Online ISSN: 1735-3866
Print ISSN: 1735-3033

Caspian Journal of Environmental Sciences

Carbon dynamics and nutrients in different decay stages of coarse woody
debris in natural Hyrcanian forests, Northern Iran

Afsaneh Khalilit, Asadollah Mataji'*, Khosro Sagheb Talebi?, Seyed Mohammad Hodjati®

1. Department of Forestry, Faculty of Natural resources and Environment, Science and Research Branch, Islamic Azad
University, Tehran, Iran

2. Research Institute of Forests and Rangelands (RIFR), Agricultural Research Education and Extension Organization
(AREEO), Tehran, Iran

3. Department of Forestry, Faculty of Natural Resources and Environment, Sari Agricultural Science and Natural Resources
University, Sari, Iran

* Corresponding author’s E-mail: amataji@srbiau.ac.ir

ABSTRACT

The relationship between the degree of decay, carbon dynamics, and nutrients of coarse woody debris (CWD)
were examined in the experimental forest of Kheirudkenar — Nowshahr as a part of Hyrcanian forests in Northern
Iran. CWD (shag and log) with an average middle diameter more than 7.5 cm was recorded in 50 ha. For shag
CWD, species type, diameter at the breast height and height, while for log CWD, species type, the average
diameter and their length were determined and recorded. In the case of non-circular CWD cross-sections
especially in the higher decay stages, diameter was determined by tape. All CWD were categorized in three
diameter classes and the degree of their decay (snag and log) was determined. The CWD nutrients examined
throughout taking a piece from each CWD and analysing them in the laboratory (60 specimens). The C/N ratio of
CWD was obtained separately for diameter classes and degrees of decay. All data were tested for probability of
fit to normal distribution. To identify the most influential gradients, principal component analysis (PCA) was
applied. The nutrients in the trunk CWD in different diameter classes and degrees of decay showed that in most
cases, there is a significant difference between them. The results of the C/N ratio of the total trunk of CWD showed
that this ratio decreases by elevating the degree of decay and by upraising the diameter classes of CWD. The
degrees of decay of CWD were majority related to N, C/N ratio, C and K respectively. This research demonstrated
that the nitrogen and carbon concentrations among the decay classes and species type of CWD should be
considered.
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INTRODUCTION

