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ABSTRACT  
 

Long-term experiments are leading indicators of sustainability and serve as an early warning system to 
detect problems that threaten the future productivity. Soil quality assessment is considered as a tool for 
evaluating the sustainability of soil management practices. In a long-term crop rotation experiment set up in 
1912 and modified in 1989 at Bahtim Agricultural Research Station, Agricultural Research Center (ARC), 
Egypt. A study was conducted to determine the effects of long-term addition of organic and inorganic fertilizer 
amendments at low rates on soil chemical and biological properties. Soil biological qualities including microbial 
diversity population, microbial enzymes (dehydrogenase, phosphatase, urease and nitrogenase) activities, 
macroelements in soil including N, P and K as well as the dry weight of Egyptian clover (Trifolium 
alexandrinum L.), N, P and K in plant, root nodules number, native mycorrhizal colonization percentage. 
Isolation, characterization and identification of native Rhizobium sp. were also determined as the cultivated crop 
didn’t receive fertilizer which it depended on the residual effect of the fertilizer from the previous crop (Zea 
mays).The obtained results revealed that the higher soil microbial population was assessed with the application 
of 90 kg N/fed, 19.5 kg P2O5/fed and 48 kg K2O/fed. The total yeast and actinomycetes counts were not affected 
by the residual manure or NPK fertilization. Phosphate solubilizing bacteria (PSB) were significantly affected 
by mineral NP input. Silicate bacteria are considered the unique ones as it obtained the highest populations at all 
as recorded with T7 (45 UN/fed. + 19.5 kg P2O5/fed + 48 kg K2O/fed) and T10 (90 UN/fed. + 19.5 kg P2O5/fed 
+ 48 kg K2O/fed) during the two cuts, respectively. The highest number of Azospirillum spp. recorded with 
FYM treatment. Azotobacter population increased with the lowest dose of N (22.5 kg/fed) on the contrary 
dehydrogenase, phosphatase and urease activities were higher in N 90 PK.  Nitrogenase activity increased with 
the decreased of mineral nitrogen input as T3 (22.5 UN/fed. + 19.5 kg P2O5/fed) recorded the highest activity in 
both nodules and soil, respectively. The percentage of native mycorrhizal increased with T10 (90 UN/fed. + 
19.5 kg P2O5/fed + 48 kg K2O/fed). Control treatment recorded higher pathogenic fungi followed by FYM 
treatment. T10 (90 UN/fed. + 19.5 kg P2O5/fed + 48 kg K2O/fed) exhibited the optimum macronutrients in both 
soil and plant. However, T8 (90 UN/fed.) recorded the highest shoot dry weight. The native Rhizobium isolated 
from the nodules was identified as Rhizobium trifolii. 
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Introduction 
 

An understanding of agro-ecosystems is the key to estimate the impact of agricultural production 
methods on the environment, including soil, water and air quality. Nowadays, there is a particular interest in the 
relation between biodiversity and function in the soil not only to scientists but also to administrators and policy-
makers. An understanding of soil processes is the key to estimate the effect of farming practices on the fertility 
and quality status of soil, and thus, on the environment .Since the microbial community plays a critical role in 
regulating processes such as decomposition of organic matter and nutrients cycling, in the soil at the ecosystem 
level, there is a keen interest in understanding the factors that regulate its size, activity and structure (Zeller et 
al., 2001). Fertilization, which is widely used to enhance soil fertility and crop yield, significantly affects soil 
biochemical and biological properties. The influence of fertilization on soil microbial ecology has been 
emphasized recently (Zhong et al., 2010).  

However, most investigations have been conducted at a bulk soil scale or in short-term experiments, 
and as a result, there is still little available information on rhizosphere effects on extracellular enzyme activities 
and microbial community structure in agricultural soils as influenced by long-term practices. From a functional 
perspective, the activities of extracellular enzymes produced by both microbes and plant roots are the primary 
biological mechanism of organic matter decomposition and nutrient cycling (Wittmann et al., 2004).  
Functional diversity (e.g., microbial activity) is significant, because 80–90% of the processes in soil are 
reactions mediated by microorganisms (Nannipieri and Badalucco, 2003). The species and long-term 
fertilization could be shift microbial community in soils (Chu et al., 2007). Farmyard manure (FYM) and other 
materials of organic origin are applied to the soil in order to increase the levels of plant nutrients and to improve 
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the physical, chemical and biological soil properties that directly affect soil fertility. In contrast to nutrients in 
organic fertilizers, which have to be released by microbial metabolism to make most of them available to plants, 
the nutrients in inorganic fertilizers can be directly taken up by plants. This is why inorganic fertilizers directly 
affect crop yields, which is, of course, the main reason for applying them. Inorganic N, P and K fertilizers also 
impact on the activities of soil enzymes (Goyal et al., 1999, Böhme et al., 2005).  NPK have been reported to 
have both positive and negative effects on microbial activities (Weand et al., 2010). 

