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Abstract

A two-year study was carried out at the Agricultural Experiments and Re-
search Station, Faculty of Agriculture, Cairo University, Giza, Egypt, during
2015/2016 and 2016/2017 seasons to evaluate seed yield and quality of two
faba bean cultivars to different rates of amino acids compounds under narrow
and wide ridges. Two faba bean cultivars Sakha 1 and Masr 3 were grown in
two ridge widths 60 and 120 cm and received five rates of amino acids com-
pounds (Power mix at rates 1.5 cm-L™" “Pm,” and 3.0 cm-L™" “Pm,”, Super
mix at rates of 3.5 cm-L™"

>

Sm,” and 7.0 cm-L™" “Sm,”, as well as, water only
“control treatment”). The treatments laid out in a split split plot distribution
in randomized complete blocks design in three replications were used. Ridge
width was randomly assigned to the main plots, faba bean cultivars were al-
located in sub-plots and amino acids compounds were allocated in sub
sub-plots. Shoot chemical composition and photosynthesis pigments, as well
as, chemical composition in seed traits of faba bean were tested in the labora-
tories of Plant Physiology Section, Agricultural Botany Department, Faculty
of Agriculture, Cairo University, Giza, Egypt. Wide ridge had higher nitrogen
(N), phosphorus (P), potassium (K), total sugars and total free amino acids
concentrations in faba bean shoot and seeds in addition to chlorophyll a (Chl
a) and chlorophyll b (Chl b) in faba bean shoot, as well as, most seed yield
attributes than those of the narrow one. Faba bean cultivar Sakha 1 had high-
er values of seed yield, yield attributes and quality than Masr 3 that achieved
higher seed antioxidants. Also, amino acids compounds affected significantly
all studied traits of faba bean plants. Pm, recorded the highest values of
chemical composition in faba bean shoot and seeds. Moreover, Pm, gave the
highest seed yield and yield attributes compared to others. The interaction
between ridge width and faba bean cultivar was significant for total sugars
and carotenoids concentrations in faba bean shoot and 100-seed weight, as
well as, seed N content. Also, the interaction between ridge width and amino
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acids compound had significant effects on shoot and seed N, P, K concentra-
tions, number of pods plant™ and seed yield ha™, as well as, total soluble
phenols and total free amino acids concentrations. Moreover, the interaction
between faba bean cultivar and amino acids compound had significant effects
on shoot Chl a and b concentrations, number of seeds pod™ and seed yield
plant™, as well as, seed N, total soluble phenols and total free amino acids
concentrations. Wide ridge x faba bean cultivar x amino acids compound in-
teraction had significant effects on photosynthesis pigments, number of seeds
pod™' and seed yield ha™, as well as, seed N, total sugars, total soluble phenols
and total free amino acids concentrations. High seed yield and quality were
recorded by growing faba bean cultivar Sakha 1 in wide ridge with foliar
spraying at rate of 3.0 cm-L™" of power mix. On the other hand, growing faba
bean cultivar Masr 3 in narrow ridge with foliar spraying at rate of 3.5 cm-L™'
of super mix had good antioxidants in faba bean seeds.

Keywords

Ridge Width, Faba Bean Cultivars, Amino Acids Compounds, Seed Yield,
Seed Quality

1. Introduction

Legumes in different geographical regions considerably differ in their use, phy-
to-constituents and nutritive value. It has an important place in the traditional
diets of the Mediterranean, Indian, Chinese, English, Middle Eastern, African
and South American, and has considerable importance as a low-cost food rich in
proteins and carbohydrates [1]. In Egypt, field bean ( Vicia faba L.) is one of es-
sential winter field crops due to its protein that is a good alternative compared
with expensive meat and fish protein [2]. It is known that seed of this crop can
be eaten either fresh or cooked. The most popular dishes of faba bean are Me-
damis “stewed beans”, Falafel “deep fried cotyledon paste with some vegetables
and spices”, Bissara “cotyledon paste poured onto plates” and Nabet soup
“boiled germinated beans” [3]. This protein has high nutritive value and protein
contents [4]. According to FAOSTAT [5], China, Ethiopia, France, Egypt and
Australia are main faba bean producing countries. However, various processing
methods such as roasting, soaking, germination or fermentation decrease the le-
vels of anti-nutritional factors [6]. Unfortunately, faba bean production is af-
fected by different factors such as genotypes and plant distribution, where Abd
El-Rahman [7] showed that the interaction between faba bean genotypes and
plant distribution had significant effect on plant height, numbers of branches
and pods plant™, seed yield plant™, 100-seed weight and seed yield unit area™.
Also, Safina [8] found that faba bean cultivar Giza 843 integrated positively with
the widest ridge and recorded the highest seed yield ha™ compared with the

other treatments.
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Concerning to the advantageous belongings foliar spraying of amino acids, fo-
liar spraying treatment of plants with naturally occurring compounds in plant cells
is an easy technique and an alternative approach used to reduce mineral nitrogen
(N) fertilizers uses. Improving the content of limiting amino acids by breeding
seems very difficult since a strong correlation coefficient exists between protein
content and the content of individual amino acids [9]. Amino acids contain both
acid and basic groups and act as buffers, which help to maintain favorable pH val-
ue within the plant cell [10] and thereby impact plant growth and serve to explain
how organic matter promotes soil productivity [11]. According to Rai [12], amino
acids are considered as precursors and constituents of proteins. They are partici-
patory in the compilation of other organic compounds, such as amines, alkalo-
ids, vitamins, enzymes and protein [13]. The valuable effects of amino acids im-
proved growth and yield for some legume crops [14] [15] and [16]. Moreover,
Zewail [17] demonstrated that foliar application with amino acids at 4 ml-L™" in-
creased dry weight of shoots and specific growth rate of common bean plant.

A wide variety of antioxidants such as vitamins C and E, carotenoids, terpe-
noids and polyphenols contribute to the antioxidant capacity of plant foods [18],
where these antioxidants able to protect against reactive oxygen species, which
are responsible for reactions underlying many serious diseases [19]. The differ-
ences in the phenolic composition and antioxidant activity between faba bean
cultivars were observed by Chaieb et al [20]. Also, phenolic compounds are one
of the micro-constituents which have been gaining an increasing interest for
their health promoting properties, largely defined by their antioxidant activity
[21], but little is known about the antioxidants present in Egyptian faba bean
cultivars. Therefore, the objective of this study was to evaluate seed yield and
quality of two faba bean cultivars to different rates of amino acids compounds

under narrow and wide ridges.

2. Materials and Methods

A two-year study was carried out at Giza Agricultural Experiments and Research
Station (Latitude 30°00'30"N, Longitude 31°12'43"E, 26 m.a.s.l), Faculty of Agri-
culture, Cairo University (Egypt), during the two successive seasons 2015/2016
and 2016/2017. This study evaluate seed yield and quality of two faba bean cul-
tivars to different rates of amino acids compounds under narrow and wide
ridges. Representative soil samples were taken from each site at the depth of 0 to
30 cm from the soil surface. The soil analysis of the experimental soil as an av-
erage of the two growing seasons 2016 and 2017, indicated that the soil is clay
loam (3.95% coarse sand, 30.83% fine sand, 28.71% silt and 36.51% clay), the pH
(paste extract) is 7.95, the available nutrients in mg-kg™" are N (27.45), P (12.64)
and K (239). The procedure of soil analysis followed the methods of Black [22].
Furrow irrigation was the system irrigation in the region. Maize was the preced-
ing summer crop in both seasons. The substances and the rate of spraying are il-
lustrated in Table 1.
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Table 1. Name, rate, composition and source of the tested amino acids compounds under this study.

