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Combination between plant growth promoting rhizobacteria; Pseudomonas
fluorescens and mycorrhizal fungi AM (Glomus mosseae) were applied to the rock-
phosphate amended soil in two field experiments during 2013/2014 and 2014/2015 winter
seasons. Interaction effects between those biofertilizers and foliar spraying with
Saccharomyces cerevisiae extract on some microbial activities, growth characteristics
as well as yield component of wheat were studied. Significant positive effects were obtained
of phosphatase and available phosphorous content in rhizosphere of wheat after
inoculation with Ps. fluorescens. Also, dual inoculation of Ps. fluorescens with AM in
presence of rock phosphate gave maximum values of phosphatase, mycorrhizal infection
percentage and available P in wheat rhizosphere in both seasons especially when foliar
spraying with yeast extract was applied. Meanwhile, application of both dual inoculants
either alone or with yeast extract spraying led to considerable improvement in growth
characteristics, photosynthetic pigments as well as biochemical composition of wheat
plants when compared with untreated ones. Also, dual inoculation with Ps. fluorescens
and AM increased gibberellins, auxins and cytockinins content either in the presence or
absence of yeast spraying. Similar positive trend was observed in yield and yield
component with good quality of chemical composition of wheat grains especially when
dual inoculation combined with yeast foliar spraying were applied. The obtained results
confirm the positive influence of co-inoculation with phosphate-solubilizing
microorganisms in presence of rock phosphate as an active tool to improve wheat yield,
also, support the role of Saccharomyces cerevisiae extract for enhancing biofertilization
performance.
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Wheat enjoys a privileged position
amongst food grain crops in the world in general
and particularly in Egypt whereit servesasastaple
food for the majority of the population. Hence,
under the prevailing circumstances, restoration and
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maintenance of soil fertility isabasic and critical
problem, particularly in the newly reclaimed soil.
This can be accomplished by adding organic
material, biological active substances and plant
growth-promoting microorganisms, in addition to
other field practices’. biofertilizerscontain avariety
of beneficial microorganismsand enzymeswhich
accelerate and improve plant growth and protect
plants from pests and diseases. Completely
fermented organic matters, resulted in biofertilizers
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improvethe physical propertiesof soils; enrich air
aeration, water and nutrients retention capacity.
Biofertilizers provide the cultivated plantswith the
macro as well as micronutrients, required for
healthy growth therefore, improveyield and quality
of agricultural crops, and reduce the overall cost
of chemical fertilizersaswell pesticidesapplication,
based on yield®. Clearly, there is an urgent need
for sustainable agricultural practices on a global
level. To overcome the ecological problems
resulting from the loss of plant nutrients and to
increase crop yield, microorganismsthat allow more
efficient nutrients use or increase nutrients
availability can provide sustainable solutions for
present and future agricultural practices®*. An
alternative approach for using of phosphate-
solubilizers as a microbial inoculants is the use
mixed cultures or co-inoculation with other
microorganisms. On the other hand, it has been
postulated that some phosphate solubilizing
bacteria behave as mycorrhizal helper bacteria.
Similarly, bacteriaand their growth or activitiesare
affected by fungi and their exudates in
rhizosphere?. A promising trend for increasing the
efficiency of biofertilizers was studied by using
different mixture of nitrogen fixing bacteria,
phosphate solubilizers and potassium sol ubilizer®
found that application of tripleinoculants not only
increased nutritional assimilation of plant, but also
improved soil properties. This was observed that
half the amount of biofertilizers application had
similar effectswhen compared with organicfertilizer
or chemical fertilizer trestments. In Egypt, however,
there is a dire need to make availabilities of co-
inoculation with biofertilizers and transfer the
technology to farmers. Many studies have
indicated that yeast is one of the richest sources
of high quality protein, especialy the essential
amino acids, the essential minerals and trace
elements such as Ca, Co, Fe. Also, yeast extract is
the best source of the B-complex vitamins, amino
acids furthermore, bio-constituents especially,
cytokinins®. Also, yeast extracts improved all
vegetative growth parameters, flowering, total yield
and quality of plants.

