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ABSTRACT

KEYWORDS

Measurements of litter production, and the surface litter pool were made
over a 1 year period in a tropical transitional forest near Sinop, Mato Grosso
Brazil with the aim of quantifying the seasonal variation of nitrogen and
phosphorus in the litter and the annual contribution of nutrients to the soil.
Average annual litterfall (+95% confidence interval (CI)) was 8.20 ton ha-1
year-1 and forest floor litter mass was 58.63 ton ha-1. Nitrogen and phosphorus in the forest floor litter mass was highest during the dry and dry-wet
season, being 38% higher than in the wet and wet-dry season. Seasonal
variation in the litter and concentration of nutrients was explained by seasonal variations in the climate, for example in the precipition and soil humidity. Average annual nitrogen and phosphorus concentrations in the forest
floor mass were 17.24 ton ha-1 and 16.46 ton ha-1, respectively. The more
significant forest floor mass fraction for returning soil nutrients was the
leaves. The concentration of nutrients was higher in the soil superficial
layer (at depths between 0-5cm) than at depths between 30-70 cm, approximately 83% and 93% for total nitrogen and available phosphorus, respectively. 2009 Trade Science Inc. - INDIA

INTRODUCTION
In the tropical forest, generally vegetation grows in
low nutrient soils, so the contrasting vegetation cover is
linked to strategies for conservation and recycling of
nutrients.
The litter on the forest floor serves as an input-output system for nutrients, and the rates at which forest

Tropical forest;
Litterpool;
Nutrient cycling;
Litterfall.

litter falls and decays, regulates energy flow, primary
productivity and nutrient cycling in forest ecosystems.
It is particularly important in the nutrient budget of tropical and subtropical forest ecosystems based on nutrient-poor soils, where vegetation depends on recycling
of nutrients from plant detritus[24].
Soils act as spatially distributed sources and sinks
of nutrients, and the concomitant spatial patterns ap-
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pear to be very variable in forest ecosystems in general
and in tropical forests in particular[31].
Studies on quantitative aspects of litterfall production constitute an important parameter for the forest ecology, to help quantify nutrients in the ground through
chemical composition analysis of the litterfall.
Nutrient cycling is part of a closed circuit established between the vegetation and the phedosphera,
where macro and micro-nutrients are permanently recycled. The complete understanding of the interaction
of plant-soil nutrient cycle processes, its control on
canopy assimilation and water use are essential, to foresee changes in an ecosystem as a result of the future
climatic changes[4].
The aim of this work was to quantify the seasonal
variation in nitrogen and phosphorus in litter and the
annual contribution of nutrients to the soil in a tropical
transitional forest near Sinop, Mato Grosso Brazil.
MATERIALS AND METHODS
Study area
The study was conducted near the city of Sinop,
Mato Grosso, Brazil (112475 S: 551950W) (Figure 1). The measurements were conducted in an intact,
mature forest with a relatively continuous, 28 to 30m

tall canopy. It is constituted by a transition of savanna
(cerrado), transitional vegetation (cerradao), and Amazonian forest, situated on the southern fringes of the
Amazon Basin near Sinop, recognized as dry (mata
seca) or semi-deciduous mesophytic forest[1,8,21,32]. The
vegetation consists of evergreen arboreal species, with
characteristic species of the Amazonian transition forest, such as Tovomita schomburgkii, Qualea paraensis
and Brosimum lactescens.
The host soil is an acidic (pH=4.2), sandy (94%
sand), well-drained, nutrient-poor quartzarenitic neosol
with low organic matter content (2%). Concentrations
of available P (5.2 gg-1) and exchangeable cations (Ca
and Mg) in the surface (0-20cm) are similar to other
Amazonian forests with comparable substrate[32], being extremely acid and poor in nutrients.
The climatic characteristics of the transitional forest
are similar to tropical forest and open pasture, however, the region approximately receives 200mm less precipitation than tropical forest and 500mm more than
open pasture[21,29] and approximately 50% of the annual precipitation happens in the wet season. Soil temperature is higher than air temperature in the wet and
dry seasons. In the dry and the dry-wet transition seasons, soil temperature and water content of the soil is
lower. Higher air temperatures are verified at different

