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This study was carried out during two seasons 2016 and 2017 on “Manzanillo” olive cv. (9 years old), 
planted in a private farm (Al-Salam) located at 64 kilometer at Cairo Alexandria desert road. The 
irrigation system was drip irrigation with moderate saline water (3600 ppm), to evaluate the effect of 
biofertilizers nitrogen fixing bacteria (Azotobacter spp., Azospirillum spp. and Bacillus spp.) and compost 
on leaf surface area, leaf moisture, photosynthetic pigments (chlorophyll a, b and carotenes), number of 
fruits/meter, Yield/tree, physical fruit characteristics, oil content, and some mineral elements in soil, fruit 
and leaves. Results showed that using N2-fixing bacteria (Azotobacter+ Bacillus and compost improved 
significantly the leaf surface area, whereas the treatment of control enhanced leaf moisture %. As for the 
photosynthetic pigments, Azospirillum+ Azotobacter+ compost treatment surpassed other treatments. 
The EC in the soil and proline, Na2+ and Cl- in the leaf reduced significantly with Azotobacter+ Bacillus 
and compost as compared to the control. Meanwhile, NPK in olive leaves improved. The same treatment 
gave the highest NPK values in "Manzanillo" olive fruits in both seasons. Treatments with Azospirillum+ 
Bacillus+ compost increased significantly the yield in both seasons and oil content as fresh weight in the 
second one, while as Azotobacter+ Azospirillum+ Bacillus+ compost influenced the oil content during the 
1st season only. It is suffice to, recommend Azospirillum+ Bacillus+ compost treatment to alleviate the 
harmful effect of EC in the soil and Na+&Cl- in the leaf of "Manzanillo olive cv. " on the meantime the 
yield and oil content as fresh weight improved. 
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INTRODUCTION 

Olive trees areas increased rapidly in Egypt 
and reached about 227683 feedan with total 
production about 698927 tons, where 20% of the 
total fruit production produces about 10000 tons of 
olive oil (according to the latest statistics of 
Ministry of Agriculture, Egypt, 2016). Salinity is 
one of the most significant environmental issues 
facing Egypt agriculture today. Salt accumulation 
in irrigated soils is one of the main factors that 
reduce crop productivity that limit agricultural 
production, especially in arid and semiarid areas 

which suffering lack of rain like Egypt. Egypt is 
considered as one of the countries that already 
suffer from salinity problems. The reduction in 
production of soils affected by salinity is about 30 
%, this is a significant negative impact on the food 
production of Egypt (Tarek et al., 2014). High 
salinity in water and soil solution causes a high 
osmotic potential. Some salts can have a toxic 
effect on the plant or can “burn” plant roots and/or 
foliage. Excessive levels of some minerals may 
interfere with relative availability and plant uptake 
of other micronutrients. Soil pH, cation exchange 
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capacity and other properties also influence these 
interactions (Fipps, 2003). Salinity can negatively 
affect plants through three major components: 
osmotic, nutritious, and toxic stresses. When 
exposed to salinity, growth, development, and 
yield of most cultivated crops tend to decline, with 
consequent reduction in their economic value 
(Rahil et al., 2013). The application of plant-
growth-promoting bacteria is an alternative 
strategy for improving plant fitness under stressful 
conditions (Juthika et al., 2018). Bacteria 
beneficially help the plant in a direct or indirect 
way, causing in the stimulation of its growth. 
Natural population of saline environments with 
better adaptive strategies, halophilic/halotolerant 
bacteria are environmentally friendly option to 
apply as biocontrol mediators to ameliorate salt 
stress. Nitrogen fixing bacteria have been shown 
to modify the properties of saline soil by adding 
nitrogen to the soil (Shazia et al., 2010). Compost 
provides fertility and many other benefits to soil 
that no other chemical fertilizers can provide. 
Composts contain both macro- and micro 
nutrients in proportions not typically present in 
most fertilizer inputs. Nutrients in composts are 
slowly, thus providing more balanced nutrition 
throughout the growing season while reducing 
leaching potential. Composts can also buffer soil 
acidity or alkalinity so as to develop a more 
optimal pH for plant growth. Compost can 
promote soil aggregate formation, thus improving 
soil structure which lead to better water infiltration, 
air penetration and plant root establishment also 
foster diverse soil organisms as bacteria, fungi, 
insects and worms can further enhance nutrient 
mineralization and reduce plant pest and disease 
pressure in the soil (Sunjeong et al., 2010). The 
role of compost in salt-affected soils is very vital 
because the organic source is ultimate opportunity 
to improve the physical properties of such soils 
which have been deteriorated to the extent that 
water and air passage become extremely difficult 
in such soils. Resultantly, the water stands on the 
surface of these soils for weeks long. The plants 
grown under these conditions often die due to 
deficiency of root respiration. The compost can be 
a very good organic amendment in saline 
agriculture as well as, for reclamation of salt-
affected soils. In general, it may be concluded that 
compost application increased soil organic matter, 
Ca, Mg, K and P, while C:N ratio was narrowed in 
acidic soil. Hence, there was a general increase in 
nutrient supplying capacity of soils (Khaled and 
Fawy, 2011). 

This study was conducted to reduce the 

harmful effect of saline water irrigation by 
biological methods on growth and productivity of 
Manzanillo olive cv. trees. 
 