Compounds name rate
. 1.5cm-L™!
Power mix o
3.0cm-L
S . 3.5cm-L!
er mix
up 7.0 cm-L!

amino acids, Mg, natural growth promoters

Composition Source

amino acids, riboflavin, cytokinines, gibberellic General Organization for Agricultural Equalization
acid, K citrate and micro-elements Fund, Agricultural Research Center, Giza, Egypt

General Organization for Agricultural Equalization
Fund, Agricultural Research Center, Giza, Egypt

Calcium superphosphate (15.5% P,0;) was applied during soil preparation at
the rate of 357 kg-ha™'. Faba bean cultivars were planted in 24" and 22™ October
in 2016 and 2017 seasons, respectively. Faba bean seeds were sown in one and
two rows on ridges 60 and 120 cm width, respectively. The experiment included
twenty treatments which were the combinations of two ridge widths (60 and 120

cm) with two faba bean cultivars (Sakha 1 and Masr 3) with five amino acids

1 « 1 <«

compounds (power mix 1.5 cm-L™ “Pm,”, power mix 3.0 cm-L™ “Pm,”, super
mix 3.5 cm-L™ “Sm,” and super mix 7.0 cm-L™' “Sm,”, as well as, water only
“control treatment”). Faba bean cultivars were thinned to two plants spaced at
25 cm between hills.

With respect to control treatment, faba bean plants received mineral N ferti-
lizer in form of ammonium nitrate (33.0% N) at rate of 107.1 kg N ha™" which
divided to equal three doses at 20 days (before the first irrigation), 40 days (be-
fore the second irrigation) and 60 days (before the third irrigation) from plant-
ing. Also, faba bean plants of control treatment received K sulfate (48.0% K,O)
at rate of 119 kg-ha™' before the first irrigation.

With respect to four amino acids compounds treatments, faba bean plants re-
ceived mineral N fertilizer in form of ammonium nitrate (33.0% N) at rate of
35.7 kg N ha™' before the first irrigation at 20 days from planting. At 40 days
from planting, two treatments only received power mix at rate of 1.5 cm-L™
(Pm,) and the other treatments received super mix at rate of 3.5 cm-L™ (Sm,)
before the second irrigation. At 60 days from planting, one of the two power mix
treatments received 1.5 cm-L™ (Pm,), meanwhile one of two super mix treat-
ments received 3.5 cm-L™" (Sm,) before the third irrigation.

The treatments were laid out in a split split plot distribution in randomized
complete blocks design in three replications was used. Ridge width treatments
were randomly assigned to the main plots, faba bean cultivars were allocated in
sub plots and amino acids compounds were allocated in sub sub plots. The area
of sub sub-plot was 12.0 m? each plot consisted of 5 ridges, and each ridge was
4.0 m in length and 0.6 m in width. Faba bean cultivars kindly provided by Food
Legumes Research Department, ARC, Egypt.

2.1. The Studied Data

1) Photosynthesis pigments
These analyses were done in fresh leaves of faba bean shoot at 75 days from
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planting.

Plant pigments: Fresh leaves was extracted with dimethyl formamide and
placed overnight at cool temperature (5°C). Chlorophyll (Chl) a, b, and carote-
noids were measured by spectrophotometer at wavelength 663, 647 and 470 nm,
respectively. Chl and carotenoids were calculated according to the equation de-

scribed by Nornai [23]
Chla =12.704,, —2.794,,, (1)

Chlb = 204,,, —4.624,, )

[1000 4,,, —( 3.72Chl a—104Chl b) |
229

(3)

Carotenoids =

2) Chemical composition

These analyses were done in fresh leaves of faba bean shoot at 75 days from
planting and also in faba bean seeds at harvest.

Mineral element concentration: Determinations of total N, P and K were
carried out on the plant leaves were dried at 70°C for 48 hr and the wet digestion
of 0.2 g fine powder of dry material were done with sulphoric and perchloric ac-
ids as described by Piper [24]. N was determined by using the modified “Micro
Kjeldahl” apparatus of Parnas and Wagner as described by Pregl [25]. P was de-
termined spectrophotometerically by using stannous chloride method according
to A.O.A.C. [26]. K was measured by flame photometer according to the method
described by Brown and Lilliland [27].

Ethanol extract: Ethanol extract of leaves was used for the determination of
total sugars, and total soluble phenols and total free amino acids. For prepara-
tion of ethanol extract, 0.5 g of dry materials were adding about 25 ml of 95%
ethanol for about 10 min., then filtrated through a sintered glass funnel (G3).
The residue was re-extracted and filtered twice with ethanol (80%), and then the
volume was adjusted to 25 ml with ethanol (80%).

Total sugars concentration: In ethanol extract, determination of total sugars
concentrations were carried out by using the total sugars in was determined by
phosphomolybdic acid method according to A.O.A.C. [26].

Total soluble phenols concentration: In ethanol extract, total soluble phe-
nols concentration was determined by using the Folin-Ciocalteu reagent ac-
cording to Swain and Hillis [28].

Total free amino acids concentration: In ethanol extract, total free amino
acids concentration was determined by using ninhydrin reagent according to
Moore and Stein [29].

3) Seed yield and its attributes

At harvest, a random sample of five plants was taken from each sub sub-plot
to measure the following traits: Plant height (cm), numbers of branches and
pods per plant, number of seeds per pod, 100-seed weight (g) and seed yield per
plant (g). Seed yield per ha (ton) was calculated from harvesting and threshing

the inner three ridges of each sub sub-plot then converted to ton per ha.
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2.2. Statistical Analysis

Analysis of variance of the obtained results of each season was performed. The
homogeneity test was conducted of error mean squares and accordingly, the
combined analysis of the two experimental seasons was also carried out. The
measured variables were analyzed by ANOVA using MSTATC statistical pack-
age [30]. Mean comparisons were performed using the east significant differ-
ences (L.S.D) test with a significance level of 5% [31].

3. Results and Discussion

A. Chemical composition and photosynthesis pigments in faba bean shoot

1) Ridge width

Significant effects of ridge width on all the studied chemical composition and
photosynthesis pigments traits in faba bean shoot were observed in the com-
bined data across the two seasons (Table 2). Faba bean plants of wide ridge had
higher shoot N, P, K, total sugars, Chl a and b, as well as, total free amino acids
concentrations than those of the narrow one. However, high total soluble phe-
nols and carotenoids concentrations in faba bean shoot were observed when
grown in the narrow one.

These results could be attributed to wide ridge furnished suitable basic growth
resources for faba bean growth and development more than the narrow one.
Particularly light is one of the most important environmental factors because it
regulates photosynthetic assimilation and partitioning in plants [32]. Naturally,
different tissues of faba bean leaves need different requirements of essential nu-
trients for satisfactory their growth.

