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ABSTRACT

The response and improvement of root colonization, yield, growth and N-
uptake of wheat grown in salt affected soil (with pH value in the alkaline side) were
studied. In a field experiment conducted and carried out during the season of
2005/20086, the biofertilizer inoculation (Azotobacter chroococcum andl/or Azospirillum
brasilense) in combined with different rates of N-fertilizer (ammonium nitrate at 0, 20,
40, 60 and 80 Kg. N fed") were applied. The treatments were arranged in split plot
design with three replicates. The resuits showed that there is an increment in
Azospinillum count in wheat rhizosphere soil with single inoculation of Azospirillum,
which gave highest number of Azospirillum after 60 days of planting, then reversible
results were obtained at the end of cultivation period (120 days), where, the dual
inoculation gave highest number of Azospirillum compared with the other treatments.
Also, the inoculation of wheat grains with Azotobacter, led to gradual increases in the
counts of Azotobacter in wheat rhizosphere sail up to 90 days, then, decreased at the
end of cultivation period. All inoculated treatments gave higher counts of Azotobacter
compared with the uninoculated treatment. Generally, the total Nz-fixers and total
bacterial counts increased greatly in wheat rhizosphere soil in inoculation treatments
compared with uninoculated treatments.

The results showed significant increases in plant dry weight, grain and straw
yields as well as nitrogen uptake by wheat plants either by increasing the rate of
mineral nitrogen or with inoculation by tested N-fixers. In addition, the dual
inoculation with Azofobacter chroococcum and Azospirillum brasilense performed
significantly greater followed by single inoculation with Azotobacter or Azospinllum. At
any level of N-fertilizer, the inoculated treatments gave much higher straw and grain
yields than the uninoculated one.

Finally, it could be concluded that in salt affected soil, the amount of mineral
N fertilizer could be reduced by using biofertilizers, which in turn increases soil fertility
as well as, minimizes the production cost and environmental pollution, which can
occur by the excess use of chemical fertilizers.

Keywords: Biofertilizers, wheat growth and yield, ammonium nitrate, Azospirilium
brasilense, Azotobacter chroococcum, root colonization, salt affected soil.

INTRODUCTION

Among cereal crops, wheat (Triticum aestivum, L.) is the major and
most important crop in many countries, and it is the main winter cereal crop in
Egypt. There are many attempts to increase wheat productivity in order to
face the gap between consumption and production. Supplying crop plants
with nitrogen fertilizer plays an essential role in improving its productivity,
because nitrogen is considered as one of the limiting factors to achieve the
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high yield of wheat crop. Application of mineral nitrogen may be results in
environmental poliution in addition to its high cost. So, many efforts were
done to decrease the utilization of chemical fertilizers by using biofertilizers,
which might reduce financial costs. Fixation as an alternative or
supplementary source of nitrogen for wheat plants has been the major
approach in soil fertility management of nitrogen for wheat (Hamed, 1998;
Kotb, 1998 and Saad El-Din & El-Metwally, 2003).

Hence, to obtain maximum yields of cereal crops, the maintenance of
soil fertility at a high level is utmost important. The use of nitrogen fixing
bacteria such as Azotobacter, Azospirillum and others is considered as an
index to soil fertility and saving more than half recommended dose of mineral
nitrogen fertilizer (Daimwal and Gaur, 1988 and Tantawey et al., 2004). The
beneficial effect of Azotobacter and Azospirillum are related not only to their
N.-fixing proficiency but also with their ability to produce anti-fungal
compounds, growth regulators and siderophores (Pandey and Kumar, 1989).
Single or dual inoculation of wheat grains with Azotobacter chroococcum and
Azospirillum brasilense in sterilized soil have been extremely vanable from
significantly negative (Barber ef al.,1976 and Albrecht et al, 1977) to
significantly positive stimulation of their population in wheat rhizosphere soil,
and also, stimulated plant growth and significantly increased the
concentration of indole acetic acid, P, Mg, N and total soluble sugars in wheat
shoots (Bazzicalupo et al., 1985; Charyulu et al, 1985; Hegazi & Saleh,
1985, Elshanshoury, 1995 and Ali ef al., 2002).

Soil salinity has been found to reduce wheat yields usually when
values of electrical conductivity are above & decisiments per meter (dS/m)
throughout the root zone (Brady and Weil, 1966). Salinity affects grain
germination, plant growth, nutrient uptake, and metabolism due to osmotic
inhibition of water availability, toxic effects of salt ions and nutritional
imbalance caused by such ions. In the life cycle of plant; gemmination,
seedling and flowering stages are more critical for salt damage (Khan and
Abdullah 2003).

