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Effect of Some Foliar Spray Plant Stimulants on Growth, Yield
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Application
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ABSTRACT

Strawberry is one of the most Egyptian important vegetable crops for exports. So, a field
experiment was conducted over two growing seasons (2021/2022 and 2022/2023) using a
split-plot design to investigate the impact of two soil amendments as the main plots,
including biochar at a rate of 5.0 m® fed and fulvic acid 10 kg fed™. Also, the study aimed to
investigate the benefits of foliar applications, in the sub-main plots involving organic carbon
(1.0 cmL™), seaweed extract (1.0 cmL™), and potassium silicate (2.0 cmL™), in addition to
control. The study involved measuring some parameters, including foliage fresh and dry
weights, no. of branches plant?, leaf area (cm? plant?), chlorophyll content, as well as the
percentage of NPK in the leaves. Additionally, the research included the evaluation of fruit
characteristics, such as average fruit weight, fruit dry matter, No. of fruits plant, fruit
firmness, total soluble solids, total sugars, vitamin C content and anthocyanin. Results
showed that plants grown in soil treated with fulvic acid were the best than biochar, while the
control plants had the least effective results. As for the foliar applications, with potassium
silicate demonstrated the best performance, followed by seaweed then organic carbon as
compared with control. The combinations of fulvic acid and potassium silicate appear
particularly promising for achieving optimal results and enhance strawberry production for
local and export market growth.

Keywords: Strawberry -Potassium silicate- Organic carbon - Seaweed - Fruit characters

INTRODUCTION

In Egypt, where strawberries are making it a valuable tool in sustainable
cultivated extensively, they represent a agriculture and environmental
significant contribution to the agricultural management (Sanchez-Reinoso et al.,
export market. However, this agricultural 2020). It is produced by heating organic
treasure faces formidable environmental matter, such as agricultural residues or
challenges, primarily driven by the wood, in a low-oxygen environment,
degradation of arable lands and other which prevents the material from fully
adverse conditions that hinder their ideal combusting and results in the creation of a
cultivation (Abd-El-Kareem et al., 2022). stable carbon-rich product that can be

To combat these challenges and incorporated into the soil to improve its
optimize the strawberry production, structure and nutrient-holding capacity
researchers have turned to innovative (Elsherpiny, 2023).
approaches. Among these, biochar, a Additionally, fulvic acid, a specialized
carbon-rich material derived from the soil conditioner, has gained prominence
pyrolysis of organic matter (Weber and for its role in fostering both plant and soil
Quicker, 2018), plays a pivotal role in health, contributing to the overall success
enhancing plant growth and improving soil of agricultural practices (Ukalska-Jaruga et
properties (Das et al., 2020). Biochar is al., 2018). Fulvic acid is a natural organic
known for its ability to increase soil compound that is a component of humus,
fertility, water, and nutrient holding, the organic component of soil (Ukalska-
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Jaruga et al., 2022). It is formed through
the decomposition of organic matter, such
as dead plants and microorganisms, in the
soil. It is characterized by its low
molecular weight and high solubility in
water. It plays a significant role in soil and
plant health and is often used as a soil
conditioner and plant growth promoter in
agriculture (Liu et al., 2022). Fulvic acid is
known for its ability to chelate, or bind to,
minerals and nutrients, making them more
readily available to plants. It also improve
soil structure, increases nutrient uptake by
plants, and enhances the overall fertility of
the soil. Additionally, fulvic acid has been
studied for its potential to stimulate plant
growth, increase strawberry vyields, and
improve plant resistance to stress such as
drought and disease (Martinez-De la Cruz
etal., 2022).

Furthermore, foliar spraying is a
technique that involves applying specific
solutions directly to the plant leaves, the
maximizing crop Yyields and nutritional
quality  (Krishnasree et al., 2021).
Seaweed-based solutions have gained
recognition for their beneficial effects on
plant growth (Azeez and Taha, 2022).
Overall, seaweed extracts are used as
organic fertilizers and soil conditioners in
agriculture. They can improve soil
structure, increase nutrient availability,
and enhance plant growth and strawberry
yields (Rana et al., 2023).

Potassium silicate, or potassium
metasilicate, is a chemical compound
comprising potassium (K), silicon (Si), and
oxygen (O). Its distinctive characteristics
and advantages make it a common choice
for agricultural purposes (EI-Sherpiny et
al., 2022). It serves as a dual source of
potassium (K) and silicon (Si) for plants,
its silicate form, being a crucial nutrient
for fostering strawberry growth (Shafiei et
al., 2022). This nutrient reinforces cell
walls, bolsters resistance against pests and
diseases, and contributes to the overall

well-being of plants.  Additionally,
potassium, another essential nutrient,
supports the development of flowers and
fruits while enhancing the overall vitality
of plants (Hussain et al., 2022).

