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ABSTRACT

This study was conducted to know the effect of nitrogenous and urea nano-hydroxyapatite fertilizer
on the growth and yield of two cultivars of broad bean (Vicia Faba L.) in the two autumn seasons (2018
and 2019). The Randomized Complete Block Design (RCBD) was used with a split plots system and
three replicates, the experiment included two factors. The first (main) factor included the cultivars
(Spanish Histal and Italian Aquadilge) and The second factor (secondary) included eight nitrogen
fertilization treatments. The results showed: The cultivars differed significantly in some growth traits,
yield traits, and its components, where the Histal cultivar has excelled in the trait of the weight of 100
seeds in the autumn season 2018 which amounted to (38.1 g), and in the number of seeds per pod, and
the length of the pod in the autumn season 2019 amounted to (22.7 cm, 5.7 pods). While the Aguadulge
cultivar has excelled in the trait of the chlorophyll content in leaves in the autumn season 2018 which
amounted to (38.8 ug.cm?), and in the trait of plant height, biological yield, number of pods in the plant,
seed yield, and protein yield in the autumn season (2019) which amounted to (91.43 cm, 7.439 Mg.ha™,
15 pods.plant™, 2.331 Mg.ha™, 0.546 Mg.ha). The nitrogen fertilization caused a significant increase in
some growth and yield traits and their components in the autumn season 2018, where the concentration
of the nano-fertilizer (150 ppm) gave the highest averages for the trait of the leaf area and the
chlorophyll content in the leaves which amounted to (8598.5 cm?, 45.3 pg.cm®), while the concentration
of the nano-fertilizer (75 ppm) gave the highest average in the traits of the biological yield, the number
of pods per plant, and the seed yield amounted to (10.275 Mg.ha™, 19.6 pods.plant™, 2.825 Mg.ha™),
while the concentration of nano-fertilizer (225 ppm) gave the highest average for the traits of the plant
height and the number of Pod per seed, pod length, the weight of 100 seed, and protein yield amounted
to (86.7 cm, 5.6 pods.seed™, 24.4 cm, 40.77 g, 0.655 Mg.ha™). In the autumn season (2019), the
concentration of nano fertilizer (150 ppm) has excelled by giving it the highest averages of chlorine
content in leaves, biological yield, number of pods per plant, number of seeds per pod, pod length, and
seed yield which amounted to (445.0 pg.cm’, 7.815 Mg.ha, 14.9 pods.plant™, 5.9 seed.pod™, 23.0 cm,
2.484 Mg.ha™). The concentration of nano-fertilizer (225 ppm) gave the highest average percentage of
protein and the yield of protein amounted to (25.1%, 0.611 Mg.ha™). The interaction between nitrogen
fertilization and cultivars was significant in some traits of growth and yield and its components for the
autumn season (2018), where the interaction between Aguadulge cultivar and concentration of
nitrogenous Nano-hydroxyapatite fertilizer (150 ppm) gave the highest average in the trait of leaf area
and leaves the content of chlorophyll which amounted to (8909.3 cm? 46.6 ng.ha™). while the
interaction between the Histal cultivar and a concentration of the urea nano-hydroxyapatite fertilizer
(150 ppm) gave the highest average in the trait of plant height which amounted to (89.2 cm), and the
interaction of the cultivar and a concentration of the nitrogenous nano-hydroxyapatite fertilizer (75 ppm)
has excelled in the traits of the bio-yield and the number of pods per plant (19.9 pods.plant™). As for the
weight of 100 seeds, the highest average of this trait was at the interaction between the Aguadulge
cultivar and a concentration of nitrogenous nano-hydroxyapatite fertilizer (225 ppm) which amounted to
(41.1 g). In the autumn season (2019), the interaction between the Aguadulge cultivar and a
concentration of 150 ppm gave the nitrogenous Nano-hydroxyapatite fertilizer gave the highest
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significant average in the trait of the leaves content of chlorophyll which amounted to (46.6 pg.ha™),
while the highest average of leaf area has achieved at the interaction between the Aguadulge cultivar and
the concentration of urea nano-hydroxyapatite fertilizer (150 ppm) which amounted to (9125.5 cm?), and
the highest significant average was achieved at the interaction between the Aguadulge cultivar and the
concentration of nitrogenous nano-hydroxyapatite (225 ppm) in the traits of bio-yield and number of
pods per plant, seed yield, and protein yield which amounted to (8.900 Mg.ha™, 16.6 pods.plants™, 2.689
Mg.ha?, 0.671 Mg.ha™), while the highest significant average was achieved for the number of seeds per
pod at the interaction between the Histal cultivar and a concentration of nitrogenous nano-
hydroxyapatite fertilizer (150 ppm) which amounted to (6.2 seeds.pod™), and the interaction between the
Aguadulge cultivar and an adding level of urea nano-hydroxyapatite fertilizer (50 kg N.ha™) gave the
highest average weight of 100 seeds which amounted to (47.0 g).

Keywords: Urea, Nitrogen, Nitrogenous nano-hydroxyapatite; cultivars of broad bean.
Research paper from MSc thesis for the third Author.
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1. INTRODUCTION many reasons (26, 27). The period of filling

o ) ) seeds in legumes is the critical period for

Broad bean (Vicia faba L.) is considered one of nutrients, where the seeds become the major
the ~ economically ~ important ~ strategic repository of nutrients and the availability of
leguminous crops, whose seeds contain a high restocking them in the vegetative parts or
percentage of protein, approximately 25-40%, obtained from the nitrogen fixation may be
as well as carbohydrates, mineral elements, insufficient in this period, which requires
fibers, oils, and vitamins, especially vitamin B, accelerating the preparation of nitrogen for the
and a high percentage of phatic acid (15, 25, plant (26). One of the drawbacks of using
29). Increasing the productivity of the legume nitrogenous fertilizers is that they quickly break
crop depends on cultivating high-yielding down in wet soil and washing ammonia away,
cultivars and using effective field methods to which creates huge environmental issues, where
obtain the potential energy of these cultivars and they lead to enriching watercourses with
knowing the extent of their adaptation to the decomposing elements and It eventually enters
environmental conditions (4). The cultivars of the atmosphere in the form of carbon dioxide,
broad bean vary in their morphological shape and this rapid decomposition would also limit
according to the nature of their growth, which the amount of nitrogen absorbed by the crop
varies in size, height, lengths of their stems and roots, which leads farmers to apply more
branches, this leads to a variation in the shape of fertilizers to increase production, and here
the seeds, the seed_conte_nt of_nqtrle_nts and the making the urea breaking process slower to stay
percentage of protein. This variation is often due longer (slow-release) (7). Nanotechnology can
to the genetic nature of the cultivar and provide solutions to increase the value of
environmental conditions (16). Despite the fact agricultural products and reduce environmental
that Iegu_mlm_)us plapts benefit from the problems by using nanoparticles and
atmospheric nitrogen fixed by the root nodule nanopowders, and we can produce fertilizers
bacteria that coexist with the plant, but studies that are controlled or delay their decomposition.
have shown that broad bean responds to the The nanoparticles are characterized by high
addition of nitrogenous fertilizers. The effect of efficacy due to their having more surface area
fertilizer is commensurate with the type of soil, or to increase the interaction of these areas on
growth factors, method of adding fertilizer, and the surface of the particles and these features
most important methods of effecting additional pesticides that are produced with specific scales
processing with nutrients for the plant and the (13). Due to the lack of studies that dealt with
inside the plant, which may be disturbed for fertilizer that dissolves in water quickly, in
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addition to the main problem that accompanies
ammonia volatilization, especially in Iraqgi soils
and in dry and semi-dry regions, this study was
conducted to know the effect of nano-fertilizer,
urea, and the interaction between them on the
growth and yield of two cultivars of broad bean.

