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Abstract

In order to improvement of nitrogen use efficiency in two winter wheat (Triticum aestivum L.) cultivars using
chemical nitrogen and biofertilizer an experiment was conducted with nitrogen rate (0, 33, 67, 100 kg ha* urea),
seed biofertilization with nitragin and wheat cultivars (Kascogen and Agusta). Results showed that with
increasing of urea application number of fertile tillers per plant improved. In biofertilized seeds thousand seed
weight of wheat cultivars was reduced up to 3.8 g. Kascogen produced 19.5% higher yield than Agusta. Seed
biofertilization increased grain yield of wheat up to 14% and 6% in Kascogen and Agusta, respectively, compared
with control. In those treatments that seeds were sown after biofertilization, yield improved at lower urea rates.
Increasing of urea application from 67% to 100% of recommended dose was caused a reduction of 91 and 70 kg
ha in yield of studied cultivars, while, in non-biofertilized seeds application of full dose of urea improved yield
up to 125 and 99 kg ha, respectively in cultivars. Biofertilization could increase harvest index of wheat from 37%
to 39.8%. In experiment environmental condition using seed biofertilization before sowing wheat farmers can
improve yield of wheat, reduce urea application up to 33% of recommended dose and improve nitrogen use

efficiency.
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Introduction

One of the major essential elements for growth of
plants is nitrogen. Nitrogen is required in large
quantities for plants to grow, since it is the basic
constituent of proteins and nucleic acids. Nitrogen is
provided in the form of synthetic chemical fertilizers.
Such products pose a health hazard and microbial
population problem in soil besides making the cost of
production high. Wheat farmers in Iran usually apply
higher dose of nitrogen fertilizer (>100 kg ha?). In
such a situation the biofertilizers play a major role
(Karimi, 2007).
Biofertilizers are the formulation of living
microorganisms, which are able to fix atmospheric
nitrogen in the available form for plants (Subba Rao,
1993; Chen, 2006). Biological activities are markedly
enhanced by microbial interactions in the rhizosphere
of plants (Tilak & Reddy, 2006). There are number of
microbial inoculants like Azospirillum and
Azotobacter used as nitrogen-fixing organisms
(diazotrophs), capable of forming an associative
relationship with the roots of several economically
important cereals under field inoculation (Vande
Broek & Vanderleyden, 1995), which have been given
much attention as they are responsible to plant

growth and yield of cereal crops (Karimi, 2007).

Using biofertilizers has led to a decrease in the use of
chemical fertilizers and has provided high quality
products free of harmful agrochemicals. Use of
biofertilizers on soils decreases the pH, which leads to
increased availability of microelements that enhance
plant growth (Mahfouz and Sharaf-Eldin, 2007).
Azospirillum promotes plant growth (Cohen et al.,
2007), but the exact mechanism of plant promotion

has not been fully characterized (Dommelen et al.,

1998).

Beneficial effects of organic fertilizers application on
growth and yield of millet was shown by El-Kholy and
Gomaa (2000). Beneficial effect of Azotobacter on
wheat yield has been reported 7-39% (Ram et al.,
1999). Seed biofertilization with Azospirillum causes

a significant increase in yield and nitrogen use

2013

efficiency of rice (Malik et al., 2002). Rai and Gaur
(1998) resulted that grain yield of wheat in control,
seed treatment with Azospirillum, Azotobacter and
both of them were 17.7, 17.8, 25.7 and 25.8 g pot™.
Kandeel et al. (2002) found that dual inoculation
with symbiotic N. fixers (Azotobacter and
Azospirillum) increased plant height, number of
branches per plant and dry weight of Ocimum
basilicum. In another experiment using phosphorous
solublizing microorganisms was concluded that when
seeds were sown after biofertilization with
Pseudomonas fluorescens and Bacillus megaterium,
soluble phosphorous in soil improved and wheat yield

increased 6.5% (El-Komy, 2005).

Wheat nutrition management in Iran heavily relies on
application of chemical fertilizers. The main objective
of this research was improvement of nitrogen use
efficiency in two winter wheat cultivars using
chemical nitrogen and biofertilizer as a biological

nitrogen management sterategy.

