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Abstract

Decomposition of litter is a function of various interrelated variables, both biotic and abiotic factors. Litter decomposition
acts like a natural fertilizer play a prime role in maintaining the productivity and nutrient cycling in agroforestry
systems. There are few studies of decomposition carried out in agroforestry systems with coffee; so it is necessary
to perform more research work to fill the research gap, which will allow a better understanding of the management
of the coffee agroforestry systems. This paper is based on the theoretical and conceptual aspects of leaf litter decomposition
in agroforestry systems, emphasizing the combination with coffee cultivation and critically examined the role of the
different factors involved in the decomposition. This study made a comparison of different investigations with regards
to weight loss, decomposition rates (%), initial chemical composition, and release of the main nutrients. This study
suggested that it is necessary to implement studies of decomposition and mineralization, and the microflora and fauna
associated with these processes, so that serves as an important tool to develop a model for enabling a description of
the short, medium, and long-term dynamics of soil nutrients in coffee agroforestry systems.

Key Words: litter, decomposition, models, chemical composition, Cofféea arabica

Introduction

The key process in nutrient recycling within ecosystems
is decomposition, consisting of a series of physical and
chemical processes by which leaf litter and foliage are re-
duced to their elemental chemical constituents (Aerts
1997). This is one of the most important events in ecosys-
tems for their contribution of nutrients to the soil (Aber and
Melillo 1991).

Decomposition is a set of processes in which dead organ-

ic matter is converted into its components: carbon dioxide,

mineral nutrients, and water. Knowledge of the decom-
position of organic matter is of great importance in the
management of areas under natural, agricultural, or silvi-
cultural systems (Cardona and Sandeghian 2005).

In the agroforestry systems, nutrients enter through vari-
ous sources such as rain, fertilizers, and organic residues,
and these can accumulate either in the shade trees, culti-
vation, soil, or litter. At the same time, interactions occur
between crop layers such as residue deposition, infiltration,
absorption, and mineralization; likewise, outputs can occur

by crops yields, leaching, runoff, and denitrification processes.
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The study of the nutrient cycle in coffee agroecosystems
is fundamental to understand the dynamics of the elements
and their availability in the sustainable management of the
productive system. Thus, as in several studies of the differ-
ent components of the nutrient cycle, the input of the or-
ganic material to the agricultural systems and their rate of
decomposition have been analyzed and emphasizing that
these phenomena determine the availability of nutrients
and, therefore, productivity.

The dynamics of litter in coffee agroforestry systems is
essential for understanding the functioning of the system
and for assessing its impact on the environment. It is also
significant because it provides the information needed to es-
tablish management practices for restoration of degraded
areas and maintaining productivity in areas created (Duarte
etal. 2013).

Agroforestry is considered to maintain nutrient recycling
more effectively than agriculture. This hypothesis is based
in part of the studies on the efficient recycling of nutrients
from leaves of trees in natural ecosystems and on the as-
sumption that agroforestry trees also transfer nutrients to
intercropping. Currently, greater importance is being given
to the study of the contribution of minerals through the de-
composition of organic matter offered by leguminous and
non-leguminous trees in agroforestry systems. The trees are
able to maintain or increase soil fertility through nutrient
recycling; in other words, they achieve the maintenance of
soil organic matter through the production and decom-
position of litter and pruning residues (Petit-Aldana et al.
2012). Although there have been many studies of decom-
position and nutrient release in the tropics, there are few
studies of decomposition made in agroforestry systems
(Teklay and Malmer 2004). Thus it is important to study
on decomposition of agroforestry systems. The objective of
this study is based on a descriptive and analytical explora-
tion, where theoretical and conceptual ideas on litter de-
composition in agroforestry systems are systematically con-
textualized, emphasizing the combination with coffee
cultivation. This paper has analyzed the decomposition of
leaf litter as a complex set of processes involving chemical,
physical, and biological agents; decomposition rates; and
study models, among others. We subsequently discuss the
decomposition process in agroforestry systems with an em-

phasis on coffee plantations, making comparisons of vari-
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ous investigations regarding weight loss, decomposition
rates (k), initial chemical composition, and release of the

major nutrients.

Litter Decomposition: A Set of Different
Processes

The process of “litter decomposition” is quantitatively as
important as photosynthesis. This process is necessary for
the recirculation of the nutrients and the continuous accu-
mulation of biomass of the plants, as well as for maintaining
food webs through the energy released by the degradation
of organic matter compounds (Berg 2014).

Decomposition is a set of processes, including leaching,
fragmentation, ingestion, excretion of waste products, and
changes in physical and chemical structure. These proc-
esses are carried out by a great variety of decomposing or-
ganisms, mainly by bacteria, fungi, and detritivores.
Bacteria are the dominant decomposers of dead animal
matter, while fungi are the most important decomposers of
dead plant material. The main process called “litter decom-
position” is extremely complex and can be subdivided into a
multitude of subprocesses. These include not only the re-
lease of nutrients but also a gradual degradation of the ma-
jor chemical compounds present in the mulch resulting in
new compounds, which in turn can recombine, often creat-
ing the reluctance in the remnant mass of litter. Despite its
importance, this system of subprocesses is mainly unknown
(Berg 2014).

The litter decomposition involves a complex series of
processes including chemical, physical, and biological
agents acting on a wide variety of organic substrates that are
constantly changing. Decomposition in a natural environ-
ment can be described in general terms only because of the
vast diversity of possible factors and interactions. Despite
this complexity, several important processes are involved
and general trends can be outlined (Berg and
McClaugherty 2003).

The concept of “litter” is wide with respect to the compo-
nents and chemical composition and leaf litter seems to be
the fraction that has been most studied. Even the leaf litter
of different species has different chemical compositions, so
they are expected to exhibit different patterns of decom-

position between species or at least between genera. Also,



the bark, branches, roots, and leaf litter of the same plant
may have different chemical compositions and, therefore,
follow different decomposition patterns (Berg 2014).

The litter produces an organic layer on the surface of the
soil, resulting in a characteristic edaphic microclimate and
suitable conditions for a broader group of organisms.
Decomposition contributes to the regulation of the nutrient
cycle and primary productivity, as well as the maintenance
of forest soil fertility (Wang et al. 2008). As a process, de-
composition is essential to the functioning of forests. If nu-
trients are released quickly, they can be lost by leaching or
volatilization. In contrast, if decomposition is very slow, the
capital of nutrients available to plants may be insufficient
and limit the growth and development (Swift and Anderson
1989; Montagnini and Jordan 2002).

The general pattern for weight loss of decomposing litter
is comprised of two phases: an initial rapid development by
washing soluble compounds and decomposition of labile
materials (e.g., sugars, some phenols, starch, and protein)
and a second phase as a result of the slow decomposition of
recalcitrant elements such as cellulose, hemicellulose, tan-
nins, and lignin (Goma-Ichimbakala and Bernhard-
Reversat 2006). On the other hand, during the decom-
position of the organic matter, three phases can be differ-
entiated for the release of nutrients: an initial rapid release
of soluble components, in which the washing processes
dominate, followed by a phase of immobilization, and fi-
nally a phase of net release (Weerakkody and Parkinson
2006a).

