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ABSTRACT

Field experiments were carried out during 2016/ 2017
and 2017/2018 growing winter seasons using sandy soil
under drip irrigation system, at Ali Mubark Experimental
Farm, South Tahrir Region, Egypt. The experimental
layout was carried out to provide complete randomized
blocks in a split- plot design. The objective of this study to
investigate the effect of application of foliar ammonium
molybdate in combination with inoculation with biological
fertilizers: Mycorrhiza (Glomus sp.) and Rhizobium
(Rhizobium leguminosarum) on the growth performance
and productivity of Faba bean (Vicia faba L.) plant grown
in sandy soil under drip irrigation. The main treatments
included foliar application of ammonium molybdate
(+Mo) and without ammonium molybdate (-Mo) at rates
of 5mg Mo /I and 0 mg Mo/, respectively. The sub main
treatments included four treatments (i) biological fertilizer
Mycorrhiza, (ii) Rhizobia, (iii) Mix between the two
biofertilizers and (iv) without biofertilizers inoculation.
The obtained results indicated that treatment with Mo
recorded high values of all parameters as compared to
without Mo. Application of biofertilizer improved all
growth characters, available of N, P, K, O.M. and soil
respiration. The most effective treatment was obtained by
the mixed RIZB/MYCO treatment followed by RIZB for
N, K and by MYCO for P, O.M. and soil respiration. The
upper soil layer (0-30 cm) contained high values of
available N or P, O.M and soil respiration while available
P increased in the lower layer (30-60 cm). Macro elements
(N, P, K) contents in leaves and grains showed high
response to addition of ammonium molybdate with the
mixed RIZB/MYCO treatments followed by R1ZB for N
and protein, also MYCO for K and P content. Vegetative
growth characters and yield components of Faba bean
plant showed high response to the mixed RIZB/MYCO
treatment followed by MYCO treatment. The results
showed that Myco infection had enhanced with MYCO
treatment while Nitrogenase activity was enhanced with
RIZB treatment for Faba bean plant grown under sandy
soil and drip irrigation conditions.
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INTRODUCTION

Legumes are the major sources of proteins for both
man and livestock, especially in developing countries,
where animal's protein is expensive (Mohamed, 2010).
Egypt is pressing hard to increase crop productivity
because crop productions did not match with population
consumptions. The newly reclaimed lands in the country
are brought into Faba bean cultivation for increasing its
production horizontally. Faba bean (Vicia faba L.) is
one of the most important winter crops of high nutritive
value in the world as well as in Egypt. Karkanis et al.,
(2018) reported that Faba beans are highly nutritious
because of their high protein content and are a
respectable source of mineral nutrients (calcium and
iron), vitamins, starch, cellulose and numerous bioactive
compounds. Also, the contribution of Faba bean in
maintaining the sustainability of agricultural systems.
The low soil fertility of the newly reclaimed lands is
still the main production constraints (Khatab, 2016).
Mona et al., (2011) found that Faba bean has a potential
atmospheric N-fixing capacity and exhibits high levels
of protein (28-36%) in the grains for human
consumptions and therefore it has an important role in
improving the fertility of soil. Bakry et al., (2011)
reported that production of Faba bean in Egypt is
limiting and is affected by different factors such as soil
fertility and water supply.

Barman et al., (2016) reported that the mycorrhizal
association is one of nature’s benefits for sustainable
agriculture. It is one of the best examples of symbiotic
association between plants and fungi, and helps the host
plants to succeed in adverse soil conditions and drought
situations by increasing the root surface and mineral
uptake efficiency. Khalil et al., (2014) found that when
the amount of available phosphorus in soil is low,
mycorrhiza colonize the cortical tissue of roots of most
plant species and thus increase the root surface area and
minerals uptake such as N, P, K, Ca, S, Cu ,Zn and
other microelements from the soil. Ghorbanian et al.,
(2011) mentioned that Mycorrhiza fungi extend their
root absorbing area through their mycelium network and
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change unavailable phosphorus into available form and
transport it to root system causing increases in plant
growth.

Pandeeswari and Kalaiarasu (2017) revealed that
Rhizobium have high capacity to fix atmospheric
nitrogen in symbiosis with the plants of the family of
legumes. Bacteria of family Rhizobiaceae are symbiotic
and efficiently convert atmospheric nitrogen to
ammonia which is utilized by the host (Okazaki et al.,
2004). Biological nitrogen fixation has a great
importance as a non-polluting and a cost-effective
method to improve soil fertility through supplying
nitrogen to different agricultural systems (Youseif et al.,
2017).

Vesicular Arbuscular mycorrhiza and rhizobia had
restricted potential yields of Faba bean cultivation.
Mohamed and Gomaa (2005) reported that bio-
microbial strains are essential since the native rhizobia
are incapable of supporting satisfactory levels of N2
fixation. The beneficial effect of inoculation with
rhizobia and Vesicular Arbuscular mycorrhiza has been
reported for Faba bean (Rizk and Shafeek, 2000). Thus,
biological N-fixation a main resource of N, may
represent one of the possible solutions and a great
possibility for sustainable production of grain legumes
(Mfilinge et al., 2014). Schitz et al., (2018) indicated
that Arbuscular Mycorrhiza Fungi and application of
biofertilizers with both functional behaviors N fixation
and P solubilization were the most effective inoculants.
The mixture between these microbes was more effective
than the separate application of each biofertilizer alone.
The beneficial combination effects of bacteria with
fungi have been reported by Patreze and Cordeiro
(2004) who found that these bacteria may affect fungi
and plant host through different mechanisms that affect
receptivity of root, root-fungus recognition, fungal
growth, modification of chemistry for rhizospheric soil,
and germination of the fungal propagules. Kafle et al.,
(2019) reported that Arbuscular Mycorrhizal Fungi and
phosphate-solubilizing bacteria have a major role in
natural and agro-ecosystems, and their use as bio-
inoculants is an increasing tendency in agricultural
practices.

Molybdenum is part of the enzyme nitrogenase
contained within symbiotic Bradyrhizobium bacteria,
which are responsible for fixing nitrogen in legumes
(Crusciol et al., 2019). Foliar Molybdenum application
enhanced the growth and nutritional status of common
bean (Eduardo et al., 2010). Ndakidemi et al., (2011)

reported that efficient uptake of micronutrients was
recorded with treatments involving high application rate
of Mo (12 g/kg of seeds). The objectives of this study,
therefore, were to investigate the response of Faba been
plant to application foliar of ammonium molybdate in
combination inoculation with biological fertilizers:
Mycorrhiza and Rhizobium on the growth performance
and productivity of Faba bean plant grown in sandy soil
under drip irrigation.