2. MATERIALS AND METHODS

This study was conducted during the autumn
season of (2018 and 2019), in the Al-Rashidiya
region north of the Mosul city, which far 13 km
away from the city center of Mosul, in order to
know the effect of nitrogenous and urea nano-
hydroxyapatite fertilizer on growth and yield of
two cultivars of broad bean (Vicia Faba L.). The
experiment included two factors. The first
(main) factor included the cultivars (Spanish
Histal and Italian Aquadilge), obtained from
89Janbali company located in Zakho district,
Duhok province. As for the second factor, it
included eight levels of fertilization (without
fertilization, adding 50 kg N.ha™ in the form of
urea to the soil, and a dilute solution sprayed on
plants until complete wetness of the nano-
hydroxyapatite fertilizer (75, 150, 225 ppm),
and a dilute solution of Urea fertilizer (75, 150,
225 ppm)), where urea fertilizer was manually
added in the form of granules to the soil in two
batches, the first (after a month of planting) and
the second (at flowering) (8). As for the
remaining levels of fertilization, it was added in
the form of a dilute solution that was sprayed on
the plants until complete wetness, as well as in
two batches, the first (after a month of planting)
and the second (at flowering). The cultivation
was conducted at a distance of (75 cm) between
one furrow and another, and 20 cm between one
plant and another. the experimental unit
consisted of (4 furrows), with a length of (3 m).
The experimental unit was with an area of 9 m?
(with dimensions of 3 x 4 m?), and the
treatments were randomly distributed to the
experimental units, and the experimental units
and replicates were separated from each other
by a distance of (1 m). Dishwashing liquid (Al
Zahi) was used with the amount of (1 cm®.L™)
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as diffusion materials, the soil was analyzed for
both seasons to find its physical and chemical
properties by taking random samples of the soil
with a depth of (0-30 cm) before planting in the
laboratory of the Environment Department of
Dohuk province as shown in Table (1). Climatic
data were taken from the Meteorological
Department in Ninawa province as shown in
Table (2). The following traits were studied:
plant height (cm), leaf area per plant (cm?): The
leaf area was measured with a ruler by
measuring its maximum length and maximum
width, the equation mentioned by (11) was then
used :

(LA =0.04 + 0.45 (L x W),

chlorophyll content (ug.cm™): it was measured
by SPAD 502DL Plus Chlorophyll Meter With
Data Logger RS-232, the measurements were
then converted from the SPAD unit to (ug.cm™)
with the equation mentioned by ( 19).

Y (ug.cm®) =-2.79 + 0.88 x X,

In addition to studying the bio-yield (Mg.ha™),
number of pods per plant, number of seeds per
pod, pod length (cm), the weight of 100 seeds
(g), seed yield (Mg.ha), percentage of protein
(%): The percentage of nitrogen in the seeds
was estimated using the Micro Kjeldahl method
according to the method mentioned in (12). The
protein percentage was calculated according to
the following equation:

The percentage of protein = the percentage of
nitrogen x 6.25

The crude protein content (Mg.ha): It was
calculated according to the following equation:

Crude protein content (Mg.ha™) = seed vyield
(Mg.ha™) x percentage of protein in seeds.

The data of the studied traits were analyzed
statistically by computer depending on the SAS
| STAT program ( 2002) according to The
Randomized Complete Block Design (RCBD),
with split-plots for each season as mentioned by
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(3). Duncan's new multiple range test was used
to compare the averages of the treatments for
each of the sources of variance with the

significant effect (17). The averages followed
by different letters indicate the existence of a
significant difference between them.

Table 1: Physical and chemical traits of the soil of the experiment location for the two autumn seasons

(2018 and 2019).
Measurement type First season 2018 | Second season 2019 | Unit
Degree of soil reaction (pH) 7.7 7.4
Electrical conductivity 2.4 2.1 ds.m™
available nitrogen 45.0 39.2 mg.kg™
available phosphorous 115 102 mg.kg™’
available Potassium 13.4 10.5 mg.kg™
Organic matter 0.4 0.9 g.kg?
VVolumetric distribution of soil particles

Clay 15.2 g.kg?

Silt 61.75 g.kg”’

Sand 23.05 g.kg?

Soil texture Clayloam | -

Table 2: The amount of rainfall (mm) during the two study seasons received from the Nineveh
Agriculture Directorate / Planning Department.

Month | November | December | January | February | March | April | May | Total
2018-
2019 28.5 18.2 146.5 93 525 | 20.5 0 |8125
2019-
2020 3.5 94 63.5 133.5 31 31 0 371

3. RESULTS AND DISCUSSION
Plant Height (cm):

Table (3) indicates that there was no significant
effect of the cultivars on the trait of plant height
for the autumn season 2018. while in the
autumn season of 2019 there was a significant
difference between the cultivars in the average
plant height, where the Aguadulge cultivar has
excelled by giving it the highest average for this
trait which amounted to (91.43 cm), while the
Histal cultivar gave the lowest average plant
height amounted to (83.87 cm). The reason for
the superiority of the Aguadulge cultivar in the
trait of plant height may be due to the genetic
nature of the cultivar, which influenced its
response to environmental conditions better in

602

the event of a decrease in the amount of rain in
the second season as shown in Table (2), and
then increasing the average of cell division and
elongation, which positively affected the trait of
plant height for this cultivar, this result agrees
with (6). Nitrogen fertilization caused a
significant increase in the plant height for the
autumn season 2018, where the nano-
hydroxyapatite fertilizer at a concentration of
(150 ppm) gave the highest average amounted
to (87.5 cm), which did not differ significantly
from the concentration of (225 ppm), while the
non-fertilization treatment gave the lowest
average for this trait amounted to (82.1 cm). The
reason for the superiority of high concentrations
of nanoparticle fertilizer in increasing plant
height may be due to the large permeability and
high speed of nanoparticles, which means more
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ease in penetrating plant leaves that play an
important role in promoting plant growth, where
nitrogen has a positive role in increasing the
activity of meristematic tissues and cell division
and its importance In building amino acids such
as Tryptophan, which is the basis for building
Auxins that contribute to cell division and
expansion (23). As for the autumn season
(2019), nitrogen fertilization with its different
levels did not have a significant effect on plant
height. There was a significant interaction
between cultivars and nitrogen fertilization in
the trait of plant height for the autumn season

(2018), the highest average for this trait
amounted to (89.2 cm) at the interaction
between the Histal cultivar and a concentration
of urea fertilizer (150 ppm), while the lowest
average for the trait amounted to (77.8 cm) at
the interaction between the Aguadulge cultivar
and a concentration of urea fertilizer (150 ppm).
We observe that the response of the cultivar to
the nitrogen fertilizer varies according to the
cultivar with the used constant concentration. In
the autumn season (2019), there was no
significant interaction between cultivars and
nitrogen fertilization in plant height.

