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Abstract:

Aims:

This field experiment aimed to investigate the effect of using foliar treatments and applying different fertilizers on wheat (TriticumaestivumL.)
growth, productivity, and soil fertility under arid conditions.

Background:

Agriculture is a critical socio-economic sector in Egypt, generating approximately 10 to 15% of the national gross domestic product. Abiotic
stresses arising from climate change negate crop growth and yield, leading to food insecurity.

Methods:

Six treatments were carried out in the order: CK (control without amendment); NPK (mineral fertilizer: mineral fertilizers, 38 g/m2 of urea (46% of
N), 10 g/m2 of calcium phosphate (45% of P2O5), 12 g/m2 of potassium sulfate (50% of K2O)); Azospirillum brasilense (Az), bacteria were soaked
with the seeds for 4 hours before sowing and introduced three-time into the soil with irrigation water at 0.7 ml/m2; vermicompost (VC) applied to
the  soil  (2.5  kg/m2);  humic  substances  (0.5  ml/m2)  for  foliar  inoculation  (HS);  HS +  micronutrients  (HS-M)  soil  application  (1  ml/m2)  with
irrigation water. All treatments were applied as soil additives and foliar spray to wheat plants at 31±1 °C for the first two months from seed sowing
in calcareous soil. Analysis of variance (ANOVA) of experimental data showed the significance of positive effects of all treatments on soil fertility
and plant growth compared to the control and NPK treatments.

Results:

The  HS  and  VC  treatments  had  positive  effects  on  the  development  of  plant  nutrition,  wheat  growth,  soil  pH,  and  plant  availability  of
micronutrients, which was also reflected in the wheat grain yield and water use efficiency. It was also evident that treating the plants and soil with
HS-M increased wheat yield from 3.45 to 8.97 t ha-1 (260%) compared to the control. On the other hand, VC and Az treatments increased the grain
yield by 278% and 267%, respectively, compared to control and NPK treatments. The water use efficiency (kg grain / m3) values increased by 279,
268, 262, 258, and 139% for HS-M, HS, VC, Az, and NPK treatments, respectively, compared to CK. The plants' total N, P, and K content were
higher with all organic and biological treatments than NPK and control.

Conclusion:

This study has shown that the HS, Az, VC, and HS-M soil additives and foliar applications significantly (p ≤ 0.05) increased the status of Fe, Zn,
Mn, Cu, and B in soil, plant growth rate, grain yield, 1000 grain weight, water use efficiency, and soil macro-nutrient of wheat plants growing on
calcareous soil.
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1. INTRODUCTION

The world's population is growing alarming, implying that
food supplies must be raised through sustainable agriculture to
satisfy  the  rising  demand.  At  about  7  billion,  the  world
population will grow to 10 billion or more during the next 50
years.  The  intensive  input  of  agrochemicals  and  mineral
fertilizers  is  used  to  help  degenerate  soil  organic  matter  and
increase land degradation. These detrimental effects can be at
least to some extent reduced by a range of physical, chemical,
and biological remedies (Scheme 1) [1, 2]. Physical correction
is understood as a system of agrotechnical, agroameliorative,
irrigation, and drainage measures to create and maintain clear
water,  thermal,  and  air  regimes  for  cultivated  plants  and  the
biological activity of soils. This type of correction is the most
important  component  of  regulating  the  plant  production
process; historically, it is the second evolutionary path of crop
production [1].

Chemical corrections to improve crop productivity are a set
of  measures  associated  with  chemical  materials,  such  as
replenishing nitrogen and other mineral nutrient reserves in the
soil,  foliar  feeding  of  plants  with  macro-and  microelement
compounds, regulating acid and salt regimes of soils, and using
chemical  plant  protection  products  (Scheme  1).  Chemical
correction  can  be  said  to  be  fully  applied  in  industrial
agriculture. This correction method is mainly concerned with
gaining  gross  crop  production  (often  without  regard  for
quality). It disregards natural laws, resulting in plants and soil-
forming an integrated and interdependent trophic system under
natural  conditions.  It  should  be  emphasized  that  plants  are
adequately resistant to different detrimental impacts in natural
soil-plant systems [2].

