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Abstract: This study was conducted to investigate the rate of soil respiration from a recovering forest of the
tropics and its relationship with changes in environmental factorsafter years of deforestation. Soil respiration
measurement was conducted using the continuous open flow chamber technique connected to a multi gas-
handling unit and infrared gas analyser, while the forest biomass and soil properties were quantified using the
Kjeldahl method and Walkley-black wet oxidation technique. The average means soil respiration rate were
341.23, 383.07, 340.30, 308.12, 286.07, 256.05 mg m™ h™* between June and December. Soil respiration in the
month of July was significantly (p<0.01) higher compare to other months, with lower emission rate in
December. Soil respiration exhibited a variation pattern that was similar to soil temperature pattern, the
pattern varied monthly. Likewise, the forest carbon input and soil properties were found to be significantly
correlated with soil respiration as they provide nutrients for microorganism to emit soil CO,. The remarkable
soil CO, emission from the recovering forest was attributed to changes in environmental factors as the forest is
recovering from deforestation. The correlation and multiple linear regression model proved that environmental
factors influenced the high rate of soil CO, emission indicating a strong positive relationship (0.94; p<0.01).
These results suggestthat forest recovering could still emit considerable percentages of soil CO, due to the
impact from deforestation which could have a great implication on environmental factors and the atmospheric
carbon balance.
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I.  Introduction

Global concerns over increasing atmospheric carbon dioxide concentrations and its possible effects on
the climate change have prompted worldwide extensive research on soil respiration [1]. Thison-going global
climate change situation has directly and dramatically altered the terrestrial ecosystem processes, as a result of
changes in greenhouse gases, water and transfer rate of energy at the planetary surface[2,3]. While the forests
play an important role in the global carbon balance as the carbon fixed by the forests accounts for 80% and the
soil accounts for 40% [4]. Carbon sequestration in the forest ecosystems is as results from the difference
between photosynthetic carbon fixation and ecosystem respiration [5]. As it has been reported[6] that ecosystem
respiration is responsible for the net ecosystem carbon exchange, and recovering forest results from
deforestation, therefore, they are found to have great implication on the atmospheric carbon pool [7]as it emits
considerable percentage of CO, to the atmosphere compare to the undisturbed forest [8,9]. Therefore,
estimating the contribution of soil respiration into the atmosphere from a recovering forest is important in global
carbon cycle and climate change.

Soil respiration in the forest is an important process that determines the carbon loss from terrestrial
ecosystem as it hosts the greater percentage of the ecosystem respiration[10,11]. Soil respiration has been
recently accepted as a key element for evaluating the capacity of the forest ecosystems as a major component of
the global carbon budget and its influence on climate change [12]. The huge spatial and temporal variation in
soil respiration is mainly corresponding to intensive forests management resulting to changes in environmental
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factors and soil characteristics, [13]. Soil respiration and carbon cycles is one of the forest component dynamics
that responds sensitively through forest management activities, fire and distribution of stand age, [14, [15,16],
and these activities could greatly increasing or decreasing forest soil respiration depending on the forest
ecosystems [17,18]. In addition, the ecophysiological characteristics of forest and forest productivity is
influenced by human activities to altered the stand density [19] and in turn the stand density affects soil
moisture, nutritional availability in minerals soils and soil temperature, [20,21, 14].

Although many research works have been conducted to examine soil respiration, vegetation types, soil
carbon pools and forest age under different climatic conditions [22,23,5] but limited information has been
unveiled on the soil respiration and the recovering forests inclusive other environmental factors of the tropical
forest ecosystem. Therefore, studies investigating the effects of recovering forest stand density on soil
respiration in the tropical climate could provide important information for forest carbon management in the
Southeast Asia. Malaysia forests ecosystem is under intense threat of deforestation, logging and land conversion
and with pocket of afforestation and it is important to ascertain the amount of soil CO, emitting from this
recovering forest and its implication on the atmospheric carbon balance as few studies have been conducted.
The objectives of this study were(1) toinvestigate the rate of soil respiration from a recovering forest and (2) to
examine the relationship between soil respiration and environmental factors under recovering forest of the
tropics.

