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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  g.cm
2
), 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
-1

, 

15 pods.plant
-1

, 2.331 Mg.ha
-1

, 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
2
, 45.3 μg.cm

-2
), 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
-1

, 19.6 pods.plant
-1

, 2.825 Mg.ha
-1

), 

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
-1

, 24.4 cm, 40.77 g, 0.655 Mg.ha
-1

). 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 μg.cm
-2

, 7.815 Mg.ha
-1

, 14.9 pods.plant
-1

, 5.9 seed.pod
-1

, 23.0 cm, 

2.484 Mg.ha
-1

). 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
-1

). 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
2
, 46.6 μg.ha

-1
). 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
-1

). 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 μg.ha
-1

), 

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
2
), 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
-1

, 16.6 pods.plants
-1

, 2.689 

Mg.ha
-1

, 0.671 Mg.ha
-1

), 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
-1

), and the interaction between the 

Aguadulge cultivar and an adding level of urea nano-hydroxyapatite fertilizer (50 kg N.ha
-1

) 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. 

 L Faba Viciaتأثير سماد النانو هيدروكسي اباتايت النيتروجيني واليوريا في نمو وحاصل صنفين من الباقلاء.

ػًش ػبذ انًٕجٕد ػبذ انمبدس
 

نٛذ يبصٌ ْبد٘ بطشط صبنخ يذًذ ابشاْٛى انجبٕس٘
1
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  لغى انًذبصٛم انذمهٛت، كهٛت انضساػت ٔانغبببث، جبيؼت انًٕصم، َُٕٖٛ، انؼشاق.

 انخلاصت

أجشٚج ْزِ انذساعت نًؼشفت حأرٛش انخغًٛذ انُٛخشٔجُٛٙ ببنُبَٕ ْٛذسٔكغٙ اببحبٚج ٔانٕٛسٚب فٙ ًَٕ ٔدبصم َٕٔػٛت صُفٍٛ يٍ         

بُظبو  RCBD.  اعخؼًم  حصًٛى انمطبػبث انؼشٕائٛت انكبيهت   8102ٔ 8102ٍٛٛ فٙ انًٕعًٍٛ انخشٚف Vicia Faba Lللاء  انبب

ٔ الإٚطبنٙ  Histalصُبف إعببَٙ  الأنٕاح انًُشمت  ٔبزلاد يكشساث، شًهج انخجشبت ػبيهٍٛ ، الأل ) انشئٛظ ( حضًٍ  الأ

Aquadilge ُٛاخخهفج الأصُبف  -خشٔجُٛٙ ، ٔأظٓشث انُخبئج اٜحٙ :، ٔانؼبيم انزبَٙ ) انزبَٕ٘ ( شًم ػهٗ رًبَٛت يؼبيلاث نهخغًٛذ ان

بزسة فٙ انًٕعى انخشٚفٙ  011صٌ  فٙ صفت ٔ Histalيؼُٕٚب فٙ بؼض صفبث انًُٕ ٔصفبث انذبصم ٔيكَٕبحّ ، ار حفٕق انصُف 

، بًُٛب حفٕق انصُف لشَت7.2عى، 88.2ار بهغ  8102غى ٔفٙ ػذد انبزٔس فٙ انمشَت ٔطٕل انمشَت فٙ انًٕعى انخشٚفٙ 12.0بهغ  8102

Aguadulge ٕيبٚكشٔغشاو.عى 12.2ار بهغ  8102سٔفٛم فٙ الأٔساق فٙ انًٕعى انخشٚفٙ  فٙ صفت يذخٕٖ انكه
2

، ٔفٙ صفت اسحفبع  

ار بهغ  8102حٍٛ فٙ انًٕعى انخشٚفٙ صم انبشٔ ٔس ٔدب َبث فٙ انُببث ٔدبصم انبز ٘ ٔ ػذد انمش انُببث ٔ انذبصم انذٕٛ

ٛكبغشاو.ِي2.112عى،20.11)
1-

لشَت َببث 07.1،
1-

يٛكبغشاو.8.110ِ، 
1-

يٛكبغشاو.ِ 1.710،
1-

(. عبب انخغًٛذ انُٛخشٔجُٛٙ صٚبدة 

عًبد انُبَٕ أػهٗ  ppm  071فمذ أػطٗ انخشكٛض  8102يؼُٕٚت فٙ بؼض صفبث انًُٕ ٔصفبث انذبصم ٔيكَٕبحّ فٙ انًٕعى انخشٚفٙ 

عى2722.7هٕسٔفٛم فٙ الأٔساق )دت انٕسلٛت ٔ يذخٕٖ انك انًخٕعطبث نصفبث انًغب
2
يبٚكشٔغشاو.عى 45.3 ، 

2
 ppm 27( ،أيب انخشكٛض 

يٛكبغشاو.01.827ِعًبد انُبَٕ فمذ اػطٗ اػهٗ يخٕعظ فٙ صفت انذبصم انذٕٛ٘ ٔػذد انمشَبث فٙ انُببث ٔدبصم انبزٔس)
1-

لشَت 02.0،

َببث
1-

يٛكبغشاو.8.287ِ،
1-

نبزٔس.لشَت ع انُببث ٔػذد ا أػهٗ يخٕعظ نصفت اسحفبعًبد انُبَٕ  ppm 887( فٙ دٍٛ اػطٗ انخشكٛض 
-1
 

