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SUMMARY

The use of green manure may contribute to reduce soil erosion and increase
the soil organic matter content and N availability in coffee plantations in the Zona
da Mata, State of Minas Gerais, in Southeastern Brazil.  The potential of four legumes
(A. pintoi, C. mucunoides, S. aterrimum and S. guianensis) to produce above-ground
biomass, accumulate nutrients and mineralize N was studied in two coffee
plantations of subsistence farmers under different climate conditions.  The biomass
production of C. mucunoides was influenced by the shade of the coffee plantation.
C. mucunoides tended to mineralize more N than the other legumes due to the low
polyphenol content and polyphenol/N ratio.  In the first year, the crop establishment
of A. pintoi in the area took longer than of the other legumes, resulting in lower
biomass production and N2 fixation.  In the long term, cellulose was the main
factor controlling N mineralization.  The biochemical characteristics, nutrient
accumulation and biomass production of the legumes were greatly influenced by
the altitude and position of the area relative to the sun.

Index terms: agroecology, Atlantic Forest, leguminous species, N2 fixation, nutrient
cycling.
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RESUMO:      ADUBOS VERDES EM CAFEZAIS NA ZONA DA MATA DE MINAS
GERAIS: CARACTERÍSTICAS E CINÉTICAS DE MINERALIZAÇÃO
DE CARBONO E NITROGÊNIO

O uso de adubos verdes pode contribuir para a redução da erosão do solo, o aumento da
sua matéria orgânica e a disponibilidade de N para o café produzido na Zona da Mata de
Minas Gerais.  Objetivou-se avaliar o potencial de produção de biomassa, acúmulo de
nutrientes e mineralização de N de quatro leguminosas (Arachis pintoi, Calopogonium
mucunoides, Stylozanthes guyanensis e Stizolobium aterrimum) cultivadas nas entrelinhas
de café sob diferentes condições edafoclimáticas.  A produção de biomassa de C. mucunoides
foi influenciada pelo sombreamento do café.  Houve tendência de maior mineralização de N
para C. mucunoides, comparado com as outras leguminosas, em razão das menores
concentrações de polifenóis e da relação polifenol/N.  Por ocasião do primeiro corte, A. pintoi
apresentou baixa produção de biomassa e fixação de N.  A longo prazo, o teor de celulose foi
o principal fator controlador da mineralização de N.  As características bioquímicas, o
acúmulo de nutrientes e a produção de biomassa foram altamente influenciados pela
altitude e orientação das áreas de estudo em relação ao sol.

Termos de indexação: agroecologia, Floresta Atlântica, leguminosa, fixação de N2, ciclagem
de nutrientes.

INTRODUCTION

The region Zona da Mata of Minas Gerais in
Southeastern Brazil is hilly and soils are highly
weathered, acidic, with low nutrient concentrations
available to plants.  Family agriculture with little
external inputs such as fertilizers is characteristic for
this region.  Coffee is the main cash crop, but the
production of other crops is vital as subsistence source
(Ferrari, 1996).

Erosion control and increased agro-biodiversity are
required to improve the bio-physical-chemical soil
processes to ensure sustainable agriculture in the
region.  Enhancing biodiversity through legume
fertilization may contribute to reduce soil erosion,
maintain or increase quantity and quality of soil
organic matter, provide a N source for coffee, reduce
the demand for mineral N (Sá & Vargas, 1997), and
improve soil quality and nutrient cycling.

The success of green manure in maintaining soil
quality and increasing nutrient cycling depends on
the soil type, management system, geographic location
and cultivation period (Thönnissen et al., 2000).  Other
factors are the amount and quality of the residue
produced, the nutrient amount released through
residue decomposition, and the temporary synchrony
between the nutrient release by decomposition and
crop requirements.  Among the many legume species
used as green manure, Stizolobium aterrimum,
Arachis pintoi, Calopogonium mucunoides and
Stylosanthes guianensis stand out owing to the ability
to produce high amounts of biomass and to accumulate
high nutrient concentrations, even in soils with low
natural fertility and high acidity, besides the
atmospheric N2 fixation capacity (Aita et al., 2000;

Niang et al., 2002; Muhr et al., 2002; Borkert et al.,
2003; Perin et al., 2003).