Il.  Materials And Methods

2.1 Study site

This study was conducted in a 15 years old recovering forest, located in the lowland Peninsular
Malaysia (27°41'33"N, 43%0'74"E). The experiment was carried out in a 1 x 1 ha plot with two replicates. The
Dipterocarpusforesthad been regenerated and the stand density was naturally maintained without any artificial
management such as thinning. There was little ground vegetation and its contribution to below ground biomass
to total above ground biomass was negligible. The soil is dominated by a red colour derived from the alluvium
colluvium resulting from metamorphic rock[24], with a mean temperature range of 23.7-32°C and relative
humidity of 59-96% and the tropical climate experiences pre-monsoon to monsoon period from September,
November to January, respectively with a monthly rainfall of 200mm[25].

2.2 Measurement of soil respiration

Soil respiration was measured using two constructed continuous open flow chambers connected to a
multi gas-handler (WA 161 model), which provides a channel to regulate the flow of CO, from various
chambers to a flow meter connected to a CO,/H,0 gas analyser as descript by [7]. Thirty sampling points were
established and soil collars were inserted 3cm into the soil for 24 hoursto create an equilibrium stage before
chambers were placed on them, with a 3cm thick closed foam gasket to prevent leakage from the chamber base.
Soil CO, efflux was measured continuously on a daily basis from 8:00 to 17:00 hours. Efflux was recorded
every 5sec over a period of 5min in each chamber, from which an average was calculated to estimate the CO,
concentration over 5min for each chamber.

During the measurement of soil respiration,soil temperature, soil moisture and water potential were
measured concurrently usingthe soil temperature probes, moisture probes andTrime-FM TDR (Watchdog data
logger model 125 spectrum technology, Delmorst model KS-D1 and Trime-Fm TDR, respectively) at 5m.

2.3 Litterfall input, leaf area index (LAI) and forest biomass

To estimate the carbon input from forest biomass, tree height and diameter breast height (DBH) using
DBH tape, 1.3m above the forest floor within the study plot were measured [26] and the data generated were
used for the calculation of Total Above Ground Biomass (TAGB), Below Ground Biomass (BGB), using [27],
Total Forest Carbon (SOCs) using [28] model and Soil Organic Carbon Stock (SOCstock) based on [29] model.
To estimate carbon to nitrogen ratio (C/N) and litter productivity, ten litter traps were installed at 1 m above the
ground, litter fall was collected throughout the study period. The collected litter fall was separated into broad-
leaves, needles and miscellaneous parts, oven-dried at 75°C and weight. C:N ratio concentration by litterfall
were determined by macro elemental analyzer (vario MACRO CN, ElementarAnalysensysteme GmbH,
Germany). Leaf area index (LAI) was determined on a monthly basis during the period of the study using a
sunfleckceptometer (AccuPAR model SF-80, Decagon, Pullman, WA). The sunfleckceptometer considers the
canopy leaf distribution and LAI was calculated at an instant measurement by positioning the ceptometer
horizontally 1 m aboveground level and 6 readings were taken at four cardinal directions within the stand
density [30].
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I11.  Statistical Analysis

A one-way analysis of variance (ANOVA) was used to compare the means difference and standard
deviationof soil CO, efflux, environmental factors and forest biomass in the recovering forests. This was
followed by a post hoc Dunn’s test and Tukey’s honestly significant difference (HSD) test [7, 31]. Pearson
correlation was calculated to determine the relationship between environmental factors, soil properties and soil
CO, efflux related to recovering forest, likewise, descriptive statistics was employed to explain the normality of
data distribution and the multiple linear regression model was established to ascertain impact of environmental
factors on soil CO, efflux. The statisticalcalculations wereperformed using the SPSS software version 21.0
(SPSS Inc., Chicago, lllinois, USA).

