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ABSTRACT

Biofertilizers are recently used on a large scale to reduce chemical fertilizers and their pollutant
effect on soils and water. In this work, a pot experiment was carried out to evaluate the effect of Azotobacter
chroococcum, Azospirillum lipoferum and Klebsiella oxytoca with different levels of nitrogenous fertilizer on
the growth and yield of canola (Brassica napus L.) and microbial population in the soil during the winter
season, 2018. Results reveal that used bacterial species as biofertilizers have a great effect on morphological
and yield traits of canola plants, where the plants treated with Azotobacter, Azopirillum and Klebsiella were
characterized by increases in plant heights, plant weights as well as numbers of branches and pods. Also,
Azotobacter and Azospirillum increased nitrogen, whereas Klebsiella oxytoca increased phosphorus in plants
and seeds. The results showed that using triple inoculum (Az. chroococcum, Azosp. lipoferum and K.
oxytoca) with 75% of nitrogenous fertilizer (33.75 kg N/feddan) achieved the highest seed yield per plant
(24.35 g/plant), while oil percent in seeds was 46.86%, which was not the highest but very close to oil
percentage in plants treated with the recommended dose of nitrogen, which was 47.47%. On the other side,
using bacterial inoculum stimulate microbial population and increased total bacteria, diazotrophs
(Azotobacter and Azospirillum) and phosphate dissolving bacteria counts in the rhizosphere of canola plants.
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INTRODUCTION

Canola (Brassica napus L.) is one of the main oil
crops in many countries especially in Canada, the EU and
the USA. Canola oil production comes in the third position
after soybean and palm, and in the second position in total
world area for oil crops. Canola produces approximately
14.7% of total vegetable edible oil in the world (Yasari et
al., 2008). It contains 40 - 45% oil and 36 - 40% protein.

Canola oil has a high content of omega 3 and
vitamin E, and low content of erucic acid and
glucosinolates. Thus, it recognized as functional food by
medicine (Brown et al., 2008). Canola oil is used widely as
cooking and salad oil, and in making margarine. Also, it is
used in lubricants and hydraulic fluids, lamp oils and soap
making (Malhi & Gill, 2007; Megawer & Mahfouz, 2010;
Naderifar & Daneshian, 2012; Sharifi, 2012).

Egypt has been faced with the problem arising

In Egypt, efforts are being made to increase the
areas under cover oilseed crops as much of the edible oil is
important. It is well known that the chemical N-P-K
fertilizer help in the healthy growth of crops like canola
(Yasari & Patwardhan, 2007; Yasari, et al., 2009). On the
other hand, the continuous and intensive use of chemical
fertilizers may lead to environmental pollution especially
to groundwater, and the cost of production increased. So,
the need to find alternatives was crucial to reduce the use
of chemical fertilizers. Bio-fertilizers are the most
advanced  biotechnology  enhanced  environmental
sustainability, lower-cost production and good crop yields
(Sharma et al., 2007; Hakeem et al., 2016).

Biofertilizers are the organic preparations
containing microorganism(s), which are added to soil as an
alternative to chemical fertilizers. biofertilizers include
nitrogen fixers, phosphate solubilizing bacteria, plant
growth-promoting rhizobacteria, etc... (Shekh, 2006). A

from the shortage in the local production of edible oils as
compared to the rate of their consumption. The wide gap
between the production and consumption of edible oils
reached 90%, which created a need for importation.
Finding a new source of edible oil has been a necessity.

