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ABSTRACT 

In temperate forests, formation of canopy gaps by windthrow is a characteristic 

natural disturbance event. Little work has been done on the effects of canopy 

gaps on soil properties and fauna, especially earthworms as ecosystem engineers. 

We conducted a study to examine the reaction of earthworms (density/biomass) 

and different soil properties (i.e., soil moisture, pH, organic matter, total N, and 

available Ca) to different canopy gap areas in 25-ha areas of Liresar district beech 

forest located in a temperate forest of Mazandaran province in the north of Iran. 

Soil samples were taken at 0-15, 15-30 and 30-45cm depths from gap center, gap 

edge and closed canopy using core soil sampler with 81cm2 cross section. The 

earthworms were collected simultaneously with the soil sampling by hand sorting 

method. Our study supports that the canopy gap will create a mosaic of 

environmental conditions. Earthworm’s density and biomass tended to be higher 

in small canopy gaps compared with the other canopy gap areas. Earthworm’s 

population showed decreasing trend from closed canopy to disturbed sites (gap 

edge and gap center). The top soil was more appropriate to presence of 

earthworms although ecological groups have occupied different soil layers. As a 

conclusion, earthworms can be introduced as good bio-indicator of environmental 

changes that occur by disturbance. 

 

Key words: Beech forest, canopy gap, soil properties, earthworm density and 

biomass 

 

Introduction 

Soil fauna, especially earthworms, are considered to be 

important components of the soil ecosystem for maintaining 

nutrient cycling and biological soil fertility (Osler & 

Sommerkorn, 2007). Soil fauna are thought to be useful 

indicators of soil quality because they are sensitive to 

changes in land management and are involved in many soil 

functions (Yeates, 2003). As indicators of soil quality, the 

abundance and diversity of soil fauna integrate physical, 

chemical and microbiological properties of soil, and reflect 

general ecological change (Menta et al., 2008; Paolo et al., 

2010). It remains unclear; however, which soil fauna are the 

best indicators of soil quality, and what soil fauna data should 

be used to assess soil quality. Earthworms have been viewed 

as ecological engineers (Cole et al., 2006; Bartlett et al., 

2009) and have many impacts on soil properties (Edwards, 

2004; Groffman et al., 2004). Earthworms have been shown 

to affect soil physical properties, such as density, structure, 

aeration, and moisture (Ponder et al., 2000). Chemical 

properties, such as pH, nutrient availability, and heavy metals 

are affected by earthworms (Wen et al., 2006). Earthworms 

influence microbial composition, biomass, and activity and 

thus affect the rates and patterns of mineralization and 

immobilization in soils (Binet et al., 1998). Earthworm 

activity is influenced by many factors, such as food quality 

and quantity (Curry, 2004), temperature and moisture (Berry 

& Jordan, 2001), soil properties (e.g., pH, texture and 

structure) (Baker & Whitby, 2003), and multitude of biotic 

interactions (e.g., competition, predation, parasitism, disease, 

etc.) (Edwards, 2004). 

Soil processes are controlled by a set of relatively 

independent state factors including climate, organisms, relief, 

parent material and time, and by a group of interactive 
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controls such as disturbance regime and human activities 

(Scharenbroch & Bockheim, 2007a, 2007b). Disturbance is 

ubiquitous in forest ecosystems. Defined as "any relatively 

discrete event in time that disrupts ecosystems, community or 

population structure and changes resources, substrate 

availability, or the physical environment", disturbance 

determines forest species composition, structure, and process. 

Furthermore, disturbances exert their influence over a wide 

range of temporal and spatial scales. This disturbance, in 

turn, promotes changes in resource fluxes, changes that lead 

to some form of reorganization of the disturbed patch or gap 

at structural and functional levels that may be similar or 

dissimilar to pre-disturbance levels. Resource levels and 

inputs are changed and species respond accordingly 

(Jonasova et al., 2010).  

In Iran beech forests, formation of gaps by windthrow is a 

characteristic natural disturbance event. Gap size varies 

greatly from the size of only a single crown to vast open 

fields with diameters of many tree lengths. However, changes 

in abiotic and biotic conditions depend both on gap size and 

within-gap position (Kwit & Platt, 2003). Consequently, it is 

not easy to predict how soil properties react to gap formation. 

Disturbances caused by canopy gaps received much attention 

in the last decades and they are regarded as important factors 

in forest dynamics. Canopy openings as a result of tree falls 

create an environment different from the adjacent forest, 

which influences plant regeneration. In addition, gap 

processes partly determine forest structure and play an 

important role to maintain plant species richness. Thus, the 

creation of gaps in forests is an opportunity for the system to 

change in both species dynamics and ecological processes 

(Muscolo et al., 2007a, 2007b). 