This study aimed to evaluate application
of plant growth promoting microorganisms with
either endomycorrhizal fungi or P-solubilizing
bacteria in presence of rock phosphate and their
interaction effectswith foliar application with yeast
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extract on growth, yield and yield components of
wheat.

MATERIALS AND METHODS

Two field experimentswere conducted on
newly soil cultivated with wheat (Triticumaestivum
L. c.v. Sakha 93) at El-Bostan region, El-Behera
Governorate, Egypt during winter seasons of 2013/
2014 and 2014/2015. Interaction effects between
Saccharomyces cerevisiae extract and
endomycorrhizal fungi (Glomus mosseae)
individually or in combined with Pseudomonas
fluorescens on growth and yield of wheat were
studied. Some physical and chemical properties of
the experimental soil were estimated according
to®18 respectively asfollowing (A):

Mycorrhizal inoculation

Arbuscular mycorrhizal fungus (Glomus
mosseae) was obtained as spores from
biofertilization unit, Fac. Agric. Ain Shams Univ,
Egypt. Micorrhizal inoculum consisted of root,
hyphae, spores and growth media from a pot
culture of onion plants which was previously
infected with Glomus mosseae and grown for 4
monthsin pot culture. The standard inoculum (400
kg/fed.) contained about 270 spores/g. Spores of
the fungus were measured by a wet-sieving and
decanting technique'.

Bacterial inoculum

Pseudomonas fluorescens (pure local
strains that exhibited high inorganic phosphate
solubilization) were isolated and identified by
Botany Dept., microbiology branch, Fac. Agric.
BenhaUniv., Egypt. The selected bacterial strains
were propagated in nutrient broth medium and
incubated on arotary shaker (180 rpm) at 30UC for
5 days. The obtained suspension (about 108 c.f.u./
ml) were mixed with sterilized peat moss at therate
of 2:1 (V/W) under aseptic conditions. Arabic Gum
(16%) was applied to the grains as an adhesive
agent before mixing with peat inoculants. Each
inoculum was used at a rate of 400 g/fed and
thoroughly mixed with the grains, the coated seeds
were left to air-drying in shade, then the seed
became ready for sowing®
Saccharomyces cerevisiae extract

Local isolate of S. cerevisiae was
obtained from biofertilization unit, Fac. Agric. Ain
Shams Univ., Egypt. Saccharomyces extract was
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prepared using a technique described by*. A
technique allowed yeast cells (Saccharomyces
cerevisiae) to be grown and multiplied efficiently
onY EMEG mediumwas used for 5 dayson ashaker
at 30°C to produce beneficial bioconstituents,
hence allowed such constituents to release out of
yeast cells?. Two cycles of freezing and thawing
for disruption of yeast cells and releasing their
content were done. Chemical analysis of
Saccharomyces extract stock solution was as
following (B)
Experimental design

Grains of wheat (Sakha 93) were
successfully washed withwater and air-dried. Then,
grains were soaked in cell suspension of
Pseudomonas fluorescens. In uninoculated
treatments, grains were treated with uninocul ated
media. In addition, over-head soil technique was
carried out using freshly prepared suspensions
which spread on soil surface adjacent to the
seedlingsat arateof 1L of theinoculum (containing
108 cfu/ml) per each plot. This application was
added three times during the growth period (20, 40
and 60 days after sowing. The grains were sown
onthe 15" and 17" of November inthetwo growing
seasons, respectively. Foliar spray with
Saccharomyces cerevisiae extract was applied in
three times by 20 days intervals (20, 40 and 60
daysafter sowing) using 200 ml/L of yeast extract
per each plot. The untreated plants were sprayed
with tap water. The experiments were arranged in
randomized complete block design with three
replicates. Theplot areawas 10.5 m?(3x 3.5m). Al
plotsreceived nitrogen fertilizers at the rate of 200
kg/fed urea (46 % N) in two equal doses (before
thefirst and second irrigation). Potassium sulphate
(48 % K,0) was added before cultivation in both
seasons at the rate of 100 kg/ fed. Calcium super
phosphate (15.5% P,0,) was added to the
treatments without rock phosphate at the rate of
150 kg/fed. While, rock phosphate was added with
the same dose. Mycorrhiza was added just before
sowing. The other required culture practices for
growing wheat werefollowed as recommended.
Microbial activities

