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ABSTRACT
In order to investigate effect of application of Nitroxin and nitrogen chemical fertilizer
on yield and yield components, split plot experiment on the basis of Randomized Complete Block Design with four replications was conducted. Four levels of Nitrogen fertilizer (N1 : 100% chemical fertilizer, N2 : 75% chemical fertilizer + 100% biological fertilizer, N3: 50% chemical fertilizer + 100% biological fertilizer, N4: 25% chemical fertilizer + 100% biological fertilizer) in main plots and three Maize Hybrids (H1: S.C. 704,
H2 : Mobin, H3: Karun 701) in subplots were studied. Results showed that the highest
grain yield belonged to 50% chemical fertilizer + 100% biological fertilizer and Karun
hybrid, and the lowest one belonged to 75% chemical fertilizer + 100% biological fertilizer and S.C. 704. Maximum biological yield belonged to 50% chemical fertilizer +
100% biological fertilizer and Karun hybrid. The highest harvest index belonged to
100% chemical fertilizer and Mobin hybrid and the minimum harvest index in treatment
of 75% chemical fertilizer + 100% biological fertilizer and S.C. 704 hybrid was seen.
1000-grain weight in treatment of 100% chemical fertilizer and Mobin hybrid have
maximum rate. Maximum number of grain per ear and grain per row belonged to the
treatment with 100% chemical fertilizer and S.C. 704 hybrid. In maize which require
high nutrition for optimal yield, Biological fertilizer application alone cannot replace
chemical fertilizers, but they can be used as supplements for chemical fertilizers. Finally
application of N fertilizer level at 50% chemical fertilizer + 100% biological fertilizer
and Karun hybrid were recommended.
Keywords: Corn, Hybrids, Nitrogen, Nitroxin.
INTRODUCTION
Due to high cost of the chemical fertilizers production and environmental
problems, it is necessary to revise the
methods for increasing production. In
this regard, application of biological

*

products seems to be a fundamental solution. The bio-fertilizers are usually
made from soil; so, they improve soil
structure, increase product, and reduce
diseases (Kouchebagh et al., 2012).
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Micro organisms as an integral part
of the soil are able to improve the
growth of their host plant by increasing
the solubility of ingredients as well as
increasing the absorptive surface of
roots especially in soils with low fertility (Azcon and Atrash, 1997). In sustainable agriculture system, biological
fertilizers play an important role in crop
production and increasing soil fertility
conservation (Sharma, 2003). Chemical
fertilizers are not based on above concepts due to excessive reliance on nonrenewable energy sources. Therefore,
depending on these materials in sustainable production reduces by replacing
them with other materials (Khavari
1998). Today, bio-fertilizers in some
cases as an alternative and in most cases
as supplement chemical fertilizers can
ensure sustainability of production in
agricultural systems (Vessey, 2003).
Bio-fertilizers are able to fix atmospheric nitrogen in the available form for
plants (Kouchebagh et al., 2012). In order to Integrated nutrient management,
strategies involving chemical fertilizer
and the bio-fertilizer have suggested
enhancing the sustainability of crop
production (Manske et al., 1998). In
recent years the Bio-fertilizers have
emerged as a promising component of
integrating nutrient supply system in
agriculture. Our whole system of agriculture depends in many important
ways, on microbial activities and there
appears to be a tremendous potential for
making use of micro organisms in increasing crop production, Microbiological fertilizers are an important part of
environment friendly sustainable agricultural practices (Bloemberg et al.,
2000). Bio-fertilizers are able to fix atmospheric nitrogen in the available
form for plant (Chen, 2006) and have
beneficial upon plant growth by production of antibiotic (Zahir et al., 2004).
Azotobacter is used as bio-fertilizer in

