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ABSTRACT

This study was conducted from October 2022 to August 2023 at the College of
Agricultural Engineering Sciences, University of Duhok, Kurdistan, Iraq, to determine
the influence of foliar nutrient sprays on the vegetative growth, leaf mineral content,
and yield traits of 'Rubygem' strawberry plants. The treatments included three
concentrations of each factor, Casmocal (Ca) (0, 2 and 4 ml.L-1), Power Mix bio
fertilizer(PM) (0, 2 and 5 ml.L-1), and iron (Fe) in the form of Fe-EDDHA (0, 40, and
80 mg.L-1). The results demonstrated that Casmocalat4ml.L-1significantly improved
some parameters, including total leaf chlorophyll content, leaf area, leaves nutrient
content (P, K and Ca %) and yield per plant. However, the highest leaf total
chlorophyll, leaf area, leaf dry matter percentage%, leaf nutrient content (N%, K% and
Femg.L-1) and yield per plant were recorded when high level of Power Mix (5ml.I-1)
was sprayed. Fe at 80 mg.L-1enhanced (leaf total chlorophyll, leaf dry matter
percentage, leaves nutrient content (N%, P%,Ca% and Fe mg.L-1)and yield per plant.
Additionally, the findings indicated that combination of calcium, Power Mix and iron
had optimized enhancement on the growth and productivity of “Rubygem” strawberry
plants.
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1.Introduction

Strawberry (Fragaria x ananassaDuch)is an
important fruit of the genus Fragaria and belongs
to the family Rosaceae. It is a high-yielding plant
known for its excellent fruit quality, including
flavor, color, and firmness(Hassan,
2002).However, strawberry production is highly
dependent on proper nutrient management to
enhance both vegetative growth and fruit yield
(Singh et al.,, 2008).Since strawberries are
extremely sensitive to nutritional balance, their
nutritional state has a significant impact on their
development, yield, and fruit quality (Mohamed et
al., 2011). A high yield of high nutritional value
and high quality is a result of appropriate
fertilization. These factors improves plant
resistance to fungal and insect infections as well
as their tolerance to environmental, thermal, and
water stress.

bio-stimulants such as Power Mix, which
contains amino acids, organic acids, and uptake
enhancers, has gained attention for improving
plant growth, stress tolerance, and overall yield.
These bio-stimulants play a crucial role in
enhancing nutrient uptake, stimulating plant
metabolism, and promoting resistance against
abiotic stress conditions like drought, salinity,
and temperature fluctuations (Colla et al.,
2014).Studies have shown that amino acids in
bio-stimulants act as precursors for hormone
synthesis and enhance photosynthetic efficiency,
leading to improved vegetative growth
(Kirschbaum et al., 2019). Furthermore, organic
acids promote increased fruit production and
quality by enhancing rhizosphere nutrient
mobility and root activity (Calvo et al., 2014).

Casmocal, a calcium-based product, is known to
improve plant resistance to disease, enhance cell
wall strength, and support proper fruit
development (Mehraj et al., 2015). Calcium may
have a beneficial effect through stimulating
photosynthesis and  controlling nitrogen
metabolism(Gao et al., 2011). As calcium pectate
builds the cell wall's structure, it also acts as a
link between the cell wall's components and
pectic acid, ensuring the plant's continuing
growth and structural strength (Zhang et al.,
2019a, Zhang et al., 2019b).According to Kazemi
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(2014), external calcium application improves
strawberry plant fruit quality and increases leaf
area, number, dry weight, and fruit weight.
Mehraj et al. (2015)investigated how strawberry
plants responded to foliage treatment of calcium
oxide (CaO treatment at concentrations of 0, 50,
and 100 ppm). The plants that were sprayed with
100mg I|-1 resulted in the highest fruit number
and weight. Ahmed et al. (2020) investigated the
effects of 0.25 and 0.5% calcium chloride foliage
spray on strawberry (Fragariax ananassa Duch)
var.“LiberationD'Orleans”growth, flowering, and
yield. The plants when sprayed with 0.25%
spraying the results showed there was a
significant difference in the number of flowers per
plant, total yield per plant, and total yield per
experiment wunit, and had the significant
difference in average leaf area and number of
leaves per plant when compared to the control.
Recently, the use of bio-stimulants such as
Power Mix, which contains amino acids, organic
acids, and uptake enhancers, has gained
attention for improving plant growth, stress
tolerance, and overall yield. These bio-stimulants
play a crucial role in enhancing nutrient uptake,
stimulating plant metabolism, and promoting
resistance against abiotic stress conditions like
drought, salinity, and temperature fluctuations
(Colla et al., 2014).Studies have shown that
amino acids in bio-stimulants act as precursors
for ~ hormone  synthesis and enhance
photosynthetic efficiency, leading to improved
vegetative growth (Kirschbaum et al.,, 2019).
Furthermore, organic acids promote increased
fruit production and quality by enhancing
rhizosphere nutrient mobility and root activity
(Calvo et al., 2014).

Additionally, iron (Fe), when foliage spray in the
form of Fe-EDDHA is crucial for chlorophyll
production, photosynthesis, and overall plant
vigor, particularly in plants growing in iron-
deficient soils (Erdal et al., 2004). Many
substances, like the cytochrome that is
responsible for plant respiration, photosynthesis,
and the synthesis of plant proteins, also include
iron (Al-Mawsili, 2011). The most widely utilized
form of iron is chelated iron, and they also keep
the element in a soft form that plants may absorb
and transfer. Fe-EDTA are chelating chemicals