Microbial activities of the plants
rhizosphere after 45 days from sowing were
conducted. Mycorrhizal infection was
microscopically estimated on asample of fresh root
asdescribed by?® after clearing and staining®. The
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samples were analyzed for phosphatase activity
by the method given by*'. Rhizosphere samples
were analyzed for available phosphorus according
to?.
Sampling and collecting data

Nine plants of wheat from each treatment
were randomly taken at 80 days after sowing to
measure different morphological characteristics
(plant height (cm), number of tillers/ plant, leaves
dry weight (g/plant) and total |eaf area(cm?/plant).
Photosynthetic pigments

Chlorophyll a, b and carotenoids were
colorimetrically determined in fresh leaves of wheat
plants at 80 days after sowing during the two
seasons according to the methods described by?®
and calculated as mg/g fresh weight.
Chemical composition

Samples from wheat leaves at 80 days
after sowing and grains at harvest were taken to
determine total nitrogen, phosphorus and
potassium?. Also NPK uptake was cal cul ated after
determination of NPK according to'°. Total
carbohydrate was determined according to'. Crude
protein was cal culated according to the following
equation: Crude protein=Total nitrogenx 5.75%
Endogenousphytohormones

Endogenous phytohormones were
quantitatively determined in wheat shoots at 80
days after sowing in the second season using High-
Performance Liquid Chromatography (HPLC)
according to® for auxin (IAA), gibberellic acid
(GA,) and abscisic acid (ABA) while, cytokinins
were determined according to?.
Yield characteristics

At harvest, three plants were randomly
taken /plot from each treatment for estimation of
number of spikes/plant, grainyield (g)/plant, straw
yield (g)/plant and weight of 1000 grains(g).
Satistical analysis

Data obtained in this study were
statistically analyzed by using the least significant
differencestest (L.S.D) according to®.

RESULTS AND DISCUSSION

Growth parameters

As shown in Table (1), the growth
parameters of wheat plants as plant height, number
of tillers/plant, dry weight of leaf/ plant and total
leaf area/plant were significantly increased by
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individual application of Saccharomycescerevisiae
extract and biofertilizers. Inoculation with Ps.
fluorescens in the presence of AM significantly
increased number of tillersand total |eaf area/plant
during the two seasons. In this regard,? reported
that Ps. fluorescens possess a great variety of
properties that are interest in the devel opment of
biofertilizers including production of growth
promoting plant hormones (especially auxins,
gibberellinsand cytokinins) aswell asN,-fixation.
Maximum stimulatory effect of the biofertilizerswas
obtained when they associated with
Saccharomyces cerevisiae extract application in
the two seasons. These results are in agreement
with3! who reported that yeast extract application
positively affected the plant growth parameters.
Moreover, yeast extract isanatural source of many
growth substances (thiamine, riboflavin, niacin,
pyridoxineand vitaminsB,. B,, B,,), cytokininsand
many of the nutrient elements as well as organic
compounds i.e., protein, carbohydrates, nucleic
acids and lipids'” On the other hand, when the
treatments that received rock phosphate treated
with Ps. fluorescens and AM gave the highiest
values of growth parameters® reported that certain
microorganisms are capable of solubilizing rock
phosphate and are collectively termed phosphate-
solubilizing microorganisms (PSM). Rhizobacteria,
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from the genera Pseudomonas and Bacillus are
among the most powerful phosphate solubilizing
bacteria.
Mycorr hizal colonization and soil enzymes
Results of mycorrhizal colonization
percent shown in Table (2) exhibited a gradual
increase with inoculation by AM fungi, while it
showed no significant increase with individual
application of Ps. fluorescens comparing to the
control treatment. Mycorrhizal root infection,
phosphatase activity and available phosphorous
were significantly increased by application of of
Ps. fluorescensin combination withAM fungi. The
resultswerein agreement with those obtained by*®
who reported that organic compounds significantly
increased colonization of mycorrhiza. It was also
noticed from Table (2) that individual application
of yeast extract or biofertilization with AM or Ps.
fluorescens significantly increased phosphatase
activity in wheat rhizosphere as compared to the
control treatment. The combined inoculation with
Ps. fluorescensand AM increased enzymes activity
more than the individua inoculation. Also, the
highest values of enzymes activity were recorded
in rhizosphere of the plantsthat treated with yeast
extract in the presence of biofertilizer especially
the dual inoculation. This may be due to the
mechanisms of Ps. fluorescens and AM on soil