Figure 1 : Location of the studied area approximately 60 km from Poconé city, Mato Grosso state, Brazil, South America.
micrometeorological tower was located in a forest at 163950S and 564750W coordinated using a landsat ETM+Geo
cover TM 2000 image
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heights in the canopy in the superior stratus. The transitional forest presents a similar seasonality standard to
some areas of the Amazon forest, with the distinction of
micrometeorological variables, probably due to the difference in the floristic composition and structure of the
canopy [29].

steel mill (Willey type), and reduced to a fine dust. They
were then sieved facilitating manipulation and assuring
homogenization. After that they were submitted for
analysis.
Estimate of available total nitrogen and phosphorus in the soil

Estimate of soil humidity

Deformed samples were collected in the transition
Monthly samples of soil at a depth of 20 cm were forest soil in November and December 03; February,
collected at 7 points in November and December 2003; April, May, July, August and October 04, at depths of
February, April, May, July, August and October 2004. 0-5; 5-15; 15-30 and 30-70cm. The same points were
The samples were prepared in plastic bags which were selected for the estimate of forest floor mass.
sealed to be airtight, and directed to the laboratory
The samples were collected and prepared in plaswhere they were weighed, using a precision scale (hu- tic bags, identified using numbers that corresponded
mid weight) and dried in a greenhouse at 80C (forced with the litter collection boxes, and were directed to
circulation) until reaching a constant weight. The differ- the laboratory. They were dried in a greenhouse of
ence between wet and dry weights was used to deter- forced circulation at 60-70C until they reached a conmine the soil humidity.
stant weight, then were sieved until fine. Later they were
Litter production and forest floor mass estimate prepared in a plastic container, and analysed for total
Nitrogen and Available Phosphorus concentrations.
(litterpool)
Knowing the concentrations of nutrients of each sample,
Above ground litter production (>1mm diameter) it was possible to estimate the supply of nitrogen and
was measured from January 2001-07 in 20-randomly phosphorus in the ground. In August an undeformed
located 1 m2 square collectors. Litter accumulated in sample was removed in order to calculate the soil deneach collector was retrieved monthly, washed with dis- sity and estimate of the supply of nitrogen and phostilled water, separated into leaves, twigs, and repro- phorus per hectare.
ductive (flowers and fruits) fractions, dried at 65-70°C
The physical-chemical analyses of total Nitrogen
for 72 hours, and weighed on a digital balance. Litterfall and Phosphorus were carried out according to Allen
is expressed as the dry mass per area unit over a pe- and Anderson[2,3,23].
riod of one month (g ha-1 mon-1).
Forest floor mass (litterpool) was collected monthly Litter decomposition
between January 2002-07 within a 2525 cm quadThe coefficient of litter decomposition (K) was derate that was randomly placed adjacent to each litterfall fined as the litterfall (LF) divided by the average forest
collector (n=20). Litter was collected, washed with dis- floor mass (FFM), equation (1),
LF
tilled water, dried at 65-70C for 72 hours, and weighed
K
(1)
FFM
on a digital balance. Forest floor mass is expressed as
The return time (t, years) is the reciprocal one of
the dry mass per area unit (Mg ha-1).
the return tax, equation (2),
Estimate of contained nitrogen and total phospho1
t
(2)
K
rus of forest floor mass
Of the 20 collection points used to estimate litterfall,
8 points were chosen for physical-chemical analysis in
November and December 03, February, April, May,
July, August and October 04 to estimate the nitrogen
and total phosphorus in the forest floor mass. After identification, the previously dried samples were directed
to the laboratory where they were ground in a stainless
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RESULTS AND DISCUSSION
Litter production
There was seasonal variation in the litter production with reduced production during January and February (Figure 2).
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Figure 2 : Average (sd; n=20) monthly litter production in
the transitional forest (leaves, stems and miscellaneous) for
November 2003 to October 2004

TABLE 1 : Average (sd, n=20) monthly litter production in
the transitional forest (leaves, stems and miscellaneous) in
the wet, wet-dry, dry and dry-wet season
Season

Litter production fractions (ton ha –1 month-1sd)
Leaves

Stems

Miscellaneous

Total

Wet

0.990.07

0.230.13

0.080.01

1.300.10

Wet-dry

1.090.11

0.210.05

0.070.04

1.380.07

Dry

2.170.46

0.320.14

0.180.12

2.670.54

Dry-wet

2.040.43

0.500.18

0.320.11

2.850.56

6.29

1.25

0.65

8.20

Annual
total(ton ha-1
year-1)