MATERIALS AND METHODS 

present study was carried out during 2016 
and 2017 growing seasons on “Manzanillo” olive 
trees cv. (9 years old) uniform in shape and size 
and planted 6x4 meters apart in Al-Salam olive 
private farm located at 64 kilometer distant from 
Cairo (Cairo Alexandria desert Road).  

The following treatments were thus 
considered in the trials: 
T1 Control (Farm program: 67 N – 36 P – 77 K – 
15 Mg – 9 Ca – 2 B Units/feed) 
T2 Compost (25 kg/tree) adding one time at 
December. 
T3 Azospirillum spp.+ Azotobacter spp.+ compost 
(18.75 Kg/tree) 
T4 Azospirillum spp.+ Bacillus spp.+ compost 
(18.75 Kg/tree) 
T5 Azotobacter spp.+ Bacillus spp.+ compost 
(18.75 Kg/tree) 
T6 Azospirillum spp.+ Azotobacter spp.+ Bacillus 
spp.+compost (18.75 Kg/tree) 

Soil and water analysis.  
Soil samples were taken from the rhizosphere 

root zone of olive treed tested in two times a year, 
as well as water sample was taken from the 
source of irrigation in the area, some soil and 
water physical and chemical properties were 
illustrated at Table 1 and 2 according to (Page et 
al., 1982). 

Compost analysis.  
The physio-chemical proportions of the used 

compost are shown in Table (3) according to 
(Page et al., 1982). Compost adding in the second 
treatment was mixed with the surface soil under 
the tree at a rate of 25 kg/tree/year around 4.37 
ton/feddan during soil preparation one time at 
Dec. while in the other N2 fixers treatments the 
rate of compost was 75% of recommended 
compost (18.75kg/tree/year) in the same time. 

Mineral fertilizers.  
The experimental trees were grown in a sandy 

soil and irrigated with drip irrigation from well 
(underground water) having a salt concentrations 
of 3600 ppm and subjected to the regularly 
recommended cultural practices and free from 
pathogens and physiological disorders.  
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Table (1): Mechanical and Chemical analysis 
of the experimental soil 

Type of analysis Value 

Mechanical analysis (%) 

Coarse sand 
Fine sand 

Silt 
Clay 

Texture class 

38.4 
43.3 
13.0 
5.3 

Sandy soil 

Physical- Chemical analyses 
(Anions and Cations) mq/L 

pH (1: 2.5) 
EC (1: 5) 

Ca++ 
Mg++ 
Na+ 

7.12 
0.56 
1.8 
0.7 
2.5 

K+ 
CO3

-- 
HCO3

- 
Cl- 

SO4
-- 

0.2 
-- 

0.29 
4.51 
0.4 

Avalable nutrients (mq/Kg Soil) 

N 
P 
K 

127.3 
15.8 
99.8 

 
 

Table (2): Chemical properties of the irrigated 
water 

Chemical properties Value 

pH (1:2.5) 
EC (1:5) mmohs/cm. 

7.99 

5.31 

Anions and Cations ( mq/L) 

Ca++ 
Mg++ 
Na+ 
K+ 

CO3
-- 

HCO3
- 

Cl- 
SO4

-- 

125.2 
103.35 

259.50 
0.95 

-- 
2.40 

479.70 

6.90 

 
 

Table (3): Physical and Chemical properties of 
the used compost 
Character Value 

Physical properties 

Bulk density ( kg m-3 ) 
Moisture content % 

705 
31.50 

Chemical properties 

pH  
EC                                          (ds/m)  
Organic matter                              % 
Organic carbon                             %  
Ash                                                % 
Total nitrogen                                % 
C: N  ratio     
Total phosphorus                          % 
Total potassium                            % 
Available N NH4                        ppm 
Available N NO3                        ppm 

8.2 
4.75 

30.45 

18.00 

68.50 

1.22 

1 : 14.75  
0.77 
0.86 
256 

142 

The annual fertilization of the field was 67 N – 36 
P – 77 K – 15 Mg – 9 Ca – 2 B Units/feed. Used in 
(Control), these doses were consistent with the 
recommendations of the Department of the Soil 
and Water Research Institute, Agricultural 
Research Center, Giza, Egypt. 

Total count of soil microflora and the 
biofertilizers.  

Soil samples were taken for the 
microbiological analysis at zero time for 
determination the biological activity of the tested 
soil before planting. Total bacterial (Difco, 1985), 
fungal (Allen, 1959) and actinomycetes (Jensen, 
1930) counts were estimated in the rhizospheric 
zone of olive, as well as, total counts of N2–fixers, 
Azospirillum spp., Azotobacter spp. and Bacillus 
spp. were isolated locally in the rhizospheric zone 
of olive using for counting Azospirillum spp., N- 
deficient semi-solid malate medium (Dobereiner et 
al., 1976), for counting Azotobacter spp., modified 
Ashby's medium (Abd El-Malek and Ishac, 1968), 
and for counting Bacillus spp. specific nitrogen 
deficient medium (Hino and Wilson, 1958), MPN 
estimated for all tubes derived from the statistical 
table of (Cochran, 1950).The MPN technique was 
described by (Reinhold et al., 1985). Incubation 
time and temperature are similar to those 
described by (Eid, 1978).  

Enumeration of soil microflora and 
biofertilizers in soil experiment.  

