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Abstract

Lowlands Dense Ombrophilous Forest is one phytophysiognomies of Atlantic Forest in Brazil. The main
ecological characteristic of this forest is the Ombrophilous environment, related to high rainfall and temperature
indexes. Nutrient cycling is well balanced in the periods of good thermo-pluviometric distribution. Global
climatic changes have been intensifying in recent years making rainfall irregular, changing its distribution and
intensity throughout the year. This can affect the natural regeneration and vegetative growth of the species. This
study aimed to correlate litterfall and nutrient contribution with climatic variations, identifying the level of
importance of this correlation and which nutrients may have their compromised cycling. Literfall was collected
monthly in 40 collectors. N, P, K, Ca and Mg contents were determined and their stocks were calculated. The
litter deposition was 8,261.15 kg ha year and was not influenced by rainfall and temperature. The N, P, K, Ca
and Mg stock in this litter was 244.93 kg ha™ year™, being stored just of N 113.75 kg ha year”. P and K stocks
varied with rainfall and temperature, suggesting that variations in these climatic variables may interfere in the
cycling of these nutrients in this forest fragment.
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1. Introduction

Nutrition of tropical forests is supplied by the stock of nutrients transferred to the soil. The contribution of litter
is the main responsible for the entry of nutrients into the forest system (Wood, Lawrence, Clark, & Chazdon,
2009; Diniz, Machado, Pereira, Balieiro, & Menezes, 2015).

Litter also acts in light interception, shading of seeds and seedlings, and reducing water evaporation.
Additionally, it aids in diminishing the impact of raindrops on soil, which reduces surface runoff and nutrient
loss (Li, Niu, & Xie, 2014). It is a source of C and energy for soil organisms, and also considered the most
dynamic and probably the most variable fraction not only between ecosystems but also within the same
ecosystem (Jacoby, Peukert, Succurro, Koprivova, & Kopriva, 2017).

The formation of litter layer depends on production and decomposition rate of organic matter that varies
according to the substrate composition, decomposers activity, environmental conditions, especially temperature
and relative humidity, and physical properties of the soil (Xiaogai et al., 2013).

The contribution of each vegetal material varies depending on the vegetation typology and climatic condition
(Banegas, Albanesi, Pedraza, & Santos, 2015). One way to evaluate this variation is monitoring litter production.
Thus, it is possible to comprehend the process of nutrient cycling, to evaluate the productive capacity of the
forest, and to relate available nutrients to the nutritional needs of the species. In fact, litter transport is an
important bioindicator of climatic variations in forest environments, because it may vary according to air
temperature and/or rainfall (Llausas & Nogué, 2012; Ferreira, Silva, Pereira, & Lamano-Ferreira, 2014).

The largest litter contribution is due to water deficit in soil, which usually occurs during dry seasons (Silva,
Poggiane, Lima, & Libardi, 2014). When this phenomenon is combined with high air temperatures, forest
species are subjected to water stress and loss of plant material (mainly leaves), increasing the supply of litter on
the soil. Additionally, since there is little moisture in soil during this period, the decomposition is reduced and
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nutrients accumulate in litter. Leff et al. (2012) found that the contribution of litter was higher in dry seasons and
higher air temperatures. The authores also reported that the decomposition occurred faster in times of greater
rainfall.

Global climatic changes have been intensified in the past years and Tropical Humid Forests depend of litter to
maintain nutrients cycles in balance. This nutritional cycling can vary with rainfall and temperature. If these
climatic variations are unbalanced due to global climatic changes, nutrients cycling in these Tropical Humid
Forests can be altered and this may compromise the sustainability of this natural ecosystem.

These climatic changes can be interfering with the nutritional balance of Tropical Humid Forest. Both litter
deposition and nutrient input may depend on these regular periods of rainfall and temperature. When they are
disturbed, they may be providing vegetal material and nutrients though litter in much favorable periods to
decomposition, retarding or accelerating the nutrient cycling, and unbalancing the ecosystem. This can affect the
natural regeneration of species and both vegetative growth and reproductive cycles of adult trees.

