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Abstract: During the 2019-2020 and 2020-2021 seasons, the study was carried out in the
greenhouse of the Department of Horticulture and Landscape Engineering, College of
Agriculture, University of Anbar. In a protected environment, the objective was to examine
the effects of growing medium type and foliar application of normal and nano zinc and iron
on the qualitative traits of strawberry plants (cv. "Festival"). M1 (river soil + peat moss at a
3:1 ratio), M2 (river soil + 50% Ceratophyllum demersum + 50% alfalfa at a 3:1 ratio), and
M3 (river soil + poultry manure at a 3:1 ratio) were the growing media utilized. Among the
normal and nano micronutrient treatments were SO (spraying with distilled water only, which
was the control treatment), S1 (normal zinc at 50 mg L"), S2 (nano zinc at 10 mg L"), S3
(nano zinc at 20 mg L™"), S4 (normal iron at 150 mg L"), S5 (nano iron at 20 mg L™"), and
S6 (nano iron at 40 mg L™"). Every qualitative traits was significantly impacted by the growth
media. For the two study seasons, the M3 medium produced the best results for total acidity,

total sugars, total sugar/total acidity ratio, anthocyanin pigment, and ascorbic acid content for the two studies seasons Slmllarly, the
foliar treatment of normal and nano zinc and iron strongly impacted all planting parameters. During the first season, the S4 treatment
produced the greatest results for ascorbic acid content, total sugars, total sugar/total acidity ratio, and acidity percentage. In contrast, the
S6 treatment yielded the greatest values for total acidity, total sugars, total sugar/total acidity ratio, anthocyanin pigment, and ascorbic
acid content. All of the qualities that were investigated were significantly impacted by the interaction between the research factors.
Depending on the attribute under study, the interaction treatments M3S5 and M3S6 showed the highest values, while the control

treatment (M1S0) had the lowest values for all traits under study.
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Introduction

The strawberry is a perennial herbaceous crop that may grow
in various environments. It is a member of the Fragaria x
ananassa Duch species, the Fragaria genus, and the Rosaceae
family. One of the most significant and extensively grown little
fruits in the world is the strawberry. Because of its excellent
nutritional content and quick growth and production, it is widely
grown in various countries [1]. Strawberry plants have a shallow,
somewhat spreading root system and are highly productive for
their tiny size [2]. Strawberries are currently grown in over 63
countries, with an anticipated 395,844 hectares under cultivation
in 2019 and a global yield of over 9.2 million tons that year. With
3.72 million tons, China is the top producer, followed by Mexico,
Egypt, Turkey, and the United States [3]. Strawberry cultivation is
a relatively new practice in Iraq [4] and is only found in small
agricultural areas, some residential gardens, and scientific
research stations. The majority of strawberries consumed in Iraq
are imported from Turkey, Iran, and Syria, indicating that its
consumption is still quite low [5].

By strengthening the soil's physical, chemical, and biological
qualities, the choice of an appropriate growing medium can
significantly increase plant growth and yield. It improves the

1 General Directorate of Municipalities, Anbar Province, Ramadi 31001, Iraq.

activity of helpful microbes, controls temperature, holds moisture,
and stimulates soil aeration [6,7]. Water availability during the
growing season and soil fertility affects strawberry variety yield.
Therefore, necessary nutrients must be provided in an available
and sufficient amounts for plant nutrition in order to produce a high
yield of good-quality fruits [8].

Strawberry fruits are known for their exceptional nutritional
and therapeutic value due to their high nutrient, fiber, vitamin,
protein, carbohydrate, and phenolic component content [9].
strawberries are an excellent source of vitamin C and phenolic
chemicals, including hydroxycinnamic acid derivatives, flavonols,
anthocyanins, and ellagic acid. These chemicals have been
shown to have protective effects against cardiovascular diseases,
arterial problems, cancer, hypertension, and other chronic
illnesses [10,11,12].

Because of their enormous fruit yield in relation to their small
size, strawberries require a lot of fertilizer. Foliar fertilization is
essential for making up for nutritional deficits, especially those
involving micronutrients like iron and zinc, which increase plant
productivity and produce fruits with better morphological and
qualitative qualities [13]. Alkaline soils, like those in Iraq, can have
poor levels of micronutrient availability, especially for iron and
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zinc. Due to adsorption and precipitation, these elements are
frequently inaccessible for plant uptake, even if their total
concentrations are high in the majority of soils [14,15].

