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Abstract

A significant parameter that links plants to soil is microbial biomass. Therefore, measurement of the biologically-active
fractions of the soil organic matter, such as microbial biomass C, N and P, is a good way to quantify the quality of the soil. In
this study, the seasonal dynamics of microbial biomass C, N and P and associated microbial properties were investigated in the
forest floor (litter, fermentation and humus) and topsoil (0 — 5 cm) under a stand of Bornmullerian fir (Abies nordmanniana subsp.
bornmiilleriana Mattf.). According to One-Way ANOVA, the study showed that seasonal changes have a significant effect on the
quantities of microbial biomass C, N and P and associated microbial properties in the forest floor and soil. According to our
study, the greatest amounts of microbial biomass C, N and P in the forest floor and topsoil occurred during summer. Also, it can
be said that seasonal variations have significant effects on microbial biomass C, N and P in the forest floor and soil because they
alter the climate and chemical characteristics of the soil. Annual releases of C, N and P through microbial biomass were found
higher in the forest floor than in soil. The results of this study indicated that variations in the microbial biomass and basal
respiration during the different seasons are related to microbial activity changes.
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Ozet

Toprak ile bitki arasinda baglanti kuran en 6nemli parametre mikrobiyal biyokutledir. Bu nedenle, mikrobiyal biyokiitle
C, N ve P gibi toprak organik maddesinin biyolojik olarak aktif bolimlerinin 6l¢timi, toprak kalitesinin belitlenmesinde ¢ok
faydali bir yoldur. Bu calismada, Uludag Goknart (Abies nordmanniana subsp. bornmiilleriana Mattf.) mesceresi altindaki ist toprak
(0 — 5 cm) ve 6lu 6rtiideki mikrobiyal biyokitle C, N ve P ile diger bazt mikrobiyal 6zelliklerin mevsimsel degisimi arastirilmistir.
Basit varyans analizi (One-Way ANOVA) sonuclarina gére, mevsimsel degisim tst toprak ve 6l Ortiiye ait mikrobiyal biyokiitle
C, N ve P ile diger bazt mikrobiyal 6zellikler tizerinde 6nemli etkiye sahiptir. Bu calismaya gore, tst toprak ve 6li 6rtude en
yiksek mikrobiyal biyokiitle C, N ve P icerigi yaz mevsiminde elde edilmistir. Ayrica, mevsimsel farkliik topragin kimyasal
Ozelliklerini ve iklimi degistirmesinden dolayt mikrobiyal biyokiitle C, N ve P igerigi tizerinde de 6nemli etkiye sahiptir.
Mikrobiyal biyokitleden serbest kalan C, N ve P miktarinin 6li Ortide topraktan daha fazla oldugu tespit edilmistir. Bu
calismanin sonuglart farkli mevsimlerde mikrobiyal biyokiitle ve bazal solunumdaki degisimlerin mikrobiyal faaliyetteki
degisimlerden kaynaklandigint gbstermektedit.

Anahtar kelimeler: Bazal solunum, biyokimyasal 6zellikler, Cric:Corg ylizdesi, Cmic:Pmic orani, metabolik katsayt (qCO»)
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INTRODUCTION

Soil microorganisms contribute to the
maintenance of soil health and quality by controlling
processes, such as decomposition of animal-plant
residues, biogeochemical cycles, formation of soil
sttucture and its maintenance, and the fate of
agrochemicals and pollutants applied to soil. In
addition to their significant role in soil functioning,
soil microorganisms are potentially useful indicators
of soil health and quality. They respond to soil
management in time scales that are relevant to land
managers. For example, changes in microbial biomass
or abundance of selected functional groups of
microorganisms (e.g. mycorrhizal fungi) can be
detected precisely and rapidly when compared to
changes in soil organic matter content or other soil
physical and chemical properties (Powlson and
Jenkinson 1981; Powlson et al. 1987; Pankhurst et al.
1997). Microbial parameters are proposed as rapid
and sensitive indicators for detecting changes in soils.
Today, international programs for monitoring soil
health and quality involve the measurement of several
biochemical properties such as microbial biomass,
basal respiration, microbial diversity, and soil enzymes
(Sparling 1997; Nielsen and Winding 2002; Alvarez et
al. 2009).

