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1. Abstract

Soil microorganisms play a crucial role in mineralization and breakdown of complex organic compounds in soil. Microbial populations and functional diversity are greatly influenced by quantity and quality of crop residue and other incorporate organic amendments. Interactions among vegetation, soil physical and chemical conditions, and soil microbial communities determine the functions, resilience and stability of ecosystems. This study carried out using bio-, organic and chemical fertilizers to measure soil quality by evaluate some indicators (biological and bio-chemical indicators) as affected by adopted farming system with three different kinds of crops (wheat, clover and sugar beet). The total microbial counts for bacteria, fungi, actinomycetes, azotobacter and azospirillium and soil enzyme activities (dehydrogenase, phosphatase, catalase, and invertase) were evaluated using rhizosphere of the previous crops comparing with bulk soils. The yield and yield components of these crops were considered. In a bioassay preliminary trial to assess the residual effects of soil rhizosphere and bulk soil samples of harvested pretreated plants, soybean as a sensitive leguminous summer crop was used. In general, using of biofertilizers and organic manures increased most biological and bio-chemical indicators and the soil quality.
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2. Introduction

Soil quality refers to the capacity of soil to perform agronomic and environmental functions. Important among these functions are: agronomic/biomass productivity, response to management and inputs, and resistance to biotic and abiotic stresses. With reference to agricultural land use, soil quality or health refers to its capacity to sustain and support growth of crops and animals while also maintaining and improving the environment. Such definitions of soil health imply an integrated holistic or system level approach, and are based on the concept that the whole is bigger than sum of its components. Key components include soil properties, processes, and synergistic interactions among them. An integrated approach considers 

soil as a living system which responds to managerial interventions as does an organism (Lal, 2011).
Although the terms “soil quality” and “soil health” have been used synonymously (Doran, 2002), their definitions must be differentiated. Soil quality is related to possible functions and uses of soil, but also on the location and scale of study. In contrast, soil health represents a holistic approach for understanding the soil system, independent of soil use and soil users. Soil health considers the soil as a finite, nonrenewable and dynamic resource. Although originally based on the idea of soil as a living entity, soil health has evolved to become the primary indicator of sustainable land management (Garrigues et al. 2012).
Because soil quality cannot be measured comprehensively with a single indicator, soil quality assessments often focus on determining a “minimum data set” (MDS) of soil characteristics with the greatest influence on soil quality. A huge variety of MDS has been proposed, corresponding to differing selection and combination of these properties depending on the location, scale and objectives of different studies. In the MDSs proposed in the literature, soil organic matter (SOM), texture and density are almost unanimously present (Masto et al. 2008) among numerous other physical and chemical properties. The biological properties of soil can be taken into account directly (Bohanec et al. 2007; Kaschuk et al. 2010) or indirectly by assuming a correlation between the density of soil microflora and the SOM content in mineral soils (Garrigues et al. 2012).
Moron (2005) proposed that the indicators used to quantify soil quality must be sensitive to detect changes, easy to measure and interpret, and accessible to many users. In this way, they will constitute an effective tool to show changes in soil important properties. There is a need to establish critical values in order to determine what soils and what functions of those soils are being damaged or recovered.
The biochemical properties of soil have been used widely to evaluate soil quality, both individually and combined in simple indexes and in more complex ones, which stresses the fact that the scientific community recognizes their potential value. Generally, biochemical properties related to the biocycles of the elements (C, N, P and S) are used to diagnose soil quality. These properties include both general biochemical parameters (i.e. microbial biomass C, dehydrogenase activity and N mineralization potential) and specific biochemical parameters (i.e. the activity of hydrolytic enzymes, such as phosphatase, urease and β-glucosidase). Biochemical properties can be used both individually, as simple indices, or in combination using complex equations derived from mathematical combinations or the application of statistical programs (Gil-Sotres et al. 2005).
Soil quality indicators are useful to policy makers as they can: monitor the long-term effects of farm management practices on soil quality; assess the economic impact of alternative management practices designed to improve soil quality, such as cover crops and minimum tillage practices; examine the effectiveness of policies addressing the agricultural soil quality issue; and improve policy analysis of soil quality issues by including not only environmental values but also taking into account economic and social factors (Kleinhenz and Bierman, 2002).
The present study aimed to add light on soil quality as affected by some adopted farming systems with different kinds of crops (wheat, clover and sugar beet). The residual effects of the cultivated crops which may affect the following cultivated soybean crop were considered. Suggested quality indicators could be summarized as follows: (i) detection of the total microbial counts of the main microbial groups (bacteria, fungi, and actinomycetes), (ii) determination of some soil enzymes activities such as phosphatase, dehydrogenase, catalase and invertase activities which play part in alternation of nutrient cycle and reflect ecological soil health and (iii) assessment of yield and its quality of crops.
3. Materials and Methods

3.1 Experimental location

Field experiments were carried out at Betata village (12 km from Kafr El-Sheikh), 134 km North of Cairo, during winter season of 2006/2007. These experiments were designed to study the effect and residual effect of some agronomical practices on some soil quality indicators in both non- and rhizosphere soil under different cover vegetation, such as clover, wheat and sugar beet, followed by soybean for studying the residual effects for used crops and treatments. The preceding crop was cotton. After harvesting, representative composite surface soil samples (0 – 30 cm) were collected air dried, pulverized, passed through a 2 mm sieve and thoroughly analyzed for some selected physico-chemical characteristics according to the standard methods. Other samples were taken as biological samples to assay microbiological soil properties (Table 1).
3.2 Experimental design and treatments
Each experiment was carried out in strip plot design for each crop alone with three replicates; the tested treatments were as follows:
	Treatments 
	Description 

