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ABSTRACT

A field experiment was conducted to study the effect of different rates of
nitrogen (anhydrous ammonia at 0, 20, 40, 60 and 80 Kg N fed™) and single or dual
inoculation with Azospirillum brasilense and Azotobacter chroococcum on plant
growth and N-uptake of wheat at Abo Eash (Fayoum Govemorate) during the growing
season of 2000-2001. The experimental design was split-split plot in a randomized
complete blocks with three replicates. The obtained data showed significant
increases in dry weight and yield either by increasing the rate of nitrogen application
or with dual inoculation. All the inoculants gave significantly higher grain and straw
yield and nitrogen uptake by wheat plant than other uninoculated treatment. it was
observed that dual inoculation with Azotobacter chroococcum and Azospinillum
brasilense performed significantly better followed by single inoculation with
Azotobacter or Azospinllum. The maximum benefit was obtained with combined
inoculation at all levels of N-fertilizer and increased all values of wheat yield and its
components. The results illustrated that, incremental rates of applied nitrogenous
fertilizer to wheat plants gradually increased the means of N-uptake by both grains
and straw. It could be concluded that a substantial amount of chemical N fertilizer
could be saved by using biofertilizer which in turn minimizes the production costs and
pollution factors, which can occur by the excess use of chemical fertilizers.

Keywords: Anhydrous ammonia, Azospinllum brasilense and Azotobacter
chroococcum, plant-bacteria interaction, wheat growth.

INTRODUCTION

Wheat is one of the major crops in Egypt. Any effort to increase
wheat yield to face the continual increasing of consumption is highly
appreciated. It is well known that nitrogen is considered as one of the limiting
factors to achieve the high yield #f wheat crop. With the steadily increasing
prices of nitrogen fertilizers and the pollution problems, the atmospheric
dinitrogen -fixing systems are becoming more and more important. The
efforts to decrease utilization of chemical fertilizers by using biofertilizers
might reduce financial costs. Fixation as an alternative or supplementary
source of nitrogen for wheat has been the major approach in soil fertility
management of nitrogen for wheat (Kotb, 1998). Hence to obtain optimum
yields of cereal —crops, the maintenance of soil fertility at a high levelis
utmost important. Since chemical fertilizers are very expensive for medium
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and marginal farmers,. the use of nitrogen fixing bacteria assumes a greater
important (Darmwal and Gaur, 1988).

Application of Azotobacter and Azospirillum to wheat, maize,
sorghum, rice, millets, vegetables, potatoes, cotton and sugarcane grown
under both irrigated and rainfed conditions, with and without application of
NPK, increased yields of these crops (Kapulink et al., 1981; Rai & Gaur,
1982; Saha et al, 1985, Eweda & Vlassak, 1988; Okon & Labandera-
Gonzalez, 1994 and Fallk & Okon, 1996). The beneficial effect of
Azotobacter and Azospirillum are related not only to their N,-fixing proficiency
but also with their ability to produce antifungal compounds, growth regulators
and siderophores (Pandey and Kumar, 1989). Single or dual inoculation of
wheat seedlings with Azotobacter chroococcum and Azospirillum brasilense
in sterilized soil have been extremely variable-from significantly negative
(Barber et al, 1976 and Albrecht et al, 1977) to significantly positive
stimulation of their population in the rhizosphere, 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 and Saleh, 1985 and EIShanshoury, 1995).

On the other hand, the use of chemical N-fertilizer especially NH;
gave higher grain yield, straw and uptake efficiencies than other N chemical
fertiizer (Raun, 1986; Raun et al., 1989 and Darwish, 1988 & 1993).

Therefore the present investigation was undertaken to study the
effect of inoculation with Azospinllum brasilense and Azotobacter
chroococcum on the growth, N-uptake as well as bacterial colonization and
the yield of wheat at different nitrogen levels (anhydrous ammonia) under
saline alkaline field conditions.