46

the cultivation of most important crops
(Yasari and Patwardhan, 2007). Nitrogen supply through high consumption
of fertilizer is one of the causes of the
pollution of water cycle in nature and its
production is very expensive and costly,
so replacement it with biological fertilizer is highly important (Chandrasekar
et al., 2005). Bio-fertilizers have the
significant advantages to chemical fertilizers; for instance, they do not produce
toxic and bacterial substances in the
food chain, are able to reproduce spontaneously, can improve the physical and
chemical properties of the soil, are affordable economically and are acceptable environmentally (Shaukat et al.,
2006). Application of Nitroxin biological fertilizer in the sesame plant increases number of seeds per capsule,
seed weight, biological function, and
seed yield (SajjadiNik, 2010). Nitroxin
contains nitrogen fixation bacteria
(Azotobacter) not only fixes the air nitrogen and balance the uptake of macro
and micronutrients but also enhances
plant growth and increase the quality
and quantity of products through the
synthesis and secretion of growth promoting substances (Ansari and Rousta,
2008). According to (Hamidi et al.,
2009), plant height and plant diameter
in corn increase much more in the effect
of inoculation with Azospirillum Azotobacter bacteria than non-inoculated.
Besides, inoculation of wheat seeds
with bacteria such as Azotobacter and
Azospirillum can lead to stem dry
weight, and dry weight of plants (De
Freitas, 2000). In an experiment the effect of Azotobacter on growth characteristics, showed that the inoculation
with Azotobacter has significantly affected grain weight per plant, total plant
weight, grain yield and the nitrogen
content of grain, compared with control
(Eidy Zadeh et al., 2012). Mycorrhiza
cause more efficient phosphorus uptake,
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decrease risk of soil erosion and reduces
phosphorus leaching. Mycorrhizal functions are, however, very sensitive for
human activities. They can be totally
suppressed but also the remarkably improved by an appropriate cropping system where crop rotation has a marked
impact (Dodd et al., 1990; Jonson et al.,
1991). Application of mycorrhiza and
non symbiotic nitrogen fixing bacteria
have been shown to enhance soil fertility and availability of nutrients for the
plants (Cardoso and Kuyper, 2006,
Dodd, 2000), and to increase photosynthesis and water use efficiency (EstradaLuna and Davies, 2003; Auge 2000;
Gosling et al. 2006; Wu and Xia, 2006),
and also resistance to biotic and non
biotic stresses (Jeffries et al., 2003).
Hamidi et al (2009) studied the effect of
increasing the growth of bacteria on
some corn hybrids and reported that the
use of bacteria increases during pollination, tasseling, flowering, grain filling
and grain yield. Grain yield increase
with application of bio-fertilizers is due
to evolve long grain filling period and
increase absorption of nutrients from
the soil. In addition, the effect of biological fertilizers on the dry matter and
photosynthesis is also reported (Geneva
et al., 2006). Sharifi and Hagh Nia
(2007) stated Nitroxin fertilizer had a
significant effect on all the measured
traits except 1000-grain weight. The
research was carried out to investigate
the effect of combination of biological
and chemical fertilizers on yield and
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yield components of grain maize hybrids in warm and dry climate region.
MATERIALS AND METHODS
Field and Treatment Information’s
The research was conducted in 2013
at split plot experiment based on Randomized Complete Block Designs
(CRBD) with the four replications at
Experimental Field of Shoushtar region
in south west of Iran (32°30' N, 48°20'
E and altitude 18 m) with moderate
winters and hot summers. Four levels of
Nitrogen fertilizer (N1: 100% chemical
fertilizer, N2 : 75% chemical fertilizer +
100% biological fertilizer, N3: 50%
chemical fertilizer + 100% biological
fertilizer, N4 : 25% chemical fertilizer +
100% biological fertilizer) in main plots
and three Maize Hybrids (H1: S.C. 704,
H2 : Mobin, H3 : Karun 701) in subplots
were studied.
Crop Management
Phosphorus and potassium fertilizers
were provided from 150 kg.ha-1 triple
superphosphate and 150 kg.ha-1 potassium sulfate. Biological fertilizer of Nitroxin was used as much as 2 liters per
hectare as combined with seeds. Nitrogen chemical fertilizer was provided
from the urea source, 50% during planting and 50% during 8-leaf stage. To determine some physical and chemical
properties of the soil in the region two
samples were taken from the depths of
0-30 and 30-60 cm (Table 1).