	T1
	Mineral fertilizer (Control or recommended P, K for each crop)

	T2
	Mineral fertilizer + biofertilizer (Rhizobacterin)

	T3
	Mineral fertilizer + Rhizobacterin + recommended N (added as 1:1 inorganic and organic sources)

	T4
	Mineral fertilizer + recommended N (added as 1:1 inorganic and organic sources)


3.3 Sources and forms of used bio-solid wastes and fertilizers
Sewage sludge (SS) and poultry manure (PM) were collected from Kafr El-Sheikh station and a farm at Betata village, respectively, and air dried then crushed with wooden block and passed through a 2 mm screen. Prepared organic amendments were analyzed for their initial chemical characteristics, other samples; SS and PM were taken, as it is, for microbiological assay (Table 1). Nitrogen as ammonium nitrate (33.5 % N), phosphorus as mono-super phosphate (15.5 % P2O5) and potassium as potassium sulphate (50 % K2O) were used.
Clover (Trifolium alexandrium L.), cv. mesqawi, and wheat (Triticum aestivum L.), cv. Sakha 93 and sugar beet (Beta vulgaris L.) cv. Kawemira were obtained from Agricultural Research Station, Sakha, Kafr El-Sheikh, Egypt. All seeds, and grains, were inoculated with biofertilizer (rhizobacterin). Rhizobacterin, which consists of Azotobacter sp., (1.9 × 107 CFU ml-1) plus Azospirillium sp., (2.7 × 107 CFU ml-1), was used for grains and seeds of cultivated crops. Biofertilizer was applied at the rate of 1.44 kg ha-1 and mixed with grains, and seeds before planting considering the allowed practices for microbial inoculation. 
Organic manures were added as 50% recommended N ha-1 during soil preparation practices for all crop plants and prepared from sewage sludge and poultry manure 1:1 on N bases. Seeds and grains of clover, sugar beet and wheat (at rate of 48, 168, and 60 kg ha-1, respectively) were cultivated into soil on November, 14th, 2006 and harvested on March, 3rd, and 18th 2007, respectively. A bioassay trial aimed to study the residual effect of different plants treated with bio-inorganic fertilizers in subsamples soil (rhizosphere and bulk soil samples), on the crop growth as well as N, P and K content of soybean plants.
Table 1: Initial physico-chemical and microbiological characteristics of the experimental soil and different biosolids

	Tested characteristics
	Soil
	Sewage sludge
	Poultry manure

	A. Chemical soil characteristics

	pH (1:2.5 soil water suspension)
	  7.88
	    5.54*
	    7.30*

	EC (soil paste extract at 25ºC, dS m-1)
	  3.47
	    7.27
	    9.24

	B. Physical soil characteristics

	Particle size distribution (%)

	Sand
	18.20
	-
	-

	Silt
	57.54
	-
	-

	Clay
	24.26
	-
	-

	Texture class
	Silty loam

	C. Biological soil characteristics

	Microbial counts (CFU g-1)
	
	
	

	Bacteria
	  5.0 × 107
	  13.3 × 107
	3.0 × 106

	Fungi 
	  1.6 × 106
	    5.0 × 106
	0.9 × 106

	Actinomycetes 
	  3.3 × 106
	  10.6 × 106
	1.8 × 106

	Spore-forming bacteria
	  0.5 × 106
	    0.6 × 106
	0.2 × 106

	Azotobacter
	  8.8 × 104
	-
	-

	Azospirillium
	  2.1 × 104
	-
	-

	Enzymes activity
	
	
	

	Phosphatase activity (µg p-nitrophenol g-1soil h-1)
	  35.5
	-
	-

	Dehydrogenase activity (µg TPF kg-1 soil day-1)
	    6.91
	-
	-

	Catalase activity (µmole H2O2 g-1soil min-1)
	187.0
	-
	-

	Invertase activity (µmole glucose g-1 soil day-1)
	    5.78
	-
	-


* pH (1:10 soil water suspension)                (-) Not determined.                        CFU, cell forming unit

For clover: the experimental plot area was 6 m2 (2 x 3 m). which equivalent 17.8 kg ha-1 ammonium nitrate was added 30 days after sowing before the first irrigation, super phosphate was added at rate 180 kg ha-1 P2O5 and potassium sulphate was added at the rate 150 kg ha-1 K2SO4 at soil service practices before sowing. 
About wheat: the experimental plot area was 6 m2 (2 x 3 m) fertilized with 90 kg ha-1 ammonium nitrate splitted in three parts. The first part, 18 kg ha-1, was added at soil service process before sowing the second, 36 kg ha-1, was added 30 days after sowing before the first irrigation and the third part, 36 kg ha-1, was dressed with the third irrigation. On the other hand, super phosphate 240 kg P2O5 ha-1, was added during field preparation practices.