Assessing the composition of soil micro- flora gives an insight in to the response of soil ecosystems to 
environmental changes or human impacts: healthy ecosystems are characterized by high structural diversity, and 
vice versa, microbial communities with a low structural diversity can hardly respond to environmental changes 
(Mäder et al., 2002). The activity of dehydrogenase is considered an indicator of the oxidative metabolism of 
the microbiological activity in soil, because it is exclusively intracellular and, theoretically, can function only 
within viable cells. Urease catalyses the hydrolysis of urea to CO2 and NH3, which is of specific interest because 
urea is an important N fertilizer. Urease is released from living and disintegrated microbial cells, and in the soil 
it can exist as an extracellular enzyme absorbed on clay particles or encapsulated in humic complexes. 
Phosphatases catalyses the hydrolysis of both organic phosphate (P) esters and anhydrides of phosphoric acid 
into inorganic P. Phosphatase activity may originate from the plant roots (and associated mycorrhiza and other 
fungi), or from bacteria (Tarafdar, and Marschner, 1994). 

Fertilization experiments are considered a sustainable scientific methods methodology, which aims to 
study the impact of resource use fertilizer in the long term. To this end, established in Egypt in 1912 experience 
to achieve that objective. The experimental plots handle transactions of mineral fertilizer (0, N, NP and NPK) 
compared to organic fertilization (FYM). So far, after more than a hundred years is still some experimental plots 
deprived of fertilization produces crop. This confirms that there are sources contribute to the continuation of 
some of the fertility of the soil. Cultivation of Egyptian clover crop is essential, but it may be the source of the 
fertility of the soil.  

This study was conducted to evaluate enzymes activity and microbial community’s structure of a long 
term experiment located at Bahtim, Kaliobia Governorate, Egypt. 

Materials and Methods 

 An experimental site: A long-term field experiment was established in 1912 and modified in 1989 
at Bahtim Agricultural Research Station, Agricultural Research Center (ARC), Egypt; Maine (Latitude 
30°8'22"’N, Longitude N 31°15'50") in Kaliobia Governorate, Egypt, The experimental station is under 
drainage system irrigation, orchard mainly cultivated with Egyptian clover (Trifolium alexndrinum L.) Var. 
Giza 6 during the growing winter season of 2013/2014.Chemical and physical properties of the cultivated 
soil are shown in table 1.  

The climate is typically to Mediterraneansea region, which characterized by irregular rainfall events 
and a harsh dry summer period, usually from late May to October. The average annual temperature is 21-38ºC.  
 
Table 1: Physical and chemical properties of the experimental soil of a long-term experiment located at Bahtim region. 

Characteristics Values Characteristics Values 
Mechanical and physical analysis    Chemical analysis (soluble cations and anions me/L)   
Sand (%) 21.60 SP (water saturation) (%) 52.00 
Silt (%) 25.66 Ca2+ 2.10 
Clay (%) 52.74 Mg2+ 1.96 
Texture class Clay  Na+ 1.27 
Total calcium carbonate (%) 2.50 K+ 0.32 
Organic matter (%) 1.30 CO3= 0.00 
pH (1:2.5, soil : water) 7.85 HCO3

- 1.84 
CEC me/100 g soil 53.40 Cl- 1.49 
EC ds m-1 0.80 SO4= 2.32 
Available macronutrients (mg/kg)   Total macronutrients (%)   
N 57.00 N 0.56 
P 6.20 P 0.10 
K 250.00 K 0.53 

 
 Experimental design and layout: 

This study was conducted on Egyptian clover (Trifolium alexndrinum L.) cultivated after the harvest of 
maize.  The cultivated clover didn’t receive any fertilizers, but depended on the residual effect of the fertilizer 
from the previous crop. 
          The design of the experiment is a completely randomized with eleven treatments and three replicates as 
follow: 

1. T1 control. (soil without fertilization) 
2. T2 experiment plots affected by residual effect of the inorganic fertilizer 22.5 U N/fed (N 22.5). 
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3. T3 experimental plots affected by residual effect of the inorganic fertilizer 22.5 U N/fed. + 19.5 kg 
P2O5 /fed (N 22.5 P).  

4. T4experiment plot affected by residual effect of the inorganic fertilizer 22.5 U N/fed. + 19.5 kg P2O5 
/fed + 48kg K2O /fed (N 22.5 PK). 

5. T5 experiment plots affected by residual effect of the inorganic fertilizer 45 U N/fed (N 45). 
6. T6 experiment plots affected by residual effect of the inorganic fertilizer 45 U N/fed. + 19.5 kg P2O5 

/fed (N 45 P). 
7. T7 experiment plots affected by residual effect of the inorganic fertilizer 45 U N /fed. + 19.5 kg 

P2O5/fed + 48kg K2O /fed (N 45 PK).  
8. T8 experiment plots affected by residual effect of the inorganic fertilizer 90 U N/fed (N 90). 
9. T9 experiment plots affected by residual effect of the inorganic fertilizer 90 U N/fed. + 19.5 kg P2O5 

/fed (N 90 P). 
10. T10 experiment plots affected by residual effect of the inorganic fertilizer 90 U N/fed. + 19.5 kg P2O5 

/fed + 48kg K2O /fed (N 90 PK). 
11. T11 experiment plots affected by residual effect of the farmyard manure 15 tons /fed (FYM). 

