more frequently in the
litter from the BGU-61, EPAMIG-07, EPAMIG-04,
and EPAMIG-06 genotypes, while those with lower
amounts were EPAMIG-05, BGU-75, BGU-47,
BGU-50, BGU-44, and BGU-45.

There is agreement between genotypes with higher
litter yields (BGU-61, EPAMIG-07 and EPAMIG-06)
and higher accumulated quantities (Q) of nutrients, as
well as lower yields (EPAMIG-05, BGU-75, BGU-44,
BGU-50, and BGU-45) and lower Q. These facts
show a greater association of Q with litter yield than
with nutrient content, hence, a greater dependence
on canopy sizes (Donato & Neves, 2003) because of
genetic differences associated with the ecoregions of
origin (Santos et al., 1999; Balbino et al., 2018), despite
the previously discussed exceptions.

Nutrient inputs from plant biomass improve nutrient
levels under the canopy, as well as crop productivity
(Morais et al., 2020). In the present work, the data on
the accumulated quantities of nutrients in the litter of
the genotypes allow of the estimation of the theoretical
biogeochemical cycling of nutrients. These data support
the management of umbu tree as a crop with nutritional
savings, although decomposition rate is slower in a dry



Table 5. Means of the accumulated quantities of nutrients (Q) and sodium in the dry matter of the litter of 14 umbu tree genotypes, in the 2020-2021 season”.

Micronutrient

QFe

Macronutrient

QK

Genotype

QZn QNa

QMn

QCu

QB

QMg Qs

QCa

QP

QN

(gha')

(kg ha')

1.38B
0.30B
1.69A
2.25A
0.47B
1.28B
1.26B
0.96B
0.97B
0.91B
2.12A
1.97A
1.31B
1.69A

40.14C
22.80C

16.13B

65.79B
25.93B
65.15B
130.84A
51.62B
85.74B
77.86B
44.42B
66.10B
68.31B
129.34A
158.88A
104.80A
99.08A

83.85

943.54A
133.22B
682.59A
493.00B
362.56B
526.77B
371.43B
383.90B
382.04B
395.63B
716.02A
702.58A

574.11A

2.34B
0.47D
1.79C
2.08B
0.92D
1.51C
1.22C
1.57C
1.54C
0.83D
3.67A
1.68C
0.84D
1.25C
1.55

28.53

42.78B
21.22B
143.44A
123.11A
49.10B
94.05A
85.18A
71.98B
94.17A
75.87B
99.86A
95.20A
108.43A
54.93B

82.81

1.17C
0.41D
1.41B
1.59B
0.49D
1.43B
0.97C
1.05C
1.04C
1.34B
241A
1.83B
1.26B
1.39B
1.27

30.85

1.26C
0.78C
2.39B
2.84B
1.15C
2.52B
2.20B
1.37C
2.28B
2.63B
3.13B
4.43A
2.40B
2.50B
2.28
28.27

21.53C
10.46C
40.43B
49.84A
22.90C
32.50B
24.42C
20.58C
35.25B
30.90B
40.06B
49.80A
39.57B
31.26B

32.11

0.57B
0.14C
0.54B
0.52B
0.23C
0.49B
0.33C
0.36C
0.39C
0.36C
0.84A
0.56B
0.41C

7.58B
2.34C
7.88B
8.32B
4.20C
7.76B
5.05C
7.22B
6.07C
6.25C
12.65A

BRS-68

5.86C
16.92B
16.66B

EPAMIG-05

67.63B
99.61A
3841C
71.78B
48.02C
49.70C
47.68C

EPAMIG-13

EPAMIG-06
BGU-75
BRS-48

6.90C
12.67C

9.93C
11.94C
12.59C
10.85C
24.83A
21.13A
12.32C
13.21C
13.71

24.62

BGU-44
BGU-50
BGU-45
BGU-47
BGU-61
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52.43C
90.86A
108.70A

8.98B
8.46B
7.44B
7.16
26.46

EPAMIG-07

96.89A
72.70B

64.81

EPAMIG-04

567.76A
516.80

0.37C
0.44
26.93

EPAMIG-03
Mean

33
35.07

1.

22.95

31.50

33.00

28.29

24.62

CV (%)

(OMeans followed by equal letters in the columns are in the same group, by the Scott-Knott’s test at, 5% probability.

environment (Moura et al., 2016) and depends on the
quality of the substrate (Lima et al., 2015).

Conclusions

1. Yield, concentration, and accumulated quantities
of nutrients in the litter vary among genotypes of umbu
(Spondias tuberosa) trees.

2. The order of macronutrient concentration in the
litter is Ca>N>Mg>K>S>P; for micronutrients and Na,
the order is Fe>B>Mn>Na>Zn>Cu.

3. The accumulated quantities of nutrients are more
associated with litter yield of the genotypes than with
nutrient concentration.

4. The BGU-61, EPAMIG-07, and EPAMIG-06
genotypes express a higher litter yield and accumulated
quantities of nutrients in the litter, while EPAMIG-05,
BGU-75, BGU-44, BGU-50, and BGU-45 show lower
amounts.
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