The foliar application of organic
carbon refers to the process of applying
organic carbon-based solutions directly to
the leaves and stems of plants. This
practice is a part of modern agricultural
and horticultural techniques aimed at
improving plant health and overall crop
production. Organic carbon solutions used
for foliar application are typically derived
from organic matter and can include
substances like humic acid, fulvic acid,
and other natural organic materials.
Organic carbon sprays can enhance the
absorption of essential nutrients by plants,
promoting better growth and development.
Foliar applications of organic carbon can
help plants become more resistant to
environmental stresses, such as drought,
heat, and disease, by strengthening their
natural defense mechanisms. The
application of organic carbon through
foliar spraying is a valuable tool in modern
agriculture, providing a means to address
nutrient deficiencies, enhance plant vigor,
and ultimately increase crop yields and
quality of strawberry (Al-Karawi and Al-
Rawi, 2016).

Therefore, the overarching aim of this
study, conducted over two strawberry
growing seasons, was to investigate the
potential impacts of soil amendments, such
as biochar and fulvic acid, and foliar
applications, including organic carbon,
seaweed, and potassium silicate, on
strawberry cultivation in Egypt. The study
sought to assess how these practices
influence various plant parameters and
fruit characteristics, ultimately aiming to
enhance strawberry production, improve
its quality, and contribute to Egypt's
continued leadership in global strawberry
cultivation and export.

MATERIALS AND METHODS

1. Experimental site and soil sampling
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During the two seasons of 2021/2022 detailed in Table (1), based on soil
and 2022/2023, a field experiment was samples collected (from a depth of 0-30
carried out at the Agricultural Research cm) prior to the experiment. These
Center's (ARC) Experimental farm in samples were analyzed using established
Paramon village, Mansoura city, Egypt. methods as outlined by Buurman et al.

The soil's physical and chemical (1996).
characteristics at the experimental site are
Table (1). Characters of the initial soil (average of both seasons).

Soil moisture Available
constants,% element, mg kg

Particle size distribution, % 1 Chemical properties

EC,

C.sand F.sand Silt Clay Tg’;‘;z" *FC **S ***WP N P K dSm! pH O.M%
530 1023 3578 4869 % 425 890 223 465 703 2163 225 7.9 122
*FC= Field capacity
**S= Saturation percentage
***WP= Wilting point
2. Studied substances Potassium silicate (K2SiOs3, 60.0 %K)
Biochar: The process of characterizing and organic carbon: They were purchased
biochar  followed the  methodology from Egyptian commercial market, and
described. Plant residues, including rice, then the required application rates were
barley, wheat, and maize straw, were prepared for the study.
sourced from private farms and transported 3. Strawberry transplants
to the ARC. The pyrolysis of these plant Fresh transplant of the Festival variety
residues was conducted in an oxygen-free were acquired from ARC then transplanted
environment at temperatures ranging from on 20" October during both seasons. Before
400 to 500 °C for a period of two hours. the transplanting process, all transplants
The resulting biochar exhibited the were meticulously selected, with particular
following properties: a nitrogen content (N) attention given to their crown diameter,
of 1.39 %, an organic carbon content (OC) ensuring that each seedling had a crown
of 45.10%, a pH value of 8.8, an electrical diameter of more than 0.5 cm.
conductivity (EC) value of 5.1 dSm™, and a 4. Experimental set up:
cation exchange capacity (CEC) value of A field experiment using a split-plot
64.0 cmol kg, design to investigate the impact of soil
Fulvic acid (FA): It was obtained from the amendments as the main plots, including
Egyptian commercial market then the biochar at a rate of 5.0 m® fed* and fulvic
studied rate was prepared. The FA product acid at a rate of 10 kg fed™™. The study also
consisted of trace minerals, such as iron, aimed to assess the benefits of foliar
zinc, copper, and others. These minerals are applications, with sub-main plots involving
chelated or bound to the fulvic acid organic carbon (1.0 cmL™), seaweed (1.0
molecules, which can enhance their cmL™), and potassium silicate (2.0 cmL™).
availability to plants as mentioned in its Control groups were established for each
brochure. Also, it contains phenolic factor. Biochar and fulvic acid were applied
compounds, organic acids, and at the beginning of the experiment. The
polyphenols. foliar treatments were administered three
Seaweed: It was obtained from Eco Agro times, specifically on days 70, 85, and 100
Company in Egypt then the studied rate after the transplanting of the seedlings.
was prepared. The seaweed product Calcium superphosphate fertilizer with a
consisted of 20% algae extract, 1.5% phosphorus content of 15% (P20s) was
alginic acid, and 0.5% mannitol in its applied at a rate of 150 kg per feddan. After
composition. plowing and disking of the soil, planting

