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SUMMARY

The new techniques proposed for agriculture in the Amazon region include
rotational fallow systems enriched with leguminous trees and the replacement of
biomass burning by mulching. Decomposition and nutrient release from mulch
were studied using fine-mesh litterbags with five different leguminous species
and the natural fallow vegetation as control. Samples from each treatment were
analyzed for total C, N, P, K, Ca, Mg, lignin, cellulose content and soluble polyphenol
at different sampling times over the course of one year. The decomposition rate
constant varied with species and time. Weight loss from the decomposed litter bag
material after 96 days was 30.1 % for Acacia angustissima, 32.7 % for Sclerolobium
paniculatum, 33.9 % for Iinga edulis and the Fallow vegetation, 45.2 % for Acacia
mangium and 63.6 % for Clitoria racemosa. Immobilization of N and P was observed
in all studied treatments. Nitrogen mineralization was negatively correlated with
phenol, C-to-N ratio, lignin + phenol/N ratio, and phenol/phosphorus ratios and
with N content in the litterbag material. After 362 days of field incubation, an
average (of all treatments), 3.3 % K, 32.2 % Ca and 22.4 % Mg remained in the mulch.
Results confirm that low quality and high amount of organic C as mulch application
are limiting for the quantity of energy available for microorganisms and increase
the nutrient immobilization for biomass decomposition, which results in
competition for nutrients with the crop plants.

Index terms: contrasting chemical compositions, nutrient mineralization; nutrient
immobilization; litterbags.
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RESUMO: DECOMPOSICAO DE MATERIAL ORGANICO E DINAMICA DE
NUTRIENTES EM UM SISTEMA DE COBERTURA MORTA
ENRIQUECIDO COM ARVORES LEGUMINOSAS NA AMAZONIA

As novas técnicas propostas para a agricultura na Amazoénia incluem sistema de
rotagdo de capoeira enriquecido com arvores leguminosas e transformando a queima da
biomassa em cobertura morta sobre o solo. A decomposi¢do e a liberagao de nutrientes da
cobertura morta foram estudadas usando sacos de liteira com malha fina que continham
cinco tratamentos com diferentes espécies de leguminosas em comparag¢do a um tratamento-
controle com vegetagdo natural. As amostras para cada tratamento foram analisadas
para contetudos de C total, N, P, K, Ca, Mg, lignina, celulose e polifendis soltiveis em
diferentes tempos de amostragem durante um ano. A razao constante de decomposi¢ao
variou com a espécie e com o tempo. A perda de massa nos sacos de decomposicdo foi de
30,1 % para Acacia angustissima, de 32,7 % para Sclerolobium paniculatum, de 33,9 %
para Inga edulis e para a vegetagao secundaria, de 45,2 % para Acacia mangium e de
63,6 % para Clitoria racemosa. Foi observada imobilizacao de N e P em todos os
tratamentos, sendo a mineralizagdo do N negativamente correlacionada com o fenol, razao
C/N, razdo (lignina + fenol)/N, razao fenol/P e o contetido de N nos sacos de liteira. Depois
de 362 dias de incubagao no campo, 3,3 % de K, 32,2 % de Ca e 22,4 % de Mg permaneceram
no material em decomposi¢do. Os resultados evidenciaram que a baixa qualidade mineral
e a alta quantidade de carbono organico e aplicado como cobertura morta podem limitar a
quantidade de energia disponivel para os microrganismos resultando em uma competi¢ao
por nutrientes com as plantas agricolas.

Termos de indexagao: composi¢do quimica contrastantes, mineralizagdo de nutrientes,

imobilizagdo de nutrientes, sacos de liteira.

INTRODUCTION

Fallow vegetation plays an important role in
maintaining or restoring soil productivity in the slash-
and-burn agriculture system of the Amazon basin.
However, the intensification of land use has drastically
reduced the fallow period. Therefore, the soil quality
has to be restored in a shorter time period. This could
be accomplished by the introduction of intensified
forms of fallow management such as planted or
enriched fallow systems (Brienza Jr., 1999), which
are modifications of the slash-and-mulch systems.

