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Abstract

Faba bean (Vicia faba L.) is an important legume crop valued for its nutritional quality and ecological role in sustainable agriculture. Its
productivity and seed composition can be influenced by micronutrient management, particularly boron (B), which plays a key role in
reproductive development. The experiment comprised two faba bean varieties (black-seeded and brown-seeded) and five foliar B levels
(0, 10, 20, 40, and 60 mg L' applied at the pre-flowering and pod formation stages) in a randomized complete block design with three
replications. The brown-seeded variety produced higher seed yield (2.32+0.04 t ha™) than the black-seeded variety (1.86+0.05 t ha!), while
among B treatments, foliar application at 60 mg L' produced the maximum seed yield (2.32+0.07 t ha™!) and the control gave the lowest one
(1.85+0.10 t ha™'). Although vegetative growth parameters were not significantly affected by B, reproductive and yield traits were notably
improved. The combination of brown-seeded faba bean with 60 mg L' B produced the highest number of branches plant! (3.80+0.25), pods
plant™ (38.60+1.42), seeds pod™ (3.53+0.05), 1000-seed weight (228.17+3.48 g), seed yield (2.48+0.04 t ha™), stover yield (2.55+0.04
t ha™'), and biological yield (5.03+0.08 t ha™'). The highest seed protein content (22+0.26%) was recorded in the brown-seeded variety
without B, whereas the black-seeded variety treated with 10 mg L' B showed the highest seed fat content (2.40+0.14%). These results
indicate that 60 mg L' foliar boron application to brown-seeded faba bean effectively enhances yield traits and yield, while seed quality

traits vary by genotype and boron level.
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Introduction

Faba bean (Vicia faba L.) stands out as a cold-hardy
legume cultured extensively worldwide, valued for its
remarkable nutrient content and significant ecological
advantages (Salvador-Reyes et al., 2023). It is a key
member of the Fabaceae family, the third-largest group
of flowering plants, and is the second most significant
nutrient after grains (Poaceae) (Shehbala, 2021). It is
an abundant supply of protein (25 - 40%), dietary fiber,
slowly digested carbohydrate, and vital minerals like iron,
magnesium, zinc, potassium, phosphorus, and zinc. It also
includes bioactive substances that promote health, such as
flavonoids and phenolics (Agrawal et al., 2024). The faba
bean provides a sustainable and reasonably priced plant-
based protein alternative to the more expensive animal-
based proteins (Paul et al., 2021; Al-Yasari et al., 2022).
Faba beans are currently grown in over 66 countries and
holds global significance as the fourth leading pulse crop,
preceded only by chickpeas, dry beans, and dry peas (Paul
& Gupta, 2021; Salvador-Reyes et al., 2023; Deb & Paul,
2024). Through symbiotic nitrogen fixation, it increases
soil fertility as a legume and lessens the demand for
synthetic nitrogen fertilizers (Svanes et al., 2022). Beyond
its agronomic and nutritional benefits, faba bean serves
as a natural source of levodopa (L-DOPA), the dopamine
precursor employed in managing Parkinson’s disease
(Upadhyay et al., 2014). Faba beans are grown mostly in
the central and northern areas, during the rabi season. After
transplanted Aman rice is harvested, local landraces like
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Kalimator, Baklakalai, and Bhograkalai are often grown
as residual or relay crops, usually under minimal tillage
conditions (Yasmin et al., 2020; Paul ez al., 2022). However,
despite its agronomic potential, yield instability remains a
major constraint to widespread adoption. Targeted nutrient
application through foliar feeding is considered one of the
key strategies to improve yield stability and productivity, as
it provides an efficient, rapid, and cost-effective supply of
macro- and micronutrients during the critical growth phase
(Ali et al., 2014; Salem et al., 2014). Boron is an essential
micronutrient that plays a critical role in crop growth,
development, productivity, and quality (Vera-Maldonado
et al., 2024). B deficiency in crops is more common than
any other micronutrient deficiency (Gupta, 1993; Mohamed
et al., 2024). Managing micronutrients, particularly B, is vital
to maximizing the growth and reproductive development
of faba bean. Boron is essential for hormone regulation,
nitrogen and potassium metabolism, sugar translocation,
and reproductive processes such as seed production, pollen
viability, and flower fertilization, yet due to fixation or
leaching soils in many regions, including Bangladesh, are
often deficient, making foliar application a practical strategy
to meet plant needs at critical growth stages (Kadhim, 2022).

