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Abstract: Applying biofertilizers has been a good strategy in controlling chemical fertilization, reducing
environmental pollution and obtaining safe produce. This investigation was initiated as an attempt for replacing
the excessive application of mineral fertilizers partially with three biofertilizers namely Nitrobeine, Phosphorein
and Halex for achieving an economical yield and improving vegetative growth of Flame seedless grapevines.
The treatments were 100% of recommended mineral fertilizers dose/tree without microbial biofertilization
(control) and 100% (T1), 75% (T2), 50% (T3) and 25% (T4) of recommended mineral fertilizers dose plus
biofertilizers. Generally, results proved that shoot length, leaf area of treated trees with microbial biofertilization
were significantly increased. All microbial fertilization treatments markedly affected leaf petiole nutrient element
contents of Flame seedless grapevines. Leaf petiole nutrient element contents of N, P and K were increased in
a significant manner. As for yield, clusters weight and berries quality, yield and clusters weights were
significantly increased as microbial biofertilization were applied. T2 and T3 treatments recorded the highest
yield and clusters weight. At the same time T2 produced high values of TSS % whereas T3 produced high
values of acidity in comparison with the other treatments. At the end of the experiment, (T2) significantly
increased remaining soil N as compared with control treatment.
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INTRODUCTION they are known to fix atmospheric nitrogen and benefit

Grapes include more than 60 species and rank the top [4]. The benefit of using bio-fertilization as chemical
fruit crop all over the world and the second crop after fertilizer substitution is due to the activation of
citrus in Egypt. The total cultivated area  in  Egypt Azospirillum and Azotobacter to fix N  gas from soil
reached more than 58.000 hectares. Produced more than atmosphere (non-symbiotic N fixer) to become ammonium
125.000 tons [1]. Nowadays, many studies were N, and due to the effect of phosphorylase as an enzyme
accomplished for producing organic fruits from Flame produced by Aeromonas to dissolve the fixed- P in the
seedless vineyards through avoiding partially the soil. Biofertilization will help for bring down the costs of
application of chemicals and hormones as well as chemical fertilizers especially N and P and improve soil
encouraging the application of organic and biofertilizers. fertility by maintaining the physical conditions of the soil.
Farmers can afford the costs of chemical fertilizers, which Biofertilizers consist mainly of beneficial microorganisms
considered as pollutants. The utilization of bio-fertilizers that can release nutrients from raw materials and plant
is considered as a promising alternative, particularly for residues in the soil and make them available commercially
developing countries [2]. Phosphorine is a biofertilizer and specifically.
which contains a phosphate  dissolving  bacteria So, this study was carried out to evaluate the effect
(Bacillus megaterium) which hydrolyze the insoluble of biofertilizers treatments on vegetative growth, leaf
phosphorus into soluble one [3]. Nitrobine is a biofertilizer petiole nutrient elements content, yield and fruit quality of
which contains nitrogen fixing bacteria (Azospirillum sp), Flame seedless grapevine.

host plants by supplying growth hormones and vitamins
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Table 1: Some physical and chemical properties of the soil site (0-30 cm).
Variables Value
Physical properties
Sand % 97.84
Clay % 1.60
Silt % 0.65
Texture Sandy
FC % 15.31
PWP % 5.09
Bulk density g/cm 1.523

Chemical properties
EC (dS/m) 1.60
pH 7.73
Cations (meq/l)
Ca 4.37++

Mg 3.20++

K 0.55+

Na 6.50+

Anion (meq/l) 
Cl 6.10-

HCO 3.103
-

Macro elements (ppm)
N 6.75
P 32.55
K 420.88

MATERIALS AND METHODS

The present study was conducted during the two
successive seasons; 2011 and 2012 at a private farm in
Mariot region, near Alexandria city, Egypt. Five-years-old
grape vines (Vitis vinifera L., cv. Flame seedless) were
used. The experimental  area  was  a  block  of  grapes
trees grown under intensive  grape   plantation,
comprising  3   rows   of  12  vines  per each, oriented
north-south. Trees spacing was  4.5  m  between  rows
and 1.5 m within rows.  Trees  were grown in raised beds
(0.3 m high and 1.5 m wide). The medium was sandy soil.
Water was delivered via dual in-line dripper tubing run
down along each bed. A regular pest management
program was maintained. In both seasons, mature clusters
were carefully harvested at the time of commercial
maturity. Some physical and chemical properties of the
experimental soil are shown in Table 1. The four
treatments involved in this study were summarized as
follows:

( C ) : Control vines that received the recommended
doses of chemical fertilizers (125 g ammonium
sulphate (20.6% N)/ vine at first of March and May,
100 g calcium super phosphate (15.5% P O )/ vine2 5

and 50 g potassium sulphate (48-52% K O)/ vine at2

mid January without microbial inoculation.