This release can take several paths depending on differ-
ent factors such as humidity, temperature, nutrient avail-
ability in the soil, species, age, and litter quality (e.g., N and
P concentrations, C:N and N:P ratios, lignin content, tan-
nins, etc.). The quality characteristics of litter can de-
termine in turn the microbial biomass and mineralization of
nutrients (Dutta and Agrawal 2001; Weerakkody and
Parkinson 2006b).

Leaf litter decomposition is an important link in the bio-
geochemical cycles within forest and agroforestry ecosys-
tems; it is a source of energy for the microorganisms that in-
habit them (Swift et al. 1979) and thus determines the qual-
ity of the soil. Studies conducted by Di Stefano and
Fournier (2005) have shown that the product of the decom-

position of litter could annually generate between 69% and
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87% of the energy for the growth of forests and agroforestry
systems. Soil biotic activity is the driving force for the trans-
formation of organic matter in soil litter and soil develop-
ment and maintenance. Decomposition phases differ in
each of the components and are influenced by abiotic fac-
tors such as soil temperature, humidity, aeration, and the
quality of the litterfall.

The leaf litter decomposition rates are influenced by at
least three general factors: the composition and activity of
the community of decomposers, the quantitative character-
istics of leaf litter, and the physical-chemical environment
(Swift and Anderson 1989; Kavvadias et al. 2001). The
type of species has a great influence on the rate of decom-
position (k), most likely through its influence on the quality
of the leaves and morphology (Salinas et al. 2011).

One way to measure the rate of decomposition and nu-
trient release of leaf litter, which falls to the forest floor, is
the method of litter bags, which allows a measure of the
mass loss under natural conditions (Kurz-Besson et al.
2005). This mass loss is regulated by climate, soil con-
ditions, soil community, and quality of plant material
(Anderson et al. 1989; Aerts 1997; Cofliteaux et al. 2001).
Climate level, temperature, and humidity are the main envi-
ronmental factors affecting the decomposition process
(Swift and Anderson 1989; Lavelle et al. 1993). Humidity
influences not only the leaching of nutrients but also creates
the appropriate conditions for the activities of soil micro-
organisms and invertebrates (Swift and Anderson 1989;
Tietema and Wessel 1994). These generally are associated
with dead plant material and are the ones that ultimately
regulate the decomposition process but its activity depends
on soil conditions and the quality or chemical characteristics
of the plant material. The latter is given by the concen-
tration of nutrients such as nitrogen, phosphorus, potas-
sium, carbon, calcium, and biochemical compounds such as
lignin, cellulose, hemicellulose, polyphenols, and tannins
(Swift et al. 1979).The initial content of some of these in-
organic and organic fractions, such as the initial concen-
tration of nitrogen, the carbon/nitrogen ratio (C:N)
(Flanagan and van Cleve 1983; Handayanto et al. 1994),
lignin content (Berg and McClaugherty 2014), lig-
nin/nitrogen ratio (L.:N) (Melillo et al. 1982), and the solu-
ble phenols (Tian et al. 1992) determine the dynamics of

weight loss of plant material.
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The decomposition is performed by a complex commun-
ity that includes soil microflora and soil fauna. Bacteria and
fungi are primarily responsible for the biochemical proc-
esses in the decomposition of organic waste because they
produce enzymes that degrade complex molecules. About
80% of the degradation of plant material is carried out by
microorganisms, fungi being one of the main agents
(Lavelle and Spain 2005). Additionally, the soil fauna is re-
sponsible for fragmenting plant residues and increases
biodegradation. They can alter the primary production, soil
structure, and patterns of microbial activity, organic matter
dynamics, and nutrient cycling (Coleman et al. 2004).

Table 1 shows some of the models found in the literature
for the study of litter decomposition; they can be divided in-
to two main categories. The first group is comprised of
those describing the complete decomposition of litter and is
based on the assumption that the litter is fully decomposed
and has fixed rates of decomposition. The second group of
models is based on the supposition that the litter decom-
poses at an extremely low speed or not at all, as has been
proposed by a large number of equations involving various
considerations (Berg and McClaugherty 2014).

The first approach was the simple exponential model
(Jenny et al. 1949; Olson 1963) and is still the most
widespread. This model assumes that the decomposition
rate is constant over time, so dynamic decomposition strong
decreasing curvature cannot be adjusted at the same. In re-
sponse to the two phases of the dynamic natural decom-
position, the double exponential model, which normally im-
proves the simple exponential model, is designed and their
use has also been broad (Lousier and Parkinson 1976;
Wieder and Lang 1982; Cofiteaux et al. 2001). Similar fea-

tures found in the asymptotic model, which also considers
the two stages of decomposition and assumes that degrada-
tion will stabilize around a value greater than zero (Howard
and Howard 1974; Lousier and Parkinson 1976; Aponte et
al. 2012). Other models are the linear model (Lang 1973),
the quadratic model (Lang 1973; Howard and Howard
1974; Pal and Broadbent 1975), and the power model (Van
Cleve 1971; Pal and Broadbent 1975). Recently, new mod-
els have been proposed, some of which require more mathe-
matical complexity (Forney and Rothman 2007; Feng
2009; Rovira and Rovira 2010).

When taking into the account of the different ap-
proaches, it is important to consider that the modeling of
the decomposition the process is intended to have realistic
mathematical expressions and biological terms (Table 1).

The important factor in the process of litter decom-
position is chemical composition. It is well established that
the chemical nature of litter affects decomposition rates in
forest ecosystems (Swift et al. 1979; Aber et al. 1990,
Rahman et al. 2017).

In general, the quality of the litter is often related to the
chemical characteristics such as the C: N ratio and the con-
tent of carbon, nitrogen, lignin, condensed tannins, hydro-
lyzable tannins, phenols, and carbohydrates (e.g., cellulose
and hemicellulose) (Rahman and Motiur 2012; Rahman et
al. 2017) (Table 2). The chemistry of litter decomposition is
a crucial component of global biogeochemical cycles that af-
fect soil fertility, destination and residence times of the car-
bon and reservoirs of organic matter and nutrients in or-
ganic production, and ultimately the composition and pro-
duction of plant communities (Wardle et al. 1997; Rahman
etal. 2017).

