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Abstract

Prolonged water stress can have detrimental effects on most plants, including Vicia faba L. (broad bean),
which is an important legume. The use of exogenous coarse or nano-structured silicon on various plants has
yielded conflicting results in terms of improving plant water relations and alleviating drought stress.
Therefore, the objective of this study was to examine the effects of exogenously applied silicon and nano-
silicon on the morpho-physiological responses of three recently introduced Vicia faba genotypes during the
vegetative growth stage under water deficit stress. In a greenhouse experiment, three genotypes, two levels
of irrigation regimes, and three levels of silicon were arranged in a completely randomized factorial design,
with five replications. The results indicated that water deficit stress significantly reduced shoot height, as well
as shoot and root fresh and dry weights, while also decreasing relative water content in all three genotypes.
Conversely, chlorophyll, carotenoid, malondialdehyde (MDA) content, and soluble guaiacol peroxidase
activity increased in response to water stress. Notably, the G62 genotype exhibited greater sensitivity to
water stress compared to G20 and G61, based on guaiacol peroxidase activity and MDA content.
Furthermore, the effects of silicon and nano-silicon on the morpho-physiological characteristics of the plants
were found to be minimal, but were significantly influenced by the genotype and experimental conditions.
These findings suggest that before the wide application of exogenous silicon in field trials, particularly in
mitigating the adverse effects of water deficit during the vegetative stage of Vicia faba, prior testing of
genotype-specific responses is necessary.
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Introduction

As one of the earliest crops to be domesticated in now widely acknowledged as a primary source of

the Middle East, broad beans (Vicia faba L.) are protein and energy for both human and animal
consumption on a global scale. These seeds

consist of approximately 30% protein and are

;COf;e:ZZ”d"”gAZt:‘”h — abundant in micronutrients (Warsame et al,,
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based cropping systems, such as disrupting the life
cycle of diseases and weeds. It also serves as a
cover crop, aiding in the restoration of soil
nitrogen levels and preventing soil erosion (Islam
et al., 2024). According to the FAO report, the
worldwide production of broad beans was
estimated to be approximately 6 million tons in
2021, making it the sixth most cultivated legume
crop globally (Fao, 2019). Nevertheless, like many
other crops, the overall yield of broad beans is
vulnerable to the impacts of global climate
change.

Among the various abiotic factors that globally
challenge crop production, water stress plays a
crucial role. The uneven distribution of rainfall,
combined with groundwater shortages, often
leads to water stress in the environment
(Virnodkar et al., 2020), ultimately resulting in a
significant decrease in plant yield. Water deficit is
one of the major limiting factors for the growth
and production of crops in arid and semi-arid
regions worldwide, posing a threat to human food
security (Biswas et al., 2025). Regional climate
change models identify the Mediterranean
regions and the Middle East as "hotspots" of
severe water stress, where crop failures and
livestock deaths are common (Barlow et al., 2015).

Broad beans are particularly sensitive to water
deficit, especially when cultivated under rain-fed
systems in arid or semi-arid regions (Karwani et al.,
2024). A meta-analysis revealed that a 65%
reduction in water availability resulted in a 40%
decrease in broad bean yield, with the sensitivity
to water deficit depending on the cultivar and
other environmental conditions (Daryanto et al.,
2015). The most significant effects of water stress
on plants include stomatal closure, cell injury
caused by reactive oxygen species, a decline in
cellular water content, and increased cellular
temperature, all of which may hinder plant growth
and limit the production of photosynthetic
materials necessary for grain filling (Farooq et al.,
2017). Ammar and colleagues (2015) examined
the physiological and yield responses of various
broad bean genotypes to drought stress and
reported that water deficit reduced root and
shoot length, chlorophyll content, and grain yield
while increasing leaf free proline, leaf soluble
proteins, and malondialdehyde content in a

genotype-dependent manner (Ammar et al,
2015). Siddiqui and colleagues (2015) analyzed the
tolerance of 10 broad bean genotypes to drought
stress based on morpho-physiological and
biochemical factors and found that although
drought stress reduced all growth parameters of
the examined genotypes, the detrimental effects
of water deficit stress were less pronounced in
several genotypes with higher levels of antioxidant
activities.

