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ABSTRACT 
 

The main object of this study is to investigate the influence of adding different 
soil microorganisms under different tillage systems on concentration of some heavy 
metals and productivity of crop yield. The experiments were carried out in clay soil 
during four successive seasons in private farm at Abo-Dawood village, Dakahlia 
governorate. The experimental field located far from contamination sources such as 
roads, factories or large cities.  

The obtained results indicated that the conservation tillage system increased 
the crop yield about 50%, 37.5% in second season and 44.4%, 39.3% in fourth season 
in comparison with conventional and intensive tillage systems respectively. addition of 
Bucills megaterium led to an increase in the wheat crop yield in all tillage treatments 
with an increase by 20.4%, 18.6% and 19.8% as well as adding Cyan bacteria led to 
an increase in the productivity of the wheat crop with an increase by 12.3%, 10.9% and 
7.8% in conventional, intensive and conservation tillage treatment respectively. 

 

INTRODUCTION 
 

Tillage techniques affect incorporation of plant residues with soil, 
consequently, decomposition rate, organic matter and PH. This gives rise to 
change in bioavailability of several elements in root biomass distribution. 
Davis et al, 1995, found that no-tillage resulted increase in P at the 0-5 cm 
depth relative to P at the 5-10 cm depth, and at 0-5 cm P was 35% greater 
under no-tillage than under tillage. 

Lavado et al, 1999, reported that the conventional tillage reduced the 
organic mater in soil in comparison with no tillage. The effect of the 
conventional tillage and zero tillage on concentration and stratification of trace 
elements demonstrated that copper and nickel didn't show significant 
differences related to tillage systems. Meanwhile copper (max value 1.46 
mg/kg) and nickel (max. value 0.65 mg/kg) were higher under conventional 
tillage, while zinc (max. value 2.03mg/kg) and lead (max. value 0.94 mg/kg) 
showed higher concentration under zero tillage on top soil. Also zinc showed 
higher concentration under zero tillage on the top soil (0-5cm) but from 5 to 25 
cm depth the concentration was significantly higher under conventional tillage. 
Green, et al 2007, reported that the no-tillage system resulted in greater 
biological activity than disk harrow and disk plow in the 0–5 cm depth due to 
crop residues accumulation on the soil surface under no tillage. 

Santiago, et al 2008, found that no tillage and minimum tillage 
systems led to heavy metals accumulation in the surface layer of soil.  DTPA 
extractable Cu and Zn, were higher under no tillage (2 mg/kg, 0.5 mg/kg) than 
under conventional tillage (1.5 mg/kg, 0.1 mg/kg) and minimum tillage (1.7 
mg/kg, 0.2 mg/kg) respectively. Soil microorganisms affect soil quality and 



Abo-Habaga, M. M. et al. 

 648 

productivity through degradation plants and animals residues, participation in 
biogeochemical nutrients cycle including addition some nutrient elements to 
be available for plants in the soil or remediation heavy metals and other 
pollutants from soil environment. They added that the reduced tillage 
practices had a better effect on biological soil properties, as microbial activity 
(which was estimated by ß-glucosidase method) of the soil surface (0–5-cm 
layer) was found to be significantly higher under no-tillage (47 µg Para Nitro 
Phenol g-1h

-1
) than under conventional tillage (23 µg Para Nitro Phenol g-

1
h

-1
) 

or minimum tillage (36 µg Para Nitro Phenol g-
1
h

-1
). 

Khider, 2010, reported that the conservation tillage system (Chisel 
plow once followed by rotary tiller) increasing the wheat crop yield about 
10.1% and 5.1% in comparison with the conventional tillage system (Chisel 
plow twice followed by hydraulic leveler) and intensive tillage system 
(Moldboard plow once followed by rotary tiller). 
 

MATERIALS AND METHODS 
 

The experiments were carried out in clay soil (54.5% clay, 29.2% silt and 
16.3% sand) during four successive seasons (from May 2009 to April 2011) in 
private farm at Abo Dawood village, Dakahlia governorate. The experimental 
field located far from contamination sources such as roads, factories or large 
cities. The experimental area was about 0.5 feddan. According to seed bed 
preparation systems, the experimental area divided into three parts, each part 
have about 700 m

2
 (14×48 m). (1- Conventional tillage (Ch2+L): Two passes 

chiseling followed by wooden land leveler. 2- Intensive tillage (Ch2+R): Two 
passes chiseling followed by rotary tiller. 3-Conservation tillage(Ch+R):One 
pass chiseling followed by rotary tiller). 

 
 
 
 

 
 
 
 
 
 
 

 

                              Fig. 1: Experimental field layout. 
 

