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Abstract:

In a study conducted at the Research and experiment stations/at the College of
Agriculture/University of Tripoli, (October — 2021). Plants were grown in pots, two-litre
pots were filled with soil from the field, and three seeds of wheat were planted in each
pot, then thinned to one plant per pot after germination. The aim of this study is to
investigate the effect of several species of microorganisms, such as fungi (Mycorrhiza
sp.), and bacteria (Bacillus sp.), as a biofertilizer, on the growth of the wheat crop. There
were four treatments in this study; (Control: without-bio fertilizers, whit Mycorrhizal
Fungi as a biofertilizer, Bacillus bacteria as a biofertilizer, a mix of Mycorrhizal Fungi *
Bacillus bacteria, as a mixture of bio fertilizers), each treatment combination was
replicated in three blocks. Plants' responsiveness to bio fertilizers (Bacillus bacteria &
Mycorrhizal Fungi) was different for each biofertilizer. Where some of these micro-
organisms form a symbiotic relationship with plants, such as fungi (Mycorrhiza sp.) and
bacteria (Bacillus sp.) which are free-living or non-symbiotic. For these reasons, the
results showed strong significant differences in most of the traits tested in this study. This
effect was significantly stronger when fungi and bacteria were used together. Compared
to adding bio-fertilizers separately, for the majority of the parameters which studied.
Keyword: Mycorrhizal Fungi, Bacillus bacteria, bio-fertilizers.
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Introduction:

Wheat crop is one of the most important strategic cereal crops cultivated in Libya and
the world, due to the dependence of the majority of the population on its products for
their food, and for the energy, it provides necessary for the continuation of life. Wheat
crop is among the top cereals to provide food. In the mid-term (2050). (Sharma et al.,
2015), explained that the requirement for wheat would increase by up to 840 million tons
from its current production rate of 642 million tons. The production is declining due to
various factors like drought stress, late sowing, low-quality seeds, climate variability, and
insect pests, but using of fertilizers is also important for wheat production for food
security and the environment (Hochman and Horan 2018; Rahman et al., 2018).
Accordingly, (Feng et al. 2016) explained that the current demand for cereal production
and the gradual depletion of the soil make it increasingly necessary to apply more
fertilizers, mainly nitrogenous ones. High quantities of nitrogen (N) per hectare need to
be applied to soil to produce optimum wheat grain yields (Zuk-Gotaszewska et al., 2016).
Improving nutrient use efficiency in wheat is important to increase the yield and reduce
chemical fertilizers, keep the clean environment and reduce production costs. For that,
agricultural operations have been used the diagnose nutritional problems, assess fertilizer
recommendations (e.g. type of fertilizer, methods of add, rates of add and time of add),
and determine total nutrients.

One possibility to increase soil fertility is by adding bio-fertilizers, as an alternative to
chemical fertilizers (Wu et al., 2005). Bio-fertilizers are a mixture containing
microorganisms that are able to supply the plant with required nutrients from natural
sources and reduce reliance on chemical fertilizers. Accordingly, these fertilizers are able
to release nutrients constantly in quantities sufficient to cover plants’ needs (Ratti et al.,
2001) as well as to help the plants to absorb nutrients through the overlap with the root
zone (Mishra and Dash, 2014).

Where bio-fertilizer is able to supply the plant with required nutrients from natural
sources and at the same time reducing reliance on different chemical fertilizers.
Accordingly, these fertilizers are able to release nutrients constantly in quantities
sufficient to cover plants’ needs. It also helps the plants to absorb nutrients through the
overlap with the root zone (Mishra and Dash, 2014). According to Ratti et al., (2001)
effects of phosphate solubilizing bacteria, nitrogen-fixing fixing bacteria and arbuscular
mycorrhizal fungi were found that all microbes inoculated together help in the uptake of
tricalcium phosphate in a low phosphate soil. In addition, some of these micro-organisms
form a symbiotic relationship with plants, such as mycorrhizal fungi and the bacteria
(Bacillus sp.) which are free-living or non-symbiotic.

The arbuscular mycorrhizal fungi (AMF) could be used as a bio control agent against
white root rot, and their presence in soils has been used as an indicator of fruit tree
tolerance to this soil-borne plant pathogen (Oliveira Soares, 2014).

However, mycorrhizal symbiosis regulates the expression of plant genes that are involved
in the biosynthesis of proline. The regulation of these genes allows mycorrhizal plants to
maintain a better water status in their tissues (Porcel et al., 2011).