SalihBani et.al

commonly used on many different plants
(Mohamed et al., 2011).
In another study, foliar spraying on a

williams’spear cultivar with amino-acid chelated-
Fe reduced the symptoms of a Fe deficit and
raised overall yield by 47% and leaf Fe content
by 120% (Kdksal et al., 1999).According to
Almaliotis et al. (2000), a significant linear
association existed between Fe concentration
and vyield of strawberry. Similarly, foliar Fe
fertilization improved the quality of strawberry
fruit, according to (Karp et al., 2000).In
strawberries, Fe-EDDHA has been found to
significantly improve plant vigor, fruit size, and
yield, particularly in iron-deficient soils. The
application of Fe-EDDHA can prevent chlorosis,
restore leaf greenness to leaves, and increase
photosynthetic activity, all of which contribute to
enhanced growth and yield (Erdal et al., 2004).
Moreover, adequate iron levels are crucial for
maintaining a healthy root system, which is
efficient nutrient and water uptake, further
boosting growth and productivity of plant
(Gramss and Voigt, 2013).
The region of Kurdistan is ideal for growing
strawberries, but because of issues with its soil,
such as a high pH and a lack of organic matter, it
lacks micronutrients, especially iron and a few
other elements. Due to this problem, farmers are
now using biofertilizers to feed their plants and
developing alternatives to chemical fertilizers.
Such methods can lower environmental pollution
and health problems while also increasing soill
fertility by enhancing its nutritional components
and soil microbial biodiversity. According to
Akanbi et al. (2010)and Ainika et al. (2012), this
will result in safer and healthier food items and
agricultural methods in addition to increased
plant productivity. Therefore, the aim of this study
is to evaluate the individual and combined effects
of these treatments Casmocal (Ca), biofertilizer
(Power Mix), and Fe-EDDHA on the growth and
yield characteristics of strawberry cv. “Rubygem”
2. Materials and Methods

This study was conducted from October 2022
to August 2023 at the College of Agricultural
Engineering Sciences, University of Duhok,
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Kurdistan region, Iraq, the experimental site is
located in Sumel city at latitude of 36° 51
38.077” N, longitude of 42° 52’ 02.998” E, and an
elevation of 473m above sea level. The study
consist of three factors, first ; Casmocal(calcium
CaO 28%)at ( 0, 2 and 4 ml.L™"), second; Power
Mix(30% nutrient element, organic acids and
growth stimulators) at(0, 2, 5 ml.L™") and third;
Fe-EDDHA (at 0, 40, and 80 mg-L™) on the
growth and vyield characteristics of strawberry
“‘Rubygem” cultivar.

3. Results and Discussion

3.1. Leaf Chlorophyll (SPAD unit)

Results in table (1) clarified that increasing levels
of calcium (Ca) generally result in a higher
chlorophyll content, maximum effect of Ca is
(43.07) indicating the most significant
improvement in chlorophyll content with higher
calcium levels (4ml I-1), as well as increasing the
power mix (P.M.) also contributes to higher
chlorophyll  content with a  noticeable
improvement across the Fe treatments with the
best results observed at 80 mg. L-1.

There are notable interactive effects among
calcium, power mix, and iron, which collectively
enhance leaf chlorophyll content. In which the
interaction of Ca and P.M. shows improved
chlorophyll content at higher levels. The effect of
Ca*Fe is observed across varying combinations,
with the best interaction being (43.85) at 2ml.L-
1Ca with 0 mg. L-1Fe.The highest chlorophyll
content (47.00) was achieved under a triple
combination of high calcium 4ml.L-1Ca, and
5ml.L-1 levels of P.M. without Fe concentration,
while the lowest value was achieved (26.17) from
untreated plants (control treatment).
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Table1.Effect of Casmocal, Power Mix, Fe-EDDHA and their interactions on leaf Chlorophyll content

(SPAD unit) of strawberry plant.

Fe-EDDHA
Casmocal(ml.I Power p Casmocal*Power | Effect of
D) mix(ml.I*") (mg.I") Mix Casmocal
0 40 80
0 26.17i 40.70d-h | 42.02b-g 36.30f
0 2 37.60h 38.15gh 39.17e-h 38.31e 38.33b
5 41.74b-g | 39.85e-h 39.53e-h 40.37d
0 44 .90a-c 45.25ab 41.08c-h 43.74ab
2 2 41.20b-h | 41.15b-h | 43.53a-e 41.96b-d 42.25a
5 41.05¢c-h | 41.15b-h 40.95c¢-h 41.05cd
0 41.75b-g 39.20f-h 44 .80a-d 41.92b-d
4 2 42.80b-f | 43.40a-e 42.53b-f 42.91a-c 43.07a
5 47.00a 42.15b-h | 44.00a-d 44.38a
Casmocal*Fe- 0 35.17e 39.57d 40.24cd Effect of power
EDDHA 2 42.38ab 42.52ab 41.86a-c mix
4 43.85a 41.58b-d 43.78a
. 0 37.61c 41.72ab 42.63ab 40.65b
Power mix*Fe-
EDDHA 2 40.53b 40.90b 41.74ab 41.06ab
5 43.26a 41.05ab 41.49ab 41.94a
Effect of Fe-EDDHA 4047b | 41.22ab | 41.96a

*Within a column, rows that have the same latter indicated that each factor and their interaction are not significantly

different according to Duncan Multiple

3.2. Leaf area (cm2)

Table (2) shows that increasing calcium levels
positively influences leaf area, which maximum
level (Ca) is (38.86 cm2) was in 4 ml.l-1, resulting
that higher calcium concentrations result in larger
leaf areas. In addition, higher levels of power mix
also increase the leaf area. However, gave best
result. Fe treatments had no significant effect.
Concerning the interaction between calcium and
power mix (Ca*PM) shows maximum leaf area
(40.41cm2) at higher levels. The combinations of
Ca*Fe and PM*Fe enhance leaf area, particularly
at higher levels of calcium, power mix and Fe.
The combination of 0 ml.L-1Ca with6ml.L-1 PM
and 0 mg.L-1 Fe results in the largest leaf area
(44.03 cm2).
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test at the 0.05probability level

3.3 leaf Dry Matter (%)

The table (3) presents how calcium (Ca), power
mix (PM), and iron (Fe) affect the dry matter
content of strawberry plant. Calcium levels had
no significant levels on leaf dry matter.
Concerning the effect of Power Mix (PM) notable
significant improvements by using PM at 5 ml.L-
1levels in which reached (32.86%) over control
treatment. Also iron concentration at 80 mg.L-
1recorded the best dry matter (32.92%).
Concerning the binary interaction between
calcium and power mix (Ca*PM) shows
enhanced dry matter percentage, with the best
combination reaching (33.80%) at 4 ml.L-1Caand
5 ml.L-1PM respectively. The optimal treatment
for maximizing dry matter 4 ml.L-1Cawith 5ml.L-
1power mix and 80 mg.L-1 Fe interaction
treatment(34.86%).
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Table2.Effect of Casmocal, Power Mix, Fe-EDDHA and their interactions on leaf area (cm?) of

strawberry plant.

