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Background: Sensitivity of forests to atmospheric warming is greater when compared
with other types of landuse. Evaluation on response of soil respiration to increase in tem-
perature is valuable as forest soils emits 75 to 77 PgC yr'. Sensitivity of soil respiration to
climate change varies from a forest to another forests, therefore evaluation of Qyis neces-
sary to provide an unbiased result.

Results: In the present compilation it was found that as latitude increases Qs of forests
rises and it correlated negatively with mean annual temperature (MAT) and mean annual
precipitation (MAP). The amount of soil organic carbon (SOC) does not correlate with Qo
however, higher amount of recalcitrant C and associated microbial population in forest
soils at higher latitudes as a result of low MAT and MAP is an important factor in the ele-
vated response of Q.

Conclusions: The quality of SOC and not the quantity of SOC is an important component

in estimating sensitivity of soil respiration to increase in temperature in different forests.
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Forests serves as the largest terrestrial sink of carbon.
The natural process of fixing CO, through photosynthesis
leads to storage in the form of C in different parts of the
plant. Incorporation of plant biomass in soil leads to stor-
age of C in soil. The global C stock in forests is estimated
to be 861 PgC, with 44% in soil up to a depth of 1 m, 42%
in above and below ground live biomass, 8% in deadwood
and 5% in litter. Among the forests 55% of the total C is
stored in tropical, 32% in boreal and 13% in temperate for-
ests (Pan et al. 2011).

Soil respiration (Rs) is the primary path by which the
stored C in soil and plants is returned to the atmosphere
and it is estimated to be 75 to 77 PgCyr". Rs consists of two
main components heterotrophic and autotrophic. Hetero-
trophic respiration is produced by the free-living soil mi-
croorganisms that thrives through decomposition of or-
ganic matter in soil and litter. Autotrophic respiration
comes from roots, mycorrhizae, and other microorganisms
that are in obligate associations with living roots and the
organic exudates provided by aboveground parts of the
plant through photosynthesis (Ma et al. 2019). Rsin forests

respond more sensitively to atmospheric warming com-
pared with other landuse patterns like cropland and grass-
land soils (Meyer et al. 2018; Zheng et al. 2009). Many
studies have evaluated rate of Rs in different forest ecosys-
tems at different temperature and latitudes, as understand-
ing the mode of response of Rs to climate change is neces-
sary. In forest ecosystems large scale variation in Rs was
observed due to difference in plant roots, soil organic mat-
ter (SOM), soil temperature and soil moisture content. One
possibility to overcome the variation of Rsin response to
climate change can be overcome by estimation of Q,, val-
ues (Jung et al. 2015). Q,, is the factor by which Rs changes
when there is an increase of 10°C in temperature.

Studies reveal that soil organic carbon (SOC) (Vanhala
et al. 2008; Zhang et al. 2021), landuse pattern, aggregated
soil group, soil texture (Meyer et al. 2018), moisture con-
tent (Cusak et al. 2023) are important factors for tempera-
ture sensitivity of Rs. The quality and degradability of SOC
is also an important regulator of Q,, (Lefévre et al. 2014).
Low quality and less easily decomposable organic matter
or recalcitrant matter has a stronger temperature sensitivi-
ty than that of high quality, easily decomposable substrate
(Vanhala et al. 2008). Moreover, according to kinetic theo-
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ry, more recalcitrant stable SOM should be more sensitive to
rise in temperature. Clay and silt particles provide larger
reactive sites where SOM are adsorbed and are more stable,
whereas sand particles have weak bonding affinity to SOM
and are unstable. Therefore, C within sand fraction is allo-
cated as active pool and C in silt and clay fractions is allo-
cated as intermediate and passive pools (Ding et al. 2018).
In response to moisture level Cusak et al. (2023) predicted
that in future, climate change will lead to drying of fertile
and water-logged soils causing an increase in soil CO, flux-
es while it can lead to reducing CO, flux from drier soils.

There are no differences in the relationship of tempera-
ture with root associated and non-root associated organ-
ism respiration in soil. Therefore, Q,, values for the aggre-
gated Rs should be considered while estimating effects of
global climate change (Baath and Wallander 2003). Studies
on the response of Q,, specifically at latitudinal scale in
different forest ecosystems has been undertaken on a very
small scale. Therefore, the present work was undertaken to
evaluate the impact of biophysical factors consisting of
SOC, latitude, altitude, mean annual temperature (MAT)
and mean annual precipitation (MAP) on Q,,. Collection
of published literatures was carried out from a wide latitu-
dinal gradient to carry out the study.