Residue mineralization rates depend on the quality
of plant residues, environmental temperature, pluvial
precipitation, and soil characteristics such as clay
mineralogy, acidity, biological activity, and nutrient
availability (Thönnissen et al., 2000).  When
environmental conditions are not limiting, the
chemical and biochemical composition of plant
residues are the main factors affecting decomposition
(Trinsoutrot et al., 2000).  Nitrogen mineralization is
highly influenced by the C:N ratio (Cabrera et al.,
2005) as well as by the polyphenolic content and
polyphenol:N ratio, especially during the first week
of residue decomposition (Mafongoya et al., 1998;
Trinsoutrot et al., 2000).  Polyphenols form a complex
with proteins and can consequently reduce N
availability to microorganisms (Hättenschwiler &
Vitousek, 2000).  In the long term, C and N
mineralization are affected by more recalcitrant
components, such as cellulose (Hadas et al., 2004) and
lignin (Palm & Sanchez, 1991; Manfongoya et al.,
1998), and the lignin:N ratio (Palm & Sanchez, 1991).

Despite the increasing experience with legumes
in the tropics, there is a lack of information about the
performance in areas under coffee shade and the N
release potential in organic coffee systems.  This study
was carried out to evaluate the biomass production
and nutrient accumulation of A. pintoi, C. mucunoides,
S. aterrimum and S. guianensis as green manure in
two experimental areas of organic coffee under two
climate conditions in the southeastern region of Brazil.
The potential of these plants to mineralize C and N
was also evaluated under controlled laboratory
conditions.
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MATERIAL AND METHODS

Green manure (A. pintoi, C. mucunoides, S.
aterrimum and S. guianensis) was cultivated in two
experimental areas with coffee on two small farms
(family farming) in two municipalities of the region
Zona da Mata, Minas Gerais, Brazil, from December
2003 to April 2004.  The experiment was a joint project
of the Universidade Federal de Viçosa, the Empresa
de Pesquisa Agropecuária de Minas Gerais (EPAMIG)
and the Centro de Tecnologia Alternativa of Zona da
Mata (NGO).  One of the experimental plots was
outlined on a farm in Araponga (20 ° 38 ’ S latitude,
42 ° 31 ’ W longitude, altitude 950 m, highest mean
annual temperature 25.4 °C, lowest 13.7 °C,
precipitation 1.320 mm), facing west.  On the other
farm, in Pedra Dourada (20 ° 50 ’ S latitude,
42 ° 08 ’ W longitude, altitude of 690 m, highest mean
annual temperature 27.6 °C, lowest 16.2 °C,
precipitation 1.280 mm) the experimental plot was
established facing South.  The soils of both sites were
classified as Latossolo Vermelho-Amarelo (Red-Yellow
Latosol) by the Brazilian and as a Typic Haplustox
by the U.S. soil taxonomy system (Table 1).

Before planting the green manure crops, fertilizer
and lime were applied between the coffee rows.
Subsequently, the four green manure species were
planted between the rows of three-year-old organic
coffee in experimental plots (3.0 x 0.8 m).  Per ha,
0.26 t lime, 64 kg gypsum, 125 kg potassium sulphate
and 800 kg termophosphate were applied in Araponga.
In Pedra Dourada, 1.20 t lime, 300 kg gypsum, 125 kg
potassium sulphate and 800 kg termophosphate were
applied per ha. All legumes were grown from seeds
(not inoculated with Rhizobium), planted at about 1
cm depth.  Approximately 120 days after sowing, the
above-ground parts of the legumes were collected and
weighed.  A sample of the above-ground parts was
dried (55 °C) to measure the water content and for

chemical analyses.  The experiment was arranged in
a completely randomized block design with a factorial
arrangement of 2 x 4 (two sites and four legume
species), with four replications per site.