With respect to faba plants of the narrow ridge; it is likely that intra-specific
competition between them was increased for basic growth resources more than
those of the other one which reflected negatively on a decrease in photosynthesis
and transpiration rates. Certainly, Chl content indicates indirectly the nutrition-
al status of plants since much of leaf N is incorporated in Chl [33]. Consequent-
ly, it is possible to suggest that total soluble phenols and carotenoids activity in
faba bean shoot were due to higher concentration of the phenolic compound
and total yellow pigments against assimilates translocated into different tissues
of faba bean leaves than those of the wide one.

Accordingly, it is expected that that increase of the studied chemical composi-
tion (except total soluble phenols) and Chl a and b in faba bean shoot accompa-
nied with reduced RNase and protease activity, especially polyphenols were
bonded with other organic substances such as carbohydrate or protein [34].

2) Faba bean cultivars

Faba bean cultivars were differed significantly for all the studied chemical
composition and photosynthesis pigments traits in faba bean shoot except shoot
Chl a and b and total free amino acids concentrations in the combined data
across the two seasons (Table 2). Faba bean cultivar Sakha 1 had higher shoot N,

P, K and total sugars concentrations than those of other cultivar. Meanwhile, faba
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Table 2. Effect of ridge width, faba bean cultivar, amino acids compound and their interactions on the studied chemical traits of
faba bean shoot (combined data across the two seasons).

Faba bean Shoot N concentration (mg-g™) Shoot P concentration (mg-g™)
Ridge width Tti
cultivars  ppy  Pm, Sm, Sm, Control Mean Pm, Pm, Sm, Sm, Control Mean
Sakhal 1294 16.24 1595 12.59 16.54 14.85 4.74 4.85 4.61 3.53 4.86 4.52
60 cm Masr 3 12.45 15.84 1545 12.30 1590 1439 4.14 433 398 3.39 4.35 4.04
Mean 12.70 16.04 15.70 1245 16.22 1462 4.44 459 430 3.46 4.60 4.28
Sakhal 14.74 17.52 16.77 13.09 1741 1590 5.03 512 486 4.15 5.14 4.86
120 cm Masr 3 1293 16.31 16.00 12.54 16.49 14.85 4.65 4.86 4.76 3.92 4.88 4.61
Mean 13.83 1691 16.39 12.81 16.95 1538 4.84 499 481 4.04 5.01 4.74
Sakhal 13.84 16.88 16.36 12.84 1698 1538 4.88 498 4.74 3.84 5.00 4.69
Average of faba bean cultivar
Masr 3 12.69 16.07 15.73 1242 16.19 14.62 4.40 4.60 4.37 3.66 4.61 4.33
Average of amino acids compound 13.26 16.48 16.04 12.63 16.58 15.00 4.64 4.79 455 3.75 4.81 4.51
F. testy s ridge width (R) * *
F. testy s faba bean cultivar (C) ** *
L.S.D.0.05 amino acids compound (A) 0.63 0.25
L.SD.s Rx C N.S. N.S.
L.S.D.gps RX A 0.91 0.57
L.SD. s Cx A N.S. N.S.
LS.D.gos RXCx A N.S. N.S.
Faba bean Shoot K concentration (mg g™) Shoot total sugars concentration (mg g™)
Ridge width Tti
cultivars Pm;, Pm, Sm; Sm, Control Mean Pm; Pm, Sm; Sm, Control Mean
Sakhal 29.24 3299 30.21 27.08 33.12 30.53 4.56 529 4.95 4.17 5.35 4.86
60 cm Masr 3  26.04 28.38 21.26 17.58 28.68 2439 388 472 396 3.60 4.80 4.19
Mean 27.64 30.68 25.73 22.33 3090 2746 4.22 5.00 4.46 3.88 5.07 4.53
Sakha 1 29.33 3349 30.76 29.06 33.55 3123 543 6.35 5.55 528 6.35 5.79
120 cm Masr 3  26.88 29.18 2225 18.65 29.26 2524 444 579 535 420 5.84 5.12
Mean 28.11 31.33 26.50 23.85 31.40 28.24 4.93 6.07 545 4.74 6.09 5.46
Sakha 1 29.28 33.24 30.48 28.07 33.33 30.88 4.99 5.82 525 473 5.85 5.33
Average of faba bean cultivar
Masr3 2646 28.78 21.75 1811 2897 2481 4.16 525 4.66 3.90 5.32 4.66
Average of amino acids compound 27.87 31.01 26.12 23.09 31.15 27.85 4.58 553 495 431 5.58 4.99
F. testy s ridge width (R) * *
F. testy s faba bean cultivar (C) > il
L.S.D.0.05 amino acids compound (A) 0.55 0.40
L.S.D..os RX C N.S. 0.66
L.SD.psRX A 0.93 N.S.
L.SD.0s CX A N.S. N.S.
LSD.psRXxCx A N.S. N.S.
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Continued
. o1 . o1
) . Faba bean Shoot total soluble phenols concentration (mg-g™) Shoot Chl a concentration (mg-g™)
Ridge width Tti
cultivars Pm; Pm, Sm; Sm, Control Mean Pm; Pm, Sm; Sm, Control Mean
Sakhal 274 193 279 223 1.89 2.31 0.48 0.60 0.40 0.32 0.63 0.48
60 cm Masr 3 3.21 2,67 325 2.66 2.39 2.84 0.41 0.58 0.37 0.30 0.59 0.45
Mean 297 214 3.02 245 2.30 2.57 0.45 0.59 0.38 0.31 0.61 0.47
Sakha 1 1.98 067 201 1.59 0.99 1.45 0.65 0.71 0.48 0.45 0.77 0.61
120 cm Masr 3 212 092 215 177 1.36 1.66 0.62 0.69 0.40 0.36 0.70 0.55
Mean 205 079 208 1.68 1.17 1.55 0.63 0.70 0.44 0.40 0.73 0.58
Sakhal 236 146 240 191 1.28 1.88 0.56 0.65 0.44 0.38 0.70 0.55
Average of faba bean cultivar
Masr 3 266 165 270 221 2.01 2.25 0.51 0.63 0.38 0.33 0.65 0.50
Average of amino acids compound 251 173 255 2.06 1.47 206 054 0.64 041 036  0.67 0.52
F. test o; ridge width (R) o il
F. testy s faba bean cultivar (C) ** N.S.
L.S.D.0.05 amino acids compound (A) 0.25 0.07
L.S.D.gs RX C N.S. N.S.
L.S.D.ges RX A N.S. N.S.
L.8.D.q05 C X A N.S. 0.09
L.SD.gs RX Cx A N.S. 0.13
. o1 . . g |
) . Faba bean Shoot Chl b concentration (mg-g™) Shoot carotenoids concentration (mg-g™")
Ridge width Tti
cultivars Pm; Pm, Sm; Sm, Control Mean Pm; Pm, Sm; Sm, Control Mean
Sakhal 036 044 036 030 0.45 0.38 0.06 0.05 0.06 0.05 0.04 0.05
60 cm Masr 3 032 038 032 0.29 0.39 0.34 0.08 0.06 0.08 0.06 0.05 0.07
Mean 0.34 041 034 0.30 0.42 0.36 0.07 0.06 0.07 0.06 0.05 0.06
Sakhal 041 046 0.44 0.34 0.46 0.42 0.05 0.04 0.06 0.04 0.03 0.04
120 cm Masr 3 037 042 040 0.33 0.43 0.39 0.06 0.05 0.06 0.05 0.04 0.05
Mean 039 044 042 033 0.45 0.40 0.06 0.05 0.06 0.04 0.04 0.05
Sakhal 039 045 040 0.32 0.46 0.40 0.06 0.05 0.06 0.04 0.04 0.05
Average of faba bean cultivar
Masr 3 034 040 036 031 0.41 0.36 0.07 0.06 0.07 0.05 0.05 0.06
Average of amino acids compound 036 042 038 031 0.43 038 0.06 0.05 0.06 0.05 0.04 0.05
F. testy o; ridge width (R) * *
F. testy s faba bean cultivar (C) N.S. o
L.S.D.0.05 amino acids compound (A) 0.03 0.007
L.S.D.gs Rx C N.S. 0.008
L.SD.gs RX A N.S. N.S.
L.8.D.q05 C X A 0.03 N.S.
L.SD.gos Rx Cx A 0.06 0.03
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Continued
. ] Faba bean Shoot total free amino acids concentration (mg-g™)
Ridge width i

