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ABSTRACT 
 

Foliar spray with the diluted PGPR (plant growth promoting rhizobacteria) 
cultures had utmost importance due to its content and release of stimulants, nutrients, 
antibiotics, biocides and siderofores. Potentiality of these microorganisms, in plant 
rhizosphere, in activation and improving of plant growth as will as increasing plant 
tolerance to different plant biotic and abiotic stresses have been proved. However, 
microbial types and even microbial strains varied for their potentiality to adapt, inhabit 
and release of stimulants and phytochemicals. 

A number of Azospirillum sp. isolates were isolated from phyllosphere of apple, 
orange, lemon, mango and guava trees, grown at El-Bostan area, Egypt. These 
isolates were used in spray of apple trees with the dose of ۲۰ and ٤۰ L/feddan 
compared to water spray control. Foliar spray of apple trees with all Azospirillum 
isolates notably induced the plant growth and increased fruit yield, but did not 
significantly affected fruit quality. However, the used isolates largely varied in their 
efficiency and potentiality. A۳ isolate was the superior followed by A۷ which attained 
the highest increases in shoot length, shoot diameter, leaf area, leaf dry weight leaf 
content of chlorophyll a, b and total chlorophyll as will as fruit yield over those of 
control treatment. But, the quality parameters, i. e., SSC (soluble solids content), 
acidity, firmness and color did not show consistent significant variations. The 
treatments of spray with Azospirillum isolates attained high increase in net return (L 
E/fed), the spray with the treatments of A۷D (isolated from mango phyllosphere and 
used with the rate of ٤۰ L/fed.) and A۷R, which isolated from mango phyllosphere  
and used with the rate of  ۲۰L / fed.)  were the superior treatments which achieved 
increases in net return over that of control (water spray) by ٦۱۲۰ and ٦۲۰۰ L E/fed 
respectively, followed by A۳R (isolated from phyllosphere of apple and applied with ۲۰ 
L/fed.) which gave ٥٥۹٥ L E/fed. It is noted that the microbial culture dose of ٤۰ L/fed 
had no significant differences than the application of ۲۰ L/fed. Therefore, we 
recommend the spray with an efficient Azospirillum isolate like A۳ or A۷ with the dose 
of ۲۰ L/fed, and it is also of importance to condense studies on isolation and 
evaluation of these microorganisms to select the most efficient strains for use, as 
inoculants, in spray of apple trees.  

 

INTRODUCTION 
 

The Egyptian economy needs to be improved; this requires us to find 
out practical and applicable solutions for improving plant yield. The foliar 
spray with PGPR bacteria had been proved efficiency for enhancing plant 
growth and yield of different crops (Esitken et al., ۲۰۰۹; Sekar and Kandavel, 
۲۰۱۰ and Ryu et al., ۲۰۱۱). Saharan and Nehra (۲۰۱۱) attributed the 
enhancement effect of PGPR to their direct effect in releasing plant growth 
hormones, nitrogen fixation, increase of plant potentiality to absorb nutrient 
elements and release of siderophores, which chelate Fe and making it 
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available for plant use. Moreover, the PGPR containing ACC (۱-
Aminocyclopropane-۱-Carboxylate) deaminase are present in various soils 
and offer promise as a bacterial  inoculum for improvement of plant growth, 
particularly under unfavorable environmental conditions such as flooding, 
heavy metals, phytopathogens, drought and high salt (Belimov et al., ۲۰۰۱). 
Also, production of biotoxins and antibiotics by these PGPR gave the plant 
high potentiality to resist pathogens (Anith and Momol, ۲۰۰٤), in addition 
spray with PGPR filling phyllosphere area at the expense of harmful 
microbes. 

It was found that the potentiality of PGPR types in inducing plant 
growth varied from type to another and from strain to another in the same 
species (Dursun et al., ۲۰۱۰). The ability of the IAA production, antibiotic 
synthesis and N۲-fixation are variable (Fernando et al., ۲۰۰٥; Aslantas et al., 
۲۰۰۷ and Saharan and Nehra, ۲۰۱۱). PGPR was found also to modify the 
plant hormones status (Dodd et al., ۲۰۱۰). Therefore, it is of importance to 
select high effective strains had potential influence in increasing plant growth 
which ,consequently, will reflects on the agricultural economics and national 
income.  

Therefore, the present investigation aims to study the potentiality of 
different Azospirillum isolates, which isolated from the phyllosphere of 
different fruit trees on producing IAA and enhancing apple tree growth, 
productivity and fruit quality. 
 

MATERIALS AND METHODS 
 

Materials: 
Microbial media: 

Azospirillum: Semi solid Döbereiner medium (Döbereiner et al.,۱۹۷٦) 
contained (g/liter of distilled water): Malic acid, ٥٫۰; KH۲PO٤ , ۰٫٤; K۲HPO٤, 
۰٫۱; MgSO٤. ۷H۲O, ۰٫۲; NaCl, ۰٫۱; CaCl۲.۷H۲O, ۰٫۰۲; FeCl۳.٦H۲O, ۰٫۰۱; 
Na۲MoO٤. ۲H۲O, ۰٫۰۰۲; agar, ۱٫۷٥. 

