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Abstract: In order to study the effect of Pseudomonas flouresence and Azospirillum lipoferum isolates on yield
and yield components of rice (Oryza sativa L.) cultivar Tarom Daylamani, an experiment was conducted in
Mazandaran province, city Neka in 1388. A split factorial experiment under complete randomized block design
with three replications was used for this research. The first factor was pure bacterial isolates Azospirillum
lipoferum (A) and Pseudomonas flouresence (B) and the combination of these two types of bacteria (A1B1)
and the second factor included four levels of nitrogen (25, 50, 75, 100 kg ha) of urea. The analysis of variance
showed that the effect of nitrogen fertilizer and bacteria had no significant difference on 1000 seeds weight,
number of clusters (m2) and number of grains per panicle. The effect of fertilizers, bacteria Azospirillum
lipoferum and Pseudomonas flouresence on rice yield showed that application of 100 kg of nitrogen with
Pseudomonas and without Azospirillum had the highest yield of 5733 kg/ ha. Results of analysis of variance
showed that fertilizers with bacteria, Pseudomonas flouresence and Azospirillum lipoferum had a significant
effect on harvest index at P<0.01 level. Data also indicated that yield had the highest positive correlation with
panicle and harvest index. The most important aim of this research was to reduce consumption of chemical
fertilizers by using biological fertilizers which could lead to an effective step in preserving the environment.
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INTRODUCTION growth bacteria for plants is to reduce or eliminate the

Rice (Oryza sativa) is the major food crop of nearly phenomenon of Induced Systemic Resistance (ISR) in
half of the worlds population. Total rice-cropped area and plants [5]. Salicylic acid produced by plant growth,

rough rice production in the world was 147.14 million stimulants bacteria could induce systemic resistance
hectares and 576.28 million tons, respectively in 2002 phenomenon in the rhizospher [5]. Indiscriminate use of
[International Rice Research Institute (IRRI) 2003]. Rice nitrogen fertilizers cause soil pollution and groundwater
plants require large amounts of mineral nutrients including nitrate pollution, especially in the northern parts of the
N for their growth, development and grain production. country. Azospirillum is the most famous microorganism
Rice crops remove 16-17 kg N for the production of each that can produce colonies in the rhizospher around
ton of rough rice including straw [1]. The indiscriminate cereals roots and lead to nitrogen fixation. The increment
use of fertilizers containing cadmium have adverse effects of soil nitrogen amount increases the populations of some
on yield increment and public health [2], therefore using bacteria in the rhizospher of some plants, but decreases
bacteria genus Pseudomonas is useful. Solubility of the number of bacteria involved in nitrogen fixation [6].
phosphorus is an important features as growth stimulant The most important aim of this study is to reduce chemical
for this bacteria [3, 4]. Another useful role of stimulating fertilizers   consumption    by   using   biological  fertilizers

