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ABSTRACT

Bio-stimulants have obtained global attention due to their beneficial impacts on the growth and development
of several of crops. The current experiment was carried out during two winter seasons to assess the impact of
different bio-stimulant substances on plant vigor, yield, and quality attributes in two strawberry cultivars (Fortuna
and Festival) in a plastic greenhouse. Our treatments were: 1) humic acid 15% (10 ml L%); 2) fulvic acid 15% (10
ml L%); 3) potassium citrate (2 g L); 4) potassium silicate (2 g L); 5) salicylic acid (1 g L™); 6) calcium carbonate
(2 g L™); and 7) control (water). Strawberry plants were treated weekly with each bio-stimulant, started after 15
days of transplanting and repeated 10 times. The most effective bio-stimulants were calcium carbonate and
potassium silicate. Calcium carbonate enhanced all studied traits except dry matter, alkaloids concentration,
antioxidant activity in leaves, and titratable acidity, while potassium silicate improved all traits except dry matter
and alkaloids in leaves. Potassium citrate showed the highest value of flavonoids in leaves, firmness, and TSS.
Humic acid exhibited the highest antioxidant activity in leaves and titratable acidity. Fulvic acid showed the highest
total carbohydrates. The interaction between the cultivars and bio-stimulants was different in all traits. Significant
~ differences were found among cultivars in all traits except total alkaloids, phenolics compounds, antioxidant activity
in leaves, early yield, total yield, average fruit weight, TSS, and vitamin C in fruits (1st year) and number of
leaves/plants, antioxidant activity, carbohydrates in leaves and total yield (2nd year).
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INTRODUCTION

The strawberry plant (Fragaria % ananassa Duch.) is
considered one of the most globally distributed crops
(Chandler et al.,2012). In addition to being a natural source of
nutrients and phytochemicals like folic acid, potassium,
ascorbic acid, and fiber, strawberries also have health benefits
that include preventing cancer, heart disease, blood sugar and
pressure regulation, inflammation reduction, cholesterol
reduction, and aging prevention (AbdusSamee et al., 2023).
Egypt is one of the significant players in the world strawberry
market, ranked as the fourth largest strawberry producing
country after China, USA, and Turkey. In 2022 Egypt
produced 637842.16 tons and exported 45210.15 tons with an
export value of about 117540000 USD, making Egypt the
sixth largest strawberry exporter worldwide. The Ministry of
Agriculture in Egypt announced that the production of
strawberry plants during 2019/2020 season was 433945 tons,
cultivated in 26756 feddans, while average production was
17.08 tons / feddan.

Bio-stimulants have obtained global attention due to
their beneficial impacts on the growth and development of
several crops. Bio-stimulants involve the utilization or use of
chemical substances, physical methods, or biological agents
to induce a positive response to improve growth,
development, and quality of several crops, and induce biotic
and abiotic stress tolerance alongside increased nutrient
uptake (Soppelsa et al., 2019; Garza-Alonso et al., 2022).
Recently, many former studies documented the positive
effects of the application of bio-stimulants on different crops
including chemical and biochemical substances.
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Humic substances are complex organic molecules,
naturally developed in soil as a result of the long-term
microbial degradation of plant and animal waste. Humic
substances are categorized based on solubility characteristics
of humin, fulvic, and humic acids (Ore et al., 2023). Zydlik
and Zydlik (2023) reported that humic acid application was a
suitable alternative for mineral fertilization, which led to
maximized soil enzyme activity, an increase in leaf area by
60%, and a significant enhancement in flower number, fruit
number, and fruit set, which positively affected on yield over
mineral fertilizers. Ullah et al. (2017) evaluated the effect of
three levels of humic acid (1.5, 3.0, and 4.5ml L), and found
that using 3ml L produced more strawberry fruits and the
highest value of total carotenoids. Chakraborty et al. (2023)
studied the response of two cultivars of strawberry (Camarosa
and Nabila) to humic acid and seaweed extract and found that
foliar application of 2.0 ml L humic acid with 1.0 ml L*
seaweed extract significantly enhanced the plant growing,
number of leaves, flowers and fruits, as well as, fruit weight,
fruits length and yield than control, while the maximum total
soluble solids (TSS %), vitamin c, total sugar were exhibited
with 2.0 ml Lt humic acid + 2.0 ml L seaweed extract.

Salicylic acid is a plant hormone and produced
naturally in plants, and is considered a phenolic compound
(Hassoon and Abduljabbar, 2020). Salicylic acid enhances
plant vigor and fruit quality traits (Mohamed et al.,2017,
Youssef et al., 2017) and improves the strawberry plant's
tolerance for different abiotic stresses such as salinity stress
(Roshdy et al., 2021), drought stress (Dakheel et al., 2022),
and enhanced strawberry plant resistance for biotic stresses
such as gray mold disease (Emam et al., 2023) and spider mite
(De Resende et al., 2021).
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Potassium citrate as a bio-stimulate enhanced
strawberry plant's growth parameters such as plant length,
number of crowns, runners, and leaves as well as, leaves fresh,
and dry weight for leaves and enhanced the early, total, and
marketable yield, especially with using mineral source for
nitrogen over compost manure, while the Spraying of
potassium citrate improved fruit weight, TSS%, and vitamin
C with compost manure (Awad et al., 2010). Potassium citrate
induced relative resistance to the two-spotted spider mite in
strawberry plants (Abdelwines and Ahmed, 2022). Foliar
application with potassium citrate improves the growth and
productivity of several vegetable crops like potatoes
(Mansour and El-Metwaly, 2019), hot peppers (Ghoname et
al., 2009), tomatoes (Zakher and Elashry, 2016) and peas (EI-
Sayed et al., 2019).

Potassium silicate played an important role as a bio-
stimulant in strawberry plants, achieved significant plant
growth improvement, maximized fruit yield, and enhanced
fruit quality when used at 0.6 g/L as a foliar application (Nada,
2020). EL-Sayed et al., (2023) found that utilizing potassium
silicate on strawberry plants as foliar application significantly
improved leaf number, chlorophyll, biomass, dry matter, and
leaf area, in addition to fruit length, weight, and diameter,
which led to a significant increment in both total and
marketable yield. Hussain et al. (2023) reported that spraying
strawberry plants three times with potassium Silicate
decreases whitefly and aphid incidence by an increasing of the
epidermal cuticle layer thickness and leaf thickness. Also,
potassium silicate promoted different abiotic and biotic stress
tolerances, like salinity (Yaghubi et al., 2019), water deficit
(Dehghanipoodeh et al, 2018), and leaf blight disease
resistance (Abd-El-Kareem et al., 2019).