However, in spite of its importance, the
quantity of data on biomass and activity of
microorganisms is limited in the natural forest
ecosystems of Turkey compared to other countries.
Although there are some studies on the soil microbial
biomass in different forest ecosystems (Joergensen et
al. 19952 1995b; Mahia et al. 2006; Kara et al. 2008;
Kara and Bolat 2008a; Alvarez et al. 2009), the
knowledge of seasonal changes in the microbial
biomass and basal respiration in forest ecosystems is
limited (Maithani et al. 1996; Chen et al. 2003; Patel et
al. 2010; Kara et al. 2014). The fact that seasonal
changes affect the soil moisture, soil temperature,
root activity and amount of organic matter give rise to
fluctuations in the soil. Also, these fluctuations vary
according to factors such as soil type, amount and
type of vegetation, land use and management (Kramer
and Green 2000; Chen et al. 2003).

This study had three aims: (1) to determine
the contents of C, N and P in forest floor and soil; (2)
to determine the seasonal fluctuation in microbial
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biomass (C, N, and P), basal respiration and microbial
indices (Cmic:Corg, CmicZNmic, NmicZNtoml, Cmic:Pmic) in
forest floor and soil; and (3) to evaluate the influence
of climate and soil properties on microbial biomass
and basal respiration.

MATERIALS AND METHODS

Study area

The study was carried out between April-
2009 and January-2010 in the city of Arit-Bartin in
Turkey, near the Western Black Sea region of Turkey
(32°31'30"-32°40'00"  longitude and  41°39'00"-
41°42'00" latitude) with an average altitude of 830 m
(ranging from 750 to 910 m). The climate in the study
area is very humid, mesothermal, and characterized by
warm summers. There are four distinct seasons,
spring (March-May), summer (June-August), autumn
(September-November), and winter (December-
February). According to climatological data from the
past 31 years, the annual mean temperature in the
Ant-Bartin is 8.6 °C. January and February are the
coldest months with mean temperatures of (- 3.6) °C
and (-3.9) °C, respectively. July and August are the
hottest months with mean temperatures of 23.9 °C
and 242 °C, respectively. The mean annual
precipitation is 1431.4 mm, round 16.78% (175.2
mm) of which in spring, 21.36% (223.1 mm) in
summer, 31.78% (331.8 mm) in autumn, and 30.06%
(313.9 mm) in winter. The study area is dominated by
Abies nordmanniana subsp. bornmiilleriana. The surface
area of stand is roughly 31 ha. The canopy closure of
stand is between 70-100%, approximately mean 85%
which account for 378 trees per hectare, 30.68 basal
area m2 ha' and 315.7 fortune (or volume) m=3 ha'l.
The stand within its boundaries has approximately the
same properties. Also, there are infrequently Fagus
orientalis, Carpinus betulus, Sorbus torminalis, Buxus
sempervirens, llex colchica and Arbutus unedo in the study
area (TGDF 2001). Under the Bornmulletian fir stand,
there is a moder humus form (3-6 cm). Parent
material of the study area is limestone which is
calcareous, stony and fine texture.

Sampling of soil and forest floor materials

Topsoil (0-5 cm) and forest floor material
(litter, fermentation and humus) samples for both
microbial and physical-chemical analysis were taken
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systematically from 15 different sites in Bornmullerian
fir stand (in spring, summer, autumn and winter
seasons). In each season, 30-forest floor and soil
samples (totally 120) were taken from under the
Bornmullerian fir stand. In addition to, all the above-
mentioned samples were included in duplicate. Stones,
plant and root debris were removed before passing
the soil samples through 2 mm sieves. Samples were
stored at 4 °C until the measurement of microbial
biomass C, N, P and basal respiration. Other
subsamples of soil at a depth of 0-5 cm were collected
from topsoil by soil cores (9.1 diameter), air-dried,
ground and sieved (< 2 mm) for physical and
chemical analysis. Forest floor materials were also
collected from the same area and stored until analysis
as soil samples. To determine pH, organic C, total N
and available P, forest floor material was oven-dried
at 70 °C until constant weight. Forest floor materials
were then ground and sieved (<1 mm).

Physical and chemical properties of soil
and forest floor materials

The moisture content of soil and fotest floor
was determined gravimetrically. Soil samples were
dried in an oven at 105 °C while those taken from the
forest floor were dried at 70°C until constant weight
(Gilgur 1974; Karatz 1992). The temperature of both
soil and forest floor were measured in the field by
temperature sensors inserted into 0-5 cm depth while
the samples of the forest floor and soil were retrieving
in each season. Determination of soil particle size
distribution was done according to the hydrometer
method (Bouyoucos 1962). The pH of soil (1:2.5 w/v;
soil: water suspension) and forest floor material (1:20
w/v; forest floor: water suspension) were measured
by a pH meter (Rowell 1994). The organic C content
of the forest floor material and soil was estimated
using the potassium dichromate oxidation, and total
N content was estimated using Kjeldahl digestion
(Karadz 1992; Rowell 1994). The measurement of
plant available P in both forest floor material and soil
was done according to the modified ammonium
molybdate-ascorbic acid method. The absorbance of
the blue color formed was read at 880 nm using a
UV-vis  spectrophotometer (UV-2450 Shimadzu)
(Rowell 1994; Anderson and Ingram 1996; Kacar
1990).
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Biochemical properties of soil and forest
floor materials