Sugar beet: after 21 days of germination, plants were thinned to one plant per hill then 84 kg ha-1 ammonium nitrate was added in two equal splits. The firs split was added 30 days after sowing before the first irrigation, and followed by the second split after 21 days before the second irrigation; super phosphate was added at the rate 120 kg P2O5 ha-1, at field preparation for planting.
To get the maximum activity for microbes and enzymes in soils and after 3 months (after 1st cut for clover) for all plants, representative composite rhizosphere (RS) and bulk soil (BS) samples were taken from each plot, air dried and divided into two parts: the first part was air dried and finely ground then stored in plastic bags for physico-chemical analyses, the second part was taken directly for determination of the total microbial counts by detecting the CFU for different microbes as well as the activity of some specific ecological soil enzymes. 
3.4 Analytical analyses
The technique described by Louw and Webley (1959) was used for microbiological analyses of rhizosphere and bulk soil samples. The serial dilution pipette method was used for the microbial counts (bacteria, fungi and actinomycetes) grew on different selective media (Allen, 1953). Azotobacter sp. number is assessed on modified Ashby’s medium according to Abd-El-Malek and Ishac (1968), whereas Azospirillium sp. number on is determined using N-deficient semi-solid medium (Dobereiner et al. 1976). Spore-formers are counted on nutrient agar medium, after heating the dilution tubes for 10 minute at 80-90ºC (Difco, 1976). Microbial biomass carbon was determined by fumigation- incubation methods proposed by Jenkinson and Powlson (1976) after Page (1982). Soil respirations, e.g., the released CO2 amount were measured as described by Page (1982). Phosphatase and dehydrogenase activity determined using method described by Tabatabai (1994). Catalase activity is determined using the titration method outlined by Johnson and Temple (1964), whereas invertase activity is determined using the method described by Hofmann (1965). Fresh and dry weight, plant height and specific properties were determined for each crop.

3.5 Statistical analyses

The obtained resulted were subjected to analyses of variance according to the procedure out lined by Snedecor and Cochren (1972), and significant differences were weighted by LSD test at 0.05 level of probability.

4. Results and Discussion

The concept of soil quality appeared in the literature in the 1990s (Karlen et al. 1997). Several soil-quality definitions have been proposed, and they can probably be grouped into two broad categories depending on whether they emphasize either (1) soil functions or (2) soil use. The most important functions include water flow and retention, solute transport and retention, physical stability and support, retention and cycling of nutrients, buffering and filtering of potentially toxic materials, and maintenance of biodiversity and habitat (Andrews et al. 2004). A soil may have a high quality for one function but not for other functions. In contrast, the latter definition of soil quality can be simply defined as “fitness for use” (Letey et al. 2003). Thus, the soil- “function” definition emphasizes soil ecological services, whereas the soil-“use” definition implies specifying soil uses according to a soil’s environmental or industrial context (e.g., agriculture, road construction). The latter definition also implies responsibilities for those who use soil. These two definitions are interrelated and have been integrated, for example, in a sequential framework that evaluates a soil’s quality for a specific purpose while considering its functions (Carter, 2002). Thus, while soil quality can be considered the degree to which soil can meet a set of functions and/or uses, the members of the set may vary according to the soil context, the issues considered important, or the method used to analyze soil quality (Garrigues et al. 2012).
Soil quality is a critical component of ecosystem functioning and agricultural sustainability. Since no consensus on how to define soil quality exists, neither does consensus on how to assess and evaluate impacts on it. A healthy soil must also have strong resistance to degradation processes and able to recover following a perturbation because of inherent resilience. The term “soil health” is primarily used by farmers, land managers, extension agents, and other practicing professionals (Lal, 2011). Soil quality can not be measured directly, so certain indicators must be used, which are measurable properties of soil and plant that provide clear information about how well the soil can function. In this study some biological and bio-chemical e. g. biotic and abiotic indicators were measured under different cover vegetations treated with bio-chemical fertilizers.
Generally, the greatest problems posed by the use of biochemical properties as soil quality indicators include the lack of reference values, the contradictory behavior shown by these properties when a soil is degraded, and the regional variations in expression levels. Most of these problems are derived from the scarce information available on the biochemical properties of soil. For this reason, obtaining soil quality indicators of general use will require a coordinated effort from the international scientific community to standardize the analytical methods and to compile databases of biochemical properties from soils under diverse geographic conditions and with different uses and management (Gil-Sotres et al. 2005).
4.1 Biological indicators


Soil microorganisms are assumed to be one of directly responsible for soil quality according to their significant roles in the decomposition of soil organic matter and cycling of plant nutrients, e. g. the ecological processes.
4.1.1 Soil microbial counts
Soil microbes are a key component in soil ecosystems, dominating the cycling of nutrient elements and playing a major role in maintaining soil quality. Unfortunately, the soil microbial community is still a black box because of its complexity and the limitations of methodologies for quantification of the soil community. One gram of soil contains thousands of species and billions of individuals of microorganisms, but only approximately 2–3% of soil microbes have been described and less than 1% of the microbes are cultivable (Wang et al. 2008). Soil organisms are assumed to be one of directly responsible for soil quality according to their significant roles in the decomposition of soil organic matter and cycling of plant nutrients, e. g. the ecological processes.
Table 3 showed that, the composition of some microbial communities under different crops and treatments. Total bacterial counts mean ranged between 2.1 × 107 g-1 dry soil under rhizosphere of sugar beet crop in control treatment (T1) to 11.4 × 107 g-1 dry soil under rhizosphere of wheat plants treated with T3. Whereas, in case of bulk soil, the count of bacteria number increased from 0.6 to 4.0 × 107 g-1 dry soil under sugar beet crop in control treatment (T1) to T3 under clover crop, respectively. According to statistical analysis the difference between treatments were highly significant in wheat and clover plants, significant in sugar beet plants. Under wheat rhizosphere, the highest number of total fungi and actinomycetes (9.7 × 104 and 38 × 105 g-1 dry soil, respectively) were recorded whereas, the lowest number (0.3 × 104 and 1.8 × 105 g-1 dry soil, respectively) obtained under clover. In general, the number of the previous three microorganisms was higher under rhizosphere of the previous three crops comparing with under bulk soil.
4.1.2 Soil Azotobacter and Azospirillium
Table 4 indicates that, the mean values of Azotobacter sp. and Azospirillium sp. number under different treatments increased over control treatment. According to statistical analysis, the mean differences between treatments were highly significant in all plants. The tested dinitrogen fixers of the wheat rhizosphere plants exerted the highest response (59.1 × 104 and 126 × 104 g-1 dry soil, respectively) to biological treatment (T4). That means, the Azotobacter sp. and Azospirillium sp. inocula enhanced the growth of both in the wheat rhizosphere comparing with sugar beet and clover. Under wheat rhizosphere, the highest number of total fungi and actinomycetes were recorded whereas, the lowest number (0.9 × 104 and 1.1 × 104 g-1 dry soil, respectively) obtained under clover. In general, the number of the previous two dinitrogen fixers was higher under rhizosphere of the previous three crops comparing with under bulk soil (T1).