TABLE 2 : Percentage of the litter fraction in the transitional
forest (leaves, stems and miscellaneous) in the wet, wet-dry,
dry and dry-wet season

Season

The annual litter production was 8.20 ton ha-1
year-1. The annual litterfall was less than a maritime pine
forest (14.20 ton ha-1)[12,31]; a wet forest (13.50 to 27.00
ton ha-1)[23] and a subtropical wet forest of between 7
and 16 years of age, with 17.49 ton ha-1 and a production of 11.90 ton ha-1[5]. The values presented in the dry
period were respectively similar to those found in a
tropical wet forest in Panama[30].
There was more litter production in the dry and
dry-wet season, being approximately 50% higher than
the wet and wet-dry season (TABLE 1). The dry and
dry-wet season, accounted for 67% of the annual litter
production according to Golley[9] who suggests that the
biggest litterfall in tropical and subtropical regions occurs in the transition between the seasons dry and wet.
The composition of the litter production was predominantly of leaves (77.1%), followed by twigs
(15.6%) and Miscellaneous (flowers, fruits, seeds and
material not identified) (7.3%) (TABLE 2).
Litter production is being studied in several forests
under different climatic conditions. It has been demonstrated that the main constituent of the produced material is the leaves, constituting on average 70% of the
deposited material[19,27,28]. In general, some studies report that leaf falls in tropical regions are continuous, but
are higher in the dry season[9,16] probably due to a hydric stress. To save water the trees release leaves to

Wet
Wet-dry
Dry
Dry-wet
Average total (%)

Litter production fractions (%)
Leaves Stems Miscellaneous
76.15
17.69
6.15
79.00
15.22
5.07
81.27
11.99
6.74
71.58
17.54
11.23
77.09
15.61
7.30

reduce the loss of water by respiration. In the dry-wet
season, there is an increase in the twig and miscellaneous fractions (TABLE 2), probably due to increased
wind intensity and the commencement of precipitation.
The physical force of the rain causes the canopy to fall.
Litter production depends on climate conditions. For
example, the linear correlation between litter production and soil humidity resulted in a highly significant linear relationship (95%CI) using the equation,
y=-0.0456x+1.225 (R2=0.7354), where litter production was inversely proportional to soil humidity. A weak
correlation was evident between litter production and
monthly air and soil temperature.
Forest floor litter mass
One of the most peculiar characteristics of a forest
is the formation of a layer of debris on the soil. The
amount of this material accumulated on the soil forest
depends on the relationship between the production and
the decomposition of litter. The accumulation of litter
mass was 58.63 ton ha-1, and a greater forest floor mass
occurred in the dry and dry-wet season. This approximated 57% of the total litter mass (TABLE 3) ranging
between 3.4 and 6.2 ton ha-1 per month, similar to values seen in the forest floor litter mass in a subtropical
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TABLE 3 : Average (sd, n=20) monthly litterpool in the transitional forest (leaves, stems and miscellaneous) in the wet,
wet-dry, dry and dry-wet season
Season

ESAIJ, 4(6) December 2009

Figure 3 : Average (sd; n=20) monthly total nitrogen in the
leaf, stem, miscellaneous (flower + fruit) and total litter production for November 2003 to October 2004

Forest floor mass fractions (ton ha-1sd)
Leaves

Stems

Miscellaneous

Total

Wet

9.293.11

2.951.02

1.480.50

13.724.59

Wet-dry

8.510.56

1.800.17

1.230.06

11.540.42

Dry

10.930.44 3.730.35

1.450.43

16.110.99

Dry-wet 13.840.56 2.710.12
Annual
42.57
11.19
(ton ha-1)

