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1- Mean weight diameter

2- Geometric mean diameter
3- Glomus intraradices

4- Glomus versiforme
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Table 1- Physical and chemical properties of the studied soil

P ocC EC Db CEC pH FC PWP Clay Sand Silt Texture MWD
mgkg? % dSm? gem?® cmolckgl - Sisdep Gjgleny % % % - mm
10.8 0.73 0.34 15 21.67 7.82 20 7 15.33 4459 40.08 £ 0.12

:Sand ., Clay «awd P o S SI colin (EC ¢ Ssl8 Jols iabus :CEC (i 52)5 10C g plls jogasio pya Db daailsS1s s S5 5:55ke :MWD™*
=y byl cogloy FC (il (53,03 daiis cosloy IPWP s :Silt oy
*MWD: mean weight diameter, Dy: bulk density, OC: organic carbon, CEC: cation exchange capacity, EC: electrical conductivity, P:
Phosphorus, PWP: permanent wilting point and FC: field capacity.
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Table 2- Analysis of variance of the effects of treatments on mean weight diameter of the aggregates, organic carbon and
height and total performance in the greenhouse and field conditions

©la e a0be
Mean squares
o1l ey BAASE b 559 cusibe i ce &
o gl Degree of freedom 765 s ol e 2 &
s ¢ veriati MWD (mm) ocC Yield 9
ource of variations (%) © H(EIg;lt
cm
(5] Jlos 5 0022 0.057" 117.28®  89.68"
Treatment (Greenhouse)
R i‘/&)t 2 0.0035" 0.0099™ 32.42™ 11.33™
eplication
ks
Errors 10 0.003 0.0069 56.89 8.13
(45)30) )L“‘-' 3 0.003™ 0.026"
Treatment (Field)
il 2 0.005" 0.0069"
Replication
ks 6 0.022 0.0105
Errors

0l Jloyi COS g,y L asyjo byl (glyy allaSBE Jlad S5 (ke (sloodld aidl oo doyd V e 53 Jb3 gime 15U g )b cize 15U pas odizd )L iy ** 4 NS

ol

ns, and ** indicate not significant and significant at p < 0.01, respectively. The mean weight diameter of the aggregates data for field
condition normalized with cos transformation.
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Figure 1- The mean comparison of the effect of different treatments: in greenhouse condition on (a) Plant height, (b) Total
yield, (c) Organic carbon (d) Mean weight diameter of the aggregates
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). Similar letters on the columns
indicate no significant difference at P < 0.05 based on Duncan’s multiple mean comparison. The vertical line on bars shows the
data’s standard deviation.
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Table 3- The results of analysis of variance of the effects of treatments on the mass of aggregates with different sizes in the
greenhouse and field conditions

Olayo (1Kile
i Mean
NHPCYY
$ITE squares
Degree of 0.25-
i o freedom 4-2 2-1 0.5-0.25 ' 0.15-
o 8-4 1-05 0.15
Source of variations (mm) 0.053
(L) jlas
Treatment 5 0.076" 0.18" 0.12™ 0.20™ 0.57™ 1.82" 2.69"
(Greenhouse)
"_’SJ . 2 0.034" 0.028" 0.0072™  0.028" 0.29™ 1.86"™ 3.37m
Replication
ks 10 0.027 0.041 0.017 0.033 0.20 0.81 1.69
Errors
()5) )L"“ 3 0.023" 0.076"™ 0.047™ 0.23™ 0.50" 2.95m 0.30™
Treatment (Field)
)l’& 2 0.51" 0.076"™ 0.032™  0.076™ 0.30" 0.35™ 0.03
Replication
ks
6 0.31 0.11 0.0058 0.12 0.48 2.03 0.50
Errors

