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Original Research Article
Influence of environmental conditions on productivity and seed quality of some faba bean cultivars

ABSTRACT


This filed experiment was carried out in three sits (Nubaria, Giza and Mataana) Research Stations at ARC during 2022/2023 and 2023/2024. Six faba bean genotypes varied in there features used to study the Influence of climatic changes on productivity and there seed quality traits. Results showed significant differences between the genetic combinations under study as well as the locations in agricultural traits, crop components, nutritional composition, protein ratios, and phytochemical content of the bean varieties used in all study locations. Nubaria 1 and Atuna were superior in terms of seed weight and yield characteristics in Giza and Matana, while T.W was distinguished by early maturity in addition to lower percentages of both tannins: 92.89 mg/100 g; phenols: 69.41 mg/100 g respectively in the Matana area (high temperature). 

Genotype ILB 1814 in Nubaria (low-temperature region) topped the list in terms of protein (27.09%), phenols (133.28 mg/100 g), and viscin, in addition to high levels of calcium, magnesium, and zinc. Protein digestibility was better in the mutana, although the proportions of these components varied significantly between the different varieties. Darker-colored seeds and higher fat, ash, and carbohydrate content were found in the Ma'ana variety, while the Nubaria variety exhibited better mineral and antinutrient content. The ILB 1814 (Nubaria/Giza), Sakha 4, and Atuna (Giza) strains achieved 100% cookability and sensory scores >7, making them ideal choices for breeding and cultivation to improve nutritional quality, digestibility, and processing characteristics amidst climatic fluctuations.
Keywords: Faba bean, Environmental conditions, productivity, Physicochemical, Photochemical, Technological    parameters.
INTRODUCTION
Legumes contribute to sustainable agriculture by reducing fertilizer use, particularly their ability to fix atmospheric nitrogen and improve soil fertility, and with high species diversity. Legumes are valued for their nutritional quality and environmental benefits Osorio et al. (2025). Among them, faba bean (Vicia faba) is an important annual temperate grain legume, cultivated across nearly three million hectares worldwide, with an annual production of 7.8 million tons Villegas-Fernández and Rubiales (2025). 

faba bean a multifunctional crop in Egypt it supports sustainable agriculture by enhancing soil health and fertility, reducing chemical inputs and emissions, improving crop system resilience and contributing to food security and farmer livelihoods under changing climatic conditions. During the 2024–2025 seasons, the average faba bean cultivated area is approximately 90,000 feddan, with an average seed yield of 9.6 ardab/feddan (Economic Affairs Sector 2024).The effect of climatic changes on faba bean (Vicia faba L.) is significant and multifaceted, primarily influencing yield, growth stages, and disease incidence. Increasing temperatures, projected to rise by 1.9 to 2.5 ºC negatively affect faba bean yield by reducing pod and seed production by up to 26% and 23%, respectively, under no adaptation scenarios EL-Mansoury and Saleh (2017). Phenological maturity is impacted by climate change, which can shift the timing of growth phases leading to reduced grain yield Bogale et al. (2021). Optimal rainfall amounts during critical growth stages (e.g., 20-30 mm/m²) are conducive to yield formation, while too much precipitation negatively impacts seed yield (Pszczółkowska et al., 2020). Excessive rainfall can cause waterlogging and nutrient leaching, leading to lower yields Bogale et al., (2022).  Temperature influences phenological development and grain yield, with air temperature identified as a strong driver of faba bean performance and precipitation as a major driver for disease incidence Sufar et al., (2024) and Bogale et al., (2021). 

The type of soil has a significant effect on the productivity and seed quality of faba bean (Vicia  faba L.) through various factors including nutrient availability, soil texture, pH, and water retention capacity. faba bean productivity and seed quality are maximized in soils with balanced nutrient availability especially potassium and phosphorus moderate acidity, and good texture such as clay-loam. Sandy and acidic soils require specific management practices to improve outcomes Barłóg et.al.,( 2018),  Essa, R. E. et al., (2023), Fogelberg et al., (2023) and Gobena Negasa and Dereje Dobocha (2025). 

        Faba bean is nutrient-dense food, rich in dietary fiber, B vitamins, and minerals such as magnesium (Mg), iron (Fe), zinc (Zn), potassium (K), as well as antioxidants including tannins (TA) and phenolic acids (PA). They also contain phytochemicals with antioxidant activity, contributing to their potential role in addressing dietary deficiencies in protein, fiber, and micronutrients. Regular consumption has been shown to enhance the nutrient density of human diets Ayala-Rodriguez et al (2022). Protein content of faba bean depends on genotypes. Most of these proteins comprise of globulins (79%), albumins (7%) and glutelins (6%) (Alghamdi, 2009). Moreover, Behairy (2008) fractionated crude proteins of faba bean into five fractions. Which were Albumins, globulins, prolamins, glutelins and non-soluble proteins depending upon the solubility in different solvents. Some protein fractions had the same values for certain faba bean germplasms. Therefore, the ratios of globulins / albumin and globulins / prolamins were calculated and the data of these ratios can easily be used to characterize the germplasms belonging to each crop.
     Likewise, faba bean contains vicine and convicine (type of pyrimidine glycosides), which are strong oxidants and harmful to humans that have a gene mutation for the glucose-6-phosphate dehydrogenase (G6PD) deficiency. The hydrolysis compounds of vicine and convicine cause oxidation of glutathione (GHS), and their reduced form cannot be done, which is altering several functions of red blood cells, that are responsible of haemolytic anemia (favism) in the G6PD-deficient individuals.  (Ali and Shakir, 2023 and Diegues et al., 2022).

Recent genetic and breeding efforts has resulted in an improved faba bean crop adapted to environmental stresses, high yield and protein content and seed free from major antinutritional factors (tannins) and vicine-convicine, therefore, The objectives of this study were to assess the effect of climatic changes on field crop properties, yield and physicochemical and technological properties (soaking and cooking), and organoliptic acceptability of six faba bean genotypes and selection of promising, high-quality genotypes under environmental conditions in Egypt.

MATERIAL AND METHODS
1- PLANT MARTIAL
The field experiments of the present study were carried out at three location Nubaria, Giza and Mataana  Research Stations, Agriculture Research Center (ARC), Egypt, during 2022/23and 2023/24 seasons. Six widely diverse faba bean (Vicia faba L.) genotypes were used to study the effect of environmental conditions `on productivity and seed quality. The origin, pedigree and some characteristics of these genotypes are presented in Table (1).

Table (1): Origin, pedigree and some features of tested genotypes.

	Parent
	Origin
	Pedigree
	Characters 

	Sakha 4 (G 1)
	FCRI-ARC
	Sakha 1 x Giza 3
	Early in flowering and maturity, Resistance to foliar diseases Rust and Chocolate spot.

	 Giza 843 (G 2)
	FCRI-ARC
	Cross 461 x Cross 561
	Early in flowering and maturity, Resistance to Orobanche cernataand resistance to live diseases.

	T .W.  (G 3)
	England
	Introduced from England
	High degree of autofertility, Early in flowering and maturity with colorless stem, white flower with light seed coat and colorless hilum of the seed.

	 Nubaria 1 (G 4)
	FCRI-ARC
	Selected plant from Giza Blanca
	Individual selected plant from Spanish variety Reina blanca, with colorless hilum, resistance to live diseases and late flowering and maturity.

	ILB 1814 (G 5)
	ICARDA
	Syrian Local Large
	Large seed, with colorless hilum

	Atona (G 6)
	Spain
	Introduced from Spain
	Large seed, with color hilum


*FCRI= Field Crops Research Institute, ARC

Sowing date took place on mid-November at all locations. A randomized complete block design (RCBD) with three replications was used. Each plot contained three ridges each ridge was 3 m long and 60 cm apart. Seeds were sown at one side of ridge at 20 cm distance. Ordinary cultural practices were applied to the faba bean fields. At harvest ten guarded plants were taken at random from each experimental plot and the following data were recorded: days to flowering, plant height (cm), number of branches /plant, number of pods/ plant, number of seeds / plant, seed yield/ plant and 100-seed weight.

