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Abstract: Co-inoculation with symbiotic microorganisms to create a successful system of biological nitrogen
fixation in a non-legumes crop can lead to many profits for plant. The aim of this work was to evaluate
the single and co-inoculation effects of Azospirillum basilense (native or Sp7) and Rhizobium meliloti
(native or DSMZ 30135) plus 2,4-D on grain yield and the total N, P and K content of the grain. The results
indicated that co-inoculation of wheat seeds with A. brasilense and R. meliloti had positive and significant
effects on the grain yield and N, P and K content of the wheat grains in compared to either single inoculation
or control plants. In overall, the average grain yield was increased to 53.8% of co-inoculation plants with a
mixture of A. brasilense and R. meliloti compared to the control plants. This was due to increasing number of
grains (26%) and grain weight per plant (22%) in co-inoculated plants. The results showed that single
inoculation with Azospirillum produced significantly higher grain yield by 29% and the grains contain more
N (22.8%), P (59.5%) and K (34%) compared to the control plants. Simultaneously, co-inoculation increased the
mentioned parameters by 53.8, 52, 114 and 82%, respectively compared to the control Therefore, the effect of
either the single or dual inoculation of wheat with A. brasilense and R. meliloti could result higher grain yield
with better quality. However the effect of single and/or co-inoculation on plant growth parameters varies
depending on the strain of A. brasilense (Sp7 and native), wheat cultivars and selected of co-inoculants
(type of mixed strains). The highest grain yield and also N, P and K in grain were observed in combination of
thelocal strains (native A. brasilense and native R. meliloti) when concentration of 107 cfu mIG* and 10°cfu mIG*
were used respectively for the strains plus 2 ppm of 2,4-D.
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INTRODUCTION

Inoculation with plant growth promoting bacteria
(PGPB) can result a significant change in various plants
growth parameters, which may affect crop yield [1, 2].
Increasein different plant parameters such as height, tiller
number, dry matter yield and N uptake of rice plants that
inoculated with A. lipoferum [3, 4], dry matter of shoot
and seed of Medicago sativa co-inoculated with
Azospirillum and Rhizobium [5] and also in dry matter of
leaf and shoot and mineral elements in grain and grains
yield and stover in maize plants inoculated with
A. brasilense plus 2,4-D [6] could be mentioned as few
examples among too many.

Bashan [7] reported that inoculation of wheat with
A. brasilense significantly increased plant dry weight,
number of tillers per plant, spikelt fertility and grain yield.
Also, co-inoculated wheat with Azospirillum and
Azorhizobium caulinodans showed significant increases
in dry weight and nitrogen content as compared with
no inoculated plants [8]. Even in stress conditions,
Azospirillum inoculation increased the grain yield
and mineral nutrition in plants under stress [2]. For
example, in experiments of Creus[2] the grain yield loss
to drought was 26.5% in no inoculated plants and in
Azospirillymrinoculated plants was 14.1%. The grains
harvested from Azospirilluminoculated plants had
significantly higher Mg, K and Cathan no inoculated
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plants. Therefore, the inoculation can increase grain
yield and aso the accumulation of total nitrogen of
the plant and its grain yield [9-13]. The beneficial effects
caused by the inoculation with PGPB are not only
due to BNF[14, 15], but mainly, the best efficiency in
the absorption of water and nutrients, which happens
due to a more developed root system, caused by the
capacity of the bacterial-plant produced growth promoters
substances [16-20, 1, 13].

Co-inoculation can benefit plant growth by different
mechanisms [21-24]. However one of the most commonly
reported plant growth promotion mechanism by bacteria
is the changing of morphological and physiological
changes in root system [17, 25, 26]. An increase in the
number of lateral roots and root hairs cause addition of
root surface available for nutrients and water uptake.
Higher water and nutrient uptake by inoculated roots
caused an improved water status of plant, which in turn
could be the main factor enhancing plant growth
[18, 11, 27-29]. Increasing nutrient uptake such as NO;,
NH,*, PO,?, K*, Rb and Fe* in the various inoculated
plants have reported [30, 31, 4, 12]. For example, single
and double inoculation with Azetobacter, Azospirillum
and Streptomyces increased P, Mg and N content in
wheat grains [33]. Co-inoculation of Sorghum with
Azospirillumand Glomus significantly increased P, N, Zn,
Cu and Fe content. Thus, co-inoculation may substitute
partially as P and N fertilizer [34].

