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4. RESULTS AND DISCUSSION

The present dissertation represents a geheral survey of the interaction
between mineral and biofertilizers on growth, yield and biocontents of some
economic crops.

The numerous results obtained during the course of the present work
necessitated the presentation of data under two parts.

Every part include several headings which were in turn subdivided into
various subheadings to cover the various aspects related to the main title and
undoubtedly such a system proved very practical where simplicity and clarity

is the major consideration.

The main titles are:

Part 1:

4.1.1. Effect of bio and mineral fertilizers on growth parameters of wheat
plant

4.1.2. Effect of bio and mineral fertilizers on N, P and K concentration and
uptake by wheat plant.

4.1.3. Chemical composition of wheat grains.

4.1.4. Follow-up of contents of total nitrogen and available P and K of the
wheat cultivated soil due to fertilization.

Part II:

4.2.1. Effect of bio and mineral fertilizers on growth parameters of soybean
plant.

4.2.2. Effect of bio and mineral fertilizers on N, P and K concentration and
uptake by soybean plant.
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4.2.3. Chemical composition of soybean seeds.

4,2.3.1. Separation and identification of the fatty acids composition of soy
bean oil.

4.2.3.2. SDS-PAGE patterns of soybean proteins

4.2.4. Follow-up of total nitrogen and available P and K of the soybean
cultivated soil due to fertilization.

Part I:
4.1. Growth parameters and N. P and K uptake of wheat plants:

4.1.1. Effect of biofertilizers and mineral fertilizers on growth
parameters of wheat plant:

The effect of mineral nitrogen fertilizer added to the soils as urea at the
recommended rate (75 kg N/Fed) on some growth parameters of wheat plant
was compared with that of inoculating the rhizosphere with either
Azotobacter sp or Azospirillum sp or mixture of Azotobacter sp and
Azospirillum sp or combination between the mineral fertilizers and the
bacterial species at different proportions.To fulfil this purpose, eleven
fertilization treatments were involved in a field experiment during seasons
1991/1992, in which wheat was grown and the growth parameters were
measured after 45, 100 days of cultivation and at the harvesting stage. The
same experiment was repeated once again during seasons 1992/1993. The
obtained results are given in Tables (3, 4, 5, 6, 7 and 8).

4.1.1.1. Plant height:

Data presented in Tables (3, 4, 5 and 6) reveal in comparison with the
control treatment, that the studied fertilization treatments significantly
increased plant height whether after 45 or 100 days of cultivation.
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Inoculation with Azotobacter sp or Azospirillum sp alone resulted in plant
height much less than that yielded due to fertilization with the recommended
rate of the mineral fertilizers. The effect of combination between the mineral
fertilizer and inoculation on plant height differed according to their rates of
application and the bacterial species. The application of the mineral fertilizer
at 75% of its recommended rate with 1/4 the suggested dose of Azotobacter
or 1/4 Azespirillum yielded plant height almost similar or even higher than
that yielded upon fertilization with the mineral fertilizer. The other
combinations between the mineral nitrogen and the inoculating bacterial
produced plants of less height, yet this height still remained for higher than
that yielded by the control treatment. Such results agree well with Armanios
(1987) in his work on wheat.

It is worthy to indicate that in the absence of the mineral fertilization,
inoculation with a mixture of Azofebacter sp and Azospirillum sp
stimulated plant growth and produced plants height almost equivalent to that
produced due to fertilization with the field recommended rate of the inorganic

nitrogen (urea).

4.1.1.2. Number of tillers:

Data in Tables (3, 4, 5 and 6) reveal that number of tillers was
affected significantly by the mineral and biofertilization. The effect of
nitrogen fertilization combined with the inoculation of the wheat plants with

Azotobacter sp or Azospirillum sp at different proportions yielded number
of tillers relatively lower than that yielded due to application of the field
recommended rate of the inorganic nitrogen except for the combination
between 75% of the recommended rate of the mineral nitrogen fertilizer and
either of Azotobacter sp or Azospirillum sp where the number of tillers
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Table (3) : The interaction effect of bio and mineral fertilizers on plant
height number of tillers and dry weight after 45 days from
planting wheat 1991/1992 season.

plant height | Number of Dry weight

No | Treatment (cm.) tillering (g.)
1 Control 28.000 1.75 1.85
2 | 75kg N/Fed. 359.250 4.50 8.15
3 Azotobacter 200g/Fed. (A) 49.800 2.75 3.47
4 | Azospirillum 200g/Fed. (B) 50.00 2.50 3.62
5 100 A + 100g. B 52.05 3.25 4.72
6 56.25 kg N/Fed+50g A/Fed 59.00 4.25 8.47
7 137.50kg N/Fed+100g A/Fed 54.00 3.00 5.50
8 18.75 kg N/Fed+150g A/Fed 51.75 2.50 432
9 |56.25ke N/Fed+50g B/Fed | 59.00 5.25 9.17
10 137.50 kg N/Fed+100g B/Fed 54.40 3.00 5.37
11 |18.75 kg N/Fed+ 150g B/Fed 50.25 2.50 5.07

L.S.D 5% 3.69 0.93 0.67

(A) Azotobacter sp. (B) Azospirillum sp.
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Table (4) : The interaction effect of bio and mineral fertilizers on plant
height in number of tillers and dry weight afier 45 days from
planting wheat 1992/1993 season.

plant height | Number of | Dry weight

No | Treatment (cm.) tillering (g.)
I | Control 27.00 1.50 1.33
2 |75 kg N/Fed. 54.12 5.75 8.35
3 Azotobacter 200g/Fed. (A) 45.87 2.75 2.00
4 Azospirillum 200g/Fed. (B) 46.75 2.25 2.42
5 100 A + 100g. B 47.37 3.00 2.07
6 56.25 kg N/Fed+50g A/Fed 55.87 5.75 8.85
7 |{37.50kg N/Fed+100g A/Fed 48.87 3.25 5.92
8 | 18.75 kg N/Fed+150g A/Fed 37.50 2.75 3.35
9 |56.25 kg N/Fed+50g B/Fed 57.37 5.25 9.77
10 | 37.50 kg N/Fed+100g B/Fed 43.62 3.50 6.32
11 | 18.75 kg N/Fed+ 150g B/Fed 40.25 2.25 3.60

L.S.D 5% 6.07 0.79 0.50
(A) Azotobacter sp. (B) Azospirillum sp.
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Table (5) : The interaction effect of bio and mineral fertilizers on plant
height number of tillers and dry weight after 100 days from
planting wheat 1991/1992 season.

plant height | Number of | Dry weight

No | Treatment (cm.) tillering (g.)
1 Control 63.22 2.50 3.45
2 | 75kgN/Fed. 106.50 7.75 13.60
3 Azotobacter 200g/Fed. (A) 85.97 4.00 7.92
4 | Azospirillum 200g/Fed. (B) 80.05 4.50 7.67
5 100 A +100g. B . 105.15 4.30 7.65
6 | 56.25 kg N/Fed+50g A/Fed 110.22 8.50 13.65
7 | 37.50kg N/Fed+100g A/Fed 106.72 6.75 8.67
8 | 18.75 kg N/Fed+150g A/Fed 95.30 5.75 7.87
9 | 56.25 kg N/Fed+50g B/Fed 112.55 9.00 14.75
10 | 37.50 kg N/Fed+100g B/Fed 99.77 6.25 8.47
11 | 18.75 kg N/Fed+ 150g B/Fed 93.70 5.50 6.95

LSD 5% 8.45 1.20 1.55
(A) Azotobacter sp. (B) Azospirillum sp.




Table (6) : The interaction effect of bio and mineral fertilizers on plant

height number of tillers and dry weight after 100 days from
planting wheat 1992/1993 season.

{ plant height | Number of | Dry weight

No | Treatment (cm.) tillering (g.)
1 | Control 61.00 2.25 3.175
2 |75 kg N/Fed. 103.60 8.75 14.10
3 Azotobacter 200g/Fed. (A) 82.50 425 6.60
4 | Azospirilium 200g/Fed. (B) 71.92 435 5.65
5 {100 A +100g. B 82.75 4.00 5.57
6 | 56.25 kg N/Fed+50g A/Fed 102.67 8.85 15.10
7 | 37.50kg N/Fed+100g A/Fed 85.40 6.92 6.95
8 18.75 kg N/Fed+150g A/Fed 74.55 4.35 5.20
9 | 56.25 kg N/Fed+50g B/Fed 107.37 9.77 14.47
10 |37.50 kg N/Fed+100g B/Fed 81.65 7.32 9.15
11 | 18.75 kg N/Fed+ 150g B/Fed 54.62 4.60 5.65

LS.D 5% 8.48 0.50 1.52

(A) Azotobacter sp.