Table 3: The difference between cultivars and the effect of nitrogen fertilization and the interaction
between them in the trait of plant height (cm) for the autumn seasons (2018 and 2019).

The autumn seasons (2018)

The autumn seasons (2019

Cultivars Effect of Cultivars Effect of
Nitrogen . Nitrogen Nitrogen . Nitrogen
fertilization Hist | Aguadul fertilizati fertilization Hist | Aguadul fertilizati
al ge on al ge on
Wlthog@ nitrogen 86.0 hi78.2 82 1b Wlthoy'F nitrogen 84.1 92 13 88.12
fertilization a-d fertilization 0
Urea (50 kg.ha™) 8b5-d1 e-g81.5 | 83.3b | Urea (50 kg.ha™) 8‘(‘)'4 88.37 86.38
75 d-f 75 85.6
niltJrgZZn PPM | 832 84.6 c-e 83.9b nit:(r)za;n PPM 3 90.63 88.13
o 150 a89. . L2 150 86.6
fert:)lrl]zatl PPM 5 i177.8 83.5hb fertélrllzatl PPM 3 91.67 89.15
225PP | g- 225PP | 80.9
M i78.4 88.0 ab 83.2b M 7 92.63 86.80
75 f-h 75 83.5
Nano | PPMm | gro | 8708¢ | 840D | \one | pem | 7 | %697 | 90
nitrogen 150 | 88.5 nitrogen 150
fertilizati | PPM | ab | 29 865 875 @ |zt | ppm | 840 | 8950 | 8675
on 225 | 85.6 on 225 | 81.6
PPM | bod 87.8 a-c 86.7 a PPM 7 89.50 85.58
Overall b Overall
Effect of cultivars | 84.6 83.9 average | Effect of cultivars | 83.8 | a91.43 | average
84.3 7 87.6

Plant Leaf area (cm?):

The cultivars had no significant effect on the
trait of leaf area for both seasons as shown in
Table (4). While the levels of nitrogen
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fertilization significantly affected the trait of
leaf area and for both seasons. In the autumn
season (2018), the concentration of nano
fertilizer (150 ppm) gave the highest average for
this trait amounted to (8598.5 cm?), while the
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lowest average for this trait which amounted to
(6266.7 cm?). The reason for excelling the
concentration (150 ppm) may be attributed to
the increase in the number of leaves in the plant
(which was observed in the field) as well as the
direct role of the nano-hydroxyapatite fertilizer
in increasing cell division and expansion,
especially the leaf cells, which was positively
reflected in increasing the leaf area of the plant.
Also, the significant decrease in the
concentration of nano-fertilizer (225 ppm) may
be due to the fact that the higher concentration
affected the absorption of the sprayed fertilizer
by the leaves. In the autumn season (2019), the
concentration of nano-fertilizer (75 ppm) gave
the highest average leaf area amounted to
(8477.3 cm?) compared to the non-fertilization
treatment, which gave the lowest average for
this trait amounted to (7138.1 cm?) which did
not significantly differ from the addition level
(50 kg N.ha™) of urea and the concentration of
Urea Fertilizer (75, 225 ppm). The reason for
the difference in the effect of fertilization levels
between the two seasons may be due to the
difference in the amount and distribution of rain
during the growing season as shown in Table
(2), where it was more intense in the first season
than it was in the second season and these
results agree with (24). The interaction between
the cultivars and the nitrogen fertilization of the
autumn season (2018) had a significant effect.
The interaction between the Aguadulge cultivar
and the concentration of nano fertilizer (150
ppm) has excelled by giving it the highest
average of leaf area amounted to (8909.3 cm?).
The lowest average of leaf area was at the
interaction between the Histal cultivar and the
concentration of urea fertilizer (225 ppm) which
amounted to (5802.3 cm?). in the autumn season
(2019), the interaction between the Aguadulge
cultivar and the concentration of urea fertilizer
(150 ppm) gave the highest average for this trait
amounted to (9125.5 cm?) compared to the
lowest significant average of leaf area was at the
interaction between the Histal cultivar and the
concentration of urea fertilizer (225 ppm) which
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amounted to (6436.2 cm?). Through the results
of the interaction, it is evident that the
Aguadulge cultivar was the most responsive to
spraying with nitrogenous nano-hydroxyapatite
fertilizer and urea fertilizer than the Histal
cultivar, where it achieved a high average of
leaf area. This may be due to the genetic
differences between them, which were reflected

in  their different response to nano-
hydroxyapatite, nitrogen, and other growth
factors.

The leaves content of Chlorophyll (pg.cm™):

Table (5) indicates that the cultivars had a
significant effect on the trait of the leaves
content of chlorophyll for the autumn season
(2018), where the Aguadulge -cultivar has
excelled in this trait by giving it the highest
average amounted to (38.8 pg.cm™) compared
to the Histal cultivar which gave the lowest
average for this trait amounted to (37.6 pg.cm’
%). While in the autumn season (2019), the
differences between the cultivars did not reach
the significant limit for this trait. The reason
may be attributed to the difference in the
genotypes of the cultivars in their genetic
composition, the nature of their growth, their
morphological shape, and their effect on the
environmental factors, or it may be that the
decrease in the number of leaves for the
Aguadulge cultivar was reflected in increasing
the concentration of this pigment in its leaves,
this result agrees with (9). The effect of nitrogen
fertilization was significant on the trait of the
chlorophyll content, where the concentration
nano fertilizer (150 ppm) has excelled in both
seasons 2018 and 2019 by giving it the highest
average for this trait amounted to (45.3, 45.0
ug.cm'z), respectively, compared to the lowest
average for this trait was at non-fertilization in
both seasons which amounted to (32.7, 33.5
ng.cm?), respectively. This increase in the
percentage of chlorophyll in the leaves may be
attributed to the increase in the concentration of
the nitrogen component in the leaves, which is
essential in the formation of the chlorophyll
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pigment, which was reflected positively in
increasing its concentration in the leaves, and
70% of the nitrogen in the leaves enters in the
formation of chlorophyll (14). The interaction
between cultivars and nitrogen fertilization was
significant in the trait of chlorophyll content in
leaves for both seasons. In the autumn season
(2018), the interaction between the Aguadulge
cultivar and a concentration of nano fertilizer
(150 ppm) has excelled by giving it the highest
average for this trait amounted to (46.6 ug.cm’
%), and it did not significantly differ from the
interaction between the Histal cultivar and a
concentration of nan fertilizer (150 ],tg.cm'z)
which amounted to (44.0 pg.cm™), while the
lowest average for this trait was at the
concentration of urea fertilizer (75 ppm) gave

interaction between Histal cultivar and non-
fertilization which amounted to (32.0 ug.cm'z).
In the autumn season (2019), the interaction
between Aguadulge cultivar and a concentration
of nano fertilizer (150 ppm) has excelled by
giving it the highest average for this trait
amounted to (46.6 pg.cm?), while the
interaction between the Histal cultivar and the
non-fertilization treatment gave the lowest
average for this trait amounted to (33.5 pg.cm’

2).

the

Table 4: The difference between cultivars and the effect of nitrogen fertilization and the interaction
between them in the trait of leaf area (cm?) for the autumn seasons (2018 and 2019).