Table 1. Some models used to describe the decomposition of litter (M, as the proportion of initial (IM,) mass remaining at time t.; A and C are
constants; 4 is decay constants) (adapted from Berg and McClaugherty (2014) and Wieder and Lang (1982)

Expression Model References
M,=A+Br Asymptotic Howard and Howard (1974)
M=M, e +S Asymptotic Berg and Ekbohm (1991)
L=m(1— ek(/‘") Asymptotic Harmon et al. (2000)
M=M,e™ Single exponential Jenny et al. (1949), Olson (1963)
M=A " '+B ¢ Double exponential Bunnel et al. (1977), Lousier and Parkinson (1976)
M,=C—kt Linear Woodwell and Marples (1968), Lang (1973), Howard and Howard (1974)
M,=C+kt+kt’ Quadratic Lang (1973), Howard and Howard (1974), Pal and Broadbent (1975)
Mt = C¢* [k<0] Power Van Cleve (1971), Howard and Howard (1974), Pal and Broadbent (1975)
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Table 2. Litter chemical traits and relation to litter quality and decomposition rate (adapted from Rahman et al. 2017)

Litter organic chemical traits Litter quality

Relationship with decomposition

Lignin

Positive relation with lignin concentration, litter

Negative relation to litter decomposition rate

fiber component and lignin: nitrogen ratio

Tannin (condensed tannins,
hydrolyzable tannins)

Total phenolics

Carbohydrates (celluloses,
and hemicellulose)

Positive relation to tannin concentration

Positive relation to total phenol concentration

Positive relation to cellulose concentration,

Negative relation to litter decomposition rate

Negative relation to litter decomposition rate

Positive relation to litter decomposition rate

hemicelluloses concentration and

holocellulose: hemicelluloses ratio

Nitrogen content

Positive relation to litter N concentration

Positive relation to litter decomposition rate

Negative relation with lignin and lignin: N ratio

Carbon content

Positive relation with lignin and lignin: N

Negative relation to litter decomposition

Process of Litter Decomposition in
Agroforestry Systems

One of the main investigated ways of improving soil fer-
tility in tropical agroforestry systems is the recycling of nu-
trients through the decomposition of tree biomass, mainly
leaf litter or pruning remains and also of roots that are add-
ed to the soil. The benefits that are obtained are indis-
putable and depend on the quantity and nutrient content of
the biomass added and the rate at which it decomposes. A
huge amount of information is available on the nutrient
content and the amount of biomass produced by different
trees and shrubs used in agroforestry systems under a varie-
ty of conditions, especially in systems such as alley cropping
and improved fallows, where improving soil fertility are an
important goal. As expected, there is considerable variation
in this data (Nair et al. 1999).

The tree component in an agroforestry system seeks to
optimize the use of resources and increase productivity per
unit area. Besides being a source of energy, wood, fruits, or
shade, trees can regulate the lighting conditions for the
main crop and replace part of the required nutrients re-
quired; likewise, a sufficient density of trees are able to re-
duce the effect of strong winds, which contributes to the
protection of the soil and crop. Trees also provide lots of
plant residues, which act as cover material (Lépez-Gutiér-
rez etal. 2001). The litter layer is the link that holds the tree
components with the ground and this layer, in turn, releases
nutrients that can be absorbed by plants again through the

processes of decomposition and mineralization (Staver et al.

2001).

The decomposition has four stages (Singh and Gupta
1977); 1) grinding, which is the fractionation of tissues; 2)
leaching, which refers to the loss of the more soluble com-
pounds by water currents; 3) catabolism (including miner-
alization and humification), which is the transformation
that takes the microflora of organic compounds to organic
form allowing nutrients to be used again by plants and,
thus, complete the cycle of nutrients; and 4) humification,
which is the neo-formation of organic matter by micro-
organisms.

These phases occur simultaneously and, at the end of the
process, microorganisms use carbon compounds for both
biosynthesis and energy supply (Paul and Clark 1996).
Thus, the latest product of the breakdown of soil organic
matter is carbon dioxide, which is sufficiently ventilated so
that the production of carbon dioxide can be used as an in-
dicator of decomposition rates.

Weather conditions significantly influence the decom-
position of litter in a large geographical scale. Therefore, in
tropical humid regions decomposition is considered to be
faster than in the temperate regions, though decomposition
rates vary widely in different climatic regions (Hirobe et al.
2004). The relationship of soil fauna with increased decom-
position rates has been demonstrated and, while the speed
of this process varies according to the type of vegetation.
There is no evidence found that fauna (macrofauna and mi-
crofauna) contribute differentially to the breakdown of leaf
litter (Slade and Riutta 2012).

The chemical composition of the litter is essential for de-
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composition and nutrient cycling in forest systems (Aerts
and de Caluwe 1997; Hittenschwiler and Vitousek 2000)
and is characterized as being highly dynamic since the con-
centrations of cellulose, hemicellulose, and lignin are
known to change during the decomposition (Berg et al.
1982). In some cases, tannins and phenolics are lost rapidly
in litter decomposition (Baldwin and Schultz 1984; Pereira
etal. 1998). Consequently, changes in the concentrations of
phenolic compounds and lignin during the early stages of
decomposition are important because they can be included
in subsequent rates of this process and in later stages
(Wilson et al. 1986).

Likewise, different authors (Russo and Budowski 1986;
Petit-Aldana et al. 2012) have demonstrated the potential of
agroforestry systems to bring biomass and recycle nutrients
from decomposing litter, which may be affected by tree spe-
cies used for shade, to the extent that they differ sig-
nificantly in the production of biomass, the rate of decom-
position, and the production of root biomass (DaMatta and
Rodriguez 2007).

On the other hand, shade trees protect the soil from di-
rect insolation, help maintain organic matter, reduce evapo-
ration, and maintain soil productivity (Siebert 2002). Soil
moisture benefits the biota and the process of decomposition.
Leaf litter of different species (shade crops and trees) af-
fects the decomposing community structure, leaf litter de-
composition, and soil nutrient fluxes. In Indonesia, the an-
nual production of litter from trees of the legume Gliricidia
sepinm amounts to 3.9 tons per hectare per year (IMoser et
al. 2010).

The increase in litter shade trees promotes a diversity of
decomposer organisms and other species can provide eco-
system services such as pest control. Decomposers also
form an important link in the cycles of nitrogen and phos-
phorus ecosystems. A study on the changes and availability
of soil N in cocoa agroforestry systems in Indonesia re-
ported higher rates of N mineralization, absorption of am-
monia, and the rapid return to the reservoir of ammonium
in a Zea mays monoculture adjacent, which demonstrates
greater availability of N in agroforestry combinations
(Corre et al. 2006). This suggests that in contrast to the
monoculture of corn, the decomposer community in cocoa
agroforestry maintains most of its functions through nu-

trient recycling.
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Overall, soil erosion is negligible in cocoa agroforestry
systems and nutrient losses are negligible at least in plots
situated on steep slopes (Hartemink 2005). Shade trees
play an important role in controlling erosion because they
protect the soil from the impact of rain, reducing runoff ve-
locity by increasing surface roughness, water infiltration, as
well as providing a layer of mulch so that tree roots create

channels within the soil.

Decomposition in Coffee Agdroforestry
Systems

A coffee agroforestry system is a set of crop management
practices, where tree species are combined in association
with coffee. The objectives of this agroforestry system are
the management and conservation of soil and water and the
increase of production and ensure sustainability and
strengthening the coffee families’ social and economic de-
velopment (Farfan 2014).

The potential ecological interactions in a coffee agro-
forestry system are numerous. The results of interactions
can be positive, negative and neutral.