0.710.12

17.260.30

4.87

58.63

forest (2.9 to 5.4 ton ha-1)[14].
Forest floor litter mass was constituted of 72.6%
leaves, 19.1% twigs and 8.3% miscellaneous. The biggest litter production occurred in the dry-wet season.
Low precipitation air and soil temperatures in the drywet season could have intervened in bacterial activity
of the microorganism decomposers, diminishing the
speed of decomposition.
The relationship between the forest floor mass and
Figure 4 : Average (sd; n=20) monthly total phosphorus in
the soil humidity can be explained by an exponential the leaf, stem, miscellaneous (flower+fruit) and total litter
equation, where increases in soil humidity diminish for- production for November 2003 to October 2004
est floor mass, however, the exponential correlation
(R2=0.41) is considered very weak, (y=7.26e0.0307x) probably indicating the influence of other factors, such as strong winds that knock down the fractions (leaves, twigs and miscellaneous) of the trees, increasing in the forest floor mass in the different seasons
in the year.
Litter decomposition
The estimated litter decomposition (K) was 1.67
year-1. While our monthly k value is similar to those
reported for subtropical forest and tropical forest[14,30],
the return time defined as t=1/K was 0.59, inferior to
reported values for subtropical forest[14]. In accordance
with Pagano[17], high values for K suggest a fast reuse
of nutrients by the vegetation. In the present study, the
moisture conditions in the surface litter layer during the
dry season were conducive for rapid microbial degradation of surface litter.
Nitrogen and phosphorus in the forest floor litter
mass
Nutritional dynamics of the forest can be influenced
by the litter. There was a continuous variation in nitrogen and phosphorus in the forest floor litter mass, with
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higher concentrations during May to October (dry season and beginning of dry-wet season) and a reduction
during the wet season from an average (+95% CI) seasonal peak in February (Figure 3 and Figure 4).
The biggest nutrient concentration of the floor litter
mass was derived from leaves and miscellaneous. The
total nitrogen and total phosphorus of the miscellaneous
fraction was very similar to the leaf fraction (TABLE 4).
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TABLE 4 : Average (sd) total nitrogen and phosphorus in the
litterpool in the wet, wet-dry, dry and dry-wet season
Total nitrogen (g Kg-1sd)

Season
Wet

Leaves

Stems

Miscellaneous

Average

18.262.48

14.241.82

17.172.26

16.562.08

Wet-dry

17.161.98

12.531.26

16.281.77

16.720.62

Dry

21.541.78

16.682.36

20.882.42

21.210.47

Dry-wet

21.791.75

16.252.79

20.082.55

20.941.21

Average
annual

19.692.33

14.931.92

18.602.22

17.242.39

-1

Total phosphorus (g Kg SD)
Wet

0.990.25

0.760.21

0.990.23

0.910.13

Wet-dry

0.990.42

0.730.25

0.830.48

0.850.13

Dry

0.880.32

0.770.21

1.030.19

0.890.13

Dry-wet

0.990.25

0.760.21

0.990.23

0.910.10

Average
annual

0.930.08

0.770.03

0.950.09

0.920.08

TABLE 5 : Contribution of forest floor mass fraction (kg
ha-1) in the total quantity and percentage of nitrogen and
phosphorus developed in the soil in the wet, wet-dry, dry
and dry-wet season
Fraction of forest
floor mass

Forest
floor
N
mass
(kg ha-1)
(ton ha-1)
Wet season

N
(%)

P(kg
ha-1)

P
(%)

Leaves

9.29

169.64

71.56

7.80

67.53

Stems

2.95

42.01

17.72

2.36

20.43

Miscellaneous

1.48

25.41

10.72

1.39

12.03

Total

13.72

237.06

-

11.55

-

Wet-dry season
Leaves

8.51

146.03 77.42

8.42

78.25

Stems

1.80

22.55 11.96

1.31

12.17

Miscellaneous

1.23

20.02 10.61

1.02

9.48

Total

11.54

188.61

10.76

-

-

Dry season
Leaves
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tions, bird excrement, flowers and fruits, etc.
Seasonally, the total nitrogen in the forest floor mass
was lesser in the wet and wet-dry seasons approximately 38% more than dry and dry-season (TABLE 5).
In the forest floor litter mass, the leaf fraction was
more significant than the twig and miscellaneous fractions, contributing with a bigger N and P percentage. In
the wet-dry season, the leaves presented a larger contribution of nitrogen and total phosphorus, respectively.
On the other hand, in this same season there was a
lesser contribution from the miscellaneous fraction, 4.0%
and 4.3% of nitrogen and total phosphorus, respectively (TABLE 5).
N: P ratio in the wet, wet-dry, dry and dry-wet
seasons were approximately 18:1, 20:1, 24:1 and 23:1,
respectively. In general, the concentration of nutrients
in the fractions of the forest floor mass is not the same
for all the plants, ample variation exists[25].
There was a significant correlation (95% CI,
r=0.74) between the total phosphorus monthly average and the soil temperature average.
Nitrogen and phosphorus in the soil
The greatest amount of nutrients was in the superficial soil layer (0-5) cm diminishing with an increase in
depth (TABLE 6). The results of this research was similar to values estimated in the Manaus region, which estimated that the nitrogen and phosphorus content, in
the superficial soil layer was between 2.1 and 1.8 g kg1
for total nitrogen and 5.0 and 6.0 and mg kg-1 for
phosphorus[15].
TABLE 6 : Average monthly total nitrogen and available phosphorus in the soil in the wet, wet-dry, dry and dry-wet season
at various soil depths (0-5; 5-15; 15-30 and 30-70cm)

