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Abstract: In order to investigate the effects of bio-fertilizer on yield and its components of maize cultivars, an
experiment was conducted as split plot in randomized complete bock design with three replications in Ilam
Payamnoor University of Iran in 2009-2010. Treatments were cultivar factor (SC604, SC704 and SC807) as main
plots and bio-fertilizer factor (non-inoculation, inoculation with Azotobacter, Azospirillum and double-
inoculation of Azotobacter and Azospirillum) as subplots. The effect of cultivar on plant height, stem diameter,
number of grain per row, 1000-grain weight, grain yield, biological yield and protein contents were found
significant. Cultivar of SC704 had the highest plant height (201.1 cm), number of grains per row (42.8 grains),
grain yield (10850 kg ha ) and biological yield (22040 kg ha ) compared with other cultivars. The effect of1 1

plant growth promoting rhizobacteria on all traits was significant but harvest index. Double-inoculation of
Azotobacter and Azospirillum had the highest plant height (212.4 cm), stem diameter (2.5 cm), number of rows
per ear (14.5 row), number of grains per row (44.2 grain), 1000-grain weight (315.4 g), grain yield (10190 kg ha ),1

biological yield (21320 kg ha ) and protein content (10.7%) when compared with other treatments. The1

interaction effect of cultivar × plant growth promoting rhizobacteria (PGPR) on grain yield, biological yield and
protein content was significant (p<0.01). The highest and lowest grain yield obtained from SC704 with double-
inoculation of Azotobacter and Azospirillum (12320 kg ha ) and SC 604 with non inoculation treatment (123201

kg ha ), respectively. 1
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INTRODUCTION by many Azotobacter spp [8-9]. Indeed, improving plant

Chemical fertilizers have several negative impacts on
environment and sustainable agriculture. Therefore, bio-
fertilizers are recommended in these conditions and
growth prompting bacteria uses as a replacement of
chemical fertilizers [1]. Growth promoting bacteria induced
increasing plant yield as clone in plants root [2]. Growth
prompting bacteria are including Azotobacter,
Azospirillum and Pseudomonas [3-4-5]. Tilak [6] reported
positive effects of double-inoculation of Azotobacter and
Azospirillum on dry matter of maize and sorghum. Rai and
Caur [7] studied Azotobacter and Azospirillum and
double-inoculation and alone inoculation effects on wheat
growth and yield. Double-inoculation of Azotobacter and
Azospirillum had positive effects on plant height, spike
length, grain yield, biological yield and harvest index in
various wheat genotypes. It is proved that hormones
such as oxine, giberline and cytokenine are synthesized