Table 3: Total soil microbial counts (bacteria, fungi and actinomycetes) of some plants- rhizosphere soil dressed with bio-, organic and chemical fertilizers after 3 months from sowing of wheat and sugar beet and after 1st cut for clover
	Treatments


	Total bacterial colony (CFU g-1 dry soil)

	
	Wheat
	Sugar beet
	Clover

	
	Rhizosphere
	Bulk soil
	Rhizosphere
	Bulk soil
	Rhizosphere
	Bulk soil

	T1
	  3.8 × 107 c
	0.6 × 107 b
	  2.2 × 107 d
	  1.9 × 107 b
	  7.4 × 107 b
	2.0 × 107 b

	T2
	  6.0 × 107 b
	0.8 × 107 b
	  4.3 × 107 b
	  2.8 × 107 a
	  7.6 × 107 b
	2.0 × 107 b

	T3
	11.4 × 107 a
	1.5 × 107 a
	  3.3 × 107 c
	  2.7 × 107 a
	11.3 × 107 a
	4.0 × 107 a

	T4
	  4.2 × 107 bc
	1.3 × 107 a
	  5.4 × 107 a
	  3.1 × 107 a
	  2.9 × 107 c
	2.0 × 107 b

	F- test
	**
	**
	**
	*
	**
	**

	Total fungi colony (CFU g-1 dry soil)

	T1
	  1.5 × 104 b
	1.4 × 104 b
	  4.3 × 104 d
	  1.4 × 104 b
	1.4 × 104 b
	0.3 × 104 b

	T2
	  2.5 × 104 ab
	3.4 × 104 a
	  5.4 × 104 c
	  4.8 × 104 a
	4.3 × 104 a
	0.6 × 104 ab

	T3
	  2.7 × 104 a
	1.8 × 104 b
	  8.7 × 104 b
	  1.6 × 104 b
	4.4 × 104 a
	0.9 × 104 a

	T4
	  3.1 × 104 a
	2.3 × 104 ab
	  9.7 × 104 a
	  2.2 × 104 b
	2.0 × 104 b
	0.5 × 104 ab

	F- test
	*
	*
	**
	**
	**
	ns

	Total actinomycetes colony (CFU g-1 dry soil)

	T1
	14.1 × 105 c
	3.7 × 105 a
	16.1 × 105 c
	  9.3 × 105 c
	4.4 × 105 b
	1.4 × 105 b

	T2
	18.1 × 105 b
	2.9 × 105 ab
	34.2 × 105 a
	19.4 × 105 a
	6.1 × 105 a
	3.3 × 105 a

	T3
	38.0 × 105 a
	2.4 × 105 ab
	34.7 × 105 a
	18.0 × 105 a
	1.8 × 105 c
	0.7 × 105 b

	T4
	19.6 × 105 b
	1.6 × 105 b
	27.4 × 105 b
	12.4 × 105 b
	1.9 × 105 c
	1.2 × 105 b

	F- test
	**
	*
	**
	**
	**
	**


CFU = cell forming unit.                              T1: inorganic recommended P, K ha-1.

T2: Rhizobacterin + inorganic recommended P, K ha-1.

T3: T2 + recommended N fed-1 which added as (1:1) inorganic and organic sources.

T4: Inorganic recommended P, K ha-1 + recommended N ha-1 (added as 1:1 inorganic and organic sources
Values followed by the same letters are not significantly different by Duncan’s test at 0.05 level
The same results were found by Wu et al. (2005) who reported that, the application of any organic manure may enhance the benefit of Azotobacter. Also, Saini et al. (2004) indicated that the application of farmyard manure increase the Azospirillium population in soil. Generally, it could be concluded that bio-fertilization with rhizobacterin markedly increased the assessed biological indices and sometimes it passed over the chemical bio-chemical treatments which may be due to the active growth of plant roots. 
Table 4: Number of some nitrogen fixers (Azotobacter sp. and Azospirillium sp.) of some plants- rhizosphere dressed with bio-, inorganic and organic fertilizers after 3 months from sowing for wheat and sugar beet and after 1st cut for clover
	Treatments


	Azotobacter number (CFU g-1 dry soil)