Table 1. Physical and chemical properties of experimental field
Soil depth (cm)
Acidity (pH)
Electrical conductivity (ds. m-1)
Organic carbon (%)
Absorbable phosphorus (ppm)
Absorbable potassium (ppm)
Soil tissue

0-30
8.46
4.07
0.507
8
180
Loam

30-60
8.50
2.69
0.351
7
170
Loam
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Each sub plot included the 6 planting
lines with a length of 5 m. The distance
between row and inter row were 75 and
18 cm respectively. Irrigation was done
every 3 or 4 days and after the plant establishment it was done every 7 to 10
days if necessary. The weeds were controlled via Cruise herbicide by 2 l.ha-1 at
4-to-5-leaf stage and Krakrown pesticide by 1 l.ha-1 against leaf and stem
borer larvae.
Traits measure
The studied traits included grain
yield, biological yield, 1000-grain
weight, number of grain per ear, number
of grain per row, number of rows per
ear, and harvest index. In order to determine the number of grain rows per
ear, number of grain per row and number of grain per ear samples including
10 plants were selected randomly from
each experimental unit and the mean
values for each trait were recorded. After drying the samples (48 hours in oven
at 75 °C) and weighing, the biological
yield was obtained. After separating
grain from the selected plants and
weighing them, grain yield was calculated based on 14% moisture. In order
to 1000-grain weigh, 5 samples of seed
containing 100 grain were separated and
the means were calculated. The final
harvest area of each plot was 1.5 m2.
Statistical analysis
Te analysis of variance was done by
Minitab software (Ver. 14) and the
means were compared using Duncan's
multi range test at 5% probability level.
RESULTS AND DISCUSSION
Number of grain per row
According to ANOVA results effect
of fertilizer combination, different hybrids, and interaction effect of treatments on the number of grain per row
were significant at 1% probability level
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(Table 2). Mean comparison results of
fertilizer combination showed highest
and lowest number of grains per row
belonged to the treatments with 100%
urea + 0% Nitroxin and 75% urea +
100% Nitroxin (Table 3). Among the
hybrids, the highest and the lowest
number of grains per row by 37.95 and
31.95 belonged to SC. 704 hybrid and
Mobin hybrid, respectively (Table 4).
The highest number of grain per row
was observed in 100% urea + 0% Nitroxin + S.C. 704, and the lowest number of grains per row was in 25% urea +
100% Nitroxin + Mobin hybrid (Table
5). Those results had conformity with
the findings of some researchers (Taghi
Zadeh and Seyed Sharifi, 2008, Valad
Abadi, 2005). Increase of nitrogen application removes nitrogen restrictions
for maize, increases photosynthetic and
productive efficiency of plant, and consequently increases the number of grain
per row (Taghi Zadeh and Seyed Sharifi, 2008). Amou Aghaei et al. (2003)
believe that hormonal effect induced by
growth promoting bacteria directly increases the number of grain per row, it
seems that the increase of nitrogen can
increase assimilates for filling grain particularly on top of the ear and increase
of nutrients will have more effect on
number of grain per row.
Number of rows per ear
The ANOVA results showed that effect of different hybrids on number of
grain rows per ear was significant at 1%
probability level but the effect of fertilizer combination and the interaction
effect of treatments were not significant
(Table 2). Among the hybrids, the highest and the lowest number of rows per
ear belonged to Mobin hybrid and
Karun hybrid, respectively (Table 4).
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Table 2. Summary results of analysis variance of traits
S.O.V

df.

Grain yield

Biological yield

Harvest
index

1000-grain
weight

Number of grain
per row

Number of rows
per ear

Number of grain
per ear

Block

3

2.257n.s

6.436*

8.10n.s

42.9n.s

33.143**

0.8641n.s

5183*

Fertilizer

3

4.706*

16.935**

190.47**

2602.1*

32.525**

0.7419n.s

7809**

Error a

9

1.174

0.924

25

462.5

3.202

0.7285

1075

n.s

*

n.s

**

2.3377

25655**

41.632**

0.3744n.s

8004**

611.3

6.189

0.3808

1842

8.05

7

4.26

8.36

Hybrid

2

0.493

21.069

114.64

Fertilizer × hybrid

6

4.021n.s

8.707n.s

215.71**

1382n.s

Error b

24

1.825

4.229

44.22

11.65

9.87

11.89

CV (%)

5281.8

159.641

**

**

*, **, ns respectively indicate significant at 5% and 1% probability levels and non-significant.