Casmocal(ml.I') | Power mix(ml.I") Fe-EDDHA(mg.I") Casmocal* Effect of
0 40 80 Power mix Casmocal
0 27.04h 35.32cg 33.20c-g 31.85¢
0 2 32.59d-g 34.83cg 33.18c-g 33.53¢ 34.83b
5 44.03a 35.50cg 37.78b-d 39.10ab
0 31.01fh 32.39%-g 32.84d-g 32.08c
2 2 33.16¢-g 36.05¢-f 30.44gh 33.22¢ 33.21¢
5 38.32bc 31.31fh 33.38c-g 34.34c
0 37.68b-d 42.01ab 37.05b-e 38.91ab
4 2 37.05b-e 38.20bc 36.55c-¢ 37.27b 38.86a
5 41.89ab 37.66b-d 41.66ab 40.41a
0 34.55bc 35.21b 34.72bc
Casmocall Fe- 2 34.16bc 33.25bc 32.22¢ Pizfvi‘;trgfx
4 38.87a 39.29a 38.42a
0 31.91e 36.57bc 34.36c-¢ 34.28b
POWEBELx; Fe- 2 34.27c-e 36.36bc 33.39de 34.67b
5 41.41a 34.82cd 37.61b 37.95a
Effect of Fe-EDDHA 35.86a 35.92a 35.12a

*Within a column, rows that have the same latter indicated that each factor and their interaction are not significantly

different according to Duncan Multiple range test at the 0.05probability level.

Table3. Effect of Casmocal, Power Mix, Fe-EDDHA and their interactions on leaf dry matter % of

strawberry plant.

Casmocal(ml.I) Power :nix(ml.l' Fe-EDDHA(mg.I") Casmocal* Effect of
) 0 40 80 Power mix Casmocal
0 30.84b-e 31.10b-e 30.52c-e 30.82c
0 2 32.33a-e 33.33a-d 33.33ad 33.00ab 32.26a
5 33.33ad 33.33a-d 32.16a-e 32.94ab
0 30.33c-e 32.96a-e 33.21ad 32.17 ab
2 2 32.37a-e 34.37ab 31.59a-e 32.78ab 32.26a
5 29.98de 31.81a-e 33.69a-c 31.83bc
0 30.52c-e 29.39 e 33.81a-c 31.24bc
4 2 30.58c-e 32.34a-e 33.09ad 32.00a-c 32.35a
5 33.33a-d 33.22a-d 34.86a 33.80a
0 32.17a-c 32.59a-c 32.01a-c
Casmocall Fe- 2 30.90bc 33.05ab 3283ac | poectol
4 31.48bc 31.65bc 33.92a
0 30.57¢ 31.15bc 32.52ab 31.41b
Power mix *Fe 2 31.76a-c 33.35a 32.67ab 32.59a
5 32.22a-c 32.79ab 33.57a 32.86a
Effect of Fe-EDDHA 31.52b 32.43ab 32.92a

*Within a column, rows that have the same latter indicated that each factor and their interaction are not significantly

different according to Duncan Multiple range test at the 0.05probability level.
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3.4. Leaf nitrogen content (%)

Results in table (4) clarified that calcium
application led to an improvement in leaf nitrogen
content over control treatment. The level of
calcium was most significant at higher levels (2
and 4 ml.L-1), resulting higher significant
average of nitrogen content (1.49%). Whereas,
Power mix application showed a positive trend in
enhancing leaf nitrogen levels, particularly at 5
ml.L-1, with the highest nitrogen content
averaging (1.50%), however foliage spray of iron
of both 40 and 80 mg.L-1increased significant

ZJPAS (2025), 37(5);46-58

nitrogen content (1.45 and 1.46% respectively)
over control treatment. The combination of 2
ml.L-1Cawith 40 mg.L-1 Fe resulted in relatively
higher nitrogen levels (1.60%). Casmocol and
power mix combination had no clear effect on
nitrogen content, however the combination of 2
ml.L-1Cawith both 2 and 5 ml.L-1power mix gave
highest results(1.52%). Use a combination of
2ml.L-1 calcium + 5 ml.L-1 power mix + 40 mg.L-
1 iron to maximize nitrogen content in strawberry
leaves which achieved (1.73%) value.

Table4. Effect of Casmocal, Power Mix, Fe-EDDHA and their interactions on leaf nitrogen content

(%) of strawberry plant.
Casmocal(mLI Power Fe-EDDHA(mg.I") Casmocal* | Effect of
D) mix(mL.I*") 0 40 80 power mix | Casmocal
0 0.921 1.22k 1.41f-h 1.18d
0 2 1.27jh 1.41f-h 1.42fg 1.37¢c 1.35¢
5 1.53cd 1.31ij 1.65b 1.49a
0 1.30ij 1.54c 1.43f 1.42b
2 2 1.35i 1.54c 1.66b 1.52a 1.49a
5 1.42fg 1.73a 1.43f 1.52a
0 1.61b 1.33ij 1.36hi 1.43b
4 2 1.51c-e 1.45ef 1.36g-i 1.44b 1.46b
5 1.47d-f 1.54c¢c 1.46ef 1.49a
c " E 0 1.24h 1.31g 1.49¢c Effect of
"‘SI’E“D°D°I?| A e 2 1.36f 1.60a 1.50bc Powicr rzix
4 1.53b 1.44d 1.3%
) 0 1.28f 1.36e 1.40d 1.35¢c
PF‘:’_"EBB“;I’;* 2 1.38de | 147c | 1.48bc 1.44b
5 1.47c 1.52a 1.51a 1.50a
Effect of Fe-EDDHA 1.38b 1.45a 1.46a

*Within a column, rows that have the same latter indicated that each factor and their interaction are not significantly
different according to Duncan Multiple range test at the 0.05probability level.