Chemical properties of the experimental soil (A)

Particle size distribution %

Soil chemical properties

Sand Silt Clay Textureclass pH CaCo, % OM %  EC(ds/m?)
65.25 10.21 24.54 Sandy clay loam 8.16 14.27 0.97 143

Soluble cations and anions m mol/L Available nutrients (ppm)
Ca* Mg* Na K* CO2» HCO,; CI N P K Fe Mn Zn Cu
792 425 919 063 000 29 1181 258 31 137 21 062 039 036

Chemical analysis of Saccharomyces extract stock solution (B)
Amino acidmg Vitamins and Carbohydratesmg
D 100g dry weight D 100g dry weight

Arginine 1.99 Threonine 2.09 Vit.B1 2.23 Biotin 0.09
Histidine 263  Tryptophan 0.45 Vit.B2 1.33 Nicotinicacid 39.88
Isoleucine 231 Vdine 2.19 Vit.B6 125 Pantothenic acid 19.56
Leucine 3.09 Glutamicacid 2.00 Vit B12 0.15 Paminobenzoicacid 9.23
Lysine 2.95 Serine 1.59 Thiamin 271 Folicacid 4.36
Methionine 0.72  Aspartic acid 1.33 Riboflavin  4.96 Pyridoxine 2.90
Phenyl alanine 2.01 Cysteine 0.23 Inositol 0.26  Total carbohydrates  23.2
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properties. Addition of yeast extract may be of
special importance in restoring optimal levels or
organic matter for plant growth and for microbial
activity, which associated with enzymes activity3!.
Theseresults showed agood agreement with®who
reported an increase in enzymes activity with
application of yeast extract. Also, the microbial
population and soil enzymes in the rhizosphere
could be built up for the efficient utilization of
nutrients.
Photosynthetic pigments

Datain Table (3) indicated that different
photosynthetic pigmentsi.e., chlorophyll a, b and
carotenoids in wheat leaves were positively
responded to application of yeast extract,
biofertilizersand their combinations during thetwo
seasons. Moreover, the interaction between yeast
extract and dual inoculation with Ps. fluorescens
and AM gave the highest values of total pigments
during the two seasons as compared with individual
treatments and control plants. Generally, these
results are to be considered as agood explanation
to the obtained data regarding the favorable role
of biofertilizers and yeast extract on growth
parameters (Table 1) that enhanced photosynthetic
efficiency and increased dry matter accumulation®
found that application of Ps. fluorescensimproved
chlorophyll a, b and charotenoids content of wheat
leaves.
Nutrients uptake and some bioconstituentsin
leaves

Table (4) clearly indicatesthat application
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of both yeast extract and biofertilizers significantly
increased NPK uptake and total carbohydratesin
wheat leaves at 80 days after sowing during the
two seasons as compared with control treatment.
M oreover, combination between yeast extract and
dual inoculation with Ps. fluorescens and AM
increased NPK uptake compared with control
treatment especially when plants received rock
phosphate instead of super phosphate.
Furthermore, the addition of yeast extract
associated with both biofertilizers increased
nutrients uptake with an pronounced effect, and
paralel trend for their increasesin the soil (Table
2). Thismay be attributed to the enhancing effect
of mycorrhizaon soil physical propertiestorelease
nutrientsin the rhizosphere, which supply apower
of available nutrientsto plants. The obtained data
werein agreement with'e. In addition® reported that
mycorrhizal fungi have also been showntoincrease
P uptake. Regarding total carbohydrate, the same
positive trend was observed with application of
yeast extract and biofertilizers. All treatments
showed a significant increase and the maximum
one obtained by the interaction between Ps.
fluorescens and AM in the presence of yeast
extract. In this respect, high content of total
carbohydrates is a direct result for high rates of
photosynthesis with great efficiency that was
preceded with large photosynthetic area (Table 1)
and high content of photosynthetic pigments
(Table 3). The present resultsarein agreement with
those of 3,