A few former studies were found on the effect of foliar
spray of calcium carbonate on plants. Foliar spray with
calcium carbonate on gooseberry plants significantly
increased fruit number/plant, weight, and size of fruit (Shukla
etal., 2011). Calcium carbonate induced relative resistance to
the two-spotted spider mites in strawberry plants (Abdelwines
and Ahmed, 2022). Calcium carbonate was utilized as a
biological control agent for powdery mildew in strawberry
plants and found a reduction in disease incidence (Pertot et al.,
2008). This experiment aimed at comparing the effects of
different bio-stimulants i.e., humic acid, fulvic acid, salicylic
acid, potassium citrate, potassium silicate, and calcium
carbonate on plant vigor, yield, and quality attributes of
strawberry.

MATERIALS AND METHODS

1. Plant materials and the experimental layout.

Our experiment was performed during the two winter
seasons of 2017/2018 and 2018/2019 to assess and compare
the effects of different bio-stimulants on strawberry plant
vigor, yield, and quality attributes in a plastic greenhouse of
the vegetable crops department, Cairo University, Giza
province, Egypt. The two strawberry cultivars (Fortuna and
Festival) seedlings were transplanted in the first week of
October in four rows/terraces with 25 cm between transplants
and between rows on each terrace. Each experimental plot
was about 6 m? (5 m length x 1.2 m width). Terraces were
covered with black plastic mulch. Drip irrigation was applied
with two drip lines/ terrace; also spry irrigation system was
used for 10 days only after transplanting to accelerate plant
development. Common agricultural practices including

diseases and pest management were applied according to the
Muinistry of Agriculture and Land Reclamation, Egypt.
2. Treatments

The experimental treatments were: 1) humic acid 15%
(10 ml LY); 2) fulvic acid 15% (10 ml L); 3) potassium
citrate (2 g L); 4) potassium silicate (2 g L™"); 5) salicylic acid
(1 g L'Y); 6) Calcium carbonate (2 g L?); and 7) control
(water). All treatments were added as foliar application
except, humic acid was added manually as soil application.
Strawberry plants were sprayed weekly, starting 15 days after
the transplanting, and repeated 10 times. The experiment was
performed using a randomized complete block design with 4
replicates in a split-plot design. Two strawberry cultivars as
main plots, while bio-stimulants as split-plots.
3. Data recorded
Vegetative traits and leaves chemical attributes

Agronomic traits were measured after three months of
strawberry transplanting, except leaf area/plant measured
after two months to measure the quick response. Five plants
were randomly selected to assess the number of leaves/plants,
leaf dry matter, and leaf area/ plant (Pandey and Singh, 2011).
Photosynthetic pigments (chlorophyll a, chlorophyll b, total
chlorophyll, and total carotenoids) were assessed
spectrophotometrically following the method of Mitic et al.
(2013). The Folin—Ciocalteu method was used to determine
phenolic concentration (Meda et al., 2005); meanwhile, the
colorimetric method using aluminum chloride was used to
measure flavonoids concentration (Chang et al., 2002). The
phenol-sulfuric acid method was applied to assess the total
carbohydrates (Dubois et al., 1956). Antioxidant activity was
evaluated by the method of stable 2,2-diphenyl-1-
picrylhydrazy! radical (Kedare and Singh, 2011).
Yield and fruit quality attributes

Strawberry fruits were harvested at full mature stage
from the whole plot for each treatment and the first 5 pickings
were expressed as early yield (kg/m?). Total yield (kg/m?) was
accumulatively determined from each plot for each treatment
during the harvesting season. Average fruit weight was
assessed as the mean weight of ten fruits. Fruit firmness was
determined by a food pressure tester model FTO11. Total
soluble solids (TSS) were measured by a digital refractometer
(model PR101, Co. Ltd., Tokyo, Japan). Titratable acidity was
assessed in fresh strawberry fruits using 0.1 N NaOH solution
with phenolphthalein as an indicator (AOAC, 1990).
Ascorbic acid (Vitamin C) was assessed in ripe strawberry
fruits using 2, 6 dichlorophenol indophenol dye by a
titrimetric method (AOAC, 1990). Anthocyanin was
measured in strawberry fruits according to Pirie and Mullins's
method 1976.
4. Statistical analysis

Data were statistically analyzed by MSTAT-C v. 2.1
software program (Michigan State University, Michigan,
USA) using two-way ANOVA. The means of treatment were
compared by Duncan's multiple range test at the 0.05 level of
probability (Gomez and Gomez, 1984).

RESULTS AND DISCUSSION

Increasing demand for bio-stimulants due to their
positive effects on plant growth parameters, especially in poor
soils, and unsuitable conditions such as abiotic and biotic
stresses, and reduce the amounts of required fertilizers for plants
and improve their productivity and enhance their tolerance to
different stresses (De Vasconcelos and Chaves, 2019).
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Effect of bio-stimulants, cultivars and their interaction on
number of leaves/plants and leaf area.

The individual effect of stimulants on strawberry
plants is shown in Figure 1. Potassium silicate demonstrated
the highest number of leaves/plants in both seasons with no
significant difference with salicylic acid and calcium
carbonate in the second season (Figure 1A). Fulvic acid
caused a significant reduction in the number of leaves/plants
in both seasons. Potassium silicate recorded the highest value
of leaf area in the first season compared to all other treatments
followed by calcium carbonate (Figure 1B). Calcium
carbonate and potassium citrate recorded the largest leaf area
in the second season with no significant differences. The
lowest value of leaf area per plant was recorded in fulvic acid
treatment in the first season and control treatment in the
second season.

Concerning the interaction between cultivars and bio-
stimulants, Table 1 revealed that significant differences were
found among bio-stimulants in the two cultivars for the
number of leaves and leaf area per plant. Strawberry plants
treated with potassium silicate displayed the highest number
of leaves/ plants in the Fortuna cultivar, followed by calcium
carbonate in Festival cultivar in the first season. In the second
season, the highest significant no. of leaves/plants was
recorded in salicylic acid and potassium silicate in the Furtuna
cultivar and calcium carbonate in Festival cultivar without
significant differences among them.

The plants of the Fortuna cultivar treated with potassium
silicate exhibited the largest leaf area in the first season, followed
by plants of Festival cultivar treated with calcium carbonate.
while the treatment of fulvic acid, potassium citrate, and calcium
carbonate recorded the largest leaf area in Festival cultivar in the
second season compared to all other treatments without
significant differences among them.

Cultivars exhibited a significant effect on the number
of leaves/plants in the first year only, while Cultivars
displayed a significant effect on leaf area in both years.