Therefore, this study was undertaken to evaluate the impact of
inoculation of wheat grains with Azotobacter chroococcum and/or
Azospirillum brasilense on the bactenal colonization, growth, N-uptake and
yield of wheat at different nitrogen levels, in salt affected soil especially when
its pH in the alkaline side.

MATERIALS AND METHODS

Bacteria:

The non-symbiotic nitrogen fixing bacteria; Azospirillum brasilense
and Azotobacter chroococcum were kindly obtained from Microbiol. Dept.,
Soils, Water and Environ. Res. Instit., Agric. Res. Center, Giza, Egypt. They
were grown on liguid N-deficient medium (Dobereiner et al., 1976) with
shaking at 28-30C for 48 h. Then the two strains were checked to
nitrogenase activity before used. Thereafter, these strains were grown in
modified Asby's medium (Abdel-Malek and Ishac, 1968) with shaking at 28-
30Cfor24 h.
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Wheat cultivar: |

Wheat cultivar (Sakha 93) was kindly obtained from Wheat Dept.,
Field Crop Res. Institute, Agric. Res. Center, Giza, Egypt.

Inoculation procedure:

Prior to sowing, wheat grains were inoculated by soaking in liquid
cuiture of Azospirillum brasilense 1.3x10" cells mi”, approximately) and/or
Azotobacter chroococcum (1.5x10" cells mi’', approximately). Arabic gum
was added to liquid culture as adhesive agent. Inoculated grains were air
dried by spreading over a plastic sheet for short time before planting. The
control treatment was done using uninoculated grains.

Experimental conditions:

A field expenment was carried out at Tag El-Ezz Agric. Res. Station,
Dakahlia govemorate, during the winter season of 2005/2006. The
experiment aimed to study the effect of the inoculation with two strains of
non-symbiotic N,-fixing bacteria; Azospirillum brasilense and/or Azofobacter
chroococcum on the growth, N-uptake, bacterial colonization and yield of
wheat under salt affected soil and that tends to saline alkaline soil (pH value
for this soil is 8.35). The experimental plots were planted with wheat grains
(c.v. Sakha 93). Ammonium nitrate, (33.9% N.) was added at different levels
i.e., 0, 20, 40, 60 and 80 kg. N. fed.". Each of studied N-level was divided
into three doses at proportions of 1:2:2 then, applied at soil preparation,
before the first irrigation and before the second irrigation. All other practices
were done as usual.

Count of different Bacterial groups:

For enumeration the microbial communities, wheat rhizosphere soil
samples at 30, 60, 90 and 120 days from sowing were collected, and (10 g.)
root free soil were shaken for 1 hr. in 80 mi sterilized tap water and ten fold
dilution were made. :

The most probable number technique (M.P.N.) was used for
enumeration of both Azospirillum and ' Azofobacter. Semi solid malate
medium (Ddbereiner ef al., 1976) was used for Azospirillum enurneration and
modified Ashby’s liquid medium (Abdel-Malek and Ishac, 1968) was used for
Azotobacter enumeration. The pouring plate method technique was used for
determination the total N,-fixers and total bacterial count using the media of
Watanabe & Barraquio (1979) and Collins & Lyne (1985), respectively. The
counts of bacterial groups were expressed as log. c.f.u.g.” oven dried soil at
105C.

The studied characteristics:

Samples of wheat plants at 60, 90 and 120 days from sowing were
taken from the inner area of each plot to determine dry weight (g. plant™) and
N-uptake (mg. ant"). At the end of wheat life cycle, grains (ard. fed.) and
straw (ton fed.”) yields as well as yield components i.e., grain weight spike‘1
(g). number of grains spike™, spike length (cm), number of spikelet spike™,
and weight of 1000-grain (g), and N-uptake were determined (Jackson,
1973). All data were calculated on dry weight basis at 70 C.

Soil analysis: ' ,

The chemical analysis of soit was determined according to Richards,

(1954) and Page, (1982). Particle size distribution of the soil sample was
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carried out as described by Piper (1950), and the data were given in Table
(1). This soil represents to salt affected soils. Regarding to the chemical
analyses the soil is saline and the pH value is in the alkaline side. So it is
tend to be saline alkaline soil..

Table (1): Mechanical and some 'chemical properties of soil used for
wheat cultivation (0-30 cm depth).

