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ABSTRACT

Two field experiments were conducted at Faculty of Agriculture
farm, Al-Azhar University, Nasr City, Cairo, Egypt, during 2016/2017
and 2017/2018 seasons, for evaluating the effects of phosphate bio-
fertilization (mycorrhizal fungi,phosphorine and Without inoculation),
two sources of phosphorus fertilizers (super phosphate, rock phosphate
and without phosphate) and humic substances (humic acid, fulvic acid
and without humic substances) as well as their interactions on yield, yield
components and nutrients uptake of barley cv. Giza 123. These
experiments contain 27 treatments; a split split plot design with three
replicates.

The obtained results showed that the bio-fertilization were
significantly increase of yield, yield components and nutrients uptake
(nitrogen, phosphorus and potassium) compared without inoculation, it is
worth mentioning inoculation Mycorrhizal fungi was superior to
Phosphorine;inoculation Mycorrhizal fungi were significantly increase of
yield components, phosphorus and potassium uptake by plant; phosphorus
solubilizing bacteria play role in phosphorus nutrition by enhancing its
availability to plants through slow release phosphorus from inorganic and
organic soil by solubilization and mineralization. It is interesting to say
that the applied phosphate source were significantly increase of vyield,
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yield components and nutrients uptake (nitrogen, phosphorus and
potassium) compared without phosphorus, it is important to remember
calcium super phosphate was superior to rock phosphate; the positive
affect of super phosphate on yield behavior solubility nutrients also,
absorbing various nutrients. The applications of humic substance were
significantly increase of yield and nutrients uptake (nitrogen, phosphorus
and potassium) compared without humic substance, additionally humic
acid caused a significant increae grain, straw yields and nitrogen,
phosphorus and potassium uptake by barley plant. Generally, from these
results it can be concluded that the application of Mycorrhizal fungi,
super phosphate and humic acid could be used as a complementary for
mineral fertilizers to improve yield and nutrients uptake by barley plant.
Key words: Barley, humic acid and fulvic acid, mycorrhizal fungi,

phosphate solubilizing bacteria (phosphorine),

phosphorus sources.

INTRODUCTION

Barley (Hordeum vulgare, L.) a member of poaeceae family, is the
fourth most important crop in the world and the main crop grown in the
North Coastal Region of Egypt in a large scale as well as in the newly
reclaimed soils. Barley considered one of the most adapted cereals to
environmental conditions, which are not suitable for growing other cereal
crops. Its grains are used as food and malting purposes, while straws
provide an important source of roughage for feeding animals.

Phosphorus is one the most essential elements for barley growth and
development after nitrogen (Tigre et al. 2014). However, its availability
for plants is limited due to different chemical reactions especially in arid
and semi-arid soils. Phosphorus plays a critical role in several vital
functions such as photosynthesis, transformation of sugar to starch,
protein information, nucleic acid production, nitrogen fixation and oil
formation. It is also, the part of all biochemical cycles in plant (Mehrvarz
and Chaichi, 2008).

Plants absorb phosphorus from soil solution as phosphate anion. It is
the least mobile element in the plant and soil contrary to other
macronutrients. Pin precipitated form i.e. ortho phosphate is absorbed by
Fe*?, Ca*? and Mg*? in soil through legend exchange. A large amount of P
applied as a fertilizer becomes immobile through precipitation reaction
with highly reactive Fe*?, Ca* and Mg*? in the acidic and calcareous,
alkaline or normal soils (Awasthi et al. 2011). Therefore, the efficiency
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of P fertilization throughout the world is around 10-25%. Soil inoculation
with phosphate solubilizing microorganisms such as phosphate
solubilizing bacteria (PSB) and arbuscular mycorrhizal fungi (AMF) is
usually effective on phosphate solubility. Phosphate solubilizing
microorganisms enhanced plant growth and increase crop yields by one or
more mechanisms such as phosphate solubilization and mineralization,
production phytohormones, bioactive ingredients and organic growth
promoting substances (Khan et al. 2009).Also, Phosphate solubilizing
microorganisms enhancing phosphorus availability to plants by lowering
the soil pH due to its organic acids production and can mineralized
organic P by acid phosphatases. PSB and AMF are high potential as bio-
fertilizers especially in P-deficient soils to enhance the growth and yield
performance of crops. Ability of PSB and AMF with integrated to convert
insoluble phosphorus into soluble one is an important trait in sustainable
farming for increasing crops yield. (Awasthi et al. 2011).