Sl oo doyd N e 3y gime JRIRUNRY ) aw yo b pxe PRI WSRY e ) b gize 23l pae oaims (L5 (s g™ o * NS
ns, * and ** indicate not significant at P < 0.05, significant at P < 0.05 and P < 0.01, respectively.
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Figure 2- The mean comparison of the effect of different treatments in the greenhouse condition (a) the mass of macro and
micro aggregates in different size classes and in the field condition (b) on mass of aggregates of 1-2 mm
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). Similar letters on the columns

indicate no significant difference at P < 0.05 based on Duncan’s multiple mean comparison. The vertical line on bars shows the
data’s standard deviation.
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Introduction: Stability of soil aggregates is a result of complex physical, chemical and biological processes
in the soil. In many studies, organic matter has been studied as a major factor in formation of aggregates and the
effects of symbiosis between mycorrhizal fungi and bacteria largely ignored, however these microorganisms
have a great effect in the formation of the aggregates. Plant roots provide a suitable habitat for the activity of
many soil microorganisms. In this regard, the symbiosis of plant roots with fungi is one of the most common and
long-lived symbiotic relationships that are found in most ecosystems. On the other hand, biological fertilizers
can improve soil aggregation through influence the growth of root and plant. Despite the significant effect of
fungi and bacteria on the stability of the soil structure, the effect of arbuscular mycorrhizal fungi species Glomus
mosseae and Rhizobium species Mesorhizobiumon caesar on the soil structure has been rarely investigated.
Therefore, the aim of this study was to evaluate the effect of chickpea inoculation with Rhizobium
(Mesorhizobium caesar) and mycorrhizae (Glomus mosseae) on soil structural stability and aggregates size
distribution under both greenhouse and field conditions.

Materials and Methods: The present study was conducted as a randomized complete-block design with
three replications in both greenhouse and field conditions. The treatments under field condition were mycorrhizal
fungus (Glomus mosseae), Rhizobium (Mesorhizobium caesar), mycorrhizae — rhizobium combined treatment
and a control (no inoculation). In the greenhouse condition, sterilized mycorrhiza background material and
without plant (without inoculation) treatments were also added. Chickpea was planted at both conditions. Soil
sampling was carried out after harvesting. The stability of aggregates using wet sieving method and soil organic
carbon content were investigated.

Results and Discussion: Greenhouse study results showed that mycorrhizae treatment significantly
increased the mean weight diameter of the aggregates by 51.6% and 189.1%, in comparison with the control
(without inoculation) and control- without plant (without inoculation), respectively. This treatment increased
macro aggregates and decreased the fine aggregates. In the greenhouse condition, soil organic carbon content
had a high correlation with the mean weight diameter of the aggregates (R? = 0.53) and mycorrhizal treatment
increased organic carbon content from 0.73% in the control (without plant) to 1.02%. However, the mycorrhizae
— rhizobium combined treatment had less effect on the stability of the aggregates than their single effects. The
mass of aggregates of 1-2 mm are more sensitive to short-term management. In the greenhouse condition all the
three biofertilizer treatments significantly increased the mass of the aggregates of 1-2 mm in comparison with
the control treatment without plant (without inoculation). On the other hand, the mean comparison results
showed that there was no significant difference between the sterilized mycorrhizal background and the control
without plant (without inoculation). This may be due to the lower organic matter content in these two treatments
compared to others. In the greenhouse condition, increasing the mass of coarse aggregates of 4-8 mm in diameter
indicates the suitability of soil structure. On the other hand, aggregates coarser than 0.25 mm are considered as
coarse and stable aggregates. It can be concluded that the application of mycorrhiza and rhizobium increased soil
structural stability through the increase of the mass of these classes of the aggregates (2-4 and 4-8 mm), probably
by affecting the length and volume of the root and plant yield. Under the field condition, the treatments had no
impact on the mass of the aggregates in different size classes.

Conclusion: Bacteria and fungi can be effective factors in improving soil structure through increasing
organic carbon in soil. The results of the present study indicated that aggregate stability was affected by
biological fertilizer treatments under greenhouse condition so that the treatments containing biofertilizers
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increased soil aggregate stability and improved the soil structure that was probably due to increasing plant yield
and root. Also, the less effect of biofertilizers on the stability of the aggregates and the increase of coarse
aggregates under the field condition can be due to the uncontrolled climatic conditions compared to the
greenhouse and the short duration of the study. In recent decades, the physical and chemical properties of soils
have changed due to the use of chemical inputs in agricultural lands.The use of biological and organic fertilizers
is an appropriate solution to these problems. It is recommended further study on the efficacy of other species of
mycorrhizal fungi and rhizobium bacteria in improving soil physical and chemical quality, especially at the field
scale. Also, considering the implementation of this project in the field condition, it is suggested to study the
physical, mechanical and chemical properties of soil in the long term.
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