Cultivation of canola in Egypt is an opportunity to
decrease the local deficiency in the production of vegetable
edible oils, especially due to its ability to tolerate harsh
environmental conditions such as salinity and drought
frequently prevailing in newly reclaimed soil as well as
being successfully grown during the winter season in
Egypt. (Weiss, 1983; Kandil, 1984; Sharaan, 1986;
Ghallab & Sharaan, 2002; Sharaan et al., 2002).
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number of different bacteria promote plant growth
including  Azotobacter  spp.,  Azospirillum  spp.,
Pseudemonas spp., Bacillus spp. were used in the
inoculation of canola plants. The biofertilizer had a
significant and positive effect on plant height and yield of
canola as well as the reduction in the quantity of chemical
fertilizers used (Gupta & Samnotra 2004, Turan et al.,
2006; Mohamed et al., 2017). The present study was
undertaken to find the integrated effects of N-P-K and Bio-
fertilizer on the growth and yield of canola, as well as some
soil microorganisms in the rhizospheric region.
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MATERIALS AND METHODS

Bacteria used as biofertilizers

Azotobacter chroococcum MF135558,
Azospirillum lipoferum and Klebsiella oxytoca MF13559
were kindly obtained from the Microbiology Dept. Faculty
of Agriculture, Mansoura University, Egypt. Both
Azotobacter chroococcum MF135558 and Azospirillum
lipoferum were used as nitrogen-fixing bacteria, while
Klebsiella oxytoca MF13559 was used for its high
capability of dissolving phosphorus (Hauka et al., 2018).
Preparation of bacterial Inocula

Bacterial strains were grown on the specific liquid
media to reach sufficient bacterial growth for using as a
biofertilizer. Azotobacter chroococcum MF135558 was
grown on modified Ashby’s medium (Abd El-Malek and
Ishac, 1968) at 30°C for 7 days, Azospirillum lipoferum
was grown on Ddobereiner’ medium (Dobereiner, 1978) at
30°C for 7 days and Klebsiella oxytoca MF13559 was
grown on nutrient broth medium at 30°C for 3 days.

Bacterial cultures were centrifuged at 3000 rpm for
30 min at 20°C, then the sediment was resuspended in 50
ml 0.8% KCI (w/v) solution and added to tap water. The
inoculum was adjusted to 107 cell/ml. Bacterial inoculum
was mixed with soil in pots before seed sowing at rate of
10 ml of inoculum per 10 kg soil. Ten ml of bacterial
inoculum were added to each plant in the rhizospheric
region in two doses; the first one after 15 days and the
second one after 30 days of seed germination.
Pot experiment

A pot experiment was carried out during winter
season 2017/2018 at the Experimental Farm, Fac. Agri.,
Mansoura Univ., Egypt. To each pot, 30 kg of clay loamy
soil was added, and the experiment was designed as a

complete randomized block with 13 treatments and three
replicates. Phosphorus and potassium fertilizers were
added with soil preparation. Nitrogenous fertilizer was
added in three equal doses (before sowing, after thinning
and at floral buds initiation). Plants received the
recommended dose of phosphorus (30 Kg P.Os /fed) as
calcium superphosphate (15% P»Os) and the recommended
dose of potassium (24 kg K20/fed) as potassium sulphate
(48% K0) for all treatments, while nitrogen was applied
as ammonium nitrate (33.5%N) in four levels as follow;
without nitrogen fertilizer, recommended dose (45 kg
N/fed), 75% of the recommended dose (33.75 kg N/fed)
and 50% of the recommended dose (22.5 kg N/fed). The
canola seeds was kindly obtained from Station of
Agricultural Research Center, Giza, Egypt. Nine seeds of
canola were added to each pot at sowing, then thinned to
three plants per pot after two weeks of germination. The
design of the experiment is shown in Table (1), and the
physical, chemical and microbiological properties of used
soil are shown in Table (2).

Table 1. Design of pot experiment

Treatment no. Treatment

T1 45 kg N/fed (Recommended dose of N)

T2 33.75 kg N/fed (75% of N recommended dose)
T3 22.5 kg N/fed (50% of N recommended dose)
T4 Azotobacter + 75%N

T5 Azotobacter + Klebsiella + 75%N

T6 Azospirillum + 75%N

T7 Azospirillum + Klebsiella + 75%N

T8 Azotobacter + Azospirillum + Klebsiella + 75%N
T9 Azotobacter + 50%N

T10 Azotobacter + Klebsiella + 50%N

T11 Azospirillum + 50%N

T12 Azospirillum + Klebsiella + 50%N

T13 Azotobacter + Azospirillum + Klebsiella + 50%N

Table 2. Physical, chemical and microbiological analysis of used soil

Physical properties

Chemical properties

Texture analysis Soluble cations (meg/L) Soluble anions (meg/L)