بزسة لشَت7.0عى،20.2بزسة ٔدبصم انبشٔحٍٛ ) 011نمشَت، ٔصٌ  ٔطٕل ا
1-

يٛكبغشاو.1.077ِغى،11.22عى،81.1،
1-

أيب فٙ انًٕعى  .(

  ٔفٛم فٙ الأساق ٔانذبصم عًبد انُبَٕ بإػطبئّ أػهٗ انًخٕعطبث نصفبث يذخٕٖ انكهٕسppm 071فمذ حفٕق انخشكٛض  8102انخشٚفٙ 

يبٚكشٔغشاو.عى17.1ٔس) نمشَت ٔدبصم انبز ٔطٕل ا فٙ انمشَت نبزٔس ث فٙ انُببث ٔػذد ا انذٕٛ٘ ٔػذد انمشَب
2

يٛكبغشاو.2.207ِ،
1-

لشَتَببث01.2،
1-

بزسةلشَت7.2،
1-

يٛكبغشاو.8.121ِعى،81.1،
1-

عًبد انُبَٕ فمذ أػطٗ أػهٗ يخٕعظ نصفت  ppm887(، أيب انخشكٛض 

يٛكبغشاٌ.1.000ِ%،87.0ٔحٍٛ) ٔدبصم انبشنُغبت انًئٕٚت نهبشٔحٍٛ ا
1-

(. كبٌ انخذاخم بٍٛ انخغًٛذ انُخشٔجُٛٙ ٔالأصُبف يؼُٕٚبً فٙ 

ٔانخشكٛض  Aguadulgeار أػطٗ انخذاخم بٍٛ انصُف  8102بؼض صفبث انًُٕ ٔصفبث انذبصم ٔيكَٕبحّ نهًٕعى انخشٚفٙ 

ppm071 ٚج انُخشٔجُٛٙ أػهٗ يؼذل فٙ صفت انًغبدت انٕسلٛت ٔيذخٕٖ انكهٕسٔفٛم فٙ عًبد انُبَٕ ْٛذسٔكغٙ اببحب

عى2212.1الأٔساق)
2

يبٚكشٔغشاو.10.0ِ،
1-

عًبد انٕٛسٚب أػهٗ يخٕعظ  ppm071يغ انخشكٛض  Histal(، فٙ دٍٛ أػطٗ حذاخم انصُف 

عًبد انُبَٕ ْٛذسٔكغٙ اببحبٚج  ppm27يغ انخشكٛض  Aguadulgeعى( ٔحفٕق حذاخم انصُف 22.8فٙ صفت اسحفبع انُببث بهغ)

انُخشٔجُٛٙ فٙ صفت انذبصم انذٕٛ٘ ، ػذد انمشَبث.َببث
-1

يٛكبغشاو.01.020ِ) 
1-

لشَت َببث02.2،
1-

بزسة فكبٌ  011(، أيب صفت ٔصٌ

هغ عًبد انُبَٕ ْٛذسٔكغٙ اببحبٚج انُخشٔجُٛٙ بppm 887يغ انخشكٛض  Aguadulgeأػهٗ يؼذل نٓزِ انصفت يٍ َصٛب حذاخم انصُف 

عًبد انُبَٕ ْٛذسٔكغٙ  ppm 071يغ انخشكٛض  Aguadulgeفمذ أػطٗ حذاخم انصُف  8102غى(. ايب فٙ انًٕعى انخشٚفٙ 10.0)
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يبٚكشٔغشاو.10.0ِاببحبٚج انُخشٔجُٛٙ أػهٗ يؼذل يؼُٕ٘ فٙ صفت يذخٕٖ انكهٕسٔفٛم فٙ الأٔساق بهغ )
1-

(، فٙ دٍٛ حذمك أػهٗ يؼذل 

عى2087.7عًبد انٕٛسٚب بهغ) ppm071يغ انخشكٛض  Aguadulgeخم انصُف نصفت انًغبدت انٕسلٛت يٍ حذا
2

(، ٔحذمك أػهٗ يؼذل 

عًبد انُبَٕ ْٛذسٔكغٙ اببحبٚج انُخشٔجُٛٙ فٙ صفت انذبصم انذٕٛ٘  ppm887يغ انخشكٛض  Aguadulgeيؼُٕ٘ نخذاخم انصُف 

ٔػذد انمشَبث. َببث
-1

يٛكبغشاو.2.211ِٔدبصم انبزٔس ٔدبصم انبشٔحٍٛ) 
1-

لشَتَببث00.0،
1-

يٛكبغشاو.8.022ِ،
1-

يٛكبغشاو.1.020ِ،
1-

(، فٙ دٍٛ حذمك أػهٗ يؼذل يؼُٕ٘ نصفت ػذد انبزٔس. لشَت
-1 

 ppm071يغ انخشكٛض  Histalيٍ حذاخم انصُف 

بزسة لشَت0.8عًبد انُبَٕ ْٛذسٔكغٙ اببحبٚج انُخشٔجُٛٙ بهغ)
1-

ى كغ 71يغ يغخٕٖ اضبفت  Aguadulge( ، ٔأػطٗ حذاخم انصُف 

Nِ.
-1
 غى(12.1بزسة بهغ ) 011ٕٚسٚب أػهٗ يؼذل نصفت ٔصٌ  

 صناف الباقلاء. ٚذسٔكغٙ اببحبٚج انُٛخشٔجُٛٙ؛ أوجين؛ نانو ه : انٕٛسٚب؛ انُٛخشانكهًبث انًفخبدٛت

 انبذذ يغخم يٍ سعبنت يبجغخٛش نهببدذ انزبنذ.  