As shown in Table (4), the populations of 
microbial groups from the selected soil, indicated 
that the numbers of bacteria represented more 
domination than actinomycetes and fungi. The 
populations of bacteria recorded 18.5Χ106 CFU, 
whereas actinomycetes recorded 0.833 Χ 105 
CFU and fungi recorded 3.4Χ104 CFU. The 
microbial community in the soil involved a lot of 
microbial groups, some of them are known as the 
N2-fixing bacteria, which purificated and identified 
in the microbiology department in soil, water and 
environment institute, agricultural research center, 
the isolates showed three isolates as Azospirillum 
lipoferum., Azotobacter chrooccocum and Bacillus 
polymyxa, Which used as a biofertilizers 
treatments in the experiment. Bacillus spp. 
recorded the highest populations 1.0Χ105 followed 
by Azospirillum spp. 0.8Χ105 and Azotobacter 
spp. Recorded equal populations in the soil before 
the experiment (Zero time). The numbers of 
isolates were increased in the soil during the 
continuously adding through the experiment 
seasons. 
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Vegetative parameters   

Leaf surface area (cm2):  
Samples of approximately 40 adult leaves 

taken from the middle section of selected shoots 
to determine average leaf surface area according 
to (Ahmed and Morsy, 1999). 

Photosynthetic pigments:  
Chlorophyll A, B and carotenes (mg/g dr.wt.) 

according to smith et al. (1964). 
Fruit density (number of fruits /meter) =number of 
fruits*100/shoot length 

Yield per tree (Kg):  
Fruits of each experimented tree was 

harvested at ripe stage (olive with superficial 
pigmentation on more that 50% of the exo-carp) 

and the average yield was calculated. 

Fruit characteristics:  
Ten fruits from each studied three trees at ripe 

stage has been described and identified by 

morphology description of (Cimato and Attilio, 
2008). Average fruit weight, fruit length and width 
(cm), fresh weight (g) of the stone, stone length 

and width (cm) were determined. 

Fruit oil Content )%(:  
The percentage of oil referred to fruit dry 

matter is the parameter used for comparing 
cultivar collection and virtual trials because it is 
not dependent on fruit humidity (Tous and 
Romero, 1994).  The fruit dry matter oil 
percentage was measured in ripe fruit by Soxhlet 
fat extraction apparatus as described in the 
(A.O.A.C. 2000). 

Chemical analysis:  
Determined the total amount of nitrogen as 

described by piper (1950), phosphorus by the 
method of Jackson (1973), potasium according to 
chapman and Pratt (1961). Na and Cl according 
to chapman and Pratt (1961) and proline by the 
method of Bates et al., (1973). 

 
Table (4): The average plate count of total Bacteria, Fungi and Actinomycetes as well as the 

average count of certain N2-Fixer's bacteria in the soil 
The microbial counts 

Bacteria (--Χ 106 CFU) 
Fungai (--Χ 104 CFU) 

Actinomycetes (--Χ 105 CFU) 

18.5 
3.4 

0.833 

Most probable number of N2- fixers (MPN Χ105 ml-1 on specific cultural media) 

The isolates Zero time 

Azospirillum spp. 
Azotobacter spp. 

Bacillus spp. 

0.8 
0.8 
1.0 

 
Table (5): The microbial groups and N2-Fixers isolated from the rhizosphere of cultivated soil after 

harvest (MPN Χ105 ml-1 on specific cultural media) 
Bacillus spp. Azotobacter spp. Azospirillum spp. Treatments 

2 1 2 T1 

4 2 3 T2 

5 5 5 T3 

5 5 5 T4 

5 5 5 T5 

5 4 4 T6 

 

Statistical analysis: 
The experimental data were tabulated and 

statistically analyzed according to (Snedecor and 
Cochran, 1980). 
 
RESULTS 

Water, photosynthesis, nutrition, biomass 
partitioning, and fruit quality influenced by salinity, 
resulting in a general chlorosis and small stunted, 

slow-growing plants. Leaves become thicker, 
appearing chlorotic at first, then showing a typical 
tip and edge burn, prior to falling off. However, 
accumulation of salt in the leaves reduces 
photosynthesis at concentrations below those at 
which visual symptoms are evident, and well 
below those that cause leaf drop. Salts 
transported from the roots to the canopy through 
the transpiration stream, and decreasing 
concentration from old to young leaves and this 
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explains why symptoms decrease from old leaves 
to the young ones (Sanzani et al., 2012). Samah 
(2002) mentioned that the beneficial effect of 
biofertilizers on increasing nitrogen fixation, 
production of growth promoting substances or 
organic acids enhancing nutrient uptake. 
Moreover, Abo El-Khashab (2002) reported that 
the increment of plant growth due to inoculation 
with N2 fixed bacteria could be attributed to the 
capability of these organisms to produce growth 
regulators such as auxins, cytokinins and 
gibberellins which affect production of root 
biomass and nutrients uptake. 

