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Abstract: Salinity, resulting from climate change and excessive mineral fertilization, burdens farmers and
negatively impacts soil and water ecosystems in the Northeastern Nile Delta. Organic and biological
approaches are crucial for addressing these issues. This study examined the effects of individual and combined
inoculations with cyanobacteria, yeast, and Arbuscular Mycorrhizal Fungi (AMF), with or without K-humate,
on enhancing salinity tolerance, increasing yield, and improving crop quality of wheat and faba bean. The aim
was to reduce NPK mineral fertilizer application rates to 25% of recommended doses. An economic evaluation
was also conducted. In a preliminary laboratory experiment, the interactive effects of these microbiomes on the
production of plant antioxidant enzymes and soil enzymes were investigated under salinity stress. Results
showed that co-inoculation, especially with K-humate, yielded superior outcomes compared to individual
inoculations. The laboratory experiment findings were confirmed by a field trial conducted in saline-alkaline
soil in the Northeastern Nile Delta region. The study found that the integrated inoculation of cyanobacteria,
yeast, and mycorrhizae with K-humate, along with 25% mineral NPK fertilization enhanced microbial activity,
including AMF colonization, spore density, and total bacteria, cyanobacteria, and yeast counts in the plant
rhizosphere. It also increased soil enzyme activity, improving soil fertility compared to individual or mineral
control treatments. This integration resulted in wheat yields of 2.77 tons/ha and faba bean yields of 4.75 tons/ha.
Crop quality improved, with higher levels of nitrogen, potassium, phosphorus, and protein in wheat grains
and faba bean seeds. Microbiomes inoculation increased potassium uptake over sodium, enhancing the
potassium/sodium ratio and salt stress tolerance. This approach reduces reliance on costly mineral fertilizers
by up to 75%, enabling economically viable cultivation in marginal lands. These sustainable practices optimize
resource utilization, maximize economic efficiency, and preserve natural resources.

Keywords: soil salinity; cyanobacteria; yeast; mycorrhizae; K-Humate; faba bean; wheat; crop yield; crop
quality; economic viability

1. Introduction

Global climate change and intensive agricultural practices have exacerbated the impact of abiotic
stresses such as drought, salinity, UV rays, low and high temperatures that increase soil and water
salinity especially in arid and semiarid areas and act as limiting factors that hinder plant growth and
decrease agricultural productivity by 20% and 50% [1].These stressed conditions of soil salinization
have grown up in Egypt to represent about 46% of the total Nile Delta zone due to the complex
environmental risks from climate change and human-caused developments in addition to water
scarcity problems [2,3]. Nowadays in Egypt, there is a tendency to expand the cultivated area of many
crops in Northeastern Delta of Egypt, including wheat and faba bean in newly-reclaimed soil,
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although most of these soils are affected by salinity, which is a real global problem that requires
urgent solutions [4]. El Husseiniya Plain in Sharkia Governorate in the Nile Delta region of Egypt of
about 141.6 square kilometers area and irrigated from El-Salam Canal (drainage water and Nile river
water 1:1) suffers from soil degradation caused by salinization (EC >4 dSm-1 at 25 °C) and alkalinity
that limits plant growth and development leading to yield losses [5]. Despite the continued expansion
of wheat (Triticum aestivum L.) cultivations in Egypt, the increase in consumption is much higher than
the rate of production as the average consumption was 16.6 million tons, while the production was
estimated at 9.3 million tons, which led to an increase in imports that constitutes a huge burden on
the Egyptian agricultural trade balance. The wheat gap is estimated at 7.3 million tons, and wheat
and flour subsidies are estimated at 13.7 billion Egyptian pounds during the period 2012-2016 [6].
Royo and Abi¢ [7] reported that about 397 million hectares under wheat cultivation are severely
affected by salinity stress, crop yield starts to decline at a salinity stress level of 6-8 dS m™, which is
imposing a serious threat to food security (WHO, 2019). Faba bean (Vicia faba L) is cultivated in the
Mediterranean region as a rotational crop and is considered a popular legume food consumed
worldwide and a major leguminous crop in Egypt; it is an important source of crude protein and
essential amino acids for human and animal nutrition [8]. Vicia faba plants are proved to be
moderately sensitive legumes to salinity, exhibiting a reduction in plant growth up to 50% under 6.7
dS m! salinity [9]. Since the yields of faba bean and wheat are negatively affected by abiotic stresses
such as salinity and drought, developing effective, low-cost, and adaptive methods for managing and
coping with abiotic stresses is a major challenge [10]. In addition to the negative effect of salinity
stress on the plant growth and that inhibit crops productivity of these soils, it may also negatively
affect its microbial diversity and decrease its fertility that lead to soil erosion and deterioration.
However, some microbes that may tolerate high salinity conditions and still maintain natural activity,
which may positively affect plant growth such as cyanobacteria, yeast and AMF, which get on/into
the roots of plants and help in the absorption of water and nutrients from soil. Microorganisms could
play an important role in adaptation strategies and increase of tolerance to abiotic stresses in
agricultural plants. Plant-growth-promoting rhizobacteria (PGPR) mitigate most effectively the
impact of abiotic stresses on plants through the production of exopolysaccharides and biofilm
formation. AMF and dual symbiotic systems (endophytic rhizospheric bacteria and symbiotic fungi)
also tend to mitigate the abiotic stress in plants [11]. Humic acids (HA) also convert elements to more
beneficial forms and make them more effective, like PGBR. The beneficial effect of HA treatments on
crops under salinity conditions can be attributed to its positive effect on the physical and chemical
properties of soil, such as promoting microbial growth, increasing availability of nutrients and
promoting enzyme activity, organic acid and amino acid content. Although, PGPRs and HA in
different agricultural systems have already stimulated these processes reduced salinity damage in
some crops under controlled experimental conditions, the field effect was insignificant and did not
reflect productivity gains. This demonstrates the need for field tests to validate the potential of these
biostimulants under real planting conditions [12].Thus, the main challenge of the Egyptian farmers
is to grow up salt-tolerant plants under such saline and alkaline conditions and also to manage the
ameliorating inputs to lessen further soil deterioration while sustaining soil productivity. Keeping
this in mind, lab and field experiments were conducted to study the ability of cyanobacteria, yeast
and AMF, individually or in combination, as inoculants to ameliorate salinity stress and enhance
productivity of faba bean (Vicia faba L.) and Wheat (Triticum aestivum L.) in presence of humic acids
and stimulatory dose (25%) of the recommended mineral fertilizers.

2. Material and Method

2.1. Preparation of Microbial Inoculation

Mixed cultures of cyanobacteria strains, yeast and Arbuscular Mycorrhizal Fungi (AMF),
individually or in combination, were tested as inoculants to ameliorate salinity stress and enhance
productivity of faba bean (Viciafaba L.), (cv-Nubaria 1) and Wheat (Triticum aestivum L.) (cv-Sakha 93)
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in presence of K-humateand stimulatory dose (25%) of the recommended mineral NPK fertilizer was
tested.

2.1.1. Cyanobacteria (Cyano)

Four heterocystous (Nostoc muscorum isolate HSSASE1, Anabaena oryzae isolate HSSASES,
Anabaena sp. HSSASE11 and Wollea saccata isolate HSSASE?) and two non-heterocystous (Phormidium
fragilis isolate HSSASE9and Spirulina platensis isolate HSSASES5) cyanobacteria strains were obtained
from Microbiology Department, Soils, Water and Environment Res. Inst., Agric. Res., Center. The
cyanobacteria strains were isolated from Egyptian soils and identified and deposited in GenBank
under accession numbers (Table 1). All cyanobacterial strains were grown separately on BGiimedium
[13] except Spirulina platensis, which was grown on Zarrouk medium [14].