By improving the effectiveness of applied fertilizers, such as
nano-based micro- and macronutrient fertilizers, green
nanotechnology found to raise crop yield and quality [16].
Whether sprayed on leaves or mixed into the growing media,
nanofertilizers are essential for plant nourishment. They preserve
desired genetic features, boost the accumulation of bioactive
chemicals, improve crop tolerance to various stressors, and
promote photosynthesis [17,18]. A comprehensive analysis of
recent research on plant—nanoparticle interactions was presented
by [19], detailing the processes of nanoparticle absorption and
translocation and the resulting physiological, morphological,
genetic, and energetic changes in plants. In general, the kind,
physicochemical characteristics, plant species, and growing
environment of nanoparticles determine their influence [20,21].
This study's goal is to find out how various growing media and
foliar applications of iron and zinc, both conventional and nano-
based, might enhance the quality characteristics of strawberry
plants cv. Festival in protected environments.

Materials And Methods
Experimental site

The study was carried out in the greenhouse of the
Department of Horticulture and Landscape Gardening, College of
Agriculture, University of Anbar, from 15 October 2019 to 15
March 2020 for the first season, and from 20 October 2020 to 25
March 2021 for the second season, within the geographical
coordinates of 33°24'10"N and 43°15'44"E. The goal was to find
out how different growing media and foliar applications of normal
and nano zinc and iron could enhance the quality of strawberry
fruits (cv. "Festival") grown in protected environments.

Plant organic fertilizers (Ceratophyllum demersum L.
and Medicago sativa L.)

The process outlined by [22], which may be summed up as
follows, was used to create these fertilizers: The main ingredients
were alfalfa, which was gathered from an agricultural field in the
Al-Bu Dhiyab area of Anbar Province, and Ceratophyllum
demersum, which was acquired from the Al-Kraishan region of
Anbar Province. After being delivered to the fermentation location,
the components were soaked for eighteen hours in basins filled
with water. From June 1 to October 1 of both research seasons,
they were then taken out of the basins and put on a polyethylene
sheet. The fermenting materials were coated with a second layer
of polyethylene and treated with 2% urea fertilizer [23]. The
materials were regularly turned over for four months until the
fermentation process was completed. The materials were
regularly turned over for four months until the fermentation
process was completed. During this period, the moisture content
was monitored weekly using the portable soil moisture meter
(PMS-714) to ensure optimal moisture levels for the fermentation
process, which ranged between 50-60%.

Animal organic fertilizers (Poultry manure)

The fermentation process was carried out using poultry dung,
as explained by [24]. A compost pile of 3 m in length, 2 m in width,
and 1.5 m in height was created after the earth was first covered
with a polyethylene sheet. In order to maintain the proper
moisture levels, the manure was wet, covered with a polyethylene
sheet, and turned frequently. Between June 1 and October 1 of
both study seasons, the fermentation process continued for four
months. When the experiment started, the manure was used after
being allowed to dry in an open area.
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Experimental treatments
A factorial experiment was conducted with two factors:
First Factor
Growing media (M): Three types of growing media were used:

— Medium 1 (M1): River soil + peat moss at a ratio of (1:3). The
river soil consists of Available phosphorus 2.213 mg Kg™,
total nitrogen 0.011%, CaCO3 216.36 g Kg™', Bulk density
1.29 g cm-3, organic matter 3.08%, electrical conductivity
0.72 ds m”', pH 7.47, CI- 2.69 Meq L', HCO = 1.40 Meq L™,
CO;™ NilMeq L™, Na* 0.12 Meq L™, Mg** 6.20 Meq L™, Ca*™*
7.40 Meq L™, Available potassium 37.62 mg Kg™, SO,=
3.48 Meq L™, Sand 972.0 g Kg™, Silt 20.0 gKg™, Clay 8.0 g
Kg™, Texture Sandy. As for the peat moss (according to the
specifications of the German manufacturing company), it is
composed of organic matter 40.36 g Kg™', total nitrogen 10.5
g Kg™, total phosphorus 7.10 g Kg™, total potassium13.50 g
Kg™, EC 3.78 ds m™, pH 6.20 and C/N 16.67.