This study aimed to correlate litterfall and nutrient contribution with climatic variations, identifying the level of
importance of this correlation and which nutrients may have their compromised cycling.

2. Method
2.1 Study Area

The study was carried out in a remnant of the Atlantic Forest with 42 ha in the municipality of Sirinhaém,
Pernambuco, Brazil. The forest fragment is located in the following geographical coordinates: (UTM 25L)
263220, 263849, 263544 and 263967 of latitude and 9054184, 9054442, 9053691 and 9053725 of longitude
(Figure 1). The forest’s typology is Lowlands Dense Ombrophilous Forest (L. Martins and Cavararo, 2012). The
forest fragment is in middle successional stage. Forests in this region are currently circumvented by extensive
sugarcane plantations or by urban areas, reducing the extent of areas with large forests. The studied fragment is a
remnant of Atlantic forest that was greatly impacted by anthropic explorations for wood removal, but was
regenerated and is currently well preserved.

N
|
° 5  10Km

250000 260000 270000

T
9060000

T
9050000

9040000

Figure 1. Geographic location of the fragment of Lowlands Dense Ombrophilous Forest, Brazil

The region presents an Am monsoon climate type (Alvares, Stape, Sentelhas, Gongalves, & Sparovek, 2013)
according to Koppen classification, with an annual average temperature of 25.6 °C. The average altitude is 60 m
and the period of greatest rainfall is from April to September. The average annual rainfall is approximately 1,860
mm (APAC, 2016).
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Air temperature data (minimum, average and maximum) for the period from June 2014 to May 2015 were
estimated according to local geographic coordinates: latitude, longitude and altitude, according to Cavalcanti,
Silva, and Sousa (2006) (Figure 2).
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Figure 2. Maximum and minimum air temperatures and rainfall during the monitoring period of litter deposition
in the fragment of Lowlands Dense Ombrophilous Forest, Brazil

Source: Cavalcanti et al. (2006) and APAC (2016).

The predominant soils in the region are Yellow Latosol, Yellow Argisol, Red-Yellow Argisol, Gray Argisol and
Cambisol (Santos et al., 2013) corresponding to Oxisols, Ultisols and Inceptisols according to USDA Soil
Taxonomy (Soil Survey Staff, 2014).

For chemical and physical soil characterization, a systematic sampling was performed in 40 sampling sites. The
distance between sampling sites was 35 m. A collection of three simple samples was performed in each site and

then they were homogenized, giving rise to a composite sample. Samples were collected at three depths
(0.01-0.05, 0.05-0.20 and 0.20-0.40 m) (Table 1).

256



jas.ccsenet.org Journal of Agricultural Science Vol. 11, No. 3; 2019

Table 1. Chemical and physical characterization of soil in the fragment of Lowlands Dense Ombrophilous
Forest, Brazil

) . Depth (m)

Soil attribute
0.0-0.05 0.05-0.20 0.20-0.40

pH (H,0) 3.88 4.1 4.53
P (mg dm™) 1.37 1.3 1.1
Ca (cmol, dm™) 0.3 0.12 0.05
Mg (cmol, dm™) 0.83 0.46 0.4
K (cmol, dm™) 0.06 0.05 0.04
Al (cmol, dm™) 1.69 1.37 1.02
(H+Al) (cmol, dm™) 8.94 7 5.47
SB! 1.19 0.63 0.49
CEC effective (cmol, dm™) 2.88 2 1.51
CEC potential (cmol, dm™)? 10.13 7.63 5.96
m (%) 58.68 68.5 67.55
V (%)’ 11.75 8.26 8.22
TOCS (g kg™h) 34.15 22.43 17.71
Fe (mg dm™) 155.61 135.24 139.27
Cu (mg dm™) 1.82 1.81 1.87
Zn (mg dm™) 5.14 441 6.09
Mn (mg dm™) 9.92 8.79 9.39
Total Sand (g kg™) 498.2 413.7 384.1
Coarse Sand (g kg™ 420.7 321.1 296.6
Fine Sand (g kg™ 71.5 92.6 87.5
Silt (g kg™ 285.3 313.9 270.7
Clay (g kg™ 216.5 272.4 3452

Note. 'Sum of bases; “Effective cation exchange capacity; *Potential cation exchange capacity; *Saturation by
aluminum; *Base saturation; “Total organic carbon.