MATERIALS AND METHODS

Experimental conditions:

A field experiment was carried out at Abo Eash (Fayoum
Governorate) during the season of 2000-2001. The experiment was aimed to
study the effect of the inoculation with two strains of assymbiotic No-fixing
bacteria, Azospirillum brasilense or/land Azotobacter chroococcum on the
growth, N-uptake, bacterial colonization and wheat yield at different rates of
anhydrous ammonia under field conditions. The experimental plots (3.5 x 3.0
m) were planted with wheat grains (c.v. Sakha 69). Potassium and
phosphorus were added at sowing date with the rates of 48 and 15 kg fed”,
as KO and P,0s, respectively. The nitrogen fertilizer used were anhydrous
ammonia (82% N). The anhydrous ammonia was injected directly at the
rates of (0, 20, 40, 60 and 80 Kg fed™') into the moderately moist soil at 15 cm
depth with 30 cm spacing between points of injection before planting.

Preparation of inocula:
Azospirillum brasilense (isolated from rhizosphere of wheat grown in

saline alkaline soil, Ali, 1997) was grown on liquid N-deficient medium
(Dobereiner et al., 1976) with shaking at 28-30°C for 48 h. Azotobacter
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chroococcum previously isolated from wheat soil in 1999. Then two strains
were purified, characterized and checked to nitrogenase activity before used.
After that, these strains were grown in modified Asby’s medium (Abdel-Malek
and Ishac, 1968) with shaking at 30°C for 24 h.

Seed preparation:

Wheat seeds were inoculated by soaking in liquid culture with etther
sole or a combined inoculum of Azospirillum bras:lense (10% cells mi™
approximately) and Azotobacterchroococcum(10 cells ml’approxmate!y)
Arabic gum was added to the liquid culture as an adhesive agent before
treating seeds. [noculated seeds were spread over a plastic sheet for short
time to dry before planting. Uninoculated seeds were enriched with

autoclaved culture. All treatments were carried out in three replicates.

Bacterial counts:

Soil samples at 30, 60, 90 and 120 days from sowing were taken
from the rhizosphere of plants, and (10 g) root free soil were shaken for 1 hr
in 90 mi sterilized tap water and ten fold dilution were made.

1. Enumeration of Azospirillum in soil samples was done using semi
solid malate medium (Dobereiner et al, 1976) and MPN
technique.

2. Numbers of Azotobacter in soil samples were determined on
modified Ashby’s liquid medium (Abdel-Malek & Ishac, 1968) and
using MPN technique.

3. Total Np-fixers were determined by using Watanabe &
Bawraquia, 1979 and pouring plate method technique.

4. Total colony counts were made on Bunt & Rovira (1955) modified
soil extract agar medium and incubation at 30°C for 7 days.

The counts of Azospirilum, Azotobacter, total N,-fixers as well as

total bacteria were related to dry weight of soil samples at 105°C.

Plant growth characters:

Plant samples at 60, 90 and 120 days from sowing were taken from
inner area of each plot (to minimize border effect). Dry matter yield (g/plant),
N-uptake at harvest tlme yield component of the inner 1 m? of each plot, i.e.,
grain yield (Ard. Fed), straw yield (ton. fed™"), N-uptake of dry matter y|e|d
and straw were determined (Jackson, 1973). All data were calculated on dry
weight basis at 70°C.

The soil was analyzed for mechanical and some chemical properties
according to the standard method (Black, 1965) and the data was given in
Table (1).
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Table (1): The mechanical and some chemical properties of soil used.

Properties Soil
1. Particle size distribution of soil

Sand % 40
Silt % 20
Clay % 40
O.M% 1.04
CaC03% 8.40
Texture Clayey

2- Chemical analysis of soil
a-Soluble cations (meq L™)

Na* 3.3
K* 0.17
Ca™ 1.03
Mg** 1.24
b- Soluble anions (meq L-1)
co* -
HCO™ 1.27
cr 1.10
S04~ 3.37
PH 8.2
E.C (m mohs/cm at 25°C) 0.56
CEC meq/100 g soil. 32.0 |

Total N ppm 620.