Microbial biomass C, N and P were
determined by the chloroform fumigation extraction
method (Brookes et al. 1985). Microbial biomass C
(Cmic) was determined by modifying the Walkley Black
method (Brookes et al. 1985; Vance et al. 1987a) and
calculated by using the following equation (Vance et
al. 1987a):

Microbial BiomassC =K. X 2.64 1)

Where Kgc refers to the difference in
extractable organic C between the fumigated and
unfumigated samples and 2.64 is the proportionality
factor for biomass C released by fumigation
extraction.

The method described by Brookes et al.
(1985) and Anderson and Ingram (1996) was used for
measurement of microbial biomass N (Nmi) and
calculated as follows:

Microbial Biomass N =F, /0.54 2)

Where Fn is the difference between N
extracted from fumigated and unfumigated samples
and 0.54 is the fraction of microbial biomass N
released by fumigation extraction.

Microbial biomass P (Pmic) was determined
according to the method of Olsen et al. (1954) and
Brookes et al. (1982). Microbial biomass P was
calculated as following the equation below:

Microbial BiomassP=E_ /0.40 3)

Where Ep is the difference between P
extracted from fumigated and unfumigated samples
and 0.40 is the fraction of soil biomass P extracted
after CHCI; fumigation.

Basal respiration was determined by sodium
hydroxide (NaOH) trap method (Alef 1995). The
metabolic quotient (qCOz) was calculated as the basal
respiration rate (mg CO2-C h') g' of microbial
biomass (Anderson and Domsch 1990; Anderson and
Domsch 1993).

Statistical analyses

Simple variance analysis (One-Way ANOVA)
was performed to determine the difference in the
physical, chemical and biological properties of forest
floor and soil among the seasons. Tukey’s HSD and
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Tamhane’s T2 tests were carried out to compare the
mean value of physical-chemical properties and
microbial C, N, P, basal respiration and metabolic
quotient of forest floor and soil among the seasons. A
95 % confidence limit (p < 0.05) was selected to
indicate differences among samples.

RESULTS

Physical and chemical properties of soil
and forest floor materials

Differences and similarities in forest floor
and soil properties according to the seasons under
Bornmullerian fir stand were assessed for a variety of
characteristics (Table 1). Moisture content of forest
floor ranged from 65.48 to 187.06% and soil from
33.32 to 73.64%. The highest pH value was obtained
in the winter season for forest floor samples, while in
the soil samples it was in the spring season. The pH
values of forest floor samples showed statistically
significant (p = 0.001 < 0.05) difference whereas the
values of soil samples showed no significant (p =
0.111 > 0.05) difference. The percentage of organic C,
an important chemical property, ranged from 28.73 to
32.32% and 5.21 to 6.08% in the forest floor and in
the soil samples, respectively. Decomposition ratio
(Corg/Niowt) both in forest floor and soil was found
21.52 and 18.05, respectively in the spring as the
highest values.

Biochemical properties of soil and forest
floor materials

Microbial biomass C (Cumic)y Cumic:Corg
percentage and Cuic:Nmic ratio

The content of microbial biomass C in the
forest floor ranged from 3300.30 (in winter) to
5737.50 ug g (in summer) while in the soil samples it
was between 713.81 (in spring) to 1345.20 ug g (in
autumn) therefore it is approximately 5 times higher
in the forest floor than in soil. One-way ANOVA test
showed that both in the forest floor and soil there are
significant (p = 0.013 and 0.001 < 0.05, respectively)
differences among the seasons (Figure 1). Cumic:Corg
percentages in this study ranged from 1.11 to 2.03%
and 1.17 to 2.20% in forest floor materials and soil
samples, respectively. There are statistically significant
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(= 0.037 and 0.048 < 0.05 for forest floor and soil,
respectively) differences among the seasons (Table 2).
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Figure 1. Seasonal changes in microbial
biomass C content of forest floor and soil samples.
Values shown by different number and lower case

letter among the seasons are significantly different (p
< 0.05).

