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ABSTRACT: Although nature is comprised of biological diversity soil is one of the most diverse habitats 
on earth and contains one of the most diverse assemblages of living organisms. Soil organisms are 
important elements for preserved ecosystem biodiversity and services thus assess functional and 
structural biodiversity in arable soils is interest. One of the main threats to soil biodiversity occurred by 
mechanical impacts by soil tillage in agricultural management. Furthermore, suppress soil 
microorganisms play important roles in many soil processes. Soil microorganisms regulate carbon and 
nitrogen cycling and provide nutrition to plants. Bacteria and fungi are critical for the production of soil 
aggregates and the conversion of plant residue to soil organic matter (SOM), that increases aggregate 
stability, cation exchange capacity, and water holding capacity, water infiltration and soil porosity. 
Several recent studies have focused on the effects of agricultural practices on the community diversity of 
soil microorganisms. Generally, soil microbial activity is affected negatively by soil tillage. No-till or 
reduced tillage systems can reduce the erosion of soil, which is not a renewable resource and is 
declining on much of our agricultural land. The decrease of organic matter as a result of tillage in the soil 
can cause decreases in soil microbial activity therefore, studding about the effect of tillage on soil 
microorganisms have important roles in soil biodiversity changes. 
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INTRODUCTION 
 
 Nature is comprised of biological diversity. Soil is one of the most diverse habitats on earth and contains one of 
the most diverse assemblages of living organisms. A single gram of soil has been estimated to contain several 
thousand species of bacteria (Torsvik et al., 1994) of the 1500000 species of fungi estimated to exist worldwide 
(Hawksworth, 1991) remarkably little is known of soil fungi, apart from common fungal pathogens and mycorrhizal 
species. Among the soil fauna, some 100000 species of protozoa, 500,000 species of nematodes (Hawksworth 
and Mound, 1991) and 3000 species of earthworms (Lee, 1985) are estimated to exist, not to mention the other 
invertebrate groups of the meso fauna (e.g. Collembola; mites and enchytraeids) and macro fauna (e.g. ants, 
termites, beetles and spiders). 
 Since global food production is already dependent on intensive agricultural production and demands for food 
are likely to increase substantially, the future challenge is to match demands for production with forms of soil 
management that are sensitive to maintaining soil biodiversity. Soil organisms are important elements for 
preserved ecosystem biodiversity and services thus assess functional and structural biodiversity in arable soils is 
interest. Main threats to soil biodiversity occurred by mechanical impacts (soil compaction, soil tillage) and 
chemical stress (plant protection measures) in agricultural management (Médiène et al., 2011).  
 In most areas of the world currently still plough the soil, thereby inverting it, and then harrow it to create a fine 
seedbed (Holland, 2004 and FAO, 2008) Such systems, named “conventional tillage” systems (CVT) (Holland, 
2004), that highly effective in inhibiting annual weeds, counteracts nutrient leaching, and cleans the soil surface, 
facilitating precise seeding (Ehlers and Claupein, 1994). Conversely, plugging is often accompany by the 
degradation of soil structure, leading to subsoil compaction, soil surface seals, erosion, and a decrease in soil 
organic matter (SOM) (Six et al., 2000 and Holland, 2004). Soil quality, biodiversity and productivity affected by 
seasonal plougging (Henle et al., 2008 and Shaxson et al., 2008). 
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Physical, chemical and biological properties of the soil influence by soil tillage. Biological properties of soil may 
change because of the changing physical and chemical properties of soil by soil tillage methods. Actually these 
changes are indirect results of tillage. As physical and chemical properties of soil changed by tillage methods the 
parameters directly related with soil microbial activities such as organic matter, soil humidity, temperature and 
ventilation as well as the degrees of interaction between soil mineral and organic matter also affected. Due to these 
effects, significant differences can be observed in the population of microbial activities in soil (Wardle, 1995; 
Lavelle, 2000; Kladivko, 2001 and Sagar et al., 2001). 