growth due to Azotobacter inoculation is contributed to
produced hormones by this bacteria and improving root
growth [10]. Abo-EI-Goud [11] reported that dry and wet
weight of maize plant and dry and wet weight of leaf
became significant influenced by bio-fertilizers. El-Zieny
et al. [12] indicated that bio-fertilizers such as
Azotobacter inoculants improve plant growth, leaf
number, leaf area and vegetative. Kandil et al. [13] also
approved increasing growth indices due to using
Azotobacter in a study on beet sugar using. Azotobacter
and urea treatments in Egypt. The results obtained from
farm studies conducted by Reynders and Vlassak [14]
showed that wheat seed inoculation with Azospirillum
induced  increasing grain yieldin  ranges  of  9% to 15%.
In addition to reducing nitrogen fertilizer usage, using
Azospirillum will cause to improving plant growth and
yield about 30% to 35% [15]. In inoculated plants with
Azospirillum, root system morphology changes, lateral
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rhizomes  number  and  root  length  and also number and design with in three replication in Ilam, Iran (in 38° and 33
length of root hairs and their branches increases.
Increasing   roots    uptake    level    increases   water  and
nutrients uptake by plant. Based on Fallik and Okon [16]
studies, Azospirillum inoculation induced increasing
phosphour, nitrogen and potassium by maize and
sorghum root through improving root system. Mertnese
and Hess [17] also attributed increasing wheat yield to
increasing number of fertile in plant in their studies, also
increasing number of grain per spike due to using
Azospirillum can resulted from it's effect on spike length.
Conducted studies by El-Kholy et al. [18] in Egypt
showed that maize inoculation with Azospirillum
increased dry weight twice and total nitrogen 1.57 times
under greenhouse conditions. Das and Saha [19] studied
the effect of Azotobacter and Azospirillum and 50 kg/h
nitrogen fertilizer on wheat. It is observed that using these
bacteria affected positively yield and especially
Azotobacter had more effect on grain yield. Zahir et al. [3]
reported 18% increasing in dry weight of maize inoculated
with Azotobacter and pseudomonas. Hernandez et al. [20]
reported Increasing wet weight, leaf number and height of
maize using pseudomonas fluorescence bacteria. Zahir et
al. [21] reported 19.8% increasing in grain yield of maize
due to double-inoculation of Azotobacter and
pseudomonas and Fulchieri and Frioni [22] reported 59%
increasing in grain yield of maize due to increasing
number of grain per ear in result of inoculating seed with
Azospirillum. Chabot et al. [23] also reported 33%
increasing in wet weight of maize plant due to inoculating
seed with these bacteria. Nieto and Frankenberger [24]
also observed being 5 times dry weight of aerial part of
maize plant using Azotobacter bacteria. Thus the study
conducted to studying effects of Azospirillum and
Azotobacterbacteria on yield and yield components of
various maize cultivars in Ilam. 

MATERIALS AND METHOD

In order to study the effects of agronomic and
qualities traits of maize cultivars, an experiment was
conducted  as  split  plots in a randomized complete bock

/

latitute and 26° and 47 longitute and 1290 m height of sea)/

in 2009-2010. Experimental treatments were included three
maize cultivars, single cross 704 (SC704), single cross 604
(SC604) and single cross 804 (SC 804) in main plots and
plant growth promoting rhizobacteria in four levels
inoculating with Azospirillum inoculating with
Azotobacter, double-inoculation of Azotobacter and
Azospirillum) and control (non inoculation) in sub plots.
Rainfall 400 mm, most rain fall are in winter and early of
spring when evaporation and transpiration reach to
minimum (Table 1) farm soil sample to determining
physical and chemical properties of experiment plot soil
before harvesting and then it sent to laboratory. Results
obtained from soil analysis showed in Table 2.

Irrigation  performed  once  every  day,  in  early of
plant  growth  period  and  next   was   9   days  periods,
300 kg/h urea, 150 kg/ha super phosphate and 100 kg/ha
sulfate  potash  used  for  all  treatments  based on soil
test. 7 g inoculations from each inoculans were used to
inoculating  seeds  before  planting.  It  moistened  with
2% concentration water sugar and soaked 2 kg
inoculants/  100  kg   seed.   Seed   planting  operation
done  in  30/4/  2010.  Used  seeds  disinfected by
fungicide and vitawax before planting. Firstly, 3-5 cm
furrow to assuring, rowing seeds and homogeneity in
vegetative cover of farm plants thinned of after full
planting and growing seeds at 4 leaves stage.
Experimental  plots  consisted  of  8  m  six  planting  rows
in 75cm spacing. Harvesting was done in 12/8/2010.
Samples selected randomly from any plot to calculating
plant height, stem diameters number of row per ear and
grain number and then sent to laboratory. Five seed
samples of any cultivar were used. After harvesting, 1000
grain weight was measured from each plot. harvested area
was 6m  while seed moisture was 14%. Index harvest2

calculated as dividing grain yield by biological yield. A
100 g seed sample was selected randomly from each plot
and was sent to laboratory. Protein content was measured
by using kjeldhal method.. Statistical calculations was by
MSTAT-C software and means comparison was by
Duncan s Multiple Range Test. ,

Table 1: Monthly mean value of precipitation and temperature in, Ilam in 2009-2010

Parameter Apr May Jun Jul Aug Sep

Precipitation (mm) 98.56 77.44 0 0 10.11 -
Temperature ( C) 12 15.3 25.8 27.2 25.1 -™

