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ABSTRACT

A field experiment was conducted in Sof Al-Jin Farm in Bani Walid, Libya, during
the agricultural winter season 2022/2023 to study the effect of spray of GA? at 50, 100, 150
mg/l and tryptophan at 100, 200, 300 mg/l and control treatment (tap water) on vegetative
growth, yield and yield components and chemical composition of faba bean cv. “Giza 3”. The
experiment was applied according to Randomized Complete Block Design (RCBD) with
three replicates for each treatment. The results showed that the increasing of the
concentration of tryptophan up to 300 mg/l led to increase some vegetative growth (plant
height, number of branches/ plant, shoot length, shoot dry weight, total chlorophyll, leaf
area), yield and yield components (pod weight, pod length, number of pods/plant, number of
seeds/pod, 100 seeds weigh seed yield, biological yield) and chemical composition (nitrogen,
phosphorus, potassium, protein and tital carbohydrates percentages), followed by folair
application of GAs at 150 mg/l, as compared to control treatment (spray tap water). In
addition the data revealed that, foliar spraying of either tryptophan or GAs led to significant
increases in faba bean vegetative growth, yield and yield components as well as significant
improvement of the nutritional status of faba bean plants and seeds nutrient, carbohydrates
and protein content. The results showed that foliar application of tryptophan was more
effective than GAs in concern of growth, yield and yield components plant and seeds
chemical constituents and nutritional status especially at the high concentration (300 mg/l
tryptophan and 150 tryptophan GA3).

Keywords: Faba beans (Vicia faba), Gibberellic acid, Amino acid, yield, fruit quality,
chemical compositions.
proteins, essential amino acids, thiamin,

INTRODUCTION folic acid, and tocopherol) and minerals

Faba bean is widely cultivated as
the fourth most vital cool-season legume
crop, grown globally under diverse
cropping conditions and environments
(Villacampa et al., 2020). It is grown in
more than 60 countries worldwide viz.,
East and North Africa, Southern Europe,
West, and South Asia, South and North
America, and Australia etc. China is the
main producer of faba bean seed followed
by Ethiopia and Australia (37%, 18% and
9%) (Dhull et al., 2022). This plant is
widely used for human and animal feed in
many countries because of its high
contents of organic materials (e.g.,

(e.g., iron and zinc) (Maalouf et al., 2020;
Maalouf et al., 2022). Legumes, or pulses,
are flowering plants that usually form pods
that dehisce longitudinally with seeds
inside. The family of legumes is called
Leguminosae or Fabaceae, the third largest
flowering plant family, with over 750
genera and 19,000 species (Tiwari et al.,
2020).

Faba bean is also used for animal
feeding and green manure (Kog et al.,
2018; Martineau-Coté¢ et al. 2022).
Additionally, it has many agronomic
advantages, which may incite production
growth in the future by its ability to
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biological N2 fixation, that wisely used to
reduce nitrogen fertilizer applications, and
that will lead to decrease diseases, and
pests in the soil and increase biodiversity
(Kog et al., 2018).

Pulses are consumed as a low-cost
but nutritious food source high in protein
content in both the human diet and as
animal feed. The global pulse market was
nearly US$ 45 billion in 2017 and is
anticipated to approach around US$ 76
billion in 2025 (HexaResearch 2019).
Among all pulse varieties, the global faba
bean market share is projected to grow
from US$ 3.18 billion in 2021 to US$ 3.47
billion in 2025. In developing countries,
pulses are mainly used for food, while
developed countries primarily utilize them
for animal feed (Sepngang etal. 2020).
Faba beans, in particular, are processed as
a food source for the Middle East and
North Africa, where they are used as a
staple element of the population’s diet,
according to Sepngang et al. (2020). The
share of faba bean in the human diet has
increased with the trend toward plant-
based meals. In countries like Spain, faba
beans have been harvested fresh and
canned for human consumption and have
also been incorporated at levels up to 40%
in bread (Sepngang et al., 2020).

