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A B S T R A C T

The decomposition of soil litter contributes to
maintaining agricultural sustainability, since the
nutrients released by microbial activity are
determinants of the net productivity of the
agroecosystem. The decomposition of rubber tree
(Hevea brasiliensis [Willd. ex A. Juss.] Müll. Arg.)
leaves located on the surface and buried in at 10 cm
depth in Forest and Savannah (Cerradão) soils
(Oxisols) was studied, with emphasis on the
production of CO

2
 and the monthly variation of the

remaining amounts of litter mass, soluble substances,
cellulose and lignin. To evaluate CO

2
 production, H.

brasiliensis leaves were incubated for 30 days in soils
from the 0-2 cm and 10-12 cm layers. CO

2
 production

increased in the 0-2 cm layer in comparison to the 10-
12 cm layer. Litter mass and soluble substance loss
was of 62 and 72% at the end of nine months of
incubation, and of 38 and 65%, respectively, in the
first three months, being greater in the deeper (71-
74%) than in surface layer (48-55%). Forest soil
stimulated more litter mass loss and cellulose
decomposition (only in the surface layer) than
Savannah soil. The cellulose (25%) content decreased
and lignin (30%) increased in the initial months of
incubation, however, at the end of the period of this
study the same content (29%) was found.
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INTRODUCTION

Maintenance of a forest ecosystem depends on the soil
physical-chemical properties and its interaction with
the biotic communities that act, on different temporal
and spatial scales, in cycling of organic material (OM),
consequently providing the nutrients necessary for this
system (Beare et al., 1995). The greater source of
residues comes from the OM decomposition of leaf
litter that is accumulated on the surface of the soil,
and the dead roots of the plants (Chadwick et al., 1998;
Fioretto et al., 2001; Santa Regina and Tarazona,
2001).

Among the decomposing agents, bacteria and fungus
have a preponderant role due to their greater biomass
and respiratory metabolism (Torres et al., 2005). Due
to heat, moisture and the action of decomposing
agents, the chemical elements contained in the litter
mass are mobilized and re-absorbed by the roots,
giving rise to a new plant cycle and ensuring
conditions of permanence of the system (Guo and
Sims, 1999), even when soils are considered to have
low fertility.

Many models of degradation of vegetal residues
consider the quality of the residue (Sall et al., 2006),
biotic and abiotic factors (Mamilov and Dilly, 2002)
and the climate (Virzo of Santo et al., 1993; Salamanca
et al., 2003) as factors that influence the rate of
decomposition and mobilization of nutrients. Thus,
the degradation of the leaves of several plants
contained in litter-bags has shown a better correlation
to temperature than to soil moisture (Isaac and Nair,
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2005). Residues with low quantities of lignin and C/
N ratio presented the fastest rate of mass loss and
nutrients release (Wedderburn and Carter, 1999). Of
the abiotic factors, OM content and soil fertility are
the factors that influenced composition and activity
of the soil microbial community (Rigobelo and Nahas,
2004). Consequently, soils with different chemical
compositions can influence mineralization rate of
vegetal residues.

A set of variables have been used to evaluate the
decomposition of organic residues deposited in the
soil, which includes the mass loss of plant litter and
the determination of the quantities of the main
components like soluble substances (Berg and Tamm,
1991), cellulose and lignin (Lähdesmäki and
Piispanen, 1988; Donnelly et al., 1990; Johansson et
al., 1995; Wedderburn and Carter, 1999; Berg, 2000).
As well, the rate of decomposition in Pinus sylvestris
L. was evaluated through mass loss and CO

2

production (Chadwick et al., 1998).

The majority of studies related to the litter
decomposition have been carried out using several
plant species (Virzo de Santo et al., 1993; Briones
and Ineson, 1996; Berg, 2000; Fioretto et al., 2001;
Salamanca et al., 2003; Waldrop et al., 2004; Costa et
al., 2005; Isaac and Nair, 2005), but there is little
information in relation to the rubber tree. H.
brasiliensis is a Euphorbiaceae, native from Amazonia
and common in the primary forest. It is of high
economic value due to latex yields for rubber
production. It is difficult to manage, produces a litter
mass with a fine layer and has leaves with a high
nutrient content (Silva et al., 1998). The initial C/N
ratio of the litter of the rubber tree is 23, and can be
considered low (Höfer et al., 2000).