harmful effects of pathogen agents, through the
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which could be an effective step in preserving the nitrogen deficient therefore so N fertilizer applications are
environment. Plant growth promoting rhizobacteria required to meet the crops N demand. Generally, urea is
(PGPR) are group of soil bacteria that actively colonize applied as the N source for rice production. But the
plant roots and increase plant growth and yield [7, 8]. efficiency of adding urea is very low, usually 30-40% and
PGPR belong to a range of genera, including even lower [27, 28]. NH  volatilization and denitrification
Pseudomonas, Azotobacter, Azospirillum, Bacillus etc. cause atmospheric pollution through the production of
[9, 10]. The mechanisms by which PGPR can promote greenhouse gases like N O and NH  [29]. In addition to
plant growth are not fully understood, but are thought to these environmental problems, the long-term use of urea
include symbiotic nitrogen fixation [11], the ability to depletes the soil organic matter. These problems are of
produce phytohormones [12], solubilization of great concern to soil and environmental scientists around
phosphates [13] and production of ACC deaminase [14]. the world. Alternate source of N should be applied to
Significant increase in growth and yield of important minimize these problems if possible. Biological N fixation
agronomical crops in response to inoculation with PGPR (BNF) technology can play an important role in
have been demonstrated by many researchers [9, 15, 16]. substituting for commercially available N fertilizer use in
In last few decades a large array of bacteria including rice culture, thus reducing these environmental problems
species of Pseudomonas, Azospirillum, Azotobacter, to some extent. Use of biofertilizers can prevent the
Klebsiella, Entrobacter, Alcaligens, Arthobacter, depletion of the soil organic matter [30]. Rice crops are
Burkholderia, Bacillus and Serratia have beenreported grown in both wetland and upland cultures. However
to enhance plant growth [7, 17, 18]. A substantial amount about 85% of the total rice-cropped area is under wetland
of the urea-N is lost through different mechanisms culture. In upland culture aerobic bacteria can fix
including ammonia volatilisation, denitrification and atmospheric N while in wetland culture both aerobic and
leaching losses, causing environmental pollution anaerobic bacteria can fix N [31]. Other biological N fixers
problems [19]. Utilization of biological nitrogen fixation used in rice culture are Azospirillum, Herbaspirillum and
(BNF) technology can decrease the use of urea-N, prevent Burkholderia [32]. Azospirillum is a heterotrophic
the depletion of soil organic matter and reduce bacterium capable of fixing atmospheric N [33]. This
environmental pollution to a considerable extent [20]. organism grows in the rhizospher of graminaceous plants.
Yield increases in rice due to inoculation of Azospirillum It can also penetrate the root to grow intercellularly [34].
and Azotobacter are reported to be in the 5-60% range Both Azospirillum lipoferum and A. brasilence have been
[21]. Among the plant growth stimulating bacteria, genus isolated from roots and stems of rice plants [35].
Pseudomonas is significantly important due to its wide Investigations at the IRRI revealed that Azospirillum
distribution in the soil, ability of colonization in many constitutes about 1% of the total aerobic heterotrophs
plants rhizospher and production of a wide range of and about 85% of the Azospirillum isolates belong to A.
metabolites [22]. These bacteria have a wide range of lipoferum indicating its preferential colonization for rice
plant growth stimulants traits such as producing auxin, plants [36]. Azospirillum inoculation can increase PO
ACC deaminase enzyme, phosphate solubility, and NH  uptake by rice plants [37]. This species can also
siderophore, salicylic acid, hydrogen cyanide and increase the height and tiller number of rice plants [38].
chitinase which are directly or indirectly involved plant Azospirillum inoculation increased the rice yield
growth in increasment [23, 24]. Farah - Ahmed et al. [25] significantly by 1.6-10.5 g plant  (32-81% increase) in
showed that growth rate and root elongation in seed greenhouse conditions [32]. However, in field conditions,
germination of Sesbania aculeate and Vigna radiate the estimated yield increase was around 1.8 t ha  (22%
inoculated with Pseudomonas increased due to the increase) as reported by Balandreau [39].
production of indole -3 - acetic acid. Benizri et al. [26]
reported that Pseudomonas flouresence M. 1,3 is able to MATERIALS AND METHODS
produce auxin, plays an important role in plant growth and
increase plant production. Egamberdieva [12] reported This field research was conducted in Mazandaran
that inoculation of winter wheat with Pseudomonas province, city Neka with 36 degree north latitude and 53
flouresence strain 12 RSIA,increased root and shoot degrees east and 12 m below sea level with the rice
growth and absorption of nitrogen, phosphorus and cultivar Tarom Daylamani during 2009. A split factorial
potassium. However, most of the worlds rice farms soil are arrangement in randomized complete block design with

3

2 3

4
-3

4
+

1

1



Am-Euras. J. Agric. & Environ. Sci., 10 (3): 387-395, 2011

389

three replications was employed. The first factor was pure RESULTS AND DISCUSSION
isolates of bacteria: Pseudomonas flouresence (B),
Azospirillum lipoferum (A) and a combination treatment Grain Yield: Table 1 and Tables 2, 3, 4 and 5 shows
of these two types of bacteria (A1B1) and the second analysis of variance and the results of data analysis for
factor included four levels of Nitrogen fertilizer (25, 50, 75, different bacteria and nitrogen amounts on rice yield
100 kg ha ) of urea. The experiment field soil was silty respectively. According to the analysis of variance results1

clay with pH = 8. Based on soil test results, 50 kg ha  of grain yield had been significantly influenced by bacteria1

each super phosphate triple and potassium sulfate was Pseudomonas flouresence at 1% probability level(Table
applied before planting and 50 kg of potassium chloride 1). Nitrogen fertilizer treatments had a significant effect on
fertilizer at the end of tiller stage and nitrogen fertilizers grain yield at 5% probability level and the combined
were applied based on research objectives. Pseudomonas treatment of Pseudomonas flouresence and Azospirillum
and Azospirillum bacteria treatments were assigned to lipoferum also had a significant effect at 1% probability
main plots and four levels of nitrogen fertilizer were level. Plant growth promoting rhizobacteria (PGPR) are
assigned to sub-plots. For bacteria inoculation, Roots of group of soil bacteria that actively colonize plant roots
seedlings were inoculated with bacteria for at least 12 and increase plant growth and yield [7, 8]. Significant
hours. After inoculation of seedlings in late April, the increase in growth and yield of agronomical important
seedling were moved to the main land in June. crops in response to inoculation with PGPR have been
Transplantation distance was 25 × 25 cm between each demonstrated by Bashan et al. [9], Asghar et al. [15] and
pile and each pile consisted of three transplant (germ). Biswas et al. [16]. Result of analysis of variance showed
Nitrogen consumption sources were urea used in three that the effect of nitrogen and bacteria (separately and in
important growth stages. Weed control was applied seven combination) on 1000 seeds weight and number of grains
days after transplantation as mechanical and without use per panicle was not significant (Table 1). The interaction
of  chemical  herbicide  and been repeated 20 days after between nitrogen and bacteria Pseudomonas flouresence
the first time. Due to bacteria sensitivity, no chemicals and Azospirillum lipoferum on harvest index had a
was used for weed and pest control in this experiment. 10 significant effect at 1% probability level. Nitrogen
plants from each experimental plot were randomly selected treatment also showed a significant effect on number of
to measure the characteristics for each trait. For nutrient clusters at 1% probability level (Table 1). Wheat, sorghum
analysis leaf samples were collected at the stage of 50% and maize seeds inoculated with the bacterium
flowering. At harvest stage, grain yield and yield Pseudomonas aeruginosa in America caused a 10 to 30
components were determined. Data analysis of variance percent yield increasment [40]. The interaction between
was analyzed with MSTAT-C statistical software and different levels of nitrogen and bacteria showed that
using Duncan’s Multiple Range Test (DMRT) at 5% highest yield (4867 kg ha ) was produced with the
probability level for means comparison. combination of 100 kg of nitrogen fertilizer treatment  with