IV.  Results And Discussion
4.1Monthly pattern of soil respiration rate and effects of Environmental Factors as a result of forest
recovering from deforestation

The total soil respiration varied obviously at different months in the recovering forest. Analysis of
variance indicated that climatic condition and environmental factors of the recovering forest significantly
affected soil respiration. There were significant differences of soil respiration of the entire measurement period
between June and December (p<0.01), (Table 1). The average means soil respiration were 341.23, 383.07,
340.30, 308.12, 286.07, 256.05 mg m™ h', between June and December, respectively (Table 1), indicating soil
respiration in the month of July to be significantly (p<0.01) higher compare to other months, with lower
emission rate in December. On the aspect of environmental factors, daily and monthly soil temperature varied
throughout the study period, the minimum value was record in the morning hours of about 24.99°Cand
maximum value occurred in the afternoon at 25.98°C. The highest soil temperature occurred between July and
June, and the minimum occurred between August and December. Soil moisture was found to occurred at a
ranged of 20.22 to 25.43% between June and December, which showed typical season pattern for the tropical
area, with the peak occurring from September to December.

Soil respiration showed a similar pattern with soil temperature, the mean daily soil respiration rate was
high in June and increased sharply with increasing soil temperature and low soil moisture. Soil respiration
subsequently decreased into August and December with increased in soil moisture, indicating the magnitude of
the monthly fluctuation was greater in July, followed by June while August to December showed much smaller
fluctuations.

The soil respiration trend for the recovering forest during the study period shows the effects of
environmental factors on monthly soil respiration rate. Correlation analysis showed that soil respiration was
more strongly correlated with soil temperature (R?=0.82 to 0.94; p<0.01) than soil moisture (R°=0.78 to 0.87;
p<0.01) for the period of the study. A significant positive correlation was between soil temperature and soil
moisture at the six different months was found (R?=0.85; p<0.01). This suggests that the effects of soil
temperature and soil moisture are therefore confounded. To further clarify the effects of forest recovering
resulting from deforestation on environmental factors and their influence to changes in soil respiration rate,
partial correlation analysis was performed. With soil respiration as the control variable, the correlation between
soil temperature and soil respiration was strongly positively significant (0.579; p<0.01). However, with soil
moisture as the control variable, the correlation between soil moisture and soil respiration was moderate and
significant (0.421; p<0.01), this was observed in the field as soil temperatures exert a stronger control than soil
moisture during the dry season while in the growing season soil moisture plays a dominant role compare to soil
temperature.

Soil respiration varied significantly during the period of study and the rate of fluctuations was in
response to changes in environmental factors and soil properties due to forest recovering from deforestation
activity. The average soil respiration obtained ranges from 113.77 to 536.00 mg m™ h™* similar to the study
conducted in tropical lowland forest of Malaysia [7]. The instantaneous increase in soil respiration, as it
attends its peak between June and July, the ending of the post monsoon, with an efflux average mean of 341.23
and 383.07 mg m? h™, respectively, higher than the soil respiration in the tropical forest of Central Hokkaido,
Japan [32], due to forest age different and attributed to the influenced of environmental factors from the
recovering forest due to deforestation [33]. There wasa steady decrease in efflux rate between August and
November at an average mean of 340.30, 308.12, 286.07 and 256.05 mg m™? h™*, respectively, much lower than
Pasoh forest reserve lowland Peninsular [34,35], which was strongly influenced by the availability of soil
moisture and was significant correlated (p<0.05). Our finding revealed that monthly variation in soil respiration
was influenced by both soil temperature and moisture as was also reported by [36].The rise and decrease in soil
respiration for the period of measurement was recorded to be parallel to soil temperature and soil moisture
which indicated soil respiration had positively and significantly correlation with both soil temperature and
moisture (p<0.05). Furthermore, it indicated that soil respiration and environmental factors interaction explained
the spatial and temporal variation of soil respiration [10]. Previous research also attributed that there is a strong
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relationship between soil respiration and soil temperature and soil moisture as deforestation area and forest age
greatly influence these environmental factors to emit CO,[37].