The ratio of Cmic:Nmic Obtained in the forest
floor and soil varied between 6.63 to 8.48 and 4.45 to
6.65, respectively. Cumic:Nmic ratio in both forest floor
and soil, which is frequently used as an indicator of
the community of microbial biomass and microbial
populations under stress due to C deficiency but
abundance of N (Jenkinson and Ladd 1981; Dinesh et
al. 2012), was higher in winter than in other seasons
and there were statistically significant (p = 0.001 and
0.007 < 0.05 for forest floor and soil, respectively)
differences among seasons (Table 2).

Microbial biomass N  (Nmic) and
Nimic:Niotal percentage

Maximum and minimum values of microbial
biomass N varied seasonally between 392.63 to
881.03 pg ¢! in the forest floor and 149.51 to 223.63
ng gt in the soil samples (Figure 2). The amount of
microbial biomass N in forest floor was 2.5-4 times
higher than in the soil and it peaked during autumn in
both samples. Microbial biomass N differed
significantly (p=0.000 and 0.000 < 0.05, respectively)
by the season both in the forest floor and in the soil.
Nmic:Nwiwl percentages of forest floor and soil were
2.28-5.28% and 4.28-6.33%, respectively. Nmic:Notl
percentages differed significantly (»p = 0.000 and 0.000
< 0.05, respectively) by the season both in the forest
floor and in the soil. In both examples Nmic:Niot
percentages were higher in summer and autumn when
compared to those in spring and winter (Table 2).
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Table 1. Changes in some physical and chemical properties of forest floor and soil among the seasons

Seasons and Samples Types

Physical and chemical properties of forest floor and Spring Summer Autumn Winter
soil F. F. F.

door Soil door Soil door Soil door Soil
Moisture (%0) 66.74' 4576+ 65.48' 33.32> 93262 50.95* 187.06> 73.64¢

Temperature (°C) 17.7 9.4 24.5 18.7 16.4 12.9 9.3 8.6
pH (H20) 6.45! 6.18 6.232 5.86* 6.643 5.88 7.294 5.90#
Organic C (%) 32321 6.060 28732 521> 29412  6.08¢  30.032  5.56°
Total N (%) 1.511 0.342 1.541 0.322 1.742 0.362 1.77% 0.322
Corg:Nroral Ratio 21.521  18.05+ 18942 16.11> 17.15% 16.92> 17.30° 17.422
Available P (ug g 12.141  4.83*  21.96> 7.64> 16.15% 556 1631> 595

Values shown by different number and lower case letter among the seasons are significantly different (» < 0.05).

Table 2. Seasonal changes inn Cuic:Corg (%0), Cmic:Nmic ratio, Nmic:Niotal (%0), and Cric:Pmic ratio of forest floor and soil

Seasons and Samples Types

Spring Summer Autumn Winter
Some proportions of
forest floor and soil g _ oy _ 5 _ 5 _
= 3 = 3 = 3 = 3
s S8 S F
Chnic:Corg (Y0) 1.451 1.17a 2.032 1.65> 1.922 2.22¢ 1.113 1.84b
Cmic:Nmic Ratio 8.10! 5.002 7.37 4.542 6.632 6.04b 8.48! 6.65>
Nmic:Notal (%0) 3.83! 4.28 5.282 6.10b 5.082 6.33b 2.283 5.002
Cic:Pmic Ratio 30.791 29.022 27.011 24.032 20.242 24.682 11.613 26.252

Values shown by different number and lower case letter among the seasons are significantly different (p < 0.05).

< 1200 1 )

1000 1
800 1

600 1 B Forest floor

400 1 @ Soil

200 1

Microbial Biomass N (ug &)

o
M

Summer Autumn Winter

Spring

Seasons

Figure 2. Seasonal changes in microbial
biomass N content of forest floor and soil samples.
Values shown by different number and lower case
letter among the seasons are significantly different (p
< 0.05).
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Microbial biomass P (Pnic) and Cuic:Prmic
ratio

The level of microbial biomass P varied from
156.99 to 289.34 ug ¢! in the forest floor while in the
soil the level ranged from 30.49 to 58.65 ng ¢! (Figure
3). The amount of forest floor microbial biomass P
was 5 times higher than the amount of soil microbial
biomass P. The maximum value of microbial biomass
P in the forest floor was obtained in the winter and
the minimum was in the spring. The minimum value
of microbial biomass P in soil samples was obtained
in the spring, while the maximum was obtained in the
autumn. Microbial biomass P both in the forest floor
and in the soil were significantly (» = 0.000 and 0.000
< 0.05, respectively) different among the seasons.
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Figure 3. Seasonal changes in microbial
biomass P content of forest floor and soil samples.
Values shown by different number and lower case
letter among the seasons are significantly different (p
< 0.05).