A survey of published literatures was carried out using
the search engine Google and academic platforms Re-
searchGate, Google Scholar, Taylor and Francis, Science
Direct and Springer. The survey was conducted up to De-
cember, 2023. The key words used for collection of the
published literatures were, Rs in forest and Q,, of Rs in for-
ests. Altogether 73 related published literatures were re-
corded. The reported procedure for estimation of Rs in the
literatures was using Automated Respirometer and In-
fra-Red Gas Analyzer, SOC using CHNS analyzer and Ig-
nition method.

The equation for determination of Q,, is derived from
Meyer et al. (2018). The exponential equation used to cal-
culate relationship between temperature and Rs is:

bxT
Rsy=axexp ™

The value of Q is calculated by substituting the param-
eter b from the above equation in the following equation:

10 x b

Q= exp

The depth of soil for determination of Rsand SOC was
selected up to 0-30 cm although the common soil depth
was 0-20 cm. Rate of Rswas converted into mg m~hr" and
SOC into percentage. Respective data on latitude, MAT,

Journal of Ecology and Environment (2025)49:04

Page20fg

MAP and altitude were collected. The extreme values of
SOC 59% (Kukumigi et al. 2017) and 43% (Nakano et al.
2004) respectively were excluded. In order to remove con-
fusion in explaining variations of Rs and Q,, data derived
from measurements in incubated environment and labora-
tory experiments were not considered.

The data collected were subjected to analysis of variance,
Tukey’s HSD test, Pearson’s coefficient of correlation, stu-
dent’s t-test and summarized by finding out average, maxi-
mum, minimum and standard deviation. MS Excel and
SPSS version 16 were used for the statistical analysis.

There are 3 types of forest based upon latitude (Nordseth
2024). They are: 1. Tropical Forest 2. Temperate Forest and
3. Boreal Forest. The latitudes for tropical forest ranged
from 0 to 23.5°. Although subtropical forest is not included
in the classification, based upon the data collected from
the published literatures it was found that the subtropical
forest is situated around latitudes of approx. 23.5° to 30.7°
which can also vary (Huang et al. 2017; Wei et al. 2015;
Zhang et al. 2021). The forests lying beyond latitudes of
subtropical till 50.0° were categorized under the temperate
forests however, overlapping between the two types of for-
ests can happen. The boreal forests are located in 50.0 to
60.0° latitudes.

Maximum Rs was recorded from Malaysia with 760.0
mg m’hr" situated at a latitude of 2.59° and recorded MAT
of 27.0°C (Cindy et al. 2018) (Table 1). Minimum Rs was
recorded to be 41.47 mg m”hr" from Southwestern China
(Xu et al. 2017) situated at latitude of 31.37°and MAT of
8.7°C. Many studies have demonstrated a positive correla-
tion of Rs with MAT (Arroyo and Wood 2020; Gallo et al.
2023; Hu et al. 2001; Jeong et al. 2018; Kumar et al. 2023;
Lim et al. 2012; Ma et al. 2005; McGrath et al. 2022; Tomar
and Baishya 2020; Yang et al. 2022). The positive correla-
tions recorded are due to enhancing root activities, acceler-
ation of decomposition of plant litter leading to production
of more plant biomass at higher temperatures. However,
when the compiled data for different types of forests are
considered Rs was not able to correlate significantly with
MAT. The reason could be attributed to the wide variation
in MAT along latitudinal gradient whereas, Rs does not
show such a wide variation along the latitudinal gradient.
Greater variations of Rs were observed at similar latitudes
in different forest having different composition of tree spe-
cies however, an insignificant inverse correlation between
Rs and latitude was recorded (r = -0.12, p < 0.9) (Table 2).
MAP also was not significantly correlated with Rs in the
present review. Reports of significant correlation between
the two variables were recorded when the soil moisture
levels are not too wet or too dry, as Ma et al. (2005) found a
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Maximum, minimum, mean and standard deviation of latitude, altitude, MAT, MAP, Q. , Rs and SOC in different forests

