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ABSTRACT 

 
Many synthetic biostimulants containing amino acids, macro- and micro-

elements, humic acids and, sometimes, algae extracts have been used effectively for 
stimulating and increasing of fruit trees yield. The foliar spray with some PGPR (plant 
growth promoting rhizobacteria) has proved high potentiality in stimulating and 
increasing plant yield. The current study is concerned with the use of some PGPR 
types (Azospirillum brasilense, Pseudomonas fluorescens and Bacillis polymyxa) as 
an alternative to some commercial synthetic biostimulants i. e. Jisamar (J) and Furdos 
(F) in stimulating and improving yield of "Anna" apple trees. 

The study field of apple trees (eight years old) was chosen at El-Bostan area, 
El-Behira Governorate, Egypt. The trees were sprayed twice with the different 
stimulators, the first was at fruit set and the second was done after ۳۰ days from fruit 
set. The control trees were sprayed with water. 

The microorganisms which were used for spray were counted in the plant 
phyllosphere and they showed heavy increase in the phyllosphere of the treated 
plants. The spray with the synthetic biostimulants showed remarkable improvement to 
the plant morphological characteristics, e. g. shoot length, shoot diameter, leaf area, 
leaf dry weight and leaf content of chlorophyll a, b and total chlorophyll. While, specific 
leaf weight (SLW) did not significantly change. Likewise, the spray with bacterial 
biostimulants proved similar potentiality as synthetic ones, and even, sometimes, 
surpassed them. The spray with Azospirillum brasilense gave the highest fruit yield; 
٤٥٫۱ and ٤۱٫۲ kg/tree versus ۳۳٫٥ and ۳۲٫۰ kg/tree for control treatment in ۲۰۰۹ and 
۲۰۱۰ seasons, respectively. The spray with Jisamar and Furdos gave ۳۷٫٤ and ۳۳٫۲ 
kg/tree and ۳٦٫٥ and ۳٤٫۷ kg/tree, respectively. The experimental treatments, raised 
the net return (£E/feddan) over that of control. Azospirillum brasilense spray attained 
the highest net return i. e. ۲۱٥۹٥ versus ۱٦٦٦۰, ۱٦۸۷۰ and ۱٥٦٥۰     £E/feddan for 
treatments of Jisamar, Fordose and control, respectively. Therefore, the substitution 
of synthetic biostimulant products with biological ones may be suitable for improving 
the plant growth, increasing productivity and raising the net return per feddan of Anna  
apple  trees. 

 
INTRODUCTION 

 
The overwhelming increase of population and exacerbate of poverty 

and hungry problems in the world needs hard and continuous work to 
increase agricultural productivity. For a lot of reasons, horizontal expansion of 
agriculture represent a difficult equation for many countries of the world, 
therefore the vertical increase in plant productivity is the suitable solution.  

Despite the balanced plant nutrition is of great importance for plant 
productivity, the application of some synthetic stimulants had the positive and 
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effective influence in increasing plant growth and productivity. Many of these 
stimulants contain amino acids, vitamins, humic acids, sea weeds extracts, 
plant phytohormones and sometimes microelements (Ferrini and Nicese, 
۲۰۰۲). Spinelli et al. (۲۰۱۰) treated the strawberry with "Actiwave" which is a 
product derived from the algae Ascophyllum nodosum. Spray with "Actiwave" 
enhanced the tree growth and yield and had a significant effect on reducing 
the negative effect of alternative bearing. They claimed that the biostimulant 
Actiwave may represent a promising strategy to reduce the use of 
phytochemicals in agriculture. They indicated that Actiwave application as a 
spray to the strawberry increased the mineral nutrient uptake, chlorophyll 
content and the abiotic stress tolerance. 

Other authors found significant increase in plant growth and 
productivity due to spray with different types of PGPR cultures. Karakurt and 
Aslantas (۲۰۱۰) demonstrated that the spray of apple tree with some PGPR 
(Bacillus subtilis OUS-۱٤۲ and Pseudomonas putida BA-۸) enhanced tree 
growth and nutrient uptake. Erturk et al. (۲۰۱۱) observed that spray of 
hazelnut seedlings with B. lentus, B. atrophaeus and other types of PGPR 
significantly increased the plant growth parameters. The foliar spray of apple 
trees with three Bacillus sp. was also found by Ryu et al. (۲۰۱۱) to increase 
tree growth, fruit yield and quality. 

The PGPR had multi-mechanisms for enhancing plant growth such as 
fixing atmospheric nitrogen (Saharan and Nehra, ۲۰۱۱); facilitate nutrient 
uptake (Martinez-Viveros et al., ۲۰۱۰); solubilizing phosphates (Oliveira et al., 
۲۰۰۹); producing plant phytohormones (Spaepen et al., ۲۰۰۸); regulate plant 
ethylene level (Govidasamy et al., ۲۰۰۸); resist plant pathogens (Van Loon, 
۲۰۰۷) and produce antibiotics which reflected on plant growth, yield and 
quality (Esitken, ۲۰۱۱). 

Therefore, the present investigation aimed to study the significance of 
spray of apple trees with some PGPR bacterial biostimulants as an 
alternative to synthetic biostimulants i. e. Jisamar and Furdose.  

 
MATERIALS AND METHODS 

 
Materials: 
Microbial media: 
۱- 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. 

۲- Bacillus: N-deficient medium for Bacilli (Hino and Wilson, ۱۹٥۸) was 
composed of solution A: It contains (g/٥۰۰ ml distilled water): MgSO٤. 
۷H۲O, ۰٫٥; Sucrose, ۲۰٫۰; NaCl, ۰٫۰۱; FeSO٤,۰٫۰۲; Na۲MoO٤.۲H۲O,  
۰٫۰۰٥; CaCO۳, ۰٫۲ and solution B which contains   Para amino benzoic 
acid, ۱۰ µg; Biotin, ٥ µg ; K۲HPO٦٫ ,٤۸۱ g ; KH۲PO٤, ۱٫٤۳ g ; distilled 
water ٥۰۰ ml. The two solutions were mixed after autoclaving at ۱٫٥ atm. 
for ۱٥ minutes. 

 ٥۰ 
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۳- Pseudomonas: King s medium (King et al., ۱۹٥٤) was composed of 
(g/liter distilled water): sucrose, ۲۰٫۰ g ; peptone, ٥٫۰ g ;  K۲HPO٤, ۰٫٥ g ; 
Agar , ۲۰٫۰ g ; distilled water ۱۰۰۰ ml, pH, ۷٫۲ (۰٫۱N KOH).  

Jisamar: is a commercial synthetic biostimulant contains seaweed extract 
(۲۰٫٥٪), free amino acids (٦٫٥٪), total nitrogen (٥٫۸٪), 
phosphorus (۳٪), boron (۰٫۱۷٪) and potassium (٤٫٦٪). 

