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ABSTRACT

Two field experiments were conducled at Al- Azhar Farm, Faculty of
Agriculture Assiut Branch, Egypt during the two winter seasons of 2003/2004 and
2004 / 2005 to study the effect of plant spacing 15, 20 and 25 cm between hilis equal
44.4, 33.3 and 26.6 plants/ m* respectively, with two plants per hill on the two sides
of the same ridge and three levels of phosphorus i.e. 0.0, 15.5 and 31.0 kg P,Os/fad
on growth, yield and yieid components of Faba bean, cv. Giza - 40,

tncreasing plant spacing up to 25 cm between hills (26.6 plants/ m?) gave the
highest value of number of branches, number of leaves, dry weight of stem and
leaves per plant, except plant height was decreased by i lncreasrng pilant spacing

Plant spacing at 15 cm between hills (44.4 plants/ m?) gave highty significant
increase in plant height (cm) at harvest and biclogical yield (ton/fad), while plant
spacing at 25 cm between hills (26.6 plants / rnz) gave a significant increase in
nurnber of branches, number of pods, weight of pods (g}, number of seeds and seed
yield per plant (g), and 100- seed weight (g) ,while piant spacing at 20 cm between
hills (33.3 plants/ m®) gave a significant increase in seed yield (ardab./ fad). Seed
protein as well as P contents were alsa increased by increasing the distance between
hills up to 25 cm.

Application of phosphorus fertilizer up to high rate (30 PzOs kg/fad)
significantly increased the growth and yield traits as well as protein and P contents in
Faba bean seeds. )

The interaction between plant spacing and phosphorus rates was significant
on number of seeds per plant and seed yield (ard./ fad} in the two seasons and at the
first season respectively.

Keywords: Faba bean G-40, plant spacing, phosphorus fertilizer, mteractron seed
yield, yield component, protein and phosphorus %.

INTRODUCTION

Faba bean (Vicia faba L)) is one of the most important winter
legumes crops for seeds in Egypt lts importance lies chiefly to its high
protein content as it contains about 24% proteins. It is also well supplied with
phosphorus (P) and calcium {Ca) in addition, it is relatively not expensive
crop to produce. Two of the most important factors in this concern are plant
density and phosphorus fertilization rate.

The plant spacing of faba bean is a limited factor to increasing crop
yield . Increasing plant spacing may cause an increase of yield per plant that
may be due to more spacing between hills, which leads to less competition
between hills. Salem and El- Massr: (1986 a) found that increasing plant
density from 14 to 33 plants/ m? increased seed yield / ha by 30.31 and 44.42
% in 1980 and 1981 seasons ,respectively, while the seed yield and number
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of pods/ plant were decreased under the same plant spacing. Stringi et al.
{1988) found that weight of seeds/ plant, number of pods/ plant, number of
seeds/ plant and 100- seed welght were sharply decreased with increasing
plant density up to 40 plants/m® while showed a slightly decreased at higher
densities. Coelho and Pinto (1989) showed that DM vyield was 16.1 and 26.8
tha at 20 and 40 plants / m*. Kitiki et al. (1992) showed that the effect of
plant densny on yield was linear, the most economic plant density was 29
plants/ m®. Abo-Shetaia (1990) found that 70 000 plans/ fad gave the highest
values for pods and seeds/plant, seeds/ pod, seed weight/ plant and seed
index , whereas 105 000 plants/ fad. gave taller plants.

El-Douby et al. (1996) reported that seed yield of faba bean
increased with increasing plant density from 27 to 44 plants/ m?.

On the other hand, seed yield was increased by increasing plant
density up to 33.3 plants/ m® (Selim and El-Seessy, 1991; Khalii et a/., 1993
and Abdel — Aziz and Shalaby, 1999).

Sail supply with phosphorus is very important practice for legumes,
where it is considered the most important nutrient limiting pulse production. A
vigorous plant growth, coupled with greater assimilates formation and
translocation to plant fruiting parts, resulting in a better development for seed
yield and its components, are consequences for supplying legume plants with
phosphorus at optimum rates (Parihar and Tripathy, 1989).

