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ABSTRACT 
Long term applications of leguminous green mulch could increase mineralizable nitrogen (n) beneath cupuaçu trees produced 
on the infertile acidic Ultisols and Oxisols of the amazon Basin. however, low quality standing cupuaçu litter could interfere 
with green mulch n release and soil n mineralization. This study compared mineral n, total n, and microbial biomass n 
beneath cupuaçu trees grown in two different agroforestry systems, north of Manaus, Brazil, following seven years of different 
green mulch application rates. To test for net interactions between green mulch and cupuaçu litter, dried gliricidia and inga 
leaves were mixed with senescent cupuaçu leaves, surface applied to an Oxisol soil, and incubated in a greenhouse for 162 
days. Leaf decomposition, n release and soil n mineralization were periodically measured in the mixed species litter treatments 
and compared to single species applications. The effect of legume biomass and cupuaçu litter on soil mineral n was additive 
implying that recommendations for green mulch applications to cupuaçu trees can be based on n dynamics of individual 
green mulch species. results demonstrated that residue quality, not quantity, was the dominant factor affecting the rate of n 
release from leaves and soil n mineralization in a controlled environment. in the field, complex n cycling and other factors, 
including soil fauna, roots, and microclimatic effects, had a stronger influence on available soil n than residue quality.  
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Dinâmica do nitrogênio mineral no solo em misturas de folhas de 
leguminosas arbóreas e de fruteiras em sistemas agroflorestais 
multiestratificados na Amazônia Central

RESUMO
aplicações a longo prazo de leguminosas como adubo verde podem aumentar o nitrogênio (n) mineralizável sob árvores de 
cupuaçu em solos pouco férteis e ácidos (Ultisols e Oxisols) da Bacia amazônica. entretanto, a baixa qualidade da liteira de 
cupuaçu pode influênciara liberação de n do adubo verde e a mineralização deste no solo. neste estudo foram comparados 
o n mineral, n total, e o n da biomassa microbiana sob árvores de cupuaçu cultivadas em dois sistemas agroflorestais, ao 
norte de Manaus, Brasil, as quais receberam diferentes aplicações de adubo verde sob sua liteira natural durante sete anos. 
Para testar as interações entre o adubo verde e a liteira de cupuaçu, folhas secas de gliricídia e ingá foram misturadas com 
as folhas senescentes de cupuaçu, distribuídas na superfície de um solo Oxisol, e incubadas em casa de vegetação durante 
162 dias. a decomposição das folhas, a liberação de n e mineralização do n no solo foram periodicamente mensurados nos 
tratamentos de mistura de liteira de diferentes espécies e comparados com as aplicações de liteira de apenas uma espécie. O 
efeito da biomassa de leguminosas e da liteira de cupuaçu no n mineral do solo foi aditivo, indicando que o uso de adubação 
verde em plantas de cupuaçu pode ser baseado na dinâmica do n em cada espécie usada como adubo verde. Os resultados 
demonstraram que a qualidade do resíduo, e não a quantidade, foi o principal fator que influenciou a taxa de liberação de n 
das folhas e a mineralização deste no solo, em ambiente controlado. no campo, o complexo ciclo do n e outros fatores tais 
como a fauna do solo, raízes e os efeitos do microclima, tiveram uma influência mais forte na disponibilidade de n no solo 
do que a qualidade d o resíduo vegetal.
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INTRODUCTION
Prunings from leguminous trees provide an accessable 

organic nitrogen (n) source for small-scale agroforestry 
farmers on the acid infertile Oxisol and Ultisol soils that 
dominate the amazon Basin (Sanchez et al., 1982).  in alley 
cropping and shade agroforestry systems n applied with 
prunings can amount to 136-240 kg n ha-1 y-1 on infertile 
soils (Kang et al., 1981; russo & Budowski, 1986). 37-92% 
of the n in gliricidia (Gliricidia sepium) prunings can be fixed 
from atmospheric n

