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Abstract: This study developed an estimation model for litterfall input using the stand parameters (basal area, 

stand density, mean DBH, and carbon stocks of the aboveground tree biomass) collected from the Korean red pine 

(Pinus densiflora S. et Z.) stands of seven regions in Gyeongsangnam-do. The mean annual litterfall was 2,779 kg 

ha−1 year−1 for needles, 883 kg ha−1 year−1 for miscellaneous, 611 kg ha−1 year−1 for broadleaved, 513 kg ha−1 year−1 

for branches, and 340 kg ha−1 year−1 for bark litter. The mean annual total litterfall was 5,051 kg ha−1 year−1. 

Litterfall components were significantly correlated with stand parameters, except for broadleaved litter. A stronger 

correlation was observed between the carbon stock of the aboveground tree biomass and all the litterfall components 

compared with the other stand variables. The allometric equations for all the litterfall components were significant 

(P < 0.05), with the stand parameters accounting for 5%‒43% and 8%‒42% of the variation in the needle litter and 

total litterfall, respectively. The results indicated that the annual litterfall inputs of the Korean red pine stands on a 

regional scale can be effectively estimated by allometric equations using the basal area and carbon stocks of the 

aboveground tree biomass.
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Introduction
1)

Litterfall inputs are a key parameter for measuring, mo-

deling, and estimating soil carbon sequestration, nutrient 

cycles, and nutrient flows in forest stands (Berg and 

Laskowski, 2006; Kim et al., 2012; Lado-Monserrat et al., 

2016). Thus, litterfall inputs have received considerable 

research attention at stand (Kim et al., 2012), regional 

(Lehtonen et al., 2004; Starr et al., 2005; Erkan et al., 2017), 

continental (Neumann et al., 2018), and global scales (Li et 

al., 2019). Many studies have developed statistical models 

to identify the key drivers of litterfall inputs through stand 

characteristics and climatic factors (Berg and Laskowski, 

2006; Erkan et al., 2017; Li et al., 2019). However, annual 

litterfall inputs vary considerably depending on stand char-

acteristics, such as basal area, stem volume, and above-
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ground biomass (Kim et al., 2012; Erkan et al., 2017), 

whereas there was a large variability between litterfall pro-

duction and mean values of climatic factors. The use of 

stand characteristics may result in more realistic litterfall 

estimates because the amount of litterfall inputs depends 

on several ecological properties and forest management ac-

tivities, such as tree species, site quality, stand age, stand 

density, fertilization, and thinning (Kim et al., 2012; Bueis 

et al., 2018; Çömez et al., 2019). In addition, it is difficult 

to use climate data for the actual site and annual litterfall 

values at regional scales (Starr et al., 2005).

Although many linear and multiple regression models 

have been developed to estimate litterfall inputs from envi-

ronmental and structural variables of forest stands, such as 

stand age, basal area, canopy cover, site index, growing 

stock, climate factor, and altitude (Berg and Laskowski, 

2006; Erkan et al., 2017; Neumann et al. 2018; Li et al., 

2019), developing models to characterize litterfall inputs 

are challenging owing to high variability in space and time 

in the input patterns of litterfall. Allometric relationships 
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between litterfall components and aboveground biomass 

may provide a new conceptual understanding of litterfall 

inputs (Erkan et al., 2017; Fu et al., 2017) because allome-

tric relationships exist among different tree organs. In addi-

tion, tree biomass functions are widely available from field 

observations or forest inventory data of Korea (Korea Fo-

rest Research Institute, 2010; Kim et al., 2017).

Although many studies have examined the drivers of 

litterfall inputs based on a stand scale (Mun et al., 2007; 

Kim, 2016), few studies have analyzed litterfall inputs across 

regional scales in Korea. The objectives of this study were 

to develop allometric models to predict litterfall inputs in 

Korean red pine (Pinus densiflora S. et Z.), which is a rep-

resentative coniferous species distributed widely in Korea. 

In this study, we examined that annual litterfall inputs of 

Korean red pine stands may be predicted using stand para-

meters.