         Each plot contains 5 m in length and 3 m in width, so the plot area was 15 m2. 
 
Microbial determinations: 

For microbial determinations, soil samples were kept at 4 o C in plastic bags to stabilize the 
microbiological activity distributed during soil sampling and handling. Plate count technique was applied using 
potato dextrose agar medium (PDA) and nutrient agar medium (Difco, 1985) to enumerate total saprophytic and 
pathogenic fungi and bacterial count in respective order. Total actinomycetes were estimated by the standard 
procedure of Rolf and Bakken (1987).  

The isolation and enumeration of free-living nitrogen fixers, phosphate solubilizing  and silicate 
bacteria from rhizosphere soil  of clover was carried out  by using serial dilution and standard count 
technique using N-free media for free-living nitrogen fixers and N-deficient medium (Dobereiner and Day, 
1976), for Azospirillum spp.,while MPN technique  was applied using Modified Ashby’s broth medium to 
determine the MPN of Azotobacter spp. ( Abd El-Malek and Ishac, 1968), Pikovskaya’s agar medium for 
phosphate solubilizers (Pikovskaya, 1948) and Aleksandrov's agar medium for silicate bacteria (Zahra, 
1969).Yeast count was also determined on GPY agar medium (Difco, 1985). 
The percentage (%) of native AM fungi colonization in plant root tissues was also determined as described 
by Phillips and Hayman (1970). The total number of mycorrhizal spores (spores/g soil) was also determined 
after the harvest stage. 
Enzymes activities: 
Dehydrogenase activity in plant rhizosphere was determined according to the method described by Skujins 
(1976). 
Phosphatases were measured by using method of Senwo et al., (2007) where acid phosphatase (acPase) activity 
was determined at pH 6.5 and alkaline phosphatase (alPase) activity at pH 11.0 
Urease activity was determined colorimetrically following incubation of soil with urea (aqueous solution) and 
citrate buffer according to modified method of Hoffmann and Teicher (1961). 
 
Nitrogen fixation:  

Nitrogenase activity in soil and root nodules were assayed by the acetylene reduction according to 
Somasegaran and Hoben, (1994). 
 
Isolation of indigenous Rhizobium strains:  

Seven weeks old plants were harvested. Healthy pink and undamaged nodules were detached. Healthy 
root nodules were washed with tap water thrice (Ben-Gweirif et al., 2005).Then the nodules were sterilized 
externally using 95 % ethanol  for 1-4 minute, followed by washing with calcium hypochlorite solution 
(10g/150 ml distilled water) and crushed in  few drops of sterile water. A loopful of sap material was transferred 
to 5 ml of sterile water, of which 0.1 ml sample was spreaded onto the surface of Yeast Extract Mannitol Agar 
(YEMA) (Vincent, 1970). Plates were then incubated at 280C for 48hours. Well isolated typical single colonies 
were re-streaked on freshly prepared YEMA plates in order to obtain pure cultures. The pure cultures were 
confirmed microscopically based on morphological characteristics of different colonies by gram staining 
technique (Rao, 1999). 
 
Identification of the bacterial isolate 

The bacterial isolate was identified by Bio-log Technique at Plant Pathology Research Institute, ARC, 
Giza, Egypt. 
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Re-inoculation Test for Confirmation of the Isolate: 
 A confirmatory test was performed to examine the re- inoculation capability of the isolate according to 

the method of Zahran et al., (2013). Seeds of Egyptian clover (Giza 6) were surface sterilized  for 5 min with 
75% (V/V) ethanol , washed in sterile water surface, sterilized  by soaking  in 0.5% (V/V) sodium hypochlorite , 
washed several times  in sterile water and incubated for 2 days in darkness at 24 °C on 1% Difco  nutrient agar.  
After germination, seeds were transferred to spermosphere tubes containing 6 ml of semisolid Jensen's N-free 
medium (Jensen, 1942) and inoculated separately with isolated Rhizobium species. Uninoculated seeds were 
used as a control for nodulation experiment.  
The seedlings were grown under natural daylight supplemented with artificial lighting, and the plants were 
harvested after 25 days to check nodules formation. 
  
Root colonization assay: 
A: Viable staining:  

This technique could detect bacteria in situ, to overcome the problem of cultivation. Bacteria could 
reduce 2,3,5triphenyltetrazolium chloride in 3-4 hrs  to red colored formazan. Rhizobium colonization has been 
successfully detected on surface sterilized Egyptian clover root ( Patriquin and Döbereiner 1978). 

 
B: Scanning Electron Microscopy (SEM):  

Root segments were cut onto 2-4 mm and immediately fixed in 4% glutaraldhyde in 0.05M phosphate 
buffer (pH 7.2) for 24 hrs under 40ºC. Samples were dehydrated in acetone series, and then the samples were 
dried by critical point drier, coated with a thin layer of gold and examined with SEM. 
 
