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Introduction                                                                 

Onion (Allium cepa L.), a member of the family 
Amaryllidaceae, is a widely cultivated crop 
and second only to tomato in value among the 
vegetables (FAO 2005). In Egypt, it occupies 
an important position among vegetable crops 
not only for local consumption but also for 
exportation (Yaso et al. 2007). In recent years, the 
use of bio- fertilizers have considered a promising 
alternative for agricultural production and one 
of the best modern tools for providing nutrients 
to plants (Bhattacharjee and Dey 2014). Bio-
fertilizers include a wide range of soil microbes, 
including the microbes, which fix nitrogen, 
solubilize phosphate, release potassium, produce 
phytohormones and promote plant growth. 
(Miransari 2011). These microbes can provide 
essential nutrients for plants mainly nitrogen, 
phosphorus and potassium and can improve the 
growth and yield of plants and reduce the use of 
chemical fertilizers (Bashan and de- Bashan 2005).
Thus, in this study we focused on studying the 
effect of microbial inoculation with some PGPR 
strains individually and in mixture on the growth 
and the yield of onion plants which considered 
from the most economical crop in Egypt and on 
the microbial changes in the rhizosphere of onion 
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plants.

Materials and Methods                                               

Bacterial strains
Azotobacter chroococcum MF135558 (N2-

fixing bacteria, IAA producer), Klebsiella 
oxytoca MF135559 (P-solubilizing bacteria, IAA 
producer) and Rhizobium pusense MF135560 
(K-releasing bacteria, IAA producer) were 
obtained from Agr. Microbiol. Dept., Fac. Agric., 
Mansoura Univ., Mansoura, Egypt.

Preparation of inoculum
The bacterial strains were grown to maximum 

growth at appropriate period of time up to 
108cfu/ml. Az. chroococcum MF135558 was 
grown in Modified Ashby’s medium (Abd El-
Malek and Ishac, 1968), K. oxytoca MF135559 
in Pikovskaya’s medium (Pikovskaya, 1948) 
and Rhizobium pusense MF135560 in modified 
Alexandroov’s medium (Zahra, 1969). Equal 
volumes were mixed to make the mixtures of 
inoculum. Seedlings were soaked in microbial 
inoculants for 30 min. Arabic gum (16%) was 
used as an adhesive agent. An extra of 10 ml 
culture was added to each plant (Khafagy, 2003).
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Experimental design
A field experiment was carried out on the farm 

of Faculty of Agriculture, Mansoura University, 
Egypt during the winter season of 2016 to study 
the effect of bio-fertilization on the growth and 
yield of Onion plants. Seedlings were transplanted 
at 1st December 2016. The experiment was 
arranged as a completely randomized design with 
three replicates. Nitrogen fertilizer in the form 
of ammonium nitrate (33.5 %N) at the rate of 45 
and 67.5 Kg N/fed which represent 50 and 75 % 

from the final recommended doses, was applied 
in two equal doses, before the first and second 
irrigations. Calcium super phosphate (12.5 % 
P2O5) at the rate of 150 kg/fed was applied during 
soil preparation. Potassium fertilizer in the form 
of potassium sulphate (48 % K2O) at the rate of 12 
and 18 kg K2O/fed which represent 50 and 75% 
from the final recommended doses, was applied 
with the first dose of nitrogen fertilizer. The 
treatments were as follows:

T1 Full dose of NK 
T2 75 % dose of NK
T3 50 % dose of NK
T4 Azotobacter chroococcum MF135558

75
 %

 d
os

e 
of

 
N

K

T5 Klebsiella oxytoca MF135559
T6 Rhizobium pusense MF135560
T7 Az. chroococcum MF135558 + K. oxytoca MF135559
T8 Az. chroococcum MF135558 + R. pusense MF135560
T9 K. oxytoca MF135559 + R. pusense MF135560
T10 Az. chroococcum MF135558 + K. oxytoca MF135559 + R. pusense MF135560
T11 Azotobacter chroococcum MF135558

50
 %

 d
os

e 
of

 
N

K

T12 Klebsiella oxytoca MF135559
T13 Rhizobium pusense MF135560
T14 Az. chroococcum MF135558 + K. oxytoca MF135559
T15 Az. chroococcum MF135558 + R. pusense MF135560
T16 K. oxytoca MF135559 + R. pusense MF135560
T17 Az. chroococcum MF135558 + K. oxytoca MF135559 + R. pusense MF135560

The physical, chemical and biological 
properties of the experimental soil were showed 
in Table 1.