 The main challenge to develop protection of soil biodiversity in agro ecosystem is predict impacts of tillage 
systems on organisms and understand the links between ecosystem processes and services, and the scale at 
which each member of soil biota contributes to their provision (Brussaard et al., 2007; Giller et al., 2005; Roger-
Estrade et al., 2010; Temme and Verburg, 2011). To reach the goal of safe productivity where protecting natural 
resources, plough less “conservation tillage” (CST) and “notillage” (direct seeding, NT) management practices were 
developed (Bäumer, 1970; Holland, 2004; Pretty, 2008; Sommer and Lindstrom, 1987). 
 Abundance, biomass and activity of soil biota affected mainly by amount, quality and distribution of organic 
matter as basic food source in the soil (Wardle, 1995). Because most studies have mainly been short term, small 
scale and with limited coverage of taxonomic, functional or trophic levels (Bulte et al., 2005; Hooper et al., 2005 
and Treonis et al., 2010) long term impacts of tillage systems on belowground biodiversity are only poorly 
understood. Thus, further integrating studies, combining several indicator organisms and respective relevant 
parameters are needed in order to assess the potential of tillage measures to maintain high soil biodiversity 
(Barrios, 2007; Temme and Verburg, 2011). 
 Several recent studies have focused on the effects of agricultural practices on the community diversity of soil 
microorganisms (Buckley and Schmidt, 2003; Clegg et al., 2003; Johnson et al., 2003; Salles et al., 2006; 
Steenwerth et al., 2002; Vepsäläinen et al., 2004; Yao et al., 2000). No-till or reduced tillage systems can reduce 
the erosion of soil, which is not a renewable resource and is declining on much of our agricultural land (Kabir, 2005; 
Papendick, 2004). Reduced tillage can also increase soil organic matter which is generally thought to increase soil 
quality through better structure, drainage and ion exchange (Dao, 1993; Douglas and Goss, 1982; Woods, 1989). 
Generally, soil microbial activity is affected negatively by soil tillage (Hussain et al., 1999; Kladivko, 2001; Sagar et 
al., 2001; Jinbo et al., 2007). Rhizobial activity can also be affected negatively by soil tillage (Ferriera et al., 2000 
and Hassen et al., 2007). Number of researchers defined that soil microbial activity decreased as a result of 
decreasing in soil organic matter (Elliot el al., 1984; Hussain et al., 1999 and Sagar et al., 2001). Effects of soil 
tillage methods depend on climate, regional, and environmental factors. Therefore, before applying tillage methods 
these factors must be considered.  
 
Soil biodiversity indicators 
 Practical soil quality assessment needs considering biological factors. More researchers realized that in 
environmental conditions biological indicators were better than physicochemical indicators (Goodsell et al., 2009). 
According to the definition of bio indicators, two kinds of indicators (descriptive and evaluative) can be categorized 
(Heink and Kowarik, 2010).  
 Descriptive indicators were used to reflect attributes of the indicators and describe the state or analyze 
changes in agro ecosystems (McGeoch, 1998 and Walz, 2000). Evaluative indicators served mainly for evaluating 
ecosystem function and diagnosing the cause of an environmental problem (Dale and Beyeler, 2001). Bio 
indicators consist of:  
1- Soil nematode communities (Yeates, 2003; Ritz et al., 2009 and Sanchez-Moreno et al., 2010), the utilization of 
nematode community analysis for indicating soil food web dynamics in agro ecosystems has been reported by 
many researches (Ferris and Matute, 2003; Briar et al., 2007; Sanchez-Moreno et al., 2008; Dupont et al., 2009). 
As descriptive indicators, nematode abundance, body length and biomass are relatively easy to determine. Tillage 
and cover crops usually have directly effect on their increase or decrease. 
As evaluative indicators, some nematode ecological indices have been proven to be useful tools for evaluating soil 
conditions.(Lenz and Eisenbeis, 2000) found that nematode trophic diversity (TD) did not indicate the tillage 
disturbance; the maturity index (MI) was suitable for indicating immediate tillage effects on the nematode 
community. 
