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HIGHLIGHTS:
The litterfall mass reduction was greater in shaded coffee compared to coffee in full sun.
N, Ca, Mg, and K stocks from litterfall decreased linearly with time.
Coffee cultivated in full sun had a greater stock of nitrogen, calcium, and magnesium in the litterfall.

ABSTRACT: Litterfall is an important source of soil nutrients, but its decomposition can be affected by the crop system
used. The objective of this study was to evaluate litterfall decomposition and macronutrient stocks in coffee crop systems
in shaded (SH_,) environments and those in full sun (ES_,). The experiment was conducted on a rural property in Cacoal,
state of Rondonia, Brazil, ina 2 x 6 factorial scheme with two crop systems (SH,, and FS ), and six litterfall decomposition
evaluation times (0, 30, 60, 180, 300, and 360 days after the litterfall was returned to the soil (DAL)), with seven replicates.
The constant of decomposition (k), half-life time (t"2) at 360 DAL, and phosphorus (P), potassium (K), calcium (Ca),
magnesium (Mg), sulfur (S), and nitrogen (N) concentrations of the remaining litterfall were determined at each evaluation
time. The litterfall in the SH  had a greater weight loss and constant of decomposition and a lower half-life time at the last
evaluation, and the weight loss increased as a function of decomposition time. The litterfall stocks of macronutrients N,
P, K, Ca, and Mg showed a linear decrease throughout the decomposition time, and increases in sulfur stock were found
at the last evaluation.
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RESUMO: A serapilheira é uma importante fonte de nutrientes para o solo e a sua decomposigdo pode ser influenciada
pelos sistemas de uso do mesmo. Este estudo teve por objetivo avaliar a decomposi¢do de serapilheira e seu estoque
de macronutrientes em dois sistemas de cultivo do cafeeiro, sendo um sombreado (CS) e outro a pleno sol (CPS).
O experimento foi realizado em uma propriedade rural do municipio de Cacoal, Estado de Rondonia, Brasil, em
esquema fatorial 2 x 6, dois usos do solo (CS e CPS) e seis épocas de avaliagdo da decomposigdo da serapilheira (0,
30, 60, 180, 300 e 360 dias), com sete repeticdes. A decomposicio de serapilheira foi avaliada aos 0, 30, 60, 180, 300
e 360 dias e, além disso, foi determinada a constante de decomposicio (k) e o tempo de meia vida (t'2) aos 360 dias
e os teores de fosforo (P), potassio (K), célcio (Ca), magnésio (Mg), enxofre (S) e nitrogénio (N) da serapilheira
remanescente em cada tempo de decomposi¢do. No CS ha maiores perda de massa e constante de decomposicio, e
menor tempo de meia vida da serapilheira ao final do periodo. A serapilheira apresenta perda de massa em fungéo
do tempo de decomposicao. Os estoques de macronutrientes N, P, K, Ca e Mg reduziram-se de forma linear durante
o tempo de decomposi¢do e ocorreu incremento no estoque de enxofre ao final do periodo.
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INTRODUCTION

Coffee is mainly grown in Brazil in a monoculture system
(DaMatta et al., 2017), however the planting of trees on coffee
farms has been increasing, since the conservation of natural
resources is an existing concern in the agricultural sector
(Gomes et al.,, 2015). In Brazil and worldwide, combining
coffee crops with tree species is a conventional technique that
has been studied as a method of sustainability and protection
of crops against adverse environmental effects (Guimaraes et
al., 2015).

The intercropping of coffee crops with arboreal species
results in several benefits to the soil, such as reduced soil
erosion and increased litterfall production (Rodrigues et al.,
2015), which provides nutrient cycling from the decomposition
of these plant residues and improves soil microbiological
activity (Urbano et al., 2018; Garlet et al., 2019).

The use of decomposition bags or litter bags is common
for the evaluation of litterfall degradation, whereby the
decomposition of material is quantified by the difference
between the initial and final weights after a previously defined
exposure time (Inkotte et al., 2019).

The weight of the decomposed plant residues obtained
is then used to calculate the constant of decomposition as a
function of the exposure time (Thomas & Asakawa, 1993), and
to calculate the half-life time, which is, the time required for
the decomposition of 50% of the litterfall (Rezende et al., 1999).

It is hypothesized that litterfall decomposition occurs
faster under a shaded coffee system because of the favorable
microclimate for microbial activity. In this context, the
objective of this study was to evaluate litterfall decomposition
and macronutrient stocks in soils under two coffee crop
systems, shaded (SH ), and full sun (FS_).