(B) Azospirillum sp.




produced was markedly higher than that yielded dueto application of the
recommended rate of the inorganic nitrogen. The results indicate also that the
response of number of tillers to inoculation with either of the two bacterial
species alone was less than the response to the mineral fertilizer alone.
It is obvious from results that number of tillers per plant after 100 days
hat recorded afier 45 days, however, the

ertilization treatments followed the same

of cultivation was higher than
relative effects of the different |
direction previously mentioned ir both stages of growth. Also, the patterns of
response to the fertilization tre: tments in the first and second seasons were
similar.

These results are in agreement with those obtained by Madkour (1972)

in his work on wheat.

4.1.1.3. Dry weight:
Dry weight of wheat plan after 45 or 100 days of planting, Tables (3,
4, 5 and 6) seemed to be affe cted significantly by fertilization with the
inorganic nitrogen or the in oculation of the rhizosphere by either
Azotobacter, Azospirillum species or both separately or combined with the
mineral nitrogen fertilizer. The dry weight is considered to a large extent, &
final product of the plant height and the number of tillers per plant.
Therefore, the different fertilization treatments showed effects on plant dry
weight similar to those previously shown on plant height and number of
tillers i.e. the biofertilization through inoculation yielded plant dry weight
relatively lower than that yie ded due to fertilization by the recommended
y. Also, inoculation of the plant rhizosphere

with 50g/ Feddan of either A otobacter sp or Azospirillum sp combined

rate of the inorganic nitrogen o

with application of the inorgani
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rate resulted in dry matter yield slightly higher than that obtained upon
fertilization with the recommended rate of the inorganic nitrogen only.

It is worthy to mention that, the dry weight of the plants grown in
season 1992/1993 was affected by the studied different fertilization
{reatments in a way similar to that occurred in the first season of cultivation
1991/1992 although the plant dry weight obtained due to a certain treatment
in season 1992/1993 was relatively lower than the corresponding plant dry
weight obtained due to the same treatment in season 1991/1992.

The obtained results and the given explanations are in close agreement
with many of the previous studies e.g. Badawy and Amer (1974); Ishac et al
(1981); Fayez (1981) and Gohar ef al (1986) in their investigation on

wheat.

4.1.1.4. Spike length:
It is clear from data presented in Tables (7and 8) that the spike length

of wheat plant at the harvest stage increased significantly due to fertilizing
the soil with the inorganic nitrogen at its recommended field rate, inoculation
with Azotobacter sp or Azospirillum sp or mixture of the two bacterial
species or combination between the inorganic nitrogen fertilizer and
inoculation of the plant rhizosphere with either Azotobacter sp or
Azospirillum sp at different proportions.

The recommended rate of the inorganic nitrogen yielded spike length
greater than that obtained upon inoculation of the plant rhizosphere with
cither Azotobacter sp or Azospirillum sp alone. It seems that inoculation
with application of the inorganic nitrogen resulted in spike length greater
than that produced upon inoculation with either of the studied bacterial
species. Moreover, the interaction effect between the mineral fertilizer added
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at 75% of its recommended rate and either of Azotobacter sp or
Azospirillum sp added at a rate of 50g/Fed resulted in greater spike length
than that obtained due to fertilization with either the mineral or biofertilizers
alone in both seasons of cultivation (1991/1992 and 1992/1993). The data
was in agreement with those obtained by Rennie and Larson (1979) and
Subba ez dl (1980) in their investigation on wheat.

4.1.1.5. Number of spikelets per spike:
Data in Tables (7 and 8) indicate that all the fertilization treatment

increased significantly number of spikelets per spike.

Inoculation of the rhizosphere of wheat plant with either Azotobacter
sp or Azespirillum sp alone yielded number of spikelets relatively low or
than that yielded upon fertilization with the inorganic nitrogen at its
recommended rate. The interaction effect of the combinations between the
mineral fertilizers and the biofertilizers varied according to their proportions.
The results indicate that the application of the mineral nitrogen at 75% of its
recommended field rate in combination with 50g of either Azotobacter sp or
Azospirillum sp seemed to be of the most favourable effect on number of
spikelets. The effect of the fertilization treatments on number of spikelets in
the second season of cultivation (1992/1993) although seemed to be less than
that of the first season, yet the trends occurred in the first season were almost
attained in the second one. These results are in agreement with those obtained

by Yoav (1986) in his work on wheat.

4.1.1.6. Number of grains per spike:
Data in Tables (7 and 8) show numbers of grains per spike of wheat
plant grown on soil in both 1991/1992 and 1992/1993 seasons. It is obvious
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from data that inoculating the rhizosphere of wheat plant with either of
Azotobacter sp or Azospirillum sp although significantly increased number
of grains per spike compared with the control treatment, yet the inoculation
with these bacterial species resulted in much less number of grain per spike
than that obtained upon fertilization with the recommended dose of the
inorganic nitrogen fertilizer. However, the combinations between the
bacterial inoculation of the rhizosphere and mineral fertilization tended 1o
increase number of grains per spike compared with that obtained upon
inoculation only. In this concern, the effect of the inorganic nitrogen (added
at 75% of its recommended rate)-nitrogen fixers (Azotobacter sp or
Azospirill#m sp)addedata rate of 50g/Feddan, yielded the highest number
of grains per spike. These results are in agreement with those obtained by El-
Demerdash et al (1986) in his work on wheat.

4.1.1.7. Weight of grain spike:
The results given in Tables (7 and 8) illustrated that the response of

weight of grain spikes to the different fertilization treatments varied widely.
Although, all the treatments significantly increased weight of grain, yet
inoculation of the plant rhizosphere with either Azotobacter sp or
Azospirillum sp alone resulted in grain spike of less weight than that
obtained upon fertilizing the soil with the inorganic nitrogen at its
recommended rate. The mineral fertilizer and the nitrogen fixers interaction
seemed to be of highest effect on weight of grain spike upon addition of the
inorganic nitrogen at 75% of its recommmended field rate in combination with
inoculation of the rhizosphere by Azotebacter sp or Azospirillum sp at a rate
of 50g/Fed.
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These results are in good agreement with those obtained by Saleh et al
(1986) in his work on wheat.

4.1.1.8. Weight of 1000 grains:

Data presented in Tables (7 and 8) show that there was no markedly
difference in weight of 1000 grain between wheat crop yield 1991/1992 and
that of 1992/1993. Also, the different fertilization treatments affected the
weight of 1000 grains of 1991/1992 crop yicld in 2 manner similar to that by
which the corresponding treatments affected the weight of 1000 grains of
season 1992/1993 wheat crop yield.

Inoculation of the plant rhizosphere with either Azotfobacter sp or
Azospirillum sp alone although signiﬁéantly increased weight of 1000 grain,
yet, it yielded a weight of 1000 grain less than that obtained due to
fertilization with the recommended rate of the nitrogen fertilizer.

Associations between inoculation and mineral fertilization in different
proportions seemed to be of variable effect on weight of 1000 grains.

Application of the mineral nitrogen fertilizer at 75% of its
recommended rate associated with inoculation with 50g of either
Azotobacter sp or Azospirillum sp was the fertilization treatment that gave
the highest weight of 1000 grains.

The abovementioned results and discussion mean that the fertilization
treatment composed of 75% of the recommended field rate of inorganic
nitrogen and inoculation with 50g/Fed of either Azotobacter sp or
Azospirillum sp resulted in higher yield and also reduced costs of nitrogen
fertilization. Such conclusion stands in a good agreement with those of Inbal
and Feldman (1982); Jain and Petriquin (1985) and Kapulnik et al (1985),
in their investigation on wheat.
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4.1.1.9. The grain yield:

The effect of fertilization treatments on the wheat grain yield were
shown in Tables (7 and 8). The lowest yield was (257.5 kg/Fed) at control,
while the highest yield was (3058.2 kg/Fed) at treatment (56.25 kg N/Fed +
50g/Fed Azospirillum sp), (3009.4 kg/Fed) at treatment (56.25 kg N/Fed +
50 g/Fed, Azotobacter) and (2916 kg/Fed) at season 1991/1992. It is evident
from results that inoculating the plant rhizosphere with either of Azotobacter
sp or Azospirillum sp at a rate of 50g/Fed associated with the mineral
nitrogen fertilizer at three fourths of its recommended field rate was the most

pronounced treatment in increasing grain yield of wheat. On the other hand,
inoculating the plant rhizosphere only with either of the bacterial nitrogen
fixers or, [200g/Fed Azotobacter or 200g/Fed Azospirillum] or mixture
(100g/Fed Azotobacter + 100g Azospirillum ) resulted 891, 1020 and 989.7
kg/Fed, respectively.