(T1): vines were microbial inoculated and received
100% of recommended doses of mineral fertilizers.
(T2): vines were microbial inoculated and received
75% of recommended doses of mineral fertilizers.
(T3): vines were microbial inoculated and received
50% of the recommended doses of chemical
fertilizers.
(T4): vines were microbial inoculated and received
25% of recommended doses of mineral fertilizers

Microbial inoculums with Nitrobien (a biofertilizer
contains a specific strain of Azotobacter chroococcum
bacteria, with cell density about 1x10  (CFU/g of8

inoculum), Phosphorine (a biofertilizer contains a specific
clone of Bacillus megatherium bacteria, with cells density
around 2x10  (CFU/g of inoculum) and Halex (a biofertilizer8

containing a mixture of N-fixing bacteria of the genera
Azospirillum, Azotobacter and Klebsiella. ‘Nitrobien’
and ‘Phosphorein’ are microbial biofertilizers produced
and purchased from General Authority of Agricultural
Equalization Fund, Giza, Egypt. ‘Halex’ was produced by
the Biofertilization Unit, Plant Pathology Department,
Faculty of Agriculture, Alexandria University, Egypt.
Twenty  five vines as uniform as possible were selected
(5 treatments x 5 replicates) for this study.  Each treatment
was replicated five times in a randomized complete block
design, with a single vine for each replicate. The selected
vines were inoculated with microbial inoculums at the rate
of 50 g Nitrobien + 50 g Halex + 50 g Phosphorein/vine.
The biofertilizers were mixed with sand then applied for
vines at mid February (in both seasons) then covered with
soil and supplied with water.

Regarding the effect of the treatments on vegetative
growth, 10 shoots/vine was tagged randomly at all vine
directions during the growing seasons. Fifteen leaves per
vine were collected randomly from the first fully mature
leaves from the tip of the previously tagged shoots and
their areas were measured using a planimeter at the end of
both growing seasons. To determine the leaf constituents,
samples of 50 leaves were collected randomly from the
first fully mature leaves from the tip of the previously
tagged shoots from each replicate on July 30 of both
seasons. Leaves were washed with tap water and rinsed
twice with distilled water and then separated into petioles
and blades. Total leaf chlorophyll content was determined
on fresh leaf samples according to the method described
by Yadava [5] using a Minolta SPAD chlorophyll meter
model. To determine leaf mineral contents, the petioles of
50 leaves in each sample were oven dried at 70°C to a
constant  weight  and   then   ground   and   digested  with
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H SO and H O  according to Evenhuis and  Deward  [6]. microbial  fertilization   +  100% of  recommended  mineral2 4 2 2

In digested solution, total nitrogen and phosphorus were fertilization (T1) had a higher shoot length and leaf area as
colorimetrically determined  using  spectophotometer compared with  the  other  treatments.  This  increment
according to Evenhuis [7] and Murphy and Riley [8], was  evident  during   both   experimental   seasons.
respectively. Potassium was determined by a flame During 2012 season, the magnitude of this increment
photometer. Calcium and magnesium were determined by reached as much as 19.03% and 24.02% for the shoot
Perkin Elmer  Atomic  Absorption  Spectrophotometer. length and leaf area respectively, in comparison with
The concentration of nitrogen, phosphorus, potassium, control. Similar results were also reported by Mahmoud
calcium and magnesium were expressed as percentage. and Mahmoud [11], Abdel-Naby and Gomaa [12],

At harvest time, i.e. 1  July, in both seasons, total Sudhakar et al. [13] and Khalil et al. [14]. They allst

yield (kg per vine) and number of clusters per vine were concluded that using of biofertilizers may increase growth
determined and recorded. A sample of five clusters was indices of the inoculated trees. Besides, Samah [15]
taken randomly from the harvested yield of each replicate mentioned that the beneficial effect of biofertilizer in this
for quality determination. In each sample, cluster weight respect may be attributed to its effect on increasing
(g), weight of 50 berries (g), Total soluble solids (TSS %) nitrogen fixation, production of growth promoting
were determined using a hand refractometer and the substances or organic acids, enhancing nutrient uptake or
percentage of acidity (as tartaric acid) was determined in protecting vines against certain pathogens. Moreover,
berries juice according to A.O.A.C [9]. Soil samples were Abo El-Khashab [16] reported that the increment of plant
collected from the soil surface to the root zone depth for growth due to inoculation with N fixed bacteria could be
each vine to determine the remaining total nitrogen in the attributed to the capability of these organisms to produce
soil. Nitrogen content (ppm) in the soil extract was growth regulators such as auxins, cytokinins and
determined colorimetrically as described by Bremner [10]. gibberellins which affect production of root biomass and