Effect of inoculation with N2-fixing bacteria 
and compost on leaf surface area (cm2) and 
leaf moisture % on “Manzanillo” Olive cv: 

Data illustrated in Table (6) revealed that the 
leaf surface area and leaf moisture % as affected 
by N2-fixing bacteria and compost (comp.) 
application during 2016 & 2017 growing seasons. 
It is obvious that Azotobacter spp. and Bacillus 
spp. in addition to compost increased significantly 
the leaf surface area in both seasons; mean while 
leaf moisture percentage was highly influenced by 
the control treatment followed by comp. treatment 
in comparison with other treatments. Similar 
results were also reported by researchers in 
various olives, Olea europaea L. Demiral (2004) 
reported that dry matter accumulation in the 
leaves increased sharply after the 4 dSm-1 salinity 
level. It is probable that the plants limited the 
uptake and translocation of water containing high 
amounts of dissolved salts to protect their 
photosynthetic organs. The increase in DM 
content is a consequence of the decrease in the 
water content of the leaves. Leaf area is more 
sensitive than total dry weight the effect of salt 
stress at 200 mM NaCl on total leaf area was 
greater than that on the total (shoot + root) dry 
weight. Dry matter partitioning is also affected, 
since the above ground part of the plant is more 
affected than that of root at high salinity (100 and 
200 mM), resulting in reduced shoot/root ratio 
(Chartzoulakis et al., 2002). 

Effect of inoculation with N2-fixing bacteria 
and compost on the total chlorophyll (a,b) and 
Carotenes (mg/g dr.wt.) in Olive tree, irrigated 
with saline water: 

The effect of nitrogen fixing bacteria and 

compost on total chlorophyll (a and b) and 
Carotenes during 2016 and 2017 seasons 
demonstrated at Table (7). Data revealed that 
Azospirillum spp.+ Azotobacter spp.+ compost 
induced the highest significant difference of 
chlorophyll a and b in the first season and 
carotene in the second one, Whereas, the control 
illustrated the highest significant value of 
chlorophyll A in the 2nd season Compared to other 
treatments. Azospirillum spp.+ Bacillus spp.+ 
compost showed the same analogous effect on 
chlorophyll b during the second one. The carotene 
in the 1st season showed the superior values 
when inoculated with Azospirillum spp.+ 
Azotobacter spp. and Bacillus spp. Besides 
compost. These results were consistent with 
many studies, Molazem et al., (2010), Nawaz et 
al., (2010) and Abd-Allah et al., (2015) reported 
that, photosynthetic pigments were significantly 
reduced under NaCl stress. According to (Zörb et 
al., 2009), the reduction in pigment content is 
attributed to the destructive effect of salt stress on 
chloroplasts in maize. PGPR strain B. subtilis 
increased chlorophyll a, Band carotenoids 
contents in leaves of Indian bassia plants grown 
under both non-saline and saline soil conditions. 
Reduction in photosynthetic activities at 
increasing soil salinity causes overall reduction of 
total soluble sugars and protein content of plant. 
Salt tolerant bacteria accumulate excess Na+ ions 
in the cells to maintain their normal metabolic 
activities (Afrasayab et al., 2010) and helpful in 
reducing soil salinity. 

Effect of inoculation with N2-fixing bacteria 
and compost on accumulation of the amino 
acid proline µg/ml, Na & Cl % in the 
“Manzanillo” Olive leaves and soil EC (ds/m), 
irrigated with saline water: 

Data in Table (8) demonstrated the 
relationship between EC (ds/m) in the soil and the 
accumulation of the amino acid proline (µg/ml) 
and leaf Na & Cl % as affected by the inoculation 
with the N2-fixing bacteria, and compost during 
2016 and 2017 growing seasons. It is clear that 
Control and Compost treatments increased 
significantly proline and Na & Cl accumulation 
during the two growing seasons.  
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Table (6): Effect of inoculation with N2-fixing bacteria and compost on leaf surface area (cm2) and 
leaf moisture % on “Manzanillo” Olive cv.  

Treatments 
Leaf surface area (cm2) Leaf moisture % 

2016 2017 2016 2017 

T1 0.740 B 1.311 C 56.69 A 55.15 A 

T2 0.595 C 1.334 AB 55.3 B 54.84 A 

T3 0.873 A 1.324 A-C 54.64C 52.78 B 

T4 0.828 A 1.317 BC 53.5D 50.33D 

T5 0.853 A 1.336 A 55.00 B 50.68 D 

T6 0.758 B 1.333 AB 54.31 C 52.16 C 

Means within a column having the same letters are not significantly different according to Duncan's Multiple Range 
Test (DMRT) at 5 % level. 

Table (7): The effect of application compost with or without N2-fixers on the total chlorophyll (a 
and b) and carotenes (mg/g dr. wt.) 

Treatments 

Chlorophyll a 
mg/100g fresh matter 

Chlorophyll b 
mg/100g fresh matter 

Carotenes 
mg/100g fresh matter 

2016 2017 2016 2017 2016 2017 

T1 2.75C 2.32A 2.00B 4.90C 4.14D 1.82B 

T2 2.79C 1.86E 1.67C 4.61C 6,08C 1.19C 

T3 2.92A 2.17C 2.22A 5.51B 6.63B 2.05A 

T4 2.65D 2.27B 1.99B 6.54A 6.48B 1.82B 

T5 2.84B 2.09D 1.99B 5.34B 6.08C 1.88B 

T6 2.64D 1.85F 2.01B 4.70C 7.93A 1.87B 

Means within a column having the same letters are not significantly different according to Duncan's Multiple Range 
Test (DMRT) at 5 % level. 

Table (8): The effect of compost application with or without N2-fixing bacteria on EC ds/min the 
soil, Na and Cl % and the accumulation of proline in Olive leaves irrigated with saline water. 