Also, the result in Tables (7 and 8) indicates that the grain yield
decreased with decreasing of mineral fertlizers and increasing biofertilizers.
It has shown that the grain yield (2184.3 kg/Fed) at treatment (37.5 kg
N/Fed + 100 g/Fed Azotobacter and (2194.5 kg/Fed) at treatment (37.5 kg
N/Fed + 100 g/Fed Azospirillum ) was lower than that achieved due to the
fertilization by the recommended rate of the inorganic nitrogen.

The results in Tables (7 and 8) cleared that the most effective
fertilization treatment was that composed of 75% of the recommended field
rate of the mineral nitrogen and inoculation of the plant by rhizosphere 50
g/Fed of either Azotobacter sp or Azospirillum sp. The obtained results and
the given explanations are in close agreement with many of the previous
studies, (Fayez, 1981; Zambre ef al 1984, Sarig et al 1986 and Mercedes
et al 1993) in their investigation on wheat.
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4.1.1.10. The straw yield:
Straw yield as it is shown in Table (7 and 8) lowest was (482 kg/Fed)

at control, while the highest yield was (6050 kg/Fed) at treatment (56.25 kg
N/Fed) + 50 g/Fed Azospirillum ), (5765 kg/Fed) at treatment (56.25 kg
N/Fed + 50 g/Fed Azotobacter sp) and (5660 kg/Fed) at recommended rate
(75 kg N/Fed) at season 1991/1992. It is evident from results that
inoculating the plant rhizosphere with either of Azotobacter sp or
Azospirillum sp at arate of 50 g/Fed associated with the mineral nitrogen
fertilizer at three fourths of its recommended field rate was the most
pronounced treatment in increasing straw yield of wheat. On the other hand,
inoculating the plant fhizosphefe' only with either of the bacterial nitrogen
fixers or mixture [200 g/Fed Azotobacter or 200 g/Fed Azospirillum ) or
(100 g/Fed Azotobacter + 100 g/Fed Azospirillum ) resulted 1820, 2050
and 2120 kg?Fed, respectively.

Also, from the result in Tables (7 and 8) indicates that the straw yield
decreased with decreasing of mineral fertilizers and increasing biofertilizers.
The results show that the straw yield (3820 kg/Fed) at treatment (37.5kg
N/Fed + 100 g/Fed Azotobacter)and (4195 kg/Fed) at treatment (37.5 kg
N/Fed + 100 g/Fed Azospirillum ).

The results in Tables (7 and 8) cleared that the most effective
fertilization treatment was that composed of 75% of the recommended field
rate of the mineral nitrogen and 50 g/Fed of either Azotobacter sp or
Azospirillum sp . In otherwords, the inoculation of the plant rhizosphere with
either Azotobacter sp or Azospirillum sp resulted in a straw yield much less
than that obtained by the plants fertilized with the recommended field rate of

the inorganic nitrogen.
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Many workers have observed similar observations Karunakar and
Rajgopalan,1936; Cooper, 1959; Mahmoud er al 1981; Yoav, 1986 and
Campbell ef al 1993 in their investigation on wheat.

4.1.2. Effect of mineral nitrogen fertilizer, inoculation with nitrogen
fixers or interaction between mineral nitrogen fertilization
inocullant on N, P and K concentration and uptake by wheat
plant:

4.1.2.1. N, P and K concentration:

Data presented in Tables (9, 10, 11 and 12) reveal that concentrations
of N, P and K in wheat plant were increased significantly due to fertilization
with the recommended rate of the inorganic nitrogen, inoculation with either
Azotobacter sp or Azospirillum sp alone or in combination with the mineral
fertilizer in different proportions.

Inoculating the plant rhizosphere with either Azotobacter sp or
Azospirillum sp rtesulted in lower concentrations of N, P and K in plants
than the corresponding ones of the wheat plant fertilized with the
recommended field rate of the inorganic nitrogen. On the other hand, the
inoculation of the rhizosphere with either Azotobacter sp or Azospirillum sp
at rate of 50 g/Fed accompanied with fertilization with inorganic nitrogen at
75% of its recommended field rate resu]ted in the highest concentrations of
all the studied fertilizer elements. Moreover, other proportions between the
mineral and organic fertilizer resulted in concentrations of N, P and K
slightly lower than the highest corresponding concentrations in both seasons
of cultivation (1991/1992 and 1992/1993) and at both stages of growth (45
and 100 days of planting). Such results indicated the possibility of
substituting a considerable portion of the inorgnic fertilizer by inoculation
with either of the Azotobacter sp or Azospirillum sp . These results are in
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agreement with those obtained by Madkour (1972); Rennie and Larson
(1979) and Ishac et al (1986) in their investigation on wheat.

4.1.2.2. N, P and K uptake : ’

Plant uptake of N, P and K increased significantly by fertilizing the
plant with the recommended field rate of the inorganic nitrogen Tables (9,
10, 11, 12, 13 and 14).

Similar significant increases in N, P and K uptake occurred due to
inoculating the rhizosphere with either Azotobacter sp or Azospirillum sp .
However, the uptake of N, P and K upon inoculating the plant rhizosphere
with either Azotobacter sp or Azospirillum sp resulted in much less uptake
of N, P and K than that resulted in upon fertilization with the recommended
field rate of inorganic nitrogen. The combinations between the inorganic
fertilization and the inoculation with either Azotobacter sp or Azospirillum
sp resuited in significant increases in N, P and K uptake. Seventy five
percent of the recommended rate of the inorganic nitrogen combined with 50
g/Fed of the biofertilizer resulted in the highest N, P and K uptake by plant.
The effects of the different fertilization treatments on N, P and K uptake by
wheat plant in 1992/1993 season coincided with the corresponding ones on
uptake of N, P and K in 1991/1992 season.

Also, N, P and K uptake followed similar trends at both stages of
growth (45 and 100 days after cultivation). These results are in agreement
with those obtained by Zambre ef al (1984) in his work on wheat.

4.1.2.3. Concentration of N, P and K in wheat grains:
Data in Tables (13 and 14) show that concentrations of N, P and K in
grains of wheat grown in 1991/1992 and 1992/1993 scasons significantly
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increased due to fertilization with the recommended rate of the mineral
nitrogen alone, inoculation with either Azotobacter sp or Azospirillum sp
alone or fertilization with the mineral nitrogen combined with either
Azotobacter sp or Azospirillum sp at different proportions.

Inoculation of the plant rhizosphere with either of Azotobacter sp or
Azospirillum sp alone resulted in concentration of N, P and K in wheat
grains obviously lower than those of the grain of the wheat plant fertilized
with the recommended level of the mineral nitrogen. However, the
combination between the mineral nitrogen (added to the soil at 75% of
recommended rate) and either of Azetobacter sp or Azospirillum sp (added
at a rate of 50 g/Fed) showed slightly higher concentrations of the three
fertilizer elements than the solely addition of the mineral fertilizer at its
recommended rate. The other combinations between the mineral fertilizer and
inoculation with either of the bacterial species resulted in lower
concentrations of N, P and K than the aforementioned treatment. These
results are in agreement with those obtained by El-Haddad ef al (1986) in

his work on wheat.

4.1.2.4. Uptake of N, P and K in wheat grains:
As the uptake of a certain element is a product of the dry matter yield
multiplied by the concentration of this element, the uptake of N, Pand K

followed trends, due to the different fertilization treatments, coincide with
those previously noticed with both of dry matter yield and concentrations of
the studied elements under the corresponding fertilization treatments.

Data in Tables (13 and 14) reveal that the wheat plant uptake of N, P

- and K in both seasons of study (1991/1992 and 1992/1993) increased
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significantly due to fertilization with the inorganic (mineral) nitrogen
fertilizer or the biofertilizers.

The N, P and K uptake was highest by the plants fertilized with 75% of
the recommended rate of the inorganic nitrogen combined with inoculation
with 50 g/Fed of either Azotobacter sp or Azespirillum sp . On the other
hand, inoculating the plant rhizosphere with either of Azotobacter sp or
Azospirillum sp only resulted in N, P and K uptake much less than that of
the plant fertilized with the mineral fertilizer at its recommended field rate.
Also, the combinations between the mineral nitrogen and Azotobacter sp at
a given proportion seemed to be of less effect on N, P and K uptake than the
combinations between the mineral fertilizer and Azospirillum sp at a
corresponding proportion. These results are in agreement with those obtained
by El-Mokadem ef al (1986) in his work on wheat.