Soil character Value
=% | Particle size distribution Sand 49
gE (%) L 20
3 ‘ Clay 40
&= Texture class Clayey J
E.C. dS m’ soil paste 7.10 |
__pH 1:2.5 Soil: Water suspension 8.35 |
ES.P. (%) | 11.00 ]
o COs™ 0.00
2 Soluble anions HCOs~ 0.41
E meq.!I" Cr 1.85
ki SO. 2.65
S ‘ Ca 1.03
E Soluble cations Mg: i 0.62
2 meq.I ! Na 3.20
o ; K 0.06
Total Nitrogen (mg. kg™') 620.00
Qrganic matter (%) 1.04
CaCO; (%) B 3.13 |

Statistical analysis:

Data were analyzed with the statistical analysis software, CoStat
(2005). All multiple comparisons were first subjected to analysis of variance
(ANOVA). Comparisons among means were made using least significant
differences (L.S.D.) at P £0.05 according to Gomez and Gomez (1984).

RESULTS AND DISCUSSION

This experiment was conducted in salt affected soil with pH value
(8.35) in the alkaline side of Tag El-Ezz Agric. Res. Station, Dakahlia
governorate to study the effect of inoculation of wheat grains with
Azospirillum brasilense and/or Azotobacter chroococcum under different
levels of inorganic nitrogen fertilizer on root colonization, yield, growth and N-
uptake by wheat plants.

. Impact of inoculation on the #ounts of some bacterial groups in
wheat rhizosphere soil:

The results presented in Tables (2,3,4 and 5) show the effect of
Azospirillum and/or Azotobacter inocula in combined with different mineral N-
levels, on total numbers of Azospirillum, Azotobacter and total No-fixers as
well as total bacterial count in the rhizosphere soil of wheat, cultivated in salt
affected soil, after 30, 60, 90 and 120 days from sowing.
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1.1. Azospirillum counts as affected by tested N,-fixers inoculation:

The results in Table (2) showed that inoculation of wheat grains with
Azospirillum brasilense increased great}y the counts of Azospinilum in the
rhizosphere soil of wheat, especially, at ﬂhe blofertlhzatnon supplemented with
high IeveI of inorganic nitrogen (80 Kg 'N. fed.”) which reached 6.813 log.
cycle g.”" dry soil after 60 days of sownng thereafter, gradually decreased to
reach up to 5.093 log. cycle after 120 days. Azotobacter inoculation also
increased the number of azospirilla but tjmese numbers are less than those of
above, which reached 5.505 log. cycle at 80 Kg N. fed.™ after 60 days from
sowing then, decreased slowly. In dual inoculation of Azospirillum and
Azotobacter as well as in uninoculated one, the numbers of Azospirillum at
the end of cultivation periods (120 dayst tended to increase more than the
single inocula. This means that dual inoculation of Azospirifflum and
Azotobacter enhanced and stimulated greatly the number of azospirilla with
the prolongation of cultivation time up to 120 days. These results are in
agreement with those reported by Ali et al., (2002)

Table (2): Changes in counts of azospmlla in rhnzosphere so:l through
different planting periods of wheat (log. c.f.u.g.”” oven dried

soil). ,
Treatment | Time in days
Inoculation Am;""‘j“&“f’;‘dﬂ‘.ﬂt” ate % 60 90 120
80 . 5.732 6.813 5.212 5.093
60 , 5.633 5.954 5.328 5.107
Azospirillum 40 ; 5.631 5.551 5.446 5.111
20 5.491 5.505 5.265 5114
0 , 5.398 5.176 5.267 4.898
80 | 5.407 5.505 5.398 4718
60 . 5.365 5.255 5.193 5.053 |
Azotobacter 40 1 5.309 | 5342 [ 5362 [ 5.104 |
20 . 5.230 5.270 5.307 5.155 |
0 ; 5.146 5162 | 5.146 5.230
80 1 5.041 5176 | 5.362 5.462
60 + 5,663 5519 | 5.491 5.491
Dual inoculation 40 i 5.631 5.519 5.480 5.467
20 15.477 5.690 | 5.348 5.334
0 "5147 | 5146 | 5146 | 5.083
80 44.699 5146 | 4.732 5.362
. . 60 5.568 5322 | 5.146 5.258
ot 40 75560 | 5368 | 5380 | 5360
20 15.000 5193 | 5.419 5.219
0 14,447 5.056 | 5.342 5.119
Initial Azosplrillum in soil was 3.898 log. cxle

1.2. Azotobacter counts as affected by t;.sted Ny-fixers inoculation:
Table (3) shows also that in the case of Azotobacter inaculation, the
numbers of Azotobacter in rh:zospherq soil of wheat plant increased
gradually up to 90 days at 60 Kg N. fed then decreased to 5.081 log. cycle
at 120 days, whereas at 20 Kg N. fed.™ the numbers reached 5.243 log cycle
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after 30 days of planting then decreased slowly to reach 5.080 log cycle at
120 days. Generally, the inoculation with Azotobacter, gave numbers of
Azotobacter in rhizosphere soil of wheat more than that of Azospirillum
inoculation. It was clear that dual|inoculation caused slight increase in the
numbers of Azotobacter than those of Azospirillum inoculation especially at
low nitrogen levels after 120 days of planting. Also, it was noticed that the
inoculation with Azotobacter, Azo#pin’llum or dual inoculation recorded high
number of Azofobacter than the wuninoculated treatment during cultivation
period at any level of nitrogen fertili#er.