2- Microbial biomass carbon changes (MBC) serve as useful indicators of how management practices affect the 
soil ecosystem, with reductions in biomass generally indicating negative impacts on ecosystem processes (Wardle, 
1995).  
3- MUFA (monounsaturated fatty acids) /STFA (saturated fatty acids) ratio was adopted to identify soil aeration 
condition, and found to be a sensitive indicator for agricultural management (Bossio and Scow, 1998). 
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4- G+/G– bacteria ratio was used as an indicator of soil starvation stress (Hammesfahr et al., 2008). 
Generally, if a soil is being degraded, the microbial C pools will decline at a faster rate than the organic matter, and 
the Cmic:Corg percentage will decrease as well. This might allow for a calibrated soil quality indicator to predict 
whether soils are accumulating or losing soil C.(Jenkinson and Ladd, 1981) proposed a 2.2 Cmic:Corg percentage 
is an equilibrium threshold for cultivated soil. 
5- The C: N microbial biomass ratio is an indication of the relative proportion of fungi to bacteria (Anderson and 
Domsch 1980; Wheatley et al., 1990; Fauci and Dick 1994). 
Wider C:N biomass of  NT (no tillage) would suggest that NT plots have a greater proportion of fungal compared to 
bacterial biomass than CT (conventional tillage). This would follow the observation that reduced soil disturbance 
favors establishment and maintenance of fungal hyphal networks (Wardle, 1995). 
6- Soil microorganisms, earthworms, collembolans, mites, enchytraeids and nematodes, as most important soil 
invertebrate groups in temperate regions (Hülsmann and Wolters, 1998), they were used as bio indicators in 
ecosystem. 
7- Basal and substrate induced respiration (SIR) are valid indicators of general soil microbial activity and active 
microbial biomass (Parkin et al., 1996). 
8- Total abundance and biomass of earthworms are also well known indicators of soil quality (Ortiz-Ceballos and 
Fragoso, 2004). Furthermore, metabolic profiles are widely used to determine functional diversity of soil microbial 
communities (Crecchio et al., 2004). 
9- Glycosidase, an enzyme already reported as an early indicator of changes in soil properties induced by tillage 
systems (Ekenler and Tabatabai, 2003). 
10-Average potential of N mineralization (PNM) rate, considered as an indicator of the quality of soil organic matter. 
 
Soil organisms: 
Earthworms: 
 Earthworms are of utmost relevance for the preservation of soil structure as they represent crucial ecosystem 
engineers (Lavelle et al., 2006) and important decomposers in soils. Total earthworm abundance, biomass, and 
species diversity were significantly increased in tillage systems with lower tillage intensity (Capelle et al., 2012). 
Earthworm biomass and abundance increased in systems that reduced injuries, microclimate changes, and less 
exposure to predators at the soil surface, that provide availability of organic matter as convenient food source 
(Roger-Estrade et al., 2010; Wardle, 1995). According to the results of (Holland, 2004 and Pelosi et al., 2009), the 
number of earthworm species and species diversity increased in tillage systems with reduced tillage intensity. 
Impact of tillage depended on soil texture (Chan, 2001). Earthworm densities were highest in sandy soils under 
CVT (conventional tillage), whereas CST (conservation tillage) and NT (no tillage) systems significantly promoted 
earthworm abundances in silty and loamy soils (Capelle et al., 2012). In total, the biggest impact of soil texture was 
reflected under NT conditions with increasing individual densities from sandy to loamy and silty soils. Dependence 
of tillage effects on the particle size distribution obvious within soils of a certain texture. Earthworm abundances in 
different kinds of silt, for example, show positive impact of reduced tillage intensity from loamy, via sandy to clayey 
silt this finding illustrates the importance of integrating studies, combining several parameters and locations 
(Barrios, 2007), as single sites might not reflect the whole spread of possible impacts and changes. Impacts of 
tillage intensity on the functional diversity of the macro fauna are indicated by changes in the community 
composition of ecological earthworm groups. 