Using co-inoculation to have more advantages for
plant growth and development in one hand and different
results obtain from different mixture of strains for
co-inoculation in another hand lead us to use a mixture of
Azospirillum brasilense and Rhizobium meliloti to
evaluate the effects of single and co-inoculated strains
plus 2,4-D on grain yield and also N, P and K content of
wheat grain harvested. This mixture of strains was used
because a rotation of wheat and afalfain our agriculture
sector is usual and mostly the farmers use harvested grain
as wheat seeds for new production.

MATERIALSAND METHODS

Bacterial Strains. Two bacterial types were used: (1) two
Azospirillum brasilense strains, a local strain isolated
from wheat roots of Arak region in centra of lran,
identified by biochemical and morphological tests and
confirmed by 16S rDNA amplification called native strain
and the reference strain Sp7 (DSMZ 1960) as standard
one; (2) two Rhizobium meliloti strains, a local strain
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isolated from Medicago sativa nodules of Arak region
in central of lran as native strain and the reference
strain R. meliloti DSMZ 30135 were obtained from the
Deutsche Sammlung Von Mikroorganismen und
Zellkulturen (DSMZ, Germany). Physiologica and
biochemical characters of the local isolated bacteriawere
examined according to methods described in Bergey’s
Manual of Systematic Bacteriology [35] and also 16S
rDNA amplification

Preparation of Inoculants and Seeds. A. brasilense
strains (Sp7 and native) were cultured in a NFB liquid
medium supplemented with NH,Cl (0.5gLG") at 30°C
[36, 37] and two R. mdliloti strains (native and standard)
weregrownin YMA medium at 25°C [38, 30] in Erlenmeyer
flasks for the 24 h in a rotary shaker at 200 rpm
(logarithmic phase). Before inoculation, the growth was
harvested by centrifuging (1000g, 10 min), washed with
sterile saline phosphate buffer and then were re
suspended in phosphate buffer at concentration of 107
and 10° cfu miIG* for A. brasilense strains and R. meliloti
strains, respectively. Two concentrations of 2,4-D
(0 and 2 ppm), dissolved in water and was added to
inoculants according to statistical layout.

Two cultivars of wheat seeds (Triticum aestivum)
called Baccross cv. and Mahdavi cv. were prepared from
the Institute of Agricultural and Research of Isfhan in
Iran. The seeds were surface sterilized according to
methods described by Ogut et al. [39]. The sterilized
wheat seeds were vernalized at 4°C for the 10 day [2]. The
experimental design was a factorial experiment in three
replicates.

Planting and Application of Treatments. The results of
our pervious experiment [40] indicated that combination
of Azospirillum and Rhizobium would have the best
results when the population of 10" and 10° cfu mIG* were
used, respectively plus 2 ppm of 2,4-D. Therefore, the
vernilized and sterilized seeds of wheat cultivars were
imbibed in bacterial suspended according to selected
treatments for 2 h at ambient temperature under vacuum
[41]. Control vernalized wheat seeds were imbibed with
sterile phosphate buffer under the same conditions.
Single, co-inoculated and no inoculated wheat seeds were
planted in pots, 5 seeds per pot. The pots filled with
agricultural sterilized soil and perlite at aratio 1:1
(W:W dry weight). The soil used in this experiment was
collected from same location that the local strain of
Azospirillum isolated from and then sterilized by
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autoclaving at 121°C for 60 min in two consecutive day.
Physio-chemical analysis of the soil indicated that the
textureis clay loam with pH=8 and the soil organic-C and
total-N were each as much as 1% by weight; available-P
and K were 12.8 and 300 ppm respectively.