Materials and methods

Field experiment was carried out during 2008 at
Tabriz (Lat. 38°, 5; Long. 46°, 17° and elevation
1360 m) on wheat (Triticum aestivum L.). Tabriz is
located in the north-west of Iran and the climate is
semiarid and cold; in spite of dispersed precipitation
in summer, it's arid and average annual precipitation
is 270 mm. Average annual temperature; average
maximum and minimum annual temperatures have
been reported 10, 16 and 2.2 °C, respectively. The soil
was a sandy-loam with EC of 0.68 ds m and pH of
7.7. The research field was ploughed in early autumn,
manured with 10 t ha, and then disked. Application
dose of fertilizers was based on soil analysis.

A factorial experiment was established in a
randomized complete block design with three
replications and three factors including nitrogen rate
(0, 33, 67, 100 kg ha* urea), seed biofertilization with
nitragin and wheat cutivars (kascogen and agusta).
Nitragin as a biofertilizer contains nitrogen-fixing

microorganisms such as  Azospirillum  and
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Azotobacter, that has been isolated from regional

soils.

Plots were 3 by 3-m and each plot consisted of 20
wheat rows spaced 15-cm apart. The seeds were pre-
inoculated with biofertilizer and hand sown on early-
October. Throughout the growing season, all plots

were hand weeded to remove narrow and broad leaf

Seed yield in N2

Data wef%‘Nalflﬁy%éd\lllzlsing MSTAT-C statistical
package (Nissan, 1989) and means were compared
with Duncan's Multiple Range Test at 5% probability

level.

Results and discussion
Number of tillers per plant
Interaction of cultivarxbiofertilizer on number of

tillers per plant of wheat was significant (Table 1).

2013

species. Also, the plots were top-biofertilized with
Studied

variables in the experiment were number of tillers

nitragin simultaneously to irrigation.

and fertile tillers per plant, thousand seed weight,
grain yield, biomass, harvest index and agronomic
nitrogen use efficiency (ANUE ) based on equation 1

(El-Komy, 2005).

N2-N;
Seed yield in N1 .
equation (1)

Seed treatment with nitragin of
tillers only in Kascogen by 31%, when compared with
control (Fig. 1). Response of wheat cultivars to seed
treatment with microorganisms is different (Singh et
al., 2004). With increasing of urea dose up to 67 kg
ha?' number of tillers per plant improved,

significantly (Fig. 2).

Table 1. Variance analysis of effects of chemical nitrogen and biofertilizer on studied variables in wheat cultivars.

Number of Number of Thousand seed  Grain yield Biomass Harvest index
SV Df tillers per fertile tillers weight
plant per plant
R 2 32.13% 29.00%* 48.11%* 526.35" 1800.48ns 80.00**
\ 1 30.00% 45.96%* 4.580s 3600.05%* 1998.41ns 80.88**
B 1 25.89% 20.00% 46.36** 2002.41* 2805.01" 142.00**
VxB 1 60.30%* 34.85% 16.2508 5290.1108 2024.24" 58.34ns
F 3 40.34** 72.04%* 8.22ns 900.190s 5908.14** 80.58**
VxF 3 20.2008 9.0518 10.100S 1700.007"8 2025.24" 40.00"s
BxF 3 11.840s 18.99ns 5.2408 3311.91%% 2485.0018 45.88ns
VxBxF 3 17.2508 118.240s 12.1518 2133.12% 084.44"s 13.2918
E 30 8.34 9.34 8.18 618.54 1000.14 19.58
CV (%) - 18.89 20.48 8.99 20.25 26.01 14.44

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

V, B, F indicate cultivar, biofertilizer and fertilizer, respectively.

Kascogen had higher fertile tillers than Agusta. In
biofertilized seeds fertile tillers per plant with 17%
increasing value reached from 2.3 in control to 2.7.
With increasing of urea dose fertile tillers per plant
improved, significantly, but there was no significant
difference between 67 and 100 kg ha* urea levels (Fig.
3). Son et al. (2005) has emphasized on negative
effect of higher nitrogen rate on fertile tillers. It seems
that with increasing of urea rate vegetative growth

improves and tillering in wheat influence by

reduction of light transmission in lower parts of

canopy especially on crown.

Thousand seed weight

When wheat seeds were sown after biofertilization,
thousand seed weight tolerated a reduction of 4 g and
reduced from 54 to 50 g that was not unexpected with
attention to increasing of tillers and seeds per plant
with biofertilization. This is in agreement with Okon

and Labandera-Gonzalez (1994) studies.
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Fig. 1. Effect of seed biofertilization on number of

tillers per plant.

3

i 25

g

-]

é 2

g L5

2 14

5

E 0.5
’ N I N3 I N6T I Nloo I

Urea rate (kg'ha)
Fig. 2. Effect of urea rate on number of fertile tillers

per plant.