Treatments 

Proline µg/ml Soil EC ds/m Na % Cl % 

1st 
 season 

2nd 
 season 

1st 
 season 

2nd 
season 

1st 
 season 

2nd 
 season 

1st 
 season 

2nd 
 season 

T1 33.33A 11.27A 0.46A 0.42A 1.25A 2.63A 2.63A 2.94A 

T2 28.21B 10.76B 0.43B 0.42A 1.24AB 2.34B 2.34B 2.32B 

T3 19.68D 7.89D 0.41BC 0.37C 1.15C 1.79C 1.79C 1.46D 

T4 24.56C 9.94C 0.41BC 0.35D 1.16 BC 1.46D 1.76C 1.45D 

T5 14.19.F 6.78E 0.41D 0.38BC 0.96D 1.48D 1.48D 1.75C 

T6 17.10E 7.86D 0.39D 0.40B 0.96D 1.76C 1.46D 1.76C 

Means within a column having the same letters are not significantly different according to Duncan's Multiple Range 
Test (DMRT) at 5 % level. 

On the contrary, the treatment of Azotobacter 
spp.+Bacillus spp. and compost recorded the 
least significant values of proline accumulation in 
the two seasons, that means the EC in this 
treatment was decreased compared with the 
control which recorded the highly values both 
seasons. Regarding to the Na and Cl % in the 
leaves, there showed agreement with the results 
of the EC in the soil, control and compost 
treatments recorded highly values of Na % in in 
both seasons. In addition, the least value of Na % 
in leaves was obtained by treatment (Azotobacter 
spp.+ Bacillus spp.+ compost) in both seasons.  

Regarding to Cl % in leaves, the least value 
was obtained by the combination of three bacterial 
strains (Azospirillum spp.+ Azotobacter 
spp.+Bacillus spp. plus compost) in first season, 
while in second one treatment (Azospirillum spp.+ 
Azotobacter spp.+ compost) or (Azospirillum 

spp.+ Bacillus spp+ compost) equals to produce 
the least values of Cl % in olive leaves in 2017 
season only. The negative effects of salinity have 
been attributed to increase in Na+ and Cl– ions in 
different plants hence these ions produce the 
critical conditions for plant survival by intercepting 
different plant mechanisms. Although both Na+ 
and Cl– are the major ions which produce many 
physiological disorders in plants, Cl– is the most 
dangerous (Tavakkoli et al., 2010). Results are 
similar to that obtained by (Hanaa and Omar, 
2010) who found that when salt stressed wheat 
was inoculated with Bacillus sp. Proline content 
was significantly declined. On the contrary, Edgar 
et al., (2013) found positive relationship between 
proline concentration and inoculation with 
Klebsiella Pneumonia in salicornia seedlings 
under salinity condition. The enhancement of 
proline accumulation in leaves tissues was also 
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reported with a virulent strain of Pseudomonas 
syringaepv in tomato, but not with the isogonics 
virulent bacteria (Fabro et al., 2004). 

Effect of inoculation with N2-fixing bacteria 
and compost on the NPK (%) in the Olive 
leaves irrigated with saline water: 

Table (9) showed the increase of Nitrogen, 
Phosphorus and Potassium% as main macro 
elements in olive leaves with the different 
inoculated treatments, particularly treatment 
(Azotobacter spp.+ Bacillus spp.+ compost) and 
treatment (Azospirillum spp.+ Azotobacter spp.+ 
Bacillus spp.+ compost). At the 1st season, the 
highest results were recorded in treatment, which 
obtained 3.26, 1.36 and 1.83 % respectively for N, 
P and K. At 2nd season found that T5 induced the 
highest value of N % as 3,28 %, while T6 have the 
highest values of P and K  % and scored  0.536 
and 0.590 %, respectively. These results are 
similar to the obtained by (Rifat et al., 2010) 
reported that PGPR as a bio-fertilizer helps in 
fixing N2, solubilizing mineral phosphates and 
other nutrients as well as enhancing tolerance to 
stress. 

Yield parameters.  
Salinity does not affect or reduces oil content 

of the fruit, although the extent of this reduction 
changes with cultivar (Weisman et al., 2004). 
Hamdia et al, (2000) and El-Komy et al., (2003) 
reported that, Azospirillum spp. inoculation under 
salinity stress enhanced growth and mineral 
uptake as compared to non-treated plants. 
Prabhatet al.,(2013) reported that, a variety of 
nitrogen fixing bacteria like Arthrobacter, 
Azoarcus, Azospirillum, Azotobacter,  Bacillus, 
Beijerinckia, Derxia, Enterobacter, Gluconoaceto 
bacter, Herbaspirillum, Klebsiella, Pseudomonas, 
Serratia and Zoogloea have been isolated from 
the rhizosphere of various  crops, which contribute 
fixed nitrogen to the associated plants. 

Effect of inoculation with N2-fixing bacteria 
and compost on the fruit weight (g), fruit size 
(cm3), fruit length (cm) and fruit width (cm) in 
Olive tree irrigated with saline water: 

