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ABSTRACT 
 

The study was carried out to examine the response of soil mesofauna to different afforested types in the North of 
Iran. In the present work, we study the mesofauna biodiversity in 20-year-old plantations with species of Alder 
(Alnus subcordata C. A. Mey.), Poplar (Populus deltoids Marsh.), Maple (Acer velutinum Bioss.), Cypress 
(Cupressus sempervirens L. var. horizontalis) and the adjacent mixed natural forest. Soil samples were collected at 
two different depths (0 - 10 and 10 - 20 cm), and characterized with respect to mesofauna abundance and biomass, 
bulk density, moisture content, pH, total organic carbon and total nitrogen. Shannon - Wiener (diversity), Simpson 
(evenness) and Margalef (richness) indices were employed to calculate of mesofauna biodiversity. Data showed that 
afforested stands significantly affected mesofauna biodiversity and soil characteristics. The average of soil 
mesofauna abundance and biomass were consistently higher in Alder stand than in the other tree plantations, while 
they were lowest in Cypress plantation. In general, soil mesofauna biodiversity (for both of abundance and biomass) 
were decreased in Alder, Maple, Natural forest, Poplar and Cypress, respectively. Most of biodiversity indices were 
significantly higher in 0 - 10 cm than in 10 - 20 cm depth for abundance and biomass of soil mesofauna. The 
Principal Component Analysis (PCA) results suggest that the mesofauna distribution is regulated by total nitrogen 
and bulk density. The present paper emphasizes the point that forestation using native broad-leaf species consistent 
with region's ecological conditions can act as a proper method to revive and rebuild destructed forests. 
KEYWORDS: mesofauna biodiversity, soil features, afforestation, broad-leaved, needle-leaved.  
 

1. INTRODUCTION 
 
Soil organisms are central to soil and plant health and to the cycling of nutrients within the soil. Human 

practices affect soil life directly and therefore also the patterns of nutrient cycling. The soil contains great numbers 
of organisms, many of which have important roles in nutrient cycling and protection of ecosystem against pests and 
diseases [6]. Soil fauna affect decomposition processes both directly, through fragmentation and combination of 
litter material, and indirectly by altering microbial function through grazing of the soil microbial biomass and 
through excretion of nutrient rich wastes [9]. The activity of smaller animals is more likely to arise as indirect 
impacts on soil microbial community structure and function through their selective grazing of the microbial biomass 
[22]. According to the importance of soil invertebrates in litter decomposition and nutrition cycle, diversity of soil 
invertebrates is an index which shows the present situation in region and it could be used as a best factor in 
determination of soil quality [23, 31]. Soil micro biota (macrofauna and mesofauna) can increase the pH of their 
surroundings through increased incorporation of organic matter from the soil surface and excretion of cutaneous 
mucous [46]. This mechanism may account for the decline in enchytraeids reported in unfertilized soils in the 
microcosm studies of Raty and Huhta [41, 38]. On the other hand, Bradford et al. [7] pointed to positive impacts 
meso- and macrofauna on soil fertility and plant growth. 

A wide range of organisms including springtails, mites and collembolans can be classed as mesofauna [45, 32]. 
Soil mesofauna as prevalent components of the soil fauna, have been shown to increase the rates of litter 
decomposition, nutrient cycling and primary productivity [18, 23, 31, 33], influence on microbial species 
composition or biomass in the forest ecosystems [17, 43], thus altering decomposition rates and nutrient cycles [24, 
54]. For many species, their roles in organic matter and nutrient breakdown are poorly understood. Micro-arthropods 
can consume bacteria, fungi, other soil fauna or a combination of all three, which makes a full understanding of their 
role difficult to achieve [45]. However, most micro - arthropods assist nutrient mineralization by feeding on micro 
flora and fauna and by increasing the surface area of plant and material, thereby increasing microbial attack and 
leaching of water - soluble components. The maceration and burial of organic detritus, which in turn increases its 
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availability to soil microorganisms; the physical rearrangement of soil particles, so changing pore size distribution 
which affects infiltration, gas exchange and etc. [45]. 