A tendency towards increasing yield and yield component of faba bean
with increasing phosphorus fertiizer rates has been reported by several
investigators {Abo — Shetaia, 1990; Ei- Habbak and El-Naggar, 1991; EI- Gazzar,
1893 and El- Douby et al, 1996). Salem and El- Massri (1986 b) found that
increasing P application increased seed yield/ plant, number of pods/plant and
100-seed weight. However, phosphorus application of more or less than
optimum was asscciated with reduction in seed yield due to much rapid or late
maturity at the expense of seed filling during maturity period, Abdel — Aziz et al
(1987) showed that increasing P application increased leaf and stem dry
weight (DW).

Increasing the level of phosphorus fertilizer a significant increase in
seed yield of faba bean (El- Kalla et al., 1997 and Khalil et al, 2004) an
increase in the protein content in the seeds of faba bean (Mwafy, 1995; EI-
Kalla et al., 1997, and Khalil et al., 2004).

Therefore, the present study aims to investigation the effect of plant
spacing and application of phosphorus fertilization on growth, yield and its
components of faba bean crop.

MATERIALS AND METHODS

Two field experiments were carried out at the Agriculture
Experimentai Farm of Al- Azhar University at Assiut the during two
successive winter seasons of 2003/2004 and 2004 / 2005 to study the effect
of three plants spacing 15, 20 and 25 cm between hills with two plants per hm
on the two sides of the same ridge (44.4 , 33.3 and 266 plants/ m?%)
Jrespectively and phosphorus fertilizer levels 0.0 15.5 and 31.0 kg P,Og/fad
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on growth and yield of faba bean plants cv.Giza 40, calcium super
phosphate (15.5% P:0s), fertilizer was added before the first irrigation
{Mohya). '

Treatments were arranged in spiit- plot design with three replications.
Hill spacing were assigned to main plots and phosphorus fertilizer levels in
the sub- plot. The experimental unit was 10.5 m? consisted of five ridges, 60
cm apart and 3.5 m length (1/400 fad). Planting was done on the two sides of
the same ridge with two plants left per hill.

" Faba bean seeds were inoculated with Rhizobia (Rhizobium
leguminosarum) before planting. Hand planting took place on ridges , at
November, 1 and 11 in the two seasons, respectively. The agricultural
practices were applied as recommended.

Some physical and chemical properties of the soil of the
Experimental site were analyzed and presented in Table 1 .

Table 1: The physical and chemical analyses of soil field exj)_eriments.

Properties 2003/2004 2004/2005
Physical analysis :

Sand (%) 25.68 26.85
ISilt (%) 39.46 38.08
Clay (%) 34.86 35.07
ISoil texture Clay loam Clay loam
Chemical analysis:

Organic matter (%) 0.94 1.05
Available N (ppm) 63.50 70.20
Available P (ppm) 9.14 10.20
IAvailable K {(ppm) 348.30 355.00
pH (sp 68.7) : 7.80 ' 8.02
E.C. (dSm™) 1.15 116
Total CaCQ, (%) 2.80 2.50

Data was recorded during plant growth as well as at harvest as
follows:
A. During plant growth :

Five plant were chosen at random from each sub plot at 55 and 90
days after sowing to determine the following growth characters:

1. Plant height (cm) _ 4. Dry weight of stems/ plant {g)
2. Number of branches/ plant 5. Dry weight of leaves / plant (g)
3. Number of leaves / plant

B. At harvest:

Samples of 10 plants were also chosen at random from each sub plot
and the following traits were recorded:

1. Plant height (cm) 6. Seed yield/ plant (g) -

2. Number of branches/ plant 7. 100- seed weight (g)

3. Number of pods / plant 8. Biological yield (ton/ fad)
4. Weight of pods/ plant (g) 9. Seed yield (ard/ fad)

5. Number of seeds/ plant

1185



Ibrahim, M.M.

C. Chemicai analysis
1. Crude protein percentage:

Total nitrogen content in seeds was estimated by using Microkjeldah
methods as described by A.O.A.C. (1980) and percentage of protein was
calculated by multiplying the mtrogen percentage by 6.25.

2. Phosphorus percentage:

Total Phosphorus was determined in the seeds digests
colorimetrically using the Spectrophotometer according to the method
described by Chapman and Pratt (1961).

Statistical analysis:

The results were statistically analyzed according to Gomez and
Gomez (1884), using MSTAT-C statistical analysis package by Freed et al.
(1989). The least significant differences (LSD) test at probability level of 0.05
was manually calculated to compare the differences among means.