Coarse woody debris (CWD) has a high ecological relevance and contributes significantly to crucial ecological
processes in forest ecosystem, playing an essential role in forest productivity, nutrition cycles, carbon pools,
community regeneration, biodiversity (Martin et al. 2021). The amount of CWD is strongly dependent on
management regime, stand age, disturbance (Bantle et al. 2014), and stand succession stage. CWD is an important
and necessary factor and a huge source of organic matter in forest ecosystems. CWD stabilizes the soil (Vrska et
al. 2015) and plays an important role in the nutrient cycle (Cosmo et al. 2013; Yuan et al. 2014), especially the
carbon cycle (Yuan et al. 2014). In addition, by long-term storage, dead woods help reduce global warming by
storing carbon in habitats (Dudley et al. 2004). Carbon storage is a key process for managing the concentration of
atmospheric carbon dioxide in natural forests (Heidari Safari Kouch et al. 2015), which is determined by the
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degree of degradation and decay of the wood. Various factors affect decay and decomposition rate, including
wood type, temperature, wood moisture content, annual rainfall, physical and chemical nature of the wood, as
well as the population of fungal and the other decomposers (Garrett et al. 2007 & 2008). The stability and
maximum storage of carbon in CWD is determined based on the stability and resistance of wood against
decomposition (Mason et al. 2013; Moghimian et al. 2020). The decomposition of these dead woods plays a key
role in the carbon cycle (Koster et al. 2015). In addition, during the decomposition period, the ratio of carbon to
nitrogen rises (Yang et al. 2010; Bantle et al. 2014) and the amount of nitrogen declines after decomposition
(Bantle et al. 2014). Also, elevating the carbon storage content in CWD, leads to reduction in the greenhouse
gases (Mason et al. 2013) and elevating the nutrients in it during the degradation process (Yang et al. 2010). On
the other hand, the process of decomposition of CWD is due to change in physical and chemical structure
(Vanderwel et al. 2006), so that during the decomposition of wood, carbon is slowly released. In this way, if the
rate of decomposition of wood is high, the amount of carbon storage will also decrease, depending on the type of
species and the rate of decomposition of different species. The more the rate of gradual decomposition of wood
and the resistance of the wood to decay is high, the amount of carbon storage increases and it stays in the ecosystem
longer (Mason et al. 2013). Decomposition of various stages of dead tree plays an important role in global
greenhouse gases related to climate changes (Koster et al. 2015). Therefore, climate changes increase the diversity
and severity of pest and insect attacks, thus lead to elevation in the mortality and drought rate of trees. Tree
mortality reduces carbon in natural forests, which is a major factor in changing carbon storage among forest stands
(Mason et al. 2013). So, a huge amount of carbon is produced by CWD that plays a role in biomass, and
accumulates for centuries. On the other hand, all the carbon in the forest is made from biomass, which improves
the physical and chemical properties of snag dead woods (Mason et al. 2013). These dead woods play an important
role in ecology and forest management (Yuan et al. 2014; Cousins et al. 2015). Numerous studies have been
conducted on carbon storage, the food element cycle, and the decomposition of coarse woody debris (CWD). Wu
etal. (2019) found that three factors, including increasing ultraviolet radiation, nitrogen decomposition and global
warming accelerate the decomposition of CWD in forest ecosystems. Nitrogen level in CWD drops at each stage
of decomposition (Bantle et al. 2014) and CWD is a source of nitrogen (Bantle et al. 2014). In adition, in semi-
deciduous forests, nitrogen concentration in dead woods increased by elevating in degradation classes (Koster et
al. 2015). The dynamics of CWD is based on carbon storage and decomposition rate (Russell et al. 2015). All the
carbon in the forest was biomass and the tree destruction classes exhibited a gradual and slow elevation in carbon
concentration (Cousins et al. 2015). In managed forests, CWD plays a very important role in carbon storage and
for a long time, contributes to the stability of carbon storage in natural ecosystems (Olajuyigbe et al. 2011). CWD
also affects the sustainability of carbon storage, which can accumulate over several centuries and plays as a main
component and key role in biomass (Schmid et al. 2016; Mason et al. 2013). The amount of carbon storage in
CWD of different species and decay stages has affected the biomass (Cosmo et al. 2013) and also, in different
tree species, high levels of carbon enter the soil from CWD (Bantle et al. 2014). Accordingly, the main objectives
of the present study were to (i) disclose the amount of CWD, (ii) quantity the types, tree species, decay stages and
diameter classes of CWD, carbon dynamics and nutrients in different decay stages of CWD in study area where
is remnant of virgin forests in Hyrcanian region.

MATERIALS AND METHODS

Study area

The research area, covering 950 ha, was located in the experimental forest of Kheirudkenar-Nowshahr as a part
of Hyrcanian forests in north of Iran (Fig. 1). The altitude range is 1150-1350 m and the mean slope is 30% on
the southwest-facing. The average annual temperature and annual rainfall are 15.9°C and 1300 mm, respectively,
and the climate belongs to the temperate zone. The study area is an uneven-aged high forest that is mostly
dominated by Beech (Fagus orientalis Lipsky) and Hornbeam (Carpinus betulus L.) followed by other species
(Ulmus glabra Huds., Quercus castaneifolia C.A.Mey., Alnus subcordata C.A.Mey., Acer velutinum Boiss. and
Tilia begonifolia Steven). The average canopy is more than 80% with relatively moderate regeneration.
(Anonymous 2010).

Research Method
According to previous studies and documents, some of areas including 4 unmanaged stands (compartment) with
approximately 50 ha (after decreasing side effects of neighbour area) represent the least human influenced of
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forest and have been concluded as virgin forest. These areas were considered as study area. In addition, all CWD
(snag and log) with an average middle diameter more than 7.5 cm was recorded (Amiri et al. 2015). The distance-
azimuth method (Meour 1993) was used to determine the position of the all CWDs in the study area. For snag,
the type of species, diameter at breast height and height, while for log, species type, the average diameter and their
length were determined and recorded. For non-circular cross-sections of CWD, especially in the higher decay
stages, diameter was determined by tape. The degree of CWD decay (snag and log) was determined using the
modified proposed method of Christensen & Vesterdal (2003; Table 1).