Mycorrhizal fungi colonization can also protect plants against the deleterious effects of
water stress by improving water relations to plants, nutrient content and chlorophyll
content of the plants (Asrar et al., 2012). Richardson (2001) explained that phosphate
solubilizing bacteria (PSB) play a key role in phosphorus movement in soil and the

192

2022 55581 (3) daeal) SIGH Saa) (STDJ) LiaslpiSilly aslell elail) dlas
annamaa@azu.edu.ly (ISSN:2789-9535) LS — 4ipad — i il dealn — def jll LS




Effect of different bio-fertilizers on growth of wheat........ccoovmrriiinnnnnnnnnnncnnnn, (191-1928)

availability of phosphate to plants.

Microbial biomass assimilates soluble phosphorus and thus prevents it from adsorption or
perhaps fixation (Khan and Joergesen 2009). The phosphate solubilization
microorganisms (PSB) and plant growth-promoting rhizobacteria (PGPR) with each other
could greatly reduce phosphorus fertilizer application by 50% without any significant
reduction of crop yield (Yazdani et al., 2009). It has been suggested that bacteria are
more effective in phosphorus solubilization than fungi (Alam et al., 2002). The use of
phosphate-solubilizing microorganisms (PSMs) can increase crop yields by up to 70 per
cent (Verma, 1993). Microorganisms with phosphate solubilizing potential increase the
availability of soluble phosphate and enhance plant growth by improving biological
nitrogen fixation (Kucey et al., 1989; Ponmurugan and Gopi, 2006). Jilani et al., (2007)
suggested that integration of half a dose of NP fertilizer with biofertilizer gives crop yield
as with the full rate of fertilizer, and also through reducing the use of chemical fertilizers
the production cost is minimised and the net return maximised. Several mechanisms have
been proposed to explain phosphorus solubilization by phosphate solubilizing
rhizobacteria (PSRB). They are associated with the release of organic and inorganic acids
and the excretion of protons that accompany the NH** assimilation (lllmer et al., 1995).
In addition, (Kim et al., 1997) expounded that mechanisms involved in the microbial
solubilization of phosphorus include the production of organic acids and the release of
protons into the soil solution. Furthermore, it has been suggested that the release of
phosphatase enzymes to mineralise organic phosphorus compounds may be another
mechanism involved (Stevenson, 1986).

In addition, microbial biomass is important for maintaining both inorganic and organic
phosphorus in soil solution (Seeling and Zososki 1993). Additionally, the turnover of
biomass represents an important potential supply of phosphorus to plants (Oberson and
Joner 2005). However, the cycling of phosphorus in the microbial biomass and its
subsequent release is critical to the phosphorus cycle in soil and is represents an
important pathway for the movement of phosphorus from soil solution into plant-
available forms (Magid et al., 1996; Oberson et al., 2001). Microbial biomass may also
serve to protect orthophosphate from becoming unavailable in the soil due to various
physicochemical reactions (Magid et al., 1996; Oberson et al., 2001).

This study aims to investigate the effect of several species of microorganisms, such as
fungi (Mycorrhiza sp.)* and bacteria (Bacillus sp.)** as a bio fertilizer, on the growth of
the wheat crop, with 45 kg P h™ of phosphorus (rock phosphate as a source of phosphor
fertilizer).

* Mycorrhizal fungi as a biofertilizer: (The Nutrient Company (TNC) Ltd., Rochdale, Greater
Manchester, UK), TNC Mycorr Multi: contains 15 different species of mycorrhizal fungi. It also
contains natural bio-stimulants such as humic acid and derivatives of natural marine algae.

** Bacteria (Bacillus) as a biofertilizer: (The Nutrient Company (TNC) Ltd., Rochdale, Greater
Manchester, UK), TNC Bactorr®* is a 100% natural product containing 13 different species of
Bacillus (active bacteria) friendly bacteria which are known to be beneficial to plants, and also
packed with other natural substances such as humate (Humic acid), as well as cytokins, auxins
and giberelins along with amino acids and trace elements all derived from natural marine algae.
Materials and methods:

Plants were grown in pots, at the Research and experiment stations / College of
Agriculture / University of Tripoli, (October — 2021). Two-litre pots were filled with soil
from the field, and three seeds were planted in each pot, then thinned to one plant per pot
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after germination. There were four treatments in this experiment; (Control: without-bio
fertilizers, whit Mycorrhizal Fungi as a bio fertilizer, Bacillus bacteria as a bio fertilizer, a
mix of Mycorrhizal Fungi * Bacillus bacteria, as a mixture of bio fertilizers), each
treatment combination was replicated in three blocks. In addition, used mycorrhizal fungi
(15 species, including types which are known to associate with wheat), it has been used 3
g per pot (Mycorr Multi as a source of mycorrhizal fungi) per pot, and 3 g per pot,
inoculation (Bactorr™® as a source of Bacillus bacteria). Also, the other elements
necessary, including nitrogen was added in the form of ammonium nitrate (33% N),
potassium was added in the form of potassium sulphate (48% K,O), magnesium and
calcium were added in the form of Dolomite (30.4% CaO & 21.7% MgO & 47.9% CO5)
and microelements were added in the form of fritted trace elements (B, Zn, K, Fe, Mn,
Cu, Mo)).

