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ABSTRACT

The present investigation was carried out at the Agricultural Experimental Station,
Faculty of Agriculture, Alexandria University, duning 2003 and 2004 seasons, to study the
effect four different biofertilizer treatments (Control, Halex, Rhizobactrein and controt
Microbein) and three different levels of nitrogen (Zero, 24 and 48 kg N/ ha) on yield and
yield components of two faba bean cultivars (Giza 461 and Giza Bianca).

Generally, seed of faba bean varied greatly from season to season. While, the
average seed yield/ ha reached 6.03 tha in the first season, it drastically, dropped to 2.76
t/ha in the second season. The two studied cultivars were not statistically different in the first
season, while, Giza 461 tended to surpass Giza Blanca in the seed yield/ ha under different
biofertilizer treatments. Giza 461 showed a significant response to biofertilizer application
which increased its seed yield by about 0.46 t/ha over control (without inoculation) in the first
season. While Giza Blanca seed yieid/ ha significantly decreased with inoculation
treatments.

The symbiotic biofertilizer (rhizobactrein and microbein) tended to increase the seed
yieild by 0.27 t/ha compared with asymbiotic biofertilizer (Halex) in the second season.
However, the difference did not reach the level of significance. The nitrogen application had
not expressed any significant effect on seed yield/ ha. The two biofertilizers, Halex and
rhizobactrein, tended to increase straw yield/ ha as compared with control and microbein,
while applying 24 kg N/ha insignificantly increased straw yield by about 0.62 t/ha over
control. Giza 461 cultivar gave significantly higher seed yield/ plant with Halex biofertilizer at
nitrogen level of 48 kg N/ha in 2004 season. It may be concluded that the moderate level of
24 kg N/ ha with biofertilizer inocuiations gave the highest yield/ plant and per hectare.

INTRODUCTION

Faba bean (Vicia faba) is one of the important food legume crops in
Egypt. It constitutes a major part of daily food, as well as, an important
source of protein for a majority of Egyptian people. The importance of faba
bean in Egypt is not limited by its use in food and feed, but also lies in its
important role in the Egyptian crop rotation. The occupied area by faba
bean in Egypt, reached 127,000 hectare with an average yield of 3.15 t/ha
in 2004/2005 (F.A.O., 2005).

Therefore, increasing faba bean production has become one of the
most urgent and important goals for solving one of the food security
problems in Egypt. Increasing faba bean production in Egypt could be
achieved by means of adopting more promising cultivars, together with
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applying most optimum agricultural practices and crop requirements.
Nitrogen is probably the most common limitation to growth for both plants
and animals. Faba bean, as well as other legumes, is able to fix enough
atmospheric nitrogen to supply its own needs and to contribute to
subsequent crops needs. The limitation and the higher expense of
petroleum products, needed for producing manufactured inofganic
nitrogen, give the huge potential of biological nitrogen fixation more
considerable importance. Moreover, replacing chemical fertilizers by
biofertilizer application results in reducing environmental pollution caused
by mineral nitrogen fertilization (Hussein et al., 1997)

Most of the recommendations encourage the use of biofertilizers such
as Halex, rihizobactrein and microbein to conserve the environment from
pollution and reduce the starting dose from nitrogen fertilizer (Said, 1998).

Among the factors affecting nitrogen fixation is the fertility status of
the soil. Several studies showed that increasing mineral nitrogen level
applied to legumes, in general, tends to reduce the efficiency of biological
nitrogen fixation process (Richards and Soper, 1979; Heyland and Puhl,
1986 and Hanna, 1999).

The present study was carried out to evaluate the response of the
two faba bean cultivars Giza 461 and Giza Blanca, to bio-and nitrogen
fertilization on yield and its components.

MATERIALS AND METHODS
The present investigation was carried out during the two successive
winter seasons of 2002/2003 and 2003/2004 at the Agriculture

Experimental Station of Alexandria University, Alexandria, Egypt. One

factorial experiment was designed to assess the response of two faba bean

cultivars, Giza 461 (G. 461) and Giza Blanca (G. Blanca), to different
biofertilizers along with inorganic nitrogen applications. Three different
kinds of biofertilizers, containing symbiotic or asymbiotic nitrogen-fixing
bacteria, in addition to control, were used. These tested biofertilizers were:

1- Halex, including non-symbiotic nitrogen fixing bacteria, Azotobacter and
Klebsiella.spp.

2- Rhizobacterin, which includes a symbiotic (Rhizobium sp.) and non-
symbiotic (Azotobacter sp.) nitrogen-fixing bacteria.