MATERIAL AND METHODS

The experiment was conducted in a rural property in the
municipality of Cacoal, state of Rondénia, Brazil (11°26°19”
S, 61°26°50” W, and 238 m altitude). The most common soil in
the region is Ultisol of medium to clayey texture, which was
assigned to the soil of the experimental area as it had similar
characteristics.

The region presents mean air temperatures between 24 and
26 °C, and mean annual rainfall of 1400 to 2600 mm, with June
to October as the driest period (Alvares et al., 2013). During
the study period (April 2018 to April 2019), the averages of
precipitation and temperature were 2560 mm and 26.2 °C,
respectively (INMET, 2019).

Two areas, side by side, were defined at the site selected for
the experiment, each with differently managed coffee crops:
an agroforestry system with coffee and teak plants, the shaded
coffee system (SH_), and a monoculture of coffee plants grown
in full sun (FS_,).

The coffee plants (Coffea canephora from the botanical
variety conilon, propagated from seeds of unknown genetic
origin) under the SH_, were planted in 1996 with a spacing
of 3 m between rows and 2 m between plants. The coffee crop
was intercropped with teak trees (Tectona grandis), which
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were introduced at every two planting rows at the time of
coffee planting, with a spacing of 6 m between rows and 4 m
between plants. The teak trees were not pruned or thinned. In
the SHcs, fertilization, phytosanitary control, irrigation, and
pruning were not performed. The only management practice
carried out in the SH _ area was weed control, using a brush
cutter (annually).

The coffee plants under the FS_, were also planted in 1996,
with a spacing of 3 m between rows and 2.5 m between plants.
Soil mineral fertilizer was applied annually, using nitrogen (48
kg ha of N), phosphorus (12 kg ha" of P,O,), and potassium
(48 kg ha'' of K,O), with the doses recommended based on
soil analysis.

In the FS_  area, along with annual brush cutting, the
glyphosate herbicide was used for weed control (2 L ha™', twice
a year). The coffee crops in this area were irrigated using a
sprinkler system for seven days in late July, with a daily water
depth of 6.3 mm, to induce flowering. The branches were
manually pruned after the annual coffee harvests, and the buds
were manually removed during the rainy period.

The area of each coffee crop system was divided into four
homogeneous clusters, each with dimensions of 24 x 27 m.
Each cluster was divided into a grid (8 x 9 m) displaying nine
sampler points, of which seven were randomly selected to
represent the replicates. Thus, each treatment was represented
by four clusters with seven replicates, totaling 28 replicates for
each treatment.

In March 2018, five litterfall samples were collected, one
for each period of evaluation (May 2018, 30 days; June 2018,
60 days; October 2018, 180 days; March 2019, 300 days; and
April 2019, 360 days), for 140 samples per cultivation system,
and 280 samples in total. All litter bags were returned to the
soil in April 2018, and 30 days later (May 2018) the evaluation
period began.

The collection was conducted using a frame with internal
measures of 0.25 x 0.25 m. All plant residues (leaves, branches,
and reproductive structures) found in the area within the frame
were collected, including those recently fallen or partially
decomposed.

The collected litterfall was placed in paper bags, dried in a
forced air circulation oven at 65 °C until constant weight, and
weighed. All materials were then placed in nylon bags (litter
bags) made of a 1 mm mesh. The litter bags were returned to
the field in April 2018 (zero days). In addition to the litterfall
collected for decomposition, 28 composite samples (three
sub-samples) were retrieved from each coffee crop system for
macronutrient analysis (time zero).

The litter bags were collected from the field from May 2018
(30 days) to April 2019 (360 days), with one litter bag per
replication at 30, 60, 180, 300, and 360 days after the litterfall
(DAL) was returned to the soil. The samples were placed in
plastic bags and taken to a laboratory, where they were cleaned
(removal of soil with a paintbrush), and dried in an oven at
65 °C until constant weight to obtain their dry weights (Silva
et al., 2014).

The first litter bag samples (March 2018) and all litter bags
collected after each decomposition time were cleaned, dried,
weighed, crushed in a steel stainless knife mill, and analyzed
for nitrogen (N), phosphorus (P), potassium (K), calcium
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(Ca), magnesium (Mg), and sulfur (S) concentrations, using
the methodology described by Malavolta et al. (1997). The
percentage weight loss was calculated after each decomposition
time using Eq. 1:

SR (%) :ﬁ_fmo (1)

where:
SR - remaining litterfall expressed in %;
Mf - final litterfall weight at time x; and,
Mi - initial litterfall weight at time zero.