Potassium (K*) as a cation, and calcium (Ca?*) are the
most prevalent inorganic compounds in plant cellular media
(Sardans and Pefiuelas, 2021). Many former studies
confirmed potassium's role in numerous physiological
processes such as control of cellular growth, controlling water
balance, in addition to metabolite and nutrient transport
(Sardans and Pefiuelas, 2021). Potassium application led to
improved plant growth characteristics like number of leaves,
biomass of the plant, leaf area, and dry matter %. Growth
improvement by K could be due to their role in physiological
processes such as nitrogen usage, protein biosynthesis, and
cell development (Coskun etal., 2017). EL-Sayed et al (2023)
reported that improvement in strawberry growth parameters
such as the number of leaves and leaf area by using three
concentrations of potassium silicate as a foliar application.
Nada (2020) reported an enhancement in the number of
leaves and leaf area due to spraying strawberry plants with
four concentrations of potassium silicate. Previous studies
confirmed an increment in both leaf area and the number of
leaves after foliar spraying with potassium silicate separately
and in mixed treatment with acetyl-salicylic acid on tomato
plants (El-Sayed et al., 2023). In contrast, no effects on leaf
area and leaf number were shown in strawberry plants using
potassium silicate under water stress (Dehghanipoodeh et al.,
2018). Also, potassium citrate alone and combined with
boron led to improved vegetative parameters in Sweet Charlie
strawberry cultivar (Awad et al.,2010).

A vital role was played by calcium as an essential
element required for plant development in normal and
stressful conditions. It is important for membrane stability and
cell wall and plays a second messenger in many physiological
processes (Thor, 2019). Furthermore, the transport of
carbohydrates that are produced during photosynthesis to
sinks is accelerated by calcium (Navazio et al.,2020). Former
studies in agreement with our results, such as Rozbiany and
Taha, (2020) who found that positive increment in all
vegetative characters due to foliar application of calcium on
strawberry plants. El-Sayed et al. (2023) reported that leaf
area and number of leaves were enhanced as a result of
calcium foliar application on strawberry plants.

Effect of bio-stimulants, cultivars and their interaction on
leaves chemical attributes.
a- Photosynthetic pigments concentration:

Data in Figure 2 showed the individual effects of bio-
stimulants on strawberry plants for chlorophyll a, b, total
chlorophyll, and total carotenoids. Calcium carbonate
recorded the highest value of chlorophyll a content in both
seasons, with no significant differences with salicylic acid and
potassium silicate in the second season (Figure 2A). In
contrast, fulvic acid showed a reduction in chlorophyll a over
control plants in the first season. Calcium carbonate in both
seasons, potassium citrate, and potassium silicate in the
second season exhibited the highest content of chlorophyll b
(Figure 2B). Regarding the total chlorophyll concentration,
calcium carbonate in both seasons and potassium silicate in
the second season gave the highest value compared to all
other treatments (Figure 2C). Fulvic acid showed a reduction
in total chlorophyll over control plants in the first season.
Regarding total carotenoids, all bio-stimulants caused a
significant reduction in total carotenoid concentration, except
fulvic acid in the second season (Figure 2D).

Regarding the interaction between the cultivars and
bio-stimulants, Table 2 displayed that significant differences
were found among the bio-stimulants in the two cultivars for
chlorophyll a, b, total chlorophyll and total carotenoids. Plants
of the Festival cultivar treated with calcium carbonate
exhibited the maximum value of chlorophyll a in both
seasons. Foliar application of Fortuna plants with potassium
citrate recorded the highest chlorophyll a concentration after
calcium carbonate in first season, while foliar application of
Festival plants with potassium silicate and potassium citrate
in second season ranked second in chlorophyll a
concentration. Concerning chlorophyll b concentration, in the
first season spraying Fortuna plants treated with calcium
carbonate recorded the highest content, and spraying Festival
plants with calcium carbonate ranked the second. Meanwhile,
the foliar application of both cultivars with potassium citrate,
calcium carbonate, and potassium silicate on Festival showed
the highest concentration of chlorophyll b in the second
season. concerning total chlorophyll concentration, foliar
application with calcium carbonate in both cultivars during
the first season and in Festival cultivar in the second season,
in addition to potassium silicate in Festival cultivar in the
second season displayed the highest significant concentration
of total chlorophyll. Concerning total carotenoids, plants of
control in both cultivars in first season and control plants in
Fortuna, in addition to spraying Festival with fulvic acid
showed the highest concentration of total carotenoids in
second season, while other treatments caused a significant
reduction in total carotenoids in both cultivars.
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Cultivars demonstrated significant effects on
chlorophyll a, b, total chlorophyll, and total carotenoids in
both years.

Our results agree with former studies, which found
that foliar spraying on two different cultivars of strawberry
(Albion and Festival) with calcium significantly improved
chlorophyll concentration (Rozbiany and Taha, 2020). Foliar
spraying with potassium silicate under normal or water stress
conditions on strawberry achieved a significant increment in

spraying with three concentrations (4, 6, and 8%) of
potassium silicate and three concentrations of calcium
significantly increased chlorophyll percentage in strawberry
leaves (El-Sayed et al.,2023). Nada (2020) reported that using
potassium silicate with three concentrations (0.2,0.4 and 0.6 g
L") enhanced chlorophyll a, b, and total, in addition to total
carotenoids in strawberry leaves. In potatoes, foliar spraying
with potassium citrate and potassium silicate enhanced total
chlorophyll content in leaf tissues (Mousa et al., 2023).

chlorophyll index (Dehghanipoodeh et al., 2018). Also, foliar
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Fig. 1. Canopy parameters (A: number of leaves/plant and B: leaf area) of two strawberry cultivars treated with some
stimulants in greenhouse conditions during the 2017-2018 and 2018-2019 winter seasons.

Table 1. Canopy attributes (number of leaves/plant and leaf area) of strawberry cultivars Fortuna and Festival treated
with some bio-stimulants in greenhouse conditions during the 2017-2018 and 2018-2019 winter seasons.

Stimulants / No. of Leaves/plant Leaf area/ plant (cm?)
Cultivars Fortuna Festival Fortuna Festival
2017-2018
Fulvic acid 17.6+0.83 h 29.76+1.26 g 219.174+2.64 1 370.994+4.12 j
Humic acid 31.16+1.27 f 32.51+2.09 e 388.4844.15 i 404.31+7.55 g
Salicylic acid 36.85+1.27 c 36.15+1.52 cd 460.28+4.76 c 450.65+5.03 e
Potassium Citrate 31.91+1.84 ef 35.17+1.70 d 396.55+5.75 h 437.94+5.48 f
Potassium Silicate 40.63+0.74 a 36.27+1.73 cd 508.70+2.82 a 451.63+5.59 de
Calcium Carbonate 36.50+1.50 c 38.30+£2.01 b 455.00+4.90 d 476.94+7.00 b
Water (Control) 29.27+1.88 g 32.41+145 e 363.494+6.07 k 403.76+4.69 g
Mean 31.98 b 34.37 a 398.81 b 428.03 a
2018-2019
Fulvic acid 18.43+1.68 g 29.51+2.58 f 314.20+33.27 g 436.40+18.33 a-c
Humic acid 30.91£2.60 ef 34.27+4.20 b-e 414.72424 .37 cd 365.60+34.90 ef
Salicylic acid 37.85+£2.59 ab 35.83+3.11 bc 376.70+41.79 d-f 373.20+35.64 ef
Potassium Citrate 31.64+3.86 d-f 34.87+3.52 b-d 359.704+40.68 f 457.70+26.89 ab
Potassium Silicate 41.20+1.52 a 35.95+3.58 b 370.30+35.12 ef 418.90+28.94 be
Calcium Carbonate 36.19£3.07 b 40.10+4.02 a 401.904+32.66 c-¢ 469.5+23.72 a
Water (Control) 31.13£7.60 d-f 32.1543.01 c-f 353.20+33.32 fg 378.50+32.57 d-f
Mean 32.47 a 34.66 a 370.09 b 414.25 a

“Mean values followed by a letter in common were not significantly different according to Duncan’s multiple range test (p <0.05). Mean value + standard error.