(62)
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lines were established, surveyed, and
divided into terraces, each measuring 120
cm in width. The experimental unit covered
an area of 14.4 m?, comprising three beds,
each 1.6 m wide and 3.0 m long. Within
each bed, four rows of transplants were
accommodated, totaling 140 plants per plot.
For irrigation purposes, each bed was
equipped with two dripper lines spaced 25
cm apart, delivering water at a rate of 4 I/h.
Before planting, the fresh strawberry
transplants were immersed in a disinfectant
solution  (Rhizolex solution) at a
concentration of 3.0 g per liter for 30
minutes. After disinfection, the transplants
were immediately planted, maintaining a 25
cm spacing between them on both sides of
the dripper lines.

After 35 days from the transplanting
date, the beds were mulched with brown-
silvery plastic mulch measuring 60 microns
in thickness. During the vegetative growth
phase, every cubic meter of irrigation water
was supplemented with 500 cm® of
compound fertilizer containing 10%
nitrogen (N), 2% phosphorus (P), 6%
potassium (K), and microelements. In the
flowering stage, the same amount of
compound fertilizer, comprising 10%
nitrogen (N), 4% phosphorus (P), 8%
potassium (K), and microelements, was
added to each cubic meter of irrigation
water. During the fruiting stage, 500 cm? of
compound fertilizer with 8% nitrogen (N),
2% phosphorus (P), 10% potassium (K),
and microelements was incorporated into
every cubic meter of irrigation water.

5. Measurements

Growth  characteristics and  leaf
chemical constituents were evaluated by
collecting samples from the central three
rows of each experimental plot after 60
days of transplanting in both seasons. These
samples were used to assess the following
parameters;

- Foliage fresh and dry weights (g plant™)

- No. of branches plant™

- Leaf area (cm? plant?) according to
Watson (1952)

- No. of secondary crown plant™

(63)

- %eaves content of chlorophyll (a and b mg
g7)

- Percentage of nitrogen, phosphorus and
potassium

Chlorophyll content (a and b) was
assessed following the procedure described
by Johan et al. (2014). Leaf samples were
extracted using 80% acetone and the
absorbance at wavelengths 663 nm and 645
nm was measured using a
spectrophotometer. The digestion of
strawberry leaves was carried out using a
mixture of sulfuric acid (H2SO4) and
perchloric acid (HCIO4), following the
method described by Gotteni et al. (1982).
The determination of total nitrogen (N),
phosphorus (P), and potassium (K)
percentages was performed using a Micro
Kjeldahl apparatus, a spectrophotometer
and a flame photometer, respectively, as
outlined by Jones et al. (1991).

Strawberry fruits were harvested when
they reached a size suitable for the market.
They were then weighed and counted to
determine
1-the average fruit weight ()
2-fruit dry matter (%)

3- No. of fruits plant™

4- Yield (marketable and unmarketable,
metric ton ha)

5-The early yield was determined as the
cumulative yield from December to March,
while the total yield was assessed by
recording the weights of all harvested fruits
from each plot until the 3" of June. At the
first week of April, the quality traits of
fruits i.e., Total soluble solids (TSS, %),
total sugars (%),fruit firmness (g cm?),
vitamin C (VC, mg 100 ml juice) were
determined according to AOAC (2000). In
addition, anthocyanin pigment [mg 100 ml
juice, as described by Crecente-Campo et
al., (2012)] was determined.

6. Statistical analysis

Statistical analysis was conducted
following the approach outlined by Gomez
and Gomez (1984). To assess the
significance of treatment means, they were
compared against the least significant
differences test (LS.D.) at a 5%
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significance level. This analysis was
performed using CoStat version 6.303

(1998-2004).

RESULT AND DISCUSSION

1- Growth criteria,  photosynthetic
pigments and leaf  chemical
constituents
Tables (2 and 3) provide a

comprehensive presentation of how soil
amendments, such as biochar and fulvic
acid, as well as foliar applications,
including organic carbon, seaweed and
potassium  silicate, influence  the
performance of strawberry plants after 60
days of transplanting. The data includes
both of the individual effects of both soil
and foliar applications and all interactions
between them on vegetative growth
characteristics of strawberries, including
foliage fresh and dry weights (g plant™),
no. of branches plant?®, leaf area (cm?
plant™), no. of secondary crown plant™ and
leaves content of chlorophyll (a and b mg
g 1), as well as the percentage of nitrogen,
phosphorus, and potassium in the leaves
during seasons of (2021/202),
(2022/2023). Results showed that the most
favorable outcomes were obtained in
plants grown in soil treated with fulvic
acid, followed by biochar, while the
control group had the lowest effective
results. In terms of foliar applications,
potassium silicate demonstrated the best
performance, followed by seaweed then

organic carbon and lately control
treatments. Generally, it can be noticed
that the maximum values of all

aforementioned traits were achieved with
the combined treatment of fulvic acid and
potassium silicate. The same trend was
found for both studied seasons.