Plant sampling
Samples were collected at 60, 90, 120 days 

after transplanting (DAT) and at the harvest stage.

TABLE 1. Initial physical, chemical and biological properties of the experimental soil.

Properties 
Texture analysis

Sand (%) 7.75
Silt (%) 53.70
Clay (%) 38.55

Soil texture Silty clay loam
Organic matter (%) 1.14
pH soil-water suspension ratio (1:2.5) 8.15
EC(dS m-1) soil-water extract ratio (1:5) 1.26
Soluble cations (meq/L)

Ca++ 7.45
Mg++ 2.15
Na+ 3.22
K+ 0.20

Soluble anions (meq/L)
CO3

-- 0.00
HCO3

- 3.20
Cl- 4.10
SO4-- 5.72

Available N (ppm) 18.25
Available P (ppm) 7.58
Available K (ppm) 156.0
Bacterial count 
Total bacterial count 1.43 × 106

Azotobacter spp. 0.24 × 104

Phosphate dissolving bacteria 5.80 × 104

Potassium releasing bacteria 22.8 × 104
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Growth parameters
Foliage height (cm), Number of leaves/plant, 

Fresh weight (g/plant), Dry weight (g/plant), Crop 
growth Rate (CGR) at 60/90 and 90/120 DAT in 
g/day (CGR= W2-W1/T2-T1 where W1 and W2 
refer to dry weights of plant at sampling time 
T1,T2, respectively), Bulbing ratio at 120 DAT (It 
was counted as the ratio of the greatest diameter 
of bulb/the minimum neck diameter) and NPK 
content in plant.

Yield parameters
Bulb weight (g/plant), Total bulbs yield (t/

fed), Shape index (It was counted by dividing 
bulb height/bulb diameter), Total soluble solids 
percentage (TSS%) by using a hand refract-meter, 
Bulb dry matter percentage (DM%) and NPK 
content in bulb.

Plant chemical analyses
The finely powdered dry plant material was 

first digested with sulphoric-perchloric acids 
mixture. Total nitrogen content was determined 
calorimetrically at 420 nm by Nessler reagent 
(Lindner, 1944). Phosphorus content was 
determined calorimetrically at 660 nm by the 
method of Boltz and Mellon (1948) modified by 
Hemalatha et al., (2013). Potassium content was 
determined by atomic absorption spectroscopy 
(Jackson, 1973).

Microbial count Determination
A) Total bacterial count

Total bacterial count was counted on nutrient 
agar medium (Skerman, 1967) using pour-plate 
method. Colony counts were obtained after three 
days of incubation at 30C.

B) Azotobacter count
Azotobacter was counted on Ashby’s medium 

(Abd-El-Malek and Ishac, 1968), using Most 
Probable Number (MPN) technique. Tubes were 
incubated at 30°C for 15-21 days. At the end of 
incubation period the presence of characteristic 
surface Azotobacter pellicle was checked.

C) Phosphate-solubilizing bacterial count
Phosphate-dissolving bacteria was counted 

on Pikovskaya’s medium (Pikovskaya’s, 1948) 
by plate method. Clear zones around the colonies 
were recorded after 7 days incubation at 30°C.

D) Potassium-releasing bacterial count
Potassium-dissolving bacteria was counted on 

modified Alexandroov medium (Zahra, 1969) by 
plate method. Plates were incubated at 30°C for 
5 days.

Statistical analysis
The obtained experimental data were 

statistically analyzed using COSTAT (2005) 
software of analysis of variance (Gomez and 
Gomez, 1984). The means were compared using 
Duncan multiple range test at p = 0.05 as outlined 
by Snedecor and Cochran (1980).