2
 (Giller, 2001). although applications of 

prunings from leguminous species can increase crop yields ( 
Kang et al., 1981; haggar et al., 1993; Mulongoy et al., 1993) 
and organic soil n and n mineralization (isaac et al., 2003), 
often only 10-20% or less of the n added in the prunings 
is recovered by the first subsequent annual crops (haggar et 
al., 1993; Palm, 1995).  Much of the n not used by crops 
remains in undecomposed material or moves to the readily 
mineralizable fraction of soil organic matter (haggar et al., 
1993), while significant amounts can be leached to the subsoil 
(Schroth et al., 1999), or lost through volatilization (Palm, 
1995). agroforestry tree species have the potential to benefit 
from residual n or priming effects of long term green mulch 
applications (Cadisch et al., 1998) due to their longer growing 
periods, more established root systems and a lower need for 
nutrient synchrony than annual crops. 

extensive research has shown that applications of legume 
tree prunings increase available n in agroforestry systems, 
but no studies have focused specifically on application in 
tree cropping systems. Cupuaçu (Theobroma grandiflorum 
(wild. ex Spring) Schumann) is a common fruit tree species 
in agroforestry systems in the amazon Basin that produces a 
low quality litter (high C:n ratio and high lignin contents) 
(McGrath et al., 2000; Uguen, 2001). applications of 
high quality prunings, such as gliricidia, could increase the 
nutrient release from cupuaçu litter. it has been shown that 
cupuaçu litter can immobilize P from higher quality litter 
and decrease available P in the soil (McGrath et al., 2000), 
but little is known about whether low quality cupuaçu litter 
decreases soil n mineralization, green mulch decomposition 
and n release. 

Green mulch and litter decomposition and n mineralization 
rates have been related to various intrinsic chemical properties 
of residues and ratios of the parameters, including initial n, 
lignin, and polyphenol contents, C/n ratio (Constantinides 
and Fownes, 1994; handayanto et al., 1997; Lehmann et 
al., 1995; Mafongoya et al., 1998a; Palm & Sanchez, 1991; 
Tian et al., 1992). These predictors of residue decomposition 
and n mineralization rates can be altered by mixing different 
quality leaves to regulate n release (handayanto et al., 1997). 
although much work has been done on the residue quality 
parameters to predict n release and decomposition, only a 

few studies have looked at interactions of multi-species mulch 
or litter mixtures (handayanto et al., 1997; Mafongoya et 
al., 1998b; McGrath et al., 2000) and none specifically at 
low-quality litter from tree crops such as cupuaçu mixed 
with high-quality legume prunings such as gliricidia and 
inga (Inga edulis).

The objectives of this research were 1) to determine 
whether green mulch quality and quantity increase soil 
mineral n beneath cupuaçu in a controlled environment 
and in an agroforestry system; 2) to assess whether cupuaçu 
litter decreases soil n mineralization and n release by green 
mulch. 

MATERIAL AND METHODS

SITE DESCRIPTION

The project site is located in central amazonia at the 
empresa Brasileira de Pesquisa agropecuaria – Centro da 
Pesquisa agroflorestal (eMBraPa-CPaa) research station 
53 km north of Manaus, Brazil along the highway Br-174. 
The soil is a fine, isohyperthermic, Xanthic hapludox (U.S. 
Soil Survey Staff, 1998) or Ferrasol (FaO-UneSCO, 1990). 
The annual average rainfall is 2500 mm per year with a 2-3 
month dry season, and the mean annual temp is 26 °C. 
Between 1991 and 1992, three 50 m x 60 m plots each of a 
palm-based agroforestry system (agrosilvicultural i - aSi) and 
a fruit-tree based home garden system (agrosilvicultural ii - 
aSii) were established on abandoned, degraded pastureland. 
details on site preparation and establishment can be found 
in Fernandes et al. (submitted). Species composition of each 
system is shown in Figure 1.