3- Microbein, which includes a mixture of symbiotic (Azospirillium spp. and
Rhizobium leguminosarum) and non-symbiotic (Azofobacter) nitrogen-
fixing bacteria, in -additon to a phosphate solubilizing bacteria,
Pseudomonas sp. and Bacillus polymyxo.
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Bioferilizer (Rhizobacterin . Microbein) are a commercial multistrains
produced by the General Organization for Agricultural Equalization Fund,
Ministry of Agriculture. It is constituted of a mixture of P dissolving and N2-
fixing bacteria, e.g. Azospirillum Azotobacter, Kebsiella and Bacillus sp.
etc. (El-Khawas, 1990)

Three nitrogen levels of 0.0, 24 and 48 kg N/ha were also studied. A
split-plot design with six replications was used. The two studied cultivars
randomly occupied the main plots, while all possible combinations, of the
three levels of mineral nitrogen and the four biofertilizer applications, were
randomly assigned to sub-plots. The twelve sub-plot treatments were:

1- Control plots were completely left without any application of either

mineral nitrogen or biofertilizer treatment.

2- Nitrogen application of 24 kg N/ha.

3- Nitrogen application of 48 kg N/ha.

4- Halex only. (1.2 kg/ ha)

5- Halex + 24 kg N/ha.

6- Halex + 48 kg N/ha.

7- Rhizobactrein only. (0.24 kg/ ha)

8- Rhizobactrein + 24 kg N/ha.

9- Rhizobactrein + 48 kg N/ha.

10- Microbein only. (0.24 kg/ ha)

11- Microbein + 24 kg N/ha.

12- Microbein + 48 kg N/ha.

Each sub-plot consisted of five ridges. The ridges were six meters
long and 0.60 meter apart. The seeds were sown in hills 0.20 meter apart
at both sides of the ridge and thinned to 2 plants/ hill. Sowing dates were
during the first week of November in both seasons. Seeds of inoculation
treatments were coated with Arabic gum, as an adhesive carrier. The
mineral nitrogen fertilizer was side dressed, in the form of ammonium
nitrate (33.5%), at 21 days after planting. The preceding crop in both years
was maize. Soil analysis for the two experimental sites, in both seasons, is
presented in Table (1).

Data on seed and straw yields at harvest were taken from the inner
two guarded ridges in each sub-plot and then transformed in terms of
ton/ha. Ten guarded plants were randomly taken from each sub-plot for
further detailed studies on seed yield per ptant. Data were statistically
analyzed according to Steel and Torrie (1980).

Vol. 13 (4), 2008 767



J. Adv. Agric. Res. (Fac. Ag. Saba Basha)

RESULTS AND DISCUSSION
A.Yield and yield components

The data obtained on faba bean yield will include both seed and
straw weight, while those on yield components will include seed
weight/plant, only.

1- Seed yield t/ha . L

The analysis of variance for this trait is shown in (Table 2), while the
mean seed yields per hectare are presented (Table 3). The only significant
difference detected was for the interaction between cultivars and
biofertilizer treatments (VxB) in 2004 season only (Table 2). The orthogonal
single-degree of freedom comparisons, i.e.; C4, C; and C;, were performed
among the different biofertilizer treatments for yield characteristics.

Although the three different contrasts did not show any significance in
both seasons, yet the interaction between cultivars and biofertilizers (VxB),
in 2004 season, was confined to the first contrast, VxC, (Table 3). The
mean square shown in that table indicated that the only significant
differences were detected for the first contrast (C,) within each of the two
cultivars. The mean seed yields for the three comparisons for the two
studied cultivars, for 2004 season, are presented in (Table 4). With respect
to the first comparison (C,), Giza 461 showed a significant response to
biofertilizer application, while a reverse trend was noticed with the other
cultivar, Giza Blanca in which the inoculation significantly decreased seed
yield by 0.47 t/ha. Madkour et al. (1987) stated that the magnitude of the
effect of inoculation on growth varied according to the used cultivar and
type of nitrogen-fixing bacteria.

Regarding the second comparison (C,), asymbiotic versus symbiotic
nitrogen-fixation system, data in (Table 4) showed that the symbiotic
biofertilizers tended to increase the seed by 0.21 t/ha., as an average of the
two cultivars, as compared with Halex. Yet the difference within each of the
two cultivars did not reach the level of significance. The third comparison
(C,) illustrated that rhizobactrein tended to increase the seed yield of both
cultivars, compared to microbein, yet the difference did not reach the level
of significance. It could be concluded that biofertilization treatment
promoted the production of bean seeds. Once roots emerge at seed
germination and are microorganisims energetic pathway such as glycolsis
and conversion of conjugate IAA to Active IAA and stimulated growth plants
(Monib et al. 1994). The superiority of rhizbbactrein td microbein, which
contdins phosphate was confirmed by El-Akabawy (2000) on Egyptian
clover. Similar result was also obtained by Sherif, Fatma et al. (1997), on
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lentils, who found that the application of rhizobium led to an increase in
seed yield.