1. INTRODUCTION 

Broad bean (Vicia faba L.) is considered one of 

the economically important strategic 

leguminous crops, whose seeds contain a high 

percentage of protein, approximately 25-40%, 

as well as carbohydrates, mineral elements, 

fibers, oils, and vitamins, especially vitamin B, 

and a high percentage of phatic acid (15, 25, 

29). Increasing the productivity of the legume 

crop depends on cultivating high-yielding 

cultivars and using effective field methods to 

obtain the potential energy of these cultivars and 

knowing the extent of their adaptation to the 

environmental conditions (4). The cultivars of 

broad bean vary in their morphological shape 

according to the nature of their growth, which 

varies in size, height, lengths of their stems and 

branches, this leads to a variation in the shape of 

the plant, as well as the variation in the size of 

the seeds, the seed content of nutrients and the 

percentage of protein. This variation is often due 

to the genetic nature of the cultivar and 

environmental conditions (16). Despite the fact 

that leguminous plants benefit from the 

atmospheric nitrogen fixed by the root nodule 

bacteria that coexist with the plant, but studies 

have shown that broad bean responds to the 

addition of nitrogenous fertilizers. The effect of 

fertilizer is commensurate with the type of soil, 

growth factors, method of adding fertilizer, and 

other factors, and foliar fertilization is one of the 

most important methods of effecting additional 

processing with nutrients for the plant and the 

foliar nutrition maintains the nutritional balance 

inside the plant, which may be disturbed for 

many reasons (26, 27). The period of filling 

seeds in legumes is the critical period for 

nutrients, where the seeds become the major 

repository of nutrients and the availability of 

restocking them in the vegetative parts or 

obtained from the nitrogen fixation may be 

insufficient in this period, which requires 

accelerating the preparation of nitrogen for the 

plant (26). One of the drawbacks of using 

nitrogenous fertilizers is that they quickly break 

down in wet soil and washing ammonia away, 

which creates huge environmental issues, where 

they lead to enriching watercourses with 

decomposing elements and It eventually enters 

the atmosphere in the form of carbon dioxide, 

and this rapid decomposition would also limit 

the amount of nitrogen absorbed by the crop 

roots, which leads farmers to apply more 

fertilizers to increase production, and here 

comes nanotechnology to solve the problem by 

making the urea breaking process slower to stay 

longer (slow-release) (7). Nanotechnology can 

provide solutions to increase the value of 

agricultural products and reduce environmental 

problems by using nanoparticles and 

nanopowders, and we can produce fertilizers 

that are controlled or delay their decomposition. 

The nanoparticles are characterized by high 

efficacy due to their having more surface area, 

or to increase the interaction of these areas on 

the surface of the particles and these features 

facilitate the absorption of fertilizers and 

pesticides that are produced with specific scales 

(13). Due to the lack of studies that dealt with 

nano fertilizer and its interaction with urea 

fertilizer that dissolves in water quickly, in 
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addition to the main problem that accompanies 

ammonia volatilization, especially in Iraqi 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
-1

 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
2
 

(with dimensions of 3 × 4 m
2
), 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
3
.L

-1
) 

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
2
): 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 × W),  

chlorophyll content ( g.cm
-2

): it was measured 

by SPAD 502DL Plus Chlorophyll Meter With 

Data Logger RS-232, the measurements were 

then converted from the SPAD unit to ( g.cm
-2

) 

with the equation mentioned by ( 19).  

Y (μg.cm
-2

) = –2.79 + 0.88   X, 

 In addition to studying the bio-yield (Mg.ha
-1

), 

number of pods per plant, number of seeds per 

pod, pod length (cm), the weight of 100 seeds 

(g), seed yield (Mg.ha
-1

), 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
-1

): It was 

calculated according to the following equation: 

Crude protein content (Mg.ha
-1

) = seed yield 

(Mg.ha
-1

) 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
-1

 

available nitrogen 45.0 39.2 mg.kg
-1

 

available phosphorous 115 102 mg.kg
-1

 

available Potassium 13.4 10.5 mg.kg
-1

 

Organic matter 0.4 0.9 g.kg
-1

 

Volumetric distribution of soil particles 

Clay 15.2 g.kg
-1

 

Silt 61.75 g.kg
-1

 

Sand 23.05 g.kg
-1

 

Soil texture Clay loam ----- 

 

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 52.5 20.5 0 812.5 

-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 

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) 

Nitrogen 

fertilization 

Cultivars Effect of 

Nitrogen 

fertilizati

on 

Nitrogen 

fertilization 

Cultivars Effect of 

Nitrogen 

fertilizati

on 

Hist

al 

Aguadul

ge 

Hist

al 

Aguadul

ge 

Without nitrogen 

fertilization 

86.0 

a-d 
hi78.2 82.1 b 

Without nitrogen 

fertilization 

84.1

0 
92.13 88.12 

Urea (50 kg.ha
-1

) 
b-d 

85.1 
e-g81.5 83.3 b Urea (50 kg.ha

-1
) 

84.4

0 
88.37 86.38 

Urea 

nitrogen 

fertilizati

on 

 

75 

PPM 

d-f 

83.2 
84.6 c-e 83.9 b Urea 

nitrogen 

fertilizati

on 

 

75 

PPM 

85.6

3 
90.63 88.13 

150 

PPM 

a89.

