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Abstract
This study was conducted to examine litter inputs and litter decomposition rates following thinning, which is among 
the most important forest management activities that enhance the beneficial functions in Korean forests. Litter inputs 
and litter decomposition rates following a 2-year elapse from thinning in Pinus densiflora and following a 7-year elapse 
from thinning in Quercus variabilis stands were measured for 2 years from 16 sites in three regions (Sancheong-gun, 
Uiryeong-gun, and Jinju-si) in Gyeongsangnam-do, Korea. Annual needle litter inputs in P. densiflora stands were sig-
nificantly decreased following thinning, whereas annual broadleaved leaf litter inputs in Q. variabilis stands were not 
significantly different between thinned and unthinned treatments. The annual mean total litter inputs in both tree 
species were significantly lower in the thinned (P. densiflora: 3,653 kg ha-1 year-1; Q. variabilis: 4,963 kg ha-1 year-1) 
compared to the unthinned stands (P. densiflora: 5,138 kg ha-1 year-1; Q. variabilis: 5,997 kg ha-1 year-1) during the 
study period. The mass loss rates from decomposing needle litter in P. densiflora stands were significantly lower (p＜0.05) 
in the thinned stands than in the unthinned stands for two sampling dates of the eight included in the study, whereas 
the decomposition rates from decomposing leaf litter in Q. variabilis stands were not affected by thinning. The results 
indicate that thinning effects on total litter inputs remained clear following a 2-year elapse from thinning in P. densiflora
stands and following a 7-year elapse from thinning in Q. variabilis stands.
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Introduction

Litterfall inputs and litter decomposition represent a key 
component in the biogeochemistry of forest ecosystems be-
cause significant amounts of organic matter and nutrients 
in the soil can be transferred during the litter decomposition 
processes with litterfall inputs (Berg and Laskowski 2006; 
Bravo-Oviedo et al. 2017; Krishna and Mohan 2017). The 
amount of litterfall inputs and litter decomposition proc-

esses depends on several ecological factors and forest man-
agement activities, such as tree species, climate, site quality, 
stand age, stand density, fertilization, and thinning (Park et 
al. 2008; Kim et al. 2012a; Bueis et al. 2018; Çömez et al. 
2019).

Understanding litterfall quantity and litter decom-
position following thinning is important because changes in 
litterfall inputs and litter decomposition can alter nutrient 
cycling processes in forest stands (Kim et al. 2012a, 2012b; 
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Fig. 1. Location of the study site [thinned (a) and unthinned (b) treatments
in P. densiflora stands; thinned (c) and unthinned (d) treatment in Q. varia-
bilis stands].

Lado-Monserrat et al. 2016). Thus, the change in litterfall 
inputs and litter decomposition following thinning has re-
ceived considerable research attention (Kim et al. 2012a; 
Lado-Monserrat et al. 2016; Bravo-Oviedo 2017; Çömez 
et al. 2019). For example, litter inputs following thinning 
tend to decrease roughly in proportion to the degree of thin-
ning intensity (Kim 2016; Çömez et al. 2019), whereas lit-
ter decomposition rates were increased (Piene and Van 
Cleve 1978), were not changed (Kim et al. 1996a; 
Lado-Monserrat et al. 2016) or decreased (Blanco et al. 
2011; Kim et al. 2012b). Litter decomposition rates follow-
ing thinning could be attributed to soil environmental vari-
ables (Kim et al. 2012b), litter quality (Kim 2016), and 
abundance of soil organisms (Blanco et al. 2011). However, 
it is difficult to expand spatial scales from these studies be-
cause the results in most thinning studies are based on a sin-
gle site one and two years after thinning treatments. 

Thinning is one of the most important forest manage-
ment activities conducted by the Korean government. An 
area of 558 thousand ha was managed by thinning between 
2014 and 2018 to enhance economic and ecological services 
in Korean forests (Korea Forest Service 2019), but little is 
known about the underlying changes between litter inputs 
and litter decomposition rates in response to thinning based 
on local spatial scales.