Forest types can influence soil properties due to differences in litter quality, root activity, canopy interception 
of atmospheric deposition, nutrient uptake and growth [5, 2, 35, 24]. The status of biodiversity in terrestrial 
environment is influenced by forces that cause change in land-use, land fragmentation, agricultural intensification, 
urbanization, afforestation and re-forestation [33]. Because of population increase and consequently the increase of 
pressure on environment and natural resource the understanding of ecological features of forestation ecosystems and 
improvement of soil features is necessary [11, 20]. After forestation, especially biological factors of forest habitat 
are changed by the effect of planting species. In the forests with central management such as forestation, effects of 
habitant central harvesting and preparation methods on soil will play determining role in forest producing power [29, 
35]. The activity of these organisms influences soil processes that control the availability of plant nutrients such as 
nitrogen [56] and also affect organic matter dynamics  [44, 5]. 

As a consequence, human activity has important role in shift process of these creatures; also the natural forest 
has higher diversity in comparison with regions which have forestry plan or forestation operation. In other cases, soil 
invertebrate’s diversity and biomass was more in forestation in comparison with natural forest [38]. Kind and 
abundances of soil invertebrates and their biota activities show the composition of soil, and sequence patterns of soil 
in determine habitats. Decomposition of litters is in the effect vegetation type, weather condition, soil features and 
presence of soil invertebrates [34]. Cole et al. [10] found out in their research that increase of soil nutrient will cause 
to increase of soil invertebrates such as collembolan and mite. In addition to increasing of mite abundance in plots 
with more soil nutrient this creature`s biomass is made more too. Nevertheless biota diversity of this creature 
(Shannon biodiversity and Simpson evenness) isn’t only depend on soil nitrogen but also the other important factors 
such as bulk density and soil moisture are effective [25]. 

Studying on forest plantation projects in north of Iran, indicate that about 200000 ha of degraded forests have 
been reforested, from which 40000 ha consist of needle-leaved species [4]. Afforestation activities are one of the 
methods for rehabilitating of the degraded forests in the Caspian region. Therefore, evaluation of the planted species 
and comparison with other natural forests is very important. The objective of this study was a comparative 
evaluation of various plantations with the adjacent mixed broad-leaved forests in regards to mesofauna biodiversity 
and also physico-chemical characters of soil. In this study we hypothesized that tree species will have different 
effects on soil mesofauna biodiversity considering to variability of soil physico-chemical characters under different 
afforested stands. The results of this study would be helpful for forest managers in rehabilitation of degraded broad-
leaved natural forests in lowland areas. Moreover, recognition of parameters affecting mesofauna population under 
natural and planted forests would be useful at cultural interventions. 
 

2. MATERIALS AND METHODS 
 
Research site: The research was conducted in four plantations and an adjacent broadleaved natural forest located in 
compartment 1 of Shast Kalate (Bahram Nia) training forest, at the Gorgan University of Agricultural Sciences and 
Natural Resources (Fig. 1). It is located in northern Iran (36° 41’ to 36° 45’ northern latitudes and 54° 20’ to 54° 24’ 
eastern longitudes) with an average annual precipitation of about 650 mm and an altitude ranging from 700 to 730 m 
a.s.l. The area is on flat and uniform terrain with low slope (3 - 5%). The forest is established on brown forest soil 
with mostly sandstone as bedrock Clay-loam-silty texture and worn stones are spread around the region. Thickness 
of A horizon is 5 to 10 cm dark brown full of organic matter and grain with high permeability capacity, B horizon is 
reached to 50 cm depth and it`s color is  brick with dense texture [51]. The investigated treatments in this research 
consisted of 20-year-old plantations with species of Alder (Alnus subcordata C. A. Mey.), Poplar (Populus deltoids 
Marsh.), Maple (Acer velutinum Bioss.), Cypress (Cupressus sempervirens L. var. horizontalis) and the adjacent 
mixed natural forest. Tree spacing within the plantations was 5m × 5m and the stands were never fertilized. The tree 
species in the natural forest consisted of Beech, Hornbeam, Maple, Alder and other broad -leaved species.  
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Fig. 1. Geographical position of the study site in the north of Iran 