 Maximum, minimum air temperature©, average, Average Relative Humidity (%),Total  Precipitation (mm) and Sunshine Duration (Hours during growing seasons at the three locations shows in Table (2) and Physical and chemical properties of the experimental sites before sowing in Table (3).
Table2. Maximum, minimum air temperature©, average, Average Relative Humidity (%),Total Precipitation (mm) and Sunshine Duration (Hours)during the two growing seasons at Nubaria, Giza and Mataana Research stations.
	Season 2022/2023

	Air Temperature (°C) 2022/2023
	Average Relative Humidity (%)

	Months
	Nubaria
	Giza 
	Mataana
	Nubaria
	Giza
	Mataana

	
	Max
	Min
	Max
	Min
	Max
	Min
	
	
	

	November
	24.4
	17.0
	25.2
	13.3
	27.5
	13.0
	63.6
	60.4
	43.4

	December
	22.8
	14.4
	22.9
	11.3
	25.0
	9.8
	68.7
	64.3
	47.6

	January
	20.4
	11.8
	20.5
	8.2
	23.2
	7.6
	72.7
	68.3
	46.7

	February
	18.9
	10.7
	18.8
	6.4
	22.7
	6.7
	68.9
	69.7
	40.5

	March
	23.2
	12.7
	25.5
	10.7
	29.3
	12.5
	63.9
	54.9
	26.9

	April
	26.3
	14.4
	29.6
	13.3
	33.7
	16.1
	59.1
	45.5
	19.7

	Average 
	22.7
	13.5
	23.8
	10.6
	26.9
	10.9
	66.1
	60.5
	37.4

	Months
	Total Precipitation (mm)
	Sunshine Duration (Hours)

	
	Nubaria
	Giza
	Mataana
	Nubaria
	Giza
	Mataana

	November
	0.1
	0.0
	0.0
	10.6
	10.7
	10.9

	December
	0.8
	0.5
	0.0
	10.2
	10.2
	10.6

	January
	1.0
	2.7
	0.0
	10.4
	10.5
	10.8

	February
	1.9
	0.5
	0.0
	11.1
	11.1
	11.3

	March
	0.6
	0.2
	0.0
	12.0
	12.0
	12.0

	April
	0.5
	0.1
	0.0
	12.9
	12.9
	12.8

	Average 
	0.8
	0.7
	0.0
	11.2
	11.2
	11.4

	Season 2023/2024

	Air Temperature (°C) 2022/2023
	Average Relative Humidity (%)

	Months
	Nubaria
	Giza 
	Mataana
	Nubaria
	Giza
	Mataana

	
	Max
	Min
	Max
	Min
	Max
	Min
	
	
	

	November
	26.9
	18.0
	27.3
	15.3
	31.0
	16.5
	63.6
	61.5
	40.2

	December
	22.7
	14.8
	23.0
	11.6
	25.7
	10.6
	69.3
	66.6
	53.5

	January
	19.8
	12.1
	19.8
	8.2
	22.8
	7.4
	66.6
	63.2
	43.2

	February
	20.5
	11.5
	20.3
	7.7
	24.0
	7.6
	70.7
	70.5
	41.3

	March
	23.2
	12.7
	24.6
	9.8
	30.0
	12.5
	64.9
	59.8
	26.1

	April
	27.9
	15.7
	31.2
	14.5
	35.3
	18.1
	63.7
	49.8
	21.6

	Average 
	23.5
	14.2
	24.4
	11.2
	28.1
	12.1
	66.5
	61.9
	37.6

	Months
	Total Precipitation (mm)
	Sunshine Duration (Hours)

	
	Nubaria
	Giza
	Mataana
	Nubaria
	Giza
	Mataana

	November
	0.4
	0.2
	0.0
	10.6
	10.7
	10.9

	December
	0.2
	0.2
	0.0
	10.2
	10.2
	10.6

	January
	1.5
	0.9
	0.0
	10.4
	10.5
	10.8

	February
	1.2
	0.5
	0.0
	11.1
	11.1
	11.3

	March
	0.2
	0.3
	0.0
	12.0
	12.0
	12.0

	April
	0.0
	0.1
	0.0
	13.0
	12.9
	12.8

	Average 
	0.6
	0.4
	0.0
	11.2
	11.2
	11.4


Central Lab. for Agricultural Climate

  Table 3. Physical and chemical properties of the experimental sites before sowing in growing   seasons
	  Physical properties
	Nubaria
	Giza
	Mataana

	
	Season

	
	2022/23
	2023/24
	2022/23
	2023/24
	2022/23
	2023/24

	Particle size distribution
	Sand %

Silt %

Clay %
	54.20
18.70
27.10
	58.40
19.30
22.30
	33.5

30.8

35.7
	34.2

30.3

35.5
	70.12

19.00

10.88
	67.32

21.00

11.68

	
	Soil Texture
	Sandy Clay Loam
	Sandy Clay Loam
	Sandy Loam
	Sandy Loam
	Sandy Loam
	Sandy1 Loam

	Chemical properties

	pH(1:2.5)
	8.16
	8.21
	7.4
	7.3
	8.1
	7.7

	Soluble cations meq/L
	Ca++
Mg++
Na+
K+
	14.20

9.0

13.4

1.50
	15.20

10.00

14.10

1.70
	4.4

1.6

3.7

129
	4.6

1.9

4.7

130
	0.30

0.19

0.52

0.09
	0.50

0.30

0.60

0.08

	Soluble anions meq/L
	CO3--
HCO3-
Cl-
SO4--
	-

8.10

16.90

13.10
	-

9.10

18.60

13.40
	-

0.80

2.2

9.87


	-

0.99

3.1

10.65


	-

0.59

0.23

0.27
	-

0.69

0.42

0.37

	CaCo3%
	33.92
	31.82
	-
	-
	-
	-

	Available macronutrients (ppm)
	N

P

K
	142.50

15.50

258.00
	135.00

16.51

265.00
	3.1

0.96

4.1
	2.6

0.89

3.94
	20

11.0

35.0
	30

8.0

31.2


2- PHYSICOCHEMICAL AND TECHNOLOGICAL PROPERTIES.
INGREDIENTS AND CHEMICALS.

Seeds were manually free from broken seeds, dust, stones, and foreign materials. For whole meal powder, seeds were milled using a high-speed grinder (MDY-2000, China), packed in polyethylene bags and then kept at -18°C for additional analysis. Pepsin and pancreatin were purchased from Sigma-Aldrich Chemical Co., St. Louis, USA. All other used chemicals were analytical grade.
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 Fig. 1: Photos of the tested faba bean varieties
 PHYSICAL PROPERTIES OF FABA BEAN SEEDS VARIETIES
The physical properties, the weight of 100 seeds, seed size and weight, density, imbibed water percentage after soaking, seed parts, and color parameters) of faba bean varieties were determined using AACC (2002). 100 seed weight was determined using a digital balance and expressed as a hundred seeds weight in grams. Seeds volume was estimated using the water for the seed parts (cotyledons and the seeds coat or hull), ten seeds were weighed, and soaked for12 hours in 100 ml of water at room temperature. The soaked seeds were weighted to calculate the imbibed water percentage after soaking (the mass gained by seeds after soaking to the mass before soaking). Then seeds were manually dehulled to obtain coats and cotyledons, and then dried at 60°C for 12 hours, weighted to calculate the percentages of the seed coat and the cotyledons, and their ratio. Seed dimensions were measured for each seed variety using a Vernier Caliper. The external or raw seed coat color parameters were exhibited in terms of lightness (L*), redness (a*), and yellowness (b*) (hand-held chromameter, model: CR 400, Konica Minolta, Japan). The color of the exterior seed coat was assessed, and all measurements were carried out from averages of three determinations.
PROXIMATE CHEMICAL ANALYSIS
Using the AOAC (2019) methods, the moisture, protein, ash, crude fibers and fat content of faba bean seeds were investigated in whole meal powder. Protein, ash, fats, and crude fibers have been eliminated from 100 g of samples in order to calculate the carbohydrates content.