This study has been carried out on eight years old "Anna" apple trees 
budded on Malus rootstock during ۲۰۰۹ and ۲۰۱۰. Trees were grown at 
Elbostan region of Elbehira Governorate, where drip fertigation system was 
applied and soil texture analysis was shown in Table ۱.  
 
Table ۱: Some chemical and physical analysis characteristics of the 

experimental soil 
Sand % Silt % Clay % Texture O.M % pH EC (ds m-۱) 

۸۰٫۲ ۸٫٥ ۱۱٫۳ Sandy clay loam ۰٫٦۳ ۸٫۱ ۱٫۱۹ 
Cations (mg./L) Anions (mg./L) Macro-nutrient (mg/kg) 
Na+ Ca++ Mg++ CO۳

-- HCO۳
- Cl- SO٤

-- N P K 
٥٫۸۹ ۱۰٫٤۲ ۳٫۹۱ - ۱٫۳۷ ۱۲٫٤۱ ٦٫٤٤ ۱۳۹ ۷ ۸٦ 

 
Methods: 

The Azospirillum bacteria were isolated from phyllosphere of different 
fruit trees (lemon, guava, apple, orange and mango). The liquid culture of the 
different isolates was used for spray the experimental apple trees and the 
densities ranged between ٤ to ٥٫٥ X ۱۰۸ cfu/ml culture. Treatments were 
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arranged in a random order on the selected trees. Single tree plot with ۳ 
replicates for each treatment was arranged in random complete blocks 
design.  

Bacterial strains were tested for their capability to produce indole acetic 
acid (IAA) (Bric et al., ۱۹۹۱) 

All trees were subjected with common regional horticultural practices, 
while treatments were applied as follows in Table (۲): 
Treatment Description 
A۱R (Lemon) Spray with Azospirillum isolated from lemon phyllosphere, ۲۰L / feddan. 
A ۱D (Lemo) Spray with Azospirillum isolated from lemon phyllosphere, ٤۰L / feddan. 
A ۲R (Guava) Spray with Azospirillum isolated from guava phyllosphere, ۲۰L / feddan. 
A ۲D (Guava) Spray with Azospirillum isolated from guava phyllosphere, ٤۰L / feddan. 
A ۳R (apple) Spray with Azospirillum isolated from apple phyllosphere, ۲۰L / feddan. 
A ۳D (apple) Spray with Azospirillum isolated from apple phyllosphere, ٤۰L / feddan. 
A ٤R (Orange) Spray with Azospirillum isolated from orange phyllosphere, ۲۰L / feddan. 
A ٤D (Orange) Spray with Azospirillum isolated from orange phyllosphere, ٤۰L / feddan. 
A ۷R(Mango) Spray with Azospirillum isolated from mango phyllosphere, ۲۰L / feddan. 
A ۷D (Mango) Spray with Azospirillum isolated from mango phyllosphere, ٤۰L / feddan. 
Control Spray with water. 

 
The microbial inoculants were prepared in Soil Bacteriology Laboratory 

of Sakha Agricultural Research Station, ARC. Bacterial suspension was 
diluted by mixing  ۲۰ L or ٤۰ L of bacterial stocks with ٦۰۰ L of water per 
feddan.  

 Three branches, five years old, in different directions on each tree 
were selected and labeled to estimate growth parameters. All current shoots 
developed on these branches were measured to get shoot length (cm). Li-
Core-۳۱۰۰ Areameter was used to measure detached leaves of nine shoots 
(three shoots per branch) to get area per leaf (cm۲). Leaves were dried at 
۷۰˚C and weighed to get dry weight (mg) and then specific leaf weight (SLW) 
was calculated as (mg cm-۲). 

 Spectrophotometer was used to estimate chlorophyll a and chlorophyll 
b, which extracted from fresh leaves with di-methyl formamide (DMF) as 
described by Rami and Porath (۱۹۸۰). The concentration of chlorophyll a and 
chlorophyll b and its total value were calculated by Rami's formulas as (µg / 
ml) (Rami, ۱۹۸۲). The results were presented as (mg.cm-۲). 

Fruits were picked at maturity stage, weighed and counted. Fruit pulp 
texture (firmness) was recorded by using Lfra texture analyzer instrument. 
The results were expressed as a resistance force of the fruit to the 
penetrating tester (g/cm۲) according to Harold (۱۹۸٥). Fruit skin color 
measurements (a*, b*, L* & H°) were determined using Minolta colorimeter 
(Minolta Co. Ltd., Japan). The instrument estimated skin color of fruits with 
color metric CIE Lab method where L* measure lightness scale readings and 
the two coordinates a * and b* included. Positive values of a* is a measure of 
redness and becomes greenish measure when values changed into negative, 
while b* of yellowness and blueness (- b*) on the Hue circle. The Hue angle 
[H° = arc tan (b*/a*)] describe the relative amounts of redness and 
yellowness where point at ۰°/۳٦۰° is defined for red/magenta, ۹۰° yellow, 
۱۸۰° for green and ۲۷۰° for blue color (McGuire, ۱۹۹۲ and Voss, ۱۹۹۲). 