MATERIALS AND METHODS

Experimental layout

Field experiments were carried out during the winter
seasons 2016/2017 and 2017/2018 at El-Bostan area,
Ali Mubark Farm at South Tahrir Region, Egypt. The
experimental soil is sandy and method of irrigation
was drip system. The main physical and chemical
properties of the soil in the two seasons are shown in
Table 1. The seeds of Faba bean (Vicia faba L.) variety
Nubaria 1 were obtained from Agric. Res. St, El Giza,
MALR. The seeds were treated with rhizobium
bacteria (proper symputic bacteria), at 15 November of
each growth season, sown within 30 cm in between
plants in row and 80 cm apart (EI Habbasha et al.,
2007). The main treatments included foliar application
by molybdenum in two doses: without (-Mo) and with
(+Mo) at rates of 5 mg Mo /I as ammonium molybdate.
The sub- main treatments were the control, biological
fertilizers: Mycorrhiza (MYCO), Rhizobia (R1ZB) and
Mixed of both (MYCO/ RIZB). The Mycorrhiza strain
was Glomus sp., and that of Rhizobium was Rhizobium
leguminosarum. These strains were grown according to
the methods outlined by Norris and Date (1976) and
Attia et al., (2003). The experimental design was
complete randomized blocks in a split- plot. Each
treatment was carried out in triplicates and therefore the
total numbers of experimental plots were 24 (2*4*3).

Inorganic fertilizers were applied to the soil as
follows: Superphosphate (15.5% P,Os) at rate of 150
kg/fed before sowing, potassium sulphate (48 % K;0O,)
at a rate of 50 kg/fed before sowing, ammonium
sulphate (20.5% N) at a rate of 20 kg/fed at early stage
of plant growth. All cultivation practices (i.e., weeds
and diseases control, etc...) were carried out and
following the common field practices recommended by
the Ministry of Agriculture and Land Reclamation
(MALR) for Faba bean.
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Table 1. The mean values of the physical and chemical properties of the used soils in the two growing seasons

Soil parameter Particle size distribution EC pH CaCOs oM Available nutrient
% dSm? % % (ma/kqg)
Season N P K

Sand 91.5

2016/2017 Clay 4.1 036 87 5.1 0.1 106 25 15.5
Silt 4.4
Texture class Sandy
Sand 92.0

2017/2018 Clay 5.0 034 86 4.0 0.19 121 3.1 18.0
Silt 3.0

Texture class Sandy
Sampling: Plant: The oven-dried plant material was subjected to

Soil: Rhizosphere soil samples (0-30 and 30-60cm)
were collected at plant harvest for determining the
number of Arbuscular mycorrhizal (AM) spores and
Bradyrhizobium count, and for soil physical, chemical
and biological constituents.

Plant: Plant samples (3plants/plot) were taken at
harvest, washed by tap water, then by distilled water,
oven dried at 70° for 48 hrs, finely ground using
stainless steel mill and preserved for analysis (Chapman
and Pratt, 1961). The morphological characters and
yield components of the plant were carried out using
plant at physiological maturity. These included plant
height (cm), weight of plant(gm/plant), number of
branches/plant, root length (cm), weight of root(gm),
number of nodules/plant, weight of nodules (gm),
number of pods/ plant, weight of 100 grains (gm), and
weight of grains/plant(gm) and grains yield (t/ha).

Analysis:
Soil: The amounts of available N in soil was determined
by Kjeldahl method, the amount of available

phosphorus in soil was determined as described by
Olsen et al., (1954) and the concentration of P was
measured colorimetrically using the ascorbic acid
method (Olsen and Watanabe 1965), and available K
was extracted with neutral normal NHs-Acetate and
measured by flame photometer (Black, 1965 and
Cottenie et al., 1982). The amount of organic matter
was determined by Walkley- Black method (Black,
1965), and calculated as follows: O. M (%) = (O.C % x
1.72). Total carbonate was measured by calcimeter
(Alison and Moodle, 1965). Soil respiration was
measured by the elevation of CO2 procedure (Kaloosh,
1978). The particle size distribution (sand, silt and clay)
was measured by hydrometer method (FAO, 1970). The
electrical conductivity (E.C) was measured in saturated
soil water extract and pH was measured in 1:2.5 soil -
water suspension by pH- Meter (Jackson, 1973).

wet digestion using H,SO4 and H,O, (Cottenie et al.,
1982). Total nitrogen was determined using micro
kjeldahl method (Bremner and Mulvaney, 1982). The
concentration of protein was obtained by multiplying
total N by 6.25 as a standard factor. Total phosphorus
was determined colorimetrically using Vanado-
Molybdate yellow color method (Jackson, 1973) and
total potassium was measured by Flame photometer
(Page et al., 1982).

Assessment  of VA-mycorrhizal infection was
measured in composite root sample of three plants per
plot, by using the staining method of Phillips and
Haymen (1970). The gridlines intersect method of
Giovannetti and Mosse, (1980) was used for
microscopic examination to estimate the VA-
mycorrhizal infection percentage as follows:

Mycorrhizal Colonization (05) =

Total number of root segments colonized

100
Total number of root segments studied *

The number of VAM spores in soil rhizosphere was
determined by wet sieving and decantation. Samples
were centrifuged and permanent slides were prepared
according to Schenck and Perez (1990). The strains of
rhizobia were isolated from root nodules of Vicia faba.
The isolates were grown on yeast extract mannitol agar
(YEMA) medium and incubated at 28 °C (Vincent,
1970) on an orbital shaker at 120 rev per min for three
days. The growth response of bacterial isolates at pH 9
and evaluate the OD at 600 nm using Unico UV-2100
spectrophotometer. Nitrogenase activity was determined
in a separate root system using gas chromatograph
(Thermo Scientific TRACE GC Ultra equipped with
FID detector and Capillary column CP-Pora BOND Uf
used silica plot 25 m x 0.32 mm, df = 7-m) as described
by Abd-Alla et al., (2013).

Statistical analysis: The obtained data were subjected
to statistical analysis as described by Snedecor and
Cochran (1990).
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RESULTS AND DISCUSSION

1. Soil
Available N, P, and K in soil

Available N: Table 2 showed a significant increase in
the mean values of available N in the control treatment
of soil (no Mo addition) as a result of application of
RIZB and mixed RI1ZB/ MYCO. The highest increase
was due to RIZB and to mixed RI1ZB/ MYCO relative to
MYCO treatment. It is clear that the amount of available
N in soil was higher in the upper layer (0-30 cm) than in
that of the lower layer (30-60 cm) under all treatments
including the control.

Foliar application by molybdenum with 5 mg/l Mo,
the available N in soil significantly increased as a result
of treatment by RIZB and MYCO or mixed RIZB/
MY CO as compared to the control. The highest amount
of available N was found in soil treated with the mixed
R1ZB/ MYCO, followed by RIZB and then by MYCO.
The amount of available N in soil was almost higher in
the top soil (0-30 cm) than in the lower soil (30-60 cm)
except with mix RIZB/ MYCO treatment. The mean
value of available N in the soil collected in the first
growing season were approximately close especially in
the upper layer of soil (0-30 cm) as shown in Table 2.
Molybdenum addition stimulated the status of available
N. The mean value of available N in soil of the upper
layer (0-30 cm) increased from 94.9 mg/kg, in soil
without Mo application, to 109.9 mg/kg in soil with Mo.