Both systems were bordered with around 90 gliricidia trees 
spaced two meters apart and intercropped with cupuaçu trees. 
in aSii, the cupuaçu trees were planted in two 13-tree rows 
in six by two meter spacing, for a total of 26 cupuaçu trees 
with 25 intercropped inga trees, also spaced six by two meters 
apart. agrosilvicultural system i had 99 cupuaçu trees spaced 
six by two meters apart and intercropped with açaí (Euterpe 
oleracea) trees only or with açai and capoeirão (Colubrina 
glandulosa) trees (Figure 1). Gliricidia prunings were applied 
two to three times annually to cupuaçu trees in both systems 
for seven years. in aSii, inga prunings were applied to cupuaçu 
trees in addition to the gliricidia prunings two to three times 
annually for seven years. The lower density of cupuaçu trees 
in aSii and similar total gliricidia pruning biomass resulted 
in individual trees in aSii receiving higher rates of gliricidia 
prunings than trees in aSi. The addition of inga prunings 
to trees in aSii further increased the difference in green 
mulch applications between the two systems. The nitrogen 
input per hectare was 1.46 times greater in aSii than in aSi 
(16.8 and 24.5 kg n ha-1 y-1 for aSi and aSii, respectively) 
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(eMBraPa-CPaa, 1997), or 5.6 times greater per cupuaçu 
tree (approximately 0.17 and 0.94 kg tree-1 for aSi and aSii, 
respectively). at the time of sampling, the cupuaçu trees 
were 10 years of age and green mulch applications had been 
occurring for seven years.

SAMPLING

Fresh gliricidia prunings were applied to four randomly 
selected cupuaçu trees (excluding edge trees) within each block 
in aSi and aSii. Prunings were applied at a rate of 10 kg fresh 
weight per tree (3 kg leaves, 7 kg branches), branches placed 
on top to hold the leaves in place, within a 0.5 m radius of the 
tree trunks.  The application rate and method was similar to 
past applications in the agroforestry systems. One week after 
application, during which at least one rainfall occurred, the 
top 0-10 cm of soil was sampled at 0.2 m and 1 m from the 
base of the tree. The 0.5m distance represented the area that 
always received inga and/or gliricidia prunings, while the 1 
m location was primarily covered with cupuaçu litter and 
some litter from adjacent species. The soil was sampled at 2 
locations for each distance from each tree and composited 
for each distance for each treatment and replicate, resulting 
in a total of 12 samples (two treatments, two distances, three 
replicates). Plots were sampled in July 2001 at the end of the 
rainy season and again in november 2001 at the end of the 
dry season.

GREENHOUSE INCUBATION

The substrate soil was the same Xanthic hapludox 
(Ferrasol) on which the agroforestry systems were established, 

but it was collected beneath an 8-year old secondary forest 
adjacent to the aSi and aSii plots. Soil was collected from 
7.5 cm to 15 cm depth and the large roots and charcoal pieces 
were excluded to minimize initial organic matter content and 
facilitate detection of treatment effects. aggregates greater than 
2 cm were broken apart to increase homogeneity of the soil 
without complete destruction of macro-aggregation in the soil. 
The soil had the following characteristics: ph (in water) 4.2; 
1.6 g kg-1 n (Kjeldahl), 21.2 g kg-1 C (walkley-Black), 1.8 g 
kg-1 available P (Mehlich-1), 18.3 g kg-1 available K (1M KCl), 
22.7 g kg-1 Ca (1M KCl), and 11.2 g kg-1 Mg (1M KCl).  

Senescent cupuaçu leaves, collected during the four weeks 
prior to application, and fresh gliricidia, and inga leaflets were 
cut into 1 cm2 pieces, the internodes of gliricidia and inga to 
2 cm, dried to a constant weight at 55-65 ºC, and stored in 
dry conditions. The application rates included internodes and 
leaves at the same ratio found in leaves of the plants. initial 
C and n contents of the leaves for gliricidia were 33.6 mg g-1 
n, 421 mg g-1 C, for inga 28.4 mg g-1 n and 436 mg g-1 C 
and for cupuaçu 10.1 mg g-1 n and 361 mg g-1 C. 