Table 7. Chemical composition of wheat grains as affected by phosphate
solubilizing microbes and foliar application with yeast during two seasons

Treatments Without yeast extract With yeast extract
Total Crude protein Total Crude protein
carbohydrates mg/g D.W carbohydrates mg/g D.W
mg/g D.W mg/g D.W

S1 SZ Sl SZ S1 SZ Sl SZ
-Control 723.8 726.9 111 112.7 736.3 7335 1149 116.3
-Rock phosphate (R) 7125 718.7 98.9 100.6 728.4 732.1 105.9 107.3
-Ps. fluorescens 735.4 737.5 116.2 117.3 747.6 743.8 1189 121.6
-AM 738.7 740.2 119 119.6 750.4 752.5 1221 122.8
-Ps. fluorescens + AM 742.8 746.4 120.2 121.3 758.4 760.3 1234 123.9
-AM + R 753.2 755.3 1225 121.9 768.5 767.6 124 124.6
-Ps. fluorescens + R 757.4 762.2 1231 123.6 777.4 770.8 1251 125.7
-Ps. fluorescens +AM+R  769.5 773.6 124.2 124.8 785.2 792.6 126.3 126.8
LSD at 5% 15.35 17.37 9.32 754 17.42 16.33 9.45 8.74
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Endogenousphytohormones

According to the data in Table (5), Ps.
fluorescens gave maximum values of auxins in
wheat shoots compared with all treatments, but
inoculation of these bacteriawith yeast extract or
yeast extract with AM led to a decrease in auxins
content compared to control. Gibberellins and
cytokininswereimproved by inoculation with Ps.
fluorescens or AM in presence of rock phosphate
and reached the highest values when the
biofertilizers were supported by yeast extract.
Many investigators reported the role of plant
growth promoting rhizobacteria such as Ps.
fluorescens in the production of hormones such
as gibberellins, auxins and cytokinins®. On the
other hand, abscisic acid, as growth inhibitor, was
decreased with using AM or yeast extract
application while dual inoculation with AM and
Ps. fluorescensin the presence of rock phosphate
recorded maximum reduction of abscisic acid
content in wheat shoots.
Yield and itscomponents

Data in Tables (6 & 7) showed that,
number of spikes, grainyield, weight of thousand
grainsand straw yield of wheat aswell aschemical
composition of wheat grainssignificantly increased
in response to any of the tested biofertilizer in
presence of rock phosphate compared to control.
Also, yeast extract had positive effect on the same
parameters. Moreover, yeast extract application
triggered and increased the positive effects of Ps.
fluorescensand AM inoculation when wheat plants
were inoculated with both biofertilizers in the
presence of rock phosphate. The stimulatory effect
of yeast extract with dual inoculation on wheat
yield would be expected since these applications
promoted growth parameters (Table 1), microbial
activities (Table 2), increased photosynthetic
pigments (Table 3), increased nutrients uptake and
total carbohydrates (Table 4) as well as
endogenous phytohormones (Table 5) as
previously resulted and discussed in this work.
These findings are supported by®>73., They
reported that the combined application of
rhizobacteriaand mycorrhizaincreased plant yield.
Thisstudy clearly indicated that yeast extract could
have positive effect on plant growth and yield by
acting as soil enhancer and aswell asby improving
its physical properties. Also, the combined
application of yeast extract with the potent
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biofertilizers is a good tool for growth and yield
promotion as well as improving soil health,
particularly in newly soil. Moreover, the application
of rock phosphate asaPfertilizer hasthe potential
to become widespread once the bioavailability of
P that improved crop yields and plant tissue P
content. Microbial induced rock phosphate
solubilization represent a solution for making P
more plant-available.