Statistical Analysis: Data analysis was done by a one-
factor ANOVA. Means comparisons were performed Leaf Petiole Nutrient Element Contents: Microbial
using the L.S.D test to examine differences between inoculations significantly affected leaf petiole nutrient
treatments. Significance was determined at P < 0.05. element contents (N, P and K) of Flame seedless grapes

RESULTS AND DISCUSSION differences between all treatments were insignificant

Vegetative Growth: The effect of biofertilizer  on  growth with control treatment, microbial inoculums (T1 and T2)
of  Flame  seedless  grapevines  is  shown  in  (Table 2). significantly increased N, P and K of Flame seedless
The results of both growing seasons generally indicated grapes leaves. For example, during 2011 season, T1
that all vegetative growth indices were influenced by (microbial inoculated and received 100% of recommended
microbial biofertilizer treatments. All microbial doses of mineral fertilizers) and T2 (microbial inoculated
biofertilization   treatments  significantly  increased  shoot and received 75% of recommended doses of mineral
length and leaf area of inoculated vines when compared fertilizers) applications increased N, P and K content by
with  the   control   vines.   The   data   also   revealed  that 25.50%  and   14.89%,   39.39%   and  25.92%,  41.03%  and

nutrients uptake.

except leaf K content in the second season, the

(Table 3). During both experimental seasons, compared

Table 2: Effect of biofertilizer on shoot length and leaf area of Flame seedless grapevines in 2011 and 2012 growing seasons

Shoot length (cm) Leaf area (cm )2

-------------------------------------------------- ----------------------------------------------------

Treatments 2011 2012 2011 2012

Control (100% MN) 135.03 d 138.13 e 131.00 d 136.00 c

T1 (microbial inoc. + 100% MN) 169.00 a 170.60 a 165.00 a 179.00 a

T2 (microbial inoc. + 75% MN) 153.00 b 163.18 b 149.00 b 155.00 b

T3 (microbial inoc. + 50% MN) 141.25 c 154.37 c 141.00 c 139.33 c

T4 (microbial inoc. + 25% MN) 136.50 d 143.12 d 133.33 d 128.00 d

MN: mineral fertilizers 

Means in a column followed by a different letters are differ significantly at P = 0.05 by L.S.D test
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Table 3: Effect of biofertilizer on nitrogen, phosphorus and potassium contents in leaf petioles of Flame seedless grapevines in 2011 and 2012 growing seasons
N % P % K %
----------------------------------- ----------------------------------- ------------------------------------

Treatments 2011 2012 2011 2012 2011 2012
Control (100% MN) 1.95 c 1.98 c 0.20 c 0.19 c 1.48 c 1.60 a
T1 (microbial inoc. + 100% MN) 2.62 a 2.97 a 0.33 a 0.35 b 2.51 a 1.66 a
T2 (microbial inoc. + 75% MN) 2.29 b 2.35 b 0.27 b 0.28 b 2.05 b 1.90 a
T3 (microbial inoc. + 50% MN) 2.00 c 2.00 c 0.21 c 0.28 b 1.48 c 1.67 a
T4 (microbial inoc. + 25% MN) 2.01 c 1.96 c 0.20 c 0.27 b 1.46 c 1.60 a
MN: mineral fertilizers 
Means in a column followed by a different letters are differ significantly at P = 0.05 by L.S.D test

Table 4: Effect of biofertilizer on yield, cluster weight and weight of 100 berries of Flame seedless grapevines in 2011 and 2012 growing seasons
Yield (kg/vine) Cluster weight (g) 100 berries weight (g)
---------------------------------- ------------------------------------- -------------------------------------

Treatments 2011 2012 2011 2012 2011 2012
Control (100% MN) 5.38 c 7.70 b 255.16 d 255.15 e 250.00 a 271.7 a
T1 (microbial inoc. + 100% MN) 12.30 a 13.89 a 390.60 a 397.17 a 250.00 a 264.4 b
T2 (microbial inoc. + 75% MN) 11.13 a 12.84 a 337.16 b 356.63 b 251.10 a 256.8 c
T3 (microbial inoc. + 50% MN) 8.11 b 7.63 b 269.80 c 280.11 c 251.90 a 251.2 d
T4 (microbial inoc. + 25% MN) 4.50 c 5.11 c 220.12 e 260.17 d 249.90 a 247.1 e
MN: mineral fertilizers 
Means in a column followed by a different letters are differ significantly at P = 0.05 by L.S.D test

