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ABSTRACT 

This study assessed the litterfall production, analyzed the leaf nitrogen (N), phosphorus (P) and 

potassium (K) contents and computed the litter turnover in the established two-hectare 

permanent plot of the Long Term Ecological Research (LTER) site in Mt. Hamiguitan, Davao 

Oriental, Philippines. Litter samples were collected from the traps installed below the dominant 

tree species and sorted to components, processed at the laboratory and oven-dried. Data revealed 

that leaves (88%) contributed the largest fraction of total litter, followed by woody parts (9%), 

reproductive parts (2%) and miscellaneous parts (1%). Estimated mean annual litter production 

was 571.84 g ODW m
2
 which has an estimated mean daily litter production of 1.57 g ODW m

2
. 

Nutrient content (% in 1.0g) in leaves was highest in N, followed by K and lowest in P. The 

highest content of N was observed in Shorea polysperma (1.25%) and lowest in Calophyllum 

blancoi (0.60%). Amount of K was highest in Palaquium sp. and C. blancoi (0.65%) but lowest 

in Agathis philippinensis (0.30%) and the highest amount of P was observed in Palaquium sp. 

(0.10%) and lowest in C. blancoi (0.05%). Litter turnover (g ODW/m2) among the five dominant 

tree species was highest in C. blancoi (53.25g) and lowest in Palaquium sp. (45.25g). Litter 

turnover rate (%/day) was faster in Barringtonia racemosa (3.11%) which will decompose 

within 32.12 days while lowest in C. blancoi (2.52%) which will decompose within 39.66 days. 

Data revealed that the litterfall production in Mt. Hamiguitan has a correlation coefficient in 

temperature at 1% level implying that the pattern of production in the forest is affected by said 

parameter. No correlation for humidity and rainfall against litterfall production was found. 

Further, this study implies that Mt. Hamiguitan is a younger ecosystem as its leaf component 

accounts for more than 70% of the total litter production. 

Keywords: Litterfall production, litter turnover, leaf N, P and K analysis, Mindanao, Mt. 

Hamiguitan, tropical forest 



International Journal of Agriculture, Environment and Bioresearch 

Vol. 2, No. 06; 2017 

ISSN: 2456-8643 

www.ijaeb.org  Page 139 

 

Introduction 

Litterfall production can be perceived as an indicator of forest condition and reflects the 

interaction between biological heredity of trees and the influence of environmental fluctuations 

[57], [82]. A significant proportion of terrestrial net primary production is recycled from the trees 

as litterfall to the forest floor [71]. Nutrients taken up during the growing season are returned to 

the soil through litterfall and are then progressively released during decomposition [7]. Litterfall 

is related to primary production in terrestrial ecosystems and it is a principal pathway for return 

of organic matter, nutrients and energy from the vegetation to the soils in forest ecosystems [46].  

It also represents one of the primary links between producers and decomposers [22]. The 

quantification of the foliage, flower and fruit amounts in litter allows direct measurements of 

year-to-year variation in phenology as a reaction to natural factors and anthropogenic actions, 

including global climate changes [30]. 

 

Mt. Hamiguitan is a protected area covering 6, 834 ha between 6 °40 ˈN to 6 °47 ˈN and 126 °09 

ˈE to 126 °13 ˈE with the highest elevation of 1, 637 masl [33]. This mountain is considered as 

one of the thirteen (13) Long Term Ecological Research (LTER) sites in the Philippines. Leaf 

litters are abundant in this forest especially in the ground. Hence, this study was conducted to 

assess and monitor the forest primary productivity in Mt. Hamiguitan through litterfall 

production. 

 

Materials and Methods 

Site Description 

Litterfall study was conducted within the established two-ha permanent plot at the Mindanao 

LTER mid-montane area of Mt. Hamiguitan (6°43'58.02"N 126° 9'58.32"E) with an elevation of 

1,044 masl (Fig. 1). This forest falls within the Type IV climate of CORONAS classification 

(1951-2003) of the Philippine Atmospheric, Geophysical and Astronomical Services 

Administration [58] which is characterized by an even rainfall distribution throughout the year 

and an absence of a lengthy dry season. Five (5) dominant and co-dominant tree species with 

four (4) individuals were chosen based on the tree species’ diversity. The diameter at breast 

height (DBH) for each species was measured using a measuring tape. The biggest among the five 

was Agathis philippinensis Warb. (49.82cm) and the smallest was Palaquium sp. (29.33cm) 

(Table 1). All tree species near the installed litter traps that may contribute to the collected 

samples were also identified. 
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Climatological Features 

The Hobo ware Data Logger was employed to monitor the temperature and relative humidity and 

the SamSam Water Climate Tool for the rainfall in Mt. Hamiguitan. 