2 
i 77.8 83.5 b 

150 

PPM 

86.6

3 
91.67 89.15 

225PP

M 

g-

i78.4 
88.0 ab 83.2 b 

225PP

M 

80.9

7 
92.63 86.80 

Nano 

nitrogen 

fertilizati

on 

75 

PPM 

f- h 

81.0 
87.0 a-c 84.0 b 

Nano 

nitrogen 

fertilizati

on 

75 

PPM 

83.5

7 
96.97 90.27 

150 

PPM 

88.5 

ab 
a-d  86.5 87.5  a 

150 

PPM 
84.0 89.50 86.75 

225 

PPM 

85.6 

b-d 
87.8 a-c 86.7 a 

225 

PPM 

81.6

7 
89.50 85.58 

Effect of cultivars 84.6 83.9 

Overall 

average 

84.3 

Effect of cultivars 

b 

83.8

7 

a 91.43 

Overall 

average 

87.6 

 

Plant Leaf area (cm
2
): 

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 

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
2
), while the 
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lowest average for this trait which amounted to 

(6266.7 cm
2
). 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
2
) compared to the non-fertilization 

treatment, which gave the lowest average for 

this trait amounted to (7138.1 cm
2
) which did 

not significantly differ from the addition level 

(50 kg N.ha
-1

) 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
2
). 

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
2
). 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
2
) 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 

amounted to (6436.2 cm
2
). 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 (μg.cm
-2

): 

 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 μg.cm
-2

) compared 

to the Histal cultivar which gave the lowest 

average for this trait amounted to (37.6 μg.cm
-

2
). 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 

μg.cm
-2

), respectively, compared to the lowest 

average for this trait was at non-fertilization in 

both seasons which amounted to (32.7, 33.5 

μg.cm
-2

), 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 μg.cm
-

2
), and it did not significantly differ from the 

interaction between the Histal cultivar and a 

concentration of nan fertilizer (150 μg.cm
-2

) 

which amounted to (44.0 μg.cm
-2

), while the 

lowest average for this trait was at the 

interaction between Histal cultivar and non-

fertilization which amounted to (32.0 μg.cm
-2

). 

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 μg.cm
-2

), while the 

interaction between the Histal cultivar and the 

non-fertilization treatment gave the lowest 

average for this trait amounted to (33.5 μg.cm
-

2
). 

 

 

 concentration of urea fertilizer (75 ppm) gave 

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
2
) for the autumn seasons (2018 and 2019). 

The autumn seasons (2018) The autumn seasons (2019) 

Nitrogen 

fertilization 

Cultivars Effect of 

Nitrogen 

fertilizati

on 

Nitrogen 

fertilization 

Cultivars Effect of 

Nitrogen 

fertilizati

on 

Histal 
Aguad

ulge 
Histal 

Aguad

ulge 

Without nitrogen 

fertilization 
bc7380.7 

de 

6212.3 
bc 6796.5 

Without nitrogen 

fertilization 
hi 

6505.9 
d-f 

7770.2 
d 7138.1 

Urea (50 kg.ha
-1

) 
7073.2 

cd 

c-

e6629.

3 

bc 6851.2 Urea (50 kg.ha
-1

) 
fg 

7283.5 
e-g 

7428.2 
cd 7355.9 

Urea 

nitrogen 

fertilizati

on 

 

75 

PPM 

6425.3 c-

e 
 

de  
6108.1 

c  6266.7 Urea 

nitrogen 

fertilizati

on 

 

75 

PPM 
hi 

6684.1 
bc 

8362.7 
cd 7523.4 

150 

PPM 

8670.5 a 

 

de6182

.6 
b 7426.6 

150 

PPM 
gh 

7063.0 
a 

9125.5 
b 8094.3 

225PP

M 

5802.3 e 

 
ab 

8354.2 
b 7078.2 

225PP

M 
i 

6436.2 
b-d 

8296.1 
cd 7366.2 

Nano 

nitrogen 

fertilizati

on 

75 

PPM 

6104.4 

de 

ab  
8217.0 

b 7160.7 
Nano 

nitrogen 

fertilizati

on 

75 

PPM 
c-e 

7969.8 
a 

8984.8 
a 8477.3 

150 

PPM 

8287.6 

ab 

a 
8909.3 

a 8598.5 
150 

PPM 
hi 

6697.6 
ab 

8710.4 
c 7704.0 

225 

PPM 
bc7455.1 

bc7429

.5 
b7442.3 

225 

PPM 
g-i 

6958.5 
b-d 

8223.0 
c 7590.8 

Effect of cultivars 7149.9 7255.3 

Overall 

average 

7202.6 

Effect of cultivars 
b 

6949.8 

a 

8362.6 

Overall 

average 

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 (μg.cm
-2

) for the autumn seasons (2018 

and 2019). 