Regarding the effect of nitrogen fertilizer on seed yield, faba bean in
the present study did not respond to nitrogen application. Similar results
were obtained by Dissouki (1982) at Nubaria, who stated that application of
nitrogen did not lead to any significant effect on seed yield of faba bean. It
may be finally concluded that the magnitude of the effect of inoculation, on
seed yield per hectare, is affected by the used cultivar. Moreover, the
present results showed some insignificant superiority of rhizobactrein to
microbein on faba bean yield, while mineral fertilization had no effect on
such studied characteristic in both seasons.

2- Straw yield t/ha

The analysis of variance for this character is presented in (Table 2),
while the mean vyields of straw per hectare are shown in (Table 4). Data in
that table did not reveal any significant differences for any of the three studied
factors or their interactions in both seasons on that trait. Giza 461 cultivar
tended to exceed Giza Blanca in straw vield per hectare by 1.74 ton, as an
average of the two seasons, yet, the differences between both cultivars did
not reach the level of significance in both seasons (Table 4). It seems that
there is no common trend relating seed yield to straw yield.

The two biofertilizers, Halex and rhizobactrein tended to increase
straw yield compared with either control or the microbein application
However, the differences were not significant. The mean yields of straw,
averaged over the two seasons, were 12.66, 13.23, 13.12 and 12.66 t/ ha
for the four biofertilizer treatments, control, Halex, rhizobacterin and
microbein, respectively. The results obtained by Hussein et al. (1997),
Sherif, Fatma et al. (1997) and Hanna (1999) showed that rhizobium
inoculation of faba bean increased straw yield compared with control.

Data in (Table 4) also showed that the application of nitrogen fertilizer
increased straw yield from 12.86 with unfertilized plots to 13.48 t/ha with
application of 24 kg N/ha, as an average of the two seasons. This means
that applying 24 kg N/ha caused an increase in straw yield by about 0.62
t/ha over the control. The further increase in nitrogen level up to 48 kg N/ha
had an adverse effect on straw yield. The reduction in straw yield, due to
the application of 48 kg N/ha was 1.06 tha lower than the level of 24 kg
N/ha. The differences did not reach the ievel of significance. Monib et al.
(1994) concluded that both nitrogen fertilizer and rhizobium inoculation
increased straw vyield.
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It could be finally concluded that Giza 461 cultivar tended to surpass
Giza Blanca in straw yield. Halex and rhizobactrein showed the same
insignificant superiority, in straw yield, to either microbein or control, while,
the moderate level of 24 kg N/ha gave the highest, but not significant, straw
yield compared with control or the level of 48 kg N/ha.

B- Yield component

Seed yield per plant

The analysis of variance and the mean seed yields/ plant are
presented in (Tables 5 and 7), respectively. Data in Table (5) indicated that
the effects due to either cultivars (V) or biofertilizers (B) were not significant
in the two seasons. However, the (VxB) interaction was significant. The
third studied factor, nitrogen levels (N), revealed a significant effect in 2004
season only. In addition, the second order interaction (VxBxN) was also
significant in the same season of 2004.

The partitioning of the interaction between cultivars and biofertilizer
(VxB), (Table 6), indicated that significant effects were detected for the
interaction between variety and the first comparison ((VxC;) in both
seasons, in addition to the second comparison (VxC,) in 2004 season. The
further partitioning of (VxC) interaction in 2003 season, presented in (Table
6), illustrated that the significant differences were only confined to the first
comparison (C,) with Giza Blanca cultivar and the second comparison (C,)
with Giza 461.

Mean of seed yield/plant for the different contrasts for each studied
cultivar are presented in (Table 8). Data indicated that Giza Blanca cultivar
significantly responded to biofertilizer application by about 14% more than
the control. A reverse trend was noticed with the other cultivar, Giza 461,
yet, the difference was not significant.