DETERMINATION OF MINERALS:
Minerals content (K, Ca, Mg, Fe and Zn) were estimated by Atomic Absorption Spectrophotometer (Model: 4210 MP-AES, USA) according to the procedure outlined by (A.O.A.C. 2019).                                              

IN VITRO PROTEIN DIGESTIBILITY:
Protein digestibility of faba bean samples was determined according to the method of Saunders et al. (1973). After enzymatic digestion of samples with pepsin and pancreatin, the protein in the resultant supernatant was estimated using the Kjeldahl method. The percentage of protein digestibility was calculated by the ratio of protein in the supernatant to protein in the sample as the following equation:

Protein digestibility (%) =[image: image8.png]N inBlank

N insample

N in supernatant




 x 100
N= Nitrogen
PROTEIN FRACTIONS: 
     Fractionation of seed proteins was conducted according to the method of Skoch et al. (1970). Samples were subjected to successive extraction processes using the following solvents: distilled water for the extraction of albumines, sodium chloride (5% w/v) for the extraction of globulins, ethanol (80% v/v) containing sodium acetate (0.2%w/v) for prolamins and sodium hydroxide (0.2% w/v) solution for glutelins.
Determination of phytochemical components: Tannins and Total Phenol of faba bean seeds were determined as described by (Price et al., 1978 and Singleton and Rossi, 1965).
TANNINS DETERMINATION
The tannins were determined using the vanillin/HCl method, by mixing sample extract with equal volumes of 2% vanillin in methanol with 8% methanol/HCl and kept at room temperature for 20 min, then measured at 500 nm, and samples were presented as mg/100g of catechin equivalent (Price et al.,1978).
 TOTAL PHENOLS DETERMINATION
The Folin-Ciocalteu method was used to determine the total phenolic, a two gram of sample was mixed with 20 ml of methanol (80%), shaken for two hours, filtrated, and the color was developed by adding 0.250 ml of sample extract to 0.250 ml of Folin-Ciocalteu phenol reagent, 0.50 ml of Na2CO3 solution (7.50%), and 4 ml of distilled water (Singleton and Rossi, 1965). The reaction mixture was kept in the dark for 30 min, the absorbance was measured at 725 nm using a Jenway spectrophotometer (Model-6715-UV/Vis, Cole-Parmer Ltd, Staffordshire, UK), and samples were calculated as mg/100g of gallic acid equivalent.

DETERMINATION OF TOTAL VICINE CONTENT 
Total vicine was determined by suspending 2.0 g of sample in 60 ml of 4% meta-phosphoric acid, blended for 5 minutes in a Moulinex supper blender (Moulinex, Egypt), then centrifuged at 4000 xg for 15 min (Collier, 1976). The supernatant was diluted with HCl (0.10 N), and measured at 273.50 nm. The content of total vicine was presented as mg/g using the following equation:

Total vicine (mg/g) = (Absorbance x 322) / (13.60 × 103)

where 322 = molecular weight of vicine and 13.60 x 103 = molar absorption of pure vicine.
TECHNOLOGICAL PROCESS
The faba beans were subjected to some processing methods (soaking and cooking) were divided into two parts. The first was just soaked, soaked seeds (for 12 hours at room temperature), and the second part was cooked for 12 hour at 100°C. The cooked seeds (stewed) were taken after cooking experiments (in technological properties section) for cooking quality and sensory evaluation. 

SOAKING TREATMENT
IMBIBED WATER AFTER SOAKING
Imbibed water after soaking (previous soaked faba beans for seed parts) were measured using the method of AACC (2002). The weight of the soaked seeds was recorded. The imbibed water, of soaked beans was calculated using the weight measurements of faba bean seeds before and after soaking and expressed as follows:

Imbibed water (%) = [(Weight of soaked seeds− Weight of seeds before soaking) / Weight of seeds before soaking] × 100

  COOKING PROCESS
The cooking quality characteristics, including imbibed water after cooking, cooking, and total soluble solids (total water-soluble solids) percentages, were measured (AACC, 2002). Ten seeds were weighted and cooked with 100 ml of water in an oven for 12 hours at 100°C until complete cooking. The imbibed water percentage of the cooked faba bean was measured by weighting the seeds before and after cooking, and exhibited as a percentage of the dry sample weight. By pressing and comparing the firmness of the cooked seeds, the ability of the faba beans to be soft was used to calculate the cooking (cookability) percentage. 
WATER SOLUBLE MATERIALS OR TOTAL SOLUBLE SOLIDS (T.S.S): 

Total soluble solids, or water-soluble materials, were determined by drying the cooking water containing water-soluble materials at 100oC in an oven until a constant weight was reached and then weighed. The following equations were used to calculate the imbibed water, stewing (cookability), and water-soluble solids percentages: 

Imbibed water (%) = [(Weight of cooked seeds − Weight of seeds before cooking)/Weight of seeds before cooking] × 100

Cooking (%) = [(Initial number of seeds −Number of non stewed seeds)/(Initial number of seeds) ×100]

Total soluble solids (%) = Weight of residue (g) / Initial weight of seeds (g) × 100

ORGANOLEPTIC EVALUATION 
Cooked faba bean samples were examined for organoleptically evaluation, sensory evaluated after stewing according to Larmond's (1977) method, using a ninehedonic scale the scoring scheme was established for their sensory attributes, i.e., color, odor, taste, texture, mouth feel and overall acceptability. By ten well-trained panelists from the staff members of Food Technology Research Institute, ARC, Egypt.
STATISTICAL ANALYSIS 
The results were subjected to statistical analysis. Analysis of variance was performed. The significance of differences between trait values was determined on the basis of Tuckey confidence intervals (LSD – Least Significant Difference), with the significance level at a=0.05. All statistical analysis was performed by GenStat 21th Ed statistical software (GENSTAT, 2021). 
RESULTS AND DISCUSSION
ANOVA results in Table (4) indicated significant effects of location (L), genotype (G), and their interaction (L×G) on key agronomic traits such as days to flowering, maturity, plant height, pods per plant, seed weight, and seed yield. Locations significantly influenced days to flowering and seed yield, showing environmental impact on these phenological and productivity 
 traits. Genotypes exhibited distinct performance across locations. The genotype-by-location interaction (L×G) was notable, underlining differential genotype responses to environmental conditions. Least significant differences (LSD 0.05) confirmed discriminability, e.g., 1.18 days for flowering, 14.98 g for SW/p, and 1.58 for SY/fed. 

Table 4. Combined analysis of variance over seasons (S), locations (L) and (G) genotypes.
	SOV
	df
	Days to flowering
	Days to maturity
	PH
	Branches
	pods
	SW/p
	SW/plo
	SY/fed

	L
	2
	733.731**
	999.528**
	4993.04**
	3.6554**
	563.97**
	1568.86**
	3.09068**
	2.6223*

	S
	1
	49.343**
	0.333
	468.29**
	1.1386 NS
	76.03*
	105.87 NS
	0.05706 NS
	1.665 NS

	G
	5
	420.987**
	507.489**
	1609.83**
	87.9998**
	259.55**
	2792.38**
	3.76613**
	105.6229**

	L X S
	2
	40.509**
	11.194
	589.1**
	3.6285**
	168.68**
	32.78 NS
	0.00594 NS
	0.1363 NS

	L X G
	10
	33.954**
	47.017**
	103.22*
	2.1773**
	166.91**
	488.53 **
	0.38178**
	7.7648**

	S X G
	5
	3.254
	1.956
	65.17 NS
	1.0277 NS
	41.99*
	218.18 NS
	0.01099 NS
	0.3028 NS

	L X S X G
	10
	5.154
	2.217
	94.25*
	0.3072 NS
	50.19**
	131.51 NS
	0.01072 NS
	0.3162 NS

	Residual
	70
	3.141
	5.728
	49.5
	0.6545
	17.91
	84.57
	0.02882
	0.9376

	LSD 0.05
	
	1.18
	3.90
	11.46
	1.32
	6.89
	14.98
	0.28
	1.58


Ns, * and ** indicates insignificant, significant at 0.05 and 0.01 level of probability, respectively.
 The six faba bean genotypes showed variation in days to flowering and maturity Nubaria 1 exhibited the longest days to flowering (52.72 days) and maturity (152.33 days), making it the latest maturing genotype. T.W was the earliest to flower and mature (38.17 days and 137.50 days) Table 5. 

 Genotypic variation in days to flowering and maturity concurs with reports that these traits are influenced by genetics and environment (Ramadan, 2025). 