REFERENCES

1. A.O.A.C., Association of Official Agriculture
Chemists: Official methods of analysis of
association of official analytical chemists.18"
Ed. Washington, DC, USA ,2005.

2. A.PH.A., American Public Health Association:
Standard M ethods for the Examination of Water
and Wastewater. 18" Ed., Washington, DC,
U.S.A,1992.

3. Abbas, S.M.: Theinfluence of biostimulantson
the growth and on the biochemical composition
of Viciafaba cv. Giza3 beans, Romanian Biotech.
Lett. 2013; 18(2):8061-8068.

4, Abdel-Rahim, E.A.;. Shallan, M.A. and El-
Scheik, A.M.: Biochemical studieson production
of new thermophilic yeast alkaline proteases
applied for the purposes of laundry detergents
industry, J. Agric. Sci. Mansoura Univ.Egypt,
1988; 21(5):1971-1985.

5. Abou-Aly, H.E. and. Mady M. A.:
Complemented effect of humic acid and
biofertilizers on wheat (Triticum aestivum L.)
productivity , Annals of Agric. Sc.,
Moshtohor ,Egypt, 2009; 47(1): 1-12.

6. Abou-Aly, H.E.;. Mady, M.A. and Moussa,
S.A.M. :Interaction effect between phosphate
dissolving micro-organisms and boron on squash
(cucurbita pepo |.) growth, endogenous phyto-
hormones and fruit yield, J. Biol Chem Environ
Sci, 2006; 1(4), 751-774.

7. Akhtar, M.J.; Asghar, H.N.;. Asif, M. and Zahir,
Z.A.: Growth and yield of wheat as affected by
compost enriched with chemical fertilizer, L-
tryptophan and rhizo-bacteria, Pak. J. Agri. i,
2007; 44(1):136-140.

8. Arcand, M. M. and Schneider, K. D.: Plant-
and microbial-based mechanismstoimprovethe
agronomic effectiveness of phosphate rock: a
review, An. Brazil. Acad. i, 2006; 78(4): 791-
807.

9. Black, C.A.; Evans, D.O.; Ensminger, L.E.;
White, J.L.; Clark, F.E. and Dinauer, R.C.:
Methods of Soil Analysis. Part 2. Chemical and

J PURE APPL MICROBIO, 9(4), DECEMBER 2015.



3416

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

ABOU-ALY et a.: STUDY OF Triticum aestivum PRODUCTIVITY

microbiological properties. 2 Ed. Soil Sci., Soc.
of Am. Inch. Publ., Madison, Wisconsin, U.S.A.
,1982.

Chapman, H.D. and Pratt, F. P: Methods of
analysis of soil, plant and water. Cal. Univ.,
1961; 150-200 .

Drobnikova, V.: Factors influencing the
determination of phosphatase in soil. Folia.
Microbiol., 1961; 6, 260.

Dubois, M.; Gilles, K.A.; Hamilton, J.K.;
Rebens, PA. and Smith, F. : Colorimetric
methods for determination sugars and related
substances, Annals. Chem. Soc., 1956; 46: 1662-
16609.

Ebrahim, M.K. and. Ali, M.M: Physiological
response of wheat to foliar application of zinc
and inoculation with some bacterial fertilizers,
J. Plant Nutrition, 2004; 27(10): 1859-1874.
Gerdmann, J. W. and Nicolson, T. H. :Spores of
mycorrhizal Endogone species extracted from
soil by wet sieving and decanting, Trans. Brit
Mycol. Soc., 1963; 46: 235-244.

Giovannetti, M. and Mosse, B. : An evaluation
of techniquesfor measuring vesicular arbuscul ar
mycorrhizal infection in roots, New Phyt., 1980;
84 (3):489-500.

