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ABSTRACT: One of the biggest risks to food security in the context of climate change is drought
stress. Flax crop predicted to suffer from drought, which will lower growth metrics, straw, seed, fiber
yield, and fiber quality. It is essential to lessen the detrimental effects of drought stress on the productivity
of the flax crop. The goal of the study was to determine how four flax cultivars under drought stress, with
or without foliar application of drought-tolerant substances, performed in terms of straw, seed, fiber, and
water productivity characteristics. The field experiments were conducted at the Agricultural Research
Station in Gemmeiza, Gharbia Governorate, Egypt, during the winter seasons of 2020/21 and 2021/22.
Irrigation regimes, flax cultivars, and their interaction significantly affected the straw, seed, fiber yields,
water productivity, and most evaluated traits in both growing seasons. Drought treatments significantly
reduced the yields of straw, seed, and fiber, as well as all assessed attributes, as compared to the 30-day
treatment. Irrigation every 45 days, integrated with foliar spray of drought-tolerant substances,
significantly increased the yields of straw, seed, and fiber, as well as all evaluated attributes, compared to
irrigation every 45 days without foliar application in both growing seasons. The 45-day + KSi treatment
often yielded the highest values of straw, seed, and fiber yields as well as all assessed qualities in both
growing seasons when compared to other drought stress treatments. These findings demonstrated the
beneficial effects and positive role of KSi treatment on the growth and development of flax plants during
drought conditions, which saved water about 29.86% and 30.16% in the first and second seasons,
respectively. The highest values were observed by the Giza 12 cultivar for straw yield and water
productivity, by the Sakha 6 cultivar for seed yield, and by the Sakha 3 cultivar for fiber yield. Based on
the results of the irrigation regimes x flax cultivars interaction and PCA, the Giza 12 cultivar for straw
yield, the Sakha 6 cultivar for seed yield, and the Sakha 3 cultivar for fiber yield with KSi foliar
application under drought conditions were superior compared with the other cultivars under other foliar
application treatments in both growing seasons. These results shed insight into the potential of applying
KSi as a successful strategy to increase flax's tolerance to the impacts of water stress in regions that are
susceptible to drought.

Keywords: Drought stress, drought-tolerant substances, seed, fiber, water productivity, correlation plot,
PCA, flax.

INTRODUCTION cultivated in Egypt is flax, which serves both as a
seed and a fiber (dual-purpose plant). Flax is
regarded as the second most important fiber crop
in Egypt, behind cotton (Sadak and Bakry, 2020).
It is self-pollinating, diploid (2n = 30), and
grown for its seeds, which are high in fiber and
valuable oils. Flax has significant nutritional and
economic value (Fawaz and Alnuaimi, 2025).
Flax seeds are rich in vital fatty acids, proteins,

One of the world's five main oilseed crops,
flax (Linum usitatissimum L.), is the third-largest
natural source of fiber (Mishra and Awasthi,
2021). It belongs to the Linaceae family, and it is
considered a major crop for fiber and oil
production around the world (Mahmoud and
Noman, 2024). One of the most significant crops
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mucilage, and cyanogenic glycosides; they
contain 30-40% edible oil with great nutritional
value (Sadak and Bakry, 2020). Many industries
rely on the production of flax oil and fiber, and
its seeds are a rich source of unsaturated fatty
acids, including oleic acid (19-20%), linoleic
acid (17-19%), and linolenic acid (45-60%).
These nutrients make flax seeds extremely
nutritious and have health benefits, including the
ability to help treat cardiovascular diseases (El-
Gedwy et al., 2020). Additionally, the organic
and animal feed sectors use flaxseed oil, which is
the remnant left over from the seed after oil
extraction (Mahmoud and Noman, 2024). Flax
fibers can be a viable substitute for synthetic
fibers, which produce non-biodegradable waste
with limited recycling potential, because of their
favorable environmental qualities that make
them ideal for textile applications. Clothes made
of linen are becoming increasingly popular due
to growing environmental consciousness and the
need for comfortable clothing. Flax merits
consideration as a textile material because of its
many benefits. Flax fibers' antibacterial,
antioxidant, and phenolic acid content all
contribute to their health-promoting qualities
(Kwiatkowska et al., 2024). Some of the flax
products can be utilized to produce various forms
of compact wood (particle board) and animal and
poultry feed (Bakry et al., 2013).

Globally, drought stress is a significant
barrier to sustainable flax production, where the
yield gap is made worse by unfavorable
agronomic and environmental practices. Crop
development, yield, and quality are all adversely
affected by drought, which interferes with
physiological, biochemical, and molecular
processes (Mutanda ef al, 2025). Water
shortages have a variety of effects on plants.
Slowly developing water deficits slow down
growth by causing turgor loss, which slows down
cell division and expansion rates. They can also
result from the osmotic effect of water stress,
which upsets the water balance of stressed flax
plants, lowering photosynthetic pigments and
slowing down growth (Sadak and Bakry, 2020).
Drought can change the content of fatty acids
and reduce seed production (Dai et al., 2020).
Flax genotypes' yield and yield components were

decreased by water stress (Sadak and Bakry,
2020). In comparison to the control, the seed
yield of all genotypes decreased by 34%, 39%,
and 49% under light, moderate, and severe
water-deficit conditions, respectively (Valipour et
al,, 2025). The yield and biochemistry of the
extracted technical flax fibers can be impacted
by drought (Melelli et al, 2022). Thus, the
stability and profitability of flax agriculture in
the future depend on finding flax genotypes with
higher phenotypic flexibility and resilience to
abiotic challenges (Ceh ef al., 2020). The yield
and its components of different flax genotypes
significantly differed. A lack of water throughout
the flax growing season decreased the fiber's
density and tenacity (Kwiatkowska et al., 2023).
Nonetheless, it is imperative to create flax crop
management plans that will improve agricultural
sustainability under adverse environmental
circumstances (Valipour ef al., 2025).

One important tactic for reducing drought
stress in plants is the use of exogenous drought
tolerance substances (Fan et al., 2022; El-Beltagi
et al., 2024; and Sharma et al, 2024). The
second most prevalent element in soil after
oxygen is silicon, a significant tetravalent
metalloid mineral (El-Beltagi et al, 2020 and
2024). In silicon gathering, the function of
silicon in plant development has been studied,
and it seems to have a major impact (Jinab et al.,
2008, and Bassiouni er al., 2020). Silicon is
essential for plant growth and affects a number
of plant functions, including improving the
plants' water status, chlorophyll content, and
enzyme activity, especially when they are
stressed (El-Beltagi et al., 2020, and Abo-yousef
et al., 2025). Over the past 20 years, a great deal
of research has been done on silicon
supplementation in plants, and its benefits in
reducing biotic and abiotic stress have been well-
established (Tayade et al., 2022). By increasing
the activities of enzymatic antioxidants and
osmolyte (proline and soluble protein)
concentrations, silicon applied to foliage greatly
increased yield and yield characteristics and
decreased the buildup of reactive oxygen species
(El-Beltagi et al., 2024). A crucial nutrient for
plants, potassium is necessary for several
metabolic processes in plant tissues, including
photosynthesis, enzyme  activity, protein
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synthesis, and water status maintenance
(Marschner, 2012). It has also been demonstrated
that small doses of potassium enhance yield
quality (Tarabih ef al., 2014). This may be linked
to the effects of potassium mineral on plant
processes such as photosynthesis, oxidative
stress, chlorophyll synthesis, nucleic acid
synthesis, and solution translocation (Bakry et
al., 2015b and Shedeed et al, 2016).
Additionally, its plant height, straw yield,
fruiting branches/plant, seeds/capsule,
capsules/plant, 1000-seed weight, seed yield, and
0il% all significantly increased as a result of the
potassium fertilizer (Noaman et al, 2024).
Drought tolerance substances have been
demonstrated in numerous studies to be
beneficial in promoting drought recovery, such
as salicylic acid (Decsi et al., 2025), potassium
silicate (Shedeed et al., 2016), ascorbic acid
(Sharma et al., 2024), and selenium (Fan ef al,
2022). Silicon aids in the recovery from a variety
of stressors. When plants are under extreme
stress, potassium silicate enhances their growth,
nutrition, physiology, and biochemistry (Khan et
al., 2025). By improving photosynthesis,
potassium silicate applied to plants increases
their ability to withstand stress. According to
Alharbi et al. (2024), potassium is necessary for
a number of plant metabolic processes. It is
essential for respiration, absorption, enzyme
activities, and CO, level regulation. By
controlling stomatal opening, it also influences
photosynthesis and aids in protein synthesis.
Potassium also improves a plant's resistance to
environmental stressors like drought. To lessen
the adverse effects of water scarcity, this is
essential (Johnson et al, 2022). By physically
fortifying cell walls, enhancing water control,
raising chlorophyll content, and bolstering
antioxidant defense systems, potassium silicate
improves the stress tolerance of flax plants,
leading to increased growth and productivity.
Additionally, mesophyll cells with a greater
potassium ion concentration can use water more
efficiently (Hu et al, 2022). In order to help
plants  withstand environmental stressors,
including drought, salt, and cold, salicylic acid
functions as an endogenous signal molecule
(Wassie et al., 2020). One of the most widely
utilized natural plant protection substances,
salicylic acid is thought to be among the best at

reducing the harm that biotic and abiotic
stressors may do to plants (Decsi ef al., 2025).
Under drought stress, selenium significantly
improved both the quantitative and qualitative
characteristics of plants (Fan et al, 2022).
Following seed treatment with ascorbic acid,
which has been shown to improve crop
resistance to abiotic stress, there were some
variations in the defense responses of plants and
mechanisms of minimizing the harm of drought
stress (Zhang et al., 2024).

The current study aims to develop a drought
management strategy for flax by investigating
the effects of foliar application with drought-
tolerant substances (salicylic acid, selenium,
potassium silicate, and ascorbic acid) on straw,
seed, and fiber yields, as well as water
productivity in selected flax cultivars.

MATERIALS AND METHODS
Experimental procedures

During the two winter growing seasons of
2020/21 and 2021/22, two field experiments
were conducted at the Agricultural Research
Station in Gemmeiza, Gharbia Governorate,
Egypt. The goal of the study was to determine
how four flax cultivars under drought stress, with
or without foliar application of drought-tolerant
substances, performed in terms of seed, fiber, and
water productivity characteristics.

Experimental treatments
A- Irrigation regimes

Six irrigation treatments were tested,
including normal irrigation (irrigation every 30
days as a control) and stress drought (irrigation
every 45 days), with or without foliar application
of drought-tolerant substances, such as salicylic
acid (SA), sclenium (Se), potassium silicate
(KSi), and ascorbic acid (As), as shown in Table
1. The first irrigation was applied 21 days after
sowing (DAS) for all experimental treatments,
then the other irrigations were applied according
to each tested regime. Drought-tolerant
substances were sprayed twice at 35 and 55 DAS
at a rate of 0.25 g/L for each of SA, Se, and As,
and with 5 cm’/L for KSi, which contains 10%
K>0 and 25% SiOs.
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Table 1. Time and number of irrigations of the tested irrigation regimes.