Early flowering genotypes like T.W enable escape from late-season stresses; this aligns with the climatic data showing decreasing relative humidity and very low rainfall towards March-April, when late maturation subjects plants to water deficit. Also aligns with trends observed in faba bean studies emphasizing the importance of flowering time for adapting to diverse agro-ecological conditions (Toker, 2004). Conversely, genotypes like Nubaria 1 that showed longer vegetative periods and greater plant height likely accumulated more biomass, which may contribute to enhanced yield potential as reported by Sitote et al. (2024).

Table 5: Mean performance of Days to flowering, Days to Maturity and Plant height (cm) among six faba bean genotypes across seasons

	No.
	Genotypes
	Days to flowering
	Days to Maturity
	Plant height (cm)

	
	
	Nub.
	Giza
	Mataana
	Overall
	Nub.
	Giza
	Mataana
	Overall
	Nub.
	Giza
	Mataana
	Overall

	1
	Sakha 4
	44.67
	43.67
	36.50
	41.61
	141.83
	142.00
	132.33
	138.72
	118.6
	123.6
	141.1
	127.8

	2
	Giza 843
	43.83
	43.67
	38.33
	41.94
	142.50
	142.67
	135.83
	140.33
	121.7
	130.8
	141.8
	131.4

	3
	T.W
	38.17
	39.67
	37.50
	38.44
	138.50
	138.67
	135.33
	137.50
	89.7
	100.4
	124.7
	104.9

	4
	Nubaria 1
	57.67
	55.33
	45.17
	52.72
	157.67
	157.00
	142.33
	152.33
	112.2
	117.0
	126.3
	118.5

	5
	ILB1814
	48.00
	47.83
	37.00
	44.28
	143.50
	148.00
	136.83
	142.78
	116.7
	127.2
	135.8
	126.6

	6
	Atona
	46.50
	48.83
	37.50
	44.28
	148.17
	142.67
	134.17
	141.67
	110.3
	117.8
	138.4
	122.2

	L.S. D 0.05
	Mean
	46.47
	46.50
	38.67
	43.88
	145.36
	145.17
	136.14
	142.22
	119.5
	111.5
	134.7
	121.9

	
	L
	
	
	
	0.83
	
	
	
	1.13
	
	
	
	3.31

	
	G
	2.51
	0.67
	2.31
	1.18
	2.61
	2.63
	2.80
	1.59
	9.01
	9.07
	5.65
	4.68

	
	L x G
	
	
	
	2.04
	
	
	
	2.76
	
	
	
	8.10



Across Nubaria, Giza, and Mataana locations, Giza 843 exhibited the tallest plants (131.40 cm) meanwhile; Triple White gained the shortest plants (104.90 cm). Nubaria 1 had the highest number of branches (9.3/plant) and Sakha 4 had the highest number pods per plant (26.5 pod) overall, reflecting its potential for higher yield capacity. 

The heaviest seed weight per plant gained by Atuna, Sakha 4 and Giza 843 with (70.74g, 70.07g and 67.54g) respectively. The lower branching and pod numbers in T.W correlate with its reduced plant size and shorter growth cycle, consistent with previous observations that such genotypes may be less productive but often have specific adaptive advantages in certain agro-ecological zones. Variation in these traits among genotypes reflects genetic diversity, significant for selection in breeding programs aiming to improve yield and adaptability (Gutierrez et al. 2024)

Table 6: Mean performance of No. of branches/plant, No. pods/plant and Seed weight/plant (g) among six faba bean genotypes across seasons

	No.
	Genotypes
	No. of branches/plant
	No. pods/plant
	Seed weight/pant (g)

	
	
	Nub.
	Giza
	Mataana
	Overall
	Nub.
	Giza
	Mataana
	Overall
	Nub.
	Giza
	Mataana
	Overall

	1
	Sakha 4
	4.7
	4.1
	3.7
	4.2
	25.17
	23.89
	30.5
	26.5
	68.00
	61.90
	80.31
	70.07

	2
	Giza 843
	4.4
	4.6
	4.0
	4.3
	27.17
	27.28
	24.06
	26.2
	69.17
	69.90
	63.54
	67.54

	3
	T.W
	2.8
	2.5
	3.2
	2.8
	15.94
	24.05
	38.46
	26.2
	34.67
	34.02
	46.73
	38.47

	4
	Nubaria 1
	9.7
	8.8
	9.3
	9.3
	18
	16.52
	19.61
	18.0
	68.22
	57.52
	74.83
	66.86

	5
	ILB1814
	6.2
	4.8
	3.6
	4.9
	19.06
	21.84
	36.06
	25.7
	37.35
	62.60
	70.58
	56.84

	6
	Atona
	4.1
	4.5
	4.4
	4.3
	18.11
	20.68
	20.22
	19.7
	57.09
	78.19
	76.95
	70.74

	L.S. D 0.05
	Mean
	5.3
	4.9
	4.7
	5.0
	20.58
	22.38
	28.15
	23.7
	55.75
	60.69
	68.82
	61.75

	
	L
	
	
	
	0.38
	
	
	
	1.99
	
	
	
	4.32

	
	G
	1.25
	0.96
	0.66
	0.54
	5.65
	5.94
	3.71
	2.81
	9.29
	15.38
	6.56
	6.11

	
	L x G
	
	
	
	0.93
	
	
	
	4.87
	
	
	
	10.59


Data in table (7) revealed that Nubaria 1 (117.90 g) and Atona (122.80g), scored the highest 100-Seed Weight indicating larger seed size in these genotypes. Seed yield per feddan was also highest in Atona and Nubaria 1, confirming their superior yield performance. Concur with findings from multiple studies highlighting seed weight as a highly heritable trait positively correlated with yield (Wondaferew et al., 2024). 

The superior seed weight and yield of Nubaria 1 and Atona under water-limited conditions align with reports that seed filling duration and size are critical for yield stability in dry environments (Jat et al,. 2023 and Wondaferew et al., 2024).
Genotypes with higher seed weight and yield are preferred for enhancing productivity in faba bean cultivation. (Singh et al. 2025) suggested that the   demonstrate significant variation among the tested faba bean genotypes in growth characteristics, yield components, and final yield, providing valuable information for genotype selection and breeding for improved performance under the tested conditions.

Table 7: Mean performance of 100-Seed Weight (g) and Seed yield/ard.fed. (g) among six faba bean genotypes across seasons

	No.
	Genotypes
	100-Seed Weight (g)
	Seed yield/ard.fed.

	
	
	Nub.
	Giza
	Mataana
	Overall
	Nub.
	Giza
	Mataana
	Overall

	1
	Sakha 4
	111.50
	87.20
	90.90
	96.50
	14.14
	12.79
	13.45
	13.46

	2
	Giza 843
	101.70
	101.40
	92.30
	98.50
	13.79
	12.47
	13.09
	13.12

	3
	T.W
	57.70
	50.20
	56.70
	54.90
	6.389
	8.30
	7.28
	7.32

	4
	Nubaria 1
	133.50
	119.70
	100.70
	117.90
	14.63
	11.34
	10.57
	12.18

	5
	ILB1814
	100.30
	119.10
	90.70
	103.40
	9.23
	10.20
	9.83
	9.75

	6
	Atona
	120.80
	138.80
	108.90
	122.80
	8.91
	9.73
	9.71
	9.45

	L.S. D 0.05
	Mean
	102.73
	90.03
	104.25
	99.00
	11.18
	10.81
	10.66
	10.88

	
	L
	
	
	
	6.65
	
	
	
	0.46

	
	G
	4.13
	17.59
	20.09
	9.41
	0.80
	1.56
	0.94
	0.64

	
	L x G
	
	
	
	16.30
	
	
	
	