4.1.2.5. Concentrations of N. P and K in wheat straw:

Concentrations of N, P and K in wheat straw (Tables 15 and 16)
increased significantly due to the mineral and bio-fertilization as well as the
different combinations between the two types of fertilizers.

The differences between the fertilizer elements concentration although
seemed to be slight, yet these differences were in most cases significant. The
fertilization treatment composed of both the recommended field rate of the
inorganic nitrogen combined by inoculation with 50 g/Fed of either of
Azotobacter sp or Azospirillum sp resulted in the highest concentrations of
the three studied elements.

Relatively lower concentration of N, P and K were found in wheat
straw upon inoculating the plant rhizosphere with either Azotobacter sp or
Azospirillum sp only. Also, the other combinations between the mineral
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nitrogen fertilizer and inoculation with either of the two bacterial sp resulted
in concentrations of N, P andK in the plant straw not a from those shown
due to the other fertilization treatments. These results are in agreement with

those obtained by Darmwal and Gaur (1988) in their work on wheat.

4.1.2.6. Uptake of N, P and K by wheat straw:

The amounts of N, P and K taken up by wheat straw are given in
Tables (15 and 16).

It is obvious from data that this uptake Signiﬁcantly increased due to
inoculating the wheat rhizosphere with either of the Azotobacter sp or
Azospirillum sp or fertilizing the soil with the recommended field rate of
inorganic nitrogen or inoculation with either of | the bacterial species
combined with the mineral fertilizer in different proportions.

Inoculating the rhizosphere with Azotobacter sp or Azospirillum sp
alone although resulted in significant increase in straw uptake of N, P and K
compared with the control treatment, yet, this increase was much less than
that occurred upon fertilizing the soil with the recommended rate of the
mineral fertilizer. The combinations between inoculation and mineral
fertilization caused more N, P and K uptake, especially the treatment
composed of 75% of the field recommended rate of the inorganic nitrogen
and 50 g/Fed of the biofertilizer elements. = Moreover, the mineral fertilizer
and the Azospirillum sp interaction was more pronounced in increasing N, P
and K uptake than the interaction of the mineral fertilizer combined with
Azotobacter sp. Such results assure the necessity of the biofertilizers in
reduce costs of fertilization and achieveing a good quality and quantity crop
yield.
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The obtained results and the given explanations are in close agreement
with many of the previous studies. Omar et al 1991; Abass et al 1994 and
Ishac 1994 in their investigation on wheat.

4.1.3. Chemical composition of wheat grains:

Tables (17, 18 and 19) presented results of proximate composition and

chemical analysis of wheat (Giza 164). The obtained data indicate the
interaction effect of biofertilizers and mineral fertilizers on wheat grains

(Giza 164) (g/100 g on dry wheat basis) during 1991/1992 and 1992/1993

seasons. . .

The obtained results illﬁstrate that there are slight differences between
the two seasons in moisture, crude protein, total carbohydrate and ash at all
the treatment. |

Tables (17 and 18) show that the protein content of wheat grains
frequently ‘increases at the treatments (56.25 Kg N/Fed + 50 g/Fed
Azotobacter sp and (56.25 kg N/Fed + 50 g/Fed Azospirillum ).

These results are in agreement with that reported by Darmwall and
Gaour (1988). Also, the obtained data indicate that the treatmenis of (56.25
kg N/Fed + 50 g/Fed Azotobacter sp) and (56.25 kg N/Fed + 50 g/Fed
Azospirillum sp) caused the highest protein value i.e. 15.14% in comaprison
with the control value.

Total carbohydrates comtent of wheat grains (Giza 164) ranged
between (81.29-84.73%) for 1991/1992 season and (80.70-83.61%) for
1992/1993 season. These results are in coincident with that mentioned by
Tsen (1985).

Table (19) illustrated that the control treatment occurred the highest
starch content i.e. 76.16%.
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While the treatment of (56.25 kg N/Fed + 50 g/Fed Azotobacter ) and
(56.25 kg N/Fed + 50 g/Fed Azospirillum ) caused the Jowest starch content
i.e. 71.36% and 71.39%, respectively.

Also, the obtained data indicate that the treatment No.6 (56.25 kg
N/Fed + 50 g/Fed Azotobacter ) and No.9 (56.25 kgN/Fed + 50 g/Fed
Azospirillum ) caused the highest crude protein content. On the other hand,
these treatments achieved the lowest values in both carbohydrate and starch
components. The results may be due to inversion of some of carbohydrate
polymers to the protein component during the ripening stage.

Generally, the obtained results are in agreement with that obtained by
Boyaciogiu and D'Appolonia (1994).

Dry and wet gluten were determined and recorded in Table (19).

The obtained data indicated that wet gluten ranged from 30.90 to
32.95%. While, dry gluten varied from 10.11% to 12.67%. From these
results, it could be observed that the treatments of (56.25 kg N/Fed + 50
g/Fed Azotebacter ) and (56.25 kg N/Fed + 50 g/F ed Azospirillum )
acquired the highest values.

Also, the obtained results illustrate that the percentages of dry and wet
gluten are in accordance with the values of protein content for the different
treatments as shown in Tables (17, 18 and 19).

The obtained results are in agreement with that obtained by Kaldy et al
(1993).

Total soluble sugars, reducing and non-reducing sugars were estimated
and illustrated in Table (19). The obtained data show that the different
treatments caused increments in total soluble sugars varied from 33.33 to
12.25% in comparison with control treatment. On the other hand, there are
noticeable increments in reducing sugars for different treatments. At the
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same time, these increments were accompanied with decrements in non-
reducing sugars, if compared with control treatment.

In general, the obtained data are in agreement with that obtained by
Hanaa et al (1993).

4.1.4. ¥ollow-up of total nitrogen and available P and K of the wheat-
cultivated soil due to fertilization:

Results of the follow up of the soil contents of total nitrogen, available
P and K due to the different fertilization treatments are given in Tables (20
and 21). Data reveal that in both seasons of cultivation, soil contents of the
three fertilizer eleﬁiénts were higher upon fertilizing the soil with urea (at
75% of its field recommended level) combined with 50 g/Fed of
Azospirillum sp inoculated at the plant rhizosphere. The same rate of the
urea combined with 50 g/Fed of the Azotobacter sp resulted in slightly
lower concentrations of N, P and K in soil. On the other hand, inoculating the
rhizosphere with either of Azotobacter sp or Azospirillum sp separately or
together increased the soil content of total N compared with the control
treatment over the whole period of study. Yet, this increase was lower than
those cased due to fertilization with the recommended field rate of the urea or
the fertilization treatments composed of three fourths of the recommended
rate of urea combined with either of the nitrogen fixers at different
proportions. The distribution of total nitrogen within both seasons of
cultivation show that concentration of the total nitrogen tended to decrease
with time i.e, it was higher after 45 days of cultivation and lower at the
harvesting Stage. It is well known that the decrease of nitrogen percent is due
to leaching, volatilization and plant consumption.
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The soil content of the available P seemed to be affected by the
different fertilization treatments in a way similar to a great extent, to that of
total nitrogen. This was true in both seasons of cultivation and over the whole
period of each season.

The different fertilization treatments affected the soil content of the
available K to floculate within a narrow range of concentrations.

Stage of growth showed no certain effect on K concentration.

Also, no variation could be achieved in K concentration between the
two seasons of cultivation.

The obtained results and the given explanations are in close agreement
with many of the previous studies (Boddey and Dobereiner 1988; Skinner et
al 1989 and Quispel 1991).
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Part H:

4.2. Growth parameters and N, P and K uptake of soybean plants.
4.2.1. Effect of biofertilizers and mineral fertilizers on growth parameters of
soybean plant :

Data presented in Tables (22, 23, 24, 25, 26 and 27 elucidate the

effect of the investigated mineral fertilizers (superphosphate and rock
phosphate) and biofertilizers (Phosphorine and Mycorrhizal) applied to the
soil solely or in different combinations on plant height, number of tillers, dry

weight and number of bods at different stages of growth.

4.2.1.1. Plant height :
It is evident from results that, at all growth stages, both the mineral

and biofertilization with P significantly increased plant height as compared
with its height upon receiving no fertilizers. Worthy mentioing that,
application of the biofertilizers, i.e. (Phosphorine and Mycorrhizal) yielded
much less plant height than that resulted in due to application of the
superphosphate but almost similar to that yielded by the rock phosphate.
These results are in accordance with those obtained by Baz et al (1984) who
found that application of the phosphorus fertilizers to soybean plants
significantly increased thier vegetative growth.