In the fourth season, each part was divided into four subplots, in 
according with adding of microorganisms (fig. 1), which are: 
1- Biocontrol Treatment: Without adding any Microorganisms. (Biocontr.) 
2- Bacillus megatherium var. phosphaticum ( B. meg.)  
3- Bacillus subtilis ( B. subt. )          4- Anabaena oryzae 231 (Cyan B.) 
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The concentration of available heavy metals Lead, Nickel, Zinc and 
Copper were determined in both surface (0-10 cm) and bottom (10-20 cm) 
layers. The available heavy metals was extracted by Ethylenediaminetetra-
acetic acid (EDTA), according to Cottenie et al, 1982,. Analyses were carried 
out in Soil Sci. Dept. Fac. of Agric., Kafer El-Sheikh Univ. 

Plate count technique was used to determine total bacterial count 
using soil extract agar media (Allen, 1959). Total count of bacterial was 
carried out in Microbiology Dept., Fac. of Agric.,  Mansoura Univ. 

The crop yield was evaluated by taking five randomly selected samples 
of one square meter area for each plot. The yield was expressed as dry matter 
weights. The samples were collected using a wooden frame (1 m

2
), which was 

placed on the field carefully with a randomize way in each plot. Five samples 
were taken and shelled by hand and weighed and used to extrapolate the crop 
yield in related to the feddan.  

  
RESULTS AND DISCUSSION 

 
Effect of tillage systems on concentration of available heavy elements: 

The results indicated that all the seedbed preparation systems, which 
used in this study, reduced the concentration of tested available elements.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2: Effect of tillage systems on available heavy metals concentration.  
 

Fig. 2 show that the concentration of available heavy metals ( lead, 
Nickel, Zinc and Copper) before tillage treatments in surface layer (0-10cm) 
are higher than in bottom layer (10-20cm) about 24.77%, 10.57%, 19.72% 
and 12.91% respectively. Using conservation tillage system (Ch-R) decreased 
the concentration of available lead, Nickel, Zinc and Copper elements about 
21.7% and 47%, 25.2% and 9.7%, 35.3% and 50.8%, 9.3% and 4% in surface 
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(0-10 cm) and bottom layer (10-20 cm) in comparison with before tillage 
respectively. The results indicated that the conservation tillage system has a 
clear impact in reducing the proportion of elements in the soil compared to 
other tillage systems. The results showed a significant decrease of the various 
elements in all depths, except for the lead in the surface layer, which achieved 
the highest decrease of available element concentration in the surface layer 
after using intensive tillage system for other systems. 
 
Effect of adding soil microbes on concentration of available heavy 
metals: 

The obtained results in fig. 3 showed the effect of addition soil 
microbes on concentration of available heavy metals in soil. Fig 3-A showed 
that addition Bacillus megatherium has achieved a reduction in the proportion 
of available lead element in the conventional tillage treatment by 54%, 18% at 
the depths of 0-10 and 10-20 cm and about 47.9% at soil depth 0-10 cm in 
conservation tillage treatment, whereas addition Bacillus subtilis reduced the 
concentration of available lead element about 24.4% at soil depth 0-10 cm in 
intensive tillage treatment and 41.5%, 29.9% in conservation tillage treatment 
at the depths of 0-10 and10-20 cm respectively.   

Fig 3-B showed that addition Bacillus megatherium decreased the 
concentration of available nickel element about by 16%, 23% in the 
conventional tillage treatment at the depths of 0-10 and10-20 cm. 
respectively. Whereas addition Bacillus subtilis reduced the concentration of 
available nickel element about 17%, 14% and 16.7%, 16% at soil depth 0-10 
and 10-20 cm in intensive tillage and conservation tillage treatments 
respectively.  Fig 3-C showed that addition Bacillus megatherium decreased 
the concentration of available zinc element about by 17.2%, 20% in the 
conventional tillage treatment at the depths of 0-10 and10-20 cm. 
respectively. Whereas addition Bacillus subtilis reduced the concentration of 
available zinc element about 23.6%, 24% at soil depth 0-10 and 10-20 cm in 
intensive tillage treatment respectively.  While conservation tillage treatment 
was affected with addition of Bacillus megatherium and Bacillus subtilis, 
whereas the concentration of available zinc element decreased about 32.7%, 
25.9% and 36.7% and 33.3% at soil depth 0-10 and 10-20 cm respectively. 
Fig 3-D showed that addition B. meg decreased the concentration of available 
copper element about 22% in the conventional tillage treatment at the depths 
of 0-10 cm. Whereas addition Bacillus subtilis reduced the concentration of 
available copper element about 22.5%, 20.8% at soil depth 0-10 and 10-20 
cm in intensive tillage treatment respectively. While conservation tillage 
treatment was affected with addition of Bacillus megatherium and Bacillus 
subtilis, whereas the concentration of available copper element decreased 
about 24%, 29% and 25.9% and 27.7% at soil depth 0-10 and 10-20 cm 
respectively. 
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Fig. 3: Effect of adding soil microbes on concentration of available 

heavy metals under different tillage system.  