Several studies investigated the effect of PSB and AMF alone or in
combination with super phosphate or rock phosphate in barley crop.
Sahin et al.(2004) indicated that inoculation of phosphate solubilizing
bacteria (Bacillus megatherium) with 60 kg P,Os/ha significantly
increased yield and yield component of barley relative to control plants.
Also, Mehrvarz and Chaichi, (2008) indicated that seed inoculation by
phosphate solubilizing microorganisms (mycroohizal plus bacteria) and
different levels of phosphorus chemical fertilizer with 30 and 60 Kg P,0s
/ha increased physiological and growth traits of barley compared with
sole or control plants. In addition, Thalooth et al. (2012) indicated that
application of biofertilizer (phosphorine and cerealine) improved yield
and yield component of barley relative to the control under water stress
conditions. Sharma and Yadav, (2013) indicated that use of mycorrhizal
fungi in semi-arid areas improved uptake of P, N, K, Zn, Cu, S, Ca, Mg,
Fe, and Mn, consequently, increased yield and yield component of barley.
Wali et al. (2018) indicated that seed inoculation by mycorrhizae
combined with 50% P,Os /fed increased grain yield of barley.

Humic substances, such as organic matter, humus, humate, humic
acid, fulvic acid and humin, play a vital role in improving physical,
chemical and biological properties of soils (Varanini et al. 1995 and
Mikkelsen, 2005), nutrient uptake by plants, mineral availability (Nardi
et al. 2002 and Mauromicale et al. 2011), stimulate plant enzymes and
hormones (Mart, 2007) as well as controlling soil-borne diseases
(Mauromicale et al. 2011). Humic substances effect on the plant growth
depending on the source and concentration, in addition to the molecular
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fraction weight. Low humic molecular size fraction easily reaches the
plasma lemma of plant cells, leading to a positive effect on plant growth,
due to the nutrient uptake, especially nitrate. Its effects on the
intermediate metabolites are less understood, but it seems that humic
substances may influence on both respiration and photosynthesis process
(Nardi et al. 2002).

Khalil et al. (2013) indicated that bio-fertilization combined with
humic acid significantly increased yield, N, P and K contents of grain and
straw of barley compared with control. Also, Wali et al. (2018) reported
that the addition of 65 kg N fed™ with 2 kg humic acid and mycorrhizal
inoculation gave the best yield of barley.

Therefore, the current study aimed to investigate the effect of
integrated between mycorrhizal fungi, phosphate solubilizing bacteria,
humic acid and fulvic acid on yield and yield components of barley
(Hordeum vulgare, L.) under different phosphorus source, so as to reduce
the need for P fertilizer application and maximize plant yield.

MATERIALS AND METHODS

Two field experiments were conducted at the farm of Agriculture
Faculty, Al-Azhar University, Nasr City, Cairo, Egypt, during
2016/2017 and 2017/2018 seasons, to study the effect of the
integrated between phosphorus fertilizer sources, bio-fertilizes and soil
application of humic or fulvic acids on yield and yield component of
barley (Hordeum vulgare, L.) cultivar Giza 123. A split split plot design
with three replicates was used.

A. The main plot was devoted to phosphate biofertilizer treatments of :
ai. Inoculation with mycorrhizal fungi at rate of 500g/fed.

a. Inoculation with phosphorine (phosphate solubilizing bacteria) at rate
of 500g/fed.

as. Without inoculation.

B. The sub-plot contained phosphorus fertilizer sources treatments of :
b;. 22.5 kg P,0s /fed. as calcium super phosphate (15.5% P,0s).

b,. 22.5 kg P,0s /fed. as phosphate rock (25% P,0s).

bs. Without phosphate.

C. The sub sub-plot contained humic substances treatments of:

c1. Soil application of humic acid at rate of 2 kg/fed.

C,. Soil application of fulvic acid at rate of 2 L/fed.

