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ABSTRACT: Two field experiments were carried out in the Agricultural Research Station, Faculty
of Agriculture, Zagazig University, El-Khattara Region, Sharkia Governorate, Egypt, during the two
winter seasons of 2015/2016 and 2016/2017 to find out the response of faba bean (improved Giza 3
cv.) to three planting densities (80000, 100000 and 120000 plants/fad.), three humic acid rates (zero, 2
and 4 kg humic acid/fad.) and four phosphorus levels (zero, 15.5, 31 and 46.5 kg P,Os/fad.). The
results of the combined analysis revealed that increasing planting density significantly decreased
number of pods and branches/plant, and seed weight/plant as well as protein yield/fad., while, plant
height and biological yield/fad., were significantly increased by increasing plant densities up to
120000 plants/fad. The highest value of seed yield/fad., was obtained by planting faba bean on density
100000 plants/fad. Results of the combined analysis also showed that, increasing humic acid rates up
to 4 kg/fad., significantly increased number of pods/plant, weight of seeds/plant and protein yield/fad.,
but, hundred seed weight, plant height and number of branches/plant were not affected by the
application of humic acid. Meanwhile, biological and seed vyields/fad., were responded to the
application of humic acid rate up to 2 kg/fad. In general, application of phosphorus fertilizer up to 46.5
kg P,Os/fad., significantly increased all traits under study such as number of branches and pods/plant,
weight of seeds/plant, seed and biological yields/fad., and protein yield/fad as compared to other rates
(combined data), while, hundred seed weight significantly increased by increasing P levels up to 31 kg
P,Os/fad. Interaction results showed that, faba bean plants received 31 kg P,Os/fad., and 2 kg humic
acid/fad., or received 2 kg humic acid under medium density (100000 plants/fad.) produced the
highest value of seed yield/fad.
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INTRODUCTION

Faba bean (Vicia faba L.) has potential as a
source of nutrition for human feed, and as a N, —
fixing, legume can also play an essential role in
enhancing soil fertility. Increasing faba bean
production and improving its quality is a major
target to meet the demand of the increasing
Egyptian population since faba bean constitutes
major part of the diet of Egyptian people. The
cultivated area of faba bean decreased in the last
ten years in Egypt from 71445 to 32532/ha
FAOSTAT (2017). This is due to the strong
competition between faba bean and other
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strategic winter season crops such as wheat and
clover on the limited cultivated land in Nile
valley and Delta as well as the infection with the
broomrapes. Cultivation of faba bean in new
reclaimed sandy soils under drip irrigation
system may be achieved by increasing of
cultivated area of faba bean.

Planting density is an important factor
affecting faba bean yield and its components. In
this connection, Kubure et al. (2015), found
that weight of pods/plant, number of seeds/plant
and weight of seeds/plant were increased
significantly as plant density was decreased
from 500000 to 444444 then to 333333 plants/
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ha. However the highest seeds and biological
yields/ha were obtained by planting density of
444444 plants/ha. Meanwhile, number of pods/
plant was not affected by planting density. In
addition, increasing faba bean planting density
significantly decreased number of pods/plant
and weight of seeds/plant Bakry et al. (2011)
and Khalil et al. (2015). However Bakry et al.
(2011) and Khalil et al. (2015) recorded
significant increase in seed yield/unit area, due
to increasing planting density up to 42 and 52
plants/m?, respectively. Meanwhile, seed index
was not affected by plant densities as reported
by Khalil et al. (2015). Seed protein content of
faba bean significantly decreased by increasing
planting density up to 25 and 33 plants/m? as
reported by Abdallah (2014). Edossa Kubure
et al. (2016) found that increasing inter-row
spacing or intra-row spacing significantly increased
number of branches/plant and decreased plant
height. Protein yield/fad., significantly increased
by decreasing row spacing Bakry et al. (2011)
and Kubure et al. (2015).