Agricultural  practices,  like  precision  farming,  focus  on
precise machinery movement within and between site-specific
crop  management  in  the  field,  such  as  assisted  by  global
position  systems.  The  correct  agricultural  systems  can  also
reduce  the  overlapping  of  agricultural  applications,  thus
helping to lower the input of energy, water, organic matter, and
agro-chemicals in intensive crop production systems [3, 4]. The
imbalance  of  trophic  elements  in  industrialized
agroecosystems,  such  as  produced  by  the  systematic  use  of
mineral  fertilizers,  is  one  of  the  main  reasons  for  various
disturbances  in  the  agroecosystems  and  the  biosphere  [5,  6].
The  ongoing  chemical  impact  of  agriculture  combined  with
repeated soil treatment, without respect to the nature of soil as
a living, organic part of the ecosystem, practically follows the
inert  substrate  paradigm  of  mineral  fertigation  systems.
Therefore,  this  way  of  managing  the  production  process  of
cultivated  plants  is  a  dead  end  [7].  One  of  the  effective
approaches to  managing  the  production  process  and  plant
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protection is seen in biological correction (Scheme 1). This is
because the combination of methods of directed influence on
plant  biology  further  increases  the  yield  of  cultivated  plants
with  an improvement  in  the  quality  of  the  products  obtained
and increases plants' tolerance to biotic and abiotic stresses [7,
8]. This type of influence on plant growth and development is
the third evolutionary path of plant production.

In  the  present  study,  we  investigated  the  applications  of
plant  growth-promoting  rhizobacteria  (PGPR)  and  humic
substances (HS) as a natural additive to plant and soil systems.

The application of PGPR has improved growth and yield
parameters with extensive root growth, facilitating water and
mineral  nutrients  [9].  Similar  effects  of  Azospirillum  were
recorded  against  salinity  in  wheat  seedlings  with  relatively
higher water content [10, 11], which could be due to various
physiological  changes  induced  by  the  colonizing  bacteria.
Azospirillum bacteria are regarded as plant growth-promoting
rhizobacteria, which strongly enhance nitrogen fixation, plant
growth, and the fertility of soils [12]. Therefore, organic and
biological  ameliorants  can  improve  soil  properties  in  salt-
affected soils, and they are crucial to ensure farmers' income,
particularly  in  arid  regions.  They  are  regarded  as  applicable
practices, which may help to obtain greater sustainability of the
agroecosystems.

One of the effective and economically justified biological
correction methods, which makes it possible to compensate to
some  extent  for  humus  in  agricultural  soils,  is  the  foliar
treatment with humic compounds that may also have beneficial
effects on plant growth. Nevertheless, soil microorganisms and
humic  compounds  have  functions  in  soils,  which  foliar
treatment  cannot  replace  with  humic compounds [7,  13,  14].
HS  are  the  key  components  of  soil,  water,  and  sediment
organic matter. They can be chemically represented as a series
of complex organic molecules of relatively low molecular mass
forming  dynamic  associations  stabilized  by  nanometer-scale
hydrophobic interactions and hydrogen bonds [15]. Once inside
plants,  humic  substances  can  accelerate  the  turnover  of
nutrients  in  plants,  causing  induction  of  gene  expression,
optimizing respiration, photosynthesis, the ratio of organic and
inorganic  anions,  and  biosynthesis,  and  synthesizing
phytoncides and phytoalexins in plants [16, 17]. They increase
plant resistance to biotic and abiotic stress [1], improving seeds
germination  and  germination  energy  [18].  As  a  result,  foliar
treatment with humic preparations and Azospirillum contributes
to  ensuring  the  high  biological  productivity  of  crops  and
increasing their resistance to adverse climatic influences [19].
The objectives of the present study include (1)- Investigating
the effect of using foliar treatments and applying different soil-
plant fertilizers on wheat growth, productivity, and soil fertility
under arid conditions, (2)- Increasing the wheat grain yield in
arid  regions,  (3)-  Improving  micronutrient  availability  in
calcareous soil, and (4)- More efficient use and decreased input
of chemical fertilizers by using biological correction systems.
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Scheme (1). Physical, chemical, and biological effects on plant growth and development.