In this study, C:P ratio in microbial biomass
ranged from 4.4-52.5 in the forest floor and 10.3-77.0
in the soil. Mean microbial biomass C:P ratios are
shown in the Table 2. As shown in Table 2, microbial
biomass C:P ratio was significantly different (p =
0.000< 0.05) among the seasons in the forest floor,
but in the soil (p = 0.513 > 0.05).

Basal respiration and metabolic quotient

(qCO»)

Basal respiration of forest floor materials
varied between 6.94 and 10.42 pg CO2-C g! forest
floor h-!, while basal respiration of soil varied between
0.84 and 2.06 pg CO»-C g' soil h' (Figure 4).
Seasonally, basal respiration of the forest floor was
highest during winter, whereas the highest basal
respiration value of soil was found during the autumn.
Minimum values were recorded during the spring
both in forest floor and soil. Basal respiration of the
forest floor was higher than that of soil. Basal
respiration of forest floor was significantly different (p
= 0.000 < 0.05) among the seasons and summer,
autumn and winter values were higher than spring.

eurasscience.com

14 1
T 2 . .
g, ]
29 7]
T &S 61 @ Forest floor
< O P
§ g 4 @ Soil

2 e

0 e

Spring Summer Autumn Winter
Seasons

Figure 4. Seasonal changes in basal
respiration of forest floor and soil samples. Values
shown by different number and lower case letter
among the seasons are significantly different (p <

0.05).

The values of the metabolic quotient (qCO»)
ranged from 1.60 to 3.47 mg CO2-C g! Cpic h'! in the
forest floor and 1.18 to 2.41 mg CO2-C g! Cric h! in
the soil (Figure 5). The highest value of qCO: of the
forest floor was obtained in winter, whereas the
lowest was obtained in spring. The highest value of
qCO: of soil was found in summer and lowest was in
spring. The changes in the qCOz of forest floor and
soil studied are given in Figure 5. There were no
statistically significant (p = 0.348 > 0.05) difference
among spring, summer and autumn for the qCO; of
forest floor. Similar results were found for the value
of qCO; of soil except summer.
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Figure 5. Seasonal changes in metabolic quotient of
forest floor and soil samples. Values shown by
different number and lower case letter among the
seasons are significantly different (p < 0.05).
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DISCUSSION

Biochemical properties of soil and forest
floor materials

Mictrobial biomass C (Cmic)y Cmic:Corg
percentage and Cuic:Nmic ratio

Microbial biomass C for forest floor values
acquired in this study is similar to those in the
literature. In two different studies, Chen et al. (2003;
2005) reported the microbial biomass C values as
1863-9729 pg ¢! for mixed pine forest and as 978-

1712 pg ¢! for mixed forest, respectively. Bauhus et al.

(1998) found the microbial biomass C in different soil
types, age and tree species between 5570 to 13540 pg
g!. Likewise, in tropical, temperate and boreal forest
types this value was determined as 19-5506 pg g! in
the forest floor (Bauhus and Khanna 1999). In this
study, the obtained soil microbial biomass C values
are similar to those indicated (61-2000 pg g') by
Vance et al. (1987b) for temperate forest soil, (102-
2073 pg g') by Hernot and Robertson (1994) for
tropical forest soil, (270-1604 pg g!) by Mahia et al.
(2000) for pine forest soil, (68-1846 pg ¢!) by Tian et
al. (2008) for mixed forest soil and (94.2-1507.8 ng g
1) by Patel et al. (2010) for mixed forest soil.

Differences in the microbial biomass C may
be due to some factors like climate conditions, soil
type and properties, ground cover vegetation, number
of roots, land use and management types, as well as
variations in sampling times (Anderson and Domsch
1989; Priha 1999; Mutrtieta et al. 2007; Kara and Bolat
2008a; Kara and Bolat 2008b). For instance, there is
really a positive correlation between the soil moisture
with microbial biomass C (r = 0.342; p = 0.01) in this
study. Concerning the effect of seasons on microbial
biomass C, our results differ from other presented by
Diaz-Ravina et al. (1995); Alvarez et al. (2009). We
found content in C higher in summer and autumn, in
literature the highest content was seen only in winter.
This difference is explained by authors as follows:
high microbial biomass C observed in winter season
could be due to a larger proportion of fungi which are
the main contributors to biomass and are particularly
favoured by soil humidity.