Humic substances are an important soil
component because they constitute a stable
fraction of carbon and improve water holding
capacity, pH buffering, thermal insulation and
availability of nutrients EI-Galad et al. (2013).
Several investigations reported that increasing
humic acid rates up to 4 g/l and 8 ml/l (500
I/fad., three times at 21, 45 and 60 DAS)
significantly increased faba bean seed yield
(Shafeek et al., 2013; Khafaga et al., 2014),
respectively. Also, EI-Ghamry et al. (2009)
showed that, application of humic acid with
amino acids resulted in a significant increase in
each of plant height, number of branches/plant,
number of pods/plant and seed yield/unit area.
Meantime, hundred seed weight was significantly
increased by increasing humic acid rate up to 8
ml/l Khafaga et al. (2014). Moreover, El-Galad
et al. (2013) and Shafeek et al. (2013) showed
that, increasing humic acid rate up to 15 kg/fad.,
and 2 g/l, respectively significantly increased
seed protein content, while El-Bassiony et al.
(2010) and Khafaga et al. (2014) cleared that
seed protein content was not affected by humic
acid rates. Bayoumi and Selim (2012) reported
that application of humic acid with nitrogen
fertilizers and with bio-fertilizers recorded the
highest value of weight of seeds/plant compared
with other treatments (nitrogen fertilizer only,

humic acid only, humic acid + bio fertilizers,
humic acid + N fertilizer and bio-fertilizer+N
fertilizer). Results obtained by Kaya et al.
(2005) showed that pre-sowing treatment with
humic acid and zinc recorded the higher protein
yield/fad., of common bean (Phaseolus vulgaris
L.) as compared with control, humic acid and
zinc pre sowing treatments. Biological yield/
fad., was increased significantly by spraying
humic acid substances at rate of 300 mg/I
(Knany et al., 2009).

Soil supply with phosphorus is very important
practice for legumes, where it is considered the
most  important  nutrient  limiting  pulse
production. Faba bean seed and biological yields
per fad., were increased due to increasing
phosphorus levels as reported by Yilmaz (2008)
and Edossa Kubure et al. (2016). Also, some
authors reported significant increases in number
of pods/ plant, weight of pods/plant and hundred
seed weight by increasing phosphorus levels up
to 20 and 46.5 kg P,Os/fad., Tayel and Sabreen
(2011) and El-Aref et al. (2012) respectively.
Increasing P levels significantly increased seed
protein content as reported by Yilmaz (2008)
and El-Aref et al. (2012). On the contrary, EI-
Sobky and Yasin (2017) recorded significant
reduction in seed protein content due to raising
P levels. Plant height responded to P increment
while, number of branches/plant was not
influenced by P levels Hashemabadi (2013).
By the addition of 60 kg P,Os/fad., to peanut
plants, protein vyield/fad., was significantly
increased as compared with 30 kg P,Os/fad.,
Gobarah et al. (2006).

Therefore, the present investigation aimed to
determine the optimum planting density, humic
acid rate and phosphorus fertilizer level which
plays an important role in increasing productivity
and quality of faba bean grown under drip
irrigation system in sandy soil conditions.

MATERIALS AND METHODS

Experimental Site and Treatments

Two field experiments were conducted at the
Agricultural Research Station, Faculty of
Agriculture, Zagazig University, El-Khattara
Region, Sharkia Governorate, Egypt during the
two winter seasons of 2015/2016 and 2016/
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2017. The study investigated three planting
densities (80000, 100000 and 120000 plants/
fad.), to achieve the tested plant densities, faba
bean (improved Giza 3 cv.) was manually
planted on both sides of drip line with line
spacing of 70 cm and hill spacings of 15, 12 and
10 cm for planting densities, respectively. Three
humic acid rates (control (without application),
2 and 4 kg humic acid/fad.) humic acid was
applied as  potassium  humate-granules
(MONBAND) (67.25% humic acid, 15.73%
fulvic acid, 12.60 % K,O, 1.50 water insoluble
and 14.30% moisture), by drilling between both
sides of plants in three equal doses, the first one
was applied after 20 days after planting (DAP)
and the two remaining doses were added at
intervals of 15 days time frame between each,
humic acid was mixed with sand so that it was
easy to distribute regularly to the experimental
units, and four phosphorus levels (control, 15.5,
31 and 46.5 kg P,Os/fad.) were applied as
calcium superphosphate fertilizer (12.5% P,0s),
and were drilled before planting under drip lines
in sandy soil conditions.