The pots were incubated in growth chamber
(Conviron TC30) at 25/18°C day/night cycle and 11h
light/13h dark photoperiod for 30 days and then gradually
photoperiod were changed to 13 h light/11h dark during
the growing season. The pots were watered every week
with Hoagland' s solution [42] according to the layout of
the experiment. The plant samples were harvested at the
end of growing season for future analysis.

Analysisof Grain Yield and N, P and K in Wheat Gain:
At the end of growing season, three plants were randomly
selected from each pot. Then, the total number of seeds
per plant, the weight of 1000-seed and the amount of grain
harvested per plant were measured [2, §].

The total nitrogen content of the grains (mg gG' DW
of grain) was defined by the Kjeldahal method [18, 43, 8].
The amount of Phosphor (mg gG' DW of grains) and
Potassium were determined by spectrophotometer [2, 44]
and flame photometric method [45, 44] respectively. The
data were subjected to statistical analysis using SPSS11
and Duncan’s multiple rang tests.

RESULTS

Effect of Inoculation and Co-inoculation on Harvested
Grain: The results of single and co-inoculation with
A. brasilense and/or R. mdliloti plus 2,4-D on grain
yield, 1000-seed weight and the number of seeds per
plant were showed in Table 1and Fig. 1, 2. Analyze of

variance and comparison within means of different
treatments indicated that wheat cultivars, strains of
Azospirillum and Rhizobium and 2,4-D have significant
effect on the number and weight of seeds per plant. The
effects of co-inoculation on wheat quality (N, P and K
content) were significant compared to single or no
inoculated plants.

1000-seed Weight (SW): The mean values of 1000-seed
weight (SW) were measured from 34.97 g in non
inoculated plants to 43.96 g for co-inoculated plant in
Baccross cultivar. Single Rhizobium inoculation (apart
from Rhizobium strain and wheat cultivars) did not have
any significant effect on the mean of SW and there was
not any significant difference between the strains of
Rhizobium (native and standard). In contrast, inoculation
of plants with Azospirillum had positive significant effect
on SW. When the plants inoculated with A. brasilense
Sp7, the mean values of SW were increased 8.5% and
9.2% in Baccross cv. and Mahdavi cv. respectively
compared to non inoculated plants. When the Sp7 strain
replaced with the native strain of A. brasilense in
inoculation, the increasing rates were reached to 12.3%
and 12.2% in Baccross cv. and Mahdavi cv. respectively.
Therefore, the weight of 1000-seed was different due to
both the strain and cultivars of wheat. When the
inoculation of Azospirillum was associated with
Rhizobium (without 2,4-D), the SW did not change
significantly.

Using 2,4-D (without inoculation) increased SW by
amost 3% in the two cultivars compared to the control
plants (from 34.97g to 36.21 g). Adding 2,4-D to single
Rhizobium inoculation cause almost 6% more in SW. In
this case, there was significant difference between strains

Table 1: The effect of the single and co-inoculation of wheat with A. brasilense and R. meliloti plus 2,4-D on 1000-seed weight, the number and dry matter
of seeds per plant (apart from the bacteria strains and whest cultivars). Different letter(s) on the mean values indicated significant differences (p=0.05)

between values of each column according to Duncan multiple rang test

1000-seeds weight grains number per plant Grainsyield

Treatments 2,4-D ppm Gram Increase (%) Number Increase (%) Gram Increase (%)
Control (no inoculat) 0 35.012 - 29.67% - 1.042

2 36.12° 3.2 3133 5.6 119 14.4
Inoculation with Rhizobium 0 35.08% 0.2 29.672 0.0 1.0412 0.0

2 37.08° 5.9 3175 7.0 1.15° 10.6
Inoculation with Azospirillum 0 38.70¢ 10.5 33.0° 11.2 1.28° 23.0