 Individual densities of epigeic earthworms did not significantly differ depending on tillage system (Edwards and 
Lofty, 1982; House and Parmelee, 1985; Kladivko, 2001; Pelosi et al., 2009) but contradicts the assumption that 
endogeic species generally benefit most under CVT due to buried organic matter (Nuutinen, 1992; Pelosi et al., 
2009). Results suggest that anecic species benefitted under CST when compared with CVT, whereas individual 
numbers of endogeic species decreased. This finding indicates that organisms inhabiting the soil were differently 
affected depending on their vertical stratification in combination with body size. Whereas the ploughing procedure 
represented the main factor adversely influencing larger anecic species via injuries and the disruption of pores, this 
aspect was of minor relevance for smaller endogeic species inhabiting deeper soil layers. The latter, in turn, 
profited more from soil inversion and loosening action, providing adequate aeration and sufficient food supply, than 
from the reduction of soil disturbance. Thus, the assumption that deep burrowing earthworms might have the 
potential to escape the zone of disturbance (Reinecke and Visser, 1980) was verified for endogeic species. 
However, in total, NT represented the management system that provided the most favorable conditions for 
earthworms and thus, ensured and optimized earthworm driven processes at most. This finding is affirmed by the 
tendency of increasing species numbers and enhanced biomasses detected for all ecological groups as a 
consequence of direct seeding. 
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Bactria: 
 One of the important activities related to soil qualities is beneficial microorganism activities. The most important 
of these activities is a root nodule bacterium which provides biological N2- fixation (Ferreira et al., 2000). (Dogan et 
al., 2011) reported that the number of nodules which is the most important parameter of nitrogen fixation is 
significantly affected by the soil tillage methods. The highest nodule number was 96 per plant in NTDS (no tillage 
with direct seeding) plots. The nodule numbers with the other applications were changed between 30 number/plant 
CTBR (conventional tillage with burnt residue) and 56 number/plant NTHD (no- tillage with heavy disking). The low 
rates of nodules on the plots with burnt residue (CTBR) may have been explained by the destruction of Rhizobium 
bacteria's in dormant form. As it is known, when the residue is burnt the higher temperatures in soil surfaces 
adversely affect the soil organisms, the amount of organic matter, the availability of soil nutrients, and consequently 
the soil fertility. 
 In the reduced tillage systems RTHD and RTR (reduced tillage with rotaryTiller) the nodule numbers were 
increased compared to the conventional tillage systems. As the number of tillage operation and the tillage depth 
are increased, the nodule numbers are decreased.  
 Tillage systems have significant effects on the nodule weights. The highest mean nodule weight measured on 
NTHD plots with the rate of 3.91 mg/nodule, whereas the lowest value measured on CTR plots with the rate of 2.06 
mg/nodule. Many similar studies conducted in different conditions and locations were resulted that no-tillage 
systems had positive effects on soil microbial activities (Olivares, 2004 and Hassen et al., 2007). 
 By soil tillage, the chemical and biological characteristics of soil are also affected due to physical manipulation 
that the soil subjected. Such organisms like rhizobium and mycorrhiza providing many significant benefits together 
with the plants and their activities are considerably affected by the changes in surrounding area (Hassen et al., 
2007). 
 Rhizobial nitrogen fixation parameters considerably were higher in reduced tillage (RTHD and RTR) compared 
with the other applications (Dogan et al., 2011). Dry nodule weights, like in CTBR were low in the plots of CTR and 
RTHD, respectively. Also, the lowest mean nodule weights observed in CTR plots and the lowest up root N content 
observed in RTHD plots. parameters of nitrogen rhizobial fixation has been affected negatively by the conventional 
tillage methods in which 3-5 tillage operations are applied and soil is disturbed. There were differences among the 
tillage methods and these differences were found to be statistically significant. In general, the best results related 
with rhizobial activity have been obtained with NTDS and NTHD. 