555000 556000 559000

Fig. 1. Geographic location of the study area in Kheyroud Educational-Research Forest.

—
558000

Table 1. Decay classification for CWD; Modified from Christensen & Vesterdal (2003).

Decay phases Bark Twigs branches Softness Surface Shape
intact or .
missing only in hard or knife covered by
D1 gony present penetrate 1-2 bark, outline Circle
small patches, mm intact
more than 50%
. only branches hard or knife .
missing or less smooth, outline .
D2 (>3cm) penetrate less . Circle
than 50% intact
present thanlc
begin to be smooth or
. . soft, knife crevices .
D3 missing missing . Circle
penetrate 1-5 present, outline
cm intact
. large crevi
ot lalfe e
D4 missing missing penetrate more - p circle or elliptic
missing,
than 5 cm L
outline intact
soft, knife large pieces
L L missing, . .
D5 missing missing penetrate more . flat elliptic, covered by soil
outline partly
than 5 cm
deformed

All deadwoods were categorized in three diameter classes including small-diameter (7.5-32.5 cm), medium-
diameter (32.5-5.57 cm, and large-diameter (>57.5 cm; Sagheb-Talebi & Schutz 2002), and also five degrees of
decay (Table 1 and Fig. 2). In the study area predominant frequency of deadwood mainly belonged to beech and
hornbeam. Other species exhibited very low frequency and even some decay classes were not observed.
Accordingly, once studying other species, CWD nutrients was not abandoned due to the lack of sufficient samples.
To measure the nutritional elements of CWD, from the stump or the end part of the trunk of the CWD (beech and
hornbeam) in each parcel, 3 samples in each diameter class and each degree of decay were taken randomly and
mixed together, considering as a combined sample (3 diameter classes x 5 decompaosition classes x 4 parcels as
replications). In total, 60 specimens were taken with the difference that the hornbeam CWD was not present in
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the region with the degree of decay one. It was placed in special bags and transferred to the laboratory. Then,
carbon, phosphorus, potassium and nitrogen of the CWD samples were measured using standard methods (Gubena
& Soromessa 2017; Alvarez-DaAvila et al. 2017).

DDWs

Fig. 2. Different decay stages of CWD.

Statistical data analysis

All data were tested for probability of fit to normal distribution by a Kolmogorov-Smirnov test. Then, One-Way
ANOVA was used to compare nutrients and C/N trunk Beech and Hornbeam CWD. To identify the most
influential gradients, principal component analysis (PCA) was applied to the factors that were found to be related
to decay classes, but were mostly independent from each other. PCA is the ordination technique that constructs
the theoretical variable that minimizes the total residual sum of squares after fitting straight lines to the data
(Jongman et al. 1995). In the case of PCA, all the data were standardized to zero mean and unit variance, and the
analysis was done on the correlation matrix. All statistical analysis was done using SPSS version 16 and Pc-Ord
version 5.

RESULTS

Descriptive analysis

The results of the descriptive statistics of beech and hornbeam CWD in the studied forest are presented in Table
2. The density per hectare of beech snag CWD (3.35) was higher than that of log CWD (2.85), but the volume per
hectare was the opposite. In the case of the hornbeam, the volume per hectare of log CWDs (0.50) was higher
despite the higher density of snag CWD (1.15) compared to log CWD (0.60), while in the case of the other species,
the density per hectare (0.6) was higher despite the volume per hectare (0.4). In total the density per hectare and
the volume per hectare of beech CWD is higher than hornbeam CWD.

Table 2. Descriptive statistics of Beech and Hornbeam CWD.

Beech Hornbeam Other species
Snag Log Snag Log Snagand Log
Density (n.ha™) 335 285 115 0.60 0.6
Volume (m®ha') 225 860 0.20 050 04

Other species (UImus, Quercus, Alnus, Acer and Tilia).

The nutrients of the CWD

The results of the average amount of nutrients in the trunk of CWD (snag and log) of beech and hornbeam are
presented according to the diameter classes and degrees of decay. The nutrients in the trunk CWD in the diameter
classes and the degrees of decay showed that there was no significant difference (Table 3).