Alghamdi and colleagues (2015) utilized amplified
fragment length polymorphism analysis to
demonstrate genetic variation among twenty
broad bean genotypes with divergent drought
tolerance, which was associated with different
leaf area, leaf temperature, relative water
content, and grain yield. Abid and co-workers
(2020) reported that the exogenous application of
1 mM B-aminobutyric acid improved the drought
tolerance of broad beans by activating several
drought-tolerance-related genes such as VfMYB,
VfDHN, and VfHSP, leading to increased leaf water
content and photosynthesis, but decreased
production of hydrogen peroxide, lipid
peroxidation, and membrane leakage. In a pot
trial, the application of superabsorbent
nanocomposites was shown to enhance broad
bean tolerance to drought stress by promoting
broad bean growth and physiological
characteristics, including increased levels of Chl b,
carotenoids, catalase (CAT), and superoxide
dismutase (SOD) (Kenawy et al., 2022). The above-
mentioned reports confirm that drought tolerance
in broad beans is a genotype-specific response and
requires further detailed analysis for newly
emerged genotypes.

Silicon is the second most abundant element in
soil, comprising approximately 28% of the Earth's
crust in the form of silicon dioxide (Tubana et al.,
2016). When plants uptake silicon, it primarily
accumulates in the cell walls of vascular tissues in
the stem, leaf, pod, and epidermal cells. Silicon
plays a crucial role in regulating plant physiological
processes (Rizwan et al.,, 2015). It has been
observed that silicon has beneficial effects on
plant growth and enhances resistance to both
biotic and abiotic stresses. For instance,
exogenous silicon application has been shown to
improve water stress tolerance in sorghum (Wang
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et al., 2021). Moreover, Sohrawardy et al. (2024)
demonstrated that nanostructured silicon dioxide
significantly enhances the growth characteristics
of black pine (Larix olgensis). Roychoudhury
(2020) reported that silicon nanoparticles had a
more pronounced positive effect on the growth
and physiology of maize (Zea mays L.) compared
to coarse silicon. Karavidas and coworkers
provided evidence that silicon application
increases the 100-seed weight and yield of broad
bean under saline conditions (Karavidas et al.,
2022). It is important to note that the beneficial
effects of silicon application may vary depending
on the cultivar, e.g., Qados and Moftah (2015)
demonstrated that the addition of 2 mM silicon or
nanosilicon significantly increased the growth and
water content of specific broad bean cultivars
under salinity stress. Furthermore, silicon
application has shown promise in enhancing broad
bean responses to drought stress, as Desoky et al.
(2021) found that foliar application of 1.5 mM
nanosilicon improved plant responses to water
deficit. This treatment has the potential to
enhance seed and biomass yields in plants grown
in arid environments (Desoky et al., 2021).

Given the increasing occurrence of water stress in
broad bean cultivation, it is essential to conduct a
comprehensive analysis of drought tolerance in
different cultivars across various growth stages to
improve plant performance and yield (Muktadir et
al.,, 2020). In this study, our objective was to
investigate the effects of silicon and nanosilicon
on alleviating water stress and examine their
impact on the morpho-physiological and
biochemical characteristics of three relatively new
broad bean genotypes, considering the genotype-
specific interaction between drought stress and
silicon in broad bean plants.

Materials and Methods
Plant Cultivation and Treatments

Three genotypes of broad bean (Vicia faba L.), G20
(g-faba-20), G61 (g-faba-61), and G62 (g-faba-62),
were used in this study. These genotypes were
originally introduced as semi-water stress tolerant
mother plants by the International Center for
Agricultural Research in the Dry Areas (ICARDA)

and were provided by the Seed and Plant
Improvement Institute (SPII), Iran. The genotypes
have the following codes: ILB1269 (G20),
DT/B7/7380/ 0405-HBP/DS0/2000 (G61), and
ILB1814 (G62). G61 and G62 have undergone
three rounds of recurrent selection by the Gorgan
Agricultural Organization in Iran to improve fungal
resistance. The seeds were sown in plastic pots (¢
=30 cm) containing a 50/50 silty-loam soil with a
pH of 7.8, an electrical conductivity of 460 uS-m™,
and a total nitrogen content of 0.12%.