Soil and   Plant analysis for nutrients  

The percentages of total nitrogen, phosphorus and potassium in soil as well as plant tissues were 
determined according to Jackson (1973). Plant dry weight was also recorded. 

 
Statistical analysis 

The significance of various treatments was evaluated by Duncan’s multiple range at P value 0.05 
(Duncan, 1955). Statistical analysis was made using a software Package “Costat”, a product of Cohort soft wear 
INC., Berkley, California. 

 

Results and Discussion 

Microbial population of rhizosphere soil 
Microbial population both in diversity as well as numbers in soil is influenced by the amount and type 

of various compounds entering soil through plant litter, root exudates and management factors like mineral and 
organic fertilizers. This in turn affects crop production and sustainability of soil health. Therefore, we tested 
population density of various groups of microorganisms. 

Results in Table (2) show the diversity of microbial groups as a sign of soil fertility. The highest 
microbial population obtained in the rhizosphere of (Trifolium alexndrinum L.) plants exhibited with T10 during 
the first cut (1.46 ×106 CFU/g) whereas at the second cut T11 recorded the highest total microbial count (2.81 
×106). Similar results were reported by Watts et al., (2010) who clearly revealed that, organic material 
significantly increased the microbial population. Soil microbial biomass has been used as an index of soil 
fertility which depends on nutrient fluxes (Krishnakumar et al. 2005). 

In concern, the total actinomycetes, T2 achieved the optimum count 0.83 ×106 CFU/g at first cut, while 
at the second cut T10 gave the highest actinomycetes populations. Actinomycetes are considered as a group of 
microorganisms that invade soil and classified according to its function and the increase of its population with 
T10 at the second cut depended on phosphorus where its deficiency might directly suppress the growth of 
bacteria, fungi and actinomycets (Zhong and Cai, 2007). 

The ability of some bacterial species to solubilize insoluble inorganic phosphate compounds, such as 
tricalcium and dicalcium phosphate, hydroxyapatite, and rock phosphate were detected. 
Phosphate dissolving bacteria represented mainly on some groups of Bacilli were dominated with T9 and T10 in 
both cuts. The populations markedly increased in second cut more than the first one. The phosphate solubilizing 
activity is significantly affected by mineral input. Significantly high populations of phosphate dissolving 
bacteria were found in T10 and the lowest population was recorded in the control treatment. 
The increase of phosphate dissolving bacteria in T10 depended upon the capability of this group to secrete some 
organic acids that helped in release of phosphorus to be used for its growth and plant uptake (Zhong and Cai, 
2007).  
As commented earlier, organic manure directly affected microbial community in soils. Rangaraj et al., (2007) 
also found that incorporation of organic fertilizer increased the available phosphorus (P) status at amaximum 
level. 
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Table 2: Total microbial, actinomycetes, yeast, phosphate dissolvers, silicate bacteria and dizotrophs (colony forming unit) 
in the rhizosphere of Egyptian clover  

Treatments 

Total Microbial Actinomyces Phosphate dissolvers Silicate bacteria yeast count Azospirillum sp. Azotobacter sp. 

CFU/106 CFU/106 CFU/106 CFU/105 CFU/105 CFU/105 CFU/104 

1 2 1 2 1 2 1 2 1 2 1 2 1 2 

T1 (control) 0.18 0.63 0.23 1.57 2.52 9.19 0.43 0.61 0.16 0.24 0.2 5.4 0.05 0.1 

T2 (N 22.5 u) 0.42 0.74 0.83 1.17 4.46 6.33 0.54 0.68 0.23 0.22 0.3 9.0 0.06 0.22 