In this study, the increase in soil respiration was attributed to the change in environmental factors as
was observed to be one of the important controlling factors as it was influenced by deforestation activity on the
recovering forest [38]. The soil temperature within the period of the study ranged between 24.99 and 25.98°C,
similar to the study conducted by [34], which stands to alter changes in environmental variables, likewise, soil
moisture occurred at a ranged between 20.22 and 25.43%.Furthermore, forest recovering from deforestation
could influence the entire environmental factors, which explains the role of deforestation and less dense forest
canopy cover as it increases the net radiation on the forest floor to provide a condition to necessitate
microorganisms to facilitate soil respiration [33,37].

4.2 Forest biomass and soil properties contribution to soil respiration

The recovering forest was found to hosts an estimated TAGB, BGB, SOCs and SOCq 0f 1.8 x 10°,
1.0 x 10%, 2.4 x 10* mg and 52.28 mg ha™ respectively, the occurrences of these forest biomass increase the soil
properties as nutrient for microbial activity.

To ascertain the contribution of soil properties, we analysed for total organic carbon (TOC), soil
organic carbon (SOC), soil pH, carbon and nitrogen (C/N) and bulk density (BD). The result revealed a
considerable amount of 2.12%, 3.65% and 34.24-48.55 / 1.16-1.35 % for TOC, SOC and C/N respectively, as
these are responsible for increase in soil nutrient and the rate of organic matter decomposition. The resulted
contribution by these soil properties are as result of influence of changes in environmental factors. The soil in
the study area was found to be slightly acidic suitable for microbial activity. Generally, the multiple linear
regression coefficients for each of the forest biomass and soil properties variables reflect a strong relationship
between changes in environmental factors and their influence on soil respiration (R*=0.6; p<0.05).

The contribution of forest biomass and soil properties to soil nutrient, influences the total soil
respiration which varies with vegetation type, soil type and environmental condition [39]. The recorded input
from TAGB, BGB and SOCs were found to be considerable and similar the observed result from the tropical
forest conducted by[33], likewise the C/N ratio occurred at 34.24-48.55 / 1.16-1.35 % to increase the rate of
decomposition. The considerable amount of these forest biomass and C/N in the recovering forest are found to
influenced the rate of soil carbon stock (SOCstock) by 52.28 mg ha™ and soil properties, similar to the tropical
forest of India [40] and lowland tropical forest of Malaysia [34], respectively. This result confirmed the
significant role played by the forest biomass and C/N ratio to increase soil nutrient for microorganism to emit
soil CO, as was also reported by [22]and [41].

V.  Conclusion

This study demonstrated that soil respiration vary significantly as a function of environmental factors.
Soil respiration of the young recovering forest was remarkably higher than that of the older forest of the tropical
forest as a result of higher soil temperature, low soil moisture and forest biomass. Changes in environmental
factors were as a result of deforestation impact which the recovering forest has less dense canopy cover to
increase net radiation on the forest floor, thereby influencing soil temperature, whichresulted to high
physiological activity of microorganism and fine roots which lead to more soil CO, emissions. The results
suggested that soil temperature was the dominant factor influencingsoil respiration (0.94; p<0.01) and
subsequently followed by soil moisture. Forest biomass and soil properties input are combined interactive
factors which increase soil nutrient and positively correlated with soil respiration at R?=0.6; p<0.05, this
indicated that soil respiration from microorganism is a function of soil nutrient. This result indicated that forest
recovering from deforestation activity could emit considerable percentage of CO, into the atmosphere, an
implication for global climate change.
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Table 1 Descriptive statistics of mean different of soil respiration rate ((mg m?h™)

M Mean Std. Std. Error - 195% Confidence Interval far Minimum  iMaximum
Deviation Mean
Lower Bound UpperBound
JuneCO2efflux 72 134123 9513 11.56 318.17 36428 140.55 488.23
July CO2 efflux T2 138307 @120 10.75 361.64 404 50 22822 535.00
August COZ efflux 58 134030 £7.05 513 324.08 356.53 201.38 44533
Sept CO2 efflux 72 30812 110318 12.16 283.87 332.35 115.33 458.22
Oct CO2 efflux T2 28607 7381 2.70 26873 30342 140.00 400.33
MNov CC2 efflux 72 126605 7054 g.37 23047 27262 11377 353.00
Total 428 131894 19440 455 30097 327 .91 11377 536.00
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