Exchangeable Ca®", Mg®" and AI’" were extracted with 1.0 mol L' KCI and determined by titration. P, K, Fe,
Cu, Zn and Mn were extracted by Mehlich-1. Available P was determined by spectrophotometry, K™ by flame
photometry, and Fe, Cu, Zn and Mn by atomic absorption spectrophotometry. Potential acidity (H+Al) was
extracted with 0.5 mol L' calcium acetate and determined by titration. With these results, sum of bases (SB),
base saturation (V), Al saturation (m), effective cation exchange capacity (CECgfive) and potential cation
exchange capacity (CEC,qenial) Were all calculated. Physically, the soil was characterized by particle-size
distribution, defining its textural class. All analytical procedures were according to P. Teixeira, Donagema,
Fondana, and W. Teixeira (2017).

2.2 Collection of Litter Supply and Analytical Procedures for Nutrients Determination

Next to each 40 sampling sites used for chemical and physical analysis of the soil, a collector made by nylon net
with one-millimeter mesh and 0.25 m height walls was installed, in a suspended form at approximately 0.50 m
above the ground. The litter supply was evaluated monthly from June 2014 to May 2015.

All material deposited inside the collectors was considered as litter, without fractionation. Its production was
quantified from the following equation (Lopes, Domingos, & Struffaldi-De-Vuono, 2002):
LP=(XI1?MLP x 10,000)/CA 1))

Where, LP is litter production (kg ha™ year™); MLP is monthly litter production (kg ha™ month™); 10,000 is a
transformation factor of m? to hectare; CA is the collector area (m?).

Each month, the deposited litter was packed in labeled paper bags and brought to a forced air circulation
chamber at 65 °C until a constant weight was reached. This material was weighed for determination of dry
weight, milled, homogenized and packed in previously cleaned and dried vials.

The evaluated nutrients were: N, P, K, Ca and Mg. P, K, Ca and Mg were extracted by nitric-perchloric digestion
(Bataglia, Furlani, Teixeira, Furlani, & Gallo-Jinior, 1983). Ca and Mg were determined by atomic absorption
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spectrophotometry (Teixeira et al., 2017), P was determined by colorimetry (Braga & Defelipo, 1974), and K
determined by flame photometry (Teixeira et al., 2017). N was extracted by sulfur digestion and determined by
distillation and titration by Kjeldahl method (Tedesco, Gianello, Bissani, Bohnen, & Wolkweiss, 1995).

2.3 Statistical Procedures

The data of concentration and contribution of litter and nutrients was statistically processed by analysis of
variance. The averages were compared by Scott-Knott test (P < 0.05) when F test was significant (P < 0.05).

The data of the variables were transformed when the coefficient of variation was greater than 30%. The
relationships between climatic factors (rainfall and air temperature) and the contribution of litter and nutrients
were evaluated by Pearson correlations (r). A significant correlation was considered up to (P < 0.05).

3. Results and Discussion
3.1 Litter Deposition

The annual litter supply was 8,261.15 kg ha™' year!, varying over the months (Figure 3). The litter contribution
observed in this study was similar to Machado et al. (2015) that quantified 8,960 kg ha™ year” in a fragment of
Atlantic Forest in the middle succession stage in Rio de Janeiro, Brazil. The greatest contribution in forests with
more advanced stages of succession may be related to the structural complexity of the vegetation, because
changes occur in the composition and diversity of plant species with the progression of the succession (Gough,
Curtis, Hardiman, Scheuermann, & Bond-Lamberty, 2016).
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Figure 3. Monthly and annual litter supply in the fragment of Lowland Dense Ombrophilous Forest, Brazil.
Averages followed by equal letters do not differ from each other by Scott-Knott test (P < 0.05)

Custodio-Filho, Franco, Poggiani, and Dias (1996) studying litter production and nutrient supply in an Atlantic
Rain Forest (Dense Ombrophilous Forest) reported annual production of 6,054.10 kg ha™ year”. Gomes et al.
(2010) measured an average contribution of 4,900 kg ha” year' in fragments of Atlantic Forest in Rio de
Janeiro, Brazil. These contributions were lower than that observed in this study because these fragments were in
initial stage of succession.