RESULTS AND DISCUSSION
This experiment was conducted in saline alkaline soil of El-Fayoum
Governorate to study the associative effect of Azospirillum brasilense and
Azotobacter chroococcum under different levels of inorganic nitrogen on yield
and N-uptake by wheat plants.

1. Effect of inoculation on some groups of microorganisms in wheat
grown soil:

To ensure the establishment of Azospinllum and Azotobacter
inoculum in wheat grown soil as affected with different N-levels, the total
number of Azospirilum and Azotobacter in soil were estimated by MPN-
method and total N.-fixers and total microbial count in pouring plate method
after 30, 60, 90 and 120 days of sawing.

a- Effect of bacteria! inoculation on Azospirillum counts:

Inoculation with A. brasilense increased the counts of Azospirillum in
soil at hlgh level of inorganic nitrogen 80 kg N fed"' which reached 3.26 x 10°
cells g dry soil of wheat after 60 days of sowing, thereafter gradually
decreased to reach up to 10* after 120 days. In the case of Azotobacter
inoculation, the numbers are less than those of the above which reached 2.3
x 10° at 40 kg N fed”' and decreased slowly. In combination of Azospirillum
and Azotobacter as well as in uninoculated one, the numbers of Azospinilfium
at the end of cultivation periods (120 days) tended to increase more than the
single inoculation (Table, 2).
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Table (2): Periodical changes in counts of azospirilla in root free soil* of

wheat (cells / g dry soil x 10%).

Treatments Time in days
30 | 60 90 120
1. Azospirillum inoculation L
a-80* 45 326 63 | 24
b-60[ 39 9 11.3 28
[ c-40 23 17 14.0 29
d-20[ 27 17 8.4 36
e-00[ 20 9.0 8.5 1.9
|2. Azotobacter inoculation
| a-80 9.8 22.0 15.0 0.22
1 b-60] 192 8.0 0.6 1.3
I c-40 3.0 12.0 23.0 2.7
| d-20[ 120 8.6 10.3 43
e-00[ 10.0 13.0 14.0 7.0
3. Dual inoculation
a-80[ 9.0 8.0 13.0 13.0
b-60[ 36.0 23.0 21.0 21.0
c-40 240 | 230 14.0 13.3
B d-20] 20.0 39.0 12.3 11.6
e-00[ 18.0 12.0 14.0 9.1
4. Uninoculated treatment
a-80] 3.0 8.0 2.4 13.0
b-60/ 27.0 16.0 9.0 8.1
c-40  23.0 16.0 14.0 14.0
| d-20/ 5.0 5.6 23.0 23.0
e-00, 28 0.6 22.0 23.0

* Initial in soil 0.79 x 10*

“* (a, b, ¢, d and d) doses of anhydrous ammonia kg N fed™

b) Effect of bacterial inoculation on Azotobacter counts:

Table (3) show that in Azospirillum inoculation, the numbers of
Azotobacter increased gradually up to 90 days at 60 kg N fed' then
decreased sharply up to 120 days, whereas at?20 kg N fed™ the numbers
were higher which reached to 16.5 x 10* after 30 days then decreased slowly
to reach 0.4 x 10* at 120 days. In the case of Azotobacter inoculation the
numbers were more than that of Azospirillum inoculation at 40 kg N fed™' 45.2
x 10* after 30 days decreased sharply to reach 0.03 x 10* at the end of 120
days. Therefore, it was clear that mixed inoculation caused light increase in
numbers than those of Azospirilum inoculation especially at low nitrogen
levels. Also, it was noticed that the uninoculated treatment recorded high
number than the mixed inoculation till 60 days then the numbers were
decreased at 20 and 40 kg N fed™.
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Table (3): Periodical changes in counts of Azotobacter in root free soil*
of wheat (cells / F dry soil x 10%).