Adopting sustainable agricultural
practices that involve gradually reducing
the use of synthetic agrochemicals,
increasing the utilization of biowaste-
derived substances, and harnessing the
biological and genetic potential of crop
plants and microbes is a viable strategy to
combat rapid environmental degradation,
ensure high agricultural productivity, and
improve soil health (Basu et al., 2021). In
this context, the use of Plant growth-
promoting rhizobacteria (PGPR)
inoculants in agriculture represents a
friendly alternative environment method
compared to mineral fertilizers. PGPR
promotes crop growth and health in a
variety of ways. They've been linked to
nitrogen fixation pathways, mineral
solubilization (Zn, Fe, P), and increased

tolerance to biotic and abiotic stressors
(dos Santos et al., 2019; and Ramakrishna
et al., 2020).

Gibberellins play an important and
major role in plant growth and
development such as increasing seed
germination and seedling growth, breaking
seed dormancy, stimulating root, leaf and
stem elongation, stimulating flowering
initiation and seed development, and then
increasing grain yield. This plant hormone
performs many physiological functions,
including its responsibility for stimulating
seed germination through its control over
the synthesis of enzymes necessary for
germination (Carrera-Castano et al., 2022).
On other hand, gibberellins (GA) as
phytohormones play a role in balancing
and regulating the growth of internodes
(cell elongation) and the growth (shoot
growth), development of the leaves, and
are involved in regulating dormancy
(Fadhil and Almasoody, 2021).

Furthermore, = many  scientific
studies have confirmed that gibberellic
acid has clear physiological effects in
increasing the percentage of germination
for different types of seeds, as well as
stimulating the plant to form branches or
tillers (Du et al., 2022). Gibberellic acid is
one of the growth regulators that stimulate
crop growth and has the ability to produce
positive effects on yield (Miceli et al.,
2019). Many researchers have studied the
effect of gibberellic acid on the
germination of seeds of many crops,
including barley. They found that soaking
the seeds with gibberellins had a
significant effect on increasing the
percentage  of  seed  germination,
germination speed, germination vigor, root
length, shoot length, and total dry weight
of seedlings (Amri et al., 2016).

Gibberellic acid (GA3) emerges as
a crucial plant growth regulator. GA3
initiates  various  physiological and
developmental processes, including root
production, flowering, cell division,
maturity, and seed germination. It
enhances plants’ resilience to
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environmental challenges such as salt,
cold, drought, and heavy metal stress by
modulating antioxidant enzyme activity
(Zulfigar et al.,, 2019). GAs reduces
excessive intracellular ROS generated
during stress, protecting plants from
environmental stressors. Exogenous GA3
effectively alleviates oxidative stress in
wheat induced by salt stress, enhancing
soil nutrients, and increasing plant output.
Gibberellins regulate various plant growth
processes, including seed germination,
stem elongation, and flowering (Anwar,
2022).

Amino acids can directly or
indirectly influence the physiological
activities in plant growth and development
such as exogenous application of amino
acids have been reported to modulate the
growth, production and quality of tomato
in plastic greenhouse (Boras et al., 2011).

Amino acid mixtures treatment had
a pronounced ameliorative as well as
growth promoting effect under both saline
and non-saline conditions. This is in line
with several reports supporting our
obtained results, but obtained on different
plant species (E1Zohiri and Asfour, 2009).

Amino acid foliar spraying of faba
bean plant with different concentrations
enhances photosynthetic pigments of
plants irrigated either with tap water or
saline water. This increase in chlorophyll
contents might be due to the availability of
higher levels of amino acids to the treated
plants as amino acids help to increase the
chlorophyll content and this may lead to
the increase in different growth criteria
(Awad et al., 2007).

The objective of the present work
was to assess the effect of foliar
application and gibberellic acid and
tryptophan on vegetative growth, yield and
yield components of faba bean cv. “Giza
3"

MATERIALS AND METHODS

A field experiment was conducted
in Sof Al-Jin Farm in Bani Walid, Libya,
during the agricultural season
2022/2023.The experiment was arranged

in Randomized Completely Block Design
(RCBD) design with seven treatments were
applied and each treatment comprised of
three trees arranged randomly in blocks.