According to Cunha and Gama-Rodrigues (2014) successional stage of vegetation and soil fertility are factors
that cause variations not only in litter supply, but also in all aspects of nutrient cycling in forest ecosystems.
Another important factor is the topography, which modifies the nutrient cycling dynamics, due to higher surface
runoff observed in forest fragments with high slopes.

Larger litter contributions than those found in this study were quantified by Machado, Pifia-Rodrigues, and
Pereira (2008), who studied litter production in a secondary forest as a bioindicator of forest recovery in
restoration plantation (10,170 kg ha” year™). Espig et al. (2009) reported an annual contribution of 10,070 kg
ha”' year”, when evaluating the contribution of litter in an Atlantic Forest fragment in Pernambuco, Brazil.
Golley, Mcginnis, and Clements (1978) measured a litter supply of 11,350 kg ha year™ in forest from Panama.

Soil chemical characteristics of the fragment studied by Espig et al. (2009) were similar to this study (Table 1).
The soil showed very high acidity, dystrophic soil and high Al saturation. This reinforces the hypothesis that a
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high litter contribution may be directly related to successional stage, because the fragment studied by Espig et al.
(2009) was in a more advanced successional stage.

In a review of nutrient cycling in humid tropic ecosystems, Golley et al. (1978) reported that the amount of litter
provided in tropical forests worldwide varies between 4,620 and 11,610 kg ha™ year. Andrade, Caballero, and
Faria (1999) reported that in tropical forests on low fertility soils were found 7,500 kg ha™ year™ of dry matter in
form of litter-forming organic residues, while in medium fertility soils this production was 10,500 kg ha™ year™
and in mountainous areas of 6,300 kg ha™ year™.

The highest contributions during the year occurred in dry season, from October/2014 to February/2015 (Figure
3). The highest one was recorded in November 2014 (1,342.39 kg ha™) (Figure 3). The greatest contribution of
litter by the forest during dry season may be a response of vegetation to hydric stress, because leaf fall reduces
water loss through transpiration (Bonal, Burban, Stahl, Wagner, & Hérault, 2016).

Although the greatest contribution of litter occurred in the dry period of the year, there was no observed
correlation with rainfall and/or air temperature (Figure 4). Therefore, there was no influence of these climatic
factors on litter production during the year. This correlation was also not observed by Lopes, Aratjo, and
Vasconcellos (2015) in areas of Caatinga from Brazil.
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Figure 4. Pearson correlation of litter supply with rainfall (A) and the average air temperature (B) in the fragment
of Lowlands Dense Ombrophilous Forest, Brazil. "Not significant (P < 0.05)

Scoriza and Pifia-Rodrigues (2014) reported that some studies confirmed that there was a relationship between
contributions of litter to climatic factors, but this correlation could be weak and imprecise. Barlow, Gardner,
Ferreira, and Peres (2007) observed that leaf fall in primary and secondary forests was negatively associated with
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rainfall, and was highest in the dry season, when evaluating the relationship between litter production in primary
and secondary forests in the Brazilian Amazon.

Espig et al. (2009) found a negative correlation between litter production and rainfall in an Atlantic Forest
fragment in Pernambuco, Brazil. The correlation coefficient was low when the authors considered the entire litter
deposited [r = -0.5491 (p < 0.05)] and a little higher [r = -0.5853 (p < 0.05)], when they considered only leaf
deposition.

Rainfall variations throughout the year are very frequent in tropical regions, which can influence the contribution
of litter in an inversely proportional way. However, this did not occur because rainfall from June to September
2014 and from March to May 2015 were very variable (Figures 2 and 4), preventing a significant correlation
with litter supply.

The air average temperature, especially near oceans, does not vary much (Figure 2) because there is a thermal

regulation promoted by the relative humidity of the air coming from the ocean, which makes the contribution of
litter not have correlation with this climatic variable (Figure 4).