For research in applied soil biology, the
synchronization of nutrient release from organic
material and the plant nutrient uptake are a topic of
great interest in cases where burning is replaced by
biomass mulching, (Addiscott et al., 1991; Myers et
al., 1994). Furthermore, the existence and extent of
plant-microbe competition for inorganic and organic
N and P resources need to be elucidated (Kaye & Haxrt,
1997). Crop yields in the project area (Eastern
Amazon, Brazil) following slash-and-mulch fall short
of those after burning, which is ascribed to a lack of
nutrients (Denich et al., 2004). In order to project
more efficient agricultural systems, there should be
a clear understanding of the determinants of nutrient
supply, especially those that condition nutrient release
from plant residues (Seneviratne, 2000).
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Organic resources play an essential role in soil
fertility management in the tropics by their short-
term effects on nutrient supply and longer-term
contribution to soil organic matter (SOM) formation
(Palm et al., 2001). The decomposition rate and the
amount of nutrient release from organic matter (OM),
particularly from leguminous trees, determine the
short-term benefits of tree residues for crop nutrition
(Handayanto et al., 1997). Resource quality
parameters and indices related to decomposition and
nutrient release in natural ecosystems were described
by Swift et al. (1979), Schlesinger & Hasey (1981)
and Melillo et al. (1982). Numerous studies have since
reported on nutrient contents, resource quality,
decomposition, and nutrient release patterns for a
variety of organic materials in tropical agroecosystems
(Palm, 1995; Cadisch & Giller, 1997; Heal et al., 1997;
Mafongoya et al., 1998).

The decomposition rates and N release in
leguminous plant residues with high N content are
usually high (Swift et al., 1979; Ladd et al., 1981,
Hunt et al., 1988; Constantinides & Fownes, 1994a).
Contents of N, lignin and polyphenol are chemical
factors that control the degradation of plant materials
in the soil (Constantinides & Fownes, 1994a). In
general, increasing lignin concentration reduces the
residue decomposition rate (Meentemeyer, 1978; Tian
et al., 1992; Moorhead et al., 1996). High lignin
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contents could also enhance nutrient immobilization,
especially of N (Melillo et al., 1982). However, Vallis
& Jones (1973) and Palm & Sanchez (1991) found that
N release patterns are more dependent on polyphenol
content. Furthermore, the initial lignin:N ratios and
the lignin + polyphenol:N ratios were strongly
correlated with the N mineralization rates or N
accumulation (Handayanto et al., 1997).

In many soils, P availability is heavily restricted
by binding to Fe and Al oxides and by the fact that it
moves through the soil profile by diffusion rather than
with flowing water. Only a small fraction of the
organic P pool (about 1 % per year), is mineralized,
supplying inorganic P for plant uptake (Tiessen et
al., 1984). Organic P transformation in the soil is
difficult to study because of the reaction of inorganic
P with various soil minerals. In most ecosystems the
P available for biogeochemical cycling is contained in
organic forms (Chapin et al., 1978; Wood et al., 1984;
Yanai 1992; Gressel et al., 1996). Quality factors
known to control P availability patterns of organic
inputs are total P, C/P and N/P ratios (Singh & Jones,
1976; Vogt et al., 1986), which are highly variable in
terms of the critical levels. Net mineralization of P
from organic matter usually begins at C/P ratios <
200 (Schlesinger, 1997).

Across large areas in the tropics of particularly
Oxisols the K, Ca and Mg supplies for crop needs are
low (Brady, 1990). Plant residues can be an essential
source of these nutrients. Information on K, Ca and
Mg release patterns can therefore be used to predict
the potential of plant residues as sources of these
nutrients. However, information about these elements
is scarce.

The objective of this paper is to report results from
studies on different mulch decomposition and release
patterns of N, P, K, Ca and Mg in natural fallow
systems enriched with a legume tree species (Acacia
angusticima, A. mangium, Clitoria racemosa,
Sclerolobium paniculatum or Inga edulis), and natural
fallow vegetation alone (control). These fallow systems
are being evaluated in search for alternatives to the
existing slash-and-mulch agriculture in the Amazon
region.
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MATERIAL AND METHODS

The experimental area was near Igarapé-Acq, in
the Northeast of the State of Par4, in the Amazon
region. The largely deforested area is dominated by
subsistence crop production of small holders who use
a shifting cultivation system. The strongly weathered
soils of the region are typical Kandiudults (USDA Soil
Taxonomy) with the following surface soil properties
(0—20 cm): 1.6 g kg'! total C, 0.13 g kg'! total N,
1.3 mg kg'! total P, 5.5 pH. The sand soil texture is
820 g kgl sand, 180 g kg clay at 1.3 g cm™® density.
Total rainfall ranges from 2.000 to 3.000 mm year?
with three months of sparse rain (September-
November). Annual temperature averages between
25-27 °C, and relative humidity is 80-90 %.