It is now well-known that forest disturbances generally 

result in significant variability of earthworm populations in 

temperate landscapes (Kooch & Hosseini, 2010) with 

significant ecological implications for ecosystem functioning 

(Gonzalez et al., 2003). Consequently, earthworms should 

serve as good indicators of environmental changes that occur 

by disturbance. Relationships of earthworms and soil 

properties have been well-documented for forest ecosystems 

(Whalen, 2004; Marhan & Scheu, 2005; Heneghan et al., 

2007). Up to now, however, only few studies (Haynes et al., 

2003; Dlamini & Haynes, 2004) have simultaneously studied 

changes in earthworm communities and soil parameters, in 

response to forest disturbance. It is not clear whether 

earthworm populations are mainly controlled by the amount 

of food, its quality, or the chemical properties of their 

environment (Aubert et al., 2003; Scheu et al., 2003; 

Gonzalez et al., 2003). Therefore, determining the relation 

among earthworm's density and biomass with different areas 

of canopy gaps and edaphic conditions are essential for 

management of forest ecosystems. The present study is 

intended to assessing of canopy gap areas on soil physico-

chemical properties, earthworm density and biomass in 

hyrcanian forests of Iran that is the first survey in these 

forests. 

Materials and Methods 

Study area 

This research was performed in the Liresar Watershed 

Forest Management Plan, which is one of the oldest forest 

management plans of Hyrcanian forest of Iran, which is 

active during recent 50 years (Avatefi Hemmat et al., 2012). 

These forests located in the Mazandaran province in north of 

Iran (Figure 1) with the area of 6500 ha, 39˚ 36′ N, and 50˚ 

51′ E. The maximum elevation is 3433 m and the minimum is 

820 m. Rainfall distribution is related to the seasons and 

based on the information from long term data, about 35-45% 

of the rainfall will occurred in autumn season (from 

September to November), 18-35% in winter season 

(December to February), and having the rest of the rainfall 

(10-20%) in summer season (June to August). The region has 

relatively mild temperature and the difference between 

maximum and minimum temperature during a year is about 

30°C. The average of minimum temperature from December 

to March is below zero. The parent materials are alluvial 

sediments remaining from 4th period of Geochronology, 

which have a low slope degree without any gravel; Bedrock 

is limeston-dolomite with silty-clay-loam soil texture 

(Mousavi et al., 2012). These forests are covered mostly with 

Fagus orientalis Lipsky (Oriental Beech) mixed with 

Carpinus betulus L. (Common Hornbeam). 

Soil sampling and analysis 

In the present study, 25-ha area of Liresar district beech 

forest were considered. Geographical position and all of 

canopy gaps were recorded by Geographical Position System 

(GPS). Gaps required a minimum canopy opening of 30 m2 

and trees growing in the gap to be less than two thirds the 

height of the closed adjacent forest (Runkle, 1992). Canopy 

gaps areas were measured in the field according to Runkle 

(1992). Sampling protocol was built up by locating and 

measuring two perpendicular lines in each gap: one along the 
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longest line visible and one perpendicular to it at the widest 

section of the gap. In this research, 20 canopy gaps (among 4 

area classes with 5 replications for each) were selected to 

study. The canopy gaps were categorized into four classes 

which are as follows: small gaps with mean area = 100.23 

m2; medium gaps with mean area = 310.31 m2; large gaps 

with mean area = 518.36 m2 and very large gaps with mean 

area = 711.73 m2.  

For this purpose, three positions were distinguished 

including gap center, gap edge and closed canopy. Soil 

samples were taken at 0-15, 15-30 and 30-45cm depths from 

all positions using core soil sampler with 81cm2 cross 

section. Roots, shoots and pebbles in each sample were 

separated by hand and discarded. The air-dried soil samples 

were sieved (aggregates were crushed to pass through a 2 mm 

sieve) to remove roots prior to chemical analysis. The soil 

moisture measured by drying the soil samples at 105°C for 24 

hours. The pH was determined by an Orion Ionalyzer (Model 

901) pH meter in a soil: water solution of 1:2.5 ratios and the 

organic C using the Walkey-Black technique (Allison, 1975). 