cs3. Without humic substances.
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Mycorrhizal fungi and phosphorine are biofertilizer products
comprising Glumus aggregatum fungi and Bacillus megatherium var.
phosphaticum bacteria, respectively. Phosphorine biofertilizer was
produced from General Organization for Agric. Equalization Fund
(G.0.A.E.F.), while mycorrhizal was produced from Biofertilizer unit,
Soils and Water Research Institute, Agriculture Research Center,
Giza, Egypt. The biofertilizer was used at the rate of 500g/fed. For seed
inoculation, adhesive gum solution was added to the seeds and mixed
carefully for about 5 minutes until all seeds were thoroughly coated.
Seeds were sown directly after inoculation and irrigated. The phosphate
was added during soil preparation, while. Nitrogen fertilizer rate (60 kg
N/fed.) was added as ammonium nitrate (33.5% N) in three equal
portions, the first portion was added at 21 days after sowing, the second at
35 days after sowing and the third one 50 days after sowing. Potassium
fertilizer was soil added at the rate of 24 kg K,O /fed. as potassium
sulphate (48% K,0) in one dose with 1% does of nitrogen fertilizer. The
experimental unit area in both seasons was 10.5m? (3x3.5m), there were
15 rows in each plot spaced 20 cm apart. Grains of barley (Giza 123)
were sown at the rate of 40 kg/fed. in 1* December for both seasons
and the preceding crop was maize in both seasons. All other cultural
practices were followed as recommended for barley fields. Soil analysis
for the two seasons was carried out according to Black (1965) and
Jackson (1973) and tabulated in Table (1) and Table (2) showed some
chemical of the used rock phosphate rock phosphate, humic and fulvic
acid. Plant samples were taken at harvesting time (120 days after
planting), the sample of plant was dried at 70 °C. the determine of N, P
and K in grain and straw of barley plant.
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Table 1: some physical and chemical properties of investigated soil.

Soil characteristics | Values
Mechanical analysis
Sand (%) 8220
Silt (%) 7.60
Clav (%) 1020
Texture class Loamy sand
Chemical analysis
pH(1:2.5) 74
EC (ds/m) 0.75
CaCo; (%) 1.35
Soluble ions in 1-5 soil water extract (meq/100g).
Ca™ 1.13
Mg 1.03
Na* 1.03
K 1.23
COs 0.00
HCO: 1.76
S04~ 1.13
Cl- 1.53

Table 2: Some chemical properties of rock phosphate, humic and

fulvic acid used in the experiment.

Characteristics Rock phosphate Humic acid Fulvic acid
rH 7.60 546 153
EC(dSm™) 3.15 0.10 0.11
Total macronutrients Available macronutrients
(%) (ppm)
N - 127 0.45
P 25.00 0.23 0.17
K 0.05 195 1.87

Studied attributes :

At harvesting time, ten individual plants were randomly chosen
from each sub sub-plot to record the following attributes, while, grain
yield/fed and straw yield/fed were taken from whole plot.
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1- Plant height (cm). 2- Spike length (cm).

3- Spike weight (g). 4- Number of grains/spike.

5-1000-grain weight (g). 6- Grain yield (kg/fed).

7- Straw yield (kg/fed). 8- N, P and K uptake in grain and straw
(kg/fed).

Total nitrogen was determined using Kjeldahl method, phosphorus
was determined colorimetrically, potassium by flame photometer (Black,
1965).

Statistical analysis:

Data were subjected to the proper statistically analysis as the
technique of analysis of variance (ANOVA) of split split plot design as
mentioned by Gomez and Gomez (1984). The treatment means were
compared by using Least Significant Difference (LSD) test at 5% level of
significance as outlined by Waller and Duncan (1969). The error mean
squares of split split plot design were homogenous (Bartlett’s test), the
combined analysis was calculated for all the studied characters in both
seasons. The data collected were analyzed using MSTAT-C (Nissen,
1989) statistical package.

RESULTS AND DISCUSSION

Yield and its components:

Plant height, yield and its components (spike length, weight, number
of grains/spike and 1000-grain weight) of barley as affected by bio-
fertilization, phosphate source and humic substances are presented in
Tables (3, 4 and 5). The inoculation by mycorrhizal fungi or phosphorine
significantly enhanced plant height, yield and its components than
without bio-fertilizer treatment. While mycorrhizal fungi inoculation
recorded highest results than phosphorine in this respect.Positive effect of
mycorrhizal fungi or phosphorine on growth, yield and yield component
owing to reducing soil pH by organic acids realization and mineralized
organic Phosphorus by phosphate fertilizer. besides, the ability of
arbuscular mycorrhizal fungi and phosphate solubilizing bacteria on
production or secretion of some phytohormones, that led to enhance the
growth, yield and yield components. These results are in agreement with
Mehrvarz and Chaichi (2008); Suri and Choudhary (2010); Awasthi
etal. (2011) and Lone et al. (2011).

Concerning to phosphate source, plants subjected to super phosphate
application revealed dominating results than plants that subjected to rock
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phasosphate. Calcium super phosphate provided P to the plant at the
initial stage of growth, until P from the rock phosphate became available
Bekele and Hofner (1993). Also, super phosphate has positive effect on
yield behavior solubility nutrients such as phosphorus, sulphur and some
micronutrients also absorbing various nutrients.