RESULTS AND DISCUSSION

A. The growth characters:
1. Effect of plant spacing:

Results presented in Tables 2 and 3 revealed that plant height,
number of leaves and dry weight of leaves per plant were significantly
affected by plant spacing at 565 and 90 days after sowing during the two
seasons with the exception dry weight of leaves per plant at 55 days plant
age in 2003/ 2004 season. However, number of branches and dry weight of
stem per plant was only significantly affected by plant spacing at 90 days
after sowing in both seasons.

it is clear from these results that increasing distances between plants
increased number of branches, number of leaves, dry weight of stem and dry
weight of leaves per plant at 90 days after planting in both seasons, however
results in Table 2 cleared that plant height was only increased at 20 cm
between hills at 55 days plant age , while at- 80 days plant age tended to
gradually decrease by increasing plant distance up to wide spacing (25 cm).
It is interesting to note that faba bean plants under low population density
gained more benefits for light, minerals and water. Similar results were
reported by Amer et al. (1992), Edris (1994), Abd El- Aziz and Shalaby (1999)
and Radwan and Mohamed {2005).

2, Effect of phosphorus fertilizer rates:

Results presented in Tables 2 and 3 indicates that phosphorus
fertilizer significantly increased plant height, number of branches. number of
ieaves, dry weights of stem and leaves per plant at 55 and 90 days after
sowing during 2003/ 2004 and 2004/2005 seasons, except plant height and
number of branches per plant at 55 days plant age in 2003/ 2004 season.
Application of high phosphorus rate (31.0 kg P,Os/ fad) resuited in an
increase in these growth traits in comparison with low or unfertilized with
phosphorus fertilization in both growing seasons.
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Table 2: Effect of plant spacing and phosphorus fertilizer levels on vegetative growth characters of faba bean

plants at 55 and 90 days after sowing during 2003/2004 and 2004/ 2005 seasons.

Plant Fertilizer Plant height (cm) Number of branches/ piant Number of leaves/ plant
pacing P-levels Days after sowing Days after sowing Days after sowing
(cm} P05 kgffad 55 90 55 90 55 90
2003/4] 2004/5 | 2003/4 | 2004/5 | 2003/4 | 2004151 2003/41 2004/5 | 2003/4 | 2004/5 | 2003/4 | 2004/5
0.0 41.11 [ 46.33 | 99.35 110856 144 | 112 | 150 | 149 [ 17.18 | 11.92 | 26.50 | 24.33
15 15.5 39.85 | 47.25 [109.96/114.92| 133 | 133 | 1.78 | 2.08 | 1385 ] 16.33 | 29.17 | 268.98
31.0 4178 | 4840 [11742[122.75] 122 [ 200 | 233 | 267 [ 1482 [ 1651 | 31.33. | 29.62
Average 40.91 | 47.33 |108.91/115.41| 1.33 | 148 | 187 | 2.08 | 1525 | 14.92 | 29.00 | 26.98
0.0 44.34 | 54.33 ] 96.75 1103.93] 1.50 | 115 | 162 | 1.58 | 1556 | 15.94 | 2845 | 25.88
20 15.5 46.47 | 55.50 [107.17[112.95| 144 | 1.33 | 1.83 | 2.42 | 16.00 | 14.08 | 30.97 | 30.28
31.0 44.33 | 58.17 |112521118.82] 2.00 1.65 2.50 3.00 | 17.06 | 15.77 | 33.03 | 32.83
Average 45.05 | 56.00 [105.48 |[111.93| 1.65 | 138 | 1.98 | 2.33 | 16.20 | 15.26 | 30.81 | 29.66
.0 42,45 | 43.50 | 94.53 [.99.51 | 1.39 1.50 1.63 165 | 1262 | 15.69 | 3017 | 27.73
25 15.5 44.74 ) 44.50 1102.831109.581 1.30 1.58 258 | 258 | 1353 | 18.15 | 33.56 ) 31.55
1.0 46.14 | 47.53 [104.78 |111.72] 1.75 | 183 | 3.60 | 317 | 15622 | 17.92 | 35.51 | 34.53
Average 44.44 | 4518 1100.71]106.94 | 148 ; 1.64 | 2.57 | 247 | 13.79 | 17.25 | 33.08 | 31.27
Average forall 0.0 4263 | 48.07 | 96.88 [104.00| 144 | 126 | 1.50 | 1.29 | 1512 | 14,52 | 28.37 | 25.98
P-levels 15.5 43.69 | 49.08 (106.65/112.48] 1.36 | 142 | 2.06 | 2.36 | 14.39 | 16.19 | 31.23 | 29.60
31.0 4408 | 51.36 | 11157117794 160 | 183 | 278 | 294 [ 1573} 16.73 | 33.29 1 32.33
LSD at lspacing(S) | 081 | 148 | 229 | 1.74 | NS NS | 081 | 036 | 0.86 | 1.11 | 085 | 147
5 % levelfor  [Fertilizer (F) | NS 077 | 164 | 264 NS 024 | 031 | 0.36 { 060 | 0.71 | 055 | 0.50
S xF 2.21 NS NS NS NS NS NS NS 1.04 | 1.23 NS 0.87
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Table 3: Effect of plant spacing and phosphorus fertilizer levels on vegetative growth characters of faba hean
plants at 55 and 90 days after sowing during 2003/2004 and 2004/ 2005 seasons.