The constant of decomposition (k) of litterfall at 360 DAL
was determined as described by Thomas & Azakawa (1993),
and the time for the decomposition of 50% of the litterfall
(half-life time, t"?) was determined as described by Rezende
et al. (1999). The exponential model was used to obtain the
constant of decomposition (expressed in g g per day), as
described in Eq. 2:

Xt =X0e™ )

where:

Xt - sample weight at time x;

X0 - weight of the dry material placed in the litter bag at
time zero;

t - decomposition time (days);
e - exponential; and,
k - decomposition constant estimated by the equation.

The half-life time (days) was obtained using Eq. 3:

t? = 3
. 3)
where:
t'2 - half-life time;
In - natural logarithm; and,
k - constant obtained in Eq. 2.
The nutrient stock was calculated by Eq. 4:
E =(MSRxCN) (4)

where:
E - nutrient stock (kg ha);
MSR - litter mass remaining at each time (kg ha'); and,
CN - concentration of nutrients at each time (kg kg™).

All variables were subjected to the Shapiro-Wilk test for
normality of errors. The subplot scheme in space was used,
consisting of two crop systems (SH_, and FS_,) in the plots and
six evaluation times of litterfall decomposition (0, 30, 60, 180,
300, and 360 DAL) in the subplots. The F test (p < 0.05) was
used to evaluate the differences in crop systems, and analyses
of variance and regression for evaluation times. The statistical
program Sisvar (Ferreira, 2019) was used for all analyses.

RESULTS AND DISCUSSION

The litterfall weight decreased linearly (Figure 1)
throughout the year, as observed in both the SH  and FS_.
These reductions relating to exposure time are expected, since
during this period several factors contribute to the litterfall
decomposition, including physical and chemical conditions of
the environment, composition of the litter material, presence
of edaphic fauna, and microorganism stimulation (Urbano et
al,, 2018).

Litterfall decomposition commonly increases in periods
with higher rainfall in different ecosystems (Bauer et al,,
2016), since biochemical processes in the soil depend on the
presence of water for the decomposition of organic materials
(Silva et al., 2009a), which explains the differing results found
throughout the year.

At the last evaluation (360 DAL), the weight of the litter
bags in the SH_  decreased by 54.1% in relation to the initial
weight; FS_ decreased to a lesser extent with a remaining
weight of 59.6% (Figure 1). The constant of decomposition
(Table 1) confirms these results; FS__ presented a constant of
decomposition (k) of 0.0015 g g per day at 360 DAL and,
consequently had a higher half-life time (470 DAL) than
the SH_, which showed a higher constant of decomposition
(0.0018 g g per day), and a half-life time of 397 DAL.
Therefore, the FS_ required more time for the nutrients to be
available in the soil for absorption by plants.

The half-life time represents the time for the decomposition
of 50% of the litterfall, which can be dependent on several
factors, such as the soil cover plant, temperature and moisture
conditions, soil microbial activity, and plant parts present in

** - Significant at p < 0.01 by the F test. Data in the vertical alignment followed by the
same letter do not differ by the F test (p > 0.05)

Figure 1. Remaining litterfall weight presented in litter bags
in function of days after the litterfall was returned to the soil,
between May 2018 and April 2019, in coftee crops under shaded
(SH) and full sun (FS ) systems

Table 1. Constant of decomposition (k) of litterfall at 360 days
after the litterfall was returned to the soil, along with half-life
time (t'?), for coffee crops under shaded (SH_) and full sun
(FS,,) systems

Means followed by the same letter in the columns are not significantly different (p < 0.01)
according to the F test. CV, coefficient of variation; F, calculated F values; **, significant
at p < 0.01 by the F test
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the litterfall (Urbano et al., 2018), with the latter most affecting
the results, since the plots were close to each other.

Rosa et al. (2017) found estimated times for 50%
decomposition of litterfall (half-life time) of 467, 419, and
434 days for five-, six-, and seven-year-old teak plantations,
respectively. These values were similar to those found for the
SH, (397 days), where there was a predominance of teak plant
residues in the litterfall. Cavalcante et al. (2020) observed a
shorter half-life time (270 days) for clonal teak leaves.