cultivars Pm, Pm, Sm, Sm, Control Mean

Sakha 1 0.64 0.83 0.77 0.56 0.87 0.73

60 cm Masr 3 0.59 0.77 0.73 0.55 0.78 0.68

Mean 0.61 0.80 0.75 0.55 0.82 0.71

Sakha 1 0.94 1.09 1.02 0.86 1.13 1.00

120 cm Masr 3 0.91 1.07 0.97 0.81 1.08 0.97

Mean 0.93 1.08 0.99 0.84 1.10 0.99

Sakha 1 0.79 0.96 0.89 0.71 1.00 0.87

Average of faba bean cultivar
Masr 3 0.75 0.92 0.85 0.68 0.93 0.83
Average of amino acids compound 0.77 0.94 0.87 0.69 0.96 0.85
F. testy o; ridge width (R) il

F. test, s faba bean cultivar (C) N.S.

L.S.D.0.05 amino acids compound (A) 0.19

L.S.D.os RX C N.S.

L.S.D.gos RX A N.S.

L.S.D.g05 C X A N.S.

L.S.D.ges RXxCxA N.S.

**Significance at a level of 1% of probability (p < 0.01) * Significance at a level of 5% of probability (0.01 < p < 0.05) N.S. Non-Significance (p > 0.05)

bean cultivar Masr 3 had higher shoot total soluble phenols and carotenoids
concentrations than the other one. It seems that genetic makeup of faba bean
cultivar Sakha 1 translated into suitable some morphological and anatomical
characteristics which reflected positively on canopy architecture of this cultivar
than the other one. These results show that plants of faba bean cultivar Sakha 1
were able to utilize the available environmental resources that reflected positive-
ly on chemical composition in their shoots more than faba bean cultivar Masr 3.
It is expected that genetic makeup of faba bean cultivar Masr 3 had some bio-
chemical aspects that restricted enzymatic oxidative cleavage which reflected on
total soluble phenols and carotenoids concentrations in faba bean shoot.

3) Amino acids compounds

Amino acids compounds affected significantly all the studied chemical traits
in faba bean shoot in the combined data across the two seasons (Table 2). Con-
trol and Pm, had higher shoot N, P, K, total sugars, Chl a and b, as well as, total
free amino acids concentrations than those of the others without significant dif-
ferences between them. Also, there were no significant differences between Pm,
and Pm, for shoot P and total free amino acids concentrations. In other words,
increasing rate of Pm from 1.5 to 3.0 cm-L™" did not increase P and total free
amino acids concentrations in faba bean shoot. Moreover, there were no signifi-
cant differences between Pm, and Sm, on shoot P, total sugars and total soluble
phenols, Chl b, carotenoids and total free amino acids concentrations. On the

other hand, there were no significant differences between Sm, and control
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treatment on shoot N and total free amino acids concentrations. Meanwhile,
there were no significant differences between Sm, and Sm, on shoot Chl a and
total free amino acids concentrations. In other words, increasing rate of Sm from
3.5 to 7.0 cm-L™" did not increase Chl a and total free amino acids concentrations
in faba bean shoot. These results may be due the tested amino acids compounds
were differed in their rates and composition (Table 1). It is likely that rate and
composition of Pm, which included some plant growth regulators caused rapid
cell division that elongated faba bean internodes [35] by promoting roots and stem
length in the plant through gibberellic acid [36], then roots grew deeper into the
soil profile to extract water and soil nutrients (N, P and K) which reflected on
shoot length. This biological situation could be enhanced by K citrate and mi-
cro-elements by stimulated different physiological activities.

Consequently, it is expected that foliar spraying of Pm, lengthened the vegeta-
tive stage and thereby there was an increase in photosynthesis pigments (Chl a
and b contents) and finally more enhance in protein synthesis. According to
Fletcher et al [37], the increase in cytokinin levels was associated with stimu-
lated chlorophyll biosynthesis. These results are in parallel with those obtained
by Ali [38] who reported that foliar application of 1% K and 1% P produced
highest values of Chl a, b and a + b as compared with untreated faba bean plants.
Also, El-Ghamry et al. [39] found that Chl a and b contents were increased sig-
nificantly by amino acids compounds. Moreover, Abou EL-Yazied and Mady
[40] indicated that foliar spraying with boron at 50 cm-L™" increased photosyn-
thetic pigments.

On the other hand, Sm, had the highest shoot total soluble phenols and caro-
tenoids concentrations compared with those of other rates. These results could
be due to Sm, that included magnesium (Mg) activated antioxidative defense
enzymes in some plant species [41]. Consequently, it is possible to suggest that
this biological situation reflected positively on Mg availability in different tissues
of faba bean plants that promoted plant growth and increased total soluble phe-
nols concentration in faba bean shoot. It is known that Mg in shoots declined
quickly within one day after the removal of Mg [42] suggesting that shoot and
leaf are secondary response organs following changes in Mg level. It is an im-
portant to mention that decreasing rate of Sm from 7.0 to 3.5 cm-L™' could be led
to negative effects on translocation rate of sucrose from leaves to phloem which
reflected positively on N, P, K and total sugars concentrations in faba bean
shoot.

4) Interaction between ridge width and faba bean cultivars

Data in Table 2 show interaction between ridge width and faba bean cultivars
affected significantly shoot total sugars and carotenoids concentrations in the
combined data across the two seasons. Growing faba bean cultivar Sakha 1 in the
wide ridge had the highest shoot total sugars concentration compared with the
others. These results probably due to faba bean cultivar Sakha 1 interacted posi-

tively with the wide ridge to benefit greatly from basic growth resources which
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reflected on concentration of shoot total sugars compared with the others.
Meanwhile, growing faba bean cultivar Masr 3 in the narrow ridge had the high-
est shoot carotenoids concentration compared with the others. These data show
that each of these two factors act dependently on total sugars and carotenoids
concentrations in faba bean shoot.