Dried above-ground material was ground and
sieved (< 1 mm).  Total C and N were analyzed
through dry combustion (Perkin Elmer CHNS/O
2400).  Total P was analyzed by the molybdenum blue
method (Braga & Defelipo, 1994) after digestion with
perchloric and nitric acids (Sarruge & Haag, 1974),
Ca and Mg were analyzed using the same acid digestion
solution in an atomic absorption spectrophotometer
and K was analyzed using a flame spectrophotometer.
Total nutrient quantities in the residues were
calculated by multiplication of the concentrations in
the dry biomass per hectare.  Soluble polyphenols were
extracted with 50 % aqueous methanol and the final
concentration was analyzed colorimetrically using the
Folin-Denis reagent with tannic acids as standard
(Anderson & Ingram, 1996).  Lignin, cellulose and
hemicellulose contents were analyzed by the acid-
detergent fiber method (van Soest et al., 1991).

The amount of C-CO2 produced (mineralizable C)
was measured in a 480 h incubation experiment in a
continuous air flux (Curl & Rodriguez-Kabana, 1972)
with four replications for each of the four legume
species, arranged in a completely randomized design.
The B horizon of a clayey Typic Haplustox soil (Table 1)
was used for incubation.  The soil was sieved (< 2 mm)
to remove roots and organic debris.  Leaves of each
legume species, equivalent to 2 g C, were mixed with
100 g soil and filled into incubation flasks (377 mL).
Double-deionized water was added up to 70 % field
capacity.  All flasks were incubated at 25 ± 1 °C. The
C-CO2 emission was trapped with 0.5 mol L-1 NaOH
and titrated with 0.25 mol L-1 HCl. Carbon-CO2
measurements were performed eight times, the first
five at 48 h intervals, then two at 72 h intervals and
finally one after 96 h.

Table 1. Soil chemical and physical characteristics in the 0–20 cm layer in Araponga and Pedra Dourada,
used for incubation experiments

(1) Mehlich-1. (2) KCl 1 mol L-1. (3) Walkley Black method; nd: not detected.
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The C-CO2 production was calculated as function
of time (Morgan et al., 1975):

with Yi = C-CO2; a = C-CO2 saturation; b = constant
to achieve saturation; c = constant of C-CO2 emission;
t = time (h); and ε = error.

The t1/2, which expresses the mean time to achieve
C-CO2 saturation, was calculated as -b/c.  The net N
mineralization was also measured through incubation
(25 ± 1 °C) of leaves of each legume species (equivalent
to 2 g C), mixed with 100 g of the soil in 500 mL flasks
under anaerobic conditions.  Double-deionized water
was added to reach 70 % of the field capacity.  During
seven weeks, N-NH4

+ and N-NO3
- were measured

weekly colorimetrically in a 1 mol L-1 KCl extract
(Kempers & Zweers, 1986; Yang et al., 1998).

Statistical analyses were performed using
SAEG 5.0 (Funarbe, 1993).  Analysis of variance
(ANOVA), followed by a Tukey multiple comparison
method (p < 0.05), was used to verify the differences
among treatments of C-CO2 and mineralized N.

RESULTS AND DISCUSSION

Biomass production of green manure

The production of dry biomass (DB) of green
manure varied between localities and among plant
species on the same farm (Figure 1).  A. pintoi produced
the lowest amount of dry biomass at both sites.  In
Araponga, C. mucunoides and S. aterrimum and in
Pedra Dourada, C. mucunoides and S. guianensis

produced the highest amounts of DB.  The differences
in the amount of DB produced by the same species
between the two sites shows that the species of green
manure respond differently to different soil-climate
conditions such as changes in temperature related
with differences in altitude and the position of the
agricultural area relative to the sun.