 

Materials and Methods
 

The litterfall used in this study was compiled from data 

with varying sampling for 2-4 years (Table 1) collected from 

45 plots on seven regional scales (Goseong-gun, Hadong-gun, 

Hamyang-gun, Jinju-si, Sacheon-si, Sancheong-gun, and 

Uiryeong-gun) in Gyeongsangnam-do. The mean annual pre-

cipitation and temperature for 30 years in the study areas 

were 1,320 mm year-1 and 12.8°C for Hamyang-gun, 1,556 

mm year-1 and 12.8°C for Sancheong-gun, 1,493 mm year-1 

and 13.5°C for Jinju-si, and 1,436 mm year-1 and 13.6°C 

for Uiryeong-gun, respectively (Korea Meteorological Admi-

nistration, 2011). The soils in the study site are well-drained, 

slightly wet, or dry brown forest soil (mostly Inceptisols 

USDA soil taxonomy) originating from granite or granite 

gneiss for Hamyang-gun, Hadong-gun, Sancheong-gun, and 

Uiryeong-gun, with a loamy texture, whereas the soils in 

Goseong-gun and Jinju-si are slightly dry dark reddish 

brown forest soil (mostly Inceptisols USDA soil taxonomy) 

originating from sandstone or shale. The study sites were 

pure or almost pure Korean red pine stands with a few other 

tree species, mainly Quercus spp. Stand age ranged from 

25 to 80 years, with various mean diameter at breast height 

(DBH) and basal areas (Table 1). To measure litterfall in-

puts, three or five circular litter traps with a surface area 

of 0.25 m2 were installed 60 cm above the forest floor at 

various sizes of sample plots (10×10 m, 10×20 m, and 20× 

20 m). Litter traps were of the same type in all sampling 

years and plots. The sampling frequency varied at one- or 

three-month intervals throughout the year. The litter from 

each trap was transported to a laboratory and then oven- 

dried at 65°C for 48 h. All dried samples were separated 

into needle, broadleaved, branches, bark, and miscellaneous 

litter with reproduction components (flower and cone), and 

each portion was weighed.

A total of 102 observations of annual litterfall from 45 

plots were used to develop allometric models to predict lit-

terfall component inputs for Korean red pine stands, based 

on the stand parameters. The stand parameters included: 1) 

basal area, 2) stand density, 3) mean DBH, and 4) carbon 

stocks of aboveground tree biomass, such as needles, bran-

ches, stems, and total tree biomass. Carbon stocks of above-

ground tree biomass in each stand were estimated using al-

lometric equations based on DBH (1.2 m) for individual 

trees of Korean red pine in Gyeongsangnam-do, as reported 

by Kim et al. (2017). Litterfall data were log-transformed 

to achieve normality because of a broad variation in stand 

structure and environmental factors.

The allometric regression model to predict the annual lit-

terfall input was as follows:

 

log10 y = a + blog10 x 

 

where y is the annual litterfall input (kg ha-1year-1), x is 

the stand parameter, a is a constant, and b is a coefficient. 

The accuracy of the allometric equations was evaluated 

using the coefficient of determination (R2) and root mean 

square error (RMSE) (Socha and Wezyk, 2007). Bias cor-

rection factors (CF) in the logarithmic transformation were 

calculated using the standard error of the estimate (Garcia 

Villacorta et al., 2015). Pearson correlation analysis using 

non-log- transformed data was performed between litterfall 

input and stand parameters (SAS Institute Inc., 2003).

 

Results
 

The annual inputs of needles, broadleaved, branches, 

bark, miscellaneous, and total litter are shown in Figure 1. 

The mean annual litterfall was highest at 2,779 kg ha-1 

year-1 for needle litter, followed by 883 kg ha-1 year-1 for 

miscellaneous litter, 611 kg ha-1 year-1 for broadleaved litter, 

513 kg ha-1 year-1 for branch litter, and 340 kg ha-1 year-1
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Region Stand 
age Location Elevation

(m a.s.l.)
Stand density

(tree ha-1)
DBH
(cm)

Basal area
(m ha-1)

Sampling year
(No. of plot)

Sancheong-gun 40-50 35°29′04″N
127°58′10″E

730 1,766/600-3,150* 21.2/15.8-26.2* 53.0/32.1-70.5* 2006-2007
(6)

Hamyang-gun 45 35°27′53″N
128°38′58″E

684 216/200-250 34.0/31.3-36.8 20.5/19.7-21.3 2007-2008
(3)