 
Sampling of soil mesofauna: Five soil samples were randomly collected from each afforested type and also 
adjacent mixed natural forest. Whole of soil mesofauna were collected using core soil sampler with 81cm2 cross 
section from 0 -10 and 10 - 20 cm depths. Mesofauna was kept aside and sieving was continued until no more fauna 
could be extracted. The extracted fauna was kept in tight polythene bags at 5°C and later examined in the laboratory 
under binocular microscope (×100), to sort out the animals, which were sorted, counted and kept in 70% ethanol. 
Animals extracted by this method are termed "soil mesofauna" according to the identifications given by [16].  
Soil sampling and analysis: Soil samples were kept simultaneously with mesofauna sampling and then conveyed to 
laboratory due to physico-chemical analysis. Soils were air-dried and passed through 2-mm sieve (aggregates were 
broken to pass through a 2 mm sieve). Bulk density is a measure of a soils mass per unit volume of soil. It is used as 
a measure of soil wetness, volumetric water content, and porosity. Factors that influence the measurement include; 
organic matter content, the porosity of the soil, and the soil structure these factors will intern control hydraulic 
conductivity. Bulk density was measured by Plaster [39] method (clod method). Soil moisture was measured by 
drying soil samples at 105° C for 24 hours. Soil pH was determined using an Orion Ionalyzer Model 901 pH meter 
in a 1:2.5, soil: water solution. The Walkley-Black method is more accurate and more precise on soils with less than 
2.0% organic matter. On soils very high in organic matter, the Walkley-Black method may result in low test results, 
due to the incomplete oxidation of the organic carbon in the sample. Soil organic carbon was determined using the 
Walkey - Black technique [1]. The total nitrogen was measured using a semi Micro - Kjeldhal technique. The 
Kjeldahl method may be broken down into three main steps: 
- The decomposition of nitrogen in organic samples utilizing a concentrated acid solution. This is accomplished by 
boiling a homogeneous sample in concentrated sulfuric acid. The end result is an ammonium sulfate solution. 
- adding excess base to the acid digestion mixture to convert NH4 + to NH3, followed by boiling and condensation 
of the NH3 gas in a receiving solution. 
- To quantify the amount of ammonia in the receiving solution [8]. 
Diversity measures: There are various ways of measuring diversity of soil fauna. In current research, the formulas 
of Shannon - Wiener (diversity), Simpson (evenness) and Margalef (richness) indices were used as follows [27]: 
1- Shannon - Wiener diversity  
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Where H' is Shannon - Wiener index; S is invertebrate's group's number; Pi is average abundance of per 
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Where, D is Simpson evenness index; S is invertebrate's group's number; Pi is average abundance of per 
invertebrates groups. 
3- Margalef richness  

NL
SR

n

1
                                                                                                                                                     (3) 

Where R is Margalef richness index; S is invertebrate's group's number; Ln is natural logarithm; N is number of 
populations. 
Statistical analyses: The normality of the variables was checked by the Kolmogorov - Smirnov test, while Levene’s 
test was used to examine the equality of the variances. Differences in mesofauna biodiversity and also soil physico - 
chemical features among afforested stands and depths were tested with two-way analysis (ANOVA) using the 
General Linear Model (GLM) procedure, with stands (Alder, Maple, Poplar, Cypress and Natural forest) and depths 
(0 - 10 and 10 - 20 cm) as independent factors. Interactions between independent factors were also tested. Duncan’s 
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. SPSS v. 11.5 
software was used for all statistical analysis. In addition, for evaluate the factors affecting mesofauna biodiversity 
indices over the whole range of stand and soil physico - chemical features, the data for all stands were analyzed 
using Principal Component Analysis (PCA) to find the most effective factors on mesofauna distributed in areas.   
 