In the first year, the DB production was low for A.
pintoi, C. mucunoides and S. aterrimum compared to
results reported in the literature (Aita et al., 2000;
Niang et al., 2002; Soares et al., 2006).  However, A.
pintoi and C. mucunoides are perennial plants and
the production is expected to higher and more stable
after the first year.  The fact that these plants were
not inoculated with Rhizobium, as well as the shade
of the coffee trees may have affected the production of
green manure biomass and may explain the
differences between the values reported here and in
the literature.

Nutrients in green manure biomass

In Araponga and in Pedra Dourada, S. aterrimum
and C. mucunoides contained the highest N
concentration (Table 2).  Nitrogen contents were lowest
in A. pintoi at both sites.  In Araponga, S. aterrimum
and S. guianensis contained most P (2.5 g kg-1),
whereas C. mucunoides contained most P in Pedra
Dourada. Lowest P concentrations were found in A.
pintoi and C. mucunoides in Araponga and S.
guianensis and S. aterrimum in Pedra Dourada.  The
K concentration did not differ among the legumes in
Araponga.  The K concentration was highest in A.
pintoi and C. mucunoides and lowest in S. guianensis
in Pedra Dourada.  The Ca concentration was highest
for S. guianensis and A. pintoi in Araponga and in
Pedra Dourada.  C. mucunoides had the lowest Ca
concentration in Araponga and in Pedra Dourada.  The
Mg concentration was highest in A. pintoi in Araponga
and in Pedra Dourada and lowest in C. mucunoides
and S. aterrimum in Araponga and Pedra Dourada
(Table 2).

In a comparison of the sites, A. pintoi and C.
mucunoides contained different P and S. guianensis
different K concentrations (Table 2).  The amount of
nutrients per hectare (Figure 1) differed among species
and sites.  But in Araponga, the highest amounts of
C, N, P, K, Ca, and Mg were found in S. aterrimum.
In Pedra Dourada, the highest amounts of C, N, P,
K, Ca, and Mg were observed for S. guianensis.  In
Araponga and in Pedra Dourada, the nutrient
amounts of C, N, P, K, Ca were lowest in A. pintoi.
Mg contents were lowest in Araponga and in C.
mucunoides in Pedra Dourada.  Comparing the sites,
S. guianensis and S. aterrimum differed (p < 0.05) in
Araponga and Pedra Dourada.  In Araponga the
amounts of all nutrients (except Mg) were higher for
S. aterrimum and lower for S. guianensis than in
Pedra Dourada.

Figure 1. Average and standard error (n = 4) of the
dry matter produced by the green manures on
the farms in Araponga and Pedra Dourada.
Same letters indicate no significant difference
(Tukey 5%). Capital letters compare species on
the same farm and small letters compare the
same species among farms.
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In the region where this research was carried out,
nutrient accumulation and production of dry biomass
of the four legume species are mainly affected by
temperature changes, which is related to the altitude
and the position of the fields relative to the sun.  In
our case, the field in Araponga faces West and the
plot in Pedra Dourada South, so the daylight duration
on the field in Araponga is longer, the soil drier, and
the adapted plants tend to develop faster.  The
differences in nutrient content between locations for
the same species can be attributed to the ability of
each species to adapt to microclimatic conditions
(Santos & Campelo Júnior, 2003).

Of the four species, the dry biomass production
and level of nutrient accumulation in the above-ground
biomass of S. aterrimum was highest (Aita et al.,
2000), improving soil fertility and biological conditions.
The data obtained for S. aterrimum in Pedra Dourada
are in agreement with those reported by Borkert et
al. (2003), but the P, Ca and Mg concentrations were
about 60 % lower in Araponga.  The biomass
production of S. aterrimum may have been affected
by factors such as the presence of ants, seed
germination conditions and soil compaction (Oliveira
et al., 2002).  A. pintoi contained the lowest nutrient
amounts, except for Mg.  This was related to the low
biomass production and low nutrient absorption
(Table 2).  The high amounts of Mg in A. pintoi may
have demonstrated a better mechanism of A. pintoi
for Mg uptake from the soil than of the other species,
although no data were found in the literature to
support this hypothesis.  The N amount in the dry
biomass was much lower than reported by Soares et
al. (2006).  A. pintoi can produce 20 Mg ha-1of biomass
per year and accumulate 520 kg ha-1 N (Perin et al.,
2003).  S. guianensis and C. mucunoides contained
intermediate amounts of nutrients.  Little is known
about nutrient contents in S. guianensis, because most
research is focused on the species in association with