10’
Max. Min. Mean  Std. Dev. References

Latitude 60.48 1.50 32.69 14.26 Ma et al. (2019), Kukumagi et al. (2017), Nakano et al. (2004), Cindy et al.
(2018), Xu et al. (2017), Kumar et al. (2023), Yang et al. (2022), Tomar and
Baishya (2020), Jeong et al. (2018), Lim et al. (2012), Hu et al. (2001), Ma
et al. (2005), Arroyo and Wood (2020), Liu et al. (2020), Chen et al. (2014),
Schedlbauer and Miller (2022), Wangluk et al. (2013), Verchot et al. (2020),
Ito et al. (2007), Inoue et al. (2012), Yang et al. (2023), Hu et al. (2016),
Hergoualc’h et al. (2017), Noh et al. (2016), Aini et al. (2020), Wei et al.
(2015), Huang et al. (2017), Zhuang et al. (2023), Han and Jin (2018), Mielke
et al. (2022), Yan et al. (2015), Zhao and Shi (2022), Jevon et al. (2023), Devi
and Lepcha (2023), Kaushal et al. (2023), Pacaldo and Aydin (2023), Zhao et
al. (2022), Makhnykina et al. (2020), Ivanov et al. (2018), lvanov and Momot
(2016), Ivanov et al. (2022), Jia et al. (2013), Pandey et al. (2023), Han et al.
(2023), Xu and Qi (2001), Hirano et al. (2003), Wangdi et al. (2017), Doff
Sotta et al. (2004), Liu et al. (2019), Luan et al. (2013), Yu et al. (2021), Wang
et al. (2006), Tan et al. (2013) and Wang et al. (2013)

Altitude 3574 66.00 1099 882.06 Ma et al. (2019), Cindy et al. (2018), Xu et al. (2017), Kumar et al. (2023), Yang

(m asl) etal. (2022), Jeong et al. (2018), Ma et al. (2005), Arroyo and Wood (2020),
Liu et al. (2020), Chen et al. (2014), Wangluk et al. (2013), Verchot et al.
(2020), Ito et al. (2007), Inoue et al. (2012), Huang et al. (2017), Han and Jin
(2018), Mielke et al. (2022), Zhao and Shi (2022), Jevon et al. (2023), Devi
and Lepcha (2023), Kaushal et al. (2023), Pacaldo and Aydin (2023), Zhao et
al. (2022), Jia et al. (2013), Pandey et al. (2023), Han et al. (2023), Xu and Qi
(2001), Hirano et al. (2003), Wangdi et al. (2017), Liu et al. (2019) and Luan
etal. (2013)

MAT (°C) 28.05 -0.30 12.21 6.40 Ma et al. (2019), Kukumégi et al. (2017), Cindy et al. (2018), Xu et al. (2017),
Kumar et al. (2023), Tomar and Baishya (2020), Jeong et al. (2018), Lim et al.
(2012), Hu et al. (2001), Ma et al. (2005), Arroyo and Wood (2020), Liu et
al. (2020), Chen et al. (2014), Schedlbauer and Miller (2022), Wangluk et al.
(2013), Verchot et al. (2020), Inoue et al. (2012), Hu et al. (2016), Hergoualc’h
etal. (2017), Noh et al. (2016), Aini et al. (2020), Wei et al. (2015), Huang
etal. (2017), Zhuang et al. (2023), Han and Jin (2018), Mielke et al. (2022),
Yan et al. (2015), Zhao and Shi (2022), Jevon et al. (2023), Devi and Lepcha
(2023), Kaushal et al. (2023), Zhao et al. (2022), Ivanov et al. (2018), lvanov
and Momot (2016), Ivanov et al. (2022), Jia et al. (2013), Pandey et al. (2023),
Han et al. (2023), Xu and Qi (2001), Wangdi et al. (2017), Doff Sotta et al.
(2004), Liu et al. (2019), Luan et al. (2013), Yu et al. (2021), Wang et al.
(2006), Tan et al. (2013) and Wang et al. (2013)