Irrigations No. 1 2nd 3rd ‘ 4th ‘ 5th Total
irrigations
Irrigation regimes Irrigation time (DAS) Number
(I,) 30D 21 51 81 111 141 5
(1) 45D 21 66 111 - - 3
(1) 45D + SA 21 66 111 - - 3
(1) 45D + Se 21 66 111 - - 3
(Is) 45 D + KSi 21 66 111 - - 3
(I) 45 D + As 21 66 111 - - 3

B- Cultivars
Four flax cultivars (two fiber types and two
dual types) were evaluated. The Classification

and pedigree of the tested cultivars of flax were
listed in Table 2.

Table 2. Classification and pedigree of the four tested cultivars of flax.

Cultivars Pedigree Origin Type
Sakha 3 Belinka x 1. 2569 Local Variety Fiber
Giza 10 S. 420 x Bombay Local Variety Fiber
Giza 12 S. 2419 x S. 148/6/11 Local Variety Dual
Sakha 6 Giza 8 x S. 2419/1 Local Variety Dual

Experimental design

Flax seeds were sown in a strip plot design in
a randomized complete block with three
replicates. The six irrigation regimes were
arranged at random in the vertical plots as
irrigation every 30 days (normal), irrigation
every 45 days (drought), and irrigation every 45
days with foliar application of drought tolerance
substances. However, the four flax cultivars were
assigned to the horizontal plots.

Site characteristics

Before planting, soil samples were taken
from the experimental site for physical and
chemical analysis. The results of soil analysis
using standard techniques at the study site for a
depth of 0-30 cm in both growing seasons are
displayed in Table 3a, according to Jackson
(1973) and Page et al. (1982). For the two
growing seasons, the topsoil at the location
where the two experiments were conducted had a
clay texture with slightly alkaline pH.

Furthermore, the investigated soil was classified
as suitable for flax cultivation. Meteorological
data of Gemmeiza Agriculture Research Station
during the flax growth period of 2020/2021 and
2021/2022 seasons are noted in Table 3b.

Crop management

After harvesting the preceding crop (maize in
the first season and rice in the second season),
the experimental field was prepared by
ploughing twice, leveling, and dividing into plots
with a size of 6 m? (2 m x 3 m). A buffer area (1
m) was left between all experimental plots to
eliminate any interference effect from irrigation
water leakage and the spray of drought tolerance
substances. Sowing dates were on 4™ November
in both growing seasons. The sowing was done
in 3 m-long rows with 15 cm separating each
row. For the flax crop in this region, all
agricultural  methods  were  implemented
following the guidelines provided by the
Egyptian Ministry of Agriculture and Land
Reclamation.
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Table 3a. Physical and chemical characteristics of soil (0-30 cm depth) during 2020/21 and 2021/22

seasons.
Characteristic Unit Season
2020/21 2021/22
Particle size distribution
Sand 16.18 15.79
Silt (%) 31.69 30.00
Clay 52.13 54.21
Texture class - Clay Clay
Bulk density (g cm™) 1.27 1.32
Organic matter (%) 1.76 1.69
pH - 7.53 8.03
EC. (dS m™) 1.21 1.14
Soluble cations
Ca** 5.23 5.11
Mg?* 5.83 5.31
Nf+ (meq L) F s 7.01
K* 1.58 1.28
Soluble anions
SO4* 8.82 7.58
Cr 7.52 8.27
HCOy (meq L) 77 2.86
COs* - -
Available nutrients
N 40.27 39.74
P (ppm) 12.19 11.43
K 269.87 278.38
Soil moisture
Field capacity 40.87 40.63
Permanent wilting point (%) 19.84 19.69
Available soil water 21.03 20.94

Table 3b: Meteorological data of Gemmeiza Agriculture Research Station during the flax growth
period of 2020/2021 and 2021/2022 seasons.

Season 2020/2021 2021/2022
Temp °C Relative | Rain Temp °C Relative | Rain | ETo
Month humidity | (mm) | ETo humidity | (mm)
Max Min (%) Max Min (%)
November | 24.80 | 11.10 | 68.10 0.00 | 5.15|24.62 | 13.80 | 65.32 0.51 5.10
December | 20.59 | 7.80 73.90 140 |3.94 | 21.80 | 8.52 70.38 8.62 | 4.02
January 19.50 | 6.50 68.42 164 | 3.48 | 20.09 | 7.26 68.91 11.35 | 3.50
February 21.15 | 6.61 70.40 182 |3.70 | 21.76 | 7.31 70.35 9.28 | 3.81
March 24.80 | 8.90 64.80 1.00 | 4.10 | 22.35 | 8.94 68.13 6.23 | 4.14
April 26.61 | 12.10 | 66.10 10.6 | 4.18 | 25.84 | 10.73 | 69.04 320 | 4.25
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Measurements
- Flax traits

At full maturity, flax plants were manually
harvested on 14™ April in both growing seasons.
Ten plants were randomly collected from each
plot to measure plant height (cm), technical
length (cm), stem diameter (mm), straw
yield/plant (g), number of main apical
branches/plant, number of capsules/plant,
number of seeds/capsule,1000-seed weight (g),
seed yield/plant (g), and total fiber (%).
Experimental plots were harvested to determine
seed, straw, and fiber yields per unit area, then
converted to seed yield/fed (kg), straw yield/fed
(ton), and fiber yield/fed (ton).

- Water relations
Total water applied (TWA)

The amount of applied irrigation water was
measured by a flow meter and was calculated
according to Vermeiren and Jopling (1984) as
follows: TWA = ETc/Ea, ETc = ETo x Kc,
where, TWA is total water applied in irrigation
(m/fed), ETc is crop evapotranspiration, ETo is a
reference evapotranspiration, Kc is the crop
coefficient and Ea is irrigation efficiency (60%
for surface irrigation). The total rain fall during
the season were taken into account when
calculated the total water applied/fed.

Water productivity (WP)

The water productivity was calculated
according to Jensen (1983) as follows: WP =
Ya/TAW, where Ya is the seed yield of various
treatments (kg/fed), and TWA is the seasonal
total applied water (m®/fed).

Statistical analysis

In accordance with Snedecor and Cochran's
(1980) methodology, the measured data were put
through an ANOVA test to identify any
significant  variations in the impact of
experimental factors and their interactions.
Duncan’s multiple range test (Duncan, 1955) was
used to compare the means of the treatments at
5% probability. The mean values within each
column followed by the same letters are not

significantly different. Principal component
analysis (PCA) and Pearson's correlation plot
were used to better understand the relationship
between the features under study throughout both
growing seasons and experimental conditions.
The computer applications CoStat package
version 6.45 (Cohort software, USA), PAST
version 4.03, and Origin Pro 2021 were used to
perform the ANOVA, Pearson's correlation plot,
and PCA, respectively.

RESULTS AND DISCUSSIONS

Responses of straw yield and its
component traits

The main effects of irrigation regimes and
flax cultivars significantly affected straw yield
and its related characters in both growing
seasons, except for the technical length trait by
flax cultivars in the 2020/21 growing season
(Table 4). All straw yield and its related
characters were significantly increased under the
30-day treatment compared with the other
studied irrigation regimes in both growing
seasons. Therefore, these characteristics were
reduced under the drought conditions compared
with the 30-day treatment in both growing
seasons. The foliar application of drought-
tolerance substances increased these traits
compared to 45-day irrigation without foliar
application. Generally, the highest values of
straw yield and its related characters were
obtained with 45-day + KSi treatment in both
growing seasons compared with other drought
conditions. According to Mirshekari et al
(2012), Rashwan et al. (2016), Sadak and Bakry
(2020), and El-Borhamy et al. (2022), the control
irrigation treatment (every 30 days) produced the
largest straw yield and its constituent flax
components, whereas limited irrigation stress
(every 45 days) produced the lowest of these
characteristics. Compared with the 30-day
treatment, the highest decrease in straw yield/fed
(ton) was observed under the 45-day treatment,
with values of 19.46%, followed by the 45-day +
Se treatment with values of 14.27%, and the 45-
day + As treatment with values of 9.80% as an
average of the 2020/21 and 2021/22 growing
seasons. The lowest decrease in straw yield/fed
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(ton) was observed under the 45-day + KSi
treatment, with an average value of 7.12%,
followed by the 45-day + SA treatment, which
averaged 8.32%, across both the 2020/21 and
2021/22 growing seasons. According to Bakry et
al. (2015b), the potassium silicate considerably
increased the yield of flax straw/fed by 17.5%
compared with the control treatment. Kariuki et
al. (2016) and Sallam et al. (2023) mentioned
that irrigation rates showed a significant
difference for straw yield, but an insignificant
difference for plant height and technical stem
length in both seasons. While highly significant
differences were found among irrigation
treatments and flax cultivars on technical length,
main stem diameter, and straw yield in both
seasons, according to Rashwan ef al. (2016) and
El-Borhamy et al. (2022). Also, there were
significant differences among genotypes and
irrigation regimes in plant height (Valipour ef al.,
2025). Also, Bakry et al. (2015b) mentioned that
potassium silicate had a substantial impact on the
straw yield and morphological characters of flax.

The application of silicon led to a significant
increase in total phenolic, flavonoid, and a-
tocopherol levels in the shoots of flax genotypes
when compared to control plants (Shivappa et
al., 2024). Additionally, it improved plant

the silicon to plants reduced the detrimental
effects of unfavorable weather, improved flax
plants' reactivity to mineral fertilizers, and
helped them utilize fertilizer nutrients more
thoroughly (Konova et al, 2023). In order to
increase crop productivity, potassium silicate
(K5Si03) acts as a stimulant for plants, giving
them soluble silicon and potassium. In
agricultural production systems, potassium
silicate is mostly utilized as a source of silicon
alteration. The application of silicon fertilizer
improves lodging, mineral nutrient balance, and
plant development. Flax productivity and
nutritional content were enhanced by foliar
application of potassium silicate fertilizers
(Shedeed et al., 2016). Improved root properties,
including total root length, root surface area, and
lateral root length, were also noted in plants fed
with silicon, resulting in increased drought
tolerance (Ma, 2004).

The Giza 12 cultivar recorded the highest
significant values for straw yield and its related
characters in both seasons, with the exception of
the technical length trait, which was the most
significant value for the Sakha 3 cultivar in the
2021/22 growing season (Table 4). Sakha 3 gave
the lowest straw yield and its related characters
in both seasons, except Sakha 6 and Giza 12
cultivars gave the lowest technical length in the

growth, nucleic acid content, and chlorophyll
concentrations (Saleem et al,, 2020). Applying

first and

second

s€asons,

respectively.

Table 4. Effects of irrigation regimes and flax cultivars on straw yield and its related characters
during 2020/21 (S1) and 2021/22 (S2) seasons.