 
 

٦۷ 
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Soluble solids content (SSC) was determined by using a hand refractometer 
and total acidity percentage was estimated in filtered juice according to 
A.O.A.C. (۱۹۹۰). 
Statistical analysis: 

Data obtained were subjected to the analysis of variance and treatment 
means were compared using the L.S.D.  methods according to Steel and 
Torrie (۱۹۸۰). 

 
RESULTS AND DISCUSSION 

 
Carefully considering readings of Table ۳, spraying with different 

Azospirillum isolates that have been isolated from phyllosphere of different 
tree species i.e. apple, orange, lemon, mango and guava, the foliar spray of 
apple trees with these isolates positively affected shoot length with varied 
degrees, and this trend was consistent throughout  both seasons of study, but 
the differences than water spray control treatment were significant at the 
second season, only. The spray with A۳D isolate gave the highest difference 
throughout both studied seasons.  
 
Table ۳: Response of vegetative growth of "Anna" apple trees to spray 

with phyllosphere Azospirillum isolates. 
 
Treatments 

Shoot 
length (cm) 

Shoot 
diameter (cm) 

Leaf dry 
weight (g) 

Leaf area 
(cm۲) 

SLW 
(mg cm-۲) 

۲۰۰۹ ۲۰۱۰ ۲۰۰۹ ۲۰۱۰ ۲۰۰۹ ۲۰۱۰ ۲۰۰۹ ۲۰۱۰ ۲۰۰۹ ۲۰۱۰ 

A۱R (Lemon) ٥۷٫۸   
c 

٥٤٫۷   
a 

۱٫٦     
a ۱٫٥  def ۰٫۳٦ 

cde 
۰٫۳۳  
c-g ۳٤٫٥ b ۳۲٫٥ a ۱۰٫٦ 

ab ۱۰٫۱ c 

A۱D (Lemon) ٥۹٫٥ 
bc 

٥٥٫۷   
a 

۱٫۷     
a ۱٫٥   cd ۰٫۳۸ 

bcd 
۰٫۳٥  
b-e 

۳٦٫٦ 
ab ۳٤٫٤a ۱۰٫۲   

b 
۱۰٫۱ 
bc 

A۲R (Guava) ٥٦٫۸   
c 

٥٤٫۱   
a 

۱٫٦     
a ۱٫٤      f ۰٫۳۳ 

efg 
۰٫۳۰ 
efg 

۲٦٫۰ 
cd 

۲٤٫۳ 
bc 

۱۲٫٦   
a 

۱۲٫۲ 
abc 

A۲D (Guava) ٥۸٫۳   
c 

٥٤٫٥   
a 

۱٫٦     
a ۱٫٥  def ۰٫۳٥ 

def 
۰٫۳۲  
d-g 

۲۷٫۷ 
cd ۲٥٫۳bc ۱۲٫٥ 

ab 
۱۲٫٦ 
abc 

A۳R (apple) ٦۷٫٤   
a 

٦۳٫۲   
a 

۱٫۷     
a ۱٫٦   bc ۰٫٤۱ 

ab 
۰٫۳۸ 
ab 

۳۸٫٤ 
ab ۳٥٫۹ a ۱۰٫٦ 

ab 
۱۰٫٦ 
abc 

A۳D (apple) ۷٦٫۹   
a 

٦٤٫٥   
a 

۱٫۷     
a ۱٫٦    ab ۰٫٤۲   

a 
۰٫۳۹   

a ۳۹٫۳ a ۳٦٫۸ a ۱۰٫۷ 
ab 

۱۰٫۲ 
bc 

A٤R (Orange) ٥۷٫۰   
c 

٥٥٫۱   
a 

۱٫٦     
a ۱٫٥   def ۰٫۳٦ 

cde 
۰٫۳۳  
e-g ۲۹٫۷ c ۲٥٫۹ 

bc 
۱۲٫۸   

a 
۱۲٫۷ 
ab 

A٤D (Orange) ٥۷٫۸   
c 

٥٤٫۹   
a 

۱٫٦     
a ۱٫٥   de ۰٫۳٦ 

cde 
۰٫۳٤  
b-f 

۲۸٫۷ 
cd ۲۷٫٤ b ۱۲٫٤ 

ab 
۱۲٫۲ 
abc 

A۷R(Mango) ٦۱٫۹ 
bc 

٥۹٫۱   
a 

۱٫۷     
a ۱٫٦   bc ۰٫۳۹  

a-d 
۰٫۳٦  
a-d 

۳٦٫٤ 
ab ۳۳٫۹ a ۱۰٫٦ 

ab 
۱۰٫٥ 
abc 

A۷D (Mango) ٦٤٫۹ 
ab 

٦۱٫۰   
a 

۱٫۷     
a ۱٫۷     a ۰٫۳۹ 

bc 
۰٫۳۷ 
abc 

۳۷٫٤ 
ab ۳٤٫۹ a ۱۰٫٥ 

ab 
۱۰٫٥ 
abc 

C (water 
spray) 