The cultures were incubated in a growth chamber with continuous shaking (150 rpm) under
continuous illumination with Philips Florescent 40-W cool-white fluorescent lamps, at a relatively
low light intensity (400-500 lux) and incubation at 27+2°C for 30 days to be used as inoculums for
laboratory experiments. Some characterization parameters of cyanobacteria strains in the stationary
phase such as pH values, algal dry weight [15] and optical density by spectrophotometer at 560 nm
[16] are shown in Table 1.Equal portions on a volumetric basis from the suspensions of the
cyanobacterial cultures, in the stationary phase, were mixed together for use in laboratory and field
experiments. Seeds were soaked 12 hours before the laboratory germination experiment, while in the
field experiment, 24 L/ha of cyanobacteria mixture was added in 3 equal doses after one month, 45
days and 60 days of sowing.

Table 1. GenBank accession number and some characterization parameters of different cyanobacteria
and green microalgae species under study.

NCBI* Optical  Total Dry
Ser. Microalgal strains . Family pH density atchlorophyll weight

Accession no.

560 nm (mg.1) (mg.1)

1 Nostoc muscorum isolate HSSASE1 KT277784.1 Nostocaceae 811  1.19 5.26 760.96
2 Spirulina platensis isolate HSSASE5  KT277788.1 Spirulinaceae 10.16 2.77 11.63 1772.80
3 Anabaena oryzae isolate HSSASE6 KT277789.1 Nostocaceae 7.14  0.87 4.03 557.76
4 Wollea saccata isolate HSSASE7 KT277790.1 Nostocaceae  6.82  2.40 9.82 1532.80
5 Phormidium fragilis isolate HSSASE9 KT277792.1 Phormidiaceae 8.67  2.09 3.00 1334.40
6 Anabaena sp. HSSASE11 KT277794.1 Nostocaceae  8.05  1.67 7.56 1065.60
*

National Center for Biotechnology Information (NCBI).

2.1.2. Yeast (Y)

Saccharomyces cerevisize was kindly provided by microbiology Department Soils, Water and
Environment Research Institute, Agriculture Research Center, Giza, Egypt. Saccharomyces cerevisiae
was grown on glucose peptone and yeast extract (GPY) medium [17]. 100 ml of yeast culture
containing 1x10°cells.ml"'was used for single treatments, while, 50 ml was used just before inoculation
for combined treatments.

2.1.3. Arbuscular Mycorrhizal Fungi (AMF)

Mixed spores of AMF (Glomus mosseas, Glomus intraradices and Glomus sp.) were originally
extracted from the rhizosphere of maize plans grown in Sahl El-Hossynia Research Farm Station, El-
Sharkia Governorate. The inoculum contains 38X102 spores/ Kg soil. AMF inoculated treatments
received 100 g soil + 50 g infected maize roots + external hyphae. The inoculants were mixed with
stickers (Arabic gum) and uniformly coated on the seeds and then air dried for 2 hours before sowing.

2.2. K-Humate Preparation (K-H)

Potassium humate (K-humate) was extracted from rice straw compost and characterized
according to the standard method described by Sanchez — Monedero et al. [18]. Rice straw compost
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was mixed with water at a rate of 1:5 (w/v) and then treated with 0.5 N of KOH solution to extract
the humic substances.

2.3. Lab and Field Trials

2.3.1. Preliminary Experiment

A one-month preliminary experiment was conducted in pots under laboratory conditions to
study the antagonistic or synergistic effects of microbial treatments on rhizosphere enzyme activity
(dehydrogenase and nitrogenase), plant oxidative enzyme activity (peroxidase and catalase), and the
lengths of shoots and roots of faba bean (Vicia faba L. cv. Nubaria 1) and wheat (Triticum aestivum L.
cv. Sakha 93). The aim was to assess the most promising inoculation for field trial application under
salinity stress and mineral NPK deficiency. The seeds were sterilized with 5% Clorox, rinsed
thoroughly, then presoaked in the biofertilizer treatments for 12 hours before being germinated in
plastic pots (25 cm in diameter and 25 cm deep) filled with saline soil (18.57 dS.m™) from the field
experimental site. All treatments, except the control, were irrigated with saline water from El-Salam
Canal for one month under laboratory conditions. The experimental design was as follows:
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Based on the results of this preliminary experiment, the most promising interactions of seeds
with different biofertilizer formulas, as well as their combination with K-humate under salinity stress
will be selected for the field trial.

2.4. Field Experiment

2.4.1. Experimental location and Soil Analysis

The field experiment was conducted in one of the extension fields in the Al-Hussainiya area,
Sharkia Governorate, Egypt (Figure 1), during the winter season of 2021/2022. The soil was clayey
textured, highly alkaline, saline, and poor in organic matter. Soil texture characterization and
chemical analyses (Table 2) were determined according to Page et al. [19]. Irrigation for this location
was sourced from the El-Salam Canal (Table 3), which is a mix of Nile fresh water and agricultural
drainage water (1:1).

This experiment aimed to investigate the individual and combined effects of cyanobacteria,
yeast, AMF, and K-humate with 25% of the recommended mineral NPK fertilizers on the yield and
yield components of faba bean and wheat under saline-alkaline soil conditions. Some soil biological
activities were studied, including the total number of bacteria, cyanobacteria, and yeast, as well as
soil enzymes (dehydrogenase and nitrogenase) after 75 days of cultivation. Additionally, AMF
colonization was estimated after 45 and 75 days of cultivation, and spore numbers were assessed at
harvest.
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The field experimental design was as follows:
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Figure 1. Field Experiment Site in the Northeast Nile Delta, Sharkia Governorate, Egypt: Landsat 8
Images (June 19, 2021).

Table 2. Soil Mechanical and Chemical Analyses.

Coarse sand (%) Fin sand (%) Silt(%) Clay (%) Texture 0.M(%) CaCO:s (%)
3.14 8.29 28.76 59.81 Clay 0.48 5.19
Cations (meq/l) Anions (megq/l)
pH (1:2.5) EC(dS.m") Ca+ Mg+ Na* K+ HCO?3 Cl SO+
8.25 18.57 1246 21.73 150 0.76 8.25 132 44.70
Macronutrients (ppm) Micronutrients (ppm)
N P K Fe Mn Zn Cu
37 5.67 189 1.37 3.25 0.73 0.048

Table 3. Physical and Chemical Characterization of El Salam Canal.

Cations (meq/l) Anions (megq/l) R.S.C. SAR
pH EC(dS.m?)

Ca* Mg+  Na* K+ HCOs COs CIr SO+
14.64 26.25
9.00 4.94 212 2.29 39.00 240 12.45 6.60 16.27 10.49
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Measurements:

2.4.2. Soil Microbial Enzymes Analysis

Dehydrogenase activity was assayed in soil according to Glathe' and Thalmann [20].The activity
of nitrogenase enzyme, as indicator of free living N2-fxation potential in rhizosphere of wheat soil
(umol C2H4 h1 g1 dry soil) was determined according the method described by Dilworth [21].

2.4.3. Oxidative Enzymes Bioassay

Peroxidase activity was determined according to the method described by Allam and Hollis [22]
and catalase activity assay was determined following the method of Goth [23].

2.4.4. Some Soil Biological Activity

Two soil enzymes activity (Dehydrogenase and Nitrogenase) were determined by the methods
of Casidaet al. [24] and Dilworth [25], respectively. Concerning total count of bacteria, cyanobacteria
and yeast were counted after 75th day from sowing. Total count of bacteriathe dilution plate method
on nutrient agar [26] and total cyanobacterial counts were conducted by plating ten-fold serial soil
suspension-dilutions in triplicate onto agarized BG11 medium [27] and Watanabe and Barraquie [28]
or nitrogen fixing bacteria. AMF colonization (%) was estimated after 45, 75 days of sowing by the
method described by Phillips and Hayman [29] while, spores number were determined at harvest
stage according to Gerdemann and Nicolson [30].

2.4.5. Crop components and Some Chemical Analyses

At harvest, the collected wheat straw and grains samples were oven dried at 70 °C to determine
total N, P, K and Na contents in seeds were determined as described by Van Schouwenburg
[31].Harvest index was calculated as a ratio of grain yield to total biological yield (straw yield + grain
yield). Biological and grain yield were recorded at two central rows in each experimental unit.
Subsequent sample was oven dried at 70°C for maximum 36 hours to estimate dry matter yield. 1000-
grains were weighed on an electronic balance after drying for recording Seed Index.