	
	Wheat
	Sugar beet
	Clover

	
	Rhizosphere
	Bulk soil
	Rhizosphere
	Bulk soil
	Rhizosphere
	Bulk soil

	T1
	  2.8 × 104 d
	  2.2 × 104 d
	13.1 × 104 b
	  7.3 × 104 b
	  1.8 × 104 c
	1.1 × 104 c

	T2
	59.1 × 104 a
	55.2 × 104 a
	25.9 × 104 a
	24.1 × 104 a
	  7.3 × 104 b
	5.6 × 104 b

	T3
	48.2 × 104 b
	45.2 × 104 b
	23.1 × 104 a
	26.8 × 104 a
	11.2 × 104 a
	6.8 × 104 a

	T4
	35.1 × 104 c
	30.4 × 104 c
	26.8 × 104 a
	22.8 × 104 a
	10.8 × 104 a
	6.1 × 104 ab

	F- test
	**
	**
	**
	**
	**
	**

	Azospirillium number (CFU g-1 dry soil)

	T1
	10.2 × 104 d
	  6.2 × 104 c
	16.4 × 104 d
	10.4 × 104 c
	  1.9 × 104 c
	  0.9 × 104 c

	T2
	126 × 104 a
	60.2 × 104 a
	44.5 × 104 c
	21.4 × 104 b
	  9.4 × 104 b
	  9.2 × 104 b

	T3
	101 × 104 b
	57.6 × 104 ab
	56.5 × 104 a
	26.2 × 104 a
	10.6 × 104 a
	11.1 × 104 a

	T4
	97.1 × 104 c
	55.1 × 104 b
	48.5 × 104 b
	23.5 × 104 ab
	10.5 × 104 a
	  9.6 × 104 b

	F- test
	**
	**
	**
	**
	**
	**


For T1 and others T treatments, see Table 3
Values followed by the same letters are not significantly different by Duncan’s test at 0.05 level
4.2 Biochemical indicators

It is well established that, the bio-chemical indicators such as soil organic carbon content (SOC), microbial biomass carbon (MBC), soil respiration (SR) and soil enzymes activities has been extensively used for soil quality measurement Karlen et al. (1997). The selection of indicators that enable the quantification of soil quality is important. In the correct functioning of a soil an immense number of physical, chemical and biochemical properties are involved. However, due to the impossibility of considering all these properties, it is necessary to make a selection. The selected indicators must satisfy a series of requisites: (a) sensitivity to the presence of the greatest possible number of degrading agents; (b) consistency in the direction of the change undergone in response to a given contaminant; and (c) ability to reflect the different levels of degradation (Gil-Sotres et al. 2005)
4.2.1 SOM, MBC and soil respiration
Soil biology is directly linked to agricultural sustainability as it is the driving force behind decomposition processes that break down complex organic molecules and substances and convert them to plant available forms. Soil microorganisms play a crucial role in mineralization and breakdown of complex organic compounds in soil. Microbial populations and functional diversity are greatly influenced by quantity and quality of crop residue and other incorporate organic amendments (Nair and Ngouajio, 2012).
Figure 1 shows the determined SOM, MBC and soil respiration in the rhizosphere under tested vegetations treated with the used bio-, organic and chemical dressings. Generally, the mean contents of SOM were increased over the control treatments. The highest value of SOM (23.8 g kg-1) was recorded under wheat treated with T2, whereas the lowest (18.5 g kg-1) value of SOM obtained from the rhizosphere under clover treated with T1. Under clover, the highest values for MBC and soil respiration (460.6 µg g-1 and 112.13 meq CO2 elevated 100 g-1 soil day-1, respectively) treated with T3 and T4, whereas the lowest values (300.7 µg g-1 and 106.8 meq CO2 elevated 100 g-1 soil day-1, respectively) were recorded under wheat and sugar beet rhizosphere, respectively. These findings could be considered as a result of substantial growth of cultivated plants and hence more post harvest SOM was present due to biochemical dressings. 
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Figure 1: Soil organic matter, microbial biomass carbon and soil respiration as affected by different plants – rhizosphere treated with bio-, inorganic and organic fertilizers (for treatments details: Table 3)