Fig. 1 shows a summary of the various interactions be-
tween components in the agroforestry system. There are
two types of coffee agroforestry systems such as simple and
stratified. When the shade the coffee ecosystem is com-
posed of a single species it is called a simple agroforestry
system and when the tree component is composed of more
than two species it qualifies as a stratified coffee agro-

forestry system (Farfan 2014).
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Fig. 1. Ecological interactions in coffee agroforestry system (adapted from
Farfdn, 2013 https://agroforestryandcoffee.jimdo.com/).



Although there is scientific literature documenting the
process of litter decomposition in coffee plantations, it is
oriented towards the decomposition of litter shade trees and
the use of green manure (mulch) applied to the crop. Based
on this information, this paper is presenting a review of re-
search work according to weight loss, decomposition rates
(k), initial chemical composition, and release of the major

nutrients.

Decomposition rates (k) and weight loss

The decomposition rate can be considered more con-
sistent than the remaining weight at a given time parameter
because it can integrate into a single value the effect of time
on the decomposition process and infer accurately on the
decomposition of a given substrate and comparison be-
tween treatments. In addition, decomposition rates elimi-
nate contamination errors of samples that may exist due to
microclimatic site conditions, adhered soil, etc., which in-
fluence the observed weight, errors that are leveled with the
decomposition curves modeled under a linear and the ex-
ponential model (Isaac et al. 2005).

In Costa Rica, Vilas et al. (1993) studied during the peri-
od of October 1989 to June 1990, the rates of decom-
position, nutrient release, and change in the cell wall of litter
in agroforestry plots with perennial crops: coffee (Coffea
arabica) associated with leguminous shade trees poro
(Erythrina poeppigiana); coffee with shade timber trees lau-
rel (Cordia alliodora); cocoa (Theobroma cacao) with laurel,
pord, and cocoa. The cocoa leaf litter/laurel system showed
a slow decomposition: the loss was only 32% of initial
weight. The leaf litter of the cocoa/poro, coffee/laurel and
coffee/poro systems presented faster losses: 47%, 49%, and
58%, respectively. Apparently, the factors that contributed
to these differences were the physical-chemical character-
istics of the litter. The authors did not report leaf litter de-
composition rates (k).

Arellano et al. (2004) conducted an experiment for 224
days in Trujillo, Venezuela, where the litter decomposition
rate was evaluated in three coffee agroecosystems (Coffea
arabica): coffee with tree shade of Inga sp (CT), coffee with
fruit trees Citrus sinensis (CF), and coffee in full sunlight
(CS). They reported that weight losses were rapid at the be-

ginning of the experiment. Then from 125 days onward,
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the curves of weight loss were parallel to the time axis, in-
dicating a slow decomposition. At the end of the experiment
(224 days), as decomposition corresponds to the leaves
placed on the agroecosystem CE, the remaining weight was
25%. For agro-ecosystems, CT and CS was 36% and 28%,
respectively. On the other hand, the greatest value of the
constant decomposition presented in litter agroecosystem
CF (k=2.79) with a half-life time (t1/2) of approximately
90 days, followed by the CT (k=2.60) with a t1/2=97
days, and the shortest in the CS (k=1.41) with a t1/2=179
days. They concluded that the agroecosystem coffee with
fruit (CN) is the one that has the highest rate of
decomposition.

Mungia et al. (2004) selected two plantations four years
old of Coffea arabica cv. Costa Rica 95 (5000 plants ha™),
shaded by Eucalypius deglupta (278 trees ha'), on the
farms Verde Vigor and Santa Fe, located in the southern
zone of Costa Rica, placing litterbags under the coffee trees.
Treatments consisted of freshly fallen leaves of E. deglupta
and/or C. arabica andfor green leaves of Erythrina po-
eppigiana prunings (alone or in mixtures), which were col-
lected at 0, 6, 12, 24, 48, 72, 96, 150, and 213 days of
exposure. In the Verde Vigor farm, the litter decomposition
of E. deglupta alone showed the lowest rate of decom-
position with respect to other treatments with a weight loss
of 23% at 213 days (k=0.08), E. poeppigiana alone had the
highest rate, with 86% decomposition of the material in the
same period (k=0.58). The mixtures with E. poeppigiana
had a rate of 59%. On the other hand, in the Santa Fe farm,
the decomposition rate of C. arabica (60% of the material to
213 days; k=0.30) was higher than in E. deglupta or the
mixture of both, with 39% and 47%, respectively. Likewise,
the decomposition of C. arabica in mixture with E. de-
glupta on the Verde Vigor farm was faster when E. po-
eppigiana (40% k=0.198) was included. E. poeppigiana
with the litter of E. deglupra accelerated the rate of decom-
position (60% k=0.556). The decomposition of the green
leaves of E. poeppigiana was not affected by the presence of
other species.

Cardona and Sadeghian (2005) investigated the decom-
position process in coffee agroforestry systems with /nga sp.
and free coffee at full sunlight at two locations in Colombia
for a year. For weight loss, it was found that coffee litter pre-

sented faster decomposition front /nga sp., especially under
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shade, at the end of the experiment showed a weight loss of
78% for coffee under the shade, 71% for coffee at full sun-
light, and 49% for Inga sp. Decomposition rates from leaves
coffee under shady and sun exposure were equal to each
other and statistically different from /nga sp., in the two
study sites. The authors argued that the values of k were the
first reported in the country for the two species tested and
the reason why there are no data to serve as a comparison
parameter. However, they said that the decomposition re-
sults match the records of literature for organic matter in
the Colombian coffee zone, where the litter produced by
coffee was classified as a material rapid decomposition.
They concluded that the difference between decomposition
rates was important because of the final effect generated by
the various materials. The rapid degradation of coffee resi-
dues as a result of its composition provided crop nutrients
in a shorter period. Residues from /nga sp., however, suffer
a different process due to their higher lignin content, in that
case the main product of decomposition was humus, the
most abundant and important fraction of the stable organic
matter in the soil. The annual return of nutrients (kg ha™)
in the organic material of N, B, and K were 1.99, 0.08, and
0.49, respectively.

In a study in Carazo, Nicaragua by Flores et al. (2006),
for 96 days the litter decomposition in two environments
and three treatments were evaluated: Coffea arabica with fer-
tilization under shadow of Gliricidia sepium (C+Gs f); C.
arabica without fertilization under G. sepium (C+Gs wf);
and C. arabica under full sun exposure (C). It was observed
that the weight losses were faster at the beginning of the de-
composition in plots under shade and slower in coffee in full
sunlight. At the end of the experiment, the greatest weight
loss (50%) corresponded to treatment C +Gs f, followed by
C+Gs wf (40%) and C (35%). Decomposition was also

greater for C+Gs f, with a constant of decomposition

(k=0.07), which was higher than the other treatments.

Farfan and Urrego (2007) evaluated the decomposition
of dry matter and the nutrient transfer of the species Cordia
alliodora, Pinus oocarpa, and FEucalyptus grandis in agro-
forestry systems with coffee in Colombia. The plant materi-
al for analysis of the rate of decomposition of dry matter
produced by the coffee under each cropping system and
produced by C. alliodora, P oocarpa, and E. grandis, was
obtained directly from the coffee plants and trees, samples
were collected at 30, 180, and 365 days. Weight losses for
coffee and decomposition rates are observed in Table 3.