2.4.6. Economic Evaluation of the Study

The data analysis was based on the averages of each treatment using partial budget analysis to
obtain some economic and performance indicators [32] such as, profit /cost ratio, break-even yield
and break-even price where is:

Profit = Revenue - Total cost; Profit /cost ratio = Profit/Total cost; Break-even yield = Total cost /
Price; Break-even price = Total cost /Total yield.

2.4.7. Statistical Analysis

The obtained data were statistically analyzed using analysis of variance procedure according to
Gomez and Gomez [32]. Means were compared using Gen-Stat software at 5% level of probability.

3. Results

3.1. Preliminary Experiment: Interactions of Plants, Microbiomes and K-Humate to Cope with Salinity
Stress

Preliminary results showed that the biological treatments, with or without K-humate,
significantly increased the activity of plant antioxidant enzymes (catalase and peroxidase) and soil
enzymes (dehydrogenase and nitrogenase), except for the AMF treatment (T4), which failed to
germinate. The root and shoot lengths of faba bean and wheat seedlings also exhibited different
significant values compared to the control.
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3.1.1. Faba Bean

The results of Figure 2 and 3 illustrated that the combined treatment of cyano+Y+AMF+K-
humate (T16) was the most effective treatment for improving the antioxidant enzyme activity
(catalase and peroxidase), soil enzyme activity (dehydrogenase and nitrogenase), and seedling
growth (root and shoot length) of faba bean plants under salinity stress. Specifically, the combined
treatment of cyano+Y+AMF+K-humate (T16) resulted in the highest catalase and peroxidase enzyme
activity in faba faba bean plants of 62.49 Unit.g-1 FW and 313.25 Unit.g-1 FW, respectively. The best
significant increases in soil enzymes, dehydrogenase and nitrogenase, of 58.00 ug TPFg-1 dry soil
Day-1 and 62.00 pg mol C2H4 g-1 soil day-1, respectively, were also achieved by the combined
treatment of cyano+Y+AMF+K-humate (T16). Finally, the superior significant increases in root (20.67
cm) and shoot (61.00 cm) lengths were achieved by the combined treatment of Y+AMF+K-humate
(T15) and Cyano+Y (T6), respectively.

?

Figure 2. Effect of Microorganisms and K-humate on Faba Bean and Wheat Seedlings after 30 Days
of Germination.
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Figure 3. Impact of microbiomes inoculation and k-humate on plant antioxidant enzymes,
rhizosphere enzymes, shoot and root lengths of 30-day faba bean seedlings.

3.1.2. Wheat

All treatments significantly increased soil enzymes (dehydrogenase and nitrogenase) and plant
antioxidant enzyme activity (catalase and peroxidase), which was reflected in the lengths of roots
and shoots of wheat seedlings. The combined treatment of cyano+Y+AMF+K-Humate (T16) resulted
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in the highest significant values of catalase (91.36 units g-1 FW), peroxidase (931.82 units g'' FW), and

dehydrogenase (52.0 g TPFg-1 dry soil Day-1) activities. While the combined treatment of
g-1 soil day-1). K-Humate (T5) and cyano+Y+AMF (T9), respectively, showed the highest significant

cyano+Y+AMEF (T9) showed the highest significant increases of nitrogenase activity (34.00 mole C2H4
increases in the lengths of roots and shoots (Figure 2 and Table 5).
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Figure 4. Impact of microbiomes inoculation and k-humate on plant antioxidant enzymes,

rhizosphere enzymes, shoot and root lengths of 30-day wheat seedlings.
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3.2. Field Experiment: Alleviating Effect of Salinity Stress via Microbiomes Inoculation and Organic Soil
Amendment on Plants in Field Application

The preliminary laboratory experiment demonstrated the synergistic effect of cyanobacteria,
yeast, and AMF, with or without K-humate. These results led to the development of different
combinations of bio/organic fertilizers for field application on wheat and faba bean crops in the salt-
stressed soils of the northeastern Egypt Delta that are irrigated with the El-Salam Canal (1:1 mixture
of Nile River water and agricultural drainage water).

3.2.1. Soil Microbial Activity

The interactive effects of cyanobacteria, yeast, AMF, and K-humate, either inoculated alone or
in combination, on soil microbial activity are shown in Tables 6 and 7. The data in Table 6 shows that
samples taken from the rhizosphere of wheat and faba bean at three stages (45 and 75 days after
sowing and at harvest) showed higher significant differences (p < 0.05) in the number of spores and
total root colonization (%). AMF spores counts and root colonization (%) in the soil under study 45
and 75 days after sowing date showed significant variance between AMF inoculum alone (T4) versus
being in combination with cyanobacteria, Saccharomyces cerevisiae, and K-humate (T8, T10, T11, and
T12). The integrated application of the microbiomes consortium with K-humate T12
(Cyano+Y+AMF+K-Humate) had the highest inductive effects on AMF colonization and the spores
number in the wheat and faba bean through the field experiment.

The results in Table 7 show that the total cyanobacterial count in the rhizosphere of wheat and
faba bean was significantly (p < 0.05) enhanced by the solitary, dual, and triple co-inoculation of
microbiomes with or without K-humate under salinity stress, compared to the control (T1). This was
true for all treatments except for the single treatment of K-humate in faba bean (T4). For individual
inoculation, the cyanobacterial density was significantly (p < 0.05) enhanced by the individual
inoculation with cyanobacteria (36 and 30 cfu*10-3.g soil for wheat and faba bean, respectively)
compared to the other individual treatments and the 100% NPK control (T1).

Table 6. Influence of bio-inoculation and K-humate on AMF infection rate and spore densities in the
rhizosphere of wheat and faba bean after 75-day field experiment.

Wheat Faba bean
AMF Spores AMF colonization Spores
colonization % Number % Number
Treatments
after after
75 45
45 days harvest. 75 days harvest.
days . days .
100g soil* 100g soil!
T1 Control 23.00i 32.00i 45.00k 21.00k 29.001 41.001
T2  Cyano 38.00h  44.00h 90.00i 27.00j 39.00i 82.00i
™ Y 39.00h  44.00h 100.00h 28.00f  37.00j 91.00j
T4 AMF 56.00e 62.00e 450.00e 44.00e 50.00e 400.00e
T5 K-H 36.001 41.00i 80.00j 30.001 33.00k 76.00k
Teé Cyano+K-H 46.00g 50.00g 100.00h 36.00g 42.00h 96.00h
T7 Y+K-H 48.00f 50.00g 150.00g 34.00h 44.00g 120.00g
T8 AMF+K-H 62.00d 68.00d 600.00d 52.00d 57.00d 560.00d
T9 Cyano+Y+K-H 49.00f 55.00f 230.00f 40.00f 46.00f 200.00f
T10 Cyano+AMF+K-H 76.00b 81.00b 820.00b 68.00b 73.00b 700.00b
T11 Y+AMF+K-H 69.00c 74.00c 710.00c 61.00c 65.00c 605.00c

T12 Cyano+Y+AMF+K-H 81.00a 86.00a 900.00a 72.00a  78.00a 830.00a



https://doi.org/10.20944/preprints202405.1649.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 May 2024 doi:10.20944/preprints202405.1649.v1