3.5. Leaf phosphorus content (%)

Table (5) clearly shows that increasing calcium
levels positively influenced leaf phosphorus
content, the highest phosphorus content was
observed at 4ml.L-1Ca with an average of
(0.54%). Whereas, power mix levels showed
improvement in leaf phosphorus content. The
phosphorus content increased with higher Fe
levels, reaching its maximum at 80 mg.L™" Fe,
with an average of (0.57%). In the interaction
between calcium and power mix significantly
improved leaf phosphorus content, particularly at
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0 ml.L™"Ca combined with 2 ml.L™" PM (0.61%).
The combination of 0 ml.L™'Ca with 80 mg.L™ Fe
resulted in on highest phosphorus value
(0.65%).The highest phosphorus content (0.63%)
was achieved with 5 ml.L-1 PM and 80 mg.L-1
Fe, demonstrating the synergy between power
mix and iron.Apply0 ml.L™" calcium, with 2ml.L™"
PM and 80 mg.L-1Fe (0.85%) to achieve highest
phosphorus content in strawberry leaves.
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Table5. Effect of Casmocal, Power Mix, Fe-EDDHA and their interactions on leaf phosphorus content

%) of strawber lant.
(%) ry p

Fe-EDDHA (mg.I") Casmoc | Effect
Casmocal( Power al* of
mLI") mix(ml.I"") 0 40 80 Power | Casmoc
mix al
0 0.25j 0.53de 0.48f-h 0.42e
0 2 0.54de 0.44h 0.85a 0.61a 0.52b
5 0.54de 0.45gh 0.63c 0.54c
0 0.52d-f 0.39i 0.52d-f 0.48d
2 2 0.63c 0.51d-f 0.44h 0.53c 0.53b
5 0.55de 0.53de 0.64c 0.57b
0 0.72b 0.46gh 0.46gh 0.55¢
4 2 0.55de 0.55de | 0.50e-g 0.53c 0.54a
5 0.46gh 0.56d 0.63c 0.55c
0 0.44e 0.47d 0.65a Effect
Casmocal* of
Fe-EDDHA 2 0.56b 0.48d 0.54c Power
4 0.57b 0.52c 0.53c mix
0 0.49c 0.46d 0.49c 0.48b
Power mix *
Fe-EDDHA 2 0.57b 0.50c 0.60b 0.56a
5 0.52c 0.51c 0.63a 0.55a
Effect of Fe 0.53b 0.49c 0.57a

*Within a column, rows that have the same latter indicated that each factor and their interaction are not significantly
different according to Duncan Multiple range test at the 0.05probability level.

3.6. Leaf potassium content (%)

Table (6) explained that calcium significantly
increased leaf potassium content, with the
highest effect observed at 4 mlL-1Ca
(1.23%).The power mix also had a significant
effect, with the 5 ml.L-1 treatment achieving the
highest average potassium content (1.22%).
However, increasing Fe levels consistently
improved potassium content, with 40 mg.L-1 Fe
achieving the highest average of potassium
(1.21%). The interaction between calcium and
power mix levels showed the highest potassium
content (1.27%) at 0 ml.L-1Ca and 5 ml.L-

Table6. Effect of Casmocal, Power Mix, Fe-EDD
(%) of strawberry plant.

1PM.Thecombination of 4 ml.L-1Ca and 40, 80
mg.L-1 Fe produced a high potassium level
(1.26%), highlighting the synergistic effect
between these treatments. The interaction of
2ml.L-1 P.M. with 80 mg.L-1 Fe , and 5ml.L-1
P.M. with 40 mg.L-1highest K value (1.26%).

The triple combination of calcium, power mix,
and iron significantly influenced leaf potassium
content in strawberry. The most effective
treatments (1.41 and 1.40%) at 4ml.L-1Ca
combinationofOml.L-1 P.M. and 40 mg.L-1 Fe
respectively.

HA and their interactions on leaf potassium content

Casmocal(mll' | Power Fe-EDDHA(mg.I"") Casmocal* | Effect of
D) mix(ml.I"") 0 40 80 Power mix | Casmocal
0 0.96h 1.19c-e 1.07g 1.07e
0 2 1.24c 1.07¢g 1.32b 1.21b 1.18¢c
5 1.32b 1.40a 1.08g 1.27a
2 0 1.18de 1.04g 1.09¢g 1.10d 1.13b
ZANCO Journal of Pure and Applied Sciences 2025 52
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2 1.08g 1.13f 1.14ef | 1.12d
5 1.14ef 1.24c 1.15ef 1.18c
0 1.14ef 1.41a 1.14ef | 1.23b
4 2 1.17df | 1.22cd 1.32b 1.23b 1.23a
5 1.19ce |  1.16ef 1.32b 1.22b
] 0 1.17c 1.22b 1.16d
Casmocal Fe- | 2 1.136f | 1.44df | 1.43ef | rectol
4 1.17c 1.26a 1.26a
. 0 1.09 1.21b 1.10e 1.14c
PFZ"_"EBE‘I]I’; 2 1.16cd 1.14d 1.26a 1.19
5 1.22b 1.26a 1.18c 1.22a
Effect of Fe-EDDHA 1.16c 1.21a 1.18b

*Within a column, rows that have the same latter indicated that each factor and their interaction are not significantly
different according to Duncan Multiple range test at the 0.05probability level.