The autumn seasons (2018) The autumn seasons (2019)
Cultivars Effect of Cultivars Effect of
Nitrogen Nitrogen Nitrogen Nitrogen
fertilization Histal Aguad fertilizati fertilization Histal Aguad fertilizati
ulge on ulge on
Without nitrogen de Without nitrogen hi d-f
fertilization bc7380.7 6212.3 bc 6796.5 fertilization 6505.9 | 7770.2 d7138.1
C-
1 7073.2 1 fg e-g
Urea (50 kg.ha™) cd e6%29. bc 6851.2 | Urea (50 kg.ha™) 79835 | 7428.2 cd 7355.9
6425.3 c- )
75 de 75 hi bc
Urea | poy € 6108.1 | € 62667 | Urea | ooy lgeasq | gagpy | Cd 75234
nitrogen nitrogen
fertilizati | 150 | 8670.5a | de6182 fertilizati | 150 gh a
on PPM 6 | P46 | PPM | 7063.0 | 91255 | 80943
225PP | 5802.3 e ab 225PP i b-d
M 83542 | 0 7078.2 M | 64362 | 8206.1 | € 7366-2
75 6104.4 ab 75 c-e a
Nano PPM de 8217.0 b 7160.7 Nano PPM | 7969.8 | 8984.8 a8477.3
nitrogen 150 8287.6 a nitrogen 150 hi ab
fertilizati | PPM | ab | 89093 | 289985 | fertilizati | PPM | 6697.6 | 87104 | 77040
on 225 bc7429 on 225 g-i b-d
PPM bc7455.1 5 b7442.3 PPM | 69585 | 82230 ¢ 7590.8
Overall b a Overall
Effect of cultivars | 7149.9 | 7255.3 | average | Effect of cultivars 69498 | 83626 | 2verage
7202.6 ' ' 7656.2
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Table 5: The difference between cultivars and the effect of nitrogen fertilization and the interaction
between them in the trait of the leaves content of Chlorophyll (ng.cm™) for the autumn seasons (2018

and 2019).
The autumn seasons (2018) The autumn seasons (2019
Cultivars Effect of Cultivars Effect of
Nitrogen . Nitrogen Nitrogen . Nitrogen
fertilization Hist | Aguadul fertilizati fertilization Hist | Aguadul fertilizati
al ge al ge
on on
Without nitrogen i . Without nitrogen h
fertilization 32.0 hi 33.5 e32.1 fertilization 33.5 h33.5 d33.5
Urea (50 kg.ha™) 3%"1 f-h35.7 | d354 | Urea (50 kg.ha?) 395h1 gh353 | d35.2
75 g-i 3 75 gh
niltJrgzzzn PPM | 345 f-h 36.3 35.4d nitJrgzaen PPM | 345 gh 35.3 d34.9
9% 150 | e-h o | 150 | fg
fert(l)lrllzatl PPM | 36.9 c-f 38.9 c37.9 fertélrl]zatl PPM | 36.9 c-f 39.0 c37.9
225PP | d-g 225PP | e-g
M 380 | C® 40.4 | bc 39.1 M 377 | C® 40.3 | bc39.0
75 c-f 75 d-f
PPM | 391 bc 42.1 b 40.7 PPM | 38.7 bc 41.9 b 40.3
Nano =56 ap Nano =750 p
nitrogen ppM | 440 | 2@ 46.6 453 a nitrogen PPM | 434 | 2 46.6 a45.0
fertilizati b fertilizati
on 225 . on 225 | b-d
PPM ddil. f-h35.9 | 38.5bc PPM | 409 fg 36.7 bc 38.8
b Overall Overall
Effect of cultivars a 38.8 average | Effect of cultivars | 37.6 38.6 average
376 41.7 41.7

Pod Length (cm):

Table (6) indicates that the cultivars did not
significantly differ among them in the trait of
pod length for the autumn season (2018). In the
autumn season (2019), it differed significantly
in this trait, where the Histal cultivar was
excelled by giving it the highest average of pod
length amounted to (22.7 cm) compared to
Aguadulge cultivar which gave the lowest
average for this trait amounted to (20.2 cm), and
this result agrees with (2). The nitrogen
fertilization has significantly affected the trait of
pod length and for both seasons. In the autumn
season (2018), the concentration of nano
fertilizer (225 ppm) has excelled by giving it the
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highest average for the trait of pod length
amounted to (24.4 cm), while the non-
fertilization treatment gave the lowest average
for this trait amounted to (20.0 c¢cm). In the
autumn season (2019), the concentration of
nano fertilizer (150 ppm) gave the highest
average of pod length amounted to (23.0 cm),
while the lowest average for this trait amounted
to (20.1 cm) at a concentration of urea fertilizer
(75 ppm). The higher concentrations of nitrogen
Nano-hydroxyapatite fertilizer in this trait for
both seasons may be due to the increase in leaf
area as shown in Table (4) and chlorophyll
content in the leaves as shown in Table (5), and
then an increase in the division and elongation
of their cells, which was reflected in increasing
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the length of the pod. There was no significant
interaction between cultivars and nitrogen

fertilization in the trait of pod length for the two
autumn seasons (2018 and 2019).

Table 6: The difference between cultivars and the effect of nitrogen fertilization and the interaction
between them in the trait of the Pod Length (cm) for the autumn seasons (2018 and 2019).

The autumn seasons (2018) The autumn seasons (2019
Cultivars Effect of Cultivars Effect of
Nitrogen . Nitrogen Nitrogen . Nitrogen
fertilization | 1St | AQuadul | e iiizati | fertilization | TSt | AGUdUl g izt
al ge al ge
on on
Withoutnitrogen | ) 7 | 195 | gpgq | Withoutnittogen .55 | 504 | c213
fertilization fertilization
Urea (50 kg.ha™) | 22.0 | 214 b-d21.7 | Urea(50kg.ha™) | 225 | 19.3 ¢ 20.9
75 75
_Urea PPM 21.5 19.7 cd 20.6 _Urea PPM 21.6 18.5 c20.1
nitrogen 150 nitrogen 150
fert(ljlrllzatl PPM 23.6 20.1 b-d 21.8 fertélrl]zatl PPM 22.7 19.0 c20.9
2o 1213 | 216 | bd214 2o 216 | 206 | be2Ld
75 75
Nano PPM 22.7 23.5 ab 23.1 Nano PPM 23.4 19.6 a-c 21.5
nitrogen 150 i nitrogen 150
fertilizati | PPM 238 212 a-c22.5 fertilizati | PPM 239 221 a230
on 225 on 225
PPM 25.2 23.7 a24.4 PPM 23.3 22.1 ab 22.7
Overall a Overall
Effect of cultivars | 22.7 21.2 average | Effect of cultivars b 20.2 average
22.7
21.9 21.4
The number of pods per plant (pod.plant™) efficiency of the cultivar in converting

