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Abstract: The objective of the present study was to monitor the soil biological parameters. We used the bean
as a test plant, grown in five soils with different texture and organic-matter content and estimated them
(biomass production and shoot length). The seeds of the test plants were inoculated by combined strains.
Results have shown that the treatments influence the counts of microorganisms. This study, therefore, was
highlighting the importance of soil physical-chemical parameters, so as to result in a successful application
of the biofertilizers in the different soil-plant systems.
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1. Introduction

Bio-efficient solutions that can biologically deliver nutrient and crop protection in a single step can play an
important role in maintaining soil use. Such soil treatments can be microbial inoculants (Dudas et al. 2017a,
b; Bir6 2017). Depending on the environment, microbial weights per hectare are, according to literature,
between 3 and 15 tonnes, not including other participants in the soil-food web; their significance is not
negligible (Kotroczo et al. 2009, Fekete et al. 2017, Béni et al. 2017).

The so-called plant growth promoting rhizobacteria (PGPR) can help plant growth in different ways (Kocsis
et al. 2018) and may also synergistically strengthen each other (Kocsis and Bir6é 2015). PGPR functions and
synergistic properties of species (Enterobacter ludwigii, Bacillus subtilis, Pseudomonas fluorescens, Kosakonia
cowanii, Trichorderma harzianum, és Phanerochaeta chrysosporium) used in the experiment have been
reported in several previous studies. E. ludwigii PSB is a phosphorus soluble (P-solubilizing) bacterium,
biocontrol species, indole acetic acid (IAA) and iron chelating (siderophore) and increased the biomass of
test plants (Shoebitz 2009, Dolkar et al. 2018, Rajnish 2018). B. subtilis is also a known biocontrol species
with PSB and cellulose degrading properties (Xiaoying et al. 2015, Ahmad et al. 2019, Kim et al. 2011). P.
fluorescens is also a frequent component of bacterial fertilizer due to its biocontrol, PSB, siderophore and
IAA production properties (Xiaoying et al. 2015, David et al. 2018). K. cowanii has been described for its
biological N2-binding property as well as for its related species, PSB, as well as for producing IAA and
siderophore, so it is likely that the K. cowanii strain we use has these capabilities. (Menendez et al. 2016,
Brady et al 2013, Zhu et al. 2013, Lin 2012). In addition, extracellular polysaccharide (EPS) producing
properties have been observed in E. ludwigii and K. cowanii strains under laboratory conditions, which are
capable of improving soil structure. T. harzianum is known for its biocontrol and cellulose-degrading properties
(Abdel-Fattah et al. 2007, Haddadin et al. 2009). Ph. Chrysosporium is the most well-known white-rot model
organism and thus is a lignin-degrading organism, which, in combination with T. harzianum, may increase
the rate of organic matter degradation (Haddadin et al. 2009).

However, in the third generation of agri-environmental applications of bacterial fertilizer, there are still
unknown factors that need to be further investigated for their effectiveness (Bashan et al. 2013). bacterial
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fertilizer may behave differently and may not necessarily function on different soils (Kincses et al. 2008,
Ballané et al. 2008). In order to eliminate this and to improve the functionality of the introduced living strains,
natural clay minerals can be used to improve the primary Physico-chemical state of the soil, thereby creating
a more favorable environment for both plants and microbes. They also help plants grow and gain nutrients
with their mineral content (Solti 2000, Tallai 2011). Such a clay mineral is the alginite, which contains nearly
60 mineral elements. Its use is environmentally friendly and presents a low health risk to chemical methods
(Kardos et al. 2011). With proper selection and selection of fertilizer strains, it is also possible to implement
biotic and abiotic inoculations adapted to the given soil-environment conditions (Kovécs et al. 2017).

In the present study, different soils were used to investigate the influence of the physico-chemical properties
of soils on the effectiveness of the selected inoculants that favor plant growth.

2. Materials and methods

A pot experiment was set up in the light room of the Department of Soil Science and Water Management at
Szent Istvan University, Faculty of Horticulture. Under controlled conditions, light conditions were set for a
16/8 hour day / night period for plant growth. The temperature was 22 + 2 °C and the relative humidity was
55 £ 5%. The pots were watered as required.

Soils: The plants were grown on five domestic soils with different characteristics. Their origins are shown
in Figure 1. The soils have a neutral, slightly alkaline pH, but they are different in binding and also in organic
matter content. Soils correspond to the genetic soil types used in cultivation. The most important
physicochemical properties of the soils used are shown in Table 1. 850g of dry soil was used per pot.