In addition to having a severe effect on vegetative
growth, a lack of B can also have a major negative influence
on floral fertility and seed development, which lowers
the likelihood of successful reproduction. Because of its
function in enzymatic activity, amino acid synthesis, and
meristem activity, B is responsible for this (Al-Yasari



et al., 2022). A proper supply of B is especially important
for fruit quality (Dordas et al., 2007) and yield formation
(pollination) in commercial plant production (Khayyat
et al., 2007). According to earlier research, foliar B
application can improve seed quality, total production,
branching, and plant height (Mosleh & Abdul Rasool, 2019;
Elbatrawy et al., 2023). Current boron recommendations
remain uncertain because they are largely extrapolated from
other crops and regions. In contrast, boron availability,
cultivar-specific responses, and the effectiveness of foliar
applications vary substantially across local agro-ecological
conditions, highlighting the need for location-specific boron
management guidelines for faba bean. Therefore, the present
study aims to identify the optimal concentration of foliar-
applied boron to enhance the growth, yield, and seed quality
of faba bean varieties.

Materials and Methods
Experimental site and experimentation

The experiment was carried out at the Agronomy
Field Laboratory (25°15" N, 90°5" E) of Bangladesh
Agricultural University, Mymensingh, Bangladesh, from
November 2023 to March 2024. The site lies within the
Old Brahmaputra Floodplain (AEZ-9) and is characterized
by non-calcareous dark grey soil (UNDP & FAO, 1988).
The soil was characterized as siltyloam and pH value of
7.1, EC of 0.4 dS m’!, organic carbon of 1.27%, total N
of 0.11%, available P of 12.05 ppm, exchangeable K of
0.20 meq/100 g soil, available S of 18.10 ppm, and Zn
of 1.5 ppm, the land classified as medium high. The site
has a subtropical climate, marked by limited rainfall, low
humidity, cooler temperatures, and shorter days during the
period from November to March (Figure 1). The experiment
was comprised two local varieties viz. black-seeded (V) and
brown-seeded (V,) faba bean and five B concentrations: 0
(B,), 10(B,),20(B,), 40 (B,), and 60 (B,) mg L' applied at
the pre-flowering and pod formation stage. The experiment
conducted in a randomized completed block design with
three replications.

Crop husbandry

The seeds were collected locally from Northern part
(Gaibandha District) of Bangladesh and tested germination
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Figure 1: Meteorological data from November 2023 to March 2024
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percent in the lab prior to field experimentation. Ploughing
and cross ploughing were done to prepare the experimental
field, and then a power tiller was used to ladder it. As sources
of nitrogen, phosphorus, and sulfur, respectively, urea,
triple super phosphate (TSP), muriate of potash (MoP), and
gypsum were used. At final land preparation, N-P-K-S was
applied @ 10-40-40-10 kg ha! respectively in the form of
urea, TSP, MoP, and gypsum (Paul ef al., 2021). Boron was
applied as per treatment specification at two critical growth
stages- at pre-flowering (25 days after emergence, DAE)
and pod formation (60 DAE). Seeds were sown in furrows
spaced 40 cm x 20 cm and immediately covered with
soil. After sowing, the seeds were gently pressed into the
pulverized soil by hand to ensure proper contact. Following
seedling establishment, necessary intercultural operations
were carried out to support healthy growth and development
of the crop. At 15 DAE, when the plant reached a height of
8-10 cm, weeding and trimming were completed. When the
plant reached a height of around 28 to 30 cm, the second
weeding and thinning was carried out at 30 DAE.

Data collection

The crop was harvested when approximately 85% of
the pods had turned brown. In order to collect data on crop
characters and yield components five plants were chosen at
random, omitting border rows. Manually the seeds of the
pods were separated from the plants of 1.0 m? sampling area
and were dried in the Sun to a constant weight. After that,
the weight was recorded in an electrical balance, and the
seed and straw yields were converted to t ha!. The following
formula was used to get the harvest index (%).

Seed yield
Seed yield + Stover yield

x100

Harvest Index (%) =

The Micro-Kjeldahl Method was used to estimate the
protein (%) in faba bean seeds, and the Soxhlet apparatus
was used to calculate the crude fat (%) (AOAC, 2000).