2. MATERIALS AND METHODS

2.1. Location and soil properties

The  study  area  was  located  in  the  arid  regions  (30°  53'
33.17 “N 29° 22' 46.43”E), the North-Western part of Egypt.
The study site has a dry climate, hot summers, and semi-cool
and semi-wet winters. The mean annual temperature was 19.3

°C from 2019 to 2020, ranging from 14.0 °C to 24.6 °C, and
the mean annual precipitation was 128.2 mm [20]. The soil has
a sandy clay loam texture and can be classified as calcareous
soil [21]. The soil samples were sieved with a 2 mm mesh size
before analyses were undertaken. The physical, chemical, and
biological  properties  of  the  main  soil  (0-  20  cm  depth)  are
summarized in the following Table 1.

Table 1. The physical, chemical, and biological properties of the soil before organic and biological treatments.

    Soil characterization Calcareous Soil
    pH (soil: water, 1:2.5 w:v) 8.34± 0.057
    EC (dS/m, 1:5 w:v) 3.86± 0.12
    Total N (g kg-1) 0. 30± 0.05

    NO3–N (mg kg-1) 24.5± 0.73

    NH4–N (mg kg-1) 1.20± 0.17

    Available P (mg kg-1) 4.20± 0.28

    Available K (mg kg-1) 320.2± 50.1
    Sand (%) 64.1
    Silt (%) 15.2
    Clay (%) 20.7
    Texture Sandy Clay Loam
    Micronutrients, DTPA- Extractable (mg kg-1)
    Fe 4.10± 0.18
    Zn 1.43± 0.09
    Mn 3.49± 0.22
    Cu 0.61± 0.05
    B 0.30± 0.02
    Dehydrogenase (μg TPF ml-1) 234±29.2

    Urease (mgNH3-Hg-1h-1) 66±4.21

Optimization of plant nutrition,
implementation of their reserve

functions, increasing the
resistance of crops to diseases
and pests, as well as to adverse

soil and climate conditions

Kinds of influence on plant growth and development
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2.2. Preparation and Description of Amendments

2.2.1. Biological Amendments

As  a  microbial  treatment,  Azospirillum  brasilense  (Az)
inoculum formulation was applied to work as a plant growth-
promoting rhizobacterium. Az was grown in LB medium (10g
L-1triptone, 5g L-1NaCl, 10g L-1 yeast extract) for 4 days under
continuous  shaking  at  30°C  [22].  The  bacteria  were  then
centrifuged for 15 minutes at 180 rpm and washed four times
with  a  sterile  solution  (NaCl  0.85%  w/v).  After  that,  the
Azospirillum  bacteria  were  ready  for  injection  into  the  seeds
and  soil.  The  inoculant  was  prepared  by  diluting  200  ml  of
bacterial suspension in 800 ml of distilled water at pH 7.0 to
produce  a  final  concentration  of  20  mg  C  L−1  and  a  final
bacterial  concentration  of  5  ×  108  cells  ml−1.

2.2.2. Vermicomposting

Vermicompost was obtained from a red wiggler /ENC mix
worm  farm  in  Alexandria,  Egypt.  It  was  produced  as  a  by-
product  from  the  beer  industry  residues  (spent  grain)  by
brandling worm red wiggler (1500 worms m2). The chemical
properties of the spent grain and vermicompost are shown in
Table 2.

2.2.3. Soluble Humic Substance Extraction

Soluble-humic  substances  were  extracted  from
vermicompost,  produced  as  described  in  2.2.2  with  0.1  M
NaOH  in  a  1:20  solid-liquid  (w:v).  The  extraction  samples
were shaken at 2000 rpm for 4 hours and left overnight. The
supernatant was centrifuged at 5000 rpm and filtered through a

Whatman  no.  42  filter  paper  to  show  the  Az  production's
humate. The HS characteristics were characterized as indicated
in Table 2.

