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ABSTRACT 
 
To study the effect of Plant Growth Promoting Rhizobacteria (PGPR) with different 
levels of nitrogen fertilizer application on quantitative traits and yield components 
of rice (Oryza Sativa L.), a factorial experiment was carried out through a 
completely randomized design with four replications in the Rice Research 
Institute of Iran, Deputy of Mazandaran (Amol), in 2012. Treatments of this pot 
study included three factors, Factor A: Pseudomonas in four levels of control (no 
bacteria), P. putida-1, P. putida-2 and P. fluorescens (0, 3, 3 and 3 g, respectively), 
Factor B: Azotobacter chroococcum in two level: no Azotobacter and Azotobacter 
chroococcum (0 and 3 g, respectively), and factor C: N fertilizer from urea, in four 
levels of 0, 80, 140 and 200 mg N/kg soil. The experiment was conducted in pot 
culture and open air environment. Different parameters were studied such as tiller 
number, plant height, the number of filled spikelet per panicle, the number of 
grains per panicle, 100-grain weight, biological yield and grain yield. The results of 
variance analysis showed that in the interaction of Pseudomonas × Azotobacter × N 
fertilizer, all traits had statistically significant differences at P<0.01 level. P. putida-
1 had the best performance among Pseudomonas bacteria factor in all traits. Also P. 
putida-1× Azotobacter × 200 mg/kg N fertilizer was evaluated as the best 
treatment combination and the highest grain yield was shown in this treatment 
combination (104.1 g per pot). 
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INTRODUCTION  
 
Chemical fertilizers are crucial elements in supply of plant 
nutrients. However, in recent years, excessive use of 
fertilizers in agricultural production causes unpredicted 
environmental effects. Air and water pollution by 
pesticide, waste of soil and water resources and plant 
diseases are just a little part of environmental problems 
induced by chemical materials (Koh and Song, 2007; 
Adesemoye et al., 2009).  

These problems can be resolved using the principles of 
sustainable agriculture. Because soil management is one of 
the main factors to achieve sustainable agriculture, the use 
of biofertilizers instead of chemical fertilizers especially 
nitrogen and phosphate fertilizers helps to reach the 

sustainable production of agricultural crops. The use of 
bio-fertilizers causes the improvement physical, chemical 
and biological conditions of soil and increases soil 
productivity(Maheshwari et al., 2013). 

Nitrogen, as a necessary component of amino acids, 
amides, nucleotides and their nucleoprotein, is 78% of the 
atmosphere. It is essential for cells and plant growth. 
Nitrogen deficiency prevents plant growth, causes Stunted 
growth and yellowing in leaves, and also decreases yield of 
dry matter (Maheshwari et al., 2013; Fageria,2016). 

Nitrogen in atmosphere (N2) and the combination of 
nitrogen with soil organic sediments are not directly 
usable for plant growth but only oxidized nitrogen, such as  
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NO3- and restored nitrogen such as NH4+ are applicable for 
plant growth (Maheshwari et al., 2013). 

Plant growth-promoting Rhizobacteria (PGPR), as a 
group of rhizosphere bacteria, improve plant growth and 
increase crop yields by using one or more direct or 
indirect particular mechanisms (Velusamy et al., 2013). 
This group of microorganisms influences plant yield by 
increasing the availability of soil mineral elements through 
nitrogen biological fixation, dissolving phosphorus and 
potassium, Pathogens control and production of varied 
regulatory hormones (Egamberdiyeva, 2005; Tilak et al., 
2005; Ashrafuzzaman et al., 2009; Saharan andNehra, 
2011; Velusamy et al., 2013). 

The study of the effect of Bio-fertilizer along with 
different levels of N fertilizer application on the growth 
and grain yield of Hassawi Rice (Oryza sativa L.) indicated 
that increasing N fertilizer rates produced maximum 
values of plant height, number of filled grains, grain weight 
and grain yield (Al-Noaim and Hamad, 2004). 

A study conducted on the interactions of Pseudomonas × 
Azotobacter showed that the use of Pseudomonas and 
Azotobacter caused the growth of bacteria colonized 
population and also had positive effects on growth indexes 
such as root length, dry and fresh weight of shoot, 
phosphorus uptake and the number of capsules 
(Sabannavar and Lakshman, 2008). 