The total N was measured using a semi Micro-Kjeldahl 

technique (Bremner & Mulvaney, 1982). The amounts 

available of Ca (by ammonium acetate extraction at pH 9) 

were determined with an atomic absorption 

spectrophotometer (Bower et al., 1952). The earthworms 

were collected during the soil sampling by hand-sorting and 

biomass was measured at the laboratory (Edwards & Bohlen, 

1996). Ecological groups of earthworms (epigeic, anecic and 

endogeic) were identified by external characteristics using the 

key of BOUCH (Kooch & Hosseini, 2010). 

Statistical analysis 

Normality of the variables was checked by Kolmogrov-

Smirnov test and Levene test was used to examine the 

equality of the variances. Differences between canopy gaps 

areas, positions and depths in soil properties were tested with 

three-way analysis (ANOVA) using the General Linear 

Model (GLM) procedure. Interactions between independent 

factors were tested also. Duncan test was used to separate the 

averages of the dependent variables which were significantly 

affected by treatment. Significant differences among 

treatment averages for different parameters were tested at P≤ 

0.05. Nonparametric Kruskal-Wallis analysis of variance was 

used to find differences in earthworm's density and biomass 

of treatments, because in some cases there was no 

homogeneity of variance. Analyses of whole data were done 

in SPSS Ver. 11.5 of statistical program. 

 

 

Figure 1. Location of the study area in the Liresar region, with photo of canopy gaps (figure not to scale) 
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Results 

Soil moisture was significantly greater in small gap 

(38.50%), closed canopy (41.96%) position and top soil 

(32.35%) than in the other treatments (Table 1). Soil pH was 

significantly higher in very large gaps (6.82) in comparison 

to small, medium and large gaps (Table 1). The highest value 

of this character was detected in gap center (6.53) position 

and 30-45 cm (6.82) soil depth (Table 1). Organic matter 

increased with increasing size of the gaps (4.31% - 4.60%), 

decreased from gap center to closed canopy (4.32% - 4.08%) 

and soil depth (4.39% to 4.09%) (Table 1). Compare mean of 

total N indicated that large gaps (0.19%) had the higher 

amounts than in the other gap size. Gap center (0.18%) 

position and 0-15cm (0.18%) soil depth had the greatest 

value of this character in comparison to the other positions 

and depths (Table 1). Greater amounts of carbon to nitrogen 

ratio were found in small gap (17.17), closed canopy (18.52) 

position and 30-45 cm (18.28) soil depth, significantly (Table 

1). Greater amounts of available Ca were detected in medium 

(12.37 mg/kg) and large (13.29 mg/kg) gaps, gap center 

(12.64 mg/kg) position and 0-15cm (12.41 mg/kg) soil depth 

(Table 1). 

Analysis of data showed that density and biomass of 

earthworm's ecological groups had significant differences 

among gap areas, positions and soil depths (Table 2). 

Earthworm’s (epigeic, anecic and endogeic) density and 

biomass tended to be higher in small gaps compared with the 

other gap size (Table 2). The population of earthworms 

showed decreasing trend from closed canopy to disturbed 

sites, i.e. gap edge and gap center (Table 2). The top soil was 

more appropriate to presence of earthworms although 

ecological groups have occupied different soil layers (Table 

2). 

Discussion 

Disturbances caused by canopy gaps received much 

attention in the last decades and they are regarded as 

important factors in forest dynamics. Following canopy 

opening, it is assumed that the increased levels of light and 

nutrients (Gagnon et al., 2003) in gaps act as important 

factors controlling natural regeneration, which depends upon 

many other variables, including biological, chemical and 

physical properties of the seedbed (Muscolo et al., 2007a). 

 

Table 1. Mean of soil physico-chemical properties in gap areas, positions and soil depths 

 

Variable   /   soil character 
Moisture 

(%) 
pH 

Organic 

matter 

(%) 

Total 

N (%) 

Carbon to 

nitrogen  

ratio 

Available 

Ca (mg/kg) 

Gap area Small 38.50±1.22a 6.73±0.08d 4.31±0.04d 0.12±0.01d 17.17±0.08a 12.09±0.07c 

Medium 33.83±1.08b 6.76±0.09c 4.36±0.02c 0.13±0.02c 16.54±0.05b 12.37±0.02b 

Large 28.20±1.09c 6.80±0.07b 4.56±0.02b 0.19±0.00a 15.83±0.05c 13.29±0.00a 

Very large 26.03±2.06d 6.82±0.07a 4.60±0.01a 0.17±0.00b 16.23±0.06c 11.83±0.02c 

F - value 205.80** 171.96** 164.32** 58.53** 7.53** 70.92** 

Gap 

position 

Center 25.03±1.23c 6.53±0.06a 4.32±0.02a 0.18±0.00a 14.47±0.07c 12.64±0.06a 

Edge 27.93±1.67b 6.41±0.09b 4.12±0.01b 0.15±0.01b 16.32±0.02b 11.82±0.04b 

Closed canopy 41.96±2.12a 6.30±0.04c 4.08±0.00c 0.10±0.00c 18.52±0.04a 10.53±0.00c 