Table (3): Changes in counts of Azotobacter in rhizosphere soil through
different planting periods of wheat (log. c.f.u.g.” oven dried

soil). |
Treatment ) Time in days |
Inoculation Ama;n&u;: dt}grate{ 30 60 90 120 T
80 ! 5.220 | 5.380 | 5.565 5.085
60 5.176 | 5.462 | 5.574 5.090
Azospirililum 40 5.212 | 5.431 | 5.516 5.153
20 5.455 | 5.380 | 5.438 5.093
0 | 5.230 | 5.230 | 5.408 5.080
80 * 5.398 | 5.204 | 5.556 5.086
60 5.267 | 5.380 | 5.643 5.081
Azotobacter 40 ‘ 5.757 | 5.467 | 5.618 5.080
20 ‘ 5,243 | 5.158 | 5.491 5.080
0 ‘ 5.342 | 5.322 | 5.556 5.125
80 ‘ 5.389 | 5.241 | 5.418 5.093
Dual 60 ‘ 5.241 | 5246 | 5.332 5.086
inoculation 40 ! 5.238 | 5.104 | 5.418 5.181
20 ! 5.199 | 5111 | 5.455 5.081
0 5.155 | 5.100 | 5.580 5.085
80 ; 4924 | 5.021 | 5.057 4,852
. . 60 4.968 | 4.954 | 4.901 4.852
U“(‘ggﬁ;‘r‘;‘)‘“ 40 T 15.041 | 4944 | 4.903 4.847
20 | 5.004 | 5.092 | 4.949 5.037
0 j 5.021 | 5.004 | 5.004 4.847
Initial Azotobacter in soil was 2.699 log. cycle.

1.3.Count of total N,-fixers as affected by tested N,-fixers inoculation:
Results in Table (4) also showed that, in case of inoculation, there
are pronounced increase in total count of nitrogen fixers with the prolongation
of cultivation period than those without uninoculation. With Azotobacter
inoculation, the numbers N, -fixers reached up to 7 log cycle after 30 days
under different levels of inorganic nitrogen and decreased slowly to the end of
planting period (120 days). Also, with Azospirillum, the numbers of nitrogen
fixers was found in the same trend as in Azofobacter inoculation, but, they
were low compared to the inoculation of Azotobacter. While, the dual
inoculation gave lower number thar single inoculation treatments, after 30

\
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days, then, give the same trend of single inocula up to the end of cultivation
period. Our results are in agreement with those obtained by Ali et al., (2002).
1.4. Total bacterial count as affected by tested N, -fixers inoculation:
From the results tabulated in Table (5) it could be observed that
inoculation with either Azospirillum brasilense or Azotobacter chroococcum
increased and gave higher numbers of total bacterial counts. They reached
8.225 and 8.627 log cycle g. ' dry soil, respectively, compared with dual
inoculation and uninoculated treatments whnch gave 7.681 log cycle g.” dry
soil after 60 days and 7.872 log cycle g, dry soil after 30 days of cultivation
at the same level of inorganic nitrogen farttllzer (80 Kg N. fed.™), respectively.
Similar results were obtained by Ali ef aI1 (2002) and Hanna et al., (2004).

Table (4): Changes in counts of tatal N,-fixers in rhizosphere sonl
through different plantmg periods of wheat (log. Cng
oven dried soil).

Treatment 1 Time in days
Inoculation A"j:;';u;: dn.ﬂt; awe gbo ‘ 60 90 120
80 7,050 6.425 6.401 6.219 |
60 ~7.046 6.338 | 6.515 6.200 |
Azospirillum 40 6513 6.471 6.743 | 6.199
20 6.969 6.509 | 6.408 6.203
0 - 6.520 6384 | 6418 | 6219
B 80 7.394 6.384 | 6.479 6.250
60 6.744 6.415 | 6.471 6.253
Azotobacter 40 6.813 6.502 6.458 6.243
20 7.107 6.563 6.481 6.204
0 ~7.033 6.473 6.515 6.315
80  6.486 6.606 | 6.221 6.248 |
Dual 60  6.457 6.577 | 6239 | 6259 |
inoculation 40 6.429 6.415 | 6.229 6.255
20 6.404 6.502 | 6.224 6.296
0 6.178 6.398 | 6.243 | 6.182
80 6.?5 6.307 | 6.208 | 6.004 !
. . 60 6.048 6.034 | 6.143 [ 6.010
U"('::‘gﬁ,:‘rgt)w“ 40 6.014 | 6.047 | 6.093 | 6.012
20 6.007 6.312 6.179 6.014
0 6.006 6.116 | 6.114 6.010
Initial total Ny-fixers In soil was 4.505 log. cycle.