The findings reveal that the soil
amendments (biochar and fulvic acid) and
foliar  applications (organic  carbon,
seaweed, and potassium silicate) have a
substantial impact on the development and
performance of the strawberry plants.

The observed superior performance of
strawberry plants in soil treated with fulvic

(64)

acid can be attributed to several scientific
reasons. Fulvic acid, a component of
humic substances, is known to enhance
nutrient availability and uptake by plants.
It chelates essential minerals, making them
more accessible to the plant roots. This
results in improved plant nutrition, which,
in turn, fosters robust vegetative growth.
Additionally, fulvic acid promotes the
development of a favorable soil
environment for microbial activity,
enhancing nutrient cycling and further
benefiting plant health. The results are
consistent with the findings reported by
Ukalska-Jaruga et al. (2018 and 2022).
Biochar, while also exhibiting positive
effects, might have been slightly less
effective in this study due to its slower
nutrient release characteristics. Biochar is
recognized for its long-term impact on soil
fertility, carbon sequestration, and
microbial activity. Biochar is rich in
carbon, and when incorporated into the
soil, it acts as a stable organic matter that
can retain and release nutrients over an
extended period. This enhances the soil's
nutrient-holding capacity, making essential
elements like nitrogen, phosphorus, and
potassium more available to plants. It also
reduces nutrient leaching, preventing
environmental pollution. Moreover, it
helps enhance soil structure by increasing
its porosity and water-holding capacity.
This improved soil structure allows for
better root penetration, aeration, and water
infiltration. Also, it enhances the soil's
CEC, which is its ability to retain and
exchange cations (positively charged ions).
This contributes to improved nutrient

retention and availability for plants.
Finally, its application can lead to
improved soil health, thus strawberry

performance. The findings are in harmony
with those of Das et al. (2020) and
Sanchez-Reinoso et al. (2020).
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Table (2). Impact of biochar and fulvic acid and foliar applications, with organic carbon,
seaweed, and potassium silicate, on the vegetative growth characteristics of strawberry plants
during 2021/2022 and 2022/2023 seasons.

Foliage fresh Foliage dr
weigh weight | Secondary  Leatarea - (OE
Treatments (g plant™) crowns (cm? plant®)  crown plant*
1st an 1st 2nd 1st 2nd 1st 2nd 1st 2nd
SeASAN SPASAN  SeASAN SeASAN SeASAN SAASAN seasAN seasAN SPASAN SpASAN
Main factor: Soil additions
Control: Without 57.92c 59.74c 11.21c 11.54c 10.17c 10.50c 425.67c 444.00c 3.33b 4.75¢
Biochar 62.20b 64.09b 13.06b 13.44b 12.25b 13.58b 467.75b 487.08b 4.00b 5.67b
Fulvic acid 65.82a 67.89a 14.84a 15.33a 17.00a 18.75a 503.00a 522.75a 4.92a 6.67a
LSD ats5% 0.14 063 054 005 030 0.30 4.10 4.29 0.73 0.75
Sub main factor: Foliar applications
Control: top water 60.44c 62.23d 12.38d 12.77c 12.00c 12.78c 451.33d 469.22d 3.78a 5.33a
Organic carbon 61.46bc 63.36c 12.86c 13.26b 13.00b 13.89b 461.22c 480.67c 4.00a 5.67a
Seaweed 62.55ab 64.54b 13.26b 13.64b 13.67ab 15.00a 469.11b 488.56b 4.11a 5.78a
Potassium silicate 63.47a 65.50a 13.66a 14.08a 13.89a 15.44a 480.22a 500.00a 4.44a 6.00a
LSD at5% 1.96 093 035 042 081 0385 6.87 7.35 *N.S *N.S
Interaction
_ Control 56.00 57.86 10.51 10.84 10.00 10.00 407.67 424.67 3.00 4.33
g Organic carbon 57.34 59.12 11.04 11.36 10.00 10.00 422.67 44133 3.33 4.67
§ Seaweed 5853 60.34 11.45 11.76 10.00 11.00 431.67 450.33 3.33 5.00
Potassium silicate 59.81  61.63 11.82 1221 10.67 11.00 440.67 459.67 3.67 5.00
g Control 60.87 6258 12.42 1280 11.00 11.00 453.67 47133 367 5.33
8 Organic carbon 61.66 63.69 12.88 13.24 12.00 13.00 462.33 483.33 4.00 5.67
g Seaweed 62.92 64.83 1329 13.67 13.00 15.00 470.33 490.00 4.00 5.67
Potassium silicate 63.35  65.27 13.67 14.07 13.00 15.33 484.67 503.67 4.33 6.00
Control 6445 66.25 1420 14.67 1500 17.33 492.67 511.67 467 6.33
£ <Organic carbon 65.37 67.27 1466 1519 17.00 18.67 498.67 51733 467 6.67
f &Seaweed 66.20 68.46 15.03 1548 18.00 19.00 505.33 525.33 5.00 6.67
Potassium silicate 67.25  69.59 1548 15.97 18.00 20.00 51533 536.67 5.33 7.00
LSD at5% 3.39 161 061 073 140 148 1191 1272 1.78 172