The autumn seasons (2018) The autumn seasons (2019) 

Nitrogen 

fertilization 

Cultivars Effect of 

Nitrogen 

fertilizati

on 

Nitrogen 

fertilization 

Cultivars Effect of 

Nitrogen 

fertilizati

on 

Hist

al 

Aguadul

ge 

Hist

al 

Aguadul

ge 

Without nitrogen 

fertilization 
i 

32.0 
hi 33.5 e 32.7 

Without nitrogen 

fertilization 
h 

33.5 
h 33.5 d 33.5 

Urea (50 kg.ha
-1

) 
g-i 

35.1 
f-h 35.7 d 35.4 Urea (50 kg.ha

-1
) 

gh 
35.1 

gh 35.3 d 35.2 

Urea 

nitrogen 

fertilizati

on 

 

75 

PPM 
g-i 

34.5 
f-h 36.3 35.4 d Urea 

nitrogen 

fertilizati

on 

 

75 

PPM 
gh 

34.5 
gh 35.3 d 34.9 

150 

PPM 
e-h 
36.9 

c-f 38.9 c 37.9 
150 

PPM 
fg 

36.9 
c-f 39.0 c 37.9 

225PP

M 
d-g 
38.0 

c-e 40.4 bc   39.1 
225PP

M 
e-g 

37.7 
c-e 40.3 bc 39.0 

Nano 

nitrogen 

fertilizati

on 

75 

PPM 
c-f 

39.1 
bc 42.1 b 40.7 

Nano 

nitrogen 

fertilizati

on 

75 

PPM 
d-f 

38.7 
bc 41.9 b 40.3 

150 

PPM 
ab 

44.0 
a 46.6 45.3 a 

150 

PPM 
b 

43.4 
a 46.6 a 45.0 

225 

PPM 

b-

d41.

1 

f-h 35.9 38.5 bc 
225 

PPM 
b-d 
40.9 

fg 36.7 bc 38.8 

Effect of cultivars 
b 

37.6 
a 38.8 

Overall 

average 

41.7 

Effect of cultivars 37.6 38.6 
Overall 

average 

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 

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 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) 

Nitrogen 

fertilization 

Cultivars Effect of 

Nitrogen 

fertilizati

on 

Nitrogen 

fertilization 

Cultivars Effect of 

Nitrogen 

fertilizati

on 

Hist

al 

Aguadul

ge 

Hist

al 

Aguadul

ge 

Without nitrogen 

fertilization 
21.7 18.2 d 20.0 

Without nitrogen 

fertilization 
22.2 20.4 c 21.3 

Urea (50 kg.ha
-1

) 22.0 21.4 b-d 21.7 Urea (50 kg.ha
-1

) 22.5 19.3 c 20.9 

Urea 

nitrogen 

fertilizati

on 

 

75 

PPM 
21.5 19.7 cd 20.6 Urea 

nitrogen 

fertilizati

on 

 

75 

PPM 
21.6 18.5 c 20.1 

150 

PPM 
23.6 20.1 b-d 21.8 

150 

PPM 
22.7 19.0 c 20.9 

225PP

M 
21.3 21.6 b-d 21.4 

225PP

M 
21.6 20.6 bc 21.1 

Nano 

nitrogen 

fertilizati

on 

75 

PPM 
22.7 23.5 ab 23.1 

Nano 

nitrogen 

fertilizati

on 

75 

PPM 
23.4 19.6 a-c 21.5 

150 

PPM 
23.8 21.2 a-c 22.5 

150 

PPM 
23.9 22.1 a 23.0 

225 

PPM 
25.2 23.7 a 24.4 

225 

PPM 
23.3 22.1 ab 22.7 

Effect of cultivars 22.7 21.2 
Overall 

average 

21.9 

Effect of cultivars 
a 

22.7 
b 20.2 

Overall 

average 

21.4 

 

The number of pods per plant (pod.plant
-1

) 

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
-1

) compared to the 

Histal cultivar which gave the lowest average 

amounted to (12.8 pods.plant
-1

). 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 

efficiency of the cultivar in converting 

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
-1

), while the lowest average for this 

trait was achieved at the adding level of urea (50 
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kg N.ha
-1

) 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
-1

) 

compared to the concentration of nano-fertilizer 

(75 ppm) which achieved an average amounted 

to (13.5 pods.plant
-1

). 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
-1

). 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
-1

), and the lowest 

average for this trait was at the interaction 

between Aguadulge cultivar and the adding 

level of urea (50 kg N.ha
-1

) which amounted to 

(13.3 pods.plant
-1

). The significance of this 

interaction is due to the genetic differences 

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
-1

) compared to the lowest average 

was at the interaction between the Histal 

cultivar and the adding level of urea (50 kg 

N.ha
-1

) which amounted to (11.4 Pod.plant
-1

). 

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
-1

) compared 

to the Aguadulge cultivar which gave the lowest 

average for this trait amounted to (5.2 

seeds.pod
-1

). 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
-1

) 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
-1

). 

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
-1

), 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
-1

). 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
-1

). 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
-1

), 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
-1

). 

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
-1

) for the autumn seasons (2018 and 

2019). 

The autumn seasons (2018) The autumn seasons (2019) 

Nitrogen 

fertilization 

Cultivars Effect of 

Nitrogen 

fertilizati

on 

Nitrogen 

fertilization 

Cultivars Effect of 

Nitrogen 

fertilizati

on 

Hist

al 

Aguadul

ge 

Hist

al 

Aguadul

ge 

Without nitrogen 

fertilization 

15.8 

e-g 
16.8 c-f 16.3 bc 

Without nitrogen 

fertilization 
g 

11.7 
bc 15.3 d  13.5 

Urea (50 kg.ha
-1

) 
15.1 

f-h 
13.3 h 14.2 d Urea (50 kg.ha

-1
) 

g11.