Experimental
Practices

Design and Agronomic

A split-split plot design with three replicates
was used in each season, where the main plots
were devoted to plant densities. Humic acid
rates were allocated in the 1% order sub-plots,
whereas the phosphorus levels were distributed
in the 2" order sub plots. Each sub-sub plot
contained 6 drip lines, 3 m long and 70 cm
apart.

The soil of the experimental site was sandy
in texture. Soil samples were collected from the
experimental sites at the depth of 0 — 30 cm
before planting to determine some soil physical
and chemical properties, whereas some soil
mechanical and chemical properties of the
experimental field in the two seasons are
presented in Table 1.

The preceding summer crop was maize (Zea
mays L.) in both seasons. Faba bean (improved
Giza 3 cv.) was planted on 4™ and 2™ November
in the first and second seasons, respectively.
Nitrogen at level of 20 kg N/fad., added at
sowing in form of ammonium sulphate (20.6%
N), and potassium at level of 48 kg K,O/fad., in
form of potassium sulphate (48 % K,0), was

added in two equal doses, the first one was
drilled before planting under drip lines, and the
second was applied through the irrigation
system (fertigation) at 50 DAP. Harvesting was
practiced on 10" and 15" April in the two
seasons, respectively.

Recorded Data

At harvest, the following yield attributes
were recorded using ten guarded plants: plant
height (cm), number of branches/plant, number
of pods/plant and weight of seeds/plant (g).
Thereafter, a bulk sample including all plants in
the three central lines (6.3 m?) was harvest
manually to determine: hundred seed weight (g),
seed protein content (%), seed and biological
yields (ton/ fad.). Nitrogen content (%) in seeds
was determined by using micro-kjeldhl and
protein percentage (%) was calculated by
multiplying N content (%) by 6.25 according to
Pratt, (1978), protein yield/fad. was calculated
by multiplying protein percentage (%) by seed
yield/fad.

Data of the two seasons and their combined
analysis were statistically analyzed as mentioned
by Gomez and Gomez (1984). For comparison
between means, Duncan's multiple range test
was used (Duncan, 1955). The combined
analysis was calculated for all the studied
characters in both seasons. Statistical analysis
was performed by using analysis of variance
techniqgue of MSTAT-C (1989) computer
software package. In interaction Tables, capital
and small letters were used to compare rows and
columns means, respectively.

The combined analysis of variance was
performed for the data of the two seasons after
test the homogeneity of error by bartellet,® test
(Steel et al., 1997).

RESULTS AND DISCUSSION

Effect of Planting Densities

As shown from results presented in Tables 2,
3, 4 and 5, increasing planting density up to
120000 plants/fad., significantly increased plant
height in both seasons and their combined
analysis (Table 2) and biological yield during 1%
season and combined analysis (Table 5).



El-Kholy, et al.
Table 1. Soil mechanical and chemical analyses of experimental site in the two growing seasons

Soil property 2015/2016 2016/2017
Mechanical analysis

Sand (%) 89.15 87.9
Silt (%) 0.5 1.55
Clay (%0) 10.35 10.55
Organic matter (%) 0.25 0.66
Soil texture Sandy loam Sandy loam
Chemical analysis

pH 7.25 7.48
EC mmhose/cm 0.8 0.77
Total N (%) 0.008 0.01
Available P (ppm) 3.64 5.55
Available K (ppm) 35.01 37.44
Soluble cations (meq./l.)

Na"* 0.9 0.95
K* 0.1 0.1
Ca"" 2 3
Mg 1 15
Soluble onions (meq./100 g.)

Cl~- 15 2
COs - - -
HCO 0.5 0.5
SO, ~ 2 3.05

Source: Central Laboratory, Faculty of Agriculture, Zagazig University, Zagazig, Egypt

Table 2. Plant height and number of branches/plant of faba bean plants as affected by planting
densities, humic acid rates, phosphorus fertilizer levels and their interactions during
the two seasons and their combined