The study of the effect of plant growth promoting 
rhizosphere bacteria on plant growth showed that there 
are significant enhancements in dry matter rate of rice 
shoot, plant height, length of root, and dry weight of root 
due to inoculation by growth promoting bacteria 
(Ashrafuzzaman et al., 2009). 

The study on the effect of Pseudomonas of different 
strains on rice var. Neda showed that factors, such as root 
height, root fresh weight, total fresh weight of plant, 
nitrogen content of leafs, grains and yield, are increased 
substantially. These bacteria were plant growth promoting 
by nutritional and physiological mechanisms (Bani Hashim 
et al., 2010). 

The study of the effect of PGPR and planting pattern on 
yield and yield components of rice (Oryza sativa L.) using 
split plot based on randomized complete block design with 
three replications showed that the effect of biofertilizers, 
planting pattern and the number of plants in hill were 
significant on yield and yield components. Interaction 
effect between bio-fertilizer and planting pattern had 
important difference on the number spikelet of panicle and 
harvest index. Interaction effect between bio-fertilizer and 
the number of plants in hill had significant effect on the 
number of spikelet per panicle (Rahmani et al., 2014). 

Evaluation of the effect of Azospirillum, Azotobacter and 
chemical N fertilizer on rice (Oryza sativa L. var. Hashemi) 
vegetative features indicated that biofertilizer significantly 
affected the number of tillers. N fertilizers significantly 
affected all measured traits. The interaction of biofertilizer 

× N fertilizer significantly affected the number of total 
tillers and biomass (Shakouri et al., 2012). 

Evaluation of the effects of bacterial inoculation on 
different growth parameters of rice variety JP-5 showed 
that plant growth promotion increases root area, root 
length, number of tillers, straw and grain yields and also 
total weight of plant. The study revealed that beneficial 
strains of PGPR can be used as biofertilizer for rice 
(Ahmed, 2014). 

This study investigates the effects of Azotobacter and 
Pseudomonas bacteria application with different levels of 
nitrogen on yield and yield components of rice in order to 
study the optimum use of fertilizers and reduce 
environmental impacts due to over use of chemical 
fertilizers especially N fertilizer.  
 
 
MATERIALS AND METHODS  
 
A factorial experiment was performed in completely 
randomized design with four replications in the Rice 
Research Institute of Iran, Deputy of Mazandaran (Amol) 
during a growing season and open-air environment in 
2012. The experiment was conducted on Shiroodi high 
yielding rice variety. It was performed in the pot to control 
bacteria in the environment in order to ensure the 
preservation of bacterial populations and avoid any 
interference with the treatment combinations design.  

The treatments consisted of three Factors, Factor A: 
Pseudomonas in four levels of control (no bacteria), P. 
putida-1, P. putida-2 and P. fluorescens (0,3,3 and 3 g, 
respectively), Factor B: Azotobacter chroococcum in two 
levels of the control (no Azotobacter) and Azotobacter 
application (0 and 3 g, respectively), and Factor C: nitrogen 
fertilizer from urea in four levels of 1- Control (without N 
fertilizer), 2- 80 mg N fertilizer per kilogram of soil (in two 
stages of 40 mg), 3- 140 mg of N fertilizer per kilogram of 
soil (in two stages of 70 mg), and 4- 200 mg of N fertilizer 
per kilogram of soil (in two stages of 100 mg), respectively. 
Bacteria were prepared from the Iranian Soil and Water 
Research Institute, which were isolated from wheat fields. 

To achieve the maximum utilization of bacterial activity, 
the soil with low organic matter (0.67%), total content of 
nitrogen (0.03%), and loam sandy texture was selected 
(Table 1). 

To prepare the soil of the pots, the soil was sieved and 
powdered with a 2 mm sieve in a chopper machine to 
obtain a homogeneous soil. The pots were filled with 12 kg 
of soil. The soil was mixed with 2 g potassium sulfate 
fertilizer and 2 g of triple superphosphate fertilizer. After 
preparing the pots, 3 g of bacteria were measured for each 
treatment based on McFarland formula (3×108 cfu/ml) (El-
Fattah et al., 2013; Maheshwari et al., 2013). Perlite was 
used as a carrier in the formulation of the inoculum in 
order to survive bacteria (Nehra and Choudhary, 2015).  
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Table 1: Soil characteristics. 
 

