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Abstract Ecological significance of deadwood in
forest ecosystems is poorly understood. In the
present investigation an attempt has been made to
evaluate the physical and chemical changes as well
as estimate qualitative and quantitative characteris-
tics of deadwood based on a study of broad-leaf and
conifer in the subtropical region of Tarai in the dis-
trict of Udham Singh Nagar and a temperate moun-
tainous region in the district of Nainital in the Central
Himalayas, India. The broad-leaf forest showed the
higher amount of deadwood than that of the conifer
forest. Out of the two taxa the angiosperms showed
higher wood density, nitrogen, phosphorus and o-
cellulose concentration than gymnosperms. However,
the gymnosperm deadwoods showed higher amounts
of moisture content, carbon, lignin and C-N ratio with
increased decay phase, i.e. from decay phase 1 (least
decayed) to decay phase 4 (highly decayed). The
showed that due to the different wood characteris-
tics of the two taxa and different forest type there was
a great variation in the amount of deadwood nutri-
ents in different decay phases.
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Introduction

Greenhouse gas emission and wildfire management
have recently included inventory of C stored in dead-
wood at broad scales [1, 2]. Deadwood is distinguished
into two types, viz. standing and lying deadwood [3].
Standing deadwood consists of standing dead trees
refered to as snags and stumps. Snags are defined as
vertical pieces of dead trees, typically with a speci-
fied lower size limit. Coarse woody debris (CWD)
reaches the ecosystem through tree death and the
eventual fall of standing dead material.

The stage of deadwood decay is a very impor-
tant parameter in order to analyze ecological dynam-
ics and quantify carbon pools [4]. Among various
ways of classifying the level of decomposition of
deadwood, the most common classification system
is a 5-class system [5]. Nutrients are slowly released
from decomposing wood, which apparently prevents
their loss by leaching and contributes to their con-
servation, thereby helping to satisfy long-term nutri-
ent requirements of tree species [6]. Nutrients are re-
leased from deadwood slowly over a long time ; hence
deadwood acts as a natural fertilizer [7—10]. The re-
lease of nutrients can be performed by several differ-
ent processes.

Relatively not adequate research on the amount,
composition or dynamics of deadwood in Indian for-
ests has been carried out. In this study, the dead-
wood was sampled from the two mixed forest of Tarai
and hill zone and the identification of wood species
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Table 1. The volume (m’/ha ; means and standard deviations) of different deadwood types in two different forests and test
statistics for testing the difference in volume between two forests.

Proportion
of total
Volume m*/ha volume (%)
Broad- Broad- Test
Type of leaf Conifer leaf Conifer statistic Significant
deadwood forest forest forest forest (p < 0.05) level
Standing dead-
wood 3.62 £ 2.21 2.74 + 0.55 47.1 51.1 t =036 Significant
Lying dead-
wood 3.76 £ 2.26 248 + 1.11 349 30.97 t=1029 Significant
Stump 4.82 + 2.77 2.09 + 275 17.91 17.2
Total dead-
wood 12.2 7.36

due to advanced state of decaying was not possible
hence simple distinction conifer / broadleaved was
applied [11]. Further, the deadwood from the broad-
leaf and conifer forest of Uttarakhand, India are taxo-
nomically grouped into angiosperm and gymnosperm
to get better understanding of decomposition of tree
species having different wood characteristics. The
overall aim of this study was a quantitative and quali-
tative assessment of deadwood in natural forests and
evaluation of changes of physical and chemical con-
tent of deadwood during decomposition in relation
to decay classes and tree species.

Materials and Methods

The study was carried out in two natural forests in
the Kumaon Division of Uttarakhand the subtropi-
cal forest of Tarai zone of Udham Singh Nagar district
(29°N latitude 79.30 E) longitudes ; altitude 243.8 m)
and temperate forest of mountain zone in the Nainital
district (29°21°- 29°24” N latitude and 79°25” - 79°29°E
longitude ; altitude 1,940-2,100 m). Stand structure is
heterogeneous with Shorea robusta as a dominant
tree species of different sizes, canopy, gaps and re-
generation patches. The shrub layer is nearly absent,
but the forest floor is covered with carpet of herbs.
This area receives about an average of 1400 mm rain-
fall annually. The forest in Nainital district comprised
of Cupressus torulosa as a dominant tree species.
Average annual rainfall received in this area is 2488
mm.

Lying deadwood was sampled from study areas
for the physical and chemical analysis.The assign-
ment of deadwood to a decay class in the field was
based on a visual assessment of deadwood morpho-
logical characteristics. Representative specimens of
deadwood with the different decay classes and re-
gions were collected in the month of August. The
subsamples were taken by a chisel and a knife, the
deepness of sampling holes was about 10 cm. At all
sampling points the diameter of the log and decay
phase were recorded. The samples were wrapped in
plastic bags, brought to the laboratory and stored at
2°C. Subsamples were taken.