Grain yield
Kascogen produced 19.5% higher yield than Agusta.
Nitragin treatment increased yield in Kascogen and
Agusta cultivars up to 14% and 6%, respectively (Fig.
4 and 5). Azospirillum promote plant growth and
improve crop yield resulting from higher water and
nutrient absorption (Tilak et al., 2005). In the study
of Dobbelaere et al. (2002) seed inoculation with A.
and A.

improvement and grain yield of spring wheat and

irakense brasilense increased root
corn. Afzal et al. (2005) have reported same results

on P. fluorescens and B. megaterium inoculation in

wheat.
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Fig. 3. Effect of urea rate on number of tillers per

plant.
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Interaction of biofertilizerxurea rate on yield was
significant (Table 1). In biofertilized treatments with
increasing of urea dose grain yield increased 9.5% and
18.5% in 33 and 67 kg ha? urea, respectively in
Kascogen, and 10% and 23% in same levels of urea,
respectively in Agusta, when compared with control.
While, when urea rate increased from 67 to 100 kg ha-
1, was caused a reduction of 91 and 70 kg hain grain
yield, respectively in wheat cultivars. On the contrary
in non- biofertilized treatments application of 100 kg

ha? increased 125 and 99 kg ha? in grain yield,

|

N100

respectively in cultivars (Fig. 4 and 5).
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Fig. 4. Interaction of seed biofertilization and urea

rate on grain yield.
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Fig. 5. Interaction of seed biofertilization and urea

rate on grain yield.

Biomass

In the experiment wheat biomass affected only by
urea application rate (Table 1). So that crop biomass
experienced an increasing trend from 9 t ha? in
control to 11.3 t ha* in full dose application of urea
(Fig. 6), that was expected because of the effect of

nitrogen on vegetative growth in plants.

Harvest index
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Kascogen had higher harvest index (40.8%) than
Agusta (36%). Also, seed biofertilization could
improve it's value from 37% to 39.8%. Harvest index
experienced 2.8% increase, when urea rate increased
from 33 to 67 kg ha*. While, in full dose application
of urea increasing value in harvest index was lower

and non-significant (Fig. 7).
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Fig. 6. Effect of urea rate on biomass.
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Fig. 7. Effect of urea rate on harvest index.

ANUE in wheat cultivars

In non-biofertilized treatments in stead of one kg ha~
urea application grain yield increased 31, 24 and 17 kg
ha in Kascogen and 12, 13 and 10 kg ha in Agusta at
33, 67 and 100 kg ha! urea rates, respectively (Fig. 8).
Also, when urea dose increased from 33 to 67 kg ha-,
33 to 100 kg ha* and 67 to 100 kg ha yield increasing
value were 17, 10.5 and 4 kg hain Kascogen and 15, 9
and 3 kg hain Agusta per unit urea (Fig. 10).
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Fig. 8. Agronomic nitrogen use efficiency in non-

bioferetilized treatments compared to control in

wheat cultivars.
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Fig. 9. Agronomic nitrogen use efficiency in
bioferetilized treatments compared to control in

wheat cultivars.

Similarly in biofertilized treatments in stead of one kg
ha urea application grain yield increased 17.5, 14 and
8 kg ha in Kascogen and 12, 13 and 10.5 kg ha in
Agusta at 33, 67 and 100 kg ha?' urea rates,
respectively (Fig. 9). Also, when urea dose increased
from 33 to 67 kg ha and 33 to 100 kg ha, increasing
value in yield were 13 and 5 kg ha! in Kascogen and 8
and 6 kg ha*in Agusta per unit urea.While when urea
application inproved from 67 to 100 kg ha<, yield
reduced 3 and 2 kg ha per unit urea, respectively in

Kascogen and Agusta (Fig. 11).
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Fig. 10. Agronomic nitrogen use efficiency in non-
bioferetilized treatments compared to previoud level

in wheat cultivars.

These results are in agreement with those reported by
Afifi et al. (2003) on corn, Cassman et al. (1998) and
Malik et al. (2002) on rice. It is concluded that in the
research environmental conditions wheat farmers
using seed inoculation with the biofertilizer can
economically use urea up to 33% of it's recommended
dose. Obviously, these kinds of programs could be
effective for elimination of nitrogen fertilizers
sustainable

application and approaching to

agriculture objectives.
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Fig. 11. Agronomic nitrogen use efficiency in
bioferetilized treatments compared to previoud level

in wheat cultivars.