Sancheong-gun 40-50 35°29′35″N
128°57′40″E

750 1,020/500-1,525 21.1/18.8-24.9 34.2/21.4-46.7 2007-2008
(6)

Jinju-si 40-50 35°12′21″N
128°10′24″E

150 1,311/300-2,500 14.3/6.0-23.0 22.3/4.2-25.9 2010-2011
(9)

Jinju-si 40-50 35°12′30″N
128°10′27″E

196 1,172/600-1,700 15.9/12.6-22.7 23.9/15.8-37.9 2011-2015
(18)

Sancheong-gun 55-62 35°22′26″N
127°51′13″E

484 625 34.9 59.7 2011-2012 
(1)

Sancheong-gun 25-35 35°24′10″N
127°48′46″E

350 2,225 14.7 66.3 2011-2012 
(1)

Jinju-si 52-54 35°12′45″N
128°10′06″E

190 1,075 25.9 55.0 2011-2012 
(1)

Jinju-si 33-35 35°12′30″N
128°10′27″E

196 400 31.6 31.4 2011-2012 
(1)

Goseong-gun 50-80 35°04′43″N
128°15′47″E

246 575 37.1 24.9 2011-2012 
(1)

Hadong-gun 50-70 35°12′26″N
127°43′12″E

524 675 28.3 22.4 2011-2012 
(1)

Hadong-gun 40-50 35°12′25″N
127°43′11″E

519 2,225 27.5 29.9 2011-2012 
(1)

Hadong-gun 35-35 35°12′32″N
127°42′52″E

497 1,775 20.6 29.6 2011-2012 
(1)

Uiryeong-gun 35-45 35°22′14″N
128°10′37″ E

401 550 24.9 22.3 2011-2012 
(1)

Uiryeong-gun 35-45 35°22′13″N
128°10′35″E

430 1,480/960-1,920 24.3/22.9-26.6 46.6/35.9-55.8 2014-2015
(4)

Jinju-si 40-50 35°12′31″N
128°10′27″E

160 2,540/1,440-3,240 15.0/12.4-18.1 28.7/20.2-44.0 2014-2015
(4)

Sacheon-si 40-50 35°04′19″N
128°02′00″E

30 1,075/900-1,400 16.4/15.5-17.5 25.9/18.6-36.8 2018-2019
(4)

* mean/minimum-maximum.

Table 1. General stand characteristics of the study sites.

Figure 1. Box plot of litterfall components in Pinus densiflora stands. CV: coefficient of variation. The box 
represents the median and the 25th and 75th percentiles, × represents the arithmetic mean, the solid lines extend 
to 1.5 of the interquartile range and the values outside this range are indicated by circle. ND: needle litter, 
BL: broadleaved litter, BR: branches, BK: bark, MI:miscellaneous, TL: total litterfall. 
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Variable Needle Broadleaved Branches Bark Miscellaneous Total litter

Basal area 0.34*** 0.01ns 0.31*** 0.42*** 0.35*** 0.34***

Stand density 0.28** -0.13ns 0.01ns 0.16ns 0.04ns 0.09ns

Mean DBH 0.21* 0.091ns 0.13ns 0.28*** 0.17* 0.17*

Carbon stocks of 
needle biomass

0.53*** 0.06ns 0.36*** 0.59*** 0.39*** 0.40***

Carbon stocks of 
branch biomass

0.50*** 0.13ns 0.38*** 0.66*** 0.43*** 0.43***

Carbon stocks of 
stem biomass

0.43*** 0.12ns 0.31*** 0.66*** 0.38*** 0.38***

Carbon stocks of 
aboveground tree 

biomass

0.44*** 0.12ns 0.33*** 0.66*** 0.39*** 0.39***

ns: non-significant, * P<0.05, ** P<0.01, *** P<0.001.