exactly 150 g of fresh soil were weighed into 500 mL 
plastic cups, resulting in a surface area of 50 cm3.  Care was 
taken to prevent drying of the soil. The samples were placed in 
a randomized block design in a greenhouse protected from rain 
and direct sun. The soils were left undisturbed for three weeks 
prior to application of litter treatments to allow microbial 
activity to stabilize. daytime soil temperatures averaged 32-
36 ºC. Soil moisture was maintained at 66% field capacity, 
except at 12 days prior to each collection when a rainfall 

Figure 1. Location of cupuaçu (Theobroma grandiflorum),gliricidia (Gliricidia sepium), and inga (Inga edulis) in the two agroforestry systems established on 
abandoned pastures near Manaus, Brazil. 

Symbol    Scientific Name   Common Name  
 

C  Theobroma grandiflorum              cupuaçu 
          (Wild. ex Spring) Schumann 
G  Gliricidia sepium                  gliricídia (gliricidia)
a     Euterpe oleracea    açaí  
p   Bactris gassipaes   pupunha (peach palm) 
I Columbrina glandulosa                 capoeirão 

Agrosilvocultural System I (ASI) 
 

-----------------------------------60m---------------------------------------- 
 

G G G G G G G G G G G G G G G G G G G G G G G G G G G   G  
 

G   C a a C a a C a a C a a C a aC a a C a aC a a C a a C a a C  G 
G     p  p  p p p  p p  p  p  p  p  p  p  p p  p p p  p p p  p p p p p p    G 
G  C a la Ca la C a la Ca la Ca la Ca la Ca la Ca la Ca la Ca la C G 
G   p p  p p  p p  p p  p p p p  p p  p p  p p  p p  p p  p p p  p p p p  G 
G   C a a C a a C a a C a a C a aC a a C a aC a a C a a C a a C  G 
G    p p p p p  p p p p p p p p p  p  p p  p  p p  p p  p  p  p  p p p p  G 
G  C a la Ca la Ca la Ca la Ca la Ca la Ca la Ca la Ca la Ca l a C  G 
G    p p p p  p p  p p  p p p p p p  p p p p p  p p p  p p p p  p  p p p G 
G   C a a C a a C a a C a a C a a C a a C a aC a a C a a C a a C  G 
G      p  p p  p p  p p  p p  p p  p p p  p p  p p p  p p  p p  p  p p  p    G 
G  C a la Ca la C a la Ca la Ca la Ca la Ca la Ca la Ca la C a la C G 
G    p p p  p p p p  p  p  p  p  p p  p  p  p p p p  p  p p  p p  p p p  p  G 
G   C a a C a a C a a C a a C a aC a a C a a C a a C a a C a a C  G 
G    p p p p p p  p p p p p  p p p p  p p p  p p p p p p p p  p p  p p p G 
G  C a la C a la Ca la Ca la Ca la Ca la Ca la Ca la Ca la C a la C G 
G    p p p p  p p  p p p  p p p p p p p  p p  p p p p p p  p p p p p p p G 
G   C a a C a a C a a C a a C a a C a a C a aC a a C a a C a a C  G 
 

G G G G G G G G G G G G G G G G G G G G G G G  G G G G   G 

--------------------------------50m---------------------------

Agrosilvocultural System II (ASII) 
 

------------------------------------60m---------------------------------------
 

G G G G G G G G G G G G G G G G G G G G G G G G G G G  G 
 

G        g    g   T   g     g   g    g   T   g   g   g   T   g   g   g   T    g     G 
G     b   b   b   b   b   b   b    b   b   b    b   b   b   b   b   b   b   b  b     G 
G       z    r   r  r    z    r  r  r    z    r  r  r     z    r  r  r    z    r  r  r    z   G 
G     g g b T b g  b g b T g b g g b T b g g b g T b g b g g b T gb   G 
 

G     z    r   r  r    z    r  r  r    z    r  r   r     z    r  r  r    z    r  r  r    z     G 
 