5) Interaction between ridge width and amino acids compounds

Data in Table 2 show interaction between ridge width and amino acids com-
pounds affected significantly shoot N, P and K concentrations in the combined
data across the two seasons. The data indicate that faba bean plants that received
Pm, had the highest shoot N, P and K concentrations compared with those of
the other treatments. Accordingly, it is expected that cytokinines and gibberellic
acid in Pm, had a major role in regulating ions and modifying the uptake
movement and metabolism of nutrients within plant tissues of faba bean plants
by increasing ridge width from 60 to 120 cm. Plants have the ability to store ex-
cessive amounts of exogenously supplied hormones in form of reversible conju-
gates which release active hormones when the plant needs them during the
growth period [43]. These results reveal that ridge width responded differently
to amino acids compounds for N, P and K concentrations in faba bean shoot.

6) Interaction between faba bean cultivars and amino acids compounds

Data in Table 2 show interaction between faba bean cultivars and amino acids
compounds affected significantly Chl a and b in faba bean shoot in the com-
bined data across the two seasons. Faba bean cultivar Sakha 1 that received Pm,
had the highest Chl a and b in faba bean shoot compared with the others. These
results show that each of these two factors act dependently on the studied Chl a
and b in faba bean shoot.

7) Interaction among ridge width, faba bean cultivars and amino acids
compounds

Data in Table 2 show interaction among ridge width, faba bean cultivars and
amino acids compounds affected significantly photosynthesis pigments in faba
bean shoot in the combined data across the two seasons. Growing faba bean cul-
tivar Sakha 1 in the wide ridge that received Pm, had the highest shoot Chl a and
b compared with the others. These results probably due to genetic makeup of
faba bean cultivar Sakha 1 that received Pm, interacted positively with wide
ridge to increase Chl a and b in faba bean shoot. Meanwhile, growing faba bean
cultivar Masr 3 in the narrow ridge that received Sm, recorded the highest shoot
carotenoids compared with the others. Response of plant to plant growth regu-
lators vary with varieties, environmental conditions, physiological and nutritional
status, as well as, stage of development and endogenous hormonal balance [44].
These results reveal that ridge width x faba bean cultivars x amino acids com-
pounds had significant effects on photosynthesis pigments in faba bean shoot.

B. Seed yield and its attributes

1) Ridge width

Significant effects of ridge width on all the studied traits of seed yield and its
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Table 3. Effect of ridge width, faba bean cultivar, amino acids compound and their interactions on seed yield and its attributes
(combined data across the two seasons).

. ) Faba bean Plant height (cm) Number of branches plant™
Ridge width Tti

cultivars Pm, Pm, Sm, Sm, Control Mean Pm, Pm, Sm, Sm, Control Mean

Sakha 1 98.08 99.18 9595 96.65 99.24 97.82 3.30 3.46 3.02 3.26 3.55 3.32

60 cm Masr 3 93.67 94.34 9257 94.12 94.24 93.79 2.82 299 271 2.87 2.99 2.87

Mean 95.87 96.76 94.26 95.39 96.74 95.80 3.06 3.23 2.86 3.06 3.27 3.10

Sakha 1 92.63 93.59 90.29 91.15 93.94 92.32 3.55 3.65 3.23 3.53 3.64 3.52

120 cm Masr 3 88.71 89.92 86.71 87.37 87.01 8794 3.01 3.20 2.82 3.02 3.20 3.05

Mean 90.67 91.75 88.50 89.26  90.47 90.13 3.28 3.42 3.02 3.28 3.42 3.28

Sakha 1 95.36 96.39 93.12 93.90 96.59 95.07 3.42 3.56 3.13 3.39 3.59 3.42
Average of faba bean cultivar
Masr 3 91.19 92.13 89.64 90.74 90.62 90.87 2.92 3.10 2.76 2.94 3.09 2.96

Average of amino acids compound 9327 9426 9138 9232 9361 9297 3.17 333 294 317  3.34 3.19
F. testy o5 ridge width (R) *t *t
F. test, s faba bean cultivar (C) o >
L.S.D.0.05 amino acids compound (A) 1.52 0.09
L.S.D..os RX C N.S. N.S.
L.S.D.ops RX A N.S. N.S.
L.SD.0s CX A N.S. N.S.
LSD.psRXxCx A N.S. N.S.
Ridge width Fab a‘b ean Number of pods plant™! Pod length (cm)
cultivars

Pm;, Pm, Sm, Sm, Control Mean Pm, Pm, Sm, Sm, Control Mean

Sakha 1 13.59 14.03 13.07 13.63 14.05 13.67 8.01 8.25 7.71 8.07 8.22 8.05

60 cm Masr 3 12.94 1337 12.86 13.21 13.33 13.14 7.55 7.79 7.34 7.52 7.73 7.59
Mean 13.26 13.70 12.97 13.42 13.69 1341 7.78 8.02 7.52 7.79 7.97 7.82

Sakha 1 13.83 14.21 1330 13.84 14.23 13.88 8.20 852 7.99 8.25 8.51 8.29

120 cm Masr 3 13.19 13.55 13.17 13.36 13.51 1335 7.77 8.05 7.54 7.64 8.08 7.81
Mean 13.51 13.88 13.24 13.60 13.87 13.62 7.99 828 7.76 7.94 8.29 8.05

Sakha 1 13.71 14.12 13.19 13.73 14.14 13.78 8.11 8.38 7.85 8.16 8.36 8.17

Average of faba bean cultivar
Masr 3 13.07 13.46 13.02 13.28 13.42 13.25 7.66 7.92 7.44 7.58 7.90 7.70

Average of amino acids compound 13.39 1379 13.10 1351 13.78 13.51 7.88 8.15 7.64 7.87 8.3 7.93
F. testy s ridge width (R) N.S. *
F. testy s faba bean cultivar (C) ** **

L.S.D.0.05 amino acids compound (A) 0.31 0.14

L.S.D.gs RX C N.S. N.S.

L.S.D.ops RX A 0.59 N.S.

L.SD. s Cx A N.S. N.S.