The culture system of coffee under shade or full light
does not affect the rate of decomposition of the plant
residues. At the beginning of the decomposition, weight
loss coffee was slow in association with P oocarpa (1%),
then 180 days greater weight loss corresponded to the asso-
ciation with P oocarpa and lower with E. grandis, and 365
days after 70% of the initial weight was incorporated into
the soil. The loss of mass in the forest species at the end of
the experiment followed the sequence C. alliodora> E.
grandis > P oocarpa. The authors argue that no statistical
differences were shown between the annual decomposition
rate for the coffee in full light and under shade. This differ-
ence in the decomposition rate of the residues of C. allio-
dora and E. grandis was not evident either, but there was a
statistical difference between the rate of decomposition of
plant residues Poocarpa and coffee in all its environments
and E. grandis and C. alliodora. In other words, pine plant
residues decompose more slowly than the other materials.
The culture system coffee under shade or sun exposure
does not affect the rate of decomposition of the plant
residues.

Villavicencio-Enrigez (2012) conducted a study to ana-
lyze the production, weight loss and decomposition rates of

litter in agroforestry plots with Traditional System Coffee

Table 3. Weight loss (%) and decay constants (k/year) coffee free solar exposure and agroforestry arrangements with Cordia alliodora, Pinus
vocarpa and Eucalyptus grandis (adapted from Farfan and Urrego 2007)

Coffee Coffee+ Coffee+ Coffee+
D k £k C. alliod k £ P k E. dis
*  unshaded C. alliodora atrodora P oocarpa oocarpa E. grandis grands
30 7 1.0 10 1.0 6 0.8 7 0.9 1 0.3 6 1.1 2 0.7
180 40 49 40 51 22 38 37
365 66 67 59 63 25 70 58
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(TSC), Rustic Systems Coffee (RSC), and Medium
Tropical Forest (MTF), in San Miguel, Veracruz, Mexico.
To measure the decomposition, prepared 252 bags of poly-
ethylene of dominant species and mixtures representative
per system (Table 4), samples were collected in seven dates
for 352 days. Weight loss of litter during the dry season
(January to June), showed accelerated weight loss and a
consequent slowdown during the rainy season (July to
December). The average weight loss during the dry season
(0-176 days) was 65% and during the rainy season
(176-352 days) was 17%. On the other hand, similar trends
of decomposition rates were observed in the bags contain-
ing R. mirandae/C. arabica and mixed leaf litter. During
the first 176 days, rapid weight loss and slower decom-
position of remaining weight in the TSC (34.7% and
39.3%) and MTF (43.3% and 33.3%) was observed. In the
RSC treatment, weight remnants of R. mirandae/C. arabica
and mixture of litter followed the same trend in the first 176
days, but showed differences in weight loss to 352 days only
8% (the highest weight loss) and 12.7%, respectively, for
each species.

Weight loss for mixing R. mirandae/C. arabica was 55%
to 62% during the dry season in the three systems. During
the rainy season the greatest weight loss was observed in
RSC at 87% compared to 67% at 352 days in TSC and
MTE. The leaf litter mixture showed different loss patterns
in the three systems, following the order of TSC > Smsp >
RSC with losses of 60%, 64%, and 92%, respectively. In all
systems, the remaining dry weight varied in the following
order: R. mirandae > R. mirandae/C. Arabica > Leaf litter
mix > Dominant species (P Aispidum > C. officinalis > M.
capirii).

The decomposition rates for all species varied from

Petit-Aldana et al.

-0.1278 (R. mirandae/C. arabica, in MTF) to 3.912 (P
hispidum). The k values were comparatively higher in the
entire litter tested in the last 176 days of incubation. The
decomposition rate was high for Piper hispidum and litter
in RSC, indicating a possible effect of microclimate or qual-
ity litter. The lowest rates were obtained in Robinsonella mir-
andae/Coffea arabica and Mastichodendyon capirii in TSC and
MTE

The author argues that a rapid initial k was followed by a
slower rate and shows that the decomposition the process is
divided into two phases controlled by different factors: an
initial phase with a faster rate of k by weight followed by a
phase with slower rates of decomposition, which is con-
sistent with the results reported by other authors (Swift and
Anderson 1989; Xuluc-Tolosa et al. 2003). The author con-
cluded litter quality and different mixtures of trees are the
main drivers of the decomposition process in the native
agroforestry systems. Legumes used as green manure are
considered an important source in the coffee plantations,
especially for the low availability of nutrients. da Matos et
al. (2011) conducted field experiments to assess rates of de-
composition and release of nutrients in legumes used as
green manure in an agroforestry system with coffee, on two
farms (Pedra Dourada (PD) and Araponga (ARA)) differ-
ent climatic conditions in the Zona da Mata of Minas
Gerais, Brazil with four legume species: Arachis pintoi, C.
muconoides, — Stizolobium  aterrimum, and  Stylosanthes
guianensis. Litterbags under coffee bushes were placed and
collected at 15, 30, 60, 120, 240, and 360 days. The greatest

losses of dry biomass occurred from 0 to 15 days, with at

least 20% of the dry biomass of leguminous plants being

Table 4. Leaf litter content in litterbags to obtain the decomposition per system. San Miguel Veracruz, Mexico (Adapted from Villavicencio-

Enriquez 2012)

TCS

MTF

Robinsonella mirandae
Robinsonella-mirandae/Coffea arabica
Mastichodendyon capirii Piper hispidum

Litter mixture

Robinsonella mirandae

Robinsonella-mirandae/Coffea arabica

Litter mixture

Robinsonella mirandae
Robinsonella-mirandae/Coffea arabica
Croton officinalis

Litter mixture

TCS, traditional coffee system; RCS, rustic coffee system; MTE medium tropical forest.

Mixture, leaf litter mixture per system.
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Table 5. Initial chemical composition of the leaves of some coffee agroforestry systems