It is clearly noticed that fruit weight (g), fruit 
size (cm3), fruit length (cm) and fruit width (cm) 
were significantly affected by different treatments, 
as shown in Table (10) during the two growing 
seasons.The obtained results illustrated that the 
treatment which received Azospirillum spp.+ 
Azotobacter spp.+ Bacillus spp.+ compost 
produced the highest significant value of fruit 

weight and fruit length during the1st season, while 
the compost treatment solely gave the same 
analogous effect in the second one. The treatment 
Azospirillum spp + Bacillus spp.+ compost 
performed the superior value in the fruit weight 
and fruit size during 2017season.As for fruit length 
and width the control and compost, (solely) 
treatments demonstrated the highest significant 
values during the first and second seasons, 
respectively. Azospirillum spp.+ Azotobacter spp. 
+ compost showed the highest value of leaf width 
in the 2nd season. These observations are in 
accordance with those obtained by Fathy et al., 
(2010) who stated that, physical and chemical 
properties of 'Canino' apricot fruits were 
progressively increased as foliar and soil doses of 
humic acid increased. Also, Hegazi et al., (2007) 
observed that, poultry manure source in 
enhancing fruit physical properties of olive trees. 
However, soil application of compost tea on Le-
cont pear trees with humic acid and or 
biofertilizers gave the highest level of improving all 
fruit physical properties (Mohammed et al., 2010). 
In addition, Fayed (2010) observed that, highest 
values of fruit physical properties of Roghiani olive 
trees were obtained by spraying yeast+ humic 
acid. Where, Mostafa et al., (2009) reported that, 
compost tea gave high significant values of 
Washington navel orange fruit quality. High 
salinity decreases fruit weight and increases the 
moisture content of fruits (Stefanoudaki, 2004). 
Olive fruits are classified in relation to their size: 
‘large size’ if the fruit weight is higher than 5 g; 
‘medium size’ if the weight is ranging between 5 
and 3 g; ‘small size’ if the weight is lower than 3 g 
(IOC, 2018). 

Effect of inoculation with N2-fixing bacteria 
and compost on seed characteristicin olive 
trees irrigated with saline water: 

Data in table (11) showed the response of 
seed weight (g), flesh weight (g) and flesh/fruit 
weight (cm) was significantly affected by 
application of different treatments during 2016 & 
2017 seasons. Treatments (Azotobacter spp.+ 
Bacillus spp.+ compost) and (Azospirillum spp.+ 
Azotobacter spp.+ Bacillus spp.+ Compost) gave 
the superior results of Seed weigh in 1st season. 
While in second season treatments (Azospirillum 
spp.+ Bacillus spp.+ compost), compost alone 
and control gave the highest Seed weigh value. 
Meanwhile flesh weight (g), data illustrated that 
control was the highest significant flesh weight in 
both seasons followed by Azospirillum spp.+ 
Azotobacter spp.+ Bacillus spp.+ compost 
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treatment in first season, while in second one, 
treatment Azospirillum spp.+ Bacillus spp.+ 
compost and compost alone gave the highest 
weight. Regarding to flesh/fruit weight (%) control 
treatment gave the best ratio of flesh/fruit weight 
in 2016 and 2017 growing season followed by 
compost alone or Azospirillum spp.+ Bacillus 
spp.+ compost in second season. The present's 
results are in an agreement with those found by 
Hassan et al., (2015) who noticed that use two 
liter of biofertilizers plus poultry manure or sheep 
manure enhance fruit weight, flesh weight and 
stone weight of manzanillo olive cv. In this 
concern, Osman (2003) working on Zaghloul date 
revealed that bio-fertilizer treatment was the best 
one regarding yield and fruit characteristics for 
Zaghlool. 

Effect of inoculation with N2-fixing bacteria 
and compost on number of fruits/meter), total 
production(kg/tree), oil % in fresh fruits in 
"Manzanillo"olive trees: 

Fruit number/meter, total yield (kg/tree), oil % 
in fresh fruits as affected by compost and 
biofertilizers presents in Table (12). It is obvious 
that No. of fruits/m. and the yield of "Manzanillo" 
olive cv.  significantly increased with Azospirillum 
spp. +Azotobacter spp.+ Bacillus spp.+ compost) 
during 2016 growing season, whileas, 
Azotobacter spp.+ Bacillus spp.+ compost 
treatment gave the same effect during 2017 
season. In regard to the yield, Azospirillum spp.+ 
Bacillus spp. and compost treatment gave the 
highest signific and values in both seasons. 
Meanwhile, Azospirillum spp.+ Azotobacter spp. 
Bacillus spp.+ compost treatment surpassed other 
treatment in oil % as fresh weights during the 1st 
season, whileas, Azospirillum spp.+ Bacillus spp.+ 
compost treatment performed the same effect in 
the 2nd one. These results were in the same trend 
with those found by Fayed (2010) indicated that, 
soil application of compost tea gave the highest 
set and yield (Kg\tree) of Roghiani olives grown in 
Libya in two seasons, followed by manure tea 
comparing to control trees. Also noticed that, fruit 
set percentage and yield were increased in the 
second season than the first one, which might be 
due to accumulation effects of organic treatments. 
Fawy and El-Shazly (2016) found that, the most 
effective treatment was Bio1Fol4 with Micro2 
which achieved 5.05 tons fruits/fed for olive trees. 
The foliar application of bio-fertilizers in the 
presence of mineral fertilizers recorded higher 
increases of yield parameters and nutrients 

content in leaves and fruits of olives. These 
observations are in accordance with those 
obtained by Hegazi et al., (2007) on olive trees, 
Mohammed et al., (2010) on pear trees, who 
found that using compost tea with spraying humic 
acid recorded the highest values of fruit set and 
yield. Mostafa et al., (2009), on orange reported 
that the combination between compost tea and 
chicken manure extracts at concentration (1:10 x 
1:10 w\v) gave significant increase in yield/tree. 
Algae have a positive effect on fruit setting, yield 
and fruit quality (Hegab et al., 2005). Adam (1999) 
reported the growth promotion in response to 
application of nitrogen fixer cyanobacterium could 
be attributed to the nitrogenase as well as nitrate 
reductase activities of algae associated with the 
surface of plants, or the amino acids and peptides 
produced in algal filtrate and/or other compounds 
that stimulated growth of crop plants. 