Absorbable 
potassium 

Absorbable 
phosphorus(P) 

Total 
nitrogen(N) 

The electrical 
conductivity 

Organic 
matter 

Organic 
carbon 

Soil type Clay Silt Sand 

(K) Mg/kg % DS.m % %  % % % 

Mg/kg 3.72 0.03 0.1 0.67 0.39 Loamy sand 5 9 86 

 
 

Table 2:  Variance analysis results of measured traits. 
 

  Mean Square 

SOV df 
Tiller 

number 
Plant height 

Grain number 
per panicle 

100-grain 
weight 

Number of filled 
spikelet per panicle 

Biological yield Grain yield 

Pse 3 164.10** 5.02* 234.17** 0.60** 43.79** 2871.794** 735.49** 

Az 1 75.03* 0.63ns 34.03ns 0.44** 21.94** 1161.921** 274.89* 

Pse × Az 3 128.05** 12.75** 244.71** 0.62** 44.96** 2032.595** 518.35** 

N 3 1907.27** 3418.40** 5203.61** 2.66** 19081.45** 38818.258** 10494.01** 

Pse × N 9 35.70ns 14.77** 32.81ns 0.08** 73.20** 398.602* 101.65* 

Az× N 3 55.80* 46.92** 39.11ns 0.03ns 312.23** 404.229 ns 99.31ns 

Pse × Az × N 9 74.71** 10.88** 75.38** 0.28** 51.59** 1076.915** 271.24** 

Error 96 18.53 1.41 19.08 0.02 2.71 171.751 44.49 

CV%                9.85 1.18 3.61 8 1.53 9.44 10.24 
 

ns: Non-significant, **: significant at %0.01, *: significant at %0.05. Az: Azotobacter, Pse: Pseudomonas L., N: Nitrogen. 

 
 
Then, inoculum was placed under germinated seeds and 

a thin layer of soil was sprayed onto each pot to cover the 
seeds and bacteria (0.5 kg per pot in order to place the 
seeds at equal depth). After planting, a slight irrigation was 
performed and flooding of the pots was avoided until 
suitable seedling growth time. After plants height reaches 
5 cm, depending on the age and development stage of the 
plant, 2 to 5 cm of water was maintained at soil surface of 
each pot. Six seeds were planted in each pot and 
immediately after tillering began, 3 plants were kept for 
further evaluation. In the tillering stage, first installment of 
nitrogen was spread and in the booting stage (swelling of 
the flag leaf sheath), the second installment of nitrogen 
was weighed and distributed based on the amounts 
specified for each treatment. 

During the growing season until harvest, the notes were 
collected and measured, and harvesting was performed at 
physiological maturity stage. Data were analyzed using 
MSTAT-C statistical software and mean comparison was 
done by LSD (Least significant difference) test at 5% 
probability level. 
 
 
RESULTS AND DISCUSSION 
 
The analysis of variance for the tiller number, plant height, 
the number of filled spikelet per panicle, the number of 
grains per panicle, 100-grain weight, biological yield and 
the grain yield is shown in Table 2. The mean comparison 

for simple effect of Pseudomonas, Azotobacter and different 
levels of N fertilizer on Rice (O. sativa) var. Shiroodi is 
shown in Table 3, and Table 4 shows the mean comparison 
of interactions among Pseudomonas, Azotobacter and 
different levels of N fertilizer in Rice (O. sativa) var. 
Shiroodi. 
 
 
Tiller number 
 
According to the results of variance analysis on tiller 
number trait (Table 2), different levels of Pseudomonas, N 
fertilizer (P<0.01) and Azotobacter (P<0.05) had 
significant differences (Table 3). Interactions between 
Pseudomonas × Azotobacter, and Pseudomonas × 
Azotobacter × N fertilizer at P<0.01 showed significant 
differences (Table 4). 

Based on the mean comparison using LSD method at 
level 0.05 of probability in the study of interactions (Table 
4), the treatment of P. putida-1×Azotobacter×200 mg/kg N 
fertilizer and the treatment of P. putida-1× no 
Azotobacter×200 mg/kg N fertilizer had the highest mean 
(62.25 and 56.50 number of tiller per pot, respectively). 
The treatment of P. putida-2×Azotobacter× no N fertilizer 
had the lowest mean (28.50 number of tiller per pot). 