Table (7) shows that the cultivars did not
significantly differ among them in the trait of
the number of pods per plant for the autumn
season (2018). While they differed significantly
in this trait for the autumn season (2019), where
the Aguadulge cultivar has excelled by giving it
the highest average for this trait, which
amounted to (15.4 pods.plant™) compared to the
Histal cultivar which gave the lowest average
amounted to (12.8 pods.plant™). The reason for
the superiority of the Aguadulge cultivar may be
due to its significant superiority in the trait of
leaf area as shown in Table (4), as well as its
superiority in the leaves content of chlorophyll
as shown in Table (5). This means the high
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photosynthesis products and nutrients from the
vegetative part of the plant to the reproductive
parts of the plant, especially the flowers, to
increase the percentage of nodes in it and then
increase the number of pods in the plant. In this
context, researchers have concluded that there
are significant differences between the cultivars
of broad beans in the trait of the number of pods
per plant (5, 9, 10). The nitrogen fertilization
had a significant effect on the trait of the
number of pods per plant for both seasons. In
the autumn season (2018), the concentration of
nano-fertilizer (75 ppm) by giving it the highest
average for the trait which amounted to (19.6
pods.plant™), while the lowest average for this
trait was achieved at the adding level of urea (50
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kg N.ha™) which amounted to (14.2 pods.plant
1). The reason may be due to the increase in the
leaf area as shown in Table (4), which means
increasing the surfaces of photosynthesis,
increasing the manufactured nutrients that are
transferred to the emerging pods to meet their
needs of manufactured nutrients necessary for
their growth and fullness, so decreases their
abortion, this result agrees with (20). In the
autumn season (2019), the concentration of
nano fertilizer (150 ppm) has excelled by giving
it the highest average of the number of pods per
plant, which amounted to (14.9 pods.plant™)
compared to the concentration of nano-fertilizer
(75 ppm) which achieved an average amounted
to (13.5 pods.plant™). It is possible that the
reason for the superiority of the high
concentration of nano-hydroxyapatite fertilizer
is the increase in the leaf area as shown in Table
(4) especially at the high level, making the leaf
surface more vulnerable to spraying the
fertilizer and then absorbing the element more
by the leaves and this was reflected in the
increase in the number of pods per plant,
because it has a major role In increasing the
flower nodes and the fertilization process
through its role in increasing the speed of
transport of sugars from their source to the
places where they are needed in the plant during
the reproductive phase, and this result agrees
with (20). The interaction between cultivars and
nitrogen fertilization was significant for the
autumn season (2018), where the interaction
between the Aguadulge cultivar and a
concentration of 75 ppm achieved the highest
average number of pods per plant amounted to
(19.6 pods.plant™). The interaction between
Aguadulge cultivar and a concentration of urea
fertilizer (150 ppm) did not differ significantly
from it, which gave an average for this trait
amounted to (18.9 pods.plant™), and the lowest
average for this trait was at the interaction
between Aguadulge cultivar and the adding
level of urea (50 kg N.ha™) which amounted to
(13.3 pods.plant®). The significance of this
interaction is due to the genetic differences

608

between the two cultivars, which was reflected
in their different response to different fertilizer
concentrations. While in the autumn season
(2019), the interaction between Aguadulge
cultivar and a concentration of nano fertilizer
(225 ppm) has excelled by giving it the highest
average for this trait amounted to (16.6
pods.plant™) compared to the lowest average
was at the interaction between the Histal
cultivar and the adding level of urea (50 kg
N.ha) which amounted to (11.4 Pod.plant™).

The number of seeds per pods:

Table (8) indicates that the two cultivars (Histal
and Aguadulge) were not significantly different
in the trait of the number of seed per pod for the
autumn season (2018). In the autumn season
(2019), the cultivars differed significantly in this
trait, where the Histal cultivar has excelled by
giving it the highest average number of seeds
per pod amounted to (5.7 seeds.pod™) compared
to the Aguadulge cultivar which gave the lowest
average for this trait amounted to (5.2
seeds.pod™). The reason may be attributed to the
increase in the length of the pod as shown in
Table (6), which was positively reflected in
increasing the number of seeds per pod, in
addition, to decrease the number of pods per
plant as shown in Table (7), which leads to less
competition, then reduce the chance of seed
abortion and incomplete fertilization, and the
result leads to an increase in the number of
seeds, this result agrees with (5, 9, 10). The
nitrogen fertilization caused a significant effect
on the trait of the number of seeds per pod for
both seasons, in the autumn season (2018), the
highest average for this trait was at a
concentration of nano fertilizer (225 ppm)
which amounted to (5.6 seeds.pod™) without a
significant difference at concentrations of (75
and 150 ppm), As for the lowest average for
this trait was at a concentration of urea fertilizer
(75 ppm) which amounted to (4.4 seeds.pod™).
The  higher  concentrations of  nano-
hydroxyapatite fertilizer are due to the increase
in the length of the pod as shown in Table (9),
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which leads to an increase in the number of
seeds per pod. This result agrees with (24). In
the autumn season (2019), the concentration of
nano-fertilizer (150 ppm) has excelled in this
trait by giving it the highest average amounted
to (5.9 seeds.pod™), and the concentration of
225 ppm was not significantly different from it,
while the concentration of urea fertilizer (75
ppm) gave the lowest average for this trait
amounted to (4.9 seeds.pod™). Perhaps the
positive effect of nitrogen in increasing the
percentage of pod fertilization was reflected
positively in increasing the number of seeds per
pod. There was no significant interaction
between nitrogen fertilization and cultivars for
the trait of seed number per pod for the autumn

season (2018). while in the autumn season
(2019), there was a significant interaction
between cultivars and nitrogen fertilization for
the number of seeds per pod, the interaction
between the Histal cultivar and a concentration
of nano fertilizer (150 ppm) gave the highest
average for this trait amounted to (6.2
seeds.pod™). It was not significantly different
from it the interaction between Histal cultivar
and a concentration of nano fertilizer (75 ppm)
amounted to (5.9 seeds.pod?), while the
interaction between Aguadulge cultivar and a
concentration of urea fertilizer (75 ppm) which
gave the lowest average for this trait amounted
to (4.9 seeds.pod™).

Table 7: The difference between cultivars and the effect of nitrogen fertilization and the interaction
between them in the trait of the number of pods per plant (pod.plant™) for the autumn seasons (2018 and

2019).
The autumn seasons (2018) The autumn seasons (2019
Cultivars Effect of Cultivars Effect of
Nitrogen . Nitrogen Nitrogen . Nitrogen
fertilization Hist | Aguadul fertilizati fertilization Hist | Aguadul fertilizati
al ge al ge
on on
Wlthow nitrogen 15.8 168 cf | 16.3 be Wlthopt nitrogen g be 15.3 d 135
fertilization e-g fertilization 11.7
Urea (50 kg.ha™) 15# 13.3h 14.2d | Urea (50 kg.ha™) gil' b 15.6 d 135
75 14.5 75 f
nitJrgza;n PPM gh 18.3a-c | 16.4bc nig(r)ze;n PPM | 128 b-d 14.8 | cd 13.8
o 150 18.1 A 150 de
fert:)lrllzatl M | ad 19.7a 189 a fert:)lrllzatl PPM | 13.9 cd 14.4 bc 14.2
225PP | 14.9 225PP | ef
M £-h 155e-g | 15.2cd M 131 b 15.4 a-c14.3
75 | 19.3 75 g
Nano PPM ab 199a 19.6 a Nano PPM | 11.7 bc 15.2 d 135
nitrogen 150 | 17.0 nitrogen 150 b-d
fertilizati | PPM | c-f | 2903 | 1833 | poriilizati | ppm | 147 | PCTS1 | 2149
on 225 17.5 on 225 f
PPM | be 16.1d-g 16.8 b PPM | 127 | @ 16.6 ab 14.6
Overall b Overall
Effect of cultivars | 16.5 17.4 average | Effect of cultivars als54 average
17.0 128 14.0
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Table 8: The difference between cultivars and the effect of nitrogen fertilization and the interaction
between them in the trait of the number of seeds per pods (seeds.pod™) for the autumn seasons (2018