Plant Fertilizer Dry weight of stem/ plant (g} | Dry weight of leaves! plant (g)
pacing P-levels Days after sowing
{cm) P05 kglfad 55 90 55 90
2003/4 | 2004/5 | 2003/4 | 2004/5 | 2003/4 | 2004/5 | 2003/4 | 2004/5 .

0.0 1.61 1.83 9.03 9,96 1.29 1.38 4.28 4.68

15 15.5 206 2.66 11.57 12.59 1.67 225 5.69 6.56
31.0 2.34 3.02 12.48 14.51 1.52 235 6.98 7.81

Average 2.01 2.50 11.02 12.35 1.49 1.99 5.65 6.35
0.0 - 1.42 1.85 992 11.24 1.41 1.50 4.97 524

20 15.5 2.25 2.36 12.56 13.67 1.50 1.68 6.72 7.43
31.0 247 2.95 13.56 15.38 1.94 2.19 8.08 8.82

Average 2.05 2.39 12.02 13.42 1.62 1.79 6.59 7.16
0 1.75 1.75 10.77 12.53 1.60 2.25 547 6.27

25 15.5 2.01 2.42 13.36 14.62 1.71 2.67 7.06 7.94
31.0 2.79 3.02 14.42 18.17 1.96 2.95 8.73 0.44

Average 218 2,39 12.85 14.44 1.76 2.62 - 7.09 7.88
Average for all 0 1.60 1.81 9.91 11.24 1.43 1.71 491 5.40
P-levels 15.5 2.1 248 12.50 13.63 1.83 220 6.49 7.3
31.0 2.54 3.00 13.49 15.35 1.81 2.50 7.93 8.69
LSD at spacing {S) NS NS 0.79 0.75 NS 0.42 0.72 0.76
5 % level for Fertilizer (F) 0.31 0.35 0.34 0.42 0.10 0.22 0.36 0.39
SxF NS NS NS NS NS NS NS NS
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This may be due to that phosphorus fertilizer increased the vegetative growth
of Faba bean, due to the role of phosphorus fertilizer in enhancing
photosynthesis process. These resuits are in harmeny with those obtained by
Mwafy (1995), Abd- Allah and Hamed (20086) and Abd El- Aziz (2007).

3. Effect of interaction:

Data in Tables 2 and 3 also indicate that the significant interaction
effect between plant spacing and phosphorus fertilizer treatments was found
only cn plant height at 55 days in the first season and aiso on number of
leaves per plant at 55 days plant age in both season as well as at 90 days in
the second seascon only respectively, where the highest value was obtained
at plant spacing at 25 cm (26.6 plants/ m?) and 31.0 kg P,O4/ fad.