MAP (mm) 2867 83.00 1303 702.48 Maetal. (2019), Kukumaigi et al. (2017), Nakano et al. (2004), Cindy et al.
(2018), Xu et al. (2017), Kumar et al. (2023), Yang et al. (2022), Rodtassana
etal. (2021), Tomar and Baishya (2020), Jeong et al. (2018), Lim et al. (2012),
Hu et al. (2001), Ma et al. (2005), Arroyo and Wood (2020), Liu et al. (2020),
Chen et al. (2014), Schedlbauer and Miller (2022), Wangluk et al. (2013),
Verchot et al. (2020), Inoue et al. (2012), Hu et al. (2016), Hergoualc’h et al.
(2017), Noh et al. (2016), Aini et al. (2020), Wei et al. (2015), Huang et al.
(2017), Zhuang et al. (2023), Han and Jin (2018), Mielke et al. (2022), Yan et
al. (2015), Zhao and Shi (2022), Jevon et al. (2023), Devi and Lepcha (2023),
Kaushal et al. (2023), Zhao et al. (2022), Makhnykina et al. (2020), Ivanov et
al. (2018), lvanov and Momot (2016), Pandey et al. (2023), Han et al. (2023),
Xu and Qi (2001), Ivanov et al. (2022), Jia et al. (2013), Hirano et al. (2003),
Wangdi et al. (2017), Doff Sotta et al. (2004), Liu et al. (2019), Luan et al.
(2013), Yu et al. (2021), Wang et al. (2006), Tan et al. (2013) and Wang et al.
(2013)

Qo 6.70 0.70 3.17 1.40 Ma et al. (2019), Kukumégi et al. (2017), Cindy et al. (2018), Xu et al. (2017),
Yang et al. (2022), Lim et al. (2012), Hu et al. (2001), Liu et al. (2020), Chen
etal. (2014), Schedlbauer and Miller (2022), Yang et al. (2023), Jia et al.
(2013), Wangluk et al. (2013), Verchot et al. (2020), Ito et al. (2007), Inoue
etal. (2012), Yang et al. (2023), Hu et al. (2016), Noh et al. (2016), Zhuang
et al. (2023), Han and Jin (2018), Yan et al. (2015), Zhao and Shi (2022),
Makhnykina et al. (2020), Ivanov et al. (2018), Han et al. (2023), Xu and Qi
(2001), Wangdi et al. (2017), Liu et al. (2019), Luan et al. (2013), Tan et al.
(2013) and Wang et al. (2013)
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Max. Min. Mean  Std. Dev.
Rs 760.00 41.47 217.57 179.18
(mg m2hr')
SOC (%) 29.70 0.40 6.89 7.68

Xu et al. (2018), Kumar et al. (2023), Hu et al. (2001), Arroyo and Wood (2020),

Chen et al. (2014), Wangluk et al. (2013), Verchot et al. (2020), Aini et al.
(2020), Huang et al. (2017), Zhao and Shi (2022), Devi and Lepcha (2023),
Makhnykina et al. (2020), Pandey et al. (2023), Han et al. (2023), Liu et al.
(2019), Luan et al. (2013), Tan et al. (2013) and Wang et al. (2013)

MAP: mean annual precipitation; MAT: mean annual temperature; Rs: soil respiration; SOC: soil organic carbon.

Pearson’s coefficient of correlation (r) of Q;, and Rs with different variables in different forests

Qo Latitude Altitude
Qo - 0.53° 0.38
Rs -0.20 -0.12 -0.21

MAP: mean annual precipitation; MAT: mean annual temperature; Rs: soil respiration; SOC: soil organic carbon.

*Indicates significance at p < 0.05.

positive correlation between Rs and soil moisture when
water content ranged from 20%-40%. Very high soil mois-
ture content resulting from high MAP leads to reduction
in soil oxygen concentrations due to physical barrier creat-
ed, thereby reducing microbial response (Arroyo and
Wood 2020), and very low soil moisture level leads to re-
duction of microbial activities. The results indicated that
positive response of Rs to increase in temperature and in-
termediate soil moisture level is more pronounced in stud-
ies conducted at smaller geographical locations, which have
lesser variation in plant species composition and soil nutri-
ents. However, when studies on different types of forests
are taken from a wider latitudinal gradient the dependence
of Rs to MAT and MAP is reduced. The correlation of Rs
with altitude was positive but insignificant showing an un-
certainty in their relationship when considered for a wide
scale study. The large-scale difference in the type of tree
species, microbial activities and physico-chemical proper-
ties of the soil at a wider latitudinal gradient resulted in
variation of Rs, which does not respond to the correspond-
ing MAT and MAP.