T3 (N 22.5 P) 0.64 1.23 0.71 1.58 4.34 9.50 0.58 1.72 0.19 0.17 0.2 8.4 0.11 0.53 

T4 (N 22.5 PK) 0.94 1.93 0.41 1.56 7.03 14.51 0.60 1.89 0.39 0.28 0.2 4.9 0.03 0.23 

T5 (N 45 u) 0.55 1.05 0.26 1.21 4.80 16.82 0.47 1.72 0.29 0.23 0.1 3.3 0.03 0.07 

T6 (N45P) 0.79 1.15 0.35 1.48 12.10 13.62 1.22 1.93 0.25 0.31 0.3 5.9 0.01 0.32 

T7 (N 45PK) 0.92 1.35 0.38 1.04 10.00 15.29 2.65 2.76 0.29 0.16 0.3 6.3 0.03 0.21 

T8 (N 90 u) 0.71 1.16 0.43 1.88 9.72 6.88 1.32 1.55 0.48 0.44 0.1 5.4 0.02 0.20 

T9 (N 90 P) 1.18 2.05 0.56 1.94 15.42 17.46 1.76 1.73 0.30 0.43 0.2 4.5 0.03 0.31 

T10 (N 90PK) 1.46 2.62 0.64 2.14 15.28 17.46 2.58 2.83 0.44 0.37 0.3 5.6 0.01 0.31 

T11 (FYM) 1.16 2.81 0.32 1.47 6.75 11.75 0.68 1.58 0.06 0.18 0.3 16.1 0.05 0.16 

1: First cut                                                     2: Second cut 

The existence and increase of silicate bacteria represented mainly on Bacillus circulans group is an 
indicator of the clay nature of soil in this area. T7 and T10 attained the highest populations at both first and 
second cuts. Silicate bacteria counts in second cut were more than the first one. This observation could be 
referred to the habit of these bacteria to attach soil particles and colonize the rhizospheric area as well.  
In accordance to many researches, microbes can accelerate weathering of minerals in soil by producing organic 
acids, where silicate bacteria played a promotion role in releasing K and other elements, which already found in 
organic manure and in soil particles (Massoud et. al., 2009). 

The total yeast count are not governed by a limited rule where yeast populations sometimes increased 
in first cut more than the second cut and sometimes the second cut attained more populations than the first one. 
T8 was the only treatment that obtained the highest populations (0.48 and 0.44 ×105 CFU/g respectively). One 
reason for this unexpected results could be attributed to some physical texture and/or chemical nutrient elements 
in soil which have been changed during the long term fertilization process (Girvan et. al., 2003). 
The existence of N2 fixers in experimental soil (long term experiment) in a reasonable quantities emphasizes 
that the soil is fertile where the most domination of Azospirillum spp. 16.1 ×105 CFU/g particularly at the second 
cut represented with T11. Whereas T3 at the second cut recorded the highest count of free living N2-fixers 
(Azotobacter spp. 0.53 × 104 CFU/g). 

From the observation of Azospirillum populations, with different fertilizer treatments, the population of 
Azospirillum, control reached mean of  5.4 ×105cfu/g, while with T11 reached mean of 16.1 ×105cfu/g, whereas 
the population of Azospirillum, with T2 treatment reached mean of 9 ×105 CFU/g (Table 2). From the 
observation, it is known that the provision of manure would increase the population of Azospirillum, the highest 
number when compared to NPK fertilizer treatments and control. Manure application could enrich soil with 
minerals which aid in increasing population density of Azospirillum spp. in the soil. Where Azospirillum 
stimulated root development and its beneficial effects by mobilization of nutrients and production of some 
phytohormones. This confirms its existence on the roots of Egyptian clover in large quantities (Mujiyat and 
Supriyd 2009). 

From the obtained data Azotobacter populations, in control and T11 reached 0.1 × 104 and 0.16 × 104 

CFU/g, respectively. Whereas, with NPK treatment reached mean of 0.53 × 104 CFU /g at the second cut. This 
means the reduction of Azotobacter population in general. Azotobacter as an obligate aerobe is the predominant 
free -living diazotroph in soils. The ecological distribution of Azotobacter spp is dictated by soil characteristics 
(organic matter content, moisture, C/N ratio and pH). Hence, the occurrence and functionality of Azotobacter 
have been widely used as an indicator for physical and chemical disturbances of soil (Cinnadurai, et. al., 2013). 

 
Soil enzymatic activities 

Soil enzyme activities are an indirect indication of microbial behavior which are directly correlated 
with soil microbial dynamics. Enzyme activities in the soil ecosystem are considered to be a major contributor 
of overall soil microbial activity (Burns et al., 2013 ,  DeForest et al., 2014  ). 
  
Dehydrogenases activity: 

 Results in Table (3) showed that at the first cut T9 obtained the highest activity of dehydrogenase 
enzyme, it recorded 61.53 µg TPF/g dry soil/day whereas at the second cut T10 induced the highest activity 
(109.9 µg TPF/g dry soil/day). In all treatments the activity of dehydrogenase enzyme was higher in the second 
cut than the first one. The high activity of dehydrogenase in the soil in the second cut, may be due to the 
addition of available organic substrates that would promote the growth and activity of indigenous 
microorganisms. This activity has been considered as a sensitive indicator of soil quality (Caravaca et al., 2003). 
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Phosphatases are a group of enzymes that are of great agronomic value because they catalyze the hydrolysis of 
organic phosphorus compounds and transform them into an inorganic form which assimilated by plants and 
microorganisms (Bandick and Dick 1999).  Data in Table (3) show acid and alkaline phosphatase activities for 
all treatments. The acPase activity was higher in second cut than it in the first one with all treatments. T4 
possessed the highest acid phosphatase being 11.08 and 13.32 mg PNP/g dry soil/day in both cuts, respectively. 

Regarding to alPase, the same trend as acPase was obtained with all treatments and the values were 
very close whether with the first cut or the second one. The greater effectiveness of NPK fertilizers may be 
attributed to higher rates of decomposition and mineralization of organic matter as evidenced by the relatively 
high microbial biomass turnover rate in NPK than in other treatments. Alkaline phosphatase hydrolyzes 
compounds of organic phosphorus and transforms them into different forms of inorganic phosphorus that are 
assimilated by plants (Maestre et al., 2011).Several studies have been observed inverse relationships between 
inorganic P availability and phosphatase activity although this depends on initial bio-available P (DeForest et 
al., 2012).  
 