Means within the same column followed by a different letter (S) are statistically different at a 0.05 level.*N.S= Non-

significant.

(65)
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Table (3). Impact of biochar and fulvic acid and foliar applications, with organic carbon,
seaweed and potassium silicate, on both the photosynthetic pigments and chemical constituents
in leaves of strawberry plants during 2021/2022 and 2022/2023 seasons.

Chlorophylla_Chioraphyll b 50, oS8hCh s potassiom
Treatments (mg g?) (%)
1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd
season Season Season Season season Sseason season Season  season  season

Main factor: Soil additions
C?U_'EI_FOkWithOUt 0.807c 0.842c 0.631c 0.657c 2.85¢c 2.99c 0.401c 0.407c 2.50c 2.62c
Biochar 0.870b 0.906b 0.660b 0.687b 3.09b 3.25b 0.431b 0.438b 2.79b 2.93b
Fulvic acid 0.930a 0.967a 0.691a 0.720a 3.3la 3.47a 0.456a 0.462a 3.03a 3.18a
LSD ats% 0.021 0.022 0.014 0.021 0.03 0.05 0.003 0.003 0.03 0.04
Sub main factor: Foliar applications
Control: Top water 0.848d 0.881d 0.649c 0.676¢c 3.0lc 3.16c 0.420c 0.427c 2.69d 2.82d
Organic carbon 0.863c 0.899c 0.659b 0.687b 3.07b 3.22b 0.428b 0.435b 2.75¢c 2.88c
Seaweed 0.877b 0.913b 0.665ab 0.692ab 3.11ab 3.25b 0.433ab 0.43%ab 2.79b 2.94b
Potassium silicate 0.889a 0.926a 0.671a 0.698a 3.14a 3.31a 0.437a 0.443a 2.86a 3.0la
LSD ats% 0.009 0.009 0.007 0.005 0.05 0.04 0.007 0.006 0.04 0.03
Interaction
__ Control 0.785 0.817 0.616 0.644 277 292 0390 0.396 243 2.55
g Organic carbon 0.798 0.833 0.631 0.658 2.84 298 0.400 0.406 2.46 2.58
§Seaweed 0.815 0850 0.636 0.661 287 3.01 0405 0411 250 2.62

Potassium silicate  0.832 0.867 0.643 0.667 291 3.05 0409 0416 261 2.74

Control 0.851 0.885 0.651 0.677 3.02 3.17 0421 0429 270 284
‘;5 Organic carbon 0.866 0.906 0.659 0.685 3.08 3.24 0429 0438 278 291
ESeaweed 0.876 0.913 0.662 0.690 3.11 3.26 0.436 0442 281 2.96

Potassium silicate  0.886 0.921 0.668 0.696 3.15 332 0440 0.445 2.86 3.01

Control 0.907 0.942 0.680 0.708 3.23 3.40 0.449 0456 2.93 3.08
2 —Organic carbon 0924 0.959 0.689 0.718 329 345 0455 0461 3.01 3.15
E%Seaweed 0.938 0.975 0.696 0.725 3.34 349 0458 0463 3.07 3.23

Potassium silicate  0.951 0.990 0.701 0.730 3.37 355 0462 0469 3.11 3.27
LSD at5% 0.016 0.016 0.012 0.010 0.08 0.06 0.011 0.011 0.07 0.05
Means within the same column followed by a different letter (s) are statistically different at a 0.05 level

Potassium silicate's strong which stimulate plant development and
performance in promoting vegetative enhance the efficiency of photosynthesis.

growth can be attributed to its role in
enhancing plant strength and resistance to
various stress factors. It contributes to the
development of thicker cell walls, which
can deter pests and diseases, and promotes
stress tolerance, a crucial factor for plant
health. Additionally, potassium silicate can
improve photosynthesis efficiency, thus
boosting overall plant growth. The
findings are in agreement with those of
Shafiei et al. (2022).