Rajabi Agra et al. (2011) evaluated the role of growth 
promoting rhizosphere bacteria on increasing tiller 
number effectively. Ali-Tan et al. (2017) stated that 
generally,    all    bacterial inoculations increased rice plant  
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Table 3: The mean comparison for simple effect of Pseudomonas, Azotobacter and different levels of N fertilizer in Rice (Oryza sativa) var. Shiroodi 

 

Factors 
Tiller number 

per pot 

Plant height 

(cm) 

Grain 

number per 

panicle 

Number of 

filled spikelet 

per panicle 

100-grain 

weight 

(g per pot) 

Biological 

yield 

(g per pot) 

Grain yield 

(g per pot) 

P. putida-1 46.16 a 100.7 a 124.1 a 107.9 a 2.093 a 149.1 a 70.42 a 

P. putida-2 41.69 b 100.5 a 118.6 b 108.6 a 1.835 b 131.5 b 61.50 b 

P. fluorescens 45.06 a 100.6 a 122.6 a 108.0 a 2.055 a 144.7 a 67.99 a 

Control 41.84 b 99.81 b 119.0 b 105.9 b 1.840 b 130.1 b 60.70 b 

Azotobacter 42.92 b 100.32 a 120.56 a 108.01 a 1.89 b 135.84 b 63.68 b 

Control 44.45 a 100.46 a 121.59 a 107.18 b 2.01 a 141.87 a 66.61 a 

Control 35.72 d 87.38 d 107.7 d 78.31 d 1.59 d 104.2 d 47.32 d 

Nitrogen 80 40.00 c 97.38 c 115.0 c 99.69 c 1.86 c 121.0 c 55.69 c 

Nitrogen 140 45.41 b 105.9 b 124.3 b 116.8 b 2.13 b 145.8 b 68.71 b 

Nitrogen 200 53.63 a 111.0 a 137.3 a 135.6 a 2.23 a 184.4 a 88.89 a 

LSD (P≤ 0.05) 2.13 0.59 6.13 0.81 0.07 6.5 3.31 
 

According to the mean comparison by LSD method at level 0.05 of probability, means in the same columns by similar letters are not statistically different at 

0.05 level. Data are the mean values of 4 replicates. 

 
 
tiller production and bacterial inoculations produced 
significantly more tillers with minimal N fertilizer. 
 
 
Plant height  
 
According to the variance analysis of ultimate plant height 
trait (Table 2), different levels of Pseudomonas bacteria 
showed significant differences at level 0.05 statistically. 
However, different levels of Azotobacter did not show 
considerable differences (Table 3). Interaction of 
Pseudomonas × Azotobacter × N fertilizer had significant 
difference at level 0.01. Also, interaction of Pseudomonas × 
N fertilizer, interaction of Azotobacter × N fertilizer, and 
interaction of Pseudomonas × Azotobacter × N fertilizer 
had significant differences at level 0.01 statistically (Table 
4). 

Based on the mean comparison by LSD method at level 
0.05 of probability in the study of interactions (Table 4), 
two combinations of treatment of Pseudomonas fluorescens 
×Azotobacter×200 mg/kg N fertilizer in the pots and the 
treatment of P. putida-1 × no Azotobacter × 200 mg/kg N 
fertilizer had the highest mean (111.5 cm). Treatment of 
Pseudomonas fluorescens × Azotobacter × no N fertilizer 
had the lowest mean (84.75 cm). Control treatment had 
mean height of 90.75 cm. 

Bani Hashim et al. (2010) examined the effects of 
Pseudomonas bacteria on rice plant growth and nutrient 
concentration due to production capability of auxin by 
Pseudomonas bacteria and found that Pseudomonas 
bacteria are effective on rice growth as they increases the 
height of rice plant. Rice growth is related to increase of 

nitrogen uptake, production of auxin hormone and root 
system improvement so that have principal roles in plant 
height increment. 

Soleimanzadeh and Gooshchi (2013) showed that N 
fertilizer and Azotobacter had a significant effect on plant 
height. They stated that N fertilizer plays an important role 
in the enhancement of plant height. Al-Noaim and Hamad 
(2004) presented that plant height was significantly 
affected by added N fertilizer levels.  
 