2- PHYSICOCHEMICAL AND TECHNOLOGICAL PROPERTIES.
       PHYSICAL PROPERTIES
        Data revealed that in Table (8) presented highly signifiant differences among tested varieties in differenet population. For 100 seed weight, varieties varied from 50.20 g in T.W to 138.80 g in Atona varities at Giza location. Atona variety could be useful in faba bean breeding for improving seed yield. The results indicated that T.W at Giza location and all varieties at Mataana location exhibited the highest values of density recorded 1.21 g/cm3. Mean while the most varieties at Giza location recorded the lowest values of density except ILB 1814 variety while, Atona variety recorded the lowest estimates of density with value of 1.03 g/cm3. On the other hand, the varieties Nubaria 1 followed by sakha 4 at Nubaria location had the highest values of seed coat % recorded 13.53 and 13.44% respetively. Moreover, three varieties (T.W, ILB 1814 and Giza 716) had the highest values of catyledons % recorded 84.26, 83.78 and 83.71% recpectively at Mataana location while, the lowest values were 75.78 and 75.96% of Sakha 4 and Atona at Giza location. The signifiant differences among varieties were obtained indicating wide genetic variability among tested materials.  El-Abssi et al (2024) found that the weight of 100 seed of faba bean seeds varied between 45.33 and 104.37 g this may be refered to the differences in varieties.  
 Imbibed water and seed parts after soaking of faba bean genotypes Table 8 shows imbibed water % of faba beans after soaking for 12 hours. Data revealed that the variety affected the imbibed water%. 
The imbibed water percentage of different varieties were significantly different. It ranged from 97.39 to 122.42 %, and the Nubaria 1 variety at Giza location had the highest value, followed by T.W at Nubaria location and Sakha 4 at Giza location, while Atona at Nubaria location and Nubaria 1 variety at Mataana location had the lowest value. 

   
Omran et al. (2023) observed that the imbibed water percentages and hydration coefficient, of faba beans after soaking for 12 hours ranged from 82.74 to 97.57%, In terms of the hydration coefficient, it varied between 182.61 and 197.57% respectively of different varieties of faba beans and who found that there were differences among varieties in cotyledons and seed coat percentages. Also mentioned that physical properties of some verities of faba bean for density ranged from 1.14 to 1.20 g/cm3, 100 seed weight were 98.02 g (Sakha 1), 94.50 (Sakha 4), 85.31 (Giza 3), 97.01 (Giza 716) and 161.39 (Santa Mora). while cotyledons % were ranged from 86.24 to 86.97% seed coat % was ranged 13.03 to 13.76%. Mahgoup et al. (2019) found that faba beans had a 77.12 to 83.30 % cotyledon percentage, 11.45 to 11.57% seed coat percentages.        

Concerning the visual appearance is considered one of the best important characters of overall acceptability by the consumers. Color of the surface seeds properties of the varieties were given in Table 9. The L* values, results indicated that there were a significant differences between varieties, and this may be due to the differences in phytochemical contents (tannins and total phenols) in the seed coat, and T.W variety possessed the highest value at the three locations under study. De Cillis et al. (2019) mentaioned that total phenols were negatively correlated with L* values.  The redness and the yellowness values differed from 2.24-8.66 and 16.07-20.98, respectively. Atona variety at Mataana zone had the highest a* value, while T.W at Giza zone had the highest b* value. The results for color parameters are partially close to those of El-Sharawy et al. (2022) and Omran et al. (2023). 

 The mean values of color parameters L*, a* and b* significantly differences among three locations (p ≥ 0.05) indicating that seeds were darker at Mataana than Giza location while Nubaria location was given the highest mean of L* and b* values. The differences between seeds color may be attributed to the differences in varieties and may be referred to the differences in air tempareture among the three locations which affected the phenolic compounds containing the faba bean seeds (Fig 4). Siah et al. (2019) stated that the condensed tannins and phenolic compounds in faba beans give the seeds the exist coat color.

Table 8. Mean performance of physical properties for studied faba bean genotypes seeds across seasons of 2022/2023 and 2023/2024 in the different location. 
	No.
	Genotypes
	100-Seed Weight (g)
	Density (g/cm3)
	Seed coat %
	Cotyledons content %
	Imbibed water after soaking (%)

	
	
	Nubaria
	Giza
	Mataana
	Overall
	Nubaria
	Giza
	Mataana
	Overall
	Nubaria
	Giza
	Mataana
	Overall
	Nubaria
	Giza
	Mataana
	Overall
	Nubaria
	Giza
	Mataana
	Overall

	1
	Sakha 4
	111.50
	87.20
	90.90
	96.50
	1.17
	1.19
	1.21
	1.19
	13.44
	11.44
	12.11
	12.33
	81.34
	75.78
	83.29
	80.14
	114.15
	114.36
	104.17
	110.89

	2
	Giza 843
	101.70
	101.40
	92.30
	98.50
	1.13
	1.13
	1.21
	1.18
	12.17
	11.81
	12.23
	12.07
	80.61
	80.67
	83.71
	81.66
	108.02
	113.06
	101.87
	107.65

	3
	T.W
	57.70
	50.20
	56.70
	54.90
	1.21
	1.12
	1.21
	1.12
	11.03
	9.57
	9.90
	10.17
	81.86
	81.72
	84.26
	82.61
	114.9
	111.53
	103.87
	110.1

	4
	Nubaria 1
	133.50
	119.70
	100.70
	117.90
	1.16
	1.12
	1.21
	1.15
	12.633
	12.69
	13.53
	12.95
	80.92
	79.56
	82.14
	80.88
	104.3
	122.42
	98.23
	108.32

	5
	ILB1814
	100.30
	119.10
	90.70
	103.40
	1.18
	1.19
	1.21
	1.21
	12.263
	11.22
	11.69
	11.73
	81.48
	79.89
	83.78
	81.71
	108.96
	109.45
	102.78
	107.06

	6
	Atona
	120.80
	138.80
	108.90
	122.80
	1.18
	1.17
	1.21
	1.17
	12.16
	10.75
	12.65
	11.86
	81.29
	75.96
	83.16
	80.14
	97.39
	110.91
	106.97
	105.09

	L.S. D 0.05
	Mean
	102.73
	90.03
	104.25
	99.00
	1.17
	1.15
	1.21
	
	12.28
	11.25
	12.02
	11.85
	81.25
	78.93
	83.39
	81.19
	107.95
	113.62
	102.98
	108.19

	
	L
	
	
	
	6.65
	
	
	
	4.33
	
	
	
	0.407
	
	
	
	2.23
	
	
	
	2.12

	
	G
	4.13
	17.59
	20.09
	9.41
	0.04
	17.78
	0.14
	6.12
	0.37
	1.61
	0.35
	0.576
	0.36
	9.47
	0.90
	3.16
	3.78
	6.51
	4.99
	2.99

	
	L x G
	
	
	
	16.30
	
	
	
	10.60
	
	
	
	0.998
	
	
	
	5.46
	
	
	
	5.195


Table 9. Mean performance of Color parameters for studied faba bean genotypes seeds across seasons of 2022/2023 and 2023/2024 in the different location.
	Color

	No.
	Genotypes
	(L*)
	(a*)
	Color (b*)

	
	
	Nubaria
	Giza
	Mataana
	Overall
	Nubaria
	Giza
	Mataana
	Overall
	Nubaria
	Giza
	Mataana
	Overall

	1
	Sakha 4
	57.78
	57.2
	29.77
	48.25
	4.81
	8.42
	6.73
	6.65
	18.79
	17.96
	16.07
	17.6

	2
	Giza 716
	62.14
	53.3
	30.1
	48.52
	7.64
	7.09
	7.17
	7.3
	17.76
	16.37
	16.4
	16.84

	3
	T.W
	68.03
	72.51
	37.5
	59.35
	3.2
	3.05
	2.24
	2.83
	20.01
	20.98
	17.45
	19.48

	4
	Nubaria 1
	56.05
	52.37
	34.45
	47.63
	7.06
	7.46
	5.88
	6.8
	18.54
	18.18
	16.77
	17.83

	5
	ILB1814
	57.19
	54.55
	31.1
	47.62
	6.33
	6.72
	7.76
	6.94
	16.69
	16.11
	16.81
	16.54

	6
	Atona
	59.32
	58.77
	37.4
	51.83
	4.45
	7.48
	8.66
	6.86
	18.11
	17.45
	17.69
	17.75

	L.S. D 0.05
	Mean
	60.09
	58.12
	33.39
	50.53
	5.58
	6.70
	6.41
	6.23
	18.32
	17.84
	16.87
	17.67