LSD., ;s RxCxA N.S. N.S.
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Continued
Faba bean Number of seeds pod™ 100-seed weight (g)
Ridge width Tt
cultivars Pm, Pm, Sm, Sm, Control Mean Pm, Pm, Sm; Sm, Control Mean
Sakha 1 354 375 346 3.53 3.78 3.61 89.66 92.85 87.41 89.65 92.87 90.49
60 cm Masr 3 326 346 3.05 3.17 3.45 328 84.80 87.37 83.34 84.77 87.50 85.56
Mean 340 3.61 325 3.35 3.61 344 87.23 90.11 8537 87.21 90.18 88.02
Sakha 1 3.67 3.77 3.45 3.56 3.76 3.64 9141 9555 89.71 91.87 95.66 92.84
120 cm Masr 3 347 359 326 335 3.61 345 87.55 90.55 8552 86.73  90.57 88.18
Mean 3,57 3.68 336 3.45 3.69 3,55 89.48 93.05 87.61 89.30 93.11 90.51
Sakha 1 3.61 3.76 345 3.54 3.77 3.63 90.53 94.20 88.56 90.76  94.26 91.66
Average of faba bean cultivar
Masr 3 336 3.52 316 3.26 3.53 3.37 86.17 8896 84.43 85.75 89.03 86.87
Average of amino acids compound 348 3.64 330 3.40 3.65 3,50 88.35 91.58 86.49 88.25 91.65 89.27
F. testy o5 ridge width (R) * N.S.
F. test, o5 faba bean cultivar (C) * **
L.S$.D.0.05 amino acids compound (A) 0.18 1.32
L.S.D..os RX C N.S. 1.45
L.SD.psRX A N.S. N.S.
L.SD.ps Cx A 0.21 N.S.
L.S.D.ops RXCx A 0.36 N.S.
Faba bean Seed yield plant™ (g) Seed yield ha™ (ton)
Ridge width Tti
cultivars Pm; Pm, Sm; Sm, Control Mean Pm; Pm, Sm; Sm, Control Mean
Sakhal 4237 47.69 3831 4242  47.59 43.67 3.56 3.76 3.13 3.53 3.84 3.56
60 cm Masr 3 33.32 39.66 31.54 33.57 39.53 35,52 329 349 283 319 3.46 3.25
Mean 37.85 43.67 3492 3799 43.56 39.60 342 3.62 298 3.36 3.65 341
Sakhal 44.51 49.70 39.33 43.27 49.54 4527 3.78 4.00 3.33 3.73 4.02 3.77
120 cm Masr 3 39.14 42.66 3556 37.44 4243 3944 345 367 293 3.33 3.69 341
Mean 41.83 46.18 37.44 40.36  45.99 4236 3.62 3.83 3.13 3.53 3.86 3.59
Sakhal 43.44 48.69 38.82 42.85 48.56 4447 3.67 3.88 3.23 3.63 3.93 3.67
Average of faba bean cultivar
Masr 3 36.23 41.16 33.55 3550  40.98 3748 337 358 288 3.26 3.57 3.33
Average of amino acids compound 39.84 44.93 36.18 39.17 4477 4098 3.52 373 3.06 3.44 3.75 3.50
F. testy s ridge width (R) > *
F. testy o; faba bean cultivar (C) > >
L.S.D.0.05 amino acids compound (A) 1.17 0.16
L.S.D..os RX C N.S. N.S.
L.S.D.ops RX A N.S. 0.16
L.SD.ps Cx A 1.40 N.S.
L.S.D.ges RX C X A N.S. 0.33

**Significance at a level of 1% of probability (p < 0.01) * Significance at a level of 5% of probability (0.01 < p < 0.05) N.S. Non-Significance (p = 0.05).
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attributes except number of pods plant™ and 100-seed weight in the combined
data across the two seasons (Table 3). Faba bean plants of the wide ridge had
higher values of number of branches plant™, pod length, number of seeds pod™,
seed yields plant™ and ha™ than those of narrow one; meanwhile plant height
had opposite trend. Faba bean plants of the wide ridge increased branches num-
ber plant™ by 5.80%, pod length by 2.94%, seeds number pod™ by 3.19%, seed
yield plant™ by 6.96% and seed yield ha™ by 5.27% than those of the other one.
These results may be due to faba bean plants that grown in wide ridge benefited
greatly from environmental basic resources that reflected positively on their effi-
ciency in photosynthetic process more than those of narrow one.

2) Faba bean cultivars

Faba bean cultivars were differed significantly for all the studied traits in the
combined data across the two seasons (Table 3). Faba bean cultivar Sakha 1 had
higher plant height, numbers of branches and pods plant™, pod length, number
of seeds pod™', 100-seed weight, seed yields plant™ and ha™ than those of the
other cultivar. These variations between the tested two cultivars probably due to
genetic makeup of each cultivar translated into suitable some morphological and
physiological characteristics which responded differently to environmental con-
ditions. Similar results were reported by Mohamed and El-Abbas [45], Bakry et
al. [46] and Safina [8] who reported there were significant differences among
faba bean cultivars in seed yield and yield attributes traits.

3) Amino acids compounds

Amino acids compounds affected significantly all the studied traits in the
combined data across the two seasons (Table 3). These results reveal that con-
trol and Pm, had higher plant height, numbers of branches and pods plant™,
pod length, number of seeds pod™, 100-seed weight, seed yields plant™ and ha™
than those of the others without significant differences between them. However,
there were no significant differences between Pm, and Pm, on plant height
which indicating the increase in rate of Pm from 1.5 to 3.0 cm-L™" had similar
effect on this trait. Also, there were no significant differences between Pm, and
Sm, on plant height, numbers of branches and pods plant™, pod length,
100-seed weight, seed yields plant™ and ha™'. Moreover, there were no signifi-
cant differences between Sm, and control treatment on plant height, number of
pods plant™'. Furthermore, there were no significant differences between Sm,
and Sm, on plant height and number of seeds pod™ which indicating the in-
crease in rate of Sm from 3.5 to 7.0 cm-L™" had similar effect on these traits.

These results may be due to Pm, is compound that have high rate of amino
acids, riboflavin, cytokinines, gibberellic acid, K citrate and micro-elements led
to an increase in dry matter accumulation during growth and development. Par-
ticularly, boron as microelement plays a key role in higher plants by facilitating
the short- and long-distance transport of sugar via the formation of borate-sugar
complexes [47]. It is known that boron deficiency in crops is more widespread

than the deficiency of any other micronutrients [48]. Also, zinc is a micronutrient
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needed in small amounts by crop plants, but its important in crop production
has increased in recent years [49]. In this concern, Mady [50] showed that many
growth faba bean traits as number of leaves plant™, dry weights of stems and
leaves plant™, as well as, total leaf area were enhanced by foliar application of
zinc. Moreover, Al-Whaibi et al. [51] found that seed yield attributes were in-
creased by gibberellic acid application.

With respect to Sm, number of branches plant™, pod length, number of seeds
pod™!, seed yields plant™' and ha™ were increased by increasing rate of Sm from
3.5 to 7.0 cm-L™". These results could be attributed to increase in rate of Sm from
3.5 to 7.0 cm-L™" increased translocation rate of sucrose from leaves to phloem
which reflected positively carbohydrate accumulation in the attributes of seed
yield where Cakmak et al [52] showed that Mg deficiency restricted the carbon
flow to the sink organs and caused carbohydrate accumulation in the source
leaves.

4) Interaction between ridge width and faba bean cultivars

Data in Table 3 show interaction between ridge width and faba bean cultivars
affected significantly 100-seed weight in the combined data across the two sea-
sons. Growing faba bean cultivar Sakha 1 in the wide ridge had the highest
100-seed weight compared to the others. It seems that faba bean cultivar Sakha 1
interacted positively with wide ridge to furnish better translocation of available
assimilates from source to sink during reproductive stage of faba bean compared
with the others. These results show that each of these two factors act dependent-
ly on 100-seed weight.