The objective of the present study was to evaluate
monthly, from October 2004 to June 2005, the

decomposition of rubber tree leaves placed on the
surface and at a depth of 10 cm in Forest and Savannah
soils.

MATERIALS AND METHODS

The study was carried out in 2004-2005, in two forest
reserves of Jaboticabal, Sao Paulo, Brazil,
approximately 20 kilometers apart.  One is located at
the Faculty of Agrarian and Veterinary Sciences of
the Universidade Estadual Paulista (FCAV/UNESP)
(21º05’ S, 48º10’ W, 560 m.o.s.l.) and the other at the
Recreio farm (21º17’ S, 48º22’ W, 630 m.o.s.l.). The
vegetation in the UNESP reserve is classified as
semideciduous tropical broadleaved forest (termed
Forest in this study), and that of the Recreio farm is
classified as semideciduous broadleaved tropical
forest, with characteristics of transition toward
savannah (termed Savannah), and is characterized by
three levels of vegetation, with umbrophylic species,
creepers and of  low height in the first level, bushes
and small arboreal forms with a height of 5 to 6 m in
the second level and, finally, trees of 10 to 20 m high
and less winding trunks in the third level. A central
area of each site was demarked, fenced off and divided
into 63 plots of approximately 3 x 2 m. Both soils
were classified as Oxisols according to the USDA Soil
Taxonomy (USDA, 1975) and had the chemical
composition and granulometrics described in Table 1.

The rubber leaves were collected from the trees in a
state of senescence, which is with opaque coloring in
comparison to the others. The leaves were washed
carefully in water, brushed lightly and dried in forced
ventilation ovens at 45 °C for 72 h. Then 5 g (dry
weight) of leaves were placed in litter-bags, with a
total of 252 bags (four per plot). The litter-bags, with
a size of 10 x 15 cm, were made with 0.28 x 0.78 mm2

(mesh 50) high density mono-filament polyethylene,
that avoid insects to pass through. After the removal

Table 1. Chemical and granulometry composition of Forest and Savannah soils.

Soil DSS pH OM P K Ca Mg H+Al Clay Lime Fine Heavy
sand sand

cm % mg dm-3  mmol dm-3  g kg-1

Forest  0-2 6.1 6.6 21 6.3 89 27 20 550 280 100 70
10-12 5.6 7.0 8 6.1 45 22 25 620 230 80 70

Savannah 0-2 4.5 8.4 20 4.9 11 8 47 220 10 260 510
10-12 4.3 8.7 9 1.7 8 5 52 270 20 270 440

DSS: depth of soil sample; pH in CaCl
2
; OM: organic material; H+Al: potential acidity.
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of the surface litter from soil, the litter-bags were
buried at 10 cm depth and others were placed on the
soil surface. Monthly and for 9 months, 14 litter-bags
were collected from each position, seven from the
surface and seven from the 10 cm depth. The collected
litter-bags were dried at 75 ºC for 3 days, cleaned with
aid of a brush to remove adhering soil and then
weighed.  The decomposition rate was evaluated by
weight loss.

The leaves removed from the litter-bags were
grounded and sifted (< 0.7 mm). To determine the
quantity of soluble substances in hot water
(carbohydrates, proteins and other soluble compounds
in hot water), 0.5 g (dry weight) of leaves were placed
in a crucible with a No 2 porous plate, and this in a
beaker. Fifty milliliters of distilled water was added
and boiled gently for 1 h (Summerel and Burgess,
1989). The liquid was removed by vacuum pump, the
leaves were rinsed twice in cold water and dried at 75
ºC for 18 h and weighed. Weight loss was defined as
soluble substances in hot water.

Respiratory activity was determined using soil samples
collected at the two depths, 0-2 cm and 10-12 cm from
each plot (Rezende et al., 2004). A quantity of 0.5 g
(dry weight) of rubber tree leaves were added to 200
g of soil with the water content equilibrated at 60% of
field capacity, and incubated for 30 days at 30 ºC. The
quantity of CO

2
 produced was determined daily for the

first 10 days and then every 3 days. As control were
prepared flasks with soil but without rubber tree leaves.