Treatments Time in days |
30 60 90 120
1. Azospirillum inoculation
a- 80** 4.6 12.0 247 0.15
{ b- 60 3.0 17.0 255 0.29
c- 40 4.3 15.0 20.8 2.22
d- 20 16.5 12.0 15.4 0.4
1 e- 00 5.0 5.0 13.6 0.022
2. Azotobacter inoculation
a- 80 13.0 4.0 26.0 0.19
b- 60 6.5 12.0 32.0 0.054
c-40 452 17.3 295 | 003
d-20] 55 24 19.0 | 0.0
e- 00 10.0 9.0 24.0 1.33
3. Dual inoculation |
a- 80 12.5 54 14.2 0.35
b- 60 5.4 5.6 9.5 0.23
c-40 53 0.7 14.2 0.0585
d- 20 3.8 0.95 16.5 0.056
e-00 2.3 0.59 26.0 0.15
4. Uninoculated treatment |
a- 80 1.4 6.2 4.4 0.12
b- 60 2.3 2.0 0.97 0.12
c-40 27.0 1.8 0.99 0.03
d- 20 3.1 12.6 1.9 3.9
e- 00 3.5 3.1 31 0.03

* Initial in soil 0.05 x 10°
** (a, b, ¢, d and d) doses of anhydrous ammonia kg N fed™

c. Effect of bacterial inoculation on total N,-fixers count:

As indicated in Table (4) there are pronounced increased in total
count of nitrogen fixers with inoculation than those without moculatlon in the
case of Azotobacter inoculation the numbers reached up to 10’ after 30 days
under different levels of inorganic nitrogen and decreased slowly to the end of
cultivation periods (120 days). Also in the case of Azospirillum inoculation
the numbers of nitrogen fixers was found in the same trend as in Azotobacter
moculatlon but the numbers are lower than those of Azotobacter (up to 10°
cells g dry soil). It was clearly noticed that mixed inoculation gave lower
number than single inoculation after 30 days, further, it take the same trend
with single inoculation which numbers reach up to 10° after 60 days then
gradually decreased at the end of 120 days. Also, it was noticed that the
mixed inoculation gave higher numbers than those found with single
inoculation at the end of cultivation with moderate levels of inorganic nitrogen

(40 and 20 kg N fed™).
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Table (4): Periodical changes in counts of total N,-fixers in root free
soil* of wheat (CFU / g dry soil x 10°).

Treatments Time in days
30 60 90 120
1. Azospirillum inoculation
a-80* 971 11.6 10.2 1.56
b-60] 96.2 6.8 17.7 084 |
c-40[ 176 14.6 40.3 082 |
L d-20/ 782 24.7 10.6 0.95
L e-00] 181 9.2 11.2 1.55
2. Azotobacter inoculation
[ a- 80| 233.0 9.2 15.1 2.79
[ b- 60| 40.5 11.0 14.6 2.91
c-40{ 50.0 16.8 13.7 2.5
d-20] 113.0 21.6 15.3 1.0
e-00] 93.0 14.7 17.7 5.66
3. Dual inoculation
a-80| 156 25.4 1.64 2.71
b-60, 13.63 22.8 2.32 3.15
c-40| 11.87 11.0 1.96 3.00
d-20] 10.35 16.8 1.76 4.78
e-00, 0.58 10.0 2.5 0.207
4. Uninoculated treatment
a-80] 259 10.3 6.13 0.089
b-60| 1.17 0.82 3.9 0.240
c-40] 0.32 1.14 2.38 0.284
d-20, 0.159 10.5 5.098 0.3196
[ e-00/ 0.136 3.07 3.0 0.225

* Initial in soil 0.32x 10°

** (a, b, c, d and d) doses of anhydrous ammonia kg N fed™

d) Effect of bacterial inoculation on total microbial counts:

It could be seen from Table (5) that inoculation with either
Azospirillum brasilense or Azotobacter chroococcum increased the total
microbial counts than those in mixed inoculation, which gave higher numbers
reached 138 x 10° and 394 x 10%cells g dry soil, respectively, comgared
with mixed inoculation and uninoculated treatment which gave (18 x 10° cells
g dry soil at 80 kg N fed™' after 60 days and 20.5 x 10° cells g”' dry soil after
the same time of cultivation as well as at the same leve! of inorganic nitrogen,
respectively.
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Table (5): Periodical changes in total colony counts in root free soil* of
wheat (CFU / g dry soil x 10°).