Regarding the effect of the different combinations of the mineral and
biofertilizers, data reveal that application of any of the mineral fertilizers at
75% of its recommended rate in combination with one fourth of the suggested
rate of cither (Phosphorine or Mycorrhizal) 50 g/Fed resulted in plant
height equal or even higher than that produced upon application of the
corresponding mineral fertilizer at its recommended rate, Decreasing rate of
the P mineral form and at the same time, increasing rate of the accompanied
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biological one tended to reduce plant height, however, this height remained
significantly higher than that of the control plant. The equal sharing of
(Phosphorine and Mycorrhizal) yielded plant height differing slightly from
that produced due to application of each of them solely.

Comparison of data presented in Tables 22 and 23 with those
presented in Tables 24, 25, 26 and 27 reveal that plant heights during season
1992 after 45 and 75 days of cultivation, did not differ from the
corresponding ones of season 1993.

However, under the different fertilization treatments, at the harvest
stage, height of the plants cultivated in season 1992 were obviously less than
the corresponding ones of the plants grown in season 1993 (Tables 26 and
27). The residual effect of the mineral phosphatic fertilizers as well as the
biofertilizers applied within 1992 and 1993 seasons seemed to take place in
enriching the soil with available P and consequntly increasing plant height.
These results are in agreement with those obtained by Abdel-Nasser et al.,
(1986).

4.2.1.2. Number of tillers :
Data presented in Tables 22, 23, 24, 25, 26 and 27 reveal that number

of tilleres was significantly effected by the application of phosphorus in its
mineral forms as well as the biofertilizers. The results indicate to the
superiority of the super phosphate fertilizer over the rock phosphate or the
biofertilizers. However application of the biofertilizers yielded number of
tillers less then that yielded upon fertilization with rock phosphate at its
recommended rate.

Application of the mineral phosphate as super phosphate or rock
phosphate in combinations with either of (Phosphorine and Mycorrhizal) at
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Comparing dry weight of plant after 45 or 75 days of cultivation in the
first season (1992) with the corresponding one in the second season (1993)
revealed that the effect of the investigated fertilization treatments on plant
dry weight differed slightly from one.

These data was in agreement with thise obtained by Azcon et al
(1976).

4.2.1.4. Number of bods per plant :
Data presented in Tables (26 and 27) reveal thar the different

fertilization treatments affected significantly number of bods per plant. Super
phosphate seemed to be the most effective fertilizer in this concern. The effect
of the rock phosphate on number of bods is similar to that of the biofertilizers
i.e. (Phosphorine and Mycorrhizal).

Fertilization with 16.5 P,Og/Fed. in the form of super phosphate (%4
the recommended rate combined with one fourth of the recommended rate of
Phosphorine or Mycorrhizal (50 g.) yielded number of bods per plant
equivalent, to a great extent to that yielded by the recommended rate of the
super phosphate (22.0 kg P,05/Fed.). Comparatively lower number of bods
per plant was obtained due to fertilization of soils with the different
combinations of rock phosphate with each of the studied biofertilizers. The
abovementioned results and trends did not vary widely from 1992/1993
season to the next one, yet it is obvious that number of bods per plant in the
harvest stage was much higher than that after 75 days of cultivation. These
data were agreement with those obtained by Mosse et al (1976).
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4.2.1.5. Number of seeds per plant :
It can be observed from data in Tables (26 and 27) that fertilization of

soil by any of the studied fertilization treatments : significantly increased
number of seeds per plant compared with that number in the absences of
fertilization.

The super phosphate applied at its recommended rate (22.0 kg
P,0s/Fed.) yielded higher number of seeds per plant than the rock phosphate,
Phosphorine or Mycorrhizal., However biofertilizers seemed to be more
obvious than that of rock phosphate.

Combinations between the super phosphate at a rate of three fourths of
its recommended rate (16.5 kg P,Oy/Fed.) and either of Phosphorine or
Mycorrhizal at a rate of one fourth of recommended rate (50 g./Ped) seemed
to be the most effective treatment on number of seeds per plant.

Moreover, Mycorrhizal was suoerior over Phosphorine in these
combinations. The abovementioned trends took place at the harvesting stage
on both the seasons of cultivation, i.e. 1992 and 1993, vet it is worthy to
mention that number of seeds per plant in the first season was lower than the
corresponding one in the second season regardless of the fertilizer treatment.
It is important té say that the residual effect of the prceeding mineral and
biofertilization might be considered the responsible factor of the increase in
the number of seeds per plant.

These data was in agreement with those obtained by Carling ef al.
(1978).

4.2.1.6. Weight of seeds per plant :
Data in Tables (26 and 27) indicate that super phosphate yielded

hicher weicht of seada ner nlant than that vielded hv rock nhosnhate or anv of
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the studied biofertilizers. Generally it can be said that which received no
fertilizers, the mineral and biofertilizerd plants yielded significant increase in
weight of seeds. The treatment which consisted of 16.5 kg P,Ox per feddan as
super phosphate + 50 g Mycorrhizal resulted in the highest weight of seeds
per plant. A relatively lower weight of seeds per plant took place in the
plants that were fertilized with the a foremenationed rate of super phosphate
+ 50 g. phosphorine. The increase in weight of seeds per plant due to the a
formentioned treatments is closely related to the increase in number of seeds
per plant. Also, the higher weight of seeds per plant in the second season
than the first ones is a subsequent result of the higher number of seeds per
plant in season 1993 than in season 1992,

These data were in agreement with those obtained by Hayman and
Mosse (1971).

4.2.1.7. Weight of 1000 seeds :
Tables (26 and 27) show that the weight of 1000 seeds was affected
significantly by the different fertilization treatments. In this concern, the

treatment composed of 16.5 kg P,Os/Fed. super phosphate + 50 g. of
mycorrhizal was the best followed by the treatment composed of the same
level of super phosphate + 50 g. of phosphorine. The comparison between the
fertilizers added solely reveal that super phosphate yielded a weight of 1000
seeds higher than that yielded by rock phosphate. Meanwhile the mycorrhizal
yielded higher weight of 1000 seeds than that produced due to fertilization
with phosphorine. Values of weight of 1000 seeds per plant due to the
different fertilization treatments were lower in the first cultivation season
than the second one. This is probably attributed to the additional effect of
resisdual phosphorus on plant growth and consquently weight of seeds.
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Table (22) : The interaction effect of bio and mineral fertilizers on plant height
number of tillers and dry weight after 45 days from planting soybean

in 1992 season.

Plant | Number Dry
Ne Treatment height of weight
cm tillers | gm.
1 | Control 36.63 |1.75 5.05
2 |22 P05 kg/Fed super phosphate 5790 |3.00 8.30
3 |22 P05 kg/Fed Rock phosphate 44.78 | 2.25 6.93
4 | Phosphorine 200 g./Fed (C) 45.60 |2.25 6.98
3 | Mycorrhizal 200 g/Fed (D) 44.13 | 2.25 7.10
6 | 100 g/Fed C. + 100 g/Fed (D) 44.18 |2.75 6.68
7 | 16.5 PyOg kg/Fed super phos.+50 g/Fed C | 58.43 |3.00 8.38
8 |11 P,O5kg/Fed super phos.+100 g/Fed C | 4875 |2.75 7.33
9 |[35.5 P,Oskg/Fed super phos.+150 g/Fed C | 42.30 | 2.50 6.95
10 | 16.5 P,O4kg/Fed super phos.+50 g/Fed D | 58.20 |3.25 6.63
11 } 11 P,Og5kg/Fed super phos.+100 g/Fed D | 50.57 | 3.00 7.40
12 15.5 P,O5kg/Fed super phos.+150 g/Fed D | 43.07 | 3.00 6.37
13 | 16.5 P,Og5kg/Fed Rock phos.+50 g/Fed C | 4572 | 4.00 7.17
14 | 11 P,O5kg/Fed Rock phos.+100 g/Fed C | 43.67 |3.00 6.62
15 | 5.5 P,Og5kg/Fed Rock phos.+150 g/Fed C | 41.30 | 3.00 6.47
16 | 16.5 P,Os5kg/Fed Rock phos.+150 g/Fed D | 45.45 | 4.00 6.87
17 | 11 P,Ogkg/Fed Rock phos.+100 g/Fed D | 42.47 | 3.00 6.50
18 | 5.5 PyOg5kg/Fed Rock phos.+150 g/Fed D | 41.50 | 3.00 6.45
LSD 5% 2.89 0.5 0.4

* (C) Phosphorine

** (D) Mycorrhizal
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Table (23) : The interaction effect of bio and mineral fertilizers on plant height
number of tillers and dry weight after 45 days from planting soybean

tn 1993 season.