Figure 1. Types of soils used, and their origin are classified according to WRB (2015)
T1: Arenosols (Soroksar 1), T2: Gleysols (Soroksar 2), T3: Chernozems (Hatvan), T4: Luvisols (Tofej),
T5: Gleysols (Szeghalom).

Bush beans (Phaseolus vulgaris var. Maxidor) were used as test plants. Plants were seeded in culture pots
(4-4 seeds / pot) and after emergence the same number of plants (1 plant / pot) was left. The strains in the
inoculation are listed in Table 2, along with their expected pre-laboratory-tested functions. One ml of inoculum
was used per culture pots and in cotrol pots killed bacterial suspension was added. Soil samples were taken
at 60% flowering at the same time as the experiment.

The number of colonies that can be cultivated on soils was determined by the MPN (Most Probable Number)
method using the Hoskins table (Cochran 1949). Thus, the colonization numbers of all cultivable mesophilic
aerobic bacteria, microscopic fungi and spore-forming bacteria were examined (Olsen 1996). enzymatic
activity of the soil was determined by DHA (dehydrogenase) method (Veres et al. 2013). Even measured the
height of the plant shoot, and shoot and root dry weight. 4-4 repetitions were used per treatment.
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Table 1. The main physicochemical properties of the used soils in the pot experiment.

Soils and mve'sugated T1 ™ T3 T4 T
properties

Texture Sand Clay loam Clay loam Clay Clay
PHmz20 7.49 7.42 7.44 7.50 7.61
pHken 6.94 7:13 6.58 6.74 6.45
VERRCIMIIEIAN 0.0317 0.0216 0.02677 0.0555 0,0665
m/m%
Amount of humus (H%) 2.18 4.09 4.63 3.89 3.75

The results were processed using GraphPad Prism 6. The normality test was verified by the Kolmogorov-
Smirnov test, the dispersion homogeneity by the Levene test. Statistical analysis of the results was performed
by two-way analysis of variance (ANOVA) and Tukey's test, and the results were interpreted at 95%
significance level (p <0.05).

Table 2. Potential and expected properties of soil strain microorganism strains

Strain composition Properties, abilities

Enterobacter ludwigii PSB, Fusarium fungal antagonism, IAA-, siderophor and
extracellular polysaccharide production

Bacillus subtilis Cellulose decomposition, PSB, biocontrol

Pseudomonas fluorescens PSB, biocontrol effect, IAA- and siderophore production

Kosakonia cowanii Nitrogen bonding, PSB- and EPS production

Trichorderma harzianum Biocontrol effect, cellulose decomposition

Phanerochaeta chrysosporium Lignin degradation

Legend: PSB: phosphorus solubility, IAA: hormone production, EPS: polysaccharide production

3. Results and discussion

In the subsequent section of this article, all data refer to Table 3.

The greatest effect of the treatments on the measured parameters was on the cultivable germ count of
microorganisms.

Inoculated TS5 soil showed significantly higher values than all controls when examining the total number of
cultivable mesophilic aerobic bacteria. Inoculated soil T1 and T4 showed higher values than the inoculated
T1 and T4 soils. Thus, the bacterial components of the vaccine showed the most effective effect on the highest
clay content soil.

In all cultivable microscopic fungal counts, the values of inoculated T4 and TS5 soils were significantly
higher compared to the controls. Among control soils, T4 was significantly higher compared to T1. It is not
significant, but the tendency of the soils is higher than that of the treated soils, except for T2. This indicates
that the fungal components, presumably primarily T. harzianum, successfully survived application and were
able to persist in the soil until the time of measurement. The number of fungi also gave a similar result to the
total number of bacteria, ie the treatment was more effective on the highest clay content soil.

The number of cultivable spore-forming bacteria was significantly higher than the inoculated T2 soil
compared to the control, and in the control soils the T3 and T4 soils gave significantly higher values compared
to the T2 soil. Similarly to the number of fungi, a nonsignificant but tendency-higher value is also observed
for the inoculated soils.

This leads to the conclusion that the inoculum increased MPN values in all groups tested. T1 and T2 soils
from Soroksar have lower MPN values, especially considering the number of microscopic fungi. This is
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probably due to the looser soil structure. All bacteria and fungi showed the highest growth on the bound T4
and TS soils, whereas the sporulated bacteria had a significant effect on the loose T2 soil. Such soils are subject
to more extreme conditions in nature, since the looser the structure, the more easily the moisture is removed
and the soils are also more exposed to heat fluctuations. This provided information on which soils of the
inoculum components perform better.