Effect of inoculation with N2-fixing bacteria 
and compost on the minerals (%)the fruitsin 
olive trees irrigated with saline water: 

The results in Table (13) showed the increase 
of Nitrogen, Phosphorus and Potassium % as 
main macro elements in fruit with the different 
inoculated treatments particularly treatment 
(Azotobacter spp.+ Bacillus spp.+ compost). In 
both experimental seasons, the highest result 
significantly in the N, P and K % was recorded this 
treatment which obtained the highest N, P, and K 
%, respectively. The sodium and chloride values 
in the 1st season and 2nd season, results were 
differenced as treatment (compost) induced the 
highest values of Na and Cl %. These results 
confirmed with those obtained by Rashed (2002) 
who reported that biofertilizers combined with 
organic manure increased content of N, P and K 
of plants.  Selvi et al., (2003) reported that, 
application of organic manure increased the 
availability of P to plants. Application of compost 
as organic fertilizer significantly decreased Na+ 

content in plant undergoing saline soil whereas K 
content showed an increase accordingly in plant 
under saline conditions.  (Abo El-Magd et al., 
2008) confirmed that application of compost 
succeeded to increase the availability of K+, 
nitrogen and phosphorous in the whole plant. 
Also, organic matter serves as a very important 
source of plant nutrients, including micronutrients. 
Although N and P in composted organic material 
are not always immediately available for plant 
growth, they are released slowly over time 
(Eghball, 2001). 
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Table (9): The effect of application compost with or without N2-fixers on the NPK (%) in Olive 
leaves irrigated with saline water. 

Treatments 

N % P % K % 

1st 
season 

2nd 
 season 

1st 
season 

2nd 
 season 

1st 
season 

2nd 
 season 

T1 2.39E 2.13E 0.39E 0.06C 1.49CD 0.40B 

T2 2.53D 2.61D 0.51D 0.10BC 1.44D 0.42B 

T3 3.10B 2.75C 0.57CD 0.11BC 1.54C 0.45B 

T4 3.09B 2.90B 0.59C 0.11BC 1.74B 0.55A 

T5 3.26A 3.28A 1.36A 0.13B 1.83A 0.54A 

T6 2.93C 2.89B 0.78B 0.53 A 1.78AB 0.59A 

Means within a column having the same letters are not significantly different according to Duncan's Multiple Range 
Test (DMRT) at 5 % level. 

 
Table (10): The effect of application compost with or without N2-fixers on the fruit weight (g), fruit 

size (cm3), fruit length (cm) and fruit width (cm) of Olive trees irrigated with saline water. 

Treatments 

Fruit weight (g) Fruit size (cm3) Fruit length (cm) Fruit width (cm) 

1st 
season 

2nd 
season 

1st 
season 

2nd 
 season 

1st 
season 

2nd 
 season 

1st 
season 

2nd 
season 

T1 4.18A 5.07A 4.10 A 5.20 A 2.25A 2.47BC 1.77 A 1.94AB 

T2 3.74 C 5.09 A 3.55 D 5.03 B 2.19BC 2.50 A 1.71 C 1.97 A 

T3 3.80 C 4.18C 3.67 C 4.90 C 2.15 C 2.47BC 1.72 C 1.96 A 

T4 3.99 B 5.10A 4.00 B 5.13A 2.17 C 2.49AB 1.74 B 1.95AB 

T5 3.83 C 4.74 B 3.67 C 4.73 D 2.24AB 2.47C 1.67 D 1.91 C 

T6 4.19 A 4.73B 4.00B 4.93 C 2.25 A 2.45 C 1.75B 1.92BC 

Means within a column having the same letters are not significantly different according to Duncan's Multiple Range 
Test (DMRT) at 5 % level. 

 
Table (11): The effect of compost application with or without N2-fixing bacteria on the seed weight 

(gm), flesh weight (gm) and flesh/fruit weight % of Olive trees during 2016 &2017 growing 
seasons. 

Treatments 

Seed weight (g) flesh weight (g) flesh/fruit weight % 

1st  
season 

2nd   
season 

1st  
season 

2nd 
 season 

1st 
 season 

2nd 
season 

T1 0.72 C 0.67AB 3.46 A 4.4 A 82.78A 86.79AB 

T2 0.68D 0.68 A 3.06 C 4.41 A 81.82BC 86.64AB 

T3 0.75 B 0.66BC 3.05 C 3.52 C 80.26D 84.21C 

T4 0.72C 0.66AC 3.27 B 4.44 A 81.95B 87.06A 

T5 0.79A 0.65 C 3.04 C 4.09 B 79.37E 86.29B 

T6 0.79A 0.65 C 3.40 A 4.08 B 81.15C 86.26B 

Means within a column having the same letters are not significantly different according to Duncan's Multiple Range 
Test (DMRT) at 5 % level. 