Plant height Technical stem | Stem diameter Straw Straw yield/fed
Treatments (cm) length (cm) (mm) yield/plant (g) (ton)

st | s2 | st | s2 | st | s2 | st | s2 | st | s2
A- Irrigation regimes
(1)30D 10538a [83.00a |9394a |7133a |24la |1.72a |191a |133a [3.52a |32la
(I.)45D 90.15d 74.00e |7729d [61.58d [2.01d |138c [139c [097c [2.83d [2.59d
(I3) 45D+ SA  |9835bc |78.67c |84.15bc |67.83b |227ab |1.58ab |1.76ab |1.24ab |3.23b |2.94b
(Is) 45D +Se  |9447¢ 7585d |81.01cd [64.17¢ |2.05cd |145bc |1.53bc [1.03¢ [3.02¢ |2.75¢
(Is) 45D +KSi |99.52b 80.08b [87.40b |68.04b |2.26abc |1.63ab |1.83a |1.27ab [3.26b [2.99b
(Is)45D+As |96.10bc |76.76d |82.58¢ [66.30b |2.13bed |1.49bc |1.67ab |1.19b |3.17bc [2.90 be
B- Cultivar
Sakha 3 9321 ¢ 75.19 ¢ 84.46a |6854a [199¢c 1.42b 1.39¢ 1.01c¢ 299b 272 ¢
Giza 12 102082 [80.64a |8499a |64.07b [2.35a |1.66a [1.92a |143a [3.36a [3.09a
Sakha 6 98.64ab [79.29ab [83.46a |[65.56ab [2.24ab |1.57ab |1.76ab |1.17b [3.25a [2.97b
Giza 10 9538bc  |77.12bc |84.68a |68.00a |2.16bc |1.51ab [1.64b [1.07c¢ |3.08b [28lc
C- (AxB) * * * * NS NS * * * *
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All these characters by all evaluated flax
cultivars were increased in the 2020/21 growing
season compared to the 2021/22 growing season.
The genetic constitution of the many flax
cultivars may be the cause of these variations.
Generally, Giza 12 cultivar increased straw
yield/fed (ton) by 12.99, 9.53, and 3.71%
compared to Sakha 3, Giza 10, and Sakha 6
cultivars, respectively, as an average of both
seasons. El-Borhamy et al. (2022) reported that
the Giza 12 cultivar was superior in straw
yield/plant and straw yield/fed, while Sallam et
al. (2023) stated that Sakha 6 gave the highest
values for plant height, technical stem length,
and straw yield traits in both seasons.

The results in Table 5 indicate that the
interaction between irrigation regimes and flax
cultivars significantly affected straw yield and its
associated characteristics in both growing
seasons, with the exception of the stem diameter
trait, which was not significant. Flax cultivars
exhibit significant variability in their response to
irrigation treatments, with a notable interaction
observed between these treatments and the
cultivars concerning straw yields in both the
plant and the feed. El-Borhamy et al. (2022).
The relationship between flax cultivars and
potassium silicate levels had a substantial effect
on straw yield and its constituents (Bakry et al,
2015b). In both growing seasons, the four flax
cultivars were superior in straw yield and its
related characters under the 30-day irrigation
treatment, while they decreased under the 45-day
irrigation treatment. The foliar application with
drought-tolerance substances increased these
traits in the four flax cultivars compared with 45-
day irrigation without foliar application in both
growing seasons. The four flax cultivars were
superior in straw yield and their related
characters under 45-day + KSi treatment than
under the other foliar application treatments in
both growing seasons. Among all treatments with
flax cultivars, potassium silicate with a high rate
showed superiority for straw yield and its
constituents (Bakry et al, 2015b). The highest
values were observed for straw yield and most of
its related characters by the Giza 12 cultivar

under each or all irrigation regimes in both
growing seasons, opposite to what was noticed
for the Sakha 3 cultivar. Similarly, four
irrigations using the Giza 12 cultivar produced
the highest values for straw yield and its
component traits in both seasons (El-Borhamy et
al., 2022). Generally, Giza 12 recorded the
highest straw yield and most of its related
characters with KSi foliar application under
drought conditions compared with the other
foliar applications in both growing seasons. The
KSi foliar application on flax plants that grown
under water stress (45-day) reduce the decline in
the straw yield in Giza 12 cultivar compared to
normal irrigation with 7.28%, while represented
increases about 3.10, 3.90, 7.82 and 9.78%, as an
average of both seasons, compared to 45-day +
SA, 45-day + As, 45-day + Se, and 45-day
treatments, respectively. Due to genetic
characteristics, different flax genotypes respond
differently to water stress; some were sensitive to
drought, while others were tolerant (Sallam et
al., 2023).

Responses of seed yield and its
component traits

Results in Table 6 show the effects of
irrigation regimes and flax cultivars on seed
yield and its component traits. The two factors of
irrigation regimes and flax cultivars significantly
influenced the seed yield and its component traits
across the 2020/21 and 2021/22 seasons. Normal
irrigation (irrigation every 30 days) gave the
highest values of flax-seed yield/plant and /fed as
well as yield component traits. Irrigation every
45 days as drought treatment significantly
decreased all these traits compared with the 30-
day treatment in both growing seasons. Water
stress reduces flax-seed yield by negatively
changing the plant's metabolic activity, growth
parameters, and yield components, as
demonstrated by Sadak and Bakry (2020). In
both growing seasons, seed yield and other yield
component traits were significantly enhanced by
foliar application of drought-tolerant substances
as opposed to 45 days of irrigation without foliar
application.
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Table 5. Effects of the interaction between irrigation regimes and flax cultivars on straw yield and
its related characters during 2020/21 (S1) and 2021/22 (S2) seasons.

. Plant height Technical stem Straw yield/plant Straw yield/fed
o | em | meem |y s
S1 S2 S1 S2 S1 S2 S1 S2
Sakha 3 100.98 bed | 81.83 abe [93.76ab |73.00a |1.51b-h |1.22d-g [3.22bc |2.92b-e
Giza 12 113.50a |84.17a |98.50a |68.83a-d [2.12a 1.57a 372a 342 a
1) 30D
Sakha 6 [106.04 ab |83.67ab |91.17 a-d |70.67ab [2.03ab |1.28cde |3.71a 338a
Giza 10 101.00 bed | 82.33 abe [92.33 abc |72.83a |1.98a-d |[1.26de [3.44ab |3.14 abc
Sakha3 [86.63 g 71.17¢g |78.38 ef |63.17bcd [1.19h 0.84j 2.62f 2381
145D Giza 12 |9543b-g |77.33a-g |78.50ef |60.33d |1.51b-h |1.14d-h |3.14bcd |2.89 b-f
) Sakha 6  [89.63 fg 76.00 b-g |73.87ef |61.00cd [1.49c-h |1.00fj [2.84def |2.59f-i
Giza 10 |88.91fg 7150 fg |78.42ef |61.83 bed |1.35fgh |0.881j 2.73ef 249 hi
Sakha 3 9533 c-g |7533c-g |85.16 b-e |69.83 abc [1.44e-h [1.03e-j |3.12bcd |2.82c-g
(I13)45D |Giza 12 101.33 bed | 81.50 abe [84.33 b-¢ |66.83 a-d [2.04ab |1.51abc [3.34Db 3.08 bed
+8A Sakha 6  [99.39 b-f |79.67 a-d |82.00 def |65.67 a-d |1.85a-f |1.25def |3.33b 3.00 bed
Giza 10 |97.34b-f |78.17a-g |85.09b-e |69.00a-d |1.70a-h |1.15d-g |3.15bcd |2.88 b-f
Sakha3 [90.11 efg |71.83 efg [79.95ef [67.07a-d |1.30gh |0.85] 2.82 def |2.56 ghi
(1) 45D Giza 12 |97.96b-f |79.00 a-f |80.88 def |60.93 cd |1.77a-g |1.32bcd |3.20bcd [2.94 b-e
*Se Sakha 6  [96.96b-g |77.00 a-g | 81.50 def [62.33 bcd |1.62a-h [1.04e-j |3.16bcd |2.88 b-f
Giza 10 |92.83d-g |75.56c-g |81.72 def |66.33 a-d |1.43e-h |0.90hij |2.89c-f [2.63e-i
Sakha3 |95.56b-g |77.83 a-g |87.67b-e |69.83 abc |1.46d-h |1.12d-i |3.11bed [2.83c-g
(I5) 45D Giza 12 103.91 bc | 82.33 abc [86.69 b-¢ |64.33 a-d |2.10 a 1.55ab [345ab |3.17ab
*KSi Sakha 6  [100.82 becd |81.33 abc |87.37 b-e [67.83a-d |1.94a-e |[1.26def |3.29b 3.04 bed
Giza 10  |97.80b-f |78.83 a-g |87.87b-e |70.17 abc |1.82a-g |1.16d-g |3.18 bed [2.90 b-f
Sakha3  [90.67d-g |73.17d-g |81.83 def [68.33a-d |1.42e-h [0.97g-j |3.07b-e [2.79d-h
(Ie) 45D Giza 12 100.33 b-e |79.50 a-e |81.02 def |63.17 bed [2.00 abc | 1.50abc [3.32b 3.05 bed
A Sakha 6  [99.00 b-f |78.06 a-g |84.83 b-e [65.83a-d |1.66a-h [1.20d-g |3.20bcd [2.91 b-e
Giza 10 |94.40c-g |76.33b-g |82.65¢c-f |67.85a-d |1.60a-h [1.09d-j |3.10bcd [2.83c-g
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Table 6. Effects of irrigation regimes and flax cultivars on seed yield and its attributes during 2020/21
(S1) and 2021/22 (S2) seasons.

No. of apical

branches/ No. of No. of 10(.)0-seed Seed yield/plant |  Seed yield/fed
Treatments plant capsules/plant | seeds/capsule weight (g) (2 (kg)
S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2
A- Irrigation regimes
M)30D 511a |4.02a| 955a | 7.87a | 7.83a |7.02a| 7.86a |7.74a|0.285a| 0.230a | 433.23a | 326.62 a
(I)45D 4.04b [3.48¢c| 7.09¢c | 3.80d | 6.02d | 4.82b| 7.35e |7.20d|0.208d| 0.150¢ | 341.53d | 255.74 ¢

(I5)45D+SA | 474a |3.80b|8.33 abc|5.18bc| 7.31b |6.59a|7.68 bc|7.53b |0.241 bc|0.200 be| 391.29b | 292.98 ¢

(Is)45D+Se | 4.15b |3.59¢c|7.65bc| 4.67c | 6.55¢ [538b| 7.49d |7.37¢(0.225¢cd| 0.175d | 363.58 ¢ | 272.02d

(Is)45D +KSi | 487a |3.80b|9.10ab| 5.80b | 7.47ab | 6.84a | 7.74b | 7.62 b [0.257 ab|0.213 ab| 419.85a | 314.37b

(Is)45D+As | 425b |3.66bc|7.88bc| 4.92¢c | 7.22b |6.38a|7.59 cd| 7.42 ¢ [0.240 bc|0.188 ¢d|381.79 bc| 285.78 ¢