Table 2. Pearson correlation coefficients of the stand characteristics and litterfall components.
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Figure 2. Scatter plots between litterfall inputs and carbon stocks of aboveground tree biomass in Pinus densiflora stands 

(a: needle litter, b: broadleaved litter, c: branches, d: bark, e: miscellaneous, f: total litterfall). 
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Variable

(x)

Litter

component (y)
a b R2 RMSE P-value CF

Basal area

(m2 ha-1)

Needle 2.7702 0.4503 0.28 0.1314 0.0001 1.020

Broadleaved 1.3097 0.8158 0.05 0.6453 0.0093 1.615

Branches 1.3974 0.8061 0.14 0.3607 0.0001 1.162

Bark 1.3199 0.8070 0.33 0.2140 0.0001 1.054

Miscellaneous 1.7992 0.7366 0.23 0.2476 0.0001 1.073

Total 2.9583 0.4931 0.24 0.1590 0.0001 1.030

Stand density 

(tree ha-1)

Needle 2.8223 0.1943 0.08 0.1489 0.0011 1.026

Broadleaved 1.5017 0.3203 0.01 0.6858 0.2162 1.648

Branches 2.3323 0.6739 0.01 0.3894 0.6284 1.191

Bark 1.6284 0.2759 0.06 0.2544 0.0156 1.077

Miscellaneous 2.4608 0.1303 0.01 0.2805 0.2375 1.095

Total 3.2803 0.1266 0.02 0.1807 0.0759 1.038

Mean DBH 

(cm)

Needle 2.9708 0.3601 0.05 0.1510 0.0079 1.027

Broadleaved 1.3216 0.9348 0.02 0.6559 0.1095 1.641

Branches 1.6819 0.7047 0.03 0.3834 0.0397 1.185

Bark 1.5229 0.7590 0.09 0.2502 0.0024 1.075

Miscellaneous 1.9847 0.7038 0.06 0.2733 0.0042 1.095

Total 3.0332 0.5106 0.08 0.1757 0.0013 1.036

Carbon stocks of 

needle biomass

(kg C ha-1)

Needle 1.3058 0.6427 0.40 0.1203 0.0001 1.017

Broadleaved -1.8426 1.3162 0.09 0.6313 0.0004 1.582

Branches -0.9507 1.0674 0.17 0.3542 0.0001 1.155

Bark -0.3200 1.1583 0.46 0.1932 <0.0001 1.044

Miscellaneous -0.2120 0.9345 0.25 0.2435 <0.0001 1.071

Total 1.3266 0.7123 0.35 0.1472 <0.0001 1.025

Carbon stocks of 

branch biomass

(kg C ha-1)

Needle 1.2401 0.5786 0.43 0.1172 <0.0001 1.016

Broadleaved -2.3203 1.2760 0.11 0.6232 0.0002 1.564

Branches -1.2299 1.0061 0.21 0.3473 <0.0001 1.149

Bark -1.6504 1.0995 0.53 0.1797 <0.0001 1.038

Miscellaneous -0.5433 0.9039 0.32 0.2330 <0.0001 1.065

Total 1.1319 0.6736 0.42 0.1393 <0.0001 1.023

Carbon stocks of  

 stem biomass

(kg C ha-1)

Needle 1.0416 0.5237 0.40 0.1207 <0.0001 1.017

Broadleaved -2.9347 1.1939 0.11 0.6329 0.0001 1.395

Branches -1.5725 0.9102 0.19 0.3510 <0.0001 1.152

Bark -2.4434 1.0876 0.53 0.1795 <0.0001 1.038

Miscellaneous -0.8835 0.8248 0.30 0.2365 <0.0001 1.067

Total 0.8986 0.6103 0.39 0.1433 <0.0001 1.024

Carbon stocks of 

aboveground tree 

biomass

(kg C ha-1)

Needle 0.9321 0.5374 0.40 0.1200 <0.0001 1.017

Broadleaved -3.1314 1.2137 0.11 0.6241 <0.0001 1.558

Branches -1.7561 0.9325 0.19 0.3505 <0.0001 1.152

Bark -2.5916 1.0988 0.53 0.1795 <0.0001 1.038

Miscellaneous -1.0415 0.8432 0.30 0.2361 <0.0001 1.066

Total 0.7774 0.6248 0.40 0.1428 <0.0001 1.024

Allometric equation form is log10 y = a + b log10 x. y: litterfall components, x: variable of stand characteristics. The R2 is 
the coefficient of determination. P-values represent the significance of the equations. Root means squared error (RMSE);  
Correction factor (CF).