Plant | Number | Dry
No Treatment height of weight

cm tillers gm.
1 | Control 36.82 | 1.50 5.45
2 |22 P05 kg/Fed super phosphate 56.75 |3.00 8.52
3 |22 P,Og4 kg/Fed Rock phosphate 43.50 |2.25 7.10
4 | Phosphorine 200 g./Fed (C) 44.10 [225 6.62
5 | Mycorrhizal 200 g/Fed (D) 42.45 | 2.25 7.17
6 | 100 g/Fed C. + 100 g/Fed (D) 43.50 |[2.50 6.75
7 {16.5 P05 kg/Fed super phos.+50 g/Fed C | 58.85 |3.25 8.45

8 |11 P,05kg/Fed super phos.+100 g/Fed C | 48.15 | 3.00 7.175
9 }5.5 P,Oskg/Fed super phos.+150 g/Fed C {4237 |3.50 6.97
10 | 16.5 P,O5kg/Fed super phos.+50 g/Fed D | 60.70 | 3.50 8.27
11 | 11 P,0gkg/Fed super phos.+100 g/Fed D | 50.77 |3.00 7.30
12 | 5.5 P,Ogkg/Fed super phos.+150 g/Fed D | 43.10 | 3.00 6.42
13 | 16.5 P;05kg/Fed Rock phos.+50 g/Fed C | 46.80 |3.50 7.20
14 | 11 P,Oskg/Fed Rock phos.+100 g/Fed C |43.12 |3.00 6.72
15 | 5.5 PyOskg/Fed Rock phos.+150 g/Fed C | 41.00 |3.00 6.72
16 | 16.5 P05 kg/Fed Rock phos.+150 g/Fed D | 44.42 | 4.00 7.22
17 | 11 P,Ogkg/Fed Rock phos.+100 g/Fed D | 42.55 | 3.00 6.42
18 | 5.5 P,Os5kg/Fed Rock phos.+150 g/Fed D | 41.30 |3.00 6.20
LSD 5% 3.83 0.56 0.35

* (C) Phosphorine ** (D) Mycorrhizal
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These data were in agreement with those obtained by Pawell and
Daniel (1978).

4.2.1.8 Soybean yvield :
Data in Tables (26 and 27) show plant yield of both seeds and straw as

influenced by the different fertilization treatments.

The plant yield of seeds in kg/Fed. increased significantly due to
fertilization with the mineral and biofertilizers. The effect of super phosphate
on the yield was more obvious than that of the rock phosphate in both seasons
of cultivation. Also, Mycorrhizal produced a yield of seeds higher than that
produced by phosphorine.

The fertilization treatment composed of 16.5 kg PyOs/Fed. as super
phosphate combined with 50 g. of Mycorrhizal produced the highest seed
yield whereas the treatment composed of the same level of super phosphate
combined with 50 g. of phosphorine was in the second order. The other
combinations between the mineral fertilizers and the biofertilizers produced
seed yield comparatively lower than the abovementioned treatments.
However, it is worthy to mention that the combinations between super
phosphate and the biofertilizers resulted in seed yield higher than that
produced by the combinations of rock phosphate with the biofertilizers. These
results are in agreement with those obtained by Tisdale ef al (1975) who
found that inoculation with the phosphobacterium increased yield of legumes.
Gaydou et al (1983) went almost to similar results.

Regarding the plant yield of straw, data show that straw yield in both
seasons of cultivation was highest upon fertilization with a combination of
super phosphate with Mycorrhizal at levels of 16.5 kg P,Os/Fed. and 50 g.
of the biofertilizer, respectively. The combination between the same level of
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super phosphate with 50 g. of phosphorine gave a compartively lower straw
yield, yet, this yield exceeded that produced by any other combination
between the mineral fertilizer and the biofertilizers. Super phosphate gave a
higher yield of straw than that obtained due to fertilization with the rock
phosphate. Also, the different combinations of super phosphate with the
biofertilizers at any given rate gave higher yield of straw than the yield
produced by the corresponding combinations between rock phosphate and the
biofertilizers.

The obtained results and the given explanations are in close agreement
with many of the previous studies e.g Tinker (1978); Harley and Smith
(1983); Gianinazzi and Gianinazzi (1989).

4.2.2. Concentration and uptake of N, P and K by soybean plant as
influenced by phosphatic fertilization :

4.2.2.1. Concentration of N, P and K in soybean plant :

Regarding concentration of N, P and K, Tables (28, 29, 30 and 31)

reveal that all the phosphatic fertilization treatments increased significantly
the concentration of N, P and K after 45 and 75 days of cultivation. The
recommended rate of the super phosphate resulted in higher concentrations of
N, P and K than those produced due to fertilization with rock phosphate or
biofertilizers. Application of three fourths of the recommended level of super
phosphate combined with 50 g. of Mycorrhizal resulted in the highest

concentrations of the abovementioned three elements. Slightly lower

concentrations of these elements were found in the plants upon application of
the same level of super phosphate combined with50 g. of phosphorine. The
combination between rock phosphate and the biofertilizers gave relatively
lower concentrations of N, P and K in plant shoots.It is worthy to indicate




-92.

that concentration of the studied elements in plant shoots, although were

relatively higher in season 1993 than in season 1992, yet the effect of the

mineral and biofertilizers on plant concentrations of these elements was

higher in the second season of cultivation than the first ones.

Data in Table (32, 33, 34 and 35) show that concentrations of N, P
and K in soybean yield components (seeds and straw) increased significantly
by the different fertilization treatment , the increases in concentration of these
elements upon fertilization with super phosphate were higher than the
corresponding increases upon fertilization with either of rock phosphate,
phosphorine or Mycorrhizal alone. The plants inoculated with phosphorine
or Mycorrhizal in presence of a source of available P (super phosphate or
rock phosphate) contained higher concentration of the fertilizer elements than
the other inoculated alone. Concentration of the three elements in seeds and
straw seemed to be controlled by varing the amount of the mineral and
biofertilizers. In this concern, the interaction effect of super phosphate (added
at 75% of its recommended rate) with Mycorrhizal added at rate of (50
g./Fefd.) was the highest followed by that of super phosphate (at the same
abovementioned rate) with phosphorine at a rate of (50 g./Fed.)

It is obvious from data that the super phosphate - biofertilizers
interactions were more effective on N, P and K concentrations than the rock
phosphate - biofertilizer ones. These results are in accordance with those
obtained by Baz et al (1984).

Comparison between concentrations of N, P and K in both yield
components (seeds and straw) of the two seasons of the experiments indicates
that all these elements were found in relatively lower concentrations in the

first season than the second one. However, it could be noticed that the
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fertilization treatments showed trends in the second season similar to those
shown in the first ones.

Generally, the results are in agreement with that reported by Hilal ef
al. (1975); Young et al.(1986) and Abd-El- Maksoud et al. (1988).

4.2.2.2. Uptake of N, P and K by soybean plant :

Shoots uptake of N, P and K due to the different fertilization
treatments is shown in Tables (28, 29, 30 and 31). All the fertilization
treatments increased significantly shoots uptake of N, P and K. The super
phosphate seemed to be more effective on uptake of N, P and K than the rock
phosphate, phosphorine or Mycorrhizal.

Results show also that Mycerrhizal plants had higher shoot dry matter
yield, P concentrations and concequently P uptake than the plants fertilized
with phespherine or non- Mycorrhizal plants grown on without suplemental
phosphorus.

Data reveal also that the uptake of N, P and K was higher upon
fertilization with 16.5 kg P,O5/Fed. combined with 50 g/Fed. Mycorrhizal.

The different combinations between the super phosphate and
biofertilizers resulted in higher uptake of the three elements than that taken
up upon application of corresponding rates of rock phosphate with the
biofertilizers.

The interaction effect between the mineral and biofertilizers seemed to
stimulate plant growth as a whole and consequently a higher dry weight of
the shoots was obtained which, in turn, increased the uptake of the studied
elements obviously.

The increase in shoots dry weight besides of the relative increase in N,
P and K concentrations of soybean plant grown in 1993 over that grown in
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1992 resulted in higher uptake of these elements in the second season of the
experiment than the first one.

Data in Tables (32, 33, 34 and 35) illustrate the effect of the mineral
fertilizers (super phosphate and rock phosphate), the biofertilizers
(Phosphorine and Mycorrhizal) as well as the interaction between the
mineral fertilizers and biofertilizers on N, P and K uptake by soybean seeds
and straw.