٥٦٫٤   
c ٥٤٫۰b ۱٫٥     

b ۱٫٤     b ۰٫۳۰   
g 

۰٫۲۸   
d ۲٤٫٤ d ۲۲٫۳ g ۱۲٫٥ 

ab 
۱۲٫٥ 
a-d 

AR: Azospirillum spray with ۲۰ L / feddan; AD: Azospirillum spray with ٤۰ L / feddan, SLW 
: Specific leaf weight. 
Means with different letters within the same column differ significantly at P < ۰٫۰٥. 
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Data of shoot diameter pursued the same approach of shoot length 
which similarly increased due to the foliar application of Azospirillum  isolates. 
The increases over control mostly were significant at the second season. 
Likewise, the spray treatments attained big and consistent increments in leaf 
dry weight and leaf area at both seasons, the differences than control, mostly, 
were significant. It is also noted that the application of A۳ isolate achieved the 
highest values, i. e., ۰٫٤۲ and ۰٫۳۹ g/leaf, and ۳۹٫۳ and ۳٦٫۸ cm۲ for leaf 
area,respectively. While, the spray treatments did not affect the SLW values, 
whereas, all the differences than control, at both seasons, were not 
significant.  

The spray of apple trees with the different bacterial strains had an 
effective role in increasing shoot length and diameter, leaf area and leaf dry 
weight compared to control. These results are in harmony with those of Eissa 
et al. (۲۰۰۷) who indicated that the spray of pear trees with Saccharomyces 
cervecia had a stimulated effect on tree growth. While, Aslantas et al. (۲۰۰۷) 
reported that applications with different types of PGPR lead to significant 
increases in shoot length and diameter and they attributed this effect to the 
potentiality of the bacteria for releasing cytokinins and IAA. They found also 
that plant growth responses were variable and dependent on bacterial strain. 
These results agreed also with the results of the present study which 
revealed that the different isolates of Azospirillum had varied stimulation 
potentiality to the plant growth and the best isolate was that isolated from 
phyllosphere of apple (A۳). 

The readings of Table ٤ showed that foliar spray with Azospirillum 
isolates increased leaf chlorophyll content. Whereas, chlorophyll a showed  
high and  significant increases over control, the influence at the first season 
higher than those of the second season. Similarly, the spray treatments 
attained remarkable increases in chlorophyll b content, the increases were 
obvious at first season and the most differences than control were significant. 
The total chlorophyll content exhibited the same trend.  
 
Table  ٤: Response of chlorophyll content of "Anna" apple leaves to 

spray with phyllosphere Azospirillum isolates. 
 

Treatments 
Chlorophyll a  

(mg cm-۲)  
Chlorophyll b 

(mg cm-۲) 
Total chlorophyll  

(mg cm-۲) 
۲۰۰۹ ۲۰۱۰ ۲۰۰۹ ۲۰۱۰ ۲۰۰۹ ۲۰۱۰ 

A۱R (Lemon) ٤٫۸۹ a ٤٫۹۳ ab ۲٫٤۰ a ۲٫۳۰ cde ۷٫۲۹ a ۷٫۰۷ bc 
A۱D (Lemon) ٤٫٥۷a ٤٫٦۸ bc ۲٫٥۰ a ۲٫۳٥ bcd ۷٫۳۷ b ۷٫۰٤ c 
A۲R (Guava) ٤٫۳٦ a ٤٫٦۹ bc ۲٫۲۰ a ۲٫۰۸ ef ٦٫٥۷ d ٦٫۲۰ e 
A۲D (Guava) ٤٫۳۰ a ٤٫۱۲ ef ۲٫۲۰ a ۲٫۰٦ ef ٦٫٦۰ d ٦٫۲٤ e 
A۳R (apple) ٤٫۹٥ a ٤٫۱۸ ef ۲٫۰۸ a ۲٫٥۸ ab ۷٫۷۱ a ۷٫۳٦ ab 
A۳D (apple) ٤٫۹۰ a ٤٫۷۸ ab ۲٫۷۸ a ۲٫٦۱ a ۷٫٦۹ a ۷٫۳۳ abc 
A٤R (Orange) ٤٫٦۰ a ٤٫۷۲ abc ۲٫۳۷ a ۲٫۲۱ def ٦٫۹۸ c ٦٫٥۹ d 
A٤D (Orange) ٤٫٦٦ a  ٤٫۳۸ de ۲٫۳۷ a ۲٫۲۸ def ۷٫۰۳ c ٦٫۷۱ d 
A۷R(Mango) ٥٫۱۲ a  ٤٫۲۱ ef ۲٫٦۲ a ۲٫٤۷ abc ۷٫۸۷ a ۷٫٤۳ a 
A۷D (Mango) ٥٫۱٥ a ٤٫۹٦ a ۲٫٦۲ a ۲٫٤۸ abc ۷٫۷۸ a ۷٫٤۱ a 
C (water spray) ۲٫۹٦ b ٤٫۰۹ f ۱٫٥٦ b ۲٫۱٤ def ٦٫٥۲ d ٦٫۲۳ e 
AR: Azospirillum spray with ۲۰ L / feddan; AD: Azospirillum spray with ٤۰ L / feddan. 
Means with different letters within the same column differ significantly at P < ۰٫۰٥. 
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Whereas, leaf total chlorophyll content increased with high and significant 
values due to spray with the different Azospirillum isolates. The application of 
isolates used in treatments A۳ and A۷ attained the highest values of total 
chlorophyll content. 