2.2.4. Micronutrient’s Preparation

The micronutrients were prepared with 1.64% (Fe-EDTA)
solution (4.0 mL), and KOH (4.5 g) was mixed with one liter
of  the  micronutrient  solution  containing  CuSO4  (0.4  g),
ZnSO4·7H2O (0.12 g), H3BO3 (1.4 g), Na2MoO4·2H2O (1.0 g),
and MnSO4·H2O (1.5 g). The pH of the solution was adjusted
to 5.8.

2.3. Field Experimental Setup

2.3.1. Plant-soil Treatment and Application Rates

The field  experiment  included six  treatments  comprising
CK  (control  without  amendment);  mineral  fertilizers  (NPK),
(38 g/m2 of urea (46%); 10 g/m2 of calcium phosphate (45%);
12 g/m2 of potassium sulfate (50%)); Azospirillum sp. (Az), a
cultivated suspension of plant growth-promoting rhizobacteria
seeds, soaked in the suspension for 4 hours before sowing and
introduced three times into the soil with irrigation water at 0.7
ml/m2; vermicompost (VC) was applied to the soil at a rate of
2.5 kg/m2; humic substances + micronutrients (HS-M), neutral
HS with micronutrients solution 1.0 ml / m2  soil inoculation;
and  humic  substances  (HS)  0.5  ml  /m2  for  foliar  spray
application on plants and soil. All treated plots were sown in
November 2020 with wheat (TriticumaestivumL.). The wheat
plants  were  grown under  experimental  field  conditions  for  6
months.  The  treatment  descriptions  and  application  rates  are
shown in Table 3.

Table 2. Physical and chemical characteristics of soil organic additives before application.

Parameter Spent grain Vermicompost HS
pH in water (1:5 w:v) 4.16± 0.03 6.89± 0.03 6.91 ± 0.34
EC (dS/m, 1:5 w:v) 1.45± 0.21 3.31 ± 0.27 12.41 ± 0.54

Organic Matter (g kg-1) 750 ± 0.57 890 ± 1.3 39.3 ± 1.78
Total N (%) 3.12 ± 0.68 3.88 ±0.77 1.10 ± 0.07
Total P (%) 1.86 ± 0.54 2.60 ± 0.1.1 0.87 ± 0.00
Total K (%) 1.74 ± 0.63 1.93 ± 0.43 0.61 ± 0.01
C: N ratio 13.9 ± 0.12 13.30 ± 0.15 20.72 ± 0.11

Organic carbon (%) 43.5 ± 0.94 51.62 ± 1.30 22.79 ± 1.4
Fe (mg kg-1) 1130 ± 3.87 2631 ± 3.23 5602 ± 4.3

Zn (mg kg-1) 368 ± 2.34 473 ± 2.00 356 ± 2.1

Mn (mg kg-1) 210 ± 1.98 290 ± 1.21 ----

Cu (mg kg-1) 98 ±1.54 122 ± 1.34 ----
Polyphenol (%) 1.28 ± 0.24 0.53 ± 0.00 ----

Lignin (%) 28.26 ± 0.66 17.89 ± 0.32 ----
Cellulose (%) 57.63 ± 1.1 37.55 ± 0.44 ----
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Table 3. Organic and bio-fertilizer application rates.

Treatments
Field experimental and application rates

Description Application rates (m2)
CK Control without soil amendments

NPK Mineral fertilizer 38 g/m2 of urea (46%); 10 g/m2 of calcium phosphate (45%); 12 g/m2 of potassium sulfate (50%).
Az Azospirillum Seed soaking before sowing and soil inoculation with irrigation water (0.7 ml/ m2).
VC Vermicompost 2.5 kg/ m2 mixed with soil
HS Humic substances 0.5 ml/ m2 mixed with 100 ml of water to foliar spray fertilizer.

HS+M Humic + Micro-elements 1 ml/ m2 with irrigation water.