Table 2: Soil physical and chemical properties of experimental area

Soil texture Available P (mg kg ) Available K (mg kg ) Total N (%) Organic Carbon (%) E.C(dS/m) pH1 1

clay loam 1.09 220 0.08 0.66 1.09 7.05
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RESULTS AND DISCUSSION the one hand, plant height is a attribute that is influenced

Plant Height: Results of data variance analysis showed hormone has important role in increasing height [26].
that plant height studied influenced by cultivars and
prompting rhizobacteria, while no significant difference Stem Diameter: Results of variance analysis showed that
observed between interactions effects of cultivars and stem diameter influenced by cultivars and growth
growth prompting rhizobacteria (Table 3). Table 4 show prompting bacteria at 1% probability level while
changes of plant height in maize in various cultivars. As interaction effects of cultivars and bacteria weren't
Table 4 show, single cross 704 (SC704) cultivar has effective on this attribute (Table 3). Results obtained from
highest plant height, averagely 201cm. It is seemed that cultivar comparison showed that Sc 804 and SC604
sc704 cultivar could yielded more height due to longer cultivars had thickest stem diameter and SC704 had
growth period. It is observed in Table 4 that double- thinnest stem diameter (Table 4). Mean comparison
inoculation of Azotobacter and Azospirillum caused to showed in Table 4 that stem diameter showed significant
21% increasing in height, 212 cm, in compared with increasing due to inoculating with studied bacteria in
control (non inoculation) treatment, 168/6cm. main cause compared with control (non inoculation) and thickest stem
was increasing nutrients up taking by plant, improving diameter yielded double-inoculation of Azotobacter and
soil properties such as organic content and increasing Azospirillum.
available nitrogen in general, plant height is influenced by
water and nutrients availability through increasing Number of Row per Ear: Results of variance analyzing
number of nodes middle nodes length. Shaalan [25] also showed that only growth prompting bacteria effect was
indicated that inoculating nigella seed with biological significant on number of row per ear at 5% probability
fertilizers such as Azospirillum and Azotobacter caused level (Table 3). Means comparison indicated that highest
to improving plant growth attributes such as plant height. number of row per ear yielded using double-inoculation of
Azotobacter and Azospirillum treatment were both both bacteria and it was 18/1 more than control (non
statistically in group B, this showed that these bacteria inoculation). Inoculations with Azotobacter or
have same effect on plant height. Phosphate solving Azospirillum treatments were in same class (Table 4).
microorganism cause to increasing plants height specially Yasari and Patwardhan [27] also indicated positive effect
cereals by producing growth promoting nutrients and on of  bio-fertilizers on number of pod per plant in rapeseed.

by growth hormones, specially oxine and activating this

Table 3: Analysis variance of measured parameters
Plant Stem Number of Number of 1000-grain Grain Biological Harvest Protein

S.O.V df height diameter row per ear grain per row weight yield yield index  content
Replication 2 2377 0.34 74.85 72.25 1664.52 1595782 5699992 5.88 0.0887
Cultivar 2 1105.5 0.743  14.89 234.25 3818.02 2462452 45105712  75.9 5.56* ** ns * ** ** ** ns *

Error a 4 107.16 0.037 8.43 27 125.02 1272157 2033256  13.8 0.74ns

Bio-fertilizer 3 2936.2 0.834 10.77 224.76 3191.28 6158113 15281051  12.3 0.32** ** * ** ** ** ** ns **

Interaction 6  95.2  0.062  3.12  8.99  105.1 373479 3492705  5.9 0.007ns ns ns ns ns ** ** ns *

Error b 18 54.7 0.042 2.1 7.63 83.6 39994 1638606 5.5 0.003
CV% - 6.9 9.16 10.9 7.32 13.5 16.8 16.5 8.08 6.79
*: Significant at 0.05 level, **: Significant at 0.01 level

Table 4: Mean comparisons of the main effects
Plant Stem Number of Number of 1000-grain Grain Biological Harvest Protein