2 40.82¢ 16.6 35.67¢ 20.2 1.46¢ 40.4
Azospirillum and Rhizobium 0 38.69¢ 10.5 33.33° 12.3 1.29° 24.0

2 42.73 22.0 37.38° 26.0 1.6 53.8

298



Am-Euras. J. Agric. & Environ. Si., 5 (3): 296-307, 2009

Baccross
50 45
- 7 1000-seed weight (g)
7 . r 40
mgrain number per plant
= 40 -
= 5 r3 ¢
E 35 2
7 o

) 30
E 30 3 a
=) 25
g 25 H 3
— F20 €
o 204 g
%) L
c 154 15 e
] T
[} =
£ 104 | rl0 o

54 5

ol bW W e \ | B, W B WL M A bl LWL \ 0

0 ppm| 2 ppm Oppm‘2ppm Oppm‘2ppm Oppm‘2ppm Oppm‘prm Oppm‘prm Oppm‘ 2 ppm Oppm‘prm Oppm‘prm
without standard Native without standard Native without standard Native
Rhizobium | Rhizobium Rhizobium Rhizobium | Rhizobium Rhizobium Rhizobium | Rhizobium Rhizobium
without Azospirillim SP7 native A. brasilense
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Fig. 2: The effect of the single and co-inoculation of wheat with A. brasilense 107 cfu mLG* (native and and Sp7) and R.
meliloti10® cfu mLG! (native and standard) plus 2,4-D (0 and 2 ppm) grain weight (g) per plant
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Table2: Effect of the single and co-inoculation of wheat with A. brasilense and R. meliloti plus 2,4-D (0 and 2 ppm) on the amounts of N, P and K of

harvested grain in mg gG* Dw (apart from the bacterial strains and wheat cultivars). Different letter(s) on the mean values indicated significant

differences (p=0.05) between values of each column according to Duncan multiple rang test

N content P content K content

Treatments 2,4-D ppm mg gG* Dw Increase (%) mg gG' Dw Increase (%) mggG'Dw  Increase (%)
Control (no inoculat) 0 15.85° 2377 253

2 16.88° 6.5 2.80° 181 2.95° 16.7
Inoculation with Rhizobium 0 15.78% 0.0 2412 17 2512 0.0

2 17.65° 11.4 3.33 40.5 3.18° 25.7
Inoculation with Azospirillum 0 19.46¢ 22.8 3.78¢ 59.5 3.3%¢ 34.0

2 21.43 35.2 4.33° 82.7 3.88° 53.3
Azospirillum and Rhizobium 0 19.56¢ 23.4 3.86¢ 62.9 3.44 34.4

2 24.10f 52.1 5.09' 114.8 4.62' 82.6

of Rhizobium (native and standard) and also the
cultivars of wheat (Baccross and Mahdavi culivars).
Similarity, application of 2,4-D in addition to inoculation
with Azospirillum further enhanced SW. However, co-
inoculation of Azospirillumand Rhizobium plus 2,4-D had
more stimulatory effect on SW. In this case, the mixture
of native bacterial strains of Azospirillum and
Rhi zobium performed better than the other combinations.
The amounts of SW were increased in plant co-inoculated
with Sp7 and standard Rhizobiumto 42.35 and 42.43 g
for Baccross and Mahdavi cultivars respectively.
The highest values for SW were recorded in combination
of the local strains (native A. brasilenseand native
R. meliloti) when the population of 10" and 10° cfu miIG*
were used for each strain respectively, plus 2 ppm of
2,4-D. In this case the mean values were reached to 43.96
g and 43.67g in Baccross and Mahdavi cultivars,
respectively.

