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Effect of Organic Residues, Bacillus and Trichoderma on Soil Structural
Stability in two Soils with Different Textural Class
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Abstract

Aggregate stability as a basis of sustainable soil management is greatly influenced by the interaction
of various organic materials and microorganisms. The aim of this research was to investigate the
effect of simultaneous application of organic residues and its decomposing microorganisms on the
stability of soil aggregates in two soils with different textures. An experiment was conducted using
a factorial arrangement in a completely randomized design with 18 treatments and 3 replications (54
pots). Factors included soil texture: sandy loam (SL) and clay loam (CL), organic residues: no
application (control), cow manure 2% (w/w), wheat straw 2% (w/w), and inoculation with
microorganisms: no inoculation (control), inoculation of Trichoderma sp., and Bacillus sp. After
applying the treatments, the pots were placed in the incubation conditions (laboratory temperature
and 50 to 75% of the field capacity) for 6 months. Measurements were taken for mean weight
diameter, geometric mean diameter (GMD), and tensile strength of soil aggregates, fractal
dimension, water stable soil aggregates, organic carbon (OC) content, pH, soil electrical conductivity
and microbial basal respiration (MBR). Mean comparisons for the effect of soil texture x organic
residues x microorganisms on OC and GMD showed that the highest values (6.32% and 1.95 mm,
respectively) was obtained in clay loam soil treated with cow manure inoculated with Bacillus sp.
Comparing soil textures separately, the highest amount MBR values (0.44 and 0.26 ugC-CO. g* day"
! for CL and SL soils, respectively) were obtained in the Bacillus inoculated-cow manure treatment.
Overall, cow manure had a greater effect on improving soil properties compared to wheat straw, and
Bacillus bacterium had a greater effect compared to Trichoderma fungus inoculation, particularly in
improving soil structure stability. This effect was most noticeable in sandy soil.
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Table 1. Some physico-chemical properties of the studied soils

Sampling point ~ Textural Class  pH EC BD oC Orc Sand  Silt Clay

dsS m? gem?® e g 100gt------mmmmmmmmme e
Riverside Sandy Loam  6.08 0.96 1.52 0.88 16.2 62 266 114
Hillsilde Clay Loam 5.70 1.23 1.17 3.15 17.6 30 30.4 39.6

pH: Acidity, EC: Electrical conductivity, BD; Bulk density, OC: Organic carbon, and rc: Gravimetric water content at
field capacity
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Table 2. Analysis of variance of the effect of soil texture, organic residues, microorganisms and their
interactions on the investigated soil characteristics

Mean squares

Source of variation df

pH EC oC MWD GMD WSA TS F MBR
Soil texture (T) 1 089 034 195** 8.8** 4.03** 5290** 10184** 3.4** (.152**
Organic residues (R) 2 114 6.8** 317** 3.8** 190** 1226** 7.9236 0.21 0.042**
Microorganisms (M) 2 234 053 239 35** 113** 656.0** 6.9414 033 0.025**
TxR 2 004 021 0275 011  0.07** 136.6* 1.7181 0.19  0.002
TxM 2 119 0.3 0.053 0.04 0.039** 1435 0.83104 0.38 0.009**
RxM 4 061 013 186 0.11  0.073* 6.188 0.97767 0.09 0.005**
TxRxM 4 087 006 227 025 0.031* 1.375 098482 0.09 0.001
Error 36 090 093 0.73 0.11 0.01 10.7 7.8775 0.09 0.001

*and ** indicate significance at the 5% and 1% probability level.

pH; Acidity, EC; Electrical conductivity, OC; Organic carbon, MWD; Mean weight diameter of soil aggregates, GMD;
Geometric mean diameter of soil aggregates, WSA; Water stable soil aggregates, TS; Tensile strength, F; Fractal dimension,

MBR; Microbial basal respiration.
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Figure 1. Mean comparison of the effect of residues and microorganisms on the organic carbon content measured

in the sandy loam and clay loam soils.
In each series, means followed by the same superscript letters are not significantly different according to Tukey’s test at P < 0.05
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Figure 2. Mean comparison of the effect of residues and microorganisms on the geometric mean diameter of

aggregates measured in the sandy loam and clay loam soils.
In each series, means followed by the same superscript letters are not significantly different according to Tukey’s test at P < 0.05
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Figure 3. Mean comparison of the effect of residues on the water stable aggregates in the sandy loam and clay

loam soils.
In each series, means followed by the same superscript letters are not significantly different according to Tukey’s test at P < 0.05
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Figure 4. Mean comparison of the effect of residues and microorganisms on the microbial basal respiration rate

in the sandy loam and clay loam soils.
In each series, means followed by the same superscript letters are not significantly different according to Tukey’s test at P < 0.05
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Figure 5. Relationships of the studied soil characteristics.

EC; Electrical conductivity, MWD; Mean weight diameter, MBR; Microbial basal respiration, OC; Organic carbon, TS;
Tensile strength, GMD; Geometric mean diameter, WSA,; Water stable aggregates, and F; Fractal dimension
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Table 3. Effects of the studied characteristics on the main components

Studied characteristics

First component

Second component  Third component

Organic carbon 0.950
pH 0.001

Electrical conductivity 0.130
Mean weight diameter 0.836
Microbial basal respiration 0.858
Water stable soil aggregates 0.913
Tensile strength 0.449
Geometric mean diameter 0.875
Fractal dimension 0.127

0.000 0.002
0.839 0.044
0.700 0.051
0.001 0.080
0.003 0.045
0.010 0.000
0.007 0.239
0.006 0.048
0.305 0.377

The bold values show the greatest effect of the studied characteristics on the desired component.
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