The decomposition study was conducted for one
year (1997-1998), after slashing and mulching the
standing aboveground biomass of a 30-month-old
experimental stand to investigate the dynamics of
fallow vegetation enriched with the following
leguminous tree species: Acacia mangium Willd (total
aboveground biomass =55.6 Mg ha'l), A. angustissima
Kuntze (33.5 Mg ha'l), Sclerolobium paniculatum
Vogel (32.2 Mg hal), Inga edulis Mart. (30.0 Mg ha'l),
and Clitoria racemosa G. Don (27.2 Mg ha'l) (Brienza
dJr., 1999). Secondary forest regrowth was used as
control (24.0 Mg ha'l), but the regrowth being an
enrichment with leguminous species this also finds
in the other treatments. Samples of bulked fresh
material were collected from the five leguminous-
species treatments with presumably contrasting litter
quality characteristics and one mixed sample from
the control (Table 1).

Residue decomposition and nutrient release were
studied using fine-mesh litterbags (11 x 9 cm, mesh-
size < 0.2 cm). About 25 g of ground air-dried
material (> 0.2 cm, equivalent to 25 Mg hal) per
leguminous tree were placed in each bag. The
quantity of biomass included in the litterbags was
calculated in Mg ha'l, based on the production results
of Brienza Jr. (1999) and the bag surface area. In this
way, treatment levels included five pure leguminous

Table 1. Initial chemical composition of litterbag material from different leguminous species and control
(fallow vegetation) used in the decomposition experiment. Average(stand error)

Specie N C C/N P K Ca Mg Lignin Cellulose Phenol
gkg’ gkg' %

A. angustissima  8.3(0.14) 510.7(1.23) 61.4(1.16) 0.77(0.02) 13.3(1.43) 6.5(0.12) 2.6(0.51) 18.3(0.17) 54.0(0.68) 29.7(1.27)
A. mangium 5.0(0.30) 496.5(3.39) 101.1(6.04) 0.31(0.00) 6.7(1.44) 11.1(0.34) 2.9(0.61) 26.5(0.31) 46.9(0.26) 19.1(1.28)
C. racemosa 7.8(0.08) 482.6(2.50) 61.6(0.39) 0.68(0.09) 11.6(0.89) 7.9(0.06) 2.6(0.43) 23.8(0.91) 44.6(0.17) 11.6(0.84)
Control 10.1(0.90) 475.2(2.78) 48.4(4.24) 0.41(0.03) 5.3(0.60) 9.6(1.01) 1.6(0.36) 28.5(1.20) 41.4(0.53) 10.8(1.11)
L. edulis 7.2(0.11) 494.7(0.59) 61.1(0.99) 0.74(0.01) 13.5(0.98) 11.0(0.05) 2.7(0.34) 31.4(0.97) 44.1(1.23) 20.6(1.78)
S. paniculatum  8.6(0.09) 458.2(2.72) 53.4(0.78) 0.39(0,02) 5.9(1.08) 8.8(0.38) 1.7(0.15) 29.5(1.50) 41.8(1.29) 11.3(0.67)
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species and a mixture of spontaneous regrowth
(control).

Nine litterbags per treatment for each time (total
per treatment = 36) were placed randomly on three of
the 10 x 8 m plots, where the same species had grown
before felling the trees. Care was taken that the
litterbags were covered by chopped material. In order
to test the external influence of the organic material
from remaining mulch, three litterbags per sampling
date were placed outside the plot without mulch
contact. The residue litterbags were removed, brushed
free of foreign material (including roots) and dried O,
6,12, 24, 48, 96, and 362 days after the beginning of
the experiment.

The dry matter content and all parameter analyses
were corrected for ash content (Blair et al., 1990). The
samples from each treatment were ground and
analyzed for total C and N by analyzer Carlo Erba
(Carlo Erba elementary analysis). For the
determination of P, K, Ca and Mg the materials were
wet-digested with a mixture of HCIO,-HNOs.
Phosphorus was measured colorimetrically by an auto-
analyzer, K was measured by flame photometry, and
Ca and Mg were measured using atomic absorption
spectrophotometry (IITA, 1982). Lignin and cellulose
content was measured using the acid detergent fibre
method (van Soest & Wine, 1968), and soluble
polyphenolics by the revised Folin-Denis method
(Constantinides & Fownes, 1994b). The tissue:solvent
ratio of 1 mg mL! was extracted with 50 % methanol
at approximately 80 °C for one hour.