Data analysis

The collected data were subjected to statistical
analysis using ANOVA in R software (version 4.4.2), and
treatment means were compared using the Least Significant
Difference (LSD) test, following the procedure described
by Gomez and Gomez (1984).

Results
Plant height

Plant height was expressively affected by variety and
foliar spray of B (Table 1). The brown-seeded variety
exhibited greater height (73.53+1.87 cm) than the black-
seeded variety (70.40+1.74 cm), likely due to inherent
genetic differences between the cultivars. Among the B
treatments, foliar application at 60 mg L' resulted in the
taller plants (75.92+2.42 cm), whereas the control group
without B recorded the shorter height (68.04+2.47 cm).
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Furthermore, a significant interaction effect was observed
between variety and B level (Table 2). The combination of
the V, variety with 40 mg L' B foliar spray produced the
taller plants (77.2+3.71 cm), while the V| variety without B
application resulted shorter plants (66.29+1.99 cm).

Number of branches plant’

Branch development in faba bean was markedly
influenced by varietal differences, as evidenced in Table 1,
where the brown-seeded type produced significantly
more branches per plant at harvest (3.28+0.13) compared
to the black-seeded variety (3.10+£0.14). Although the
foliar application of B did not result in a statistically
significant main effect, the highest branch number
(3.63+0.17) was observed under B, (60 mg L"), while
the lowest one (2.87+0.11) found in the control treatment
(B,). A significant interaction between variety and B
concentration was also recorded (Table 2), with the brown-
seeded variety under 60 mg L' B (V,B)) yielding the
greatest number of branches (3.80+0.25), whereas the
black-seeded variety without B (VB ) exhibited the fewest
(2.67+0.05).

Number of pods plant’

Varietal differences notably influenced the number of
pods plant’, with the brown-seeded faba bean producing
a slightly higher pod count (32.91+£0.99) than the black-
seeded variety (32.84+1.02), as presented in Table 1. The
foliar application of B also had a notable effect, where the
highest number of pods (37.33+0.89) was recorded under
the B, treatment (60 mg L"), and the lowest (29.63+1) was
noticed in B, (10 mg L"), which was statistically similar
to the control (B,). A significant interaction between variety
and B level was apparent (Table 2), with the maximum
pod production plant! (38.60+1.42) obtained from brown-
seeded variety with 60 mg L™ B (V,B)). In contrast, the
lowest number of pods (28.2+1.11) was found in V,B,
(brown-seeded x 10 mg L' B), which did not differ
significantly from V B and V. B,.

Length of pod
Pod length was significantly affected by variety,

with the brown-seeded faba bean producing longer pods
(4.47£0.07 cm) compared to the black-seeded variety

Table 1: Effect of variety and foliar application of boron on yield attributes and yield on faba bean

Variety Plant height Branches Pods plant® Length of Unfilled pods Seeds 1000-seed  Biological Harvest
(cm) plant'(no.)  (no.) pod (cm) plant!(no.) pod’'(no.) weight (g) yield (tha') index (%)
A 70.4+1.74>  3.140.14° 32.84+1.02° 4.13+£0.12> 2.48+0.19 3.2+0.06* 185.76+0.75> 3.83+0.08" 48.45+0.31
Vv, 73.53+1.87* 3.28+0.13* 32.91+0.99* 4.47+0.07*° 2.43+0.14 3.29+0.09° 224+1.54* 4.75+0.07* 48.72+0.27
LSD 45, 2.28 0.07 0.01 0.31 0.35 0.01 4.22 0.09 0.62
Slg leVel 3k ks koK k3k NS K3k ks k3k NS
CV% 4.13 3.10 3.99 9.51 19.11 2.42 2.69 2.82 2.68
Foliar application of boron
B, 68.04+£2.47°  2.87+0.11 29.7+0.82¢ 4.06+£0.27  2.37+0.19 3.03+0.16¢ 196.13£8.15> 3.89+0.19¢ 47.5+0.52¢
B, 69.13+£3.24%*  2.9+0.22  29.63+1¢ 428+0.13  2.57+0.25 3.27+0.11° 207.17+7.06* 4.17+0.19¢ 48.06:+0.30"
B, 72.5+£2.3®%  3354+0.23 32.6+£1.33° 4.39+0.16  2.1740.2  3.23+0.07° 207.39+7.98* 4.34+0.22" 48.91+0.11*
B, 74.24+2.74*  3.240.15 35.13+0.9* 4.26+0.04  2.5£0.27 3.234£0.06* 205.79+8.19* 4.38+0.21° 48.99+0.1*
B, 75.92+2.42*  3.63+0.17 37.33£0.89* 4.5+0.07  2.67+0.34 3.46+0.04* 207.91+£8.67* 4.7+0.14* 49.45+0.12°
LSD 45 3.60 1.37 1.45 0.49 0.56 0.09 6.68 0.14 0.99
Sig. level o NS K NS NS wx * o *K
CV% 4.13 3.10 3.99 9.51 19.11 242 2.69 2.82 2.68