The  total  trial  area  had  a  size  of  500  m2  comprising  18
plots,  each  of  the  six  treatment  variants  was  tested  in  three
replicate plots; the plot size was (5.5m x 5m) distributed in a
randomized complete block design.  The mass seeds (weight)
were  10.7  kg/  500  m2,  about  22  g  (500  seeds)  per  m2.  The
cultivation method included scattering seeds in the soil before
irrigation  water  was  supplied.  To  maintain  adequate  seed
germination  moisture,  all  plots  were  watered  from  the  Nile
River to the soil saturation capacity. The water source was the
limited source, and on the research farm, we stored water every
2-3  months  for  research  experiments.  Therefore,  there  were
restrictions on saving water constantly. The vermicompost and
HS characteristics are characterized as indicated in Table 2.

2.4. Plant and Soil Sampling and Analytical Determinations

2.4.1. Plant Sampling and Analysis

In each fertilizer treatment, the leaves of 10 plants located
in  the  central  area  of  each  plot  were  selected.  Leaf  samples
were collected three months after seed sowing on January 20th,
2020, to determine N, P, and K concentrations. Moreover, the
grain yield was collected at harvest six months after sowing,
which occurred on April 16th, 2020, by selecting ears.

The measurements of plant parameters included the weight
of  1000  seeds  (g),  grain  yield  (ton/ha),  biological  yield
(ton/ha), and N, P, and K (%) contents [37]. All the wheat in
each experimental plot was collected; each plot's grain yield of
wheat ton ha -1 was calculated.

2.4.2. Soil Chemical Analysis

The  electrical  conductivity  (EC)  was  measured  in  soil
extract in water (1:5) using an EC meter; the pH was measured
in a soil: water suspension (1:2.5 w/v) [28]. The total nitrogen
(N)  was  determined  using  the  Micro-Kjeldahl  method;
extractable phosphorus (P) was extracted with 0.5N NaHCO3

and  measured  using  a  spectrophotometer  at  670  nm
wavelength. Available potassium (K) was extracted with 1 N
ammonium  acetate  solution  and  measured  by  flame
photometry.  N,  P,  and  K  were  measured  as  explained
previously  [23],  [24],  and  [25].  Micronutrients  (Fe,  Zn,  Mn,
Cu, and B) were extracted from DTPA solution as explained in
a previous study [30], then measured with inductively coupled
plasma (ICP) atomic emission spectroscopy

2.4.3. Soil Biological Analysis

The  soil  dehydrogenase  activity  was  determined  by  tri-
phenyl-tetra-zolium  chloride  (TTC)  following  a  method
described previously [26]. Soil urease (S-UE) was determined
using previously published methods [27], involving: 5 g of soil
was placed in 100-ml Erlenmeyer flasks and wetted with 2.5
ml  of  a  0.08  M  aqueous  urea  solution.  The  flasks  were
stoppered and placed in an incubator at 37 °C. After 1 hr., the
stoppers were removed, 50 ml 1N of KC1 to 0.01N of HC1 was
added and the mixtures were shaken on a shaker for 30 min.
The  resulting  suspensions  were  filtered,  and  ammonia  in  the
filtrates was determined calorimetrically. 1 ml of filtrate was
diluted  to  10  ml  with  distilled  water,  and  5  ml  of  sodium
salicylate and 2 ml of 0.1% sodium dichloroisocyanurate were
successively  added.  The  sodium  salicylate  solution  was
prepared  for  use  by  mixing  100  ml  of  0.12%  sodium
nitroprusside, 100 ml of 17% sodium salicylate, and 100 ml of
distilled water. Optical density was determined at 690 nm after
a 30 min incubation at room temperature.

2.5. Water use Efficiency Calculation

The  overall  agronomic  water  use  efficiency  (WUE)  was
evaluated [28, 29] as follows:

Where: CP is crop production, and V is the irrigation water
amount.

2.6. Statistical Analysis

Statistical analyses were carried out using the Tukey test (p
≤  0.05)  to  compare  means.  Furthermore,  the  Pearson
correlation analysis was performed to determine the degree of a
statistical association between some studied variables.