Treatments Time in days
30 60 90 100
1. Azospirillum inoculation
a-80* 117.0 20.7 5.8 8.0
b-60] 99.7 250 10.8 2.5
c-40] 138.0 105.0 15.0 3.0
d-20] 97.0 23.0 9.6 3.1
e-00] 118.0 21.0 11.0 0.9
2. Azotobacter inoculation
a- 80/ 394.0 6.00 8.5 152 |
b-60] 253.0 11.0 10.0 2.8
c-40| 825 10.5 1.92 1.34
d-20{ 207.0 16.0 4.23 2.1
e-00[ 186.0 19.3 7.1 2.14 |
3. Mixed inoculation
a-80] 1.36 18.0 2.55 1.46 |
b-60[ 25 11.0 1.36 1.56 |
c-40] 1.82 14.2 1.50 1.33
d- 20 1.6 11.0 1.30 1.06
e-00[ 153 6.00 1.56 0.124
4. Uninoculated treatment
a-80] 59.5 205 1.50 0.32
b-60] 2.35 2.30 2.24 0.109
c-40, 0.98 3.00 3.40 0.165
d-20] 1.05 2.66 2.90 0.18
e-00| 097 2.28 1.19 0.12

* Initial in soil 0.18 x 10°

** (a, b, ¢, d and d) doses of anhydrous ammonia kg N fed™

2. Effect of anhydrous ammonia and single or dual inoculation with
Azospirillum brasilense and Azotobacter chroococcum on the growth,
yield and N-uptake of wheat plants:

Data presented in Table (6) show that the dry weight at different
stages increased by increasing the rate of nitrogen application. Higher
values were observed when inorganic nitrogen (NH;) was used with
combined inoculation foliowed by Azospiriflum inoculation and Azotobacter
inoculation treatments. Similar results were obtained by El-Borollosy &
Refaat (1982) which observed that inoculation with a mixture of A
chroococcum and Azospirillum sp that is in fresh and/or dry form gave
highest weights of maize plants, followed by inoculation with Azotobacter or
Azospirillum in decreased order.
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Table (8): Effect of anhydrous ammonia and inoculation with
Azospirillum, Azotobacter, and a mixture of nitrogen
uptake and protein content at harvesting.

. Total Protein
crain |
rain Straw N- content %
o N- o N- |uptake .
Treatments N% uptake N% uptake | kg/fed Grain | Straw
1- 80 kg N fed™

a- Azospirillum inoculation] 1.94 | 66.38 | 0.46 | 22.33 | 88.71 | 12.13 | 2.88
b- Azotobacterinoculation| 1.90 | 6550 | 042 | 21.95 | 87.45 | 11.88 | 2.63
¢c- Mixed inoculation 2.10 | 72.99 | 0.50 | 27.31 {100.30] 13.13 | 3.13
d- Uninoculated treatment| 1.85 | 61.61 | 024 [ 2222 [ 8383 T 1188 | 1 &n
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Table (6): Effect of anhydrous ammonia and inoculation with
Azospirillum, Azotobacter, and a mixture of them on wheat
plant dry weight (g/plant).