1

Table 1: Analysis of variance of measured traits

Mean Square
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------

SOV df Grain yield Numbers of panicles/m Harvest index 1000 seed weight g Numbers of grains per panicle2

rep 2 4155833.3 397.94 20.06 7.98 1681.29
nit 3 7849722.2 1156.36 45.21 34.73 311.03* ** ns ** ns

error 6 1024722.2 22.132 49.28 0.295 80.02
azo 1 140833.3 12.0 49.09 4.88 11.71ns ns ns * ns

nit×azo 3 136388.9 125.61 62.33 1.38 24.44ns ns ns * ns

pes 1 156408333.3 270.75 160.0 32.84 185.22** ns ns ** ns

nit×pes 3 54166.7 3.58 17.92 1.89 89.75ns ns ns * ns

azo×pes 1 9900833.3 176.33 649.39 16.22 114.73ns ns ns ** ns

nit×azo×pes 3 234166.7 127.39 28.68 1.51 21.79ns ns ** * ns

error 24 443055.6 140.11 41.2 0.44 129.83
CV% - 16.25 16.47 14.37 3.04 13.23

ns; nonsignificant; **, significant at p 0.01; *, significant at p 0.05. azo: Azospirillum lipoferum,,pse: Psedumonas flouresence, nit: Nitrogen.
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Table 2: Mean comparison of interaction effect of Nitrogen fertilization and Azospirillum application

Treatment Grain yield kg ha Numbers of panicles / m Harvest index 1000 seed weight (g) Numbers of grains / panicle1 2

N A 2933 62.50 45.8 19.27 79.861 1
B B AB D A

N A 2867 60.17 38.34 20.33 80.01 2
B B B C A

N A 4267 69.0 47.96 20.77 90.642 1
A AB A C A

N A 4400 63.33 43.98 21.97 91.422 2
A B AB B A

N A 4500 72.83 45.92 22.12 86.993 1
A AB AB B A

N A 4467 82.0 46.71 22.7 91.913 2
A A AB B A

N A 4467 81.17 42.91 23.98 85.04 1
A A AB A A

N A 4867 84.0 45.55 23.68 83.124 2
A A AB A A

Means in a column followed by the same letter are not significantly different at P  0.01. N =25 kg/ha, N =50 kg/ha, N =75 kg/ha, N =100 kg/ha, A = without1 2 3 4 1

Azospirillum application, A = Azospirillum application.2

Table 3: Mean comparison of interaction effect of Nitrogen fertilization and Pseudomonas application

Treatment Grain yield kg ha Numbers of panicles / m Harvest index 1000 seeds weight (g) Numbers of grains / panicle1 2

N B 2333 58.50 39.12 19.13 80.531 1
C E B E B

N B 3467 64.17 45.02 20.47 79.331 2
B CDE AB D B

N B 3800 63.33 43.42 20.70 96.672 1
B DE AB D A

N B 4867 69.0 48.52 22.03 85.392 2
A BCDE A C AB

N B 3967 75.67 44.70 21.85 88.783 1
B ABCD AB C AB

N B 5000 79.17 47.93 22.97 90.133 2
A ABC A B AB

N B 4000 80.50 44.07 22.42 86.364 1
B AB AB BC AB

N B 5333 84.67 44.46 25.25 81.764 2
A A AB A AB

Means in a column followed by the same letter are not significantly different at P  0.01. N =25 kg/ha, N =50 kg/ha, N =75 kg/ha, N =100 kg/ha, B = without1 2 3 4 1

Pseudomonas application, B = Pseudomonas application.2

Table 4: Mean comparison of interaction effect of Nitrogen fertilization, Azospirillum application and Pseudomonas application

Treatment Grain yield kg ha Numbers of panicles / m Harvest index 1000 seeds weight (g) Numbers of grains / panicle1 2