235.43 71.79 9.62 68.81

Stems

3.73

62.22

18.97 2.87 20.53

Miscellaneous

1.45

30.28

9.23

Total

16.11

327.92

-

Season

1.49 10.66
13.98

-

Dry-wet season
Leaves

13.84

301.57

83.80

13.70

83.23

Stems

2.71

44.04

12.24

2.06

12.52

Miscellaneous

0.71

14.26

3.96

0.70

4.25

Total

17.26

359.87

-

16.46

-

The miscellaneous fraction presents high concentrations
of nitrogen and phosphorus due to its composition, including non-identified vegetation, tree and twig frac-

Wet
Wet-dry
Dry
Dry-wet
Wet
Wet-dry
Dry
Dry-wet

0-5

Soil depth (cm)
5-15
15-30

30-70

Total nitrogen (g Kg-1sd)
2.800.47 1.280.29 0.870.11 0.610.18
3.210.48 1.310.31 0.540.23 0.170.11
2.600.33 1.220.47 0.750.20 0.490.23
2.970.60 1.320.19 0.980.14 0.610.17
Available phosphorus (mg Kg-1sd)
9.431.05 1.310.27 0.900.10 0.600.14
9.401.74 1.380.29 0.720.16 0.460.15
8.811.36 1.310.21 0.830.12 0.600.15
8.581.38 1.390.19 0.930.12 0.710.10
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The higher nitrogen concentration in the superficial
soil layers was due to a higher intensity of mineralization processes. There was considerable fine root activity in a soil layer depth of between 0-10cm. This was
due to a larger availability of nutrients in the ground
and, biogeochemical cycles of deposition and mineralization of the litterfall[10,11]. At a depth of 0-20cm there
was more nutrients available for root absorption and
therefore tree growth[10,11]. A significant correlation (5%
CI) was made between total nitrogen in the different
soil depth layers and the soil temperature. However the
relationship was not significant with air temperature,
precipitation, or soil humidity.
A significant correlation was found between available phosphorus in the different soil depth layers and
the soil temperature, air temperature and soil humidity
(95%CI). In general, air temperature under the forest
cover displays similar behavior to the solar radiation
that supplies air energy for all biological processes in
the canopy, from root growth to microorganism activity.
During the wet-dry season there was a higher percentage of available total nitrogen in the soil. In the wet
and wet-dry season, the activity of microorganism decomposers in litter production was favored and there
was more nutrient cycling in the soil by the infiltration of
precipitation. However in the wet season the volume of
forest floor mass did not allow total draining of precipitation. This can be evidenced by the high soil humidity
in the wet-dry season (February to April 03). The higher
water drainage in the wet-dry season favored a higher
ratio of nutrients in the soil available to the root system
in the transition forest. On average, 15.6% of the total
annual nitrogen estimated in the forest floor mass was
available for the superficial layer of the soil, whereas
2.5% of total nitrogen was available at a soil depth between 30-70cm. On average, in the soil superficial layer
(0-5 cm depth) the concentration of nutrients was higher
then at depth between 30-70cm approximately 83 and
93% for total nitrogen and available phosphorus, respectively.
CONCLUSIONS
Overall, our results suggest variability in litter production, forest floor litter mass and nutrient dynamics.
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Seasonal variations in litterfall dynamics were coincidental with associated variations in forest floor litter
mass.
On a seasonal basis, the total nitrogen in the litter
production varied markedly and presented a decline in
the wet season, while the total phosphorus presented
an incline in wet-dry season.
The more significant forest floor mass fraction was
from leaves for return of soil nutrients.
In the soil superficial layer (at depth between 05cm) the concentration of nutrients was higher than at
depths between 30-70cm, approximately 83 and 93%
for total nitrogen and available phosphorus, respectively.
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