Main effects and Plant height (cm) No. branches/plant
interactions 2015/2016  2016/2017  Combined  2015/2016  2016/2017  Combined
Planting density (D)
80000 plants/fad. 85.09 ¢ 178.45b 131.63¢ 3.321a 3.831a 3.576 a
100000 plants/fad. 88.84 b 185.28 ab 137.06 b 3.144 a 3.597 a 3.371a
120000 plants/fad. 92.75a 194.45 a 143.60 a 2.836 b 3.068 b 2.961b
F_test ** * ** * * **
Humic acid rate (H)
Control 89.08 187.79 138.44 3.032 3.433 3.233
2 kg/fad. 89.42 187.32 138.37 3.067 3.444 3.256
4 kg/fad. 88.19 182.78 135.48 3.203 3.636 3.419
F-test NS NS NS NS NS NS
Phosphorus level (P)
Control 88.30 188.20 138.25 2.637c¢c 3.147¢c 2.906d
15.5 kg P,Os/fad. 87.84 188.11 136.01 3.037b 3.344 bc 3.191c
31 kg P,Os/fad. 89.01 184.17 138.56 3.298 a 3.526 b 3.412b
46.5 kg P,Os/fad. 90.42 183.37 136.90 3.340 a 3.974a 3.702 a
F-test NS NS NS foled faled faad
Interactions
DxH *ok NS NS NS NS NS
DxP *x NS NS NS NS NS
HxP ** NS NS NS NS NS

*** and NS indicate significance at 0.05 and 0.01 levels and not significant of differences, in respective order.
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Table 3. Number of pods/plant and seed weight/plant of faba bean plants as affected by planting
densities, humic acid rates, phosphorus fertilizer levels and their interactions during
the two seasons and their combined

Main effects and No. pods/plant Seed weight/plant (g)
interactions 2015/2016 2016/2017 Combined  2015/2016 2016/2017  Combined
Planting density (D)
80000 plants/fad. 13.63a 28.62 a 21.13 a 27.32a 61.01a 44.20 a
100000 plants/fad. 13.42a 22.52b 17.97b 23.76 b 47.27b 35.80b
120000 plants/fad. 9.02b 24.33 b 16.68 ¢ 16.56 ¢ 53.83b 34.92b
F_test *%* *%* *%* *%* * *%*
Humic acid rate (H)
Control 12.11 21.36¢c 16.73 ¢ 21.25b 4595 ¢ 33.60c
2 kg/fad. 11.75 25.67b 18.71b 21.92b 55.27 b 38.59 b
4 kg/fad. 12.22 28.33a 20.33 a 2449 a 60.89 a 42.60 a
F_test NS ** ** * ** **
Phosphorus level (P)
Control 10.85b 2191c 16.38 ¢ 21.19b 50.11b 35.65¢
15.5 kg P,Os/fad. 11.96 ab 24.61b 18.28 b 20.63 b 49.99 b 35.31c
31 kg P,Os/fad. 1246 a 26.48 ab 19.47 ab 22.28 b 55.91a 39.10b
46.5 kg P,Os/fad. 12.82a 27.62 a 20.22 a 26.10 a 60.14 a 43.12 a
F_test * *%* *%* *%* *%* *%*
Interactions
DXH * *%* *%* NS *%* *
DxP NS NS NS NS NS NS
HXP ** ** ** NS ** **

*** and NS indicate significance at 0.05 and 0.01 levels and not significant of differences, in respective order.

Table 4. Hundred seed weight and seed vyield (ton/fad.) of faba bean plants as affected by
planting densities, humic acid rates, phosphorus fertilizer levels and their interactions
during the two seasons and their combined

Main effects and Hundred seed weight (g) Seed yield (ton/fad)
interactions 2015/2016  2016/2017  Combined  2015/2016  2016/2017  Combined
Planting density (D)
80000 plants/fad. 76.15 81.19a 78.67 1.345b 1.878 a 1.612b
100000 plants/fad. 76.79 79.58 ab 78.19 1.548 a 1.934a 1.741a
120000 plants/fad. 77.78 77.55b 77.66 1.540 a 1.715b 1.627 b
F-test NS * NS * * *
Humic acid rate (H)
Control 77.46 79.56 78.51 1.268b 1.809 1.538 b
2 kg/fad. 76.49 78.99 77.74 1.581a 1.865 1.723a
4 kg/fad. 76.73 79.76 78.27 1.584 a 1.852 1.718a
F-test NS NS NS *x NS *x
Phosphorus level (P)
Control 73.98 b 79.37 76.68 b 1.304 b 1.610c 1.457d
15.5 kg P,Os/fad. 74.32b 80.14 77.23b 1.347b 1.872b 1.609¢
31 kg P,Os/fad. 79.60 a 79.13 79.37a 1.591a 1.909 ab 1.750 b
46.5 kg P,Os/fad. 79.72 a 79.12 79.42 a 1.668 a 1.978 a 1.823 a
F_test ** NS ** ** ** **
Interactions
DxH NS NS NS * NS NS
DXP NS *x ** * *x **
HXP ** * ** ** NS **