N A B 1867 62.0 36.87 18.30 78.321 1 1
I BC DE J A

N A B 4000 63.0 54.73 20.23 81.401 1 2
CDEFGH ABC A HI A

N A B 2800 55.0 41.38 19.97 82.731 2 1
HI C BCDE HI A

N A B 2933 65.33 35.30 20.70 77.271 2 2
GHI ABC E GHI A

N A B 3467 64.67 42.61 19.67 95.952 1 1
EFGH ABC ABCDE I A

N A B 5067 77.33 53.31 21.87 85.332 1 2
ABC ABC AB DEFG A

N A B 4133 62.0 44.23 21.73 97.382 2 1
CDEFG BC ABCDE DEFG A

N A B 4667 64.67 43.72 22.20 85.452 2 2
ABCDE ABC ABCDE CDEF A

N A B 3533 65.67 41.16 21.07 85.773 1 1
DEFGH ABC BCDE FGH A

N A B 5467 80.0 50.67 23.17 88.223 1 2
AB AB ABC BC A

N A B 4400 85.67 48.23 22.63 91.783 2 1
BCDEF A ABCD CDE A

N A B 4533 78.33 45.19 22.77 92.033 2 2
ABCDE AB ABCDE CD A

N A B 3200 76.0 40.0 21.47 84.134 1 1
FGH ABC CDE EFG A

N A B 5733 86.33 45.97 26.50 85.874 1 2
A A ABCDE A A

N A B 4800 85.0 48.14 23.37 88.584 2 1
ABCD AB ABCD BC A

N A B 4933 83.0 42.95 24.0 77.654 2 2
ABC AB ABCDE B A

Means in a column followed by the same letter are not significantly different at P  0.01. N =25 kg/ha, N =50 kg/ha, N =75 kg/ha, N =100 kg/ha, A = without1 2 3 4 1

Azospirillum application, A = Azospirillum application, B = without Pseudomonas application, B = Pseudomonas application.2 1 2

Table 5: Correlation coefficient of the traits

Traits Numbers of grains / Panicle 1000 seeds weight (g) Harvest index Numbers of panicles / m Grain yield kg ha2 1

Grain yield (kg ha ) 11

Numbers of panicles /m 0.518 12

Harvest index 0.690 0.212 1** ns

1000 seeds weight (g) 0.583 0.469 0.224 1** ** ns

Numbers of grains per Panicle 0.318 0.241 0.125 0.131 1* ns ns ns

ns; nonsignificant; **, significant at p 0.01; *, significant at p 0.05.
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the bacteria Azospirillum lipoferum. In comparison to the index, all showed positive correlation (1%, 5% and 1%,
lowest yield production (2867 Kg ha  with the treatment respectively) with grain yield.1

of 25 kg of nitrogen without bacteria) a 39.7% increasing
in yield was obtained (Table 2). Azospirillum inoculation Number of Panicles per Square Meter: Appendix Table
could increase rice yield significantly by 1.6-10.5 g plant 5-1 and Tables 2, 3, 4 and 5 shows the results of analysis1

(32-81% increasing) in greenhouse conditions [32, 41]. of variance and the means of the effects of the two
However, in field conditions, the estimated yield increase bacteria and various nitrogen levels on number of
was about 1800 kg ha  (22% increase) as reported by panicles in square meter respectively. According to1

Balandreau [21]. Yield increment in rice due to inoculation analysis of variance results, the nitrogen treatment
of Azospirillum and Azotobacter has been reported in a significantly influenced panicles per square meter at
range of 5-60% [21]. As shown in Table (3), rice grain P<0.01(Table 1).
yield significantly differed in various levels of nitrogen The interaction between 100 kg nitrogen and bacteria
treatments   and   bacteria   Pseudomonas   flouresence  at Pseudomonas flouresence produced the highest number
5% of probability level. The highest rice grain yield was of panicles per m , which comparing to 25 kg nitrogen
produced with the combination of 100 kg of nitrogen treatment shows a 28% increasement. Zabihi, et al. [44]
fertilizer and Pseudomonas bacteria (B ), with an showed that the inoculation of wheat seeds with the2

increasing of 56% compared to the lowest yield (25 kg bacteria Pseudomonas increased 1000 seeds weight,
ha  of nitrogen without the presence of Pseudomonas number of clusters, number of grains per panicle and1

bacteria (B1). As it’s know n, nitrogen has a major effect yield. The highest number of panicles with the mean of 84
on plants growth and Pseudomonas bacteria as a growth produced with the combination between nitrogen and
promoting bacteria needs nitrogen as a nutrient, although bacteria Azospirillum lipoferum was with 100 kg nitrogen
they are a nitrogen fixer. treatment which had a 25% increment compared to 25 kg