Results and Discussion                                                 

Growth parameters
The effect of chemical fertilization and 

microbial inoculation of onion plants on foliage 
heights (cm), number of leaves per plant and 
dry weights (g) per plant is presented in Table 2. 
Results revealed that the foliage heights, number 
of leaves and dry weights were significantly 
affected by the tested bio-fertilization treatments. 
The treatment T4 (Az. chroococcum + 75 % 
dose of NK) was the best treatment in increasing 
the plant height (94.33 cm), followed by T16 
(K. oxytoca + R. pusense + 50 % dose of NK) 
which gave (90.06 cm) at 120 DAT. There was 
no significance between treatments number (T13, 
T12, T8, T9, T6 and T10) which gave values 
(88.3, 85.63, 85.56, 85.03, 83.60 and 83.60 
cm, respectively) and T1 (control, full dose of 
NK) at 120 DAT. However, the highest number 
of leaves per plant at 120 DAT (12.66 leaves/
plant) was recorded with the treatment T4 (Az. 
chroococcum+ 75 % dose of NK), followed by 
treatments number (T5, T15, T14 and T9) which 
gave values (12.33, 12.00, 11.66 and 11.33 leaves/
plant, respectively). While, the lowest number of 
leaves per plant were recorded with the treatments 
T10, T6 and T11, which gave values (9.66, 9.66 
and 8.66 leaves/plant, respectively). On the 
other hand, the treatment T4 (Az. chroococcum 
+ 75 % dose of NK) was the best treatment for 
enhancing dry weights of onion plants which 
gave value 36.33 g/plant at 120 DAT, followed 
by the treatments number (T8, T9 and T13) which 
gave values (34.25, 32.03 and 26.10) g/plant, 
respectively which were better than the value 
of T1 (control, full dose of NK). This increase 
is due to increasing the availability of nitrogen, 
phosphorus, potassium and trace elements and 
production of high quantity of auxins which 
play an important role in chlorophyll, enzymes, 
proteins synthesis, and promotion of protoplasm 
development and enhancing the translocation of 
assimilates. Same findings reported by Balemi     
et al., 2007; Kandil et al., 2011; Abo-Sedera et al., 
2012; Fawzy et al., 2012; Ghodia, 2012 &Salim 
and Abou El-Yazied, 2015.
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Results listed in Table 3 revealed that the 
crop growth rate was significantly affected by the 
tested bio-fertilization treatments. The highest 
CGR values (0.305 and 0.834 at 60 to 90 and 90 
to 120 DAT, respectively) were recorded by onion 
plants inoculated with T4 (Az. chroococcum + 75 
% dose of NK), followed by the treatment T8 (Az. 
chroococcum + R. pusense + 75 % dose of NK) 
which gave values (0.292 and 0.770 at 60 to 90 
and 90 to 120 DAT, respectively). Same findings 
reported by Neeraja et al., 2000 and Kandil et al., 
2011. Also, Results indicated that the bulbling 
ratio was not significantly affected by the tested 
mineral and bio-fertilization treatments. Same 
findings reported by Shaheen et al., 2007 and 
Kandil et al., 2011.

NPK content in onion plants
The effect of chemical fertilization and 

microbial inoculation application of onion 
plants on NPK content after 60, 90 and 120 
DAT is presented in Table 4. Data shows that the 
N-contents were significantly responded to all 
treatments under investigation. It was clear that 
the T4 (Az. chroococcum + 75 % dose of NK) 
was the best treatment for enhancing N-content 
in onion plants which gave values (14.71, 17.58 
and 20.03 mg/g dry weight after 60, 90 and 120 
DAT, respectively). Also, treatments number (T7, 

TABLE 2. Foliage heights, Number of leaves / plant and dry weights of onion plants at different crop growth stages 
as affected by bio-fertilization treatments.

Treatments
Plant height (cm) Number of leaves / plant Dry weight (g/plant)