The treatments of this experiment could be

summarized as follows:
Control

GA3 50 mg/l

GA3 100 mg/l

GA3 150 mg/l
Tryptophan 100 mg/I
Tryptophan 200 mg/1
7. Tryptophan 300 mg/l

SNk -

e Data recorded
A) Vegetative growth:
e Plant height (cm)
e Number of branches/ plant
e Shoot length (cm):
e Shoot dry weight (g/plant)
e Total chlorophll (SPAD)
Leaf area (cm?)
B) Yleld and yield components
Pod weight (g)
Pod length (cm)
Number of pods/ plant
Number of seeds/ pod
100- seeds weight (g)
Seed yield(t/ ha)
Biological yield(t/ ha)
C)Chemical composition
Nitrogen (N%)
Posphorus (P %)
Potassium (K%)
Protein (%)
Total Carbohydrates (%)

Statistical analysis:

Results of the measured parameters
were subjected to computerized statistical
analysis using MSTAT package for
analysis of variance (ANOVA) and
means of treatments were compared using
LSD at 0.05 according to Snedecor and
Cochran (1990).
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RESULTS AND DISCUSSION

A) Vegetative growth characteristics

Results in Table (1) and Figure (1)
illustrated that all vegetative growth
parameters of faba bean i.e. plant height,
number of branches/ plant, shoot length,
shoot dry weight, total chlorophyll, leaf
area were significantly affected by folair
application of GAs at three concentriations
(50, 100, 150 mg/1) and tryptophan at three
concentriations (100, 200, 300 mg/l) and
control treatment (tap water). However,
the results showed that folair application of
tryptophan at 300 mg/I recorded the higher
values of plant height (108.00 cm), number
of branches/ plant (7.46), shoot length
(160.47 cm), shoot dry weight (149.72 g),
total chlorophyll (48.53 SPAD), leaf area
(724.98 cm?), followed by GAs at (150
mg/l) plant height (98.23 cm), number of
branches/ plant (6.29), shoot length
(152.07 cm), shoot dry weight (121.07g),
total chlorophyll (45.99 SPAD), leaf area
(718.92 cm?), as compared to the control
treatment which recorded the lower of
plant height (75.90 cm), number of
branches/ plant (3.92), shoot length
(122.50 cm), shoot dry weight (52.05g),
total chlorophyll (37.04 SPAD), leaf area
(445.89 cm?).

This is due to the role of
gibberellin in stimulating the process of
the plant elongation, wherever the
concentration of gibberellin increased, the
plant height was increased. These results
agree with Saleh and Abdul (1980). The
increase in plant height is due to the effect
of gibberellic acid in increasing cell
division and enlargement, in adding to
stimulating growth and cell expansion
(Abdul 1987 and Saleh 1990). Also, the
role of gibberellin in stimulating the
process of the plant elongation, wherever
the concentration of gibberellin increased,
the plant height was increased. These
results agreed with Saleh and Abdul
(1980). The increase in plant height is due
to the effect of gibberellic acid in
increasing cell division and enlargement,

in adding to stimulating growth and cell
expansion (Saleh 1990).

Gibberellins play an active role in
many phases from the germination of the
seed to plant improvement and they are
widely used for priming in plant
reproduction materials. It has been
reported that gibberellic acid (GA3), one of
the plant growth regulators, is both a
natural chemical and has the ability to
increase the properties of plants such as
germination, vegetative growth and grain
yield (Ma et al., 2018; Mangena, 2020).
(Gupta and  Chakrabarty, 2013).
Gibberellins provide to break down of cell
wall by increasing the endof-mannanase
enzyme activity in the endosperm. Thus,
germination ratio of seeds accelerates
thanks to gibberellins (Karakurt et al.,
2010)