The uptake of the three elements by both straw and seeds were higher
upon inoculation with 50g Mycorrhizal per Fed. in presence of 75% of the
recommended rate of super phosphate. Relatively lower uptake of these
elements was recorded upon fertilization with the same level of super
phosphate and inoculation with 50 g. of Phesphorine.

Inoculation with Phosphorine or Mycorrhizal with the rock phosphate
at any rate resulted in lower uptake of N, P and K than that achieved due to
inoculation with the corresponding rate of the biofertilizers with the super
phosphate.

Inoculation with Phosphorine or Mycorrhizal alone resulted in lower
uptake values of N, P and K than those obtained upon fertilization with the
super phosphate only which was slightly higher than those upon fertilization
with rock phosphate only. From the forementioned result, it could be
concluded that the mineral phosphate - inoculum interactions were often
much better in creating plant responses than the application of either the
mineral or the biofertilizers alone. Such conclusion concentrates the light on
the importance of biofertilizers as a source of enriching soil and concequently
with essential nutrients besides of the economical importance of biofertilizers
in reducing costs of fertilization. Moreover, the negative ecological effect of
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the biofertilizers can be neglected as compared with pollution of the
environment caused by using mineral phosphate fertilizers.

Genarelly, the results are in agreement with Sineh et al. (1972) who
found that the nitrogen uptake of two soybean varieties significantly
increased by phosphorus application. They are also in agreement with those

obtained by Besado et al. (1991); Yassen (1992) and Abo-Serie (1992).

4.2.3. Chemical composition of soybean seeds:

The soybean seeds (Clark variety) were subjected 1o chemical analysis.
Data in Tables (36 and 37) indicate the interaction effect of biofertilizers and
mineral fertilizers on the constituents of soybean seeds (g/ 100g on dry weight
basis) during 1992/1993 seasons.

The obtained results illustrate that there are slight differences between
moisture, crude protein, crude fat, total carbohydrates and ash contents of
soybean seed for both 1992/1993 seasons.

From the obtained results illustrated in Tables (36 and 37), it could be
noticed that the highest values of crude protein content of soybean seeds i.e.
42.46, 42.84% were achieved with the treatments that was consisted of 16.5
P205 kg/Fed super, 1/4 the suggested dose of Phosphorine that consisted of
16.5 kg PyOs/Fed super + 1/4 the suggested dose of Mycorrhizal. On the
other hand, the lowest valuesi.e. 34.28, 34.04% were acquired with the
treatments of 22 kg PpOg/Fed Rock phosphate and 5.5 kg P2O¢/Fed Rock
+3/4 Phosphorine, respectively.

Also, the obtained data indicate that the treatment of 16.5kg P,Os/Fed
super + 1/4 the Phosphorine dose (50g) caused the highest value i.e. 22.11%
of crude fat content while the control treatment occurred the lowest value i.e.
19.80%.
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Total carbohydrates content of soybean seeds ranged between
(30.91/38.88%) for 1992 season and (31.09/38.76%) for 1993 as shown in
Table (36). Ash content varied from (2.76 and 6.22%) to (2.71 to 5.53%) for
the abovementioned seasons.

Generally, the obtained results are in agreement with those obtained by
Foda et al (1984) and Ragab (1994) during their work on'diﬁ'erent varieties
of soybean seeds.

It is worthy to mentione that, according to the obtained results, it could
be concluded that there is an opposite relationship between the sum of protein
and fat content and the total carbohydrates content of soybean seeds. In other
words, the treatments which caused an increment in protein and fat content of
soybean seed, were accompanied with decrements in the total carbohydrates
content in comparison with control treatment. This observation may be due to

the inversion of some carbohydrates content to protein and fat molecules

during the metabolism at the ripening stage.

Results in Table (38) indicate| the interaction effect of biofertiﬁzers
and mineral fertilizers on reducing and non-reducing sugars of soybean seed.
From the obtained results in Table (38), it is clear that the different
caused a very slight change in total
soluble sugars in comparison with control treatment. Also, the obtained data
illustrate that a very minute changes had occurred in reducing and non-

reducing sugars between different treatments.

4.2.3.1. Separation and identification of the fatty acids compeosition of
soybean ofl

Results tabulated in Table (39) and illustrated in the figures ( 1 to 10)
showed the effect of biofertilizers and mineral fertilizers on the fatty acid
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Fig(1):

G.L.C. Chroi gram of the faity acid methyl
ester for soybean oil (Clark variety) control
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Fig (2) :

G.L.C. Chromatogram of the fatty acid methyl
ester for soybean oil (Clark variety) (22 kg
P;Os/Fed super phosphate, recommended rate)
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Fig(3): G.L.C. Chromatogram of the fatty ?cid methyl
ester for soybean oil (Clark variety) (22 kg
P5Og/Fed rock phosphate, recommended rate)
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Fig (4): G.L.C. Chromatogram of the fatty acid methyl
ester for soybean oil (Clark variety)
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ester for soybean oil (Clark variety)
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G.L.C. Chromatogram of the fatty acid methyl
ester for soybean oil (Clark variety) (16.5kg

P4Os/Fed super phosphate + 50 g/Fed
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G.L.C. Chromatogram of the fatty acid methyl
ester for soybean oil (Clark variety) (11 kg
P,Og/Fed super phosphate + 100 g/Fed
Phosphorine
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Fig (8): G.L.C. Chromatogram of the fatty acid methyl

ester for soybean oil (Clark variety) (16.5 kg
P,0s/Fed super phosphate + 50 g/Fed
Mpycorrhizal
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G.L.C. Chromatogram of the fatty acid methyl
ester for soybean oil (Clark variety) (16.5 kg

P,Os/Fed rock phosphate + 50 g/Fed
Mpycorrhizal
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composition of soybean crude fat. The obtained results indicated that all
analyzed fat samples has a low content of saturated fatty acids (12.6-
18.54%), while the unsaturated fatty acids (TUS) comprise 84.41-87.36%.
The major saturated fatty acid was palmitic acid (Cy4:0), whose percentage
ranged between 10.06% and 16.38%. While the predominant unsaturated
fatty acid was linoleic acid (Cig :2) whose value varied from 43.96% to
53.84% of the total fatty acids. Oleic acid (Cyg : 1) content ranged between
23.33 and 28.49%.

Such results are in good agreement with those reported by William
(1966) and Swern (1979). The obtained results also showed an inverse
relationship between oleic acid and linoleic acid content. Such findings are
coincident with that obtained by Cummius et al (1967).

The obtained results revealed that the treatment with either
biofertilizer or mineral fertilizers led to an increment in the values of Cyg: 2
and TUS imn comparison with the control sample. In contrast, the values of
Ci6: 0, TS and Cyg : 1 decreased with tﬁe abovementioned treatments.

Generally, 1t can be concluded that, the changes in constituents of
unsaturated and saturated fatty acids of soybean oil were dependent on the

type of treatment (Weingartner, 1987).

4.2.3.2. SDS-PAGE patterns of soybean proteins:

Soybean proteins extracted as early described in materials and methods
were subjected to polyacrylamide gell elecirophoresis in the presence of
sodium dodecyl sulphate (SDS-PAGE).

The pharmacia low molecular weight (L.M.W) calibration kit provides
six protein standards covering subunits molecular weights (M. W) ranging
from 14.4 to 94 KD were used for constructing the calibration curve.