 

Installation of Litter Traps 

The 2-ha permanent plot was delineated in the forest with a total of 20 installed litter traps. The 

traps were made of 1mm nylon mesh with a dimension of 1x1 m
2
 and 0.25 m depth and were 

elevated about 0.5 m above the ground. These litter traps were suspended using ropes and tied to 

neighbouring trees. 

 

Collection of Litterfall 

Litters shed by the trees; other vegetation and contributing tree species were collected monthly 

from the traps by handpicking and were placed inside the labeled collecting bags [41]. They were 

weighed (fresh weight) using a digital weighing scale (1.0 g sensitivity), air-dried, weighed again 

(air dry weight) and sorted out into leaves, woody, reproductive and miscellaneous parts (i.e. 

dead insects, plants and others). Each sorted component was weighed again and placed in a 

labeled bag then oven-dried at a temperature 70-80°C for 3 days or until the litter becomes 

brittle. After drying, oven-dried litters were weighed again. Litter biomass was expressed in 

grams oven dry weight (g ODW). 

  

Analysis of Leaf N, P and K contents 

Fresh samples of green leaves were also taken from the five tree species and sealed inside zip-

lock cellophane bags. These samples were submitted to the Soil and Plant Analysis Laboratory 

(SPAL) of the College of Agriculture, CMU, Musuan, Bukidnon for the nitrogen (N), phosphorus 

(P) and potassium (K) content analysis. To get the amount of nutrients contributed by the litter of 

the tree species to the soil/environment, the collected samples were oven-dried and those ground 

samples were burned at 500-550°C between 4-5 hours and followed by the addition of ashing 

aids (5N HCl). 

 

Analysis of Litter Turnover 

Litter turnover rate was obtained by installing 0.25 cm
2
 wooden frame on the ground below the 

litter traps on which the ground litters (free of soil) enclosed within the wooden frame were 

collected. The fresh weight of collected ground litter samples was measured, air dried, weighed 

and oven dried. The litter turnover rate in percent per day (%/day) was calculated by dividing 

litterfall (g ODW/m
2
/day) by litter standing crop multiplied by 100 and turnover time in days by 

dividing litter standing crop by litterfall [83].  
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X100 

X100 

This is shown below: 

 

          Litter Turnover Rate: % per day: LF g ODW/ m
2
/day 

              LSC g ODW/m
2
 

   

          Litter Turnover Time: # of day: LSC g ODW/m
2
 

            LF g ODW/m
2
/day 

 

          Where: LF = Litterfall 

                      LSC = Litter standing crop 

 

Statistical Analysis 

All monthly collected litters in oven-dry weight were expressed in grams oven-dry weight per 

m2 per month (g ODW/m
2
/month). Percentage of litter component was determined by: 

 

          % of Litter: 

          Dry weight of Leaves (%) =     

 

          % of species litter: 

          Sp1 % species Litter =      

 

Two-way Analysis of Variance (ANOVA) was used to get the differences between the litterfall of 

all tree species and plant components [3]. Descriptive analysis was used for litter quality, data 

comparison and determining relationship between variables. 

 

Results 

Litterfall Production 

The leaves (88%) contributed the highest percentage of litter component, followed by woody 

parts (9%), reproductive parts (2%) and miscellaneous parts (1%). Percentage contribution of the 

dominant tree species in the litter production showed A. philippinensis (26.13%) with the highest 

percentage contribution of total litterfall production while Calophyllum blancoi Planch and 

Triana (16.88%) has the least contribution to the total litterfall production (Table 2).  

 

Leaf N, P and K 

Nutrient analysis of leaves revealed that N was the highest followed by K and by P. The highest 

amount of N was observed in the leaves of Shorea polysperma (Blanco) Merr. (1.25%) and least 
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was observed in the leaves of C. blancoi (0.60%). Meanwhile, the highest amount of K was 

observed in the leaves of both Palaquium sp. and C. blancoi (0.65%) and least in the leaves of A. 

philippinensis (0.30%) and the highest amount of P was observed in the leaves of Palaquium sp. 

(0.10%) and least in the leaves of C. blancoi (0.05%) (Table 3). 

 

Litter Turnover 

As shown in Table 4, the mean average of the 5 tree species in standing litter was 51.35 g, in 

which the highest was observed in C. blancoi (53.25 g) and least in Palaquium sp. (45.25 g). 