Number of Seeds per Plant (NSPP): The resultsindicated
that co-inoculation were significantly increased the
number of seeds per plant (NSPP). The mean values for
NSPP was 29.67 in non inoculated plants andin
co-inoculated plants were increased to 39.0 and 38.67 in
Baccross cv. and Mahdavi cv. respectively. Single
inoculation with Rhizobium did not have any significant
effect on NSPP. In contrast, 2,4-D was increased NSPP by
almost 5.6% compared to no inoculated plants. Adding
2,4-D to inoculated plants with Rhizobium, the NSPP was
increased 7.0% compared to the control plants. However,
there was not significant difference between strains of
native and standard Rhizobium.

Inoculation with Azospirillum had positive and
remarkable effect on NSPP. Using Sp7 as inoculants
increased NSPP to 33 and 32 in Baccross and Mahdavi
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cultivars, respectively. When Sp7 replaced with the native
A. brasilense, the NSPP were increased to 33.7 (13.5%
more) and 33.3 (12.3% more) in Baccross and Mahdavi
respectively compared to the control plants. The mean
values of NSPP was not significantly changed when
mixture of Azospirillum and Rhizobium were used without
2,4-D. However, application of 2,4-D in addition to
co-inoculants of Azospirillum with Rhizobium further
enhanced the number of seed per plant. The results were
remarkable, when plants co-inoculated with the
combination of the native strains of Azospirillum and
Rhizobium plus 2 ppm of 2,4-D. In this case, the NSPP
was increased 30% compared to the control plants. The
heist NSPP (39) were counted in the co-inoculated wheat
with the combination of the native strains of A. brasilense
and R. meliloti plus 2ppm of 2,4-D in Baccross cultivar
(almost 31% more compare to the control plant).

Harvested Yield: Thelowest grainyield (1.04 g seed per
plant) was obtained in no inoculated plants and the
highest (1.71 g) was observed when plants co-inoculated
with the combination of the local strains (A. brasilense
and R. meliloti) plus 2ppm of 2,4-D in Baccross cv. This
is almost 64.8% more with respect to the control plants.
Inoculation with Rhizobium aone (native or standard)
had no significant effect on the grain yield. However,
the 2,4-D aone were increased significantly grainyield
(Fig. 2).

Plants inoculated with Azospirillum produced more
yield. However the amount of yield depends on the wheat
cultivar and the strain of bacteria. When Sp7 was used the
mean values of grain yield in Baccross and Mahdavi were
increased to 20.2% and 17.3% respectively in compare to
the control plants. Substitutions of Sp7 with the native
A. brasilense in the mentioned cultivars would increase
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the grain yield up to 26% and 27.9% respectively.
Addition of 2,4-D to a mixture of A. brasilense and
R meliloti further enhanced grain yield. In dua
inoculation (Sp7 with standard Rhizobium) the grain yield
were increased significantly from 1.04 to 1.54g for
Baccross and to 1.50 g for Mahdavi cultivars. However,
when plants co-inoculated with the local strains of
A. brasilense and R. mdiloti, the grain yield were
enhanced to 1.71 and 1.69 g for Baccross and Mahdavi
cultivars, respectively.

Quality of Harvested Yield: Results of both single
inoculation with A. brasilense and /or R. meliloti as well
astheir combination plus 2,4-D on the amount of nitrogen,
phosphors and potassium content of harvested grains
were showed in Table 2 and Fig. 3 to 5. Analyze of
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variance and compare means of the effect of single and
co-inoculation showed that wheat cultivars, strains of
Azospirillum and Rhizobium and 2,4-D have significant
effect on the amount of N, P and K of grain. The effect of
co-inoculation on grain quality was significant compared
to singleinoculation or non inocul ated control plants.