Furdose: : is a commercial synthetic biostimulant contains humic and vulvic 
acids (۲۲٪), natural and organic substances (٤۰٪), free amino 
acids (۱٤٫٦٪), N, (٤٫٥٪), P (۳٫۸), K (٥٪), Ca (۰٫٤٪), Mg (۰٫٤٪), Fe 
(۰٫۱٪), Mn (۱٥ ppm), Zn (۲۰ ppm), Cu (۱٥ ppm).  

 
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. Drip fertigation system was applied 
for irrigation and fertilization. The experimental soil analysis is shown below 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 ۱٫۱۷ 
Cations (mg./L) Anions (mg./L) Macro-nutrient (ppm) 
Na+ Ca++ Mg++ CO۳

-- HCO۳
- Cl- SO٤

-- N P K 
٥٫۸۹ ۱۰٫٤۲ ۳٫۹۱ - ۱٫۳۷ ۱۲٫٤۱ ٦٫۷۲ ۱۳۹ ۷ ۸٦ 

 
Methods: 

Treatments were 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.  

All trees were subjected with common regional horticultural practices, 
while treatments were applied as follows: 
(A): Trees were sprayed with a suspension of Azospirillum brasilense. 
(P): Trees were sprayed with a suspension of Pseudomonas fluorescens. 
(B): Trees were sprayed with a suspension of Bacillus polymyxa 
(J): Trees were sprayed with a suspension of Jisamar. 
(F): Trees were sprayed with a suspension of Furdose. 
(A+J): Trees were sprayed with a suspension of Azospirillum brasilense and 

Jisamar. 
(A+F): Trees were sprayed with a suspension of Azospirillum brasilense and 

Furdose. 
(P+J): Trees were sprayed with a suspension of Pseudomonas fluorescens 

and Jisamar 
(P+F): Trees were sprayed with a suspension of Pseudomonas fluorescens 

and Furdose. 
(B+J): Trees were sprayed with a suspension of Bacillus polymyxa and 

Jisamar. 

 
 

٥۱ 
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(B+F): Trees were sprayed with a suspension of Bacillus polymyxa and 
Furdose. 

(M): Trees were sprayed with a suspension of the bacterial mixture. 
(M+J): Trees were sprayed with a suspension of the bacterial mixture and 

Jisamar. 
(M+F): Trees were sprayed with a suspension of the bacterial mixture   and 

Furdose.  
(C): Control trees sprayed with tap water 
 

The Microbial inoculants were prepared and provided by Biofertilizers 
Production Unit, Soil, Water and Environment Research Institute, ARC, 
Egypt. Bacterial suspensions were diluted by mixing of ٤۰۰ ml of bacterial 
stocks with ۹ L of water per ۳ trees of each treatment. Each of the used 
bacterial species was grown on its specific medium. Bacillus polymyxa was 
grown up on liquid medium of Hino and Wilson (۱۹٥۸) for ۳ days at ۳۰οC. 
Azospirillum brasilense was grown up for ۳ days at ۳۰οC on semi solid 
Döbereiner medium (Döbereiner et al., ۱۹۷٦) and Pseudomonas fluorescense 
was grown up for ۳ days at ۳۰οC on King s medium (King et al., ۱۹٥٤). Each 
tree was sprayed twice, at fruit sitting and ۳۰ days later for both seasons. 
Viable counts of P. fluorescense, A. brasilense and B. polymyxa: 

P. fluorescense, A. brasilense and B. polymyxa viable count in the 
phylosphere of apple tree were determined, ۳۰ days before fruit maturity at 
the second season, using respective media.  
Estimation of plant growth promoting substances by bacteria: 

Bacterial strains were tested for their capability to produce indole acetic 
acid (IAA) (Bric et al., ۱۹۹۱), were grown on Tryptone Soya Agar Medium 
(TSA) (Difco, ۱۹۸٤). Quantitative determination of IAA was performed 
according to Glickmann and Dessoux (۱۹۹٥). Total gibberellins were 
measured by the procedure of Udagwa and Kinoshita (۱۹٦۱).  

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 weighted to get dry weight (mg.) and then specific leaf weight 
(SLW) was calculated as (mg /cm۲) according to Ferree and Forshey (۱۹۸۸). 

 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) while results were presented as (mg /cm۲). 

Fruits were picked at maturity stage and weighted 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 

 ٥۲ 
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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). 
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 

 
The synthetic and/or bacterial biostimulants foliar spray treatments 

had an effective role in increasing shoot length of apple trees (Table ۲). At 
the first season, Jisamar treatment attained the highest and significant 
increase (٦٤٫۸۳ cm) followed by the treatment of P. fluorescens which gave,  
a significant increase of ٦٤٫٦۳ cm compared to water spray (control) 
treatment (٥٦٫۳٦ cm). The second season trend was similar to that of the first 
one. The studied treatments exhibited not significant increments in shoot 
diameter. The spray with Furdose, Jisamar and bacterial inoculants and their 
mixtures with PGPR biostimulants had a great effect in increasing leaf area 
and dry weight. In most cases, the treatments achieved consistent, 
remarkable and significant increases over control. Specific leaf weight (SLW) 
data did not show significant differences. 

Spray of fruit trees with compounds containing amino acids, plant 
phytohormones, humate, N,P,K and some microelements contribute in 
improving tree growth, promote flowering process and fruit setting, which 
consequently, reflected positively on the fruit yield (Eissa, ۲۰۰۳). Likewise, 
foliar application with some PGPR types (Azotobacter chroococcum) gave 
results similar to the action of these treatments (Nour El-Din, ۲۰۰٦). The 
results of the present study showed that foliar spray with some synthetic plant 
stimulants (Furdose and Jisamar) which contain sea weeds extracts, amino 
acids, low percentages of N, P and K with microelements had the positive 
effect on shoot length, stem diameter, leaf area and leaf dry weight. The 
spray with the varied PGPR types alone or mixed with the synthetic 
biostimulants, similarly, increased these characteristics of apple trees, in 
some cases surpassed synthetic ones. This promoting influence is attributed 
to the plant phytohormones, amino acids, vitamins and macro and 
microelements contained in bacterial biostimulants. Fathi et al. (۲۰۰۲) found 
that spray with GA۳, K-humate and ascorbic acid significantly increased 
shoot length, leaf area of "Desert Red" peach and increased leaf area and 
leaf dry weight of "Anna" apple. Esitken et al. (۲۰۰٤), also, reported that spray 

 
 

٥۳ 
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with Bacillus OSU۱٤۲ at full bloom, ۳۰ and ٦۰ days after blooming increased 
shoot length and growth of apricot tree especially when sprayed at full bloom.  
 
