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ABSTRACT: In coffee agroecosystems, it is of much importance to maintain appropriate levels of nitrogen to guarantee
stable and sustainable productions. In this agriculture type, it is fundamental to consider the insert of shade species that
carry out the Biological Fixation of the Nitrogen like natural form of incorporating this element to the soil. In that sense, it
was carried out an experiment in two coffee areas (Coffea canephora var. Robusta) of the East of Cuba, in Sagua-Nipe-
Baracoa and Sierra Maestra mountains, with the objective of quantifying the production of dry biomass and content of two
leguminous used as shade trees (Samanea saman and Gliricidia sepium) and starting, from those determinations, to
estimate the nitrogen biological fixation by the total N difference method. The dry mass and N content quantified in the
shade trees were superior to the valued in the coffee, due to the different behavior among the species in study, coffee dry
mass oscillated between 1.23 and 1.75 t ha'! and the shade trees between 2 and 3 t ha'. The contents of foliate N of the
shade species oscillated among 25-40 kg ha! and the coffee presented foliar concentrations of the element in appropriate
ranges. The arboreal species present BFN between 20 and 55 %, that which transforms them into an important source for
the contribution and recycling of the nitrogen inside the coffee ecosystems.

Key words: Coffea canephora, Gliricidia sepium, dry mass, Samanea saman.

RESUMEN: En los agroecosistemas de cafetales, es de suma importancia mantener niveles adecuados de nitrégeno para
garantizar producciones estables y sostenibles. En este tipo de agricultura, es fundamental considerar la insercion de
especies de sombra que realizan la Fijacion Biologica del Nitrogeno como forma natural de incorporar este elemento al
suelo. En ese sentido, se realizo un experimento en dos zonas cafetaleras (Coffea canephora var. Robusta) del Oriente de
Cuba, en los macizos montafiosos Sagua-Nipe-Baracoa y Sierra Maestra, con el objetivo de cuantificar la produccion de
biomasa seca y contenido de N de dos leguminosas empleadas como arboles de sombra (Samanea saman y Gliricidia
sepium) y a partir de esas determinaciones, estimar la fijacion biologica del nitrogeno por el método de la diferencia de N
total. La masa seca y el contenido de N, cuantificados en los arboles de sombra, fueron superiores a la evaluada en el
cafeto, debido al diferente porte entre las especies en estudio, la masa seca del cafeto oscilé entre 1,23 y 1,75 tha! y el de
los arboles de sombra entre 2 y 3 t ha™!. Los contenidos de N foliar de las especies de sombra oscilaron entre 25-40 kg ha!
y el cafeto presentd concentraciones foliares del elemento en rangos adecuados. Las especies arboreas presentan FBN
entre un 20 y 55 %, lo cual las convierte en una fuente importante para el aporte y reciclaje del nitrogeno dentro de los
ecosistemas cafetaleros.
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INTRODUCTION

Nitrogen (N) is an important element in the development
of all organisms since it is part of the structure of amino
acids, nucleic acids, proteins and cellular components (1).
However, in the soil it is one of the most limiting nutrients.
The atmosphere contains 78 % N but this is found in forms
not available to most living beings and can only be used by a
group of highly specialized microorganisms, N-fixing bacteria,
which are associated with different plant species mainly
legumes, to carry out this important natural process (2).

In coffee agroecosystems, it is of utmost importance to
maintain adequate levels of N to guarantee stable and
sustainable productions. In this sense, results have been
obtained that optimize the use of nitrogenous mineral
fertilizers to achieve stable maximum yields. However, it
is necessary to take into account the importance of other
agroecosystem components to maintain and increase the
inputs and element recycling, of form usable by the crop (3).
The high prices of mineral fertilizers in the world market
and the negative effects on the environment that their
inappropriate use can cause, make it necessary to investigate
more exhaustively nitrogen contribution that other organic
sources can make within coffee plantations, not just sources
but, fundamentally, of coffee agroecosystem components.

In this sense, coffee plantations in agroforestry systems
with shade trees exert control over water resources, since
the water deficit is mitigated in periods of drought, in addition
to helping soil fertility, minimizing erosion, recycling nutrients
and providing large amount of organic matter (4). In this
type of agroecosystems, the inclusion of multiple-use trees is
prioritized but it is also essential to consider the insertion of
species that perform Biological Nitrogen Fixation (BNF) as a
natural way of incorporating this element into the soil (5).

Among the trees used in the shade of coffee plantations are
gliricidia (Gliricidia sepium (Jacq) Walp.), carob (Samanea
saman (Jacq) Merril), among other leguminous tree species
(6). The coffee plantations established in systems associated
with trees can generate additional income to producers, both
from the point of view of fruits, wood, among other forest
products sale, and for environmental services (7).