 
The number of filled spikelet per panicle 
 
According to the variance analysis of the number of filled 
spikelet per panicle (Table 2), all of treatment 
combinations including different levels of Pseudomonas, 
Azotobacter, N fertilizer and interactions among them had 
significant differences at level 0.01 statistically. 

Based on the mean comparison by LSD method at level 
0.05 of probability in the study of interactions (Table 4), 
three compositions of treatment of P. putida-2 × 
Azotobacter × 200 mg/kg N fertilizer in the pots, treatment 
of P. putida-1 × Azotobacter × 200 mg/kg N fertilizer in the 
pots, and treatment of P. fluorescens × Azotobacter × 200 
mg/kg N fertilizer had the highest mean (140.5, 140, and 
139.8, respectively). In contrast, the treatment of P. 
fluorescens × Azotobacter × no N fertilizer, the treatment of 
P. putida-1 × Azotobacter × no N fertilizer, and treatment of 
P. putida-2 × Azotobacter × no N fertilizer had the lowest 
mean (72.50, 73, and 74, respectively). 

Shakouri et al. (2012) demonstrated that nitrogen is 
effective   on   increasing   the number of filled spikelet, and  
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Table 4: Mean comparison of interactions of Pseudomonas × Azotobacter × N fertilizer in Rice (Oryza sativa) var. Shiroodi. 
 

Treatment 
Tiller 

number per 
pot 

Plant 
height 
(cm) 

Grain number 
per panicle 

Number of filled 
spikelet per 

panicle 

100-grain 
weight 

(g per pot) 

Biological 
yield 

(g per pot) 

Grain yield 

(g per pot) 