 
Effect of tillage systems and soil microbes on wheat crop yield: 

The obtained results in figure (4) showed that the conservation tillage 
system recorded the highest crop yield in comparison with conventional and 
intensive tillage systems. Conservation tillage treatment recorded increase of 
wheat crop yield about 44.4%, 39.3% more than conventional and intensive 
tillage treatments. 
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Fig. 4: Effect of tillage systems and soil microbes on wheat crop yield. 
 

Addition of different types of bacteria led to increased crop 
productivity in all tillage treatments. Bucills megaterium recorded an increase 
in the wheat crop yield in all tillage treatments with an increase by 20.4%, 
18.6% and 19.8% as well as adding Cyan bacteria led to an increase in the 
productivity of the wheat crop with an increase by 12.3%, 10.9% and 7.8% in 
conventional, intensive and conservation tillage treatment respectively. While 
the addition of Bucillus subtitlus recorded an increase in the wheat crop yield 
in intensive and conservation tillage treatments about 16.5% and 10.9% 
respectively. While adding Bucillus subtitlus have not significant effect on the 
productivity of the wheat crop yield in conventional tillage treatment. 
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متةج أأزظإبمةصأأنظث تنتأأزظث ر  عأأزظبتأأير نظم أأحظث وأأنرظبا  نبتأأة ظث تنتأأزظبعأأ ظتن  أأ ظت أأ ظ

ظث اوصبل
ظاصطف ظاوادظأتبوتةجز،ظاوادظثتنثه حظغة ي،ظبسةحظصتويظبطبة

ظقسحظث همدسزظث  نثب ز،ظ ع زظث  نثبز،ظجةا زظث امصبنة.

 
لا تقتصر العناصر الثقيلة  للةك نهن ةا  اةع العهالةا ال الة  ثةا تلةه  النياة  هلنن ةا 

ثارتفةا  ترنيةه هةال العناصةر نالترنة  لا تةطع  ثقةط . الإنسةا تشنا  هم اللخاطر للك صا  
اللاصةةها هلنةة  تلثةةا ت عيةةع خطيةةر للةةك  إنتاجيةة لتقليةةا النشةةاط الايةةه  نالترنةة  هانخفةةا  

ل  خلاا الغااء اللاته  غلك هال العناصر. لاا  جريت هال العراسة  نغةر   الإنسا صا  
للةك ترنيةه نعة  العناصةر تاعيع تأثير نع  نظم الار  هإضاث  نع  لينرهنات الترنة  

 الثقيل  نالترن .
ظتحظث تبصلظ اجاببزظانظث متةئجظ ا نظتعخ صهةظف اةظ عي:

( اقق انخفا  ثا ترنيه العناصر الثقيل  لاةا Ch-Rنظام الار  لالاي  الترن  ) استخعام -
 .الأخرىسم( ناللقارن  ننظم الار  00-00سم(، )00 -0الترن  ) طنقتاالعراس  ثا 

اقق انخفا  للاةهظ ثةا ترنيةه جليةا لناصةر العراسة  ثةا   (.B.subt., B.megإضاث  ) -
اققةت انخفةا  ثةا  (.B.meg(، ثةا اةي  إضةاث  )Ch-Rلعاللات الار  لالاي  الترنة  )

(، نينلةةا Ch2-Lترنيةةه لناصةةر الرصةةاي، النينةةا، الهنةةت ثةةا لعةةاللات الاةةر  التقليةةع  )
الهنةةت ثةةا لعاللةة  الاةةر  النثيةة  اققةةت انخفةةا  ثةةا ترنيةةه لنصةةر  (.B.subtإضةةاث  )

(Ch2-R.) 
(  للةةك انتاجيةة  لللاصةةها نالنسةةن  للعةةاللات Ch-Rاققةةت لعاللةة  الاةةر  لالايةة  الترنةة  ) -

 الار  الآخر .
إضاث  لينرهنات الترن   عت لهياعة انتاجي  اللاصها لا جليا لعاللات الاةر  اللختلفة . -

(  للةةةك انتاجيةةة  .B.meg)( هإضةةةاث  Ch-Rنلةةةا اققةةةت لعاللةةة  الاةةةر  لالايةةة  الترنةةة  )
     لللاصها نالنسن  لللعاللات اللختلف  الآخرى.
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