These bacteria increase nitrogen uptake efficiency nitrogen (60.17) application (Table 2). The interaction of
and impacts rice yield. This study is consistent with 100 kg nitrogen and bacteria Pseudomonas flouresence
Ramezanpour [42], who reported that bacteria produced 84.67 panicles (Table 3). Although grains per
Pseudomonas is capable of solving phosphorus which panicle and harvest index had positive correlation with
increases the yield. Pseudomonas bacteria also influence panicle per square meter but was not significant. Yield had
the ability of auxin production to increase rice yield up to a significant (P<0.05) positive correlation and 1000 seeds
34%. The interactions between different levels of nitrogen weight had a significant (P<0.01) negative correlation with
and bacteria Pseudomonas flouresence and Azospirillum numbers of panicle per square meter (Table 5).
lipoferum on yield and yield components showed that the
highest yield (5733 kg ha ) was produced with 100 kg of Harvest Index: Table 1 and Tables 2, 3, 4 and 5 are the1

nitrogen intake with the bacteria Pseudomonas Analysis of variance and means comparison of different
flouresence which compared to the lowest yield bacteria and amounts of nitrogen effects on harvest index
production from 25 kg of nitrogen treatment and no respectively. According to the results the interaction
bacteria showed a 67% increment (Table 4). It must also between bacteria Pseudomonas flouresence and
be considered that 75 kg of nitrogen treatment with the Azospirillum lipoferum with different levels of nitrogen
bacteria Pseudomonas flouresence yielded 5467 kg ha showed significant difference at P<0.01 level of1

and showed no significant difference with the highest probability on harvest index (Table 1). Lucy et al. [45]
yield production. Considering the bacterial combined reported that the benefits of plants inoculation with
treatment (Pseudomonas flouresence and Azospirillum growth stimulants bacteria includes enhancement in
lipoferum ) the highest yield production was by using 100 number of indicators such as speed of germination, root
kg of nitrogen which compared to 25 kg of nitrogen, the growth, production per unit area, bio-control of pathogen
yield increased 40% (Table 4). According to Fllik and agents, leaf area, chlorophyll content, resistance to
Okon [43], when the population of the bacteria drought, shoots and roots weight and microbial activity.
Azospirillum reaches a higher level of a certain amount, it The highest rate of harvest index considering the
prevents Pseudomonas activity in plants. Due to interaction of bacteria Azospirillum lipoferum and various
correlation coefficients (Table 5) 1000 seeds weight had a nitrogen levels obtained with 50 kg of nitrogen without
significant negative correlation with grain yield while bacteria inoculation following with 75 kg of nitrogen with
panicle per square meter, grains per panicle and harvest bacteria inoculation. This suggests that bacteria

2
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Azospirillum lipoferum does not have influence on considering the interaction of different levels of nitrogen
harvest index (Table 2). The interaction of different levels and bacteria Pseudomonas flouresence, the highest
of nitrogen and bacteria Pseudomonas flouresence number of grains per panicle were obtained with the
showed that application of 50 and 75 kg nitrogen fertilizer application of 50 kg of nitrogen fertilizer without bacteria
with bacteria inoculation had the highest harvest index inoculation and 75 kg of nitrogen with bacteria inoculation
(48.52 and 47.93 respectively) both in group A (Table 3). (Table 3). The interaction between nitrogen and bacteria
As shown in the interaction of nitrogen and bacteria and on number of seeds clusters showed that the
Pseudomonas flouresence and Azospirillum lipoferum treatment of 50 kg of nitrogen with Azospirillum lipoferum
mean comparison table, the highest harvest index and without Pseudomonas flouresence had the highest
obtained with the treatments of 25 and 50 kg nitrogen with number of grains per panicle which in comparison to the
the presence of Pseudomonas flouresence without treatment of 25 kg nitrogen without any bacteria
Azospirillum lipoferum inoculation respectively (Table 4). inoculation showed 19% increment (Table 4). The number
The correlation coefficients table shows a 5% and 1% of grains per panicle and yield showed a significant
significant correlation between harvest index with yield difference (P<0.01). The number of grains per panicle had
and 1000 seeds weight respectively. Also yield and positive correlation with yield, number of panicle and
panicle per square meter (not significant) and number of harvest index and negative correlation with 1000 grains
grains per panicle (not significant) has positive and 1000 weight. Also number of panicle, harvest index and 1000
seeds weight has a negative correlation with harvest index seed weight showed no significant differences with seed
(Table 5). per panicle (Table 5).

1000 seeds weight: Different amounts of bacteria and CONCLUSION
nitrogen levels had no significant effect on 1000 seeds
weight (Table 1). The highest 1000 seeds weight among Increment of agricultural performance over the past
the composition of nitrogen and Azospirillum lipoferum three decades has been achieved by degrading the
obtained with the treatment of 100 kg of nitrogen without environment and the emergence of problems such as soil
bacteria inoculation. Also, different treatments of nitrogen erosion, pollution from chemical fertilizers and pesticides,
levels and bacteria inoculation did not show significant water resources and have reduces biological diversity in
difference (Table 2). The interaction of nitrogen and both plants and animals in the world. Therefore, low input
bacteria (Pseudomonas flouresence and Azospirillum farming systems as an aim to achieve maximum production
lipoferum) showed that the highest 1000 seed weight was in a short period of time is different to conventional
obtained with the application of 25 kg of nitrogen without system. Its aim is to achieve a stable level of production
the presence of both bacteria. As grain weight is an for long-term environmental compatibility to low energy
important indicator in wheat, this indicates that grain inputs and small amounts of chemicals. Using these two
weight had been reduced by increasing the amount of types of bacteria in this study makes a better availability
nitrogen (Table 4). Research conducted on the effect of of nitrogen and phosphorus to plants that stimulate the
bacteria stimulating growth on this indicator suggests issue of better growth, increase tolerance of plants
that some of these bacteria has a significant effect on against diseases and biotic and abiotic stress in order to
growth parameters while some have no impact [46]. A stimulate further growth. The use of PGPR’s increased the
significant (P<0.01) negative correlation is observed amount of cytokinin, gibberlin, auxin which led to better
between 1000 seed weight and both panicle numbers and growth and increase rice yield. In fact, these bacteria by
harvest index. Also grains per panicle and 1000 seed producing metabolites similar to growth regulatory
weight had no significant difference (Table 5). substances directly increase plant growth and