	
	L
	
	
	
	2.29
	
	
	
	0.63
	
	
	
	1.15

	
	G
	6.86
	6.41
	1.63
	3.24
	1.50
	1.87
	1.29
	0.89
	3.17
	3.16
	2.23
	1.63

	
	LxG
	
	
	
	5.61
	
	
	
	1.54
	
	
	
	2.83


CHEMICAL COMPOSITION 
The proximate chemical composition (on dry matter basis) of six faba bean varieties is given in Table (10). Moisture content ranged from 5.84 to 7.52 %. The highest value was in variety Sakha 4 at Giza location while the lowest were in varieties T.W at Nubaria location, Atona and Giza 843 at Mataana location, respectively. Such results of moisture content were affected by many factors as location, variety, maturity and storage were reported to effect on the moisture content of seeds (Behairy et al., 2008).
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           Figure 2.  mean of moisture contents of faba bean varieties in the three locations.
Results in Table (10) showed the protein content of faba bean for the varieties under investigation. Results indicated that the variety ILB 1814 at Nubaria location had the highest protein content 27.09 %, while variety Nubaria 1 at Giza location gave the lowest value 18.26 %. Whereas, levels of protein of other varieties ranged from 20.01 to 25.86 %. Total protein content is affected by several parameters including soil type, climatic conditions, region, use of fertilizers, and genetic factors Mosse and Pernollet, (1982) and Deshpande and Damodaran (1990). Results cleared that the highest value of fat content was obtained in variety Sakha 4 (3.82 %), while the lowest value was found in variety T.W (1.77%) at Giza location. The level of fat content of the other varieties ranged from 1.99 to 3.63 % at the three locations. Results of fat agreement with those of Attia and Mohamed (2009) they found that the faba bean genotypes contained fat ranged from 1.33 to 3.22%. Results presented in Table (10) showed the ash content of the listed faba bean varieties. The highest ash content was recorded for faba bean varieties Atona at Giza location and Nubaria 1 at Mataana location (4.09%) and (4.0 %) respectively. Whereas, the lowest ash content was found for variety T.W at Giza location (3.34 %) and Giza 843 at Nubaria location (3.35 %) respectively relative the other varieties at the three locations. Each of the varieties (Sakha 4 & Nubaria 1 at Nubaria location) and (Giza 843 at Giza location & ILB 1814 at Mataana location) contained the similar values (3.44 % and 3.55 % respectively). Data indicated that the highest value of crude fibers was`9.73% while the lowest value was 6.17 % and 6.25 % for T.W variety at Giza and Mataana zones. Crude fibers content of the rest of the varieties ranged between these two limits. Carbohydrate contents of faba bean varieties under study are presented in Table (10). Data indicated that the variety Nubaria 1 at Giza location contained the highest values of carbohydrate content (61.45%). 
However the lowest carbohydrate content was obtained in seeds of ILB 1814 variety at Nubaria location (52.93 %). Finally, the avarage values at three locations (Nubaria, Giza and Mataana) through two seasons for fat were 2.24, 3.09 and 3.22% respectively. Regarding of carbohydrates, the avarage values were 56.58, 55.87 and 56.64% while, the avarage values of ash were 3.48, 3.72 and 3.70%.   Guoju et al. (2017) found that warming significantly increased the broad bean fat, carbohydrates and ash contents.

MINERALS CONTENT 
Data revealed that faba bean is considered a good source of minerals. Figure (3) showed some minerals content of dry seeds. Regarding to k, Ca, Mg, Fe and Zn content, it could be noticed that no significantly differences among the three location while there were significantly differences between all varieties in K and Fe contents. T.w recoded highest value in K and Fe contents 1334.94 and 6.28 mg/100g at Matanaa and Nobaia locations the lowest values were in vaiety Giza 843 (1140.72 and 5.1 mg/100g) at Matanaa location, wheres increament in Ca and Zn at Matanaa location with  increasd air temperature T.w recoded highest value 395.03 and 3.96 mg/100g and the lowest value of Ca was in Atona 359.87 and 2.25 mg/100g at Nobaria location  , Mg ineased content in all varirties at Nobaria location compared to other two location under study.

Table (10) Mean performance of Chemical Composition for studied faba bean genotypes seeds across seasons of 2022/2023 and 2023/2024 in the different locations
	No.
	Genotypes
	protein%
	fat%
	Ash%
	fibers%
	Carbohydrates %

	
	
	Nubaria
	Giza
	Mataana
	Overall
	Nubaria
	Giza
	Mataana
	Overall
	Nubaria
	Giza
	Mataana
	Overall
	Nubaria
	Giza
	Mataana
	Overall
	Nubaria
	Giza
	Mataana
	Overall

	1
	Sakha 4
	20.30
	22.80
	23.93
	22.34
	2.21
	3.82
	3.53
	3.19
	3.44
	3.80
	3.47
	3.57
	7.617
	6.65
	6.968
	7.078
	60.24
	55.43
	56.06
	57.24

	2
	Giza 843
	24.22
	25.57
	25.86
	25.22
	1.99
	3.11
	3.32
	2.81
	3.35
	3.55
	3.62
	3.51
	9.728
	6.825
	6.457
	7.67
	53.84
	53.95
	54.79
	54.19

	3
	T.W
	24.10
	24.54
	25.51
	24.72
	1.77
	3.25
	2.50
	2.51
	3.69
	3.34
	3.83
	3.62
	7.613
	6.252
	6.173
	6.679
	56.98
	55.18
	55.69
	55.95

	4
	Nubaria 1
	21.49
	18.26
	20.01
	19.92
	2.38
	2.64
	3.23
	2.75
	3.44
	3.79
	4.00
	3.74
	7.53
	7.137
	7.09
	7.252
	58.23
	61.45
	59.5
	59.72

	5
	ILB1814
	27.09
	24.16
	23.35
	24.87
	2.53
	2.11
	3.12
	2.59
	3.57
	3.74
	3.55
	3.62
	7.155
	7.445
	7.16
	7.253
	52.93
	55.24
	56.99
	55.05

	6
	Atona
	22.56
	24.72
	23.05
	23.44
	2.59
	3.63
	3.61
	3.28
	3.41
	4.09
	3.72
	3.74
	7.653
	6.543
	7.073
	7.09
	57.28
	53.94
	56.68
	55.97

	L.S. D 0.05
	Mean
	23.29
	23.34
	23.61
	23.41
	2.24
	3.09
	3.22
	2.85
	3.48
	3.72
	3.70
	3.63
	7.88
	6.81
	6.82
	7.17
	56.58
	55.87
	56.62
	56.36

	
	L
	
	
	
	0.32
	
	
	
	0.19
	
	
	
	0.06
	
	
	
	0.12
	
	
	
	0.46

	
	G
	0.79
	0.88
	0.75
	0.45
	0.21
	0.57
	0.57
	0.27
	0.10
	0.20
	0.11
	0.08
	0.30
	0.34
	0.23
	0.18
	0.82
	1.25
	1.37
	0.64

	
	LxG
	
	
	
	0.78
	
	
	
	0.46
	
	
	
	0.14
	
	
	
	0.30
	
	
	
	1.12


The highest value225.72 were in T.W at Nubaria location and the lowest Giza 843 149.78 at Matanaa location. These results are in agreement with those results obtained by Osorio et al. (2025) who found that the minerals of the faba bean associations with environmental parameters. A negative correlation was observed between magnesium and temperature, suggesting that higher temperatures are associated with reduced magnesium. Also revealed that moderate negative association with zinc and calcium suggesting decreased nutrient content under higher rainfall conditions. Concerning (Fe) iron content faba bean is considered a good source of iron, data showed tha iron and sodium content no affected by climatic conditions. The obtained values of minerals content for faba beans were similarly within the range of reported by Balla (2004).
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                          Figure 3. Minerals content of faba bean varieties in the three locations.
IN VITRO PROTEIN DIGESTIBILITY (IVPD) 
    Protein digestibility is a central element in protein quality assessment, by stating to what extent proteins are available for absorption during the digestion process. The Protein digestibility (IVPD) was determined to provide the most satisfactory indication of seed utilization. The results in Figure (4) showed that the mean value IVPD of faba bean varieties ranged from 68.89 to 82.275 % respectively. There was a significant difference (P ≤ 0.05) between the varieties at Mataana location and other two locations (Nubaria and Giza). A highly observed significant decreased was in Mataana location compared with other two locations. The highest (IVPD) value was in T.W variety at Mataana location while the lowest value was in ILB 1814 at Nubaria location. This may be attributed to the reduction in anti-nutrient content, Ertop and Bektaş (2018). Martineau-Côté et al (2022) pointed out that plant-based protein digestibility depends on many factors, such as anti-nutritional content, cell wall integrity, particle size, protein structures, and protein interactions with the food matrix.  