G    T   T   e   T   T  T   e   T   e   T   e   T   e   T   e   T   e   T   T    G 
G   C  a C a  C  a C  a C  a C  a  C  aC  a C  a C  a  C  a C  a C   G 
G      m    m   m    e   m    e   m   m   m   m   e    m    m    m   m      G
G   C  a C a  C  a  C  a C  a C  a C  a C a  C  a C  a C  a C  a C   G 
G      T    e    T    T    T   e   T    T    T    e    T    e    T    T   e   T     G
 

G      z    r   r  r    z    r  r  r    z    r  r  r     z    r  r  r    z    r  r  r    z    G 
 

G    b  b  b  e  b   b   b   b   b   e   b   b   e   b   e   b   e   b   e  b      G 
G   g  b T  b g  b  b  T g  b  g  g  b  T  b g  g b T g b g g b T g b g  G 
G     z    r   r  r    z    r  r  r    z    r  r  r     z    r  r  r    z    r  r  r    z     G 
G     b   b   b   b   b   b   b    b   b   b    b   b   b   b   b   b   b   b  b   G 
G     g   T  g   g   g  T   g   g   T   g   g   T  g   g  T  g   g  T   g  g      G 
 

G  G G GG G G G G G G G G G G G G G G GGG G G G G G G G

 
 
 

Symbol    Scientific Name                Common Name  
C   Theobroma grandiflorum                 cupuaçu   
          (Wild. ex Spring) Schumann 
G   Gliricidia sepium                 gliricídia (gliricidia)   
e      Inga edulis   ingá (inga) 
r   Malphigia glabra   acerola (barbados cherry ) 
a   Eugenia stipitata   araça-boi  
b   Musa paradisiaca   banana  
z   Bertholletia excelsa  castanha (Brazil nut)  
g   Genipa americana       genipapo  
m   Swietenia macrophylla  mogno (mahogany) 
T     Tectona grandis   teca (teak) 
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was simulated and the moisture content was raised to 80% 
field capacity. This flush of water was intended to facilitate 
movement of n through the litter layer to the soil.

Treatments consisted of single and mixed species 
litter applications and a bare soil control. Gliricidia, inga, 
and cupuaçu were applied separately, as single species. 
Multiple species treatments were composed of the following 
combinations: gliricidia + inga, cupuaçu + gliricidia, cupuaçu 
+ gliricidia (high rate), cupuaçu + gliricidia + inga and cupuaçu 
+ gliricidia + inga (high rate). Gliricidia and inga leaves were 
applied at a low rate in all treatments, except those indicated 
as high rate. The high and low application rates of gliricidia 
and inga, 2 Mg ha-1 (1.0 g cup-1), 10 Mg ha-1 (5.0 g cup-1) 
and 2.6 Mg ha-1  (1.3 g cup-1), 13 Mg ha-1  (6.5 g cup-1), 
respectively, were selected to extend the range of application 
rates in the field. The application rate for cupuaçu litter of 4 
Mg ha-1  (2.0 g cup-1) was based on standing cupuaçu litter 
and litter production in agroforestry systems similar to aSi 
(Uguen, 2001). The total n applied per cup as litter differed 
for each treatment as follows: 20.2 mg  (cupuaçu), 33.6 mg 
(gliricidia), 36.9 mg (inga), 70.5 mg (gliricidia + inga), 53.8 
mg (cupuaçu + gliricidia, low rate), 188.2 mg (cupuaçu + 
gliricidia, high rate), 90.8 mg (cupuaçu + gliricidia + inga, low 
rate), and 372.8 mg (cupuaçu + gliricidia + inga, high rate). 
all leaf combinations were mixed and surface applied to the 
soil with an amount of water equivalent to the water weight 
lost during drying. There were five replicates of each treatment 
and the control. Soil and litter were destructively sampled at 
7, 29, 50, 98, and 162 days after litter application. 