Spray of apple trees with Azospirillum isolates significantly increased 
the contents of chlorophyll a, b, and total chlorophyll of  leaves, these results 
are harmony with those of Eissa (۲۰۰۳) who found that spray of apricot with 
dry yeast extract increased chlorophyll contents of leaves. This may 
attributed to the release of beneficial compounds as polyamines (Babalola, 
۲۰۱۰), which were found to increase chlorophyll a, b and carotenoids (Taha 
and Eid, ۲۰۱۱).   

The beneficial effect of spray with Azospirillum isolates reflected, also, 
on the fruit yield (Table ٥) whereas, number of fruits/tree notably increased. 
The fruits weight (kg/tree), at the both seasons was increased too, with high 
consistent and significant values compared to control treatment. The highest 
productivity (٤٥٫۹۳ and ٤۳٫۲۳ kg/tree) were recorded for A۳D treatment and 
٤٥٫۳۰ and ٤۱.۹٦ kg/tree for A۳R treatment followed by A۷D and A۷R 
treatments, which attained ٤٥٫۲۰ and ٤۱٫۹۳ kg/tree, and ٤٤٫٤۳ and ٤۱٫۰٦ 
kg/tree at seasons ۲۰۰۹ and ۲۰۱۰, respectively. The results of IAA values of 
the studied Azospirillum isolates followed the same trend of fruit yield, 
whereas, the highest IAA values were achieved by application with A۳ 
treatment (۳٫٤٥ µg/ml of culture) followed by A۱ and A۷ which exhibited, to 
some extent, similar values i. e. ۲٫۸٥ and ۲٫۷٦ µg/ml respectively. The 
treatment of A٤ was exhibited the lowest IAA release that estimated ۱.۸۱ 
µg/ml of culture. 

The present study showed that spray with all Azospirillum isolates 
significantly increased yield of apple fruits per tree, and the spray with the 
isolate A۳ ,which isolated from apple leaves, were absolutely the best 
followed by the isolate which isolated from mango leaves. These results are 
completely agreed with those of Esitken et al. (۲۰۰٤) who reported that spray 
of apricot with Bacillus OSU-۱٤۲ increased fruit yield. Similarly, Eissa (۲۰۰۳) 
reported that the spray with EM resulted in an increase in number and weight 
of "Kelsey" plum fruits/tree. Also, Eissa et al. (۲۰۰۷) indicated that the spray 
of pear trees with Saccharomyces cervecia had a stimulated effect and 
increased number and weight of fruits. Martinez-Viveros et al. (۲۰۱۰) 
summarized the mechanisms of PGPR action on plant growth as follow: the 
plant growth stimulation by PGPR is the net result of multiple mechanisms of 
action: 
۱- Microorganisms having mechanisms that facilitate nutrient uptake or 

increase nutrient availability as fix of nitrogen or solubilizing phosphates 
and mineralize organic compounds. 

۲- Production of phytohormones is now considered to be one of the most 
important mechanisms by which many rhizobacteria enhance plant 
growth, like IAA. 

۳- Regulate plant ethylene levels, the high accumulation of ethylene leads 
to poor roots growth leads a diminished ability to acquire water and 
nutrients. 

 ۷۰ 
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٤- Can provide biocontrol of diseases or insect pests (biopesticides) via 
production of antibiotics, siderophores, HCN, hydrolytic enzymes 
(chinases, proteases, lipases… etc.). 

The present study (Table ٥) indicated that the different isolates 
released IAA differently and A۳ isolate had the highest level of IAA production 
and also tree fruit yield, followed by isolate A۷. 
 