Ash-free dry weight of remaining plant material
and decomposition rate constants were analyzed using
one-way analysis of variance (one-way ANOVA) and
multivariate analysis to determine differences in
decomposition (i.e. correlation, multiple regression and
principal components discriminate analysis methods).
Single (A; = e**) and double [A,= S ekt + (1-S) e-hi]
exponential equations were used to calculate the
decomposition rate constants (Wieder & Lang, 1982),
where A, is the proportion of remaining material at
time t; S is the initial proportion of labile material;
(1-S) is the initial resistant proportion; k is the rate
constant for the labile component; and h is the rate
constant for resistant component. All statistical
analyses were performed using the SYSTAT program.

RESULTS AND DISCUSSION

Chemical composition of fallow species

The nutrient contents of the material in the
litterbags (Table 1) were variable. A. angustissima
contained the highest initial concentration of P,
cellulose and phenol and the lowest Ca and lignin
concentration. A. mangium had the highest initial
Ca and Mg, and the lowest N and P concentration.
C. racemosa had intermediate concentrations of all
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materials analyzed. In the control treatment the
initial N concentration was highest and the initial
concentration in K, Mg, cellulose and phenol lowest.
The I. edulistreatment had the highest initial K and
Ca concentration, and S. paniculatum the highest
initial lignin concentration.

Because all treatments had initial C:N ratios of
more than 40, an initial nutrient immobilization was
to be expected (Stevenson and Cole 1999). Nutrients
such as N, which are often limiting for microbial
growth, are immobilized where C supply is plentiful
and nutrient concentrations are low and mineralized
as C content decreases and nutrient concentration
increases (Stevenson and Cole 1999).

Patterns of organic matter decomposition

A rapid decrease in ash-free dry weight was
observed in C. racemosa and A. mangium prunings
during 96 days of field incubation (Figure 1). The A.
mangium treatment lost weight faster in the first
week of the experiment, but was slower than C.
racemosa thereafter. No significant differences
(p > 0.05) in decomposition rates were observed
between A. angustissima, S. paniculatum, I. edulis,
and the control (fallow vegetation).

After 362 days the litterbag weight was reduced
due to decomposition by 64.9 % (A. angustissima),
71.7 % (I. edulis), 73.8 % (S. paniculatum), 78.9 %
(control), 86.3 % (A. mangium), and 97.0 % (C.
racemosa) (Figure 1). Weight losses of C. racemosa
and A. mangium (Figure 1) differed significantly from
each other (p > 0.05, n = 316) and also when each
was compared to the other three species (A.
angustissima, S. paniculatum, I. edulis, and control).
The differences in total weight losses in S.
paniculatum, I. edulis and the control treatment were
not significant. The biomass loss from A. mangium
was significantly higher, approximately 48.0 Mg hal,
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Figure 1. Remaining dry mater (DM) in litter bags of
residues of five leguminous species and fallow
vegetation (control) during decomposition
period. Bars represent stand error.
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since after 2.5 fallow years the aboveground biomass
of this species was 2.3 times greater than the natural
fallow vegetation (Brienza Jr., 1999). On the other
hand, at the end of the experiment the remaining
mulch biomass of C. racemosa was the lowest with
0.9 Mg ha'l (3.3 % of initial mulch biomass).

Exponential curves fitted well to the decomposition
data of each species (Table 2). The double exponential
curve fit best with data for C. racemosa and A.
mangium (Pearson correlation coefficient = 0.951 for
both species). The data for all species studied as well
as the control fitted best to a double exponential curve
during the first week of the litterbag decomposition
experiment (Table 2). Although differences between
the two models were not significant, the double
exponential curve was better correlated with fast OM
decomposition, and the slow mass loss was better
correlated with the single exponential curve (Table 2).

The exponential weight loss pattern agrees with
the assumption that residues contain labile and
recalcitrant fractions with different degrees of
resistance to microbial degradation. Reinerstsen et
al. (1984) associated the more rapid decay immediately
after residue burial with the decomposition of watexr-
soluble organic contents. Hunt et al. (1988) explained
differences in decomposition patterns and rates among
substrates as related to the amount of labile or rapidly
decomposing fractions (sugar, starches, proteins) and
the recalcitrant or slowly decomposing fraction
(cellulose, lignin, fats, tannins, and waxes).