Seaweed applications, while also
proving effective, may be associated with
the presence of plant growth-promoting
compounds, such as auxins and cytokinins,

(66)

Organic carbon sprays likely have a more
indirect impact, primarily by improving
nutrient uptake and stress tolerance, as
well as supporting microbial activity in the
soil. The results of this study align with the
conclusions reached by Rana et al. (2023).

The most notable observation in the
study is the consistent success of the
combined treatment of fulvic acid and
potassium silicate. The scientific rationale
behind this synergistic effect lies in the
complementary roles of these substances.
Fulvic acid enhances nutrient availability
and uptake, while potassium silicate
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strengthens plant structures and provides
stress resistance. The combination of these
two treatments appears to create an
optimal environment for strawberry plants
to thrive, resulting in the highest values for
all growth characteristics.
2- Fruit yield and quality

Tables (4, 5 and 6) present the effect
of various treatments involving biochar,
fulvic acid, organic carbon, seaweed, and
potassium silicate, either individually or in
combinations on the yield and physical
characteristics of strawberries, including
average fruit weight (g), fruit dry matter
(%), No. of fruits plant? (Table 4), early
and total yield (marketable and
unmarketable, metric ton ha') (Table 5)
and quality traits of fruits i.e., TSS (%),

total sugars (%),fruit firmness (g cm?),
vitamin C (VC ) and anthocyanin pigments
(mg 100 ml juicel) (Table 6). When
examining the individual effects of soil
additions, as indicated in both Tables 4
and 5, a clear pattern emerges. The
treatment that consistently outperforms the
others in terms of achieving the highest
values for all the mentioned characteristics
is the fulvic acid treatment. It consistently
ranks as the top-performing treatment. On
the other hand, the biochar treatment
demonstrates a positive effect, albeit to a
somewhat lesser degree compared to fulvic
acid. It consistently performs better than
the control treatment, which consistently
ranks as the least effective treatment for
enhancing the evaluated characteristics.

Table (4). Impact of biochar and fulvic acid, and foliar applications organic carbon,
seaweed, and potassium silicate, on the physical characteristics of strawberry fruits

during 2021/2022 and 2022/2023 seasons.

Average fruit weight (g) Fruit dry matter (%) No. of fruits plant?

Treatments 1%tseason  2"season  1tseason 2"9season 1%tseason 2"9season
Main factor: Soil additions
Control: Without addition 20.45¢ 20.79c 7.90c 8.06¢ 28.50b 29.08c
Biochar 21.21b 21.62b 8.31b 8.48b 29.75b 30.67b
Fulvic acid 22.08a 22.47a 8.69a 8.86a 31.58a 32.50a
LSD ats% 0.016 0.24 0.02 0.16 1.32 0.86
Sub main factor: Foliar applications
Control: Top water 20.98c 21.35c 8.15¢ 8.30c 29.44a 30.11a
Organic carbon 21.15bc 21.53bc 8.28bc 8.42bc 29.78a 30.56a
Seaweed 21.35ab 21.73ab 8.34ab 8.52ab 30.11a 31.00a
Potassium silicate 21.52a 21.91a 8.43a 8.61a 30.44a 31.33a
LSD ats% 0.32 0.28 0.13 0.14 *N.S *N.S
Interaction
__ Control 20.21 20.52 7.71 7.86 28.00 28.33
£ Organic carbon 20.36 20.75 7.91 8.02 28.33 29.00
§ Seaweed 20.54 20.87 7.96 8.12 28.67 29.33
Potassium silicate 20.69 21.03 8.03 8.21 29.00 29.67
_ Control 20.92 21.32 8.17 8.32 29.00 30.00
£ Organic carbon 21.12 21.50 8.27 8.44 29.67 30.33
S Seaweed 21.32 2175 8.35 8.53 3000  3L.00
Potassium silicate 21.49 21.91 8.43 8.61 30.33 31.33
Control 21.81 22.20 8.56 8.72 31.33 32.00
2 Organic carbon 21.96 22.34 8.65 8.81 31.33 32.33
T ® Seaweed 22.18 22.56 8.72 8.91 31.67 32.67
Potassium silicate 22.37 22.79 8.82 9.01 32.00 33.00
LSD ats% 0.56 0.48 0.23 0.25 2.23 2.38

Means within the same column followed by a different letter (s) are statistically different at a 0.05 level*N.S= Non-

significant
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Table (5). Impact of biochar and fulvic acid, and foliar applications, including organic carbon,
seaweed, and potassium silicate, on strawberry yield and it's components.

Early yield, metric ton ha? Total yield, metric ton ha?