B- Cultivar

Sakha 3 387c |3.54c| 586d|490c | 636¢c |532c|536d|524d[0.173d|0.160d|337.99d | 252.61d
Giza 12 4.82b |3.82a| 8.79b |5.56ab| 7.28b |6.63a|9.31b [9.19b|0.278b|0.200b | 411.41b | 302.69 b
Sakha 6 535a |39la|1l.60a| 5.79a | 8.06a [6.71a| 9.62a |9.47a|0.317a|0.230a | 432.51a | 333.54a
Giza 10 4.07¢c |3.63b| 6.83¢c |5.23bc| 6.56¢c |6.03b| 6.19¢c | 6.01 c|0.204c|0.181c |372.27¢c |276.17¢c
C- (AXB) * * * * * * * * * * *

Seed yield and yield component traits in both
growing seasons exhibited a positive response to
the foliar application with drought-tolerance
substances, characterized by initial increases
under Se treatment, followed by subsequent
increases under As, SA, and then KSi treatments.
The 45-day + KSi treatment generally produced
the highest values of seed yield and yield
component attributes in both growth seasons.
Compared with the 30-day treatment, the highest
decrease in seed yield/fed (kg) was observed
under the 45-day treatment with values of
21.43%, followed by the 45-day + Se treatment
with values of 16.40%, and 45-day + As
treatment with values of 12.19% as an average of
the 2020/21 and 2021/22 growing seasons. The
lowest decrease in seed yield/fed (kg) was
observed under the 45-day + KSi treatment, with
an average value of 3.42%, followed by the 45-
day + SA treatment, which averaged 9.99%. This
comparison is based on data from both the
2020/21 and 2021/22 growing seasons. Similar
results as previously reported by Rashwan et al.
(2016), Sadak and Bakry (2020), and El-
Borhamy et al. (2022). Also, Bakry et al. (2015a

and b) showed that the high rate of potassium
silicate significantly raised flax-seed yield/fed by
17.9% compared with the control treatment. The
yield of flax seeds and yield components were
significantly impacted by potassium silicate
(Bakry et al., 2015b). Number of capsules/plant,
number of seeds/capsule, number of seeds/plant,
weight of the seeds/plant, 1000-seeds weight,
and seed yield/fed are all significantly reduced
by deficit irrigation, which is dependent on the
intensity of the stress (Valipour et al, 2025).
Water stress hinders flowering and the
development of the flower into a capsule, and its
occurrence during flower and capsule formation
results in capsules (Istanbulluoglu et al., 2015).
According to Fawaz and Alnuaimi (2025), the
low seed weight is caused by a lack of water
availability after the flowering stage and a
decrease in photosynthesis and material transfer
efficiency during the filling stage. According to
Yusuf et al. (2013), exogenous SA application in
flax plants promotes seed germination, growth,
and flowering; boosts photosynthesis and the
activity of enzymatic and non-enzymatic
antioxidants to fight oxidative stress; and
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enhances yield components in the face of
stressors like drought. By altering plant
physiological and metabolic processes, such as
regulating antioxidant systems and affecting the
balance of plant hormones like auxins and
gibberellins, SA is a powerful tool for
sustainably mitigating environmental stresses in
many plants, resulting in improved growth and
increased fiber yields (Arif et al., 2020). In order
to control plant growth and resilience, SA affects
ion uptake, stomatal movement, and the
concentrations of photosynthetic pigments and
compatible solutes such as proline (Yusuf et al,
2013). Stress response-related transcription
factors can be phosphorylated and activated by
SA-activated protein kinases (Yang et al., 2023).
Plant immunity depends on several proteins that
bind to SA (Decsi et al., 2025).

Data in Table 6 indicated that genetic
variations may be the cause of the variation in
seed output and its constituent parts among flax
cultivars. In comparison to the 2021/22 growing
season, seed yield and yield component traits
rose in the four flax cultivars in the 2020/21
growing season. Significant increases in seed
yield and its component traits for the Sakha 6
cultivar were observed in both growing seasons,
which represented increases of 7.66%, 18.47%
and 30.00% compared to Giza 12, Giza 10, and
Sakha 3 cultivars as an average of 2020/21 and
2021/22 growing seasons. These findings are
consistent with those of El-Borhamy et al. (2022)
and Sallam et al. (2023), who discovered that
when compared to other cultivars grown in
drought stress conditions, Sakha 6 is the best
genotype for seed yield and the majority of yield
component parameters. Remarkably, in both
growing seasons, cultivar Sakha 3 had the lowest
seed yield and yield component traits.

Significant interactions between irrigation
regimes and flax cultivars were noticed for seed
yield and yield component traits in both growing
seasons, as shown in Table 7. The 30-day
irrigation treatment resulted in higher seed yield
and yield component traits for all four flax
cultivars in both growing seasons, whereas the
45-day irrigation treatment (drought conditions)
caused them to decline. Compared to 45 days of

irrigation without foliar application in both
growing seasons, the four flax cultivars' foliar
application of drought-tolerant chemicals
enhanced seed yield and yield component traits
under study. Under the 45-day + KSi treatment,
the four flax cultivars outperformed the other
foliar spray treatments under drought conditions
in terms of seed yield and yield component traits
across both growth seasons. Similarly, the
average 1000-seed weight and seed yield were
significantly impacted by the interaction effect
between the two experimental factors under
study (Fawaz and Alnuaimi, 2025). Additionally,
El-Borhamy et al. (2022) found that in both
seasons, the number of capsules/plant and seed
yield/fed were significantly impacted by the
interaction between irrigation treatments and flax
cultivars. There was a significant effect of
interaction between the flax varieties and
potassium silicate levels on seed yield and yield
components (Bakry er al, 2015a and 2015b).
Potassium silicate outperformed all other
treatments with flax cultivars in terms of seed
output and its component traits (Bakry et al,
2015b). Notably, in both growing seasons, Sakha
6 cultivar achieved its highest seed yield and
yield component traits with each or all irrigation
regimes, while the lowest values were recorded
by Sakha 3 cultivar. In agreement with our
results, El-Borhamy et al. (2022) stated that the
highest number of capsules/plant was recorded
by the Sakha 6 cultivar under control treatment
in both seasons. Significant maximum seed yield
and yield component traits for the Sakha 6
cultivar were observed at KSi foliar application
with 45-day irrigation (drought conditions). The
KSi foliar application on flax plants that grown
under water stress (45-day) reduce the decline in
the seed yield in Sakha 6 cultivar compared to
normal irrigation with 3.95%, while represented
increases about 6.23, 11.06, 20.48 and 23.75%,
as an average of both seasons, compared to 45-
day + SA, 45-day + As, 45-day + Se, and 45-day
treatments, respectively. Similar to our results,
El-Borhamy et al. (2022) and Valipour et al.
(2025) observed significant effects of irrigation
regimes and flax cultivars on seed yield and its
related components. Also, 1000-seed weight and
flax-seed yield were considerably impacted by
irrigation treatments in both seasons (Fawaz and
Alnuaimi, 2025).
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Responses of fiber and water traits

The main effects of irrigation regimes and
flax cultivars, as well as their interaction, were
observed to be significant on total fiber (%),
fiber yield/fed (ton), total water applied (m?*/fed),
and water productivity (kg/m?®) in both growing
seasons, except total water applied by flax
cultivars (Table 8). In both growing seasons, the
30-day treatment resulted in a substantial
increase in total fiber (%), fiber yield/fed (ton),
and total water applied (m3/fed) when compared
to the other irrigation regimes under study. As a
result, in both growing seasons, these
characteristics were diminished under drought
conditions as opposed to the 30-day treatment.
However, drought treatments considerably raised
water productivity (kg/m?®) compared to the 30-
day treatment in both growing seasons. On the
other hand, total water applied (m3/fed) has the
opposite effect. Compared to 45 days of
irrigation without foliar application, foliar
application of drought-tolerant  chemicals
significantly improved the traits of total fiber
(%), fiber yield/fed (ton), and water productivity
(kg/m?) in both growing seasons. When drought-
tolerance substances were applied topically
during both growing seasons, the traits of total
fiber (%), fiber yield/fed (ton), and water
productivity (kg/m?) showed a response, where
these traits first increased under Se treatment,
then under As, SA, and finally KSi treatments.
The fiber yield/fed (ton) was attained at the 45-
day + KSi treatment, which corresponded to
enhancements of 1.46, 3.54, 9.90, and 17.20% as
an average of both seasons, in comparison to the
45-day + SA treatment, 45-day + As treatment,
and 45-day + Se treatment, 45-day treatment,
respectively. In both growing seasons, the
highest total water applied (1414.16 and 1453.17
m?/fed) were noticed with flax plants irrigated
every 30 days, while the lowest ones (991.91 and
1014.87 m’/fed) were registered from those
irrigated every 30 days + KSi treatment which
saved water about 29.86 and 30.16%, and
increased water productivity by 34.43 and
35.45% in first and second seasons, respectively.
These results were in agreement with Sallam et
al. (2023), who reported a significant difference

between irrigation rates and flax genotypes on
fiber yields in both growing seasons, with fiber
yields decreasing as water amounts decreased.
Also, water productivity was affected by both
irrigation water treatments and flax cultivars in
both seasons (El-Borhamy et al., 2022). Fiber %
and fiber yield were significantly impacted by
potassium silicate application (Bakry et al.,
2015b), which increased the fiber percentage and
fiber yield/fed by 20.75% and 46.32% over the
control, respectively. In both growth seasons, the
45-day + KSi treatment often yielded the highest
values of water productivity (kg/m?®), fiber
yield/fed (ton), and total fiber (%) when
compared to other drought conditions. Plant
growth was accelerated by the total water applied
until it reached maturity, at which point it began
to decline as the physiological characteristics of
the plants changed (Bakry et al., 2019). Since
silica deposition thickens the cuticle layer, the
application of silicon reduces the rate of
transpiration by obstructing transpiration via the
cuticles. Accordingly, it preserves the leaf water
potential under drought. By preserving the
buildup of organic solute, the silicon application
controls the osmotic adjustments, enhancing the
plants' tolerance to drought stress (Wang et al.,
202, and Xue et al., 2023). From germination to
vegetative growth and flowering, silicon helps
reduce drought stress, which impacts a variety of
morphological, biochemical, and physiological
processes in plants (Pang ef al., 2019, and Abo-
yousef et al., 2025).

Except for total water applied (m’/fed), all
four flax cultivars showed increases in total fiber
(%), fiber yield/fed (ton), and water productivity
(kg/m?) in the 2020/21 growing season compared
to the 2021/22 growing season. Sakha 3 for total
fiber (%), fiber yield/fed, and total water applied
(m’/fed) and Giza 12 cultivar for water
productivity were recorded significantly higher
values in both growing seasons. Sakha 3 cultivar
outperformed Giza 10, Sakha 12, and Sakha 6
cultivars in terms of fiber yield/fed (ton) by 5.50,
6.72, and 51.41% respectively, on average across
both growing seasons.
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Table 8. Effects of irrigation regimes and flax cultivars on fiber and water relation characters

during 2020/21 (S1) and 2021/22 (S2) seasons.

Totaloﬁber Fiber yield/fed Total wager applied pro‘()ivl?ctteil;fi ty
Treatments (%) (ton) (m’/fed) (kg/ m?)

