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Effect of Skidding Operations on Soil Carbon Storage of a Tropical Peat Swamp For est
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Abstract: Problem statement: There is still lack of a study that compares thié carbon storage of
kuda-kuda skidding system and excavator skiddistesy in tropical peat swamp forestie objective

of this studywas to determine whether skidding operations adfacil carbon storage of a tropical
peat swamp foresfpproach: Soil sampling was conducted on two different pl@s$ ha each plot)

to a depth of 15 cm under different skidding systeah Sibu, Sarawak, Malaysia. Plots were in the
same forest concession area but considerably imdigme from each other. The soil samples were
analyzed for acidity, organic matter content, tatatbon, total nitrogen and total phosphorus. The
humic acid extraction was also done and soil cadiorage values were obtained by calculation. The
calculation of carbon storage was by the bulk dgnsiethod. Unpaired t-test was used to compare
variables under the two systems and correlatiodyaisawas used to correlate variables (pH, soil
organic matter, total carbon, total nitrogen, tqthbsphorus, C/N ratio, C/P ratio, humic acid yjeld
unstable carbon and stable carbdRgsults: Soil organic matter, total carbon and unstabléaar
were found to be negatively correlated with nitnedmrut positively correlated with C/N ratio under
kuda-kuda skidding system indicating that the lowigrogen and higher C/N ratio markedly slowed
decomposition process and enabled soil organicematt accumulate as well as total carbon.
Unstable carbon stocks under excavator skiddingesysvas found to be higher (130.200 Mg'ha
compared with kuda-kuda skidding system (117.124 Wad), under kuda-kuda skidding system,
unstable carbon stock seemed to be preserved haterthis was because of the better carbon
storage. Although stable carbon contents of the systems were similar, the excavator skidding
system had faster decomposition processes, thuahlescarbon stocks decomposed more and this
probably affects its function as carbon storage fiother periods. Total phosphorus positively
correlated with nitrogen but negatively correlateith C/N ratio under kuda-kuda skidding system,
indicating that low nitrogen (0.914%) results irghiC/N ratio (55.236) and this may have affected
phosphorus (0.024%), thus enabled organic mateédabccumulate instead of losses through
decomposition process. The low phosphorus (0.0289%h)jgh C/P ratio (2346.345) under kuda-kuda
skidding system resulted in decreased soil pH @.,58us enabled soil organic matter (97.603%)
and total carbon (48.802%) to accumulate as welliestable carbon stocks (117.124 Mg *ha
Conclusion: The application of skidding systems in this peaammp forest possibly alters their
carbon storage particularly unstable carbon byrialjetheir decomposition rates. Kuda-kuda skidding
system is able to maintain decomposition proceshis peat swamp forest. Hence, unstable carbon
stocks can be preserved for further persistentkoi@an processes, hence maintaining their function f
carbon storage.

Key words: Peat swamp forest, kuda-kuda skidding system, esoawskidding system, humic acid,
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INTRODUCTION including deforestation. Peatlands are scatteresltab
3.3% of the earth’s surfdde however they contain
Most carbon is released to the atmosphere fromabout 15-25% of global terrestrial nitrogen andodf!.
vegetation and solfsand this occurrence is concentrated Logging operation is a set of activities whichefstr
in the tropics, particularly from land cover chaflge products is delivered from forest to a mill at fleast
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possible co§t. Environment destruction should be the RESULTS
other concern during its processes especially on
sensitive forest site with peat $3il Skidding system is The results in Table 1 indicate that kuda-kuda

one of the components of logging operation whichskidding system was significantly lower comparethwi
involves a process of transporting logs along tloeigd ~ excavator skidding system in soil pH, total nitrogand
from the felling site to the landing site. Indeddis  total phosphorus, but significantly higher in smiganic
activity is the most activity that interacts witihet matter, total carbon and C/N ratio. However, kudde
ground while extracting the trees and possiblyrfate  and excavator skidding systems were not statigtical
intangible function of peat swamp forest soil as adifferent in bulk density, C/P ratio and humic acid
carbon sink. yield.