F - Value 708.69** 894.80** 769.74** 455.45** 126.93** 167.57** 

Soil depth 

(cm) 

0 - 15 32.35±1.28a 6.78±0.09b 4.39±0.00a 0.18±0.00a 14.72±0.05c 12.41±0.01a 

15 - 30 32.15±2.09a 6.79±0.05b 4.27±0.07b 0.15±0.00b 16.31±0.03b 11.73±0.00b 

30 - 45 30.42±1.78b 6.82±0.07a 4.09±0.01c 0.14±0.01c 18.28±0.03a 11.14±0.00c 

F - value 9.77** 8.48** 69.47** 199.14** 98.20** 81.90** 

Interactions 

F-value 

Area × position 27.34** 60.03** 41.33** 26.09** 3.63** 46.95** 

Area × soil depth 8.19** 3.13** 1.00 ns 1.54 ns 0.59 ns 1.66 ns 

Position × soil depth 18.66** 2.03ns 0.15 ns 6.01** 2.42* 0.73 ns 

Area × position×soil 

depth 

4.78** 2.50** 0.32 ns 2.30* 0.17 ns 1.29 ns 

** Difference is significant at the 0.01 level. *Difference is significant at the 0.05 level. (ns): Non significant differences (P > 0.05).  

Values are the means ±SE of the mean. Within the same column the means followed by different letters are statistically different (P < 0.05). 
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Table 2. Kruskal-Wallis analysis for earthworm's density and biomass 

 

Variables / earthworm groups  

Epigeic Anecic Endogeic 

Density 

(n/m2) 

Biomass 

(mg/m2) 

Density 

(n/m2) 

Biomass 

(mg/m2) 

Density 

(n/m2) 

Biomass 

(mg/m2) 

Gap area Small 2.73 0.28 5.12 0.52 6.32 0.62 

Medium 1.98 0.10 4.38 0.35 5.12 0.49 

Large 0.62 0.06 2.15 0.20 3.13 0.38 

Very large 0.19 0.01 1.25 0.11 1.56 0.14 

Statistical 

characters 

Chi square 9.52 9.70 6.82 6.97 12.95 12.32 

DF 3 3 3 3 3 3 

Sig. 0.02* 0.02* 0.07 ns 0.07 ns 0.00** 0.00** 

Gap 

position 

Center 0.02 0.14 0.06 0.58 0.09 0.85 

Edge 0.17 1.28 0.29 2.39 0.42 5.12 

Closed canopy 0.26 2.32 0.63 5.22 0.73 7.29 

Statistical 

characters 

Chi square 7.74 7.98 26.63 26.80 25.22 25.19 

DF 2 2 2 2 2 2 

Sig. 0.02* 0.01* 0.00** 0.00** 0.00** 0.00** 

Soil depth 

(cm) 

0 - 15 0.39 3.15 0.13 1.12 0.05 0.52 

15 - 30 0.00 0.00 0.58 5.98 0.08 0.88 

30 - 45 0.00 0.00 0.00 0.00 0.86 9.12 

Statistical 

characters 

Chi square 30.73 30.69 40.27 38.49 51.68 51.34 

DF 2 2 2 2 2 2 

Sig. 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 

** Difference is significant at the 0.01 level. *Difference is significant at the 0.05 level. (ns): Non significant differences (P > 0.05).  

 

Many gap studies focus on vegetation dynamics and 

effects on microclimatic, but few studies have addressed 

below-ground effects of gaps (Muscolo et al., 2007a, 2007b). 

Regarding to the variability of soil properties following 

creation of canopy gap (Kooch et al., 2012) we are suspected 

to introduce the earthworm as good indicator of forest 

disturbance. According to previous studies (Kooch et al., 

2014a, 2014b) the earthworm's population are imposed by 

canopy opening directly or by changed soil properties, 

indirectly. As dominant species in the study area, beech twigs 

and leaves are need to longer times for decomposition. This 

character with old age of forest stands are due to increasing 

of litters volume in understory (Huttl et al., 2000). A thick 

humus layer creates appropriate positions for moisture 

preservation in forest lands. Sponge character under closed 

canopy will increase moisture preservation capacities in 

comparison with the canopy opening (Gray et al., 2002; 

Ritter & Vesterdal, 2006). With considering to superficial 

rooting system of beech, thus we are suspect to use of beech 

living roots from gap within moisture. Similar finding was 

also reported by Muth & Bazzaz (2002) in a study of mixed 

hardwood forest. Galhidy et al. (2006) claimed that even 

centers of small gaps are beyond the reach of the root system 

of surrounding trees. Thus, less amounts of soil moisture 

were considered in within gap position similar to our findings 

in this research.  