Mean average turnover rate among the 5 tree species was 2.08% which is highest in Barringtonia 

racemosa (L.) Blume ex DC (3.11%) which will decompose within 32.12 days and the least in 

turnover time was observed in C. blancoi (2.52%) which will decompose within 39.66 days. 

Turnover time for Mt. Hamiguitan is 24.62 days which imply that litterfall will decompose in 

said number of days. 

 

Multiple Correlations 

The correlations of litterfall production among temperature, relative humidity and rainfall were 

also determined. Data revealed that the correlation coefficient between litterfall production and 

temperature in Mt. Hamiguitan was significant at 1% level (R= 0.687**). However, litterfall 

production has no correlation in relative humidity and rainfall. As shown in Table 5, only the 

correlation coefficient between the total litterfall production and temperature had greater than 0.5 

(>0.5).  

 

Discussion 

Site Description 

Mt. Hamiguitan range is located in the eastern coast and form the southern part of eastern 

Mindanao corridor [74]. The area has a closed canopy brought by the foliar coverage of trees and 

shrubs that are growing close to each other. Foliar litters were also observed along the ground 

and individuals of fern were noticed to be thriving in the area. The soil substrate was also 

observed to be ultramafic. Ultramafic rocks form the predominant substrate and weather into soil 

with an unusually high concentration of iron and magnesium [4]. 

 

Mt. Hamiguitan range is also known for the largest pygmy “bonsai” forest in the Philippine 

archipelago. This unique ecosystem houses diverse flora and fauna that are currently threatened 

by agriculture, shifting cultivation and over-collection [5], [38]. The area is generally 

characterized by rough terrain with a very steep slope gradient ranging from 50-100%, starting 

from the edge of the forest at an elevation of 500 m [5]. The area also lies in a typhoon-free 
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region of the Philippine archipelago. Some research studies have been conducted in this 

mountain site, such as flora [4], [5], [38], [34] and fauna [74]. 

 

Litter Components 

The leaves (88%) comprised the highest percentage of litter component, followed by woody 

(9%), reproductive (2%) and miscellaneous (1%) parts. This finding supported the report of [16] 

which stated that leaves account as a major component of the total litterfall. Additionally, the 

portion of leaf litter commonly varies between 60 to 90% [42], [63], [82], [25]. The leaves are 

the most important component of litter and respond rapidly to climatic changes [43]. Leaves in 

older forests normally account for 70% or less in the aboveground litterfall [39]. In this study, the 

proportion of leaf litterfall in relation to woody, reproductive and miscellaneous structures was 

high in all months. The proportions of the leaves in total above ground litterfall may also provide 

good indication on the successional stage of tropical forests [8]. This is because older forests 

allocate more production to fruits, flowers and seeds, and have more branch production than 

younger forests. This implies that Mt. Hamiguitan is a younger ecosystem as its leaf component 

reaches above 70% of the total litterfall.  

 

Litterfall Production 

The litter productions are closely uniform from November 2012 (75.3 g) and December 2015 

(77.81) and January (61.33 g) to May 2013 (62.15 g), but showed a decrease from January 2015 

(33.23 g) to May 2015 (26.3 g). The litterfall production also showed an increase in July 2015 

(64.25 g) which could be due to tropical depressions that had affected the Mindanao region. 

Mean annual litter production was 571.84 g, in which this amount of production closely falls 

within the values obtained in other tropical forests studies [26] with 900 g and 400 g in the 2 

sites in Indonesia and [55] with 419.9 g and 547.7 g in the two forest types (plantation and 

forest) of northeastern India.  

 

As reported by several studies, litterfall production were much higher in hot and wet months 

(from April to September) than the rest of the year for all studied forests [15], [71], [79], [60]. A 

heavy litterfall of leaf occurred during the dry season in evergreen forests of Attappadi, Western 

Ghats, India [56] and the generated data of Valenti et al. [72] was affected by the season in 

tropical region, because litterfall production is greater in the dry season. However, agrosystem 

with the highest levels of primary production are those warm and receive large amount of 

precipitation [49], which this present data support the said study. In tropical montane forests, the 

seasonality of litterfall is generally low compared to that of tropical lowland forests [14]. Recent 

studies supported that the litterfall production are in the peak either in dry and rainy season. 

Specifically, leaf aging, caused by photo inhibition, stomatal closure and subsequent leaf 
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overheating, might lead to leaf shedding at the end of the dry season [61]. As a side effect, trees 

are preparing for the upcoming season of highest net primary production. By contrast, the peaks 

during the rainy season are the result of strong winds and thunderstorms [18], [25]. This explains 

the observed increase in peaks of branch and rest deposition during wet months [10]. 