The quantities of lignin and cellulose were determined
monthly by the Van Soest and Wine (1968) method,
which were based on the separation of the different
compounds of the material using specific reactives.
The moisture content was determined after drying the
soil at 105 °C for 24 h and the temperature was
determined using a digital thermometer.

A completely random experimental design was used
and the variance analysis was made using the program
SAS (SAS Institute, 1990). The results in percentages
were previously submitted to the normality test. The
Tukey test (p < 0.05) was applied for comparison of
the means of the experimental results.

RESULTS AND DISCUSSION

The respiratory activity resulting from the incubation
of rubber tree leaves in Forest and Savannah soils from

0-2 cm (surface) and 10-12 cm depth (Figure 1)
showed that the cumulative CO

2
 production observed

at the end of the incubation period: 1) increased from
1.3 to 2.3 times in the surface soil compared to that
from the 10-12 cm depth layer; 2) increased from 1.7
to 2.7 times with the incubation of rubber tree leaves
in comparison to the control (without leaves); 3) was
1.1 to 1.2 times greater in the surface layer of the
Forest soil than that of Savannah soil, but at the 10-
12 cm depth layer, it was 1.1 to 1.2 times greater in
the Savannah soil.

The factors that influenced the increased respiratory
could have been the result of the better quality of soil
at the surface in comparison to the that from 10-12
cm depth (Table 1) and of the leaves mineralization
located in the soil. In accordance with Fernandes et
al. (2005), the reduction of CO

2
 production with soil

depth was due to more availability of OM in the soil
surface. Organic material is a determining factor for

Figure 1. Cumulative microbial respiratory activity
found from the incubation of Hevea brasiliensis

leaves in the 0-2 cm (�����: with leaves; �: without
leaves, control) and 10-12 cm depth (�: with leaves;

: without leaves) layers of Forest (A) and
Savannah (B) soils.



131T.C. GRÉGGIO  et al. - DECOMPOSITION OF THE RUBBER TREE...

the microbial population growth and consequently the
increase in respiratory activity. Thus, the reduction of
nutrients and OM with the soil depth decreased CO

2

production (Kurzatkowski et al., 2004). The second
evidence suggests a direct effect of the C
mineralization resulting from the addition of OM. The
quantity of CO

2
 produced corresponds to the

metabolism of 2.4 to 2.7 g of glucose g-1 of rubber
tree leaves in 100 g of dry soil. This quantity of C and
energy is used to provide microbial growth and the
cycling of soil nutrients.

The third affirmation is consistent with the results,
indicating that the quality of Forest soil from the higher
layer is better than that of Savannah soil. However,
the greater respiratory activity found in Savannah soil
in comparison to Forest soil at the 10-12 cm, can only
be explained by the greater quantity of OM found in
this study (Table 1).

After a 9 months period, the accumulated mass loss
of H. brasiliensis leaves contained in the litter-bags
was on an average of 62% (Figure 2A). Significant
differences (p < 0.05) between the losses were found
only in the first three months and were 38% of total
losses. The temperature in this period decreased and
the soil moisture increased significantly (Figure 3A,
3B). Consequently, these losses can be attributed to
increased rainfall. This effect was observed by Virzo
de Santo et al. (1993), who attributed the litter mass
loss to the amount of rain in soil planted with different
pine trees. Beginning in February the temperature and
moisture of the soil decreased slightly until the end of
the period of this study, which should have decreased
mass loss of the leaves. As well, the increase in the
recalcitrant components during this period could have
limited the rate of decomposition. The litter mass loss
has been found in similar assays to that conducted in
this study, and is the result of the liberation of soluble
and easily decomposable components (Musvoto et al.,
2000). After 140 days, 14% of the mass of Vismia
guianensis leaves was lost in three forest soils from
central Amazonia (Kurzatkowski et al., 2004). A
reduction of 30% of Jacarandá-da-Bahia (Dalbergia
nigra (Vell.) Allemão ex Benth.) and Eucalyptus
grandis W. Hill ex Maiden litter mass was found after
four months in forest soil, and 40% after eight months
in eucalyptus soil (Rezende et al., 2001).