Chemical composition

Specie/
combination Country (L+PF)/ References
%N %C %P %K %Ca %Mg %L %PF CN C:P L:N N
Coffea arabica Costa Rica  1.93 - 0.11 1.98 - - 44 3 - - - - Mungia
Eucalyptus. 0.90 0.06 0.79 - - 38 8 - - - - etal. 2004
deglupta
Erythrina 5.74 0.40 230 - - 34 2 - - - -
poeppigiana
Coffea arabica Colombia 1,7 534 019 123 170 0.33 - - 322 - - - Farfan &
Cordia 2.0 47.1 0.07 0.80 5.50 0.80 - - 23.8 - - - Urrego
alliodora 2007
Pinus oocarpa 0.5 557 0.02 0.18 045 0.06 - - 1051 - - -
Eucalyptus grandis 0.8 552 0.05 0.59 1.07 0.14 - - 71.7 - - -
Café with shade 2.8 533 021 125 1.72 035 - - 24.9 - - -
C. arabica Colombia ~ 2.19 - 0.14 0.60 1.57 024 - - - - - - Cardona &
Café with shade 2.08 - 0.10 025 191 0.16 - - - - - - Sadeghian
(C. arabica+ Inga 2005
codonantha)
Inga subnuda 3.20 - 0.14 - - - 273 48 16 357 8.5 10.0
Persea americana 2.10 - 0.16 - - - 21.0 73 24 313 10.0 13.5
Senna macrantera  Brasil 296 496 028 099 098 026 194 7.7 168 173.8 6.4 - Jaramillo
2007
Mulch Arachis Brasil 2.65 - 0.26 2.30 - - 8.1 1.8 158 164 3.1 3.8 da Matos
pintoi etal. 2011
Mulch 3.31 - 0.27 2.20 - - 8.4 1.3 13.1 156 2.6 2.9
Calopogonium
mucunoides
Mulch Szylosanthes 3.08 - 0.20  2.00 - - 55 1.6 14.1 170 1.8 2.3
guIanensis
Mulch Stizolobium 3.63 - 0.26 2.01 - - 96 39 123 175 26 3.2
aterrimum
Aegiphila sellowiana Brasil 3.80 - 0.19 - - - 182 49 13 263 4.8 6.1  Duarte et al.
Erythrina verna 3.30 - 0.18 - - - 770 6.4 15 278 2.3 4.3 2013
Luchea grandiflora 2.00 - 0.12 - - - 136 83 25 417 6.8 11.0
Senna macranthera 3.60 - 0.19 - - - 154 7.6 14 263 4.3 6.4
Zeyheria tuberculosa 2.20 - 0.11 - - - 145 44 23 455 6.6 8.6
Coffee with shade Colombia  1.68 53.3 - - - - 257 - 34 - 153 - Diaz 2009
(some species)
Coffee unshaded 1.69 53.8 - - - - 195 - 32 - 118 -
decomposed in both areas. In this interval, the decom- tation in ARA, which showed a sharp increase in the de-
position of spontaneous vegetation was greater than that of composition rate after 120 days. The biomass decomposed

leguminous plants in PD (50%) and less than that in ARA was greater in PD than in ARA at the end of the experi-
(10%). In general, the rates of decomposition of all plants ment and greater for spontaneous vegetation than for the le-

decreased after 120 days, except for the spontaneous vege- guminous plants.
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The decomposition coefficients were estimated by the
linear regression equation (Xt=a-kt, where Xt is the dry
weight at time t and k represents the decomposition
constant. The constant a is the initial quantity of dry bio-
mass added in the litterbags. The slope k represents the de-
composition rate and the mean half-life (t1/2) by In (2)/k).
In the Pedra Dourada farm, decomposition rates followed
the order C. mucunoides <S. aterrimum <S. guianensis <A.
pintoi, while in the Araponga farm there was no difference in
the rate of decomposition between legumes (k between
0.0022 to -0.0030). On the average, rates of decomposition
of residue in Araponga were 50.7% lower than the Pedra
Dourada. Except for C. mucunoides, the half life (t1/2) of the
legume species in the first was 57% shorter than in the sec-
ond farm. At the end of the process (360 days), decom-
position rates tend to decrease due to the accumulation of
recalcitrant components, increasing the difference between
the two farms. The authors concluded that in general de-
composition rates tend to be higher in the south-facing area,
resulting in increased humidity in the coffee plantation in

the area facing west.

Initial Chemical Composition

The litter chemical composition is the most important
factor of litter decomposition. Teeney and Waksman (1929)
pointed to the initial chemical composition as the main fac-
tor controlling the rate of decomposition. Although decom-
position rates vary strongly with the climate, the immobili-
zation of nitrogen in leaf litter and its output in mineral
forms are mainly controlled by the initial chemical composi-
tion of vegetable residues. Within an ecosystem, the quality
of the litter is the most important factor in determining the
rate of decomposition (Cadisch and Giller 1997). However,
there is considerable interspecific variation in the quality
and quantity of litter that different species of plants pro-
duce; therefore, decomposition (both nutrients and carbon
cycle) is strongly determined by the characteristics of the
litter of the dominant species in an ecosystem (Hoorens et
al. 2003).

Table 5 shows the initial chemical composition of the
leaves of some coffee agroforestry systems in Costa Rica,
Colombia, and Brazil. It is observed that the contents of the

different elements vary according to location and species
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studied. Overall, the initial concentrations of the elements

are within the ranges reported.

Nutrient Release

Decomposition and nutrient release of leaf litter are key
to ensuring the proper functioning of the biogeochemical
cycle’s processes and encourage appropriate physical,
chemical, and biological soil conditions. The release of ele-
ments from the litter through the decomposition process
represents one of the main processes of nutrient cycling in
forestry and agroforestry ecosystems. The decomposition
and mineralization regulate the availability of nutrients, or-
ganic matter accumulation, and growth of forests
(Montagnini and Jordan 2002). After the mechanical and
physical destruction of the plant remains, attack by micro-
organisms based on their digestive juices and enzymes,
leading to the destruction of the organic components and
the release of minerals, occurs. The release of nutrients dur-
ing litter decomposition is one of the most important proc-
esses that contribute to nutrient cycling in agroecosystems.
It is a process that can take hours or months depending on
multiple factors such as climatic and soil conditions, plant
species, age, and density of populations, where the fixation
rate can vary widely depending on the setting process and

microorganisms.

Nitrogen (N), Organic Carbon (CO), and
Carbon:Nitrogen Ratio (C:N) Release

The importance of nitrogen to plants is accentuated by
the fact that only carbon, hydrogen, and oxygen are more
prevalent in them. N is the most important element of the
physiological processes that govern the life of plants; as in-
dispensable parts of the chlorophyll molecule, where im-
portant photosynthetic reactions for the production of bio-
mass occur (Salisbury and Ross 1994). Nitrogen is taken
up by plants primarily as ammonium and nitrate (Escobar
1990). In coffee agroforestry systems, they generally use le-
guminous species due to its high content of N and avail-
ability of absorption by crops (Giller and Wilson 1991). In
coffee agroforestry system bacteria, play an important role
in nitrogen transformation. The release of N is the term

usually used to describe the loss of this element (in organic
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and/or mineral form) from decomposing materials (Palm
and Sanchez 1990). While N mineralization strictly refers
to the transformation process of organic N in mineral N, a
process that is important for the growth of the plants. The
release of N is given by the difference between 100% of the
N and the remaining N contained by the plant material.

Fassbender (1987) indicated that the percentage content
of organic matter (OM) in the first layer of soil is high with
respect to the subsequent layers. The values of the content
of organic matter horizon in tropical soils vary by an aver-
age of 2% to 5%. The reduction of organic matter is noto-
rious for the accumulation of organic residues and the activ-
ity of microorganisms in the first decimeters of the soil. On
the other hand, it has direct and indirect effects on the avail-
ability of nutrients for plant growth and serves as a source
of N, B and S through mineralization by soil micro-
organisms and influences the contribution of nutrients from
other sources, such as when required as an energy source
for the bacterial attachment of N. Therefore, the amount of
molecular N, fixed by free fixative will be influenced by the
amount of energy available in the form of carbohydrate.