3. RESULTS 
 

Soil mesofauna biodiversity: The average of soil mesofauna abundances (Table 1 and Fig. 2) and biomass (Table 1 
and Fig. 3) were consistently higher in Alder type than in the other tree plantations, while they were lowest in 
Cypress plantation. In general, the abundances and biomass of mesofauna biodiversity were decreased in Alder, 
Maple, Natural forest, Poplar and Cypress, respectively (Fig. 2 and 3). All of biodiversity indices were significantly 
higher (except Margalef index in abundance) in 0 - 10 cm than in 10 - 20 cm depth for abundance and biomass of 
soil mesofauna (Table 1; Fig. 4 and 5).    
 
         Table 1. Two - way analysis of soil mesofauna biodiversity in different types and soil depths 

Variable factor Biodiversity Index SS DF MS F-value Sig. 
Type Abundance Shannon - Wiener 3.317 4 0.829 10.094 0.000 

  Simpson 0.458 4 0.115 3.424 0.017 
  Margalef 1.847 4 0.462 3.337 0.027 
 Biomass Shannon - Wiener 4.938 4 1.234 4.938 0.000 
  Simpson 1.829 4 0.473 1.829 0.000 

Depth Abundance Shannon - Wiener 1.315 1 1.315 14.354 0.000 
  Simpson 0.138 1 0.138 4.121 0.049 
  Margalef 0.410 1 0.410 2.073 0.158 
 Biomass Shannon - Wiener 0.757 1 0.757 5.889 0.000 
  Simpson 0.512 1 0.512 17.426 0.000 

Type × Depth Abundance Shannon - Wiener 0.651 4 0.163 1.982 0.116 
  Simpson 0.025 4 0.006 0.184 0.945 
  Margalef 0.055 4 0.014 0.069 0.991 
 Biomass Shannon - Wiener 0.911 4 0.228 1.772 0.154 
  Simpson 0.911 4 0.045 1.545 0.208 
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Fig. 2. Mean abundance biodiversity indices of mesofauna in different types 
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Fig. 3. Mean biomass biodiversity indices of mesofauna in different types 
 

 
Fig. 4. Mean abundance biodiversity indices of mesofauna in soil depths 
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Fig. 5. Mean biomass biodiversity indices of mesofauna in soil depths 

 
Soil features: Bulk density was significantly greater in Cypress type and also at the lowest depth compared with the 
other treatments (Fig. 6). Moisture was significantly higher in broad - leaved afforested types compared with 
Cypress and natural forest. This character was significantly higher in 0 - 10 cm depth than in 10 - 20 cm depth (Fig. 
7). Soil pH was significantly higher in Poplar type in comparison to the other afforested types and natural forest. The 
highest pH values were detected in deeper layers of soil (Fig. 8). Soil organic carbon was significantly greater in 
Cypress stand compared with the other treatments. This character was greatest in the 0 - 10 cm and decreased with 
depth (Fig. 9). Maple and Alder types had the higher amounts of total nitrogen than Poplar, Natural forest and 
Cypress types. This property was decreased with soil depth (Fig. 10). Carbon to nitrogen ratio was significantly 
greater in Cypress type compared with the other treatments whereas soil depth did not show any significant 
differences among the forest types (Fig. 11). 
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Fig. 6. Mean soil bulk density in different forest types and soil depths 

0

10

20

30

40

Cypress Poplar Maple Alder Natural
forest

0 - 10 10 - 20

Types  Soil depth (cm)

M
oi

st
ur

e 
(%

)

b a a a
c

a b

 
Fig. 7. Mean soil moisture in different forest types and soil depths 
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Fig. 8. Mean soil pH in different forest types and soil depths 
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Fig. 9. Mean soil organic carbon in different forest types and soil depths 
 

0

0.05

0.1

0.15

0.2

0.25

0.3

Cypress Poplar Maple Alder Natural
forest

0 - 10 10 - 20

Types  Soil depth (cm)