 Generally, soil microbial activity is affected negatively by soil tillage (Hussain et al., 1999; Kladivko, 2001; 
Sagar et al., 2001 and Jinbo et al., 2007). Rhizobial activity can also be affected negatively by soil tillage (Ferriera 
et al., 2000 and Hassen et al., 2007). Soil organic matter decreased by soil tillage operations is also important for 
the vital activities of soil microorganisms. The decrease of organic matter in the soil can also cause decreases in 
soil microbial activity (Elliot el al., 1984; Hussain et al., 1999 and Sagar et al., 2001). 
 (Patra et al., 2008) reported that regarding the microbial population, the average density of bacteria has 
followed the order:  
 Residues incorporation with conventional tillage CT + R> zero tillage with residues ZT + R> CT> ZT. But, in 
cases of fungi the order was ZT + R > CT + R > ZT > CT. From the ratio of bacteria to fungi it can be concluded 
that CT was dominant with bacteria followed by CT + R treatment. The results suggested that the bacterial 
decomposition pathway were relatively more important in the presence of residue, and that the abundant resources 
and fast nutrient turnover in the residue treatments might contribute to the changes in the NCR (nematode channel 
ratio) (Ferris et al., 2004). Many reports argued that residue could increase the abundance of bacteria in (no tillage) 
NT (Hammesfahr et al., 2008 and Ceja-Navarro et al. 2010). (Wang et al., 2012) did not find any significant positive 
effects of residue on the abundance of bacteria and there was only an increasing trend for the bacteria in NT with 
increasing residue quantity.  
 MUFA/STFA (mono unsaturated fatty acids/saturated fatty acids) ratio was adopted to identify soil aeration 
condition, and found to be a sensitive indicator for agricultural management (Bossio and Scow, 1998). The 
significantly low MUFA/STFA ratio in NT soils indicated that an anaerobic condition was formed, which might give 
stress to soil bacteria and restrain their growth (Spedding et al., 2004 and Gouaerts et al., 2007). 
 
Nematode: 
 Soil nematode communities have been widely used as bio indicators of ecosystem conditions (Yeates, 2003; 
Ritz et al., 2009 and Sanchez-Moreno et al., 2010), due to their key positions in soil food webs (Neher, 2001). 
Nematode community analysis utilizing for indicating soil food web dynamics in agro ecosystems reported by many 
researches (Ferris and Matute, 2003; Briar et al., 2007; Sanchez-Moreno et al., 2008 and DuPont et al., 2009). As 
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descriptive indicators, nematode abundance, body length and biomass are relatively easy to determine and their 
increase or decrease are usually directly affected by tillage and cover crops (Fiscus and Neher, 2002; Ferris, 2010; 
Mills and Adl, 2011). (Wardle, 1995) summarized that there were different responses (stimulation or inhibition) of 
total nematode abundance to tillage in different studies and larger organisms were likely to be reduced by tillage. 
(Zhang et al., 2012) reported that the total nematode abundance significantly higher was in the 100% residue than 
in the no residue and 50% residue treatments for both NT and CT. Als0 tillage had significant effect on the 
abundance of 7 genera of nematode, and a residue effect on that of 6 genera. The genus biomass responses to 
tillage and residue management were different.  
 Tillage significantly influenced TD (nematode trophic diversity), EI (enrichment index) and CI (low channel). TD 
and EI decreased but CI increased in NT compared to CT. The metabolic footprint characteristics of the food web 
were found to be different between NT and CT. 
 The responses of nematodes to tillage and residue were found to be genus-dependent. With the exception of 
Acrobeloides and Dorylaimellus, genera sensitive to tillage differed from those sensitive to residue, and the 
different effect mechanisms between tillage and residue might contribute to the discrepancy. Tillage affected soil 
nematode communities mainly through direct abrasion and changes to soil texture and residue through influencing 
nutrient cycling (Kladivko, 2001 and Rahman et al., 2007). 