The objectives of this study were 1) to evaluate the ef-
fects of litterfall inputs, and 2) to determine litter decom-
position rates following thinning in Pinus densiflora S. et Z. 
and Quercus variabilis Blume, which are representative 
conifer and deciduous hardwood tree species distributed 
widely in Korea. 

Material and Methods

The study was conducted at three local spatial scales 
(Jinju-si, Sancheong-gun, and Uiryeong-gun) in Gyeongsangnam- 
do (Fig. 1), southern Korea. The annual mean precipitation 
and temperature for 30 years in the study area are 1,556 
mm year-1 and 12.8C for Sancheong-gun, 1,493 mm 
year-1 and 13.5C for Jinju-si, and 1,436 mm year-1 and 
13.6C for Uiryeong-gun, respectively (Korea Meteorological 
Administration 2019). The soils in the study site are 
well-drained, slightly wet, or dry brown forest soil (mostly 
Inceptisols, USDA soil taxonomy) originating from granite 
in Sancheong-gun and Uiryeong-gun, with a loamy texture. 
The soils in Jinju-si are slightly dry, dark reddish brown 
forest soil (mostly Inceptisols, USDA soil taxonomy) origi-
nating from sandstone or shale. The study site consisted of 
approximately 45-year-old natural P. densiflora and Q. var-
iabilis stands (Table 1). The experimental design consisted 
of eight 20 m×20 m plots with four thinned and four un-
thinned stands in two adjacent P. densiflora and Q. varia-
bilis stands (total of 18 plots), respectively. Thinning with 
the removal of approximately 30% of the basal area was ap-
plied two years ago (2012) in P. densiflora stands and 7 
years ago (2007) in Q. variabilis stands from thease study 
sites (Table 1). 

To measure litterfall inputs, three circular litter traps 
with a surface area of 0.25 m2 were installed 60 cm above 
the forest floor at each plot on March 14, 2014. Litter was 
collected at three-month intervals between March 2014 
and March 2016 (24 June, 19 September, and 13 
November 2014; 12 March, 10 June, 10 September, and 
27 November 2015; 12 March 2016). 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 nee-
dles, broadleaved leaves, branches, and miscellaneous com-
ponents, and each portion was weighed.

Needle or leaf litter decomposition rates were measured 
using the litterbag technique (Krishna and Mohan 2017). 
Fresh needles and leaf litter from each treatment were col-
lected from the forest floor in late November of 2013. After 
collection, the litter was air-dried for 14 days, and a sample 
of approximately 10 g was weighed to the nearest 0.01 g and 
placed in a 30 cm 30 cm nylon net bag with a mesh size of 
0.1 mm. Sub-samples from the litter were also taken to de-
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Table 1. General characteristics of thinned and unthinned treatments in Pinus densiflora and Quercus variabilis stands

Species
Stand age

(yrs)
Treatment Location

Elevation
(m a.s.l.)

Slope
(°)

Aspect
(°)

Stand density
(tree ha-1)