The results in (Fig 1) showed that due to application of
Mo, the amount of available N was the highest in RIZB
soil, and RIZB + MYCO treatments.

Available P: Table 2 showed significant increase in the
concentration of available P in soil of the upper layer (0-
30 cm) without Mo, foliar spray, from 6.83 mg/kg to
7.74 mg/kg, 8.17 mg/kg, and 8.77 mg/kg as a result of
treatment by RIZB, MYCO and by mixed RIZB /
MY CO, respectively. There are no significant variations
in the concentrations of available P in soils of the upper
and lower layer. In the case of foliar spray by 5 Mo
mg/l, the amounts of available P in soils of the upper
soil layer significantly increased as a result of treatment
by RIZB (10.01 mg/kg), MYCO (11.94 mg/kg), or
mixed RIZB/ MYCO (13.35 mg/kg)as compared to the
control (9.15 mg/kg). There are no significant variations
in the concentrations of available P in soil layers due
treatment by RI1ZB and MYCO except by mixed RIZB/
MYCO. The results indicate that Mo treatment
significantly increased the amount of available P in soils
as compared to without Mo treatments. In the control
soil the amount of available P in the upper soil layer
significantly increased from 6.83 to 7.88 mg/kg (as a
mean value) due biofertilizers treatments. Application
of biofertilizer in combination with Mo significantly
increased the amount of available P in soils to the extent
that these soils contained more than the adequate level
of available P in soil

Available N in soil mg/kg
Without Mo (0-30 cm) = Without Mo (30-60 cm)
120.9 With Mo (0-30 cm) With 0-60 cm)
116.7 99.98 107.6 106.9 109!?%% 2.5 100.7 105.4
96.05 O ag.9g2398 90.78"" . 82'7:'2.42
RIZB/MYCO MYCoO RIZB CONT.

Fig. 1. Available N in soil as influenced by different treatments of biofertilizers without and with Mo foliar

application (means of two successive seasons)
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Without Mo (0-30 cm)
With Mo (0-30 cm)

Available P in soil mg/kg

Without Mo (30-60 cm)
With Mo (30-60 cm)

15.3
13.35
11.69 11.94
10.63 10.01 10.079.15
8.91 8.77 8.42 g 17 7.7 7.74 G.g 83
RIZB/MYCO MYCO RIZB CONT.

Fig. 2. Available P in soil as influenced by different treatments of biofertilizers without and with Mo foliar

application (means of the two successive seasons)

(10 mg/kg), i.e., 10.01, 11.94, 13.35 mg/kg in soils of
the upper layer treated with RIZB, MYCO and mixed
RI1ZB/ MYCO, respectively. Thus, using biofertilizer
without or with Mo treatment improved available P in
soil (Fig 2).

Available K: Table 2 showed that treatment by RIZB,
MYCO and mixed RIZB/ MYCO, without Mo
significantly, increased the amount of available K in
soils of the upper layer (0-30cm) as compared to the
control soil from 42.44 to 59.44, 66.35,72.43 mg/kg,
respectively. The soils of the upper layer contained
significant higher levels of available K than those of the
lower layer.

Foliar application with 5 mg/l Mo increased
significantly the amounts of available K in soils as
compared to the soil did not receive foliar Mo. The
amount of available K in the control soil (0-30 cm)
treated with Mo was significantly higher (75.49 mg/kg)
than in soil did not receive foliar Mo (42.44 mg/kg).
The significant effect of Mo was mostly observed in
combination with treatment by biofertilizers. Since the
original soil has been contained low level of available
K, application of both Mo with mixed RIZB/ MYCO
improved the level of available K in soil. Mean values
of available K in soils were the highest in soils of the
upper layer (Fig 3).

The results obtained for available N, P, and K presented
in Table 2 and Figs 1, 2, and 3 agree with the findings
of Ingraffia et al., (2019) who found that AMF
symbiosis improved the percentage of N derived from
the atmosphere in the total N biomass of Faba bean
grown in mixture (+20%) but not in pure sand. Nitrogen
transfered from Faba bean soil to wheat soil was low
(2.5-3.0 mg pot?) and inoculation with AMF increased

N transfer by 20% in terms of above- and below ground
growth and uptake of nutrients. Bargaz et al., (2018)
reported that agricultural microorganisms beneficially
may also contribute directly or indirectly to crop
improvement and fertilizers efficiency. Also, Marzban
et al., (2017) found that total concentrations of N and P
have been enhanced with the use of rhizobium in sole
cropping. Thus, the use of Rhizobium and AMF increase
the root growth and nutrient uptake by crops.

Organic matter

Table 3 indicated (as mean values) that there were
significant increases in the amounts of OM in soil did
not receive foliar application of Mo as a result of
treatment by MYCO (0.47 %) and by mixed
RIZB/MYCO (0.50 %) in the upper soil layer (0-30
cm). The levels of O.M. were almost higher in soils of
the upper layer (0-30 cm) than in those of the lower
layer (30-60 cm) as compared with the control soil.

Treatment of the soils with RIZB, MYCO or mixed
RIZB/MYCO with foliar spray by 5 mg Mo/l had
increased significantly the amount of OM in the upper
soil layer as compared to the control (from 0.53 to 0.58,
from 0.53 to 0.60, from 0.53 to 0.67 %, respectively).
Treatment with Mo increased significantly the amount
of O.M. in soil since it increased from 0.37 % in the
control (without Mo) to 0.53 % in the control (with
Mo). In the case of treatments by biofertilizers, the
increase was from 0.44 to 0.58 % due to RIZB, from
0.47 to 0.63 % for MYCO, and from 0.50 to 0.67 % for
mixed RIZB/MYCO, respectively. These data indicate
positive significance influence of Mo foliar spray on
increasing OM percentage in soils.
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Available K in soil mg/kg
m Without Mo (0-30 cm) Without Mo (30-60 cm)
With Mo (0-30 cm) With Mo (30-60 cm)
162.93
94.87
91.65 82.59 86.06 oo
72.43 66.35 73.1 67.877>"
86.9 . 59.44 42.449
- I 36.] 35.3
RIZB/MYCO MYCO RIZB CONT.