Exogenous application of
polyamine (end product of arginine)
promote cell division, cell differentiation
and general growth promotion and also
help to stabilize membrane and wall
properties (Velikova et al., 2000) and
protect plant against environmental stress
(Mo and Pua, 2002). Moreover, the
significant increase in growth parameters
of sorghum plants due to foliar application
of arginine at the rate of 200 or 300 ppm
were recorded by Ahmad et al. (2010).
The positive effect of amino acids on
growth was stated by Goss (1973) who
indicated that amino acids can serve as a
source of carbon and energy when
carbohydrates become deficient in the
plant’s releasing the ammonia and organic
acid form which the amino acid was
originally formed. The organic acids then
enter Kerb’s cycle, to be broken down to
release energy through respiration. Thon et
al. (1981) pointed out that amino acids
provide plant cells with an immediately
available source of nitrogen, which
generally can be taken by the cells more
rapidly than inorganic nitrogen. These
increases in the above mentioned data due
to those amino acids can directly or
indirectly influence the physiological
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activities of the plant. The regulatory
effect of amino acids on growth could be
explained by the notion that some amino
acids e.g. phenylalanine, ornithine can
affect plant growth and development
through their influence on gibberellins
biosynthesis (Walter and Nawacke, 1978).
Also, amino total as a source of amino
acids may play an important role in plant
metabolism and protein assimilation which
is necessary for cell formation and
consequently increase in fresh and dry
matter. Also, amino acid increase the
content and activity of endogenous plant

growth regulators, which promote growth
of plant organs due to conversion into
Indol Acetic Acid (IAA). Auxins promote
growth, increase building metabolites,
retard senescence, enhance cell division,
chlorophyll accumulation and stimulate
dry matter production as a result of higher
photosynthetic  activity,  consequently
increase translocation and accumulation of
micro elements in plant organs as well as
building blocks of proteins. These results
are in agreement with those reported by
Sharief and El-hamady (2017) on broad
bean.

Table (1): Effect of folair application of GA3; and tryptophan on vegetative growth of
faba bean cv. “Giza 3” during 2023/2024 season.

P S S NS
§ § § § & & §
QQ ‘DQ \QQ @Q \QQ ’»QQ %QQ
GV:’ w Gy?’ §°§ §§ é@Q
O O O
&8 &8 &8

Plant No. of Shoot Shoot Total
Treatment . dry Leaf area
height | branches/ length . chlorophll 2
(cm) plant (cm) weight | = ¢p \D) (em’)
(g/plant)
Control 75.90 3.92 122.50 52.05 37.04 445.89
GA3 50 mg/l 83.73 4.55 140.88 69.47 42.60 590.38
GA3100 mg/1 93.55 5.20 147.87 86.40 44.72 620.88
GA3150 mg/l 98.23 6.29 152.07 121.07 45.99 718.92
Tryptophan 100 mg/1 88.52 5.40 147.53 79.25 44.61 650.17
Tryptophan 200 mg/1 96.25 6.40 155.32 119.88 46.97 680.66
Tryptophan 300 mg/l 108.00 7.46 160.47 149.72 48.53 724.98
LSD.05) 8.18 0.09 15.06 18.50 4.55 34.57
[ ] [ ]
800 - = Shoot length (cm) u Shoot dry weight (g/plant)
700 - W Total chlorophyll (SPAD) ¥Leaf area (cm2) —
600 -
500 B
400 - B
300 + B
200 - B
0 - . . = : S

Fig. (1): Effect of folair application of GA3 and tryptophan on faba bean cv. “Giza 3”

during 2022/2023 season.
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B) Yield and its components:

Concerning to the effect of some
foliar application of GAs3 and tryptophan
on yield and yield components of faba
bean, results in Tables (2) and Figure (2)
showed that these treatments led to a
significant increase in all yield and yield
components .i.e. pod weight, pod length,
number of pods/plant, number of
seeds/pod, 100 seeds weigh seed yield,
biological yield, which folair application
of tryptophan at 300 mg/l recorded the
higher values of pod weight (4.37 g), pod
length (9.81cm), number of pods/plant
(37.62), number of seeds/pod (4.05), 100
seeds weight (100.47g), seed yield (4.82 t/
ha), biological yield (12.87 t/ ha), followed
by GAj3 at (150 mg/l) pod weight (4.23 g),
pod length (9.47c¢m), number of pods/plant
(33.89), number of seeds/pod (3.94), 100
seeds weight (91.55g), seed yield (4.18 t/
ha), biological yield (12.36 t/ha), as
compared to the control treatment which
recorded the lower of pod weight (3.21 g),
pod length (8.33 cm), number of
pods/plant (19.17), number of seeds/pod
(3.13), 100 seeds weight (78.51 g), seed
yield (3.42 t/ ha), biological yield (8.89 t/
ha).