The litterfall in the SH . presented a faster decomposition,
since it was mainly composed of leaves and reproductive
structures of teak plants. In contrast, the litterfall in the FS_
had residues of coffee plants from pruning, which resulted in
more lignified branches with higher C/N ratios, contributing
to increased decomposition time (Pegoraro et al., 2011). This
reinforces that the type of plant residues in the litterfall is
relevant for the decomposition process (Teixeira et al., 2012;
Silva et al., 2014).

Litterfall decomposition was evaluated in the plant residues
(leaves, branches, reproductive structures, and peels) on the soil
within the sample area (0.0625 m?); whereas, most studies used
plant residues composed only of leaves. Regardless, the constant
of decomposition (k) found in the study areas was similar to other
results found in different regions, such as the results presented by

Rosa et al. (2017), for five-, six-, and seven-year-old teak stands,
where the decomposition constant was calculated using the
annual litter production values and their accumulation on the
soil. Considering a 12-month period, the decomposition constants
were 0.0014, 0.0016, and 0.0015 g g per day, respectively.

Silva et al. (2014) found k values between 0.0019 and 0.0033
g g per day in a native forest fragment, and a forest plantation
with native species (Tabebuia impetiginosa, T. serratifolia, T.
roseo-alba, Alchornea triplinervia, and Astronium urundeuva)
and another with Artocarpus heterophyllus in the state of
Bahia, Brazil. Grugiki et al. (2017) found k values of 0.0013
to 0.0024 g g per day in the Atlantic Forest biome. Silva et
al. (2009b) found k values of 0.0010 to 0.0050 g g"* per day in
the dry season and 0.0061 to 0.0119 g g! per day in the rainy
season, in a transition area between the Amazon and Cerrado
biomes. Despite the results indicating higher decomposition
in the rainy season, the plant parts in the litterfall (pruning
residues) had a higher C/N ratio, which affects FS_ (Acosta et
al., 2014), increasing the decomposition time.

The macronutrient stock in the remaining litterfall (Figure
2) showed a linear response as a function of time for N, K, P,
and Mg.

The nitrogen stock in the remaining litterfall was higher in
the FS_ at all evaluation times (Figure 2A). This is attributed to

** - significant at p < 0.01 and * - significant at p < 0.05 by the F test. Data in the vertical alignment followed by the same letter do not differ by the F test (p > 0.05)
Figure 2. Nitrogen (A), potassium (B) , calcium (C), magnesium (D), phosphorus (E), and sulfur (F) stocks in the remaining
litterfall as a function of days after the litterfall was returned to the soil, from April 2018 to April 2019, in coffee crops under

shaded (SH_) and full sun (FS_,) systems
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the higher photosynthetic rate of plants in the FS_; due to the
positive correlation between irradiance and N concentrations,
when other factors such as water and nutrient availability are
not limiting (Fahl et al., 1994), and to the addition of N in the
FS via fertilization, which contributes to greater absorption
of nutrients by plants and, consequently, greater accumulation
in the plant tissues, which partially return to the soil through
natural senescence and pruning and blooming residues.

Potassium stocks presented a decreasing linear response to
the decomposition time (Figure 2B). This is probably because it
is not associated with any structures of plant tissues, allowing
for a high mobility and leaching potential (Bambi et al., 2011;
Cavalcante et al., 2020).

Potassium had a high percentage of cycling through the
decomposition of litter, with a stock of 16.2 kg ha! (time
zero) reduced to 3 kg ha! over 360 days, representing 81.4%
of the nutrient increased in the soil under SH_, which did
not receive an external source of fertilization. In the FS_,
the reduction was 75.4%, with an initial stock of 18.3 kg ha™
(time zero) reduced to 4.5 kg ha™' of potassium at the end of
the evaluation period (360 days), contributing to the nutrition
of coffee plants which received 48 kg ha™! of external source of
potassium fertilization annually.

Calcium stocks were higher in the litterfall under the FS
at all evaluation times (Figure 2C). This nutrient is found in
large quantities in stems (Lopes, 2001), which is present in
higher quantities in the litterfall in this system due to the
removal of less-productive branches of coffee plants, whereas
the litterfall in the SH_ was mainly composed of leaves and
reproductive structures.

The calcium ranged from 137.9 (zero days) to 80.1 kg ha!
(360 days) in the soil under SH ¢ and from 165.3 (zero days)
to 104.3 kg ha' (360 days) under FS_ , with litterfall being the
only source of this nutrient in both cultivation systems, since
the soil has not been corrected by liming.