258



J. of Plant Production, Mansoura Univ., Vol. 15 (5), May, 2024

A Chlorophyll a
100
- a a
= b b a
_; 80 d e : d 5 ¢ £ 4
bo B
= Th
L= 11}
[ -
0
2
& 4
= I
E' m
5 10
=
=1 0
Fulic acid Humicacid  Salicylic acid Potaszium Fotassum Calcium Water
Citrate Silicate Carbom ste (Contral)
B Chlorophyll b
50
45 3 a 2
= b b a 2
[SFLIES a b e b e
[
EEUES
sig 1
20
a L
=15
gln -
S°7
ge
Fulbvic acid Humic acid Salicylic acid Potastum Potassium Calcium Water (Coatrel)
Cifrate Silicate Car bom ate
C Total chlorophyll
14 -
b p b 2 a ab
=1 b d < d
E . . f
bl 00
=]
=
ol 1
o
=‘§'6E'
Em
i; 1]
20
[_.n Fulbric acid Humic acid Selicylic scd Potassinm Potassinm Calcinm Water {Control)
Citrate Silicate Carbon ate
D a0 Carotenoides
a
=F LENL < a
d be d
= ed f ed de & e
B 20
=
= 15
1]
A
o
L -
B 5
=]
E]
& 0
E Fuhlicacid Humicacd Salicylic scid Potassiom Potassium Calcium Water
41 Citr ate Silicate Carbonate (Control
Stimulants

O2017-2018 m2018-2019

Columns with the same letter represent values that are not significantly different according to Duncan's multiple range test (p <0.05). Vertical bars

represent + standard error of the mean.

Fig. 2. Leaf pigments content (chlorophyll a (A), chlorophyll b (B), and total chlorophyll (C); and carotenoids (D)) of two strawberry
cultivars treated with some stimulants in greenhouse conditions during the 2017-2018 and 2018-2019 winter seasons.
Table 2. Leaf photosynthetic pigments concentration (chlorophylls a, b, and total chlorophyll; and carotenoids) of

strawberry cultivars Fortuna and Festival treated with some stimulants in greenhouse conditions during the
2017-2018 and 2018-2019 winter seasons.

Stimulants / Chlorophyll A Chlorophyll B Total chlorophyll Total carotenoids
Cultivars (mg. 100 g' FW) (mg. 100 g' FW) (mg. 100 g FW) (mg. 100 g' FW)
Fortuna Festival Fortuna Festival Fortuna Festival Fortuna Festival
2017-2018
Fulvic acid 7029296 h 65122274 j 3476146 1 32214136 j 10505442 j 97324410 k 2864100 ¢ B340 d
Humic acid B33 e 713H300 g 3654154 g 35264148 h 11050465 10658449 1 2014096 e 23094
Salicylicacid 76324321 d 7240305 f 3774159 f 36814155 g 114104480 e 10924460 g 21974093 g 1924081 j
Potassum Citrate 80544339 b 76914324 d 3983168 ¢ 3828+161 e 12040507 b 115208485 d 20612087 i 2173091 h
PotassumSilicate 70674298 h P01333 ¢ 39014164 d  3908+165 d 10070462 fg 11810497 ¢ 2164091 h 20684087 i
CaleimCabonate 7873332 ¢ 817334 a 274180 a 40424170 b 1215512 a 1210514 a 22464095 f 1924081
Water (Control) 70674298 h 6808287 1 3494147 hi 397868 ¢ 105604445 j 107904454 h 25374107 a 445103 b
Mean 7445 a 751 b 39 a 374 b 11239 a 11091 b 266 a 215 b
2018-2019

Fulvic acid TBoA413 h 76934351 g 338277 f 3824167 od 1081680 fh 115106517 d&f 1986+174 fy A46HIB a
Humic acid 7963449 og 7261333 fy 37534227 ce 38154231 od 11350648 og 115104554 df 21264129 ¢f 1924125 fg
Salicylicacid ~ 80654386 ef IM328 de 3664300 de 39674173 be 119404675 bd 123704511 be 1826160 gh 3100 ac
Potassium Citrate 7676412 gh 86194325 bc 41594223 ab 4172189 ab 118404628 ce 125104500 b 2083112 ef 203101 ce
Potassium Silicate 84674428 od 87934305 b 3792218 od 4208229 a 12604638 be 131704539 a 18494106 gh 206AL12 ef
CalcumCabonate 82794400 de B35 a 4063218 ab 40704340 ab 120004596 bd 13090624 a 2094112 ef 1692+152 g
Water (Control) 70262280 i 7653355 gh 3530148 ef 33994333 f 107104437 h 10864619 gh 24074100 ab 274223 bd
Mean 84 b 811 a 3763 b 392 a 11582 b 12144 a 2053 b 2141 a

“Mean values followed by a letter in common were not significantly different according to Duncan’s multiple range test (p <0.05). Mean value = standard error.
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b- Dry matter and carbohydrates in leaves

Results in Figure 3 revealed the individual effects of
bio-stimulants on strawberry plants for dry matter and
carbohydrates. Fulvic acid only showed a significant increment
in dry matter % in the first season. In the second season, fulvic
acid and the control treatment showed the highest dry matter %
while other treatments reduced dry mater % in strawberry
leaves (Figure 3A). Regarding carbohydrates concentration,
fulvic acid in both seasons showed the highest value followed
by potassium citrate and calcium carbonate in both seasons
with no significant difference between them, in addition to
humic acid in the second season.

Regarding the interaction between cultivars and bio-
stimulants, Table 3 demonstrated that significant differences
were found among the effects of the bio-stimulants in the two
cultivars for dry matter and carbohydrates. All bio-stimulants
led to a significant reduction in dry matter % in both cultivars,
except fulvic acid in both cultivars without a significant
difference between fulvic acid treatment and control plants in
the Fortuna cultivar only. The spraying Fortuna plants with
fulvic acid in both seasons and Festival plants with potassium
citrate in the second season displayed the highest carbohydrate
concentration. Spraying Fortuna plants with humic acid in both
seasons and Festival plants with potassium citrate in first the
season ranked second in carbohydrate content.
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Fig. 3. Leaf dry matter %and carbohydrate concentration of strawberry cultivars Fortuna and Festival treated with
some stimulants in greenhouse conditions during the 2017-2018 and 2018-2019 winter seasons.