 
Table (12): The effect of application compost with or without N2- fixers on the fruit density 

(number of fruits/meter), total production /tree kg), Oil % in fresh fruits of Olive trees irrigated with 
saline water  

Treatments 

(Number of 
fruits/meter) 

Total yield /tree kg Oil % in fresh fruits 

1st 
season 

2nd 
 season 

1st 
 season 

2nd 
 season 

1st 
 season 

2nd 
 season 

T1 14.40C 27.22 C 7.42 B 16.10D 9.56C 11.29BC 

T2 18.26 B 25.04 E 8.00 B 23.32B 10.06B 11.62B 

T3 17.36B 34.32A 5.77C 19.82C 10.13B 9.81D 

T4 21.48A 32.68 B 20.92A 25.08A 9.99B 12.14A 

T5 18.14B 33.48AB 6.97BC 11.07E 9.77BC 11.15C 

T6 21.77A 26.26D 7.85B 15.22D 10.85A 9.80D 

Means within a column having the same letters are not significantly different according to Duncan's Multiple Range 
Test (DMRT) at 5 % level. 
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Table (13): The effect of application compost with or without N2-fixers on the NPK, Na&Cl (%) in 
Olive fruits irrigated with saline water  

Treatments 

N % P % K % Na % Cl % 

1st 
season 

2nd 
 season 

1st 
season 

2nd 
 season 

1st 
 season 

2nd 
 season 

1st 
 season 

2nd 
season 

1st 
 season 

2nd 
 season 

T1 2.86D 2.52E 0.11D 0.22E 1.08E 0.85D 0.89B 0.88B 3.27E 3.22E 

T2 3.36B 2.62D 0.12CD 0.25D 1.07E 0.91C 0.98A 0.98A 4.41A 4.40A 

T3 2.95CD 3.80B 0.13C 0.31B 1.16D 0.97B 0.83C 0.86BC 3.82C 3.80C 

T4 2.89D 3.51C 0.18B 0.27C 1.31C 0.91C 0.91C 0.84BC 4.12B 4.10B 

T5 3.59A 3.97A 0.23A 0.43A 2.48A 1.06A 0.79C 0.81C 3.57D 3.57D 

T6 3.06C 3.49C 0.22A 0.42A 1.48B 0.93C 0.79C 0.80C 2.98F 2.93F 

Means within a column having the same letters are not significantly different according to Duncan's Multiple Range 
Test (DMRT) at 5 % level. 

 
Table (14): Economic evaluation of N2-fixing bacteria application on net return of Olive trees 

during 2016 and 2017 seasons. 

Treatments 
Total cost 
EGP/fed 

Mean yield Kg/ fed Gross income EGP/fed 

2016 2017 2016 2017 

T1 3215.0 1298.5 2817.5 9770 24960 

T2 1312.5 1400.0 4081.0 12687.5 39497.5 

T3 2384.375 1009.75 3468.5 7713.125 32300.625 

T4 2384.375 3661.0 4389.0 34225.65 41505.625 

T5 2384.375 1219.75 1937.25 9813.125 16988.125 

T6 2384.375 1373.75 2663.5 11353.125 24250.625 

Gross income (EGP.fed-1) = Mean yield kg.fed-1x Price sell of olive fruits (10 EGP/Kg) 
Price sell of compost = 1312.5 EGP/fed 
Price sell of 3/4 compost = 984.375 EGP/fed 
Price sell of biofertilizers = 20 EGP.L-1 =added 10 L/fed, as 7 times/season 
Total Price sell of biofertilizers = 70 L/fed. = 1400 EGP/fed  
Price sell of compost + biofertilizers = 984.375 + 1400 = 2384.375EGP/fed 
Price sell of chemical fertilizer = 3215 EGP/fed 

 
 Moreover, Rabia et al., (2015) found that 

inoculation with cowpea plants with compost and 
microbial inoculation on salinity stress improved 
the growth plant. 

On the other hand, the best treatment to 
reduce the Na % and Cl % in fruits was 
(Azospirillum spp.+ Azotobacter spp.+ Bacillus 
spp.+ compost) in both seasons. Chartzoulakis et 
al., (2004) reported that, irrigation of Koroneiki 
olives with saline water increased Na+ and Cl- 
concentration in olive fruit, like in other plant 
tissues. However, fruit Cl- and potassium 
concentration were higher than that in leaves, 
while fruit Na+ concentration was lower than that 
of leaves. The additional supply of potassium 
reduced to some extent the adverse effects of 
salinity by reducing the transport and 
accumulation of toxic ions in both leaves and 
fruits. On the other hand, potassium supplement 
caused a sharp increase of K+ concentration in 
the fruits, resulting in earlier change of fruit color 
from green to dark and finally fruit maturation. 

Economic evaluation.  
Data presented in Table (14) show the effect 

of biofertilizers application on net income of 

Manzanillo olive cv. under saline irrigation during 
2016 and 2017 seasons 

CONCLUSION 
Environmental stresses are becoming a major 

problem and productivity is declining at an 
unprecedented rate. Using chemicals are life 
threatening, not only hazardous for human 
consumption but also disturb the eco-logical 
balance. Biofertilizers can help to solve the 
problem of feeding an increasing global 
population at a time when agriculture is facing 
various environmental stresses. Bio-fertilizer and 
compost application in agriculture have great 
impact on organic agriculture and also to control 
the environmental pollution, soil health 
improvement.  So, using a mixture of selected 
effective microorganisms which active in nitrogen 
fixation, hormonal and enzyme production in 
combination with compost can partially meet the 
nutrient requirements of olive production under 
saline soil conditions. Biological fertilizers have a 
lower cost, had a more usage of the soil. 
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