Kuda-kuda skidding system is considered The results in Table 2 indicate that excavator
environmentally friendly since it does not involve skidding system showed statistically higher ungtabl
heavy machinery while extracting the logs. carbon compared with kuda-kuda skidding system.
Unfortunately, this method has declined and hasibeeHowever, the stable carbon of the two systems were

replaced with excavator skidding system since 2004Similar. _ _ _
There is still lack of a study that compares thé so The correlations between variables are summarized

carbon storage of kuda-kuda skidding system and! T2ble 3. Under kuda-kuda skidding system, sbil p

excavator skidding system in tropical peat swampwas found to be positively correlated with total

forests.Therefore, the objective of this study was to phosphorus, .bUt negatively correlated with C/Porati
determine whether skidding operations affect Soil(Table 3). Soil organic matter, total carbon andtable

carbon storage of a trovical peat swamp forest carbon was found to be negatively correlated vathlt
9 P P P ' phosphorus, but positively correlated with C/P aati

(Table 3). Unstable carbon positively correlatedhwi

soil organic matter and total carbon for the tweaar

with different skidding system (Table 3). However,
Soil sampling was conducted in August 2008 onynpstable carbon also negatively correlated with i

two different plots (0.3 ha each plot) to a pitie of  under excavator skidding system (Table 3).

15 cm under different skidding systems at Sibu,

Sarawak, Malaysia. The plots were in the same foresrapie 1: Selected soil physical and chemical piigiof a tropical

concession area but considerably independent from peat swamp forest under different skidding systems

each other. Kuda-kuda plot was in abandoned peat Mean

swamp forest which was former kuda-kuda skidding\/é1riab|e

MATERIALSAND METHODS

. S . Kuda Excavator
system in 2004. Excava'For skidding system plot imas Bulk density (g o) 0166 0180
peat swamp forest which was former of excavatolgy acigity (pH) 3.552 3.84%
skidding system in June 2008. SOM (%) 97.603 96.444

The potentiometric method was used to determin€ (%) 48.802 48.222
soil pH™.. The loss on ignition method was used toN (%) 0.014 1.357
determine total €. Total nitrogen was determined by Z/ff’) ’ Sg'ggg 32'(7)2?;
Kjeldahl methof’. Total phosphorus was determined Cp i 2346 345 1774048
by Aqua Regia and Molybdate blue Methods. HumicHumic acid yield (g) 1.300 1.293

acid extraction was carried out by the methods ofote: Means with the same letter are not signifigadifferent at
Stevensoffl and Susilawatkt al."®. The calculation p = 0.05 using unpaired t-test

of carbon storage was done by the bulk density

method. Unpaired t-test was used to compare vasabl Table 2: Carbon storage of a tropical peat swamsfounder

under the two systems and correlation analysis was different skidding systems

used to correlate variables such as pH, soil oogani Mean (Mg ha)

matter,_total carb_on, tota_\I nit_rog(_en, total phospisp /.. pie Kuda Excavator
C/N ratio, C/P ratio, humic acid yield, unstablelma cpiec 117 124 130.200
and stable carbon. The Statistical Analysis Systengtaple ¢ 62.402 69.827
(SAS) version 9.1, was used for the aforementione®ote: Means with the same letter are not significantijfferent at
analysis. p = 0.05 using unpaired t-test
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Table 3: Correlation between unstable C, stabladCseme selected chemical properties of peat swWaragt under different skidding systems

Variable pH SOM C P C/N ratio Unstable C Stable C
Kuda
pH
SOM 1.0000 0.6200 1.0000
<0.0001 0.0049 <0.0001
C 0.6200 1.0000
0.0049 <0.0001
N -0.6500 -0.6500 0.4800 -0.9800 -0.6500
0.0024 0.0024 0.0385 <.0001 0.0024
P 0.5800 -0.7200 -0.7200 -0.4800 -0.7200
0.0086 0.0005 0.0005 0.0367 0.0005
C/P ratio -0.4900 0.5700 0.5700 -0.9200 0.5700
0.0319 0.0110 0.0110 <0.0001 0.0110
C/N ratio 0.6200
0.0049
Humic acid 1.0000
<0.0001
Stable C
Excavator
pH -0.6300 -0.6300 -0.63000
0.0035 0.0035 0.00350
SOM 1.0000 1.00000
<.0001 <0.00010
C 10.00000
<0.00010
N -0.8800
<0.0001
P
C/P ratio -0.7600
0.0002
C/N ratio
Humic acid 0.5100 0.5100 0.5100 1.0000
0.0268 0.0268 0.0268 <0.0001
Stable C 0.5100 0.5100 0.5100
0.0268 0.0268 0.0268

Note: The top value represents Pearson’s correlatiofiicieat (r) and the bottom values represent thebpbility level