Fig. 3. Available P in soil as influenced by different treatments of biofertilizers without and with Mo foliar
application (means of the two successive seasons)

Table 2. The mean value of the amounts of available N, P and K (mg/kg) in soils collected after plant harvest as
influenced by molybdenum and biofertilizers application under drip irrigation system

N P K
Treatments -
Soil depth
Mo _ (cm) 2016/  2017/2 Mean 2016/2 201772 Mean 2016/2 201772 Mean
Bio 2017 018 017 018 017 018

(mg/l)
CONT. 0-30 88.67  86.17 87.42 6.96 6.71 6.83 4254 4234 4244
30-60 84.47  79.93 8220 7.00 6.81 6.90 3397 36.64 3530
RIZB 0-30 97.07 9743 9725 7.78 7.70 774 5773 6116 59.44
30-60 91.70  89.87 90.78  7.89 7.52 770 3631 3715 36.70
0 MYCO 0-30 95.67 9430 9498 8.22 8.12 8.17 66.84 6587 66.35
30-60 89.90 88.07 8898 851 8.33 8.42 4557 44.01 4479
MIX 0-30 100.80  99.17 99.98  8.81 8.73 877 7292 7195 7243
30-60 9543  96.67 96.05 9.07 8.76 891 5773 56.16 56.94
Mean 0-30 95.55 9427 9491 7.9 7.82 788 60.01 6033 60.17
30-60 90.38  88.63 89.50 8.2 7.85 798 4340 4349 4344
CONT. 0-30 10520 105.70 10540 9.25 9.05 915 7596 75.02 75.49
30-60 99.63 10190 100.70 10.35 9.80 10.07 66.84 6891 67.87
RIZB 0-30 108.80 11200 11040 1011 991  10.01 8507 87.06 86.06
30-60 10850 11020 109.30 10.86 1041 10.63 7292 7328 73.10
5 MYCO 0-30 107.40 106.50 106.90 11.93 11.95 11.94 9419 9555 94.87
30-60 107.80 107.50 107.60 11.87 1152 1169 82.03 83.02 8252
MIX 0-30 116,50 117.00 116.70 1285 13.85 1335 1579 1678 162.93
30-60 120.90 120.80 120.90 15.69 14.92 1530 9148 91.82 91.65
Mean 0-30 10950 110.30 109.90 11.03 1119 11.11 103.30 106.40 104.84
30-60 109.20 110.10 109.60 1219 1166 1192 7832 79.26 78.79
Mo 0-30 5.08 3.99 4.54 0.59 0.34 0.46 7.24 7.70 7.47
30-60 5.20 3.34 4.27 0.84 0.75 0.79 3.96 4.55 4.25
LSD Bio 0-30 7.18 5.64 6.41 0.84 0.48 066 1025 10.89 10.57
0.05 30-60 7.36 4.73 6.05 1.19 1.07 1.13 5.61 6.43 6.02

Soil respiration significantly the level of soil respiration from a mean

value of 17.6 mg CO/100 g in soil of the upper layer

Application  of  RIZB, MYCO or mixed o ool soil) to 23.22, 25.90, 35.41 mg CO./100 g

RIZB/MYCO without Mo foliar spray increased
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soil due to treatment by RIZB, MYCO or mixed
RIZB/MYCO, respectively (Table 3). The same effect
was obtained without Mo treatment. The level of soil
respiration was almost higher in soil of the upper layer
(0-30 cm) than in those of the lower layer (30-60 cm).
Foliar application by 5 mg Mo/l significantly increased
the level of soil respiration in the control soil of the
upper layer ( 0-30 cm ) from 17.60 to 43.44 mg
C02/100 g soil from 23.22 to 47.22, from 25.90 to
54.25 from 33.41 to 69.03 mg CO2/100 g soil due to
RI1ZB, MYCO or mixed RIZB/MYCO treatment,
respectively. These data indicate the significantly effect
of Mo for increasing soil respiration as compared to the
lack of Mo (Table 3).These findings agree with those
found by Dubova et al., (2018) who estimated the
microbiological activity of the soil in different bean
sowings. In reduced tillage, there was consistently less
microbial respiration under continuous cereal cover than
under Faba bean.

1. plant
NPK contents in leaves

N content: Table 4 showed significant increase in N
contents of leaves of Faba bean plant grown in the
absence of foliar application by Mo as a result of RI1ZB,
MYCO and mixed RIZB/MYCO treatments. The
highest N content (1.43 %) was due to mixed
RIZB/MYCO biofertilizer application and the lowest
(1.03 %) was due to RIZB treatment as compared to the
control (0.72 %).

The concentration of N in leaves of plants grown with
foliar application by Mo significantly increased as a
result of biofertilizer treatment and was 1.14 % for
RI1ZB, 0.98 % for MYCO and 1.79 % for mixed
RIZB/MYCO treatment. Application of 5 mg Mo/l
increased significantly N percentage in plant leaves with
a mean value of 1.17 % as compared with leaves of
plants grown in the absence of application of Mo with a
mean value of 1.01%, due to all biofertilizer treatments.

Table 3. Soil respiration and organic matter in soil collected after plant harvest as influenced by molybdenum
and biofertilizers application under drip irrigation system in the two growing seasons

Soil respiration

Treatments dfch))ltlh (mg CO2 /100g soil) OM (%)

- (cm) 2016/2017 2017/2018 Mean 2016/2017 2017/2018 Mean
Mo (mg/l) Bio

CONT. 0-30 5.22 29.98 17.6 0.37 0.36 0.37
30-60 21.09 4.84 12.96 0.29 0.31 0.30
0 RIZB 0-30 11.71 34.73 23.22 0.45 0.43 0.44
30-60 27.57 4.84 16.20 0.37 0.38 0.38
MYCO 0-30 11.71 40.09 25.9 0.47 0.47 0.47
30-60 35.20 490 20.05 0.44 0.45 0.45
MIX 0-30 16.82 54.01 35.41 0.50 0.50 0.50
30-60 49.16 9.83 29.49 0.47 0.47 0.47
0-30 11.06 39.70 25.38 0.45 0.44 0.45
Mean 30-60 33.25 594 1959  0.39 0.40 0.40
CONT. 0-30 23.34 63.54 43.44 0.52 0.53 0.53
30-60 58.66 15.19 36.92 0.49 0.49 0.49
5 RIZB 0-30 24.73 70.72 47.72 0.57 0.58 0.58
30-60 65.87 16.67 41.27 0.51 0.51 0.51
MYCO 0-30 28.45 80.05 54.25 0.62 0.63 0.63
30-60 75.19 20.36 47.77 0.53 0.55 0.54
MIX 0-30 37.60 100.5 69.03 0.66 0.68 0.67
30-60 95.56 24.35 59.95 0.61 0.62 0.615
Mean 0-30 28.53 78.69 53.61 0.60 0.60 0.60
30-60 73.82 19.14 46.48 0.54 0.54 0.54
Mo 0-30 2.47 7.04 4,75 0.03 0.02 0.02
30-60 4.09 1.88 2.98 0.041 0.02 0.030
LSD 0.05 Bio 0-30 3.50 7.04 5.27 0.05 0.02 0.03
30-60 5.78 2.66 4.22 0.058 0.03 0.04




112 ALEXANDRIA SCIENCE EXCHANGE JOURNAL, VOL. 41, NO.1. JANUARY- MARCH 2020

P content: Leaves of plants grown without Mo
application contained (as a mean value) high levels of P
as compared to the control as a result of biofertilizer
treatments (Table 4). The highest P content (0.42 %)
was a result of mixed RIZB/MYCO treatment and the
lowest (0.25 %) was due to RIZB treatment. Leaves of
plants grown with Mo application contained (as a mean
value) significantly higher P content than the control as
a result of biofertilizer treatments. The highest P
percentage (0.59 %) was due to mixed RIZB/MYCO
treatment and the lowest (0.36 %) was due to RIZB
treatment as compared to the control (0.32 %).