60
 DAT

90
 DAT

120
 DAT

60 
DAT

90
 DAT

120
 DAT

60 
DAT

90
 DAT

120 
DAT

T1 65.13a* 85.36a 88.76bc 5.66ab* 7.66a-c 10.00d-g 2.19bc 8.92cd 21.31f

T2 52.56d 77.06b-d 78.30ef 5.00ab 7.33a-d 9.33f-h 1.55ef 6.55f 14.32j

T3 47.56e 68.73e 74.36f 4.66b 6.00d 8.33h 1.04g 5.43g 12.35k

T4 56.93cd 77.16b-d 94.33a 5.33ab 7.00a-d 12.66a 2.12bc 11.29a 36.33a

T5 63.36a 79.90a-c 82.10de 6.00a 8.00ab 12.33ab 3.21a 9.96b 15.66i

T6 53.60cd 75.00b-e 83.60c-e 5.33ab 7.33a-d 9.66e-h 1.97cd 9.78b 23.79e

T7 56.10cd 80.43a-c 81.76de 6.00a 8.00ab 10.66b-f 1.67de 9.61bc 20.37fg

T8 55.56cd 81.53ab 85.56b-d 5.66ab 8.33a 10.66b-f 2.42b 11.21a 34.25b

T9 63.40a 83.73a 85.03cd 5.66ab 7.00a-d 11.33a-e 3.14a 10.18b 32.03c

T10 58.23bc 80.00a-c 83.60c-e 6.00a 8.00ab 9.66e-h 2.25bc 9.58bc 17.05h

T11 44.76e 76.23b-d 80.20de 5.00ab 6.33cd 8.66gh 1.16fg 7.61e 17.48h

T12 54.50cd 75.60b-d 85.63b-d 5.66ab 6.66b-d 10.33c-f 2.04b-d 7.39e 13.26jk

T13 52.36d 70.70de 88.30bc 5.33ab 6.66b-d 10.66b-f 1.41e-g 7.46e 26.10d

T14 53.03cd 71.36de 78.73ef 5.33ab 6.66b-d 11.66a-d 1.50ef 8.78d 20.27fg

T15 54.83cd 75.03b-e 78.83ef 5.00ab 8.00ab 12.00a-c 1.34e-g 9.57bc 19.55g

T16 62.10ab 74.40c-e 90.06ab 5.66ab 7.33a-d 10.66b-f 2.10bc 9.51bc 20.74fg

T17 56.23cd 73.20de 80.20de 6.00a 7.00a-d 10.33c-f 2.26bc 9.74b 20.24fg

*Means followed by different letter(s) in the column are significantly different

T8 and T5) gave values (19.36, 19.30 and 18.82 
mg/g dry weight after 120 DAT, respectively) 
which were better than the value of T1 (control, 
full dose of NK). There was no significance 
between treatments number (T9, T14, T10, T15 
and T6) which gave values (18.23, 18.06, 18.02, 
18.00 and 18.00 mg/g dry weight after 120 DAT, 
respectively) and T1 (control, full dose of NK). 
However, the highest values in P-content (4.67, 
4.57 and 4.46 mg/g dry weight after 120 DAT) 
were recorded by onion plants inoculated with 
T6, T9 and T4. Also, there was no significance 
between treatments number T8, T5, T16 and T11 
which gave values (4.423, 4.346, 4.330 and 4.320 
mg/g dry weight after 120 DAT, respectively) 
and value of T1 (control). On the other hand, 
the highest values in K-content (23.96, 22.25, 
21.19, 19.21 and 18.86 mg/g dry weight after 120 
DAT) were recorded by onion plants inoculated 
with T9, T4, T6, T7 and T13, respectively which 
were better than the value of T1 (control). The 
increase of nutrients content in plant can be due 
to the enhancement of the biological N2-fixation 
and/or production of organic acids to solubilize 
P and K and/or production of certain growth 
promoting substances, which positively affect 
root development and consequently their function 
in the uptake of both water and nutrients. The 
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TABLE 3. Crop Growth Rate (CGR) and Bulbing ratio as affected by bio-fertilization treatments.

Treatments
CGR

Bulbing ratio 
60/90 DAT 90/120 DAT

T1 0.223f-h* 0.412f 1.78a-d

T2 0.166jk 0.258i 1.67b-d

T3 0.146k 0.230ij 1.49d

T4 0.305a 0.834a 1.94a-d

T5 0.224f-h 0.190j 1.70b-d

T6 0.260c-e 0.466e 2.07a-c

T7 0.264cd 0.358gh 2.21a

T8 0.292ab 0.770b 1.94a-d

T9 0.234d-g 0.727c 1.86a-d

T10 0.244c-g 0.248i 1.83a-d

T11 0.215gh 0.329h 1.98a-c

T12 0.178ij 0.195j 1.76a-d

T13 0.201hi 0.621d 1.84a-d

T14 0.231e-h 0.394fg 1.64cd

T15 0.274bc 0.332h 1.83a-d

T16 0.246c-f 0.374f-h 1.75a-d

T17 0.249c-f 0.361gh 2.10ab

*Means followed by different letter(s) in the column are significantly different

TABLE 4. NPK content (mg/g dry weight) of onion plants after 60, 90 and 120 days after transplanting (DAT) as 
affected by bio-fertilization treatments.

Treatments
N -content in plant (mg/g) P -content in plant (mg/g) K -content in plant (mg/g)