References
Afifi MH, Manal FM, Gomaa AM. 2003.

Efficiency of applying biofertilizers to maize crop

2013

under different levels of mineral fertilizers. Annals of

Agricultural Science 41(4), 1411-1420.

Afzal A, Ashraf MSA, Farooq M. 2005. Effect of

phosphate  solubilizing  microorganisms  on
phosphorus uptake, yield and yield traits of wheat
(Triticum aestivum) in rainfed area. Journal of

Agricultural and Biology 7(2), 207—209.

Cassman KGS, Peng DC, Olk JK, Ladha W,
Reichardt A, Singh U. 1998. Opportunities for
increased nitrogen use efficiency from improved
resource management in irrigated rice systems. Field

crops Research 56, 27-39.

Chen J. 2006. The combined use of chemical and
organic fertilizers for crop growth and soil fertility.
International Workshop on Sustained Management of
the Soil-Rhizosphere System for Efficient Crop
Production and Fertilizer Use. 16—20 October,
Bangkok, Thailand.

Dobbelaere S, Okon Y, Vanderleyden J. 2002.
Effect of inoculation with wild type Azospirillum
brasilense and A. irakense strains on development
and nitrogen uptake of spring wheat and grain maize.

Biology and Fertilization 36(4), pp: 284—297.

Dommelen, AV, Keijers V, Vanderleyden J,

De-Zamaroczy M. 1998. Methyl ammonium

transport in the nitrogen-fixing bacterium
Azospirillum brasilense. Journal of Bacteriology 10,

2652-2659.

El-Kholy MA, Gomaa AM. 2000. Biofertilizers and
their impact on forage yield and N-content of millet
under low level of mineral fertilizers. Annals of
Agricultural Science 38(2), 813—822.

El-Komy HMA. Co-immobilization of

Azospirillum lipoferum and Bacillus megaterium for

2005.

successful phosphorus and nitrogen nutrition of

wheat plants. Food Technology and Biotechnology
43(1), 19-27.

43 | Mirshekari and Kouchebagh



Int. J. Biosci.

Kandeel AM, Naglaa SAT, Sadek AA. 2002.
Effect of biofertilizers on the growth, volatile oil yield
and chemical composition of Ocimum basilicum L.

plant. Annals of Agricultural Science 47(1), 351-371.

Karimi H. 2007. Wheat. Taraneh Nashr Press,
Tehran, Iran, p. 599.

Mahfouz SA, Sharaf-Eldin MA. 2007. Effect of
mineral vs. biofertilizer on growth, yield and essential
oil content of fennel (Foeniculum vulgare Mill.).

International journal of Agrophysics 21, 361-366.

Malik KA, Bally R, Kennedy IR. 2002. The Role
of Plant-associated beneficial bacteria in rice-wheat
cropping system, In: Josef RK, ed. Biofertilizers in
Action, Rural Industries. Research and Development

Corporation, Canberra, p. 73-83.

Nissan O, 1989. MSTAT-C users guide. Michigan
State University Press, p. 249.

Okon Y, Labandera-Gonzalez CA.

Agronomic

1994,
applications of Azospirillum: An
evaluation of 20 years worldwide field inoculation,

Soil, Biology and Biochemistry 26, 1591-1601.

2013

Rai SN, Gaur AC. 1998. Characterization of
Azotobacter spp. and effect of Azotobacter and
Azospirillum as inoculants on the yield and N-uptake

of wheat crop. Plant and Soil 109, 131-134.

Singh R, Behl RK, Singh KP, Jain P, Narula N.
2004. Wheat yield under inoculation of arbuscular
mycorrhiza fungi and Azotobacter chroococcum.

Plant Soil and Environment 50(9), 409—415.

Son TIN, Thu V, Man LH, Kobayashi H,
Yamada R. 2004. Effect of long-term application of
organic and biofertilizer on soil fertility under rice-

soybean-rice cropping system, Omonrice 12, 45-51.

Subba Rao NS. 1993. Biofetilizers in Agriculture
and Forestry, Oxford and IBM publishing Co. p. 222.

Tilak KBR, Reddy BS. 2006. B. cereus and B.
circulans novel inoculants for crops. Comercial

Science 5, 642-644.

Vande Broek A, Vanderleyden J. 1995. Review:
genetics of the zospirillum-plant root association.

Plant Science 14, 446-466.

44 | Mirshekari and Kouchebagh