4 
b 15.6 d  13.5 

Urea 

nitrogen 

fertilizati

on 

 

75 

PPM 

14.5 

gh 
18.3 a-c 16.4 bc Urea 

nitrogen 

fertilizati

on 

 

75 

PPM 
f 

12.8 
b-d 14.8 cd 13.8 

150 

PPM 

18.1 

a-d 
19.7 a 18.9 a 

150 

PPM 
de 

13.9 
cd 14.4 bc 14.2 

225PP

M 

14.9 

f-h 
15.5 e-g 15.2 cd 

225PP

M 
ef 

13.1 
b 15.4 a-c 14.3 

Nano 

nitrogen 

fertilizati

on 

75 

PPM 

19.3 

ab 
19.9 a 19.6 a 

Nano 

nitrogen 

fertilizati

on 

75 

PPM 
g 

11.7 
bc 15.2 d 13.5 

150 

PPM 

17.0 

c-f 
19.6 ab 18.3 a 

150 

PPM 
b-d 

14.7 
bc 15.1 a 14.9 

225 

PPM 

17.5 

b-e 
16.1 d-g 16.8 b 

225 

PPM 
f 

12.7 
a 16.6 ab 14.6 

Effect of cultivars 16.5 17.4 
Overall 

average 

17.0 

Effect of cultivars 
b 

12.8 
a 15.4 

Overall 

average 

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
-1

) for the autumn seasons (2018 

and 2019). 

The autumn seasons (2018) The autumn seasons (2019) 

Nitrogen 

fertilization 

Cultivars Effect of 

Nitrogen 

fertilizati

on 

Nitrogen 

fertilization 

Cultivars Effect of 

Nitrogen 

fertilizati

on 

Hist

al 

Aguadul

ge 

Hist

al 

Aguadul

ge 

Without nitrogen 

fertilization 
4.6 4.7 b 4.6 

Without nitrogen 

fertilization 
b-d 
5.5 

d-g 5.1 C 5.3 

Urea (50 kg.ha
-1

) 5.0 5.3 ab 5.2 Urea (50 kg.ha
-1

) 
bc 
5.8 

d-f 5.2 bc 5.5 

Urea 

nitrogen 

fertilizati

on 

 

75 

PPM 
4.6 4.2 b 4.4 Urea 

nitrogen 

fertilizati

on 

 

75 

PPM 
e-g 

5.1 
g 4.7 d 4.9 

150 

PPM 
5.4 4.7 ab 5.0 

150 

PPM 
bc 
5.8 

fg 4.8 C 5.3 

225PP

M 
5.0 5.2 ab 5.1 

225PP

M 
d-f 

5.2 
de 5.3 C 5.3 

Nano 

nitrogen 

fertilizati

on 

75 

PPM 
5.5 5.5 a 5.5 

Nano 

nitrogen 

fertilizati

on 

75 

PPM 
ab 
5.9 

d-f 5.2 bc 5.6 

150 

PPM 
6.0 5.0 a 5.5 

150 

PPM 
a 6.2 b-e 5.5 a 5.9 

225 

PPM 
5.7 5.5 a 5.6 

225 

PPM 
b 5.8 d-e 5.4 ab 5.7 

Effect of cultivars 5.2 5.0 
Overall 

average 

5.1 

Effect of cultivars a 5.7 b 5.2 
Overall 

average 

5.4 

 

Weight of 100 seeds (g): 

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 

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) 

Nitrogen 

fertilization 

Cultivars Effect of 

Nitrogen 

fertilizati

on 

Nitrogen 

fertilization 

Cultivars Effect of 

Nitrogen 

fertilizati

on 

Hist

al 

Aguadul

ge 

Hist

al 

Aguadul

ge 

Without nitrogen 

fertilization 
c  

38.3 
f 35.5 36.90 de 

Without nitrogen 

fertilization 
ab 

46.3 
a-c 43. 8 45.1 

Urea (50 kg.ha
-1

) 
38.2 

c 
36.5 e 37.37 cd Urea (50 kg.ha

-1
) 

a-c 
45.3 

a 47.0 46.2 

Urea 

nitrogen 

fertilizati

on 

 

75 

PPM 

38.3 

c 
37.4 d 37.88 c Urea 

nitrogen 

fertilizati

on 

 

75 

PPM 
a 

47.0 
a-c 4. 9 45.4 

150 

PPM 

36.9 

de 
38.7 c 37.78 c 

150 

PPM 
a-c 
44.0 

a-c 45. 1 44.6 

225PP

M 
de 

36.1 
36.4 e 36.25 e 

225PP

M 

a 46. 