2. Growth, yield, and N-uptake of wheat as influenced by ammonium
nitrate and inoculation with Agzospirillum brasilense and/or
Azotobacter chroococcum: i

2.1. The effects on wheat growth during) cultivation period:

During the cultivation period, wheat samples at 60, 90, 120 days from
sowing were collected and analyzed to follow up the growth of wheat. It couid
be easily observed from Table (6) that the wheat dry weight and N-uptake at
different stages of cultivation period increased greatly by increasing the rate
of nitrogenous fertilizer, because it helps the plant to build up all metabolites
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and subsequently improves growth parameters. Higher values of such criteria
were observed when inorganic nitrogen was used with dual inoculation
followed by Azospirillum and Azotobacter inoculation treatments. This is may
be due to that these inoculants produced growth promptings and other
substances as well as fixing much more amount of atmospheric nitrogen,
thus these materials enhancing and stimulating the plant growth, yield and its
containing from NPK. Similar results were obtained by E!-Borollosy & Refaat
(1982). They observed that inoculation with a mixture of A. chroococcum and
Azospirillum sp. gave higher fresh and dry weights of maize plants, followed
by inoculation with Azotobacter then|Azospirillum.

Table (5): Changes in total bacte ial counts in rhizosphere soil through
different planting periods of wheat (log. c.f.u.g.'1 oven dried

soil). 4
Treatment ’ Time in days
Inoculation A“"("‘(‘;"I:I“gd‘}%‘)' atel 39 | e0 | 90 | 120
~ 80 8167 | 7.705 | 7.554 | 7.580
60 8.113 | 7.740 | 7.611 | 7.512
Azospirillum 40 8.225 | 8.130 | 7.653 | 7.519
20 8.104 | 7.724 | 7.598 | 7.520
0 8.170 | 7.708 | 7.613 | 7.490
80 8.627 | 7.556 | 7.585 | 7.499
60 8.452 | 7613 | 7602 | 7.516
Azotobacter 40 8.051 | 7.607 | 7.504 | 7.496
20 8.375 | 7.663 | 7.534 | 7.507
0 8.334 | 7693 | 7.569 | 7.507
80 7.496 | 7.681 | 7.513 | 7.498
60 7.512 | 7.613 | 7.496 | 7.499
Dual inoculation 40 7.503 [ 7.645 | 7.498 | 7.496
20 7.500 | 7.613 | 7.496 | 7.492
0 7.499 | 7.556 | 7.499 | 7.479
80 7.872 | 7.550 | 7.217 | 7.185
Uninoculation 60 7.239 | 7.238 | 7.237 | 7.179
(cantrol) 40 | 7.204 | 7.255 | 7.265 | 7.181
20 7.205 | 7.247 | 7.253 | 7.181
0 7.203 | 7.238 | 7.209 | 7.180
Initial total colonies in soil was 6.2585 log. cycle

2.2. The effects on wheat yield ﬂnd its components at the end of life
cycle: ‘
At the end of life cycle of wheat, samples of grains and straw were
analyzed for their content of protein (%), then the N-uptake (kg. N. fed™') was
determined. The results presented in Table (7) show increasing of N-uptake
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at the end of wheat life cycle in|all inoculated treatments over the
uninoculated one, but the dual inoculation gave highest N-uptake especially
with the use of high level of inorganic pitrogen followed by Azospirillum and
Azotobacter inoculation. The increasing of N-uptake reflected on the protein
content of grains and straw.

Table (6):Effect of ammonium nitrate and inoculation with Azospirillum
and/or Azotobacter on wheat dry weight and N-uptake during
cultivation period.