Table ۲: Effect of spray with some synthetic  and some bacterial 

biostimulants (PGPR cultures) on "Anna" apple vegetative 
characteristics 

 
Treatments 

Shoot 
length (cm) 

Shoot  
Diameter 

(cm) 

Leaf dry 
weight (g) 

Leaf area 
(cm۲) 

(SLW) 
(mg cm۲) 

۲۰۰۹ ۲۰۱۰ ۲۰۰۹ ۲۰۱۰ ۲۰۰۹ ۲۰۱۰ ۲۰۰۹ ۲۰۱۰ ۲۰۰۹ ۲۰۱۰ 
A ٦۱٫۲ 

abc 
٥۸٫٤۳ 
abc 

۱٫٥۹  
ab 

۱٫٥۳ 
ab 

۰٫۳۷۰ 
bcd 

۰٫۳٤۳ 
abc 

۳۳٫۹۳ 
abc 

۳۰٫٦۳ 
bcd 

۱۰٫۸٤ 
bcd 

۱۱٫۱٦ 
b-e 

A+J ٥۷٫٥٦
bc 

٥٥٫٥۷c ۱٫٦۲ 
ab 

۱٫٥۷ 
ab 

۰٫۳٦۳c
d 

۰٫۳۳۳b
c 

۳٤٫۸ 
abc 

۳۲٫٤۳a
bc 

۱۰٫۳۸d ۱۰٫۳۷d
-e 

A+F ٦۰٫۱٦
abc 

٥۷٫۱۷b
c 

۱٫٦۹ 
ab 

۱٫٥۷ 
ab 

۰٫۳۹ 
abc 

۰٫۳۷۷a
b 

۳۷٫۰٦a ۳٤٫۱۳a
b 

۱۰٫٦٦c
d 

۱۰٫۸٦b
e 

B ٦۱٫۹۳
ab 

٥۳٫۷۳a
bc 

۱٫۷٥ a ۱٫٦٤ a ۰٫۳٤۷d ۰٫۳۲۰c
d 

۳۲٫۲۳a
-d 

۲۸٫۷۳c
-f 

۱۰٫۷۱c
d 

۱۱٫۱۱b
-e 

B+J ٥٦٫۱ c ٥۷٫٤۷b
c 

۱٫٦۳ 
ab 

۱٫٥۱ 
ab 

۰٫۳٤۷d ۰٫۳۱۷c
d 

۳۱٫٤٦a
-d 

۲۸٫۷۳c
-f 

۱۱٫۰۰b
cd 

۱۰٫۰۹e 

B+F ٦۱٫۰٦
abc 

٥٥٫٤۳c ۱٫٦۹ 
ab 

۱٫٥٦ 
ab 

۰٫۳۹ 
abc 

۰٫۳۷۳a
b 

۳۱٫۷ a-
d 

۲۹٫۳ b-
e 

۱۲٫۰٤a
d 

۱۲٫۸۸a
bc 

P ٦٤٫٦۳
a 

٦۰٫۸ 
ab 

۱٫٦٦ 
ab 

۱٫٥۷ 
ab 

۰٫۳۹۷a
bc 

۰٫۳۷۰a
b 

۳٥٫۹٦a ۳٦٫۰۷a ۱۱٫۲٤b
cd 

۱۰٫۳٤d
e 

P+J ٦۰٫۲ 
abc 

٥٦٫٦۷b
c 

۱٫۷۳ 
ab 

۱.٦۰ a ۰٫۳۷۰b
cd 

۰٫۳٥۰a
bc 

۳٦٫۱ a ۳۳٫۱۰a
bc 

۱۰٫۲۹d ۱۰٫٥٦c
de 

P+F ٦۱٫٦ 
abc 

٥٥٫۸۳c ۱٫٦٥ 
ab 

۱٫٥۲ 
ab 

۰٫٤۱۰a
b 

۰٫۳۸۷a ۳٥٫۲٦a
b 

۳٥٫٥۷a ۱۱٫۷۰b
cd 

۱۰٫۹۱b
-e 

M ٥۸٫٥۳
bc 

٥٤٫۲ c ۱٫٥۸ 
ab 

۱٫٥ ab ۰٫۳۳۷d
e 

۰٫۳۰ 
cd 

۲٦٫۳ 
de 

۲٤٫۰ fg ۱۲٫۸٤a
bc 

۱۲٫۹٥a
bc 

M+J ٥۷٫٦۳
bc 

٥٥٫۰ c ۱٫٥۸۰a
b 

۱٫٤٦ 
ab 

۰٫۳٤۳d
e 

۰٫۳۱۷c
d 

۲٦٫٥۳d
e 

۲٤٫۱۷f
g 

۱۲٫۹۷a
bc 

۱۳٫۰۱a
b 

M+F ٥۸٫۱٦
bc 

٥٥٫۸ c ۱٫٦۳ 
ab 

۱٫٥٥ 
ab 

۰٫۳٤۷d ۰٫۳۲۰c
d 

۲٦٫٦۳d
e 

۲٤٫۳۷e
fg 

۱۳٫۱۰ 
a b 

۱۳٫۱۷a
b 

J ٦٤٫۸۳
a 

٥۷٫۳ 
bc 

۱٫٦۹ 
ab 

۱٫٥٦ 
ab 

۰٫٤۱۷a ۰٫۳۳۳b
c 

۲۹٫۰٦c
de 

۲٦٫۱۳d
-g 

۱٤٫۳۷a ۱۲٫۷۸a
bc 

F ٦۰٫٤ 
abc 

٦۱٫۹۷a ۱٫٦٦ 
ab 

۱٫٦۲ a ۰.۳٦ 
cd 

۰٫۳۸ a ۲۹٫۲ 
bc 

۲٦٫۹۳d
-g 

۱۲٫٤٤ 
a-d 

۱٤٫٤۲a 

C ٥٦٫۳٦
bc 

٥۳٫۹۷c ۱٫٥۳ 
ab 

۱٫٤۰ b ۰٫۳۰۳e ۰٫۲۸۳d ۲٤٫٤٦e ۲۲٫۳ g ۱۲٫۰٥ 
a-d 

۱۲٫٥٥a
-d 

*J: Jisamar; F: Furdos; A: Azospirillum brasilense; B: Bacillus polymyxa; P: 
Pseudomonas fluorescens; M: microbial mixture, SLW : Specific leaf weight.  
**Means with different letters within the same column differ significantly at P < ۰٫۰٥. 
  

The results presented in Table ۳ showed an increase in chlorophyll 
content of leaf as a result of treatment with Jisamar and Furdos synthetic 
biostimulants as will as spray with PGPR biostimulants. The first season 
results showed significant increments in chlorophyll a resulted from spray 
with each of A. brasilense, B. polymyxa and P. fluorescens alone, while, the 
mixture of them did not give significant difference. However, a significant 
increase was observed due to application with Furdose compared to control. 