Table 3. Leaf dry matter % and carbohydrate concentration

of strawberry cultivars Fortuna and Festival treated with

some bio-stimulants in greenhouse conditions during the 2017-2018 and 2018-2019 winter seasons.

Stimulants / Dry matter (%) Total Carbohydrates (g.100g"' DW)
Cultivars Fortuna Festival Fortuna Festival
2017-2018
Fulvic acid 39.7240.38 a 36.14+1.59 be 68.7240.91 a 66.16+0.75 ef
Humic acid 36.29+0.73 b 34.4140.14 de 67.39+0.74 be 65.01+0.62 i
Salicylic acid 34.8140.39 b-d 34.4240.11 de 61.58+1.02 1 65.56+1.06 g-i
Potassium Citrate 34.7140.35 cd 33.7140.17 d-f 65.3140.53 hi 67.67+0.79 b
Potassium Silicate 34.63+0.32 d 32.53+0.15 fg 63.50+0.77 k 64.17+0.73 j
Calcium Carbonate 33.12+0.19 e-g 32.12+0.80 g 66.57+0.70 de 67.07+0.56 cd
Water (Control) 40.04+0.25 a 33.4640.17 d-g 65.59+0.69 gh 65.95+0.75 fg
Mean 36.18 a 33.82 b 65.52 b 65.94 a
2018-2019

Fulvic acid 40.07+0.18 a 36.04+1.60 be 71.60+0.70 a 69.3140.51 cd
Humic acid 36.75+0.61 b 34.32+40.11 de 70.48+0.50 b 67.60+0.42 e
Salicylic acid 35.07+0.27 cd 34.35+0.09 de 65.85+0.69 f 67.33+0.60 e
Potassium Citrate 34.48+0.27 de 33.8240.12 de 67.52+0.36 e 70.99+0.54 ab
Potassium Silicate 34.42+0.24 de 32.4440.11 fg 66.73+0.52 e 67.21+0.49 e
Calcium Carbonate 33.25+0.14 ef 31.59+0.61 g 69.50+0.47 c 69.42+0.38 c
Water (Control) 40.21+0.19 a 33.3540.14 ef 68.48+0.47 d 69.08+0.51 cd
Mean 3632 a 33.70 b 68.59 a 68.70 a

“Mean values followed by a letter in common were not significantly different according to Duncan’s multiple range test (p <0.05). Mean value + standard error.

Cultivars exhibited a significant effect on dry matter
in both years, but carbohydrates in the first season only.

Our results agree with those of Abou EI Hassan and
Husein (2016) and Suh et al., (2014) who found that foliar
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spray with fulvic acid increased plant dry weight in tomato
plants. Aminifard et al, (2012) reported positive
enhancement in total carbohydrate concentration in pepper
due to fulvic acid treatment. Concerning humic acid,
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Chakraborty et al., (2023) tested two concentrations of humic
acid (1.0 and 2.0-ml L) on strawberry plants and found that
both concentrations increased the total sugar concentration.
Regarding potassium citrate, foliar application with a
combination of potassium citrate 1% and boron 50 ppm on
strawberry plants improved carbohydrate concentration under
both mineral nitrogen and compost manure application as
organic fertilizer (Awad et al., 2010). EL-Sayed et al (2023)
reported a significant increase in total sugar due to foliar
spraying with calcium and potassium silicate separately in
strawberry plants.
¢- Non-enzymatic components

Data in Figure 4 displayed the individual effects of
bio-stimulants on strawberry plants for non-enzymatic
components, which include alkaloids, flavonoids, total
phenolics, and antioxidant activity. All bio-stimulants showed
negative effects on alkaloid concentration in leaves in both

seasons (Figure 4A). Potassium citrate exhibited the highest
significant flavonoid content followed by calcium carbonate
in both seasons compared to other treatments (Figure 4B).

All bio-stimulants impaired total phenolics, except
calcium carbonate and potassium citrate. Calcium carbonate
showed the highest value of total phenolics, followed by
potassium citrate in both seasons (Figure 4C). All bio-
stimulants enhanced the antioxidant activity, except calcium
carbonate, which caused a significant reduction. Humic acid
recorded the highest significant antioxidant activity, followed
by fulvic acid (Figure 4D).

Concerning the interaction between cultivars and bio-
stimulants, Table 4 showed that significant differences were
found among the effects of the bio-stimulants in the two
cultivars for non-enzymatic components.
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Fig. 4. Non-enzymatic antioxidant leaf concentration (A: total alkaloids; B: total flavonoids; C: total phenolics; and D:
antioxidant activity) of two strawberry cultivars treated with some bio-stimulants in greenhouse conditions during the

2017-2018 and 2018-2019 winter seasons.

All bio-stimulants reduced alkaloids in leaves over
control plants in both cultivars, which showed the highest
significant value of alkaloids. Regarding flavonoids, foliar
application of Festival plants with potassium citrate in both
seasons, calcium carbonate of Festival plants in the first
season displayed the highest flavonoids content, meanwhile

spraying Fortuna plants with potassium citrate in both seasons
and calcium carbonate of Festival plants in the second season
ranked second in flavonoids concentration.

Concerning total phenolics, all bio-stimulants had a
negative effect on total phenolic concentration, except
calcium carbonate and potassium citrate. Spraying the
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Fortuna cultivar with calcium carbonate recorded the
maximum value, while spraying the festival cultivar with
calcium carbonate ranked second in both seasons, in addition
to potassium citrate in festival cultivar in the first season and
in Fortuna in the second season. Concerning antioxidant
activity, all bio-stimulants enhanced antioxidant activity,

except potassium citrate and calcium carbonate which are
equal to control treatments in both cultivars throughout both
seasons. Humic acid foliar application on Fortuna cultivar
demonstrated the highest antioxidant activity in both seasons,
meanwhile, humic acid application in festival cultivar ranked
second in both seasons.

Table 4. Leaf concentration of non-enzymatic components (alkaloids, flavonoids, total phenolics, and antioxidant
activity) of strawberry cultivars Fortuna and Festival treated with some bio-stimulants in greenhouse
conditions during the 2017-2018 and 2018-2019 winter seasons.