ry weight N-uptake
Treatments J? plan%") {m E;J'; ant! )
Ammonium . Time in days ]
nitrate Inoculation 80 || 90 | 120 esoJ 90 120 |
Azospirillum 2,961 6.76 | 8.69 | 62.17 [ 155.37 | 243.05
, Azotobacter 2.85{ 6.57 [ 8.45 ] 55.50 | 137.29 | 230.79
80kg N fed.”" [ Dualinoculation | 3.10]| 7.05 | 8.94 | 70.39 | 168.88 | 294.24
Uninoculation 3.05/164517.70]61.00 | 141.90 | 280.46
Mean 299 6.71 ] 8.45]62.26 | 150.86 | 262.13
Azospirillum 287 6.35|823]|63.80| 163.40 | 255.61
Azotobacter 2801 6.16 | 8.19 | 57.87 | 135.53 | 248 .41
60 kg N fed.” [ Dual inoculation 3.001657)828]71.08| 171.00 | 305.93
Uninoculation 270|625 | 7.17 ] 51.30 | 132.50 | 157.74
Mean 284 1633(797(61.01| 15061 | 241.92
Azospirillum 2.78 | 622 | 7.38 | 63.90 | 161.89 | 204.22
Azotobacter 269|609 | 7.21] 58.21| 140.04 | 185.05
40 kg N fed™ Dual inoculation 2911636 (771171861 170.00 | 231.03
Uninoculation 2421570668} 4169 114.00 | 133.60
Mean 270 [ 6.09 | 7.25| 58.91 | 146.48 | 188.47
Azospirillum 253|589 |666| 4894 ( 129.52 | 170.97
Azotobacter 239 5651634 ) 4458 | 113.94 | 149.96
20 kg N fed.” Dual inoculation 264 16.19 | 7.07 | 55.41 | 146.35 | 195.57
Uninoculation 2321528590 3944 | 100.32 | 112.10
Mean 247 |/5751649 | 47.09 | 122.53 | 157.15
Azospirillum 1.95 (/5101 5.89] 33.12| 93.66 | 120.40
, , Azotobacter 1.81 /5.00( 5.67 | 29.97| 91.711 108.02
O kg N fed” Dual inoculation 2.07 ||5.19 1599} 3735 9525 131.61
Uninoculation 1.78 11458 | 5.39 | 2760 ] 73.28 | 91.58
Mean 1.90 |14.97 | 5.74 | 32.01 | 88.47 [ 112.90
LSD. at N x Inoculation 0.19 (1023 [ 0.09] 4.87 6.06 | 21.91
i; 50:05 N rate 0.44 |[10.15 ] 0.31 1.79 2.55 | 12.13
inoculation 0.43]1091]022] 1.88 253 11.08

Ali et al., (2002) showed that th
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increasing in nitrogen uptake and
protein content (%) can be attributed to the ability of Azospirillum brasilense
and Azotobacter chroococcum to fix atmaspheric nitrogen together with high
production of growth promoting substances that enhance root development
and function and stimulate seed germination, shoot and root length, and
subsequently increased nutrients uptake by wheat plants.
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Table (7). Effect of ammonium nitrate and inoculation with

Azospirillum, and/or

zotobacter on N-uptake and protein

content of wheat at harvesting.

Treatments Grai\n Straw N
S . on| N [Protein| o | N-  |Protein|UPtake
; Inoculation [N (%) upta+e (%) N (%) uptake | (%) fg;g_i.)
- |Azospirillum 1.953 |54.889(12.206( 0.473 | 17.864 | 2.956 | 72.75
g Azotobacter 1.913[54.081]11.956]0.431 | 16.766 | 2.694 | 70.85
8 = [Dualinoculation |2.117 160.514(13.231| 0.511 | 20.900 | 3.194 | 81.41
2 |Uninoculation 1.852 |51.365|11.575) 0.241 | 9.439 | 1.506 | 60.80
Mean 1.959 [55.212]12.242]| 0.414 | 16.242 | 2.588 | 71.45
. |Azospirillum 1.833 [50.710[11.456| 0.427 | 15.785 | 2.669 | 66.49
'g‘ AZzotobacter 1.843 |51.80711.519| 0.401 | 15.505 | 2.506 | 67.31
8 % |Dual inoculation | 1.992 |55.776[12.450| 0.469 | 17.588 | 2.931 | 73.36
2 |Uninoculation 1.760 [31.064(11.000( 0.389 | 10.892 | 2.431 [ 41.96
Mean 1.857 [47.339(11.606| 0.422 | 14.942 | 2.634 | 62.28
. |Azospirillum 2.099 |47.889(13.119/ 0.497 | 17.478 | 3.106 | 65.37
5 |Azotobacter 2.209 |53.646(13.806| 0.411 | 14.933 | 2.569 | 68.58
@ = |Dual inoct*'ation |2.317 |54.13714.481| 0.477 | 15.010 | 2.981 | 69.15
2 |Uninoculation 1.711 |25.579(10.694| 0.330 | 9.845 | 2.063 | 35.42
Mean 2.084 |45.313/13.025] 0.429 | 14.316 | 2.680 | 59.63
_ |Azospirillum 1.831 |30.02811.444| 0.352 | 10.361 | 2.200 | 40.39
g Azotobacter 1.756 [28.711[10.975| 0.348 | 10.208 | 2.175 | 38.92
& = [Dualinoculation |1.937 |33.675[12.106] 0.401 | 13.393 | 2.506 | 47.07
2 [Uninoculation 1.329 | 17.277) 8.306 | 0.320 | 8.501 | 2.000 | 25.78
Mean 1.713 | 27.423]10.708| 0.355 | 10.616 | 2.220 | 38.04
. |Azospirillum 1.798 |1 23.716]11.238| 0.333 | 6.993 | 2.081 | 30.71
‘s |Azotobacter 1.691 [21.685{10.569| 0.311 | 6.500 | 1.944 | 28.03
o > |Dual inoculation |1.830 [25.345|11.438|0.344 | 7.602 | 2.150 | 32.95
2 |Uninoculation 1.101 |12.056| 6.881 | 0.220 | 3.351 | 1.375 [ 15.41
Mean 1.605 [20.663(10.031|0.302 | 6.112 | 1.888 | 26.77
LSD N X Inoculation 4.21 2.33
at 0.05.N.rate 1.92 1.01
Inoculation 1.63 0.98
They also show that the N-fertilization of wheat plants increased the