The experiments were conducted using a factorial
design with three factors (water stress, genotype,
silicon) and five replications. The plants were
grown in a growth chamber under cool white
fluorescent light (45 umol quanta m=2 s™") with a
16/8 light/dark photoperiod at 22 °C * 2 for seed
germination and seedling growth.

Water stress treatments were applied either every
four days or every eight days. Preliminary
experiments showed that irrigation every eight
days led to a roughly 50% decrease in field
capacity under our conditions. Three levels of
silicon treatment were used, including a control
group with no silicon, potassium silicate, and
nano-silicon, each at a concentration of 2 mM. The
solutions were mixed using an ultrasonic
homogenizer (Bandlin, UV-3100) for 30 minutes
before application. Silicon was applied to all plant
leaves twice—once when the seedlings were 15
days old and again when they were 20 days old—
using 5 mL of suspension solution each time. The
plants were harvested 30 days after the
treatments. After morphological analyses, they
were transferred to -70 °C for biochemical assays.

Biochemical and Physiological Measurements
Chlorophyll content was measured according to
the method of Arnon (1949) using the following
formulas:

Chla: (12.78 Aseg - 2.69 A545)

Ch|b: (2298 A545 - 4.68 A563)

Chltot = (20.2A645+ 8.02 Aseg)

C= (1000 As70 — 1.82 Chl, - 85.02 Chl) /198
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Fig. I. Effects of silicon treatment (Ctrl, control; N-Si, 2 mM nano-silicon; Si, 2 mM silicon) on three faba bean genotypes (G20,
G61 and G62) shoot height, grown under water deficit condition (Ctrl, irrigation every 4 days; Drought, irrigation every 8 days).

Plants were harvested 30 days after the last silicon treatment.

where Chl,, Chl,, and Chl: represent chlorophyll
a, b, and total chlorophyll, respectively. C
represents total carotenoids, and A represents
light absorbance at the specified wavelengths.

Soluble guaiacol peroxidase was extracted
following the method described by Kar and Mishra
(1976) and measured in kinetic mode using a
Shimadzu 3100 spectrophotometer (Japan) at 470
nm, as outlined by Chance and Mahley (1955). The
reaction mixture consisted of 25 mM phosphate
buffer (pH = 6.8), 2 MM H,0,, and 30 mM enzyme
extract. Lipid peroxidation was measured as
described by Prochazkova et al. (2001).

Statistical Analysis

Analysis of variance (ANOVA) and the LSD post hoc
test, as well as figure creation, were performed
using R software (version 4.1.2) (R Core Team,
2020).

Results

A three-way ANOVA was conducted to assess the
impact of water stress, genotype, and silicon
treatment on various morphological, biochemical,
and physiological traits of broad bean (Vicia faba

L.) plants during the vegetative growth phase. The
absence of significant outliers, normal distribution
of residuals, and homogeneity of variances was
confirmed through box plots, Shapiro-Wilk's test,
and Levene's test (P < 0.05), respectively (not
shown).

ANOVA of the effects of the examined treatments
on plant shoot height (Online Resource 1) reveals
statistically significant main effects of irrigation [F
(1, 102) = 1744.08, p < 0.0001], genotype [F (2,
102) = 64.67, p < 0.0001], and silicon [F (2, 102) =
26.348, p < 0.0001]. Additionally, there are two-
way interactions between water stress and
genotype [F (2, 102) = 33.36, p < 0.00001] and
between drought stress and silicon treatment [F
(2,102) =3.59, p =0.003]. Mean comparisons (Fig.
[) indicate that the applied water stress treatment,
i.e., increasing the irrigation interval from 4 days
to 8 days, significantly reduced the plant shoot
height of all three examined genotypes. Although
the G62 genotype plants were considerably taller
than both G20 and G61 genotypes in the absence
of water stress (LSD, p < 0.05, n = 102), all three
genotypes exhibited similar shoot heights under
water stress treatment. Neither silicon nor nano-
silicon treatments significantly affected plant
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Fig. Il. Effects of silicon treatment (Ctrl, control; N-Si, 2 mM nano-silicon; Si, 2 mM silicon) on three faba bean genotypes (G20,
G61 and G62) shoot fresh weight, grown under water deficit condition (Ctrl, irrigation every 4 days; Drought, irrigation every
8 days). Plants were harvested 30 days after the last silicon treatment.

shoot height, regardless of the presence or
absence of water stress (Fig. 1).