Cimic:Corg percentage is related to substrate
quality and could be used as a stability indicator for
quick recognition of an environmental change
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(Bauhus et al. 1998; Anderson 2003). Cuic:Cory
percentage could also serve to indicate if soil carbon
is increasing, decreasing or at equilibrium (Anderson
and Domsch 1989). Jenkinson and Ladd (1981)
proposed that a 2.2 Cupic:Cory percentage is an
equilibrium threshold for soil. A wide spectrum of
Cuic:Corg percentages varying between 0.27 and 7.0%
is reported in the literature (Anderson and Domsch
1989). Bauhus and Khanna (1999) report that
Cmic:Corg percentages range from 0.3 to 8.1% in the
forest floor and from 0.3 to 9.9% in soil. According
to Anderson and Domsch (1989) this wide spectrum
of Chic:Corg petcentage depends on differences in soil,
vegetation cover, management, as well variations in
sampling time and analytical method. Cuic:Corg
percentage values of this study (Table 2) are well
within previously published ranges of Cic:Corg.

It is reported that if Cpic:Nmic ratio is high
(10-12), then the proportion of fungi in the microbial
community is higher, and if it is low Cpic:Nmic ratio (3-
5) reflects to the predominant proportion of bacteria
in the microbial biomass (Jenkinson and Ladd 1981;
Joergensen et al. 1995a; Devi and Yadava 20006). A
high Cuic:Nmic ratio in our study indicates that forest
floor materials have a larger proportion of fungi than
bacteria in the microbial community, and for the soil
vice versa. The higher values of Cpic:Nmic ratio in
winter are associated with low temperature, high
moisture content and plenty of N in both forest floor
and soil (Table 1). It is stated that there are strong
correlations between the time of sampling moisture
and microbial biomass (Schimel et al. 1999;
Arunachalam and Arunachalam 2000) and fungi is
much more adapted to low temperature conditions
than bacteria (Pietikdinen et al. 2005). Results of the
study fall into literature range: Cpic:Nmic ratio of forest
floor ranged from 3.0 to 17.3 (Bauhus and Khanna
1999; Chen et al. 2005), and 2.5 to 27.5 (Maithani et al.
1996; Bauhus and Khanna 1999; Merino et al. 2004;
Patel et al. 2010) for forest soil.

Microbial biomass N  (Nmi) and
Niic:Niowal percentage

The values of microbial biomass N obtained
from the forest floor are consistent with those
obtained by Bauhus et al. (1998) (663-1589 ug ¢!) and
Bauhus and Khanna (1999) (49-1831 ug ¢'). However,
in the forest floor of mixed forest Chen et al. (2005)
found a microbial biomass N of 209-329 pg g1, which
is much lower than our results. In the same study, a
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clear seasonal difference was mentioned and the
highest values of microbial biomass N were obtained
in winter and autumn during the lowest air and soil
temperatures, whereas in our study the highest values
were obtained only in autumn.

Although the total amount of soil microbial
biomass N as reported by Diaz-Ravina et al. (1995)
(42-191 pg g') was found similar with the results of
the study, seasonal fluctuations showed differences
indicating the highest biomass N in the spring and
winter while results of the study put forward the
autumn. According to Diaz-Ravina et al. (1995) the
lack of water has more influence on microbial
biomass than temperature. Obviously, the soil
moisture is positively correlated with microbial
biomass N (» = 0.275; p = 0.01) in this study. Other
factors are the supply of nutrients or substrate, the
relative  abundance of different groups of
microorganisms, and other environmental variables.
Patel et al. (2010) found clear annual variations in the
microbial biomass N (23.8-128.3 ng g¢') with the
highest biomass N in rainy season and lowest biomass
N in summer and autumn. These differences may be
due to the vegetation types, moisture, temperature,
pH, mineralization and immobilization events,
climatic conditions, as well as variations in sampling
times in both forest floor and soil. Previous studies
confirm this idea (Anderson and Domsch 1989; Priha
1999; Mutrrtieta et al. 2007; Kara and Bolat 2008a;
2008b).

The relatively high Nmic:Now (%0) points out
that availability of organic nitrogen components is
usually unlimited for microbial biomass (Khan and
Joergensen 2006). However, the low percentage of
Nmic:Niowl shows a decline in substrate quality (Bauhus
et al. 1998). Nmic:Nioul (%0) were all within the range of
values reported by Bauhus and Khanna (1999) (0.7-
19.8%) for forest floor. While Nmic:Niotl (%0) of soil is
higher than those reported by Devi and Yadava
(2006) (0.93-1.8%), Diaz-Ravina et al. (1995) (1.5-
4.5%) and similar to those reported by Priha and
Smolander (1997) (2.0-8.0%), Tian et al. (2008) (1.44-
12.40%), and Patel et al. (2010) (0.89-6.10%).