3.2 Litter Nutrient Contents

Nutrient contents provided in the litter corresponded to the following decreasing order: N > Ca > Mg > K > P
(Table 2). Dickow, Marques, and C. Pinto (2009) also observed this behavior in an area with tree species from
secondary rainforests in the South of Brazil.

Table 2. Monthly concentrations and annual average of litter nutrients in the fragment of Lowlands Dense
Ombrophilous Forest, Brazil

Month/year N P K Ca Mg
gkg'
Jun-14 13.09b 0.78 b 274 a 8.28b 580¢
Jul-14 1494 a 0.82b 1.52b 9.57b 6.00 ¢
Aug-14 14.10 a 0.95a 091c 599 ¢ 6.10 c
Sep-14 13.78 b 0.89b 1.02¢ 7.40 ¢ 6.50b
Oct-14 12.59b 0.85b 1.10¢ 8.31b 7.10 a
Nov-14 13.01b 0.95a 1.67b 8.16b 7.40 a
Dec-14 14.67 a 1.00 a 1.49b 6.03 ¢ 4.00¢
Jan-15 13.66 b 1.09 a 278 a 459 ¢ 3.60e
Feb-15 13.74 b I.1la 253 a 531c¢ 380e
Mar-15 1444 a 1.01a 1.48b 9.44b 5.09¢
Apr-15 1438 a 1.05a 229a 10.88 a 4.70d
May-15 1452 a 0.85b 1.25¢ 11.18a 550¢
‘Average 1391 095 73 7193 55

Fealeulated 3.67%* 5.98%* 29.65%* 8.09%* 44.69**
C.V. (%)’ 17.37 29.24 22.37 31.8 21.66

Note. 'Coefficient of variation = 100 x standard deviation/average. Averages followed by equal letters in
columns do not differ from each other by Scott-Knott test (P < 0.05). **Significant by test F (P <0.01).

Villa, Pereira, Alonso, Beutler, and Leles (2016) observed that P had the lowest concentration (N > Ca > K >
Mg > P) in restoration areas. Pinto, Martins, Barros, and Dias (2009) also observed this same distribution
sequence in a semideciduous seasonal forest at the beginning of succession in Vigosa, Minas Gerais, Brazil.

N contents ranged from 12.59 to 14.94 g kg™', with no significant differences between the months July, August
and December 2014, and March, April and May 2015 (higher levels), as well as between June, September,
October and November 2014, and lastly January and February 2015 (lower levels) (Table 2).

The P average content recorded was 0.95 g kg (Table 2). This value is higher than that determined by Espig et
al. (2009), which was 0.50 g kg'. The authors reported that the fragment presented a more advanced
successional stage, which caused P to be translocated from old leaves to young ones due their mobility.
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The K average content was 1.73 g kg™ (Table 2). K content in litter observed in this study was lower than that
determined by Espig et al. (2009) in Atlantic Forest area of Pernambuco, Brazil. This may be related to low rates
of this nutrient in biogeochemical cycling (Smith et al., 2015). The low K content may also be related to the ease
of this nutrient leaching directly from leaf surface by rainwater, due to its high solubility.

Ca presented a mean content of 7.93 g kg (Table 2). This high content occurs because Ca is a structural
component found in the cells of the plant tissue, and one of the last nutrients to be released to the soil through
litter decomposition (Dickow et al., 2009; Villa et al., 2016). However, this may also be related to the low
mobility of Ca in plant tissues and to the longevity of leaves, which causes it to remain in larger amounts in
senescent leaves than other nutrients (Maillard et al., 2015).

Mg contents presented significant differences between the evaluated months (Table 2). The average content was
5.50 g kg!, higher than those determined by Golley et al. (1978) and Espig et al. (2009), which were 2.04 g kg™
and 2.42 g kg™, respectively. Low content can sometimes be explained by the translocation of this nutrient from
senescent leaves to younger ones, decreasing the concentration in the litter (Maillard et al., 2015). The soil of
this fragment studied presented high levels of exchangeable Mg (Table 1), reflecting on nutrition of species and
consequently on contribution.