Treatments Time in days
60 90 120
1-80 kg N fed”
a- Azospirillum inoculation 2.71 6.51 8.44
b- Azotobacter inoculation 2.60 6.32 8.20
¢- Mixed inoculation 2.85 6.80 8.69
d- Uninoculated treatment 2.80 6.20 7.45
Mean 2.85 6.80 8.69
2-60 kg N fed”
a- Azospirillum inoculation 2.62 6.10 7.98
b- Azotobacter inoculation 2.55 5.91 7.94
c- Mixed inoculation 2.75 6.32 8.03
d- Uninoculated treatment 2.45 6.00 6.92
Mean 2.61 6.08 7.72
3-40 kg N fed™
a- Azospirillum inoculation 2.53 5.97 7.13
b- Azotobacter inoculation 2.44 5.84 6.96
c- Mixed inoculation 2.66 6.11 7.46
d- Uninoculated treatment 2.17 5.45 6.43
Mean 2.45 5.84 7.00
4-20 kg N fed”
a- Azospirillum inoculation 2.28 5.64 6.41
b- Azotobacter inoculation 2.14 5.40 6.09
c- Mixed inoculation 2.39 5.94 6.82
d- Uninoculated treatment 2.07 5.03 565
Mean 2.22 5.50 6.24
5-0 kg N fed™
a- Azospirillum inoculation 1.70 4.85 5.64
b- Azotobacter inoculation 1.56 4.75 5.42
c- Mixed inoculation 1.82 4.94 574
d- Uninoculated treatment 1.53 4,33 5.14
Mean 1.65 472 5.49
L.S.D. at0.05
N rate : 0.045 0.101 0.234
Inoculation : 0.040 0.090 0.209
N x inoculation : 0.090 0.202 0.080

The results presented in Tables (7, 8) show that in all treatments,
seed inoculation increased N-uptake of wheat plants over the controls but the
mixed Inoculation gave the highest effect especially with high levei of
inorganic nitrogen followed by Azospirilum inoculation then Azotobacter.
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stimulate seed germination, plant length, root length and subsequently
increased nutrients uptake by plants.

It is also clear shown that the N-fertilization of wheat plants increased
the protein quantity in the grains. This might be explained by 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
grains.

Grain and straw yields were significantly increased with inoculation
as compared to uninoculated treatments irrespective of inorganic nitrogen
fertilizer levels applied (Table 9). The mean values as a result of application
of 0, 20, 40 60 and 80 kg N fed” were 2.10, 5.20, 13.10, 16. 30 and 22.2
Ardab fed™ for grain and 2.07, 3.97, 4.55, 4.70 and 5.05 ton fed™' for straw
yield respectively against the highest values of inoculated treatments mixed
inoculation foliowed by Azotobacter inoculation then Azosprillum_inoculation
in order. These results may be attributed to the high efficiency of bacteria
presence in inoculated seeds to fix atmospheric nitrogen and to produce
some biologically active substances, e. g., |AA, ALA, gibberllins and
cytokinine-like substances. These results are in line with those reported by
Zambre et al. (1984), Abbas et al. (1994); Attallah and El-karamity (1997) and
Kotb (1998). They showed higher grain and straw yields when they use
inoculated seeds of wheat than uninoculated ones in both silty clay loam and
sandy soils.

It is quite clear from the data that grain and straw yields recorded
hlghest values at 80, 60 Kg N fed™ but it was noticed that the yield at 80 kg N
fed™ wrthout inoculation gave the same result with inoculated treatment at 60
kg N fed™ and the yield at 60 kg N fed with inoculated treatments at 40 kg N
fed"' Thus, the inoculation save 20 units of N-fertilizer (25-33.5%) and that
saving was economically feasible. Therefore, it seams from this data that a
substantial amount of chemical N-fertilizer could be saved by using
biofertilizer which in turn minimizes the production costs and poliution factors
which can occur by the excess use of chemicals fertilizers.

The results of grain weight/spike, number of grains/spike, spike
length, number of spklite /spike and 1000-grain weight (Table10) show the
highest values for Azosplr///um inoculation at high levels of inorganic nitrogen
(80 and 60 kg N fed") followed by either Azotobacteror mixed inoculation.
But 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 Azospirillum
inoculation in decreasing order more than the uninoculated and control,
Shams EI-Din and El-Habbak (1992), Shams EI-Din and Abdrabou (1995)
and Kotb (1998) stated significant increases in number and weight of
grains/spike by inoculated wheat grains N-fixing bacteria.

It is worthy to mention that seed inoculation increased all values of
wheat yield and its compcnents at all levels of N-fertilizer NH3 (anhydrous
ammonia).
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Table (9): Effect of anhydrous ammonia and inoculation with
Azospirillum, Azotobacter, and a mixture of them on
_grain and straw yields of wheat at harvesting.