Thinning 
year

P. densifora 40 Unthinned 35°22′13″N
128°10′35″E

430 25-30 130 1,275 -

Unthinned 35°22′13″N
128°10′35″E

418 25-30 135 1,125 -

Thinned 35°22′14″N
128°10′36″E

414 25-30 135 825 2012

Thinned 35°22′14″N
128°10′37″E

402 25-30 160 625 2012

46 Unthinned 35°12′31″N
128°10′27″E

160 25 270 2,100 -

Unthinned 35°12′27″N
128°10′26″E

188 30 260 1,975 -

Thinned 35°12′27″N
128°10′24″E

184 30 260 1,500 2012

Thinned 35°12′370 N
128°10′23 E

154 35 315 925 2012

Q. variabilis 45 Unthinned 35°22′27″N
127°51′12″E

474 25-30 250 625 -

Unthinned 35°22′28″N
127°51′11″E

475 25-30 260 900 -

Thinned 35°22′26″N
127°51′10″E

460 20 270 450 2007

Thinned 35°22′29″N
127°51′11″E

470 25-30 270 250 2007

46 Unthinned 35°12′30″N
128°10′26″E

159 15-20 270 1,125 -

Unthinned 35°12′32″N
128°10′27″E

163 15 235 1,950 -

Thinned 35°12′29″N
128°10′27″E

164 10 270 850 2007

Thinned 35°12′38″N
128°10′23″E

154 35 110 600 2007

termine the oven-dried mass after heating at 65C for 48 h. 
Thirty litterbags for each treatment plot (total 180 bags) 
were randomly placed on the forest floor on December 11, 
2013. The litterbags were collected eight times (14 March, 
24 June, 19 September, and 13 November 2014; 12 
March, 10 June, 10 September, and 27 November 2015) 
from each plot. After collection, each litterbag sample was 
oven-dried at 65°C for 48 h, weighed, and the mass loss 
rates were determined. Needle and leaf decomposition (2 
years after incubation) were calculated using a single ex-
ponential decay model (Olson 1963) as follows: 

Wt/ W0=e-k・t

where W0 is the original mass (g) of needle or leaf litter, 
Wt is the remaining mass (g) after incubation time t, k is the 
decay coefficient (year-1), and e is the base of the natural 
logarithm.

Air temperature and relative humidity in each treatment 
were measured using a HOBO external temperature and 
humidity data logger (Pro v2, Onset Inc., Bourne, MA, 
USA) for one year (November 2014 to October 2015). 
The logger recorded data at intervals of one hour. 

All data were analyzed with a Student’s t-test for sig-
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Table 2. Mean stand density, DBH, and basal area between thinned and unthinned treatments in Pinus densiflora and Quercus variabilis 
stands

Treatment

P. densiflora Q. valiabilis

Stand density
(tree ha-1)

DBH
(cm)

Basal area
(m2 ha-1)

Stand density
(tree ha-1)

DBH
(cm)

Basal area
(m2 ha-1)

Thinned 1,510 (300) 20.0 (2.9) 29.0 (5.2) 840 (182) 21.9 (2.9) 19.4 (3.0)
Unthinned 2,510 (388) 18.3 (2.8) 42.5 (6.4) 1,350 (453) 19.8 (1.9) 33.7 (1.3)

Values in parenthesis are standard error.

Fig. 2. Annual mean inputs of litterfall components (a: needle; b: broad-
leaved; c: branches; d: miscellaneous; e: total) of thinned and unthinned 
treatments in Pinus densiflora (P) and Quercus variabilis (O) stands. 
Vertical bars represent standard error. Asterisk on the bars indicates a sig-
nificant difference between thinned and unthinned treatments in P. densi-
flora (red asterisk) and Q. variabilis (blue asterisk) stand at p＜0.05. ns: not
significant.

nificant differences between thinned and unthinned treat-
ments (p＜0.05) (SAS Institute Inc. 2003).

Results and Discussion

Litter inputs 

The annual litter inputs of needles, broadleaved leaves, 
branches, miscellaneous, and total litter inputs between the 
thinned and unthinned stands are shown in Fig. 2. Annual 

mean needle inputs in P. densiflora stands were significantly 
lower in the thinned (2,263 kg ha-1 year-1) than in the un-
thinned (2,983 kg ha-1 year-1) treatments, whereas broad-
leaved leaf litter inputs in Q. valiabilis stands were not sig-
nificantly different between thinned (3,051 kg ha-1 year-1) 
and unthinned (3,701 kg ha-1 year-1) treatments. The re-
duction of needle litter in P. densiflora stands could be due 
to the reduction of stand density (thinned: 1,510 tree ha-1; 
unthinned: 2,510 tree ha-1) or basal area (thinned: 29.0 m2 
ha-1; unthinned 42.1 m2 ha-1) after thinning (Table 2) be-
cause there was a positive correlation (r=0.85) between 
needle litter inputs and stand basal area in P. densiflora 
stands (Kim 2016). Similarly, other studies reported that 
there was a significant reduction in needle litter inputs fol-
lowing thinning in red pine (Pinus resinosa) plantations in 
Michigan, USA (Kim et al. 1996b), as well as following 
forest tending works in a P. densiflora stand in Gyeongnam 
province, Korea (Kim et al. 2012a). Although many studies 
have reported that needle and broadleaved leaf litter inputs 
are affected by stand density and basal area following thin-
ning (Kunhamu et al. 2009; Kim 2016), the absence of any 
significant difference in broadleaved leaf litter inputs be-
tween the thinned and unthinned treatments in Q. variabilis 
stands may be due to increased broadleaved leaf production 
during the 7-year elapse in thinned Q. valiabilis stands. 
Thus, a decrease in leaf litter caused by thinning in Q. vari-
abilis stands may be progressively compensated from the 
remaining trees by recovery of the stand canopy.