Nitrogen and carbon release

The decomposition patterns of ash-free N release
was different in different leguminous plant residues
(Figure 2). The increase of absolute N mass in the
litterbags of all leguminous species studied as well as
the control differed throughout the study period. An

Table 2. Correlation coefficients for single (A, = ekt

and double (A, =S e** + (1-S) e™ ") exponential
equation that were used to calculate the
decomposition rate constants, where A, is the
proportion of material remaining at time #; S is
the initial proportion of labile material; (1-S) is
the initial proportion of resistant material; & is
the rate constant for the labile component; and h
is the rate constant for the resistant component

Specie Ac=e™ Ai=Se '+ (1-S) e™*
A. angustissima 0.9337 0.9240
A. mangium 0.9347 0.9506
C. racemosa 0.9485 0.9510
Control 0.9240 0.9549
1. edulis 0.9190 0.9117
S. paniculatum 0.8788 0.8366
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initial N decline (0—6 days) was observed for A.
angustissima only. Nitrogen accumulations depended
significantly on the species and decomposition period.
The N content remained stable during the first 96 days
of field decomposition in A. mangium, I. edulis and
the control and thereafter decreased slightly in I. edulis
only (Figure 2). The N accumulation of A. mangium
was highly significant until 96 days of litter bag
incubation and dropped abruptly afterwards.

Immobilization of N in litterbag material was also
observed in litterbags without contact with the
remaining mulch after 96 days of field decomposition
(data not shown). Increases in N mass in decomposing
litter of diverse wood species have been reported by
Melillo et al. (1982), Hunt et al. (1988), O’Connell
(1988), Blair et al. (1990), Constantinides & Fownes
(1994a), and Vitousek et al. (1994). The reasons
explaining the absolute increases include additions of
N through one or more of the subsequent mechanisms:
fixation, absorption of atmospheric ammonia,
throughfall, dust, insects, grass, green litter, fungal
translocation and/or immobilization, bacterial
development. Nutrients such as N, which are often
limiting to microbial growth, are immobilized when
the C supply is plentiful and nutrient concentrations
are low and mineralized when C content decreases
and nutrient concentration increases (O’Connell,
1988).

The coefficients of correlation between N
accumulation or loss in litter bag material and some
chemical properties of OM are shown in table 3. The
leguminous species and the control have different
patterns of N accumulation or loss, depending on the
lignin:P ratio (k = 0.850). Nitrogen accumulation or
decrease in the litterbag was positively correlated with
lignin content in most of the treatments. Only for A.
mangium and I. edulis, with a higher initial phenol
concentration, N accumulation was negatively
correlated with phenol.

All treatments were significantly negatively
correlated with phenol content and N accumulation
or decrease in litterbag material. The ratios C:N and
(lignin + phenol):N were highly significantly
correlated with N accumulation. The correlation of
A. angustissima, A. mangium, and S. paniculatum
was significant positive between N accumulation and
P whereas the correlation of I. edulis was significant
negative. The S. paniculatum treatment had a
significant positive correlation between N
accumulation and P and I. edulis a significant
negative correlation for the same parameters. The
control and C. racemosa were not significantly
correlated with P.

Berendse et al. (1987) and Muller et al. (1988)
reported that N release was reduced at high lignin
concentrations. Lignin is known to be a recalcitrant
substance and highly resistant to microbial
decomposition (Melillo et al., 1982). This study,
however, showed that the species with a higher initial

R. Bras. Ci. Solo, 32:1073-1086, 2008
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Figure 2. Remaining N and C in litter bags material during decomposition experiment for five leguminous
species and a fallow vegetation (control). Bars represent stand error.

Table 3. Coefficients of determination (r?) for linear regressions between initial substrate quality variables
from some legumes species and natural fallow vegetation (as control) and N mineralization rate constants
after one year of field decomposition

Mulch initial quality N Mineralization Percentage of N observed
variable ratio constant, k after 1 year
day
k 0.806**
Phenol 0.704* 0.839*
Lignin + phenol 0.222ns 0.752*
C-to-N ratio 0.541ns 0.731*
C 0.701* 0.764*
Phenol + lignin-to-N ratio 0.632ns 0.792*
Phenol-P ratio 0.596ns 0.757*
Lignin-to-P ratio 0.850* 0.730*
Phenol + lignin-to-P ratio 0.704* 0.793*
Phenol-to-cellulose ratio 0.671* 0.871*

"s: not significant; *; significant at p < 0.05; and **: significant at p < 0.01.

lignin concentration (S. paniculatum, Fallow and A.  with two phenolic hydroxyls could fix N, part of which
angustissima) (Table 1) were positively correlated with ~ was resistant to 72 % sulphuric acid or strong alkaline
Nrelease in mulch. It has also been found thatlignin  solution (Bennett, 1949).