 Tillage factor explained more variations than residue for nematode biomass, whereas opposite results were 
found for abundance (Zhang et al., 2012). (Zhu et al., 2009), also reported that straw cover had more variation in 
soil fauna abundance than tillage, but the distribution pattern of soil fauna affected by tillage through influencing the 
residue management. Rare genera, such as Discolaimium, were found only in the NT, representing the genera 
sensitive to tillage disturbance. (Fiscus and Neher, 2002), also found that the increase or decrease of dominant 
genera and the presence or absence of rare genera played important roles in the ordination. 
 The residue application increased the Shannon diversity index (ѝ) and the generic richness (GR), but 
decreased the Simpson index (λ), (Liang et al., 2009). (Li et al., 2009) reported that the application of residue had a 
significant effect on soil nematode diversity due to the increasing supply of resources to the soil food web. The 
significant tillage effect on TD suggested tillage treatments changed the soil community structure at the trophic 
level (Zhang et al., 2012). Nematode community structure differences generally reflect on current changes in 
diverse soil biotic groups and ecosystem processes including N mineralization, pest suppression and C 
sequestration (Ferris and Matute, 2003). Additional information on soil food web characteristics may be inferred by 
grouping nematode taxa according to their functions and rating over all populations by standardized indices such 
as the structure index (SI) and basal index (BI) (Ferris et al., 2001). Nematode communities in NT plots were 
characterized by a 60% higher BI over all depths (0–100 cm) relative to PR plots indicating impoverished nutrient 
status and stressed conditions in NT plots (Ferris et al., 2001). Nevertheless, observed shifts in labile carbon pools 
and soil biota occurring with no-tillage conversion of perennial grassland to annual cropland suggest that 
reductions in soil quality and biological function associated with landscape conversion are not driven by tillage 
alone. (Nakamoto et al., 2006) also reported nematode population density was higher in RT than in CT but not 
affected by field. In parallel with microbial SIR, the abundance of nematodes was affected only by recent tillage. 
Soil microbial biomass and the numbers of nematodes, mites, and springtails were reduced by CT compared with 
RT. This agrees well with a general view that soil biota are usually inhibited by cultivation, although some groups, 
such as nematodes and mites, have a wide range of responses to tillage, from reduction to stimulation (Wardle, 
1995). Three biological groups’ microbes, nematodes, and mites responded similarly to tillage treatments, and their 
densities were highly correlated with each other. Although most nematodes and mites are on the trophic level 
immediately above bacteria and fungi (most nematodes are bacterial and fungal feeders, and the most numerous 
mites were fungivorous or detrivorous oribatid mites), tillage is known to increase soil compaction that might have 
negatively affected micro arthropod populations (Carter et al., 2009). 
 
Fungal: 
 Environmental conditions in the soil are generally not favorable for fungal growth, due to high or low 
temperatures (frozen ground) or extremely dry conditions. Pathogens survive in the soil as resistant propagules, 
such as chlamydospores, sclerotia, thickwalled conidia or hyphae, or survive in plant roots and crop residues 
(Bruehl, 1987). When conditions are favorable and when a seed or root approaches the dormant propagule, the 
fungus is stimulated to germinate by root or seed exudates and chemotactically grows toward the plant. 
 Regarding the microbial population, the average density of bacteria has followed the order: CT + R> ZT + R> 
CT> ZT whereas, in case of fungi the order was ZT + R > CT + R > ZT > CT. From the ratio of bacteria to fungi it 
can be inferred that CT was dominant with bacteria followed by CT + R treatment. Higher fungi in ZT or ZT + R 
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than CT has been revealed, indicating higher importance of fungi to   residues decomposition and nutrient 
mineralization in these two systems (patra et al., 2008). 