For these reasons it is necessary, in order to contribute
to an estimate of the N balance in coffee agroecosystems,
to quantify the contribution of shade trees that compose
it, through the estimation of the biological N fixation
process (BNF).

In this sense, this experiment was carried out in two
coffee-growing areas in eastern Cuba, with the objective
of quantifying the dry mass production and N content of

two legumes used as shade trees in the coffee-growing
ecosystem and, based on these determinations, estimate
BNF by the total N difference method.

MATERIALS AND METHODS

The research was carried out over a period of four
years (2004-2007) in two locations in the Sierra Maestra
and Sagua-Nipe-Baracoa mountain ranges. One was Tercer
Frente locality (Cruce de los Bafios site), located at 20°09”
latitude N and 76°16 longitude W, 35 km NW from Santiago
de Cuba city, 150 m above sea level, in Tercer Frente
municipality. Sierra Maestra mountain, with the predominant
shade of Samanea saman (Jacq) Merril.

The second locality was La Alcarraza, located in the Sagua
de Tanamo municipality, Nipe - Sagua - Baracoa mountain
ranges, at 20°35" latitude N and 75°15" longitude W, 118 km
ESE of the city of Holguin, with a height of 300 m a.s.I, with
a predominant shade of Gliricidia sepium (Jacq) Walp. Some
properties of the soils are presented in Table 1.

For soil chemical analysis, the following methods were
used (8): pH (H20) by the potentiometric method, with a
soil: solution ratio of 1: 2.5; organic matter (% O.M) by the
Walkley and Black method; P assimilable by extraction with
H2S04 0.1 N with soil: solution ratio 1: 2.5; Exchangeable
cations (cmolc kg-1) by extraction with NH4Ac 1 Mol L-1 at
pH 7 and determination by complexometry (Ca and Mg) and
flame photometry (K and Na).

The quantification of coffee tree phytomass (leaves) and of
the shade trees (leaves, fruits, flowers and rachis) was carried
out monthly from January to December in the two locations
and during the four years evaluated.

The estimation of the amount of fallen litter from the
shade trees in each locality was carried out using 1m x 1m
polyethylene nylon blankets. Four shade trees were randomly
selected in each experimental area and eight blankets were
placed per tree, four in the street and four in the row of coffee
tree (9). In the case of coffee tree, the contribution of the
desiccation and pruning was also collected.

In all cases, the dry mass was determined (drying of
each organ at 70 °C until obtaining constant mass) and
it was expressed in t ha', as well as the corresponding
chemical analysis of N, by means of wet digestion with
H2S04+Se and colorimetric determination with the Nessler
reagent and expressed in % of dry mass per organs (8). With
these values N extractions were calculated from each organ
of the culture in all the evaluated years, according to the
following expression:

Table 1. Main chemical characteristics of the cultivable horizon (0 - 30 cm) of the soils under study at the beginning of the experiments.

. P,O; K,0 K* Ca* Mg* Na* CEC
Soil H O.M (%
otis P (%) — g 100 g) (cmolc kg")
Ochric brown without carbonates. Tercer Frente site 6.4 2.97 1520 2214 064 315 118 04 443
Gleyish brown without carbonates. La Alcarraza site 5.6 3.07 16.72 26.0 075 26.8 108 0.27 386

CEC: Cationic Exchange Capacity = )’ Exchangeable cations
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N extraction per organ (kg ha_l) =
[Dry mass (kg ha_l) *% N in each organ]/lOO

From these data, the BNF was calculated by the total N
difference method using the formula proposed (10):

% BNF = [(Content N fix — Content N ref)/
(Content N fix)] * 100

Where: fix = fixing plant, Ref = non-fixing plant

Shade trees of the Gliricidia or Samanea genera were
considered as fixing plants, depending on the locality and as
a non-fixing plant to the coffee tree, taking samples of this last
species from plots that did not receive applications from
nitrogen sources.

Statistical analysis: the arithmetic mean and the confidence
interval of the means were determined for all the variables
evaluated. The latter using the formula:

IC=X+tepn-1"Jx

Where: Cl = confidence interval, X = arithmetic mean, S =
standard deviation. n = number of observations, t=student's
t-statistic of the hypothesis test, a = 0.05 for a confidence level
of 95%. The statistical program STATGRAPHICS Centurion
XV version 15.2.14 was used.