Significant correlation of Rs was observed with SOC
having Pearson’s coefficient of correlation r = 0.47 (p <
0.05) (Table 2, Fig. 1). Significant positive correlation of Rs
with SOC was reported in many studies (Liu et al. 2020;
Rodtassana et al. 2021; Vanhala et al. 2008; Zhang et al.

MAT MAP SOC Rs
-0.60? -0.40° 0.23 -0.20
0.03 0.20 0.472 -
1200
r=0.47;p<0.05
1000
800
S
G 600 e
g o
400
(o)
200 o o ©
0 90 ° . ° . ‘ ‘ . . ,
0 5 10 15 20 25 30 35

Soil respiration (mg m2hr)

Correlation of Rs with SOC in different types of forests. Rs:
soil respiration; SOC: soil organic carbon.

2021). The maximum record of SOC with 29.7% was re-
ported from a primary forest in Eastern Tibetan Plateau in
China situated at latitude of 36.54° (Chen et al. 2014) and
minimum was recorded from Puerto Rico with 0.4% at lat-
itude of 18.24° (Arroyo and Wood 2020). However, SOC
does not correlate significantly with latitude (r = 0.08, p <
0.8) indicating the distribution of SOC along different for-
ests does not linearly follow the latitudinal gradient. As Rs
also does not significantly correlate with latitude, the rela-
tionship of SOC with Rs in forests depends upon the opti-
mum amount of soil moisture level and active soil organic
pools at smaller geographical locations. The results also in-
dicates that the composition of tree species in the different
types of forests is an important factor in storing SOC as



Angom et al. Journal of Ecology and Environment (2025)49:04 Page 50f 9

mixed forest stands store more SOC than pure stands #1 r=0.53; p<0.05
(Devi 2021). 7 o o

Qo largely determines the feedback mechanism between 6 1 ©
global warming and cycling of carbon (Pokharel et al. 5 |

2018). Therefore, change in Q,, along with their influenc-
ing factor is an important factor in simulating and predict
key parameters of carbon cycles, leading to clarification of
the relationship between Rs and its Q,, (Yang et al. 2022).
Among the data collected for Qy,, 55% were recorded from
temperate forest, 30% from tropical + subtropical and 15%
from boreal forest. In the tropical + subtropical forest Q,, Latitude

varied from 0.7 to 5.13 (mean = 2.21 + 0.93) (Table 3). In Correlation of Qo with latitude in different types of forests.
temperate forest it ranged from 1.71 to 6.7 (mean = 3.33 +
0.88) and in boreal forest it ranged from 3.5 to 6.7 (mean =
4.81 + 1.12). Maximum Q,, was reported from the Tibetan
plateau with 6.7 situated at latitude of 36.54° and a record- ] o

ed MAT of 12.6°C (Chen et al. 2014) from temperate forest 6 r=-0.60:p<0.05
and, the same maximum value was also reported from a s |
boreal forest from Northeast China situated at latitude of
50.5° and MAT of -2.9°C (Yang et al. 2023). A minimum  §
Qyo0f 0.7 was recorded from Malaysia situated at latitude

of 2.59°and MAT of 27°C (Cindy et al. 2018) from tropical 21
forest. A one-way ANOVA of the Q,, values in the three 1]
different types of forests reveal a significant variation at

p < 0.001. The correlation between Q,, and latitude was re- 0 s 10 15 20 2 0 5
MAT (°C

corded to be significant with r = 0.53 (p < 0.05) (Fig. 2) in- o

dicating a higher value of Q,in forest situated at higher Correlation of Qo with MAT in different types of forests.

MAT: mean annual temperature.
latitudes. Similar trend was also reported by Zheng et al. ! peratd

(2009) and Schedlbauer and Miller (2022).

No significant correlation of Q,, with altitude was re-
corded with r = 0.38 (p < 0.08). However, the correlation of ] o
Qo with MAT and MAP was significant and negative with ®7
r =-0.60, (p < 0.05) (Fig. 3) and r = -0.40, (p < 0.05) (Fig. 4) O"’ 1
respectively. The results indicates that response of Q,of &7

r=-0.40;p<0.05

forests to increase in latitude is closely related with the de- 1

crease in MAT and MAP in the forests along the latitudi- 2

nal gradient. However, Q,, was not correlated significantly 11

with SOC (r = 0.23, p < 0.08). As SOC does not correlate 0 : ' ' ' ' !
0 500 1000 1500 2000 2500 3000 3500

with latitude, Qy, is not simulated by SOC. The negative MAP (mm)

response of Q,, to MAP and MAT along the latitudinal Correlation of Qio with MAP in different types of forests.
gradient can be related to microbial activities as more mi-  MAP: mean annual precipitation.