R. Bras. Ci. Solo, 32:1073-1086, 2008
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Phosphorus remaining in mulch

The remaining P decreased during the first week
of litterbag exposure in all treatments (Figure 3). But
after three weeks, P immobilization increased
significantly in all treatments (Figure 3). Phosphorus
immobilization may be due to the low initial P
concentrations in plant residues (Buldeman, 1998).
Some authors have shown that the release of P is
limited in many tropical soils and is often the most
limiting nutrient (Palm & Sanchez, 1990; Tian et al.,
1992; Thomas & Asakawa, 1993). Usually during
fallow, immobilization phases that could aggravate
soil solution P deficiencies relative to crop demand
(Palm, 1995). This study confirms that a potential
increase of P availability due to release from
decomposing plant residues could be an important
criterion for selecting species for enriched fallow
systems.

As also found by Kato (1998) at the same
experimental site, our study showed that the low P
content in the control and legume material resulted
in a high C:P ratio (Figure 4). The C:P ratios in the
A. angustissima, S. paniculatum and I. edulis
treatments increased in the first seven weeks of the
experiment. For the other treatment the C:P ratio
was constant during the experiment. Sanchez (1976)
showed that C:P and C:N ratios are indicators of P
deficiency and suggest that P is mineralized at about
the same rate as organic C. This hypothesis was
confirmed in the case of A. mangium, C. racemosa

and the control treatment, but not for S. paniculatum
and I. edulis.

C:P RATIO
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Figure 3. Percentages of P remaining in mulch from
different enriched legumes trees and natural
fellow as control, for 48 and 362 days of incubation
period. Bars represent LSD with p < 0.05.
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Figure 4. Carbon-to-P ratio and N-to-P ration for different legume treatment and control (as natural fallow
vegetation), for 48 and 362 days of incubation period.
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In all treatments the N:P ratio increased during
the incubation period (Figure 4). The decrease in the
N:P ratioin I. edulis and S. paniculatum was higher
after 96 incubation days. The increasing N:P ratios
during decomposition imply that organic P was
mineralized at a slower rate than organic N. Fungal
translocation and/or immobilization may be the
processes that increased P in the remaining mulch.

K REMAINING, %

0 S0 100 150 200 250 300 350 400

INCUBATION PERIOD, day

—a&— [. edulis

—e— S. paniculatum

——A. angustissima —s— Control

- =% =A. mangium = =¥ - C. racemosa

Figure 5. Percentages of K remaining in mulch from
different enriched legumes trees and natural
fellow as control, for 48 and 362 days of incubation
period. Bars represent LSD with p < 0.05.
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Remaining potassium in mulch

The patterns for K mineralization were different
in the mulch material from different legume species
and the control (Figure 5). The K release in all
treatments was fast, mainly in the case of I. edulis
and C. racemosa, which lost approximately 80 % of
the initial K in the first three weeks of field
decomposition. At the end of the incubation period
the release of remaining K in mulch biomass was very
low for all legume species and the control. However,
the remaining K in the control treatment was highest
in comparison with the other treatments.

Potassium in plants occurs mainly in a soluble
ionic form (Tukey, 1970). The cell structure of the
organs included in the mulch is largely lost.
Potassium can therefore be easily leached from litter
and the losses are certainly accelerated by high rainfall.
Potassium release from mulch is rather fast since
93.1 t0 99.6 % of initial K concentration returns to
the soil during the first year of decomposition. At the
end of the experiment there were no significant
differences among the treatments

In general, K losses were highly positively
correlated with phenol and C concentration during
the incubation period across all treatments (Table 4).
This suggests that K mineralization dependeds on
phenol and C concentration during the incubation
period. However, the coefficient of correlation with K
concentration of P was higher for control and I. edulis
treatment. The initial K concentration in these
treatments was lowest and highest (Table 1),
respectively.

Calcium remaining in mulch

Release of Ca from all treatments increased during
incubation (Figure 6). Only in the A. angustissima
and I. edulis treatments there was no initial Ca
immobilization, and a significantly higher increase
was observed in the control and S. paniculatum
treatments. At the end of incubation, Ca release in
A. angustissima was significantly lower than in the
other treatments.

Table 4. Correlation coefficients from regressions of potassium concentration (g kg') and remaining dry
matter (g) and some chemical properties (g kg’ DM) during the incubation period. n =54

Treatment N C P Lignin Cellulose Phenol Mg Ca
A. mangium 0.345 0.826 0.518 0.543 0.804 0.821 0.464 0.573
C. racemosa 0.684 0.845 0.747 0.664 0.776 0.722 0.632 0.539
Control 0.638 0.762 0.922 0.811 0.723 0.872 0.665 0.563
I edulis 0.242 0.656 0.814 0.576 0.627 0.825 0.464 0.229
S. paniculatum 0.584 0.678 0.572 0.574 0.711 0.686 0.593 0.557

R. Bras. Ci. Solo, 32:1073-1086, 2008



ORGANIC MATERIAL DECOMPOSITION AND NUTRIENT DYNAMICS IN A MULCH SYSTEM...