To
ta

l n
itr

og
en

 (%
)

a

a
a

a
a

a a
c

b

a a

b

a
b

 
Fig. 10. Mean soil total nitrogen in different forest types and soil depths 
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Fig. 11. Mean soil carbon to nitrogen ratio in different forest types and soil depths 
 
Mesofauna biodiversity and soil features: The first and second principal components (PC1) and (PC2) maximized 
a total of 85.75 % of the variance in the data set (Fig. 12 and 13). The eigenvectors for total nitrogen in both of 
depths are greatest in relation to Alder and Maple types whereas the character of bulk density is lowest compared to 
the eigenvectors of other variables (Fig. 12 and 13). Whole of mesofauna biodiversity indices (for both of abundance 
and biomass) are tended to Alder and Maple types (Fig. 12 and 13).   
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Fig. 12. PCA biplots of forest types, abundance biodiversity and soil features 

(PC1: Eigen value = 5.41, percent of variance = 45.09, cumulative variance percent = 45.09 and 
PC2: Eigen value = 4.87, percent of variance = 40.65, cumulative variance percent = 85.75). 
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Fig. 13. PCA biplots of forest types, biomass biodiversity and soil features 

(PC1: Eigen value = 5.41, percent of variance = 45.09, cumulative variance percent = 45.09 and  
PC2: Eigen value = 4.87, percent of variance = 40.65, cumulative variance percent = 85.75).  
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4. DISCUSSION 

 
Respecting the increasing forest destruction, forestation using local species is considered as an appropriate way 

to revive destructed forests. In addition to relative growth quality and quantity considerations, the effect of selected 
species on ecosystem revival procedure should also be accounted. Inappropriate nutrients in litter can reduce activity 
of detritivore and organic matter accumulation in surface soil and hence resulting in a decline in litter breakup which 
in turn returns nutrients to the soil and reduces growth and productivity. Numerous studies indicate that ecosystem 
manipulation can have a large impact on decomposition. This may coincide well with observations on the unique 
contribution to decomposition and nitrogen mobilization dynamics which are perhaps attributed to some functional 
groups of detritivore [15, 47]. Relationships between biodiversity and ecosystem function are often identified by 
experimental manipulations. Many researches have found relationships between ecosystem manipulations, 
detritivore population and biodiversity [14, 49, 20]. 

A comparison on studied fields indicates significant changes in abundance of soil mesofauna the least and most 
of which is seen in Cypress, Alder and Maple, respectively [30]. Similar results were found in our research also. 
Wardle and Lavelle [53] reported an effect of individual tree species on detritivore distribution in a French Guianan 
forest. Hence, the food preference of detritivore may be an important regulatory factor. Litter decomposition is 
highly dependent on presence and sufficient activity of detritivore [12, 49, 52]. The present research has shown that 
Cypress plantation in Shast Kalate research - educational forest (Gorgan, Iran) resulted in litter accumulation which 
is, first, influenced by the composition type of nutrients available in litter and the weak ability of soil inhabitants in 
consuming it. This is consistent with Rahmani and Mohammad Nejad Kiasari [40] findings. Low abundance of soil 
mesofauna in Cypress type can originate from phenolic compounds available in the leaf and nitrogen limitation in 
soil. Habitats with humid soil and nutrition pool are appropriate for detritivore and mesofauna and also play an 
important role in regression of nutrients to the soil.  

Temperature and C/N ratio are abiotic factors with the greatest influence on the variation of taxa abundance 
and presence/absence among sites [13, 2]. The bigger the C/N ratio in litter of forest trees and the longer the time 
required for their complete breakup, the smaller the detritivore populations [28]. Abundance and biomass of soil 
fauna are fewer in soils with higher C/N. This result confirms those obtained in previous studies. Neiryck, et al [36] 
found that the small soil C/N ratio in Maple sub-canopy cover resulted in an increase in the number of soil habitant 
invertebrates. Our finding showed that the highest amount of C/N ratio was detected in Cypress afforested type, so 
the least mesofauna belongs to this plantation.  On the other hand, Zou [53], Cole, et al. [10] and also Mboukou - 
Kimbasta et al [28] observed the positive effect of soil nitrogen on abundance and bio-weight of detritivore. Hence, 
an increase in mesofauna under Alder and Maple afforested types may contribute to the relative increases observed 
in soil nitrogen in this research.   