grass (Andrade et al., 2003; Paciullo et al., 2003).  S.
guianensis and C. mucunoides have a yield potential of
biomass of 8.2 and 7.5 Mg ha-1 year-1 and accumulate 140
and 195 Mg ha-1 N, respectively (Niang et al., 2002;
Muhr et al., 2002).  The low values found for C.
mucunoides in our study may have been caused by
the shade falling on the growing plants under coffee
plants and due to the measurements performed during
the first year.

Considering the different potential of biomass
production and nutrient content among the species,
we propose that the best strategy for farmers to exploit
the potential of each species is to use more than one
green manure species in the system.

Biochemical characteristics of green manure
The biochemical composition varied among the four

green manure species (Table 3).  All species contained
higher values of cellulose than of hemicellulose,
followed by lignin and polyphenols.  Among the green
manures, S. guianensis contained lowest lignin amounts
in Araponga and in Pedra Dourada, consequently, the
lignin/N, lignin/polyphenol and (lignin+polyphenol)/
N ratios of this species were also low, indicating a
high decomposition rate (Thomas & Asakawa, 1993).
These values are lower than those obtained by
Monteiro et al. (2002), but this material remained in
the field for a longer time, which resulted in higher
lignin content.

The polyphenol concentration and polyphenol/N
ratio in C. mucunoides were lowest and highest in S.
aterrimum.  Polyphenols have an important function
in the biomass decomposition and N availability for
soil microorganisms, due to the ability to complex N
rapidly (Hättenschwiler & Vitousek, 2000).  Over
longer periods, the content of cellulose, hemicellulose,
lignin and C/P, C/N, lignin/N ratios are more important
than polyphenol content (Fox et al., 1990; Handayanto
et al., 1995; Cobo et al., 2002a; Mendonça & Stott, 2003).

Table 2. Concentration of macronutrients in the biomass of green manure on farms in Araponga and Pedra
Dourada

(1) Means followed by the same letters do not differ by the Tukey test (p < 0.05). Capital letters compare green manures on the
same farm and lower case letters compare the same organic manure among farms.
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C-CO2 mineralization

In the material from both sites, C-CO2
mineralization was highest for A. pintoi and S.
guianensis (Figure 2).  Based on the last four
measurements of C-CO2 mineralization, C-CO2
mineralization was higher for A. pintoi and S.
guianensis than for C. mucunoides and S. aterrimum.

The residue characteristics cannot explain the
differences of C-CO2 mineralization among the plant
species (Table 4).  However, C-CO2 mineralization was
positively correlated with C:N and PP:N.  Probably,
the N amount was not limiting for decomposition and
residues with lower N amounts and plants with a
higher C:N ratio, such as A. pintoi, with higher values
of C-CO2 mineralization than the other species.  In
general, C:N ratios below 30 do not affect microbial
activity (Trinsoutrot et al., 2000).  However, high N
contents in the residues may initially contribute to
increase C mineralization due to an increase of
carbohydrate decomposition, but reduce the final
mineralized C-CO2 (Wang et al., 2004).  The
mechanisms involved in this process may include
suppression of the lignin enzyme activity (Carreiro et
al., 2000), genesis of highly recalcitrant compounds
involving N and lignin (Stevenson, 1994), genesis of
compounds that are toxic to the soil microorganisms,
such as polyphenols (Wang et al., 2004), and chemical
protection of N compounds by their interaction with
the soil mineral fraction (Baldock & Skjemstad, 2000).