 

The tendency of litterfall to be concentrated in the cool and dry season is also related to a 

combination of decline in temperature and lowered soil moisture [77]. The increase in litter 

production may also be explained by a mechanism called the competitive production principle 

[35]. However, monthly litterfall production pattern is still controlled mainly by community 

characteristics and environmental factors [44], [29], [57], [65], [35]. Litterfall may also be 

affected by physical factors such as the mechanic action of wind and rain or physiological 

responses of the plants to environment changes [19], [50], [30], [62] and some factors affecting 

litterfall amounts are also the succession stage, tree age and dominant plant or tree species [9], 

[13].  

 

Species Litter Contribution 

A. philippinensis contributed the biggest percentage of litter production, followed by B. 

racemosa, S. polysperma, Palaquium sp. and C. blancoi as the least contributing tree species. 

These rates of litterfall and leaf litterfall are generally positively correlated with forest 

productivity [2], [68], [45], [52]. However, based on the statistical analysis of the 5 dominant 

species, there was no significant difference in the litterfall production among the species.  

 

DBH may also play a key role in the contribution of the litterfall production. A. philippinensis 

which have an average DBH measurement of 49.82 cm ranked 2
nd

 among the 5 tree species and 

correlated with higher litter production and percentage contribution (26.13%). This is also true to 

B. racemosa with the biggest average DBH measurement of 53.95 and correlated with higher 

litter production which is 2
nd

 among the 5 tree species (20.80%). 

 

Leaf N, P and K 

Most of the recent researches on nutrient cycling in tropical forest ecosystems has been 

conducted in the Neotropics and Southeast Asia [82], [73], [14], [13], [25], [21] and some in 

African forests, especially in montane rainforests in East Africa [63], [18]. However, this present 

study is limited only to leaf N, P and K analysis in the montane area of Mt. Hamiguitan. Old and 

recent studies have also suggested that initial N and P contents in leaf litter are good indicators of 

the decomposition rate [65], [81], [67]. Litter with low N concentration decayed faster than litter 

with high N concentration [32], [12]. Additionally, Martinez-Yrizar et al. [47] found that Olneya 

tesota had the lowest C/N ratio and the lowest mean decomposition rate. Litter decomposition 



International Journal of Agriculture, Environment and Bioresearch 

Vol. 2, No. 06; 2017 

ISSN: 2456-8643 

www.ijaeb.org  Page 145 

 

rate was related to the initial litter phenolics concentration suggesting that polyphenols and lignin 

contents were the best indicators for predicting litter decomposition rate, probably because 

polyphenol and lignin bind strongly to organic N (e.g., amino acids and proteins) in litter [28] 

and thus protect organic N against microbial enzymatic attack [27], [31], [33], [78]. 

 

In contrast, the decomposition rate was positively correlated with N and P content and negatively 

correlated with C/N and C/P ratios [78]. Our results also contrasted the observations from studies 

on subtropical species [80], [69], [76], [78]. 

 

Litter Turnover 

Turnover rate is the percentage of litter standing crop to replace the litter fall every day. The 

mean average percentage turnover rate per day was faster in B. racemosa which will decompose 

within 42.29 days. The higher the percentage of the turnover rate, the faster the decomposition 

and replacement of litterfall. Therefore, the faster the decomposition, the faster the productivity. 

The higher the rate of turnover time, the longer the litter turnover will stay on the ground. 

Additionally, it is important to note that site conditions (e.g. soil moisture, temperature and 

fertility) also affect the litter decomposition [66], [64], [69], [55]. 

 

Relating Litter Production to Environmental Parameters 

Positive correlation with maximum temperature in tropical species and changes in 

photoperiodicity can affect the flowering and bud break in plant [17]. Although in a regional 

scale, temperature and precipitation are the most important climatic factors controlling ecological 

processes [43] and are related to litterfall [48], [43], [16]. Litterfall production in this study has a 

positive correlation with temperature, but not with the relative humidity and rainfall.We found 

highest litter productions in November and December 2012 while lowest in January to May 

2015. The decrease in temperature was also observed lowest from January to July 2015 

compared to the following months while the relative humidity and rainfall are almost uniform 

throughout the study. This data suggests that the climatic variables such as monthly mean and 

minimum temperatures and rainfall were not responsible for the patterns of monthly litterfall 

production in Mt. Hamiguitan. This supported Zhou et al. [82] which indicated that their litterfall 

productions in their 5 among the 6 studied communities were not significantly affected by 

precipitation in evergreen broadleaved forests. 