Table 3. The studied parameters are soil (MPN) and plant. Data are shown as means£SD.
Different small letter means there is significant difference between soils, and data written in bold type

means there is significant difference between inoculated and control samples by
Tukey’s multiple test (P <0.05), n= 4.

MPN method Plant growth
Sample ID | Treatments bacteria Tnierascont: spore-iorr_nmg dry weight | shoot length
(logCFU/g) cal fungi bacteria (e/plant) (cm)
YR | (logCFU/e) | (logCFU/g) p ;
- Control 6.10:0.42° | 3.65:025° | 5.45:0.22%° 1.00£0.32% | 23.541.96%
Inoculated | 5.904035° | 4.12£0.19° | 5.75:0.43% 094038 | 21.0£1.14°
o |Conol | 5974047 | 384041" [489:0.17° | 082:037° [21.4192°
Inoculated | 629:028% |3.40:031° | 5.54£0.35" 0.6240.02° | 24.0£3.90%
i Control 6.29+0.28" | 4.43+0.14" | 5.63+0.52° 1.87+0.44 | 27.1+2.84°
Inoculated | 5.944023° | 5.5040.16" | 5.57+0.14° 1.70£031% | 26.9+1.67°
4 Control 6.08£0.55" | 4.12£0.34% | 5.72+0.17° 146£0.18% | 24.4£0.74%
Inoculated | 647:033%° | 450£0.16° | 5.90:035% | 1442007 | 23.8+1.62%
- Control 6.094032% | 423£057% | 5.54£035%° | 14120207 | 25.5:1.68%°
Inoculated | ¢ 80+0.19" | 5.33+0.27" | 5.73+0.29" 1.1320.41%% | 22.942.32%

The impact of the microbial inoculants in the soil culturable bacteria count

Microbial soil inoculating has been shown to increase the biological status of soils. Thus, beneficial
microorganisms can carry out their activities when they enter the soil..

Changes in plant growth as a result of treatments

Statistical analysis of the plant biomass weight showed that the dry weight of the shoot showed no significant
difference between the control and the treated soils. In some soils, it was also observed that the dry weight of
the inoculated plants was lower compared to the control plants. This tendency has been described previously
(Jakab 2014), but relatively little attention is paid to such a negative effect on plant growth compared to
expectations. The reason for this is the following effect. Microorganisms entered into the rhizosphere by
inoculation should be fed to the root extrudates when plant photosynthetic activity is not yet sufficient and/or
when there is not enough organic material in the soil for microbial nutrition. This may initially hold back the
growth of the plants, as their photosynthetic product is thus not fully utilized for biomass growth. Further
investigations will be needed to determine the actual factors involved.

Examine the shoot length, the inoculated plants did not show significant differences compared to control
plants. Examining the soils, similar results were obtained as for the dry weight of the shoot, although the shoot
length of the plants decreased in a trend-like manner.

Assessment of differences between soils

Significant differences were found between soils in the evaluation of many of the investigated attributions.
Plants grown on T1 Soroksar soil were smaller compared to plants grown on T3 soil. In contrast, plants on T2
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soil were smaller than plants grown on T3 and T4 soil. This is due to the Physico-chemical properties of soils,
which also affects the nutrient supply capacity of soils.

Examine the shoot length, the treatments did not show significant differences compared to untreated plants.
Examining the soils, similar results were obtained as for the dry weight of the shoot, although the shoot length
of the plants decreased in a trend-like manner.

We conclude that the initial physical condition of the soils has a major influence on the "susceptibility" of
the soil to the effectiveness of the inoculation treatments (Kincses et al. 2008, Ballané et al. 2008). The high
clay content of T5 soil provided more habitat for microorganisms, so the soil was generally more responsive
to inoculation treatments than T1 soil. The more aerated soil with larger pore space primarily supported the
growth of fungi in the inoculum (Trichorderma harzianum , Phanerochaeta chrysosporium) against the bacteria.

Conclusions

All in all, the effectiveness of inoculation is fundamentally influenced by the physical condition of the soil.
On soil with higher clay content, MPN values increased as a result of treatments. This is most noticeable in
the number of microscopic fungi, especially in T4 and TS soils (T6fej, Szeghalom). This is likely to indicate
the presence of T. harzianum in the inoculum.

It is also possible to deduce from the dry weight of the plant shoots that there are significant differences in
the basic Physico-chemical properties of the soils, which also influence the reactions to microbial inoculum
treatments. In some soils, inoculations negatively influenced the growth of plants, which is explained by the
very early inoculation relative to the stage of development of the plant. The influence of plant physiological
properties and environmental conditions should be considered when choosing the time of inoculation.
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