Table 3. Mean comparison of fertilizer combination on measured traits.
Fertilizer

Grain yield
(t.ha-1)

Biological
yield (t.ha-1)

Harvest
Index (%)

1000-grain
weight (g)

Number of
grain per row

Number of
rows per ear

Number of
grain per ear

100% urea + 0% Nitroxin

12.17a*

20.11b

61.88a

304.83ab

37.01a

14a

487.493b

75% urea + 100% Nitroxin

10.78b

20.18b

53.68b

298.75b

33.95a

14a

544.73a

50% urea + 100% Nitroxin

11.99

ab

a

b

a

a

a

25% urea + 100% Nitroxin

11.44ab

22.60

53.22

328.66

20.45b

55.95ab

296.58b

34.25

14

498.58b

36.86a

14a

522.347ab

*Means, in each column, followed by similar letter are not significantly different at the 5% probability level- using Duncan’s Multiple Range Test.
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Table 4. Mean comparison of maize hybrids on measured traits.
Hybrids

Grain yield
(t.ha-1)

Biological
yield (t.ha-1)

Harvest
Index (%)

1000-grain
weight (g)

Number of
grain per row

Number of
rows per ear

Number of
grain per ear

SC.704
Mobin

11.7294 a*
11.4006 a

21.4525 a
19.5175 b

54.8938 a
59.2663 a

289.813 b
326.063 a

37.95 a
31.95 b

14.575 a
14.7938 a

552.875 a
472.805 b

Karun

11.6713 a

21.5538 a

54.405 a

305.75 b

36.6625 a

14.05 b

514.19 a

*Means, in each column, followed by similar letter are not significantly different at the 5% probability level- using Duncan’s Multiple Range Test.

Table 5. Mean comparison of interaction effects of treatments on measured traits.
Grain yield
(t.ha-1)
12.445 ab*
12.6575 a
11. 43 abc
10.1625 c
11.08 abc
11.1075 abc

Biological
yield (t.ha-1)
20.4075 bc
17.2975 d
22.625 ab
21.2675 abc
20.35 bc
18.9475 cd

Harvest
Index (%)
60.9925 b
74.03 a
50.645 cde
47.97 e
54.2925 bcde
58.7975 bcd

1000-grain
weight (g)
270.75 e
347.25 a
296.5 bcde
290 cde
308 bcde
298.25 bcde

Number of
grain per row
4245 a
3185 de
3675 bc
326 cde
3285 cde
364 bc

Number of
rows per ear
14.6 ab
15.5 a
14.2 b
14.5 ab
14.8 ab
13.8 b

Number of
grain per ear
619.22 a
493.78 bc
521.2 b
472.78 bc
487.24 bc
502.46 bc

50% chemical + 100% biological + 704 hybrid

11.445 abc

22.845 ab

50/1475 de

311.5 abcd

347 bcd

14.8 ab

513.62 b

50% chemical + 100% biological + Mobin hybrid

11.5525 abc

20.945 bc

55/665 bcde

328 ab

3295 cde

14.5 ab

477.02 bc

50% chemical + 100% biological + Karun hybrid

12.9775 a

24.0375 a

53.85 bcde

346.5 a

351 bcd

14.4 ab

505.12 b

25% chemical + 100% biological + 704 hybrid

12.865 a

21.29 abc

60.465 bc

287 cde

4205a

14.4 ab

605.88 a

25% chemical + 100% biological + Mobin hybrid

10.3125 bc

19.4775 cd

53.0775 bcde

321 abc

3015e

14.375 ab

433.18 c

25% chemical + 100% biological + Karun hybrid

11.17 abc

20.605 bc

54.3275 bcde

281.75 de

384 ab

13.8 b

527.98 b

Treatment
100 % chemical +704 hybrid
100 % chemical + Mobin hybrid
100% chemical + Karun hybrid
75% chemical + 100% biological + 704 hybrid
75% chemical + 100% biological + Mobin hybrid
75% chemical + 100% biological + Karun hybrid