Values in the same column with identical letters are statistically similar. ** =

Significant at 1% level of probability, * = Significance at 5% level of

probability, NS=Non-significant, Values are presented as mean+standard error. V =Black seeded faba bean, V,=Brown seeded faba bean, B =0 mg L™,

B=10mgL", B,=20 mg L', B,=40 mg L', B,=60 mg L'

Table 2: Effect of interaction between variety and foliar application of boron on yield attributes and yields of faba bean

VarietyxFoliar Plant height Branches Pods Length of  Unfilled Seeds 1000-seed Biological Harvest
application of (cm) plant™ plant pod (cm) pods plant!  pod weight (g) yield index
boron (no.) (no.) (no.) (no.) (t ha) (%)
VB, 66.29+1.99f 2.67+0.05¢ 29.2+0.71% 3.81+0.49"> 2.27+0.05* 3.07+0.2% 176.83+3.45¢ 3.43+0.01° 47.18+0.88°
V B, 67.17+3.74¢" 2.87+0.38" 31.07+1.19¢" 4,04+0.11> 2.6+0.43> 3.27+0.05% 190.19+2.2° 3.69+0¢ 47.74+0.48"
VB, 71.74+3.37%¢ 3.23+0.33¢ 31.8+2.32% 4.13+0.07®* 2+0.34° 3.240%  187.93+1.12¢ 3.82+0.02¢ 48.69+0.11%®
VB, 71.28+£3.22>1 3.2740.22°¢ 33.93£1.12%¢ 4.21£0.05® 2.07+0.29¢ 3.2+0.09% 186.24+2.8*¢ 3.88+0.03¢ 48.97+0.11%
VB, 75.53+4. 11 3.47+0.2° 36.07+£0.28% 4.43£0.12®® 3.47+0.05* 3.4+0.05® 187.65+3.89° 4.36+0.04¢ 49.66+0.14°
V.B, 69.78+4.29%" 3.07+0.14% 30.2+1.42°"t 4.31+£0.05® 2.47+0.36* 3.0£0.25¢ 215.42+2.35" 4.35+0.04° 47.82+0.47%
V,B, 71.14£5.04% 2.93+£0.22¢F 28.2+1.11¢ 4.51+0.12® 2.53+0.24 3.27+0.22% 224.16+1.52%® 4.64+0.01° 48.38+0.27*
V,B, 73.25+3.17%¢ 3.47+0.3° 33.4+1.14¢ 4.65+0.22° 2.33+0.14% 3.2740.14% 226.86+0.75" 4.86+0.14* 49.15+0.04
V,B, 77.243.71*  3.13£0.2¢¢ 36.33x1.02° 4.31+0.06®° 2.93+£0.27® 3.27+0.05% 225.39+2.18* 4.88+0.05" 49.02+0.17%
V.B, 76.31+£2.52% 3.8+0.25* 38.6+1.42* 4.56+0.07*° 1.86+0.14° 3.53+0.05* 228.17+3.48* 5.03+0.08* 49.24+0.1°
LSD 05 5.10 0.16 2.07 0.70 0.80 0.13 9.45 0.21 1.40
Slg leVel kk sk 3k * % sk ks kK kk
CV% 4.13 3.10 3.99 9.51 19.11 242 2.69 2.82 2.68

Values in the same column with identical letters are statistically similar. ** =

Significant at 1% level of probability, * = Significance at 5% level of

probability, NS=Non-significant, Values are presented as mean=standard error. V =Black seeded faba bean, V =Brown seeded faba bean, B =0 mg L",

B=10mgL", B,=20 mg L"", B,=40 mg L', B,=60 mg L"!
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(4.13+£0.12 cm), as shown in Table 1. Although B
application did not exert a statistically significant effect,
numerically the longest pods (4.5+0.07 cm) were recorded
under the B, treatment (60 mg L"), while the shortest
pods (4.06+0.27cm) were observed in the control (B ).
All treatment combinations except V B, were statistically
identical, with the exception of the V,B, treatment, which
had the longest pod (4.65+0.22 cm). Pods in V B were the
shortest, measuring 3.81+0.49 cm (Table 2).