— Medium 2 (M2): River soil + (50% Ceratophyllum demersum +
50% Alfalfa) at a ratio of (1:3). The Ceratophyllum demersum
is composed of organic carbon 210.89 g Kg™, total nitrogen
9.21 gKg™, total phosphorus 4.63 g Kg™, total potassium7.58
g Kg™, EC 8.92 ds m™, pH 7.65 and C/N 22.90. On the
other hand, the plants of Alfalfa consist of organic carbon
243.16 g Kg™, total nitrogen 13.84 g Kg™, total phosphorus
7.34 g Kg™", total potassium11.76 g Kg™*, EC 8.92 ds m™, pH
6.91 and C/N 17.57.

— Medium 3 (M3): River soil + poultry manure at a ratio of (1:3).
The poultry waste is characterized by organic carbon 390.15 g
Kg™, total nitrogen 32.87 g Kg™, total phosphorus 13.78 g
Kg™, total potassium26.00 g Kg™', EC 14.30 ds m™, pH 6.46
and C/N 11.87.

Second Factor

Normal and nano zinc (ZnO) and iron (Fe) were applied as
foliar sprays at the following concentrations:

(S0): Using only distilled water for the spray (control).

(S1): Normal zinc is 50 mg L™" (S1) [25].

(S2): Nano zinc at 10 mg L™ concentration.

(S3): Nano zinc at a 20 mg L™ concentration.

(S4): Normal iron at 150 mg L™ [26].

(S5): Nano iron with a 20 mg L™ concentration.

(S6): Nano iron at 40 mg L™ concentration.

In the experiment, normal iron was used in the form of ferrous
sulfate (FeSO,-7H,0) with a purity of 98%, while normal zinc was
in the form of zinc sulfate (ZnSO,-7H,0) with a purity of 99%.
Regarding the nano-fertilizers, the nano iron used in the
experiment was nano iron oxide (Fe,O3) with particle sizes
around 30-50 nanometers and a purity of 99%, whereas the nano
zinc was nano zinc oxide (ZnO) with particle sizes around 20—40
nanometers and a purity of 99%.

Nooahk~owh=

Liquid soap was added as a surfactant at a rate of 0.1 mL L™
to lower the surface tension of the spraying solution and improve
plant absorption of the sprayed solutions. A 16-liter sprayer was
used for foliar sprays until complete wetting. The same schedule
was used for both growth seasons, with four treatments spread
out throughout the dates of 12/1, 20/12, 10/1, and 1/2. The
spraying was done at 20-day intervals. To avoid cross-
contamination of the spraying solutions, a movable wooden
barrier was positioned in between treatments during the early
morning spraying. The German company Direvo Industrial
Biotechnology produced Polyvinylpyrrolidone K-90 (PVP), which
was used to dissolve the nano elements at a concentration ratio
of 1 nano Zn or Fe: 2 PVP.
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Agricultural practices

The greenhouse was cleaned, sprayed with fungicides,
bactericides, and insecticides. To keep the area warm and weed-
free while promoting mobility and productivity, the floor was
covered with black polyethylene. Two 90-cm-diameter exhaust
fans were fitted to ventilate the greenhouse and reduce its
temperature as necessary. It was also equipped with a
temperature and humidity monitoring system. Using a drip
irrigation system that included a fertigation unit and pump, plants
were irrigated.

Plant preparation and cultivation

The "Festival" variety of strawberry seedlings was acquired
from the Al-Nakheel Company in Baghdad, Irag. Prior to sowing, a
concentration of 1 mL L™ of the broad-spectrum fungicide
Uniform was applied to the seedlings. On October 15, the
seedlings for both growing seasons were then moved into plastic
pots that measured (19 x 19 cm). After filling the pots halfway with
the appropriate growing media, the pots were treated with a
fungicide and insecticide mixture (Ridomil + Marshal + Furadan)
at a ratio of 1:1:1, and the remaining material was added.

Experimental design

A Randomized Complete Block Design (RCBD) was used to
carry out a factorial experiment with two components. With seven
plants per experimental unit and 21 treatments spread across
three replicates, the study included 441 plants in total. Least
Significant Difference (LSD) at a 5% probability level was used to
do mean comparisons after the data had been statistically
examined [27]. GenStat software was used to do the statistical
analysis.