60
 DAT

90
 DAT

120 
DAT

60 
DAT

90 
DAT

120 
DAT

60
 DAT

90
 DAT

120 
DAT

T1 13.30fg* 14.68d-f 17.73d-f 1.646b* 2.546b 4.293de 6.61b* 14.20g 17.84e

T2 12.72gh 13.94e-g 16.42gh 1.313cd 1.533g-i 4.163ef 4.65fg 12.22j 17.49ef

T3 11.41i 13.55g 15.61h 1.210d 1.426i 3.593i 3.73ij 9.93l 15.52i

T4 14.71a-c 17.58a 20.03a 1.653b 2.586b 4.463bc 5.03e 19.00a 22.25b

T5 14.51a-d 14.72d-f 18.82bc 2.136a 3.553a 4.346cd 7.75a 14.62f 16.88gh

T6 14.35b-e 14.91de 18.00c-e 1.603b 1.686e-g 4.670a 5.88c 16.83b 21.19c

T7 13.55e-g 16.61b 19.36ab 1.616b 1.860e 4.093fg 4.14h 16.73d 19.21d

T8 14.02c-f 16.20b 19.30ab 1.020e 1.840e 4.423cd 5.38d 17.17c 17.71e

T9 14.98ab 16.32b 18.23cd 1.253d 1.480hi 4.576ab 4.88ef 15.33e 23.96a

T10 15.37a 15.97bc 18.02c-e 1.690b 2.100d 3.956gh 6.00c 14.54f 17.68e

T11 13.15f-h 15.21cd 17.08e-g 1.323cd 1.846e 4.320c-e 3.75i 11.90k 16.52h

T12 13.32fg 14.80d-f 16.92fg 1.210d 2.306c 4.166ef 5.16de 12.97i 15.43i

T13 13.64d-g 13.82fg 16.43gh 1.326cd 1.403i 4.160ef 3.52i-k 14.13gh 18.86d

T14 12.74gh 14.07e-g 18.06c-e 1.423c 1.630f-h 3.873h 3.32k 16.46d 17.15fg

T15 13.40fg 14.39d-g 18.00c-e 0.783g 1.726e-g 3.933h 3.81i 13.95gh 16.83gh

T16 12.31h 14.63d-f 16.61gh 1.240d 1.333i 4.330cd 3.45jk 11.69k 15.84i

T17 12.69gh 14.58d-f 16.24gh 0.893f 1.740ef 3.903h 4.44g 13.86h 16.56h

*Means followed by different letter(s) in the column are significantly different
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same findings were obtained by Salim and Abou 
El-Yazied (2015).

Yield parameters
Bulb weight
Averages bulb weight of onion plants as 

affected by chemical fertilization and bacterial 
inoculation are listed in Table 5. Results indicate 
that the mineral and bio-fertilization significantly 
affected bulb weight. The best treatment that 
enhancing bulb weights was T4, followed by T8 
and T6 which gave values 298.91, 296.37 and 
194.93 g/plant, respectively. The role of bio-
fertilization in increasing the average of bulb 
weight may be attributed through increasing 
chlorophyll concentration and improving 
absorption of macro and micronutrients. Same 
findings reported by Kandil et al., 2011 when 
used 75% NPK + biofertilizer (Soft Guard), 
Mahantheshet al. (2008) when used 125 kg N + 
50 P2O5 + 125 kg K2O/ha plus using Azospirillum 
as bio-fertilizer and Balemiet al. (2007) when 
used Azotobacter sp. CBD-15 and 75 Kg N ha-1.

Total bulbs yield
Total bulbs yield (t/fed) of onion plants as 

affected by chemical fertilization and bacterial 
inoculation are listed in Table 5. Results indicate 
that the mineral and bio-fertilization significantly 
affected total bulbs yield. At the same trend, the 
best treatment that enhancing total yield was T4, 
followed by T8 which gave values 19.976 and 
19.645 (t/fed), respectively, with an increase by 
6.19% and 4.43%, respectively over the treatment 
T1 (control). This increase is due to the nutrients 
availability and production of high quantity of 
auxins in rhizosphere soil, which may increase the 
metabolic components synthesized in the plant 
and these in turn contribute much increase in the 
amount of metabolites translocated from different 
part of the plant to the bulb. Same findings 
reported by Balemiet al. (2007) when used 
Azotobacter sp. CBD-15 and 75 Kg N ha-1, there 
is an increase of 13.5% marketable yield due to 
this treatment and Yaso et al. (2007) when used 60 
Kg N/fed with biofertilizer (Halex 2) containing 
N-fixing bacteria (Azospirillum, Azotobacter and 
klebsiella) gave the maximum marketable yield 
and total bulb yield.

Bulb shape index
Results listed in Table 5 indicated that shape 

index of onion bulbs did not significantly affect by 
the tested mineral and bio-fertilization treatments. 
This is due to the shape index of bulbs is a genetic 

character and can only change with onion variety. 
Same findings reported by Kandil et al., 2011.