Magnesium stocks in the litterfall were higher under FS_
(Figure 2D), mainly because of the residues from pruning and
bud removal, which deposit large quantities of buds and young
leaves to the soil. Moreover, Mg is a mobile element in plants
that is present in large quantities in growth tissues (Malavolta
et al., 1997). Thus, the magnesium assimilated by the plants
in the SH_ is mainly stored in branches and stems, which are
not renewed annually.

Magnesium presented a linear response to the evaluation
times, with higher stocks at the beginning of the period, with
variations from 9.1 (time zero) to 3.6 kg ha"' (360 days) in SH
and from 20.3 (time zero) to 8.8 kg ha* (360 days) in FS_,
with nutrient cycling being the only method of maintaining
nutrients in both cultivation systems.

Stocks of phosphorus in FScs (FScs: § = 8.4020 - 0.0136"x
and R? = 0.4533) and sulfur in both systems (SHcs: § =
12.9451 - 0.0399"x + 0.0001"x* and R* = 0.4060; FS_.: § =
19.6277 - 0.0375"x + 0.00008'x? and R? = 0.2276), presented
significant responses, however the R? values were lower than
0.6, indicating an incipient model adjustment.

The litterfall in the SH_ and FS_ areas presented variations
in phosphorus (Figure 2E) concentrations, with 6.2 kg ha™* (0
DAL) to 3.6 kgha (360 DAL) for SH , and 8.4 kgha™ (0 DAL)

to 3.5 kg ha' (360 DAL) for FS_, characterizing losses of 42
and 58% in phosphorus stocks in the litterfall under SH_¢ and
FS.o and releases of P to soil of 2.6 kg ha! for SH_, and 4.9
kg ha' for FS_, respectively.

Sulfur stocks (Figure 2F) in the remaining litterfall varied
from 12.9 to 9.2 kg ha in the SH_, and from 19.6 to 15.6 kg
ha in the FS_. Both crop systems showed initial decreases in
sulfur stock, with increases at the last two evaluations (300 and
360 DAL), which can be related to the immobilization of this
nutrient by decomposing microorganisms (Aidar & Joly, 2003),
since neither cultivation system was fertilized by sulfur sources.

In general, macronutrient stocks in the litterfall were lower
in the last evaluation (360 DAL). N, P, K, Ca, and Mg stocks in
the remaining litterfall decreased in both crop systems (SH
and FS_)), since they were mineralized and made available in the
soil over time, thus becoming part of the biogeochemical cycle.

At the last evaluation (360 DAL), the return of
macronutrients to the soil though the litterfall decomposition
represented 33.3 and 41.6 kg ha™ of nitrogen, 2.6 and 4.9 kg
ha' of phosphorus, 13.2 and 13.8 kg ha of potassium, 57.8
and 60.9 kg ha' of calcium, 5.8 and 11.4 kg ha! of magnesium,
and 0.3 and 2.5 kg ha™ of sulfur for SH_; and FS_, respectively.
Although the SH  area did not have an external source of
soil fertilizer, the data indicate that most macronutrients had
similar returns to the soil in both crop systems, showing that
they are efficient systems for nutrient cycling.

The amounts of macronutrients (kg ha') added to the soil
through the litterfall decomposition at 360 DAL showed the
decreasing order Ca > N > K > Mg > P > S, for both SH  and
FS_. Cavalcante et al. (2020) studied the decomposition and
release of leaf nutrients in clonal teak stands in Mato Grosso,
Brazil, and found the addition of nutrients in the soil by
decomposing litter in decreasing order of Ca > Mg > N > K
> P. Rosa et al. (2015), and when the fractions were analyzed
separately (leaves, branches and miscellaneous - bark, flowers,
and fruits), the order of transfer of nutrients from the litter to
the soil was represented as leaves Ca > N > Mg > K > P > §;
branches N > Ca > K > Mg > § > P; and miscellaneous N > Ca
>K>Mg>P>S.

cs’

CONCLUSIONS

1. Litterfall presented weight loss throughout the
decomposition time, which was greater in shaded coffee (SHcs).

2. The stocks of N, K, and Mg decreased linearly throughout
the decomposition time, whereas Ca and S stocks increased in
both SHcs and full sun coffee (FScs).

3. In litterfall, potassium stock was similar in both SHcs
and FScs systems; however, the stock of nitrogen, calcium, and
magnesium concentrations were higher in the FScs system
throughout the evaluation period.
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