Annual inputs of branches in both tree species were not 
significantly different between the thinned and unthinned 
treatments (Fig. 2c). Other studies reported similar results 
because this component was affected by climatic factors, 
such as storms or strong winds with high temporal and spa-
tial variability, rather than tree removal activities (Jiménez 
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Fig. 3. Needle or leaf litter decomposition in thinned and unthinned treat-
ment in Pinus densiflora (P) and Quercus variabilis (O) stands. Vertical 
bars represent standard error. Asterisk on the bars indicates a significant dif-
ference between thinned and unthinned treatment in P. densiflora (red as-
terisk) at p＜0.05. ns: not significant.

Fig. 4. Air temperature (a) and relative humidity (b) in thinned and un-
thinned in Pinus densiflora (P) and Quercus variabilis (O) stands. Vertical 
bars represent standard error.

and Navarro 2016; Kim 2016). In addition, there was no 
correlation between branch litter inputs and the basal area 
in P. densiflora stands (Kim 2016). However, miscellaneous 
litter inputs of P. densiflora stands during the study period 
were significantly lower in the thinned compared to the un-
thinned treatments, while those in Q. variabilis stands were 
not significantly different between thinned and unthinned 
treatments, except for in 2014 (Fig. 2d). Kim (2016) re-
ported that the reduction of miscellaneous litter inputs in 
thinned treatments in P. densiflora stands was due to the 
significant decrease in bark litter inputs in the low basal 
area. 

Total litter inputs in P. densiflora and Q. variabilis stands 
were significantly lower in the thinned stands compared to 
the unthinned stands, except for in 2015 in Q. variabilis 
stands (Fig. 2e). The overall patterns for total litterfall 
closely reflected the patterns of needle and broadleaved leaf 
litter inputs (Fig. 2a, b). This result suggests that the re-
duction of total litter inputs in thinned P. densiflora stands 
could be due to the decrease in needle litter inputs, whereas 
the reduction of total litter inputs in thinned Q. variabilis 
stands could be attributed to less miscellaneous litter inputs. 

The total litterfall in P. densiflora stands and Q. variabilis 
stands during the study period averaged 3,653 kg ha-1 yr-1 
and 4,963 kg ha-1 yr-1 in the thinned and 5,138 kg ha-1 yr-1 

and 5,997 kg ha-1 yr-1 in the unthinned treatments (Fig. 3), 
respectively. These values in the unthinned stands fall with-
in the range established for temperate coniferous (Jeong et 
al. 2009) and oak (Mun et al. 2007) forests in Korea. 