The C:P ratio did not have a negative effect on
mineralized C-CO2, as observed by Mendonça & Stott
(2003), probably because such a low ratio is not
expected to affect microbial activity (Stevenson, 1994).

The equation parameters (1) explaining C-CO2
mineralization are given in table 5.  The “a” parameters
of C-CO2 saturation were similar in the residues from
both sites.  However, the residues from Araponga had
lower amounts of C-CO2 at the saturation point than

Table 3. Biochemical composition and C/P, C/N, LG/N, LG/PP and (LG + PP)/N ratios of green manures on
farms in Araponga and Pedra Dourada

HM: hemicellulose; CL: cellulose; LG: lignin; and PP: total soluble polyphenols.

the residues from Pedra Dourada (p < 0.05).  This
result may be a consequence of the variability in the
chemical and biochemical characteristics of the
residues (Tables 2 and 3) due to differences in the soil

Figure 2. Amount of C-CO2 mineralized by green
manures on farms in Araponga and Pedra
Dourada. Vertical bars represent the standard
error (n = 4).
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and climatic characteristics of the localities
(Thönnissen et al., 2000).

N mineralization

For all residues, N mineralization was highest in
the first and seventh week after incubation (Table 6).
In the other weeks, N immobilization predominated,
especially until the fifth week, for residues from
Araponga and the third week, for residues from Pedra
Dourada.  In residues with low C/N ratios, N
immobilization at the beginning of decomposition may
be caused by N complexation by soluble polyphenols
and lignin sub-products (Jensen, 1994; Trinsoutrot
et al., 2000).  The N released in the first week of
incubation was negatively correlated (p < 0.01) with
the polyphenol content and polyphenol:N ratios of the
residues, as reported elsewhere (Palm & Sanchez,
1991; Mafongoya et al., 2000; Cobo et al., 2002b).

Table 4. Correlation coefficients among C-CO2 evolution and lignin (LG), polyphenols (PP) and C/P, C/N, LG/
N, LG/PP and PP/N ratios ( n = 32)

0, *, **: significant at 10, 5 and 1% probability, respectively.

Table 5. Logistic equation parameters (a, b, c) of the
C-CO2 evolution and mean residence time (t1/2)
of green manures on farms in Araponga and
Pedra Dourada

Logistic equation: 

Table 6. Nitrogen mineralized and immobilized (NO3
- + NH4

+) in green manure residues on farms in Araponga
and Pedra Dourada after seven weeks

* Averages followed by the same letter in a column, to the same week and total mineralized N, do not differ by Tukey test
(p > 0.05).
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After the first week of incubation, N mineralization
was higher in C. mucunoides residues from Araponga
and Pedra Dourada than in the other green manures.
After seven weeks, the total mineralized N was similar
for all residues in Araponga.  In Pedra Dourada, C.
mucunoides mineralized more and S. aterrimum less
N than the other residues.  At the end of incubation,
the residues from Pedra Dourada mineralized 38.4 %
more N than the residues from Araponga.  The total
N mineralized was negatively correlated (p < 0.05)
with cellulose only.  Mineralization after long
incubation is affected by structural materials with
low decomposition rate, such as cellulose (Hadas et
al., 2004) and lignin (Palm & Sanchez, 1991;
Manfongoya et al., 1998).

CONCLUSION

In the short term, N mineralization of green
manure residues was controlled by the polyphenol
content and polyphenols/N ratio, and in the long term,
cellulose was the main factor.

In the Zona da Mata, region Southeastern Brazil,
the nutrient accumulation, the biochemical
characteristics and biomass production of Arachis
pintoi, Calopogonium mucunoides, Stizolobium
aterrimum and Stylosanthes guianensis are affected
by temperature changes, related to the altitude and
the position of the agricultural area relative to the sun.

A. pintoi, C. mucunoides, S. aterrimum and S.
guianensis are highly promising to improve nutrient
cycling and as green manure for coffee.
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