Total soluble solids (TSS%)
Results listed in Table 5 indicated that the best 

treatment that enhancing TSS% was T4, followed 
by T8 and T9 which gave values 12.16%, 12.08% 
and 12.01%. This increase is due to increasing 
the availability of minerals and consequently 
increasing their uptake which plays important 
role in the plant assimilation rate which in turn 
increased TSS%. Results are in agreement with 
Balemi, 2005 who found an increase in TSS% in 
onion tissues when used 75% from recommended 
nitrogen per hectare with using Azotobacter 
bacteria as biofertilizer. Also, Singh et al., 2017 
found that the treatment (50%N + 75%P + K + 
50% Azotobacter + 25% PSB) enhanced the 
TSS% in onion tissues to 12.28%. Same findings 
also reported by Yaso et al., 2007; Abo-Sedera et 
al., 2012; Fawzy et al., 2012 and Ghodia, 2012.

Bulb dry matter (DM%)
Results listed in Table 5 indicated that the best 

treatment that enhancing DM% was T4, followed 
by T8, T11 and T17 which gave values 13.10%, 
13.01%, 12.08% and 12.00%. This increase is due 
to the role of N in increasing DM%. Results are in 
agreement with Mohd-Mostakimet al., 2000 who 
found an increase in DM% in onion tissues when 
used 130 kg N + 80 kg K2O + 60 kg K2O/ha with 
using Azotobacter bacteria as bio-fertilizer. Same 
findings reported by Mahanthesh et al., 2008; 
Kandilet al., 2011 and Abo-Sedera et al., 2012.

NPK content in onion bulb tissues 
Data in Table 5 show the effect of chemical 

fertilization and bacterial inoculation of onion 
plants on bulb N, P and K-content. N, P and 
K-contents were significantly responded to all 
treatments under investigation. The highest value 
in N-content (14.03, 13.94, 13.84 mg/g dry weight) 
was scored by onion plants inoculated with T4, 
T8 and T9, respectively with an increase 8.92%, 
8.22% and 7.45% over the control treatment. Also, 
treatments number (T10, T5, T6 and T7) gave high 
values (13.36, 13.31, 13.06, and 12.92 mg/g dry 
weight, respectively), there was no significance 
between these treatments and the value of T1 
(control, full dose of NK). However, the highest 
values in P-content (3.990 mg/g dry weight) was 
scored by onion plants inoculated with T5 with 
an increase 34.97%, followed by the treatments 
number (T4 and T10) which gave values (3.506 
and 3.453 mg/g dry weight, respectively) with 
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an increase 18.60% and 16.81%, respectively, 
there was no significance between the treatments 
number (T7, T11, T12, T9, T6 and T8) which 
gave values (3.08, 3.07, 3.06, 3.03, 3.01 and 
2.93 mg/g dry weight, respectively). On the other 
hand, the highest value in K-content (14.61 mg/g 
dry weight) was scored by onion plants inoculated 
with (T10) with an increase 35.40 over the 
control followed by treatments number (T9, T5, 
T12, T4, T8, T6, T7 and T16) which gave high 
values (14.29, 13.98, 13.03, 12.58, 12.34, 11.61, 
11.37 and 11.30 mg/g dry weight, respectively) 
with an increase 38.43%, 29.56%, 20.75%, 
16.58%, 14.36%, 7.59%, 5.37% and 4.72%, 
respectively) which were better than the value 

of T1 (control, full dose of NK). There was no 
significance between treatments T13 and T11 and 
the value of T1 (control, full dose of NK). This 
increase in nutrients content in bulb can be due 
to the enhancement of the nutrients availability 
and/or production of certain growth promoting 
substances, which may increase the metabolic 
components synthesized in the plant and these in 
turn contribute much increase in the amount of 
metabolites translocated from different part of the 
plant to the bulb. Results are in agreement with 
Balemi et al. (2007), Fawzy et al. (2012), Ghodia 
(2012) and Salim and Abou El-Yazied (2015).
Bacterial counts

TABLE 5. Bulb weight (g), total bulbs yield (ton/fed), bulb shape index, total soluble solids (%), bulb dry matter 
(%) and NPK content in bulb tissues of onion plants as affected by bio-fertilization treatments.