The obtained results indicated that Mo (5 mg/l) foliar
application has improved plant performance to take up P
from soil whether in the presence or absence of
biofertilizer. The mean value of P percentage due to
addition of Mo was 0.43 % and without addition of Mo
was 0.29 % (Table 4).

K content: the data depicted in Table 4 showed that
there were significant increases in K contents in leaves
of plants grown without Mo application as a result of
each biofertilizer treatment compared to the control
treatment. The highest K content in plant leaves (0.25
%) was due to mixed RIZB/MYCO treatment and the
lowest (0.18 %) was due to RIZB treatment as
compared to the control (0.16 %). The leaves of plants
grown with Mo foliar application contained significant
higher levels of K percentage as compared to those
grown without Mo application with each biofertilizer
treatments (Table 4). The highest value (0.59 %) was a
result of mixed RIZB/MYCO treatment and the lowest
(0.25 %) was due to RIZB treatment as compared to the
control (0.21 %). Foliar application of Mo (5 mg /l)
stimulated K increase in leaves of plants whether in the
presence or absence of biofertilizer additions. This
indicates the significant stimulating effect of Mo for
increasing K in plant leaves.

The concentrations of NPK in leaves are in
accordance with those obtained by Badr et al., (2013)
who concluded that the inoculation with VA-
myecorrhizal fungi led to highly significant increases in
N and P contents in leaves of Faba bean, it was also
found that mycorrhiza inoculation significantly
increased the macronutrients of N, P and K in plant.
Khatab., 2016 and Vafadar et al., 2014 also Raklami
et al., (2019) showed that the inoculation with PGPR-
rhizobia-mycorrhizae improved N, P and K levels in
shoot, as well as the contents of proteins. The positive
influence of the tested biofertilizers suggests an
interest of adoption of innovative practices that
improving crop productivity and soil fertility.

NPK content in grains

Nitrogen: Table 5 showed significant increase in N
content in grains of Faba bean plant grown without Mo
treatment as a result of treatment by RIZB, MYCO or
RIZB/MYCO with mean values of 4.14, 3.71 and 4.37
%, respectively as compared to the control (mean value
of 3.43 %). The grains of plants grown with Mo-
treatment, the N percentage increased by biofertilizer
application as compared to the control with mean value
of 4.20, 4.03, 4.46 % as compared to the control (3.24
%) due to RIZB, MYCO and mixed RIZB/MYCO
treatments, respectively (Table 5). It is also clear from
Table 5 that N contents in grains of plant grown with
Mo was higher (mean value of 4.06%) than in those
grown without Mo treatment soil (mean value of 3.91 %).

Phosphorus: The P contents (Table 5) in grains of
plants grown without Mo significantly increased as a
result of biofertilizer treatments with mean values of
0.24, 0.26, 0.30 % due to RIZB, MYCO and mixed
RIZB/MYCO treatments, respectively, as compared to
the control (0.21%). The P contents in grains of plants
grown with Mo treatment were higher than in those
grown without Mo treatment (Table 5). It is also clear
that P contents in the grains significantly increased as a
result of RIZB treatment (mean value of 0.26 %),
MYCO treatment (mean value of 0.27 %) and mixed
RIZB/MYCO treatment (mean value of 0.31%). Thus,
foliar spraying 5 mg Mo/l in combination with
biofertilizer produced higher P contents in grains with
mean value of 0.27 % than in those of plants grown
without foliar application of Mo (0.25 %).

Potassium: Table 5 showed that RIZB, MYCO and
mixed RIZB/MYCO treatments significantly increased
K contents in the grains of plants grown without Mo
treatment. The highest value was (1.23 %) this due to
mixed RIZB/MYCO treatment and the lowest was
(1.16 %) due to the treatment by RIZB, as compared to
the control (mean value of 1.13 %).

Grains of plants grown with Mo foliar application
contained high levels of K with mean value of 1.24,
1.26, 128 % for RIZB, MYCO and mixed
RIZB/MYCO treatment, respectively as compared to
the control (1.19 %). It is clear that on the basis of the
average all mean values of K contents in grains of
plants grown with Mo application and with all
biofertilizer treatments the K content was higher (1.25
%) than in those of plants grown without Mo
application for all biofertilizer treatments.
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Protein content in grains

Table 5 showed that there is significant increase in
protein content in the grains of Faba bean plant grown
without Mo treatment as a result of RIZB, MYCO or
mix RIZB/MYCO treatments. The highest mean value
was 27.29% due to mix RIZB/MYCO treatment and the
lowest was 23.22% due to MYCO treatment as
compared to the control treatment (21.46 %).

Grains of plants grown with Mo foliar application
contained higher protein percentage as a result of Mo
addition (5 mg/l) and also to application of RIZB,
MY CO and mix RIZB/MYCO. However, there were no
significant variations between protein contents in the
grain of plants grown with Mo-treatment and without
Mo-untreatment which indicates that Mo addition has
no significant effect on the level of protein in the grains
of Faba bean, and that the variations are related only to
the different biofertilizer treatments (Table 5 and Fig 4).
These findings agree with those found by Khatab,
(2016) who found that mycorrhiza fungi inoculation
significantly affected N, P and K contents in seeds.
Also, Khalil et al., (2014) stated that mycorrhiza
inoculation increased protein and minerals contents
compared with non-inoculated plants. Kandil et al.,
(2013) observed that protein content was produced as a
result of Mo foliar application to common bean.

Mandou et al., (2017) elicited that the significant
highest seed N content was obtained by combining
rhizobium with Mo application.

3. Vegetative growth characters

Plant weight: Table 6 showed a significant increase
in the fresh weight of plants (as mean value) without
MO foliar application as influenced by RIZB (72.00
gram/plant), MYCO (82.22 g/plant) and mix
RIZB/MYCO (95.78 g/plant) as compared with the
control (61.72 g/plant). The plants grown with foliar
spray by Mo and biofertilizer treatment significantly
increased plant weight with all Dbiofertilizers
treatments. It is clear, therefore, that Mo treatments
increased significantly plant weight as compared to
those grown without Mo foliar spray.