7 
c  42. 1 44.4 

Nano 

nitrogen 

fertilizati

on 

75 

PPM 
b 

40.0 
38.5 c 39.25 b 

Nano 

nitrogen 

fertilizati

on 

75 

PPM 
a-c 
45.1 

bc 43.0 44.1 

150 

PPM 

36.4 

e 
36.9 de 36.68 e 

150 

PPM 
c 

42.0 
a-c 43. 8 42.8 

225 

PPM 
ab 

40.4 
41.1 a 40.77 a 

225 

PPM 
a-c 
44.4 

a-c 45.0 44.7 

Effect of 

cultivars 

a 
38.1 

b 37.7 
Overall 

average 

37.9 

Effect of 

cultivars 

45.09

7 
44.208 

Overall 

average 

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
-1

) compared 

to the Histal cultivar which gave the lowest 

average for this trait amounted to (2.162 Mg.ha
-

1
). 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 yield 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
-1

), while the concentration of urea 

fertilizer (75 ppm) gave the lowest average for 

the trait which amounted to (1.815 Mg.ha
-1

). 

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
-1

), and the 

concentration of urea fertilizer (75 ppm) gave 

the lowest average for this trait, which 

amounted to (2.039 Mg.ha
-1

). 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 

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
-1

). 

The interaction between Histal cultivar and the 

addition level of urea (50 kg N.ha
-1

) gave the 

lowest average for this trait amounted to (1.977 

Mg.ha
-1

). 

Bio-yield (Mg.ha
-1

): 

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
-1

) compared to the 

Histal cultivar, which gave the lowest average 

for this trait amounted to (6.846 Mg.ha
-1

). 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 Mg.ha
-1

) compared to the lowest 

average for this trait was at the addition level of 

urea (50 kg N.ha
-1

), which amounted to (6.397 

Mg.ha
-1

). 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
-1

), 

while the non-fertilization treatment gave the 
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lowest average for the trait amounted to (6.746 

Mg.ha
-1

), 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
-1

). 

The lowest average for this trait amounted to 

(6.064 tons.ha
-1

) was at the interaction between 

the Aguadulge cultivar and the addition level of 

urea (50 kg N.ha
-1

). 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
-

1
), while the lowest average was at the 

interaction between the Histal cultivar and the 

non-fertilization treatment amounted to (5.397 

Mg.ha
-1

). 

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
-1

) for the autumn seasons (2018 and 2019). 

The autumn seasons (2018) The autumn seasons (2019) 

Nitrogen 

fertilization 

Cultivars Effect of 

Nitrogen 

fertilizati

on 

Nitrogen 

fertilization 

Cultivars Effect of 

Nitrogen 

fertilizati

on 

Histal 
Aguad

ulge 
Histal 

Aguad

ulge 

Without nitrogen 

fertilization 
1.860 1.856 1.858 c 

Without nitrogen 

fertilization 
gh 

2.000 
d-g 

2.268 
bc 2.134 

Urea (50 kg.ha
-1

) 1.910 1.742 1.826 c Urea (50 kg.ha
-1

) 
h 

1.977 
a-c 

2.546 
b 2.261 

Urea 

nitrogen 

fertilizati

on 

 

75 

PPM 
1.693 1.936 c 1.815 Urea 

nitrogen 

fertilizati

on 

 

75 

PPM 
f-h 

2.032 
f-h 

2.059 
c 2.039 

150 

PPM 
2.403 2.382 2.392 b 

150 

PPM 
b-e 

2.355 
e-h  

2.094 
b-c 2.225 

225PP

M 
1.854 1.943 1.899 c 

225PP

M 
e-h 

2.125 
b-f 

2.309 
bc 2.217 

Nano 

nitrogen 

fertilizati

on 

75 

PPM 
2.828 2.823 2.825 a 

Nano 

nitrogen 

fertilizati

on 

75 

PPM 
f-h 

2.059 
c-f 

2.283 
bc 2.171 

150 

PPM 
2.480 2.404 2.442 ab 

150 

PPM 
ab 

2.554 
b-d 

2.414 
a  2.484 

225 

PPM 
2.694 2.423 2.558 ab 

225 

PPM 
d-h 

2.194 
a  

2.689 
a  2.442 

Effect of cultivars 2.215 2.189 
Overall 

average 

2.2 

Effect of cultivars 
b  

2.162 
a  

2.331 

Overall 

average 

2.2 
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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
-1

) for the autumn seasons (2018 and 2019). 

The autumn seasons (2018) The autumn seasons (2019) 

Nitrogen 

fertilization 

Cultivars Effect of 

Nitrogen 

fertilizati

on 

Nitrogen 

fertilization 

Cultivars Effect of 

Nitrogen 

fertilizati

on 

Hist

al 

Aguadul

ge 

Hist

al 

Aguadul

ge 

Without nitrogen 

fertilization 
cd 

6.706 
a-c 

8.641 
cd 7.674 

Without nitrogen 

fertilization 

g 

5.39

7 

a-c  
8.094 

b 6.746 

Urea (50 kg.ha
-1

) 
cd 

6.730 
d 6.064 d 6.397 Urea (50 kg.ha

-1
) 

ef 

6.45

4 

a-c 

8.055 
ab  7.255 

Urea 

nitrogen 

fertilizati

on 

 

75 

PPM 
cd 

6.401 
cd 6.823 d 6.612 

Urea 

nitrogen 

fertilizati

on 

 