*** and NS indicate significance at 0.05 and 0.01 levels and not significant of differences, in respective order.
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Table 5. Biological yield (ton/fad.) and protein yield (kg/fad.) of faba bean plants as affected by
planting densities, humic acid rates, phosphorus fertilizer levels and their interactions
during the two seasons and their combined

Main effects and

Biological yield (ton/fad.)

Protein yield (kg/fad.)

interactions 2015/2016  2016/2017 Combined  2015/2016  2016/2017 @ Combined
Planting density (D)
80000 plants/fad. 2.306 c 5.638 b 3.972¢c 400.8 562.7 a 481.8a
100000 plants/fad. 2.408 b 6.053 a 4231b 437.8 560.3 a 499.1a
120000 plants/fad. 3.010a 5.861 ab 4.435a 403.8 4774 b 4406 b
F_test *% * ** NS *x *
Humic acid rate (H)
Control 2.229 ¢ 5.783 4.041b 3415b 4745¢c 408.0c
2 kg/fad. 2.645b 5.843 4.244 a 4285 a 532.2b 480.4 b
4 kg/fad. 2.780a 5.926 4353 a 472.5a 593.7a 533.1a
F_test ** NS ** ** ** **
Phosphorus level (P)
Control 2.166 ¢ 5.214c¢ 3.690d 330.0c 385.9d 357.9d
15.5 kg P,Os/fad. 2.609 b 5.843 b 4.226 ¢ 346.8 c 486.5¢ 416.6 c
31 kg P,Os/fad. 2.590 b 6.167 a 4.378 b 435.4b 605.0 b 520.22 b
46.5 kg P,Os/fad. 2.935a 6.179 a 4.557 a 5444 a 656.5 a 600.5a
F_test *% ** ** *% *x **
Interactions
DxH fala NS NS * NS *
DxP *% * *% *% *% *%
HXP ** NS NS * ** **

*** and NS indicate significance at 0.05 and 0.01 levels and not significant of differences, in respective order.

Meanwhile, number of branches/plant in the two
seasons and their combined (Table 2), number
of pods/plant in the 1% season and combined
analysis, weight of seeds/plant in the 1% (Table
3), 100-seed weight and seed yield/fad. in the 2™
season and protein yield/fad., during the 2™
season and combined analysis were significantly
decreased (Tables 4 and 5). Number of
pods/plant during the 2™ season, weight of
seeds/plant during the 2" season and combined
analysis and seed yield/fad., in the 1% season
significantly deceased with increasing planting
density from 80000 to 100000 plants/fad.
Furthermore, the combined analysis of the two
seasons showed that planting density of 100000
plants/fad., outperformed the other densities in
seed yield/fad. On the other hand, the three tried
planting densities had no significant effect on
hundred seed weight in the 1% season and
combined analysis, these results are in
agreement with those reported by Khalil et al.
(2015). Also, the obtained results are in
agreement with those reported by Abdallah
(2014) who found that increasing planting
density from 25 to 33 plants/m® significantly
decreased number of branches and pods/plant,

weight of seeds/plant and seed yield/fad., but
significantly increased plant height. On the other
hand, Bakry et al. (2011) found that decreasing
row spacing up to 20 cm (176000 plants/fad.)
significantly increased biological yield, hundred
seed weight and protein yield. The decrement in
seed vyield caused by high planting density
(120000 plants/fad.) may be attributed to the
competition between plants which increased
shading between leaves causing insufficient
carbon fixation, increasing respiration rate and
intra-plant competition. On the other hand, the
reduction in seed yield caused by low plant
density (80000 plants/fad.) may be attributed to
that the increments in yield components could
not compensate the reduction occurred in plant
population (Abdallah, 2014).