*Means with similar letters are not significantly different from each other at 5% probability level.
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The highest number of rows per ear
was observed in 100% urea + 0% Nitroxin + Mobin hybrid, and the lowest
one were in treatments with 75% urea +
100% Nitroxin + Karun hybrid and 25%
urea + 100% Nitroxin + Karun hybrid
(Table 5). The results were consistent
with findings of Alipour and Seyed
Sharifi (2007). Decrease of nitrogen
leads to decrease the number of grain
rows per Ear through the reduction of
leaf area development, photosynthesis
rate, number of Ear florets and increase
of leaves aging and grains abortion
(Moser et al., 2006).
Number of grain per ear
Effect of fertilizer combination, different hybrids, and interaction effect of
treatments on the number of grain per
ear were significant at 1% probability
level (Table 2). The interaction effect of
the treatments showed that highest and
lowest number of grains per ear by
619.22 and 433.18 belonged to treatments with 100% urea + 0% Nitroxin–
S.C. 704 and 25% urea + 100% Nitroxin – Mobin hybrid (Table 5). Those results were consistent with finding of
Hemati (2010). Nutrients availability
particularly nitrogen during the critical
stage of grain formation influences the
number of grain through increasing
plant growth rate which leads to strong
correlation between the number of grain
per ear and leaf area index at the silking
stage (Hamidi, 2006). Nitrogen enhances assimilates availability for Ear
through the duration of photosynthesis
and number of grain per ear increases
due to decrease of grains competition
for nutrients (Hamzeie and Sarmadi
Nayebi, 2009). Nitroxin effectively increased number of grain per ear by expanding area and depths of root and
azotobacter ability in nitrogen fixation
and production of plant growth regulating hormones (Hamidi et al., 2009).
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1000-Grain Weight
The effect of fertilizer combination
and different hybrids on 1000-grain
weight were significant at 5% and 1%
probability level respectively, but the
interaction effect of treatments was not
significant (Table 2). Mean comparison
results of fertilizer combination showed
that the highest and the lowest of 1000grain weight belonged to the treatments
with 50% urea + 100% Nitroxin and
25% urea + 100% Nitroxin (Table 3).
Mobin hybrid had highest of 1000-grain
weight and then SC. 704 hybrid had the
lowest amount of that trait (Table 4).
That result was similar to findings of
Hemati (2010) and El-Kholy et al.
(2005). By increasing assimilates and
their mobilization when the grains
change into dough, nitrogen has caused
the increase of grain weight in ear
(Sharifi, 2010). Due to producing plant
hormones, bio-fertilizer, through stimulating cell division, increase the reservoir capacity in plant and develop the
root and provide conditions for nutrients
uptake lead to increase of photosynthesis, when plant approaches to maturity
stage, it transfers assimilates into reproductive grains (Biswas et al., 2008).
Grain Yield
The effect of fertilizer combination
on grain yield was significant at 5%
probability level but effect of different
hybrids and interaction effect of treatments on grain yield were not significant (Table 2). The highest and lowest
grain yield belonged to the treatments
with 100% urea + 0% Nitroxin and 75%
urea +100% Nitroxin, respectively (Table 3). Other researchers have reported
same findings (Hemati, 2010, Biari et
al., 2008, Cakmakc et al., 2006). The
increase of nitrogen consumption lead
to produce of more assimilates and dry
matter and higher yield (Asadpour and
Fayaz Moghadam, 2007). Growth pro-
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moting bacteria increase the duration of
pollination, tasseling, flowering, grain
filling stage and grain yield, increase of
maize grain yield through the application of biological fertilizers results from
longer duration of grain filling stage
and the increase of nutrients uptake
from soil due to the increase of the total
volume of maize roots (Hamidi et al.,
2009). Total nitrogen uptake in organic
nutrition method is less than chemical
method, but the continuous release of
nitrogen from manure leads to more duration of nitrogen uptake rather than
chemical fertilizer leads to the improvement of grain yield (Kramer et al.,
2002).
Biological Yield
The effect of fertilizer combination
on biological yield was significant at
1% level and the effect of different hybrids was significant at 5% level, but
the interaction effect of treatments was
not significant (Table 2). The highest
and the lowest biological yield belonged
to treatments with 50% urea + 100%
Nitroxin by 22.61 t.ha-1 and 100%
urea+ 0% Nitroxin, respectively (Table
3). Among the maize hybrids, the highest and the lowest biological yields belonged to Karun and Mobin hybrids
(Table 4). Other researchers have reported the same findings (Hemati, 2010,
Hamzeie and Sarmadi Nayebi 2009,
Shaharoona et al., 2006). Due to the
positive role of the growth promoting
bacteria in production and regulation of
the growth promoting hormones, the
surface and depth of the root will increase and uptake of water and nutrients
will increase (Kramer et al., 2002).
Consequently the growth and the photosynthesis will be improve and assimilate
production will enhance which increases grain yield and biological yield
(Balogh et al., 2006).
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Harvest Index
The effect of fertilizer combination
and interaction effect of treatments on
harvest index were significant at 1%
level but the effect of different hybrids
wasn’t significant (Table 2). Effect of
treatments showed that highest and
lowest harvest index belonged to treatments with 100% urea + 0% Nitroxin–
Mobin hybrid and 75% urea + 100%
Nitroxin SC. 704 hybrid (Table 5). The
results were similar to findings of
Hemati (2010) and Izadi and Imam
(2010). Increase of harvest index due to
the increase of nitrogen fertilizer in
maize can physiologically attributed to
the increase of leaf area continuity and,
nitrogen availability. In fact by creating
balance between the nutrients biofertilizers increase both vegetative and
reproductive growth and by creating
adequate destination (grain), the assimilates will mobilize into grains and ultimately the harvest index of plant grain
increase (Kachranloei, 2010).
CONCLUSION
The results of the experiment showed
that in some plants such as maize which
require high nutrition for optimal yield,
Biological fertilizer application alone
cannot replace chemical fertilizers, but
they can be used as supplements for
chemical fertilizers. According to the
results, application of N fertilizer level
at 50% chemical fertilizer + 100% biological fertilizer and Karun hybrid are
recommended.
ACKNOWLEDGEMENT
Hereby, all the respected professors
are greatly appreciated for their help
and advice particularly Dr. Fatimah
Nouraki for her kind cooperation
throughout the research.

