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Abstract

Inorganic nitrogen fertilizer is required for all Egyptian soils for wheat.
Free living and N2-fixing microorganisms are able to associate closely
related with the roots of graminacae. Pot experiment studies were carried
out to examine the response of wheat plants to inoculation with
Azospirillum brasilense and Azotobacter chroococcum, single or in
combination, under various levels of ammonium sulfate. The interaction
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between both the inoculants increased straw or grain yield as well as N-
uptake by wheat plants with increasing N levels. Results showed that
grains of wheat plants derived over 19,24 and 15% of its N content from
the atmospheric-N2 (Ndfa) with application of 25,50 and 75mg N kg
soil in the presence of Azospirillum + Azotobacter. The final amount of
N2-fixed varied appreciably among the associative N2-fixers. The
highest values of N2-fixed were observed with mixed inoculants
followed by inoculation with Azospirillum and then Azotobacter. The
recovery of applied ammonium sulfate-N was markedly increased by
inoculation with combined inoculants, but less in uninoculated
treatments. Seeds inoculated with nonsymbiotic fixing bacteria could be
saved about 25 kg N without much affecting the grain yield.

Introduction

Nitrogen fertilizers are amongst the more widely used fertilizer
materials and they are also highly susceptible to losses by leaching and
denitrification processes in the field. It has been estimated that not more
than 20 to 50% of fertilizer nitrogen is recovered by arable crops [21].
Generally, yield increases in different crops have been obtained in soils
rich in organic matter [7]. The response of wheat crop to N fertilizer are
up to 180 kg N ha [20]. However, the use cost of organic matter and
fertilizer nitrogen during last decades, increase the N2-free bacteria
investigations. It is therefore, felt essential to find correct and
compatible level of fertilizer nitrogen with these inoculations in wheat
[24]. Indeed, the biofertilizer is a cheap technique to produce plants
proteins, mainly in developping countries. Asymbiotic nitrogen fixing
bacteria are considered to be one of the most important organisms
playing an important role in soil fertility [13]. Great Efforts are now
made to improve crop production of the non leguminous plants
through inoculation with asymbiotic N2-fixing bacteria particularly
Azotobacter and Azospirillum [2]. The beneficial effect of these
bacteria on growth and yield was reported by many investigators [8, 15],
as well as increasing nutrient uptake by inoculated roots [23].

Nitrogen balance studies may give an estimate of N2-fixation in
the soil after inoculation with N2-fixing bacteria. A positive N balance
associated with the activity of heterotrophic N2-fixing bacteria has been
established in pot experiment with wet land rice [22] Sugar cane [11]
and ryegrass [18].
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It has been found of interest to

1) study the association between .Azotobacter and/or Azospirillum
with wheat under varying levels of N on dry matter production;

2) quantify the fertilizer N uptake and partitioning in various plant
parts;

3) assess N2-fixation;

4) determine the N use efficiency and estimate fertilizer N loss
using mass balance.

Material and Methods

The study was conducted at the Soils and Water Dept., Atomic
Energy Authority., Cairo, Egypt. The analysis of the soil used were 93,
4.5 and 2.5% for sand, silt and clay content, respectively; pH 7.9, 0.1%
organic matter content, and 0.0004% total N. 10 kg"1 of air dried soil
were packed in plastic pots with a height of 35 cm and a diameter of 30
cm. N was applied at the rate of 0, 25, 50 and 75 mg N kg"1 soil as
labelled ammonium sulphate with 2% 15N atom excess. Both P and K
were applied at the rate of 50 and 40 mg P or K kg"1 soil as super
phosphosphate and potassium sulphate, respectively. Fe, Mn, Zn and Cu
were applied at the rate of 5,5,5 and 2.5 mg/kg soil in the form of Fe
EDDHA and sulphate compounds for respective nutrients. Wheat
(Triticum aestivum L.,Cv. Sakha 69) seeds were planted either
inoculated or not with a suspension of Azospirillum brasilense and/ or
Azotobacter chroococcum both and sown immediately in each pot.
After 10 days, plants were thinned to five per pot. The experiment was
laid out in a completely randomized block design with three replicates.
At physiological maturity, plants were harvested and separated into straw
and grain. Dry weights were recorded, and biomass ground and
prepared for analysis. Total N in plant and soil samples was determined
by the Kjeldahl method [3], while -N was measured by emission
spectrometry. The percentage and amount of N derived from the
atmosphere were calculated by 15N method.