Stimulants / Total Alkaloids Total flavonoids Total phenolics Antioxidant activity
Cultivars (mg HE.g'' DW) (mg Catechin.g! DW) (mg GAE.g' DW) DPPH ICs (ng/g Extract)
Fortuna Festival Fortuna Festival Fortuna Festival Fortuna Festival
2017-2018
Fulvic acid 1.00£0.03 e 099+0.03 e 241+0.07 f 2.81+0.11 de 6.52+£0.19 f 647+0.16 fg 3.35£0.03 c 3.39+0.04 ¢
Humic acid 1.21£0.08 e 1234005 e 1.70£0.05 h 1.84+0.06 gh 4.64£0.07 i 5.09+0.15 h 4.85£0.03 a 4.63£0.05 b
Salicylicacid 2.44+0.17 b 2.42+0.15 b 3.00£0.07 c 2.80+0.08 de 6.1740.15 g 6.65+022 f 240+0.09 e 2.26+0.10 e
PotassumCitrate  2.0140.05 ¢ 1.93+0.11 ¢ 3.76£0.16 b 4.13:026 a 848+£0.05 c 9.13:029 b 1.84+0.06 f 1.05£0.11 g
PoassumSilicate  1.50+0.18 d 1.5440.19 d 2.51+021 f 2724008 e 7.88£0.20 d 7.1540.10 e 2.99+0.08 d 3.28+0.12 ¢
CadoumCaborge  1.99+£0.08 ¢ 2.03£0.09 ¢ 3.01+0.14 ¢ 4.06£0.09 a 9.76£0.19 a 898+0.20 b 0.90+0.09 h 0.79+0.10 h
Water (Control) 2.8740.10 a 2.95+0.08 a 1.96+0.16 g 2.96+0.06 cd 7.87+020 d 8.50+0.14 c¢ 1.07£0.11 g 1.13:0.09 g
Mean 1860 a 1867 a 2.62 b 3.04 a 733 a 742 a 248 a 2.36 a
2018-2019

Fulvic acid 1.16£0.02 g 1.16£0.03 g 2334025 ef 3.23+0.05 cd 6.94+0.18 d 5.68+0.15 e 3.49+0.02 cd 3.55+0.03 ¢
Humic acid 144+0.02 f 1.3140.11 fg 1.78+0.11 g 2.08£0.03 fg 4.41+0.11 f 4.38+0.13 f 4.99+0.02 a 4.61+020 b
Salicylicacid  3.02+0.06 b 2.60£0.20 ¢ 3.024022 d 3.11+0.04 d 546+0.13 e 559+020 e 2.78+0.06 e 24440.15 f
PotassumCitrate  2.30+0.04 d 2.37+0.15 d 4.1240.18 b 5.09+0.12 a 8.23+£0.05 b 7.744026 c 2.09£0.04 g 149+0.18 h
PotassumSilicate  2.06+0.06 ¢ 2.07+0.06 e 3.05£0.16 d 3.030.04 d 6.90+0.18 d 6.68+0.09 d 3.34+0.06 d 3.56+0.19 c
ClaumCaboge  2.40+£0.06 d 2.3840.14 d 3.5440.07 ¢ 4.38£0.04 b 8.86+0.17 a 8.01+£0.18 bc 1.27+0.06 i 1.15+0.08 j
Water (Control)  3.3240.07 a 3.2540.10 a 2.57+0.08 e 3.1840.03 d 6.90+0.18 d 7.81£0.13 ¢ 1.51£0.07 h 1.43+0.15 hi
Mean 2242 a 2161 a 291 b 3.44 a 681 a 655 b 2.78 a 2.60 a

“Mean values followed by a letter in common were not significantly different according to Duncan’s multiple range test (p <0.0S). Mean value + standard error.

Cultivars displayed a significant effect on flavonoids
in both seasons and on total phenolics in the second season
only, but they had a non-significant effect on alkaloids and
antioxidant activity in both seasons.

Non-enzymatic components are produced by plants to
defend against different stresses. In former studies, El-Sayed
et al., (2023) revealed that foliar spraying with salicylic acid
reduced the non-enzymatic components in tomato leaves such
as total sugars and total phenolics. Aminifard et al., (2012)
found that fulvic acid treatment increased total phenol and
antioxidant activity while having no effects on total
flavonoids in pepper plants. El-Sayed et al., (2023) found that
calcium and potassium silicate didn’t affect the total phenol
concentration, while increased antioxidant capacity in
strawberry plants. Aghaeifard et al., (2016) found a positive
effect of salicylic acid on strawberry plants, that increased
antioxidant capacity, while humic acid didn’t affect this trait.
Effect of bio-stimulants, cultivars, and their interaction on
yield and its quality

Results in Figure 5 revealed the individual effects of
bio-stimulants which displayed significant differences
between bio-stimulants for early yield, total yield, average
fruit weight, and fruit firmness. Potassium silicate in both
seasons showed the highest significant early yield with no
significant differences with calcium carbonate in the first
season, and salicylic acid in the second season (Figure 5A).
Fulvic acid showed the lowest early yield in the first season
compared to all other treatments and was equal to the control
treatment in the second season. Calcium carbonate in both
seasons, potassium silicate in the first season, and potassium
citrate in the second season recorded the highest total yield,
while fulvic acid produced the lowest total yield in both
seasons (Figure 5B). Fulvic and humic acid in the first season
and all bio-stimulants in the second season caused a
significant reduction in average fruit weight (Figure 5C).
Regarding firmness, potassium citrate, potassium silicate, and

calcium carbonate showed the highest values in both seasons
with no significant difference (Figure 5D).

Regarding the interaction between cultivars and bio-
stimulants, Table 5 showed significant differences were found
among the bio-stimulants in the two cultivars for early yield,
total yield, average fruit weight and fruit firmness.
Concerning the early yield, spraying the festival cultivar with
potassium silicate in both seasons, calcium carbonate in the
first season, and salicylic acid in the second season showed
the highest early yield. Humic acid and potassium citrate
ranked second in this trait in festival cultivar in the second
season. Fulvic acid caused a significant reduction in early
yield in both cultivars in the first year, while other bio-
stimulants did not differ from plants of control.

Regarding total yield, calcium carbonate in both
cultivars during the two seasons, potassium silicate in both
cultivars in the first season, and humic acid in festival cultivar
produced the highest total yield. Fulvic acid reduced total
yield in both cultivars in both seasons. Other treatments did
not differ from plants of the control.

Concerning the average fruit weight, fulvic acid in
both cultivars and humic acid in Fortuna caused a significant
reduction in this trait, while other treatments did not differ
from plants of control in both cultivars in the first season.
Fulvic acid and humic acid in both cultivars, in addition to
salicylic acid and potassium citrate in the Fortuna caused a
significant reduction in average fruit weight in the second
season, while other treatments did not differ from plants of the
control in both seasons. Concerning fruit firmness, all
treatments except fulvic acid and salicylic acid in both
cultivars, in addition to humic acid in Festival cultivar
improved fruit firmness in the first season. Also, all
treatments, except salicylic acid in both cultivars, in addition
to humic and fulvic acid in Festival cultivar enhanced fruit
firmness in the second season.
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Cultivars displayed a significant effect on fruit weight in the second season only, but they had a non-
firmness in both seasons, on early yield and average fruit  significant effect on total yield in both years.
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Fig. 5. Yield component (A: early yield and B: total yields kg/m?) and physical fruit quality parameters (C: average fruit
weight and D: fruit firmness) of two strawberry cultivars treated with some bio-stimulants in greenhouse
conditions during the 2017-2018 and 2018-2019 winter seasons.