LABORATORY ANALYSES

Soils from the field and greenhouse incubation were 
analyzed for mineral n, total n and C, and field soil samples 
were also analyzed for microbial biomass C and n.  Mineral 
n was extracted from 25 g fresh soil within two hours after 
collection with 75 mL of 1n KCl for 0.5 hour on a horizontal 
shaker at the highest speed. after decanting, the supernatant 
was pipetted and stored below 0 °C until it was analyzed 
for ammonium and nitrate on a Skalar continuous flow 
analyzer. results are reported per dry weight soil, determined 
by drying at 105 ºC for 24 hours. net interactive effects on 
decomposition, litter n release, and soil mineral n were 
estimated by summing values for single species treatments 
and statistically comparing them to the equivalent low rate 
mixed species treatment values. The control soil mineral n 
value was subtracted from all treatments to discount the 
mineralized n in the soil that was not a direct result of litter 
application. Microbial biomass n was measured by chloroform 
fumigation-extraction (Brookes et al., 1985) adapted for acid 
soils. The remaining soil was dried and ground to 2 mm prior 
to n and C analysis. remaining plant material was cleaned 
by gentle brushing, dried for 48 hours at 65-70 °C, weighed, 

ground, and analyzed as a mixture for n and C. Plant and 
soil n were analyzed by Kjeldahl digestion, and carbon was 
analyzed by the walkley-Black method (Silva, 1999).

STATISTICAL ANALYSES
Statistical analysis of the data was performed with 

regressions and 1-way and 2-way anOVas in Minitab 13 
(Minitab, 2000). where p < 0.05, means were compared 
using Fisher’s least significant difference test.

RESULTS 

GREENHOUSE INCUBATION - LITTER DECOMPOSITION 

The gliricidia leaves applied in isolation decomposed more 
rapidly and completely of all single and mixed species litters 
as a percent of the dry weight applied.  The cupuaçu litter 
applied alone decomposed the slowest during the 162-day 
experimental period (Figura 2). among the multiple species 
leaf mixtures, the cupuaçu + gliricidia leaves applied at a high 
rate decomposed significantly faster and to a greater extent 
than other mixed species litters. The leaf mixtures with high 
rates of green mulch decomposed significantly faster than 
equivalent mixtures with low green mulch application rates; 
however, only the high and low rate cupuaçu + gliricidia 
leaf mixtures differed significantly in total decomposition 
with the high rate decomposing to a greater extent during 
the experimental period. Total leaf decomposition of species 
applied together was not significantly different from the total 
decomposition of the species when applied singly. 

Figure 2. Decomposition of cupuaçu (Theobroma grandiflorum), gliricidia 
(Gliricidia sepium), and inga (Inga edulis) leaves after surface application on 
an Oxisol near Manaus, Brazil. Single species litter applications are indicated 
by dashed lines. High and low refer to gliricidia and inga application rates (2 
and 10 Mg ha-1 for gliricidia and 2.6 and 13 Mg ha-1 for inga). Cupuaçu was 
applied at 4 Mg ha-1 in all treatments. Bars represent standard error and Fisher’s 
LSDs (p<0.05, n = 5).  
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GREENHOUSE INCUBATION - N RELEASE FROM LITTER

The gliricidia leaves released the highest percent n of all 
single and mixed species litters, while the cupuaçu and inga 
leaves released the least percent n (Figura 3a). The percent 
n release by inga was only significantly greater than the 
percent n released by cupuaçu at 50 days after application. 
The cupuaçu + gliricidia (high rate) leaf mixture initially 
immobilized less than 1% of the nitrogen before quickly 
releasing more than 60% and then immobilizing about 10% 
n through to 162 days after application (Figura 3b). This 
release pattern was different from that of the other cupuaçu 
and green mulch litter mixtures, which had an initial rapid n 
release leveling at or prior to 162 days. Both treatments with 
cupuaçu + gliricidia + inga leaves released n more slowly than 
the treatments with only cupuaçu + gliricidia leaves. despite 
different release patterns, there was no significant difference 
among the mixtures in total n released 162 days after litter 
application. 