Results and Discussion
Plant Growth and Yield Production

Data concerning the mean yield of wheat straw and grain in the
experiment conducted with the various N levels and inoculated with
Azospirillum and/or Azotobacter have been presented in Table 1. There
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was a significant effect of different inoculants. When the inoculants were
combined, their effects on both straw and grain yields were significantly
higher than one, though the yield obtained in the pot inoculated by
Azospirillum was a bit higher as compared to Azotobacter. Many
researchers ascribe the positive effect of diazotophic bacteria on non-
leguminous plant yields to the production of physiologically active
compounds and to a number of other properties of N2-fixing bacteria in
stimulating plant growth [19].

As regards the effect of various in levels on wheat straw and grain
yields, as expected, increasing fertilization N rate had clear impact on
wheat growth, dry matter yield increased as the fertilization rate
increased (Table 1).

Table I : Nitrogen rates and inoculation with Azotobacter and/or
Azospirillum in relation to straw and grain yield of wheat

Treatments

Uninoculated
Azotobacter
Azospirillum
Both inoculants

Nitrogen

3.1
4.8
5.0
6.6

11
15
17
19

rates (mg
Straw

.2

.9

.7

.2

16.4
19.8
20.6
21.9

kg'1

22.3
22.0
23.0
23.1

soil)

p o t 1

2.9
4.2
4.8
5.7

Grain

12.1
13.8
14.3
15.6

14
17
18
19

.6

.8

.1

.4

20.3
20.5
20.8
21.3

L.S.D. 0.05 (N; Inoculants = 1.10)
Interaction 1.50

(N; Inoculants = 1.02)
Interaction 1.37

The present data showed that conjuction of bio-fertilization and
different N combination levels significantly increased wheat yield, the
increases being linked to the rate of fertilization. In this concern,
although the maximum grain yield was recorded at 75 mg N kg'1 soil,
the highest percentage increase over uninoculated control due to
inoculation with Azospirillum and Azotobacter mixture was 33 at 50 mg
N kg soil. Vlassak and Rynders, [23] reported that the activities of these
bacteria were favoured in most cases, by low N levels. Fayez et al. [6]
showed that wheat seed inoculation with locally isolated active
Azotobacter and Azospirillum strains may compensate for N-fertilizer
up to 24 to 60 kg N ha'1, i.e, growth and N content as well as grain yield
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of wheat plants inoculated and fertilized with 108 to 144 kg N ha~* were
more or less similar to those received 168 kg N ha"1 without
inoculation.

Nitrogen uptake

Inoculation with Azospirillum and/or Azotobacter significantly
increased N-uptake in straw as well as grain yield of wheat plants (Table
II). In this respect, dual inoculation resulted in a higher N uptake (65%)
in total biomass (straw + grain) followed by Azospirillum alone (43%)
and then Azotobacter (34%). Patil [14] reported increase in N uptake
by wheat inoculated with Azotobacter or Azospirillum which they
attributed to N fixation. Also, Neyra and Dobereiner [13J, reported that
Azospirillum associated with the roots of grasses may benefit the plant
both by producing growth hormones and by N fixation, particularly at
later stages of growth when the plant's need for N increases during
flowering and seed formation.

Taking N rates into consideration, as was expected, increasing N-
rates especially in sandy soils deficient in N would be more effective for
increasing N uptake by straw of wheat plants as well as grain or total
biomass. The magnitude of increase was quite high compared to the
control treatments. Kumar et al.[10] and Soliman and Abdel Monem
[21] also reported similar results in wheat.