Nitrogen Content: The lowest amount of N in harvested
grains was observed in non inoculated plants (almost
15.7+ mg gG' DW for both cultivars). Inoculation with
Rhizobium alone did not have significant effect on N
content of grain. However, if 2,4-D was combined with
inoculation of Rhizobium, the amount of nitrogen of
grains was increased 12% compared to the control plants
and in this case, the difference were in significant for
native or standard Rhizobium (Fig. 3).
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In contrast, Azospirillum inoculation had positive
significant effect on N content of grains. In inoculation of
plants with Sp7, the amount of nitrogen of the grain in
both cultivars was increased to almost 18.8 mg gG* DW
(19% more). If Sp7 was replaced by native A. brasilense,
the amount of nitrogen would increase to 20.3 and 19.87
mg gG' DW in Baccross and Mahdavi cv., respectively.
Therefore, the amount of N in harvested grain in
inoculated with native A. brasilense were increased up to
7.6% (Baccross cv) and 5.7% (Mahdavi cv) compared to
the inoculated plants with Sp7.

Co-inoculation of Rhizobium with Azospirillum,
without 2,4-D, had significant effect on the amount of N
in harvested grains. However using 2,4-D in a mixture of
Azospirillum and Rhizobium had marked significant effect
ontheamount of N in grain. Co-inoculation of wheat with
standard strains (Sp7 and standard R. meliloti) caused an
increase of 45% in both wheat cultivars compared to the
control plants. Co-inoculation of wheat with the local
strains of A. brasilense and R. meliloti plus 2,4-D showed
that the amount of N in grain were increased to 26.03
(65.8% more) and 25.4 mg gG' DW (61.8% more) in
Baccross and Mahdavi cultivars, respectively. This
difference was significant between Baccross cv.
and Mahdavi cultivars. The highest amount of nitrogen
(26.03 mg gG* DW) was observed in the Baccross cv. that
co-inoculated with the combination of the local strains
(native A. brasilense 10’ cfu mIG' and native R
meliloti 10° cfu mIGY) plus 2,4-D.

Phosphorus Content: The amounts of phosphor (P) in
harvested grain were increased from almost 2.4 (in control
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plants) to 5.13 and 5.7 mg gG' DW in co-inoculated
cultivars of Mahdavi cv. and Baccross cv. respectively
(Fig. 4

Inoculation of plants with Rhizobium aone or
Rhizobium with  Azospirillum as  co-inoculants
(without 2,4-D) had not significant effect on P content of
harvested grains. In al cases, addition of 2,4-D to the
inoculants were significantly increased the amount of
phosphorus in grains. Application of 2,4-D aone would
increase the amounts of seed’s phosphorus to 2.77 and
2.83 mg gG* DW in Mahdavi and Baccross, respectively.
Therefore, 2,4-D as an amendment in co-inoculation
caused increase of 20% the amount of the grain's
phosphorus compared to the control plants. In this case,
there were not insignificant differences between the two
cultivars. In single inoculation with Rhizobium plus 2,4-D,
the amount of phosphorus of grain were enhanced to 3.47
(44.5% more) and 3.3 mg gG* DW (42% more) for Baccross
and Mahdavi cultivars, respectively. Similarity, there was
insignificant differences between strains of Rhizobium
(native and standard).

In single inoculation with Sp7, the amount of
phosphorus were increased to 3.3 (Mahdavi) and 3.8 mg
gG' DW (Baccross) being 42% and 58% more compared to
the control plants. If Sp7 changed to the native
A. brasilense (in single inoculation), the amount of
phosphorus were increased to 3.7 (Mahdavi cv.) and 4.17
mg gG* DW (Baccross cv.) being 59% and 74% more than
the control plants. This difference was significant
between the cultivars of wheat.

Co-inoculation of the standard strains (Sp7 and
standard R. meliloti) plus 2,4-D were increased the P
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content to 4.83 (107% more) and 4.9 mg ¢gG* DW
(104% more) in Mahdavi and Baccross cultivars,
respectively. Replacing the standard strains of A.
brasilense and R. meliloti with the native ones caused
the highest P content (5.13 and 5.7 for Mahdavi and
Baccross cultivars respectively) in co-inoculation of
wheat. In this case, the amounts of P were increased 120%
and 137% in Mahdavi cv. and Baccross cultivars
respectively in compared to the control plants.