Sand 27.7% K* 0.11 COs~ ND

Silt 38.8% Na* 1.58 HCOs 0.55

Clay 33.5% Ca* 114 Cr 0.18

Soil texture Clay loamy Mg** 0.92 SO~ 2.94

pH 7.73 OM (%) 2.15 Available NPK (mg/kg)

EC 14 CaCOs (%) 5.53 N 155.19

WH (%) 5 P 8.09
K 438.03

Microbial counts

Total bacterial counts x10° 16.5

Azotobacter spp. x10? 0.014

Azospirillum spp. X102 0.026

Phosphate dissolvers x10° 3.65

Plant morphological and yield traits

Samples of canola plants were collected two times,
the first sample was taken 40 days after sowing (DAS) and
the second sample was taken at the harvesting time (180
days after sowing). Three plants were collected from each
treatment to measure both plant traits and chemical
analysis. Plant traits which measured in samples collected
40 DAS includes; plant heights (cm), plant dry weights (g)
and number of leaves per plant, while morphological and
yield traits which measured in harvesting samples were;
plant heights (cm), number of branches, number of pods,
seed yield of a plant (g) and oil percentage in seeds (%).

Chemical analysis

N, P, and K (mg/g) were determined in plant
samples and seeds. To prepare plant samples for N, P, and
K determination, samples of plants and seeds were dried at
80°C until constant weight in the oven, then ground well.
0.1 g of the sample was digested according to the method
of (McGill & Figueiredo, 1993).

Nitrogen was measured by the Kjeldahl method
according to Jackson (1962), while phosphorus was
measured colorimetrically by the method of Boltz and
Mellon (1948) and potassium was measured by atomic
absorption spectroscopy (Jackson, 1973).
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Oil percentage

Oil was determined in canola seeds (%) by using a
soxhlet apparatus according to A.O.A.C. (1995).
Bacterial counts

Soil samples were obtained from the rhizosphere of
canola roots; after 40 and 70 days of sowing to determine
total bacteria, Azotobacter spp., Azospirillum spp. and
phosphate dissolving bacterial counts. Total bacteria counts
were counted on nutrient agar medium (Oxoid), while
phosphate-dissolving bacteria were counted on the
Pikovskaya medium (Pikovskaya, 1948) using the pour-
plate method. Azotobacter spp. were counted on Ashby’s
medium (Abd-EI-Malek and Ishac, 1968), while
Aspsirillum spp. were counted on Dbereiner’s medium
(Dobereiner, 1978), using the most probable numbers
(MPN) technique.
Statistical analysis

Statistical analysis of obtained data was carried out
using COSTAT (2005) software of variance analysis
(Gomez and Gomez, 1984).

RESULTS AND DISCUSSION

Morphological traits of canola plants 40 Days after
sowing

The effect of chemical and bio-fertilizer on canola
plant growth 40 DAS is presented in Table (3). Data
revealed that chemical and bio-fertilizers significantly
improved plant growth traits such as plant heights, plant
dry weights, and number of leaves. Data show that using
single or mixed bacterial inoculum as a biofertilizer
significantly increased plant morphological traits, after 40
DAS. There were no significant differences in the heights
of plants treated with Az. chroococcum + 75% of mineral
nitrogen, plants treated with mixture of Az. chroococcum
and K. oxytoca + 75 % of recommended nitrogen dose, and
plants treated with the nitrogen recommended dose. The
highest value of plant heights was 34.5 cm, recorded by
plants treated with the recommended dose of N, followed
by 33.6 cm, which was recorded by plants treated Az.
chrocooccum + K. oxytoca + 75% mineral nitrogen.