11

LSD 0.05 1.07 0.81 1.31 1.26 1.29 1.08

The dual co-treatments of K-humate with each of cyanobacteria, yeast and AMF significantly
(p< 0.05) supported the cyanobacterial total count comparing to the individual microbiomes
inoculation and 100% NPK control (T12). However, the superior significant (p< 0.05) total count of
cyanobacteria in the rhizosphere of wheat and faba bean (78.00 and 61.00.f.u.*10-3.g-1 dry soil,
respectively) was due to the co-treatment of K-humate with the consortium microbiomes (T12).
Comparing to the control (T1), all the treatments significantly (p< 0.05) increased the total bacterial
count in the rhizosphere of wheat and faba bean. The highest records of 200.00 and 307.00 cfu*10-3.g-
1dry soil were due to the co-treatment of k-humate with the consortium microbiomes (T12) for wheat
and faba bean, respectively as shown in Table 6. Regarding to total count of yeast in the rhizosphere
of wheat and faba bean (Table 7), it was significantly (p< 0.05) increased by all the individual
microbiomes inoculation or the solo organic amendment of K-humate as well as their dual and triple
inoculation (T12) that gave the highly significant (p< 0.05) results of 25.00 and 38.00 cfu.10-3.g! dry
soil of the total count of yeast in the rhizosphere of wheat and faba bean, respectively. There was a
significant variation in the response of soil enzymes (nitrogenase and dehydrogenase) to all
treatments in both wheat and faba bean crops, as shown in Table 7. As for the effect of the individual
treatments on the activity of N-ase enzyme, the AMF treatment failed to increase the N-ase enzyme,
while the two treatments of cyanobacteria and yeast significantly (p< 0.05) increased N-ase in wheat
rhizosphere. In contrary, only the AMF treatment significantly (p< 0.05) increased N-ase enzyme.
However, the cyanobacteria and yeast treatments failed to increase the N-ase enzyme in faba bean
rhizosphere compared to the mineral control treatment (T1). The highest significant (p< 0.05) increase
of N-ase in wheat rhizosphere was achieved by Y+AMF+K-H (T11) and Cyano+Y+AMF+K-H (T12)
while, the superior significant (p< 0.05) increases of N-ase in faba bean rhizosphere were achieved by
these two treatments in addition to Cyano+AMF+K-H (T10). The activity of DHA-ase was increased
by 166.16 and 99.71% via the individual treatment of cyanobacteria (T2) in the rhizosphere of wheat
and faba bean, respectively. On the other hand, the integrated microbiomes consortium with K-
humate (T12) resulted in the significant (p< 0.05) superior DHA-ase activity in the soil rhizosphere
for both two crops.

Table 7. Soil biological activity as affected by cyanobacteria, yeast, AMF inoculation, and k-humate
after 75 days of wheat and faba bean growth.

Wheat Faba bean
Cyan N-ase N-ase
Bacteri  Yeast DHA- Cyano Bacteri  Yeast DHA-
o umol pmol
a count ase count a count ase
Treatment count e e
count cfu* ugTPF. cfu*  count cfu* ugTPF.
s cfu* C2Ha. C2Ha.
cfu* 103.g- gl dry 10%.g1  cfu® 103.g- gl dry
10%.g g'dry g'dry
10.g1 1 dry soil.day dry 10-¢.g1 1 dry soil.day
dry soil.h- soil.h-
dry soil  soil A soil dry soil  soil &
soil 1 1
15.02j 3.46g
T1 10.00j  21.50k 1.00k 0.85f 5.29¢g 108.00j 2.001 4.67h
k h
T2 36.00f 61.50g 3.00j 1.60f 14.08d 30.00g  250.25d 4.00k  1.13i 9.33f
T3 17.00h  60.00h 7.00h  2.70de 3.71ghi 24.00h  245.25e  5.00j 2.84h  7.46g
T4 12.00i  26.00j 6.00i 0.70f 2.87i 14.00k  147.33i  7.00i 4.8fg  4.01h
10.00
T5 12.00i  35.00i 3.00j 2.34de 3.36hi 32.00f  108.50j 8.41le  8.95f
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11.00
T6 38.00e  95.50d 9.00g  5.89c 11.45e 36.00e  207.00g 12.76c  10.85e
8
T7 23.00g  79.00e 12.00f 5.52c 7.19f 16.00j 250.00d 17.00e 17.46b  5.01h
T8 18.00h  66.00f 13.00e 3.12d 4.84gh 20.00i 221.25f  16.00f 5.13f 5.38h
T9 60.00c  95.50d 18.00c  5.48c 21.82b 50.00b 194.00h  32.00c 11.14d 18.19b
14.00 23.00
T10 64.00b  126.00c 8.42b 19.69¢ 42.00c  307.00b 25.30a 12.92d
d d
22.00 35.00
T11 48.00d  194.00b 16.98a  18.22c 38.00d  287.00c 25.11a 14.42c
b b
T12 78.00a 200.00a  25.00a 17.27a  30.88a 61.00a 378.50a 38.00a 26.51a 24.15a
LSD 1.06 0.74 0.92 1.11 1.64 1.09 0.85 0.86 1.39 1.39

3.2.2. Effects of Microbiomes and K-Humate on Wheat and Faba Bean Yield and Yield Components
under Saline Soil Conditions

The solo, dual, and triple interacting effects of cyanobacteria, yeast, and AMF inoculation
with/without K-humate significantly increased faba bean and wheat yield components as shown in
Tables 8 and 9, respectively. Among the individual effects of cyanobacteria, yeast, AMF, and K-
humate on faba bean crop components (T2, T3, T4, and T5), cyanobacteria as a sole treatment had the
most significant effect on the number of pods per plant, number of seeds per plant, weight of seeds
per plant, weight of 100 seeds, biological yield per hectare, and harvest index, compared to the control
(T1) with 100% NPK (Table 8).

Table 8. Impact of of microbiomes and K-humate on crop components and faba bean productivity.

Biolog
Seeds Straw
Number Number of Weight ical
Treatme Weight of yield yield Harvest
of pods. Seeds.plant of seeds. yield
nts 100 seeds (g)  (ton. (ton.ha- index (%)
plant! 1 plant (g) (ton.h
hat) 1)
a)
T1 Control  6.83g 16.10j 5.83g 31.561 1.21j 1.45k 2.66 0.45
T2 Cyano 14.00d 33.75¢g 19.00c 50.41h 1.33g  1.63h 2.96 0.45
T3 Y 11.00ef 23.43i 11.67f 46.61j 1.22i 1.62i 2.84 0.43
T4 AMF 10.00f 14.00k 6.76g 42.92k 098k  1.41l1 2.39 0.41
T5 K-H 13.50de 28.00h 17.76e 48.78i 1.29h  1.45j 2.75 0.47
Cyano+
T6 19.73¢ 55.24c 33.50c 61.90e 142e  1.66f 3.08 0.46
K-H
T7 Y+K-H 18.20c 42.22f 23.57d 54.04g 142e 1.71e 3.13 0.45
AMF+K
T8 20.30c 52.78e 33.42¢ 59.28f 1.38f 1.66g 3.04 0.45
-H
Cyano+
T9 24.20b 54.21d 39.10b 70.75¢ 1.93d 2.11d 4.03 0.48
Y+K-H
Cyano+
T10 AMF+K  25.74b 57.14b 43.87a 75.45b 236b  2.53b 4.89 0.48
-H
Y+AMF
T11 24.97b 52.94e 37.74b 69.88d 2.21c 2.55a 4.77 0.46

+K-H
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Cyano+
T12  Y+AMF  28.86a 58.09a 46.20a 78.24a 2.77a 251k 5.28 0.52
+K-H
LSD
2.96 0.65 3.82 0.59 0.57 0.72
0.05

The dual synergy of K-humate with each of cyanobacteria, yeast, and AMF (T6, T7 and T8)
resulted in even greater significant increases in yield productivity, biological yield, and yield index
compared to single inoculation of each microorganism alone (T2, T3, T4, and T5). However, the
highest significant increase in these indicators was observed when K-humate was synergized with
cyanobacteria (T6), compared to their synergy with other microorganisms.

Furthermore, it was found that the co-treatments of two microbes with K-humate (T9, T10 and
T11) increased weight of 100 seeds (124.18%, 139.07% and 121.42%, respectively|), seed yield/ha
(59.50, 95.04% and 82.64%, respectively) and straw yield/ha (45.52, 74.48% and 75.86%, respectively)
compared to the full dose mineral NPK fertilizers (T1).