Studied traits

1. The percentage of total sugar was calculated according to the
methodology described by [28].

2. The percentage of total acidity in fruit juice was calculated
using [29] methodology.

3. The ratio of total sugars to total acidity is determined by
dividing the two.

4. Anthocyanin pigment content (mg 100 g™ fresh weight):
determined using [29] methodology.

5. The amount of ascorbic acid (Vitamin C) in fruit juice (mg 100
mL~") was calculated using the direct colorimetric method as
described by [30].

Results and Discussion

Total sugar content in fruits (%)

The growing media treatments had a major impact on the
strawberry fruits' overall sugar content at the first and second
growing seasons, the M3 medium (River soil + poultry manure)
showed the greatest value which came to 5.56 and 5.54%,
respectively. While, plants cultivated on the M1 medium (River
soil + peat moss) had the lowest sugar content as shown in
Table1 which amounted 4.23 and 4.88%, respectively. Significant
impacts on the characteristic under study were noted in relation to
the foliar application of iron and zinc (both normal and nano
forms). The S4 treatment (Normal Fe 150 mg L™) in the first
season, and S6 treatment (Nano Fe 40 mg L) in the second
season showed the greatest sugar concentration which came to
5.62 and 5.62%, respectively. In contrast, the control treatment
(S0) had the lowest sugar content which amounted 4.72 and
4.34% for the first and second season. The interaction between
the two study parameters also shown a significant impact
Particularly in the M3S6 treatment (first season) and M3S5
treatment (second season), which attained the greatest total
sugar percentages, whereas, the M1S0 (control) treatment
showed the lowest values.

Table (1): Effect of growth medium and foliar application with normal and nano microelements (Fe and Zn), and their interaction on the total sugar percentage

in the strawberry fruits cv. Festival.

Media culture| M ) . M2 M3 Mean of
Mi River soil + peat moss River soil + Ceratophyllum demersum + River soil + poultry manure | microelements
icroelements Alfalfa
First season
SO Control (distilled water only) 3.92d 4.83 bc 5.41 abc 4.72a
S1 Normal Zn (50 mg L") 4.35cd 5.24 abc 5.34 abc 4.98 ab
S2 Nano Zn (10 mg L") 4.11d 5.42 abc 5.16 abc 4.90 ab
S3 Nano Zn (20 mg L") 4.63c 5.28 abc 5.52 abc 5.14 ab
S4 Normal Fe (150 mg L) 4.07d 6.53a 6.26 ab 5.62b
S5 Nano Fe (20 mg L") 4.15d 5.74 abc 4.42 cd 477 a
S6 Nano Fe (40 mgL™) 4.40 cd 4.87 bc 6.78 a 5.35ab
Mean of media culture 4.23a 542b 5.56b
M S MxS

LD 5% 037 0.56 0.98
Second season
SO Control (distilled water only) 4.18c 4.24c 4.60c 4.34a
S1 Normal Zn (50 mg L") 5.24 abc 5.45 abc 5.52 abc 5.40 ab
S2 Nano Zn (10 mg L") 452¢c 4.96 bc 4.36¢c 4.61ab
S3 Nano Zn (20 mg L") 4.69¢c 6.12 ab 5.14 abc 5.32ab
S4 Normal Fe (50 mg L") 5.78 abc 5.23 abc 4.57c 5.19 ab
S5 Nano Fe (20 mg L") 4.46¢c 4.65¢ 748a 5.53 ab
S6 Nano Fe (40 mg L") 5.28 abc 4.46 c 7.13a 5.62b
Mean of media culture 4.88 a 5.02a 5.54 b

M S MxS
LSD 5% 0.53 0.81 1.40

Total acidity percentage (%)