Journal of Crop Nutrition Science, 1(1): 45-55, January 2015

REFERENCES
Alipour, S. and R. Seyed Sharifi.
2007. The effect of plant density and
nitrogen levels on yield, fertilizer consumption efficiency and growth trend
of Maize. J. Sustain. Agric. 2(3): 14–
25.
Amou Aghaei, R., A. Mostajeran. and
G. Emtyazi. 2003. The effect of
Azospirillum on some growth indices
and yield of three wheat cultivars.
Agric. Natural Res. Sci. Tech. J. 7(2):
127 –138. (Abstract in English).
Ansari, P. and M. Rousta. 2008. The
effect of application of biological fertilizer of Nitroxin on some vegetative
growth indices of maize. The 1 st National Conference on Management and
Development of Sustainable Agriculture in Iran. 120 pp. (Abstract in English).
Asad Pour, Sh. and A. Fayaz
Moghadam. 2007. Effect of planting
date and nitrogen level on silage corn
(S.C. 704). Agric. Sci. J. 1: 39-49.
Auge, R. M. 2000. Stomata behavior of
arbuscular mycorrhizal plants. In:
Kapulnik Y., D. D. Douds. (eds.): Arbuscular mycorrhizas: Physiology and
Function. Kluwer Academic Publishers,
Dordrecht, Netherlands. 201-237 pp.
Azcon .and F. Atrash. 1997. Influence
of arbuscular mycorrhizae and phosphorus fertilization on growth, nodulation
and N2 fixation (N15) in medicago sativa at four salinity levels. Biol. Fertil.
Soil. 24:81-86.
Balogh, A., P. Pepo. and M. Hornok.
2006. Interactions of crop year, fertilization and variety in winter wheat
management. Cereal Res. Comm. J.
34(1): 389-392.
Biari, A., A. Gholami. and H. A.
Rahmani. 2008. Growth promotion
and enhanced nutrient uptake of maize
by application of plant growth promoting rhizobacteria in arid region of Iran.
J. Bio. Sci. 8: 1015-1020.

53

Biswas, B., R. Singh. and A. S. N.
Mukhopadhyay. 2008. Use of nitrogen-fixing bacteria as bio-fertilizer for
non-legumes: prospects and challenges. Appl. Microbio. Biotech. J. 80:
199-209.
Bloemberg, G. V., A. H. M. Wijfjes,
G. E. M. Lamers, N. Stuurman. and
V. Lugtenberg. 2000. Simultaneous
imaging of Pseudomonas fluoresces
W.C.S. 3655 populations expressing
three different auto fluorescent proteins
in the Rhizosphere: new perspective for
studying microbial communities. Mol.
Plant Mic. Inter. 13: 1170-1176.
Cakmakc, R. I., D. F. Aydyn. and A.
F. Sahin. 2006. Growth promotion of
plants by plant growth- promoting rhizobacteria under greenhouse and two
different field soil conditions. Soil Biol.
Biotech. 38: 1482-1487.
Cardosoirene, M. and T. W. Kuyper.
2006. Mycorrhiza and tropical soil fertility. Agric. Ecosys. Environ. J. 116:
72-84.
Chandrasekar, B. R., G. Ambrose.
and N. Jayabalan. 2005. Influence of
bio-fertilizers and nitrogen source level on the growth and yield of Echinochloa frumentacea (Roxb) Link. J.
Agric. Tech. 1(2): 223-234.
Chen, J. 2006 .The combined use of
chemical and organic fertilizers for crop
growth and soil fertility. Int. Workshop
on Sustained Management of the Soil
Rhizosphere System for Efficient Crop
Production and Fertilizer Use. 16-20
October, Thailand. P: 48.
De Freitas, J. R. 2000. Yield and N
assimilation of winter wheat (Triticum
aestivum L., Var. Norstar) inoculated
with rhizobacteria. Pedobiologia. J. 44:
97-104.
Dodd, J. C., I. Arias, K. Koomen. and
D. S. Hayman. 1990. The management
of populations of vesicular-arbuscular
mycorrhizal fungi in acid-infertile soils