S1 S2 S1 S2 S1 S2 S1 S2
A- Irrigation regimes
I)30D 19.56 a 19.19 a 0.683 a 0.612a | 1414.16a | 1453.17a | 0.790 ¢ 0.646 ¢
(I2)45D 19.10d 18.83 f 0.538 ¢ 0.485d | 1090.85b | 1108.13b | 0.806 ¢ 0.668 ¢
(I3)45D+SA 19.36 be 19.04 ¢ 0.624b 0.558 b | 1009.36 bc | 1034.24 bc | 1.008 ab | 0.824 ab
(Is) 45D+ Se 19.17d 18.92 ¢ 0.574c | 0.517cd | 1018.61 bc| 1038.92bc| 0.927b 0.764 b
(Is) 45 D + KSi 19.45Db 19.11b 0.631b 0.568b | 99191 ¢ 1014.87c | 1.062a 0.875a
(Ie) 45D + As 19.28 ¢ 18.98 d 0.610b | 0.548 bc | 1015.37 bc | 1042.79bc | 0.979 ab| 0.808 ab
B- Cultivars
Sakha 3 23.07a 22.66 a 0.691 a 0.616a | 109291a| 1117.83a | 0.956a 0.789 a
Giza 12 19.03 ¢ 18.89 ¢ 0.640 b 0.584b | 1092.71a| 111584a | 0974 a 0.807 a
Sakha 6 13.94d 13.79d 0.454 c 0.409c | 108531a| 1111.24a | 0.827b 0.677b
Giza 10 21.240 20.71b 0.656 b 0.583b | 1089.25a | 1116.50a | 0.957a 0.783 a
C_ (AxB) % % k & % % %

Table 9 shows how irrigation regimes and
flax cultivars interact to affect total fiber, fiber
yield/fed, total applied, and water
productivity in both seasons. All four flax
cultivars showed significantly increased total
fiber (%) and fiber yield/fed (ton) attributes
under the 30-day irrigation treatment, while these
traits decreased under the 45-day irrigation
treatment (drought conditions) in both growing
seasons. Total water applied (m?/fed) increased
under 30-day irrigation treatment and decreased
under 45-day + KSi treatment for all four flax
cultivars, while the opposite is true for water
productivity (kg/m?®). The foliar application of
drought-tolerant chemicals to four flax cultivars
improved the following traits: total fiber (%),
fiber yield/fed (ton), and water productivity
(kg/m®), compared to 45 days of irrigation
without foliar application in both growing
seasons. In terms of total fiber (%), fiber
production/fed (ton), and water productivity
(kg/m?) traits, the four flax cultivars fared better

water

under drought conditions under the 45-day + KSi
treatment than the other foliar spray treatments
during both growth seasons. Potassium silicate
foliar application of flax cultivars at a high rate
gave the highest values for the fiber % and fiber
yield (Bakry et al, 2015b). Sakha 3 cultivar
notably attained the highest total fiber (%) and
fiber yield/fed (ton) attributes with each or all
irrigation regimes in both growing seasons, but
Sakha 6 cultivar recorded the lowest results. In
terms of water productivity, the best cultivar was
Sakha 3 under 45-day and 45-day + SA
treatments, and Giza 12 cultivar under 45-day +
Se, 45-day + KSi, and 45-day + As treatments,
but Sakha 6 cultivar recorded the lowest values
under all irrigation treatments. Under KSi foliar
spray with 45-day irrigation (drought stress), the
highest significant values were observed by
Sakha 3 cultivar for total fiber (%) and fiber
yield/fed (ton) traits, and by Giza 12 cultivar for
water productivity in both growing seasons.

175



Ebied, M. A.; et al.

Impact of foliar application with drought-tolerant substances on

Table 9. Effects of the interaction between irrigation regimes and flax cultivars on fiber and water
relation characters during 2020/21 (S1) and 2021/22 (S2) seasons.

. Total fiber Fiber yield/fed Total water applied | Water productivity
Interaction
(%) (ton) (m3/fed) (kg/ m3)
Treatments
S1 S2 S1 S2 S1 S2 S1 S2
Sakha 3 23.32a 2290 a 0.751 a 0.669 a 1419.33 a | 1456.54a | 0.793 gh | 0.653 fg
(1) 30D Giza 12 19.23 i 19.011 0.714 abc | 0.649 abc | 1418.07 a | 1457.59a | 0.823 gh | 0.683 efg
Sakha 6 14.12m 13.94 p 0.524 jj 0.471jk | 1408.01a | 1453.01a| 0.721h 0.585¢g
Giza 10 21.57e 20.90 f 0.744 a 0.657ab | 1411.24a | 1455.53 a| 0.823 gh | 0.665 fg
Sakha 3 22.88 ¢ 2243 ¢ 0.599 fgh | 0.533 hi | 1098.85b | 1118.39b| 0.825 gh | 0.682 efg
(1) 45D Giza 12 18.801 18.74 o 0.591 gh | 0.541 ghi | 1090.25b | 1106.58 b | 0.865fg | 0.721 c-g
Sakha 6 13.76 p 13.66 s 0.3901 0.353m | 1078.33b | 1097.94b| 0.714h 0.589 g
Giza 10 20.96 h 20.50k | 0.573hi | 0.5111j 1095.97b | 1106.60b | 0.822 gh | 0.680 efg
Sakha 3 23.11b 22.69 ¢ 0.721 ab | 0.640 a-d | 1005.41 b | 1030.90b | 1.058 a-d | 0.867 ab
(I)45D | Giza 12 19.07 ijk 1890m | 0.637d-h | 0.581e-h | 1014.01b | 1038.07b| 1.044 a-d | 0.857 abc
+SA Sakha 6 13.99mno | 13.81q | 0.466jk | 0.4141 1006.42b | 1033.73b| 0.902 efg | 0.731 b-f
Giza 10 21.28 f 20.76 h 0.671 b-f | 0.598 c-g | 1011.62b | 1034.25b | 1.028 a-d | 0.844 abc
Sakha 3 2291 ¢c 22.58d | 0.647c-g | 0.579e-h | 1021.75b | 1042.48 b | 0.947 def | 0.786 a-f
(1) 45D | Giza 12 18.89 ki 18.82 n 0.603 fgh | 0.553 f-1 | 1015.87b | 1035.08 b | 0.973b-f | 0.812 a-e
+ Se Sakha 6 13.81 op 13.70rs | 0.436kl | 0.3941m | 1021.40b | 1040.16 b | 0.820 gh | 0.672 fg
Giza 10 21.07 gh 20.59j 0.608 e-h | 0.542 ghi | 1015.42b | 1037.96b | 0.967 c-f | 0.788 a-f
Sakha 3 23.19 ab 22.75b 0.721 ab | 0.645 abc | 998.83 b 1016.53 b | 1.091 abc| 0.907 a
(I5) 45D | Giza 12 19.18 jj 18.98 1 0.662 b-g | 0.602 b-f | 998.22 b 1020.65b| 1.112 a 0910 a
+ KSi Sakha 6 14.06 mn | 13.88p 0.462jk | 0422kl | 983.83b 1006.24 b | 0.950 def | 0.782 a-f
Giza 10 21.37fF 20.83 g | 0.680a-e | 0.605b-f | 986.78 b 1016.05b | 1.097ab | 0.899 a
Sakha 3 23.03 be 22.62d 0.707 a-d | 0.630 a-e | 1012.09b | 1042.14b | 1.019 a-e | 0.840 a-d
(I) 45D | Giza 12 19.01 jk 1890 m | 0.631e-h | 0.577e-h | 1021.03b | 1047.04b | 1.029 a-d | 0.862 ab
+ As Sakha 6 13.90nop | 13.74r 0.444kl | 0.400Im | 1013.89b | 1036.38b | 0.858 fg | 0.706 d-g
Giza 10 21.19 fg 20.68 i 0.658 b-g | 0.586d-h | 1014.49b | 1045.61 b | 1.008 a-e | 0.823 a-d

Correlation analysis

Correlation coefficients among straw, seed,
fiber yields, water productivity, and other studied
traits across the effects of irrigation regimes and
flax cultivars in both growing seasons (overall)
are presented in Figure 1. Positive and significant
correlations (P < 0.05 or 0.01) were noticed
among PH, SD, SY/P, SY/F, NAB/P, NC/P,
NS/C, 1000-SW, SeY/P, and SeY/F traits. TL
correlated significantly and positively with PH,
SD, SY/P, SY/F, NC/P, NS/C, SeY/F, FY/F, and
TWA traits (P < 0.05). TF correlated positively
with FY/F (P < 0.05) and negatively with
NAB/P, NC/P, SeY/P, and SeY/F traits (P <
0.05). A significant and negative correlation was
observed between TWA and WP traits. Our

study's findings are consistent with those of
many other studies. All straw yield parameters,
including fiber yield/fed, straw yield/plant, total
and technical length/plant, and fiber %, exhibited
positive and highly significant association
coefficients with straw yield/fed, according to the
results of simple correlation coefficients (EL-
Shimy et al, 2015). There is a favorable
correlation between flax fiber and straw yield,
plant height, and technical length (Fila et al.,
2018). Characteristics that contribute to straw
yield, such as plant height, technical length, stem
diameter, and total fiber yield, showed strong
positive associations (Anwar et al, 2025). All
seed yield characteristics, including seed
yield/plant, number of capsules/plant, number of
seeds/capsule, 1000-seed weight, and oil content,
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showed positive and highly significant
correlations with seed yield (EL-Shimy et al,
2015; Anwar et al, 2025; and Valipour et al,
2025). According to Arslanoglu et al. (2022),
there was a substantial positive link between
plant density and technical length, plant height,
and the yields of seeds, fiber, and straw. The

degree and direction of the association between
several flax properties are indicated by the
correlation coefficients (Barbas et al, 2025).
Consequently, it is suggested that these
characteristics are closely related and might be
addressed in breeding plans at the same time
(Anwar et al., 2025).
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Figure 1. Correlation plot describing Pearson’s correlation among straw, seed, fiber yields, water
productivity, and other studied traits across the effects of irrigation regimes and flax
cultivars in both growing seasons (overall). PH: Plant height (cm); TL: Technical length
(cm); SD: Stem diameter (mm); SY/P: Straw yield/plant (g); SY/F: Straw yield/fed (ton);
NAB/P: No. of apical branches/plant; NC/P: No. of capsules/plant; NS/C: No. of
seeds/capsule; 1000-SW: 1000-seed weight (g); SeY/P: Seed yield/plant (g); SeY/F: Seed
yield/fed (kg); TF: Total fiber (%); FY/F: Fiber yield/fed (ton); TWA: Total water applied
(m3/fed); WP: Water productivity (kg/m?).