The significant superiority records of these indicators were achieved by the co-treatment of the
microbiomes consortium and K-humate in terms of number of pods/plant (322.55%), number of seed/
plant (260.81%), seed yield/plant (692.45%), weight of 100 seeds (147.91%), Seed yield/ha (128.93%)
and straw yield/ha (73.10%) compared to the full dose mineral NPK fertilizers (T1).

Table 9 shows the effect of inoculating wheat plants with microbiomes, with and without K-
humate, on their yield components, compared to plants fertilized with the recommended full dose of
mineral NPK fertilizers (T1). The results show that the highest significant number of spikes per plant
(26) was recorded in plants inoculated with cyanobacteria alone (T2), followed by plants co-treated
with K-humate and yeast (17) and K-humate and AMF (T8), respectively. Cyanobacteria as a sole
biofertilizer treatment (T2) also gave the highest significant number of grains per spike (60.17). The
weight of 1000 grains was increased by 4.41% to 25.81% by inoculating wheat plants with
microbiomes, with or without K-humate. The highest significant increase in the weight of 1000 grains
(70.20 g) was recorded in plants inoculated with the consortium of microbiomes and K-humate (T12).

Moreover, inoculating wheat with microbiomes, with or without K-humate, increased straw and
grain yields by 10.81% to 44.86% and 2.34% to 54.68%, respectively, compared to the control (T1). The
combination of microbiomes with K-humate (T12) achieved the highest significant grain and straw
yields of 4.75 and 6.43 ton.ha-1, respectively. The increase in yield and yield components also resulted
in an increase in biological yield (ton/ha) by 8.62% to 48.88% compared to the control. The percentages
of nitrogen (N), phosphorus (P), potassium (K), and sodium (Na) in wheat grains and faba bean seeds
are indicators of crop quality. As shown in Figures 4 and 5, the combination of exogenously added
microbiomes (cyanobacteria, yeast, AMF, and K-humate) and the plant rhizosphere, along with the
alleviating impact of salinity stress by K-humate, resulted in the highest NPK% while lowering Na%
in faba bean seeds and wheat grains, respectively.

Table 9. Impact of of microbiomes and K-humate on crop components and wheat productivity.

Number  Number  Weight Grain Biological Harvest
Straw yield
Treatments of spike. of grains. of 1000- yield yield index
(ton.ha)
plant?! spike? grain (g)  (ton.ha?) (ton.ha?) (%)
T1 Control 18.00f 35.57f 55.80j 3.07g 4.44i 7.51 0.41
T2 Cyano 26.00a 60.17a 62.30f 3.53def 5.28¢g 8.81 0.40
T3 Y 19.00ef 33.96g 61.00g 3.34efg 4.92h 8.26 0.40
T4 AMF 23.00b 33.90g 59.50h 3.14fg 5.02h 8.16 0.39
T5 K-H 19.00ef 44.89d 60.98g 3.43efg 5.64ef 9.07 0.38
T6 Cyano+K-H 22.00bc 40.76e 64.90e 3.90bcd 5.86de 9.77 0.40
T7 Y+K-H 26.00a 29.80h 62.60f 3.70cde 5.59f 9.31 0.40
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T8 AMF+K-H 25.00a 29.21h 58.26i 3.56def 5.30g 8.86 0.40
T9 Cyano+Y+K-H 14.00g 34.81fg 66.50c 4.06bc 6.07cd 10.13 0.40
T10 Cyano+AMF+K-H 21.00cd 44.20d 68.10b 4.10bc 6.34ab 10.44 0.39
T11 Y+AMF+K-H 20.00de 48.23¢ 65.80d 4.10bc 6.17bc 10.27 0.40
T12 Cyano+Y+AMF+K-H 18.00f 52.24b 70.20a 4.75a 6.43a 11.18 0.42
LSD 0.05 147 117 0.46 0.18 0.11

3.2.3. Influence of the Microbiomes and K-Humate on the Quality of Faba Bean Seeds and Wheat
Grains

The percentages of nitrogen (N), phosphorus (P), potassium (K), and sodium (Na) in wheat
grains and faba bean seeds are indicators of crop quality. As shown in Figures 4 and 5, the
combination of exogenously added microbiomes and the plant rhizosphere, along with the
alleviating impact of salinity stress by K-humate, resulted in the highest NPK% while lowering Na%
in faba bean seeds and wheat grains, respectively. The results also indicated that all of the individual
and integrated microbiomes and K-humate with partial mineral fertilization (a quarter of the
recommended dose of NPK mineral fertilizers for both faba bean and wheat crops) showed
percentages of N, P and K significantly similar to that obtained by the control treatment (100% NPK).
However, among all of the bio-organic amendments, T10 and T12 recorded the highest nitrogen
percentages (4.45% and 4.55%, respectively), which reflected on the increase in protein percentage of
faba bean seeds (Figure 4).
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Figure 4. Influence of treatments on K/Na ratio and percentages of protein, N, P, K, and Na in faba
bean seeds.
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Figure 5. Influence of treatments on K/Na ratio and percentages of Protein, N, P, K, and Na in wheat
grains.

3.3. Economic Evaluation of the Study

Tables 10 and 11 show the results of a feasibility study on using microbes and/or K-humate
treatments with 25% of the recommended doses of NPK mineral fertilization for faba bean and wheat
in soils under salinity stress in the northeastern Delta of Egypt. The study found that machinery,
mineral fertilizers, and land rent (fixed costs) occupy the largest share of total production costs for
the control treatments in faba bean and wheat, respectively. However, all of the treatments lowered
these costs up to 25.50% and 11.53% of the total costs for faba bean and wheat, respectively, as a result
of replacing 75% of NPK mineral fertilizers with the microbes and/or K-humate. The percentage of
mineral fertilizer costs relative to total costs was lowered up to 7.32% and 2.96%, for faba bean and
wheat, respectively, but this was not the main factor that increased the percentage of profits in
response to these treatments, which was up to two times compared to the control. This indicated that
the most influential factor in the profit is the yield quantity since all product sold at the same price.
There are other important variables affecting the profit, such as the cost of the treatment production.
The yield was calculated based on the average yield for each treatment, while the price was calculated
based on the average market price per ton. All treatments raised the profit per hectare for wheat
compared to the control, as well as in faba bean with the exception of AMF which was lower than the
control as shown in Tables 10 and 11.The most profitable treatments were T10, T11, and T12, which
surpassed the control treatment in faba bean by 143.49, 37.33, and 164.95%, respectively, and in wheat
by 90.47, 83.31, and 113.45%, respectively. Profit/cost ratio is the easiest method to determine the
economic performance, the higher ratio is the better performance, If Profit/cost value is less than 1.00,
then the production cost can be expected to higher than the returns. Data in Tables 10 and 11 show
that the lowest profit cost ratios of 1.6 and 0.85 were found by T1 (control) for faba bean and wheat,
respectively while, the treatments from T2 to T12 recorded higher profit cost ratios than control (T1).
Breakeven yield is the yield required to cover the cost of marketing, consequently, all treatments,
with much higher yields, have achieved the higher profit. The price at which a crop must be sold in
order to recoup its costs of production is known as the break-even price. Findings in Tables 10 and
11 showed that the price needed to cover the production costs in the control treatment (T1) that
received 100% mineral NPK fertilizers were 5.4 and 2.8 4 Egyptian pounds per kg for faba bean and
wheat, respectively. Since the prices obtained by the microbiomes and K-humate treatments, either
individually or co-treatments were higher than the control, consequently these treatments are the
most profitable.
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Table 10. Partial budget analysis of Faba bean.