Treatment height (cm) diameter (cm) row per ea grain per row weight (g) yield (kg.ha ) yield (kg.ha ) index (%) content (%)1 1

Cultivar
SC704 a 201.1 b 1.95 a 14.6 a 42.83 b 272 10850 a a 22040 a 49.2 b 9.71
SC604 b 184.5 a 2.33 a 12.6 ab 35.58 a 300.8 b 8323 b 18620 a 44.8 a 10.9
SC804 b 183.4 a 2.42 a 12.7 b 34.83 a 304.7 b 8417 b 18740 a 45 ab 10.81
Bio-fertilizer
Azotobacter b 185.6 ab 2.35 ab 13.4 b 38 b 293.1  9448 b ab 20390 a 46.2 b 10.52
Azospirillum b 193.9 bc 2.15 ab 13.5 b 36.6 b 292.2 c 8907 b 19100 a 46.5 b 10.53
Azot+ Azos a 212.4 a 2.57 a 14.5 a 44.2 a 315.4 a 10190 a 21320 a 47.6 a 10.7
Non-inoculation c 168.6 c 1.86 b 11.8 c 32.1 c 269.3 d 8240 b 18400 a 44.7 c 10.23
Mean which have at least once common letter are nit significant different at the 5%level using (DMRT)
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Number of Grain per Row: Number of grain per row is on is indicated the in fact that double-inoculation of
of the important components of maize. Results of variance Azotobacter and Azospirillum was more effective than
analyzing indicated that cultivars and growth prompting alone inoculation of them. On of the increasing 1000 grain
bacteria had significant effect on this attribute, but weight under double-inoculation treatment was due to
cultivars and bio-fertilizers interaction effects hadn’t improving attributes such as leave number, ear length and
effect on it (Table 3). Mean comparison showed that height that finally caused to increasing assimilates
SC704 yielded highest number of grain per row (42.8 grain) production. Also due attention to longer period of
(Table 4). Single cross cultivar also yielded highest ripening maize due to double-inoculation of Azotobacter
number of grain per row duo to high dry matter and Azospirillum it is possible to transforming more
accumulation and more leaf number. Thus it is see med photosynthetic matter from source to and as aresult
that high dry weight and leaf number of this cultivar cause increasing 1000 grain weight. Idris [31] also confirmed
to stimulating photosynthesize and as a results positive effect of Azotobacter on grain weight of wheat.
generating new sink in SC704. Bahoopanderset et al. [28]
reports can firmed nearly this matter. As it observe in Grain Yield: Results of variance analyzing indicated that
Table 4, inoculation yielded highest number of grain per there was significant difference between cultivars,
row, 44 grains, in A class and control (non inoculation) Azotobacter and Azospirillum bacteria treatments and
treatment yielded least number of grain per row, 32 grains interaction this agent  (Table  3).  As  it  is  observe in
and was in c class. Double-inoculation yielded 28% more Table 4, highest grain yield yielded using SC704. In this
than control. Also inoculating maize seed with of study weight and number of grain per row. Also it is seem
Azotobacter and Azospirillum treatment was in b class. that high grain yield and most attributes of single cross
Thus it can said that double-inoculation of Azotobacter 704 cultivars is due to long phonologic period of this
and Azospirillum caused to increasing sink portion and as cultivar and optimization using environmental agents.
a result increasing maize yield by increasing number of Mean comparison indicated that double-inoculation of
grain per row. It is agreed with Narula et al. [29] studies Azotobacter and Azospirillum treatment yielded highest
who reported that producing indoll actic acid followed by grain yield 8894 kg/ha and control (non inoculation)
cytocenin by Azotobacter cause to increasing preserved treatment yielded least grain yield, 8240 kg/ha. Double-
matters by growing rhizomes and increasing leaf and root inoculation yielded 20% more than control (Table 4).
weight and as a result cause to increasing reproductive Wight grain yield in this treatment can attributed to high
organs such as grain number and Fulchieri and Frioni [22] yield components indices such as grain number, number
studies that reported increasing grain due to inoculating of row per ear and too grain weight. Also it is showed in
seed wits Azospirillum. Table 4 that Azotobacter is more effective than