Maximum, minimum, mean and standard deviation for Q,oin the three different forests

Qw
Max. Min. Mean  Std. Dev. References
Tropical 5.13 0.7 2.21 0.93 Cindy et al. (2018), Yang et al. (2022), Wangluk et al. (2013), Hu et al. (2016),
+Subtropical Han and Jin (2018), Wangdi et al. (2016), Liu et al. (2019) and Tan et al.
(2013)
Temperate 6.7 1.71 3.33 0.88 Ma et al. (2019), Lim et al. (2012), Hu et al. (2001), Liu et al. (2020), Chen

et al. (2014), Schedlbauer and Miller (2022), Ito et al. (2007), Noh et al.
(2016), Zhuang et al. (2023), Han and Jin (2018), Yan et al. (2015), Zhao
and Shi (2022), Han et al. (2023), Xu and Qi (2001), Jia et al. (2013), Hirano
etal. (2003), Wangdi et al. (2017), Luan et al. (2013) and Wang et al. (2013)

Boreal 6.7 35 4.81 1.12 Kukumagi et al. (2017), Yang et al. (2022), Inoue et al. (2012), Yang et al.
(2023) and Makhnykina et al. (2020)
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crobial activities occurs in hot and wet soil conditions.
More microbial activities associated with mixed types of
tree species leads to storage of more labile organic C in
wetter forests in lower latitudes. The segment of SOC that
increase Rs is mainly the labile organic C (Karhu et al.
2014).

The value of Q,,does not depend upon the quantity of
SOC but on level of degradability of SOC. Soils with large
proportion of SOC resistant to degradation are more sensi-
tive to rise in temperature than soils with large proportions
of easily degradable SOC (Meyer et al. 2018). The tropical
and boreal forests store the most C, however, there is a dif-
ference in their carbon structures. Tropical forests have
56% of C stored in biomass and 32% in soil, whereas boreal
forest have only 20% in biomass and 60% in soil (Pan et al.
2011). The boreal forest litter tends to be composed of phe-
nol, chitin, lignin and waxes which contributes to more
amount of recalcitrant organic C in soil when compared to
tropical soils (Nilsson et al. 2008; Wangluk et al. 2013). The
recalcitrant organic matter is associated with ectomycor-
rhizal fungi which have more C per unit of N than in soil
dominated by arbuscular mycorrhizal fungi. Majority of N
is locked in various organic forms and are protected from
decomposition (Schmidt et al. 2011) leading to more SOC
accumulation in the boreal soils. The higher sensitivity of
forests at higher latitudes to increase in temperature can-
not be solely responsible by the recalcitrant C but it is also
indirectly associated with the simulated response of the
microbial population and ectomycorrhizal fungi which
may lead to loss of more carbon in future. At the same
time the process of loss of carbon due to global warming
from forests at lower latitudes cannot be overruled by the
higher Q,, of forests at higher latitudes.

The present review reveals that simulating effect of MAT
and MAP to Rs in forest ecosystems is more pronounced
when studies are undertaken at smaller geographical loca-
tions where variations in SOC, soil nutrients and plant
species composition is low. When, comparative studies on
forests situated at greater latitudinal variations are under-
taken, the role of MAT and MAP on Rs declined. Whereas,
reverse response happened in Q,, as it rises with increase
in latitude along with the associated decrease in MAT and
MAP. SOC does not correlate significantly with Q,, indi-
cating the quality of SOC, not the quantity of SOC is an
important component in estimating sensitivity of Rs to in-
crease in temperature in different forests. The recalcitrant
carbon and the associated microbial population, along
with ectomycorrhizal fungi are indirectly responsible for
the simulated response of Q,, to rise in temperature in for-
ests occurring at higher latitudes. The results do not indi-
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cate that response of forests lying at lower latitudes to cli-
mate change should not be taken care of. The limitations
of the present review work are, only the average data of Rs
and Q,, collected from soil depth of 0-30 cm was consid-
ered. Studies on measurements of Rs, its temperature sen-
sitivity at seasonal scale for different soil depths and the
role of biophysical factors for different kinds of forests is
highly recommended.
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