Also, amino acid increase the
content and activity of endogenous plant
growth regulators, which promote growth
of plant organs due to conversion into
Indol Acetic Acid (IAA). Auxins promote
growth, increase building metabolites,
retard senescence, enhance cell division,
chlorophyll accumulation and stimulate
dry matter production as a result of higher
photosynthetic  activity, consequently
increase translocation and accumulation of
micro elements in plant organs as well as
building blocks of proteins. These results
are in agreement with those reported by
Sharief and El-hamady (2017) working on
broad bean. They mentioned that, adding
NAA levels up to 60 ppm significantly
increased pods number, seeds /pod, 100-
seed weight (g), seed yield/plant and seed
yield (ton/ha).

The overall improvement in plant
yield due to application of amino acids
may be due to providing a readily source
of growing substances which form the
constitutes of protein in the living tissues.
Also, the positive effects of amino acids
application may be brought about by its
cellinternal function as osmo-regulatory

(Treichel, 1975) can increase the
concentration  of  cellular  osmotic
components.

Table (2): Effect of folair application of GA3; and tryptophan on yield and yield
components of faba bean cv. “Giza 3” during 2023/2024 season.

Pod Pod No. of | No.of | 100-seed | Seed Biological
Treatment weight | length | pods/ seeds/ | weight yield yield

(2) (cm) Plant pod (2) (t/ ha) (ton/ ha)
Control 3.21 8.33 19.17 3.13 78.51 342 8.89
GA3 50 mg/l 3.78 8.67 21.56 3.58 83.45 3.69 9.85
GA3 100 mg/l 4.04 9.00 26.55 3.70 88.11 3.94 11.56
GA3150 mg/l 4.23 9.47 33.89 3.94 91.55 4.18 12.36
Tryptophan 100 mg/1 3.85 9.08 23.93 3.66 88.33 3.75 9.76
Tryptophan 200 mg/1 4.21 9.45 29.47 3.89 93.96 4.17 11.77
Tryptophan 300 mg/1 4.37 9.81 37.62 4.05 100.47 4.82 12.87
LSD.05 0.26 2.26 3.33 0.35 1.64 0.52 3.43
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Fig. (2): Effect of folair application of GAs; and tryptophan on yield and yield
components of faba bean cv. “Giza 3” during 2022/2023 season.

C) Chemical composition:

Results in Table (3) and Figure (3)
showed that all chemical composition of
faba bean significant effect by folair
application of GAs3 and tryptophan at
diffferent concentriations. However, the
results showed that folair application of
tryptophan at 300 mg/I recorded the higher
values of N (3.85%), P (0.76%), K
(2.64%),  Protein  (24.06%), Total
Carbohydrates (39.38 %), followed by
GA3 at (150 mg/l) N (3.77 %), P (0.61%),
K (2.59%), Protein (23.58%), Total
Carbohydrates (37.19 %), as compared to
the control treatment which recorded
lower values of N (2.77%), P (0.33%), K
(1.83%), Protein (17.33%) and Total
Carbohydrates (21.49 %).

Foliar treatment of amino acids
promoted the synthesis of DNA and RNA
and/or prevented their degradation by
nuclease enzymes. It was reported that
amino acids reacting directly or indirectly
with reactive oxygen species, thus
contributed to maintain the integrity of cell
structure such as proteins, lipids and
nucleic acids from damage which was
induced by salt stress (Cvetkovska et al.,
2005). This trend might be a result of
reduction in photosynthetic activity and/ or