Number of unfilled pods plant’

Neither variety nor foliar application of B exerted a
statistically significant effect on the number of unfilled pods
plant! (Table 1); however, numerically, the black-seeded
faba bean produced slightly more unfilled pods (2.48+0.19)
compared to the brown-seeded variety (2.43+0.14). The
maximum number of unfilled pods plant”! (2.67+0.34) was
recorded under the B, treatment (60 mg L"), while the
lowest one (2.17+0.2) found in B, (20 mg L"). Despite
the lack of individual effects, the interaction between
variety and B application was notably significant at the
5% (Table 2). The uppermost number of unfilled pods
plant” (3.47+0.05) was noticed in the V. B, treatment, which
was statistically comparable to V,B, and the lowest one
(1.86+0.14) was noted in V_B4.

Number of seeds pod’

Variety had a substantial impact on the amount of
seeds pod'; Table 1 shows that the brown-seeded faba bean
produced more seeds pod! (3.29+0.09), compared to the
black-seeded variety (3.20+0.06). The use of B also had
a notable impact; the B, treatment (60 mg L™") produced
the most seeds pod' (3.46+0.04), whereas the control (B0)
produced the fewest (3.03+0.16). Additionally, a noteworthy
interplay between B level and variety was observed
(Table 2). The V_B, treatment (brown-seeded x 60 mg L'
B) had the maximum number of seeds pod™' (3.53+0.05),
which showed no significant difference to V B,. In contrast,
the lowest seeds pod (3+£0.25) was found in V B, which
did not differ significantly in V B,

Weight of 1000 seeds

The 1000-seed weight was notably influenced by
variety, with the brown-seeded faba bean producing
heavier seeds (224+1.54 g) than the black-seeded variety
(185.76+0.75 g), as presented in Table 1 Foliar application
of B also had a notable impact on 1000-seed weight at
the 5% level of significance. The highest seed weight
(207.91£8.67 g) was observed in the B, treatment (60 mg
L"), which was statistically comparable to B,, B,, and B,,
while the lowest weight (196.13£8.15 g) was recorded in the
control (B,). A significant interaction between variety and
B application was also found (Table 2). The combination of
the brown-seeded variety with 60 mg L™ B (V,B,) resulted
in the highest 1000-seed weight (228.17+3.48 g), which
showed no significant difference to V,B, V,B,, and V,B..
In contrast, the lowest value (176.8343.45 g) was recorded

in V B, which was statistically similar to V B..
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Seed yield

Seed yield was greatly influenced by faba bean
variety. The brown-seeded variety exhibited a higher yield
(2.32+0.04 t ha™!) compared to the black-seeded variety
(1.86+0.05 t ha') (Figure 2a). Foliar supplementation
of boron (B) also had a pronounced effect on the seed
yield (Figure 2b). The highest yield (2.32+0.07 t ha™)
was obtained under the B, treatment (60 mg L"),
followed by B, and B, whereas the control (B) resulted
in the lowest seed yield (1.85+0.10 t ha™"). A significant
interaction between variety and B application was found
in seed yield (Figure 2c¢). The maximum seed yield
(2.4840.04 t ha™') was achieved under the V_B, treatment,
which was at par with V,B, and V,B.. In contrast, the lowest
yield (1.62+0.03 t ha™) was recorded in V B,