Some soil features such as moisture and nutrients are dependent on soil texture and affect population of 
detritivores [3, 10]. High amount of nitrogen in leaf results in its rapid decomposition and hence humus is formed 
faster. Leaves of broad-leave trees are better than needle- leave ones. Therefore, they decompose faster and form 
sweet humus (alkaline) which, in turn, in decomposed by microorganisms' activity. But needle- leave trees produce 
sour humus (acidic) and this reduces the number of soil habitant invertebrates. Results of the present paper showed 
that soil nitrogen is an important effective factor on presence of mesofauna although other factors, including 
moisture, litter type and quality, are also effective on abundance and biomass of soil habitants [30, 24]. Moreover, 
the mesofauna's abundance and biomass are reversely related to soil carbon [42]. According to our finding, Wang, et 
al. [52] pointed to negatively effect of organic carbon on soil micro arthropods richness. Many researches [44, 48, 
33] also found that mesofauna is more abundant and denser in soil surface layers and suggested that, abundance of 
epi-edaphic Collembola is influenced by site properties which include quality of litter, land management practice 
and abiotic parameters. In this research as like the most abundance and biomass were found in upper soil.  

In addition, the soil of studied forest types is almost acidic and the soil under Cypress afforested type is more 
acidic than other genus. It also reacts slower since many soil habitats are sensitive to acidity and consequently their 
number and biomass declines in acidic soils [21]. According to previous studies most detritivores prefer a neutral-like 
reaction [24]. Based on available findings it is specified that most mesofauna are present in 0 -10 cm depth and their 
number and biomass declines in deeper depth. Proper ventilation, enough space and abundant nutrients are main factors 
increasing the number and biomass of fauna in 0 - 10 cm depth. The 10 - 20 cm layers are not proper in terms of 
mentioned factors and, hence, the abundance and biomass of mesofauna is smaller. Investigation on the soil mesofauna 
has proved the poor occurrence of Collembola species, which point to compact, airless soil condition. So the biological 
decomposition is very slow, the mineralization limited and release of necessary nutrients is restrained [43]. 
     In addition, the type of selected genus for forestation also affects presence and accumulation of these creatures. 
Unlike millipede [40] and soil macrofauna which cannot survive a long time in highly humid environments, 
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mesofauna continues living in an insignificant amount of water. Therefore, forestation with Maple and, especially, 
Alder (which need humid soil and this leads to existence of mesofauna) seems desired. In general, it can be pointed 
out that soil habitants play a significant role in reviving and rebuilding destructed forests and accelerating and 
reinforcing growth in natural forests. This interacts with the genus type and, hence, species must be planted and 
reinforced in forest habitats which positively affect biomass and activity of soil habitants and improve habitat 
conditions and productivity.  
 

5. CONCLUSION 
 

The present paper emphasizes the point that forestation using native broad - leave species consistent with 
region's ecological conditions can act as a proper method to revive and rebuild destructed forests. Moreover, using 
various species for forestation has different effects on abundance and biomass of detritivores and hence species must 
be selected carefully in order to improve soil conditions. Considering an increase in productivity and soil 
mesofauna, Maple and Alder are among favorable species to be used in forestation in this region. As our study was 
conducted in one season (on May 2012), additional researches in different seasons are still necessary to elucidate the 
influence of seasonal variation on soil detritivore such as mesofauna. In conclusion, this study has provided baseline 
information on the abundance and diversity of mesofauna in Northern, Iran. The study also reveals that mesofauna 
are highly influenced by physico-chemical changes of the soil and they can be suitable indicators of land use 
intensity gradient.  
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