3.7. Leaf Fe content (mg.L-1)

Results in Table (7) illustrated that calcium
application decreased significantly leaf Fe content.
That 0 ml.L-1Ca treatment resulted in the highest
average Fe content (165.80 mg. I-1), while 4 ml.L-
1Ca resulted in the lowest (130.51mg. 1-1). While
foliar spraying with power mix significantly influenced
Fe content in strawberry leaves. The 5 ml.L-1 PM
treatment achieved the highest Fe content
(162.25mg.l-1) followed by 0 ml.L-1 (153.16 mg.l-1).
Lower PM concentration (2 ml.L-1) PM resulted in the
lowest Fe levels (140.16mg.I-1). However, increasing
Fe levels in the treatment enhanced leaf Fe content,
the highest Fe content was observed at 80 mg.L-1 Fe
(160.58mg.l-1), but the lowest content was at 0 mg.L-
1 Fe (143.18mg. I-1). The highest leaves Fe content
(190.84mg. I-1) was achieved with the combination of
2ml.L-1Cawith Oml.L-1 PM whereas (177.71mg. |-1)
Fe level was achieved with the combination of 0 ml.L-
1Ca with 80 mg.L-1 Fe, and (171.60 mg.l-1) Fe level
was recorded from the interaction between 5ml.L-1

PM*40 mg.L-1 Fe. Concerning the triple interaction of
Ca, P.M. and Fe demonstrated that the combination
of 2 ml.L-1Ca, Oml.L-1 PM with 80 mg.L™" Fe yielded
the highest Fe content (210.16mg. I-1).
3.8. Leaf calcium content (%)

Table (8) illustrates that, in compration to

other treatments, the application of 4 ml.L-1Ca
produced the highest leaf Ca content (1.15%).The
lowest leaf Ca content was observed with 0 ml.L-1Ca
(1.13%), confirming the necessity of calcium
supplementation. The 2 ml.L-1 PM treatment resulted
in the highest leaf Ca content (1.17%) whereas the
lowest Ca content was observed with 0 ml.L-1 PM
(1.07%). Increasing Fe concentrations positively
impacted Ca content, that 80 mg L-1 Fe yielding the
highest average (1.18%), the lowest Ca content was
at 0 mg L-1 Fe (1.04%).

Table7. Effect of Casmocal, Power Mix, Fe-EDDHA and their interactions on leaf Fe content (mg.L")

of strawberry plant.

Casmocal(ml.I Power Fe-EDDHA (mg.I") Casmocal* | Effect of
D) mix(mLI") 0 40 80 power mix | Casmocal
0 91.58l 195.61b 183.00d 156.73e
0 2 194.38b | 145.80g 175.33e 171.84b 165.80a
5 147.60g | 184.13d 174.81e 168.85¢c
0 188.79c | 173.57e 210.16a 190.84a
2 2 144.149 107.59k 134.76h 128.83f 159.25b
5 146.49g | 174.20e 153.61f 158.10de
4 0 115.75j 105.90k 114.05j 111.90h 130.51c
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2 113.37j 123.02i 123.08i 119.83¢g
5 146.52g 156.48f 176.45e 159.81d
c 0 144.52e | 175.18a 177.71a ff ‘
asmocal* Fe- Effect o
EDDHA 2 159.80c | 151.78d 166.18b Power mix
4 125.21h | 128.47g 137.86f
0 132.04f | 158.36¢c | 169.07ab 153.16b
Power mix *
Fe-EDDHA 2 150.63d | 125.47g 144.39¢ 140.16¢
5 146.87e | 171.60a 168.29b 162.25a
Effect of Fe-EDDHA 143.18c | 151.81b 160.58a

*Within a column, rows that have the

same latter indicated that each factor and their interaction are not significantly

different according to Duncan Multiple range test at the 0.05probability level.

Concerning the interaction effect of Ca with PM,
0 ml.L-1Ca and 2 ml.L-1 PM record the highest
value (1.27%). The highest Ca content was
achieved with the combination of 4 ml.L-1Ca and
80 mg.L-1 Fe (1.26%), showing synergistic
effects. While the interaction of 2ml.L-1 P.M. with
80 mg.L-1 Fe resulted in relatively high Ca
content (1.24%). Whereas the treatment of
interaction among 0 ml.L-1Ca, 2ml L-1 P.M. and
80 mg.L-1 Fe resulted in relatively high Ca
content (1.41%), showing an effective
combination for enhancing calcium uptake.
3.9. Fruit weight (g)

Results in table (9) illustrated that foliar spray
of various Ca and Fe concentrations did not

affect significantly on fruit weight, whereas PM
2ml.L-1 recorded the highest value of fruit weight
(8.82g) correspondingly in comparison to other
treatments. Interaction between calcium and
power mix together significantly boost fruit weight,
with a maximum value of (9.68g)observed at 4
ml.L-1Ca and 2ml.L-1PM. Regarding the
combined use of Ca and Fe also increases fruit
weightat4ml.L-1Ca with 40mg.L-1Fe level (9.71g)
was received. Interaction of PM and Fe show
synergistic effects, with a highest notable
enhancement in fruit weight(9.10g) at 2ml.L-1PM
with 80mg.l-1Fe level and (9.09 g)at 2ml.L-1PM
with 40 mg.l-1Fe level. The highest fruit weight
(10.859) is achieved with 2ml.L-1Ca+0ml.L-1P.M.
+40 mg.L-1 Fe combination treatment.

Table8. Effect of Casmocal, Power Mix, Fe-EDDHA and their interactions on leaf calcium content (%)

of strawberry plant.

