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2- Glomus geosporum
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Table 1. Physical and chemical properties of the studied soil.
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CaCoO, oC EC Dy CEC pH FC PWP
Loy Aoy
% mgkg® mgkg? % % dsm gem™® cmol. kg! - A A -
3% =38
0.8 10.8 260 047 0.73 0.34 15 21.67 7.82 20 7 f}J
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Table 2. Analysis of variance of the effects of the treatments on the soil chemical properties in the greenhouse

and field conditions at depths of 5-10 and 10-15 cm.

. SN el S el S FERESN S b G
Sk S EC CEC Degree of freedom Source of variations Depths
H
P dsSm? (cmol, kg™ soil)
0.040" 0.018"" 0.50™ 5 Treatment ,l.s )
sty
0.011™ 0.0010™ 0.28" 2 Block Greenhouse
0.0086 0.0016 0.92 10 Errors Lt 510
0.0103" 1.016™ 3.19™ 3 Treatment L.
Lo
0.0028"™ 0.00056™ 0.29"™ 2 Block 5L Field
-1
0.00098 0.0046 3.22 6 Errors Lt 510
0.0055" 0.00026"™ 0.94"™ 3 Treatment L5
o
0.0031™ 0.00035™ 0.95" 2 Block 55k Field
10-15
0.0016 0.00064 0.54 6 Errors U=

=& s

,\.ML‘_;‘: Aoys ) claw).: )hs;u ﬂi‘l:))l;&u f.JU r.k.o skaasolis b Sa ? B)
™ and ** indicate not significant and significant at P < 0.01, respectively.

1- Kolmogorov- Smirnov
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Figure 1. The mean comparison of the effect of different treatments on the soil reaction in the greenhouse
condition (a) and in the field condition (b) and electrical conductivity in the greenhouse condition (c) and in the
field condition (d) at the depth of 5-10 cm. M, MB, B, S, C and CN, show mycorrhiza, mycorrhiza - rhizobium
bacterium, rhizobium bacterium, sterilized mycorrhiza background material, control with plant
(non-inoculated) and control without plant (non-inoculated), respectively. Similar lower case letters on the

columns indicate no significant difference at P<0.05 based on Duncan’s multiple mean comparison, between
the treatments. The vertical line on bars shows the data’s standard deviation.
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Table 3. Analysis of variance of the effects of treatments on the total porosity (cm® cm™®) at the first (0-5 cm),

second (5-10 cm), and third (15-10 cm) depths.

Sla o Silee
Mean squares

o5l a3 o
[t £33 G dsl Ges Degree of freedom Source of variations
Third depth Second depth First depth
(10-15cm) (5-10 cm) (0-5cm)
* * LM:
0.0008 0.0011 0.0016™ 5 o
Treatment
S
0.00002™ 0.00040™ 0.00045"™ 2 *
Block
o
0.00031 0.00025 0.0009 10
Errors

.J.‘...il._‘d».x.aﬁoch“):)|>3m];U})i;fﬁj;trMaM:QLiJ;_,.:SJSA{':‘}n

S

™ and * indicate not significant and significant at P<0.05, respectively.
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Figure 2. The mean comparison of the effect of different treatments on the total porosity at (a) the first depth (0-5
cm), (b) the second depth (5-10 cm) and (c) the third depth (10-15 cm). M, MB, B, S, C and CN, show mycorrhiza,
mycorrhiza - rhizobium bacterium, rhizobium bacterium, sterilized mycorrhiza background material, control
with plant (non-inoculated) and control without plant (non-inoculated), respectively. At each section similar
letters on the columns indicate no significant difference at P<0.05 based on Duncan’s multiple mean comparison,
between the treatments at that section. The vertical line on bars shows the data’s standard deviation.
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Table 4. Analysis of variance of the effects of treatments on the bulk density (g cm™) at the first (0-5 cm),

second (5-10 cm) and third (15-10 cm) depths.
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Figure 3. The mean comparison of the effect of different treatments on the bulk density of (a) the first depth
(0-5 c¢cm), (b) the second depth (5-10 cm) and (c) the third depth (10-15 cm). M, MB, B, S, C and CN, show
mycorrhiza, mycorrhiza - rhizobium bacterium, rhizobium bacterium, sterilized mycorrhiza background
material, control with plant (non-inoculated) and control without plant (non-inoculated), respectively. At each

section similar lower case letters on the columns indicate no significant difference at P<0.05 based on Duncan’s
multiple mean comparison, between the treatments at that section. The vertical line on bars shows the data’s

standard deviation.
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Abstract

Background and Objectives: Bio-fertilizers can affect soil structure by affecting soil porosity
and aggregate stability. In fact, the activity of soil microorganisms, in addition to their effects
on plant roots, has significant effects on organic compounds and, in most cases, soil structure.
Therefore, the aim of this study was to investigate the effect of bio-fertilizers namely
mycorrhiza fungi (Glomus mosseae) and rhizobium (Mesorhizobium caesar) separately and
together on some physical (bulk density and soil porosity) and chemical (Soil reaction, electrical
conductivity and cation exchange capacity) properties of soil under greenhouse and field
conditions, which has been less studied, so far. Because the application of bio-fertilizers
in the soil can be one of the best ways to maintain and improve the physical and chemical
quality of the soil.

Materials and Methods: In order to investigate the effect of Mycorrhiza fungi and Rhizobium
on some chemical and physical properties of soil, an experiment was conducted in both field
and greenhouse conditions in a completely randomized-block design with three replications.
Mycorrhizal fungi specie Glomus mosseae, rhizobium (Mesorhizobium), mycorrhiza -
rhizobium and control (no bio-fertilizer) were the treatments at the field condition. Sterilized
mycorrhiza background material and non-plant (non-bio-fertilizer) were the two additional
treatments in the greenhouse condition. The plant cultivated in this experiment was chickpea. At
the end of the growing season, disturbed and undisturbed soil samples were taken from different
depths and physical and chemical soil properties, mentioned above, were measured.

Results: In the field and greenhouse conditions, mycorrhiza treatment reduced soil pH. Different
treatments had no significant effect on cation exchange capacity under greenhouse and field
conditions. Probably because, the cation exchange capacity associated with the soil specific surface
area. In the greenhouse condition, the lowest bulk density at the first depth 0-5 cm (P<0.05)
was observed in pots containing mycorrhiza-rhizobium treatments (1.30 g cm™®) and mycorrhiza
(1.36 g cm™) and the highest bulk density was observed in the control treatment without plant and
without inoculation (1.49 g cm™®). Also, treatments containing bio-fertilizer significantly increased
soil porosity compared to the control without plant. So that, in the first depth (0-5 cm), the
mycorrhiza x rhizobium bacteria treatment (0.50 cm®cm?), in the second depth (5-10 cm), the
mycorrhiza treatment (0.49 cm®cm™®) and in the third depth (10-15 cm), all three bio-fertilizer
treatments, had the highest porosity. The field conditions reduced the effects of the treatments on
the soil physical properties, which may be due to the less impact of the treatments applied due
to the large extent of the area and the uncontrolled environmental conditions.
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Conclusion: Since different bio-fertilizer treatments had different effects on rooting depth and
plant yield, the effect of the different treatments on soil structure improvement was different at
different depths. In general, treatments containing bio-fertilizers improved the soil physical
parameters and structure by affecting plant and root yield.

Keywords: Bulk density, Mycorrhiza, Porosity, Rhizobium bacteria
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