3. RESULTS AND DISCUSSION

3.1. Effect of soil and plant treatment on plant productivity
after 6 months of seed sown

3.1.1.  Grain  Productivity  with  Water  use  Efficiency
Relationship

Data (Fig.  1)  show the effect  of soil  treatment and foliar
fertilizer  on  the  wheat  yield,  which  increased  significantly
during  the  season  2019/2020.  When  studying  the  impact  of
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each factor, it was found that the soil treatments with HS-M,
HS, and VC before sowing resulted in the highest yield records
of wheat of 9.58, 9.22, and 8.84 t ha-1,  respectively, after six
months  of  seed  sowing  compared  to  the  CK  and  NPK
treatments.  The  water  use  efficiency  (kg  grain  /  m3)  values
increased by 279, 268, 262, 258, and 139% for HS-M, HS, VC,
Az, and NPK treatments, respectively, compared to the control
treatment.  The  water  use  efficiency  calculated  was  more
significant in the higher grain yield than in the HS-M, HS, and
VC treatments. The wheat productivity increased when using a
preparation supplemented with micronutrients (Fig. 1). On the
other  hand,  there  were  differences  between  the  effects  of
fertilizers.  Compared  to  the  control  treatment,  the  plant
productivity increased by 260% and 138% with Azospirillum
and NPK treatments. These results were in agreement with the
previous findings [30].

Fig.  (1)  shows soil  treatment  and HS foliar  fertilizers  on
the water use efficiency for wheat plants during the research
season. The inoculation of Azospirillum with seeds or HS, HS-
M,  and  CV  treatments  and  application  of  VC  increased  the
plant growth and grain yield during the growing season. The
VC  as  an  organic  treatment  increased  soil  water  retention,
increasing water use efficiency during the research season. The
positive effect of organic fertilizers on the water use efficiency
was noticed in plant  growth during the research season [31].
The treatment of wheat plants with NPK, VC, Az, HS, and HS-
M increased the water use efficiency by 139%, 262%, 258%,
269%,  and  279%,  respectively,  compared  to  the  control,
respectively. On the other hand, the foliar fertilizing effect of
HS-M and HS increased by 1.34 and 1.29 kg m-3, respectively,
compared  to  the  control.  While  the  VC  and  Az  treatments
increased  1.26  and  1.24  kg  m-3  compared  to  the  control  and
NPK  treatments,  these  results  were  in  agreement  with  the
findings  of  other  studies  [32,  34].

3.1.2. Weight of 1000 Grains

Fig.  (2)  shows  the  effect  of  soil  treatment  and  HS foliar
fertilizer  on  the  1000  grain  weight  of  wheat.  Data  showed  a
positive  impact  on  the  weight  of  1000  grains  for  the  wheat

plant  when  using  the  HS,  HS-M,  VC,  and  az  treatments
compared  to  control  and  NPK  treatments.  The  maximum
average  1000  grain  weight  increased  by  149.53,  135.39,
152.30,  120.65,  99.61%  for  HS-M,  HS,  VC,  Az,  and  NPK
treatments, respectively, compared to CK treatments. The VC
treatment significantly (p ≤ 0.05) increased the weight of 1000
grains of the wheat plant. The direct relationship between the
weight of 1000 grains and grain yield (tons/ ha) is an indicator
of  HS-M  and  VC  treatment  applications  that  can  increase
wheat  plant  productivity  in  arid  regions.  Thousand-grain
weight  is  regarded  as  one  of  the  most  important  factors
concerning  wheat  quality  (Table  3).  It  has  been  generally
accepted that the plant seeds should have as large a 1000-grain
weight  as  possible  because  such grain  has  larger  amounts  of
storage substances and more developed embryos. This enables
plants to develop and grow faster, which is important in arid
and  semi-arid  regions.  The  weight  of  1000  grains  as  a  final
component  of  grain  yield  depends  on  many  parts  developed
during the previous phases of ontogenesis. As there is a high
production  of  all  plant  organs  in  each  stage  of  wheat  plant
growth,  it  is  possible  to  influence  the  weight  of  1000  grains
[35, 36].