Casmocal(mLI Power Fe-EDDHA (mg.I") Casmocal* | Effect of
B mix(mL.I") 0 40 80 power mix | Casmocal
0 0.58i 1.02e-h | 1.15b-h 0.92e
0 2 1.23a-e | 1.19b-g 1.41a 1.27a 1.13ab
5 1.27ab | 1.24a-d | 1.04e-h 1.18ab
0 1.00f-h 1.22a-e | 1.24a-d 1.16bc
2 2 1.06c-h | 1.04d-h | 1.07b-h 1.06cd 1.08b
5 1.09e-h | 1.02e-h 0.98h 1.03d
0 0.99h 1.15b-h 1.27ab 1.13bc
4 2 1.05e-h 1.20b-f | 1.26a-c 1.17b 1.15a
5 1.14b-h | 1.05e-h | 1.25a-c 1.14bc
0 1.02d 1.15bc 1.20ab
Casmocall Fe- 2 105cd | 1.09b-d | 1.10 piﬁiﬁtrgifx
4 1.06cd 1.13b-d 1.26a
Power mix * 0 0.86d 1.13bc 1.22ab 1.07b
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Fe-EDDHA 2 1.11c 1.14a-c 1.24a 1.17a
5 1.16a-c 1.10c 1.09c 1.12ab
Effect of Fe-EDDHA 1.04c 1.13b 1.18a

*Within a column, rows that have the same latter indicated that each factor and their interaction are not significantly
different according to Duncan Multiple range test at the 0.05probability level.

Table9. Effect of Casmocal, Power Mix, Fe-EDDHA and their interactions on Fruit weight (g) of
strawberry plant.

Casmocal(ml.I Power Fe-EDDHA(mg.I") Casmocal* | Effect of
B mix(mL.I") 0 40 80 Power mix | Casmocal
0 7.38th | 827c-h | 7.88e-h | 7.85cd
0 2 8.39c-h | 832ch | 8.11e-h | 8.27bd 8.46a
5 10.15a-d | 8.91b-g | 8.72cg | 9.26ab
0 791e-h | 1085a | 7.47+h | 8.74a<
2 2 6.64h | 10.22ac | 8.70b-g | 8.52bc 8.37a
5 771th | 8.07e-h | 7.72fh 7.83cd
0 765th | 6.95gh | 7.61f-h 7.40d
4 2 9.81a-e 8.73b-g 10.49ab 9.68a 8.51a
5 8.99a-f 8.15e-h 8.24d-h 8.46b-d
. 0 8.64b 8.50b 8.24bc
Casmocal Fe- 2 742c | 971a | 7.96bc | proctof
4 8.82ab 7.94bc 8.78ab
. 0 7.65b 8.69ab 7.65b 8.00b
';‘;"_"EBS‘;I’; 2 828ab | 9.09a | 9.10a 8.82a
5 8.95ab 8.38ab 8.22ab 8.52ab
Effect of Fe-EDDHA 8.29a 8.72a 8.33a

*Within a column, rows that have the same latter indicated that each factor and their interaction are not significantly
different according to Duncan Multiple rangetest at the 0.05probability level.

3.10. Yield per plant (g. plant-1)
Results in table (10) shows that increasing calcium

levels up to (4 mlL-1) results in a significant
improvement in yield. The maximum effect of calcium
(Ca) is (180.18g). Also the application of the power
mix at (5bmlL-1) increases yield wup to
(173.52g).Whereas concentrations (40, and 80mg.Fe
L-1) improve yield, with the best effect observed at 40
mg. Fe L-1 (169.83g).Fe concentration had no
significant effect on vyield per plant. Interaction
between Ca and PM significantly led to increases the
yield at levels of 4 ml.L-1Ca with 2 ml.L-1PMwith the

ZANCO Journal of Pure and Applied Sciences 2025

highest value of (204.75g) was observed. Interaction
among Ca*Fe positively impact yield, especially at 4
ml.L-1Cawith 80 mg.L-1Fe (191.47g). The combined
use of power mix and iron also enhances yield at 2
ml.L-1PM. with 80 mg.L-1 Fein which (188.00g) was
recorded. The highest yield (233.99) is achieved with
4 mlL-1Ca, 2 mlL-1PM., and 80 mg.L-1 Fe,
demonstrating the optimal combination  for
maximizing yield per plant. Whereas control treatment
gave the lowest yield value (115.979).
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Table10. Effect of Casmocal, Power Mix, Fe-EDDHA and their interactions on yield(g plant') of

strawberry plant.

Casmo1cal(ml.l' Mﬁ::vnﬁa' Fe-EDDHA (mg.I"') Casmocal* | Effect of
) 1) 0 40 80 Power Mix | Casmocal
0 115.97] | 157.60c-i | 130.95ij 134.84e
0 2 152.94e-i | 144.49n- | 155.12c-i | 150.85de | 155.83b
5 188.00b-e | 190.57bc | 166.87b-h | 181.81b
0 184.13b-e | 172.59b-h | 147.70fj | 168.14b-d
2 2 154.47d-i | 182.66b-f | 174.88b-h | 170.67bc | 165.20b
5 142.44h- | 162.64c-i | 165.27b-i | 156.79cd
0 159.66c-i | 146.09g§ | 155.77c-i | 153.84cd
4 2 180.56b-g | 199.69b | 233.99a | 204.75a | 180.18a
5 189.11b-d | 172.13b-h | 184.66b-e | 181.96b
0 152.30c | 164.22bc | 150.98¢
Casmocall Fe- | 2 160.35bc | 172.63b | 162.62bc | oot of
4 176.44ab | 172.64b | 191.47a
0 153.25c | 158.76bc | 144.80c 152.27b
Power 2 162.66bc | 175.62ab | 188.00a | 175.42a
5 173.18ab | 175.11ab | 172.27ab | 173.52a
Effect of Fe-EDDHA 163.03a | 169.83a | 168.36a

*Within a column, rows that have the same latter indicated that each factor and their interaction are not significantly
different according to Duncan Multiple rangetest at the 0.05probability level.