Treatments
 Bulb

 weight
(g)

 Total
 bulbs
yield

 Bulb
 shape
index

TSS% DM%

NPK (mg/g dry weight)
in bulb tissues

N P K

T1 293.61a* 18.810bc 0.810ab 10.75b-d 11.89c 12.88b-d 2.956cd 10.79h

T2 265.21cd 15.312e 0.792ab 10.60cd 11.22c-e 12.28c-f 2.626e 9.74i

T3 219.71f 10.904i 0.754b 10.16d 9.24g 11.97ef 1.910h 8.15k

T4 298.91a 19.976a 0.800ab 12.16a 13.10a 14.03a 3.506b 12.58e

T5 273.61bc 17.936cd 0.790ab 11.44a-c 10.99c-e 13.31ab 3.990a 13.98c

T6 294.93a 17.565d 0.804ab 11.49a-c 11.18c-e 13.06bc 3.013c 11.61f

T7 283.22bc 17.488d 0.808ab 11.22a-d 11.41cd 12.92b-d 3.083c 11.37fg

T8 296.37a 19.645ab 0.838ab 12.08a 13.01ab 13.94a 2.930cd 12.34e

T9 292.18a 17.837d 0.878a 12.01a 10.74d-f 13.84a 3.036c 14.29b

T10 287.73ab 18.037cd 0.858ab 11.33a-c 10.17e-g 13.36ab 3.453b 14.61a

T11 249.63e 12.341h 0.822ab 10.74b-d 12.08bc 11.88e 3.073c 10.56h

T12 246.21e 14.192f 0.804ab 11.38a-c 10.96c-e 12.15d-f 3.060c 13.03d

T13 283.78ab 15.186e 0.862ab 11.37a-c 10.98c-e 12.05ef 2.543ef 10.83h

T14 267.28cd 14.101f 0.810ab 11.55a-c 11.39cd 12.29c-f 2.606e 9.85i

T15 243.63e 12.970gh 0.834ab 11.77ab 11.47cd 11.65f 2.443fg 9.70i

T16 254.74de 13.386fg 0.848ab 11.11a-d 9.74fg 12.37c-f 2.830d 11.30g

T17 245.75e 15.402e 0.814ab 11.50a-c 12.00bc 12.45c-e 2.366g 9.13j

*Means followed by different letter(s) in the column are significantly different

It’s obvious from the results that the bacterial 
counts in the rhizosphere of inoculated treatments 
were higher than those in the rhizosphere of 
uninoculated ones. The bio-fertilization has 
a pronounced increase in bacterial count in 
comparison with the mineral fertilization. Also, it 
was observed that the highest values of bacterial 
numbers were obtained at 90 DAT under all 
applications, the counts were gradually increased 
until 90 DAT, however it decreased at 120 DAT, 
this is due to the decrease in roots exudates of 

old plants. In all stages of growth, by increasing 
N-fertilizer, the bacterial count increased. Data in 
Table 6 show that the highest total bacterial count 
in onion rhizosphere being 241.56 x 106cfu / g 
dry soil was recorded in the rhizosphere of onion 
plants inoculated with T4 (Az. chroococcum+ 75 
% dose of NK), followed by (T6 and T 10) which 
gave also higher values (238.84 x 106 and 202.51 
x 106cfu / g dry soil), respectively at 90 DAT. Also, 
data in Table 7 show that the inoculation with Az. 
chroococcum show an increase in Azotobacter 
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spp. count where the treatment (T4 and T11) gave 
the highest values (78.61 x 104 and 59.76 x 104/g 
dry soil, respectively at 90 DAT), followed by T10 
(Mixture + 75 % dose of NK) which gave 58.42 x 
104/g dry soil. However, data in Table 8 show that 
the treatment T8, T6, T7 and T9 gave the highest 
values (148.02, 147.11, 146.66 and 144.84 x 
104cfu / g dry soil, respectively at 90 DAT), also 
data in Table 9 show that the highest potassium-
releasing bacterial count being 305.13 x 104cfu/g 
dry soil was recorded in the rhizosphere of onion 

plants inoculated with T8 (Az. chroococcum + R. 
pusense + 75 % dose of NK), followed by T7 (R. 
pusense + 75 % dose of NK) which gave value 
255.18 x 104cfu / gram dry soil. Also, T9, T10 
and T6 gave higher values (248.83, 245.19 and 
225.67 x 104cfu / g dry soil), respectively at 90 
DAT. The obtained results are in agreement with 
those obtained by Monib et al., 1982; Fayez et al., 
1985; Zayed, 1999; Shahaby et al., 2000; Nain et 
al., 2000; Khafagy, 2003 and Hauka et al., 2010.

TABLE 6. Total bacterial count (106cfu/g dry soil) in the rhizosphere of onion plants after 30, 60, 90 and 120 days 
after transplanting (DAT) as affected by bio-fertilization treatments.