B. Yield and yield components:
1, Effect of plant spacing:

Resuits in Tables 4 and 5 indicated that plant height , number of
branches, number of pods, weight of pods, number of seeds and seed yield /
plant and 100-seed weight, biclogical yield and seed yield ardab /fad were
significantly affected by the plant spacing.

increasing plant spacing up to 25 cm between hills increased that ail
studied characters, while decreased plant height \biclogical and seed yield
/fad in the two seasons. Such reduction in biological and seed yields may be
attributed to the reduction in plant density in unit area under wider spacing
than lower. However, on contrary there are a gradually increase in other
yield components namely, seed yield / plant, number of pods/plant, number of
seeds/ plant and 100-seed weight with increasing the distance between hills
from 15 to 20 andfor 25 cm. The increase in these traits with increasing the
distance between hills is reflected to compensate the reduction of plant
density at wider spacing. Also probably wide hill spacing led to uniform light
exposure and shading. Also it may be due to high efficienty of
photosynthesis and good weed control. These increases may ascribed to
decreased inter plant competition that leads to increased plant capacity for
utilizing the environmental in puts in building great amount of metabolites to
be usaed in developing new tissues and increasing its yield components.
Similar results were reporied by Abo- Shetaia (1920), Selim and El- Seessy
(1981), Soheir (2001), Radwan and Mohamed (2005), Abd El- Aziz (2007)
and El- Said (2008). However, Khalil ef al. (1993) and Abdel Aziz and
Shalaby {1999) indicated that 20 cm distances between plants (33.3 plans/
m?) produced the largest seed yield/ fad. Moreover, Abo — El- Zahab et al.
(1981) reported that the hlghest yield was recorded from the lowest plant
density of (26.6 plants/m?). On the other hand, Teama (1994) found that no
significant differences amaong plant densities of 24, 33 , 48 or 67 plants/ m?
for seed yield of G 402 cv.

Seed protein percentage was significantly increased by increasing
plant spacing in both seasons. Low plant population (25 c¢m between hills)
gave the highest value of protein (27.47 and 26.76 %) in the first and second
seasons, respectively.
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Table 4: Effect of plant spacing and phosphorus fertilizer levels on yield and its components of faba bean plants

‘ during 2003/2004 and 2004/ 2005 seasons.
lPIant Fertilizer Plant height {cm) Number of Number of pods/| weight of pods/ |Number of seeds/
pacing P-levels branches/ plant plant plant (g} plant
{cm) P20s kg/fad 2003/4 | 2004/5 | 2003/4 | 2004/5 | 2003/4 | 2004/5 | 2003/4 | 2004/5 | 2003/4 | 2004/5
.0 128.03 | 131.73 1.90 1.83 13.42 13.40 27.85 | 29.46 31.84 33.46
15 156.5 137.89 | 138.77 2.43 2.35 15.70 16.06 | 35.39 | 3564 39.51 41.52
1.0 144,64 | 142.58 | 2.61 258 | 1727 | 18.71 | 41.70 | 4341 | 4373 | 46.56
Average 136.85 | 13769 | 2.31 2.26 1546 | 16.06 | 3498 | 3617 | 38.36 | 40.51
0.0 123.97 | 12923 [ 2.10 215 14.40 14.63 3091 3280 | 3465 | 36.10
20 15.5 13454 113629 1 2.91 2.77 16.92 18.15 38.91 39.17 | 45.08 | 47.11
31.0 14144 | 13964 | 3.07 3.08 19.01 | 19.78 | 4413 | 4593 | 5032 | 51.81
Average 133,32 | 135.06 | 2.69 2.67 16.77 | 17.52 ; 3798 | 3930 ; 43.35 | 45.01
.0 121.44 | 126,58 | 2.28 242 15.58 16.27 3591 36.18 | 36.20 | 38.39
25 15.5 131.89 | 133.47 ] 3.18 3.23 17.90 19.27 | 4187 | 4323 | 51.03 | 52.69
31.0 138.57 | 136.88 | 3.55 367 ) 2011 | 2107 | 4723 | 4855 | 58.80 | 60.36
verage 130.63 [ 132.31 3.00 3.1 17.86 18.87 | 4167 | 4299 | 48.63 | 50.48
IAverage for all 6.0 124.48 | 129.18 2.09 213 14.46 14.76 3155 32.81 34.23 35.98
P-levels 15.5 134.77 | 136.17 2.84 2.78 16.84 i7.83 38.72 39.35 | 45.21 47.11
131.0 141,55 | 139.70 | 3.08 3.11 18.80 | 19.85 | 44.36 | 46.30 [ 50.95 [ 52.91
LSD at spacing (S) 1.88 0.30 0.24 0.11 0.74 0.98 0.81 1.09 1.03 1.97
5 % level for Fertilizer (F) 0.76 0.48 0.23 Q.17 0.58 0.83 0.89 0.80 0.63 1.00
S x F NS NS NS NS | N NS NS NS 1.08 1.73
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Table 5: Effect of plant spacing and phosphorus feriiiizer ievels on yieid and its components of faba bean plants