Grain yield Straw yield Harvesting
Treatments Ard. Fed™ ton. Flclad'1 index*
1-80 kg N fed”
a- Azospirillum inoculation 22.81 5.03 0.410
b- Azotobacter inoculation 22.94 517 0.399
c- Mixed inoculation 23.17 5.47 0.389
d- Uninoculated treatment 22.20 5.05 0.397
Mean 22.78 5.18
2-60 kg N fed™
a- Azospirillum inoculation 22.23 4.89 0.406
b- Azotobacter inoculation 22.72 5.00 0.405
c- Mixed inoculation 22.90 5.15 0.400
d- Uninoculated treatment 16.30 4.70 0.342
Mean 21.04 4.94
3-40kg N fed™
a- Azospirillum inoculation 18.93 4.75 0.360
b- Azotobacter inoculation 19.07 4.80 0.373
c- Mixed inoculation 19.33 4.44 0.370
d- Uninoculated treatment 13.10 4.55 0.302
Mean 17.61 476
4-20 kg N fed™
a- Azospirillum inoculation 12.00 4.03 0.308
b- Azotobacter inoculation 22.00 4.20 0.304
c- Mixed inoculation 13.07 4.37 0.310
d- Uninoculated treatment 5.20 3.97 0.164
Mean 10.62 414
5-0 kg N fed"
a- Azospirillum inoculation 6.08 3.20 0.222
b- Azotobacter inoculation 6.17 3.27 0.221
c- Mixed inoculation 6.40 3.33 0.224
d- Uninoculated treatment 2.10 2.07 0.132
Mean 5.188 2.97
L.S.D.at 0.05
N rate : 0.1734 0.1333
Inoculation : 0.1551 0.1193
N x inoculation : 0.3468-7 0.2665
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Table (10): Effect of anhydrous ammonia and inoculation with
Azospirillum, Azotobacter, and a mixture of them on wheat
yield components.

Grain | Number | Spike |Number of 1000 .
Treatments weight/ |of grains| length | spiklete / v-grain
spike (g) | /spike | (cm) spike weight (g)
1- 80 kg N fed™
a- Azospirnillum inoculation 2.45 48.13 | 11.25 20.13 50.98
b- Azotobacter inoculation 2.14 44,07 11.16 18.60 48.71
¢- Mixed inoculation 2.14 43.43 11.18 19.53 48.86
d- Uninoculated treatment 2.06 45.90 11.15 17.30 44.88
Mean
2-60 kg N fed”
a- Azospirillum inoculation 2.103 42.43 11.86 18.23 49.91
b- Azotobacter inoculation 1.830 37.70 11.10 16.47 49.43
¢- Mixed inoculation 1.830 38.27 10.85 16.33 47.85
d- Uninoculated treatment 1.600 31.80 10.85 16.00 47.63
Mean
3-40kg N fed”
a- Azospirnillum inoculation 1.97 40.53 10.38 19.50 48.32
b- Azotobacter inoculation 2.18 40.53 10.48 21.03 53.69
¢- Mixed inoculation 2.32 43.38 11.12 21.30 50.58
d- Uninoculated treatment 2.13 45.40 11.35 22.20 48.09
Mean
4- 20 kg N fed”
a- Azospirillum inoculation 1.83 39.43 10.08 19.33 46.35
b- Azotobacter inoculation 2.18 45.10 10.72 19.70 48.25
¢- Mixed inoculation 2.22 47.00 10.75 19.70 47.24
d- Uninoculated treatment 2.06 54.30 10.80 20.25 45.16
Mean
5-0 kg N fed™
a- Azospirillum inoculation 1.43 32.13 8.80 16.27 44.44
b- Azotobacter inocuiation 1.87 40.03 10.13 18.63 46.77
¢- Mixed inoculation 2.03 41.93 10.37 19.47 48.37
d- Uninoculated treatment 1.32 43.50 11.30 19.90 44.32
Mean
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