Treatments Days after transplanting (DAT)
30 60 90 120

T1 19.56 85.40 219.77 53.12
T2 18.34 78.80 168.91 49.06
T3 16.53 72.91 100.80 27.66
T4 19.24 91.03 241.56 81.52
T5 19.83 96.46 125.22 70.82
T6 18.47 110.96 238.84 79.31
T7 19.70 64.31 140.76 65.29
T8 23.36 94.20 189.34 77.46
T9 17.84 98.73 176.17 56.07

T10 19.65 104.16 202.51 67.13
T11 18.88 88.31 104.89 45.00
T12 20.15 83.78 128.04 56.44
T13 17.48 68.38 107.16 45.74
T14 17.61 43.47 123.96 38.36
T15 17.70 61.14 118.51 43.89
T16 18.25 100.54 185.26 43.52
T17 18.61 64.76 126.23 49.80

Initial count 1.43 × 106cfu / g dry soil

TABLE 7. Counts of Azotobacter spp. (104/g dry soil) in the rhizosphere of onion plants after 30, 60, 90 and 120 
days after transplanting (DAT) as affected by bio-fertilization treatments.

Treatments
Days after transplanting (DAT)

30 60 90 120
T1 1.49 2.62 4.63 1.54
T2 2.44 4.07 7.86 2.21
T3 2.30 3.65 6.26 2.17
T4 11.79 38.14 78.61 7.96
T5 6.25 7.08 40.76 4.98
T6 5.31 19.02 23.29 2.87
T7 1.36 11.06 47.55 7.86
T8 1.49 3.26 19.92 4.48
T9 1.63 5.01 28.53 2.21
T10 4.07 4.49 58.42 2.87
T11 3.78 12.94 59.76 7.74
T12 1.45 2.86 11.41 1.43
T13 1.49 1.74 19.02 1.32
T14 2.85 3.78 12.90 5.42
T15 2.31 3.20 16.01 1.54
T16 1.04 1.63 12.90 1.01
T17 2.31 3.20 14.94 2.32

Initial count 0.24 × 104/ g dry soil
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TABLE 8. Phosphate solubilizing bacterial count (104cfu /g dry soil) in the rhizosphere of onion plants after 30, 60, 
90 and 120 days after transplanting (DAT) as affected by bio-fertilization treatments.

Treatments
Days after transplanting (DAT)

30 60 90 120
T1 47.10 80.55 98.07 59.39
T2 45.28 70.65 79.00 42.79
T3 38.49 45.28 68.11 38.36
T4 46.19 89.22 130.31 83.00
T5 62.50 98.27 139.39 56.80
T6 48.00 112.77 147.11 50.53
T7 46.64 85.14 146.66 46.11
T8 56.61 115.03 148.02 49.80
T9 50.72 117.75 144.84 44.26
T10 57.51 106.88 114.42 47.58
T11 35.32 43.93 138.49 57.17
T12 43.47 53.89 122.14 46.48
T13 54.34 76.99 115.33 41.68
T14 46.19 57.51 119.42 43.16
T15 43.02 61.59 132.58 44.26
T16 43.93 71.10 118.05 45.00
T17 30.79 82.88 102.16 56.80

Initial count 5.80 × 104cfu / g dry soil

TABLE 9. Potassium releasing bacterial count (104cfu/g dry soil) in the rhizosphere of onion plants after 30, 60, 
90 and 120 days after transplanting (DAT) as affected by bio-fertilization treatments.

Treatments Days after transplanting (DAT)
30 60 90 120

T1 85.14 171.78 203.42 71.56
T2 69.74 139.49 152.56 55.70
T3 58.42 119.11 127.13 34.30
T4 75.63 161.68 179.81 80.41
T5 143.11 156.25 182.99 59.02
T6 113.22 190.67 225.67 60.49
T7 57.97 189.76 255.18 44.26
T8 71.55 162.59 305.13 99.97
T9 163.04 177.53 248.83 62.71
T10 111.86 195.19 245.19 67.87
T11 69.29 133.60 147.57 52.38
T12 83.33 117.30 169.36 43.16
T13 94.65 173.46 203.87 58.65
T14 56.15 140.85 154.83 54.22
T15 45.28 146.73 200.69 62.34
T16 105.52 161.68 172.54 43.16
T17 96.92 166.21 207.96 68.24

Initial count 22.8 × 104 cfu / g dry soil
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Conclusion                                                                         

From the current study, it could recommend 
the possibility of using the individual bacterial 
inoculum, which containing Azotobacter 
chroococcum MF135558 in the presence of 75% 
dose of NK for enhancing growth and yield of 
onion plants and minimize the request of chemical 
fertilizers
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