DISCUSSION

system (Table 3). This is because; in peat soilgela
amounts of carbon accumulate as soil organic natter
The high bulk density found under excavatorHence, soil pH has association with total carbowels
skidding system was because of the use of heavgs with soil organic matter. In both sites, totatbon
machinery. However, the bulk density of the two positively correlated with soil organic matter (Tal3)
systems were statistically similar (Table 1). also indicating that carbon accumulates as so#miny
The low soil pH for the kuda-kuda skidding systemmatter. The association between total carbon aid so
(Table 1) could be due to production of £i@ soil air  organic matter seems not to be influenced by skigldi
by root and microbial decomposition of soil organic systems. Excavator skidding system causing lowl tota
mattef). As its soil organic matter availability was carbon as well as low soil organic matter, whilelem
higher compared with excavator skidding systemsthukuda-kuda skidding system, the high total carbon
indicating proper peat decomposition. Obviouslyydis  resulting in high soil organic matter (Table 1).
found that under excavator skidding system, soil pH  Under excavator skidding system, the C/N ratio
negatively correlated with soil organic matter (leaB).  decreased as nitrogen increased (Table 1) andvdss
It suggests that the decline of soil organic mattebecause of increased decompositdnThis low C/N
increases soil pH and vice versa. This was becaugatio markedly accelerates the decomposition psces
organic matter is a source of kbns and contributes to and causing organic matter loss. Inversely, a g
soil acidificatioh”’. Under excavator skidding system, ratio of kuda-kuda skidding system (Table 1) sutgjes
there was more organic matter decomposition and low lower decomposition rate. Under kuda-kuda
carbon content (Table 1). This process leads toemorskidding system; soil organic matter, total carlaowl
CO, evolutiod*™. The soil pH also negatively unstable carbon were found to be negatively
correlated with total carbon under excavator skigdi correlated with nitrogen but positively correlateth
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C/N ratio (Table 3). A further indication that thmver  (Table 3). Soil acidity has a role in controllinbet
nitrogen and higher C/N ratio under kuda-kudaavailability of unstable carbon under excavatoddkig
skidding system (Table 1) seems to slow decompositi system (Table 3). The accumulation of unstableararb
process and enabled soil organic matter to accuenulaoccurs if soil pH declines and vice versa. However,
as well as total carbon (Table 1). Furthermorayas  higher soil pH of the excavator skidding system
found that the skidding systems did not alter stabl compared with kuda-kuda skidding system (Table 1)
carbon (Table 2). Stable carbon refers to long ternseems to accelerate unstable carbon losses inefead
carbon which is sequestered in the @oiHowever, it accumulated.
seems to alter unstable carbon availability (Tabjle It was found that stable carbon associated with
Though unstable carbon stock under excavator sigddi humic acid in both sites (Table 3). It suggestst tha
system was found to be higher compared with kudahumic acids are extremely stable form of soil oigan
kuda skidding system (Table 2), under kuda-kudamattef"®. Moreover, large amounts of of stable carbon
skidding system, unstable carbon stock seemed to hen earth is found as humic acdfiisHowever, humic
preserved better and this was because of the bettacid and stable carbon also positively associatild w
carbon storage. Although stable carbon contenthef soil organic matter, total carbon and unstable aarb
two systems were similar, the excavator skiddingunder excavator skidding system (Table 3). It means
system had faster decomposition processes, thukat under excavator skidding system, unstableorarb
unstable carbon stocks decomposed more and thi&ocks in the soil organic matter tends to decompos
probably affects its function as carbon storage forand the remaining becomes stable carbon through
further periods. Total phosphorus positively cated  humification processes.
with nitrogen but negatively correlated with C/Nioa
under kuda-kuda skidding system (Table 3). A furthe CONCLUSION
indication that under kuda-kuda skidding systemy lo
nitrogen results in high C/N ratio and this may dav Any disturbances with the application of skidding
affected phosphorus (Table 1), thus enabled organisystems in this peat swamp forest possibly alteir th
material to accumulate instead of losses througltarbon storage through altering their natural psees,
decomposition process. It can be explained thatatve particularly their decomposition rates. The skiddin
phosphorus or high C/P ratio under kuda-kuda shigldi systems alter the unstable carbon availability.
system resulted in decreased soil pH, thus enatdid The kuda-kuda skidding system is environmentally
organic matter and total carbon to accumulate dsase friendly. This skidding system is able to maintain
unstable carbon stocks (Table 1 and Table 3). ditno decomposition process in this peat swamp forest
was found to be fluctuating instead of carbon, thusproperly and allow soil organic matter accumulatésn
affected the C/N ratio level in both sites (Tabje 3 well as total carbon. Hence, unstable carbon stoaks
Total phosphorus was found to be higher undebe preserved for further persistent breakdown
excavator skidding system compared with under kudaprocesses, hence maintaining their function fobaar
kuda skidding system (Table 1). The associatiorstorage.
between total phosphorus and C/P ratio under kuda-
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