Microbial biomass P (Pmic) and Cmic:Pmic
ratio

Seasonal changes have a significant impact on
the microbial biomass P of forest floor and soil. The
microbial biomass plays a central role in the cycling of

eurasscience.com

soil phosphorus. Indeed, microorganisms are
important both as a sink for phosphorus and play a
role in the production of enzymes, e.g. phosphatases,
hydrolases, that catalyse the mineralization of organic-
P (Jenkinson and Ladd 1981; Stewart and Tiessen
1987; Hughes and Reynolds 1991). Also, microbes
compete aggressively with plants for available P in soil.
The importance of microbial immobilization of P is
illustrated by the fact that microbes often contain as
much as 20-30% of the total soil organic P, which is
much larger than the proportion of C (~ 1-2%) or N
(~ 2-10%) held in microbes. However, the capacity of
the soil microbial biomass to act as a sink for P is
strongly affected by environmental stresses, such as
wetting and drying, which are known to result in the
death of a portion of the soil microbial biomass.
Microbial biomass P is, therefore, an important
source of potentially available P in soil (Bardgett
2005). According to Hedley et al. (1982)
microorganisms growing in media with a high P
content usually assimilate more P than those growing
in media with low P content.

The values obtained for microbial biomass P
of the forest floor in this study were more or less
consistent with the order of the range reported by
Bauhus and Khanna (1999) (95-328 pg g') and by
Chen et al. (2003) (50.03-250 pg g1). Nevertheless,
the level of microbial biomass P in the forest floor
exceeded the wvalues reported by Hughes and
Reynolds (1991) (95.0-168.0 pg g1), while it remained
below the values reported by Chen et al. (2000) (38-
503 pg g1). In the present study, microbial biomass P
of soil is well within previous literature. For example,
it has been reported that microbial biomass P of soil
varied between 1.5-50 pg g! (Hedley and Stewart
1982) with 5-75 ug g! (Plante 2007). On the other
hand, microbial biomass P of soil was 67.2 ug g!
(Brookes et al. 1984) for deciduous forest, 9.23—74.81
pug g! (Arunachalam and Arunachalam 2000) for
subtropical humid forest, 17.7-174.3 ug g': mean
60.6 ug gt (Joergensen et al., 1995b) for Fagus sylvatica
forest. These differences in the microbial biomass P
may be due to the vegetation types, moisture,
temperature, pH, mineralization and immobilization
events, climatic conditions, as well as variations in
sampling times in both forest floor and soil (Diaz-
Ravina et al. 1995; Devi and Yadava 2006; Alvarez et
al. 2009; Patel et al. 2010).

Tate et al. (1991) and He et al. (1997) noted
that there is a relation between levels of plant
available P and microbial biomass C:P ratio. Low
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microbial biomass C:P ratio indicated high potential P
release from biomass, while high microbial biomass
C:P ratios illustrated the potential P immobilization in
biomass. Although Bauhus and Khanna (1999) found
the microbial biomass C:P ratio (13.3-36.5) to be
lower than results of the study, the results of Chen et
al. (2003) were found to be higher (22-219) than
present study. The differences of the results can be
explained by different vegetation type, quality of
forest floor, macroclimate, and stand canopy. The
literature indicates that there is a relationship between
biomass C:P ratio and stand canopy, which the
significant increase in biomass C:P ratio in the
understory is due to relatively sharper increase in
microbial C beneath closed canopy (Arunachalam and
Arunachalam 2000). Although microbial biomass C:P
ratio in the soil was similar to the ranges reported in
some studies, Bauhus and Khanna (1999) (5.1-35.1),
Chen et al. (2003) (19-65) and Devi and Yadava
(2006) (14.90-26.70) have found this ratio higher than
present results. This can be explained by low
microbial biomass P and high microbial biomass C
levels (Khan and Joergensen 2000).

Basal respiration and metabolic quotient

(qCO»)