Furthermore, since the most widely accepted estimate of
organic matter soil is based on the determination of organic
carbon oxidizable (Method Walkley-Black; % MO=%
COX1,724), so the studies on the organic matter are stud-
ied organic carbon (Nair 1993).

The C:N ratio depends on the species and age of the
same, and is a good indicator of susceptibility of litter to be
degraded. The optimum range of organic residues is be-
tween 25:1 to 30:1; if the starting residue is rich in C and
low in N, decomposition will be slow, but on the contrary,
with high concentrations of N, it will be transformed into
ammonia preventing proper biological activity. If the final
material obtained after decomposition has a high C:N value
(>35), it indicates that it has not suffered a complete de-
composition and if the index is very low ( <25), it can be by
excessive mineralization, although it all depends on the
characteristics of the starting material (Fassbender 1987;
Oliver et al. 2002).

Vilas et al. (1993) found in Costa Rica that the release
rate of N is similar and smaller, the loss of dry weight, ex-
cluding systems Coffea arabica+E. poeppigiana, which
showed a release rate of N greater (60%) loss of dry weight
with respect to the other systems tested (Coffea arab-
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ica+Cordia alliodora, Theobroma cacao~+Erythrina  po-
eppigiana and Theobroma cacao+ Cordia alliodora).

Teklay (2007) studied the decomposition of leaves of
Cordia africana Lam. and Albizia gummifera G. FGmel,
product pruning and used as green manure during the wet
and dry Wondo Genet stations (Fthiopia). The experiment
was carried out in two systems: agroforestry-shade coffee
and adjacent agricultural land where corn is often used for
cultivation. The species C. africana and A. gummifera are
the dominant shade trees in the shade coffee system, pro-
viding between 63% and 72% of shade at 0.4 m above the
ground. Litterbags that were buried in the two systems
were recovered after 4, 8, 12, and 16 weeks, and nitrogen
(N), phosphorus (P), potassium (K), cellulose, lignin, solu-
ble polyphenols, and condensed tannin content were
analyzed. The author expresses the N was immobilized
during the first 8 weeks of the dry season. After 12 weeks of
incubation, the loss of N in A. gummifera was higher dur-
ing the dry season than during the wet season. N minerali-
zation was also higher during the rainy season than during
the dry season, in the shade coffee system than in farmland
and between species. Moreover, the two species showed
contrast patterns in the concentration of N in relation to the
cumulative weight loss. In A. gummifera, N loss was pro-
portional to the weight loss of the dry matter, while in C. af~
ricana weight loss of dry matter moved faster than N.

da Matos et al. (2011) report values of N release in le-
gumes used as green manure in coffee agroforestry system
in two farms in Minas Gerais, Brazil. They indicate that
concentrations of N residues Szizolobium aterrimum were
consistently higher than in the other residues on both farms,
following the trend of losses of dry biomass, the values of
decay rates for the release of N were 50.2% lower than in
the Araponga farm in Pedra Dourada farm. At the end of
360 days, the released N corresponded to 78% of the initial
content and 89% in both farms, respectively, indicating that
a large part of N accumulated in plant tissue had been re-
leased in the early days of decomposition. The C/N ratio
was between 15.1 and 18.6 in Pedra Dourada and between
13.0 and 24.2 in Araponga.

Farfan and Urrego (2007) presented Table 6 the results
of their study of the decomposition of Cordia alliodora, Pinus
oocarpa, and Eucalyptus grandis in coffee agroforestry sys-

tems in Colombia. It is observed that the final concen-
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Table 6. Final concentrations of organic carbon (OC), nitrogen (N) and C: N ratio of coffee remaining material to free solar exposure and un-

der shade and forest species C. alliodora, Poocarpa and E. grandis in coffee agroforestry systems in Colombia (Adapted from Farfan and

Urrego, 2007)

Species OC% N% C:N

Coffee unshaded 49.5 2.5 19.8
Café with shade 50.1 3.0 16.9
C. alliodora 42.5 2.4 18.1
P oocarpa 55.4 0.8 73.9
E. grandis 52.6 1.4 37.3

trations of nitrogen and organic carbon were higher in the
shade coffee system. The species C. alliodora obtained the
highest concentration of N and P oocarpa had the highest
concentration of organic carbon and the lowest concen-
tration of N. As for the C:N ratio, it is observed that in the
coffee alone and under shade is below 25, indicating that a
complete decomposition process occurred in both systems.
On the other hand, the C:N ratio in the shady species, only

in C alliodora, was completed the decomposition process.

Lignin, Polyphenols, Condensed
Tannins, and Other Elements

Cellulose, hemicellulose, and lignin are the most im-
portant components of the litter, which constitute 50% to
80% of dry matter (Berg 2014). These macromolecules pri-
or to assimilation by microorganisms must be hydrolyzed to
simpler subunits, by extracellular enzymes.

After cellulose, lignin is the second most important com-
ponent of litter. Lignin is a polymer consisting of phenyl-
propane units with multiple links and is degraded by an en-
zyme complex, including lignin peroxidases and tyrosinase,
which act synergistically (Fioretto et al. 2005). The com-
plexity of the molecular structure of lignin causes a delay in
their degradation and their binding via covalent bonds to
cellulose.

There are several studies that explain the role of lignin as
a regulator of litter decomposition process (Tian et al.
1993). According to Tian et al. (1992) increasing lignin
content decreases and the degree of decomposition can
cause immobilization of nutrients, primarily nitrogen. This
was also demonstrated by Melillo et al (1982).

Polyphenols are a heterogeneous group of natural sub-

stances characterized by a hydroxyl aromatic ring by one or
more groups. These substances are compounds of different
chemical secondary plant origin that occur in plant tissues
(Harborne 1997). Total phenols disappear quickly from the
leaves and have essentially disappeared out of the leaves in
six weeks after fall. They have been reported rapid loss of
soluble constituents of the leaves (Gallardo and Merino
1993) and polyphenols in various ecosystems (Rahman et
al. 2017). However, the perception of phenols as inhibitors
is too simple and different phenolic compounds can have
many different functions within the litter layer and the un-
derlying soil (Hittenschwiler and Vitousek 2000).

Some scientists hypothesize that polyphenols stimulate
microbial activity and subsequently reduce plant-available
N (Madritch and Hunter 2004). These results contribute
important information to the growing body of evidence in-
dicating that the quality of C moving from plants to soils is
a critical component of plant-mediated effects on soil bio-
geochemistry and possibly competitive interactions among
species (Rahman et al. 2017).

Tannins are phenolic substances that precipitate proteins
and inhibit decomposition of organic matter. Tannins are
defined as polymeric, water-soluble phenols that precipitate
proteins. However, some soluble phenols that have similar
structures and chemical properties to tannins do not precip-
itate proteins. The high presence of phenols does not in-
dicate that the production of tannin is increased and that
can lead to other components (Romero Lara et al. 2000).

Tannins are a heterogeneous group of phenolic com-
pounds derived from flavonoids and gallic acid. Swain and
Bate-Smith (1962) defined as soluble tannins water poly-
phenolic compounds with a molecular weight of 500 to
3000 Daltons that have the ability to precipitate alkaloids,
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gelatine, and other proteins. The tannins found in higher
plants are divided into two major classes termed proantho-
cyanidins or condensed tannins and hydrolyzable tannins
(Rahman et al. 2017).