GREENHOUSE INCUBATION - SOIL N

net mineral n accumulation in the soil was better 
correlated with the amount of gliricidia n applied (r = 0.498; 
n = 219; p <0.001) than total plant n applied (r  = 0.204; 

n = 219; p <0.001). Treatments with the higher gliricidia 
application rate had significantly greater soil mineral n 
levels than the treatments with less gliricidia applied (Fig. 4). 
Cumulative n mineralized as a percent of the n applied in 
the litter mixture was lower in the cupuaçu +gliricidia + inga 
treatments compared to the cupuaçu +gliricidia treatments 
when high and low application rates were averaged (Figura 
4, inset). Calculations to determine net interactions showed 
no significant differences in soil mineral n when the leaves 
were applied separately or in combination. The presence of 
cupuaçu leaves with inga and/or gliricidia leaves did not reduce 
soil mineral n compared to identical treatments without 
cupuaçu. The mineral n in the gliricidia + inga treatment 
was not significantly different from the treatment with only 
gliricidia leaves. There was no treatment effect on total soil 
n during the 162-day experimental period. 

Figure 3. Percent N remaining in leaves following single or mixed species 
surface applications of cupuaçu (Theobroma grandiflorum), gliricidia (Gliridicia 
sepium), and inga (Inga edulis) on an Oxisol near Manaus, Brazil. Mixed 
species treatments with cupuaçu are shown in Figure 3b and single species 
and green mulch only treatments in Figure 3a. High and low refer to gliricidia 
and inga application rates (2 and 10 Mg ha-1 for gliricidia and 2.6 and 13 Mg 
ha-1 for inga). Cupuaçu was applied at 4 Mg ha-1 in all treatments. Dashed lines 
represent treatments with high green mulch application rates. Bars indicate 
standard errors and Fisher’s LSDs (p<0.05, n = 5). 

Figure 4. Cumulative N mineralization in the soil following single or mixed 
species surface applications of cupuaçu (Theobroma grandiflorum), gliricidia 
(Gliridicia sepium), and inga (Inga edulis) on an Oxisol near Manaus, Brazil 
and a bare soil control. Dashed lines indicated mixed species treatments. The 
amount of N applied with leaves is shown in brackets (in mg per pot). The inset 
shows cumulative N mineralized as a percent of the N applied in the leaves; 
the high and low green mulch application rates were averaged for the cupuaçu 
+ gliridia and cupuaçu + gliricidia + inga mixtures. Bars indicate standard 
errors and Fisher’s LSDs (p<0.05, n=5, n=10 for the inset).

Mineral n, total n, and microbial biomass C and n 
did not differ between aSi and aSii at either distance from 
cupuaçu trees, however, nitrate was higher in aSii, due to 
higher nitrate levels 0.20 m from the base of the tree. in both 
systems, soil mineral n was greater at 0.2 m from the tree than 
at 1 m, but distance had no effect on total n or microbial 
biomass C or n. 

DISCUSSION
as expected, residue quality, defined by the C:n ratio, was 

the dominant factor affecting the rate of n release from leaves 
and soil n mineralization in the greenhouse incubations. 
This was shown by the stronger positive correlation between 
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gliricidia n applied and soil mineral n than between total 
mulch n applied and soil mineral n. Further evidence 
was the more rapid, but not greater, n release from litter 
mixtures with gliricidia leaves. nitrogen mineralization in 
the soil as a percent of the n applied in the mulch decreased 
significantly when lower quality litter (inga) was included in 
the green mulch added to cupuaçu. also, inga and cupuaçu 
leaves applied separately did not increase soil mineral n above 
bare soil values, and leaf mixtures with inga did not increase 
soil mineral n above that of similar mixtures without inga. 
This suggests that during the 162-day experimental period, 
inga and cupuaçu did not increase or decrease soil mineral 
n as is expected for litter species with decomposition half-
lives greater than the study period (over 1 year for cupuaçu 
(McGrath et al., 2000) and 39 weeks for air-dried inga (Palm 
and Sanchez, 1990). 