Makvandi et al, Effect of Biological and Chemical Fertilizers on Yield and Yield …

of a savanna ecosystem. Plant and Soil
.J. 122: 229–240.
Eidy Zadeh, Kh., A. Damghani Mahdavi, F. Ebrahimpur. and H. Sabahi.
2012. Effects of amount and method
organic fertilizers combined with the
chemical fertilizer application on yield
and yield components of corn. Electronic J. Crop Prod. 5(3): 35-21.
El-Kholy, M. A., S. El-Ashry. and A.
M. Gomaa. 2005. Bio-fertilization of
maize crop and its impact on yield and
grains nutrient content under low rates
of mineral fertilizers. J. Appl. Sci. Res.
1(2): 117-121.
Estrada-Luna, A. A. and J. F. T. Davies. 2003. Arbuscular mycorrhizal
fungi influence water relations, gas exchange, abscisic acid and growth of micro propagated chile ancho pepper
plantlets during acclimatization and the
post-acclimatization. J. Plant Physiol.
160: 1073-1083.
Geneva Mzehirov, G., E. Djonova, N.
Kaloyanova, N. Georgiev. and I.
Stancheva. 2006. The effect of inoculation of pea plants with mycorrhizal fungi and Rhizobium on nitrogen and phosphorus assimilation. Plant Soil Environ.
J. 52(10): 435–440.
Gosling, P., A. Hodge, G. Goodlass.
and G. D. Bending. 2006. Arbuscular
mycorrhizal fungi and organic farming.
Agric. Ecosys. Environ. J. 113: 17-35.
Hamidi, A. 2006. Agro-ecological aspects of application of bio-fertilizers on
grain yield and silo forage of delayed
maize hybrids. PhD. Thesis. Tarbiat
Modarres Univ. PP: 127. (Abstract in
English).
Hamidi, A., R. Chokan, A. Asghar
Zadeh, M. Dehghan shoaar, A. Ghalavand. and M. J. Malakoti. 2009. The
effect of use bacterial growth promoting
(PGPR) on the phenology of late maturity of maize (Zea mays L.) hybrid.
Iranian J. Crop Sci. 11: 270-249. (Abstract in English).

54

Hemati, S. 2010. Effect of planting pattern, different levels of nitrogen fertilizer and false cultivation on yield and
yield components of grain maize S.C.
704 under competition of weeds. J.
Agric. Plant Breed. 8(2): 21–31.
Hamzeie, R. and H. Sarmadi Nayebi.
2009. The effect of application of biological and chemical fertilizers on yield,
yield components, agronomic efficiency
and nitrogen uptake in maize. Plant
Prod. Tech. 2(2): 53 – 63.
Izadi, M. H. and Y. Imam. 2010. The
effect of cultivation configuration,
bush density and nitrogen level on the
yield and yield components of S.C.
704 maize hybrid. J. Cultiv. Sci.
12(3): 239-251.
Jeffries, P., S. Gianinazzi, S. Perotto, K. Turnau. and J. M. Barea.
2002. The contribution of arbuscular
mycorrhizal fungi in sustainable
maintenance of plant health and soil
fertility. Biol. Fertil. Soil. 37: 1-16.
Kachranloei, A. 2010. The effect of
chemical and biological fertilizers with
nitrogen base and organic fertilizer on
physiological properties of two sweet
maize cultivars. The 6th National Conference on New Ideas in Agriculture. 12 March. Islamic Azad University.
Khorasgan Branch. Esfahan. Iran. (Abstract in English).
Khavari, M. 1998. Importance of production of microbial fertilizers in Iran.
J. Soil and Water Sci. 12(3): 37-38.
(Abstract in English).
Kramer, A. W., T. A. Doane, W. R.
Horwath. and C. V. Kessel. 2002.
Combining fertilizer and inorganic inputs to synchronize N supply in alternative cropping systems in California. J.
Agric. Econ. Environ. 91: 233-243.
Kouchebagh, S. B., B. Mirshekari.
and F. Farahvash. 2012. Improvement
of Corn Yield by Seed Bio-fertilization
and Urea Application. World Appl. Sci.
J. 16 (9): 1239-1242.