Habashy, N.R.; Amal W. Abou El-Khair and
Zaki, R. N.: Effect of organic and biofertilizers
on phosphorus and some micronutrients
availability inacalcareous soil, Res. J. Agric. &
Biol. Sci., 2008; 4(5):454-552.

Hammad, S.A.R. : Physiological and anatomical
studies on drought tolerance of pea plants by
application of some natural extracts, Ann. Agric.
Sci., Ain Shams Univ., Egypt, 2008; 53(2):
285-305.

Jackson M.L.: Soil Chemical Analysis. New
Delhi: Prentice Hall of IndiaPvt. Ltd.; 1973. p.
134

Koshioka, M.; Harada, J.; Noma, M.; Sassa, T.;
Ogiama, K.; Taylor, J. S.;; Rood, S. B.; Legge,
R.L. and Pharis, R.P.:: Reversed phase C18 high
performance liquid Chromatography of acidic
and conjugated gibberellins, J. Chromatgr, 1983;
256:101-115.

Mahmoud, Asmaa, R.;. EL-Desuki, M; Mona
M., Abdel-Mouty and Aisha, H. Ali : Effect of
compost levels and yeast extract application on
the pea plant growth, pod yield and quality, J.
App. i Res., 2013; 9(1):149-155.

J PURE APPL MICROBIO, 9(4), DECEMBER 2015.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

Nicander, B.; Stahl, U.; Bjorkman, P.O. and
Tillberg, E.: Immune affinity co-purification of
cytokines and analysis by high performance
liquid chromatography with ultraviol et spectrum
detection, Planta, 1993; 189: 312-320.

Olsson, PA; Chalot, M.; Baath, E.; Finlay, R.D.
and Soderstrom, B.: Ectomycorrhizamycelium
reduces bacterial activity in asandy soil; FEMS
Microbio. Ecol., 1996; 21:81-86.

Rahal, A. GH.; Ehsan A. Hanafy; Zaghloul, R.
A.; Abou-Aly, H. E. and Rasha, M. ElI-Meihy. :
Assessment of plant growth promoting
rhizobacteriaactivity under saline stress, Annals
of Agric. Sci., Moshtohor, Egypt, 2011; 49(2),
123-133.

Rai, M.K. (Handbook of microbial biofertilizers:
Food Products Press, an imprint of The Haworth
Press, Inc, Binghamton, New York, 2006.
Shehata, M.M. and El- Khawas, S.A. : Effect of
two biofertilizers on growth parameters, yield
characters, nitrogenous components, nucleic
acids content, minerals, oil content, protein
profilesand DNA banding pattern of sunflower
(HelianthusannusL . cv. vedock) yield, Pakistan
J. Biol. i, 2003; 6 (14): 1257-1268.
Snedecor, G.W. and Cochran, W.G. Statistical
method 7" Ed., lowa state University Press,
Ames lowa, USA, 1980; PP. 476.

Spencer, T.F.T.; Dorothy, S.M. and Smith,
A.R.W. : Yeast genetics. Fundamental and
applied aspects. Springer Verlag. New York,
USA, 1983, PP. 16-18.

Vierheilig, H.; Coughlan, A.P; Wyss, U. and
Piche, Y.: Ink and Vinegar, a simple staining
technique for arbuscular-mycorrhizal fungi,
Appl.& Environ. Micro-biol., 1998; 64(12):
5004-5007.

Wettstein, D.: Chlorophyll, letal und der
submikrospische formmech sell- der plastiden,
Exptl. Cell. Res., 1957; 12-427.

Wu, S. C,; Cao, Z. H.; Li, Z. G.; Cheung, K. C.
and Wong, M. H. : Effects of biofertilizer
containing N.-fixer, P and K solubilizers and
AM fungi on maize growth : agreenhousetrial,
Geoderma, 2005; 125 (1/2): 155-166.
Zaghloul R.A. ; Abou-Aly, H.E.; RashaM. El-
Meihyl ; El-Saadony, M.T.: Improvement of
Growth and Yield of PeaPlants Using Integrated
Fertilization Management, Universal J. Agric.
Res.Egypt, 2015; 3(4):135-143.