 ٥٤ 
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The treatment with P. fluorescens + Jisamar recorded ٥٫۰٤ and ٤٫۸۹ mg/cm۲ 
at first and second seasons, respectively. The trend of the second season 
results was similar to that of the first one. The spray with PGPR bacteria as 
will as PGPR with F or J potentially increased fruit production per tree, The 
spray with Azospirillum brasilense culture gave the highest results for both 
studied seasons, which attained ٤٥٫۱٦ and ٤۱٫۲۰ kg/tree at ۲۰۰۹ and ۲۰۱۰ 
seasons, respectively, followed by the spray with Azospirillum brasilense + 
Jisamar which achieved production averaged ٤۳٫۸٦ and ٤۰.۷۳ kg/tree for both 
seasons compared to ۳۳٫٥۳ and ۳۲٫۰۷ kg/tree for control treatment at the 
seasons ۲۰۰۹ and ۲۰۱۰, respectively. The differences than control were 
significant. Likewise, number of fruits per tree was positively affected by the 
different spray treatments, although, the most differences were not significant 
except the treatment of spray with Azospirillum brasilense or Azospirillum 
brasilense with F or J as will as B. polymyxa or B. polymyxa with F or J which 
attained significant differences at both seasons. The treatment of Azospirillum 
brasilense spray recorded the highest fruit number / tree at ۲۰۰۹ and ۲۰۱۰ 
seasons (۳٤٦٫۳ and ۳۱٤٫۰, respectively). 
 The increase of leaves chlorophyll content resulted from spray with 
synthetic or bacterial biostimulants is due to the stimulation and nutrientive 
effect on the plant. Gisamar and Furdose contains nutrients and stimulating 
compounds like short chain amino acids, plant phytohormones, vitamins and 
some macro- and micro-elements. Maini (۲۰۰۰) reported that the 
biostimulants (Siapton) which based on short chain amino acids increased 
the chlorophyll content for wheat plant. Also, Ferrini and Nicese (۲۰۰۲) 
sprayed Oak plants with two types of biostimulants; WPth which composed of 
humic acid, seaweeds extract, Yucca extracts, vitamins and nitrogen fixing 
bacteria, and DPTM compound which composed of indo and ecto mycorrhiza, 
biostimulant bacteria, humic acids, carbohydrate, vitamins and Yucca extract. 
They claimed that photosynthesis and chlorophyll content were enhanced. 
The spray with Furdose and Jisamar, in the present study, stimulated the 
growth and increased fruit yield, but the spray with bacterial biostimulants had 
a strong influence than the synthetic biostimulants, and the treatment of 
Azospirillum brasilense foliar spray was the best in this concern. The 
mechanisms of bacterial biostimulants action may be summarized as follow:  

۱- Increase of number and size of plant cells due to the function of plant 
phytohormones like IAA, cytokinens and gebrillins (Iqbal et al., ۲۰۱۱). 

۲- The polyamines contained in the synthetic biostimulants and these 
released by bacterial biostimulants regulate many growth processes; 
differentiation, formation of embryo, setting and ripening of fruits 
(Taha and Eid, ۲۰۱۱). 

۳- Stimulate production of antioxidants, therefore, decrease free 
radicals or reactive oxygen molecules leads to improvement of plant 
growth especially at biotic and abiotic stress like salinity, dryness 
and high exposure to UV. Most importantly, they provide essential 
information on cellular redox state, and regulate gene expression 
associated with biotic and abiotic stress responses to optimize 
defense and survival (Shao et al., ۲۰۰۸). 
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٤- These stimulants contained some macro and micro-elements which 
enhance plant growth (Maini, ۲۰۰۰). 

٥- The bacterial biostimulants release plant phytohormones, amino 
acids, antioxidants, siderofores and antibiotics in addition to fixing 
atmospheric nitrogen in the rhizosphere or phyllosphere (Martinez-
Viveros et al., ۲۰۱۰). 

 
Table ۳: Effect of spray with some synthetic and some bacterial 

biostimulants (PGPR cultures) on chlorophyll content and 
fruit yield of "Anna" apple trees 

 
 

Treatments 

Chlorophyll a 
(mg/cm۲) 

Chlorophyll b 
(mg/cm۲) 

Total 
chlorophyll 

(mg/cm۲) 

Fruit weight 
(Kg/tree) 