and 2019).
The autumn seasons (2018) The autumn seasons (2019
Cultivars Effect of Cultivars Effect of
Nitrogen . Nitrogen Nitrogen . Nitrogen
fertilization Hist | Aguadul fertilizati fertilization Hist | Aguadul fertilizati
al ge al ge
on on
Without nitrogen Without nitrogen | b-d
fertilization 4.6 4.7 b 4.6 fertilization 55 | 0951 €53
Urea (50 kg.ha™) | 5.0 5.3 ab5.2 | Urea (50 kg.ha™) g‘; d-f5.2 bc 5.5
75 75 e-g
ni%[Jrg(;a;n PPM 4.6 4.2 b4.4 nigge;aen PPM £ 1 g4.7 d4.9
o 150 L2 150 bc
fert(ljlrllzatl PPM 5.4 4.7 ab 5.0 fertélrl]zatl PPM 58 fg 4.8 C5.3
225PP 225PP | d-f
M 5.0 5.2 ab5.1 M 5 2 de 5.3 C5.3
75 75 ab
Nano PPM 55 55 ab.5 Nano PPM | 5.9 d-f5.2 bc 5.6
nitrogen 150 nitrogen 150
fertilizati | ppMm | ©C 5.0 855 | fortilizati | ppm | 262 | P-€55 a59
on 225 on 225
PPM 5.7 5.5 ab5.6 PPM b58| d-e5.4 ab 5.7
Overall Overall
Effect of cultivars | 5.2 5.0 average | Effect of cultivars | a5.7| b5.2 average
5.1 5.4

Weight of 100 seeds (9):

Table (9) indicates that the weight of 100 seeds
in the autumn season (2018) was affected by the
different cultivars, where the Histal cultivar has
excelled by giving it the highest average for this
trait amounted to (38.1 g) compared to the
Aguadulge cultivar, which gave the lowest
average for this trait amounted to (37.3 g). This
is due to the superiority of the Histal cultivar in
the trait of leaf area as shown in Table (4) and
the content of chlorophyll as shown in Table
(5). These trait contributed to an increase in the
photosynthesis process, which led to a lack of
competition for nutrients at the stage of seed
emergence and fullness, and this was reflected
in increasing its efficiency in converting
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photosynthesis products to seeds. where the
seed weight of any plant is a function for the
average of photosynthesis and the transfer of its
products to the developing seeds to increase
their fullness instead of transferring to the
division and elongation of stem cells (4). This
result agrees with (9, 10). In the autumn season
(2019), the differences between the cultivars did
not reach the significant level in the weight of
100 seeds. The nitrogen fertilization was
significantly affected on the weight of 100 seeds
for the autumn season (2018), where the
concentration of nano-fertilizer (225 ppm)
achieved the highest average for this trait
amounted to (40.77 g), while the concentration
of urea fertilizer (225 ppm) gave the lowest
average for this trait, which amounted to (36.25
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g). This was attributed to the effect of
nitrogenous nano-hydroxyapatite fertilizer in
increasing the leaf area as shown in Table (4)
and the leaves content of the chlorophyll as
shown in Table (5), which was positively
reflected in the efficiency of photosynthesis and
increasing the nutrient storage in the plant,
which is later transferred to the developing
seeds, increasing their fullness and increasing
their size. While in the autumn season (2019),
the weight of 100 seeds was not significantly
affected by the nitrogen fertilization factor. The
interaction between the cultivars and nitrogen
fertilization was significant in the weight of 100
seeds for both seasons. In the autumn season

(2018), the interaction between the Aguadulge
cultivar with a concentration of nano fertilizer
(225 ppm) gave the highest average for this
traitamounted to (41.1 g), while the lowest
average for this trait amounted to (35.5 g) at the
interaction between the Aguadulge cultivar and
no fertilization treatment. In the autumn season
(2019), the interaction between the Histal
cultivar and the concentration of urea (75 ppm)
has excelled by giving it the highest average for
this trait amounted to (47.0 g), while the lowest
average for this trait amounted to (42.0) at the
interaction between the Histal cultivar and a
concentration of 150 ppm.

Table 9: The difference between cultivars and the effect of nitrogen fertilization and the interaction
between them in the trait of the weight of 100 seeds (g) for the autumn seasons (2018 and 2019).

The autumn seasons (2018

The autumn seasons (2019)

Cultivars Effect of Cultivars Effect of
Nitrogen . Nitrogen Nitrogen . Nitrogen
fertilization Hist | Aguadul fertilizati fertilization Hist | Aguadul fertilizati
al ge al ge
on on
Without nitrogen c Without nitrogen ab
fertilization 38.3 f355 36.90 de fertilization 46.3 a-c43.8 45.1
Urea (50 kg.ha™%) 3%'2 365¢e | 37.37cd | Urea (50 kg.ha®) 4""5'% a47.0 46.2
75 38.3 75 a
niltJrge;aen PPM c 37.4d 37.88¢c nit:gzaén PPM | 47.0 a-c4.9 45.4
a2 150 36.9 S0 150 a-c
fert(l)lrl]zatl PPM de 38.7¢c 37.78 ¢c fert(ljlrllzatl PPM | 44.0 a-c45.1 44.6
225PP | de 225PP | a 46.
M 36.1 36.4e 36.25¢ M 7 c 42.1 44 .4
75 b 75 a-c
Nano | PPM | 400 | 385¢ | 3925b | o0 | ppm | 451 | PE430 | 44l
nitrogen 150 | 36.4 nitrogen 150 C
fertilizati | PPM | e | S0-9de | 3668e | o ioati| pPM | 420 | 3C43:8 | 428
on 225 ab on 225 a-c
PPM 40.4 41.1a 40.77 a PPM 44.4 a-c 45.0 447
Overall Overall
Effe_ct of a b 37.7 average Effe_ct of 45.09 44.208 average
cultivars 38.1 379 cultivars 7 44.7
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The seed yield:

Table (10) shows that the cultivars did not differ
significantly in the trait of seed yield for the
autumn season (2018). While it was
significantly differ in this trait for the autumn
season (2019), where the Aguadulge cultivar
has excelled by giving it the highest average for
this trait amounted to (2.331 Mg.ha™) compared
to the Histal cultivar which gave the lowest
average for this trait amounted to (2.162 Mg.ha’
). The reason for the superiority of the
Aguadulge cultivar in the trait of the seed yield
in the second season is due to its superiority in
the trait of the number of pods per plant as
shown in Table (7), this result agrees with (5, 9).
The nitrogen fertilization was significantly
affected on the seed vyield for both seasons. In
the autumn season (2018), the concentration of
ano-fertilizer (75 ppm) achieved the highest
average for this trait, which amounted to (2.825
Mg.ha™), while the concentration of urea
fertilizer (75 ppm) gave the lowest average for
the trait which amounted to (1.815 Mg.ha™).
The reason for the increase in the seed yield trait
is due to the increase in the number of pods per
plant as show in Table (7), as a result, there was
an increase in the seed yield because it is a
function of the yield components. This result
agrees with the results of other studies that
showed the positive effect of nitrogen on seed
yield and for different legume crops (18, 19, 22,
28). In the autumn season (2019), the
concentration of nano-fertilizer (150 ppm) gave
the highest average for this trait, which
amounted to (2.484 Mg.ha?), and the
concentration of urea fertilizer (75 ppm) gave
the lowest average for this trait, which
amounted to (2.039 Mg.ha). The reason was
due to the increase in the number of pods per
plant as shown in Table (7) and the number of
seeds per pod as shown in Table (8), which was
positively reflected in increasing seed yield. The
interaction between cultivars and nitrogen
fertilization was not significant in the trait of the
seed yield for the autumn season (2018). while
in the autumn season (2019), the interaction
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between cultivars and nitrogen fertilization was
significant, where the interaction between
Aguadulge cultivar and concentration of nano
fertilizer (225 ppm) has excelled by giving it the
highest seed yield amounted to (2.689 Mg.ha™).
The interaction between Histal cultivar and the
addition level of urea (50 kg N.ha) gave the
lowest average for this trait amounted to (1.977
Mg.ha).

Bio-yield (Mg.ha™):

Table (11) indicates that the bio-yield was not
significantly affected by the different cultivars
in the autumn season (2018), while it was
significantly differ between them in the autumn
season. But it had a significant effect, where the
Aguadulge cultivar has excelled by achieving
the highest average for this trait, which
amounted to (7.439 Mg.ha™) compared to the
Histal cultivar, which gave the lowest average
for this trait amounted to (6.846 Mg.ha). The
reason for the superiority of the Aguadulge
cultivar may be due to the genetic difference, its
response to the surrounding environmental
conditions, and its superiority in the number of
pods per plant as shown in Table (7). These
results agree with (1, 10). As for nitrogen
fertilization, it had a significant effect on the
trait of bio-yield for both seasons, in the autumn
season (2018), the concentration of nano
fertilizer (75 ppm) has excelled by giving it the
highest average of the bio-yield amounted to
(10.275 Mag.ha') compared to the lowest
average for this trait was at the addition level of
urea (50 kg N.ha™), which amounted to (6.397
Mg.ha™). The higher concentration of
nitrogenous Nano-Hydroxyapatite fertilizer (75
ppm) in the trait of the number of pods per plant
as shown in Table (7), the number of seeds per
pod as shown Table (8) and the seed yield as
shown in Table (10) were positively reflected in
increasing the bio-yield. In the autumn season
(2019), the concentration of nano-fertilizer (150
ppm) has excelled in this trait by giving it the
highest average amounted to (7.815 Mg.ha™),
while the non-fertilization treatment gave the
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lowest average for the trait amounted to (6.746
Mg.ha™), and it did not differ significantly from
most other concentrations. This increase may be
due to the significant increase in the seed yield
traits as shown in Table (10), the weight of 100
seeds as shown in Table (9), and the leaf area as
shown in Table (4). As for the interaction
between the cultivars and the nitrogen
fertilization, it was significant in the autumn
season (2018), where the interaction between
the Aguadulge cultivar and a concentration of
75 ppm achieved the highest average of
biological yield amounted to (10.696 Mg.ha™).

The lowest average for this trait amounted to
(6.064 tons.ha™) was at the interaction between
the Aguadulge cultivar and the addition level of
urea (50 kg N.ha?). In the autumn season
(2019), the interaction between the Aguadulge
cultivar and the concentration of nano fertilizer
(225 ppm) has excelled by giving it the highest
average for this trait amounted to (8,900 Mg.ha’
), while the lowest average was at the
interaction between the Histal cultivar and the
non-fertilization treatment amounted to (5.397
Mg.ha™).

Table 10: The difference between cultivars and the effect of nitrogen fertilization and the interaction
between them in the trait of the seed yield (Mg.ha™) for the autumn seasons (2018 and 2019).

The autumn seasons (2018) The autumn seasons (2019
Cultivars Effect of Cultivars Effect of
Nitrogen Nitrogen Nitrogen Nitrogen
fertilization Histal Aguad fertilizati fertilization Histal Aguad fertilizati
ulge on ulge on
Without nitrogen Without nitrogen gh d-g
fertilization 1.860 | 1.856 1.858 ¢ fertilization 2.000 | 2.268 bc 2.134
1 1 h a-c
Urea (50 kg.ha™) | 1.910 | 1.742 1.826 c Urea (50 kg.ha™) 1977 | 2546 b 2.261
75 75 f-h f-h
nitJrgZZn PPM 1.693 | 1.936 c1.815 nit:(r)ze;n PPM | 2032 | 2.059 € 2.039
27| 150 2| 150 b-e e-h
fert:)lrl]zatl PPM 2403 | 2.382 2.392b fertélrllzatl PPM | 2355 | 2094 b-c 2.225
225PP 225PP | e-h b-f
M 1.854 | 1.943 1.899 ¢ M 2195 | 2309 bc 2.217
75 75 f-h c-f
Nano PPM 2.828 | 2.823 2.825a Nano PPM | 2059 | 2283 bc 2.171
nitrogen 150 nitrogen 150 ab b-d
fertilizati | ppm | 2480 | 2404 | 2442ab | ¢ it | PPM | 2.554 | 2414 | @ 2484
on 225 on 225 d-h a
PPM 2.694 | 2423 | 2.558ab PPM | 2194 | 2689 a 2.442
Overall b a Overall
Effect of cultivars | 2.215 | 2.189 average | Effect of cultivars average
29 2.162 | 2.331 29
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Table 11: The difference between cultivars and the effect of nitrogen fertilization and the interaction
between them in the trait of the bio-yield (Mg.ha™) for the autumn seasons (2018 and 2019).

The autumn seasons (2018) The autumn seasons (2019
Cultivars Effect of Cultivars Effect of
Nitrogen . Nitrogen Nitrogen . Nitrogen
fertilization | 1St | AQUAAUL | g iizati | fertilization | ST | Aguadull g iisati
al ge al ge
on on
Without nitrogen cd a-c Without nitrogen 9 a-c
fertilization 6.706 | 8.641 cd 7.674 fertilization 5'739 8.094 b 6.746
Urea (50 kgha) | .%9 | d6.064 | d6.397 | Urea (50 kgha) 664{5 aC | ab 7.255
g 6.730 | ¢ ' g W | 8055 '
ol 6823 | d66L2 5 | 26 |t 6078 | o747
PPM | 6.401 ' ' ppm | 2| T8 E '
Urea Urea 5
nitrogen nitrogen b-d
2| 150 ab 2 | 150 d-f
fertilizati PPM | 9.200 cd 6.670 | b-d 7.935 | fertilizati PPM 7.47 6.761 b7.117
on on 2
b-d
225PP | cd b-d 225PP
M 6545 | 7159 d 6.852 M 7.;17 ef 6.368 | ab 6.924
75 a 75 | &F
pPM | 9854 | 2 10.696 | a10.275 PPM 7.622 de 7.069 | b7.147
Nano 3 Nano b-d
nitrogen | 150 a-d nitrogen | 150 ) ab
fertilizati | PPM | 1000|8373 | 291 fentilizati | pPM | 0% | g2 | 27OB
on on fg
225 a 225
pPM | 9571 ab9.170 | ab9.371 PPM 5.987 a8.900 | ab7.389
Overall b Overall
Effe_ct of 8.127 | 7.949 average Effe_ct of 6.84 | a 7.439 | average
cultivars 8.00 cultivars 5 71