Table  ٥: Response of "Anna" apple yield to spray with Azospirillum 
isolates and the concentration of IAA in culture 

 
Treatments 

Fruit weight / tree (kg) Fruit number / tree IAA 
(µg/ml) ۲۰۰۹ ۲۰۱۰ ۲۰۰۹ ۲۰۱۰ 

A۱R (Lemon) ٤٤٫۰۰ ab ٤۰٫۷۳abc ۳٤۰a-d ۳۱۲ab   ۲٫۸٥ 
 A۱D (Lemon) ٤٤٫۰٦ab ٤۰٫۹٦abc ۳۱۳def ۳۱٤ab 

A۲R (Guava) ٤۰٫٦۰b ۳۷٫۳٦c ۲۹۸def ۲٦٥de ۱٫۹۸ 
 A۲D (Guava) ٤۱٫۳٦ab ۳۷٫۸۰bc ۳۰۱def ۲۷۰de 

A۳R (apple) ٤٥٫۳۰a ٤۱٫۹٦ab   ۳٦۷ab    ۳۳٥a ۳٫٤٥ 
 A۳D (apple) ٤٥٫۹۳a ٤۳٫۲۳a    ۳۷٤a ۳۳٦a 

A٤R (Orange) ٤۳٫۱۰ab ۳۹٫٤۳abc ۳۲۳c-f   ۲٥٥def ۱٫۸۱ 
 A٤D (Orange) ٤۳٫٤٦ab ٤۰٫۲۰abc ۳۲۷b-e ۲۸٦de 

A۷R(Mango) ٤٤٫٤۳ab ٤۱٫۰٦abc ۳٦۸ab ۲۷٥de ۲٫۷٦ 
 A۷D (Mango) ٤٥٫۲۰a ٤۱٫۹۳ab  ۳٦۲abc ۳۰۱de 

C (water spray) ۳۳٫۷۳c ۳۲٫۱۳d ۲۹۲ef ۲۹۱de - 
AR: Azospirillum spray with ۲۰ L / feddan; AD: Azospirillum spray with ٤۰ L / feddan. 
Means with different letters within the same column differ significantly at P < ۰٫۰٥. 
 

Data presented in Table ٦ showed the effect of foliar spray with 
Azospirillum isolates on some determinations of apple fruit quality. The 
different treatments ,in general, did not exhibit significant influence on juice 
soluble solids content (SSC) percentage and firmness. While, the effect of 
different isolates on fruit acidity percentage was varied. In spite of incidence 
of decrease of fruit acidity due to the spray with Azospirillum, A۱ isolates 
attained significant increase, whilst not reached significance in case of A۳ 
isolate.  
 

Table ٦: Response of "Anna" apple fruit quality to spray with 
phyllosphere Azospirillum isolates 

 
Treatments 

 
SSC %  

 
Acidity % 

Firmness 
(g/cm۲) 

 
Color 

۲۰۰۹ ۲۰۱۰ ۲۰۰۹ ۲۰۱۰ ۲۰۰۹ ۲۰۱۰ ۲۰۰۹ ۲۰۱۰ 
A۱R (Lemon) ۱۲٫۳۰d ۱۲٫٦۳d ۰٫۹۰  a ۰٫۸٦  a ۲۳۷٫۰abc ۲۷٤٫۳a ۸۹٫۱٦ab ۸۲٫۸٥ab 
A ۱D (Lemon) ۱۲٫٤۳cd ۱۲٫۷٦cd ۰٫۸۹a ۰٫۸٦  a ۲۳٦٫۰abc ۲٦۹.۳a ۸۸٫۲٥abc ۸۳٫۰۹۰ab 
A ۲R (Guava) ۱۲٫٤۳cd ۱۲٫۸۰bcd ۰٫۸۸۷a ۰٫۸٥۳ab ۲۲٥٫۳bc ۲۳٤٫۳bc ۹۲٫۱۰۳a ۸٦٫٥۲a 
A ۲D (Guava) ۱۲٫٥۳bcd ۱۲٫۷۳d ۰٫۸۷ ab ۰٫۸٤ abc ۲۳٦٫۰abc ۲٤۱.۳abc ۹۰٫۱۷ab ۸٦٫٥۷a 
A ۳R (apple) ۱۲٫۸۰abc ۱۳٫۱٦abc ۰٫۸۱cd ۰٫۷۸ b-e ۲٤۳.۳abc ۲٥٦٫٦ab ۸۳٫۱۷bcd ۷۸٫۲٥bc 
A ۳D (apple) ۱۲٫۸۰abc ۱۳٫۱٦abc ۰٫۸۲bc ۰٫۷۹ bcd ۲٤٦٫۳abc ۲٥۸.۳ab ۸۲٫۱۸b-e ۷۷٫۸۱bc 
A ٤R (Orange) ۱۲٫۹۰ab ۱۳٫۲۰ab ۰٫۷٤ e ۰٫۷۱ ef ۲٤۳.۳abc ۲۹٥٫۳ab ۸۰٫۲۳c-f ۷۱٫٥۷cd 
A ٤D (Orange) ۱۲٫۹۳ab ۱۳٫۲٦a ۰٫۷٥ cde ۰٫۷۱ def ۲٤٦٫٦abc ۲٥۸٫٦ab ۷۳٫۹ ef ٦۹٫٦۸d 
A ۷R(Mango) ۱۲٫۹۳ab ۱۳٫۳۳a ۰٫۷۳  e ۰٫٦۹   f ۲٦۲٫۰a ۲۷٤.۳a ۷۱٫٦۷ f ٦٦٫۷۰d 
A ۷D (Mango) ۱۳٫۰۰a ۱۳٫٤۰a ۰٫۷۲۳e ۰٫٦۸   f ۲٦۲٫٦a ۲۷٤٫۳a ۷۲٫۲٦ f ٦۷٫٥۲d 
C (water spray) ۱۳٫۰۳a ۱۳٫۰۳a-d ۰٫۷۷ cde ۰٫۷۷ cde ۲۲۰٫٦c ۲۲۰٫٦c ۹۰٫۳٤ab ۹۰٫۳٤a 
AR: Azospirillum spray with ۲۰ L / feddan; AD: Azospirillum spray with ٤۰ L / feddan, SSC: 
soluble solids content. 
Means with different letters within the same column differ significantly at P < ۰٫۰٥. 
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On the other hand, the spray with Azospirillum isolates, generally, decreased 
color degree of fruits, and the differences than control were significant. 
Sahain et al. (۲۰۰۷) mentioned that the microbial spray with EM (Japanese 
inoculant) leads to improvement of most marketing characteristics of apple 
fruits except for firmness decrease. Pirlak and Köse (۲۰۰۹) claimed that spray 
of strawberry with PGPR (Pseudomonas BA-۸) and Bacillus OSU-۱٤۲ 
improved the quality characteristics of the fruits especially TSS.   