Fruit number 

۲۰۰۹ ۲۰۱۰ ۲۰۰۹ ۲۰۱۰ ۲۰۰۹ ۲۰۱۰ ۲۰۰۹ ۲۰۱۰ ۲۰۰۹ ۲۰۱۰ 
A ٤٫٦٤   

cd 
٤٫٤٤   
cd 

۲٫٥٦   
ab 

۲٫٤۲   
ab 

۷٫۲۰ 
bc 

٦٫۸٦ 
cde 

٤٥٫۱٦  
a 

٤۱٫۲۰  
a 

۳٤٦٫۳a ۳۱٤٫۰  
a 

A+J ٤٫٦۹ 
bcd 

٤٫٥۲   
bc 

۲٫٥۱   
ab 

۲٫۳۹   
ab 

۷٫۲۰  
bc 

٦٫۹۱ 
bcd 

٤۳٫۸٦ 
ab 

٤۰٫۷۳ 
ab 

۳۳۰٫۰ 
ab 

۳۰۰٫۳ 
abc 

A+F ٤٫٥٦   
de 

٤٫۱۳ 
cde 

۲٫٤۷ 
abc 

۲٫۳۷ 
abc 

۷٫۰۳  
cd 

٦٫۷٦ 
def 

٤۲٫٤٦ 
abc 

۳۹٫۱۰ 
abc 

۳۱۲٫۰ 
abc 

۲۷٤٫۳ 
cde 

B ٤٫٤۰۷  
d-g 

٤٫۲۳   
de 

۲٫۳۲ 
bcd 

۲٫۲۰ 
bcd 

٦٫۷۳ 
def 

٦٫٤۳   
fg 

٤۲٫۹٦ 
ab 

۳۹٫٤۰ 
abc 

۳۲۷٫٦ 
ab 

۲۹۸٫۰ 
a-d 

B+J ٤٫٥٥   
de 

٤٫۳۲ 
cde 

۲٫۲۹ 
bcd 

۲٫۱۸ 
bcd 

٦٫۰۸   
c-f 

٦٫٥۰   
fg 

٤۰٫۹۳ 
a-d 

۳۷٫٥۳ 
a-d 

۳۱۸٫۳ 
abc 

۲۹٥٫۳ 
a-d 

B+F ٤٫٤٤  
def 

٤٫۲٥   
de 

۲٫۳۹    
a-d 

۲٫۲۹    
a-d 

٦٫۸٤   
c-f 

٦٫٥٤ 
efg 

٤۰٫۸۳ 
a-d 

۳۷٫۲۳ 
a-d 

۳۲۸٫۰ 
ab 

۳۰٤٫٦ 
ab 

P ٤٫۹۱ 
abc 

٤٫۷۲ 
ab 

۲٫٦۱  a ۲٫٤۹  a ۷٫٥۳ 
ab 

۷٫۲۱ 
ab 

۳۹٫۲۳b
cd 

۳٦٫۱۰b
-e 

۳۱٦٫٦a
bc 

۲۸۳٫۳b
-e 

P+J ٥٫۰٤  a ٤٫۸۹  a ۲٫٦۰  a ۲٫٤۹  a ۷٫٦٦  a ۷٫۳۹  a ۳۷٫٤ 
cde 

۳٤٫۹۷c
-f 

۳۰٦٫۳b
c 

۲۷۸٫۰ 
b-e 

P+F ٤٫۹۳ 
ab 

٤٫۷۳ 
ab 

۲٫٥۳ 
ab 

۲٫٤۲ 
ab 

۷٫٤۷ 
ab 

۷٫۱٥ 
abc 

۳۷٫۰۳c
de 

۳۳٫۹۳d
ef 

۳۲۱٫۰a
bc 

۲۹٦٫۰a
-d 

M ٤٫۱٥  g ۳٫۹٦   f ۲٫۱٦  d ۲٫۰٥  d ٦٫۳۱  g ٦٫۰۱ h ۳۳٫٤۳e ۳۰٫٥۰f ۲۸۷٫٦c ۲٦۳٫۳e 
M+J ٤٫٤۱ d-

g 
٤٫۱٦ ef ۲٫۲۰ cd ۲٫۰۹ d ٦٫٦۲ 

efg 
٦٫۲٥ 
gh 

۳۷٫۲۳c
de 

۳٤٫۳۷c
-f 

۳۰۰٫٦b
c 

۲٦۲٫۰e 

M+F ٤٫۲٥ fg ٤٫۰۷ ef ۲٫۳۲ 
bcd 

۲٫۱۹ 
bcd 

٦٫٥۷ fg ٦٫۲٦ 
gh 

۳۸٫٥b-
e 

۳٦٫۲۰b
-e 

۳۰۳٫٦b
c 

۲٦۹٫۷d
e 

J ٤٫۸۹ 
abc 

٤٫۱۷ ef ۲٫٥۳ 
ab 

۲٫٤۱ 
ab 

۷٫٤۲ 
ab 

٦٫٥۹d-
g 

۳۷٫٤cd
e 

۳۳٫۲۷d
ef 

۳۱٥٫۰a
bc 

۲۸٥٫٦a
-e 

F ٤٫٤۲۷d
-g 

٤٫۷۱ 
ab 

۲٫٥٦ 
ab 

۲٫٤۱ 
ab 

٦٫۹۳ 
cde 

۷٫۱۱ 
abc 

۳٦٫٥۳d
e 

۳٤٫۷۷c
-f 

۳۱۳٫۳a
bc 

۲۸۷٫٦a
-e 

C ٤٫۲۹ 
efg 

٤٫۰۹ ef ۲٫۲۳۰c
d 

۲٫۱٤ cd ٦٫٥۲ fg ٦٫۲۳ 
gh 

۳۳٫٥۳e ۳۲٫۰۷e
f 

۲۹۲٫۰c ۲٦٦٫۰e 

*J: Jisamar; F: Furdos; A: Azospirillum brasilense; B: Bacillus polymyxa; P: 
Pseudomonas fluorescens; M: microbial mixture. 
**Means with different letters within the same column differ significantly at P < ۰٫۰٥. 
 

Data of Table ٤, some important quality parameters of the fruits were 
determined like soluble solid content (SSC), acidity, firmness and color. The 
values of SSC through the two studying seasons were generally lowered due 
to spraying with stimulants whether were synthetic or biological, but the 
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differences from the control did not usually reach to significance. While acidity 
of the fruits, in general, increased by the sprayed treatments especially with 
bacterial biostimulants in both seasons. The foliar spray with the studied 
bacterial biostimulants, generally, led to significant increases in firmness 
values of the fruit, at the second season only. The treatments of synthetic or 
biological decreased the color degree of the fruits and this effect was clear for 
results of the second season where all differences than control treatment 
were significant. The control values recorded ۹٤٫۸٤ and ۹۰٫۳٤ for seasons 
۲۰۰۹ and ۲۰۱۰ compared to values ranged from ٦٥٫۰۲ to ۸۳.۸٤ at season 
۲۰۰۹ and from ۷۰٫٦۳ to ۸۲٫۲٥ at season ۲۰۱۰.  
 
Table ٤: Effect of spray with some synthetic and some bacterial 

biostimulants (PGPR cultures) on some fruit quality 
characters of "Anna" apple trees 

 
Treatments 

SSC Acidity Firmness Color 
۲۰۰۹ ۲۰۱۰ ۲۰۰۹ ۲۰۱۰ ۲۰۰۹ ۲۰۱۰ ۲۰۰۹ ۲۰۱۰ 

A ۱۳٫۲۰ a ۱۳٫۳۳a ۰٫۸۲ab ۰٫۸٦bc ۲۲٦٫۰ab ۲٦۳٫۳b ۷۹٫۲۳a ۷۷٫٦۸bcd 
A+J ۱۲٫۹۳abc ۱۳٫۱٦ab ۰٫۸٥b ۰٫۸٦bc ۲٦۰٫۰a ۲٦۳٫۰b ۷٤٫۱۷a ۷٥٫۰۱bcd 
A+F ۱۳٫۰٦ab ۱۳٫۲٦a ۰٫۸٤b ۰٫۸۷c ۲۳۷٫٦a ۲٤٥٫۳c ۷٦٫۱۷a ۷۷٫۸٥bcd 
B ۱۲٫٦۰bcd ۱۲٫۹۸abc ۰٫۸۲bc ۰٫۷۸ef ۲٦۷٫٦a ۲۸۰٫۰a ۷۳٫۰۲a ۷٥٫٦۲bcd 
B+J ۱۲٫٤۰cd ۱۲٫۲٦d ۰٫۹٤a ۰٫۹۲ab ۲۱٥٫٦ab ۲۸٥٫٦a ۷۲٫۹٦a ۷٥٫۳۷bcd 
B+F ۱۲٫۲۳d ۱۲٫۸۳abc ۰٫۹٤a ۰٫۹۳ab ۲۸۰٫۰a ۲۸۳٫٦a ۷۱٫۱۱a ۷٥٫۲٦bcd 
P ۱۲٫٤۳cd ۱۲٫٦۳bcd ۰٫۸٤b ۰٫۸٦bcd ۲٦۹٫۰a ۲۷۷٫٦a ۷۲٫۱۰a ۷٥٫٥۱bcd 
P+J ۱۲٫٤۰cd ۱۲٫٦٦bcd ۰.۸۲bc ۰٫۷۷ef ۲۸٦٫۳a ۲۸٤٫٦a ٦٥٫۰۲a ۷۰٫٦۳d 
P+F ۱۲٫٤۳cd ۱۲٫٦۳bcd ۰٫۹۷a ۰٫۹٦a ۲۸٦٫۳a ۲۸٦٫۳a ٦٦٫۲۹a ۷۰٫۲٦d 
M ۱۳٫۱۳ab ۱۳٫۳۰a ۰٫۸۰bc ۰٫۷۷ef ۲۲۱٫۰ab ۲۲۹٫۰d ۷۱٫۸۱a ۷۳٫۸٤cd 
M+J ۱۲٫٤۳cd ۱۲٫٦۰cd ۰٫۸۲bc ۰٫۸۱cde ۲۲۱٫۰ab ۲۲۷٫۰d ۷۳٫۷۳a ۷٥٫۳۲bcd 
M+F ۱۲٫٦۰bcd ۱۲٫۸٦abc ۰.۸۱bc ۰٫۷۹def ۲۲۰٫۰ab ۲۲۹٫۰d ۷۳٫۸۳a ۷٥٫۲۹bcd 
J ۱۲٫٦٦a-d ۱۲٫۸۳abc ۰٫۷٤cd ۰٫۷۲fg ۲۲۲٫۰ab ۲۳۲٫٦cd ۸۳٫۸٤a ۸۱٫٥٤bc 
F ۱۲٫۸۸abc ۱۳٫۰۰abc ۰٫۷٤cd ۰٫۷۰g ۲۲۳٫۰ab ۲۳٤٫٦cd ۸۲٫۳۰a ۸۲٫۲٥b 
C ۱۳٫۰٦ab ۱۳٫۰۳abc ۰٫٦۹d ۰٫۷۷ef ۲۰۷٫۰ab ۲۲۰٫٦d ۹٤٫۸٤a ۹۰٫۳٤a 
*J: Jisamar; F: Furdos; A: Azospirillum brasilense; B: Bacillus polymyxa; P: 
Pseudomonas fluorescens; M: microbial mixture. 
**Means with different letters within the same column differ significantly at P < ۰٫۰٥. 