protein content and that subsequen

ly improves the grain quality. This is due

to the influence of N availability at|critical stages of spike initiation and the
development on plant metabolism [in way leading to increase synthesis of
amino acids and their incorporation into grain protein. Darwiche (1994)
indicated that any increase in N-fertilization was followed by an increase in

protein percentage in wheat grain.

Results presented in Table (8) clearly showed that wheat yield and its l
attributes were highest and increased greatly with the increasing of nitrogen

dose and significantly increased witl

the inoculation by N»-fixing bacteria.

All inoculated treatments showed significant increases in both grains

and straw yields compared to
inorganic nitrogen fertilizer levels

ininoculated treatments irrespective of
(Table, 8). However, highest values of
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these parameters were observed with the dual inoculated treatment followed
by Azotobacter and Azospirillum inoculation. For uninoculation treatments the
application of 0, 20, 40 60 and 80 Kg N. fed.” gave 7.30, 8.67, 9.97, 11 77

and 16.49 ardab fed."

for straw yields, respectively.

for grain and 1.52, 2.66, 2.98, 2.80 and 3.92 ton fed.™

Table (8): Effect of NH,NO, and inoculation with Azospirillum and/or

Azotobacter on wheat yield and its components.

Treatments I @ | £ elo—~|o._
c a - 3. g’ - % © R ET-U EF
o =9 | Oln oE |9 2] 5= =0 >..8
Q 28 o2 | o5 |g2%| 25 5|32
§ Inoculation Oo Z -g x> |Z 'E_ “ 8% s ?‘ 8 E,
E 2 5| & R K
- | Azospiriflum 2.50 [48.21 [ 11.25[20.09]50.97 [18.74] 3.78 |
235 [Azotobacter 217 [ 44.08 [ 11.18 | 18.46 | 47.64 | 18.85) 3.89
S 'g Dual inoculation | 2.17 | 43.44 | 11.19 ] 19.37 | 47.72 | 19.06] 4.09
Uninoculation 2.09 | 46.00 | 11.37 | 17.25 | 44.87 [ 16.49] 3.92
-~ | Azospirillum 210 | 4248 | 11.58 | 18.06 | 49.81 [18.44] 3.70
E'g Azotobacter 1.84 [ 37.77 [ 11.13 [ 16.45 [ 49.12 [18.67| 3.75
3 ; Dual inoculation 1.85 [38.19 [ 10.88 [ 16.27 | 47.83 [18.74 3.87
Uninoculation 1.67 | 31.80 [10.88 ] 15.90 [ 47.59 [11.77[ 2.80
- | Azospiriflum 1.99 [40.85 [10.43 | 19.42 {4823 [1521[ 352
E’g Azotobacter 219 [40.55[10.49 [ 20.86 | 53.50 [16.19] 3.63
< "z- Dual inoculation | 2.37 [43.73 [ 11.17 { 21.29 | 50.50 [15.58] 3.15
Uninoculation 216 [4543[11.42]2213]4809[9.97 | 2.98
- | Azospirillum 1.85 [39.48 [ 10.13 ] 19.24 | 46.18 [10.93] 2.94
23 [ Azotobacter 2.19 | 45.13 | 10.76 | 17.48 | 47.75 | 10.90 | 2.93
< > Dual inoculation | 2.27 | 47.10 | 10.78 | 19.56 | 47.20 | 11.59] 3.34
Uninoculation 2.12 | 54.38 | 10.78 | 20.23 [ 45.14 | 8.67 | 2.66
> Azospirillum 1.45 [ 3221|8380 | 1581 ]44.35]879 [ 2.10
o e | AZolobacter 1.88 | 40.11 [ 10.21 ] 18.60 | 46.69 | 8.49 | 2.09
: & | Dual inoculation | 2.11 [ 41.98 | 10.40 | 19.46 [ 47.98 [ 9.23 [ 2.21
Uninoculation 1.89 |43.37 [11.17[19.27 [43.99 [ 7.30 [ 1.52]
Effect of Ammonium nitrate ( kg N fed.”) © |
80 223 (4548 (1125|1894 [4825[18.78] 3.92]
60 1.86 | 37.56 [ 11.12[16.82 [ 48.85 |16.90] 3.53
40 2.18 | 42.56 | 10.88 [ 21.06 | 50.21 [14.24] 3.32
20 211 | 46.52 ] 10.61 [ 19.69 | 46.78 [10.52] 2.97
0 1.70 [ 39.42 | 10.15]18.57 | 45.93 | 8.63 | 1.98
Effect of inoculation
Azospirillum 1.98 | 40.58 | 10.44 ] 18.75] 48.05 [ 14.42] 3.21
Azotobacter 2.06 | 41.53 | 10.75 [ 18.86 | 49.42 | 14.63] 3.28
Dual inoculation 2.16 | 42.89 | 10.89 | 19.29 [ 48.54 [ 14.82[ 3.31
Uninoculation 1.87 | 44.20 [ 11.12 [ 19.16 ] 46.01 [ 11.38] 2.78
L.S.D. | N x Inoculation 0.09 | 320/ 111 [ 238 [ 2.07 [ 1.06 [ 0.94
at N rate 005 | 113/ [ 1.06 [ 225 124 [ 1.78 | 0.91
0.05 | Inoculation 0.04 | 1.09[] 105171 ] 112 [ 0.92]0.46
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These results may be attributed to the high efficiency of bacteria
presented in inoculated grains to fix atmospheric nitrogen and to produce
some biologically active substances, e.g., |AA, ALA, gibberellins and
cytochinine-like substances. These [results are in line with those reported by
Kotb (1998) and Ali et al., (2002). They showed higher grain and straw yields
when they use inoculated grains of wheat than uninoculated ones in both silty
clay loam and sandy soils.