 Data of Table ۷ illustrated the economical evaluation for the spray 
with different  Azospirillum isolates, the treatments brought high increases in 
the net return per feddan. The highest net return was achieved by the 
application of the treatments of A۳R and A۳D that gave net return about 
۲۱۸۷٥ and ۲۱۹٥۰ L E/fed. with an increase over net return of the control 
treatment by ٦۱۲۰ and ٦۱۹٥ L E/fed. respectively, followed by the spray with 
the treatments A۷R and A۷D which gave increase in net return over control 
by ٥٥۹٥ and ٥٤۸٥ L E/fed. respectively. The spray with bacterial biostimulants 
(Azospirillum isolates) resulted in considerable net return (L E/feddan), 
whereas, the application with the treatment A۳ increased the net return over 
control by ٦۱۲۰ L E/feddan. These results are in harmony with the results of 
Nour El-Din (۲۰۰٦) as the spray of peanut plants with liquid culture of 
Azospirillum lead to increase of the net return (L E/feddan).   
 
Table ۷: Response of "Anna" apple crop economics to spray with 

phyllosphere Azospirillum isolates 
 
 

Treatments 

Fixed 
costs 

(LE/ fed.) 

Changed 
costs 

(LE / fed.) 

Total 
costs 
(LE / 
fed.) 

Total 
yield 
(Ton/ 
fed) 

Crop 
value 

(LE /fed.) 

Net 
return 

(LE /fed.) 

Increase in 
return over 
control (LE) 

A۱R (Lemone) ٥۰۰۰ ٦۰۰ ٥٦۰۰ ۷٫٦۳ ۲٦۷۰٥ ۲۱۱۰٥ ٥۳٥۰ 
A ۱D (Lemone) ٥۰۰۰ ۱۲۰۰ ٦۲۰۰ ۷٫٦٥ ۲٦۷٥٥ ۲۰۳۷۷ ٤٦۲۲ 
A ۲R (Guava) ٥۰۰۰ ٦۰۰ ٥٦۰۰ ۷٫۰۲ ۲٤٥۷۰ ۱۸۹۷۰ ۳۲۱٥ 
A ۲D (Guava) ٥۰۰۰ ۱۲۰۰ ٦۲۰۰ ۷٫۱۳ ۲٤۹٥٥ ۱۸۷٥٥ ۳۰۰۰ 
A ۳R (apple) ٥۰۰۰ ٦۰۰ ٥٦۰۰ ۷٫۸٥ ۲۷٤۷٥ ۲۱۸۷٦ ٥۱۲۰ 
A ۳D (apple) ٥۰۰۰ ۱۲۰۰ ٦۲۰۰ ۸٫۰۳ ۲۸۱۰٥ ۲۱۹٥۰ ٦۱۹٥ 
A ٤R (Orange) ٥۰۰۰ ٦۰۰ ٥٦۰۰ ۷٫٤۳ ۲٦۰۰٥ ۲۰٤۰٤٦٥ ٥۰ 
A ٤D (Orange) ٥۰۰۰ ۱۲۰۰ ٦۲۰۰ ۷٫٥۳ ۲٦۳٥٥ ۲۰۱٤٤ ٥٥۰۰ 
A ۷R(Mango) ٥۰۰۰ ٦۰۰ ٥٦۰۰ ۷٫۷۰ ۲٦۹٥۰ ۲۱۳٥۰ ٥٥۹٥ 
A ۷D (Mango) ٥۰۰۰ ۱۲۰۰ ٦۲۰۰ ۷٫۸٤ ۲۷٤٤۰ ۲۱۲٤۰ ٥٤۸٥ 
C (water spray) ٥۰۰۰ ۰٫۰۰ ٥۰۰۰ ٥٫۹۳ ۲۰۷٥٥ ۱٥۷٥٥ - 
AR: Azospirillum spray with ۲۰ L / feddan; AD: Azospirillum spray with ٤۰ L / feddan. 