 
The spray with gibberellic acid (GA۳) showed improvement for fruit 

quality of jambu madu (Moneruzzaman et al, ۲۰۱۱), apple fruits (Ryu et al., 
۲۰۱۱). At the same time Pirlak and Köse (۲۰۰۹) claimed that the spray of 
strawberry with Pseudomonas BA-۸ and other PGPR bacteria increased TSS 
and acidity of the fruits. The spray with synthetic or bacterial biostimulants 
lead to decrease of SSC values and color of fruits but increased acidity and 
firmness, however, most variations were not significant. Sahain et al. (۲۰۰۷) 
reported different results, whereas, they showed that spray of apple trees 
with EM biostimulant (composed of fluorescent bacteria  and fermentative 
fungi) increased TSS and decreased acidity and firmness of the fruits, the 
difference in the influence may be due to the variation in the microbial 
composition between EM and the present used PGPR bacteria. Results of 
Esitken et al. (۲۰۰۹) were similar to our findings as they sprayed the trees 
with some PGPR types.  
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Viable counts (Table ٥) of the used microorganisms as foliar spray 
notably increased in the phyllosphere of the plant. The counts of Azospirillum 
brasilense appeared very high due to spray with the liquid culture of 
Azospirillum brasilense, this effect clearly appeared after spray with 
Azospirillum brasilense alone or mixing with Jismar or Furdos. The spray with 
the mixture of Azospirillum brasilense and Jismar attained the highest 
average number of Azospirillum evaluated ۲٤۰ x ۱۰۲ cfu/cm۲ of leaf. Likewise, 
the spray with B. polymyxa culture alone or mixed with Jisamar had potential 
effect in increasing its numbers in the phyllosphere, which represented ٤٥ x 
۱۰۲ and ٤۰ x ۱۰۲ cfu/cm۲ of leaf, respectively. Similar results happened with 
the spray with P. fluorescens which caused clear increase of the applied 
microbe in the phyllosphere area, the counts were ٥ x ۱۰۲, ۳۰ x ۱۰۲ and ۲٥ x 
۱۰۲ cfu/cm۲ of leaf due to spray with  P. fluorescens only, P. fluorescens + J 
and P. fluorescens + F, respectively. The spray with the mixture of the three 
microorganisms only or mixed with J or F attained increments over that of the 
control, but these increments were lower than these caused by spray with 
each microbe alone. The counts of the tested baceria of control treatment 
averaged ۰٫۱ x ۱۰۲, ۰٫۰٥ x ۱۰۲ and ۰٫۰٤ x ۱۰۲ cfu/cm۲ of leaf due to the 
spraying with Azospirillum brasilense, B. polymyxa and P. fluorescenc, 
respectively. 
 
Table ٥: Effect of spray with some synthetic and some bacterial 

biostimulants (PGPR cultures) on the counts of the used 
PGPR bacterial cells in the phyllosphere of "Anna" apple 
trees at ۲۰۱۰ season. 

Treatment Azospirillumx۱۰۲ B. polymyxa x۱۰۲ P. fluorescens x۱۰۲ 
A ۳٤٫۰ ۰٫۱ ۰٫٤ 

A+J ۲٤۰٫۰ ۰٫۲ ۰٫۳ 
A+F ٤٫۰ ۰٫۱ ۰٫۳ 

B ۰٫۲ ٤٥٫۰ ۰٫۳ 
B+J ۰٫۲ ٤۰٫۰ ۰٫٥ 
B+F ۰٫۲ ٦٫۰ ۰٫٥ 

P ۰٫۳ ۰٫۲ ٥٫۰ 
P+J ۰٫۳ ۰٫۱۱ ۳۰٫۰ 
P+F ۰٫٥ ۰٫۳ ۲٥٫۰ 
M ۲٫۰ ۰٫۳ ۰٫٥ 

M+J ٥٫۰ ۲٫۰ ۰٫۳ 
M+F ۷٫۰ ۰٫٤ ۱٫۰ 

J ۰٫٥ ۰٫۰۲ ۰٫۰٥ 
F ۱٫۰ ۰٫٤ ۱٫۰ 
C ۰٫۱ ۰٫۰٥ ۰٫۰٤ 

*J: Jisamar; F: Furdos; A: Azospirillum brasilense; B: Bacillus polymyxa; P: 
Pseudomonas fluorescens; M: microbial mixture. 

 
Spray of plant phyllosphere with PGPR bacteria resulted in increased 

counts of these bacteria in the phyllosphere, our results confirmed those of 
Kim et al. (۲۰۱۱) as they reported effective colonization of the used PGPR 
bacteria in the phyllosphere of pepper plants compared to control plants. 
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They, also, noted that most of the fluorescent bacterial cells were localized 
near the stomata and throughout the blade part of the inoculated leaves. 