3.3 Nutrients Supply of Litter

The annual nutrient contribution from litter to soil presented the following decreasing order: N > Ca > Mg > K >
P (Table 3). Contribution of N and Ca is high in most of the analyzed tropical forests. This happens especially
because both occur in larger proportions in leaf component (Lima et al., 2018), which corresponds to most of the
litter (Kumar & Tewari, 2014).

Table 3. Monthly and annual contribution of nutrients from litter in the fragment of Lowlands Dense
Ombrophilous Forest, Brazil

Month/year N P K Ca Mg
kg ha™!
Jun-14 509g 0.30¢ 1.07b 3.22d 220
Jul-14 6.78 037e 0.69 ¢ 434d 270 e
Aug-14 6.89 f 0.46 d 0.44 d 2.92d 3.00 ¢
Sep-14 9.17d 0.59 ¢ 0.67 ¢ 492 ¢ 430¢
Oct-14 1221b 0.83b 1.07b 8.07b 6.80 b
Nov-14 17.46 a 127a 224a 10.95 a 10.00 a
Dec-14 9.47d 0.65 ¢ 0.96 b 3,89d 250 ¢
Jan-15 10.11¢ 0.80b 2.06a 3.39d 2.60 ¢
Feb-15 10.16 ¢ 0.82b 187a 3.92d 2.80¢
Mar-15 8.38¢ 0.59 ¢ 0.86 ¢ 547 c 3.40d
Apr-15 8.17e 0.59 ¢ 1.30b 6.17c 2.60 ¢
May-15 9.86 ¢ 0.58 ¢ 0.85¢ 7.59b 3.70d
‘Average 948 066 7 541 39
Total (kg ha™ year™) 113.75 7.85 14.08 64.85 44 .4
Feateutated 147.98** 62.60%* 45.53%% 19.67%* 233.49%*
C.V. (%) 17.22 31.15 22.73 31.59 24.16

Note. 'Coefficient of variation = 100 x standard deviation/average. Averages followed by equal letters in
columns do not differ from each other by Scott-Knott test (P < 0.05). ** Significant by test F (P <0.01).

The amount of nutrients contributed to soil was 244.93 kg ha” year” (Table 3). N was the most contributed
(46.4% of annual contribution) and P the least contributed (3.2% of annual contribution). Forest nutrition may be
dependent on nutrient cycling because the soil of the fragment presented low natural fertility (Table 1). The
nutrient cycling may be influenced by climatic variations, both for nutrient supply and for decomposition of the
vegetal material.

Aerts (1996) explained that P is a very mobile element in plant. The translocation occurs from 40 to 60% of this
element located in the older leaves to the younger organs of the plant before foliar abscission. This causes this
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nutrient to be redistributed and used in formation of new tissues. The P content in this fragment was not low
(Table 2) compared to other studies in the same region, such as Espig et al. (2009). However, the migration of P
may have occurred, reducing the contribution.

Correlations between litter nutrient supply and rainfall showed that N, P, Ca and Mg contributions were not
influenced by this climatic variable (Figure 4). However, the correlation between K contributions and rainfall
was significant and inverse. The highest K contributions occurred during the low rainfall period (Figure 5),
which is in agreement with results of Espig et al. (2009). This behavior may be due to the ionic form that K is
found in plants (Tripler, Kaushal, Likens, & Walter, 2006). It can be easily extracted from the tissues by both
rainwater and soil moisture, and then lost by leaching (Duchesne, Ouimet, Camiré, & Houle, 2001).
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Figure 5. Pearson correlation of the contribution of nitrogen (A), phosphorus (B), potassium (C) calcium (D) and
magnesium (E) with rainfall in the remnants of Lowlands Dense Ombrophilous Forest, Brazil. *Significant (P <
0.05). "Not significant

P and K contribution correlated with air temperature. The higher contributions occurred during the hotter periods
(Figure 6). According to Tripler et al. (2006) and Dickow et al. (2009) the correlations can be attributed to the
functions of these nutrients, as well as their dynamics in soil-plant system. Thus, the lowest contributions of this
nutrient will may occur during the period of greatest rainfall (Figure 5C).