Loss of litter mass in Forest soil was 55-74%, while
in Savannah soil was 48-71% (p < 0.05). This result
can be attributed to soil moisture, which was 2.7 times

higher in Forest soil than in Savannah soil (Figure
3B). Moisture is a determining factor in the
decomposition of OM. Johansson et al. (1995)
reported that the effect of moisture on the litter mass
loss occurred mainly during the initial period of
incubation of a pine forest soil. Accordingly,
decomposition of two species of grasses was
determined by soil moisture (Liu et al., 2006).

A significant effect (p < 0.05) of depth was found;
thus the accumulated mass loss of the leaves buried
at 10 cm of depth was 71 and 74%, and at the surface
it was 48 and 55%, in the Savannah and Forest soils,
respectively (Figure 2A). According to Fernandes et
al. (2005) microbial biomass and respiratory activity
decreased from the surface layer of the soil to the
deeper layer. This decrease was is due to the effect of
the vegetal cover on the soil structure and the OM
accumulation (Fialho et al., 1991). The results
obtained in this work suggest a contrary effect to those

Figure 2. Mass loss (A) and soluble substance
quantities (B) from Hevea brasiliensis leaves
incubated in the surface and in 10 cm depth of
Forest ( : 0 cm; �����: 10 cm) and Savannah (�: 0
cm; �: 10 cm) soils.
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studies. This is probably because the leaves located
at the surface of soil are more exposed than the buried
leaves to environmental variations, such as the effect
of drying and temperature. As a result of
environmental influence, the higher moisture content
of the deeper layer of the soil favored the litter mass
loss. Thus, after 26 months of incubation, Douglas et
al. (1980) observed losses of 31% when wheat straw
was placed (Triticum aestivum L.) on the surface, and
of 85% at a depth of 15 cm. Nevertheless, significant
differences were found between the two soils at the
surface layer (except October 2004, April and May,
2005) and at a depth of 10-12 cm in November and
December 2004, and January 2005, indicating that the
rate of decomposition was greater in Forest soil,
probably favored by the better chemical composition
than that found in the Savannah soil (Table 1).

The initial quantities (October 2004) of soluble
substances found in the leaves decreased on average
23% up to December (Figure 2B). This rapid loss of
soluble substances was due to the microbial
decomposition and lixiviation of soluble foliar

nutrients. As was observed in laboratory, lixiviation
is more rapid in leaves after being dried and immersed
in water than in leaves that were not dried. Schroth et
al. (1992) reported that the losses were high during
the first 11 days, especially N, P (50%) and K (75-
80%). In general, significant differences (p < 0.05)
among the quantities of soluble substances were not
found due to the effect of the different soils and depth
in which the leaves where placed (Figure 2B).

On average the initial amounts of cellulose of rubber
tree leaves (October 2004) was equal to 25% of dry
foliar weight (Figure 4A). These quantities decreased
to 21% in December 2004 and later increased to 29%
(June 2005), but in general, without significant
differences among the quantities found in the different
months. A significant effect of depth on the cellulose
degradation was not verified, except in the months of
January to June 2005, when the quantities of cellulose
were greater in the buried leaves than in those placed
on the surface, indicating that the decomposition of
foliar cellulose was greater on the soil surface than in
that buried. Analyzing the effect of the soil, it was
verified that the percentage of cellulose was greater

Figure 3. Temperature (A) and moisture (B) of the
surface and 10 cm depth of Forest (        : 0 cm;

   : 10 cm) and Savannah (           : 0 cm;            :
10 cm) soils.

Figure 4. Residual cellulose (A) and lignin (B) from
Hevea brasiliensis leaves incubated in the surface
and at 10 cm depth of Forest (         : 0 cm;         : 10
cm) and Savannah (             : 0 cm;           : 10 cm) soils.
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(p < 0.05) among the leaves placed on the surface and
in the 10-12 cm layer (only for the months of November,
December and January) in the Savannah soil, indicating
a higher rate of mineralization in Forest soil.