Table 3. Regression parameters for allometric equations in litterfall inputs of Pinus densiflora stands
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for bark litter. The mean annual total litterfall ranged from 

696 kg ha-1 year-1 to 11,014 kg ha-1 year-1, with a mean 

value of 5,051 kg ha-1 year-1. The coefficient of variation 

was lowest in needle litter (32%), followed by total litterfall 

(38%), bark litter (51%), miscellaneous litter (64%), branch 

litter (84%), and broadleaved litter (97%). The coefficient 

of variation calculated across the regional scales showed 

the highest coefficient variation in broadleaved litterfall be-

cause there were no regular input patterns compared with 

other litterfall components (Figure 2).

Litterfall components were significantly correlated (P < 

0.05) with stand parameters, except for broadleaved litter 

(Table 2). The carbon stock of aboveground tree biomass 

showed a stronger correlation with all litterfall components 

than the other stand variables, such as basal area, stand den-

sity, and mean DBH (Table 2). The allometric equations 

for all the litterfall components were significant (P < 0.05) 

with stand parameters accounting for 5-43% of the needle 

litter and 8-42% of the variation in total litter, except for 

stand density (Table 3). Based on the R2, generally the best 

fits for litterfall components were obtained for carbon stock 

of aboveground tree biomass.

 

Discussion
 

The mean inputs of total litterfall (5,051 kg ha-1 year-1) 

in this study fall within the published range (4,038–5,589 

kg ha-1 year-1) of values recorded for Korean red pine for-

ests (Jeong et al., 2009; Kim et al., 2012). It is also similar 

to the average litterfall (5,500 kg ha-1 year-1) in other tem-

perate coniferous forests (Bray and Gorham, 1964). The 

coefficient of variation in needle or total litter inputs in the 

present study was slightly lower than in other studies, 

which was 36% for needle litterfall and 45% for total litter-

fall in Pinus brutia in Turkey, as observed by Erkan et al. 

(2017).

Inputs of litterfall components were significantly corre-

lated with most of the variables included in the study, 

whereas non-significant correlations were found in broad-

leaved litterfall. Similar results were reported by other stud-

ies, in which leaf fall of most non-dominant tree species 

varied to a greater extent with the size of the gap and the 

intensity of forest management practices (Kim, 2016; Lado- 

Monserrat et al., 2016; Bueis et al., 2018). For example, 

Kim (2016) reported that the inputs of broadleaved litter 

in P. densiflora stands were not correlated (P > 0.05) with 

thinning intensity. In contrast to broadleaved litterfall, other 

litterfall components were well correlated with stand char-

acteristics involved in canopy closure, except for needle and 

branch litterfall of stand density, and branch litterfall of 

mean DBH. The annual needle or total litterfall in many 

studies has been found to correlate with factors involving 

stand characteristics, such as basal area, stand volume, and 

stand biomass on a stand scale (Kim, 2016; Bueis et al., 

2018; Kim et al., 2019). However, the stand density of 

Korean red pine stands on a regional scale was not an im-

portant variable for predicting litterfall inputs because this 

variable could be related to forest management activities, 

such as thinning practices. In contrast, carbon stocks of 

aboveground tree biomass showed a stronger correlation 

with litterfall compared to the other stand variables. Other 

studies found similar results, where litterfall inputs were 

closely related to growth variables, such as basal area and 

stand volume (Kim, 2016; Erkan et al., 2017).

In allometric models for the total and needle litterfall, 

basal area and carbon stocks of aboveground tree biomass 

appeared to be effective predictors of spatial variation in 

litterfall inputs on a regional scale. Similar results were 

observed by Kim (2016), who found that following forest 

tending works, Korean red pine stands showed a strong 

linear correlation between needle litterfall and stand basal 

area (r2= 0.72) on a stand scale. Erkanet al. (2017) pre-

sented regression models (r2= 0.78) explaining litterfall pro-

duction by aboveground biomass related to canopy closure 

of Pinus brutia forests in Turkey. However, stand density 

and mean DBH, which were not related to canopy closure, 

were not important predictive variables in litterfall input 

models of Korean red pine stands. 

 

Conclusions
 

Allometric regression models based on stand character-

istics were developed for predicting annual litterfall input 

in mature Korean red pine stands on a regional scale. Car-

bon stocks of aboveground tree biomass were the most im-

portant variables explaining litterfall inputs on a spatial 

scale, whereas stand density and mean DBH were less reli-

able in terms of model accuracy. The results suggest that 

models developed from the basal area or carbon stocks of 

aboveground tree biomass may be used effectively for 
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quantifying litterfall inputs in Korea red pine stands.
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