           Figure 4. Mean of protein digestability of faba bean varieties in the three locations.
PROTEIN FRACTIONS 
Samples of the crude proteins obtained from faba bean seed varieties under investigation were fractionated into five fractions (Albumins (water soluble protein), globulins (Salt soluble protein), prolamins (Alcohol soluble protein), glutulins (Alkali soluble protein) and non-soluble proteins depending upon the solubility in different solvents and the results were listed in Table (11). The sequential extraction of the faba bean seed protein, determined on the basis of differences in solubility allowed for easy separation of the protein fractions as follow in Table (11).  Albumins, globulins, prolamins glutelins and non soluble proteins % from the six varaities studied. Globulins represent the major storage proteins in faba bean seeds. It is evident in this study that globulins followed by glutelins are the main protein fractions of the seeds. The globulins results showed that the highest globulin content was found in ILB variety (82.42 %) at Nubaria location. While, the lowest content was recorded for Nubaria 1 variety (65.61 %) at Giza location compared with other varieties. while, the highest glutelins content was recorded in variety Giza 843 (17.52%) While, the lowest content was found in ILB variety (8.27 %) at Nubaria location. Each of the varieties T.W and Atona contained approximately the similar values (8.54 and 8.53 %, respectively) at Mataana zone. Data presented in Table (11) indicated that the highest albumin value was found in Nubaria 1 (6.52 %) at Giza location followed by T.W and Atona at Mataana location (5.95 %), while the lowest value (2.97 %) was found in Atona variety at Nubaria location. However, the prolamins content of the six faba bean varieties. Results indicated that variety Nubaria 1 at Mataana location contained the highest value with an average content of 1.71 % followed by variety Sakha 4 (1.69%) while, variety Atona at Nubaria location had the lowest prolamin content of 1.01 %. The other varieties had intermediate levels prolamins which ranged from 1.03 to 1.57 % at the level of three locations. Non-Soluble proteins content of faba bean seeds under investigation recorded for the varieties Sakha 4 at Nubaria location and Nubaria 1 at Mataana location had the highest non-soluble proteins content levels which were 11.07 %. While the lowest value was observed in variety Giza 843 (5.27 %) at Mataana location. Compared with other varieties contained non-soluble proteins in the range from 6.42 to 10.71 %. Some of protein fraction had the similar values for some other faba bean varieties. Therefore, it is no feasible to use such levels of different protein fractions to characterize between faba bean varieties under investigation. Therefore, the ratios of glubulin / prolamin (G/P) and globulin/albumin (G/A) were calculated for faba bean varieties and the obtained results are presented in Table (11)
              Table (11) -: Protein fractionation (%) of faba bean varieties in the different location.
	Location
	Genotypes
	Albumin

%
	Globulin

%
	Prolamin

%
	Glutelin

%

	Non soluble proteins %
	Globulin /Prolamin
	Globulin /Albumin


	Nubaria


	 Sakha 4
 Giza 716
T.W
Nubaria 1
ILB1814
 Atona
	3.82

3.16

5.16

3.91

3.01

2.97
	68.88

70.04

74.77

70.63

82.42

76.11
	1.69

1.21

1.28

1.43

1.03

1.01
	14.54

17.52

11.85

13.75

8.27

9.71
	11.07

8.07

6.94

10.28

8.27

10.2
	40.75

57.88

58.41

49.39

80.20

75.35
	18.03

22.16

14.49

18.06

27.38

25.62

	Giza
	Sakha 4
 Giza 716
T.W
Nubaria 1
ILB1814
 Atona
	4.93

4.15

4.69

6.52

4.44

3.97
	74.19

70.65

70.07

65.61

71.84

75. 11
	1.48

1.51

1.32

1.17

1.25

1.28
	9.09

14.32

13.21

12.66

11.99

9.53
	10.31

9.37

10.71

10.04

10.48

10.00
	50.12

64.78

53.08

59.49

57.47

66.92
	15.04

17.02

14.94

10.67

16.18

15.50

	Mataina
	Sakha 4
 Giza 716
T.W
Nubaria 1
ILB1814
 Atona
	4.78

5.36

5.95

5.84

5.63

5.95
	72.17

78.52

77.89

71.44

71.88

74.25
	1.05

1.23

1.20

1.71

1.57

1.29
	10.54

9.62

8.54

9.94

12.97

8.53
	6.46

5.27

6.42

11.07

7.95

9.98
	68.73

63.83

64.90

41.77

45.78

57.55
	15.09

14.64

13.09

12.23

12.76

12.47


PHYTOCHEMICAL COMPONENTS OF THE FABA BEAN VARIETIES
The phytochemical contents (tannins and total phenolic) of six faba bean varieties are presented in Figure 5 and 6. The mean value of tannins content of faba bean varieties ranged from 92.89 to 204.16 mg/100g. Sakha 4 at Nubaria location contained tannins significantly (p≤ 0.05) higher than that in others. While variety T.W at Mataana location had the lowest value 92.89 mg/100g (as catechin equivalent). There were a significant (p≤ 0.05) differences between varieties. A highly significant decrease was reported in Mataana location compared with other two locations. Baginsky et al. (2013) reported that different seed coat colors (including brown, beige, red, violet, and black) in different varieties affect the tannin content of faba bean seeds, and it is influenced by genotype and environmental conditions.


           Figure 5.  Mean of Tannins of faba bean varieties in the three locations.
Concerning the Total phenols content, faba bean varied in phenols content, were found to be 69.41 to 133.28 mg/100g (as galic acid) for varieties T.W and ILB 1814 at nubaria location,  The mean phenol contents of faba bean varieties under study at the three locations (Nubaria, Giza and Mataana) ranged from 91.76 to 99.22 mg/100g. Nubaria location had the highest values, while Mataana location showed the lowest while, for Giza location the mean values were 94.45 mg/100g (as galic acid). It could be concluded that change in air temperature and relative humidity (%) resulted in improved Protein digestibility and decreased the tannins in Mataana location. Also, Giza location showed moderate effect between two other locations.  

         Figure 6. Mean of Total phenols of faba bean varieties in the three locations.
VICINE
Figure 7 presents the total vicine content in faba bean varieties at the three locations. Total vicine in faba bean was significantly (p>0.05) different between faba bean varieties and the three diferent locations. The values varied between 4.00 and 12.32 mg/g, and Giza 843 at nubaria location had the highest total vicine content while T.W was the lowest at Mataana location. Also, the results indicated that all varieties were lowest values at Mataana location compared others two locations while, the highest values of total vicine content recorded at nubaria location for all varieties. Finally total vicine decreased significantly in T.W variety followed by Nobaria 1 variety (4 and 5.19 mg/g) respectively at the three location under study relative to the other varieties may be due to different in air temperature degrees temperature and relative humidity (%) between the three locations. Cardador-Martínez et al. (2012) and Jakubczyk et al. (2019) found that the amount of total vicine in faba beans varies depending on the variety and is affected by the thermal processing method had a significant reduction in the total vicine of faba bean varieties.