It is worth to mention that the dual inoculation by Azotobacter and
Azospirililum recorded the highest values of grain and straw yieids (19.06 &
18. 74 ard. fed." and 4.09 & 3.87 ton. fed." respectlvely) at 80 and 60 Kg N.
fed.”". In addition, the yield at 80 Kg N. fed ! without mowlatnon recorded
Iower result than inoculation treatments at 60 Kag N. fed.”". Also, the same
result was obtained with 60 Kg |N. fed without moculatnon and with
inoculation treatments at 40 Kg N. fed.™'. Thus, the inoculation save about 20
units of N-fertilizer and that saving \was economically feasible. Therefore, it
seams from the data that the recommended dose of chemical N-fertilizer
could be reduced by using biofertilizer, which in turn minimizes the production
costs and environmental poliution, which can occur with the excess use of
chemical fertilizers.

With respect to wheat yield components (Table, 8), inoculation of
wheat grains by Azospirillum in combined with high levels of inorganic
nitrogen (80 and 60 Kg N. fed. ) recorded the highest values of grain
weight/spike, number of grains/spike, spike length, number of spikelet/spike
and 1000-grain weight, followed by |ther Azotobacter or dual mowlatlon On
the other hand, at low levels of N|(0, 20 and 40 Kg N. fed.") the mixed
inoculation and single with Azotobacter gave the highest results followed by
Azospinillum inoculation. In all cases, the inoculated treatments gave better
results than the uninoculated and control ones.

it is worth to mention that seed inoculation increased all values of
wheat yield and its components at all|/levels of N-fertilizer (ammonium nitrate).
Shams EI-Din & Abdrabou (1995) and Kotb (1998) stated significant
increases in number and weight of grain/spike by inoculation of wheat grains
by N,-fixing bacteria.

In summary, the effect of soil salinity on wheat growth could be
neutralized by the inoculation of eat grains with Azospiniflum and/or
Azotobacter, which improved the yield, and growth as well as protein content
of wheat in salt affected soil. However, these inocula alleviated the adverse
effect (s) of salinity, particularly, when plants were inoculated with both
bacteria. This alleviation was enough for the plant to be able to overcome the
harmful effects of salinity. Therefore, we recommend inoculating wheat grains
with such bacteria when wheat is cultivated in salt affected soil especially
when its pH in the alkaline side. Moreover, the addition of Azotobacter .
chroococcum and Azospinillum brasilense to wheat grown soil, is very useful
because, these non-symbiotic nitrogen fixing bacteria saved more than %
recommended dose of mineral nitrogen fertilizer and increased soil fertility as

well as increased greatly wheat yield and its quality under such adverse
conditions.
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