Treatments Marketable Unmarketabl Total Marketable Unmarketabl  Total
1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd
Season Season Season Season season Season Season Season Seaso Season seasonseason
Main factor: Soil additions
Control: Without 6.56 6.69 051 052 7.07 721 2747 2798 162 1.64 29.10 29.62

Biochar 776 792 042 043 818 834 30.08 3059 1.49 157 31.57 32.16
Fulvic acid 896 916 030 030 925 945 3252 33.07 131 135 33.83 34.43
LSD ats% 020 012 012 0.07 021 013 067 019 *NS 0.18 0.77 0.09

Sub main factor: Foliar applications
Control: Topwater 7.30 7.45 044 043 7.74 7.88 29.08 29.60 152 1.53 30.60 31.14
Organic carbon 761 778 042 043 804 821 29.78 30.33 150 155 31.28 31.88

Seaweed 790 806 041 043 831 849 3035 30.86 147 155 31.82 3241
Potassium silicate 822 839 036 037 858 876 30.89 3140 140 1.44 32.30 32.84
LSD at5% 009 010 *N.S *NS 0.09 009 035 041 *NS *N.S 037 0.14
Interaction
__ Control 6.04 6.18 053 051 658 6.69 2635 26.82 165 1.63 28.00 28.45
g Organiccarbon 6.44 656 051 054 695 711 2729 27.78 163 1.67 2893 29.45
§Seaweed 6.70 6.82 052 055 723 738 2789 2839 163 1.65 29.51 30.04
Potassium 705 720 048 047 753 7.68 2837 2893 157 1.60 29.94 30.53
o Control 735 750 045 045 780 795 29.16 29.71 155 1.60 30.72 31.31
8 Organiccarbon 758 7.75 045 044 803 818 29.82 30.34 150 1.63 31.32 31.97
;Q;Seaweed 787 803 042 044 829 847 3041 30.84 147 1.65 31.88 32.50
Potassium 823 839 036 037 859 876 3093 3148 143 139 32.36 32.87
Control 850 868 035 034 885 9.02 3171 3228 137 137 33.09 33.66
2 <Organiccarbon 8.82 9.03 031 030 9.13 9.33 3224 3287 135 1.36 3359 34.24
E &Seaweed 9.11 933 029 029 940 9.62 3277 33.36 130 1.34 34.06 34.69
Potassium 939 959 024 026 963 985 3338 33.78 121 135 3459 3512
LSD at5% 016 017 NS 017 016 015 072 062 *N.S *NS 064 0.24

Means within the same column followed by a different letter (s) are statistically different at a 0.05 level *N.S= Non-
significant

This pattern in the results suggests that treatment were discussed previously, as
fulvic acid has a notable and positive well as the role of biochar in improving
impact on both the yield and quality traits soil and plant health. Finally, it can be
of strawberries, while biochar's effects, noticed ‘that the ‘effect of the studied
although were beneficial, and somewhat treatments on growth indicators was
less pronounced. The control treatment, reflected in accordance with the crop
without any soil additives, yields were the characteristics of  strawberry plants.
least favorable outcomes. These findings Conversely, the control treatment, which
emphasize the significance of soil lacks any soil additives, consistently yields
amendments, particularly the application the least favorable results. This
of fulvic acid, in enhancing the growth and underscores the importance of
quality of strawberry plants. The reasons incorporating soil amendments to optimize
for improved productivity with fulvic acid strawberry growth and quality.
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Table (6). Impact of biochar and fulvic acid and foliar applications, including organic carbon, seaweed,
and potassium silicate, on chemical fruit quality characteristics of strawberry plants.