Table 5. Yield component and physical fruit quality parameters of strawberry cultivars Fortuna and Festival treated

with some bio-stimulants in greenhouse conditions during the 2017-2018 and 2018-2019 winter seasons.

Cultivars (C) Early yield(kg/m?) Total yield(kg/m?) Average fruit weight(g) Fruit firmness(kg/cm?)

Stimulants (S) Fortuna Festival Fortuna Festival Fortuna Festival Fortuna Festival
2017-2018

Fulvic acid 0.39+0.06 e 0.6740.02 e 09140.13 d 1324004 d 14.64+0.60 e 1545£1.02 e 23540.02 b-e 2.14+004 e

Humic acid 1.34+0.14 b-d 1.42+0.05 a-d 3.25+033 bc 3.3620.13 ab 18924048 d 23.03£0.73 a-c 24340.06 ac 2.2240.13 c-e

Salicylic acid 14440.12 a-d 1.39£0.07 a-d 325+035 bc 3.19+0.15 bc 22.74+1.07 bc 25.86+0.28 a 2.1940.06 de 2.16:0.09 e
Potassium Citrate 1.3740.09 b-d 1.29+0.05 cd 3.18£020 bc 3.0740.09 bc 21304043 cd 24.48+0.53 ab 2.53+0.06 ab 2.41+0.11 ad
Potassium Silicate 1.6740.08 ab 1.59+0.05 a-c 3.84+0.19 ab 3.7140.14 ab 24.88+2.14 ab 22.66+1.57 bc 2.45+0.03 ac 2.54+0.07 ab
Calcium Carbonate 1.73+0.05 a 1.7240.13 a 4.144+0.10 a 4.124028 a 24.69+0.88 ab 24.02+1.15 ac 2.62+0.13 a 240+0.06 a-d
Water (Control)  1.66+0.32 ab 1.22+0.07 d 3.82+0.75 ab 245+0.15 ¢ 23.54+1.78 a-c 23.75+023 ac 2.16£0.08 e 2.15H0.06 e

Mean 1.37 a 1.32 a 3.19 a 302 a 2153 a 2274 a 238 a 228 b
2018-2019
Fulvic acid 0.28+0.05 f 0.83£0.17 de 1.1330.08 g 1.86+027 f 1324+0.09 f 1425+0.74 f 2.08+0.02 ab 1.86+0.03 d
Humic acid 0.58+0.05 ef 1.56+0.07 b 3.69+0.01 a-c 3.27+0.01 ce 19.52+0.01 e 22.57+044 d 2.10+0.01 ab 1.84+0.05 d
Salicylic acid 0.62£0.19 e 239+0.19 a 2824028 e 3.28+0.14 c-e 21.64+049 d 2543+0.09 b 1.84+0.04 d 1.81+006 d
Potassium Citrate 1.25+0.06 bc 1.33+0.17 b 381026 a-c 3.73+023 a-c 21.89+0.14 d 24.79+0.53 bc 220001 a 2.01+0.06 bc
Potassium Silicate 0.99+0.07 cd 2.16£0.16 a 3474041 b-d 3.2940.19 c-e 2533+1.96 b 24.96+0.74 bc 2.11+0.01 ab 2.14+0.03 a
Calcium Carbonate 0.78+0.13 de 0.84+0.06 de 4.01+0.09 ab 4.28+024 a 23.30+0.12 cd 24.85+0.58 bc 2.16:0.07 a 2.09+0.04 ab

Water (Control)  0.7440.19 de 0.59+0.01 ef 3224044 c-e 2.84+0.08 de 25.04+0.61 bc 30.06+0.13 a 1.89+0.06 cd 1.88+0.02 d
Mean 0.74 b 1.38 a 3.16 a 322 a 2142 b 2384 a 2.05 a 1.94 b
“Mean values followed by a letter in common were not significantly different according to Duncan’s multiple range test (p <0.05). Mean value + standard error
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Previous works, in agreement with our results, found
that foliar spray with calcium and potassium silicate enhanced
average fruit weight, fruit firmness, marketability, and total
yield in strawberry (EL-Sayed et al., 2023). Nada (2020)
reported a significant increment in fruit weight, fruit firmness,
and early and total yield in strawberry due to foliar spraying
with potassium silicate. Rozbiany and Taha (2020) found that
fruit fresh weight and yield/plant were significantly improved
due to foliar Spraying with 500 ppm of calcium in strawberry
cv. Festival. Also, there was a positive impact on early and total
yield in tomatoes after foliar treatment with salicylic acid and
potassium silicate (EL-Sayed etal., 2023). Youssefetal., (2017)
tested the effect of eight concentrations of salicylic acid and
found that salicylic acid at 4.0 mM produced the biggest
average fruit weight and the highest early and total yield.
Effect of bio-stimulants, cultivars, and their interaction on
fruit quality traits

Data in Figure 6 exhibited that significant differences
were found between bio-stimulants on strawberry plants for TSS,
titratable acidity, ascorbic acid and anthocyanin concentration.
Conceming TSS, potassium citrate, potassium silicate, and
calcium carbonate demonstrated the highest content of TSS in
both seasons. Concerning titratable acidity, humic acid, salicylic
acid, and potassium silicate showed the highest value of titratable
acidity in fiuits in both seasons, while potassium citrate and
calcium carbonate decreased the titratable acidity value.
Concerning ascorbic acid, no significant differences were found

among bio-stimulants in the first season. Meanwhile, potassium
citrate, potassium silicate, and calcium carbonate displayed the
highest ascorbic acid in fruits in the second season. Regarding
anthocyanin concentration, calcium carbonate, potassium citrate
and potassium silicate in both seasons exhibited the highest
significant value.

Concerning the interaction between cultivars and bio-
stimulants, Table 6 displayed that significant differences were
found among the effects of the bio-stimulants in the two
cultivars for titratable acidity, TSS, anthocyanin in both
seasons and ascorbic acid in second season only.

Potassium citrate, potassium silicate in both cultivars
and calcium carbonate in Fortuna cultivar showed the highest
TSS content in first season, while all bio-stimulants enhanced
the TSS content in Fortuna cultivar, except salicylic acid,
while potassium silicate and calcium carbonate in both
seasons showed the highest TSS in Festival cultivar, and
potassium citrate ranked second in TSS in Festival cultivar in
the second season. Concerning titratable acidity, humic acid
in both cultivars in addition to salicylic acid and potassium
silicate in Festival cultivar during both seasons showed the
highest value of titratable acidity in fruits.