a1b1c1 30.25 mn 85.00 i 103.3 qr 73.00 m 1.32 no 87.29 jk 39.06 m 

a1b1c2 37.75 kl 97.00 f 115.0 k-n 97.00 i 1.75 i-k 113.0 hi 51.58 j-l 

a1b1c3 48.50 c-f 108.3 b 130.0 e-g 119.8 e 2.59 a 166.5 cd 79.15 c-e 

a1b1c4 62.25 a 111.0 a 145.8 a 140.0 a 2.44 ab 213.8 a 104.1 a 

a1b2c1 44.25 f-j 87.75 h 113.3 m-p 80.00 l 1.85 g-i 127.6 f-h 59.08 h-j 

a1b2c2 45.50 f-i 99.50 e 121.0 h-k 104.0 h 2.27 b-d 145.4 ef 67.91 f-h 

a1b2c3 44.25 f-j 105.5 c 123.0 hi 116.0 f 2.10 d-f 142.8 e-g 67.24 f-i 

a1b2c4 56.50 ab 111.5 a 141.5 ab 133.8 b 2.40 a-c 196.5 ab 95.24 ab 

a2b1c1 28.50 n 85.25 i 101.0 r 74.00 m 1.30 o 82.29 k 36.67 m 

a2b1c2 35.00 lm 96.00 f 108.0 o-q 97.75 i 1.54 k-n 100.9 ij 45.64 lm 

a2b1c3 42.00 h-k 108.3 b 119.3 i-m 122.0 de 1.80 g-j 126.8 gh 58.96 h-j 

a2b1c4 52.25 b-e 111.3 a 134.5 c-e 140.5 a 2.23 b-e 180.7 bc 86.93 bc 

a2b2c1 38.00 kl 88.50 h 110.0 n-p 80.75 l 1.71 i-l 112.8 hi 51.37 j-l 

a2b2c2 38.25 j-l 99.25 e 114.0 l-o 104.0 h 1.71 i-l 114.6 hi 52.58 j-l 

a2b2c3 46.75 d-h 105.5 c 126.0 f-h 115.3 f 2.18 c-f 151.3 de 71.61 d-f 

a2b2c4 52.75 b-d 110.3 a 136.3 b-d 134.5 b 2.18 d-f 183.0 bc 88.23 bc 

a3b1c1 39.75 i-l 84.75 i 111.0 n-p 72.50 m 1.81 g-j 117.9 hi 53.83 j-l 

a3b1c2 45.50 f-i 96.75 f 122.8 hi 96.75i 2.30 b-d 145.5 ef 67.96 f-h 

a3b1c3 48.25 c-g 107.5 b 129.8 e-g 123.0 d 2.32 b-d 156.4 de 74.18 d-f 

a3b1c4 55.50 b 111.5 a 140.5 a-c 139.8 a 2.32 b-d 193.0 b 93.44 b 

a3b2c1 39.50 i-l 88.75 h 111.8 n-p 80.00 l 1.77 h-j 117.3 hi 53.54 j-l 

a3b2c2 38.50 j-l 99.50 e 112.5 n-p 103.0 h 1.74 i-k 115.0 hi 52.66 j-l 

a3b2c3 45.25 f-i 104.8 c 121.5 h-j 115.0 f 2.14 d-f 145.6 ef 68.53 fg 

a3b2c4 48.25 c-g 111.0 a 131.3 d-f 133.8 b 2.015 e-g 166.8 cd 79.80 cd 

a4b1c1 34.75  lm 88.25 h 107.8 pq 80.00 l 1.51 l-o 100.3 ijk 45.46 lm 

a4b1c2 37.25  kl 98.75 e 111.3 n-p 104.0 h 1.61 j-m 107.7 i 49.06 kl 

a4b1c3 42.00 h-k 105.0 c 119.8 i-l 113.8 f 1.64 i-m 127.8 fgh 59.93 g-j 

a4b1c4 47.25 d-h 110.8 a 129.5 e-g 134.5 b 1.82 g-j 153.7 de 73.06 d-f 

a4b2c1 30.75 mn 90.75 g 103.8 qr 86.25 k 1.43 m -o 88.51 jk 39.54 m 

a4b2c2 42.25 g-k 92.25 g 115.8 j-n 91.00 j 1.97 f-h 126.1 gh 58.11 i-k 

a4b2c3 46.25 e-h 102.3 d 125.0 g-i 109.8 g 2.28 b-d 149.0 de 70.09 ef 

a4b2c4 54.25 bc 110.5 a 139.0 bc 128.0 c 2.43 ab 187.8 b 90.35 b 

LSD 

(P≤ 0.05) 
6.04 6.30 6.13 9.56 0.22 18.39 9.36 

 

According to the mean comparison by LSD method at level 0.05 of probability, means in same column by similar letters are not statistically different at 0.05 
level. a1: P. putida-1, a2: P. putida-2, a3: P. fluorescence, and a4: no Pseudomonas. b1: Azotobacter, b2: no Azotobacter, c1: no nitrogen, c2: 80 mg/kg N 
fertilizer, c3: 140 mg/kg N fertilizer, c4: 200 mg/kg N fertilizer. Data are the mean values of 4 replicates. LSD: least significant difference. 

 
 
increase in the unfilled spikelet number decreases the 
yield. Rahmani et al. (2014) showed that the effects of bio-
fertilizer were significant on the number spikelet per 
panicle. 
 
 
The number of grains per panicle  
 
According to the variance analysis on the number of grains 

per panicle trait (Table 2), different levels of Pseudomonas 
bacteria and also different levels of N fertilizer had 
significant differences at level 0.01. Interactions of 
Pseudomonas × Azotobacter, interactions of Pseudomonas × 
Azotobacter ×N fertilizerat level 0.01 had significant 
differences. Interaction of Pseudomonas ×N fertilizer and 
the interaction of Azotobacter ×N fertilizer did not have 
statistically significant differences (Table 4). 

Based on the mean comparison by LSD method at level 
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0.05 of probability in comparison of the interactions mean 
(Table 4), the treatment of P. putida-1 × Azotobacter × 200 
mg/kg N fertilizer had the highest mean (145.8 grains). 
Treatment of P. putida-2× Azotobacter × no N fertilizer had 
the lowest mean (101 grains). 

Khorshidi et al. ) 2011) found that growth promoting 
bacteria application is effective on increasing the number 
of grains per panicle. Yousefi and Barzegar (2014) 
represented that the Azotobacter, Pseudomonas and their 
combination also increased the number of grains per 
panicle as compared with the control treatment. Also 
application of chemical fertilizers increased the number of 
grains per panicle as compared with control treatment. 
 