Soil mineral n levels were additive in the lower rate 
mixtures, and, contrary to expectations, no net interactions 
between the cupuaçu, gliricidia, and inga litters occurred. The 
presence of cupuaçu did not decrease net n mineralization 
or n release in the lower rate green mulch applications. 
The additive effect of legume biomass and cupuaçu litter 
on soil mineral n levels implies that recommendations for 
green mulch applications to cupuaçu trees can be based on 
n dynamics of individual green mulch species and crop n 
requirements. Soil mineral n quantities, however, cannot 
be extrapolated from lower application rates because the 
increase in soil mineral n was not proportional to the increase 
in applied n. This may be due to a larger litter layer with 
higher application rates, which decreased soil contact with 
the leaves and consequently slower decomposition (henriksen 
and Breland, 2002; wilson et al., 1986). The absence of net 
interactions does not preclude gross interactions between 
cupuaçu litter n and green mulch n, which were not studied 
here. Schwendener et al. (unpublished data) also found no net 
interactions between cupuaçu and gliricidia leaves, but with 
the use of 15n were able to confirm that gross interactions, 
including temporary immobilization by cupuaçu of n 
released by gliricidia, were occurring. an understanding of 
gross interactions among cupuaçu litter, green mulch and soil 
could facilitate the management of litter and green mulch n 
dynamics farmer field conditions. 

in a homogenous soil and controlled environment, higher 
quantities of high quality litter (i.e. gliricidia) increased soil 
mineral n; under field conditions in the agroforests, however, 
other factors had a greater effect on soil mineral n than the 
quality of the green mulch. Soil mineral n and total soil n 
were expected to be higher in aSii due to accumulation of 
readily mineralizable n fraction in soil organic matter during 
the seven years of higher green mulch applications, but soil 
mineral n, microbial biomass n, and total n did not differ 

between the two agroforestry systems. Temporal variability of 
mineral n and the short sampling period of this study made 
it difficult to examine n mineralization rates which may have 
better reflected the greater accumulation of a mineralizable 
n fraction as a result of long term green mulch applications 
(haggar et al., 1993). Other factors present in the field and 
absent in a controlled experiment, such as soil fauna (hofer et 
al., 2001; Tian et al., 1992; Vohland and Schroth, 1999), roots 
(Lehmann et al., 2001; Schroth et al., 1999) and microclimatic 
effects such as increased shade and moisture (Giller, 2001; rao 
et al., 1997), may have had larger effects on soil mineral n 
than the application of green mulch and may have affected 
soil mineral n differently in aSi than in aSii. For instance, 
macrofauna may have been more abundant in aSi due to the 
close proximity of cupuaçu to peach palm and consequently 
increased decomposition of the higher quality litter (Vohland 
and Schroth, 1999). alternatively, the additional gliricidia 
n added to aSii could have been removed from the system 
through increased export of fruit (which was higher in aSii 
(wandelli, pers. com.)) or lost via leaching of nitrate to the 
subsoil (Schroth et al., 1999). higher mineral n closer to the 
trunk in both systems suggests that in addition to higher rates 
of gliricidia prunings at that location, increased shade and 
thicker litter layer contribute to a favorable microclimate and 
increased n mineralization (Babbar and Zak, 1994). 

The strong influence of gliricidia on soil n mineralization 
in the greenhouse study demonstrates the importance of 
the quality of n applied, rather the quantity of n applied 
as mulch for short term soil n availability. when referring 
only to higher quality mulch, quantity is also significant for 
increasing n mineralization. The lower quality inga mulch 
and cupuaçu litter did not interfere with net decomposition 
of and n release of gliricidia mulch and soil mineral n 
accumulation in the soil mulched with gliricidia. although 
the low-quality and slow-decomposing inga and cupuaçu 
leaves did not contribute to soil mineral n in the short term, 
they could benefit soil fertility in ways not studied in this 
paper, by providing a litter layer for soil fauna, reducing 
erosion, increasing soil moisture availability, and controlling 
weeds. Laboratory studies on soil n availability are limited to 
green mulch management recommendations with respect to 
soil n availability. Final recommendations for green mulch 
applications should be based on field trials that include the n 
sources and sinks which contribute to the complex n cycling 
in agroforestry systems.  
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