Inoculation with Az. chrocooccum + K. oxytoca +
75% N, resulted in significant increases in plant dry
weights compared with all other treatments, which reaches
8.2 g/plant, while plant treated with the recommended dose
of nitrogen gives 6.65 g/plant. Also treatment with Az.
chroococcum + 75% N and Azosp. lipoferum + K. oxytoca
+ 75% N. give good plant dry weights. Also application
with Az. chroococcum + Azosp. lipoferum + K. oxytoca +
75% N gives the highest numbers of leaves (14.3),
compared with (13.3 and 12.7) which are achieved with
plants applied with Az. chroococcum + K. oxytoca + 75%
N and the recommended dose of nitrogen respectively, but
the differences are not significant.
Morphological traits of canola plants at harvesting
stage

Data in Table (4) show the effect of chemical and
bio-fertilizers on vyield traits of canola plants at the
harvesting stage. Data show that bacterial inoculation
increase plant heights and numbers of branches and pods in
canola plants. Addition of Az. chroococcum and K. oxytoca
gave the highest plant heights with saving 25% of N

fertilizers. The highest plant height (120 cm) was recorded
in plants treated with the full dose of N and plants treated
with Az. chroococcum + K. oxytoca + Asozp. lipoferum +
75% N. There were significant increases in branches
formation with the addition of Az. chroococcum and K.
oxytoca, although different N levels affected branches
numbers also. The highest numbers of branches recorded
by plants received the full dose of nitrogen, which is 14.33
branches/plant, followed by 14 and 13.67 in plants treated
with Az. chroococcum + K. oxytoca + 75% N and Az
chroococcum + K. oxytoca + Asozp. Lipoferum + 75% N,
respectively, although there were no significant differences
between the three treatments. Same trend happened with
numbers of pods per plant, the highest numbers of
pods/plant recorded were 230.3, 228.3 and 227 with
treatments; Az. chroococcum + K. oxytoca + Asozp.
lipoferum + 75% N, full dose of nitrogen (recommended
dose) and Az. chroococcum + K. oxytoca + 75% N, with no
significant differences.

Table 3. Morphological traits of canola plants treated
with mineral nitrogen and bio-fertilizers at 40

DAS
Plant  Plantdry Number of
Treatments height (cm) weight (g)  leaves
100% N (Recommended dose) ~ 34.50a 6.65bc 12.7a-c
75% N 2850cd  5.83b-d  11.3ce
50% N 22.67f 4.99de 7.79
Az +75% N 32.83ab  6.07b-d 9.7ef
Az.+ K. +75% N 33.00ab 7.00ab 13.3ab
Azosp. + 75% N 29.13cd  5.33c-e 12.7a-c
Azosp. + K. + 75% N 30.43bc 7.03ab 11.7b-d
Az. + Azosp. + K. + 75% N 33.60a 8.20a 14.3a
Az. +50% N 28.33cd  5.79b-d 10.3d-f
Az. + K. +50% N 29.33cd  6.05b-d 10.3d-f
Azosp. +50% N 25.20ef 4.30e 7.79
Azosp. + K. +50% N 27.17de  6.35hc 8.7fg
Az + Azosp. + K. +50% N 28.33cd 6.84b 10.7de

Different letters following the data within each column mean
significant difference at P < 0.05.

Az. = Azotobacter chroococcum; Azosp. = Azospirillum lipoferum and
K. = Klebsiella oxytoca

Table 4. Yield traits of canola plants treated with
mineral nitrogen and bio-fertilizers at
harvesting time

Plant Number of Number of

Treatments height branches pods
(cm) /plant /plant
100% N (Recommended dose) 120.0a  14.33a 228.3a
75% N 106.3c 10.33c-e  195.7b
50% N 83.8f  8.33ef 133.7d
Az. +75% N 116.0ab 12.33a-c  201.3b
Az.+K.+75% N 118.3a 14.00a 227.0a
Azosp. + 75% N 117.0ab 9.67d-f 189.0b
Azosp. + K. + 75% N 111.0bc 11.33b-d 197.0b
Az + Azosp. + K. + 75% N 120.0a 13.67ab 230.3a
Az.+50% N 96.8d 9.33d-f  152.7cd
Az.+ K. +50% N 98.3d 9.67d-f 160.3c
Azosp. +50% N 86.0ef  7.67f 142.3cd
Azosp. + K. +50% N 90.0e  8.67ef 152.0cd
Az. + Azosp. + K. +50% N 97.7d  9.67d-f 162.0c

Different letters following the data within each column mean
significant difference at P < 0.05.