Stover yield

Stover yield also varied significantly between varieties.
The brown-seeded faba bean resulted in the highest stover
yield (2.44+0.03 t ha™!), surpassing that of the black-seeded
variety (1.98+0.03 t ha™") (Figure 3a). Foliar B application
exerted a significant effect, with the maximum stover yield
(2.38+0.08 t ha™') obtained under B, (60 mg L"), followed
by B, (40 mg L"), which was statistically comparable to
B, and B, (Figure 3b) while the control (B ) resulted in
the lowest stover yield (2.04+0.10 t ha™'). Stover yield
was significantly influenced by the interaction between
variety and boron (Figure 3c). The highest stover yield
(2.56+0.04 t ha™') was recorded under V_B,, which was
statistically at par with V B, and V_B,. Conversely, the
lowest yield (1.81+0.03 t ha™) found in V B, which was
statistically similar to V B,

Biological yield

Biological yield was greatly influenced by
variety, brown-seeded faba bean produced a higher
biological yield (4.75+0.07 t ha™') than the black-seeded
variety (3.83+0.08 t ha™"), as shown in Table 1. Foliar
supplementation of B also had a notable effect on biological
yield. The maximum yield (4.70+0.14 t ha™") was recorded
under the B, treatment (60 mg L"), followed by B, and
B,, while the control (B0) had the minimum biological
yield (3.89+0.19 t ha™'). A significant interaction between
variety and B application was observed in Table 2. The
highest biological yield (5.03+0.08 t ha™') was noticed
in the V_B, treatment, which was statistically similar to
V,B,, V.B,, and V B, while the lowest biological yield
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(3.43£0.01 t ha™') was recorded in V B (Table 2).
Harvest index

Variety did not have a notable effect on the harvest
index, although the brown-seeded faba bean exhibited
a slightly higher value (48.72+0.27%) compared to the
black-seeded variety (48.45+0.31%) as shown in Table 1.
In contrast, foliar application of B greatly influenced the
harvest index. The highest harvest index (49.45+0.12%) was
observed under the B, treatment (60 mg L), which was
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Effect of Variety Effect of foliar application of boron
a a
b b
= o c
's 2- L 's 2 g
= =
= =
2 =
= =
w2 w2
0 0
B Vi V2 b B0 B1 B2 B3 B4
Variety Boron Levels
Effect of interaction between variety and foliar application of boron
34
a a 8
_':« be ! b
] de d
s 2 + e
=
2
-
T 1
3
w1
VIBO VIBI ViB2 VIB3 VB4 V2B0 V2BI V2B2 V2B3 V2B4
Treatments
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Figure 3: (a-c) Effect of faba bean variety, foliar application of boron, and their interaction on stover yield of faba bean

statistically comparable to B, and B,, while the lowest value
(47.50+0.52%) was observed in the control (B,), similar to
B, (Table 1). A significant interaction between variety and
B application was also found in harvest index (Table 2).
The highest harvest index (49.66+0.14%) was recorded in
V B, (black-seeded x 60 mg L™ B) where the lowest value
(47.18+0.88%) was found in V B (black-seeded x control).

Seed protein content (%)

Seed protein content was notably influenced by
variety, with the brown-seeded faba bean having higher
protein content (17+£0.85%) than the black-seeded
variety (16+0.37%) (Figure 4a). Foliar B application also
significantly affected protein content; the control (BO0)
showed the highest protein content (19+1.23%), followed
by B, (60 mg L), while B, (10 mg L") had the lowest

20

(15+1.24%) (Figure 4b). A significant interaction between
variety and B was observed. The highest protein content
(2240.26%) was recorded in V, B, (brown-seeded x control),
followed by VB, which showed no significant difference
toV B,,V,B,,and V B,, while the lowest value (12+0.36%)

229 1P

found in V_B, (brown-seeded x 10 mg L™") (Figure 4c).
Seed fat content (%)

Variety had no significant effect on seed fat content,
though the black-seeded faba bean showed a slightly higher
fat percentage (1.92+0.09%) than the brown-seeded variety
(1.90+0.11%) (Figure 4a). Foliar B application significantly
affected fat content, with the highest value observed in
B, (2.25+0.11%), which was as good as B,, while the
lowest fat content (1.50+£0.09%) was found in the control
(B,) (Figure 4b). A significant interaction between variety
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Figure 4: (a-c) Effects of faba bean variety, foliar boron application, and their interaction on seed protein and fat contents. Values
are presented as mean + standard error. V| = Black seeded faba bean, V, = Brown seeded faba bean, B = 0 mg L', B, = 10 mg L,

B,=20mgL"', B,=40mgL", B,= 60 mg L"

and B was recorded in V B, (black-seeded x 10 mg L'
B) produced the highest fat content (2.4+0.14%) which
was at par with V.B,, V.B, V.B , and V B,, whereas the

lowest (1.30+0.07%) was recorded in V B (brown-seeded
x control), statistically similar to V| B, and V_B, (Figure 4c).