Concerning ascorbic acid in second season, potassium
silicate and calcium carbonate in both cultivars, and humic acid
and potassium citrate in Fortuna cultivar exhibited the highest
ascorbic acid concentration in fruits during the second season.
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Fig. 6. Fruit chemical composition (A: TSS; B: titratable acidity; C: ascorbic acid; and D: anthocyanin) of two strawberry
cultivars treated with some bio-stimulants in greenhouse conditions during the 2017-2018 and 2018-2019 winter seasons.
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Table 6. Fruit chemical composition of strawberry cultivars Fortuna and Festival treated with some bio-stimulants in
greenhouse conditions during the 2017-2018 and 2018-2019 winter seasons.

TSS

Cultivars (C) (°Brix)

Titratable acidity
(mg citric acid. 100g"' FW)

Ascorbic acid

(mg. g' FW)

Anthocyanin
(mg. 100g’ FW)

Stimulants(S)  Fortuna Festival Fortuna

Festival

Fortuna Festival Fortuna Festival

624:021be 589+023 e 045+0.027 ef
Humic acid 6.70:0.17ab 6.11+036 b-e 0.56+0.012 ab
Salicylicacid 5781031 ¢ 5954024 de 0.50+0.005 cd
Potassium Citrate 6.98+0.16 a  6.65+031 a-c 039+0.014 h+
Potassium Silicate 6.74+0.08 ab 7.01+0.18 a
Calcium Carbonate 7234035 a = 6.63+0.17 a-d 0.35+0.016 j
Water (Control)  5974023¢c¢ 5.9440.16 de 0.36+0.007 ij
Mean 652 a 631 a 043 b

Fulvic acid

0.50

0.48+0.022
0.57+0.024
0.55+0.007
042+0.010
045+0.005 e-g 0.59+0.013
040+0.016
0.53+0.005

2017-2018

de 0.65+0.047 ab
a 0.68+0.045 ab
ab 0.67+0.020 ab
fh 0.7140.051 ab
a 0.65+0.056 ab
gi 0710072 ab
bc 06240033 b
a 0.66 a

0.66+0.011 ab
0.63+0.024 ab
0.64£0.017 ab
0.67£0.048 ab
0.72£0.061 ab
0.74£0019 a
0.65+0.014 ab

0.67

56.77+0.37
57.19£0.46
52.79+1.55
60.08+0.95
58.99+0.70
63.88+£2.98
522142.04

5741 a

c-¢5221+0.83 ef
b-€5349+3.17 d-f
ef 5046+1.31 f
a-c58.19+2.72 b-d
a-c61.98+1.49 ab
a 57.97+147 bd
ef 51.04+1.07
5504 b

o

Fulvic acid
Humic acid 6.73+0.03 ab
Salicylic acid  5.93+0.13 ¢
Potassium Citrate 7.05+0.03 a
Potassium Silicate 6.78+0.03 ab
Calcium Catbonate 7024022 a  6.72+0.14 ab 0.35+0.043
Water (Control)  6.0740.19 ¢ 6.02+005 ¢ 0.36+0.019
Mean 660 a 626 b 043 b 052

6.67+0.07ab 5.95+0.10
5.92+0.17
5.86+0.19
6.47+0.19

6910.10

0.55+0.018 a<

03940019 fg

®» o0 o0 o0

045+0043 df 0.49+0.049
0.63+0.018
0.53+0035 b-d 0.6140.031
04240033
044+0009 d-f 0590018
g 04040023
fg 05340013

2018-2019

c¢ 0.74+0.008 bc
a 0.7580.003 a<c
ab 0.66+0.015
eg 0.79+0.04

ab 0.76£0.004 ac
eg 0.78+0.025 ab 0.75+0.016 ac
b-d 0.684+0.021 de 0.67+0.005 ¢
a 073 A 069 b

0.66+0.011
0.66+0.019
0.65+0.021
0.72+0.021
0.77£0.011 ab

58.14+0.62
58.92+0.25
51.49+£121
61.69+0.30
5944+031
61.40+1.96
53.60<1.74

5781 a

ab 52.06+0.89 d
ab51.32+1.56 d
d 5126+1.64 d
a 56.07+1.74 bc
ab 6045+0.86 a
a 59.15t1.31 ab
cd 52784044 cd
M72 b

8o oo

“Mean values followed by a letter in common were not significantly different according to Duncan’s multiple range test (p <0.05). Mean value + standard error.

Regarding anthocyanin concentration in fruits,
potassium Silicate in the two cultivars, in addition to
potassium citrate and calcium carbonate in Fortuna cultivar
exhibited the highest anthocyanin concentration in the first
season, while all bio-stimulants increased the content of
anthocyanin in Fortuna, except salicylic acid in the second
season, but in festival cultivar, potassium silicate, and calcium
carbonate displayed the highest concentration of anthocyanin.

Cultivars displayed a significant effect on titratable
acidity and anthocyanin concentration in the both seasons and
TSS and ascorbic acid in the second season.

Similar findings by Al-Qadi and Alimam (2023)
evaluated three concentrations of humic acid (0, 3, and 6 ml LY)
and found that 3 ml L increased total acidity content in
strawberry fruits. Kazemi et al. (2014) assessed the effect of two
concentrations of humic acid (15 and 25 mL L) on fruit quality
and found that both levels of humic significantly increased TSS,
vitamin C, and acidity %. Rozbiany and Taha (2020) reported
that foliar spraying with calcium significantly increased TSS,
vitamin C, and acidity %. EL-Sayed et al. (2023) tested the effect
of foliar spray with potassium silicate and calcium on the
chemical fruit quality traits of strawberry fruits. Calcium
significantly improved anthocyanin —concentration, while
potassium silicate had no significant effect on this trait.

The highest concentration of vitamin C was achieved
using 0.6% potassium silicate, also 1% and 2% of calcium
treatment increased this content. Calcium treatment and 0.6
% potassium silicate application increased acidity %, but TSS
was not influenced in both seasons. Nada (2020) tested four
concentrations of potassium silicate (0, 0.2, 0.4,and 0.6 g L")
on strawbetry plants, and found that all concentrations caused
significant increments in TSS, acidity%, vitamin C, and
anthocyanin concentration in fruits. In contrast, the interaction
effects of foliar application of humic acid and two cultivars
(Camarosa and Nabila) on quality parameters. TSS, titratable
acidity, and vitamin C were found non-significant
(Chakraborty et al., 2023), also Ullah et al. (2017) tested four
levels of humic acid (0, 1.5, 3, and 4.5 ml L") on strawberry
plants and found that humic acid showed a non-significant
effect on the titratable acidity of fruit (Ullah et al., 2017).

CONCLUSION

The impact of different bio-stimulants i.e., humic acid,
fulvic acid, salicylic acid, potassium citrate, potassium
silicate, and calcium carbonate on plant vigor, yield, and
quality attributes in two strawberry cultivars (Fortuna and
Festival) in a plastic greenhouse were studied. Calcium
carbonate and potassium silicate enhanced all most studied
traits except dry matter, alkaloids in both stimulants,
antioxidant activity, and titratable acidity in calcium
carbonate, and their effects were different among the
cultivars.
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