B

0 10 20 30 40 50

Ca REMAINING, %

120
1100 -
g0
60

100
INCUBATION PERIOD, day

150 200 250

== A. angustissima —— Confrol == |. edulis

- 2% - A mangium - -4 - C. racemosa b S. paniculatum

Figure 6. Percentages of Ca remaining in mulch from
different enriched legumes trees and natural
fellow as control, for 48 and 362 days of
incubation period. Bars represent LSD with

p <0.05.

The same slow Ca release in approximately the
first 14 weeks of incubation was reported by Swift et
al. (1981), which is however contradictory to results
of Tian et al. (1992), except in the case of Acio, where
no Ca was released. The net accumulation period for
Ca is probably due to luxury uptake of this element
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into fungal hyphae as documented by Cromack et al.
(1978) and Swift et al. (1981). This would be consistent
with microbial immobilization of N and P as shown
above. Normally, when all treatments were
considered, the positive correlation of Ca losses with
N and Mg concentration was higher during the
incubation period (Table 5).

Magnesium remaining in mulch

Similarly as shown above, the patterns of Mg
release from mulch material were different in
treatments and control (Figure 7). Only in the control
and S. paniculatum Mg accumulation was significantly
higher during the first week of field decomposition.
In the A. angustissima, C. racemosa, I. edulis and A.
mangium treatments Mg release was highest during
the 14 weeks of incubation period. But at the end of
the experiment, the Mg concentration was only lower
than 20 % of the initial concentration in C. racemosa
(2.5 %) and A. mangium (8.1 %) (Figure 7).
Generally, the Mg losses were positively correlated
with N and Ca concentration during the incubation
period (Table 6).

As shown earlier by Swift et al. (1981), the patterns
of nutrient loss from litterbags are contrasting for
different organic matter quality. This indicates a
complex interplay of different processes during mulch
decomposition. The role of microorganisms in mulch
decomposition and nutrient immobilization is very
important. Also, the amount of nutrients released
depends on the intrinsic material quality and the
amount of organic materials in the mulch.

Nitrogen, P, Ca and Mg release from plant residues
followed different decomposition patterns. Nitrogen
release rates varied with species and amount of plant
residues. The N mineralization patterns of the plant
material closely reflected the differences in their
chemical composition. In all species studied, including
the control (natural fallow vegetation) N was
immobilized at some time during decomposition.
Furthermore, the increase in N concentration does
not seem to have been influenced by the remaining
material, because litterbags without remaining mulch

Table 5. Correlation coefficients from regressions of calcium concentration (g kg') and remaining dry matter
(g) and some chemical properties (g kg DM) during the incubation period. n = 54

Treatment N C P Lignin Cellulose Phenol Mg K

Control 0.823 0.847 0.772 0.855 0.726 0.628 0.832 0.563
L. edulis 0.464 0.351 0.357 0.539 0.129 0.285 0.472 0.229
A. mangium 0.829 0.801 0.870 0.888 0.448 0.526 0.875 0.573
C. racemosa 0.934 0.691 0.721 0.825 0.477 0.407 0.700 0.539
S. paniculatum 0.901 0.688 0.647 0.681 0.607 0.812 0.960 0.557
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Figure 7. Percentages of Mg remaining in mulch from
different enriched legumes trees and natural
fellow as control, for 48 and 362 days of
incubation period. Bars represent LSD with
p <0.05.

also showed an increase in N concentration during
the decomposition period. Carbon:N ratios and
polyphenol:P ratios appeared better correlated with
N immobilization for all species and the control
vegetation. The data suggest that Mg, lignin and Ca
were strongly correlated with N immobilization
(Figure 8). The importance of Ca and Mg for P
maintenance in mulch material seems to be due to
nutrient deficiencies in acid soils and the competition
for these elements between microorganism absorption
and soil adsorption.

José Henrique Cattanio et al.