RESULTS AND DISCUSSION

The dry mass behavior of the coffee tree and the shade
ones during the four years evaluated are shown in Figure 1.
The values of coffee tree dry mass ranged between 1.23 and
1.75 t ha™, in correspondence with the reported for the C.
canephora species in Cuba (11) and which in turn are higher
than those obtained in different agroforestry systems with C.
arabica under shade, where between 1.19 and 1.35tha' year
- were obtained dry mass (12).

In the two experimental sites, the amounts of coffee tree
dry mass were similar, as was the dry mass of two shade
tree species and these in turn were higher than values of
coffee tree dry mass. In all the years that evaluations have
been carried out, this is due to the different size between
the species studied. The dry mass contributions of the shade
trees had little variation from one year to another, oscillating
between 2 to 3 tha™, except in the third year evaluated, which
reached values higher than 3 t ha”'. This is due to the fact
that the shade trees are in equilibrium and depending on the
rainfall regime, a homogeneous behavior in the two zones
can be expected annually, but varying between species (13).

Thus, Gliricidia sepium litter can contribute 2.51 t ha™' of dry
mass as an average of the evaluated years, while Samanea
saman does it annually (average of the evaluated years) for
2.58 t ha'' of mass dry leaves.

The contribution to the coffee agroecosystem by Samanea
saman can reach 2.3 t ha™' of dry mass (14), values similar
to those found in this study and for the case of Gliricidia
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Figure 1. Behavior of coffee tree dry mass and the shade trees
during the four years evaluated. Samanea saman at Tercer
Frente site and Gliricidia sepium at La Alcarraza site.

sepium, values from 1.5 to 6 are reported t ha' year’
depending on the number of trees present in the system
(4,15). In Brazil, studies have been carried out in organic
coffee plantations and it has been found that the contribution
of Gliricidia sepium as shade of the coffee tree can reach
3.5t ha' year", providing a biomass composed of leaves,
branches and flowers, the leaves being the main source of
supply and recycling of nutrients. Under these conditions,
Gliricidia sepium is a species that contributes more leaves to
the ground than other shade species, such as Erythrina sp.,
that contribute more branches (16).

In Mexico, several forest species are used as shade in
coffee plantations, whether or not they are legumes, with
various functions within the ecosystem, such as producers of
food, firewood, wood, among others, and they reach annual
biomass contributions of up to 14 t ha " year, thus complying
with several of the requirements of a species to be used as
a shade tree, among them, being of rapid growth and with a
high production of biomass and litter (17).

Figure 2 shows the total N contents of the species under
study: Gliricidia sepium, Samanea saman and C. canephora.
In the evaluated sites and years (2004-2007), the total N
content of the legumes was higher than that of the coffee tree,
exceptin the first evaluated year and in the Tercer Frente site,
in which the total N content values of coffee trees were similar
to those found in shade trees. In the coffee tree, the total N
content ranged between 25 and 40 kg ha™. It is important
to note that N concentrations of the coffee tree were in the
appropriate ranges for the C. canephora species, ranging
from 2.91 to 3.09 % of total N (18).

The total N content of shade trees was very similar between
both species (Figure 2), Samanea saman contained between
46.26 to 66.80 kg ha' and as a mean of the evaluations
52.89 kg ha' year'. Gliricidia sepium leaves contained
38.1 to 60.18 kg ha', with an average annual contribution of
50.61 kg ha™' year.

This contribution by the coffee tree and shade trees was
similar to that reported in Valle del Cauca, Colombia, where
Gliricidia sepium litter contributed 51.4 kg ha' year', a
contribution that is important within the contribution of this
species by N biological fixation (19).
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In Mexico it is reported that legume species such as Inga
sp., make contributions close to 60 kg N ha' and these
levels are due to the fact that nodulation in the roots occurs
spontaneously and it is not customary to inoculate shrub
legumes with efficient rhizobia species (17).

Figure 3 shows BNF percentages of the component tree
legumes of coffee plantations under study, using the total
N difference method and taking the coffee tree as the
reference plant.

In three of the four years studied (years 1, 2 and 4), no
differences were detected between the species and years
evaluated in terms of this variable, with the two species found
in ranges between 19 and 40 %, however, the third year
did make a difference, with values much higher than those
found in the rest of the years, between 49 and 56 % of the
N derived from the BNF, however, Gliricidia sepium did not
present differences in the BNF values between the third and
the fourth year evaluated.

The total N content of shade trees was very similar
between both species (Figure 2), Samanea saman contained
between 46.26 to 66.80 kg ha' and as a mean of evaluations
52.89 kg ha' year'. Gliricidia sepium leaves contained
38.1 to 60.18 kg ha™', with an average annual contribution of
50.61 kg ha' year™.