Table 3: Dehydrogenase, phosphatase and urease enzyme activities in soil cultivated with Egyptian clover  

Treatments 

Enzymes activity 
Dehydrogenase Phosphatase (mg PNP/g dry soil/day) Urease 

µgTPF/gdry soil/day Acidic(alPase) Alkaline (alPase) (µg NH4/g dry soil/h) 
1 2 1 2 1 2 1 2 

T1 (control) 43.01 63.83 9.90 10.10 9.80 10.31 13.50 25.10 
T2 (N 22.5 u) 51.76 62.69 10.10 11.36 10.44 10.46 15.53 22.92 
T3 (N 22.5 P) 59.99 64.34 10.28 11.16 11.10 11.82 17.52 25.57 
T4 (N 22.5 PK) 50.77 92.47 11.08 13.32 11.39 11.42 13.34 28.04 
T5 (N 45 u) 44.74 77.28 10.23 12.08 10.93 11.77 19.36 26.40 
T6 (N45P) 55.18 80.84 10.63 12.28 11.50 11.86 19.54 29.27 
T7 (N 45PK) 46.92 97.71 10.63 12.25 11.56 11.64 22.69 28.85 
T8 (N 90 u) 53.22 94.15 10.74 11.59 11.64 11.65 22.55 27.76 
T9 (N 90 P) 61.53 74.00 10.30 10.83 11.03 11.47 23.37 28.91 
T10 (N 90PK) 51.78 109.90 10.49 10.60 10.58 10.67 16.31 37.60 
T11 (FYM) 44.88 98.10 9.88 11.55 10.86 11.63 24.31 42.18 
LSD at 0.05 2.603 2.977 1.91  1.91  1.693  1.963  2.449 2.977 
1: First cut                                                     2: Second cut 

 
Urease activity:  

In concern urease enzyme activity the obtained results revealed that urease activity increased with the 
mineral fertilizer treatments especially with T10 (37.6 µg NH4/g soil/h.). The activity also increased with farm 
yard manure T11 42.12 µg NH4/g soil/h. The second cut recorded higher activity than the first one. These 
treatments  could be attributed to faster decomposition and release of NH4-N as the changes in microbial 
communities of soil can modify the behaviour of enzymes activity as a general and urease enzyme in particular  
(Meena et al., 2013). 

 
Nitrogen fixation activity in soil and root nodules: 

For the activity of nitrogenase enzyme in the rhizospheric area of Egyptian clover, it was observed from 
Table (4) nitrogenase activity increased with increasing plant growth. The activity of nitrogenase enzyme in the 
second cut markedly increased than it in the first one. 

 
Nodulation and the symbiotic bacterial enzyme nitrogenase:  

From the data presented in Table (4) the activity of nitrogenase in the nodules at first cut was very low 
with all treatments, whereas in the second cut the activity increased markedly with T3, it attained 80.117 nmole 
C2H4/g dry soil/h, while other treatments exhibited less values. For the nitrogenase activity in soil T5 and T3 
recorded the optimum activities being 161.139 and 205.188 nmole C2H4/g dry soil/h in the first and second cuts, 
respectively. 

 Data presented In Table (4) show the existence of native microorganisms like Rhizobium spp. where 
there was remarkable activity of Rhizobium spp. as the number of nodules/plant in comparison with the control. 
The activity of nitrogenase inside the nodules correlated positively with the decrease of mineral nitrogen input. 
Therefore T3 and T4 obtained the highest activity of nitrogenase enzyme being 80.117 and 77.122 n mole 
C2H4/g dry nod/h, respectively. The results presented in this study showed a tendency towards a reduction of the 
studied symbiotic bacterial nitrogenase activity. The genotype of the strain has an important effect on the 
effectiveness of symbiotic system, affecting variables like the number and nitrogenase activity of nodules 
.Presence of mineral N in the soil inhibits both nodule formation and nitrogenase activity as reported by Anne-
Sophie et al., (2002) who stated that mineral N in the soil inhibited symbiotic nitrogen fixation but itwas relative 
to start of nodulation and N2 fixation at early vegetative growth at low concentration. 
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Table 4: Nodules numbers (nod/plant), nitrogenase in nodules and in soil of Egyptian clover 

Treatments 
No of nodules/plant Nitrogenase (nmole Nitrogenase 

C2H4/g dry nodules/h)  nmoleC2H4/gdry soil/h 
1 2 1  2 1 2 

T1 (control) 14 26 2.55 13.145 54.316 197.240 
T2 (N 22.5 u) 19 40 4.73 18.286 55.575 99.053 
T3 (N 22.5 P) 19 33 20.31 80.117 80.117 205.188 
T4 (N 22.5 PK) 18 33 17.41 77.122 36.049 69.383 
T5 (N 45 u) 22 45 6.51 28.139 161.139 193.751 
T6 (N45P) 22 47 5.11 21.715 55.515 182.602 
T7 (N 45PK) 25 51 5.10 21.301 52.899 147.469 
T8 (N 90 u) 25 53 13.31 40.204 32.396 58.777 
T9 (N 90 P) 27 58 10.61 15.629 25.061 148.219 
T10 (N 90PK) 27 57 10.00 16.196 25.355 176.601 
T11 (FYM) 19 38 0.17 3.0850 182.248 161.139 
LSD at 0.05 3.188 4.241 0.686 2.603 4.21 4.052 
1: First cut                                                     2: Second cut 