4. Discussion
According to the results, it appears that spraying
treatments enhanced most of the study's

permeability (Cakmak, 2014). The previously
mentioned findings are consistent with those of
studies by Singh et al. (2007),Hussein et al.

parameters. Casmocal foliar spraying produced (2017).
the highest significant values for vegetative The results demonstrate that this
growth characteristics (leaf area and chlorophyll materialsuperior other fertilizers in most of

content in the leaves); this could be because
calcium plays a role in cell division, elongation
and strength, middle platelet composition, and
cell water balance (Ali and Majeed, 2023).
Although calcium is one of the essential
components inter in the structure of cell walls and
membranes, it is necessary for controlling growth
and development in plants. Similar trends were
observed by these which are in agreement with
Hamail et al. (2018)on the strawberry plant. Ca
plays an essential role in the permeability of the
plasma membranes and is necessary for the
processes of cell division and growth. These
processes directly affect the plant's growth and
fruit production. The increase in yield, however,
is because calcium plays a part in the formation
of cell walls in addition to entering the synthesis
of cellular membranes and regulating their
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parameters, including dry matter, leaf area, and
leaf chlorophyll content. The accumulation of
macronutrients (N, P, and K) in the leaves as a
result of applying various fertilizers is probably
the cause of these results. These elements play
a key role in the production of proteins, amino
acids, enzymes, chlorophyll, and in the process
of photosynthesis, and the rate at which
carbohydrates are assimilated. Plant growth
chemicals such as IAA and GA help them
elongate and divide their cells, which promotes
vegetative development (Rathi and Bist, 2004,
Kumar et al., 2015). The results reported were
comparable to those of (Hassan, 2015 andKumar
et al. 2015).
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Furthermore, it appears that the application of
power mix has enhanced the nutrients'
availability to plant roots. Because nutrients were
available, plant growth was improved and yield
increased. Khalil (2014) and Glinicki et al. (2011)
also found comparable results. They found that
the development of strawberry plants was
significantly impacted by both commercial
mineral fertilizer and biofertilizer. The bioactivities
of plants, especially in the process of
photosynthesis, reflected this increase in
nutrients, which enhanced the plants' vegetative
development. As a result, there were more fruits
per plant, the fruits weighed more, and the total
yield increased (Mengel and Kirkby, 1987).
According to the results, foliar Fe application is a
successful method of raising Fe concentrations in
strawberry cultivars(Erdal et al.,, 2004).The
increase in indicators of vegetative growth when
chelated iron is sprayed on plants may be due to
the iron's essential role in oxidative and reductive
enzyme breakdown as well as improved
enzymatic activities that aid in enhancing
physiological processes(Gondal et al., 2023 and
Gheshlaghi et al., 2023).

5. Conclusion.

Based on the results in this study it was found
that the growth and yield of Fragaria x ananassa
cv. Rubygemsignificantly influenced by the foliar
spray with Casmocal,especiallyat (4ml.L-1),
Power Mix (5ml.L-1) and Fe at (80 mg.L-1)led to
a significant increase in mostly studied
characters.lt is highly recommended toavoid
using higher calcium concentrations as they may
reduce Fe content due to antagonistic
effects.The synergistic application of these
treatments offers promising potential for
improving strawberry growth, yield, and fruit
quality, ultimately contributing to more
sustainable and efficient strawberry production.
Acknowledgment

The quality of this work has been enhanced by
the authors from the Department of Horticulture
at College of Agricultural Engineering Sciences /
Duhok University.

Conflict of Interest

The authors state that there are no conflicts of
interest with the publication of this work.

ZANCO Journal of Pure and Applied Sciences 2025

57

ZJPAS (2025), 37(5);46-58

References

Ahmed, A., Dawood, Z. A. & Khalid, W. K. 2020. Role of
Boron and Calcium on growth, flowering and yield of
strawberry (Fragaria x ananassa Duch) var. Liberation
D’Orleans. Middle East J. Agric. Res, 9, 130-133.

Ainika, J. N., Amans, E., Olonitola, C., Okutu, P. & Dodo,
E. 2012. Effect of organic and inorganic fertilizer on
growth and yield of amaranthus caudatus L. Northern
Guinea Savanna of Nigeria. World J Eng Pure Appl
Sci, 2, 26-30.

Akanbi, W., Togun, A., Adediran, J. & llupeju, E. 2010.
Growth, dry matter and fruit yields components of okra
under organic and inorganic sources of nutrients.

Al-Mawsili, M. 2011. Soil fertility and nutrition
horticultural plants. University of Mosul.

Al-Rawi, K. & Khalafalla, A. 2000. Analysis of Experimental
Agriculture Disgen. Dar Al-Kutub for Printing and
Publishing. Mosul Univ. Arabic.

Ali, S. & Majeed, B. 2023. Effect of ascorbic acid and
calcium foliar application on growth, yield and
marketability of broccoli. Iragi Journal of Agricultural
Sciences, 54, 1398-1406.

Almaliotis, D., Velemis, D., Bladenopoulou,
Karapetsas, N. 2000. Leaf nutrient levels
strawberries (cv. Tudla) in relation to crop vyield.
International Strawberry Symposium 567, 447-450.

Bhargava, B. & Raghupathi, H. 1993. Analysis of plant
materials for macro and micronutrients. Methods of
analysis of soils, plants, water and fertilizers, 49-82.

Cakmak, I. 2014. Major functions of calcium and
magnesium in crop plants. World Fertilizer Congress,.
30-32.

Calvo, P., Nelson, L. & Kloepper, J. W. 2014. Agricultural
uses of plant biostimulants. Plant and soil, 383, 3-41.

Colla, G., Rouphael, Y., Canaguier, R., Svecova, E. &
Cardarelli, M. 2014. Biostimulant action of a plant-
derived protein hydrolysate produced through
enzymatic hydrolysis. Frontiers in plant science, 5,
448.

Erdal, I., Kepenek, K. & Kizilgdz, i. 2004. Effect of foliar
iron applications at different growth stages on iron and
some nutrient concentrations in strawberry cultivars.
Turkish Journal of Agriculture and Forestry, 28, 421-
427.

Gao, H., Jia, Y., Guo, S., Lv, G., Wang, T. & Juan, L. 2011.
Exogenous calcium affects nitrogen metabolism in
root-zone hypoxia-stressed muskmelon roots and
enhances short-term hypoxia tolerance. Journal of
plant physiology, 168, 1217-1225.

Gheshlaghi, Z., Khorassani, R. & Abadia, J. 2023. Two Fe
mining sub-products and three thiol compounds
alleviate Fe deficiency in soybean (Glycine max L.)
grown in a calcareous soil in greenhouse conditions.
Plant and Soil, 482, 469-490.