The shoot fresh weight of the plants was
significantly influenced by irrigation [F (1, 102) =
811.95, p < 0.0001], genotype [F (2, 102) = 21.56,
p < 0.0001], and silicon [F (2, 102) = 7.88, p <
0.0006], as well as the interaction between
irrigation and genotype [F (2, 102) = 3.86, p = 0.02]
and the three-way interaction of irrigation,
genotype, and silicon [F (2, 102) = 3.46, p = 0.01].
The mean comparison analysis reveals that shoot
fresh weight decreased in all three genotypes
under water stress. Only in G20, grown under
control conditions, was shoot fresh weight
reduced by silicon or nano-silicon treatments (LSD,
p £ 0.05, n = 102; Fig. Il). On the other hand, the
shoot dry weight of the plants was only
significantly affected by irrigation [F (1, 102) =
239.50, p < 0.0001] (Fig. IN).

When considering the fresh weight of plant roots,
the following factors had significant effects:
irrigation [F (1, 102) = 550.45, p < 0.0001],
irrigation: genotype interactions [F (2, 102) =
14.85, p < 0.00001], irrigation: silicon interactions

[F(2,102)=6.18, p = 0.003], and genotype: silicon
interactions [F (4, 102) = 4.41, p = 0.003]. Under
control conditions, the root fresh weight of G61
was higher, compared to the other genotypes.
However, under water stress, the root fresh
weight of all three genotypes was similar (Fig. IV).
The effects of silicon or nano-silicon on plant
responses to water stress were negligible.

The dry weight of plant roots was significantly
influenced by irrigation [F (1, 102) = 208.39, p <
0.001], genotype [F (2, 102) = 22.35, p < 0.001],
irrigation: genotype interactions [F (2, 102) =
14.00, p < 0.001], irrigation: silicon interactions [F
(2, 102) = 5.59, p < 0.005], and genotype: silicon
interactions [F (4, 102) = 3.10, p < 0.02]. As shown
in Fig. V, under control conditions, the root dry
weight of G61 was higher compared to the other
two genotypes. However, under water stress, all
three genotypes exhibited similar root dry
weights.

These findings suggest that the effects of silicon
treatment on alleviating water deficit stress were
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Fig. Ill. Effects of silicon treatment (Ctrl, control; N-Si, 2 mM nano-silicon; Si, 2 mM silicon) on three faba bean genotypes (G20,
G61 and G62) shoot dry weight, grown under water deficit condition (Ctrl, irrigation every 4 days; Drought, irrigation every 8
days). Plants were harvested 30 days after the last silicon treatment.
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Fig. IV. Effects of silicon treatment (Ctrl, control; N-Si, 2 mM nano-silicon; Si, 2 mM silicon) on three faba bean genotypes (G20,
G61 and G62) root fresh weight, grown under water deficit condition (Ctrl, irrigation every 4 days; Drought, irrigation every 8
days). Plants were harvested 30 days after the last silicon treatment.

limited to the plants' relative water content
(Fig.V1).