1000-grains Weight: Results obtained from variance Azotobacterin up taking nitrogen produced by biological
analyzing showed that cultivars and bio-fertilizers showed fixing by this. Bacteria that finally will cause to more grain
significant difference at 1% probability level (Table 3). yield of plant. Mean comparison indicated that SC704
Results obtained from mean comparing showed that 1000- cultivar yielded highest grain yield, 1232 kg/ha under
grain weight was different to SC704, SC604 and 804 double-inoculation treatment. Also it is indicated that all
cultivars, so that SC704 and SC804 cultivars yielded three cultivars yielded higher grain yield under double-
highest 1000-grain weight and SC604 cultivar yielded least inoculation treatment than other treatments. Least grain
1000-grain weight (Table 4). SC704 cultivar had less 1000 yield produced under control (non inoculation) treatment
grain weight in spite of more number of grains per row this (Table 5). Due attention to results obtained from this
is indicated sink limitation this cultivar. Ashraf et al. [30] study and the in fact that used bacteria can produce
also  showed  that other cause limiting 1000 grain weight growth prompting bacteria, thus it is seem that this in
can be reducing ability allocating photosynthetic matters toracning was effective to increasing grain yield. It is
of source to sink. Mean comparison show that highest agreed with Lucangeli and Bottini [32] studies who
1000 grain weight yielded using double-inoculation of reported that secreting growth regulating and prompting
Azotobacter and Azospirillum, 315 g and least 1000 grain in attars such as oxine, giberline by Azospirillum and
weight yielded in control, 269g and also Azotobacter and secreting oxine, giberline and cytokenine by Azotobacter
Azospirillum treatments were in same class (Table4). This and  assisting  these bacteria with maize rhizome are most

Azospirillum on grain yield due to more role of
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Table 5: Mean comparisons of the interaction effects

Plant Stem Number of Number of 1000-grain Grain Biological Harvest Protein

Treatment height (cm) diameter (cm) row per ea grain per row weight (g) yield (kg.ha ) yield (kg.ha ) index (%) content (%)1 1

Azotobacter c 194.7 def 1.98 ab 15.27 b 44.3 e 271 b 11290 a 23580 b 47.75 g 9.74

SC704 Azospirillum b 205.7 def 1.95 bc 14.3 b 40 e 276.3 c 10230 b 20230 a 50.53 g 9.73

Azot+ Azos a 221 cde 2.14 a 17 a 51.3 cd 297.3 a 12320 a 24560 a 50.15 f 9.91

Non-inoculation cd 183 f 1.72 cd 12 c 35.6 f 243 d 9554 bc 19780 bc 48.36 h 9.44

Azotobacter de 178 bc 2.44 cd 11.9 c 34.6 cd 300 f 8475 bcd 19130 defg 44.3 b 11

SC604 Azospirillum cd 184.7 cd 2.25 bcd 13 c 35.3 cd 296 g 8144 bcd 18100 def 44.9 b 10.9

Azot+ Azos b 206 ab 2.68 bcd 13.6 b 41 a 327.3 e 9105 bcd 19250 cd 47.3 a 11.12

Non-inoculation e 169 def 1.97 cd 12 cd 31.3 e 279.3 h 7570 cd 18010 fg 42.07 d 10.72

Azotobacter cd 184 ab 2.64 bcd 13.17 c 35 bc 308 f 8574 bcd 18450 fg 46.6 c 10.81

SC804 Azospirillum c 191.3 cd 2.25 bcd 13.4 c 34.6 c 303.7 fg 8349 bcd 18960 efg 44.17 c 10.83

Azot+ Azos b 208.7 a 2.9 bcd 12.93 b 40.3 ab 321.3 e 9148 bc 20140 de 45.38 ab 11.05

Non-inoculation f 153.7 ef 1.88 d 11.6 d 29.3 de 285.7 h 7597 d 17430 g 43.9 e 10.54

Mean which have at least once common letter are nit significant different at the 5%level using (DMRT)

important interacting to improving growth hand grain attention to giberlines cause to increasing cells growth
yield of maize. Nanda et al. [33] reported that double- specially middle nodes and oxines cause to more cell
inoculation of Azotobacter and Azospirillum caused to division and as a result plant height, stem diameter and
increasing forage yield leave number per ear increase.