4.2.2 Soil enzyme activities 
Biological variables, such as enzyme activities, have been highlighted as potential indicators of soil quality as they are frequently more sensitive to management than physical and/or chemical properties. Thus, the early identification of unsustainable agricultural practices might be attained through the monitoring of these variables (Sant’anna et al. 2009). Soil enzymes catalyze reactions in soils that are important in cycling of nutrients such as C, N, P, and S. Accumulated enzymes are primarily of microbial origin but may also originate from plant and animal residue (Dick et al. 1994).
Soil enzymes form a part of the soil matrix as exo-enzymes and as endo-enzymes in viable cells. Soil enzyme activities commonly correlate with microbial parameters. Microorganisms and plants synthesize enzymes, and in the soil they act as biological catalysts of important reactions to produce essential compounds for both soil microorganisms and plants. Assays of soil enzymatic activities include all of the enzymatic forms (biotic and abiotic) present in the soil (Nannipieri, 1994). They also determine the potential enzymatic activity of a soil under optimum conditions of moisture, pH, temperature and substrate concentration. Enzymatic activities may vary under stress, as when soil is contaminated by heavy metals (Dick, 1997). Soil enzymes are important for catalyzing innumerable reactions necessary for life processes of micro-organisms in soils, decomposition of organic residues, cycling of nutrients, and formation of organic matter and soil structure (Balota et al. 2004).
Since the soil rhizosphere represents a complex of living communities, it is considered that soil alkaline phosphatase (AlP) and acid phosphatase (AcP) that are responsible for organic P transformation in soil, might be originating from extracellular and intracellular enzyme activities (Eichler et al. 2004). AcP activity in soil originates from many sources, including plant roots (Dinkelaker and Marschner, 1992), fungi (Tarafdar et al. 1988), mycorrhizal fungi (Tarafdar and Marschner, 1994) and bacteria (Tarafdar and Claassen, 1988). Soil microorganisms and soil fauna produce AlP, whereas higher plants are devoid of AlP (Tarafdar and Claassen, 1988). The activity of soil AlP and AcP that are responsible for hydrolysis of both esters and anhydrous H3PO4 of soil organic matter depends on various factors as soil type and its fertility, type of fertilization and nutrient management, soil microbiological activity, organic matter, soil pH, soil moisture and varieties of higher plant species. Roots and microorganisms release acid phosphatase, whereas microorganisms only produce alkaline phosphatase. Acid and alkaline phosphatase activities are often increased in the rhizosphere compared to the bulk soil (Tarafdar and Claassen, 1988).
Assessments of some soil enzymes activities showed astonished information Table 5; determined soil phosphatase activity (µg ρ-nitrophenol g-1soil h-1) was ranged between 91 under rhizosphere of wheat plants (treatment T2) to 162 under rhizosphere of sugar beet treated with T4. In addition, there were no significant variations between treatments (T1, T2, T3 and T4) under all crops. Concerning the dehydrogenase activity (µg TPF kg-1 soil day-1), plants gave insignificant differences between control and other treatments, except wheat plants. However, rhizosphere of clover recorded the highest value reached 10.13 treated with T2, but the lowest value (4.62) was recorded under rhizosphere of wheat treated with T1.

With regard to catalase activity (µmoles H2O2 g-1 soil min-1), rhizosphere of clover has the highest value of catalase activity (304.8) treated with T1, while the lowest value (175.6) was recorded under rhizosphere of wheat in T4. In addition, all crops showed significant difference between treatments, except for clover plant as shown in Table 5. In case of invertase activity (µmole glucose g-1 soil day-1), all crops showed significant difference between treatments. Under rhizosphere of clover plants recorded the highest (8.05 treated with T2), whereas the lowest value (6.5) recorded significantly under the rhizosphere of wheat plants treated with T1. There is significant difference between treatments for all rhizosphere of crops.

The results were in the same line with those obtained by Martens et al. (1992) who showed that, the addition to soil of fresh organic sources such as farm manure, crop residue and sewage sludge stimulates the soil enzyme activity. Beisner and Römer (1999) reported that sugar beet roots with soil P deficiency have high potential of phosphatase activity from acid to neutral pH. Also Mclachlan (1980) described increased activity of acid phospho-monoesterases under P-deficiency in intact wheat roots, while there was no evidence of alkaline Phosphatase activity with phosphorus deficiency.

Table 5: Response of some soil enzyme activities for some plants- rhizosphere dressed with bio-, organic and chemical fertilizers after 3 months from sowing for wheat and sugar beet and after 1st cut for clover comparing with bulk soil
	Treatments


	Phosphatase activity (µg p-nitrophenol g-1 soil h-1)

	
	Wheat
	Sugar beet
	Clover

	
	Rhizosphere
	Bulk soil
	Rhizosphere
	Bulk soil
	Rhizosphere
	Bulk soil

	T1
	  98.7 a
	75.8 a
	150.1 a
	144.8 a
	112.6 a
	108.4 a

	T2
	  91.0 a
	79.5 a
	160.9 a
	181.9 a
	124.9 a
	101.6 a

	T3
	116.8 a
	78.2 a
	151.2 a
	166.0 a
	131.1 a
	106.0 a

	T4
	111.1 a
	72.7 a
	162.0 a
	181.5 a
	137.7 a
	  91.7 a

	F- test
	ns
	ns
	ns
	ns
	ns
	ns

	
	Dehydrogenase activity (µg TPF kg-1 soil day-1)

	T1
	4.62 b
	2.75 ab
	6.02 a
	6.43 a
	  6.91 a
	5.04 a

	T2
	4.78 b
	2.69 b
	6.97 a
	5.46 a
	10.13 a
	4.72 a

	T3
	8.51 a
	3.73 a
	7.47 a
	5.53 a
	  6.65 a 
	4.24 a

	T4
	3.77 b
	3.43 ab
	7.94 a
	4.66 a
	  8.98 a
	2.97 a

	F- test
	*
	*
	ns
	ns
	ns
	ns

	
	Catalase activity (µmole H2O2 g-1 soil min-1)

	T1
	200.5 b
	156.4 a
	256.1 a
	231.7 a
	304.8 a
	168.7 a

	T2
	214.0 b
	154.3 a
	219.5 b
	233.7 a
	287.3 a
	117.9 b

	T3
	243.2 a
	162.6 a
	254.1 ab
	235.8 a
	287.3 a
	117.9 b

	T4
	175.6 c
	199.6 a
	243.9 ab
	239.8 a
	287.3 a
	119.9 b

	F- test
	**
	ns
	**
	ns
	ns
	*

	
	Invertase activity (µmole glucose g-1 soil day-1)