The effects of water stress on the photosynthetic
characteristics of broad bean seedlings were
further analyzed by measuring chlorophyll and
carotenoid content. The analysis of variance
(Online Resource 1) revealed statistically
significant main effects of irrigation [F (1, 102) =
73.86, p < 0.0001], genotype [F (2, 102) =3.68, p <
0.03], and two-way effects of irrigation: genotype

[F (2, 102) = 5.53, p < 0.005], as well as irrigation:
silicon [F (2, 102) = 3.63, p < 0.03], on the
chlorophyll content. Comparable results were
observed in chlorophyll b and carotenoid contents
(Online Resource 1). The water stress treatment,
in the form of increased irrigation intervals, was
associated with a significant increase in
chlorophyll a/b and total carotenoids, which was
more pronounced in the G61 genotype (Figs. VII-
1X).
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Fig. V. Effects of silicon treatment (Ctrl, control; N-Si, 2 mM nano-silicon; Si, 2 mM silicon) on three faba bean genotypes (G20,
G61 and G62) root dry weight, grown under water deficit condition (Ctrl, irrigation every 4 days; Drought, irrigation every 8
days). Plants were harvested 30 days after the last silicon treatment.
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Fig. VI. Effects of silicon treatment (Ctrl, control; N-Si, 2 mM nano-silicon; Si, 2 mM silicon) on three faba bean genotypes (G20,
G61 and G62) relative water content, grown under water deficit condition (Ctrl, irrigation every 4 days; Drought, irrigation every
8 days). Plants were harvested 30 days after the last silicon treatment.

Further biochemical analysis revealed that the
amounts of carotenoids, the activity of guaiacol
peroxidase (Fig. X), and malondialdehyde content
(Fig. XI) were comparable between the three
examined genotypes under control conditions and
elevated in response to the applied water stress
treatment. Under drought treatment, the
elevation levels of carotenoids and guaiacol
peroxidase in the G62 genotype were lower than

those in the G20 and G61 genotypes. However,
the level of increase in malondialdehyde content
in G62 was higher than that in the other two
genotypes. These observations may suggest that
the G62 genotype is more sensitive to water
deficit than G20 and G61.

Silicon treatment did not have a significant effect
on carotenoid levels in the G20 and G61 genotypes
under normal conditions or during drought stress.
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Fig. VII. Effects of silicon treatment (Ctrl, control; N-Si, 2 mM nano-silicon; Si, 2 mM silicon) on three faba bean genotypes (G20,
G61 and G62) Chl a, grown under water deficit condition (Ctrl, irrigation every 4 days; Drought, irrigation every 8 days). Plants
were harvested 30 days after the last silicon treatment.
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Fig. VIII. Effects of silicon treatment (Ctrl, control; N-Si, 2 mM nano-silicon; Si, 2 mM silicon) on three faba bean genotypes (G20,
G61 and G62) Chl b, grown under water deficit condition (Ctrl, irrigation every 4 days; Drought, irrigation every 8 days). Plants
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Fig. IX. Effects of silicon treatment (Ctrl, control; N-Si, 2 mM nano-silicon; Si, 2 mM silicon) on three faba bean genotypes (G20,
G61 and G62) carotenoids, grown under water deficit condition (Ctrl, irrigation every 4 days; Drought, irrigation every 8 days).
Plants were harvested 30 days after the last silicon treatment.
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Fig. X. Effects of silicon treatment (Ctrl, control; N-Si, 2 mM nano-silicon; Si, 2 mM silicon) on three faba bean genotypes (G20,
G61 and G62) guaiacol peroxidase, grown under water deficit condition (Ctrl, irrigation every 4 days; Drought, irrigation every
8 days). Plants were harvested 30 days after the last silicon treatment.
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Fig. XI. Effects of silicon treatment (Ctrl, control; N-Si, 2 mM nano-silicon; Si, 2 mM silicon) on three faba bean genotypes (G20,
G61 and G62) malondialdehyde, grown under water deficit condition (Ctrl, irrigation every 4 days; Drought, irrigation every 8
days). Plants were harvested 30 days after the last silicon treatment.

However, in the G62 genotype, silicon treatment
increased carotenoid content in well-watered
plants. The effects of silicon or nano-silicon
treatments on guaiacol peroxidase activity were
minimal. The only significant increase in enzyme
activity was observed in the G20 genotype under
drought stress with nano-silicon treatment. Silicon
or nano-silicon did not have a statistically

significant effect on malondialdehyde content in
any of the tested genotypes.