Log (MW)
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Table (40) : The molecular weights of the standards protein and relative

mobility.
Molecular Relative
Standard proteins weight (M. W) Log M.W mobility (Rm) |
Phosphorylase b 94000 4973 0.18
Albumin 67000 4.826 0.26
Pvalbumin 43000 4.633 0.45
Carbonic anhydrase 30000 4.477 0.56
Trypsin inhibitor 20100 4.303 0.74
Lactalbumine 14400 4,158 0.84
5.0 A
4.8 |
4.6
4.4
4.2
4.0 . v
0.0 0.2 0.4 0.6 0.8 1.0
Relative mobility (RM)

Fig (11): Calibration curve for M.W determmatlon of
subunits of soybean (Clark) protein by SDS-

PAGE
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The interaction effect of bio and mineral fertilizers on soybean protein

Clark variety

e O

LT T
09 8 765k 3 L

Fig (12): SDS-PAGE pattemn of soybean protein

1. Control : . :

2. (22 kg PyO¢g/Fed super phosphate (recomniended ralc)
3. (22 kg P3O4/Ted rock phosphate (rccommended rate)

4. Phosphorine

5. Mycorrhizal

6. (16.5 kg P,Os/Fed super phosphate + 50 g/Fed Phosphorine
7. (11kg P,Osg/Fed super phosphate + 100 g/Fed I'iosphorine
8. (16.5 kg P5Og/Fed super phosphate + 50 g/Fed Mycorrhizal
9. (16.5 kg P,Og/Fcd rock phosphate + 50 g/Fed Phosphorine '
10. (16.5 kg P, O5/Fed rock phosphate.+ 50 g/Fed Mycorrhiza
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The relative mobility (Rm) of each protein standard was calculated
from (Fig 12) and plotted against its log molecular weight which gave a
straight line (Fig 11) from which the molecular size of each subunit of
protein samples were determined. The SDS-PAGE patterns of ten soybean
protein samples are presented in (Fig 12). From Fig (12), it has been
observed that the electrophoretic patterns of the examined protein samples are
very similar. Consequently, the obtained results indicated that the
environmental factors did not effect on the electrophoretic patterns of
soybean proteins. |

As shown in Fig (12) each protein was dissociated into at least 15
subunits with molecular weights ranging from 18 to 108 KD. The subunits
with molecular weight of 36 KD was the most abundant band in ail protein
samples followed by that of molecular size of 18 KD. Furthermore, three
subuits with molecular weight of 89, 73 and 56 KD were present in higher
concentrations in comparison with other subunits with the exception of those
of MW of 36 and 18 KD. Assuming that the higher the protein
concentrations the higher the staining intensity of the protein bands.

Thus the 15 subunits detected in protein samples used in this work can
be divided into 5 subunits as major bands and 10 subunits minor bands.

Also, the obtained data indicated that at least two of the minor subunits
have molecular weights greater than 94 KD.

The obtained results are in agreement with that obtained coincident by
Salama (1988) who worked on soybean protein extracted from William
variety. Also, the obtained data are partially coincident with those reported
by Abd El-Aleem (1992) who investigated the protein of Clark and Crowford

varieties.
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4.2.4. Follow-up_of total nitrogen and available P and K of the soybean-
cultivated sofl due to fertilization with super phosphate,
biofertilizers or both:

Total N content of the phosphatic fertilized soil was generally, higher
than that of the control treatment. The fluctuation in nitrogen content of the
fertilized soil was very low. However, the soil treated with the super
phosphate at its recommended level, or at 75% of this level combined with
50g/Fed of either Phosphorine or Mycorrhizal caused the highest soil
content of total N. Also, data in Tables (41 and 42) reveal that soil content of

total N tended to decrease with time after cultivation and achieved its lowest

~value at the harvesting stage.

Soil content of available P increased due to the different phosphatic
fertilization treatments. The increase was higher upon fertilization with super
phosphate at its recommended rate or 75% of this level combined with
50g/Fed of cither Phosphorine or Mycorrhizal However, lower
concentrations of the available P were found in the soil upon fertilizing it
with the other combinations of super phosphate and the biofertlizers. In all
the treatments, the available P content decreased with time. The decrease
may be due to fixation of P by the soil clay mineral or surface of the CaCO4
found in thé soil. An additional, reésoﬁ responsible for decreasing the amount
of available P is of course its uptake by plant.

Available content of K tended to decrease with time after cultivation
regardless of the fertilization treatment. The variation in soil content of
available K due to the different fertilization treatments seemed to be very
low. Also, no obvious difference in soil content of available K could be seen

between the two seasons of cultivation.
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The obtained results and the given explanations are in close agreement
with many of the previous studies, Yehya and Al-Azawi (1989); Amijee ef al
(1990); Baas (1990); Raiu et al (1990) and Smith ef al (1992).
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S. SUMMARY

Two field experiments were conducted through 1991/1992 and
1992/1993 years at Sids Agricultural Research Station to study the
interaction between mineral and biofertilizers on growth, yield and
biocontents.

Therefore, sets of field experiments were carried out using cereal crop
(wheat) and legumes crop (soybean) as indicator plants.

Wheat plants were individually inoculated with either Azotobacter sp
or Azespirillium sp, while legumes (soybean) were individually inoculated
with‘either phosphorine or V.A. Mycorrhizal.

The obtained results and conclusions can be summarized as follows:

A. Cereal crops (wheat):

1. The application of the mineral fertilizer at 75% of the recommended rate
with 50 g/Fed Azotobacter sp or 50 g/Fed Azospirillum sp yielded,
similar or even higher in plant hight, number of tillers, dry weight, spike
length, number of spikelets, number of grains per spike, weight of grain
per spike, weight of 1000 grains, grain yield and straw yield than that
yielded upon fertilization with the mineral fertilizer.

2. The inoculation of the thizosphere with either Azotobacter sp or
Azospirillum sp at rate of 50 g/Fed accompanied with fertilization with
inorganic nitrogen at 75% of its recommended field rate led to the
highest concentrations of N, P and K in wheat plants.

3. The obtained results of plant uptake of N, P and K at both stages of growth
(45 and 100 days of planting) indicated that the a significant increment
had been occurred by fertilizing the plant with inoculation of the
thizosphere with either Azotobacter sp or Azospirilium sp at rate of 50
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g/Fed accompanied with fertilization with inorganic nitrogen at 75% of
its recommended field rate.

4. The obtained data of wheat grain and straw uptake of N,P and K
illustrated that a significant of N, P and K uptake with 75% of the
recommended rate of the inorganic nitrogen combined with inoculation
with 50 g/Fed of either Azotobacter sp or Azospirillum sp.

5. The obtained data indicated that the treatments of (56.25 kg N/Fed + 50
g/Fed Azotobacter ) and (56.25 kg N/Fed + 50 g/Fed Azospirillum)
caused the highest protein value while this treatment caused the lowest
value of total carbohydrates and starch content.

6. Results of the follow-up of the soil contents of total nitrogen, available P
and K may be due to the different fertilization treatments. Data revealed
that in both seasons of cultivation soil contents of the three fertilizer
elements were highest upon fertilizing the soil with urea at 75% of its
field recommended level) combined with 50 g/Fed of Azotobacter sp or

Azospiriluum sp inoculated at the plant rhizosphere.

B. Leguminasease (Soybean): o
1. The application of the mineral fertilizer at 16.5 kg P2Og/Fed super

phosphate with 50 g/Fed phosphorine or 50 g/Fed VA-Mycorrhizal
yielded plant height, number oftillers, dry weight, number of bods per

plant, number of seed per plant, weight of seed per plants, weight of
1000 seeds, soybean yield and straw yield, almost similar or even higher
than that yield upon fertilization with the mineral fertilizer.
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2. The inoculation of the rhizosphere with either phosphorine or VA.
Mpycorrhizal at rate of 50 g/Fed accompanied with fertilization with
super phosphate at 75% of its recommended field rate caused the highest
concentrations of N, P and K.

3. The obtained results of plant uptake of N, P and K at both stage of growth
(45 and 75 days of planting) indicated that a significant increment had
been occurred by fertilizing the plant with inoculation of te rhizosphere
with either phosphorine or VA. Mycorrhizal at rate of 50/Fed
accompanied with fertilization with super phosphate at 75% of its
recommended field rate.

4. The obtained data of soybean grain and straw uptake of N, P and K
indicated that the a significant increase of N, P and K uptake with 75%
of the recommended rate of the super phosphate combined with
inoculation with 50 g/Fed of either phosphorine or VA-Mycorrhizal.

5. The obtained data indicated that the treatments of (16.5 kg P,Os/Fed + 50
g/Fed phosphorine) and ( kg P;0g/Fed + 50 g/Fed VA-Mycorrhiza)
caused the highest protein and oil value while this treatment caused the
lowest value of total carbohydrates.

6. The interaction effect of biofertilizers and mineral fertilizers on the fatty
acid composition on soybean crude fat has been studied. The obtained
results indicated that all analyzed fat samples had a low content of
saturated fatty acids (12.6-18.54%) while the unsaturated fatty acids
comprised 84.41-87.36%.

7. The interaction comprised effect of biofertilizers and mineral fertilizers on
SDS-PAGE patterns of soybean proteins has been investigated. The
obtained results revealed that no differences for each protein in soybean
treatment.
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8. Results of the follow ui) of the soil contents of total nitrogen, available P
and K is due to the different fertilization treatments. Sata revealed that in
both seasons of cultivation soil contents of the three fertilizer elements
were highest upon fertilizing the soil wih super phosphate (at 75% of its
field recommended level) combined with 50 g/Fed of phosphorine or VA-
Mpycorrhizal inoculated at the plant rhizosphere.