Regarding the second contrast (C;), Giza 461 had higher seed
yields/plant with asymbiotic biofertilizer (40.37g), while this difference was
not significant for Giza Blanca cultivar. Again, these findings may
emphasize what was stated by Madkour et al., (1987), who attributed the
magnitude of the inoculation effect to the used cultivar and the type of
nitrogen fixing bacteria. With respect to the third contrast (Cs), both
rhizobactrein and microbien did not affect seed weight/plant in 2003 season
for both studied cultivars. The second-order interaction had a significant
effect on seed weight/plant in 2004 season (Table 8). The analysis of
variance of the data of biofertilizer contrast, for cultivars within nitrogen
levels is presented in (Table 7). Data in this table indicated that the
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significant difference only confined with the first and second contrasts, C,
and C; only. ’

(Table 9) shows the effects of biofertilizer comparisons for each
cultivar at each nitrogen level. Although, Giza 461 tended to gave more
seed yield/plant with biofertilizer application, at each nitrogen level, than
control, yet the difference was significant under 48 kg N/kg only. Generally,
the seed yield/plant for Giza 461, average over the three levels of nitrogen,
were 21.28 g for the biofertilizer application, compared with 18.83 g for
control.

Giza Blanca cultivar showed a reverse trend at zero kg N/ha only,
where the difference between biofertilizer application and the non-
inoculation treatment was significant. Regarding the second comparison,
Giza 461 gave the highest seed yield/plant of 25.52g at 24 kg N/ha, when
plants were inoculated with symbiotic biofertilizer compared with 18.28 g
with Halex (Table 9). These results match with findings of many authors
(Amer et al., 1992; Said, 1998 and Shams et al., 2001).

It may be finally conciuded that the two cultivars responded differently
to the application of inocuiation according to the type of N-fixing bacteria.
Moreover, the moderate level of nitrogen fertilization at 24 kg N/ha seemed
to be the convenient level for achieving the higher yield/plant in most of
biofertilizer inoculations.

Table (1): Soil analysis for the two experimental sites, in both seasons

2003-2004:
Seasons pH  Nitrogen (%) Phosphours (%) Potassium (%)
2002/2003 8.04 0.18 0.067 0.086
2003/2004 8.35 0.12 0.321 0.074
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Table (2): Mean squares of the analysis of variance of seed and straw
yields (t/ha) as affected by cultivars, biofertilizers and
nitrogen levels in 2003 and 2004 seasons

—

Source of variation | Characteristic i
(S.0.V.) . Seed yield (t/ha) Straw yield (t/ha)
2003 2004 2003 2004
Replication 3 3.61 1.69 20.74 6.91
Cultivars (V) 1 3.54 4.90 49.55 8.45
Error (a) 3 409 6.37 39.03 2.98
Biofertilizers (B) 3 1.09 0.49 7.82 0.19
VxB 3 3.53 1.55* 0.71 0.87
VxC, " 1 3.87*
VxC,® 1 0.37
VxCy™ 1 0.43
Nitrogen levels (N) 2 0.25 0.61 3.46 2.30
VxN 2 0.97 0.47 3.04 2.20
BxN 6 0.87 0.48 1.05 1.66
VxBxN 6 1.36 0.67 7.96 1.64
Error (b) 66 1.85 0.44 3.99 0.75

* Significant at 0.05 level.

™ ¢, Control vs. biofertilizer application.
@ ¢, Asymbiotic vs. symbiotic system.
® ¢, Rhizobacterin vs. microbein.

Table (3): Mean squares for the partitioning of biofertilizer contrasts
(C) within cultivars (V) for faba bean seed yield/ha 2004

seasons
S.0.V. d.f. M.S.
Biofertilizer within cultivar 6 1.02*
C, within Giza 461 1 1.91*
C, within Giza Blanca 1 1.96*
Remainder 4 0.56
Error 66 0.44

* Significant at 0.05 level.
" ¢, Control vs. biofertilizer application.
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Table (4): Mean of faba bean seed and straw yields (Vha) as affected by cultivars,
biofertilizers and nitrogen levels and their interactions in 2003 and 2004