Readings of Table ٦ show the productivity of apple fruits (tons/fed.), 
costs of production, total and net return (LE/fed). The fixed costs (land rent, 
labors, fertilizers, pesticides, hoeing and pruning) reached about ٥۰۰۰ £ 
E/fed. Changed costs include chemical or biological stimulators, rent of spray 
machine and spray labor reached ٦۰۰ £ E/fed. The price of apple fruits 
evaluated ۳٥۰۰ £ E/ton. 

 
Table ٦: Economic evaluation of apple trees spray with some synthetic 

and some   bacterial biostimulants (PGPR cultures) 
 
 

Treatments 

 
Fixed 
costs 

(£.E/fed.) 

 
Changed 

costs 
(£.E/fed.) 

 
Total 
costs 

(£.E/fed.) 

 
Total 
yield 
(Ton/ 
fed.) 

 
Value 

(£.E/fed.) 

 
Net 

return 
(£.E/ 
fed.) 

Increase / 
decrease 
in return 

than 
control 

A ٥۰۰۰ ٦۰۰ ٥٦۰۰ ۷٫۷۷ ۲۷۱۹٥ ۲۱٥۹٥ ٥۹٤٥ 
A+J ٥۰۰۰ ٦۰۰ ٥٦۰۰ ۷٫٦۱ ۲٦٦۳٥ ۲۱۰۳٥ ٥۳۸٥ 
A+F ٥۰۰۰ ٦۰۰ ٥٦۰۰ ۷٫۳٤ ۲٥٦۹۰ ۲۰۰۹۰ ٤٤٤۰ 
B ٥۰۰۰ ٦۰۰ ٥٦۰۰ ۷٫٤۱ ۲٥۹۳٥ ۲۰۳۳٤٦ ٥۸٥ 
B+J ٥۰۰۰ ٦۰۰ ٥٦۰۰ ۷٫۰٦ ۲٤۷۱۰ ۱۹۱۱۰ ۳٤٦۰ 
B+F ٥۰۰۰ ٦۰۰ ٥٦۰۰ ۷٫۰۳ ۲٤٦۰٥ ۱۹۰۰٥ ۳۳٥٥ 
P ٥۰۰۰ ٦۰۰ ٥٦۰۰ ٦٫۷۸ ۲۳۷۳۰ ۱۸۱۳۰ ۲٤۸۰ 
P+J ٥۰۰۰ ٦۰۰ ٥٦۰۰ ٦٫٥۱ ۲۲۷۸٥ ۱۷۱۸٥ ۱٥۳٥ 
P+F ٥۰۰۰ ٦۰۰ ٥٦۰۰ ٦٫۳۹ ۲۲۳٦٥ ۱٦۷٦٥ ۱۱۱٥ 
M ٥۰۰۰ ٦۰۰ ٥٦۰۰ ٥٫۷٥ ۲۰۱۲٥ ۱٤٥۲٥ -۱۱۲٥ 
M+J ٥۰۰۰ ٦۰۰ ٥٦۰۰ ٦٫٤٤ ۲۲٥٤۰ ۱٦۹٤۰ ۱۲۹۰ 
M+F ٥۰۰۰ ٦۰۰ ٥٦۰۰ ٦٫۷۲ ۲۳٥۲۰ ۱۷۹۲۰ ۲۲۷۰ 
J ٥۰۰۰ ٦۰۰ ٥٦۰۰ ٦٫۳٦ ۲۲۲٦۰ ۱٦٦٦۰ ۱۰۱۰ 
F ٥۰۰۰ ٦۰۰ ٥٦۰۰ ٦٫٤۲ ۲۲٤۷۰ ۱٦۸۷۰ ۱۲۲۰ 
C ٥۰۰۰ ۰٫۰ ٥۰۰۰ ٥٫۹۰ ۲۰٦٥۰ ۱٥٦٥۰ - 
J: Jisamar; F: Furdos; A: Azospirillum brasilense; B: Bacillus polymyxa; P: Pseudomonas 
fluorescens; M: microbial mixture. 

 
The calculations of net return per feddan exhibited that the 

application of treatments of Jisamar and Furdose  attained net return over the 
treatment of control by about ۱۰۱۰ and ۱۲۲۰ £ E/fed, respectively. The 
application of bacterial biostimulants alone or mixed with Jisamar or Furdose, 
however, attained net return much higher than both the control and synthetic 
stimulators. The highest obtained increase in net return over control 
treatment was attained by spray with Azospirillum brasilense (٥۹٤٥ £ E/fed) 
followed by treatment of Azospirillum brasilense +J which achieved ٥۳۸٥ £ 
E/fed. An increase reached ٤٦۸٥ £ E/fed due to spray with B. polymixa. 
Otherwise, the only treatment that exhibited decrease than control was the 
spray with the mixture of the microorganisms.  

Finally, from the economic evaluation for the influence of synthetic 
and bacterial biostimulants, it could be conclude that these compounds 
increased plant growth and yield without a notable increase in costs because 
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of the lower price of these compounds. Thus, the net return was positive, 
whereas, the spray with Azospirillum brasilense liquid culture gave the 
highest net return (٥۹٤٥ £ E/feddan), and the net return of bacterial 
biostimulants was much larger than those of synthetic biostimulants. 
Therefore, we recommend the spray of apple trees twice with liquid cultures 
of effective Azospirillum brasilense cultures by the rate of ۲۰ L per feddan as 
alternative to the application of synthetic biostimulants. 

 
Table (۷): Production of indole acetic acid (IAA) and total gibberellins by  

      the used bacterial strains. 
G.P.S*(mg/l) Strain GA IAA 

٤۸٥٫۰ ۱٦۰٫۰ Pseudomonas fluorescense 
٥۷٤٫٥ ۱٥۷٫۰ Bacillus polymyxa 
٦۰٤٫۳ ۱۰۱٫٤ Azospirillum brasilense 

G.P.S.* Growth Promoting Substances 
 

The different bacterial isolates produced different amounts of IAA and 
GA (Table ۷). However, Azospirillum brasilense release the highest amounts 
of GA (٦۰٤٫۳ mg/l) compared to ٤۸٥ and ٥۷٤.٥ mg/l for Pseudomonas 
fluorescence and Bacillus polymyxa respectively. Pseudomonas fluorescence 
attained the highest IAA amount (۱٦۰ mg/l) compared to ۱٥۷ and ۱۰۱٫٤ mg/l 
for Bacillus polymyxa and Azospirillum brasilense, respectively. 

Yicheng Tu (۲۰۰۰) reviewed that gibberellins(GA) were first discovered 
by Japanese scientists studying a rice disease characterized by excessive 
stem elongation named “bakenae” (foolish seedling). The symptom was 
found to be stimulated by compound(s) released by a fungus Gibberella 
fujikuroi. In ۱۹۳٥, the compound was isolated and named after the fungus as 
“Gibberellin”. Further experiments showed that GA not only occurred in plants 
but also played a key role in various aspects of plant growth and 
development. GAs were found to promote cell expansion and perhaps cell 
division that led to elongation of shoot tissues and development of a number 
of other morphological structures such as inflorescences and fruit.  