38.51%,  respectively   compared   with    the   control. inoculated and received 75% of recommended doses of
The highest N content in the ‘Nitrobien and Halex’ treated mineral fertilizers. The present results were in agreement
vines may have resulted from the N -fixation ability of this with those reported by Abd El-Monem et al. [21], Ibrahim2

bacterium, as reported by Abd El-Naby and Gomaa [12], [22] and El- Sabagh et al. [23]. The improvement occurring
Samah [15] and Al-Ashkar et al. [17]. It is well known that in vines growth and nutritional status certainly reflected
increasing N content in plants resulted in greater uptake their effect on improving yield as well as clusters weight.
of nutrient elements from soil [18]. This  evidence Another interpretation of the positive effect of
confirms the data showing that the percentage of N was biofertilizers is the role of free nitrogen fixing bacteria in
significantly increased in the inoculums vines, which may producing adequate amounts of growth regulators,
be explained by higher concentration of N  stimulated by improving availability of nutrients which promoted the2

bacterial application. These results confirmed the earlier vegetative growth to go forward and then affect yield [24].
findings of Singh and Sharma [19] who found an Regarding weight of 100 berries, the data also revealed, in
enhancing in N and P concentration in sweet orange when the first season, differences between treatments were
inoculated with biofertilizers. The P contents were also insignificant but in the second season, the differences
increased due to the application of bio-fertilizer compared between T2 and T3 and control were highly significant.
with the control. The increase in phosphorus content by These results are in agreement with those reported by
B. megaterium (Phosphorien) inoculated vines may be Abd El-Monem et al. [21] and Akl et al. [25], they
due to the ability of these bacteria to produce organic, reported that the average weight of 100 berries
inorganic acids and CO  which lead to an increase in soil significantly increased with increasing biofertilizer.2

acidity and consequently convert the insoluble forms of Data in Table 5 revealed  that  in  both  seasons,
phosphorus into soluble ones [20]. using biofertilizer caused a significant increase  in  T.S.S.

Yield and Fruit Quality: It is clear from the obtained data 100% of recommended doses of mineral fertilizers (T1)
in Table 4 and 5 that biofertilizers significantly increased produced high values of TSS % in comparison with the
total yield and clusters weight compared with the control. other treatments. In both seasons, the differences
In both seasons, the highest values of yield and clusters between T1 and T2 were insignificant. Biofertilizer
weight were recorded by vines treated with microbial treatment (T1) increased TSS % by 16.16% and 22.28% as
inoculated and received 100% of recommended doses of compared with the control in 2011 and 2012 seasons,
mineral fertilizers followed by treatment of microbial respectively. This finding goes in line with those obtained

In general, vines that microbial inoculated and received
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Table 5: Effect of biofertilizer on TSS %, acidity and maturity index of Flame seedless grapevines in 2011 and 2012 growing seasons
TSS % Acidity % Maturity index (TSS/acidity)
----------------------------------- ---------------------------------- --------------------------------------

Treatments 2011 2012 2011 2012 2011 2012
Control (100% MN) 13.80 b 13.60 c 0.86 b 0.66 a 16.43 b 28.72 a
T1 (microbial inoc. + 100% MN) 16.46 a 17.50 a 0.84 b 0.52 a 19.59 a 33.65 a
T2 (microbial inoc. + 75% MN) 16.82 a 17.32 a 0.84 b 0.80 a 20.02 a 22.89 a
T3 (microbial inoc. + 50% MN) 12.12b c 15.10 b 0.85 b 0.95 a 14.28 b 24.16 a
T4 (microbial inoc. + 25% MN) 11.28 c 12.50 c 1.10 a 1.12 a 10.32 c 11.15 a
MN: mineral fertilizers 
Means in a column followed by a different letters are differ significantly at P = 0.05 by L.S.D test 

Table 6: Effect of biofertilizer on remaining soil N (ppm) at the end of the experiment
Treatments Remaining soil N (ppm) at the end of the experiment
Control (100% MN) 48.20 d
T1 (microbial inoc. + 100% MN) 57.03 a
T2 (microbial inoc. + 75% MN) 54.59 b
T3 (microbial inoc. + 50% MN) 51.54 c
T4 (microbial inoc. + 25% MN) 46.33 e
Means in a column followed by a different letters are differ significantly at P = 0.05 by L.S.D test

by Akl et al. [24], on Red Roomy grapes, El-Shazly and results showed that the highest values of vegetative
Abdel-Nasser [26], on  Flame  seedless  grapes  and growth, yield, fruit quality and mineral contents were
Tawfik [27], on Flame seedless grapes. Stino et al. [28] obtained with microbial inoculated  treatment  and
reported that the increase in leaf content of nitrogen leads received  75%  of recommended doses of mineral
to increase photosynthesis and thereby increase the fertilizers. It is worthy to  note  that  using  mineral
proportion of carbohydrates in the leaves.   As for acidity, fertilizer at rate 75% with biofertilizer had a similar effect
data in Table 5 recorded that in both seasons, using with the treatment of mineral fertilizer at rate 100% without
biofertilizer significantly decreased juice acidity in biofertilizer. Hence it could be concluded that using
comparison with the control. In the first one, vines that biofertilizer can reduce about 25% of recommended dose
microbial inoculated and received 25% of recommended of mineral fertilizer.
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