Potassium Content: The lowest amount of potassium in
harvested grain (2.5 mg gG' DW) was recorded in non
inoculated control plants and the highest (5.17 mg ¢G*
DW) were observed in Baccross cv. that co-inoculated
with a mixture of local strains of A. brasilense and
R. meliloti (Fig. 5).

There was not significant difference between single
Rhizobium inoculated and uninoculated control plants.
The results indicated that the treated plants with 2,4-D
would increase the amount of K to 2.93 (17% more) and
2.97 mg gG' DW (18.8% more) in harvested grain of the
Baccross and Mahdavi respectively compared to the
control plants. These differences between wheat cultivars
using 2,4-D was not significant. Addition of 2,4-D to
single Rhizobium inoculation were enhanced the amount
of potassium in grain from 2.53 mg gG* DW (in control) to
3.2 (28% more for Baccross cv) and 3.17 (27% more for
Mahdavi cv). There were insignificant difference between
strains of Rhizobium. However, single Azospirillum
inoculation had positive marked significant effect on the
K content. When plants inoculated with A. brasilense Sp7
aone, the amount of potassium in grain were increased to
3.3 (30% more) and 3.2 mg gG' DW grain (26% more) in
Baccross cv. and Mahdavi cultivar, respectively. If
A. brasilense Sp7 replaced with native A. brasilense, the
amount of K was increased to 3.53 mg gG* DW
(39.5% more). Addition of 24-D to the native A.
brasilense inoculation would increase the amount of K
from 2.53 mg gG* DW (in control) to 3.8 (in Mahdavi cv)
and 4 mg ¢gG' DW (in Baccross cv.). However co-
inoculation with Rhizobium and Azospirillum, without
2,4-D, had not significant effect on the amount of
potassium. When wheat co-inoculated with the
combination of the standard strains of A. brasilense and
R. meliloti plus 2,4-D, the amount of K was increased to
amost 4.4 (70-74% more) in two cultivars. The results
indicated that co-inoculation with the native A. brasilense
and R. meliloti were increased the amount of K to 4.87
(92.4% more) and 5.17 mg gG' DW (104.3% more) in
Baccross and Mahdavi cultivars, respectively.

Therefore, co-inoculation with Azospirillum and
Rhizobium (apart from the bacterial strains and
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wheat cultivars) had positive significant effects on
the N, Pand K content of the wheat grainsin comparison
with single inoculation or non inoculated control plants
(Table 2).

DISCUSSION

Co-inoculation of wheat seeds with A. brasilense and
R. meliloti had positive significant effects on the grain
yield and the amount of N, Pand K in harvested grainsin
comparison with single inoculation or no inoculated
control plants. Apart from the bacterial strains and wheat
cultivars, the average grain vyield resulting from
co-inoculation was 53.8% higher compared to non
inoculated plants. The recorded increase in wheat grain
yield by co-inoculation of plants with A.brasilense and
R. meliloti could be due to the increase in the number of
grains per plant or/and due to the increased weight of
grains per plant. Some researchers found that the increase
in grain yield of inoculated wheat were due to the
increased weight of wheat grains [46], in contrast, some
other researchers reported that the increasesin grain yield
in wheat, sorghum and maize results of increased number
of grains[47, 6, 12]. Our results indicated that increase of
wheat grain yield (53.8%) is aresult of the increasein the
number of grains (26% more) and the weight of grains per
plants (22% more) when mixture of inoculants were used.
However increasesin grain yield (23%) were observed in
single Azospirillum inoculation. Our results in single
inoculation were ailmost similar to Dobbelaere et al. [10].
They reported that the grain yield of the inoculated wheat
with Azospirillumwas increased to 30%.