Number of Grains per Panicle: Regarding Table 1, no stated that when phosphorus and nitrogen exist in soils
significant difference had been observed among the the presence of PGPR’s increase the absorption of
treatments for number of grains per panicle. The highest elements in rice. Therefore the use of biological fertilizers
number of grains per panicle regarding the interaction of results in yield increment decrease the use of chemical
different levels of nitrogen and bacteria Azospirillum fertilizers so that the least adverse impact on the
lipoferum was observed in treatment with 75 kg of environment is achieved. This is recommended in
nitrogen and the presence of bacteria (Table 2). By sustainable  agriculture.  The  results   show   that  plants

development. Based on the results of this study it can be
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stimulating growth bacteria could improved growth 9. Bashan, Y., G. Holguin and L.E. De-Bashan, 2004.
characteristics including harvest index, panicle per square
meter and seeds per panicle product which leads to yield
increasement. Application of different amounts of
nitrogen showed positive effects on increasing yield and
yield components. Also the combination applications of
bacteria and different amounts of nitrogen improved these
characteristics. Tandon [47] showed that different
stimulating growth bacteria have positive interaction on
each other. Phosphorus efficiency will reach its highest
level when it is applied with nitrogen and potash at the
same time and its ratio with nitrogen should be 2:1 which
has also been proved in this study. Therefore it is
recommended that consumption of a balanced fertilizer
with nitrogen and inoculated with appropriate bacteria
could prevent the indiscriminate use of chemical fertilizers
and reduce nitrate pollution which leads towards
environmental survey.

REFERENCES

1. Sahrawat, K.L., 2000. Macro and Micronutrients
Removed by Upland and Lowland Rice Cultivars in
West  Africa. Commun.    Soil    Sci.    Plant   Anal.,
31: 717-723.

2. Astarai, A. and A. Kouchaki, 1996. Application of
Biofertilizers in Sustainable Agriculture. Jihad-e-
Daneshgahi, Mashhad University (in Farsi).

3. Alipour, Z. and M. Malakouti, 2003. Role of Plant
Growth Promoting Rhizobacteria (PGPR) on Growth
and Plant Health. Technical Publication No. 309, Soil
and Water Research Institute of Iran. (in Farsi).

4. Kolb, W. and P. Martin, 1998. Influence of Nitrogen
on the Number of N2-Fixation and Total Bacteria in
the Rhizosphere. Soil Biol. Biochem., 20: 221-225.

5. Maurhofer, M., C.  Reimmann,  P.  Schmidli-sacherer,
S. Heeb, D. Haas and G Defago, 1998. Salicylic Acid
Biosynthetic Genes Expressed in Pseudomonas
flouresence Strain P3 Improve the Induction of
System Resistance in Tobacco Against Tobacco
Necrosis Virus. Phytopathol., 88: 678-684.

6. Amer, F.M., E. Saleh and H.F. Mostafa, 1991.
Phosphate Behavior in Submerged Calcareous Soils.
Soil Sci., 151: 306-311.

7. Glick, B.R., 1995. The Enhancement of Plant Growth
by   Free-Living     Bacteria.    Can.    J.   Microbiol.,
41: 109-117.

8. Wu, S.C., Z.H.  Cao,  Z.G.  Li,  K.C.  Cheung  and
M.H. Wong, 2005. Effect of Biofertilizer Containing
N-Fixer, P and K Solubilizers and AM Fungi on Maize
Growth: A greenhouse trial. Geoderma, 125: 155-166.

Azospirillum - Plant Relationships: Physiological,
Molecular, Agricultural and Environmental Advances
(1997-2003). Can. J. Microbiol., 50: 521-577.

10. Zhang, F., N. Dashti, H. Hynes and D.L. Smith, 1996.
Plant Growth Promoting Rhizobacteria and Soybean
(Glycine max L. Merr.) Nodulation and Nitrogen
Fixation at Suboptimal Root Zone Temperatures.
Ann. Bot. London, 77: 453-459.

11. Dobbelaere, S., J. Vanderleyden and Y. Okon, 2003.
Plant Growth-Promoting Effects of Diazotrophs in the
Rhizospher. Crit. Rev. Plant Sci., 22: 197-149.