respiration in order to provide enough
energy for water and nutrient absorption.
The current results indicated that the
application of amino acids as a foliar spray
caused increases in the contents of total
carbohydrates and polysaccharides of
stressed and non -tressed plants. These
results are in agreement with the finding of
other studies on different plant species
(Abdel Aziz et al., 2010). There was
positive correlation between
photosynthesis rates and nitrogen contents
in leaves. A high rate of photosynthesis
due to a high nitrogen supply results in a
higher biomass production (Neuberg et al.,
2010). Foliar nutrition in the form of
hydrolyzed amino acids through foliar
spray provides readymade building blocks
for protein synthesis. The amino acid is
absorbed by the cells as such, and is
simply fed into the metabolic machinery of
the cell. Evidently, the cells absorb the
glutamate faster than it is metabolized, as
the glutamate eventually is found in
glutamine, glutathione, and protein. The
subsequent utilization of these pools of
free glutamate in various synthetic and
derogative processes leaves little doubt
that at least some plants can incorporate
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amino acids directly into their metabolic
pathways (El-Ghamry et al., 2009).
Exogenous application of amino
acids either under control water or
different salinity levels caused increases in
total carbohydrates % and protein %
compared with the corresponding salinity
levels. Abd ElMonem (2007) concluded
that, there is a close relationship between
the effect of amino acids and the
stimulation of the photosynthetic output
(soluble sugars, polysaccharides and total
carbohydrates) of faba bean plant. Thus,
increases the efficiency of solar energy
conversion which maximizes the growth

ability of faba bean and consequently
increases its productivity. This is referred
to the amino acids help plants grow and

produce more through protein
biosynthesis, phytohormones, enzyme
activation, nutrient uptake, and

assimilation, signalling activities, energy
production, and gene transcription (Souri
and Hatamian, 2019), also, Geeth and
Galal (2014) pointed out that, there were
significantly increase in nitrogen and
protein (%) content in dry pea seeds by
spraying amino acids at a rate of 100 mg/
L.

Table (3): Effect of folair application of GAs; and tryptophan on chemical composition
of faba bean cv. “Giza 3” during 2023/2024 season.

Total
N | K Protein
Treatment (%) (%) (%) (%) Carb(z)l/y;irates
0
Control 2.77 0.33 1.83 17.33 21.49
GA; 50 mg/l 3.10 0.49 2.06 19.36 27.81
GA3100 mg/l 3.50 0.53 2.34 21.87 33.50
GA3 150 mg/l 3.77 0.61 2.59 23.58 37.19
Tryptophan 100 mg/1 3.06 0.58 2.24 19.13 30.87
Tryptophan 200 mg/1 3.57 0.69 2.57 2231 35.48
Tryptophan 300 mg/1 3.85 0.76 2.64 24.06 39.38
LSD.05 2.09 0.28 2.32 3.75 2.42
40 - EN (%) mP (%) K (%) ®Protein (%) = Total Carbohydrates (%)
35 -
30 -
25 -
20
15 -
10 - I
o L.
0 T T T T T T T
Ng N N N N N N
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Fig. (3): Effect of folair application of GA3 and tryptophan on chemical composition of
faba bean cv. “Giza 3” during 2022/2023 season.
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Conclusion:

Faba beans (Vicia faba L.) have
mainly been used as animal feed in
agriculture, but have become a greater part
of the human diet in recent years as an
excellent alternative to meat, because of
their high protein content and relatively
balanced amino acid profile. They contain
bioactive compounds (proteins and their

hydrolysates, phenolic compounds,
soyasaponins, phytic aicds, L-DOPA, etc.)
with health benefits, such as

hypocholesterolemia, antioxidant, and
anti-cancer properties, despite the presence
of anti-nutrients that affect protein and
mineral absorption. Dietary fibers and
sugars in faba beans also contribute to
improved blood sugar, cholesterol levels,
and gut health. Use of amino acids is one
of new and safety-effective technologies
being applied for improving crop yield and
for minimizing salinity stress-related
alterations. All studied traits were
significantly affected by high
concentrations of gibberellic acid (150
mg/l) and tryptophan (300 mg/l). GA3
was superior in all studied traits due to the
its role in increasing cells elongation and
division, then increasing all vegetative
growth, yield and yield components and
chemical compositions
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