Basal respiration (soil respiration), which is
the oxidation of organic matter to CO2 by aerobic
microorganism, correlates significantly with soil
organic matter and most microbial parameters and is a
key process in the carbon cycle of terrestrial
ecosystems (Alef 1995; Winding et al. 2005). Soil basal
respiration also provides an estimate of microbial
activity.  Different microbial activities reflect
differences in the cycling of the organic carbon and
organic carbon-bound nutrients within an ecosystem,
such as carbon, nitrogen, sulfur and phosphorus
(Winding et al. 2005). Chen et al. (2003) found that
basal respiration of soil (forest and grassland soils)
and forest floor materials was 0.17-0.65; 0.11-0.84 pg
CO2-C g' soil h'! and 1.21-40.94; 1.71-14.24 pg CO»-
C gt forest floor h'!, respectively. They also found
that basal respiration increased in the late spring
season but decreased in the autumn and winter. In
addition, basal respiration values of soil obtained in
this study coincide with those reported by Alvarez et
al. (2009) (0.30-1.20 pug CO2-C g soil h''), Tian et al.
(2008) (0.49-1.94 pg CO,-C g soil h'') and Merino et
al. (2004) (0.65-1.05 pg CO2-C g! soil h'). Basal
respiration values of forest floor and soil in the
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present study were higher in summer and autumn
because of the high soil temperature and moisture
(Table 1), which might promote the microbial activity.
Hence, soil basal respiration is positively correlated
with microbial biomass C (» = 0.715; p = 0.01) and
microbial biomass N (» = 0.665; p = 0.01) in this
study. According to Sparling (1997) and Alvarez et al.
(2009) soil respiration is a well-established parameter
to monitor decomposition, but it is also highly
variable and can show wide natural fluctuation
depending on substrate availability, moisture and
temperature.

Odum (1985) and Anderson and Domsch
(1993) asserted that high qCO2 can be a sign of a
stress response. Inversely, decreases in qCO: have
been related to plant succession (Insam and
Haselwandter 1989). qCO: gives an integrated
measure of the ecophysiological state of the soil
microbial community (Anderson and Domsch 1985;
Insam et al. 19906) as well as on the substrate quality
and availability (Dilly et al. 1997; Dilly and Munch
1998). Anderson (2003) reported that metabolic
quotient (qCOy) varied between 0.5 and 2.0 mg CO»-
C g' Cmic h'! in neutral soil. In our study, qCO2 of
forest floor and soil are above 2.0 mg CO2-C g Cric
h-! in winter and summer, respectively (Figure 5). This
could be explained by low temperature and high
moisture in  winter, which slows down the
decomposition of forest floor. Therefore, the qCO;
of soil is negatively correlated with soil moisture (r = -
0.171; p > 0.05) and microbial biomass C (r = - 0.266;
p = 0.01) in this study. Also, qCO of forest floor and
soil may be influenced by the amount and quality of
organic C used for basal respiration because basal
respiration is positively correlated with soil organic C
and microbial biomass, and the availability of suitable
substrates (protein, carbohydrate, glucose, etc.).
Hereby, due to the fact that the organic C content of
soil samples is lower in summer than in other seasons
(Table 1), qCO: of soil could have been higher in
summer. Anderson and Domsch (1986); Bauhus and
Khanna (1999) reported similar findings; they
indicated that if qCOx is high, available C content and
substrate quality are low for microbial biomass.
Therefore, little biomass can be produced because
more carbon is used for respiration (Anderson 2003).
The present values of soil qCO: fall within the
informed range of subtropical forest (0.74-10.17; Tian
et al. 2008), temperate deciduous forest (0.75-1.62;
Alvarez et al. 2009), conifer forest (1.8-2.6; Merino et
al. 2004).
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CONCLUSIONS

Seasonal ~ changes in  environmental
conditions such as temperature and moisture facilitate
the turnover of microbial biomass and consequently
can perform an important role in controlling nutrient
availability. Results obtained in this study clearly
demonstrated that the amount of C, N, P, microbial
biomass and basal respiration observed in forest floor
and soil are different and generally higher in the forest
floor. Our results also showed that in both forest
floor and soil microbial biomass C, N, P and basal
respiration change in accordance with soil moisture,
soil temperature, organic matter content and structure
of microbial community. For instance, the soil
moisture is positively correlated with microbial
biomass C and microbial biomass N while the soil
basal respiration is positively correlated with microbial
biomass C and microbial biomass N in this study.
Additionally, the qCO: of soil is negatively correlated
with soil moisture and microbial biomass C in this
study. Particularly, the wvatiation in the microbial
biomass C, N, P and basal respiration as well as Corg,
Cmic: Corg (%0) and Nmicc New (%) correspond to
seasonal changes. In other words, higher microbial
biomass and basal respiration have usually been
observed in summer and autumn while lower values
in spring and winter. Because microbial biomass is
used as indicator of soil activity, our findings suggest
that under the very humid and mesothermal climate
of the Western Black Sea region of Turkey, soil may
be more active in summer and autumn than in spring
and winter. Also, the data of the study can be utilized
comparatively for monitoring the possible future
changes in the microbial biomass and basal
respiration of forest floor and soil under
Bornmullerian fir stand.
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