12. Egamberdieva, D., 2007. The Effect of Plant Growth
Promoting Bacteria on Growth and Nutrient  Uptake
of Maize  in  two  Different  Soils.  Appl. Soil Ecol.,
36: 184-189.

13. Cattelan, A.J., P.G. Hartel and J.J. Fuhrmann, 1999.
Screening for Plant Growth-Promoting Rhizobacteria
to Promote Early Soybean Growth. Sci. Soc. Am. J.,
63: 1670-1680.

14. Patten, C.L. and B.R. Glick, 2002. The Role of Bacterial
Indoleacetic   Acid   in  the  Development  of  the
Host Plant Root System. Appl. Environ. Microbiol.,
68: 3795-3801.

15. Asghar, H.N., Z.A. Zahir, M. Arshad and A. Khaliq,
2000. Relationship between in Vitro Production of
Auxins by Rhizobacteria and their Growth-Promoting
Activities in Brassica  juncea  L.  Biol.  Fert.  Soils,
35: 231-237.

16. Biswas, J.C., J.K. Ladha and F.B. Dazzo, 2000.
Rhizobia  Inoculation  Improves  Nutrient  Uptake
and Growth of Lowland Rice. Soil Sci. Soc. Am. J.,
164: 1644-1650.

17. Kloepper, J.W., R. Lifshitz and R.M. Zablotowicz,
1989.  Free-Living  Bacterial  Inoculation  for
enhancing  Crop  Productivity.  Trends  Biotechnol.,
7: 39-43.

18. Misko, A.L. and J.J. Germida, 2002. Taxonomic and
Functional Diversity of Pseudomonads Isolated from
the Roots of Field-Grown Canola. FEMS Microbiol.
Ecol., 42: 399-407.

19. Choudhury, A.T.M.A. and I.R. Kennedy, 2005.
Nitrogen Fertilizer Losses from Rice Soils and Control
of Environmental Pollution Problems.
Communications in Soil Science and Plant Analysis,
36: 1625-1639.

20. Choudhury, A.T.M.A. and I.R. Kennedy, 2004.
Prospects and Potentials for Systems of Biological
Nitrogen Fixation in Sustainable Rice Production.
Biology and Fertility of Soils, 39: 219-227.



Am-Euras. J. Agric. & Environ. Sci., 10 (3): 387-395, 2011

394

21. Balandreau, J., 2002. The Spermosphere Model to 31. Mian, M.H., 2002. Azobiofer: a Technology of
Select for Plant Growth Promoting Rhizobacteria. In Production and use of Azolla as Biofertilizer for
Biofertilizers in Action, Eds., Kennedy, I.R. and Irrigated Rice and Fish Cultivation. In Biofertilizers in
A.T.M.A. Choudhury. Rural Industries Research and Action, Eds., Kennedy, I.R. and A.T.M.A.
Development Corporation, Canberra, pp: 55-63. Choudhury. Rural Industries Research and

22 Penrose, M. and R. Glick, 2003. Methods for Isolating Development Corporation, Canberra, pp: 45-54.
and Characterizing  Acc  Deaminase  Containing 32. Malik,  K.A.,   M.S.  Mirza,  U.  Hassan,  S.  Mehnaz,
Plant Growth Promoting Rhizobacteria. Physiol. Plant, G. Rasul, J. Haurat, R. Bally and P. Normand, 2002.
118: 1.0-15. The Role of Plant-Associated Beneficial Bacteria in

23. Rashid, M., S. Khalil, N. Ayub, S. Alam and F. Latif, Rice-Wheat Copping System. In Biofertilizers in
2004. Organic Acids Productions Solubilization by Action, Eds., Kennedy, I.R. and A.T.M.A.
Phosphate Solubilizing Microorganisms (PSM) under Choudhury. Rural Industries Research and
In vitro Conditions. Pak. J. Biol. Sci., 7: 187-196. Development Corporation, Canberra, pp: 73-83.

24. Ajit, N.S., R. Verma and V. Shanmugan, 2006. 33. Roper, M.M. and J.K. Ladha, 1995. Biological N2
Extracellular  Chitinase  of  Pseudomonase Fixation by Heterotrophic and Phototrophic Bacteria
fluorescent Antifungal  to   Fusarium   oxysporum in Association with Straw. Plant Soil, 174: 211-224.
f.sp. dianti Causing Carnation Wilt. Curro Microbiol., 34. Baldani, V.L.D. and J. Dobereiner, 1980. Host-plant
52: 31 0-316. Specificity in the Infection of Cereals with

25. Ahmad, F., L. Ahmad and M. Saghir, 2005. Azospirillum spp. Soil Biol. Biochem., 12: 433-439.
Indolacetic Acid Production by the Indogenous 35. Ladha, J.K., W.L. Baraquio and I. Watanabe, 1982.
Isolates of Azotobacter and Pseudomonas Immunological Techniques to Identify Azospirillum
flouresence in the Presence and Absence of Associated with Rice. Can. J. Microbiol., 28: 478-485.
Tryotophan. Turk. J. Biol., pp: 29-34. 36. Ladha, J.K., R.B. So and I. Watanabe, 1987.