Soil microorganisms play an important role in the
enhancement of plant growth especially, their role in

273



Selim, M. A. E. and Sabrien A. Omar

nitrogen-fixing and phosphate dissolving. Results obtained
in Tables (3 & 4) show that using bacterial inoculation
raised morphological and yield traits of canola plants. Also,
data reveal that using mixed inoculum of diazotrophs and
phosphate  dissolving  bacteria  increased  plants
morphological and yield traits, our results are in agreement
with Abd-Elgawad (2009), which found that mixed
inoculum of Azotobacter chroococcum and B. megaterium
gave the highest numbers of branches and pods in canola
plant. Data also reveal that using the inoculum of Az
chroococcum gave better results than inoculum of Azosp.
lipoferum, which differs with El-Howeity and Asfour
(2012), who revealed that using Azospirillum brasilense is
more effective on canola plants than Azotobacter
chroococcum. Also, El-Sawah, et al. (2018) revealed that
the used bacteria strains in our research; Azotobacter
chroococcum MF135559 and Klebsiella  oxytoca
MF135559 are high producers for indole acetic acid (I1AA),
which is considered one of the most common plant growth
factors. This could explain their positive impact on canola
plant growth and yield traits.
N, P and K concentrations in canola plants, 40 DAS
and at harvesting stage

Data in Table (5) show the effect of chemical and
bio-fertilizer on N, P and K concentrations (mg/g) in
canola plants after 40 DAS and at harvesting time. Data

show that nutrients concentrations increased with the age
of plants, which almost doubled at harvesting compared
with plants at 40 DAS. Also, data show that nitrogen
fertilizer levels significantly impact on nutrients (N, P and
K) concentrations during growing stages of canola plants,
while the effect of biofertilizers varied depending on the
kind of bacterial inoculum used. Data reveal that using Az.
chroococcum and K. oxytoca resulted in significant
increases in N concentrations in canola plants. The highest
levels of nitrogen concentration were recorded in plants
applied with the recommended dose of nitrogen (45kg
N/fed), which recorded 26.30 mg/g after 40 days of sowing
and 51.2 mg/g at harvesting time. Also data reveal that
there were an increases in K concentrations in plants
treated with K. oxytoca compared with plants without
treatment of K. oxytoca. Highest P concentrations achieved
by application with Az. chrococcum + Azosp. lipoferum +
K. oxytoca + 75% N, which recorded 2.75 mg/g after 40
days of sowing and 2.79 mg/g at harvesting timw. Also the
treatment: Az. chrococcum + Azosp. lipoferum + K.
oxytoca + 75% N. recorded the highest K concentrations in
canola plants (12.15 mg/g) after 40 days of sowing, while
the treatment: Az. chrococcum + K. oxytoca + 75% N.
recorded the highest K concentrations in canola plants
(22.17 mg/g) at harvesting time.

Table 5. Concentrations of N, P, and K (mg/g) in canola plants treated with mineral nitrogen and bio-fertilizers at