Table II : Nitrogen rates and inoculation with Azotobacter and/or
Azospirillum in relation to N uptake by straw and grain yield of
wheat

Treatments

Uninoculated
Azotobacter
Azospirillum
Both inoculants

L.S.D. 0.05
N rate
Inoculants
Interaction

Nitrogen rates (mg kg'1

Straw
mg

18.0
30.7
38.0
52.8

79.5
184.4
210.1
248.8

185.3
275.2
300.8
339.5

60.79
61.22
90.98

278.8
316.8
349.6
383.5

soil)
Grain

pot '1

25.5
38.6
47.0
57.0

154.9
208.4
208.8
263.6

210.2
277.7
291.4
353.1

48.48
54.61
79.22

320.7
379.0
372.3
406.8
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Inoculation with A.brasilense and/or A.chroococcum significantly
enhanced total N uptake by both straw and grain as well as total biomass
under different N application levels. Maximum N uptake by grains of
wheat plant was reached at the rate of 50 mg N kg"' soil under different
inoculants. The increment rates of grain N due to the addition of 50 mg
N kg 1 soil were 39, 32 and 68% over control, after inoculation with
A.brasilense, A.chroococcum and mixture of them, respectively. In the
same order, they were 17, 18 and 27% for grain N after addition of 75
mg N kg"1 soil. Avivi and Feldman 11], reported increases in N uptake
by wheat inoculated with Azotobcater or Azospirillum.

Thus, it could be concluded that, although the maximum yield and
N uptake were recorded with both inoculants at the high N level (75 mg
N kg"1 soil). However, the N level (50 mg N kg"1 soil) was most
compatible since it had the highest percent increase in yield and N
uptake over uninoculated control which was reduced to some extent at
the high level. It seems therefore, that saving 25 kg N was economically
feasible.

Distribution of Nitrogen in Plant Parts

Table 3, shows the partitioning of N derived from fertilizer (Ndff),
soil (Ndfs) and air (Ndfa) in various plant parts of wheat, as influenced
by N rates and inoculants. Both Ndff and Ndfs were highest in grain
followed by straw. Grain accumulated 23 to 31 and 33 to 39% of
fertilizer N at 50 and 75 mg N kg soil, respectively, under various
inoculants. Similar to Ndff, N drived from soil was positively affected
by N rates as well as, by inoculation. This may be due to better root
development and more root surface area.

Regarding N2-fixed (Ndfa) by wheat, data presented in Table III
and Fig. 1 showed that the amount of N2-fixed by inoculated plants
increased with increasing N rates up to 50 mg N kg'1 soil and then
decreased at 75 mg N kg"1 soil. In this concern,the amounts of N2
fixed were about 72, 119 and 91 mg N pot"1 when inoculated by
Azospirillum, while it reached to 56, 90 and 71 mg N pot inoculated
with Azotobacter and supplemented at 25, 50 and 75 mg N kg-1 soil,
respectively. Data showed that Ndfa was reaching a maximum of 172.22
mg.N pot "' (24.87%) in the combined inoculation at 50 mg N kg"1

soil.
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Table III : Plant N derived from labelled fertilizer, Soil and air as

affected by nitrogen levels and biofertilizers.

Treatment

Uninoculated
Azotobacter
Azospirillum
Both inoculants

Uninoculated
Azotobacter
Azospirillum
Both inoculants

Azotobacter
Azospirillum
Both inoculants

Nitrogen rates (mg kg'1 soil)
25

Straw

22.1
43.8
46.6
55.2

57.4
113.8
126.2
141.0

26.8
35.3
47.7

grain
50

Straw
Nitrogen derivec

mg i
46.3
53.4
51.4
63.4

56.5
70.1
72.1
77.7

Nitrogen deri
mg

108.6
125.4
127.8
148.8

128.8
159.7
164.5
162.3

Nitrogen deri
mg

29.6
36.8
51.5

45.4
64.1
84.6

grain
75

Straw grain
I from fertilizer
sot"1

65.0
71.9
72.9
82.0

ved from

145.3
160.8
163.1
183.4

ved from

44.9
55.4
87.6

103.1
106.7
113.5
121.8

124.1
116.5
125.4
127.8

soil

175.6
181.6
193.3
207.4

169.6
219.7
198.6
217.8

air

28.5
42.8
54.2

42.8
48.4
61.3

Straw Grain

N-utethty/kgioll)
W 71

N-r l ie i (mg/Kg toll)