during 2003/2004 and 2004/ 2005 seasons.
Plant Fertilizer Seed yield/ 100-seed [Biological yield] Seed yield Protein Phosphorus
Spacing P-levels plant (g) weight (g) tonifad ard*/fad Y %
{cm) P.0s kgifad | 2003/4 | 2004/5 | 200374 | 2004/5 [ 2003/4 | 2004/5 | 2003/4 | 2004/5 | 2003/4 | 2004/5 | 2003/4 | 2004/5
0.0 16.86 | 17.97 | 5667 | 5854 | 345 | 354 | 861 | 9.26 | 2220 21.62 | 046 | 046
15 15.5 2495 | 2649 | 6721 | 6917 | 4.01 | 401 | 1089 | 1115125752478 | 0.54 | 0.54
31.0 3030 | 3143 1 7081 | 7299 | 444 | 445 | 1248 11258 { 27.03 | 2599 | 058 | 0.58
iAverage 24.04 | 25.29 | 6490 | 6680 | 397 [ 4.03 | 10.66 | 11.00 | 25.03 | 2413 | 0.53 | 0.53
.0 18.72 | 1048 { 63.15 [ 64.25 1 3.25 | 3.38 | 939 | 1000|2354 | 2277 | 047 | 0.48
20 15.5 2732 | 2853 [ 7269 [ 7482 | 383 | 390 | 11.24 | 11.87 { 27.30 [ 26.06 | 056 | 0.57
131.0 3276 | 3408 | 7577 1 7736 | 426 | 425 | 13.83 11326 | 2843 | 2731 | 0.80 | 0.60
Average 28.27 | 27.37 [ 70.54 | 7214 | 3.78 | 384 | 1148 | 11.71 | 26.43 | 2538 | 0.54 | 0.55
0.0 2016 { 21.38 | 66.52 | 67.03 | 3.04 | 3.21 847 ] 9.00 | 2500 [ 2374 | 049 [ 050
25 15.5 2015 |1 290064 [ 76.34 | 7543 | 363 | 366 | 105211078 | 27.83 | 27.34 | 0.58 | 0.58
31.0 35.09 | 3598 [ 79.76 | 79.71 | 402 | 404 [ 1164 11201 [ 2958 | 2918 ] 0.61 | 0.B61
lAverage 28.13 | 2910 [ 74.21 | 74.06 | 357 | 3.63 | 10.21 | 10.60 | 27.47 | 26.76 { 0.56 | 0.56
Average forall 0.0 18.58 | 19.60 | 62.11 | 63.28 | 3.25 3.38 8§.82 942 | 2361 | 22.71 1 0.48 0.48
P-levels 15.5 2714 12832 | 7208 ) 7314 ] 383 | 389 | 10881127 2696 ) 2606 ) 056 | 0.58
31.0 3272 |1 3384 1 7545 | 7669 | 424 | 425 | 1265 | 1262 | 28.35 | 2749 | 060 | 0.59
LSD at spacing (S) 037 | 085 | 192 | 119 | 010 | 001 | 029 | 054 | 0.80 | 042 | 0.01 | 0.01
5 % level for Fertitizer (F) 046 | 056 | 110 | 143 | 006 | 006 | 025 | 226 | 048 | 042 | 0.01 | 0.01
S x F NS NS NS NS NS NS 0.43 NS NS NS NS NS

*one ardab = 155 kg
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High protein content with low pliant population could be attributed to the least
competition in the surrounding media on nutrients, water, root ramification
and light which enhanced the plant efficiently to exploit the solar energy and
nutrient absorption and in turn increased the assimilates accumuiated in the
faba bean seed expressed as crude protein percentage, Yousrya (1995) and
Abd-Ei- Aziz and Shalaby (1999), supported those findings. On contrary
Shalaby and Mohamed (1978) reported that significant increase in seed
protein content under the dense planting population.

The disagreement between the aforementioned observation may be
attributed to the different environmental conditions dominant interim of the
experimentation.