The data in Table 2 in both growth seasons showed that
growing media treatments had a major impact on the fruits' acidity
levels. In the first and second seasons, the M3 medium (River soil
+ poultry manure) yielded the lowest acidity content which came
to 0.53 and 0.59, respectively. However, the M1 medium (River
soil + peat moss) had the highest acidity level for both seasons
which amounted 0.67 and 0.72 During the first season, there were
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no impacts from the foliar treatment of iron and zinc (both normal
and nano forms). In contrast, the SO treatment (control)
recorded the highest acidity in the second season which came to
0.73%, whereas the S6 treatment (Nano Fe 40 mg L)
considerably decreased acidity, providing the lowest acidity
percentage which amounted 0.57%. The M3S6 and M3S4
treatments in the first season produced the lowest acidity
percentage, while, the M3S6 treatment once more yielded the
lowest acidity percentage in the second season. In the first and
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second seasons, the control treatment M1S0 had the greatest
acidity levels. Although an increase in acidity in strawberry fruits
prolongs their storage period, this trait is considered undesirable
as it reduces the market value of the fruits. Therefore, the positive

role of applying growing media-such as the mixture of alfalfa and
Ceratophyllum demersum, or poultry manure-in reducing fruit
acidity becomes evident.

Table (2): Effect of growth medium and foliar application with normal and nano microelements (Fe and Zn), and their interaction on the total acidity percentage

in the strawberry fruits cv. Festival.

Media culture M1 M2 M3 Mean of
River soil + peat River soil + Ceratophyllum demersum + River soil + poultry microelemen

Microelements moss Alfalfa manure ts
First season
S0 Control (distilled water only) 0.73a 0.52 ab 0.61a 0.62a
S1 Normal Zn (50 mg L") 0.57 ab 0.47 bc 0.62 a 0.56 a
S2 Nano Zn (10 mg L") 0.65 a 0.60 ab 0.57 ab 0.60 a
S3 Nano Zn (20 mg L") 0.64 a 0.58 ab 0.54 ab 0.59a
S4 Normal Fe(150 mg L") 0.69 a 0.48 bc 0.42c 0.53 a
S5 Nano Fe (20 mg L) 0.71a 0.56 ab 0.55 ab 0.61a
S6 Nano Fe (40 mg L") 0.67 a 0.64 a 0.42c 0.58 a
Mean of media culture 0.67 a 0.55b 0.53 b

LSD 5% M S MxS

0.05 N.S 0.14

Second season
S0 Control (distilled water only) 0.81a 0.78 a 0.62b 0.73a
S1 Normal Zn (50 mg L") 0.68 b 0.60 bc 0.57c 0.62 bcd
S2 Nano Zn (10 mg L") 0.77 a 0.67 b 0.68 a 0.71ab
S3 Nano Zn (20 mgL™") 0.74a 0.54 c 0.58 ¢ 0.62 bcd
S4 Normal Fe (150 mg L) 0.65b 0.63 b 0.76 ab 0.68 abc
S5 Nano Fe (20 mg L) 0.76 a 0.65b 047c 0.63 bcd
S6 Nano Fe (40 mg L") 0.62b 0.63b 045¢c 0.57d
Mean of media culture 0.72a 0.64b 0.59b

LSD 5% M S MxS

0.05 0.08 0.15

Total sugars/Total acidity ratio

The total sugar/total acid ratio was significantly influenced by
the growing media treatments, as shown in Table 3 for both the
first and second seasons. Among the treatments, the M3 medium
(River soil + poultry manure) resulted in the highest ratio which
came to 11.04 and 10.20, respectively, while the M1 medium
(River soil + peat moss) produced the lowest ratio which amounted
6.45 and 6,97, respectively. On the other hand, strawberry plants
treated with normal and nano forms of iron and zinc exhibited

notable impacts, the S4 treatment (Normal Fe 150 mg L") in the
first season and the S6 treatment (Nano Fe 40 mg L") in the
second season produced the highest results which came to 11.64
and 10.63, respectively, on the other side the control treatment
(S0) had the lowest ratios which came to 7.97 and 6.07,
respectively. Additionally, there were notable effects from the
interaction between the two components, especially with the
M3S6 treatment, which yielded the highest values for the first and
second seasons, while the M1S0 interaction had the lowest
values.

Table (3): Effect of growth medium and foliar application with normal and nano microelements (Fe and Zn), and their interaction on the total sugar/total acid

ratio in the strawberry fruits cv. Festival.