Glinicki, R., Sas-Paszt, L. & Jadczuk-Tobjasz, E. 2011.
The effect of microbial inoculation with EM-Farming
inoculum on the vegetative growth of three strawberry
cultivars.

of

S. &
of
v



SalihBani et.al

Gobara, A. 1998. Response of Le-Conte pear trees to foliar
applications of some nutrients.

Gondal, A. H., Areche, F. O., Sumarriva-Bustinza, L. A,,
Chavez-Sumarriva, N. L., Zela-Payi, N. O., More
Lépez, J. M., Yovera Saldarriaga, J., Garcia-Diaz, B.
L., Porras-Roque, M. S. & Ayuque-Rojas, J. C. 2023.
Usage of iron foliar spray in enhancing the growth and
yield of the flax plant (Linum usitatissimum L).

Gramss, G. & Voigt, K.-D. 2013. Regulation of heavy metal
concentrations in cereal grains from uranium mine
soils. Plant and soil, 364, 105-118.

Hamail, A., Hamada, M., EI-Awady, A. & Salim, M. 2018.
Effect of foliar spray with some plants extracts and
different calcium sources on productivity and quilty of
strawberry fruits. I. Vegetative growth, productivity and
fruit quality. Journal of Productivity and Development,
23, 653-667.

Hassan, A. A. 2002. Strawberry production. Arab
Publishing and Distribution House. Faculty of
Agriculture, Cairo University, 388.

Hassan, A. H. 2015. Effect of nitrogen fertilizer levels in the
form of organic, inorganic and bio fertilizer applications
on growth, yield and quality of strawberry. Middle East
J. Appl. Sci, 5, 604-617.

Hussein, S. A., Medan, R. A. & Azeez, D. R. 2017. Effect
of foliar application of chelated calcium and boron on
growth and yield of strawberry (Fragaria ananassa
Duch.) CV. Festival. Kirkuk University Journal For
Agricultural Sciences (KUJAS), 8.

Karp, K., Starast, M. & Kaldmae, H. 2000. Influence of the
age of plants and foliar fertilization on the yield of
strawberry cultivar Jonsok under plastic mulch. IV
International Strawberry Symposium 567,. 459-562.

Kazemi, M. 2014. Influence of foliar application of iron,
calcium and zinc sulfate on vegetative growth and
reproductive characteristics of strawberry cv.'Pajaro'.
Trakia Journal of Sciences, 12.

Khalil, N. 2014. Effect of Flowers and Runners removal,
Media type and some mineral nutrients on growth and
yield of Strawberry Festival under protected cultivation

conditions. Doctoral thesis. Agri. Coll. Univ. Of
Baghdad.

Kirschbaum, D., Heredia, A., Funes, C. & Quiroga, R.
2019. Effects of biostimulant applications on

strawberry crop yield and quality.

Koksal, A. i., Dumanoglu, H., Giines, N. T. & Aktas, M.
1999. The effects of different amino acid chelate foliar
fertilizers on yield, fruit quality, shoot growth and Fe,

ZANCO Journal of Pure and Applied Sciences 2025

58

ZJPAS (2025), 37(5);46-58

Zn, Cu, Mn content of leaves in Williams pear cultivar
(Pyrus communis L.). Turkish Journal of Agriculture
and Forestry, 23, 651-658.

Kumar, N., Singh, H. & Mishra, P. K. 2015. Impact of
organic manures and biofertilizers on growth and
quality parameters of Strawberry cv. Chandler. Indian
Journal of Science and Technology, 8, 1-6.

Mehraj, H., Hussain, M., Parvin, S., Shiam, |. & Jamal
Udddin, A. 2015. Foliar application of calcium for
quality production of strawberry. J. Expt. Biosci, 6, 73-
76.

Mengel, K. & Kirkby, E. A. 1987. Principles of plant
nutrition.Kluwer Academic Publishers.

Mohamed, R., Abd El-Aal, H. & Abd El-Aziz, M. 2011.
Effect of phosphorus, zinc and their interactions on
vegetative growth characters, yield and fruit quality of
strawberry. J. Hort. Sci, 3, 106-114.

Pratt, P. F. & Chapman, H. D. 1961. Gains and losses of
mineral elements in an irrigated soil during a 20-year
lysimeter investigation.

Rangana, S. 1979. Manual of analysis of fruit and
vegetable products, Tata McGraw-Hill.

Rathi, D. & Bist, L. 2004. Inorganic fertilization through the
use of organic supplements in low-chill pear cv. Pant
Pear-18. Indian Journal of Horticulture, 61, 223-225.

Singh, R., Sharma, R., Moretti, C., Kumar, A. & Gupta, R.
2008. Foliar application of calcium and boron
influences physiological disorders, fruit yield and
quality of strawberry (F.x ananassa Duch.). VI
International Strawberry Symposium 842, 835-838.

Singh, R., Sharma, R. & Tyagi, S. 2007. Pre-harvest foliar
application of calcium and boron influences
physiological disorders, fruit yield and quality of
strawberry (Fragariax ananassa Duch.). Scientia
horticulturae, 112, 215-220.

Zhang, L., Wang, J.-W., Chen, J.-Y., Song, T., Jiang, Y.-
G., Zhang, Y.-F., Wang, L.-J. & Li, F.-L. 2019a.
Preharvest spraying calcium ameliorated aroma
weakening and kept higher aroma-related genes
expression level in postharvest ‘Nanguo’pears after
long-term refrigerated storage. Scientia Horticulturae,
247, 287-295.

Zhang, L., Wang, J.-W., Zhou, B., Liu, Y.-F., Xia, X.-L.,
Xiao, Z.-G., Fei, L. & Ji, S.-J. 2019b. Calcium inhibited
peel browning by regulating enzymes in membrane
metabolism of ‘Nanguo’pears during post-ripeness
after refrigerated storage. Scientia Horticulturae, 244,
15-21.