Plant height: The height of Faba bean plant
significantly increased as a result of treatment by
RIZB, MYCO and mixed RIZB/MYCO biofertilizr
whether plants grown without Mo or with Mo foliar
application (Table 6). As mean value, treatment by
mixed RIZB/MYCO produced lower plant height
without Mo application (131.8 cm) than those grown
with Mo application (148.1 cm). This indicated
significant positive effect of Mo as stimulating plant
growth. i.e., the overall mean plant height was 118.2
cm without Mo and was 137.4 cm with Mo treatment.

Table 4. The contents of N, P and K (%) in leaves of Faba bean plant grown under drip irrigation as
influenced by biofertilizers in the absence and presence of Mo application in the two growing seasons

Treatments N P K
2016/ 2017/ Mean 2016/ 2017/ Mean 2016/ 2017/ Mean

Mo mg/l Bio 2017 2018 2017 2018 2017 2018
CONT. 0.71 0.73 0.72 0.18 0.18 0.18 0.15 0.17 0.16
0 RIZB 1.01 1.05 1.03 0.25 0.26 0.25 0.18 0.18 0.18
MYCO 0.86 0.89 0.87 0.33 0.34 0.33 0.21 0.22 0.22
MIX 1.41 1.45 1.43 0.42 0.42 0.42 0.25 0.26 0.26
Mean 1.00 1.03 1.01 0.29 0.30 0.29 0.20 0.21 0.20
CONT. 0.79 0.81 0.80 0.32 0.32 0.32 0.21 0.22 0.21
5 RIZB 1.14 1.15 1.14 0.36 0.36 0.36 0.25 0.26 0.25
MYCO 0.95 1.01 0.98 0.44 0.45 0.44 0.28 0.29 0.28
MIX 1.70 1.88 1.79 0.59 0.60 0.59 0.56 0.63 0.59
Mean 1.14 1.21 1.17 0.43 0.43 0.43 0.32 0.35 0.33
LSD 0.05 Mo 0.07 0.08 0.07 0.01 0.01 0.01 0.02 0.04 0.03

Bio 0.10 011 0.10

0.02 0.01 0.01 0.03  0.06 0.04
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Table 5. The contents of NPK and protein (%) in grains of Faba bean plant grown under drip irrigation as
influenced by biofertilizers in the absence and presence of Mo application in the two growing seasons

Treatments N P K Protein
2016/ 2017/ Mea 2016/ 2017/ Mean 2016/ 2017/ Mean 2016/ 2017/ Mean
Mo mg/l  Bio 2017 2018 n 2017 2018 2017 2018 2017 2018
CONT. 3.33 3.54 3.43 0.21 0.22 0.21 1.13 1.13 1.13 20.81 2212 21.46
0 RIZB 4.14 4.14 4.14 0.24 0.25 0.24 1.15 1.17 1.16 2589 2590 25.89
MYCO 3.71 3.72 3.71 0.26 0.26 0.26 1.19 1.20 1.19 23.21 2323 23.22
MIX 4.35 4.39 4.37 0.30 0.31 0.30 1.23 1.23 1.23 2717 2741 27.29
Mean 3.88 3.95 3.91 0.25 0.26 0.25 1.18 1.18 1.18 2427 24.66 24.46
CONT. 341 3.68 3.54 0.24 0.25 0.24 1.19 1.20 1.19 21.31 23.01 22.16
5 RIZB 4.18 4.22 4.20 0.26 0.26 0.26 1.24 1.25 1.24 26.17 26.38 26.27
MYCO 4.03 4.04 4.03 0.27 0.28 0.27 1.26 1.27 1.26 2517 2523 25.2
MIX 4.43 4.49 4.46 0.31 0.32 0.31 1.28 1.29 1.28 27.66 28.07 27.86
Mean 4.01 4.11 4.06 0.27 0.28 0.27 1.25 1.25 1.25 25.08 25.68 25.38
LSD 0.05 0.33 0.22 0.27 0.03 0.01 0.02 0.04 0.06 0.05 2.05 1.40 1.72
Bio 0.46 0.32 0.39 0.04 0.01 0.025 0.06 0.08 0.07 2.90 1.98 2.44
30
25
¥ 20 I CONT.
L 15 RIZB
3
e 10 MYCO
S
Q. 5 MIX
-Mo +Mo

Fig. 4. Protein in the grains of Faba bean as influenced by different treatments of biofertilizers without and
with Mo application (mean of two successive seasons)

Roots weight: Table 6 showed significant increase in  SPray, the highest value of root length (28.3 cm) was

roots weight of plants grown without Mo treatment or
with Mo as a result of treatment by RIZB, MYCO or
mixed RIZB/MYCO. It is clear that mixed
RIZB/MYCO treatment produced the highest roots
weight of plants grown whether without Mo (38.87
g/plant) or with Mo (53.31 g/plant) treatment. Thus, the
inter combinations between biofertilizer and Mo
treatments have significant stimulating effect on roots
weight and consequently plant growth.

Root length: Table 6 showed that application of RIZB,
MY CO or mixed RIZB/MYCO without Mo application
significantly increased root length. The highest value of
root length was due to mixed RIZB/MYCO (mean
value of 24.5 cm). For plants grown with Mo foliar

due to treatment by mixed RIZB/MYCO. The overall
mean value of root length for plants grown without Mo
was 22.0 cm and that grown with Mo was 25.8 cm.
These data indicate the significant effect of application
of biofertilizer in combination with foliar application
by Mo in improving root length and consequently plant
growth.

These findings agree with those reported by Badr et
al., (2013) who found that inoculation with VA-
mycorrhizal fungi led to highly significant increases in
plant height and number of branches. Khatab (2016)
showed that mycorrhiza inoculation significantly
affected growth characters i.e. plant height and
branches number/ plant. Also, Vafadar et al., (2014)
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suggested that mycorrhiza fungi significantly increased
root and shoot biomass of plants. Ingraffia et al., (2019)
found that root colonisation by AMF was greater in
Faba bean than in wheat and that Mycorrhizal
symbiosis positively influenced root biomass, root
length, and root density.

4. Yield components

The number of branches per plant grown without Mo
foliar spray significantly increased by application of
RIZB, MYCO or mixed RIZB/MYCO, with an overall
mean value of 5.0 branches /plant (Table7). Plants
grown with Mo application and treated by each
biofertilizer showed higher numbers of branches (an
overall mean value of 6.7 branches /plant).

Table (7) showed significant increases in the number
of pods/plant when Faba bean was grown without Mo or
with Mo treatment as a result of biofertilizer
application. The highest number of pods/plant was
produced with Mo foliar application (an overall mean
value of 20.5 pods/plant) as compared to that produced
without Mo foliar application (an overall value of 15.9
pods/plant).