Effect of Humic Acid Rates

Humic acid rates had no significant effect on
plant height, number of branches/plant and
hundred seed weight in the two seasons and the
combined analysis (Tables 2 and 4). Increasing
humic acid rates from zero to 2 then to 4 kg/fad.,
significantly increased weight of seeds/plant in
both seasons and their combined, number of



Zagazig J. Agric. Res., Vol. 46 No. (6A) 2019

pods/plant, and protein yield/fad., in the 2™
season and combined analysis and biological
yield/fad., in first season only (Tables 3 and 5).
Seed yield/fad., in 1% season and combined
results, biological yield in combined results and
protein yield in 1% season only were significantly
increased by increasing humic acid rates up to 2
kg/fad. On the other hand, seed and biological
yields/fad., in the 2" season were not affected
by the tried humic acid rates. The obtained
results are in accordance with those reported by
Shafeek et al. (2013) and Khafaga et al.
(2014). Yield and yield components of faba
bean significantly increased by application of
humic acid (EI-Ghamry et al., 2009; Fouda,
2017). This could be explained that humic acid
is rich in both organic and mineral substances
which are essential to plant growth and
consequently increasing yield quality and
quantity (El-Bassiony et al., 2010). Also, humic
acid reduces soil pH and EC (El-Galad et al.,
2013).

Effect of Phosphorus Fertilizer Levels

It was clearly evident from Tables 2, 3, 4 and
5 that increasing P levels up to 46.5 kg P,Os/
fad., significantly increased each of number of
branches/ plant (the 2" season and the combined
results), weight of seeds/plant and biological
yield/fad., (the 1% season and the pooled results),
seed vyield/fad., (combined results) and protein
yield/fad., (both seasons and combined results).
On the other hand, the maximum values of
number of pods/plant (the 2" season and the
combined analysis), and hundred seed weight
(the 1% season and the combined results) were
significantly obtained when application of 31 kg
P,Os/fad. Meanwhile, plant height in both
seasons and their combined and 100 seed weight
in the 2" season were not affected by P
fertilizer. Such results stated the vital role of
phosphorus fertilization in improving the
productivity of faba bean (El-Gizawy and
Mehasen, 2009; Edossa Kubure et al., 2016).
Also, EI-Aref et al. (2012) showed that
increasing P levels up to 46.5 kg P,Os/fad.,
significantly increased number of branches and
pods/plant, weight of seeds/plant seed and straw
yields/fad., but, hundred seed weight responded
to 31 kg P,Os/fad. Furthermore, the obtained
results concerning plant height and hundred seed

weight are in accordance with those reported by
El-Sobky and Yasin (2017) who recorded that
insignificant differences in plant height and
hundred seed weight of faba bean due to varying
P fertilizer levels.

Interaction Effect

Interaction between planting densities and
humic acid rates

Results in Table 6 show that, under low
density, weight of seeds/plant and protein yield/
fad., showed positive response to increasing
humic acid rates up to 2 kg/fad. Moreover,
under the high planting density, the two
aforementioned traits exhibited significant
response to raising humic acid application up to
4 kg/fad. This finding can be explained by the
fact that increasing plant density increases the
nutritional requirements of plants. It could be
also concluded that, the highest number of pods/
plant was obtained by sowing faba bean in
density of 80000 plants/fad., and addition of 4
kg humic acid/fad., while the lowest number of
pods/plant was recorded under the high planting
density without humic acid application.

Interaction between planting density and
phosphorus fertilizer levels

From results presented in Table 7, seed and
biological yields/fad., significantly increased
under low density by increasing P levels up to
31 kg P,Os/fad., while, under high planting
density increased by increasing phosphorus
fertilizer levels up to 46.5 kg P,Os/fad. The
obtained results are in accordance with those
reported by Luikham et al. (2009). As the
increase in the number of plants per unit area the
competition among plants on nutrients,
especially phosphorus was increased which is
the most important nutrients for legumes (Table
7). The lowest value of hundred seed weight was
achieved under high planting density and
without phosphorus fertilizer application.