harvesting time

40 DAS Harvesting

Treatments N P K N P K
100% N (Recommended dose) 26.30a 1.91e 8.33gh 51.20a 2.61b-d 18.27cd
75% N 20.31e 1.56f 10.58¢ 43.73c 2.59cd 15.46h
50% N 15.13j 1.39fg 9.13e 32.80f 2.279 15.03i
Az. +75% N 22.25d 2.29bc 8.89%-g 47.07b 2.36-g 18.01de
Az +K. +75% N 24.43c 2.66a 11.38b 47.80b 2.74ab 22.17a
Azosp. +75% N 20.34e 2.02de 10.33cd 42.93c 2.43ef 15.76h
Azosp. + K. +75% N 20.63e 2.38b 8.88e-g 42.63c 2.48d-f 19.94b
Az. + Azosp. + K. + 75% N 25.35b 2.75a 12.15a 48.43b 2.79% 21.89%
Az. +50% N 18.79f 1.87e 8.95¢f 38.80e 2.269 15.47h
Az.+ K. +50% N 18.03gh 2.11cd 8.16h 37.70e 2.66a-C 17.77e
Azosp. +50% N 17.50h 1.30g 8.47f-h 33.47f 2.38fg 16.58g
Azosp. + K. +50% N 16.33i 2.10d 8.95ef 38.10e 2.54c-e 17.12f
Az. + Azosp. + K. +50% N 18.169 2.04de 9.96d 40.67d 2.69a-c 18.34c

Different letters following the data within each column mean significant difference at P < 0.05.

Many studies linked between biofertilizers and
nutrients uptake by plants. Free-living diazotrophs such as
Azotobacter and Azospirillum play an important role in
providing nitrogen to the plants. Azotobacter species fixes
about 40-200 kg N/ha, while Azospirillum species fixes
about 20-40 kg N/ha, which can provide good amounts of
nitrogen to plants (Mazid et al., 2011 and Brusamarello-
Santos et al., 2017)- Soluble P in soils is usually very low
(Beever and Burns 1981), since 75-90% of added P in soil
rapidly fixed in soils because it is precipitated by metal-
cation complex (Sharma et al., 2013), so phosphate
dissolving bacteria takes its importance from its role in
providing phosphate in soluble form to plants by releasing
mineral dissolving compounds such as organic acids,
protons, hydroxyl ions, siderophores and CO, (Rodriguez
& Fraga, 1999 and Sharma et al., 2013). The role of soil
microorganisms in nitrogen and phosphorus availability to
plants could explain the increases in N content in canola

plants treated with Az. chroococcum and Azosp. lipoferum
and the increases in P content in canola plants treated with
K. oxytoca.
Seeds yield, oil percentage
concentrations in canola seeds

In line with previous results, Data in Fig. (1) Reveal
that seeds yield (g/plant) of canola plants and oil
percentage (%) in seeds were significantly improved with
raising nitrogen levels and with the application of bacterial
inoculation. The highest seeds yield (24.35 and 24.1
g/plant) achieved by plants treated with Az. chroococcum +
K. oxytoca + Azosp. lipoferum + 75% N and plants treated
with Az. chroococcum + K. oxytoca + 75% N respectively,
which there were no significant differences between the
two treatments. Also, data prove that using Az
chroococcum and K. oxytoca could save 25% of
nitrogenous fertilizers given that plants fertilized with the
recommended dose of nitrogen achieved just 21.87 g/plant.

(%) and NPK
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On the other hand, plants fertilized with the
recommended dose of nitrogen recorded the highest oil
percentage in canola seeds, which recorded (47.47 %),
while there were significant slight decreases in oil
percentage in plants treated with Az. chroococcum + K.
oxytoca + Azosp. lipoferum + 75% N and Az. chroococcum
+ K. oxytoca + 75% N, which recorded 46.86 and 46.85 %
oil, respectively.

Our results show that bacterial inoculation
increased seeds yield and % oil in canola seeds, this may
be explained by their effect on plant growth discussed
before as they can produce phytohormones (IAA and GA)
which improve plant growth (EI-Sawah et al., 2018 and EI-
Howeity & Asfour, 2012), and also their role in providing
nutrients to plants during growth stages, which reflects on
the good growth of canola plants. Different species of
Azotobacter could increase yield up to 50% in some crops
such as rice, maize, sugarcane and some vegetables (Mazid
et al., 2011). Also, data show that Az. chroococcum and K.
oxytoca have more effect than Azosp. lipoferum, these
results disagree with El-Howeity and Asfour (2012), who
revealed that Asopirillum brasilense gives plant seeds yield
over than Azotobacter chroococcum.