Data analysis:

Data were analysed using Complete Randomized Design (CRD) in GenStat (Release
19.3.0.9425; VSN International, Nottingham, UK) to estimate the sources of variation.
Significant consideration was taken when the probability value is 0.05 or less.

Results:

Length of plant (cm) & Length of spike (cm) & Number of spikes fertile

The results of this study showed that bio-fertilizer had no significant effect on the length
of the plant (cm), the length of the spike (cm) and the number of spikes fertile.

Number of seeds in the spike

The number of seeds in the spike showed a strong interaction between the Mycorrhizal
Fungi and the Bacillus bacteria (P=0.009) (Figure 1). Where the largest number of seeds
in the spike were obtained from using the Mycorrhizal with the Bacillus, it's statistically
different from the addition of bacteria and fungi individually and the control.
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Figure 1: The effect of the interaction of the bio fertilizer on the number of seeds in the
spike (L.S.D =1.49).

Weight of 1000 seeds (g)

The results showed that the weight of 1000 seeds (g) differed significantly with the
different mixtures of bio fertilizers (P<0.001) (Figure 2). The highest mean value in the
Weight of 1000 seeds (61 g) was obtained by using (Mycorrhizal * Bacillus), which is
significantly different from (58.67 & 59 g) from (Bacillus bacteria) and (Mycorrhizal
Fungi) respectively. Also, there were significant differences between these values with
the control treatment.
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Figure 2: The effect of the interaction of the bio fertilizer on the Weight of 1000 seeds (g)
(L.S.D =1.33)

Weight of dry matter in the plant (hay) (g)

The Weight of dry matter in the plant (hay) (g) differed significantly with the different
mixtures of bio fertilizers (P<0.001) (Figure 3). The highest mean value in the Weight of
dry matter in the plant (18.19 g) was obtained by using (Mycorrhizal * Bacillus), which is
significantly different from (17.31 & 17.5 g) from (Bacillus bacteria & Mycorrhizal
Fungi) respectively. Also, there were significant differences between these values with
the control treatment (13.74 g).
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Figure 3: The effect of the interaction of the bio fertilizer on the Weight of dry matter in
the plant (g) (L.S.D =0.48)

Weight of seeds in spike (g)

The Weight of seeds in spike (g) differed significantly with the different mixtures of bio
fertilizers (P<0.001) (Figure 4). The highest mean value in the Weight of seeds in spike
(3.14 g) was obtained by using (Mycorrhizal * Bacillus), which is significantly different
from (2.82 & 2.91 g) from (Bacillus & Mycorrhizal) respectively. Also, there were
significant differences between these values with the control treatment (2.56 g).
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Figure 4: The effect of the interaction of the bio fertilizer on the Weight of dry matter in
the plant (g) (L.S.D =0.16)

Weight of seeds in plant (g)

The Weight of seeds in the plant (g) differed significantly with the different mixtures of
bio fertilizers (P<0.001) (Figure 5). The highest mean value in the Weight of seeds in the
plant (21.30 g) was obtained by using (Mycorrhizal * Bacillus), which is significantly
different from (18.20 & 18.97 g) from (Bacillus bacteria & Mycorrhizal Fungi)
respectively. Also, there were significant differences between these values with the

control treatment (14.20 g).
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Figure 5: The effect of the interaction of the bio fertilizer on the Weight of seeds in plant
(9) (L.S.D =1.96)

Discussion:

Plants' responsiveness to bio fertilizers (Bacillus bacteria & Mycorrhizal Fungi) was
different for each type. Where some of these micro-organisms form a symbiotic
relationship with plants, such as fungi (Mycorrhiza sp.) and bacteria (Bacillus sp.)
which are free-living or non-symbiotic. For these reasons, the results showed strong
significant differences in most of the traits tested in this study. This effect was
significantly stronger when fungi and bacteria were used together. It can be the
contribution of bio fertilizer to improved plant growth through the increase in the
availability of soluble phosphate by the production of organic acids and the release of
protons to the soil solution (Kim et al., 1997; Ilimer et al., 1995) or the release of
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phosphatase enzymes (Stevenson 1986) or improving nitrogen fixation (Kucey et al.,
1989; Ponmurugan and Gopi, 2006).

Conclusion:

According to the results of this study, it can be said that microorganisms; especially
fungi (Mycorrhiza sp.) and bacteria (Bacillus sp.), that live free in the soil as a bio-
fertilizers, also, as an alternative to chemical fertilizers had an important impact on the
growth of wheat. Also, these experiments should be repeated in the field with isolated
active bacteria from the same area of the experiment and study the effect of these
bacteria on the yield with cost estimation.
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