In single and co-inoculated wheat, al measured
parameters (grain yield, the number of grains per plant,
1000-seeds weight, N, P and K content of grains) were
higher in cv. Baccross than cv. Mahdavi. Also, in single
inoculation, the native A. brasilense increased all
parameters better than Sp7. Mostgjeran et al. [48] reported
homolog effect between local strains of A. brasilense and
local wheat cultivars on plant growth and harvested yield.
The combination of the local strains clearly increased the
grain quantity compared to the combination of the
standard strains. Similar result was proposed by many
researchers [49, 44, 43, 8]. The results of this experiment
showed that, the effect of the single and co-inoculation
on plant growth parameters varies depending to the strain
of A. brasilense (Sp7 and native), wheat cultivars,
co-inoculants (type of mixed strains). This difference may
be due to their superior adaptation to the environment
and compatibility to local plant varieties. Therefore, it is
needed a wide isolation and research, to select the best
combination between genotype of the plant and bacteria
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strain. Dalla Santa et al. [18] also indicated that the
intensive use of inoculants with associative bacteria, to
select the best combination between genotype of the
plant and bacteria strain needs a wide isolation of strains.

Numerous reports has been shown from the positive
effects of the single inoculation [4, 8, 29, 46, 50-52] and
co-inoculation [4, 53, 54] on grain yield accompanied
with N, P and K uptake by inoculated plant root.
However, our results showed that single inoculation
with Azospirillum produced significantly higher grain
yield by 29% which the produced grains contain more
N (22.8%), P (59.5%) and K(34%) compared to the non
inoculated plants. Simultaneously, co-inoculation
increased the mentioned indexes by 53.8, 52, 114 and 82%,
respectively compared to no inoculated plants. Hoflich
[55] reported that ininoculated wheat with Rhizobium
leguminosarum, the amounts of N, P and K increased
about 16-30%. Also, the amounts of phosphor in
co-inoculated wheat with A. lipoferum and Bacillus
megaterium increased about 37 to 53% in compared to
the single Azospirillum inoculated and control wheat,
respectively. Therefore, inoculation of plant with
Azospirillum could be very important, not only to have
higher grain yield, but also to have better seed quality.
Similar results indicated significantly higher Mg, K
and Ca for inoculated plants than no inoculated
plants[2]. They indicated that grainswith a higher Mg,
K and Ca content could become seedlings with better
capability in drought stress.

In al measurements, the single Rhizobium
inoculation did not have any effects on all measured
parameters. Because, rhizobial strains are specific to
certain legumes and Rhizobium meliloti can create a
successful symbiosis system with species of Medicago,
Melilotus and Trigonella [56, 57]. In our case, R. meliloti
can not enter into the wheat roots [40]. While with
presence of 2,4-D, Rhizobium can penetrate and colonized
in root of wheat and therefore hel ped the growth of wheat
plant. Using 2,4-D as an amendment and addition to
inoculants of Rhizobium or/and Azospirilliumwould have
positive effects on all growth parameters directly
(by facilitation of Rhizobium penetration and stimulus of
root system growth) and indirectly (increase of root
surface).

The results of this study have demonstrated a clear
synergistic effect of A. brasilense and R. meliloti plus
2,4-D and additive effects in plants co-inoculated with
Azospirillum and Rhizobium. Thus, Azospirillum and
Rhizobium could be used as co-inoculants for better crop
productivity. Similar result were obtained by Sindhu et al.
[58] for co-inoculation of chickpeawith Pseudomonas spp
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and Mesor hizobium spp, which enhanced grain yield and
N content of grain.

N, fixation by PGPB in association with plants was
the first major mechanism of successful symbiosis system
suggested for the enhancement of plant growth by the
Azospirillum[21, 17]. Therefore, N, fixation can explain a
portion of the addition of nitrogen content of harvested
grain. But, large accumulation of N, P and K in grain and
the difference between the amount of N, P and K
accumulated in grain (selection phenomenon) in single
and co-inoculated wheat showed that nitrogen fixation
alone can not be a sufficient explanation for accumulation
of different elementsin grain. Increasesin mineral uptake
by plants might be the major contribution of bacterial
inoculation. The mineral uptakes are due to a general
increase in the volume of the root system [21, 17, 31, 4]
and also proton efflux in roots [59, 60].
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