Principal component analysis (PCA) productivity, and other studied traits across the

PCA was used fo assess the associations effects of i'rri.gation r.egirr%es and flax c.ultivars, as

well as their interactions in both growing seasons
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traits affected by the irrigation regimes and flax
cultivars, as well as their interactions, are given
in Table 10, which contains 100% of the total
variance. The eigenvalues of the recovered first
three PCs (PC1, PC2, and PC3) were more than
one, with values of 9.66, 3.13, and 1.68,
respectively. PC1, PC2, and PC3 account for
96.42% of the variables' overall variability under
study. The eigenvalues of the other five PCs,
however, were less than one (Eigenvalue <l1),
which accounts for 3.58% of the total variance.
Based on Jan et al. (2018), the PCs with
eigenvalue > 1 showed more variability than the
PCs with eigenvalue < 1. PC1, PC2, and PC3
explained 64.38%, 20.84%, and 11.20% of the
total variation of the variables under study. The

first two PCs accounted for 85.22% of the total
variation of the variables under investigation.
According to Anwar et al. (2025), Aybar et al.
(2025), and Dabrowski et al. (2025), the top two
PCs were shown in the PC biplot and explained a
significant amount of the variance (more than
80%). While principal component analysis
results under water stress conditions revealed
that the first two components accounted for over
46.84% of the variance, according to Zare et al.
(2023). Therefore, PC1 and PC2 can be used as
the basis for assessing the relationship between
the features being studied under the main
influence of irrigation regimes and flax cultivars,
as well as their interactions.

Table 10. Eigenvalue, percentage of variance (%), and cumulative% for PCs.

Principal Component Number Eigenvalue l\’;l;cizll:tcig(eo /(:)f Cun(l:;::)itive
PC1 9.66 64.38 64.38
PC2 3.13 20.84 85.22
PC3 1.68 11.20 96.42
PC4 0.42 2.77 99.19
PC5 0.05 0.37 99.55
PC6 0.03 0.23 99.78
PC7 0.02 0.16 99.95
PC8 0.01 0.05 100.00

The interrelationships between the flax
genotypes and the assessed traits were better
understood thanks to PCA (Yadav et al., 2024).
The relationships among the straw, seed, fiber
yields, water productivity, and other studied traits
were determined under the primary effects of
irrigation regimes and flax cultivars by a biplot
created using PC1 and PC2 (Figure 2). Although
the degree and consistency of the quantity varied,
most features in this study exhibited a steep
angle under the effect of the experimental
conditions considered, indicating a positive link
between them. These findings are comparable to
those of the correlation coefficient mentioned
above. Based on the degree of relationship
between the principal effects of irrigation

regimes and flax cultivars in the biplot analysis,
PC1 and PC2 mainly distributed and divided the
studied traits into two groups. Seed yield would
be enhanced by selecting flax genotypes with
low (near-zero) PC1 and high-positive PC2 (Zare
et al., 2021). In the first group, the Giza 12
cultivar under I, I3, and Is (first quarter) and the
Sakha 3 and the Giza 10 cultivars (second
quarter) showed a high positive association with
PC2 and comprised TF, FY/F, and WP traits. As
for the second group, all other examined features
are strongly positively associated with Sakha 6
(fourth quarter) and Giza 12 cultivars, as well as
the application of 1), Is, and Is (first quarter),
which was linked to PCl. PC1 has a high
percentage of variance capture, indicating that it

178



Ebied, M. A.; et al.

Impact of foliar application with drought-tolerant substances on ..................

is successful in differentiating flax genotypes
based on how well they perform in straw and
seed traits (Anwar et al., 2025). PC1 positively
correlated with all studied traits except TF, FY/F,
and WP traits. The variables displayed strong
positive loadings in PC1, suggesting that they
can be selected simultaneously for shaping early
maturing high-yielding genotypes under drought
stress and that they significantly contribute to the
phenotypic  variability of linseed genetic
resources. During drought stress, Giza 12 was
the best for straw yield, Sakha 6 for seed yield,

and Sakha 3 for fiber yield under 45-day + KSi
treatment. This is due to their closeness.
According to the criteria on which they are
positioned, varieties that are close to particular
qualities yield favorable outcomes (Aybar et al.,
2025). According to Anwar et al. (2025), the PC
biplot  effectively  distinguished  between
genotypes linked to higher seed yield and related
features on the negative side of PC1 and those
linked to higher straw yield and related attributes

on the positive side of PC1.
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Figure 2. PCA among straw, seed, fiber yields, water productivity, and other studied traits across
the effects of irrigation regimes and flax cultivars. PH: Plant height (cm); TL: Technical
length (cm); SD: Stem diameter (mm); SY/P: Straw yield/plant (g); SY/F: Straw yield/fed
(ton); NAB/P: No. of apical branches/plant; NC/P: No. of capsules/plant; NS/C: No. of
seeds/capsule; 1000-SW: 1000-seed weight (g); SeY/P: Seed yield/plant (g); SeY/F: Seed
yield/fed (kg); TF: Total fiber (%); FY/F: Fiber yield/fed (ton); TWA: Total water applied
(m3/fed); WP: Water productivity (kg/m3); 1::30 D; I2: 45 D, I3: 45 D + SA; 14: 45 D + Se;

Is: 45 D + KSi; Is: 45 D + As.
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Conclusion

Application of irrigation regimes with
drought tolerance substances on flax cultivars
had significant effects on straw, seed, fiber
yields, water productivity, and most evaluated
traits in both growing seasons. Relative to the
30-day irrigation treatment (normal irrigation),
deficit irrigation significantly reduced the yields
of straw, seed, and fiber, along with all other
assessed qualities. The application of foliar
sprays containing drought-tolerant substances
resulted in a marked enhancement in straw, seed,
and fiber yields, along with all examined traits,
compared to the absence of such application,
while conserving irrigation water across both
growing seasons. These findings suggest that a
deficit irrigation regime combined with KSi
treatment is an effective way to save water
applied and improve water productivity.
Furthermore, they have increased resilience to
drought. The wvarieties differed in their
characteristics. Superiority of Giza 12 cultivar
for straw yield, Sakha 6 cultivar for seed output,
and Sakha 3 cultivar for fiber yield, and they are
suggested for growing in areas with inadequate
irrigation. These results shed insight into the
potential of applying KSi as a successful strategy
to increase flax's tolerance to the impacts of
water stress in regions that are susceptible to
drought.

REFERENCES

Abo-yousef, M.; Abd El-Aty, M.; Amara, M.;
Gomaa, M. and Selem, A. (2025). Impact the
foliar application by potassium silicate on
rice seed productivity of cultivated varieties
(Oryza Sativa L.). Egyptian Journal of Soil
Science, 65(1): 109-120.

Alharbi, K.; Alnusairi, G. S. H.; Alnusaire, T. S.;
Alghanem, S. M. S.; Alsudays, I. M,;
Alaklabi, A. and Soliman, M. H. (2024).
Potassium silica nanostructure improved
growth and nutrient uptake of sorghum plants
subjected to drought stress. Frontiers Plant
Science, 15: 1425834. doi:
10.3389/fpl1s.2024.1425834

Anwar, G. M.; Mostafa, S. H.; Zayed, E. M.;
Shamseldin, S. A.; Omar, A. E.; Safthi, F. A ;

Al Aboud, N. M.; El-Moneim, D. A. and
Mansour, E. (2025). Assessing molecular and
agronomic diversity in flax genotypes based
on SCoT marker profiling, fibre yield
contributing characters, and seed yield-
related traits. Notulae Botanicae Horti
Agrobotanici Cluj-Napoca, 53(2): 14381: 1-
15. https://doi.org/10.15835/nbha53214381
Arif, Y.; Sami, F.; Siddiqui, H.; Bajguz, A. and
Hayat, S. (2020). Salicylic acid in relation to
other phytohormones in plant: A study
towards physiology and signal transduction

under challenging environment.
Environmental and Experimental Botany,
175: 104040.

https://doi.org/10.1016/j.envexpbot.2020.104
040

Arslanoglu, S.F.; Sert, S.; Sahin, H.A.; Aytag, S.
and El Sabagh, A. (2022). Yield and yield
criteria of flax fiber (Linum usitatissimum L.)
as influenced by different plant densities.
Sustainability,14(8), 4710: 1-13.
https://doi.org/10.3390/su14084710

Aybar, Y. N.; Cigek Bayram, S. and Bagbag, S.
(2025). Evaluation of product yield and fatty
acid composition of three flax (Linum
usitatissimum L.) varieties depending on
different sowing dates. Life; 15(3), 483:1-17.
https://doi.org/10.3390/1ife15030483

Bakry, A.B.; Sadak, M.S.; Moamen, H.T. and
Abd El Lateef, EM. (2013). Influence of
humic acid and organic fertilizer on growth,
chemical constituents, yield and quality of
two flax seed cultivars grown under newly
reclaimed sandy soils. Int. J. Acad Res.,
5(5):125-134.  https://doi.org/10.7813/2075-
4124.2013/5-5/A.17

Bakry, A.B.; Waly, A.l.; Hemdan, N. and El-
karamany, M.F. (2019). Effect of soil
amendments and water requirements on flax
yield, fertilizer use efficiency and water
productivity under sandy soil condition. Am.-
Eurasian J. Agron. 12: 71-82.

Bakry, A.B; Nofal, O.A.; Zeidan, M.S. and
Hozayn, M. (2015a). Potassium and zinc
relation to improve flax varieties yield and
components as grown under sandy soil
conditions. Agricultural Science. 6: 152-158.

180


https://doi.org/10.15835/nbha53214381
https://doi.org/10.3390/su14084710
https://doi.org/10.3390/life15030483
https://doi.org/10.7813/2075-4124.2013/5-5/A.17
https://doi.org/10.7813/2075-4124.2013/5-5/A.17

Ebied, M. A.; etal. Impact of foliar application with drought-tolerant substances on ..................

Bakry, A.B; Shedeed, S.I. and Nofal, O.A.
(2015b). Production and quality traits of two
flax varieties as affected by foliar application
of silicon fertilizer under sandy soil
conditions. Research Journal of
Pharmaceutical, Biological and Chemical
science, 6(5):181-188.

Barbas, P.; Sawicka, B.; Skiba, D. and
Pszczotkowski, P. (2025). Geographical and
soil-based assessment of yield and fiber
quality in two flax varieties in Central—
Eastern Poland using the flax value chain
approach. Land, 14(6), 1178: 1-37.
https://doi.org/10.3390/1and 14061178

Bassiouni, S.M.; Abdel-Aal, M.S.M. and Alj,
0.AM. (2020). Productivity and quality of
rice as influenced by foliar spray of different
silicon sources and rates under salinity soil
conditions. J. Plant Production, Mansoura
Univ., 11 (12): 1201-1206.

Ceh, B.; Straus, S.; Hladnik, A. and Kusar, A.
(2020). Impact of linseed variety, location
and production year on seed yield, oil content
and its composition. Agronomy, 10(11),
1770: 1-13.
https://doi.org/10.3390/agronomy10111770

Dabrowski, G.; Tanska, M.; Czaplicki, S.;
Sadowski, T.; Rychcik, B.; Kostrzewska,
M.K.; Antoszkiewicz, Z. and Konopka, I.
(2025). Variation in linseed oil composition:
impact of cultivar, cultivation system, and
year of cultivation. Molecules, 30(4), 875: 1-
19.
https://doi.org/10.3390/molecules30040875

Dai, F.; Song, X.F.; Guo, W.J.; Zhao, W.Y,;
Zhang, F.W. and Zhang, S.L. (2020).
Simulation and test on separating cleaning

process of flax threshing material based on
gas-solid coupling theory. Int. J. Agric. Biol.
Eng., 13: 73-81.