The weight of 100 grains of Faba bean increased
significantly as a result of application of RI1ZB, MYCO
or mixed RIZB/MYCO whether plants are grown
without Mo or with Mo application (Table 7). The
overall mean value of the weight of 100 grains was
86.88 g and 100.69 g for plants grown without Mo and
with Mo application, respectively.

The total grain weight per plant behaved in similar
trend with over all mean values of 63.68 g/plant and
82.21 g/plant for plants grown without Mo and with Mo
application, respectively (Table 7).
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The grain yield of Faba bean followed similar trends
as with weight of 100 grains and total grain weight per
plant. As an overall mean value, the grain yield
produced from plants grown without Mo was 3.65 t/ha
and from those grown with Mo application was 4.72
t/ha. These results indicate significant stimulating
effects of the combination treatments by biofertilizers
(R1ZB, MYCO or mixed RIZB/MYCO) and Mo foliar
spray for increasing growth and crop yield of Faba bean
grown in sandy soil. Also, Fig. (5) showed that the
highest value of grain yield was obtained as a result of
treatment by mix RIZB/MYCO then by MYCO
followed by RIZB without Mo or with Mo treatments.

The obtained results in Table 7 are in harmony
with those obtained by Badr et al., (2013) who found
that the number of pods, seeds/ plant, 100-seed weight
and seed yield/ha of Faba bean cultivars treated with
VA-mycorrhizal was increased by 20.7% and 23.2%
more than the non-inoculated treatment. Khatab
(2016) showed that yield of Faba bean significantly
affected by mycorrhiza inoculation. Kandil et al.,
(2013) observed that the highest number of pods/ plant
was produced when Mo was foliar applied to common
bean. EI-Wakeil and EI-Sebai (2007) found that mixed
inoculants strains showed positive effect on Faba bean
seeds weight compared to NPK fertilizer and the
highest number of pods was achieved in treatment of
rhizobia mixed with mycorrhiza. Mandou et al,,
(2017) found that Molybdenum application and
rhizobia inoculation had a significant effect on yield
of peanut. Raklami et al., (2019) and Crusciol et al.,
(2019) found that the inoculation improved the
productivity of the number and weight of bean pods.

Table 6. Vegetative growth characters of Faba bean plant grown under drip irrigation as influenced by
biofertilizers in the absence and presence of Mo application in the two growing seasons

Treatments Plant wt. (9) Plant height (cm) Roots wt. (g/plant) Root Length (cm)

Mo(mg! _ 2016/ 2017/ Mean 2016/ 2017/ Mean 2016/ 2017/ Mean 2016/ 2017/ Mean
) Bio 2017 2018 2017 2018 2017 2018 2017 2018

CONT. 61.22 62.22 61.72 107.0 1063 106.6 21.37 22.63 220 18.6 183 18.5
0 RIZB 71.44 7256 72.00 113.0 1140 1135 2467 2590 2528 216 220 21.8
MYCO 80.56  83.89 8222 1200 1216 120.8 30.17 31.40 30.78 233 23.0 23.2
MIX 94.67 96.89 95.78 129.6 1340 131.8 38.87 38.87 38.87 243 246 24.5
Mean 76.97 78.89 77.93 1174 119.0 1182 2877 29.70 29.23 22.0 22.0 22.0
CONT. 88.00 91.33 89.66 126.6 128.0 127.3 31.33 32.73 32.03 23.6 23.0 233
5 RIZB 98.67 99.78 99.22 1346 1326 133.6 38.90 40.57 39.73 25.0 250 25.0
MYCO 1194 120.1 119.7 139.0 1423 140.6 43.87 4487 4437 26.3 27.0 26.7
MIX 145.1 1484 146.7 1473 1490 1481 53.00 53.63 5331 28.3 283 28.3
Mean 1128 1149 1138 1369 1380 1374 4178 4295 4236 258 25.8 25.8
LSD Mo 3.25 430 377 252 314 283 163 192 1775 03 11 0.68
0.05 Bio 4.59 6.08 533 356 444 400 230 271 2505 0.4 15 0.97
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Fig.5. Yield of Faba bean as influenced by different treatments of biofertilizers without and with Mo
application (mean of two successive seasons)

Table 7. Yield components of Faba bean grown under drip irrigation as influenced by biofertilizers without

and with Mo application in the two growing seasons

Treatments No. of branches/ No. of Pods /plant 100 grain wt. (g) total grain wt. Grain Yield (t/ha)
plant (g/plant)
2016/ 2017/ Mean 2016/ 2017/ Mean 2016/ 2017/ Mean 2016/ 2017/ Mean 2016/ 2017/ Mean
Mo Bio 2017 2018 2017 2018 2017 2018 2017 2018 2017 2018
mg/|
CONT. 391 4.09 40 1347 1278 131 77.13 77.13 7713 5387 5111 5249 310 280 295
0 RI1ZB 427 427 43 1428 1522 147 84.50 85.80 85.15 57.12 60.89 59.00 329 351 34
MYCO 462 480 47 1584 1889 173 8970 89.27 8948 6336 7556 6946 365 435 40
MIX 782 676 73 16.88 2000 184 9577 9577 9577 6752 80.00 73.76 389 461 4.25
Mean 516 498 51 1512 1672 159 86.78 86.99 86.88 6047 66.89 63.68 348 382 3.65
CONT. 498 498 50 1484 1867 16.7 92.30 93.60 9295 59.36 7467 67.01 342 415 378
5 RI1ZB 533 551 54 1824 20.67 194 97.07 97.50 97.28 7296 8267 7781 420 476 448
MYCO 6.22 6.76 65 2288 2167 222 10140 101.83 10161 9140 86.67 89.03 526 499 512
MIX 9.78 1047 101 2333 2417 237 110.07 11180 110.93 9333 96.67 950 538 557 547
Mean 6.58 6.93 6.7 19.82 2129 205 10021 101.18 100.69 79.26 8517 8221 457 487 472
LSD Mo 0.65 0.63 0.6 067 120 0.93 0.84 0.86 0.85 245 478 361 014 027 020
0.05 Bio 091 0.89 0.9 095 1.69 1.32 1.19 1.21 1.2 347 676 511 020 038 0.29

5- Biological performance:

Mycorrhizal Infection: Table 8 indicated significant
increase in mycorrhizal infection in roots of plant grown
without Mo treatment as a result of RIZB, MYCO or
mixed RIZB/MYCO treatment. The highest percentage
(60.78 %) was due to mixed RIZB/MYCO treatment
and the lowest (49.0%) was due to MYCO treatment as
compared to the control (42.46 %). Similar trend was
recorded for plants grown with Mo foliar application but
with higher values due to Mo application. As an overall
mean value, mycorrhizal percentage of plants grown
without Mo was 49.34 %, and in plants grown with Mo
was 57.47 % (Table 8 and Fig 6A). MYCO treatment

enhanced P availability, thus VA-mycorrhizal fungi
stimulated the growth of plants by improving their
ability to recover P from P-deficient soils. These data
are in agreement with those reported by Johansson et
al., (2004).