L) — —_—
Factor Seed yield (t/ha) Straw yield (t/ha)
2003 2004 2003 2044
~Cultivar V, G. 461 V, 5.83% 2.98° 17.73° 9.85°
{\V) V, G. Blanca V, 6.22° . 2.53° 15.75° 8.34"
Biofertilizer B, Control B, 6.17° 2.76° 16.88° 8.43°
Halex B, 6.18° 2.62° 17.08° 8.43"
Rhizobactrein By 5.78° 2.95° 16.45° 9.7¢9"
Microbein B, 6.02° 2.69° 16.53" 8.79°
Nitrogen level (kg/ha) 0 6.09° 2.63° 16.95° 8.76°
24 5.92° 2.91° 17.50° 9.45°
48 6.06° 2.73° 15.76" 9.08°
VxB V,;x B, - 2.64° — -
B, - 2.86° —
Ba —_ 3.44° - -
B, - 2.99% —
V,x B, - 2.88° -— -
B, -— 2.37° - -
B, - 2.47° — —~—
B, — 2.40° - -
Table (5): Mean squares of the analysis of variance of seed yield per plant (g) as affected by
cultivars, biofertilizers and nitrggen levels in 2003 and 2004 seasons
S.0.V. d.f. Season
2003 2004
Replication 5 297.60 251.69
Cultivars (V) 1 328.98 246.30
Error a 5 195.35 247.23
Biofertilizer (B) 3 60.87 2069
VxB 3 349.27* 77.47*
C,xV 1 652.6* 105.68
C,xV 1 299.9 114.4*
C3xV 1 95.3 12.41
Nitrogen levels (N) 2 6.02 78.51*
VxN 2 6.98 28.38
BxN 6 71.54 35.15
VxBxN 6 58.59 57.35*
Error be 110 96.54 _ 25.64

* : Significant at 0.05 level.
(1) C, : Control vs. biofertilizer application.
(2) C, : Asymbiotic vs. symbiotic system.
(3) C; : Rhizobactrein vs. microbein.
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Table (6): Mean squares for the partitioning of biofertilizer contrasts

(C) within cultivars (V) on seed yield/plant in 2003 season

S.0.v. d.f. M.S.

Biofertilizer within cultivar 6 205.07
C, within Giza 461 1 207 .45
C, within Giza Blanca 1 472.06"
C. within Giza 461 1 434.16*
Remainder 3 38.89
Error 110 96.54

* : Significant at 0.05 level.
’C1 Control vs. biofertilizer application.
@ ¢, : Asymbiotic vs. symbiotic biofertilizer.

Table (7): Mean squares for the partitioning of biofertilizer contrasts
(C) on seed yield/ plant within cultivars (V) within nitrogen

levels gN! in 2004 season

S.0.v.
C/VIN 18 205.07
C, within Giza 461 /48 kg N 1 136.58*
C. within Giza Blanca/0 kg N 1 165.01*
C. within Giza 461 /24 kg N 1 210.26*"
Remainder 15 22.51
Error 110 25.64

* ** . Significant at 0.05 level.
™ ¢, - Control vs. biofertilizer application.
@ ¢, : Asymbiotic vs. symbiotic biofertilizer.
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Table (8): Means of faba bean seed yield pér plant (g) as affected by
cultivars, biofertilizers and nitrogen levels and the
interaction in 2003 and 2004 seasons

Factor Treatment Season
2003 2004

Cultivar (V) Giza 461 43.349"" 20.669°
Giza Blanca 46.372° 18.053°
Biofertilizer (B) Control 44 111° 19.009°
Halex 46.764° 19.134°
Rhizobactrein 43.949° 20.481°
Microbein 44.620° 18.819°
Nitrogen levels (N) (kg/ha) Zero N/ha 45.211° 18.399°
24 kg N/ha 44 503° 20.812°
28 kg N/ha 44 .868° 18.871°

VxB V, x B, 46.29° N.S

B, 46.38° N.S

B, 38.88° N.S

B, 41.85° N.S

V, x B, 41.94° N.S

B, 47.15° N.S

B, 49.02° N.S

B, 47.39° N.S

N.S : not significant
(1) means followed by the same letter, within each year, were insignificantly
different at LSDg o5
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Table (9): Means of seed yield per plant (g) as affected by the interaction between

cultivars, nitrogen and biofertilizer comparisons in 2004 season

Biofertilizers comparisons

Culti N::?j:" gizrf::toi:i‘z’:; Asymbiotic vs. Rhizobactrein vs.
ultivars N application symbiotic microbein
ha —
Control Application Halex bsig?;?t'i‘l)itz':r Rhizobactrein Microbein

Giza 461 Zero 18.67 19.86 19.39 201 20.19 20.0

24 2247 2312 18.28 25.52 27.44 236

48 1636 20.87 20.78  20.92 22 64 19.19
Mean 1883 2128 19.48 2219 23.43 2094
Giza Zero 21.78 1572 15.86 2374 16 17 1514
Blanca

24 16.86 19.29 21.89 17.99 20.56 17.89
. 48 1894 1802 1861 17.73 20 56 1489
Mean 19.19  17.68 1879 _17.12 17.54 . 1670

|
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