3.1.3.  Effect  of  Soil  Treatment  and  Foliar  Application  on
Plant Nutrition

3.1.3.1.  N,  P,  and  K Concentrations  at  Three  Months  after
Sowing

Fig.  (3)  shows  the  nitrogen  (N),  phosphorus  (P),  and
potassium  (K)  concentrations  in  plants  three  months  after
sowing  when  the  weather  conditions  improved  relatively,
especially (rainfall and air temperature) by using HS treatment.
The concentrations  of  N,  P,  and K in  plants  increased in  the
order  HS  >  Az  >  HS-M  >  VC  >  NPK  >  CK,  respectively,
compared to the control, but no significant differences between
the VC and HS treated plants were found. When studying the
effect  of  different  organic  treatments  on  the  highest
productivity  of  wheat,  plants  were  treated  with  HS  and  VC
fertilization, which resulted in an increase of N by 221% and
177%, respectively, compared to the control treatment.

Fig. (1). Influence of soil and foliar spray treatments on grain yield and water use efficiency of the wheat plant. Columns and error bars represent
mean values ± standard error of the mean (n = 3). Data were tested using a one-way ANOVA followed by the least significant difference (LSD) test.
Values not sharing the same letters in postscripts are significantly different (p ≤ 0.05).
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Fig. (2). Influence of soil and foliar spray treatment on the weight of 1000 grains of the wheat plant. Columns and error bars represent mean values ±
standard error of the mean (n = 3).

During the research period, the positive effect after plant
and  soil  were  treated  with  HS  and  VC  treatments  on
macronutrient concentrations compared to control and mineral
fertilizers  confirms  similar  findings  [37  -  39].  Our  findings
concerning the effect of VC and HA on nutrient contents are in
line with the results reported in a study [40] that found that the
use  of  HA  and  organic  sources  significantly  increased  the
concentration of P, K in the leaves of the Calendula plant. The
application  of  ALCRI-Help  and  ALCRI-Help-M  as  a  humic
substance  foliar  treatment  enhanced  the  N,  P,  and  K
concentrations, spike length, harvest index, and biological yield
of the wheat plant [19, 41].

3.2. Effect of Soil Amendment on Soil Fertility After Plant
Harvest

3.2.1. Effects on pH Values

Soil  pH is  a  critical  factor  that  affects  the  solubility  and
availability  of  plant  nutrients.  Increasing  the  availability  of
certain  plant  nutrients,  such  as  P,  can  be  achieved  by
decreasing  soil  pH  in  calcareous  soils.  The  soil  analysis
showed that soil pH was significantly reduced relative to the
control  (Fig.  4).  The  calcareous  soil  pH  values  treated  with

organic  and  bioorganic  ameliorants  decreased  by  2.84,  3.19,
5.91,  7.90,  and  12.77%  for  HS,  HS-M,  NPK,  Az,  and  VC
treatments,  respectively,  compared to CK treatment.  The VC
and  Az  treatments  resulted  in  the  lowest  pH  levels  in
calcareous  soil.  No  significant  (p  ≤  0.05)  difference  was
observed  in  CK,  HS,  and  HS-M treatments  compared  to  VC
and Az applications.  In  the  VC treatment,  decreased soil  pH
was  enhanced  by  organic  matter  content  in  the  initial
vermicompost source. The type of amendment influenced the
reduction of pH values. The increasing application of Az and
VC  enhanced  pH  reduction.  However,  soil  pH  increase  may
induce the Ca2+ to become more alkaline and, therefore, more
sodic  as  calcium  solubility  is  suppressed;  this  was  also
proposed  in  a  study  conducted  previously  [41].  In  arid  and
semi-arid  climates,  the  solubility  of  Ca2+  and  Mg2+  becomes
low; Na+  and K+  ions accumulate in soil solution when CO3

-2

and HCO3
- increase [42]. It has been found that the applications

of organic amendments, such as spent grain and Azospirillum,
might  reduce  pH  in  calcareous  soil  [38].  A  long-term  soil
incubation experiment was conducted to examine the effect of
different  organic  amendments  on  the  chemical  properties  of
soil, which positively impacted soil pH in calcareous soil [43].
Found applications  of  organic  amendments  to  soil  decreased
the soil pH and enhanced phosphorus availability in sandy soil.