Discussion

Foliar supplementation of boron (B) significantly
influenced faba bean growth, yield, and seed quality, with
marked differences observed between the brown- and black-
seeded varieties. The brown-seeded variety consistently
outperformed the black-seeded variety in plant height,
branch number, pod number, pod length, seeds pod!,
1000-seed weight, and both seed and biological yield,
highlighting the importance of genetic factors in shaping
varietal responses to micronutrient supplementation. The
increase in plant height recorded at higher B concentrations,
particularly at 60 mg L', is attributable to boron’s
crucial role in carbohydrate translocation, regulation and
mobilization of indole-3-acetic acid (IAA), and stimulation
of cell division and expansion in meristematic tissues (Shelp
etal., 2006; Assi et al., 2019; Hassan, 2019; Kadhim, 2022).
Branch development was also enhanced under B application,
especially in the brown-seeded variety, reflecting boron’s
influence on lateral growth through improved photosynthate
allocation and hormonal regulation (Sharaf ez al., 2009; Al-
Amiri, 2014). Pod number and length increased with foliar
B, indicating its involvement in reproductive processes
such as pollen tube growth, fertilization, and pod set (Reda
et al., 2014; Kadhim, 2022; Dey et al., 2023). The number
of seeds pod' and 1000-seed weight were notably improved
with boron application, likely due to optimized source—sink

relationships and enhanced assimilate translocation toward
developing seeds (Barker & Pilbeam, 2006; Sharaf et al.,
2009; Kadhim, 2022; Khuong ef al., 2022). Seed yield
and stover yield also increased under higher B levels,
reflecting improved vegetative growth, flowering, and
assimilate partitioning (Kumar et al., 1988; El-Kabbany,
2000; Kassab, 2005). Biological yield showed a similar
trend, with maximum values recorded in the brown seeded
faba bean with 60 mg L!, combination, suggesting that
boron enhances overall biomass accumulation by promoting
chlorophyll synthesis, enzymatic activity, and structural
development (Gharib & Hegazi, 2010). Harvest index was
moderately improved under B application, indicating more
efficient allocation of dry matter toward economic yield
(Daoud, 1999).

Seed quality traits, including protein and fat content,
displayed variable responses to foliar B. Higher protein
content in certain treatments, particularly in the control
and some B combinations, may reflect interactions
between boron and nitrogen metabolism, with excessive
or imbalanced B potentially reducing protein synthesis
(Ziolek & Ziolek, 1988; Jasim & Obaid, 2014; Elbatrawy
et al., 2023). Conversely, moderate B application
(10-60 mg L") enhanced seed fat content, likely through
increased phloem sugar mobility, particularly sucrose,
which serves as a carbon source for fatty acid synthesis,
and through the activation of key enzymes such as fatty
acid synthase and acetyl-CoA carboxylase (Bellaloui,
2011; Bellaloui et al., 2013). The consistent significance
of variety and B interactions across most traits highlights
the importance of cultivar-specific B management for
optimizing both yield and seed quality. Overall, these
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findings confirm that foliar boron application, particularly
at 60 mg L! during pre-flowering and pod formation,
substantially enhances vegetative growth, reproductive
development, yield components, and selected quality
parameters in faba bean.

Conclusion

This study demonstrated that foliar boron
supplementation significantly enhanced the growth, yield,
and seed quality of faba bean under field conditions. Among
the tested varieties, the brown-seeded type consistently
outperformed the black-seeded type in key agronomic traits
and yield attributes. Foliar application of boron at 60 mg
L, applied twice at pre-flowering and pod formation stages,
proved to be the most effective treatment. This combination
maximized seed yield, biomass production, and important
yield components such as pods plants™, seed weight, and
seeds pod™. The findings highlight that brown-seeded faba
bean is particularly responsive to boron nutrition, especially
when supplied at critical developmental stages namely at
the pre-flowering and pod formation stages. Therefore,
integrating foliar boron application into existing cultivation
practices can substantially improve faba bean productivity
in similar agro-ecological zones.
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