75 

PPM 

b-d 

7.41

5 

fg  6.078 b 6.747 

150 

PPM 
ab 

9.200 
cd 6.670 b-d 7.935 

150 

PPM 

b-d 

7.47

2 

d-f  

6.761 
b 7.117 

225PP

M 
cd 

6.545 
b-d 

7.159 
d 6.852 

225PP

M 

b-d 

7.47

9 

ef 6.368 ab 6.924 

Nano 

nitrogen 

fertilizati

on 

75 

PPM 
a 

9.854 
a 10.696 a 10.275 

Nano 

nitrogen 

fertilizati

on 

75 

PPM 

c-e 

7.22

6 

de 7.069 b 7.147 

150 

PPM 

a 

10.00

7 

a-d 

8.373 
a-c 9.189 

150 

PPM 

b-d 

7.44

7 

ab  
8.182 

a 7.815 

225 

PPM 
a 

9.571 
ab 9.170 ab 9.371 

225 

PPM 

fg 
5.87

9 

a 8.900 ab 7.389 

Effect of 

cultivars 
8.127 7.949 

Overall 

average 

8.00 

Effect of 

cultivars 

b  
6.84

6 

a   7.439 
Overall 

average 

7.1 

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 

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) 

Nitrogen 

fertilization 

Cultivars Effect of 

Nitrogen 

fertilizati

on 

Nitrogen 

fertilization 

Cultivars Effect of 

Nitrogen 

fertilizati

on 

Hist

al 

Aguadul

ge 

Hist

al 

Aguadul

ge 

Without nitrogen 

fertilization 
26.4 21.9 24.2 

Without nitrogen 

fertilization 
22.4 21.9 c 22.2 

Urea (50 kg.ha
-1

) 24.4 24.9 24.6 Urea (50 kg.ha
-1

) 23.6 24.4 ab 24.0 

Urea 

nitrogen 

fertilizati

on 

 

75 

PPM 
25.2 25.5 25.4 Urea 

nitrogen 

fertilizati

on 

 

75 

PPM 
25.0 24.9 a 25.0 

150 

PPM 
24.1 23.3 23.7 

150 

PPM 
23.1 22.0 bc 22.5 

225PP

M 
24.2 25.4 24.8 

225PP

M 
21.6 23.3 bc 22.4 

Nano 

nitrogen 

fertilizati

on 

75 

PPM 
24.2 21.5 22.9 

Nano 

nitrogen 

fertilizati

on 

75 

PPM 
21.8 21.7 c 21.7 

150 

PPM 
23.3 24.6 23.9 

150 

PPM 
21.7 23.6 bc 22.7 

225 

PPM 
26.1 25.1 25.6 

225 

PPM 
25.1 25.0 a 25.1 

Effect of cultivars 24.7 24.0 
Overall 

average 

27.6 

Effect of cultivars 23.1 23.4 
Overall 

average 

 

The protein yield (Mg.ha
-1

) 

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
-1

), while the Histal 

cultivar gave the lowest average for this trait, 

which amounted to (0.498 Mg.ha
-1

). 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 

trait which amounted to (0.655, 0.611 Mg.ha
-1

), 

while, the lowest average for this trait was 

achieved in the season (2018) at the addition 

level of urea (50 kg N.ha
-1

), which amounted to 

(0.449 Mg.ha
-1

). 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
-1

). 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
-1

), while the 

lowest average for this trait amounted to (0.448 

Mg.ha
-1

). 

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
-1

) for the autumn seasons (2018 and 2019). 

The autumn seasons (2018) The autumn seasons (2019) 

Nitrogen 

fertilization 

Cultivars Effect of 

Nitrogen 

fertilizati

on 

Nitrogen 

fertilization 

Cultivars Effect of 

Nitrogen 

fertilizati

on 

Hist

al 

Aguadul

ge 

Hist

al 

Aguadul

ge 

Without nitrogen 

fertilization 

0.49

1 
0.406 b 0.450 

Without nitrogen 

fertilization 

f 
0.44

8 

c-f 0.497 d  0.473 

Urea (50 kg.ha
-1

) 
0.46

6 
0.434 b 0.449 Urea (50 kg.ha

-1
) 

d-f 

0.46

9 

ab  
0.622 

bc 0.546 

Urea 

nitrogen 

fertilizati

on 

 

75 

PPM 

0.42

7 
0.494 b 0.461 

Urea 

nitrogen 

fertilizati

on 

 

75 

PPM 

c-f 

0.50

6 

c-f 0.511 b-d 0.508 

150 

PPM 

0.57

9 
0.555 ab 0.567 

150 

PPM 

b-e 

0.54

5 

ef 0.460 b-d 0.502 

225PP

M 

0.44

9 
0.494 b 0.471 

225PP

M 

ef 
0.45

8 

b-f 0.538 cd  0.498 

Nano 

nitrogen 

fertilizati

on 

75 

PPM 

0.68

4 
0.607 a 0.647 

Nano 

nitrogen 

fertilizati

on 

75 

PPM 

f 
0.44

9 

c-f 0.496 d  0.472 

150 

PPM 

0.57

8 
0.591 ab 0.584 

150 

PPM 

b-d 
0.55

5 

bc 0.571 ab 0.563 

225 

PPM 

0.70

3 
0.608 a 0.655 

225 

PPM 

b-e 
0.55

1 

a  0.671 a  0.611 

Effect of cultivars 
0.54

7 
0.525 

Overall 

average 

0.5 

Effect of cultivars 

b 
0.49

8 

a 0.546 
Overall 

average 

0.5 

 

CONCLUSIONS: 

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 

cultivars differed in their response to 

nitrogenous nano-hydroxyapatite fertilizer, 

where Aguadulge cultivar has excelled in most 

of the yield traits, its components and the 

qualitative traits. 
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