The quantity of lignin foliar found in October 2004
was 30% of the dry weight (Figure 4B). This quantity
increased to 39-41% in December in the Forest soil
and 39-44% in February in the Savannah soil, and
later decreased until the end of the period of this study.
In general, no effect of the depth or type of soil on the
percentage of foliar lignin was verified.

It seems that while the quantity of soluble substances
decreases rapidly, the quantity of cellulose and lignin
remained relatively unaltered until the end of the study.
This tendency has been confirmed in several studies.
The rapid reduction of soluble substances and the slow
reduction of cellulose and lignin, after 286 days, were
also observed by Costa et al. (2005) in recently fallen
leaves of E. grandis. While the quantities of cellulose
and lignin remain relatively stable, starch, proteins,
and sugars decrease rapidly during the decomposition
of Picea abies (L.) H. Karst. and Populus tremula L.
(Lähdesmäki and Piispanen, 1988). After 20 weeks,
there was no significant reduction of lignin, but
cellulose decreased, following a linear kinetic in the
legume Inga spp. used in the agroforestry system
(Leblanc et al., 2006).

The reduction of soluble substances probably
increased the quantities of cellulose and lignin in the
months of February-March. Soluble components are
rapidly lost, followed by polysaccharides, cellulose,
hemicellulose and, lastly, lignin (Wedderburn and
Carter, 1999). Lignin is sufficiently resistant to
decomposition and the increase in its concentration is
due to the liberation of forms of C more soluble (Costa
et al., 2005). High concentrations of cellulose and
lignin, like those observed in this study, hinder the
attack of decomposing microorganisms, reducing
decomposition rate (Gallardo and Merino, 1993).

CONCLUSIONS

It was found in this study that the variation in the
chemical composition of Forest and Savannah soils
influences the rate of degradation of rubber tree leaves.
The production of CO

2
 initially decreased with soil

depth and with time, showing an exhausting of the
substrate. During the 9-month period of incubation,
the quantities of foliar mass and of soluble substances
decreased significantly, while the quantities of

cellulose and lignin remained relatively stable. This
effect can be attributed more to the level of rainfall
(which increases soil moisture) than the soil
temperature. While the loss of litter mass increased
with soil depth, possibly favored by the greater
moisture content of the deeper layer, the quantity of
cellulose decreased and the quantities of soluble
substances and lignin remained unaltered. Forest soil
influenced mass loss and decomposition of cellulose
more than did Savannah soil.

R E S U M E N

Descomposición del mantillo del árbol del caucho
Hevea brasiliensis en dos profundidades. Thiago
Claudino Gréggio1 , Luiz Carlos Assis1, and Ely
Nahas1*. La descomposición del mantillo del suelo
contribuye a mantener la sostenibilidad agrícola,
puesto que los nutrientes liberados por la actividad
microbiana son determinantes para la productividad
del ecosistema. La descomposición de hojas del árbol
del caucho (Hevea brasiliensis) [Willd. ex A. Juss.]
Müll. Arg.) colocadas en la superficie y enterradas en
la profundidad de 10 cm en suelos de Bosque y
Cerradão (Oxisols) se estudió con énfasis en la
producción de CO

2
 y la variación mensual de las

cantidades remanentes de masa foliar (MF),
substancias solubles (SS), celulosa y lignina. Para
evaluar la producción de CO

2
 se incubaron hojas del

H. brasiliensis por 30 días en suelos a profundidades
0-2 cm y 10-12 cm. La producción de CO

2
 aumentó

en la capa superficial 0-2 cm con relación a la capa
10-12 cm. La pérdida de MF y de SS fue de 62 y 72%
al final de nueve meses de incubación, y de 38 y 65%,
respectivamente, los tres primeros meses, siendo
mayor en la capa inferior (71-74%) que en la superior
(48-55%). El suelo de Bosque estimuló más la pérdida
de MF y descomposición de la celulosa (sólo en la
capa superficial) que el de Cerradão. Las cantidades
de celulosa (25%) disminuyeron y las de lignina (30%)
aumentaron en los meses iniciales de incubación, pero
al final del período en este estudio presentaron el
mismo contenido (29%).

Palabras clave: masa foliar, celulosa, lignina,
substancias solubles, bolsas.
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