Litter decomposition 

Reduction in decomposition rates following thinning oc-
curred in the P. densiflora stands. Needle litter decom-
position rates in P. densiflora stands were significantly lower 
in the thinned (June: 62.9%; November: 53.19%) com-
pared to the unthinned (June: 58.87%; November: 
46.08%) treatments for two sampling dates (June 2015, 
Novermber 2015) of the eight sampling dates (Fig. 3), 
whereas leaf litter decomposition rates in Q. variabilis 
stands were not affected by thinning. Other studies found 
similar results, where needle litter decomposed slower fol-
lowing canopy reduction in red pine forests in the USA 
(Kim et al. 1996a) or following forest tending works in 
Gyeongnam province, Korea (Kim et al. 2012b). Blanco et 
al. (2011) suggested that the reduction in decomposition 
following thinning in Pinus sylvestris stands was due to a 
decrease in mesofauna abundance on needle litter with 
changes in soil environmental factors, although decreased 
decomposition rates in needle litter of P. sylvestris stands 
vanished after four years of thinning treatment (Blanco et 
al. 2011). In contrast to this study, thinning to coniferous 
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forests increased litter decomposition rates (Piene and Van 
Cleve 1978) because microbial activities were stimulated by 
the increased amount of sunlight. In contrast to needle litter 
decomposition, no significant thinning effect on leaf litter 
decomposition rates in Q. variabilis stands could be due to a 
similar microclimate condition between thinned and un-
thinned treatments following the 7-year elapse from 
thinning. For example, the annual mean temperature and 
relative humidity in Q. variabilis stands were similar be-
tween thinned (temperature: 12.57C; humidity: 71.8%) 
and unthinned (temperature: 12.44C; humidity: 72.1%) 
treatments (Fig. 4). Thus, the relative contribution to litter 
decomposition by changing microclimate conditions fol-
lowing thinning could be minimal in Q. variabilis stands. 
However, annual mean temperature following the 2-year 
elapse from thinning in P. densiflora stands was higher in 
the thinned (temperature: 12.61C) than in the unthinned 
(temperature: 12.35C) treatments (Fig. 4).

Decay coefficients (k) were different between needle and 
leaf litter types in response to thinning during the 2-year in-
cubation period (Fig. 3). Needle litter in P. densiflora 
stands had lower decomposition rates in thinned (k=0.32) 
than in the unthinned (k=0.37) treatments, whereas the 
decay coefficient in Q. variabilis stands was higher in thin-
ned (k=0.61) than in unthinned (k=0.53) treatments. 
Similarly, Bravo-Oviedo et al. (2017) suggested that the 
rapid decay of oak leaves in thinned treatments is accom-
panied by a reduction in the immobilization of N and P in 
leaves, whereas increased immobilization in thinned plots 
occurred in the needle decomposition processes. However, 
needle or leaf litter decomposition is seldom affected by 
thinning because decomposition is a complex process af-
fected by species-specific traits, climate, the decomposer 
community, and canopy cover following tree removal (Berg 
and Laskowski 2006; Bravo-Oviedo et al. 2017).

Conclusions

This study determined the effects on litter input and lit-
ter decomposition after 2 or 7-years of thinning at local spa-
tial scales. Thinning practices can alter the amounts of nee-
dles, miscellaneous, and total litter inputs at the 2-year 
elapse following thinning treatment in P. densiflora stands, 
and total litter inputs in Q. variabilis stands 7-year after 

thinning treatment. These reduction effects on total litter 
inputs in Q. variabilis stands were attributed to the reduced 
miscellaneous litter, whereas the effect in P. densiflora 
stands was due to needles, branches, and miscellaneous lit-
ter following thinning. Thinning effects in needle litter de-
composition remained clear after a 2-year elapse from thin-
ning in P. densiflora stands, whereas the effects vanished 
following a 7-year elapse from thinning in Q. variabilis 
stands. The results indicate that litterfall inputs and litter 
decomposition following thinning were different between 
needle and leaf litter types with time elapsed from thinning.

Acknowledgments

 This study was carried out with ‘R&D Program for 
Forest Science Technology (Project No. 2021363B10-2123- 
BD01)’ provided by Korea Forest Service (Korea Forestry 
Promotion Institute).

References

Berg B, Laskowski R. 2006. Litter Decomposition: A Guide to 
Carbon and Nutrient Turnover. Academic Press, London, pp 
20-71.

Blanco JA, Imbert JB, Castillo FJ. 2011. Thinning affects Pinus 
sylvestris needle decomposition rates and chemistry differently 
depending on site conditions. Biogeochemistry 106: 397-414.

Bravo-Oviedo A, Ruiz-Peinado R, Onrubia R, del Río M. 2017. 
Thinning alters the early-decomposition rate and nutrient im-
mobilization-release pattern of foliar litter in Mediterranean 
oak-pine mixed stands. For Ecol Manage 391: 309-320.

Bueis T, Bravo F, Pando V, Turrión MB. 2018. Local basal area af-
fects needle litterfall, nutrient concentration, and nutrient release 
during decomposition in Pinus halepensis Mill. plantations in 
Spain. Ann For Sci 75: 21.