 
Arbuscular mycorrhizal colonization (%):  

Regarding to the native arbuscular mycorrhizal colonization (%) of Egyptian clover (Trifolium 
alexndrinum L.) roots as shows in Table (5), the best colonization percentage recorded with T10 (80 and 85% in 
the first and second cuts, respectively). Low phosphorus input led to the increase of native mycorrhizal 
colonization that enhanced the plants for phosphorus uptake. Synergistic effect of dual colonization of roots 
with AMF and Rhizobium on growth, nutrient uptake and N2 fixation in many legume plants have been reported 
(Xavier and Germida, 2003). 

The decrease of pathogenic fungi and the increase of beneficial microorganisms are considered an 
essential parameter reflected positively on soil health where the numbers of Rhizoctonia and Fusarium as soil 
borne pathogenic fungi decreased with 15 and 30 units of mineral fertilizers inputs. On the other hand, they 
increased with control and farm yard manure treatments. Pathogenic fungi in general were less domination in 
comparison to other beneficial microorganisms.  Fungal population decreased at harvest due to the lack of 
nutrients availability. The decrease of pathogenic fungi was attributed to the action of some beneficial 
microorganisms as rhizospheric bacteria have been identified as promising candidates to competate with varies 
deleterious soil borne pathogens and could protect plants under field conditions (Filton et al., 2003). 

 
Table 5: Colonization percentage of AMF and pathogenic fungi count (CFU ×103) in Egyptian clover of soil fertilization 

treatments 

Treatments 
AMF Colonization (%) 

Path. Fungi counts 

(CFU/103) 
1 2 1 2 

T1 (control) 40 41 5 4 
T2 (N 22.5 u) 60 75 _ 1 
T3 (N 22.5 P) 40 43 _ 1 
T4 (N 22.5 PK) 60 70 _ 2 
T5 (N 45 u) 40 50 _ 3 
T6 (N45P) 70 75 3 3 
T7 (N 45PK) 50 60 2 3 
T8 (N 90 u) 70 75 2 2 
T9 (N 90 P) 75 78 1 2 
T10 (N 90PK) 80 85 1 1 
T11 (FYM) 63 75 4 3 
LSD at 0.05 6.315 6.637     
1: First cut                                                     2: Second cut 

 
Native Rhizobia characteristics: 

Root nodules were observed in all samples (Trifolium alexndrinum L.) uprooted from the experimental 
site, indicating that the nodules occur widely in this legume crop. Nodules were cylindrical or elongated club 
shaped .The plants, however, varied in the extent to which they were nodulated as nodules were varied in sizes 
formed on primary as well as secondary roots. The only species of root nodulating bacteria isolated from root 
nodules of clover (Trifolium alexndrinum L.) Was identified as R. trifolii NE-01.This isolate able to adapt even 
in the presence of such unfavorable environmental conditions besides its ability to fix atmospheric nitrogen (269 
nmole/nodule). Figure 1 (a and b) show bacteria that colonized on roots and reduced TTC.  The light 
microscopy and   the SEM image of the purified isolate from an exponential phase revealed the bacterium is rod 
shaped, non motile having a cell dimension of 0.4-0.5 μm in width and 1.4–1.6 μm in length. Further exploration 



Middle East J. Appl. Sci.., 5(2): 515-525, 2015 

 

522  

and characterization of efficient Rhizobial strains for practical use and introduction in different agro-ecosystems 
is still desired. 
 

  
 

  
 

Fig. 1: Colonization of clover (Trifolium alexndrinum L.) roots Rhizobium trifoliiNE-01(a) and uninoculated  
Roots(b)of plants grown in spermospheretubes. Stained by 2, 3, 5 triphenyltetrazolium  chloride. 

 

  

 

Fig. 2: Light micrographs (a)andScanning electron micrographs (b–c) of region corresponding to nitrogen-
fixing zone in nodules induced by the R. trifolii strainNE-01 wild-type. (a) Cross section through the 
nitrogen-fixing region of a clover nodule infected with the R. trifoliistrain NE-01. (b)SEM showing  
cells of  Rhizobium trifolii    NE-01  which  colonize clover roots after 21 days of inoculation (3500  x)  
and ( c ) at ( 10000  x  ).   