The effects of plant growth promoting rhizobacteria (PGPR) on the 
rooting and root growth of semi-hardwood and hardwood kiwifruit stem 
cuttings were investigated by Martínez-Viveros (۲۰۱۰). The PGPR used were 
Bacillus RC۲۳, Paenibacillus polymyxa RC۰٥, Bacillus subtilis OSU۱٤۲, 
Bacillus RC۰۳, Comamonas acidovorans RC٤۱, Bacillus megaterium RC۰۱ 
and Bacillus simplex RC۱۹. All the bacteria showed indole-۳-acetic acid (IAA) 
producing capacity. Among the PGPR used, the highest rooting ratios were 
obtained at ٤۷٫٥۰٪ for semi-hardwood stem cuttings from Bacillus RC۰۳ and 
Bacillus simplex RC۱۹ treatments and ٤۲٫٥۰٪ for hardwood stem cuttings 
from Bacillus RC۰۳. As well, Comamonas acidovorans RC٤۱ inoculations 
indicated higher value than control treatments. The results suggest that these 
PGPR can be used in organic nursery material production and point to the 
feasibility of synthetic auxin (IBA) replacement by organic management 
based on PGPR. While Anwar (۲۰۰۷) found that Azospirillum K-I produced 
higher amount of GA (۱۰ ug/ml) which decreased in later growth stages. This 
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decrease in GA might be due to its hydrolysis by bacterial strain. Azoarcus K-
I and Azospirillum ER-۲ and ER- ۲۰ also produced indole, acetamide as 
identified by HPLC. These strains were also useful for increasing rice 
biomass, N-uptake and fertilizer-N use efficiency. In green house 
experiments, inoculation of rice with PGPR increased chlorophyll, leaf area, 
tiller number, plant height, root shoot biomass and grain yield in rice. Soil, 
root, leaf and stem inoculation methods were equally useful for plant growth 
improvement 

 
CONCLUSION 

 
The spray of Anna apple trees with synthetic biostimulants (Jisamar 

and Furdose) resulted in an increase in growth and yield of apple trees and 
did not significantly affected the quality of the resulted fruits, but leads to 
increase of fruit weight. The spray with bacterial biostimulants, however, gave 
best results and the application of Azospirillum brasilense surpassed the 
other bacterial biostimulants. The single spray with bacterial biostimulant 
showed best results than their mixture with Jisamar or Furdose. Thus, the 
spray with Azospirillum brasilense was the best which may be safely used as 
an alternative to the chemical synthetic biostimulants. 
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لل��رش ال�ورقي ب��بعض " أن�ا"و ج�ودة ثم�ار أش��جار التف�اح  إس�تجابة نم�و و محص��ول

 المیكروبات المنتجة لمنظمات النمو كبدیل عن الرش بمنشطات النمو الكیماویة
 *مدحت أبو زید یماني و** محمد عبد السلام جبر، *لسیدمحمد نورالدین ا

 .صرم -الجیزة -مركز البحوث الزراعیة -معھد بحوث الاراضي والمیاه والبیئة   *
 .مصر -الجیزة -مركز البحوث الزراعیة -معھد بحوث البساتین** 

  
ت��م مقارن��ة ال��رش بالمركب��ات الكیماوی��ة ب��الرش ب��المزارع المیكروبی��ة و الخل��ط بی��نھم لتحدی��د كفاءتھ��ا و 

 . إمكانیة استبدال ھذه المركبات الحیویة الطبیعیة بتلك الكیماویة
عم�ر ثم�اني س�نوات و ت�م تحدی�د ع�دد ثلاث�ة أش�جار " أن�ا"تم اختیار حقل منزرع بأشجار التف�اح ص�نف 

لك��ل معامل��ة ث��م رش��ت الأش��جار بالمع��املات المختلف��ة م��رتین الأول��ى عن��د الإزھ��ار و الأخ��رى بع��د عق��د الثم��ار 
 .بالمقارنة بالرش بالماء كمعاملة مقارنة

ة تحس��نا ملحوظ��ا ف��ي خ��واص النب��ات الظاھری��ة مث��ل ط��ول حقق��ت معامل��ة ال��رش بالمنش��طات الكیماوی��
و ب و   ال���وزن الج���اف للورق���ة و محت���وى الورق���ة م���ن كلوروفی���ل أ، مس���احة الورق���ة، قط���ر الف���روع، الف���روع

أظھ�رت مع�املات ال�رش بالمنش�طات الحیوی�ة . فیم�ا ل�م یتغی�ر ال�وزن الن�وعي للورق�ة معنوی�ا، الكلوروفیل الكل�ي
كم�ا أظھ�رت . ب�ل تفوق�ت علیھ�ا ف�ي بع�ض الح�الات) الجیس�مار و الف�ردوس(الكیماوی�ة تأثیرا مم�اثلا للمنش�طات 

على ال�رغم م�ن زی�ادة إنتاجی�ة ثم�ار التف�اح . أعداد المیكروبات التي تم الرش بھا أعدادا كبیرة بمنطقة الفیلوسفیر
ج�ة عالی�ة عل�ى ت�أثیر فان ال�رش ب�المحفزات الحیوی�ة تفوق�ت و بدر، بسبب الرش بالمحفزات الحیویة و الكیماویة

 ٤۱،۲و   ٤٥،۱٦أعل�����ى إنتاجی�����ة و ھ�����ي بالازوس�����بیرلیمحی�����ث حقق�����ت معامل�����ة ال�����رش ، ال�����رش الكیم�����اوي
عل��ى الت��والي لمعامل��ة الكنت��رول و  ۳۲،۰۷و  ۳۳،٥۳ف��ي مقاب��ل  ۲۰۱۰و  ۲۰۰۹ش��جرة لموس��مي /كیل��وجرام

كم�ا . ة عل�ى الت�واليش�جر/كیل�وجرام ۳٤،۷۷و  ۳٦،٥۳و ب�الفردوس  ۳۳،۲۷و ۳۷،٤أعطى ال�رش بالجیس�مار 
و  ۱٦٦٦۰ف��ي مقاب��ل  ۲۱٥۹٥أعل��ى ص��افي عائ��د بالجنی��ھ المص��ري وھ��و بالازوس��بیرلیمحقق��ت معامل��ة ال��رش 

ل�رش لذلك فمن المناسب اس�تبدال ا. لمعاملات الجیسمار والفردوس والكنترول على التوالي ۱٥٦٥۰و  ۱٦۸۷۰
منش��طات الكیماوی��ة لكفاءتھ��ا ف��ي تحس��ین نم��و المخفف��ة لھ��ذه ال ب��المحفزات الحیوی��ة مث��ل م��زارع الازوس��بیرلیم

 .   الأشجار و زیادة الإنتاجیة مع تحسین العائد الاقتصادي للفدان
 

 قام بتحكیم البحث
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