Khalili et al. 309

Table 3. Results of comparing nutrients of trunk CWD based on diameter classes and decay stages.
CWD (Beech and Hornbeam)
C (%) P (%) K (%) N (%)
CwD CwD CwD CWD

Diameter class (cm)

Small 57.5° 0.42 0.1# 0.5%
Medium 57.4° 0.42 0.09° 0.6*
Large 57.3¢ 0.3¢ 0.07¢ 0.7#
Decay stage

D1 582 0.42 0.1¢ 0.4%
D2 57.5¢ 0.5° 0.1¢ 0.6*
D3 57.4° 0.6 0.1# 0.7#

D4 57.3% 0.42 0.1# 12
D5 57.2¢ 0.2¢ 0.1# 0.8%

Note. a: there is no significant difference at 95% confidence level.

The amounts of nutrients in the trunk beech CWD (Table 4) depicts that the percentage of carbon in the trunk
CWD is significantly different in the three diameter classes. There was no significant difference in the nutrients
of the trunk Beech CWD between the diameter classes and the degrees of decay (Table 4).

Table 4. Results of comparing nutrients of trunk Beech CWD based on diameter classes and decay stages
Beech CWD

C (%) P (%) K (%) N (%)

CwWD CwWD CwWD CwD

Diameter class (cm)

Small 57.5% 0.42 0.12 0.5%
Medium 57.4° 0.5% 0.1# 0.5%
Large 57.2¢ 0.3% 0.07% 0.5%
Decay stage

D1 582 0.4% 0.12 0.4%
D2 57.7° 0.5% 0.1# 0.6°
D3 57.6° 0.4% 0.12 0.7%
D4 57.22 0.4% 0.12 0.7%
D5 57.4° 0.2% 0.12 0.8%

Note. a: there is no significant difference at 95% confidence level.

Table 5 depicts that in the three diameter classes of hornbeam CWD, the percentage of trunk phosphorus CWD
in the small and medium-diameter classes were significantly different. The nutrients in the trunk Hornbeam CWD
in the diameter classes and the degrees of decay exhibited no significant difference (Table 5). The C/N ratio was
also obtained for beech and hornbeam CWD and whole species (Table 6). In terms of diameter classes and degrees
of decay, for beech and hornbeam CWD and whole species, the rate of decay between the trunk CWD was
significantly different. Noteworthy, the ratio of C/N in all CWD and in their trunks decreased by the elevated
degree of decay, likewise, by upraising in the diameter of the CWD, this rate was elevated.

PCA of different decay classes in relation to the characteristics of CWD trunk

Principle component (PCA) was used to determine the relationship between the physical and chemical
characteristics of the trunk CWD and the degrees of decay. First, the data was standardized. The results of the
eigenvalues, the percentage of variance and the percentage of cumulative variance of components (Table 7)
showed that the first and second components have the highest value of eigenvalues. This means that these two
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axes explain the highest variance (more than 62%) of the trunk CWD characteristics in relation to the degrees of
decay. In other words, the results of these two components are close to reality and can be interpreted.

Table 5. Results of comparing nutrients of trunk Hornbeam CWD based on diameter classes and decay stages.

Hornbeam CWD

C (%) P (%) K (%) N (%)
CWD CWD CwD CWD

Diameter class (cm)
Small 57.42 0.3% 0.1 0.6
Medium 57.42 0.3% 0.08? 0.72
Large 57.42 0.3% 0.07? 0.8%
Decay stage
D1 - - - -
D2 57.4° 0.5% 0.12 0.6%
D3 57.3° 0.7¢ 0.12 0.72
D4 57.1° 0.3% 0.12 1.32
D5 572 0.3% 0.12 0.7%

a: there is no significant difference at 95% confidence level.

Table 6. Results of C/N values comparison of trunk beech, hornbeam and total CWD.

Hornbeam Beech Total
CIN CIN CIN
Diameter class (cm)
Small 52.2 82.1 63.9
Medium 82 81.7 81.9
Large 82 95.7 95.7
Decay stage
D1 - 82.9 82.9
D2 38.3 115.4 81.7
D3 95.5 115.2 75.7
D4 81.6 63.6 68.2
D5 81.4 57.7 52.3

Note. a: there is no significant difference at 95% confidence level.