 

Leaf litter production is also considered dependent on temperature and thus decreases at higher 

elevations [52], [82], [24]. Nonetheless, a series of other studies from various ecosystems also 

showed no decrease with elevation [61], [37]. On the other hand, litterfall varies considerably 

between ecosystems, depending on climate, tree species composition, stand structure and soil 
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fertility [75]. Elevation is also strongly affecting these parameters in montane ecosystems [19], 

[54], [10] and is of particular importance regarding potential ecosystem shifts through climate 

change [11]. Therefore, the effect of elevation on litterfall is an important indicator for estimating 

future changes in ecosystem cycles [10]. This might be the factor affecting the data in the present 

study; hence the 2 among the 3 parameters did not correlate with the total litter production. 

 

Conclusions 

Leaves are the main contributor of the forest primary productivity in Mt. Hamiguitan, which 

comprised the highest percentage of total litter, followed by woody, reproductive and 

miscellaneous parts. Returns of N, P and K via leaf litter were significant for nutrient cycling. All 

tree species increase litter production and nutrient returns, and are helpful to restore soil fertility 

of the forest.  

 

Total and leaf litterall productions were not uniform throughout the month. Total litterfall 

production correlated with changes in temperature, but not in relative humidity and rainfall. This 

study suggests that the litterfall production changed according to other environmental factors in 

Mt. Hamiguitan forest. Furthermore, the results of the study have contributed to understanding in 

litter dynamics of the 5 dominant tree species and could be useful for the future studies in other 

tropical forests. 
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Table 1: Selected dominant and co-dominant tree species with characteristics and tagged 

for litter collection in Mt. Hamiguitan LTER mountain site. 

Tree species Local Name Family Mean DBH and 

ranges (cm) 

Agathis philippinensis Almaciga Araucariaceae 49.82 (36.29-57.30) 

Palaquium sp.  Nato Sapotaceae 29.33 (12.40-40.10) 

Shorea polysperma Tangile Dipterocarpaceae 49.10 (37.80-55.30) 

Barringtonia racemosa Malagubat Lecythidaceae 53.95 (48.50-69.30) 

Calophyllum blancoi Bitanghol Calophyllaceae 31.18 (30.50-31.50) 

Table 2: Percentage contribution of tree species in litter production of Mt. Hamiguitan. 

Tree species Total Mean  

 

Percentage 

(%) 

Agathis philippinensis 249.08 49.82 26.13 

Palaquium sp.  167.46 33.49 17.56 

Shorea polysperma 177.67 35.53 18.63 

Barringtonia racemosa 198.29 39.66 20.80 

Calophyllum blancoi 160.92 32.18 16.88 
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Table 3: Leaf N, P, K analysis on five selected tree species in Mt. Hamigutan. 

Tree species Total N (%) Total P (%) Total K (%) 

Agathis philippinensis 0.86 0.06 0.30 

Palaquium sp.  1.12 0.10 0.65 

Shorea polysperma 1.25 0.06 0.33 

Barringtonia racemosa 0.93 0.07 0.43 

Calophyllum blancoi 0.60 0.05 0.65 

Table 4: Turnover rate and time of litter standing crop in Mt. Hamiguitan. 

Tree species Standing litter 

(g ODW/m
2
) 

Turnover Rate 

(%/day)  

Turnover Time 

(Days) 

Agathis philippinensis 53.00 3.02% 33.16 

Palaquium sp.  45.25 3.08% 32.42 

Shorea polysperma 52.25 2.86% 35.01 

Barringtonia racemosa 53.00 3.11% 32.12 

Calophyllum blancoi 53.25 2.52% 39.66 

Mean 51.35 2.08% 24.62 
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Figure 1: Study site. A) Map of the Mindanao Island showing the 5 Mindanao LTER sites 

and B) Mt. Hamiguitan. 

 

 

Table 5: Correlation of litterfall production among the temperature, relative humidity and 

rainfall in Mt. Hamiguitan. 

PARAMETER 

 

Litterfall 

Production 

 

Temperature 

 

Relative 

Humidity 

 

 

Rainfall 

 

Litterfall Production 1    

Temperature 0.687440033** 1   

Relative Humidity -0.459137748 -0.886834692 1  

Rainfall -0.384120522 -0.281844324 0.245827798 1 
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Figure 2: Monthly variation of parameters in Mt. Hamiguitan. A) Litterfall Production, B) 

Temperature, C) Relative Humidity, D) Rainfall. 