Biological Yield: Variance analyzing of biological yield Harvest Index: Results of variance analyzing showed that
data showed that biological yield was significant cultivars and growth prompting bacteria hadn’t significant
influenced by cultivars biological fertilizers and effect on harvest index (Table 3). Thus it is indicated that
interaction effect of cultivars and growth prompting using bio-fertilizers caused to increasing harvest index
bacteria at 1% probability level (Table 3). Results of due to effect on dry weight and allocating more
cultivars mean comparison showed that SC704 cultivar photosynthetic matters to grain.
yielded high biological yield due to high photosynthesis
in above ear resulted from more leave number of this Protein  Content:  Results  obtained from variance
cultivar. This is agreed with Peng et al. [34] report (Table analysis showed that cultivars, used bacteria treatment
4). Mean comparison show in Table 4 that double- and  interaction  of  these  agents had significant
inoculation of both bacteria treatment yielded highest difference  (Table  3).  It  is  observed  in  Table  4  that SC
biological yield, 21320 kg/ha and control treatment yielded 604  cultivars  yielded  highest  protein  content  and
least biological yield, 18400 kg/ha. Double-inoculation of SC704 cultivar yielded least protein content. This is
Azotobacter and Azospirillum treatment produced 14 % showed that this attribute is influenced by genetic
biological yield more than non inoculation. It is seem that properties. It is observed in mean comparison, Table 4,
growth prompting bacteria caused to increasing biological that  double-inoculation  of  Azotobacter  and
yield through affecting plant dry weight and allocating Azospirillum yielded more Protein content than non
more dry matter to vegetative organs. Mean comparison inoculation  (control).  Studying  interaction  of  cultivars
of interaction effect of bacteria on cultivars showed that and bacteria treatment showed that double-inoculation
highest biological yield produced 24560 kg/ha using caused   to   nitrogen   content   in   all   cultivars  and
double-inoculation of Azotobacter and Azospirillum on SC604 cultivar yielded highest Protein content using
SC704 cultivars. This showed 29% increasing in compared double-inoculation (Table5). Since Azotobacter and
with SC804 cultivar treatment. Also SC704 cultivar was in Azospirillum are nitrogen fixing bacteria and nitrogen is
next rank under inoculating with Azotobacter treatment basic matter to forming protein treatment. Shehata and EL-
(Table 5). Nanda et al. [33] reported that inoculating maize Khawas [35] studied bio-fertilizers effect on growth
seed with Azotobacter and Azospirillum caused to parameter yield and yield components of sunflower and
increasing biological yield. This is explaining due they  found  that   using bio-fertilizers  including  growth
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prompting bacteria improved the sunflower yield and 6. Tilak, K.V.B.R., 1992. Azospirillum brasilense and
qualitative parameters in compared with control (non
inoculation) treatment and as a result caused to increasing
protein content. 

CONCLUSION

Obtained  results  show   that   double-inoculation
was the most effective treatment in all cultivars. Other
effective treatment were Azotobacter and Azospirillum
inoculation, separately This is indicated that using growth
prompting fertilizers as double-inoculation caused to
increasing maize yield through synergistic effects by
improving growth prompting hormones, controlling
pathogenesis and growth reducing agents due to
producing fungicide antibiotics and compounds
(antagonistic effect) and also air molloculal nitrogen fixing
and also producing growth prompting hormones such as
oxine, cytokenine and giberlines and solving mineral
compound. Also studied cultivars showed different
responded to most parameters. SC704 cultivar obtained
highest yield. 
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