Regarding to humic substances (humic and fulvic acids), humic
substances significantly increased the yield and its components relative to
without humic substances treatment. Also, humic acid was superior to
fulvic acid or without humic substances. These enhancements may be due
to the humic substances that are the major components (65-70%) of soil
organic matter, increase plant growth enormously due to increasing cell
membrane permeability, respiration, photosynthesis, oxygen and
phosphorus uptake, and supplying root cell growth. A distinct effect of
humic acid was observed among plants. Many researchers noted the
enhancing effect of humic acid on growth, yield, and nutrient uptake by
many crops (David, 1991; Neri et al., 2002 and EIl-Desuki, 2004).
Indirect effects are mainly exerted through properties such as: enrichment
in soil nutrients, increase of microbial population, higher cation exchange
capacity (CEC), and improvement of soil structure; whereas direct effects
are various biochemical actions exerted at the cell wall, membrane or
cytoplasm and mainly of hormonal nature (Varanini and Pinton, 2001
and Chen et al., 2004). The hormone like activities of humic acid is well
documented in various papers, in particular auxin, cytokinin and
gibberellins.

The interaction between phosphate biofertilizer treatments and
phosphorus source was significant on most studied traits, except spike
length in the combined analysis, as shown as in Tables 3, 4 and 5. The
maximum values for these traits were obtained from inoculation with
mycorrhizal fungi and calcium super phosphate application. Interaction
mycorrhizal fungi x super phosphate increased grain and straw yield the
values were 35.26 and 34.85 %, respectively, compared with without
inoculation x without phosphorus source treatment.

The interaction between phosphate biofertilizer treatments and
humic substances was significant on most studied traits, except plant
height and 1000-grain weight in the combined analysis. The maximum
values for these traits were obtained from inoculation with mycorrhizal
fungi and humic acid application. Interaction mycorrhizal fungi x humic
acid increased grain and straw yield the values were 9.99 and 9.96 %,
respectively, compared with without inoculation X without humic
substances.
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The interaction between phosphorus source treatments and humic
substances was significant on most studied traits, except spike length only
in the combined analysis. The maximum values for these traits were
obtained from application of calcium super phosphate with humic acid.
Interaction calcium super phosphate x humic acid increased grain and
straw vyield the values were 49.61 and 49.42 %, respectively, compared
with without phosphorus source and without humic substances.

Interaction of mycorrhizal fungi x calcium super phosphate x humic
acid gave the highest values for all studied traits in the combined analysis,
except spike length and number of grains/spike, as shown as in Tables 3,
4 and 5. This treatment significantly increased the grain and straw yield
by about 81.28 and 80.91 %, respectively, than control plants. These
results are in harmony with those obtained by Sahin et al. (2004), Lone et
al. (2011), Mesbah and EIl-Sheshtawy (2014) and Panhwar et al.
(2011) They indicated that use mycorrhiza fungi or phosphate solubilizing
bacteria with levels of phosphorus as super phosphate or rock phosphate
increased yield and yield components. The promotion effect of bio-
fertilizers may be owing to the effect of non-symbiotic phosphate,
solubilizing microorganisms in exerting a positive influence on plant
growth by the synthesis of phytohormones and enzymes (as ACC
deaminase) that modulate the plant hormones level additionally, inorganic
phosphate solubilization and organic phosphate mineralization, which
change phosphorus to available for plants (Rodriguez and Fraga,1999).
On the other hand, humic acid enhanced plant growth, yield and nutrient
uptake in barley plants (Roozbahani, 2015). Application of mycorrhiza in
the presence of humic acid gave considerable improvement in growth
characteristics, photosynthetic pigments as well as nutrients uptake, total
charbohydrates and crude protein of plants when compared with either
inoculated or uninoculated treatments without humic acid (Abou-Aly and
Mady, 2009 and Wali et al. 2018).
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Nutrients uptake in grain and straw yields:

Results presented in Tables 7 and 8 indicated significant effects due
to bio-fertilizer for uptake of phosphorus and potassium in grain and
straw yields by barley plant in combined analysis. Inoculation barley
seeds with mycorrhizal fungi or phosphorine gave the highest values for
all studied traits compared with uninoculated seeds. While, mycorrhizal
fungi inoculation recorded highest results than phosphorine on uptake of
phosphorus and potassium in grains and straw yields. Positive effect of
mycorrhizal fungi or phosphorine on the uptake of phosphorus and
potassium in grain and straw yields owing to produce organic acids and
they could increase uptake of nutrients by reducing the pH of the soil.
These results are in accordance with those reported by Nogueira et al.
(2007) assessed the impact of AMF and some PGPRs on nutrient uptake
in soybean and reported the role of AMF in N uptake as result of indirect
symbiosis of AMF and plant. They believed that AMF increased the
uptake of elements such as P, Fe and Mn and it increased the uptake of
nutrients by increasing the level of hyphae at the root surface, and this
increase was independent from N uptake. These results are in agreement
with Abou- Aly and Mady (2009), Khan, et al., (2009), Thalooth, et al.
(2012), Heydari and Maleki (2014) and Wali et al. (2018).

In addition, Results in Tables 6, 7 and 8 illustrate that the effect of
phosphorus source on all studied traits was significant in combined
analysis. Calcium super phosphate gave the maximum values of nutrients
uptake compared with rock phosphate or control. Super phosphate
application significantly improved NPK uptake than rock phosphate.
These results may be owing to the additional nutrients such as Ca, S and
other micronutrients in super phosphate. Also, Calcium super phosphate
provided P to the plant at the initial stage of growth, until P from the rock
phosphate became available Bekele and Hofner (1993). Similar results
were obtained by Csatho et al. (2009) and Foereid (2017) they found that
rock phosphate had low P availability at the same level of P.

Regarding to humic substances (humic and fulvic acids), it
significantly increased uptake of nitrogen, phosphorus and potassium in
grain and straw yields relative to without humic substances treatment in
combined analysis. Also, humic acid was superior to fulvic acid. These
enhancements may be due to the humic substances increase plant growth
enormously due to increasing cell membrane permeability, respiration,
photosynthesis, oxygen and phosphorus uptake, and supplying root cell
growth. Many researchers noted the enhancing effect of humic acid on
growth, yield, and nutrient uptake by many crops (David, 1991; Neri et
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al., 2002 and EIl-Desuki, 2004). Indirect effects are mainly exerted
through properties such as: enrichment in soil nutrients, increase of
microbial population, higher cation exchange capacity (CEC), and
improvement of soil structure; whereas direct effects are various
biochemical actions exerted at the cell wall, membrane or cytoplasm and
mainly of hormonal nature (Varanini and Pinton, 2001 and Chen et al.,
2004). Similar results were obtained by (Bohme and Lua, 1997 and
Turkmen et al.,, 2004). They found that humic substances improved
plant growth and nutrient uptake.

The interaction between phosphate biofertilizer treatments and
phosphorus source was significant on nutrients uptake in grain and straw
yield in the combined analysis, as shown as in Tables 6, 7 and 8.The
maximum values for these traits were obtained from inoculation with
mycorrhizal fungi and calcium super phosphate application. Similar
results were obtained by Fernandez Bidondo et al., (2012) and Heydari
and Maleki (2014). They found that application of mycorrhizal is playing
significant roles in the optimization of P solubilization, increase of
nutrient levels and mineralization of organic phosphate.

The interaction between phosphate biofertilizer treatments and
humic substances was significant on nutrients uptake in grain and straw
yield in the combined analysis, as shown as in Tables 6, 7 and 8.The
maximum values for these traits were obtained from inoculation with
mycorrhizal fungi and humic acid application. These results are in
harmony with those obtained by Abou-Aly and Mady (2009). They
found that application of humic acid with mycorrhizal exhibited values of
available nutrients greater than the treatments of biofertilizers without
humic acid. This may be due to that the addition of organic substances
which improved the physical properties of the soil, and increased the
supplying power of available nutrients to plants.

The interaction between phosphorus source treatments and humic
substances was significant on nutrients uptake in grain and straw yield in
the combined analysis. The maximum values for these traits were
obtained from application of calcium super phosphate with humic acid.

Maximum NPK uptake in grain and straw was obtained by the
treatment of mycorrhizal plus super phosphate and humic acid as gave
59.09, 7.68 and 24.31 kg/fed for grain, respectively and 46.10, 7.26 and
16.67 kg/fed for straw of barley plants, respectively.
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Conclusion:

It can be concluded that, the application of Mycorrhizal fungi, super
phosphate and humic acid indicated that the combined effect of humic
acid with the potent biofertilizers is a good tool for promotion barley
growth and yield, nutrients uptake by barley plant, particularly in newly
reclaimed soils.
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