Decsi, K.; Ahmed, M. and Téth, Z. (2025). The
role of salicylic acid in activating plant stress
responses—results of the past decade and
future perspectives. International Journal of
Molecular Sciences, 26(9), 4447: 1-42.
https://doi.org/10.3390/ijms26094447

Duncan, D. B. (1955). Multiple ranges and

multiple F. test. Biometrics, 11: 1-42.

El-Beltagi, H.S.; Alwutayd, M.K.; Rasheed, U.;

Sattar, A.; Ali, Q.; Alharbi, B.M.; Al-Hawas,
G.H.; Abbas, ZK. Darwish, D.B.;
Mahmoud, S.F.; Al-Shaghaa, M.A.; Abou El-
Yazied, A. and Hamada, M.A. (2024). Sole
and combined foliar application of silicon
and putrescine alleviates the negative effects
of drought stress in maize by modulating the
morpho-physiological and antioxidant
defence mechanisms. Plant Soil Environ.,
70(1): 26-39.

El-Beltagi, H.S.; Sofy, M.R.; Aldaej, M.I. and

Mohamed, H.I. (2020). Silicon alleviates
copper toxicity in flax plants by up-regulating
antioxidant defense and secondary
metabolites and decreasing oxidative damage.
Sustainability, 12(11): 4732.
https://doi.org/10.3390/sul2114732

El-Borhamy, A.M.A.; Khedr, R.A. and El-

Mansoury, M.A.M. (2022). Physiological,
biochemical and agronomic response of some
flax cultivars to water deficit under clay soil
conditions in North Delta. Journal of the
Advances in  Agricultural Researches
(JAAR), 27 (2): 351-365.

El-Gedwy, E. M. E.; Hammam, G. Y.; Allam, S.

A.; Mostafa, S. H. and Shimy, K. S. E.
(2020). Straw, seed yield and quality of three
Linum usitatissimum L. cultivars in relation
to nitrogen fertilizer rate and plant density.
Asian Journal of Advances in Agricultural
Res., 14(4): 8-29.
https://doi.org/10.9734/ajaar/2020/v14i43011
9

EL-Shimy, G.H.; Hussein, M.M.M. and Hassan,

Sanaa S. (2015). Studies on mean
performance, correlation and path analysis
coefficient of some flax genotypes under
different environmental conditions. Annals of
Agricultural Science, Moshtohor, 53(4), 557-
572.

Fan, S.; Wu, H.; Gong, H. and Guo, J. (2022).

The salicylic acid mediates selenium-induced
tolerance to drought stress in tomato plants.
Scientia  Horticulturae, 300, 111092.
https://doi.org/10.1016/j.scienta.2022.111092

181


https://doi.org/10.3390/land14061178
https://doi.org/10.3390/agronomy10111770
https://doi.org/10.3390/molecules30040875
https://doi.org/10.3390/ijms26094447
https://doi.org/10.3390/su12114732
https://doi.org/10.9734/ajaar/2020/v14i430119
https://doi.org/10.9734/ajaar/2020/v14i430119
https://doi.org/10.1016/j.scienta.2022.111092

Ebied, M. A.; et al.

Impact of foliar application with drought-tolerant substances on ..................

Fawaz, S. F. and Alnuaimi, J. J. J. (2025).
Response of eight flax cultivars to some
growth and yield traits under different levels
of water stress. European Journal of Ecology,
Biology and Agriculture, 2(3): 117-127.
https://doi.org/10.59324/ejeba.2025.2(3).13

Fila, G.; Bagatta, M.; Maestrini, C.; Potenza, E.
and Matteo, R. (2018) Linseed as a dual-
purpose  crop:
suitability and analysis of yield determinants.
The Journal of Agricultural Science. 156(2):
162-176.

Hu, W.; Ly, Z.; Gu, H.; Ye, X.; Li, X.; Cong, R.;
Ren, T. and Lu, J. (2022). Potassium
availability  influences the  mesophyll
structure to coordinate the conductance of
CO2 and H2 O during leaf expansion. Plant
Cell Environ. 45(10): 2987-3000. doi:
10.1111/pce.14405.

Istanbulluoglu, A.; Konukcu, F. Kocaman and
Sener, M. (2015). The effects of deficit
irrigation regimes on yield and growth
components of linseed (Linum usitatissimum
L.).J. of Agric and Crop Sci 186: 83-87.

Jackson, M.L. (1973). Soil Chemical Analysis.
Prentice Hall of India, Ltd., New Delhi.

Jan, S. A.; Shinwari, Z. K.; Ali, N. and Rabbani,
M. A. (2018). Morphometric analysis of
Brassica Carinata elite lines reveals variation
for yield related traits. Pak. J. Bot, 50(4),
1521-1524.

Jensen, M. E. (1983). Design and operations of
farm irrigation systems. Amer. Soci. Agric.
Engin. An ASAE monogram No 3. New
York, USA.

Jinab, H.; Solond, M. and Varietel, M. (2008).
Functional food product development. Book.
354. Pub. Smith & Charter.

Johnson, R.; Vishwakarma, K.; Hossen, M. S.;
Kumar, V.; Shackira, A. M.; Puthur, J. T;
Abdi, G.; Sarraf, M. and Hasanuzzaman, M.
(2022). Potassium in plants: Growth
regulation, signaling, and environmental
stress tolerance. Plant Physiol Biochem, 172:
56-69. doi: 10.1016/j.plaphy.2022.01.001.

Kariuki, L.W.; Masinde, P.; Githiri, S. and
Onyango, A.N. (2016). Effect of water stress

evaluation of cultivar

on growth of three linseed (Linum
usitatissimum L.) varieties. Springer Plus 5:
1-16.

Khan, S.A.; Iftikhar, H.U.; Korai, P.K.; Ali, H.;
Sumia, Mumtaz H.; Zejnullahu, B.; Shehzad,
S. and Abazi, U. (2025). Potassium silicate
decreases nickel induced oxidative stress by
improving nutrients uptake and antioxidant
defense system in sunflower. Indus Journal
of Bioscience Res. 3(4): 129-137.

Konova, A.M.; Gavrilova, A.Y. and Samsonova,
N.E. (2023). Effectiveness of foliar top
dressing of flax with the drug Controlit-Si on
different backgrounds of mineral nutrition in
the conditions of the Central Non-
Chernozem. Archives 12:75-84.
https://doi.org/10.31857/S000218812312007
4

Kwiatkowska, E.; Zimniewska, M.;
Gryszczynska, A.; Przybylska, P. and
Rozanska, W. (2024). The effect of drought
on the content of active substances of flax
fibers. Journal of Natural Fibers, 21(1),
2310679: 1-14.
https://doi.org/10.1080/15440478.2024.2310
679

Kwiatkowska, E.; Zimniewska, M.; Przybylska,
P. and Romanowska, B. (2023). Effect of
drought stress on quality of flax fibres.
Materials, 16(10), 3752: 1-14.
https://doi.org/10.3390/mal6103752

Ma, J. F. (2004). Role of silicon in enhancing the
resistance of plants to biotic and abiotic
stresses. Soil Science and Plant Nutrition,
50(1):11-18.
https://doi.org/10.1080/00380768.2004.1040
8447

Mahmoud, A. K. K. and Noman, A. S. H. (2024).
Response of four flax genotypes to growth
traits, seed yield and oil yield under different
sowing rates. Anbar Journal of Agricultural
Sciences, 22(1): 544-559

Marschner, P. (2012). Marschner’s Mineral
Nutrition of Higher Plants, 3™ ed.; Academic
Press: London, UK, pp. 178-189.

Melelli, A.; Durand, S.; Alvarado, C.; Kervoélen,
A.; Foucat, L.; Grégoire, M.; Arnould, O.;

182


https://doi.org/10.59324/ejeba.2025.2(3).13
https://doi.org/10.31857/S0002188123120074
https://doi.org/10.31857/S0002188123120074
https://doi.org/10.1080/15440478.2024.2310679
https://doi.org/10.1080/15440478.2024.2310679
https://doi.org/10.3390/ma16103752
https://doi.org/10.1080/00380768.2004.10408447
https://doi.org/10.1080/00380768.2004.10408447

Ebied, M. A.; et al.

Impact of foliar application with drought-tolerant substances on ..................

Falourd, X.; Callebert, F.; Ouagne, P;
Geairon, A.; Daniel, S.; Jamme, F.; Mauve,
C.; Gakiére, B.; Bourmaud, A. and
Beaugrand, J. (2022). Anticipating global
warming effects: A comprehensive study of
drought impact of both flax plants and fibres.
Industrial Crops and Products, 184, 115011.
https://doi.org/10.1016/j.indcrop.2022.11501
1

Mirshekari, M.; Amiri, R.; Nezhad, H.; Noori, S.
A. S. and Zandvakili, O. R. (2012). Effects of
planting date and water deficit on quantitative
and qualitative traits of flax seed. American-
Eurasian J. Agric. Environ. Sci. 12(7): 901-
913.

Mishra, D. K. and Awasthi, H. (2021). Quality
evaluation of flaxseed obtained from different
locations.” Biology and Life Sciences Forum
4 (1): 1-6.
https://doi.org/10.3390/IECPS2020-08754.

Mutanda, M.; Shimelis, H.; Chaplot, V. and
Figlan, S. (2025). Managing drought stress in
wheat (Triticum aestivum L.) production:
strategies and impacts. South African Journal
of Plant and Soil.
https://doi.org/10.1080/02571862.2025.2497
229

Noaman, A.H.; Abood, N.M.; Ajaj, H.A. and
Almehemdi, A.F. (2024). Effect of potassium
fertilizer on yield and its components of flax
(Linum usitatissimum L.). SABRAO J. Breed.
Genet. 56(6): 2521-2531.
http://doi.org/10.54910/sabrao2024.56.6.34.

Page, A.L; Miller, R.H. and Keeny, D.R. (1982).
Methods of Soil Analysis. Part II. Chemical
and Microbiological Methods, 2nd ed. Am.
Soc. Agron., Madison, WI, USA, pp. 225-
246.

Pang, Z.; Tayyab, M.; Islam, W.; Tarin, M.W.K_;
Sarfaraz, R.; Naveed, H.; Zaman, S.; Zhang,
B.; Yuan, Z. and Zhang, H. (2019). Silicon-
mediated improvement in tolerance of
economically important crops under drought
stress. Applied Ecology and Environmental
Res., 17: 6151-6170.

Rashwan, E.; Mousa, A.; EL-Sabagh, A. and
Barutgular, C. (2016). Yield and quality traits

of some flax cultivars as influenced by
different irrigation intervals. Journal of
Agricultural Science; 8(10): 226-240.