Soil acidification often occurs with nitrate leaching and 

nitrification; thus, it is unlikely gap disturbance have a role in 

acidification of these forest soils through nitrate leaching or 

increased nitrification (Scharenbroch & Bockheim, 2007a). 

Small gaps tended to have lower amounts of soil pH that can 

be related to presence complexes of sustain organic acids as 

in gaps with more openings these complexes are leaching 

from soil upper layers. Thus, gap larger areas tended to have 

higher pH. Similar status can be considered in different 

positions of gaps as in gap center leaching of acid complexes 

more occurred and soil pH is increased. Scharenbroch & 

Bockheim (2007a) detected no significant differences in soil 

pH character for gap different areas. The higher amounts of 

pH in soil deeper layers can be related to lower values of 

organic matter in soil beneath depths as inversely relation 

found between these characters (Kooch et al., 2012; Kooch et 

al., 2014a, 2014b). Density and particle size separations 

isolate district soil organic matter pools for relating 

stabilization and turnover of carbon in soil (Six et al., 2002). 

Soil organic matter associated with silt and clay particles are 

considerably more recalcitrant, with turnover times ranging 

from 400 to 1000 years (Buyanovsky et al., 1994). Soil upper 
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layers had more organic matter contents regarding near to 

litter sources and plant residuals. However, gap dynamics 

may be important in explaining discrepancies in theories 

suggesting old-growth forests are inconsequential carbon 

sinks or are actively accumulating carbon (Zhou et al., 2006). 

According to Scharenbroch & Bockheim (2007a) findings the 

canopy gaps effects on soil organic matter character was non-

significant.   

Scharenbroch & Bockheim (2008) claimed that canopy 

gaps are susceptible to N leaching less, thus the amounts of 

this character is less in opening areas soil than in closed 

canopy. Changes in N uptake, microclimate (e.g., increased 

radiation, temperature and moisture), and substrate associated 

with gaps effect significant influence on forest N dynamics. 

In general, increased organic matter decomposition and N 

mineralization and reduced root nitrogen uptake tends to 

favor leaching of inorganic N in gaps relative to the 

undisturbed closed forest (Denslow et al., 1998). Increased N 

concentration in the gaps may partly be attributed to a lack of 

N uptake by regeneration or ground vegetation in the early 

years after gap formation, as also found by Knight et al. 

(1991). Ritter & Vesterdal (2006) also pointed in the 

advanced regeneration in the seventh year after gap formation 

was still not enough to reduce N concentrations significantly. 

We suspect that a long-time is need to reduction of N 

concentrations in within gaps, significantly. In general, solar 

radiation will increased with increasing of canopy opening 

areas that is due to accelerating decomposition of litters. But 

if the opening be very large, decrease in base cations, like Ca, 

in gaps is likely a result of leaching losses. Scharenbroch & 

Bockheim (2007a) reported that the leaching is the most 

important reason for decrease of base cations in within gaps. 

Their results suggest an increased nutrient leaching potential 

as a result of relatively large (300-2000 m2) gaps in old 

growth northern hardwood-hemlock forests. The results of 

our research is indicating that base cations leaching potential 

increased with expanding of canopy opening areas from 

medium to large; thus soil is poor of nutrient elements in 

large canopy gaps. This important should be considered in 

forest management and trees marking for utilization to 

prevent of gaps formation with large opening areas. 

Regarding to variability of different soil properties 

following the canopy opening the earthworm populations 

were changed in different conditions. It is well-known that 

earthworm distribution and biomass are affected by changes 

of soil properties (e.g., moisture, pH, nutrient availability, 

etc.) (Kooch et al., 2012). Earthworm density and biomass 

were significantly greater in small gaps, closed canopy 

position and soil upper layers. Different soil properties could 

be effective on earthworm populations. The most important 

effective factors can be soil higher moisture and lower 

temperature in small gaps (Kooch, 2012). Earthworms tended 

to be less within gaps, likely due to decreased soil moisture 

and increased temperature in gaps. Earthworm activity is 

quite sensitive and tends to decrease with low moisture 

contents and high temperatures (Nachtergale et al., 2002). 