Çömez A, Tolunay D, Güner ST. 2019. Litterfall and the effects of 
thinning and seed cutting on carbon input into the soil in Scots 
pine stands in Turkey. Eur J For Res 138: 1-14.

Jeong J, Kim C, An HC, Cho HS, Choo GC. 2009. A comparison 
of litterfall dynamics in three coniferous plantations of identical 
age under similar site conditions. J Ecol Field Biol 32: 97-102.

Jiménez MN, Navarro FB. 2016. Thinning effects on litterfall re-
maining after 8 years and improved stand resilience in Aleppo 
pine afforestation (SE Spain). J Environ Manage 169: 174-183.

Kim C, Sharik TL, Jurgensen MF. 1996a. Canopy cover effects on 
mass loss, and nitrogen and phosphorus dynamics from decom-
posing litter in oak and pine stands in northern Lower 
Michigan. For Ecol Manage 80: 13-20.



Thinning Effects on Litterfall Inputs and Litter Decomposition

54     Journal of Forest and Environmental Science  http://jofs.or.kr

Kim C, Sharik TL, Jurgensen MF. 1996b. Litterfall, nitrogen and 
phosphorus inputs at various levels of canopy removal in oak 
and pine stands in northern lower Michigan. Am Midl Nat 135: 
195-204.

Kim C, Son Y, Lee WK, Jeong J, Noh NJ, Kim SR, Yang AR, Ju 
NG. 2012a. Influence of forest tending (Soopkakkugi) works on 
litterfall and nutrient inputs in a Pinus densiflora stand. For Sci 
Technol 8: 83-88.

Kim C, Son Y, Lee WK, Jeong J, Noh NJ, Kim SR, Yang AR. 
2012b. Litter decomposition and nutrient dynamics following 
forest tending (Soopkakkugi) works in a Pinus densiflora stand. 
For Sci Technol 8: 99-104.

Kim C. 2016. Basal area effects on a short-term nutrient status of 
litter fall and needle litter decomposition in a Pinus densiflora 
stand. J Ecol Environ 39: 51-60.

Korea Forest Service. 2019. Annual Report of Forest and Forestry. 
Korea Forest Service, Daejeon, 502 pp.

Korea Meteorological Administration. 2019. Climatological 
Normal of Korea. https://kma.go.kr/down/Climatological_2010. 
pdf. Accessed 20 Nov 2021.

Krishna MP, Mohan M. 2017. Litter decomposition in forest eco-
systems: a review. Energ Ecol Environ 2: 236-249.

Kunhamu TK, Kumar BM, Viswanath S. 2009. Does thinning af-
fect litterfall, litter decomposition, and associated nutrient re-
lease in Acacia mangium stands of Kerala in peninsular India? 
Can J For Res 39: 792-801.

Lado-Monserrat L, Lidón A, Bautista I. 2016. Erratum to: litter-
fall, litter decomposition and associated nutrient fluxes in Pinus 
halepensis: influence of tree removal intensity in a 
Mediterranean forest. Eur J Forest Res 135: 203-214.

Mun HT, Kim SJ, Shin CH. 2007. Litter Production and 
Nutrient Contents of Litterfall in Oak and Pine Forests at Mt. 
Worak National Park. J Ecol Field Biol 30: 63-68.

Olson JS. 1963. Energy Storage and the Balance of Producers and 
Decomposers in Ecological Systems. Ecology 44: 322-331.

Park J, Kim C, Jeong J, Byun JK, Son Y, Yi MJ. 2008. Effect of 
Fertilization on Litterfall Amounts in a Quercus acutissima 
stand. J Korean Soc For Sci 97: 582-588.

Piene H, Van Cleve K. 1978. Weight loss of litter and cellulose bags 
in a thinned white spruce forest in interior Alaska. Can J For Res 
8: 42-46.

SAS Institute Inc. 2003. Statistical Analysis System. SAS Release 
9.1 for Windows. SAS Institute Inc, Cary, NC. 