 
100-grain weight 
 
According to variance analysis on 100-grain weight trait 
(Table 2), all treatments had significant differences at level 
0.01 except interactions of Azotobacter ×N fertilizer. 

Based on the mean comparison by LSD method at level 
0.05 of probability in comparison of interactions mean 
(Table 4), the treatment of P. putida-1 × Azotobacter × 
70mg/kgN fertilizer, the treatment of P. putida-1 × 
Azotobacter × 200 mg/kgN fertilizer, and treatment of no 
Pseudomonas × no Azotobacter × 200 mg/kgN fertilizer 
had the highest mean (2.59, 2.44, and 2.43, respectively). 
The treatment of P. putida-2 × Azotobacter × no N fertilizer 
had the lowest mean (1.3 g). 

Rajabi Agra et al. (2011) demonstrated that 
Pseudomonas bacteria application increased 100-grain 
weight. Al-Noaim and Hamad (2004) presented that grain 
weight was significantly affected by added N fertilizer 
levels. Yousefi and Barzegar (2014) represented that the 
Azotobacter, Pseudomonas and their combination also 
increased grain weight as compared with the control 
treatment. They stated that application of chemical 
fertilizers increased grain weight as compared with the 
control treatment. Rahmani et al. (2014) showed that 
effects of biofertilizer were significant on 100-grain 
weight. 
 
 
Biological yield 
 
Based on the analysis results of variance of biologic 
attributes on biological yield trait (Table 2), in comparison 
of the simple effects, different levels of Azotobacter, 
Pseudomonas, and N fertilizer had significant differences at 
level 0.01 statistically (Table 3). Interactions of 
Pseudomonas × N fertilizer at level 0.05, interactions 
between Pseudomonas × Azotobacter and interactions 
among Pseudomonas × Azotobacter × and N fertilizer had 
significant differences at level 0.01 statistically. 
Interactions   between   Azotobacter × N   fertilizer  had no  

significant differences (Table 4). 
Based on the mean comparison by LSD method at 0.05 

level of probability in the study of simple effect (Table 3), 
the treatment of P. putida-1 and P. fluorescens had 
maximum mean among different levels of Pseudomonas 
bacteria. Among different levels of Azotobacter, 
Azotobacter consumption was better than non-
consumption. Among fertilizer treatments, treatment of 
200 mg N fertilizer had the highest mean (184.4 g) and 
treatment of non-consumption of N fertilizer had the 
lowest mean (104.2 g). In the mean comparison of 
interaction (Table 4), treatments of P. putida-1 × 
Azotobacter × 200 mg N fertilizer had the highest mean 
(213.8 g) and showed a remarkable growth (141.55%) as 
compared with the control treatment (88.51%). Treatment 
of P. putida-2 × Azotobacter × no N fertilizer had the lowest 
mean (82.29 g).  

Jalali-Moridani and Amiri (2014) stated that the lack of 
nitrogen in the plant reduces the growth, amount of 
photosynthesis, dry matter accumulation, and the 
production per unit area. They stated that inoculation with 
growth promoting bacteria increases availability of water, 
nutrients, vegetative and reproductive growth of the plant 
by increasing root growth in addition to the usefulness of 
the application of plant growth promoting bacteria in 
increasing biological yield. It produces more dry matter 
per unit area and thus produces higher yields. Yoseftabar 
(2013) showed that biological yield is increased by 
application N-fertilizer. 
 
 
Grain yield  
 
According to the variance analysis results of the grain yield 
trait (Table 2), different levels of Azotobacter, interaction 
of Pseudomonas ×N fertilizer at level 0.05, different levels 
of Pseudomonas, and interactions of Pseudomonas × 
Azotobacter × N fertilizer had significant differences at 
level 0.01. However, interactions of Azotobacter × N 
fertilizer did not have significant differences. 

According to the mean comparison by LSD method at 
0.05 of probability and comparison of simple effect for 
Pseudomonas, Azotobacter, and N fertilizer(Tables 3 and 4, 
respectively), among the different levels of Pseudomonas 
bacteria, P. putida-1 and P. fluorescens had the maximum 
means (70.42, and 67.99, respectively). Among different 
levels of Azotobacter, non-consumption of Azotobacter 
showed better efficiency than its consumption. Treatment 
of 200 mg N fertilizer had the highest mean (88.89 g /pot) 
and treatment of non-consuming N fertilizer had the 
lowest mean (47.34 g/pot). Interactions of Pseudomonas × 
Azotobacter, interactions of Pseudomonas× N fertilizer, and 
interactions of Azotobacter × N fertilizer are shown in 
Figures 1, 2, and 3. 