Thus, earthworm density and biomass is decreased with 

increasing of canopy cover opening areas by reason of soil 

moisture reduction and increase of temperature. As similar, 

closed canopy position has greater soil moisture and less 

temperature in compare to the other positions. Therefore, this 

position created more appropriate condition for gathering of 

earthworms. Gap edge has medium condition for assemblage 

of earthworms than to gap center and closed canopy. 

Earthworms (especially endogeic) are able to migration more 

beneath layers and avoid of soil drought, especially in 

summer season (Hale & Host, 2005). 

Conclusion 

In temperate forests, formation of gaps by windthrow is a 

characteristic natural disturbance event. Our study supports 

that the canopy gap will create a mosaic of environmental 

conditions. It is now well-known that forest disturbances 

generally result in significant variability of earthworm 

populations in temperate landscapes with significant 

ecological implications for ecosystem functioning. 

Consequently, earthworms can be introduced as good 

bioindicator of environmental changes that occur by 

disturbance.  

 

References 

Allison LE. 1975. Organic carbon In: Black, C. A. (Ed.), Methods of 

soil analysis. American Society of Agronomy, Part 2, Madison, 

WI, pp: 1367-1378.   

Aubert M., Hedde M, Decaens T, Bureau F, Margerie P, Alard D. 

2003. Effects of tree canopy composition on earthworms and 

other macro- invertebrates in beech forests of upper Normandy 

(France). Pedobiologia, 47: 904-912. 

Avatefi Hemmat M, Shamekhi T, Zobeiry M, Ghazi Tabatabaei M. 

2012. Sacred Places: Instances of Natural Heritage and Cultural 

Landscapes in Northern Iran (Case Study of the Shrine and 

Cemetery of Sutak Village). Archives Des Sciences, 65: 605-

612.  

 

DOI: 10.69085/jbb20142155



ISSN: 1314-6246 Kooch & Haghverdi J. BioSci. Biotech. 2014, 3(2): 155-162. 

 

RESEARCH ARTICLE 

http://www.jbb.uni-plovdiv.bg 161 

Baker GH, Whitby WA. 2003. Soil pH preferences and the 

influences of soil type and temperature on the survival and 

growth of Aporrectodea longa (Lumbricidae). Pedobiologia, 

47: 745-753. 

Bartlett MD, Maria JI, Briones MJI, Nielson R, Schmidt O, 

Spurgeon D, Creamer RE. 2009. A critical review of current 

methods in earthworm ecology: from individuals to 

populations. European Journal of Soil Biology, 46: 67 - 73.  

Berry EC, Jordan D. 2001. Temperature and soil moisture content 

effects on the growth of Lumbricus terrestris (Oligochaeta: 

Lumbricidae) under laboratory conditions. Soil Biology and 

Biochemistry, 33: 133-136. 

Binet F, Fayolle L, Pussard M. 1998. Significance of earthworms in 

stimulating soil microbial activity. Biology and Fertility of 

Soils, 27: 79-84. 

Bower CA, Reitemeier RF, Fireman M. 1952. Exchangeable cation 

analysis of saline and alkali soils. Soil Sciences, 73: 251-261. 

Bremner JM, Mulvaney CS. 1982. Nitrogen - total. In: page, A.L., 

Miller, R.H., Keeney, R.R. (Eds.), Methods of Soil Analysis, 

Part 2. Second ed. American Society of Agronomy, Madison, 

WI, pp: 595-624.  

Buyanovsky GA, Aslam M, Wagner G. 1994. Carbon turnover in 

soil physical fractions. Soil Sciences Society American Journal, 

58: 1167-1173. 

Cole L, Bradford MA, Shaw PJA, Bardgett RD. 2006. The 

abundance, richness and functional role of soil meso- and 

macro fauna in temperate grassland-A case study. Applied Soil 

Ecology, 33: 186-198.  

Curry JP. 2004. Factors affecting the abundance of earthworms in 

soils. In: Edwards CA (ed) Earthworm ecology. CRC Press, 

Boca Raton, pp. 91-114. 

Denslow JS, Ellison AM, Sanford RE. 1998. Tree fall gap size 

effects on above - and below - ground processes in a tropical 

wet forest. Journal of Ecology, 86: 597-609. 

Dlamini CT, Haynes JR. 2004. Influence of agricultural land use on 

the size and composition of earthworm communities in 

northern KwaZulu-Natal, South Africa. Applied Soil Ecology, 

27: 77-88. 