26. Benizri, E., E. Baudoin and A. Guckert, 2001. Root Composition of Azospirillum Species Associated
Colonization by Inoculated Plant Growth-Promoting with Wetland Rice Plant Grown in Different Soils.
Rhizobacteria. Biocon. Sci. Tech., 11: 557-574. Plant Soil, 102: 127-129.

27. Choudhury, A.T.M.A. and Y.M. Khanif, 2001. 37. Murty, M.G. and J.K. Ladha, 1988. Influence of
Evaluation of the Effects of Nitrogen and Magnesium Azospirillum Inoculation on the Mineral Uptake and
Fertilization on Rice Yield and Fertilizer Nitrogen Growth of Rice under Hydroponic Conditions. Plant
Efficiency using 15N Tracer Technique. J. Plant Nut., Soil, 108: 281-285.
24: 855-871. 38. Nayak, D.N., J.K. Ladha and I. Watanabe, 1986. The

28. Choudhury, A.T.M.A., Y.M. Khanif, H. Aminuddin Fate of Marker Azospirillum lipoferum Inoculated
and W. Zakaria, 2002. Effects of Copper and into Rice and its Effect on Growth, Yield and N2
Magnesium Fertilization on Rice Yield and Nitrogen Fixation of Plants Studied by Acetylene Reduction,
use Efficiency: a 15N Tracer Study. In the 15N2 Feeding and 15N Dilution Techniques. Biol.
proceedings of the 17th World Congress of Soil Fertil Soils, 2: 7-14.
Science,   Bangkok,     Thailand,   Symposium, 39. Balandreau, J., 2002. The Spermosphere Model to
50(226): 1-10. Select for Plant Growth Promoting Rhizobacteria. In

29. Reeves, T.G., S.R. Waddington, I. Ortiz-Monasterio, Biofertilizers in Action, Eds., Kennedy, I.R. and
M. Banziger and K. Cassaday, 2002. Removing A.T.M.A. Choudhury. Rural Industries Research and
Nutritional Limits to Maize and Wheat Production: A Development Corporation, Canberra, pp: 55-63.
Developing Country Perspective. In Biofertilizers in 40 Kapulink, Y., Y. Okon and Y. Henis, 1985. Changes in
Action, Eds., Kennedy, I.R. and A.T.M.A. Root Morphology of Wheat caused by Azospirillum
Choudhury. Rural Industries Research and Inoculation. Can. J. Microbiol., 31: 881-887.
Development Corporation, Canberra, pp: 11-36. 41. Mirza, M.S., G. Rasul, S. Mehnaz, J.K. Ladha, R.B. So,

30. Jeyabal,   A.   and   G.   Kuppuswamy,  2001. S. Ali and K.A. Malik, 2000. Beneficial Effects of
Recycling of Organic Wastes for the Production of Inoculated Nitrogen-Fixing Bacteria on Rice. In The
Vermicompost and its Response in Rice-Legume Quest for Nitrogen Fixation in Rice, Eds., Ladha, J.K.
Cropping  System  and  Soil  Fertility.  Eur. J. Agron., and P.M. Reddy. International Rice Research
15: 153-170. Institute, Los Baos, Philippines, pp: 191-204.



Am-Euras. J. Agric. & Environ. Sci., 10 (3): 387-395, 2011

395

42. Ramezanpour, M.R., 2010. Genetic Diversity and 45. Lucy, M., E. Reed  and  B.R.  Glick,  2004.
Efficiency  of  Indole  Acetic  Acid  Production by Applications of Free Living Plant Growth- Promoting
the Isolates of Pseudomonads fluorescent from Rhizobacteria. Antonie van Leeuwenhoek, 86: 1-25.
Rhizosphere of Rice (Oryza sativa L.). American- 46. Glick, B.R.,  1994.  The  Enhancement  of  Plant
Eurasian J. Agric. & Environ. Sci., 7(1): 103-109. Growth by Free-Living Bacteria. Can. J. Microbiol.,

43. Fllik, E. and Y. Okon, 1988. Growth Response of 41: 109-117.
Maize  Roots   to   Azospirillum  Inoculation: Effect 47. Tandon, V. and A. Prakash, 2003. Influence of Soil
of Soil Organic Matter Content, Number of Inoculation with VAM and Phosphorous Solubilizing
Rhizosphere  Bacteria  and Timing of Inoculation. Microorganisms on Growth and Phosphorus Uptake
soil  Biochem., 20: 45-49. in Sesamum indicum. International J. Tropical Agri.,

44. Zabihi, H.R.,   G.R.   Savaghebi,   K.   Khavazi   and 11: 201-209.
A. Ganjali, 2009. A Study on Effect of Different
Isolates of Pseudomonads fluorescent in Various
Levels of Soil Saltiness on Wheat Yield and Yield
Components. Iranian J. Water and  Soil, 23(1): 199-
208. (in Farsi).