The impact of various agricultural practices on soil biodiversity and, in particular, on arbuscular mycorrhizal fungi 
(AMF), is still poorly understood, although AMF can provide benefit to plants and ecosystems (Verbruggen et al., 
2010). AMF are a main component of soil microbes in most agro ecosystems and are    necessary for many plants 
(Parniske, 2008). The AMF abundance was often correlated with the mass of macro aggregates which physically 
protect SOC (Six et al., 2006). AMF can produce glycoprotein (e.g., glomalin) to bind soil aggregates, or use their 
hyphae acting as a web to encase macro aggregates. Therefore, the soil management practices that can increase 
or maintain soil AMF abundance, such as NT, could result in greater soil C sequestration (White and Rice, 2009). 
AMF abundance had a significant positive correlation with MBC, MBC(microbial biomass carbon)/SOC (soil organic 
carbon) and total N (Wang et al., 2012). NT increased the total microbes and AMF, but decreased the 
actinomycetes, MUFA/STFA and the G+/G– bacteria ratio compared with CT. Total microbes, total bacteria, G+ 
bacteria, G– bacteria, and actinomycetes in NT gradually increased with increasing residue quantity. Fungi, 
especially arbuscular mycorrhizal fungi (AMF) enriched in NT, but bacteria (G+ bacteria, G– bacteria and 
actinomycetes) in CT. (Simmons and Coleman, 2008) indicated that NT with residue application had positive 
effects on soil microbes, among which fungi were dominant. It was reported that tillage could significantly decrease 
soil fungi by physically disrupting their hyphal networks and/or by affecting soil moisture regime, resulting in a 
decreased fungal biomass (Simmons and Coleman 2008; Helgason et al., 2009). The abundance of fungi 
especially AMF increased significantly in NT, which was in agreement with previous studies (Spedding et al., 2004; 
Alguacil et al., 2008). MBC positively correlated with total microbes and AMF, but negatively with actinomycetes. In 
conclusion, among the all treatments, NT with 100% residue application obviously improved soil microbiological 
properties (Wang et al., 2012).  
 Agricultural sites have typically been the poorest in AMF diversity (Oehl et al., 2003; O ¨ pik et al., 2006), 
although AMF abundance can be high (Treseder and Cross, 2006). The average number of AMF taxa was highest 
in grasslands (8.8), intermediate in organically managed fields (6.4) and significantly lower in conventionally 
managed fields (3.9). Moreover, AMF richness increased significantly with the time since conversion to organic 
agriculture. AMF communities of organically managed fields were also more similar to those of natural grasslands 
when compared with those under conventional management, and were less uniform than their conventional 
counterparts, as expressed by higher b-diversity (between-site diversity). Organic management enhances the 
diversity of AMF assemblages, when compared with conventionally managed agricultural fields. AMF communities 
were richer and more diverse across organically managed fields and were more similar to those of (semi-) natural, 
undisturbed grasslands. Moreover, AMF richness increased significantly with the time since conversion to organic 
management (Verbruggen et al., 2010). 
 
Other organisms: 
 Soil microbial biomass and the numbers of nematodes, mites, and springtails were reduced by CT compared 
with RT (reduced tillage). This agrees well with a general view that soil biota are usually inhibited by cultivation, 
although some groups, such as nematodes and mites, have a wide range of responses to tillage, from reduction to 
stimulation (Wardle, 1995). Three biological groups’ microbes, nematodes, and mites responded similarly to   
tillage treatments, and their densities were highly correlated with each other (Nakamoto, 2006). 
 

CONCULSION 
 

 Soil microorganisms play important roles in many soil processes. Soil tillage methods have complex effects on 
physical, chemical and biological properties of soil. Because of the changing physical and chemical properties of 
soil by soil tillage methods, the biological properties of soil may also change. Actually these changes are indirect 
results of tillage. Changed physical and chemical soil properties by soil tillage methods effect the parameters 
directly related with soil microbial activities such as organic matter, soil humidity, temperature and ventilation as 
well as the degrees of interaction between soil mineral and organic matter. As a result of these effects, significant 
differences can be observed in the population of microbial activities in soil. Generally, tillage have negative impact 
on soil micro and macro organisms, so to aim the goal of preserving the soil organisms and increase its 
biodiversity, new tillage method such as no tillage or reduced tillage should be developed. 
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