Edwards CA, Bohlen PJ. 1996. Biology and Ecology of 

Earthworms, 3rd. Chapman and Hall, London, 426 p. 

Edwards CA. 2004. Earthworm ecology. CRC Press LLC, Boca 

Raton. 

Gagnon JL, Jokela EJ, Moser WK, Huber DA. 2003. Dynamics of 

artificial regeneration in gaps within a longleaf pine fatwoods 

ecosystem. Forest Ecology and Management, 172: 133-144. 

Galhidy L, Mihok B, Hagyo A, Rajkai K, Standova T. 2006. Effects 

of gap size and associated changes in light and soil moisture on 

the understory vegetation of a Hungarian beech forest. Plant 

Ecology, 183:133-145. 

Gonzalez G, Seastedt TR, Donato Z. 2003. Earthworms, arthropods 

and plant litter decomposition in aspen and lodge pole pine 

forests in Colorado, USA. Pedobiologia, 47: 863-869. 

Gray AN, Spies TA, Easter MJ.  2002. Microclimate and soil 

moisture responses to gap formation in coastal Douglas-fir 

forests. Canadian Journal of Forest Research, 32: 332-343.  

Groffman PM, Bohlen PJ, Fisk MC, Fahey TJ. 2004. Exotic 

earthworm invasion and microbial biomass in temperate forest 

soils. Ecosystems, 7: 45-54. 

Hale C, Host E. 2005. Assessing the impacts of European 

earthworm invasions in beech- maple hardwood and aspen- fir 

boreal forests of the western Great Lakes region. National park 

service Great Lakes inventory and monitoring network report 

GLKN/2005/11, 35 p. 

Haynes RJ, Dominy CS, Graham MH. 2003. Effect of agricultural 

land use on soil organic matter status and the composition of 

earthworm communities in kwazulu - natal, South Africa. 

Agriculture, Ecosystems and Environment, 95: 453-464. 

Heneghan L, Steffen J, Fagen K. 2007. Interactions of an introduced 

shrub and introduced earthworms in Illinois urban woodland: 

impact on leaf litter decomposition. Pedobiologia, 50: 543–551. 

Huttl RF, Schneider BU, Farrell EP. 2000. Forests of the temperate 

region: gaps in knowledge and research needs. Forest Ecology 

and Management. 132: 83-96. 

Janasova M, Evarova E, Cudin P. 2010. Western Carpathian 

Mountain spruce forest after a windthrow: natural regeneration 

in cleared and un-cleared areas. Forest Ecology and 

Management, 259: 1127-1134. 

Knight DH, Tavitt JB, Joyce GD. 1991. Water and nitrogen outflow 

from lodge pole pine forest after two levels of tree mortality. 

Forest Ecology and Management, 46: 215–225.  

Kooch Y, Hosseini SM. 2010. Response of earthworm's biomass 

and diversity to windthrow events and soil properties in 

Hyrcanian forests of Iran. Folia Oecologica, 37(2): 181-190.  

Kooch Y. 2012. Soil variability related to pit and mound, canopy 

cover and individual tree in a Hyrcanian Oriental Beech Stand. 

(PhD Thesis of Forestry) Tarbiat Modares University, 157 p. 

Kooch Y, Hosseini SM, Mohammadi J, Hojjati SM. 2012. 

Determination of the best canopy gap area on the basis of soil 

characteristics using of Analytical Hierarchy Process (AHP). 

Folia Forestalia Polonica, 54: 15-24.  

Kooch Y, Hosseini SM, Samonil P, Hojjati SM. 2014a. The effect of 

windthrow disturbances on biochemical and chemical soil 

properties in the Northern mountainous forests of Iran. Catena, 

116: 142-148.  

Kooch Y, Zaccone C, Lamersdorf NP, Tonon G. 2014b. Pit and 

mound influence on soil features in an Oriental Beech (Fagus 

orientalis Lipsky) forest. European Journal of Forest Research, 

133: 347-354.  

Kwit C, Platt WJ. 2003. Disturbance history influences regeneration 

of non-pioneer understory trees. Ecology, 84: 2575-2581.  

Marhan S, Scheu S. 2005. Effects of sand and litter availability on 

organic matter decomposition in soil and in casts of Lumbricus 

terrestris L. Geoderma, 128: 155–166. 

Menta C, Leoni A, Bardini M, Gardi C, Gatti F. 2008. Nematode 

and micro arthropod communities: comparative use of soil 

quality bio-indicators in covered dump and natural soils. 