Total soluble  14¢a1 sugars Fruit Vitamin C Anthocyanin
snlid firmness
Treatments (%) (a cm?) (mg 100 ml juice™)
1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd
Main factor: Soil additions
Control: 7.47c 7.69c 6.00c 6.11c 338.67b 353.17b 54.41b 55.12b 56.62b 57.69b
Biochar 797b 8.20b 6.32b 6.45b 336.08b 349.33c 54.26c 54.97¢c 56.36b 57.49b
Fulvic acid 8.53a 8.79a 6.56a 6.70a 364.83a 379.42a 57.04a 57.75a 59.48a 60.66a
LSD at5% 0.17 0.01 0.15 0.12 2.87 3.68 0.07 0.03 1.32 1.41
Sub main factor: Foliar applications
Control: 7.79d 8.03b 6.18c 6.31c 332.22c 346.33c 54.00c 54.65d 56.25¢c 57.30c
Organiccarbon 7.94c 8.19ab 6.25b 6.37bc 345.56b 359.33b 55.04b 55.80c 57.27b 58.41b
Seaweed 8.06b 8.27ab 6.34a 6.46ab 348.33b 362.22b 55.34b 56.10b 57.72b 58.85b
Potassium 8.17a 8.42a 6.4la 6.54a 360.00a 374.67a 56.55a 57.23a 58.73a 59.89a
LSD at5% 0.09 0.25 0.07 0.11 5.21 5.36 0.90 0.25 0.66 0.74
Interaction
Control 7.22 7.43 5.83 594 315.67 329.67 5250 53.04 54.64 55.50
E’ Organic 7.42 7.63 5.94 6.06 342.00 355.67 5474 5541 56.81 57.97
§ Seaweed 7.54 7.74 6.07 6.17 34533 359.67 5499 5581 57.31 5850
Potassium  7.69 7.94 6.16 6.28 351.67 367.67 5542 56.21 57.73 58.78
Control 7.80 8.03 6.22 6.34 32433 338.67 5322 5395 5535 56.34
‘E Organic 7.92 8.15 6.28 6.41 33167 34467 53.68 54.41 5579 56.85
;9; Seaweed 8.03 8.27 6.37 6.49 334.67 34733 54.03 54.80 56.31 57.40
Potassium  8.13 8.36 6.41 6.55 353.67 366.67 56.10 56.73 57.99 59.39
Control 8.34 8.61 6.48 6.64 356.67 370.67 56.28 56.96 58.75 60.06
g 5 Organic 8.48 8.78 6.53 6.65 363.00 377.67 56.72 57,57 59.19 60.42
E’ & Seaweed 8.58 8.81 6.60 6.73 365.00 379.67 57.01 57.71 59.53 60.66
Potassium  8.70 8.97 6.65 6.79 37467 389.67 58.15 5875 60.46 61.49
LSD at5% 0.16 0.47 0.12 0.19 9.02 9.30 1.56 0.43 1.14 1.28

Means within the same column followed by a different letter (s) are statistically different at a 0.05 level

In terms of the individual effect of
foliar application, it can be noticed, from
both Tables, that the superior treatment for
obtaining the maximum values of all
aforementioned traits was potassium
silicate treatment, while the seaweed
treatment came in the second order
followed by organic carbon treatment and
lately the control treatment, which came in
the last order. The findings also reveal
distinct outcomes based on the individual
effects of foliar applications. Notably, the
potassium silicate treatment stands out as
the top-performing treatment, consistently
achieving the highest values for the
assessed characteristics. This outcome can

(69)

be attributed to the known benefits of
potassium silicate. It serves as a dual
source of potassium (K) and silicon (Si)
for plants, with silicon, in its silicate form,
being a crucial nutrient for fostering plant
growth (Shafiei et al., 2022). This nutrient
reinforces cell walls, bolsters resistance
against pests and diseases, and contributes
to the overall well-being of plants.
Additionally, potassium, another essential
nutrient, supports the development of
flowers and fruits while enhancing the
overall vitality of plants (Hussain et al.,
2023). In the second position is the
seaweed treatment, which demonstrates a
positive effect, albeit slightly less
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pronounced than potassium silicate.
Seaweed-based solutions might enhance
strawberry crop yields due to their content
of growth-promoting compounds, such as
auxins and cytokinins (Rana et al.,
2023).The control treatment, without any
foliar applications, consistently ranks as
the least effective option for enhancing the
evaluated characteristics Regarding the

CONCLUSION

The obtained results have provided
valuable insights into the impact of soil
amendments and foliar applications on
strawberry  cultivation in  Dakahlia
Governorate. The results indicate that soil
treated with fulvic acid and biochar
yielded the most favorable outcomes,
significantly improving various plant
parameters and fruit characteristics.
Among the foliar applications, potassium
silicate proved to be the most effective,
followed by seaweed and organic carbon.
These findings highlight the potential for
enhancing strawberry production through
the strategic use of soil amendments and
foliar applications. Under clay soil
conditions the combination of fulvic acid
and potassium silicate appears particularly
promising for achieving optimal results.

interaction effect, a compelling trend is
evident. The data shows that the highest
values for all the previously mentioned
characteristics are consistently observed
when utilizing the combined treatment of
fulvic acid and potassium silicate.
Remarkably, this trend is consistent across
both of the studied seasons.

can enhance soil quality and promote
healthier plant growth, ultimately
leading to better fruit yields under clay
soil condition.

2. Promote the adoption of effective foliar
application methods, especially the use
of potassium silicate. Providing training
and guidance to farmers on the correct
application techniques is crucial to
maximize its benefits in clay soil.

3. Continue research in this field to
explore additional combinations of soil
amendments and foliar applications.
Investigate the long-term effects and
sustainability of these practices to
ensure consistent benefits.

By implementing these
recommendations and building on the
research findings, Egypt can further
solidify its position as a leading global
producer and exporter of strawberries,

Recommendations: contributing to the growth of its
1. Encourage strawberry farmers to agricultural sector and economy.
consider the use of soil amendments
such as biochar and fulvic acid. This
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