Fig. (1) N2-fixation by wheat plants as affected by N-rates and
biofertilizers
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Such significant response of wheat plants to inoculation with
Azospirillum alone or combined with Azotobacter was explained by [4|,
who reported that malic acid and malate are intermediates in the C4
photosynthetic pathway. Those substances which are released from roots
to the rhizosphere are considered to be the most favourable carbon
sources for growth and proliferation of Azospirillum [5]. Consequently,
this helps fix atmospheric N efficiently and produce growth promoting
substances resulting in higher plant growth.

Mass Balance of Fertilizer Nitrogen

The data on the recovery of applied ammonium - 15N rates in the
presence of inoculants in soil and wheat biomass plants are presented in
Table IV. Recovery of N from ammonium- 15N fertilizer by wheat
plants and soil was in the range of 44 to 77% of added N. The
difference in 15N recovery was due to N rates and type of inoculant . In
this concern, more N was recovered at 25 mg N kg'1 soil in the presence
of dual inoculation, (76.67%) and the lowest was recorded at 75 mg N
kg soil. Similar N recoveries have been reported by several researchers:
14 to 65% (12), 23 to 45% [9] and 15 to 33% [17]. Data showed that at
the highest rate of fertilizer N, the N loss (unaccounted for), ranged
from 48 to 56% of the added N. At 25mg N kg'1 soil, the N loss ranged
from 23 to 49%. Nitrogen unaccounted for, was not proportional to N
application, a greater fraction of the applied N being lost at the highest
rate of N application without inoculation and lowest was recorded when
plants were inoculated with Azosirillum and Azotobacter. Efficiency of
N utilization by wheat was more pronounced at low rates of fertilizer
application in the presence of dual inoculation. It was in the range of 27
to 47% of applied N (25 mg N kg"1 soil).
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Table IV : Mass balance of labelled fertilizer nitrogen in soils planted
with wheat as affected by nitrogen rates and biofertilizers.

Treatment

Uninoculated
Azotobacter
Azospirillum
Both inoculants

Uninoculated
Azotobacter
Azospirillum
Both inoculants

Uninoculated
Azotobacter
Azospirillum
Both inoculants

Biomass

68.4
97.2
100.0
118.5

121.5
142.0
145.1
159.8

227.3
223.2
238.9
249.6

Soil
mg/pot

Total

25 mg N
59.5
67.0
71.2
73.2

127.9
164.2
171.2
191.7

25 mg N
98.4
107.1
105.4
121.6

219.9
249.1
250.5
281.4

25 mg N
102.9
124.5
132.0
143.9

330.9
347.6
370.9
393.5

Recovery Loss
%

K g 1 soil
51.2
65.7
68.5
76.7

48.9
34.3
31.5
23.3

K g 1 soil
44.0
49.8
50.1
56.3

56.0
50.1
49.9
43.7

K g 1 soil
44.0
46.4
49.5
52.5

56.0
53.7
50.5
47.5

Fertilizer
Use

Efficiency

27.4
38.9
40.0
47.4

34.3
28.4
29.0
32.0

30.3
29.8
31.9
33.3

Conclusion :
Thus, it could be inferred that seed treatments with non-symbiotic

fixing bacteria resulted in higher yields. In addition, it saved about 25
kg N/Fedd. without much affecting the grain yield.

In case of N2-fixation, the positive favourable effect of dual
inoculation is that it can fix about 24% of their N uptake from air if
supplemented with 50mg N.kg"1 soil.

Maximum N-use efficiency was recorded at low level of N
application, and the high loss of N was reached at the high rate of added
fertilizer.
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