Nodulation: The results in Table 8 showed significant
increase in number of nodules in plant grown without
Mo treatment as a result of treatment by RI1ZB, MYCO
or mixed RIZB/MYCO. The highest nodules number
(32.0 per plant) was due to treatment by mix
R1ZB/MYCO and the lowest (19.0 per plant) was due to
MYCO treatment as compared to the control (13.3 per
plant). Root of plants grown with Mo foliar application
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showed higher nodulation than those of plants grown
without Mo, and treated by RIZB, MYCO, mix
RIZB/MYCO. As an overall mean value, the number of
nodules per plant due to Mo treatment was 31.0/plant
while without Mo it was 22.4/plant (Table 8).

The nodules weight per plant significantly increased
as a result of RIZB, MYCO or mix RIZB/MYCO
treatment without Mo treatment (Table 8). Plants grown
with Mo showed significant high nodules weight
(overall mean value of 1.2 g/plant) as compared to those
without Mo (overall mean value of 0.645 g/plant).
These results indicate that the positive interaction
combination of biofertilizer with Mo had stimulated the
numbers and weights of nodule in roots of Faba bean
grown in sandy soil. These results agreed with the
findings of Rabie and Almadini (2005) who found that
mycorrhiza increased number of nodulation, efficacy of
N-fixation by Rhizobium and nutrient uptake. El-
Wakeil and EI-Sebai (2007) found that there was a
significant positive effect of rhizobia on the number and
weight of nodules compared to NPK fertilizer. Mandou
et al., (2017) also found that nodulation was stimulated
through the combination of rhizobia with molybdenum.

Nitrogenase activity: Table 8 showed significant
increase in the activity of nitrogenase without Mo
treatment due to application of biofertilizer: RIZB,
MYCO or mix RIZB/MYCO. The highest activity

117

(3.035 nmol CzHs g* plant h™') was obtained due to mix
RIZB/MYCO treatment and the lowest (1.25 nmol
C2H5 g-1 plant h-1) was due to MYCO treatment.
Similar trend was found with Mo foliar application with
biofertilizer treatments. As an overall mean value,
nitrogenase activity was the highest (4.505 nmol C2H5
g-1 plant h-1) with foliar spray by Mo in combination
with RIZB, MYCO, or mix RIZB/MYCO than without
Mo treatment (1.695 nmol C2H5 g plant ht).

These data point out to the significant positive
effects of Mo and biofertilizer treatments for
improving nitrogenase activity in soil as compared to
without Mo treatment but treated by biofertilizer. This
indicates the effective role of Mo in enhancement
nitrogenase activity in soil. Fig 6 B. showed that mix
RIZB/MYCO was the most effective treatment
followed by R1ZB without Mo or with Mo treatment.
Consequently, foliar application of Mo was effective
for increasing nitrogenase activity. These data agree
with those found by Mohamed (2015) who noted that
plant shoot dry weight, uptake of nitrogen and P by
the shoots as well as nodulation and nitrogenase
activity of Faba bean roots were improved by
inoculation with G. mosseae. Crusciol et al., (2019)
found that nitrogenase activity was greater with
inoculation than without.

Table 8. Biological performance under drip irrigation as influenced by biofertilizers treatments without and
with of Mo application in the two growing seasons of Faba bean plant

Myeco. infection (%)

Nodules No./ plant

Nitrogenase activity

Nodules wt. (g/plant) (nmol C,Hs g* plant h'l)

Treatments 2016/ 2017/

2016/ 2017/ Mean 2016/ 2017/ Mean 2016/ 2017/ Mean 2017 2018 Mean
- 2017 2018 2017 2018 2017 2018
Mo mg/l  Bio

CONT. 41.83 4310 4246 1333 1333 133 040 040 040 0.69 0.74 0.715
0 RIZB 4443 4583 4513 2433 2667 255 076 080 0.78 1.70 1.87 1.785
MYCO 4860 4940 490 1800 2000 190 046 058 052 0.80 1.70 1.250
MIX 60.10 61.47 60.78 30.67 3333 320 081 094 0875 3.20 2.87 3.035
Mean 48.74 4995 4934 2158 2333 224 061 068 0.645 1.60 1.79 1.695
CONT. 46.20 47.70 46.95 2200 2267 223 080 079 0.795 170 1.77 1.735
5 RIZB 51.10 5433 5271 3333 37.00 352 130 141 135 253 2.86 2.695
MYCO 59.60 6273 61.16 25.67 26.67 262 092 1.02 0.97 1.85 1.94 1.895
MIX 68.37 69.70 69.03 40.33 40.67 405 165 171 168 1170 1170 11.70
Mean 56.32 58.62 57.47 3033 3175 310 117 123 120 444 4,57 4.505
LSD Mo 184 317 250 185 291 238 006 0.09 0.075 0.15 0.34 0.245
0.05 Bio 261 449 355 261 411 336 009 012 0105 0.21 0.48 0.345
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Fig. 6.( A) Mycorrhizal infection and (B) Nitrogenase activity in soil rhizosphere of Faba bean as influenced by
different treatments of biofertilizers without and with Mo application (mean of two successive seasons)

CONCLUSION

This study was carried out to investigate the effect of

foliar application of ammonium molybdate in
combination with biological fertilizers: Mycorrhiza
(Glomus  sp.) and Rhizobium (Rhizobium

leguminosarum) on the growth performance and
productivity of Faba bean (Vicia faba L.) grown in
sandy soil under drip irrigation system. The results
showed positive significant effects of Mo foliar
application for enhancement the growth and N, P, and K
status of Faba bean. VA-mycorrhizal fungi stimulated
the growth of Faba bean by improving their ability to
recover P from the P-deficient used soil and to improve
plant growth under drip irrigation system.

Molybdenum foliar application led to producing of
high values for all growth parameters compared without
Mo treatment. Application of biofertilizer improved
NPK, O.M. in soil and soil respiration. The most
effective biofertilizer was the mixed RIZB/MYCO
followed by RI1ZB for N, K and MYCO for P, O.M, and
soil respiration. As a result, the upper soil layer (0-30
cm) had high values of available N, P, O.M and soil
respiration. At the same time N, P and K contents in
leaves and grains showed high response to addition of
Mo and also to mixed R1ZB/MYCO followed by RIZB
treatment for N and protein, and MYCO for K and P
content. Vegetative growth parameters and yield
components of Faba bean showed high response to
mixed RIZB/MYCO followed by MYCO treatment. It
also clears that mycorrhizal infection had enhanced with
MYCO treatment while Nitrogenase activity was
enhanced with RIZB treatment under sandy soil
condition and drip irrigation system.
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