Sadak, M.S. and Bakry, B.A. (2020). Alleviation
of drought stress by melatonin foliar
treatment on two flax varieties under sandy
soil. Physiol. Mol. Biol. Plants, 26: 907-919.
https://doi.org/10.1007/s12298-020-00789-z

Saleem, M. H.; Ali, S.; Hussain, S.; Kamran, M.;
Chattha, M. S.; Ahmad, S.; Aqeel, M,
Rizwan, M.; Aljarba, N. H.; Alkahtani, S. and
Abdel-Daim, M. M. (2020). Flax (Linum
usitatissimum L.): A potential candidate for
Phytoremediation? Biological and
economical points of view. Plants, 9(4): 496.
https://doi.org/10.3390/plants9040496

Sallam, 1. M.; Abdelhalim, K.H.A. and Badr
Eldin, R.M. (2023). The effect of water stress
on seeds production and fiber yield of flax
crop grown in clay soil. Alexandria Science
Exchange Journal, 44(1): 57- 66.

Sharma, L.; Roy, S.; Satya, P.; Alam, N. M.;
Goswami, T.; Barman, D.; Bera, A.; Saha, R.;
Mitra, S. and Mitra, J. (2024). Exogenous
ascorbic acid application ameliorates drought
stress through improvement in morpho-

physiology, nutrient dynamics, stress
metabolite  production and antioxidant
activities  recovering  cellulosic  fibre

production in jute (Corchorus olitorius L.).
Industrial Crops and Products, 217, 118808.
https://doi.org/10.1016/j.indcrop.2024.11880
8

Shedeed, S. I.; Bakry, B. A. and Nofal, O. A.
(2016).  Response of  Flax
usitatissimum L.) nutrients content to foliar
application by two different sources of silicon
fertilizers. Res. J. Pharm. Biol. Chem. Sci, 7:
373-398.

Shivappa, R.; Jeevan, B.; Baite, M.S,;
Prabhukarthikeyan, S.R.; Keerthana, U.;
Annamalai, M.; Pati, P.; Mohapatra, S. D. and
Govindharaj, G. (2024). Dual role of
potassium silicate and salicylic acid: Plant
growth promotor and plant immunity booster
against Bakanae disease of rice. Silicon,
16(3): 1173-1182.
https://doi.org/10.1007/s12633-023-02738-3

(Linum

183


https://doi.org/10.1016/j.indcrop.2022.115011
https://doi.org/10.1016/j.indcrop.2022.115011
https://doi.org/10.1080/02571862.2025.2497229
https://doi.org/10.1080/02571862.2025.2497229
http://doi.org/10.54910/sabrao2024.56.6.34
https://doi.org/10.1007/s12298-020-00789-z
https://doi.org/10.3390/plants9040496
https://doi.org/10.1016/j.indcrop.2024.118808
https://doi.org/10.1016/j.indcrop.2024.118808
https://doi.org/10.1007/s12633-023-02738-3

Ebied, M. A.; et al.

Impact of foliar application with drought-tolerant substances on ..................

Snedecor, G. W. and Cochran, W. G. (1980).
Statistical Methods. Oxford and J.B.H.
publishing com. 7 edition, pp. 593.

Tarabih, M.E.; El-Eryan, E.E. and El-Metwally,
M.A. (2014). Physiological and pathological
impacts of potassium silicate on storability of
Anna apple. Am. J. Plant Physiol, 9(2): 52—
67.

Tayade, R.; Ghimire, A.; Khan, W.; Lay, L.;
Attipoe, J. Q. and Kim, Y. (2022). Silicon as a
Smart Fertilizer for Sustainability and Crop

Improvement. Biomolecules, 12(8): 1027.
https://doi.org/10.3390/biom12081027

Valipour, M.; Rahnama, A.; Hassibi, P. and
Monsefi, A. (2025).
morphological traits and yield and yield
components of oilseed flax
usitatissimum L.) genotypes in response to
deficit irrigation regimes. Environmental
Stresses in Crop Sciences, 18(2): 263-281.

Vermeiren, L. and Jopling, G.A. (1984).
Localized irrigation. FAO Irrigation and
Drainage paper No. 36, Rome, Italy.

Wang, M.; Wang, R.; Mur, L.A.J.; Ruan, J. and
Guo, Q.S.S. (2021). Functions of silicon in
plant drought stress responses. Horticulture
Research, 8, 254: 1-13.
https://doi.org/10.1038/s41438-021-00681-1

Wassie, M.; Zhang, W.; Zhang, Q.; Ji, K.; Cao, L.
and Chen, L. (2020). Exogenous salicylic
acid ameliorates heat stress-induced damages
and improves growth and photosynthetic
efficiency in alfalfa (Medicago sativa L.).
Ecotoxicology and Environmental Safety,
191, 110206.
https://doi.org/10.1016/j.ecoenv.2020.110206

Xue, Y.; Bai, X.; Zhao, C.; Tan, Q.; Li, Y.; Luo,
G. and Long, M. (2023). Spring
photosynthetic ~ phenology of  Chinese
vegetation in response to climate change and
its impact on net primary productivity.
Agricultural and Forest Meteorology, 342,
109734.

Evaluation  of

(Linum

https://doi.org/10.1016/j.agrformet.2023.1097
34

Yadav, S.K.; Singh, N. and Yadav, H.K. (2024).
Genetic variability and trait association
analysis in linseed (Linum usitatissimum L.)
for yield and related traits. Oil Crop Science,
9(3): 151-159.
https://doi.org/10.1016/j.0csci.2024.06.003

Yang, W.; Zhou, Z. and Chu, Z. (2023).
Emerging Roles of Salicylic Acid in Plant
Saline Stress Tolerance. International Journal
of Molecular Sciences, 24(4): 3388.
https://doi.org/10.3390/ijms24043388

Yusuf, M.; Hayat, S.; Alyemeni, M.N;
Fariduddin, Q. and Ahmad, A. (2013).
Salicylic Acid: Physiological Roles in Plants.
In: Hayat, S., Ahmad, A., Alyemeni, M. (eds)
SALICYLIC ACID. Springer, Dordrecht.
https://doi.org/10.1007/978-94-007-6428-6 2

Zare, S.; Mirlohi, A.; Sabzalian, M.R.; Saeidi,
G.; Kogak, M.Z. and Hano, C. (2023). Water
stress and seed color interacting to impact
seed and oil yield, protein, mucilage, and
secoisolariciresinol diglucoside content in
cultivated flax (Linum usitatissimum L.).
Plants, 12(8), 1632: 1-23.
https://doi.org/10.3390/plants12081632

Zare, S.; Mirlohi, A.; Saeidi, G.; Sabzalian, M.
R. and Ataii, E. (2021). Water stress
intensified the relation of seed color with
lignan content and seed yield components in
flax (Linum usitatissimum L.). Scientific
Reports, 11(1): 1-15.
https://doi.org/10.1038/s41598-021-02604-5

Zhang, K.; Khan, M. N.; Khan, Z.; Luo, T;
Zhang, B.; Bi, J.; Hu, L. and Luo, L. (2024).
Seed priming with ascorbic acid and
spermidine regulated auxin biosynthesis to
promote root growth of rice under drought
stress. Frontiers in Plant Science, 15,
1482930, 1-16.
https://doi.org/10.3389/1pls.2024.1482930

184


https://doi.org/10.3390/biom12081027
https://doi.org/10.1038/s41438-021-00681-1
https://doi.org/10.1016/j.ecoenv.2020.110206
https://doi.org/10.1016/j.agrformet.2023.109734
https://doi.org/10.1016/j.agrformet.2023.109734
https://doi.org/10.1016/j.ocsci.2024.06.003
https://doi.org/10.3390/plants12081632
https://doi.org/10.1038/s41598-021-02604-5
https://doi.org/10.3389/fpls.2024.1482930

Ebied, M. A.; etal. Impact of foliar application with drought-tolerant substances on ..................

QL) Cilial (and Al ciliuall o Cilial) Jaad il yas B ol (a1 il
aldal) i gl calde g ) Sal)

M e saaa Ao dalul (D ildal) a8 dlae (Daue 3gaaa o daaa
e ¢ e 3 Epaall S e - Aiall Jaalaall & gay dgaa - LYY Jaalas Eigay pnd ()
e ¢ 5al a3 Aadla Aol 3 A0S - Jualadl and ()
e i) ala — el )30 LS Joalad) w7

Al padlal)

G o @sidl ey Ll s Jl A A el aagd ) SRl 5Shaal Giliall e ) slgal) as
DY) Q5 (g 5 5 el (e 1AL g g s LIV 5 50l Lalii) 5 gaill lia (aliail ) Ciliadl S J g i o
e calioal Rag jl ool 5l maa g Al Hall (e Cangdl S8 adde 5 UKD geane daalil) e Gleal) dlgal s Ll
sy Gl Aali) Gailiad S e ciliadl Jeat ol s 315V Gl 5% ) g cliall algaY A jaall U
3o MR sy Ay jall Anilaay 5 jpeadly Fel 3l & paal) Adaae b Aliad) el ey yal s olsally iV
AN Aali] e 4 gine 3 ey Lgidle iy (LS Ciliual 5 gl adai <o i 85 YAYY/YOY) 5 YY)/ YAY clusl
GV Sliall U g pad sal o))l amse S (G Ay el cliall alana s olaell Al LYY 3
Loy £0 JS (gl oal Mg 1aa | Lagy Yo S (o )00 &0 jle il 5y shll 5 (i) Apalil il muan (3 (5 sine alias)
LYYy sl (N Aalil 8 Ay giee 53 g dea W) Ll QS ) Giliad) Jesd LS 5al B0 Gl e
Sy Aalaall i 285 Aoy 0 anse SIS & )y i (o s £0 US (b 4l @lld A5 el cilanall
el liall maea N ALaYL GLIYI sl 5 (il AalisY ad Jef e Uag €0 JS (5555 Al lilall o gaudi 5ol
sadall UV i) o3 < yedal | J g uSl Aala g s AY) dlgal) i lleay Leii e ie @lldgde) )3l anse NS b
Aaleall 028 Craalus 385 Caliall Cag kol GUSH il shiy sai o o gl sl Sl dlalaall lagl) sl
b yiaall Cilual) 4 jlaay ci il e Sy JsY) assall QA 7Y 00T ¢ YAT Jaray o)) cle g b
Ll T s Cala Aol sl Aualii) ¢ VY 5 Caiea de Gy oluall Al g () J panal 4l ef ciiag
¢ (PCA) Amari 5l <l sl bt 5 U Calial 5 g0 adii (s Je il il e 3l s ¥ Liow Caiia del 5o iy
Sl Loy ie el Aali] 8 Y Wiy o shll Apalis) 8 T L g ol 4pali) 8 )Y 3 e Calial (358 Jaa o)
oda Al pall) awsse DS 8 oAl gl sl cudy ) (6 AV GLAYL Dl caliall Gag ks st U ) 5 o sl sl
Ay il Jaat e GUSH il 5538 8aly 31 Aaal Ladl JiulS o ol sall il (S’ A8l e ¢ guial) il
calaalldin jdll alalidl 8 sl

185