Interaction between humic acid rates and
phosphorus fertilizer levels

The presented results in Table 8 clear that,
the highest value for each of number of pods/
plant and weight of seeds/plant was obtained by
addition of humic acid at rate of 2 kg/fad., and
phosphorus fertilizer at level of 46.5 kg P,Os/fad.
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Table 6. Number of pods/plant, seed weight/plant and protein yield/fad., as influenced by the
interaction between planting densities and humic aid rates (combined analysis)

Planting density (D) Humic acid rate (H)
Control 2 kg/fad. 4 kg/fad.
Number of pods/plant
C B A
80000 plants/fad. 17.83a 21.22 a 2433 a
A A A
100000 plants/fad. 1755 a 18.83b 1752 Db
B B A
120000 plants/fad. 14.82 b 16.08 ¢ 19.13 Db
Seed weight (g)/plant
B A A
80000 plants/fad. 36.22 a 46.92 a 49.36 a
A A A
100000 plants/fad. 34.66 a 35.02b 37.72h
B B A
120000 plants/fad. 29.92 a 33.84b 40.99 b

Protein yield (kg/fad.)
A

B A
80000 plants/fad. 4193 a 505.9 a 520.1a
B A A
100000 plants/fad. 4005 a 532.5a 564.2 a
B B A
120000 plants/fad. 404.2 a 402.7b 515.0 a

Table 7. Hundred seed weight (g), seed and biological yields/fad., as influenced by the interaction
between planting densities and phosphorous fertilizer levels (combined analysis)

Planting density (D) Phosphorus fertilizer level (P)
Control 15.5 kg P,O¢/fad. 31 kg P,Os/fad. 46.5 kg P,Os/fad.
Hundred seed weight (g)

A A A A
80000 plants/fad. 80.07 a 77.62 ab 78.63 a 78.37 a

B A AB AB
100000 plants/fad. 75.02b 79.67 a 78.88 a 79.19 a

B B A A
120000 plants/fad. 74.941 74.41Db 80.61a 80.70 a

Seed yield (ton/fad.)

B B A A
80000 plants/fad. 1.448 a 1510 b 1.703b 1.745a

C B A A
100000 plants/fad. 1433a 1740 a 1.889a 1.900 a

C BC B A
120000 plants/fad. 1.449 a 1.578 b 1.658 b 1.824 a

Biological yield (ton/fad.)

C B A A
80000 plants/fad. 3.484D 3.827b 42463 4332b

B A A A
100000 plants/fad. 3.667 D 4357a 44132 4485

C B B A

120000 plants/fad. 3.919a 4.493 a 4.477 a 4.853 a
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Table 8. Number of pods /plant, seed weight/plant and seed yield/fad., as affected by humic acid
rates and phosphorus fertilizer levels interaction (combined analysis)

Humic acid rate (H)

Phosphorus fertilizer level (P)

Control 15.5 kg P,Ox/fad. 31 kg P,Os/fad. 46.5 kg P,Os/fad.
Number of pods/plant
Control B AB A AB
14.43 b 16.37b 18.85 a 17.55b
BC C AB A
2 kgffad. 17.63 a 15.77b 19.58 a 21.86a
B A AB A
4 kg/fad. 17.09 ab 22.72a 20.26 a 21.25a
Seed weight(g)/plant
Control ¢ BC AB A
28.11b 31.18 b 36.45a 38.65b
B B B A
2 kg/fad. 36.07a 3255 39.18a 4658 a
A A A A
4 kgffad. 42.79 a 4219 a 41.66 a 44.13 ab
Seed yield (ton/fad.)
Control B B B A
1.378a 1.440 b 1.504 b 1.822a
C B A AB
2 kgffad. 1530a 1702a 1876a 1785a
C B A A
4 kgffad. 1453a 1686 a 1870a 1862a
The obtained results showed that without addition and  bio-mineral fertilization  systems.

of humic acid of faba bean plants responded to
increments of phosphorus. However, with the
addition of humic acid/fad., seed yield/fad.,
significantly increased by increasing P levels up
to 31 kg P,Os/fad. From the above it is clear that
the use of chemical phosphorus fertilization can
be reduced by the addition of humic acid, which
is characterized by its high ability to chelate
anions on its surface.

Conclusion

From the obtained results it could be
concluded that the highest value of seed yield/
fad., was significantly obtained by sowing faba
bean plants at density of 100000 plants/fad.,
with application of 31 kg P,Os/fad., or by
application of 31 kg P,Os/fad., with 2 kg
humic/fad., under drip irrigation system in sandy
soil conditions.
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