	T1
	6.50 c
	5.49 b
	7.21 b
	7.06 ab
	6.86 b
	5.81 b

	T2
	7.33 ab
	6.34 a
	8.05 a
	7.46 a
	7.57 a
	6.66 a

	T3
	7.00 bc
	5.99 ab
	7.36 b
	6.71 b
	6.81 b
	6.06 ab

	T4
	7.77 a
	6.74 a
	7.81 ab
	6.81 b
	7.46 a
	6.61 a

	F- test
	*
	*
	*
	*
	*
	*


For T1 and others T treatments, see Table 3
Values followed by the same letters are not significantly different by Duncan’s test at 0.05 level
It is well established that, application of manure and compost on agricultural lands has been shown to positively increase and enrich soil food web (bacteria, fungi, protozoan and nematode density) and also affect a number of soil characteristics, including SOM, and soil respiration (Treonis et al. 2010). With increasing number of growers using cover crops and organic amendments in their production systems, it becomes all the more important to better understand the effects of such strategies on soil microorganisms as they are directly involved in organic matter decomposition and nutrient cycling. After soil incorporation, nutrients available in cover crops and organic amendments have to pass through a decomposition pathway which involves a number of soil microorganisms including, bacteria, fungi, and actinomycetes. Thus, the quality and quantity of plant residues entering the soil can significantly influence soil microorganisms and soil microbial processes (Govaerts et al. 2007). Both crop residue and SOM quality have the potential to increase functional diversity in soil microbial communities (Nair and Ngouajio, 2012).
4.3 Yield and yield components of cultivated crops as soil quality indicators
The differential capacities of plant genotypes to access soil nutrients include differences in the surface area of contact between roots and soil and the composition and amount of root exudates (Jones et al. 2004), rhizosphere microbiota (Rengel and Marschner, 2005) and the ability of plants to interact and select symbiotic microorganisms (Pagano et al. 2011). Element contents of various growing crops are varied with their growing intensity, varieties, and especial climatic conditions. Agronomic practices specially types and rates of incorporated biosolids fertilizers, bio-fertilizers and recommended mineral fertilization are determined factors for element composition.
Considering benefits of inoculations procedures to plant growth, the microbial associations have been pointed as an important strategy to guarantee plant survival under arid- and semi-arid conditions. In view of the fact that biological and biochemical parameters are more sensitive to slight soil modifications by any degrading agent and the dependence of semi-arid plants to symbiotic microorganisms (Scotti and Correa, 2004), these soil populations may be considered strong candidates as biological indicators of soil quality. Indeed, soil microbial taxa and community structure have been considered a strong candidate as biological indicator for monitoring soil quality (Ritz et al. 2009). 
Wheat yield biomass and its components after bio-, organic and inorganic fertilization at harvest stage are illustrated in Table 6a. The mean dry weight in g plant-1 recorded significant differences between treatments and T4 recorded the highest value (90.8 and 60.8 in both fresh and dry weights, respectively). It could be noticed that T4 recorded the highest value for all yield and yield components except plant length.

Table 6a: Effect of bio-, organic and chemical fertilization on yield and yield components of wheat at harvesting stage
	Treatments

(T)
	Mean weight (g plant-1)
	Plant length

(cm)
	Spike 

length

(cm)
	Grain number

Spike-1
	1000 grain weight

(g)
	Yield

(Mg ha-1)

	
	Fresh wt.
	Dry wt.
	
	
	
	
	

	T1
	68.0 a
	44.4 b
	101.1 a
	  9.4 c
	47.7 b
	59.7 a
	3.94 d

	T2
	65.6 a
	42.1 b
	102.9 a
	11.7 ab
	60.8 a
	58.7 a
	5.89 b

	T3
	90.7 a
	54.6 ab
	104.3 a
	11.0 bc
	57.4 ab
	57.0 a
	4.86 c

	T4
	90.8 a
	60.8 a
	  98.2 a
	13.0 a
	68.7 a
	61.0 a
	7.78 a

	F- test
	ns
	*
	ns
	*
	*
	ns
	**


For T1 and others T treatments, see Table 3
Values followed by the same letters are not significantly different by Duncan’s test at 0.05 level
Table 6b shows the effect of bio-inorganic fertilization on yield and yield components of sugar beet at harvest stage. According to the data high significant variations were observed over the control due to treatment T4 in leaf length, root length and root and sugar yield. T4 treatment recorded the highest values for root yield, leaf length and fresh weight per root as shown in Table 6b.

4.4 Residual effects of harvested pretreated plants on soybean
In a bioassay preliminary trial to assess the residual effects of soil rhizosphere and bulk soil samples of harvested pretreated plants, soybean as a sensitive leguminous summer crop was used. Table 7 illustrates the dry weight of soybean plants after 21 days as growth indicator. The lowest (0.093 g plant-1) and the highest (0.228 g plant-1) dry weight due to T1 and T4, respectively under rhizosphere of wheat. The only significant variation was recorded under rhizosphere of wheat.