Discussion

Terrestrial plants employ biochemical and
physiological processes to safeguard their cells
against dehydration during periods of water
scarcity. In our experiments, the growth of all
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examined broad bean (Vicia faba L.) genotypes
was affected by water stress imposed through
delayed irrigation intervals. Similar reductions in
shoot height under drought stress have also been
observed in mung beans (Amanullah et al., 2022).
Plant height can be influenced by both genetic
characteristics and various environmental
stressors, such as water deficit, which can impede
cell division and elongation (Muktadir et al., 2020).
Our data demonstrate that although all three
examined genotypes were impacted by water
deficit treatment, the detrimental effects of
drought on shoot height were more pronounced
in the G62 genotype compared to G20 or G61.
However, this disparity was not observed in terms
of shoot fresh/dry weight. Two plant hormones,
namely abscisic acid (ABA) and cytokinin, are
believed to play important roles in plant responses
to drought stress. ABA rapidly accumulates in
response to drought stress and plays a crucial role
in regulating multiple processes, including the
accumulation of protective compounds, closure of
stomata, and shoot growth (Gomez-Cadenas et
al., 2015).

Two lines of evidence suggest that cytokinin
signaling components act as negative regulators of
plant drought tolerance: (i) cytokinin-deficient
plants, including CKX (cytokinin
oxidase/dehydrogenase) overexpression lines and
ipt1,3,5,7 quadruple mutants, exhibit enhanced
drought tolerance and slower shoot growth
(Hussain et al., 2025); and (ii) the Arabidopsis type
B cytokinin response regulators ARR1, ARR10, and
ARR12 have been shown to negatively regulate
plant responses to dehydration (Nguyen et al.,
2016). On the other hand, Gujjar et al.
(2020)reported that stress-induced cytokinin
synthesis increased the tolerance of rice to
drought stress via the regulation of carbon and
nitrogen assimilation.

Taking into consideration all the examined
morphological traits, it appears that G20, G61, and
G62 do not exhibit significantly different genetic
potential to withstand water deficit. Comparable
sensitivity to water deficit has been reported in
other broad bean genotypes (Siddiqui et al. 2015).
Reductions in whole-plant dry weight can be
attributed to decreased photosynthesis and
diminished leaf area index (Muktadir et al., 2020).

In conclusion, we can deduce that in plants
exposed to water deficit, three phenomena can be
observed:

1. Water deficit causes wilting and reduced
plant height without significantly affecting
dry mass.

2. Arebalancing between ABA and cytokinin,
occurring during prolonged water stress,
can further decrease plant height/weight
due to the redistribution of
photosynthetic products between the
shoot and root. This type of effect may
even result in increased
chlorophyll/carotenoid contents per leaf
fresh weight.

3. Prolonged and severe water deficit stress
can impair plant metabolism and further
diminish the photosynthetic apparatus
and vegetative growth, ultimately
resulting in reduced plant biomass and
crop yield.

One of the effective mechanisms that plants use
to cope with water stress is the production of
osmoprotectants to maintain cellular osmotic
potential (Abid et al, 2021). Our results
demonstrated that water stress caused a slight but
statistically significant decrease in leaf relative
water content, indicating that the applied water
deficit stress was effective at the cellular level. As
a response to water deficit stress, the
accumulation of osmoprotectants in cells may
help maintain cellular water potential (Rady et al.,
2021). Otherwise, it could result in reduced cell
division, altered hormonal balance, impaired net
photosynthesis, and eventual cell death.

Based on the findings of this experiment, it was
observed that under the applied water deficit
treatments, there was a decrease in vegetative
growth rate but an increase in chlorophyll a and b,
total carotenoids, and xanthophylls. This suggests
that the treated plants were still in the early stages
of adapting to water stress. In other words, the
increase in chlorophyll content may be due to an
artifact of chlorophyll measurement, which is
based on the fresh weight of plants. When the
fresh weight decreases, it can give the appearance
of increased chlorophyll.
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Taking a more realistic approach, we believe that
the differential sensitivity of two events (cell
expansion vs. chloroplast number per cell) in
response to water deficit might play a role — cell
expansion is more sensitive to drought than
chloroplast number.