Volume of stump, standing and lying deadwood
was measured by recording length and diameter. The
formula of volume of cylinder is used for calculating
the volume of stump as the shape of stump can be
considered as a cylindrical. The volume of downed
logs was estimated by new genetic model for volume
estimation [12].

Ln (volume) = -2.2845+2.0349% Ln (dbh) +
0.6594xLn (length)
(with dbh in cm, length in m and volume in dm?)

The wood density of each block shaped dead-
wood samples was measured with the water displace-
ment method. The quality of deadwood can be deter-
mine on the basis of visual features of dead trees [13,
14]. Decay levels were assessed according to the five
decomposition classes [15] in the field of study areas
and deadwood sample logs were brought to the labo-
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Table 2. Means of investigated physical and chemical variables in different taxas with increase in decay phases.

o

Den- Lig- cellu-
Laxas and Mois- sity P nin lose
decay ture (g/ C N (kg/ (mg/ (mg/ C:N
phase (%) cm?) (%) (%) ha) 2) 2) ratio pH
Angiosperm
1 45.32 0.68 40.86 0.27 42.4 18.76 18.20 151.87 5.38
2 47.6 0.73 40.83 0.34 44.33 18.13 17.43 121.1 4.33
3 53.6 0.37 38.75 0.40 80.3 15.43 14.23 96.88 4.56
4 59.34 0.29 37.83 0.58 63.47 14.09 12.6 65.23 4.36
Gymnosperm
1 49.76 0.58 45.1 0.29 38.23 21.86 17.7 153.83  4.30
2 56.73 0.45 45.8 0.34 39.23 20.93 14.5 138.72  5.23
3 59.42 0.30 46.67 0.34 48.4 20.36 12.2 131 4.53
4 59.8 0.20 47.3 0.53 56.56 19.20 10.5 89.43 4.50

ratory for the physical and chemical analysis. Mois-
ture content measured by measuring sample weight
loss method and pH were analyzed using pH meter in
the laboratory. Lignin content was determined by a
round robin test protocol [16]. a-cellulose was ex-
tracted according to the standard procedure used by
[17]. Total of 50% of the ash-free mass will be calcu-
lated as the carbon (C) content [18]. Determination of
total nitrogen was done by kjeldahl method. The sta-
tistical analysis for the above mentioned parameters
was carried out using 7-test and two-way analysis of
variance (ANOVA) technique through microcomputer
32 (with the help of STPR-15 and 2).

Results and Discussion

Qualitative and quantitative
analysis of deadwood

On the basis of decay classification system [15] the
quality of deadwood was assessed including stand-
ing deadwood, lying deadwood and stumps in both
broad-leaf and conifer forest of Uttarakhand. Due to
regular interruption of local people it was not pos-
sible to find out the final decay class of lying dead-
wood, as it is often removed from the site to be uti-
lized as fuel wood.

There was a significant difference (p < 0.05) in

the components of deadwood volume of broad-leaf
forest and conifer forest. Statistical 7 - tests were not
performed considering stump due to the low number
of their occurrences in the data. In this study it was
found that the volume of deadwood was higher in
broad-leaf forest of Tarai region than the volume of
deadwood in the conifer forest of the Himalayan
mountains in Nainital district (Table 1). Lying dead-
wood and cut stumps are frequently used as a forest
fuel in the hill zone so this practice likely altered the
deadwood composition in the forest. Forest fuel har-
vesting reduces the volume of deadwood. The wood
density of gymnosperm was lower than that of the
angiosperm in decay phases. The wood density de-
creased very fast from decay phase 1 to 4 but from
decay phase 3 to 4 it decreased gradually in both the
species (Table 2).

Physical analysis of deadwood

pH decreases with decay phases but no clear trend
was found in data. The effect of tree species, decay
phases and their interaction were found to be signifi-
cant (p < 0.05). The pH of deadwood for both the
taxas was found slightly acidic in nature. Most of the
investigations have been found showing decreasing
pH values during decay [19]. Variation in the mois-
ture content of deadwood found significant (p < 0.05)
among decay phase between two species. Moisture
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Table 3. Statistical analysis (two-way ANOVA) of the physi-
cal and chemical parameters. Factor a=tree species, Factor
b=decay phase, a*b = Interaction of tree species and decay
phase, NS=Non-significant (p > 0.05), ** = Highly signifi-
cant (p<0.05), *=Less significant.