 
N, P and K percentages in soil and in clover plants: 

The increase of N, P and K percentages in soil and in clover  plants as shown in Table (6) is considered 
as an indication of soil fertility and the plants systemically are able to uptake the essential macronutrients. 
In soil, the fertilization with 90 unit of N and PK led to an increase of macronutrients as residual elements after 
the two cuts, where T10 obtained the highest values of nitrogen 0.75%, phosphorus 0.15% and potassium 0.81% 
compared to the control. Clover plants could uptake macronutrients and that reflected on the growth and yield of 
plants. T10 was the superior treatment where there was significant increase of N, P and K in plants during the 

c 

b a 

a b 
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two cuts (2.75 and 2.85%, nitrogen, 0.5 and 0.85% phosphorus and 1.55 and 2.66% potassium, respectively). 
Farmyard manure and control treatments exhibited less value. Similarly, the P absorption ability was reported to 
be strongly correlated with dry matter production (Lynch et al., 1991). It was concluded that the increase of N, P 
and K uptake was markedly noticed with the fertilization with 90 units of N and P K. As the root value of plants 
increased  . There was an increase of NPK uptake particularly at the second cut. Long-term addition of manure 
resulted in increasing total N and available P levels in the soil. 

  Farmyard manure (FYM) is applied to the soil in order to increase the levels of plant nutrients and to 
improve the physical, chemical and biological soil properties that directly affect soil fertility. In contrast to 
nutrients in organic fertilizers, which have to be released by microbial metabolism to make most of them 
available to plants, the nutrients in inorganic fertilizers can be directly taken up by plants. This is why inorganic 
fertilizers directly affect crop yield, which is, of course, the main reason for applying them. Moreover, the 
presence of these organic and inorganic substances in the soil is associated with a general increase in nutrient 
contents and with their subsequent effects on properties such as microbial activity, the humus fraction, soil 
structure and saturation of the ion exchange system. Although the long-term effects of organic and inorganic 
fertilization on the soil’s physicochemical properties have been well characterized, less is known about the 
effects on soil microbial community structure and microbial activities (Massoud et al., 2014). 
 
Table 6: Macroelements (NPK) percentages in both clover plants and soil as well as shoot dry weight (g) of the soil 

fertilization treatments. 

Treatments 
Macroelemant in plant (%) Macroelemant in soil  Shoot Dry Weight 

(g/plant) N  P  K  (%) 
1 2 1 2 1 2 N P K 1 2 

T1 (control) 0.90 1.20 0.20 0.31 0.77 1.46 0.32 0.09 0.30 0.25 1.12 
T2 (N 22.5 u) 0.90 1.50 0.19 0.30 1.00 1.12 0.50 0.08 0.40 0.75 3.01 
T3 (N 22.5 P) 1.31 2.00 0.21 0.36 1.25 1.25 0.41 0.10 0.31 0.86 3.55 
T4 (N 22.5 PK) 1.00 1.80 0.20 0.45 1.10 1.75 0.45 0.09 0.35 0.92 4.11 
T5 (N 45 u) 1.10 2.00 0.21 0.50 1.00 1.17 0.60 0.10 0.60 0.98 4.31 
T6 (N45P) 1.40 2.20 0.23 0.55 1.31 1.25 0.63 0.11 0.63 0.85 3.42 
T7 (N 45PK) 2.00 2.64 0.31 0.55 1.50 1.91 0.65 0.11 0.62 0.85 3.30 
T8 (N 90 u) 2.30 2.51 0.27 0.53 1.15 1.37 0.70 0.10 0.63 0.96 4.45 
T9 (N 90 P) 2.60 2.85 0.51 0.77 1.20 1.17 0.73 0.12 0.71 0.90 3.61 
T10 (N 90PK) 2.75 2.85 0.50 0.85 1.55 2.66 0.75 0.15 0.81 0.71 2.95 
T11 (FYM) 1.00 1.91 0.21 0.33 1.20 1.29 0.45 0.10 0.51 0.55 1.83 

LSD at 0.05 2.415 0.214 0.126 0.123 0.199 0.139 0.127 0.036 0.096 0.101 0.806 
1: First cut                                                     2: Second cut 

 
Conclusion 
 

The results provide information on important functional and structural soil microbial properties 
influenced by organic and inorganic fertilization at Bahtim, Egypt long-term field experiments. Responses to the 
fertilizer   treatments over decades differed at the site led to alteration of the soil ecosystems.  The soil enzymes 
and microbial population (bacteria, fungi and actinomycetes) were very responsible to organic manure 
application, but their levels and activities were not reflected in clover crop. 
Sustainable fertilization experiment in Egypt has created since, 1912 in Egypt. The experiment was designed to 
study the effects of changes in environmental and soil resulting from the use of mineral fertilizers in the long 
term in order to achieve sustainable agriculture. However, the production of bio-fertilizer technology has 
reached a significant stage of development, and now represent a natural resource contributes to sustainable 
agriculture in partnership with mineral fertilization. Therefore, the current study recommends the use of bio-
fertilizers. Within sustainability factors of Bahtim experiment and keep the part of the experimental plots 
unchanged in order to compare. Also we should imagine that improvement of soil condition includes activation 
of functional microbes related to specific materials input. 
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