Table 7. Eeigenvalues and individual and accumulative variances of first 3 PCs.

Components eigenvalue Variance (%) Cumulative variance (%)
1 2.043 40.865 40.865
2 1.061 21.218 62.083
3 0.940 18.791 80.874
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Table 8. depicts the eigenvectors of characteristics of the trunk CWD with the first and second axes of PCA. The
degrees of decay of CWD (beech and hornbeam) exhibited the most positive relationship with potassium (0.3175)
and nitrogen (0.6442; Table 8). Based on the second PCA axis, carbon (-0.8162) and potassium (0.4959) of trunk
displayed the highest relationship with the degrees of decay of beech and hornbeam CWD. Fig. 5 illustrates a
diagram of the conformity of the first and second axes.

Table 8. Eigenvectors of PCA axes and relation between decay stages via the trunk CWD.
Trunk properties PC1 PC2

Carbon -0.1209 -0.8162
Potassium 0.3175  0.4959
Phosphorus -0.2409  -0.0433
Nitrogen 0.6442  -0.2150
CIN -0.6416  0.1995
s
Py :
NSAN: Fe9 F39 AC»"
csy A gF A
C/N F38 Fs2 'y - AFSS A
F34 Fi6, F31 Ff"g‘;‘so :c‘ AT A &
Arss‘ g n_: b & Axis1
FI24C
C214 P‘ 46 pc22 C34
i e €267 “caa c33 &
l‘NAAcn & 2 A57
2 F54
€36 ‘F’:a.: o Gt
cs2ah D° B
‘Csvi
F37
A
i
C

Fig. 5. A 2-dimensional principal components analysis of trunk properties and decay stages (C: Carbon; K: Potassium; P:
Phosphorus; N: Nitrogen; F21: Fagus, C21: Carpinus and numbers show decay stages and frequency respectively).

DISCUSSION

In the present study, the nutrient elements of the CWD trunk were evaluated according to the degree of decay and
diameter classes and also identified the most influential gradient. Although dead woods have low commercial and
economic value, they have fundamental ecological values. In the forest, organic matter is added to the forest soil
from high disturbances or underground sources (Emtiyazi 2002). In general, plant organic matter contains about
15-60% cellulose, 10-30% hemicellulose, 30-50% lignin and 2-5% protein (Kogel-Knabner 2002). Dead woods
are a huge source of cellulose and a large amount of organic matter that, over time, enter into the biological cycle
of forest soil by decomposing (Lutz et al. 1966; Spears & Lajtha 2004; Cousins et al. 2015). Cellulose is one of
the most abundant components of plant residues and is often associated with hemicellulose and lignin. In the life
cycle and death of the forest ecosystem, the material taken from the soil enters the forest again after the death of
the organism. Notably, cellulose is the main source of carbon storage in the forest (Cousins et al. 2015), which is
slowly released in the forest during the decomposition processes. Dead wood is a combination of internal and
external skin materials, inside and outside the wood. The share of each of these parts varies depending on the
species, size and age of the tree. The inner skin, which is a combination of cambium and phloem, is rich in sugar
and generally decomposes much faster than other wood compounds (Harmon et al. 1986). Inside wood, in many
species, has a large portion of the CWD. It decomposes relatively later, since it contains the antifungal and anti-