Concerning the effect of the plant spacing on phosphorus
percentage, in general it was slightly increased by increasing distances
between plants in both seasons. The highest phosphorus values {0.56 and
0.56%) were obtained with wider plant spacing 25 cm between hills in both
seasons respectively. This might be attributes to the fact that high plant
densities suffer considerable competition between plants on minerals and
water from the surroundings media and this in turn results in the amounts of
metabolites synthesizes by faba bean plants. These results are in conformity
with the results by Selim and El-Seessy (1991), Radwan and Mohamed
(2005) and EI Said (2008) they reported that phosphorus percentage
increased by increasing distances between plants.

2. Effect of phosphorus fertilizer rates:

The results in Tables 4 and 5 showed that increasing phosphorus
fertilizer rates from 0.0 to 15.5 andfor 31.0 kg P,Os/fad  significantly
increased all studied parameters namely piant height, number of branches,
number of pods, weight of pods, number of seeds and seed yield /plant (g) as
well as 100- seed weight , seed yield (ardffad) and biological yield (ton/fad) in
both seasons. The highest values were obtained when phosphcrus was
applied at the rate of 31.0 kg P,Osffad in both seasons These increases
might be attributed to the roie of phosphorus as a constituent of all important
nucieo- proteins and thus increases the efficiency of root system and
consequently the physiological activities of the plant are enhanced Ileading to
better yield. Also may be due to the effect of phosphorus fertilizer on
increasing the percentage of flowering and setting which increased the
number of pods and seeds / plant. These findings are in agreement with
these reported by El- Kalla et al. (1997), Abd El-Aziz (2005), Abd- Allah and
Hamed (2006) and El- Said (2008).

Also, results in Table 5 indicated that increasing phosphorus fertilizer
levels up to 31.0 kg P,0s/fad significantly increased protein percentage. The
highest values of protein percent (28.35 and 27.48) were obtained by high
phosphorus rates during 2003/2004 and 2004/ 2005 seasons  respectively.
These resuits might be due to the beneficial effect of phosphorus fertilizer on
legumincus crops due to its role in activation the microbial population in
nodules to fix more N, that used by plant in protein synthesis (Bhadoria et al.,
1987). These results are in accordance with those found by Khalil et al.
(2004), Ahmed et al. (2005} and El- Said (2008) they reported that protein
percentage increased by increasing phosphorus rates
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Applying phosphorus fertilizer at high levels also significantly
increased the P content in comparison to the lowest or unfertilized treatments
Table 5. The highest values (0.60 and 0.59%) were obtained when faba bean
plants raceived the highest phosphorus level i.e. (31.0 kg P,0Os/fad) in the first
and second seasons, respectively.

The response of faba bean plans to the super phosphate application
may be due to the lake increase of avaiiable (P) in soil. These results are in
line with those obtained by Abd- Allah and Omran {2002}, Khalil et al. (2004),
Radwan and Mohamed (2005) and El|-Said (2008) who reported that
phosphorus percentage increased by increasing phosphorus rates.

3. Effect of the interaction:

Results in Tables 4 and 5 indicated that all characters under study

were not significantly affected by the interaction between plant spacing and
phosphorus fertilization, except number of seeds /plant in both seasons and
seed yield (ardab/ fad) in the first season which were significantly influenced
by plant spacing x phosphorus fertilizer. However, the highest value of
number of seeds/ piant (58 80 and 60.38) was obtained by plant spacing at
25 ¢m (26.6 plans/ m?) and adding 31.0 kg P,Os/fad in both seasons
respectively, whereas, the lowest value (31 84 and 33.46) was obtained by
plant spacing at 15 cm (44.4 plans/ m? and 0.0 kg P,Qs/fad (control
treatment) during 2003 / 2004 and 2004/ 2005 seasons ,respectively. On the
other hand, the lowest values of seed yield (8 47 and 9.00 ardab/ fad } was
obtained at 25 cm between hills (26.6 plans/ m ) and 0.0 kg P.Os/fad (control
treatment) in both seasons ,respectively.

Conclusions
The most important findings appear to be the following.

Plant spacing at 20 cm between hills (33.3 plans/ m?) and appfication
of phosphorus fertilizer at the rate of 31.0 kg P;Os/fad to clay loam soil
cultivated with faba bean improved seeds yield and seed quality, which are
important for human feeding.
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