5) Interaction between ridge width and amino acids compounds

Data in Table 3 show interaction between ridge width and amino acids com-
pounds affected significantly number of pods plant™ and seed yield ha™ in the
combined data across the two seasons. Growing faba bean plants in the wide
ridge that received Pm, had the highest number of pods plant™ and seed yield
ha™' compared with the others. These results reveal that ridge width responded
differently to amino acids compounds for number of pods plant™ and seed yield
ha™.

6) Interaction between faba bean cultivars and amino acids compounds

Data in Table 3 show interaction between faba bean cultivars and amino acids
compounds affected significantly number of seeds pod™ and seed yield plant™ in
the combined data across the two seasons. Faba bean cultivar Sakha 1 that re-
ceived Pm, had the highest number of seeds pod™ and seed yield plant™ com-
pared with the others. These results show that each of these two factors act de-
pendently on number of seeds pod™" and seed yield plant™.

7) Interaction among ridge width, faba bean cultivars and amino acids
compounds

Data in Table 3 show interaction among ridge width, faba bean cultivars and
amino acids compounds affected significantly number of seeds pod™ and seed

yield ha™ only in the combined data across the two seasons. These results may
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be attributed to growing faba bean cultivar Sakha 1 in the wide ridge that re-
ceived Pm, had the highest number of seeds pod™ and seed yield ha™ compared
with the others. It seems that faba bean cultivar Sakha 1 that received Pm, inte-
racted positively with the wide ridge to enhance source-sink relationship and
stimulates the translocation of photoassimilates to sink thereby helping in effec-
tive flower formation and ultimately enhancing number of seeds pod™. These
results reveal that each of these three factors act dependently on number of seeds
pod™' and seed yield ha™.

C. Chemical composition in faba bean seeds

1) Ridge width

Significant effects of ridge width on all the studied chemical composition in
faba bean seeds traits were observed in the combined data across the two seasons
(Table 4). Faba bean plants of the wide ridge had higher seed N, P, K, total su-
gars and total free amino acids concentrations than those of the narrow one;
meanwhile the reverse was true for seed total soluble phenols concentration. The
wide ridge increased seed N, P, K, total sugars and total free amino acids con-
centrations by 10.96%, 37.44%, 9.60%, 13.71% and 32.67% than those of the
narrow one. Conversely, the wide ridge decreased seed total soluble phenols
concentration by 31.62% than the other one. These results may be due to faba
bean plants of wide ridge decreased intra-specific competition between them for
basic growth resources which activated enzyme polyphenol oxidase and led to
degradation and consequent losses of total soluble phenols in faba bean seeds.

2) Faba bean cultivars

Faba bean cultivars were differed significantly for all the studied chemical
composition in faba bean seeds traits in the combined data across the two sea-
sons (Table 3). Faba bean cultivar Sakha 1 had higher seed N, P, K, total sugars
and total free amino acids concentrations than those of other one; meanwhile
the reverse was true for seed total soluble phenols concentration. Faba bean cul-
tivar Sakha 1 recorded higher seed N, P, K, total sugars and total free amino ac-
ids concentrations by 11.48%, 22.81%, 14.07% and 8.44%, respectively, more
than faba bean cultivar Masr 3. With respect to seed total soluble phenols con-
centration, the results show that total soluble phenols concentration depended
on moisture content in faba bean seeds probably due to seeds of Masr 3 cultivar
had lower moisture than the other one. Consequently, the observed differences
in chemical composition in faba bean seeds between the two cultivars are likely
to primarily reflect genotypic variation.

3) Amino acids compounds

Amino acids compounds affected significantly all the studied chemical com-
position in faba bean seeds traits in the combined data across the two seasons
(Table 3). Control and Pm, had higher seed N, P, K, total sugars and total free
amino acids concentrations than those of the others without significant differ-
ences between them; meanwhile the reverse was true for seed total soluble phe-

nols concentration. However, there were no significant differences between Pm,
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Table 4. Effect of ridge width, faba bean cultivar, amino acids compound and their interactions on quality of faba bean seeds
(combined data across the two seasons).

. ) Faba bean Seed N concentration (mg-g™) Seed P concentration (mg-g™)
Ridge width Tti

cultivars  ppy  pm, Sm, Sm, Control Mean Pm, Pm, Sm, Sm, Control Mean

Sakha 1 19.79 24.07 17.41 20.01 24.20 21.10 6.96 8.41 513 7.06 8.47 7.20

60 cm Masr 3 17.95 22.53 16.16 18.49 22.82 19.59 494 6.25 4.68 5.11 6.30 5.45

Mean 18.87 23.30 16.78 19.25 23,51 20.34 595 7.33 490 6.09 7.38 6.33

Sakhal 23.14 27.49 20.89 21.55 27.63 24.14 9.73 9.87 832 9.00 9.94 9.37

120 cm Masr 3 20.30 23.71 17.52 19.56 23.88 2099 782 825 7.65 8.17 8.31 8.04

Mean 21.72 2560 19.21 20.55 25.75 22.57 878 9.06 798 8.58 9.12 8.70

Sakhal 2147 25.78 19.15 20.78 2591 2262 834 9.14 672 8.03 9.20 8.29
Average of faba bean cultivar
Masr3  19.12 23.12 16.84 19.03 2335 2029 638 725 6.16 6.64 7.30 6.75

Average of amino acids compound 20.29 24.45 18.00 19.90 24.63 2145 736 819 644 734 8.25 7.52
F. testy s ridge width (R) * *
F. test, o5 faba bean cultivar (C) o o
L.S.D.0.05 amino acids compound (A) 1.35 0.78
L.S.D.gs RX C 1.47 N.S.
L.S.D.gps RX A 1.68 1.17
L.S.D.0s C X A 1.42 N.S.
L.SD.us RXCx A 2.34 N.S.
Faba bean Seed K concentration (mg-g™) Seed total sugars concentration (mg-g™)
Ridge width cultivars

Pm, Pm, Sm; Sm, Control Mean Pm; Pm, Sm; Sm, Control Mean
Sakhal 24.53 29.29 22.11 24.10 29.42 25.89 31.55 36.01 29.04 31.27 36.11 32.79

60 cm Masr 3 22.37 25.65 20.14 21.25 25.73 23.03 27.61 30.57 25.57 29.38 30.64 28.75
Mean 23.45 27.47 21.12 22.67 27.57 2446 29.58 3329 2731 30.33 33.37 30.77

Sakhal 2620 31.31 2543 29.40 31.43 28.75 35.52 39.74 3175 34.25 39.81 36.21

120 cm Masr 3 2446 26.68 22.42 24.04 26.76 24.87 33.50 36.34 3031 32.26 36.46 33.77
Mean 25.33 2899 2392 26.72 29.10 26.81 34.51 38.04 31.03 33.25 38.13 34.99

Sakhal 2536 30.30 23.77 26.75 30.42 27.32 33.53 37.87 3039 32.76 37.96 34.50

Average of faba bean cultivar
Masr3 2342 26.16 21.28 22.64 2625 2395 30.55 3345 27.94 3082  33.55 31.26

Average of amino acids compound 2439 2823 22.52 2470 2833 2563 3204 3566 29.17 3179 3575  32.88
F. testy s ridge width (R) il il
F. testy o; faba bean cultivar (C) il il

L.S$.D.0.05 amino acids compound (A) 1.49 2.32

L.S.D..os RX C N.S. N.S.