262



jas.ccsenet.org Journal of Agricultural Science Vol. 11, No. 3;2019

---#--- Contribution of N Avarage air temperature (°C) ---9--- Contribution of P Avarage air temperature
200 300 _ 1.40 B 30 —_
= r = 0.4834" O = = 0.6271* O
= ! ~ A < T 120 | T 0627 A <
£ 160 N 280 5 £ N 28 5
El y 5 20 1.00 E]
= = = \ =
£ 120 . 260 § £ 0.80 r > 26 5
5 pes D A A R4 £ = 7 ¥’ ™. g
2 s0 et 2 24.0 3 0.60 *--—-e----§ L 24 &
Z 5 £ 040 - =
= pe = = S =
=3 < L2 >
4. 22 fa 22
S 40 - © 0.20 )
z 4 & 4
0.0 200 E 0.00 20 E
Y Y O Y Y O Y oy oy n R S . S S S T S e S oY
S &§ &§ &§ &§ &§ & & & & & s S & & & & & & & & & s £
§§SS§SSFTSFSsFEsss S§SfssfssTsSseEss
3 S s T 3 o1 § 35 5 5 5 § o3 S 5 & 5} S 5 &
§ 5 FF o LIS SF T § 5 F 40 £ 49 S &5 S
Month/Year Month/Year
---9--- Contribution of K Avarage air temperature ---9--- Contribution of Ca Avarage air temperature
25 300 _ 12.0
P r= 0.6838* c o ~ r= 0.1877% « D
=20 > 280 B & 100 A
= ~e 5 > ,
) o /
E; % =< 8.0 ”
Z 15 ] / *
= NS 2 > g
b=} N P s 60 \ > d 3
= » bY 2 \ =
= 1.0 L4 = a \ 240 =
£ - ¥ b £ 40 L S N
3 - > 2 2 o g
S o5 g 20 § < v 20 &
L 4 gn < 2.0 5
v g S s
>
= =<
0.0 20.0 0.0 20.0
¥y ¥ I I I I I L oL o2 2 2 I I I I I I I L L L o2
5 3 L s > 5§ 3 8 g & :
S S F g S5 &5 T S S FF S S S EF 5
Month/Year Month/Year
---#--- Contribution of Mg Avarage air temperature
1.2
r= 0.1471% E
A
,-‘I -
- -~
e - -
.- SEPRES 4
- & * -
0.0
J ¥ ¥ ¥ I I I 2 L2 L o2 L
5§ 3 & &£ § 5 £ & F & & &
s s <<% ° ZF 49 5 <& 5 < 05
Month/Year

Figure 6. Pearson correlation of the contribution of nitrogen (A), phosphorus (B), potassium (C), calcium (D)
and magnesium (E) with the average air temperature in the remnant of Lowlands Dense Ombrophilous Forest,
Brazil. * Significant (P < 0.05). "Not significant

However, higher temperatures are associated with greater contribution because in these periods there is a higher
leaf abscission to avoid high levels of transpiration, which reduces water stress caused by adverse conditions,
such as high air temperature and low rainfall (Figure 6C).

The P is a primordial element in plant metabolism, especially in aspects related to acquisition, store and use of
energy. Therefore, before the period of foliar abscission begins, this element is translocated to other
compartments of plant, such as the stem (Nasto et al., 2017). The correlation between P contribution and rainfall
was higher than 52% (Figure 5 B), showing that there is a relation between them, even in small proportions.

P is not easily leached from the leaf surface by rainfall (Duchesne et al., 2001). Therefore, only higher air
temperature is associated with higher contribution because there is no loss of this nutrient due leaching. G.
Zhang, P. Zhang, Peng, Chen, and Cao (2017) when evaluating leaf, litter, and soil in warn temperate forests in
northwestern China also verified a correlation of P with air temperature.

Our results showed that litter deposition was 8,261.15 kg ha™ year' and was not influenced by rainfall and
temperature. The N, P, K, Ca and Mg stock in this litter was 244.93 kg ha" year™, being stored just of N 113.75
kg ha” year”. P and K stocks varied with rainfall and temperature, suggesting that variations in these climatic
variables may interfere in the cycling of these nutrients in this forest fragment.
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