It is believed that tannins retard the rate of litter decay
because they may form recalcitrant complexes with other
substrates such as cellulose or protein (Horner et al. 1988).
It is widely recognized that phenols have an important role
in nutrient cycling and litter decomposition through their
interactions with multilevel mineralization processes
(Cornelissen et al. 1999; Hittenschwiler and Vitousek
2000). Apart from its toxicity to certain microorganisms, it
is believed that the polyphenols, especially the fraction of
tannins, affect the availability of nitrogen to plants during
growth, primarily through the formation of complexes of
organic nitrogen in the soil (Kraus et al. 2003). Tannins
play an important role in the dynamics of nutrients, partic-
ularly for the N, and are critical to the activity of bacteria
and soil fungi (Field and Lettinga 1992).

Tannins can also directly affect biogeochemical processes
significantly in soils because they can form complexes and
play a vital part in chemical reactions. Tannic acid can react
rapidly with soil proteins related to soil quality (Halvorson
etal. 2009). They also affect the processes of decomposition
in the litter only during the first weeks of decomposition
(Rahman et al. 2017). Mungia et al. (2004) studied the de-
composition and release of nutrients from leaves of
Eucalyptus deglupta and Coffea arabica and green leaves of
Erythrina poeppigiana, single or in mixtures in two coffee
farms in the Southern Zone of Costa Rica and result
showed that decomposition of litter had a positive correla-
tion with the content of homocelulosa and concentrations of
B N, and K, and negative relationship with the polyphenol
content and lignin:N ratio (Table 6). The authors conclude
that the concentration of polyphenols appears to limit the
rates of decomposition of litter, while high concentrations of
cellulose and hemicellulose, N, B, and K are positively cor-
related with high rates of decomposition. An example of
this is that the litter F. poeppigiana decomposed and released
nutrients at rates much higher than those of E. deglupta and
C. arabica. However, K released very fast in all treatments
including those contained litter £. deglupta. With the addi-
tion of E. poeppigiana leaves, the litter decomposition of C.

arabica and E. deglupta and the release of K from the leaf lit-
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ter of E. deglupta were accelerated.

Teklay (2007) conducted a research on decomposing
leaves of Cordia africana and Albizia gummifera, a pruning
product used as green manure during the wet and dry sea-
sons in a shade coffee agroforestry system and agricultural
land with maize crop. The result showed that lignin decom-
position was significantly higher during the dry season in
contrast to that found in the wet season, also among the sys-
tems studied (shade coffee system > farmland with corn).
However, when the results were analyzed for each season,
they showed that the significant effects of land use on the
decomposition of lignin existed only during the wet season.
On the other hand, an increase was observed both in abso-
lute amounts and concentrations of lignin in the litter, as de-
composition was executed. Polyphenols showed a high rate
of decomposition and revealed differences between species
that were affected by the season and land use systems.
However, when these analyses were performed separately
for each season, it was found that the effect of the decom-
position of A. gummifera, loss of polyphenols is faster than
that of C. africana but only during the wet season.
Moreover, the loss of condensed tannins was significantly
higher during the wet season than in the dry as well as
among the species studied. The concentrations of con-
densed tannins showed exponential declines and increases
in the litter (Teklay 2007).

Farfan and Urrego (2007) reported that there were no
statistical differences in the release of phosphorus (P) in the
litter of coffee in the four cropping systems. It was observed
that C. alliodora transfers P at a higher rate than P oocarpa,
while immobilizing this nutrient in E. grandis occurs. The
P release rates were higher in sunlight coffee and under
shade eucalyptus than C. alliodora and P oocarpa. No im-
mobilization of potassium (K) in the coffee was recorded in
one of its different cropping systems or forest species. The
K release rates were equal in litter coffee (shade and free ex-
posure) compared with those of C. alliodora. The values of
K release rates of litter produced by P. oocarpa and . gran-
dis were equal, and in turn, they were different (lower) than
those of coffee and C. alliodora. Furthermore, the highest
rates of release of calcium (Ca) were recorded in the litter of
C. alliodora and the coffee under the shade of eucalyptus.
Despite not having registered immobilization of Ca in cof-

fee or forest species, the lowest this nutrient release rates



were found in the litter of coffee under shady of C. a//io-
dora, P oocarpa, and E. grandis. Residues of coffee under
the shade of E. grandis showed a higher rate of release of
magnesium (Mg) that litter the coffee under the shade of
C. alliodora and coffee at free sun exposure. Among forest
species the lowest transfer rate was recorded in F. grandis
when compared to C. alliodora; while there was P oocarpa
immobilization of this nutrient. The researchers conclude
that over a period of 365 days of decomposition, the dry bi-
omass produced by the ground coffee transferred 82.9% of
B 96.7% of K, 34.3% of Ca, and 63.1% of Mg. In the same
way, C. alliodora transferred 54.4% of B, 93.6% of K, 54.0%
of Ca, and 67.7% of Mg. For the same period, the leaf litter
of P vocarpa did not transfer B, Ca, and Mg to the soil, but
there was 64.5% of K present in the residues. Also E. gran-
dis, transferred 35.5% of B, 89.3% of K, 5.28% of Ca, and
39.9% of Mg,

Conclusion and Final Considerations

From the abovementioned discussion we conclude fol-
lowings:

® The decomposition of leaf litter is key and limiting
process in macro-nutrient cycles and models have been de-
veloped that predict the rate of decomposition and related to
climatic, edaphic, residue, or even microbiological variables.

® The decomposition rate of litter can be affected by a
number of factors, including the diversity of the type of lit-
ter in the environment. The effect of mixing different types
of litter decomposition rates is increasingly being studied,
but is still poorly understood.

® Shade trees protect the soil from heat stroke, help
maintain organic matter, reduce evaporation, and maintain
soil productivity, since they play an important role in con-
trolling erosion, protecting soil against the impact of the
rain; reduce runoff velocity by increasing surface rough-
ness, water infiltration, and provide a layer of mulch so that
tree roots create channels within the soil.

® ]t has been found that the green leaves of legumes gen-
erally provide a high amount of N to the soil, due to rapid
decomposition and mineralization process that favors great-
er biomass for plants growing in association with legumes,
such as coffee.

® There are few studies of decomposition made in coffee
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agroforestry systems, for this reason, it is necessary to im-
plement studies of decomposition and mineralization, and
the microflora and fauna associated with these processes, so
that serve as an important tool to develop models, enabling
a description of the short, medium, and long-term dynam-
ics of soil nutrients in coffee, because changes are laborious
to measure and future levels of soil carbon can only be pre-
dicted using models.

® The information generated from research in coffee
agroforestry systems have important operating im-
plications, as it will decide the application of green manure
from pruning trees associated with coffee cultivation, re-
ducing the need for the application of fertilizers, and possi-
bly rich soil microflora and fauna that get involved in the
processes of decomposition and increase the availability of

nutrients in the soil.
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