This contribution by the coffee tree and shade trees was
similar to that reported in Valle del Cauca, Colombia, where
Gliricidia sepium litter contributed 51.4 kg ha' year', a
contribution that is important within the contribution of this
species by biological fixation of N (19).

In some Latin American countries (Mexico, Brazil,
Guadalupe, Venezuela, Cuba) it is reported that Gliricidia
is capable of contributing more than 50 % of N via BNF (15).
In Brazil, in organic coffee plantations under Gliricidia sepium
shade, up to 66 % of N has been quantified in the system from
the N biological fixation, although there are species such as
Erythrina poeppigiana that contributes up to 78 % of N derived
from BNF (16).

This behavior seems to be in correspondence with the
values of dry mass and total N content, where the highest
values were found in the third year of evaluation. In general,
this result seems to be related to the incidence of rainfall that
was higher in the third year (data not shown) and this higher
humidity caused a growth stimulation of shade trees.

Regarding the importance of the inclusion of N-fixing shade
trees within coffee plantations, it is suggested that Gliricidia
sepium and Samanea saman are two N-fixing forest species
of great importance and they are widely used in the world
as living barriers to prevent the soil erosion and enriching it
with N from the BNF process, which is very active in these
species (6).

Samanea saman is a promising legume to promote shade
in coffee plantations because it stands out for the high
number and dry weight of Rhizobium nodules, indicative of
the presence of an efficient BNF process. Regarding growth,
it is fast growing, with more than 100 cm in height in 6 months,
while G. sepium is of medium growth, with heights between
50 to 100 cm in 6 months and lower quantification of effective
Rhizobium nodules (20) Itis also stated that Samanea saman

OSamanea saman @ Coffee trees (Tercer Frente)
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Figure 2. Behavior of the N content in the coffee tree and shade
trees during the four years evaluated. Samanea saman at Tercer
Frente site and Gliricidia sepium at La Alcarraza site.
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Figure 3. Quantification of the N biological fixation of shade trees
during the four years evaluated. Samanea saman at the Tercer

Frente site and Gliricidia sepium at La Alcarraza site.

increases the height of associated plants in agroecosystems,
both as a shade tree in coffee plantations, in agrosilvopastoral
systems and as living fences (5,21).

Gliricidia sepium is a shrubby legume that benefits soil
quality because it increases carbon capture (C) and has
a high capacity for biological N fixation (15). Legumes are
plants that have a C: N ratio of less than 30 in the foliage, so
their decomposition in the soil is usually very fast, especially
in the presence of high humidity and temperatures (22).

Shrub legumes raise C content in soils, which allows
an increase in the cation exchange capacity, favoring the
retention of cations and the consequent reduction in their
washing or leaching, as well as an increase in N reserve
and the improvement of the soil structure (23). In this way,
arboreal legumes remain presence in coffee plantations
correlates positively with the abundance of earthworm
populations in the soil, and the large amount of litter that
they release, favors the presence in quantity and variety
of edaphic fauna, all of which make them widely preferred
species in agroforestry systems (15).
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In this regard, the field campaign of Mexican Carbon
Program made it possible to quantify contributions to
biodiversity caused by agroforestry systems of coffee
under diversified shade that protects them from rainfall,
preserves the soils while nourishing them with the fall of
the leaves, promoting microorganisms and BNF in the case of
legumes (24).

The presence of atmospheric N-fixing species in the
agroforestry system makes it possible to improve the balance
of this element in the soil. The methods used for quantification
have been several, each with advantages and disadvantages
and values that vary depending on the species evaluated, the
methodology used and the edaphoclimatic conditions present
at the plant growth site have been obtained (25). However,
there are no doubts about the importance of this process
in agroforestry systems with the presence of coffee trees
and its relationship with the establishment of optimal supply
systems for this nutrient. Associating the coffee tree with
legume shade provides a foliar N content of this crop close to
that indicated by the literature as optimal, thus evidencing the
importance of this practice in agricultural systems where the
nitrogen contribution is more limiting (16).

CONCLUSIONS

« Thedry mass and N content quantified in shade trees were
higher than that evaluated in the coffee tree, due to the
different size between the species under study, dry mass
of the coffee tree ranged between 1.23 and 1.75t ha' and
the of shade trees between 2 and 3 t ha™.

« The foliar N contents of shade species ranged
between 25-40 kg ha' and coffee tree presented foliar
concentrations of the element in adequate ranges.

» The tree species Gliricidia sepium and Samanea saman
present BNF between 20 and 40 %, which can rise up to
50-55 % in the years of greatest vegetative growth of trees,
which makes them an important source for the contribution
and recycling of nitrogen within coffee ecosystems.
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