Ttems TT T2 T3 T4 T5 T6 T7 T8 T9 TIo T11  TI2
Seed  yield )y 133 122 o098 129 142 142 138 193
(ton.ha?)
Price (b.ton") 640 640 640 640 640 640 640 640 640 640 640 640
Straw yield) ;o 163 162 141 145 166 171 166 211 145
(ton.ha)
Price (5.ton) 80 80 80 80 80 80 80 80 80 80 80 80
R ha-
1)e"e““e Ghagon40 981.60 91040 740.00 941.60 104160 1045.60 101600 1404.00 _
Seeds ($.ha) 4654 4654 4654 4654 4654 4654 4654 4654 4654 4654 4654  46.54
Labor ($.ha?) 1163 1163 1163 1163 1163 1163 1163 1163 1163 1163 1163 1163
Machine ($.ha-
) achine (B-ha o, o 103.85 193.85 193.85 193.85 193.85 193.85 193.85 19385 193.85 193.85 193.85
Menial
Fertilizers 48.46 4846 4846 4846 4846 4846 4846 4846 4846  48.46  48.46
($.ha?)
Cyanobacteria
1397 0 0 0 1397 0 0 1397 1397 0 13.97

($.ha?)
Yeast (5.ha) 0 0 698 0 0 0 698 0 698 0 698 698
AMF($.hal) 0 0 0 929 0 0 0 929 0 929 929 929
K-humate 0 0 0 929 929 929 929 929 929 929 929
($.ha?)
Pectici
(;;:j;des 16.06 1606 1606 1606 1606 1606 1606 1606 1606 1606 1606  16.06
Variable Cos
6 ha 43518 42819 43050 43050 444.47 437.48 439.79 45145 45376 446.77 460.74
Fixed Cost
Gt 193.87 193.87 193.87 193.87 193.87 193.87 193.87 193.87 193.87 193.87 193.87 193.87
Total Cost

6 ha) 629.05 622.06 624.37 624.37 63834 63135 633.66 64532 647.63 640.64 654.61
Profit (5.hal) 129.93 352.55 28834 115.63 317.23 40326 41425 382.34 | 758.68

Profi

rofit/cost o1, 056 046 019 051 063 066 060 118

ratio

Break-

re;iel‘z’e“ 087 086 087 08 08 08 08 09 090 089 091
Bre;i‘i':eve“ 21252 219.04 - 227.87 207.25 20171 20844 159.73 13244 13459 155.12

Table 11. Partial budget analysis of wheat.
Ttems T1T T2 T3 T4 T5 T6 T7 T8 T9 Ti0 TI1 TI2
Grainyield (ton.ha’) 3.07 353 334 314 343 391 372 355 406 410 410 G0
Price ($.ton"!) 240 240 240 240 240 240 240 240 240 240 240 240
Straw yield (fon.ha? 4.44 528 492 502 564 586 559 530 607 cedllciiNaEIN
Price ($.ton") 1100 1100 1100 1100 1100 1100 1100 1100 1100 1100 1100 1100
Revenue ($.ha) 5621.00 6655.00 6214.00 6276.007027.00 7384.00 7041.80 6682.00 7651.00
Seeds ($.ha1) 3878 3878 3878 3878 3878 3878 3878 3878 3878 3878 3878 38.78
Labor ($.ha"1) 155.09 155.09 155.09 155.09 155.09 155.09 155.09 155.09 155.09 155.09 155.09 155.09
Machine ($.ha) 155.09 155.09 155.09 155.09 155.09 155.09 155.09 155.09 155.09 155.09 155.09 155.09
Menial  Fertili
($;r:f) ertiizer 1939 1939 1939 19.39 1939 19.39 1939 1939 19.39 19.39  19.39
Cyanobacteria (§.ha1) 0 13.97 0 0 0 1397 0 0 1397 1397 0 13.97
Yeast (§.ha1) 0 0 698 0 0 0 698 0 698 0 698  6.98
AMEF($.ha1) 0 0 0 929 0 0 0 929 0 929 929 929
K-humate $.ha’) 0 0 0 0 929 929 929 929 929 929 929 929
Pesticides (5.ha’) 1356 1356 1356 1356 1356 13.56 1356 1356 13.56 13.56 13.56 13.56
Variable Cost ($.hat) HEOHOMI395.90 388.90 391.20 391.20 405.20 398.20 40050 412.20 41450 407.50 421.44
Fixed Cost ($.ha)  232.63 232.63 232.63 232.63 232.63 232.63 232.63 232.63 232.63 232.63 232.63 232.63
Total Cost ($.ha?)  G7IGOMN628.51 621.52 623.83 623.83 637.80 630.81 633.12 644.78 647.09 640.10 654.07
Profit ($.ha")) 4948.11 6026.69 5592.08 5651.77 6403.37 6746.60 6410.99 6048.88 7006.62
Profit /cost ratio 736 959 900 9.06 1026 10.58 1016 955  10.87
Break-even yield 047 046 047 047 048 047 047 048
Break-even price 7134 7524 7645 68.78 6528 67.76 7154 63.65 6198 62.33 5850
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4. Discussion

4.1. Impact of Microbiomes and K-Humate on the Resistance of Faba Bean and Wheat Seedlings to Salt Stress

The results of this study revealed that faba bean and wheat seedlings' resilience to salinity stress
was slightly enhanced by solitary applications of either microorganisms or K-Humate. Also, it was
found that, compared to the single treatment or the control, the dual and triple combination microbial
treatments significantly increased the resistance of plants to salinity stress. However, the co-
treatments of K-Humate and microbes enhanced the microbial and plant resistance to salinity stress
that led to the significant increases in the activities of plant antioxidant enzymes and soil enzymes,
that was reflected in the successful growth of seedlings despite salinity stress with a significant
increase in root and shoot lengths. Same findings were reported by Kthiri et al. [34], after conducting
pots experiment for wheat germination, they found that inoculation with mixtures of microorganisms
had a significant effect on increasing the biomass of stems and roots of wheat seedlings compared to
untreated seedlings due to the enhancement of the antioxidative system (phenols and peroxidase
enzymes) and reduce the harmful effect of NaCl on wheat seedlings and improve the resistance of
seedlings to saline-alkali stress [35].

Recent studies have shown that using stress-tolerant microbiomes has emerged as a safer and
sustainable means for mitigation of abiotic stresses resulting in improved crop productivity by
enhancing the antioxidant potential, improving nutrient uptake, regulating the production of plant
hormones, ACC deaminase, siderophore, exopolysaccharides and accumulating osmoprotectants
and, thus, stimulating plant biomass and crop yield [36]. On the other hand, amendment of saline
soil with humic acid significantly improved the variables affected by higher salinity as well as
increased plant nitrate, nitrogen and phosphorus while, reduced electrical conductivity of soil,
leakage of proline and electrolyte to plant, and enhanced plant root and dry weight of plants by
allowing nutrients and water to be released to the plant as needed. Some studies reported that HA
application mitigate the salinity effect in strawberry, maize and pepper seedlings in salty condition,
thus it could be used as a growth regulator to regulate hormone level, improve plant growth and
enhance stress tolerance. HA may stimulate shoot and root growth, and improve resistance to
environmental stress in plant, but the physiological mechanism has not been well established [37, 38,
39].

4.2. The Integrated Effect of Microbiomes and K-Humate on Soil Microbial Activity under Salinity Stress

The combined application of cyanobacteria, yeast, AMF, and K-humate had a significant impact
on the number of AMF spores and root colonization in wheat and faba bean plants under salt stress
conditions. The differences were statistically significant, suggesting that the combined application of
these microorganisms could be used as a biofertilizer to improve crop yields in the field, especially
in salt-stressed soils. Mycorrhizal root infection rates as well as densities of spores in the rhizosphere
of wheat and bean were outperformed by the consortium of microorganisms and K-humate (Table
6), which probably led to significant changes in the relative abundances of major groups of organic
solutes, such as influencing carbohydrate formation and inducing the accumulation of specific
osmoles such as proline). Additionally, mycorrhizal infection increases the phosphorus (P) uptake by
the plant, mostly because of the ability of mycorrhizal fungi to absorb phosphate from the soil and
transmit it to the roots of the host and increases the uptake of copper, zinc, and sulphate [40].