In general, the impact of water stress on
chlorophyll content varies and depends on other
environmental conditions and plant genotype. For
example, some species have shown a decrease in
chlorophyll a/b under mild water stress, while
others have observed an increase in chlorophyll
a/b (Muktadir et al., 2020). It has been reported
that in wheat, soil water deficit might enhance the
effect of atmospheric water deficit on solar-
induced chlorophyll fluorescence (Liu et al., 2020).
Therefore, it is tempting to speculate that in broad
bean plants exposed to soil water deficit, a rapid
loss of atmospheric moisture (vapor pressure
deficit) may accelerate chlorophyll degradation,
while increased atmospheric vapor pressure may
inhibit chlorophyll degradation. Since the water
deficit treatment in our experiments was applied
in late autumn, increased atmospheric vapor
pressure could have prevented chlorophyll
degradation. However, we consider this possibility
too speculative; thus, future experiments are
needed to investigate the effect of heat and
atmospheric water deficit on the physiological and
growth responses of broad bean under soil water
deficiency.

Antioxidant enzymes can counteract the
accumulation of reactive oxygen species (ROS)
caused by prolonged water deficiency, which can
otherwise damage cells, including lipid
peroxidation and cell membrane leakage (Abid et
al., 2020). Our data reveal that the guaiacol
peroxidase activity of G20, G61, and G62
genotypes was similar under control conditions
but increased up to two-fold only in G20 and G61
genotypes, suggesting that these lines may be
more resistant to the applied drought treatment
compared to G62.

Consistent with this idea, the level of
malondialdehyde in G62 plants under drought
stress was almost twice that in well-watered
plants. Under water deficit stress,

malondialdehyde can be produced by the
oxidation of unsaturated fatty acids with multiple
double bonds found in the plasma membrane due
to the accumulation of oxygen free radicals
(Morales and Munné-Bosch, 2019). Overall, the
observed low level of guaiacol peroxidase and high
level of malondialdehyde in the G62 genotype may
imply that G62 in the vegetative stage is more
sensitive to water deficit than the other two
genotypes.

Silicon (Si), the second most abundant element in
Earth's crust, has been shown to exhibit
controversial alleviating effects on a variety of
plant species under drought stress (Bhardwaj and
Kapoor, 2021; Malik et al.,, 2021; Wang et al,,
2021). It has been reported that the application of
Si improves a plant's ability to tolerate drought
stress by enhancing photosynthesis, balancing
nutrient absorption, and enhancing the plant's
antioxidant defense system (Bhardwaj and
Kapoor, 2021).

In our experiments, the effects of silicon or nano-
silicon on alleviating the negative effects of water
deficiency were almost negligible but varied
among the different examined genotypes. For
instance, marginal effects of silicon treatment
were observed in increasing the shoot height of
G62 and the shoot fresh weight of G20 genotypes
under control conditions; and in the shoot dry
weight of G62 and root dry weight of G61 under
drought stress.

Altogether, we may conclude that the mild effects
of silicon or nano-silicon in ameliorating drought
stress in broad bean plants are a genotype- and
environment-dependent phenomenon that needs
further attention.

Conclusion

Drought stress is a major concern in agriculture
due to its deleterious effects on crop productivity.
This study aimed to investigate the effects of
externally applied silicon and nano-silicon on the
morpho-physiological responses of three newly
introduced broad bean (Vicia faba) genotypes
during the vegetative growth stage water deficit
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stress. During the water deficit period, shoot
height, as well as shoot and root fresh and dry
weights, decreased, along with relative water
content. However, chlorophyll, carotenoids,
malon-dialdehyde (MDA) content, and guaiacol
peroxidase activity increased in all three
genotypes. Notably, the G62 genotype exhibited
lower guaiacol peroxidase activity and higher MDA
levels under drought stress, indicating greater
sensitivity to water deficit compared to G20 and
G61. It was observed that the impact of silicon on
certain morpho-physiological characteristics was
marginally positive, although it varied depending
on genotype and environmental conditions. These
findings suggest that before applying silicon or
nano-silicon in field trials involving broad bean
cultivation under water deficit stress, the
genotype-dependent response of each Vicia faba
variety should be carefully evaluated.
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