Table 6b: Effect of bio-, organic and chemical fertilizers on yield and yield components of sugar beet at harvesting stage
	Treatments
	Mean weight (g root-1)
	Leaf length

(cm)
	Quality

(%)
	Sugar

(%)
	Sugar yield

(Mg ha-1)
	Root yield

(Mg ha-1)

	
	Fresh root 
	Dry shoot 
	
	
	
	
	

	T1
	  750.0 b
	  676.7 b
	65.3 b
	82.8 b
	15.75 b
	  8.74 c
	55.4 b

	T2
	1296.7 a
	1143.3 a
	71.0 b
	85.5 a
	17.11 a
	13.01 a
	76.0 a

	T3
	1110.0 a
	1000.0 ab
	77.3 a
	80.5 c
	16.80 ab
	  9.73 b
	57.8 b

	T4
	1367.7 a 
	1106.7 a
	78.0 a
	81.7 bc
	15.70 b
	12.46 a
	79.4 a

	F- test
	*
	*
	**
	**
	*
	**
	**


For T1 and others T treatments, see Table 3
Values followed by the same letters are not significantly different by Duncan’s test at 0.05 level
Table 7: Growth of soybean planted in subsamples soil under some plants treated with bio-, in-organic, and organic fertilizers

	Treatments


	Dry weight of soy bean (g -1plant)

	
	Wheat
	Sugar beet
	Clover

	
	Rhizosphere
	Bulk soil
	Rhizosphere
	Bulk soil
	Rhizosphere
	Bulk soil

	T1
	0.093 b
	0.116 b
	0.119 a
	0.057 a
	0.150 a
	0.128 a

	T2
	0.078 b
	0.120 b
	0.112 a
	0.089 a
	0.126 a
	0.116 a

	T3
	0.149 ab
	0.167 ab
	0.115 a
	0.093 a
	0.119 a
	0.128 a

	T4
	0.228 a
	0.185 a
	0.136 a
	0.110 a
	0.110 a
	0.131 a

	F- test
	*
	*
	 ns
	ns
	ns
	ns


For T1 and others T treatments, see Table 3
Values followed by the same letters are not significantly different by Duncan’s test at 0.05 level
4. Conclusions

The continuous increase of human population in Egypt stresses the need for improving and sustaining soil quality, e. g., the capacity of soil to produce healthy and nutritious, resist erosion and reduce impact of environmental stresses on plants. The need for preservation and improvement of soil quality is recognized world wide. A field experiment was conducted to measure soil quality by evaluate biological, and bio-chemical indicators as affected by adopted farming system with different kinds of crops (wheat, sugar beet and clover). Overall our results demonstrate that soil management practices, such as the practice of sewage sludge and poultry manure application can enhance soil biological activity. Soil biological properties such as respiration, microbial biomass, microbial counts of bacteria, fungi and actinomycetes, and microbial functional diversity can be used an indicator of management induced, changes to soil quality. The results highlight higher microbial activity (microbial counts and soil enzyme activities) in rhizosphere of crops comparing with bulk soil. It could be summarized that, the integrated fertilization (bio-, in-organic, and organic fertilizers) treatment (T3 and T4) produced higher increase in most soil quality indicators comparing with other treatments. 
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الملخص العربى

معايير جودة التربة و تأثرها بزراعة المحاصيل المختلفة:

1- تأثير زراعة القمح ، البرسيم و بنجر السكر على المعايير البيولوجية و البيوكيمياوية

طارق الشال ، عادل أبو الخير ، طه العيسوى و حسن الرمادى
قسم الأراضى و المياه – كلية الزراعة – جامعة كفر الشيخ – 3 3516 كفر الشيخ – مصر

تلعب الكائنات الحية الدقيقة بالتربة دوراً هاماً فى معدنة و تكسير المواد العضوية المعقدة ، كما أن المجموعات الميكروبية و التنوع الوظيفى لها يتأثر كماً و نوعاً ببقايا المحاصيل المنزرعة و غيرها من المحسنات العضوية بالتربة. و يحدد مدى التفاعل بين المحصول المنزرع و خصائص التربة الطبيعية و الكيمياوية و كذلك المجموعات الميكروبية بالتربة مدى ثبات و إستقرار النظام البيئى. و قد أجريت هذه الدراسة بإستخدام الأسمدة الحيوية ، العضوية و المعدنية فى قياس جودة التربة و ذلك من خلال تقييم بعض المعايير و الأدلة البيولوجية و البيوكيمياوية و تأثرها بنظام الزراعة و ذلك من خلال زراعة ثلاثة محاصيل مختلفة هى القمح ، البرسيم و بنجر السكر. و قد أوضحت النتائج المتحصل عليها أن الأعداد الكلية للمجموعات الميكروبية المتمثلة فى البكتريا ، الفطريات ، الأكتينوميستات ، الأزوتوباكتر و الأزوسبيريلليم و كذلك بعض إنزيمات التربة المتمثلة فى الديهيدروجينيز ، الفوسفاتيز ، الكاتاليز و الإنفرتيز قد تم تتبعها و ذلك بإستخدام عينات تربة من منطقة إنتشار الجذور أو الرايزوسفير منزرعة بالمحاصيل الثلاثة السابقة مقارنة بعينات تربة خالية من زراعة هذه المحاصيل السابقة. كما أخذ فى الإعتبار دراسة المحصول و مكوناته للمحاصيل الثلاثة السابقة و أخذت عينات تربة منزرعة بالمحاصيل الثلاثة السابقة و أجريت عليها تجربة تقييم حيوى أولية و ذلك بإستخدام نبات فول الصويا بغرض تتبع تأثير المحصول السابق على خصائص التربة البيولوجية فى منطقة إنتشار الجذور و عموماً أظهرت النتائج أن إستخدام توليفة من كلاً من الأسمدة العضوية و الحيوية يعطى أفضل النتائج للمعايير و الأدلة البيولوجية و البيوكيمياوية و التى تصب فى النهاية فى جودة خصائص التربة.
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