Signi-
ficant
SEm CD level
Moisture
Factor a 0.11 0.33 NS
Factor b 0.15 0.46 *
a*b 0.22 0.66 %
Density Factor a 0.32 0.98 NS
Factor b 0.46 0.13 *
a*b 0.65 0.19 %
C Factor a 0.21 0.63 NS
Factor b 0.29 0.89 NS
a*b 0.42 1.26 %
N Factor a 0.59 0.17 *
Factor b 0.83 0.25 *
a*b 0.11 0.35 %
P Factor a 0.43 0.12 NS
Factor b 0.60 0.18 *
a*b 0.86 0.25 %
L Factor a 0.38 1.15 NS
Factor b 0.54 1.63 *
a*b 0.77 2.31 NS
a cellu- Factor a 0.34 0.10 NS
lose Factor b 0.49 0.14 *
a*b 0.69 0.20 %
C:N Factor a 2.28 6.8 NS
Factor b 3.23 9.6 *
a*b 4.57 13.7 *
pH Factor a 0.56 0.16 *k
Factor b 0.79 0.23 *
a*b 0.11 0.33 %

content increased during decay, its value being low
in decay phase 1 to 2 and was much higher in decay
phase 3 to 4 in angiosperm whereas the value of mois-
ture content in gymnosperm was slightly more than
in angiosperm. The moisture content found in this
study was different for gymnosperm and angiosperm,
which might be due to the heavy rainfall at the time of
sample collection from the study area. The water hold-
ing capacity and porosity of well decayed, soft
woody material is much higher than that of the hard-
wood.

Chemical analysis of deadwood

In this study, deadwood type (i.e. broad-leaf vs coni-
fer) alone did not show any significant difference in

the carbon content of deadwood (p > 0.05) and non-
significant difference among decay phases was ob-
served (p > 0.05) (Table 3). It was observed that
there was significant (p < 0.05) interaction between
the tree species and decay phases. In the case of
gymnosperm wood, there was more C content as it
was decayed to a greater extent. The inverse ap-
peared true for angiosperms. In angiosperm there was
7.41% decrease in the amount of carbon content from
decay phase 1 to decay phase 4 whereas there was
4.5% increase in the carbon content in the gymno-
sperm. A possible cause of different temporal pat-
terns in major tree taxa might be associated with the
prevalence of white versus brown - rot fungi. White-
rots are commonly responsible for the degradation of
lignin in angiosperm whereas brown-rots, which are
incapable of degrading lignin, are more prevalent in
gymnosperms.

The nitrogen content varied significantly be-
tween tree species and among decay phase (p <
0.05). In both species, N content increased from de-
cay phase 1 to 4. The concentration of nitrogen in-
creased during decay. The nitrogen (N) in deadwood
is released at slower rates than fine litter and retained
within the ecosystem for a long time, suggesting that
deadwood is a pool for slow N circulation.

There was no significant (p > 0.05) difference in
phosphorus concentration among decay phases. The
significant (p < 0.05) interaction between tree spe-
cies and decay phase was observed. Earlier studies
indicated that P was most limiting at the fir site. It is
been reported that phosphorus has strong potential
to remain immobilized in woody debris [20].

In gymnosperm wood o.-cellulose varied signifi-
cantly (p <0.05) from decay phase 1 to 4. Significant
differences were observed due to interaction between
tree species and decay phases. Cellulose content was
not statistically different between species. The cellu-
lose concentration decreased with the increase in the
decay phase in both the species. The cellulose con-
tent of gymnosperm was decreased by 40.6% from
decay phase 1 to 4, whereas cellulose content of
deadwood decreased by 30.7% from decay phase 1
to 4. Cellulose is easily decomposed by decompos-
ing organisms, particularly in coniferous trees that



are characterized by a relatively simple wood struc-
ture [21]. In gymnosperms there was 12% loss of ini-
tial amount whereas in angiosperm 24.89% loss of
initial amount was observed.

The lignin concentration decreased with the in-
crease in decay phase. Decay phase showed signifi-
cant (p < 0.05) differences in the amount of lignin.
Statistically, the interaction of tree species and decay
phase was found non-significant (p > 0.05). The
amount remained the same in the initial decay phase
from decay phase 1 to 2 in angiosperm and then de-
creased faster from decay class 3 to 4. In gymno-
sperm lignin decreased slowly from decay class 1 to 3
and then sudden change in the lignin content was
observed. In gymnosperms, lignin would be slowly
degraded due to the resistance to decay of guaiacyl-
based lignin, while in angiosperms ; syringyl-based
lignin would tend to be more easily decomposed [22].
The decomposition of lignin was higher in the initial
stage of decomposition in angiosperm than in gym-
nosperm while in the late stage of decay, lignin de-
composition tended to be higher in gymnosperm.

C: Nis akey indicator of decomposition process
in deadwood. Tree species showed non-significant
(p>0.05) difference in ratio. Highly significant (p <
0.05) difference was observed in the C : N among
decay phases. The tree species and decay phase in-
teractions were found significant (p <0.05). Gymno-
sperm shows higher C : N ratio in initial decay phase
than gymnosperm and decreases with the increase in
decay phases in both the species.

Certain environmental conditions as well as the
growth and activity of the microorganism and insects
in both the forests may contribute to the fast loss of
nutrients from dead trees as well. Precipitation in Tarai
region is abundant and often evenly distributed
throughout the frost-free season which may enhance
the leaching process.

Conclusion

Deadwood may serve as a vital component in the
forest ecosystem by carrying out the nutrient cycling
and transferring the nutrient from one system to an-
other. The nutrients of deadwood vary between tree
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species and regions. The purpose of this study was
to estimate the contribution of the deadwood in main-
taining the forest health.
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