Environmental Bioindicators, 3: 35-46. 

Mousavi KSA, Roshani G, Jalali SG, Shahrdami A. 2012.  The 

effects of cover crown, percentage and slope aspect on the 

quantitative distribution of the Alder’s saplings in forests of 

North of Iran. Resources and Environment, 2: 17-20.  

Muscolo A, Sidari M, Mercurio R. 2007a. Variations in soil 

chemical properties and microbial biomass in artificial gaps in 

silver fir stand. European Journal of Forest Research, 126: 59-

65. 

Muscolo A, Sidari M, Mercurio R. 2007b. Influence of gap size on 

organic matter decomposition, microbial biomass and nutrient 

cycle in Calabria pine (Pinus laricio, Poiret) stand. Forest 

Ecology and Management, 242: 412-418.  

 

DOI: 10.69085/jbb20142155



ISSN: 1314-6246 Kooch & Haghverdi J. BioSci. Biotech. 2014, 3(2): 155-162. 

 

RESEARCH ARTICLE 

http://www.jbb.uni-plovdiv.bg 162 

Muth CC, Bazzaz FA. 2002. Tree canopy displacement at forest gap 

edges. Canadian Journal of Forest Research, 32: 247–254. 

Nachtergale L, Chekiere K, Schrijver AD, Muys B, Lussaert S, Lust 

N. 2002. Earthworm biomass and species diversity in 

windthrow sites of a temperate lowland forest. Pedobiologia, 

46: 440-451. 

Osler GH, Sommerkorn M. 2007. Toward a complete soil C and N 

cycle: incorporating the soil fauna. Ecology, 88: 1611-1621. 

Paolo AG, Raffaella B, Danio A, Attilio DR, Ettore C. 2010. 

Assessment of soil-quality index based on micro arthropods in 

corn cultivation in Northern Italy. Ecological Indicators, 10: 

129-135. 

Ponder FJr, Li F, Jordan D, Berry EC. 2000. Assessing the impact of 

Diplocardia ornata on physical and chemical properties of 

compacted forest soil in microcosms. Biology and Fertility of 

Soils, 32: 166-172. 

Ritter E, Vesterdal L. 2006. Gap formation in Danish beech (Fagus 

sylvatica) forests of low management intensity: soil moisture 

and nitrate in soil solution. European Journal of Forest 

Research, 125: 139-150. 

Runkle JR. 1992. Guidelines and sample protocol for sampling 

forest gaps. U. S. For. Serv. Gen. Tech. Rep. PNW-GTR-283.  

Scharenbroch BC, Bockheim JG. 2007a. Impacts of forest gaps on 

soil properties and processes in old growth northern hardwood-

hemlock forests. Plant and Soil, 294: 219- 233. 

Scharenbroch BC, Bockheim JG. 2007b. Pedodiversity in an old-

growth northern hardwood forest in the Hurton Mountains, 

Upper Peninsula, Michigan. Canadian Journal of Forest 

Research, 36: 1106 - 1117. 

Scharenbroch BC, Bockheim JG. 2008. The effects of gap 

disturbance on nitrogen cycling and retention in late-

succession northern hardwood-hemlock forests. 

Biogeochemistry, 87: 231-245. 

Scheu S, Albers D, Alphei J, Buryn R, Klages U, Migge S, Platner 

C, Salamon J. 2003. The soil fauna community in pure and 

mixed stands of beech and spruce of different age: tropic 

structure and strutting forces. Oikos, 110: 163-169. 

Six J, Contant T, Paul  EA, Paustian NK. 2002. Stabilization 

mechanisms of soil organic matter: Implications for C-

saturation of soils. Plant and Soil, 241: 155-176. 

Wen B, Liu Y, Hu X, Shan X. 2006. Effect of earthworms (Eisenia 

fetida) on the fractionation and bioavailability of rare earth 

elements in nine Chinese soils. Chemosphere, 63: 1179-1186. 

Whalen JK. 2004. Spatial and temporal distribution of earthworm 

patches in cornfield, hayfield, and forested systems of 

southwestern Quebec, Canada. Applied Soil Ecology, 27: 143–

151. 

Yeates GW. 2003. Nematodes as soil indicators: functional and 

biodiversity aspects. Biology and Fertility of Soils, 37: 199 -

210. 

Zhou G, Liu S, Li Z, Zhang D, Tang X, Zhou C, Yan J, Mo J. 2006. 

Old-growth forests can accumulate carbon in soils. Science, 

314: 1417. 

 

 

 

 

 

DOI: 10.69085/jbb20142155