30 DSeedsyield @%0il| o

Seeds yield (g/plant)

T 17 T8 Te T0 Tl T2 T3

T1 T2 T3 T4 Ts 6 7
Treatments

Fig .1. Seeds yield and oil percentage in seeds of canola
plants treated with mineral nitrogen and bio-

fertilizer
Different letters following the data within graph mean significant
difference at P < 0.05.
T1100% N; T2 75% N; T3 50% N; T4 Az. + 75% N; T5 Az. + K. +
75% N; T6 Azosp. + 75% N; T7 Azosp. +K. + 75% N; T8 Az. + Azosp.
+ K. +75% N; T9 Az. + 50% N; T10 Az. + K. + 50% N; T11 Azosp. +
50% N; T12 Azosp. + K. + 50%N; T13 Az. + Azosp. + K. + 50%N

The contents of N, P and K in canola seeds were
significantly affected with chemical and bio-fertilizer as
shown in Table (6). Data show that N, P and K
concentrations in canola seeds was significantly increased
with raising N levels. Also, data reveal that the application
of Az. chroococcum increased N contents, while the
application of K. oxytocca increased P contents in canola
seeds. The highest N concentrations obtained in seeds of
plants treated with Az. chroococcum + K. oxytoca + Azosp.
lipoferum + 75% N which recorded 79.13, followed by
76.57 and 75.83 mg/g in treatments of Az. chroococcum +
75% N and Az. chroococcum + K. oxytoca + 75% N,
respectively. Otherwise, the highest P concentrations in
seeds were 6.5 and 6.47 mg/g in plants treated with Az.
chroococcum + K. oxytoca + 75% N and Az. chroococcum

+ K. oxytoca + Azosp. lipoferum + 75% N respectively, as
they were much more than other treatments. The highest K
contents in canola seeds were 9.53 and 9.1 mg/g, recorded
by plants fertilized with Az. chroococcum + K. oxytoca +
Azosp. lipoferum + 75% N and Az. chroococcum + K.
oxytoca + 75% N, respectively.

Table 6. Concentrations of N, P and K (mg/g) in canola
seeds treated with mineral nitrogen and bio-

fertilizers

Treatments N P K

100% N (Recommended dose) 71.20d 5.57b 8.75¢
75% N 62.37f 49%  6.73g
50% N 56.43h  4.53fg  6.03h
Az. +75% N 7583b  5.09de 7.84e
Az.+K.+75% N 76.57b 6.50a  9.10b
Azosp. + 75% N 70.47d 460f  8.27d
Azosp. + K. +75% N 73.80c 5.59b 7.71e
Az. + Azosp. + K. + 75% N 79.13a 6.47a  9.53a
Az. +50% N 62.77f  437gh  7.07f
Az. +K. +50% N 65.63e 490e 817d
Azosp. +50% N 56.97h 421h  6.90fg
Azosp. + K. +50% N 59409 5.2lcd  7.03f
Az. + Azosp. + K. + 50% N 67.50e  538bc  7.67e

Different letters following the data within each column mean
significant difference at P < 0.05.

Bacterial counts in the rhizosphere of canola plants
Data in Tables (7&8) show the effect of mineral
nitrogen and bio-fertilization on the counts of total bacteria,
phosphate dissolving bacteria, Azotobacter spp. and
Azospirillum spp. (c.fu/g dry soil) in the rhizospheric
region of canola plants. Data show that there was a
noticeable effect of plant age and type of fertilization on
the bacterial counts in the soil. Bacterial counts 70 DAS
recorded high increases compared with bacterial counts 40
DAS. Data in Table (7) show that raising nitrogen doses
and the addition of biofertilizers caused an increases in
total bacterial counts in the rhizosphere of canola plants.
On the other hand, the counts of phosphate dissolving
bacteria were affected with the type of biofertilizer added
as the plants were treated with K. oxytoca recorded
noticeable increases in phosphate dissolving bacteria,
compared with plants without treatment with K. oxytoca.