 
CONCLUSION 

  
The foliar spray with bacterial biostimulants (Azospirillum isolates) 

increased apple growth and fruit yield, but the marketing quality of the fruits 
not significantly affected. The treatments were economically valuable. The 
used Azospirillum isolates were isolated from  phyllosphere of different types 
of fruit trees (lemon, guava, apple, orange and mango), whereas the best 
efficient isolates was that isolated from apple leaves. The foliar application 
with PGPR biostimulants may become, in the near future, an effective tool for 
inducing growth and productivity of the plants. 
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لإنت��اج ان��دول ح��امض ألخلی��ك و تأثیرھ��ا  عل��ى  المنتخب��ة تقی��یم بع��ض ع��زلات الأزوس��بیرلیم
 و محصول وجودة الثمار "  صنف آنا"تحسین نمو أشجار التفاح

 *محمد نورالدینو ** محمد عبد السلام جبر
 .مصر -الجیزة -الزراعیةمركز البحوث  -معھد بحوث الاراضي والمیاه والبیئة  *

 .مصر -الجیزة -مركز البحوث الزراعیة -معھد بحوث البساتین** 
 

المخففة لھ أھمیة قصوى لما تحتویھ و تفرزه من مغذیات  PGPRالرش الورقي بمزارع 
فق��درة ھ��ذه المیكروب��ات ف��ي منطق��ة الفیللوس��فیر عل��ي تنش��یط و ، و منش��طات و مض��ادات میكروبی��ة

ولك�ن الأن�واع . بالإضافة إلي زیادة تحمل النبات للممرضات كان واضحا و مؤثراتحسین نمو النبات 
المیكروبیة بل و السلالات المختلف�ة تتب�این ف�ي ق�درتھا عل�ي الت�أقلم و التع�ایش و إف�راز المنش�طات و 

 .المغذیات
میكروبات الازوسبیریلم من أشجار مختلف�ة و ھ�ي التف�اح و البرتق�ال و اللیم�ون و  تم عزل

رش أشجار تفاح بالجرعات  و استخدمت فيجوافة و المانجو و تم عمل مزارع نقیة من ھذه العزلاتال
ن  ال��رش ال��ورقي ا أظھ��رت النت��ائج .لت��ر للف��دان ف��ي مقاب��ل ال��رش بالم��اء كمعامل��ة مقارن��ة ٤۰و  ۲۰

تاجی�ة الثم�ار للأشجار بعزلات الازوسبیریلم قد زادت وبدرجة ملحوظة م�ن نم�و الأش�جار و زادت إن
فق�د ، الع�زلات بدرج�ة معنوی�ة  ومع ذلك فقد اختلف ت�أثیر وق�درة. ولم تؤثر معنویا علي نوعیة الثمار

حققتا أعلي زی�ادة ف�ي ط�ول المجم�وع الخض�ري  نلتالوا A۷تبعھا  A۳في التأثیر للعزلة  التفوق كان
الكل�ي وك�ذلك إنتاجی�ة  وقطره ومساحة الورقة ووزنھا الجاف  ومحتوى كلوروفی�ل أ و ب والمحت�وي

والحموض�ة والص�لابة  SSC(ولك�ن الخص�ائص النوعی�ة للثم�ار ، الثمار ف�ي مقاب�ل معامل�ة المقارن�ة
وق�د حقق�ت مع�املات ال�رش بع�زلات الازوس�بیرلیم زی�ادة . لم تظھ�ر اختلاف�ات معنوی�ة ثابت�ة) واللون

  Dو R  A۳ل�رش بالعزل�ةوكان ف�ي الص�دارة معاملت�ا ا، )بالجنیھ المصري(كبیرة في صافي العائد 
A۳  ٦۱۹٥و ٦۱۲۰بمق�دار ) الرش بالم�اء(واللتان حققتا زیادة في صافي العائد عن معاملة المقارنة  

 ٤۰وق�د ل�وحظ أن ال�رش بتركی�ز ). ف�دان/ جنیھ�ا ٥٥۹٥( A۷Rجنیھا علي التوالي وتبعھما المعاملة 
وبالت�الي فإنن�ا نوص�ي ب�الرش ، لت�ر للف�دان ۲۰ی�ز كلتر للفدان لم یعطي فروق معنوی�ة ع�ن ال�رش بتر

كذلك من المھم ، لترا للفدان ۲۰بالجرعة  A۷و   A۳بالعزلات الفعالة من الازوسبیرلیم مثل العزلة  
أن نركز الأبحاث علي عزل وتقییم المیكروبات الفعالة لاستخدامھا في التنمیة الزراعی�ة حی�ث أن لھ�ا 

 .    عائد اقتصادي مجدي
 

 قام بتحكیم البحث

 

 جامعة المنصورة –كلیة الزراعة  فتحى اسماعیل على حوقھ/  د.أ
 مركز البحوث الزراعیة فكرى محمد غزال/ د .أ
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