Sharma et al. [41] suggested that the impacts of AMF promoting the development of plant
hormones are the cause of the resistance against biotic and abiotic stressors. Kumaret al. [42]
compared the AMF-inoculated Jatropha curcas to non-inoculated plants under salinity exposure (1.7-
8.5 dS m-! NaCl for 60 d) and found increased soluble sugars and proline in the leaves of inoculated
plants, allowing maintenance of leaf water status. Furthermore, inoculation of soybean (Glycine max)
with Glomus etunicatum increased the root and shoot growth of plants grown with 50 and 100 mM
NaCl, which was correlated with increased root by nutrient cycling and their interactions with other
soil microorganisms [40].
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The remarkable development in the biodensities of wheat and faba bean rhizosphere due to the
co-treatment of consortium microbiomes and K-H in terms of the total number of cyanobacteria,
bacteria and yeast, as well as soil enzymes (nitrogenase and dehydrogenase) as shown in the Table
7, could be attributed to the fact that microorganisms release phytohormones (indole acetic acid,
gibberellins and cytocinine) and other PGPR that can induce defense programs such as systemic
acquired resistance and induced systemic resistance, thus reducing phytotoxic microbial
communities, increased root length, root surface area and number of root tips, leading to enhanced
uptake of nutrients thereby improving plant health under stress conditions. It was also found that
the combination of PGPR and Compost tea enhanced soil ion balance by decreasing Na+ in the root
zone by creating IAA and exopolysaccharide, thus enhancing K+ absorption via the roots to the leaves
in wheat plants [43 , 44].

Cyanobacteria are capable of solubilizing microbial nutrients and dissolving insoluble
carbonatenodules through the secretion of oxalic acid. In this respect Han and Lee [44] showed that
some cyanobacteria produce polysaccharide products, binding Na+ in the root zone and hence
alleviating the salinity stress on plant and microbial growth and activities. Cyanobacterial
exopolysaccharides improve the soil aggregation by lowering the pH and electrical conductivity and
increasing the hydraulic conductivity of saline and alkali soil [46]. Exopolysaccharide production by
the cyanobacteria increased when exposed to higher concentration of salt which seems to play a role
in metal biosorption and the enrichment of saline soils with cyanobacteria improved the soil quality
by decreasing pH, exchangeable sodium, Na/Ca, conserve organic C, organic N, and organic P as
well as moisture and converts Na+ to Ca2+. These metabolites produced by the cyanobacteria affect
the gene expression of the host plants and thereby bring about qualitative and quantitative changes
in the phytochemical composition of the plants. Experiments carried out with live inoculum or with
the extracts of cyanobacterial strains on several plant species, such as rice, wheat, maize, cotton etc.,
have demonstrated the synthesis of signalling metabolites [47,48,49].On the other hand, yeasts have
been found in different soils and rhizosphere of various plants [50, 51]. Although the numbers
of yeasts are low in comparison with other microorganisms, many investigators claimed that
this group of organisms appear to play an important role in soil fertility and are capable of
producing certain growth promoting substances such as hormones, amino acids, vitamins,
proteins, organic acids, and soluble and volatile exudates [52, 53]. Nonetheless, despite the
known ability of yeasts to produce organic acids, there have been very few reports on their
ability to solubilise inorganic phosphate [54].

Interactions between AMF and other soil microorganisms may occur widely. Shifts in the
presence or abundance of microbial species occurring in the rhizosphere of AMF plants and
interaction between AM and other rhizosphere inhabitants can be detrimental to the AMF and certain
rhizosphere microorganisms. Most research has focused on the effects of AMF on plant physiology
by inoculating individual inocula or mixtures of only a few strains, and less attention has been paid
to discerning the effects of complex inoculum mixtures. In nature, AMF colonize roots along with
many other microbes, which are collectively called the “microbiome” Many other microbial
organisms, such as fungal endophytes and bacteria, can also confer stress tolerance in plants [55].

Dastogeer et al. [56] drawn the attention to the consideration of microbe-microbe interactions
could be an exciting area for future research as they found through reviewing 97 published peer
reviews related to the effect of AMF on plant responses under salinity stress that the majority of these
studies were conducted in controlled growth chamber or greenhouse conditions, thus we conducted
lab prelaminary experiment followed by application in field experiment on two salinity sensitive
crops (wheat and faba bean) to provide more data regarding the variability or stability of AMF-
conferred salinity tolerance before advocating farmers for farm-level applications.

Furthermore, yeasts may enhance AMF development by supplying vitamin B12 to the
rhizosphere, as AMF have been shown to be stimulated by this vitamin [57]. Thus, vitamin B12
produced by the soil yeasts might have resulted in better plant growth and yield in plants treated
with both AMF and soil yeasts. The observations of Boby et al. [53] show the effect of inoculation
with S. cerevisiae on non-AMF plants to be negligible, while it did increase the root colonization and
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spore count of AMF plants. This suggests that the yeasts specifically stimulate AMF development
rather than the host plant, which upholds the observation made by Larsen and Jacobsen [58]. It is
quite possible that Vitamin B12 production by soil yeasts could be the main reason for the stimulation
of AMF development observed in this study and needs further investigation.