Bani Hashim et al. (2010) showed significant differences 
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Figure 1: Interactions of Pseudomonas × Azotobacter in Rice (O. sativa) var. Shiroodi. a1: P. putida-
1, a2: P. putida-2, a3: P. fluorescens, and a4: no Pseudomonas. b1: Azotobacter, b2: no Azotobacter. 
Data are the mean values of 4 replicates. LSD: least significant difference. 

 
 

 
 

Figure 2: Interactions of Pseudomonas× N fertilizer in Rice (Oryza sativa) var. Shiroodi. a1: P. 
putida-1, a2: P. putida-2, a3: P. fluorescens, and a4: no Pseudomonas. c1: no nitrogen, c2: 80 mg/kg 
N fertilizer, c3: 140 mg/kg N fertilizer, c4: 200 mg/kg N fertilizer. Data are the mean values of 4 
replicates. LSD: least significant difference. 

 
 

 
 

Figure 3: Interactions of Azotobacter × N fertilizer in Rice (Oryza sativa) var. Shiroodi. 
b1: Azotobacter, b2: no Azotobacter, c1: no nitrogen, c2: 80 mg/kg N fertilizer, c3: 140 
mg/kg N fertilizer, c4: 200 mg/kg N fertilizer. Data are the mean values of 4 replicates. 
LSD: least significant difference. 
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among treatments in rice when reviewing the effects of 
Pseudomonas application on rice considering its ability to 
produce auxin. The results showed that plant affected by 
Pseudomonas bacteria had more desirable growth as 
compared with the control treatment without inoculation. 
According to the increase of nitrogen uptake in these 
treatments and root growth measurement, effects of plant 
growth promoting bacteria on yield enhancement are 
related to nutrients absorption, root system improvement 
and production of growth promoting hormone. 

Khorshidi et al. (2011) described that grain yield 
impressed with nitrogen and bacteria entirely and is 
increased by component of yield improvement using 
bacteria and nitrogen application.    

Zargari et al. (2014) stated that simple effects of 
nitrogen and bacteria Pseudomonas were significant 
(P<0.05 and P<0.01 respectively) on grain yield. Yousefi 
and Barzegar (2014) stated that the effects of chemical and 
biological fertilizers on grain yield were significant 
(P≤0.01). Alam et al. (2001) showed that inoculation of a 
mixture of several free-living rhizobacteria with different 
N fertilizer increased the grain yield. Rahmani et al. (2014) 
showed that the effects of bio-fertilizer on the grain yield 
were significant. 
 
 
CONCLUSIONS   
 
According to the results obtained in this study, the use of 
PGPR along with N fertilizer played a useful and effective 
role in the increase of rice yield components based on the 
fact that there was a little organic matter in the soil and the 
high-yielding rice variety (which requires more nitrogen) 
used in the experiment. Tiller number was increased by 
the usage of bacteria along with N fertilizer which had a 
significant effect on yield enhancement. Accordingly, all 
other components, such as plant height, the number of 
filled spikelet per panicle, the number of grains per panicle 
and 100-grain weight had good and meaningful results 
affected by increasing nitrogen uptake in the plant. These 
results were obtained while N fertilizer still plays a key 
role in the increase of biological yield and grain yield, 
although the use of PGPR bacteria improved the efficiency 
of N fertilizer utilization. Among the bacteria used, P. 
putida-1 had the best performance in all traits and the 
combination of P. putida-1 × Azotobacter × 200 mg/kg N 
fertilizer (the highest amount of fertilizer) was the best 
treatment combination. On the other hand, in most traits, 
treatments that contain only bacteria (especially the 
consumption of Pseudomonas × Azotobacter × no N 
fertilizer) showed weak results as compared with the 
control treatment. The use of PGPR bacteria in severe 
conditions of nitrogen deficiency has a negative effect due 
to competition of bacteria and plant in the absorption of 
nutrients. The use of other rice varieties and soils with 

different types and fertility can be investigated in future 
researches. 
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