                       Figure 7.  Mean of Total vicine of faba bean varieties in the three locations.
COOKING QUALITY
Results of imbibed water, Cookability and T.S.S of faba bean are given in Table (12). Table shows the cooking quality of the faba bean varieties. Atona   had the highest value in imbibed water after cooking (197.53%), followed by Nubaria 1 at Giza location (183.43%), and Nubaria 1 at Nubaria location had the lowest value (144.83%). Generally, the lowest mean values of imbibed water after cooking (149.64%) were in Nubaria location for all varities. The Cookability percentages varied from 70.00 to 100.00%. Varities ILB 1814 at Nubaria and Giza locations, Sakha 4 and Atona at Giza zone had the highest cooking values (100.00%), while Nubaria 1 at Nubaria zone had the lowest (70.00%) results showed that Giza zone outperformed in the mean values of the stewing percentages were (97.92%). Concerning the total soluble solids (%), results revealed, also, that total soluble solids ranged from 6.29 to 17.29%, and were significantly difference among varieties.  
Table 12. Mean performance Imbibed water after cooking (%), Cooking % and Total soluble solids (%) for studied faba bean genotypes seeds across seasons of 2022/2023 and 2023/2024 in the different location.
	No.
	genotypes
	Imbibed water after cooking (%)
	Cooking %
	Total soluble solids (%) T.S.S.

	
	
	Nub
	Giza
	Mataana
	Overall
	Nub.
	Giza
	Mataana
	Overall
	Nub.
	Giza
	Mataana
	Overall

	1
	Sakha 4
	146.91
	168.04
	166.43
	160.46
	77.50
	100.00
	90.00
	89.17
	6.85
	7.29
	8.81
	7.65

	2
	Giza 843
	147.82
	174.6
	178.75
	167.06
	85.83
	97.50
	97.50
	93.61
	6.29
	10.10
	9.19
	8.53

	3
	T.W
	154.74
	178.15
	169.37
	167.42
	95.00
	92.50
	90.00
	92.50
	11.31
	11.93
	10.65
	11.3

	4
	Nubaria 1
	144.83
	183.43
	156.4
	161.55
	70.00
	97.50
	77.50
	81.67
	7.70
	9.63
	9.27
	8.87

	5
	ILB1814
	154.67
	167.83
	165.05
	162.52
	100.00
	100.00
	92.50
	97.50
	7.71
	9.46
	8.96
	8.71

	6
	Atona
	148.87
	197.53
	181.21
	175.87
	92.50
	100.00
	90.00
	94.17
	8.02
	9.00
	7.87
	8.3

	L.S. D 0.05
	Mean
	149.64
	178.26
	169.54
	165.81
	86.81
	97.92
	89.58
	91.44
	7.98
	9.57
	9.13
	9.45

	
	L
	
	
	
	4.84
	
	
	
	1.68
	
	
	
	2.04

	
	G
	7.99
	18.50
	7.31
	6.85
	4.77
	2.71
	4.51
	2.38
	0.52
	8.96
	0.38
	2.88

	
	LxG
	
	
	
	11.86
	
	
	
	4.12
	
	
	
	4.98


ORGANOLEPTIC CHARACTERISTICS OF COOKED FABA BEANS   
        Sensory evaluation of cooked faba beans is an important characteristics criterion by which its consumer acceptability can be evaluated assessed. Data in Table (12) revealed that the mean values of organoleptic characteristics scores (color, odor, taste, texture, mouth feel and the averages overall acceptability) of cooked faba beans. All cooked faba bean recorded mean scores higher than 7 for all sensory parameters. The color, taste and texture of cooked faba bean showed higher mean scores for varieties of Nubaria 1 at Mataana location and T.W at Nubaria location respectively. The most preferable color for the panelists was recorded for Nubaria 1 at Mataana (8.33), Giza 843 at Giza location, Atona at Nubaria location and Sakha 4 at Mataana location (8.28). Results for odor and mouthfeel as the most important organoleptic property showed that all samples were preferred significantly. Moreover, the overall acceptability scores indicated that the highest overall acceptability are belonged to varieties Giza 843 followed by ILB 1814 at Nubaria location then Nubaria 1 at Nubaria and Mataana locations. While T.W varity was the lowest compared with other varieties. The lower acceptability of T.W varity may be due to their lighter color (creamy white color). The results are agree with those of Abdel-Aleem et al. (2019), who evaluated the sensory quality of faba bean seeds. Also, the results are in line with those of (Nzewi and Egbuonu, 2011) who mentioned that the thermal processes of pulses, like boiling, could enhance tenderization of the cotyledons by increasing palatability and nutritional value. Liu et al. (2017) observed that cooking, and extrusion, have been enhanced the use of faba beans by minimizing their beany taste. Geneally, regarding to the locations it could be said that location higher acceptability was Nubaria location followed by Mataana location.

Table 13. Mean performance of organoleptic evaluation for studied genotypes across seasons in the different location under study.

	No.
	Genotypes
	Color
	Odor 
	Taste

	
	
	Nub.
	Giza
	Mataana
	Overall
	Nub.
	Giza
	Mataana
	Overall
	Nub.
	Giza
	Mataana
	Overall

	1
	Sakha 4
	8.11
	7.61
	8.22
	7.83
	8.44
	8.11
	8.11
	8.22
	8.33
	7.78
	7.67
	7.93

	2
	Giza 716
	8.11
	8.28
	8.22
	7.91
	8.22
	8.06
	8.22
	8.17
	8.33
	7.78
	7.83
	7.98

	3
	T.W
	7.83
	7.17
	7.33
	7.89
	8.22
	8.11
	8.28
	8.20
	8.28
	8.06
	8.28
	8.20

	4
	Nubaria 1
	8.06
	7.61
	8.33
	8.00
	8.17
	8.17
	8.78
	8.37
	8.00
	7.67
	8.67
	8.11

	5
	ILB1814
	8.00
	7.94
	8.00
	7.98
	8.39
	8.00
	8.11
	8.17
	8.44
	7.61
	8.06
	8.04

	6
	Atona
	8.28
	8.00
	8.22
	8.17
	8.33
	8.06
	8.22
	8.20
	8.33
	7.72
	8.11
	8.06

	Mean
	8.07
	7.77
	8.05
	7.96
	8.30
	8.09
	8.29
	8.22
	8,29
	7.77
	8.10
	8.05
	

	No.
	Populations
	Texture
	Mouth feel
	Over. accep.

	
	
	Nub.
	Giza
	Mataana
	Overall
	Nub.
	Giza
	Mataana
	Overall
	Nub.
	Giza
	Mataana
	Overall

	1
	Sakha 4
	8.28
	7.50
	7.78
	7.85
	8.17
	7.44
	7.67
	7.76
	8.28
	7.50
	8.17
	7.76

	2
	Giza 716
	8.44
	7.56
	7.61
	7.87
	8.50
	7.50
	8.00
	8.00
	8.61
	7.50
	7.83
	7.98

	3
	T.W
	8.67
	8.11
	8.17
	8.31
	8.50
	8.06
	8.17
	8.24
	8.06
	7.44
	7.72
	8.19

	4
	Nubaria 1
	8.56
	7.78
	8.39
	8.24
	8.44
	7.72
	8.67
	8.28
	8.39
	7.67
	8.39
	8.15

	5
	ILB1814
	8.28
	7.61
	8.06
	7.98
	8.44
	7.56
	8.11
	8.04
	8.44
	8.11
	7.94
	7.94

	6
	Atona
	8.06
	7.61
	7.78
	7.81
	8.17
	7.56
	7.83
	7.85
	8.17
	7.67
	7.89
	7.91

	Mean
	8.38
	7.70
	7.97
	8.01
	8.37
	7.64
	8.08
	8.03
	8.33
	7.65
	7.99
	7.99
	


CONCLUSION
The study demonstrates significant genotypic and location-based variations in agronomic traits, yield components, nutritional composition, protein fractions, and phytochemical contents of six faba bean varieties across Nubaria, Giza, and Mataana locations. Notable performers include Nubaria 1 and Atona for superior seed weight and yield, alongside T.W for early maturity and reduced anti-nutritional factors under warmer conditions. The influence of environmental conditions, increasing temperatures negatively affect on faba bean yield and seed production. In contrast Increasing temperatures are associated with reduced color, tannins total phenol, vicine and magnesium. However, calcium and zinc tended to increased with decreasing temperatures Protein digestibility was increased as a result of high air temperature. The quality attributes varied of faba bean varieties. Finally, it could be said that evaluating the quality of the seeds is critical to reduce seed importation. These findings align with prior research on environmental influences and genetic diversity in faba beans. Generally, collaboration with faba bean breeders will help in variety selection that is vicine-free or has higher LDOPA content.
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