L.S.D.gs RX A 1.81 N.S.

L.S.D.ges C X A N.S. N.S.

L.S.D.ges RX C X A N.S. 3.11
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Continued

. ] Faba bean Seed total soluble phenols concentration (mg-g™) Seed total free amino acids concentration (mg-g™)
Ridge widih cultivars  p., Pm, Sm, Sm, Cont. Mean Pm, Pm, Sm, Sm, Cont. Mean
Sakha 1 1.25 1.08 1.26 1.14 1.05 1.15 6.92 8.29 6.52 7.80 8.35 7.58

60 cm Masr 3 1.27 1.13 1.31 1.19 1.08 1.19 5.97 7.20 5.72 7.02 7.26 6.63
Mean 1.26 1.10 1.28 1.16 1.06 1.17 6.45 7.74 6.12 7.41 7.80 7.10

Sakha 1 0.85 0.74 0.83 0.71 0.81 0.78 9.07 10.16 8.69 10.00 10.19 9.62

120 cm Masr 3 0.88 0.77 0.87 0.72 0.84 0.81 8.83 9.69 8.58 9.31 9.73 9.23
Mean 0.86 0.75 0.85 0.71 0.82 0.80 8.95 9.92 8.63 9.66 9.96 9.42

Average of faba Sakha 1 1.07 0.95 1.09 1.01 0.90 1.00 8.00 9.23 7.60 8.90 9.27 8.60
bean cultivar a3 1.05 091 104 097 088 0.97 7.40 8.44 7.15 8.16 8.49 7.93
Averageofaminoacids |\ o0 106 009 089 098 770 ss3 o 8B 8o

compound
F. test o; ridge width (R) * *ok
F. testy s faba bean cultivar (C) * **

L.S.D.0.05 amino acids compound (A) 0.02 1.14

L.S.D.qes RX C N.S. N.S.

L.SD.ges RX A 0.47 1.49

L.S.D.gs C X A 0.23 0.84

L.SD.ges RX Cx A 0.58 2.45

**Significance at a level of 1% of probability (p < 0.01) * Significance at a level of 5% of probability (0.01 < p < 0.05) N.S. Non-Significance (p = 0.05).

and Pm, on total free amino acids meaning that this trait responded similarly to
the tested rates of Pm. Meanwhile, there were no significant differences Pm, and
Sm, on seed N, P, K, total sugars and total free amino acids. Moreover, there
were no significant differences between Sm, and control treatment on total free
amino acids. The results of this study suggest that Pm, could activate transloca-
tion of the absorbed nutrients into the seed as a result of improvements in phy-
siological attributes in plants that received high rate of Pm. With respect to total
soluble phenols concentration in faba bean seeds, Sm, had higher seed total so-
luble phenols concentration than others. It is important to mention that there
were no significant differences between Sm, and Pm, for total soluble phenols
concentration in faba bean seeds. It is known that tyrosinase inhibition activity
is significantly correlated with total phenols and antioxidant capacity [53]. On
the other hand, increasing rate of Sm from 3.5 to 7.0 cm-L™" increased seed N, P,
K, total sugars and total free amino acids concentrations was due to increase in
translocation rate of N, P, K and total sugars concentrations from leaves to seed
during seed filling period.

4) Interaction between ridge width and faba bean cultivars

Interaction between ridge width and faba bean cultivars affected significantly
N concentration in faba bean seeds in the combined data across the two seasons
(Table 4). Growing faba bean cultivar Sakha 1 in the wide ridge had the highest
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seed N concentration compared with the others. It seems that this interaction
had not significant effects on seed quality. These results reveal that each of these
two factors act dependently on N concentration in faba bean seeds.

5) Interaction between ridge width and amino acids compounds

Data in Table 4 show interaction between ridge width and amino acids com-
pounds affected significantly N, P, K, total soluble phenols and total free amino
acids concentrations in faba bean seeds in the combined data across the two
seasons. Growing faba bean plants in the wide ridge that received Pm, had the
highest seed N, P, K and total free amino acids concentrations compared with
the others. These results could be attributed to faba bean plants of the wide ridge
that received Pm, furnished better growth and development conditions for faba
bean plants which reflected positively on enlargement, filling and maturation of
seed development compared with the others. From the other point, growing faba
bean plants in the narrow ridge that received Sm, had the highest seed total so-
luble phenols concentration compared with the others. These results reveal that
ridge width responded differently to amino acids compounds for N, P, K, total
soluble phenols and total free amino acids concentrations in faba bean seeds.

6) Interaction between faba bean cultivars and amino acids compounds

Data in Table 4 show interaction between faba bean cultivars and amino acids
compounds affected significantly N, total soluble phenols and total free amino
acids concentrations in faba bean seeds in the combined data across the two
seasons. Faba bean cultivar Sakha 1 that received Pm, had the highest N and to-
tal free amino acids concentrations in faba bean seeds compared with the others.
Meanwhile, faba bean cultivar Masr 3 that received Sm, had the highest total so-
luble phenols concentration in faba bean seeds indicating good antioxidants
compared with the others. The concentration and presence of these compounds
in plants varied depending upon many factors, including plant genetic variation,
soil composition, cultural factors and climate [54]. These results show that each
of these two factors act dependently on N, total soluble phenols and total free
amino acids concentrations in faba bean seeds.

7) Interaction among ridge width, faba bean cultivars and amino acids
compounds

Data in Table 4 show interaction among ridge width, faba bean cultivars and
amino acids compounds affected significantly N, total sugars, total soluble phe-
nols and total free amino acids concentrations in faba bean seeds in the com-
bined data across the two seasons. Growing faba bean cultivar Sakha 1 in the
wide ridge that received Pm, had the highest N, total sugars and total free amino
acids concentrations in faba bean seeds compared with the others. Obviously,
growing faba bean cultivar Sakha 1 in the wide ridge with foliar spraying of Pm,
achieved high quality. On the other hand, growing faba bean cultivar Masr 3 in
the narrow ridge that received Sm, achieved good antioxidants in faba bean seeds.
Although the soil nutrients are required for normal growth and development of

crop, integrating both organic and inorganic chemicals for quality production
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should be considered [55]. These results reveal that there were significant effects
of ridge width x faba bean cultivars x amino acids compounds on N, total su-
gars, total soluble phenols and total free amino acids concentrations in faba bean

seeds.

4. Conclusion

Our results can be concluded that the limiting factor for increasing seed quality
and antioxidants of the tested faba bean cultivars depends on rate and composi-
tion of amino acids. Faba bean plants of wide ridge had higher shoot and seed
chemical composition except total soluble phenols than those of the narrow one.
Also, Faba bean cultivar Sakha 1 gave higher N, P, K and total sugars concentra-
tions in shoot and seeds, as well as, seed yield and its attributes than Masr 3.
Moreover, faba bean plants that received Sm, recorded the highest antioxidants
in their seeds; meanwhile faba bean plants that received Pm, had the highest
seed quality compared with the other treatments. Growing two rows of faba
bean cultivar Sakha 1 in 120 cm ridge width that received 3.0 cm-L™' of power mix

increased seed yield and quality.
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