312 Carbon dynamics and nutrients...

insect extracts and may have more density. The results of the density of beech and hornbeam CWD showed that
its value in CWD of beech is higher than that of hornbeam CWD. Such a result was to be expected, since the
structure of the forest under study is seed borne inconsistent with the dominant beech-hornbeam type. The density
of CWD (log and snag) of the two species with volume per hectare showed that despite the small number per
hectare, they have allocated a larger volume. The latest data show that the volume of CWD in the untouched
Hyrcanian beech forests is between 7 and 196 m®/ha per hectare and an average of 56 m%ha (Sagheb-Talebi et al.
2020). According to another study, the volume of CWD in the forests of Northern Iran is 5-54 m%ha (Mataji et
al. 2014). Other results also show that the volumetric inventory of CWD in the forests of Northern Iran is lower
than in European forests, which may be due to some reasons such as species type, temperature fluctuations and
decomposition rate (Amanzadeh et al. 2013). According to studies, the density of CWD is directly related to the
mortality rate of trees (Yan et al. 2007). On the other hand, the elevated temperature due to climate change has
led to the increased tree mortality, which in turn tends to an upraised density of CWD (Pennisi 2009). Examining
the nutrients in the trunk CWD showed that in different diameter classes, the percentage of carbon, potassium and
nitrogen in the trunk of CWD is higher, and also the highest percentage of nutrients is related to carbon. This
element makes up the largest percentage of dead wood tissue (Kooch 2012) and is known as an energy supplier
for metabolism in plant tissues (Zibilske 1994). On the other hand, CWD are one of the main factors in carbon
balance in ecosystems (Harmon et al. 2011). In the present study, the percentage of nitrogen exhibited an
increasing trend by elevating diameter of CWD and degree of decay class, consistent with results obtained by Noh
etal. (2017), Holub et al. (2001) and Ganjegunte et al. (2004). The upraised nitrogen content in the trunk of CWD
may also be affected by the stabilization of nitrogen and its entry occurs through precipitation into the trunk of
CWD (Klockow et al. 2014). CWD releases nutrients through the decomposition process (Palviainen et al. 2010),
depending on climatic conditions and species. Factors such as wood moisture, average annual temperature, and
decomposers also affect the rate of decomposition of CWD (Beets et al. 2008). The released nutrients can be
absorbed through the soil and to be available to soil microorganisms (Zhou et al. 2007). Effect of dead wood
decomposition on soil varies depending on soil characteristics and nutrient conditions (Thiffault et al. 2006). The
nutrients in CWD function as factors in improving the biodiversity and abundance of ectomycorrhizal fungi
(Graham et al. 1994). Due to the release, nutrients by CWD play an important role in storage of nutrients in
ecosystems (Augusto et al. 2008). The results obtained from the decay rate values (C/N) showed that for
hornbeam, beech and whole species, this amount for the trunk of CWD is higher. In general, the rate of decay in
the trunk of CWD in different diameter classes revealed an increasing trend. Furthermore, different degrees of
decay showed a decreasing trend in the trunk of the CWD. Also, by the elevated degree of decay in all CWD, the
C/N ratio declines, which is consistent with the results of Creed et al. (2004). In addition, Yang et al. (2010) and
Mogimian et al. (2020) reported that as the decay upraises, the amount of carbon in the CWD declines, however,
the amount of nitrogen increases. The C/N ratio also drops by the elevated decay. The increased nitrogen level
may be due to the activity of fungi and bacteria (Brunner & Kimmnis 2003) that stabilize nitrogen and
precipitation (Garrett et al. 2008). Dissolution of carbon of CWD also results in nitrogen inactivity (Fierer et al.
2001). As mentioned earlier, the increase in nitrogen and, in contrast, the reduction of carbon in the trunk of CWD
upon an elevated degree of decay may be the cause of this trend. The results of PCA showed that the most
important factors in relation to the degree of decay included nitrogen, carbon and potassium. Other variables such
as phosphorus are placed in the next order. So that, Eshagi Rad et al. (2009) have considered the phosphorus,
organic matter and exchanged cations to be important in the distribution of species in beech forest communities.
Noh et al. (2017) and Yang et al. (2010) also reported that by the increased decay, the nitrogen trunk CWD also
rises.

CONCLUSION

The present study demonstrated that the nitrogen and carbon concentrations among the decay classes and species
type of CWD should be considered. Decay rates were related to C/N ratio, which drops by the elevated degrees
of decay or CWD diameter. Whether CWD is a pure source of nutrients such as carbon, which are added to the
soil by the rotting of these elements and form a cycle of transferring nutrients from the CWD to the soil, depends
on the type of species and the length of decay of the CWD. However, clearly it is only in the long run that CWD
can play such a role in the nutrient cycle. In short, CWD are a constant source of nutrients. In other words, the
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transfer of nutrients such as carbon to the soil is not significant. On the other hand, examining the amount of
CWD can show the outcomes of climate change and land use change.
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