4.3. Effects of Microbiomes and K-Humate on Wheat and Faba Bean Yield in Saline Soil

Results in Tables 8 and 9 showed that the integrated effect of microbiomes (cyanobacteria, yeast,
and AMF) and K-humate with only 25% of the recommended NPK mineral fertilizers significantly
improved faba bean and wheat yield components when compared to the individual K-humate or
biofertilization as well as mineral fertilization 100% NPK. Our results are in accordance with Hamed
et al. [59] who studied the effect of cyanobacteria and yeast inoculation, alone or both in combination,
with different N-levels on wheat growth, grains quality and wheat yield components and they found
that the integrated inoculation of cyanobacteria and yeast with 50% N, 75% N-fertilization enhanced
wheat growth characteristic (Chl a,b), upgraded soil microbial community (nitrogenase activity and
CO2 evolution), enhanced NPK-uptake Kg/fed and protein% in wheat grains. They also added that
this combination recorded a wheat yield components (plant height, number of spikes/m2 , number
of grains/spike, 1000 grains wt (gm) and grains yield (tonne/fed) insignificantly different from those
obtained by the full recommended dose (100% N) in wheat cultivation.Same results were reported
by Ghazal et al. 159] when combined cyanobacteria with R. radiobacter and different levels of nitrogen
fertilization achieved a greater grain yield comparable to 100% N and induced the highest NPK-
uptake in wheat plants either grains and straw. Generally, inoculation of N2-fxing cyanobacteria to
cereals such as wheat and rice has been proven to induce N-availability in soil and consequently to
plant leading to vigor seedlings with optimal yields at harvest stage [60, 61, 62]. Combined
application of bio fertilizers caused considerable increase in plant height over all single treatments.
Tillering enhanced significantly due to application of bio-fertilizers either alone or in combination.
Greater wheat tillering was noticed when the crop received combined treatments than other single
treatments. Similar trend of results was also observed in case of yield components of wheat such as
spikes /m?, grains/spike and 1000- grains weight when the crop received bio-fertilizers either alone
or combined. Accordingly, the highest grain yield was recorded when the crop received combined
bio-fertilizers [63]. This findings are supported our hypothesis that, in comparison to the control and
the individual applications of the microbiomes inoculation or K-H soil amendment, the combined
application of microbiomes consortium and K-Humate (T12) significantly improved the yield and
quality of wheat and faba bean crops. Furthermore, the combined application markedly (p < 0.05)
boosted the antioxidant enzymes. Our research showed that the combination treatment could
increase soil microbial activity and activate soil enzymes, primarily dehydrogenase and nitrogenase.
In general, the combination treatment has demonstrated a good effect in terms of stimulating plant
development and raising elements concentrations in wheat and faba bean under salt stress.Similarly,
Alharbi et al. [12]concluded that the combined application of plant growth-promoting microbes
(PGPMSs; Bradyrhizobium japonicum (USDA 110) and Trichoderma harzianum) and potassium humate
(K-humate) resulted in a substantial improvement in K+ levels in the leaves compared to Na*levels,
which has a direct positive impact on an enhancement in the antioxidants defense system (CAT, POX,
SOD), which caused the decline of the oxidative stress indicators (H202, MDA, and EL%) as well as
proline content that led to a significant increase in root length, nodule weight, soybean relative water
content (RWC), stomatal conductance, photosynthetic pigments, net photosynthetic rate, soluble
protein, seed carbohydrate content as well as the number of pods. plant™ and seed yield. Upon these
findings they recommended to maximize the soybean growth and productivity under harsh growth
conditions (e.g., water stress and soil salinity). Salt stress leads to ionic imbalance in plants due to
excessive accumulation of Na* and Cl-, which reduces the uptake of other mineral nutrients such as
K, Ca?, and Mn?. Excess Na* accumulation leads to nutritional imbalance, membrane permeability
and instability (resulting from Ca* displacement by Na+), and an overproduction of reactive oxygen
species (ROS), which cause oxidative damage on cellular macromolecules [64]. These biochemical
alterations limit plant growth and performance, leading to crop yield reduction. To counteract
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salinity stress, plants induce a cascade of specific adaptative responses including K+ transport,
phospholipid modifcations, activation of ROS-scavenging enzymes, and production of compatible
solutes to compensate for the osmotic pressure of Na+ [64:67]. Such adequate natural stress responses
play an important role in inducing plant tolerance on saline soils. Enhanced K+ uptake and reduced
Na+/K+ ratio in the leaves of treated plants indicate microalgae-cyanobacteria extract formulations’s
active role in reestablishing ion homeostasis. Nutrient uptake can be improved by enhanced root
biomass, which subsequently increases the roots” surface for nutrient absorption. These results
indicate that microalgae-cyanobacteria extract formulations stimulated plant growth and tolerance
responses through (i) enhanced antioxidant enzyme activities and (ii) improved root growth and
nutrient uptake. Therefore, combined cyanobacteria-yeast-mycorhizae formulations could be
another sustainable alternative to boost nutrient uptake, growth, and crop adaptability under normal
and saline conditions [68].Nutrients accumulations in the grain were increased in plants treated with
the biofertilizer consortium (Cyano+Y+AMF) plus K-humate with a quarter doses of chemical
fertilizers, compared to those of complete mineral fertilization treatment. A clear benefit of
biofertilizer application in the improvement of protein, N, P and K contents versus Na in the wheat
and faba bean grains was observed in comparison with untreated control, especially under stress
conditions. The most striking observation was the absence of significant differences between
biofertilizer and chemical fertilizer treatments for most parameters. Moreover, the overall response
to the biofertilizer consortium was accompanied by greater changes in the biological yield/ha and
harvest index (%). In conclusion, the biofertilizer consortium + 25% mineral NPK fertilizers improved
the yield and nutrient status of wheat grains and faba bean seeds to a similar extent as 100% chemical
fertilizers, particularly under stress conditions, demonstrating the value of the integration of the used
microbiomes consortium as a sustainable fertilization treatment.

4.4. Economic and Sustainability Evaluation of the Eco-Friendly Microbiomes Fertilizers

Soil salinization, one of the causes associated with the deterioration of strategic crops, such as
wheat, maize, beans, etc.. low productivity is one of the environmental concerns felt most acutely by
the poor in developing countries. In fact, according to our results in this applied study, we concluded
that the total inputs cost of fertilizers used for the combined microbiomes and K-humate (T12), with
only a quarter of the mineral dose of NPK fertilizers, were about 1135 and 760 L.E. for wheat and faba
bean, respectively, which less than the traditional cropping system (100% NPK mineral fertilizers) by
1365 and 240 L.E, for wheat and faba bean, respectively. At the same time, the profitability of the
microbiomes biofertilizers-based system surpassed the traditional cropping system by 113.45% and
164.95% for wheat and faba bean, respectively. Also our findings had proven economically and
environmentally efficient, so we recommend further expansion of the production of these crops in
such marginal saline soils, and also our findings pave the way for diffusion of this technology and its
application in degraded lands in many other regions of Egypt through agricultural extension [69].On
the other hand, market access for agricultural products remains the primary driver of production,
due to the prominent role that the market plays in the development of agricultural value chains. The
results of this study showed that wheat and faba bean production with the microbiomes
biofertilizers-based system is globally profitable from an economic point of view. Bio-production of
these strategic crops requires more investment comparing to the costly and environmentally polluted
mineral fertilizers, keeping in mind that, fixed investments are the same for both production systems.
At the level of variable costs, there is a big difference between the two cropping systems; however,
most of these differences depend on the type of fertilization [70, 71].Thus, wheat and faba bean high
production in alkaline-saline soils require vast inputs of microbiomes-based fertilizers as ecofriendly
sustainable and economic input versus the mineral fertilizers cropping system. It is worthy to
mention that the cost of biofertilizers produced from microbiomes in this study is only an
experimental cost, which will be greatly reduced through the mass production of many tons if this
technique is applied in the cultivation of wheat and faba bean. On the other hand, Ahmed et al. [72]
concluded that wheat production contribute significantly to farm sustainability and contribute to
alleviation of malnutrition. The actual production constraints restrict the sustainability of this
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important crop. Soni [73] conducted a study of the impact of improved wheat production technology,
including high yielding varieties with cultural practices and comparing yield, input level and net
returns. Farmers adopting advanced technology had 61.92%-76.07% higher yield as compared to the
traditional system. Production costs are an important and fundamental issue in economic studies,
because the production decisions depend largely on the level of production costs, as the volume of
production is always linked to production costs, as the importance of studying the costs of production
because it is a key factor in determining the net income [74].However, considering the values
obtained from the cost-benefit ratios of the production systems (Tables 10 and 11) we suggested that
wheat and faba bean production with the microbiomes biofertilizers-based system is more profitable
financially than the traditional system. Thus, this biotechnology represents a great challenge for the
trend towards organic farming, opening up competitive national and international markets for young
farmers and investors, as well as encouraging small holders who are open to innovation [75] and in
principle, would be willing to adopt organic fertilizers if they understand the benefits of applying
this technology well.

5. Conclusion

In the present study, effect of microbiomes inoculation and K-humate on plant antioxidant
enzymes and rhizosphere enzymes, as well as stem and root lengths of wheat and faba bean seedlings
30 days after the initial laboratory experiment was determined to formulate the most promising
combination under salinity stress for the field trial.

From the field trial we concluded that the integrated inoculation of cyanobacteria, yeast and
mycorrhizae with K-humate along with 25% of mineral NPK fertilization of wheat and faba bean
crops in saline-alkaline soils enhanced the microbial activity in terms of AMF-colonization, AMF-
spores density, total counts of bacteria, cyanobacteria and yeast in plant rhizosphere, as well as
increased soil enzymes activity (dehydrogenase and nitrogenase) which led to the improvement of
soil fertility compared to the individual treatments or the mineral control. The integrated
microbiomes fertilization with potassium humate proved highly efficient in increasing the
productivity of wheat and faba bean crops and yield quality in terms of the proportions of nitrogen,
potassium, phosphorus and protein in wheat grains and faba bean seeds. The study findings
demonstrated that microbiomes inoculation significantly enhanced potassium uptake compared to
sodium, resulting in an increased potassium/sodium ratio in plants. These results provide
encouragement for farmers to expand the cultivation of wheat and faba beans by utilizing larger
areas, particularly in marginal regions. The economic feasibility of this approach lies in its ability to
optimize the utilization of available resources, leading to improved efficiency in wheat and faba bean
crop production. Consequently, it also contributes to a reduction in the average cost of production.
The need to develop and provide modern means and techniques that will raise the level of
productivity and reduce costs to ensure the exploitation of productive resources optimization of
economic efficiency. Focusing on the extension side in order to play its role in the transfer of
information and the results of scientific research to farmers for adoption and raise their
administrative capabilities and then raise the productive level in farm work, which is to achieve
economic efficiency.
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