Table 7. Effect of mineral nitrogen and bio-fertilizers on
total bacterial counts (107 cfu g*%) and phosphate
dissolving bacteria counts (10* cfu g%) in the
rhizosphere of canola plants after 40 and 70 DAS

Total Phosphate
bacteria dissolving bacteria
40days 70days 40days 70days

Treatments

100% N (Recommended dose) 17.75 1475  7.85 75.5
75% N 168 1435 8 70
50% N 16.15 149 7.35 90.5
Az. +75% N 193 1615 955 81
Az + K. +75% N 1885 183 211 242
Azosp. +75% N 175 222 6.25 96.5
Azosp. + K. +75% N 19.7 2305 2095 213
Az. +Azosp. + K. +75% N 199 221 21 2025
Az.+50% N 1655 2115 5.05 72
Az.+K.+50% N 151 217 19.05 2115
Azosp. +50% N 154 1805 815 80
Azosp. + K. +50% N 16.15 196 192 2205
Az. +Azosp. + K. +50% N 19.25 2125 1885 2285

Data in Table (8) show that high counts of
Azotobacter sp. were recorded in the rhizosphere of canola
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plants treated with Az. chroococcum, the highest counts of
Azotobacter spp. (253.540 x 10° cfu g) was recoded in
plants fertilized with Az. chroococcum + Azosp. lipoferum
+ K. oxytoca + 50% N, 70 DAS, followed by (193.094x
105 cfu g%) in plants fertilized with Az. chroococcum + K.
oxytoca + 50% N. Also Azospirillum spp. recorded high
counts in canola plants treated with Azosp. lipoferum. The
highest counts of Azospirillum sp. recorded in plants
fertilized with Azosp. lipoferum + 75% N, which recorded
81.576 x 10° cfu g soil, followed by plants fertilized with
Azosp. lipoferum + K. oxytoca + 50% N, which recorded
48.681x10° cfu g* soil.

Table 8. Effect of mineral nitrogen and bio-fertilizers
on Azotobacter spp. and Azospirillum spp.
counts (10* cfu g% in canola plants
rhizosphere after 40 and 70 DAS

Azotobacter spp.  Azospirillum spp.

40 days 70days 40days 70 days

Treatments

100% N (Recommended dose) 0.201 18.656  0.047 0.331
75% N 0232 4720 0031 0.175
50% N 0.202 4041 0.039 0.350
Az +75% N 4738 56.544 0018 0.292
Az + K. +75% N 4560 162.792 0.027 0.289
Azosp. + 75% N 0235 3369 0452 81576
Azosp. + K. +75% N 0.276 4004 2346 19.576
Az. + Azosp. + K.+ 75% N 3.735 160.992 1.826 12.522
Az. +50% N 3.737 124320 0.037 0.178
Az. + K. +50% N 4712 193.094 0071 0.211
Azosp. +50% N 0.234 4246 0452 5.060
Azosp. + K. +50% N 0.232 4057 0596 48.681
Az. + Azosp. + K. +50% N 5318 253540 2908 25.354

Our results showed a relationship between bacterial
counts in soil and canola plants’ growth and yield traits.
The high counts of Azotobacter, Azospirillum and K.
oxytoca in the soil of canola plants treated with
biofertilizers may explain the high values of plant
morphological traits, seeds yield, oil contents, and nitrogen
concentrations in plants and seeds, this is probably due to
the ability of these bacteria to excrete plant growth
phytohormones. On the other hand, we recorded a high N
concentrations by plants that recorded high counts of
nitrogen-fixing bacteria; Azotobacter and Azospirillum,
which could be explained by the additional nitrogen
supplies by these bacteria for plants as their high nitrogen
fixation capacity. Also, high counts of phosphate
dissolving bacteria in soil resulted in high P concentrations
by canola plants due to the ability of K. oxytoca to release
phosphorus in dissolved form to plants.
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