Some suggestion can be formulated to explain the
increases in N concentration during decomposition
in the litterbags. High polyphenol and lignin
concentrations (Figure 9) may be a major factor in N
immobilization during decomposition. Leaching of a
major fraction of soluble polyphenol in mulch might
be responsible for the formation of stable polymers
with many N forms. This results in N immobilization
often restricts microbial growth; this nutrient is
immobilized when the C supply is plentiful and
nutrient concentrations are low. Therefore, N is
mineralized as the C content decreases and nutrient
concentrations increase.

All treatments showed a fast initial decrease in P
concentration during the first week of the incubation
period but ended with an increase in P at the end of
experiment. This indicates some initial P
immobilization in all plant residues that may be due
to the low initial P concentration in plant residues
and the suggested higher microorganism activity in
mulch (principally fungal growth, which can
translocate this element from soil to mulch). By the
end of the experiment, on average (pooled over all
treatments), 3.3 % + 0.9 (mean + STE), 32.2 % + 6.7,
and 22.4 % + 5.6 initial K, Ca and Mg, respectively,
remained in the mulch after 362 days of field
incubation. Palm & Sanchez (1990), Thomas &
Asakawa (1993) and Lupwayi & Haque (1999) reported
greater loss of K than of any other nutrient from
decomposing leguminous tree litter and immobilization
of Ca and Mg. Furthermore, Tian et al. (1992)
observed a more rapid release of K than of the other
nutrients, although Ca and Mg release fast as well.

In accordance with Palm & Sanchez (1991), the
use of legume trees with low polyphenol content as
mulch can release N and provides this nutrient for
crop growth. Legumes with high levels of polyphenols
that may react with organic N compounds are not
favorable for adequate N levels for plant growth in
the short term. However, they may contribute to the
build-up of soil organic N and result in a low but
continuous N supply in the long term. From our
results it appears that the mixing of two contrasting

Table 6. Correlation coefficients from regressions of magnesium concentration (g kg') and some chemical
properties (g kg DM) during the incubation period. n = 54

Treatment N C P Lignin Cellulose Phenol Caz2+ K+
Control 0.915 0.834 0.691 0.537 0.770 0.678 0.832 0.665
I edulis 0.786 0.469 0.468 0.505 0.225 0.217 0.472 0.464
A. mangium 0.916 0.769 0.810 0.942 0.378 0.470 0.875 0.464
C. racemosa 0.915 0.826 0.856 0.862 0.769 0.661 0.700 0.632
S. paniculatum 0.883 0.697 0.632 0.668 0.641 0.788 0.960 0.593
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Figure 9. Percentages of lignin and phenol remaining
in mulch from different enriched legumes trees
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trees in terms of litter quality would provide the best
fallow management when the alternative mulch
system 1s used.

The need of increasing agricultural yields cannot
be met by a major expansion of cultivated areas alone,
so the intensification of land use and improvement of
currently cultivated soil is indispensable. An enriched
fallow management with slash and mulch system can
be an option to restore soil organic matter and
maintain nutrients in the humid tropical ecosystem.
Studies of systems enriched with contrasting
leguminous species in terms of nutrient mineralization
and the organic C:nutrient ratio in decomposing
biomass will provide insights into which species to
use for fallow enrichment. The sustainability of the
slash-and-mulch system should not only be judged by
the crop yield stability but also by the efficiency of an
agroecosystem to maintain and recycle mineral
nutrients and to prevent COy and nutrient release
and losses from burned biomass.

CONCLUSIONS

1. These data confirm that soluble C, which
includes metabolic and storage C, is of high quality
and is primarily responsible for promoting microbial
growth and activity. Large amounts of soluble C but
little soluble N and P in decomposing plant residues
induce net immobilization.

2. The patterns of nutrient mineralization in
mulch observed in this study are complex and involve
a variety of factors, which differed largely from
decomposition of soil-incorporated organic matter. This
study suggests that cellulose, as a C source, and
polyphenol content might control the short-term N

R. Bras. Ci. Solo, 32:1073-1086, 2008
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release and availability from mulch, principally N and
P.

3. The slash-and-mulch systems with thick mulch
mats need to be improved for the synchronization of
nutrient release from organic material and nutrient
uptake by crop systems. The use of contrasting plant
material in terms of litter quality, C reduction in the
vegetation with the selective removal of wood, and
soil incorporation of fallow residues need to be further
tested.

3. On the other hand, agricultural yields in the
Amazon region cannot be increased by further
deforestation and the possibility of an increased
fertilizer use is limited. Consequently, the land use
will have to be intensified by improving the currently
cultivated soil. Fallow-mulch systems are promising
and call for more research. The agricultural policy in
the Amazon region could promote organic agriculture
to start up production and use in the commercialization
of organic agricultural products of the region.
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