The percentage of protein in the seeds (%):

Table (12) indicates that there was no
significant effect of the cultivars and their
interaction with nitrogen fertilization on the
percentage of protein for both seasons (2018
and 2019). Nitrogen fertilization did not
significantly affect the percentage of protein in
the autumn season (2018). In the autumn season
(2019), nitrogen fertilization caused a
significant difference in the trait of the
percentage of protein, where the concentration
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of nano-fertilizer (225 ppm) by giving it the
highest average for this trait amounted to
(25.1%), while the concentration of nano-
fertilizer (75 ppm) gave the lowest average
amounted to (21.7%). The superiority of high
levels of nitrogen in this trait may be due to the
increase in the trait of the leaf area as shown in
Table (5) and the increase in nitrogen provision
and its absorption by the plant, where the
nitrogen component enters the composition of
the amino acids that represent the basic
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component in building protein (21), which led to

an increase in the percentage of protein in seeds.

Table 12: The difference between cultivars and the effect of nitrogen fertilization and the interaction
between them in the trait of the percentage of protein in the seeds (%) for the autumn seasons (2018 and

2019).
The autumn seasons (2018 The autumn seasons (2019
Cultivars Effect of Cultivars Effect of
Nitrogen . Nitrogen Nitrogen . Nitrogen
fertilization | St | Aguadul | ¢ vilizati | fertilization | TSt | Aguadul | o ilizai
al ge al ge
on on
Without nitrogen | 5 /| 5 g 24 | Withoutnitrogen | o, | ) g C22.2
fertilization fertilization
Urea (50 kg.ha™) | 244 | 249 24.6 Urea (50 kg.ha™) | 236 | 244 ab 24.0
75 75
_Urea PPM 25.2 25.5 25.4 _Urea PPM 25.0 24.9 a25.0
n|tr_o.gen_ 150 nlt(o_gen_ 150
fert(ljlrllzatl PPM 24.1 23.3 23.7 fertélrl]zatl PPM 23.1 22.0 bc 22.5
ZZ&PP 242 | 254 24,8 ZZ&PP 216 | 233 | bc224
75 75
Nano PPM 24.2 215 22.9 Nano PPM 21.8 21.7 c21.7
nitrogen 150 nitrogen 150
fertilizati | PPM 23.3 24.6 23.9 fertilizati | PPM 21.7 23.6 bc 22.7
on 225 on 225
PPM 26.1 25.1 25.6 PPM 25.1 25.0 a25.1
Overall Overall
Effect of cultivars | 24.7 24.0 average | Effect of cultivars | 23.1 23.4
276 average

The protein yield (Mg.ha)

Table (13) shows that the cultivars did not
significantly differ in their protein yield for the
autumn season (2018). In the autumn season
(2019), it differed significantly in this trait,
where the Aguadulge cultivar has excelled by
giving it the highest average for this trait, which
amounted to (0.546 Mg.ha™), while the Histal
cultivar gave the lowest average for this trait,
which amounted to (0.498 Mg.ha™). The reason
for the superiority of the Aguadulge cultivar in
this trait may be due to its superiority in the seed
yield as shown Table (10), the nitrogen
fertilization has significantly affected in this
trait for both seasons where the concentration
of 225 ppm achieved the highest average for this
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trait which amounted to (0.655, 0.611 Mg.ha™),
while, the lowest average for this trait was
achieved in the season (2018) at the addition
level of urea (50 kg N.ha*), which amounted to
(0.449 Mg.ha™). While the concentration of
nano fertilizer (75 ppm) gave the lowest average
for this trait in the autumn season (2019), which
amounted to (0.472 Mg.ha). The increase in
protein yield by increasing the concentration of
nitrogen fertilizer is due to the positive effect of
nitrogen in increasing the percentage of protein
as shown in Table (12) and seed yield as shown
in Table (10), which affected the increase in the
trait of the protein yield. The interaction
between cultivars and nitrogen fertilization was
not significant for protein yield in the autumn
season (2018). In the autumn season (2019), the
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interaction between the Aguadulge cultivar and
a concentration of nano fertilizer (225 ppm) has
excelled by giving it the highest average for this

trait amounted to (0.671 Mg.ha™), while the
lowest average for this trait amounted to (0.448
Mg.ha).

Table 13: The difference between cultivars and the effect of nitrogen fertilization and the interaction
between them in the trait of the protein yield (Mg.ha™) for the autumn seasons (2018 and 2019).

The autumn seasons (2018)

The autumn seasons (2019

Cultivars Effect of Cultivars Effect of
Nitrogen . Nitrogen Nitrogen . Nitrogen
fertilization Hist | Aguadul fertilizati fertilization Hist | Aguadul fertilizati
al ge al ge
on on
. . . . f
Withoutnitrogen | 0.49 | 455 | o g5p | Withoutnitrogen | 4y |« c0 497 | d 0.473
fertilization 1 fertilization 3
0.46 d1 ab
Urea (50 kg.ha™) p 0.434 b0.449 | Urea (50 kg.ha') | 0.46 0622 | DC0546
9 :
75 | 042 75 | of
' 0.494 b 0.461 0.50 | c-f0.511 | b-d 0.508
PPM | 7 PPM
Urea Urea 6
nitrogen nitrogen b-e
o 150 0.57 oo 150
fertilizati PPM 9 0.555 ab 0.567 | fertilizati PPM 0.54 | ef0.460 | b-d 0.502
on on 5
ef
225PP | 0.44 0.494 b 0.471 225PP 0.45 | b-f0.538 | cd 0.498
M 9 M 8
f
75 0.68 75
PPM 4 0.607 a 0.647 PPM 0.34 c-f0.496 | d 0.472
Nano Nano b-d
nitrogen | 150 | 0.57 nitrogen | 150 i
fertilizati | ppM | 8 | 0% | A0S Feriligar | ppy | 025 | DOOSTL | 2b0.563
on on bo
225 | 0.70 225 '
PPM 3 0.608 a 0.655 PPM O.i:'>5 a 0.671 | a 0.611
0.54 Overall b Overall
Effect of cultivars '7 0.525 average | Effect of cultivars | 0.49 | a0.546 | average
0.5 8 0.5
CONCLUSIONS: cultivars  differed in their response to

We conclude from this study: The possibility of
using nitrogenous nano-hydroxyapatite fertilizer
with the broad bean crop, where it had the best
results in most traits of the growth, yield, and
the quality of the seeds. The broad bean
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nitrogenous  nano-hydroxyapatite  fertilizer,
where Aguadulge cultivar has excelled in most
of the vyield traits, its components and the
qualitative traits.
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