Fig. (3). Influence of soil and foliar spray treatment on the plant macronutrients concentrations of the wheat plant after three months of seed sown.
Columns and error bars represent mean values ± standard error of the mean (n = 3).
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Fig. (4). Influence of soil and plant foliar spray treatment on soil pH in the calcareous soil under wheat plant growth after 6 months of seed sown.
Columns and error bars represent mean values ± standard error of the mean (n = 3).

Fig. (5). Influence of soil and foliar spray treatment on micronutrient concentration (mg kg-1) of calcareous soil under wheat plant growth after 6
months of seed sown. Columns and error bars represent mean values ± standard error of the mean (n = 3).

3.2.2.  Effect  of  Soil  Amendment  on  Extractable
Micronutrients

The soil additives were found to have a significant effect
on the extractability of micronutrients. Fig. (5) shows Fe, Zn,
Mn, Cu, and B concentrations six months after sowing. The Fe,
Zn,  Mn,  Cu,  and  B  concentrations  in  the  soil  after  wheat
harvest  followed  the  order  HS-M >  Az  >  VC >  HS >  CK >
NPK,  respectively.  The  soil's  higher  concentrations  of
micronutrients  were observed in variants  with HS-M and Az
treatments, while the lowest increases were observed with NPK
and CK treatments  after  six  months  of  seed  sowing.  The  Az
and HS-M application rates were superior to soil fertility than
HS and NPK treatments for micronutrient status (Fig. 5). The
superiority of HS-M and Az was due to their effect on lowering
soil  pH  and  solubility  and  microelement  chelating  the  soil
treatments.

Accordingly,  Az  application  to  enrich  the  soil  with
micronutrients is highly recommended in calcareous soils [43].
The Az mineralization of organic matter leads to a decrease in

soil  pH,  which  increases  micronutrient  availability  in
calcareous soil. The presented results agree with the findings
presented  in  a  study  [41]  that  reported  that  the  available
micronutrients improve using plant growth-promoting bacteria
and  organic  source  fertilization.  The  organic  amendments,
especially HS-M, increased the concentrations of most of the
essential elements. One-way ANOVA showed a significant (p
≤ 0.05) effect of microbial amendments and humic substances
on micronutrient status in calcareous soil. The Fe2+, Zn2+, Mn2+,
Cu2+, and B+ significantly (p ≤ 0.05) increased the wheat plant
growth in Az, HS-M, and HS amended to soil and plant. The
applications of NPK fertilizer had lower Fe2+, Zn2+, Mn2+, Cu2+,
and  B+  concentrations  than  most  microbial  and  organic
treatments  [41].

CONCLUSION

The soil-plant additives with Azospirillum, vermicompost,
and foliar spray treatment of wheat plants with HS and HS-M
induced  pronounced  plant  growth  and  increased  grain  yield.
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Such biotechnologies are based on the principle of biological
conformity.  Azospirillum  with  vermicompost  and  whole  HS
with  and  without  micronutrient  treatment  improved  the
extractability of micronutrients in the soil significantly and had
higher  uptake  and  transfer  factors  of  the  microelements  in
comparison to the NPK fertilizer. The whole HS treatment was
better  than  the  NPK  treatment,  while  HS-M  and  VC
significantly (p ≤ 0.05) improved their soil fertility and wheat
plant productivity. The results revealed that the HS, VC, and
Az  treatments  significantly  increased  the  N,  P,  and  K  plant
concentrations compared to  the control  treatment.  Therefore,
HS and VC applications are ideal for soil alkaline amelioration
and effectively increase nutrient availability in calcareous soil.
Finally, applying humic substances and Azospirillum treatment
as  a  natural  material  has  become  one  of  the  most  critical
practices  concerning  soil-plant  enhancement  and  yield
increase. It is also a suitable means of efficiently utilizing both
products  as  sustainable  soil  conditioners  /fertilizers.  It  is  an
equally  environmentally  friendly  alternative  to  inorganic
fertilizers  for  sustainable  agriculture  and  food  security.
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