Journal of Crop Nutrition Science, 1(1): 45-55, January 2015

Manske, G. G. B., R. K. Behl, A. B.
Luttger. and P. L. G. Vlek. 1998. Enhancement of mycorrhizal (AMF) infection, nutrient efficiency and plant
growth by Azotobacter chroococcum in
wheat. Evidence for varietals effects. In:
CBS Publ. New Delhi. 136-147 pp.
Moser, S. B., B. Feil, S. Jampatong.
and P. Stamp. 2006. Effect of preanthesis drought nitrogen fertilizer rate
and variety on grain yield, yield components and harvest index of tropical
maize. Agric. Water Manage. J. 81: 4158.
Sajjadinik, R. 2010. Effect of Nitroxin
bio-fertilizer and bio vermin compost
on yield and yield components of sesame. Proceedings of the Eleventh Congress of Plant Agriculture Reform in
Iran. August 4. Instit. Environ. Sci. Beheshti Univ. Iran. 1366-1369 pp. (Abstract in English).
Shaharoona, B., M. Arshad, Z. A.
Zahir. and A. Khalid. 2006. Performance of Pseudomonas spp. containing
ACC-ase for improving growth and
yield of maize (Zea mays L.) in the
presence of nitrogenous fertilizer. Soil
Biol. Biochem. 38: 2971-2975.
Sharifi, M. 2010. The effect of consumption of Nitroxin, nitrogen, and
manure on yield, nitrogen consumption
efficiency, and some agronomic traits
of sweet maize. New Agric. Find. J.
6(2): 11-20.
Sharifi, Z. and Gh. Haghnia. 2007.
The effect of biological fertilizer of Nitroxin on yield and yield components of
wheat, Sabalan cultivar. The 2 nd National Conference on Ecological Agriculture in Iran. Gorgan. 122 pp. (Abstract in English).
Sharma, A. K. 2003. Bio-fertilizers for
Sustainable Agriculture. Anti microbial
properties of cumin. J. Microbial Biotech. 10: 230-233.
Shaukat, K., S. Affrasayab. and S.
Hasnain. 2006. Growth responses of

55

Helianthus annuus to plant growth
promoting rhizobacteria used as a biofertilizer. J. Agric. Res. 1(6): 573-581.
Taghizadeh, R. and R. Seyed Sharifi.
2008. The effect of nitrogen fertilizer
on efficiency of fertilizer consumption
and yield components of maize cultivars. Agric. Nat. Res. Sci. Tech. J.
15(57): 209–217. (Abstract in English).
Valad Abadi, A. 2005. The effect of
application of nitrogen and phosphorus
on grain yield and growth of sweet
maize. J. Plant Ecosys. 12: 53–65.
Vessey, J. K. 2003. Plant growth promoting rhizobacteria as bio-fertilizers.
Plant Soil. J. 255: 571–586.
Wu, Q.S. and R. X. Xia. 2006. Arbuscular mycorrhizal fungi influence
growth, osmotic adjustment and photosynthesis of citrus under well-watered
and water stress conditions. J. Plant
Physiol. 163: 417-425.
Yasari, E. and A. M. Patwardhan.
2007. Effects of (Azotobacter and
Azospirillum) inoculants and chemical
fertilizers on growth and productivity of
canola (Brassica napus L.). Asian J.
Plant Sci. 6(1): 77-82.
Zahir A, Z. M. Arshad. and W. F.
Frankenberger. 2004. Plant growth
promoting rhizobacteria: applications
and perspectives in agriculture. Adv.
Agron. J. 81: 97-168.