Media culture M1 M2 M3 Mean of
River soil + peat moss River soil + Ceratophyllum demersum + River soil + poultry microelemen
Microelements Alfalfa manure ts
First season
S0 Control (distilled water only) 5.43b 9.51a 8.98 a 7.97b
S1 Normal Zn (50 mg L") 7.58b 11.26a 8.79a 9.21b
S2 Nano Zn (10 mg L") 6.40b 9.07a 9.38a 8.28b
S3 Nano Zn (20 mg L) 7.27b 9.60 a 10.25a 9.04b
S4 Normal Fe (150 mg L") 5.96 b 13.64 a 15.33a 11.64a
S5 Nano Fe (20 mg L") 591b 10.68 a 8.28a 8.29b
S6 Nano Fe (40 mg L") 6.57 b 7.84b 16.26 a 10.22 ab
Mean of media culture 6.45b 10.23 a 11.04 a
LSD 5% M S MxS
1.28 1.95 3.38
Second season
S0 Control (distilled water only) 5.16 ¢ 545¢c 7.60b 6.07¢c
S1 Normal Zn (50 mg L") 7.74b 9.25a 9.90a 8.96 ab
S2 Nano Zn (10 mg L) 5.83¢c 743b 6.48 ¢ 6.58 bc
S3 Nano Zn (20 mg L") 6.74 c 11.44 a 9.11a 9.10 ab
S4 Normal Fe (150 mg L") 8.92a 8.34b 6.03 ¢ 7.77b
S5 Nano Fe (20 mg L") 5.87¢c 7.15b 16.09 a 9.70 a
S6 Nano Fe (40 mg L) 8.50 b 7.23b 16.17 a 10.63a
Mean of media culture 6.97 b 8.04 ab 10.20 a
LSD 5% M S MxS
1.07 1.64 2.84

Anthocyanin pigment content (mg 100g-1 fresh
weight)

Anthocyanin content was strongly impacted by the growing
media treatments, according to the first season results shown in
Table 4, the M3 (River soil + poultry manure) medium yielded the
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greatest anthocyanin levels which amounted 48.19 and 42.30 mg
100g™" fresh weight, respectively, while, the M1 medium (River
soil + peat moss) exhibited the lowest anthocyanin concentration
which came to 42.00 and 35.72 mg 100g™" fresh weight for the two
seasons, respectively. Demonstrating the considerable impact of
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foliar spraying with zinc and iron (both normal and nano forms)
The S5 treatment (Nano Fe 20 mg L") for the first season, and
S6 treatment (Nano Fe 40 mg L) produced the greatest
anthocyanin content which came to 47.54 and 43.29 mg 100g™"
fresh weight, respectively. The control treatment (SO) had the
lowest values which amounted 40.68 and 33.95 mg 100g™ fresh

weight, respectively. Additionally, the two components' interaction
had a considerable impact, especially when it came to the M3S5
treatment in the first season and the M3S6 treatment in the
second season. On the other hand, the M1S0 interaction had the
lowest anthocyanin content for the first and second seasons.

Table (4): Effect of growth medium and foliar application with normal and nano microelements (Fe and Zn), and their interaction on the anthocyanin pigment

content (mg 100g™" fresh weight) in the strawberry fruits cv. Festival.

Media culture| M ) ) M2 M3 Mean of
. River soil + peat moss River soil + Ceratophyllum demersum + River soil + poultry manure | microelements
Microelemen Alfalfa
First season
SO Control (distilled water only) 38.42d 42.39 cd 41.23d 40.68 c
S1 Normal Zn (50 mg L") 42.83 cd 39.26 d 43.71 cd 41.93c
S2 Nano Zn (10 mg L") 43.50 cd 43.67 cd 51.58 a 46.25 ab
S3 Nano Zn (20 mg L") 45.28 bed 45.83 abc 44.54 bed 45.22 ab
S4 Normal Fe (150 mg L) 39.65d 50.21 ab 47.28 ab 45.71 ab
S5 Nano Fe (20 mg L") 40.83d 46.18 abc 55.62 a 47.54 a
S6 Nano Fe (40 mg L") 43.48 cd 43.06 cd 53.35a 46.63 ab
Mean of media culture 42.00 b 44.37 ab 48.19a
M S MxS
LSD 5% 2,66 4.07 7.05
Second season
SO Control (distilled water only) 31.58d 32.24d 38.02 cd 33.95d
S1 Normal Zn (50 mg L") 36.29 cd 40.87 bc 41.74 bc 39.63 cd
S2 Nano Zn (10 mg L") 32.47d 43.93 ab 36.62 cd 37.67 cd
S3 Nano Zn (20 mg L") 34.95cd 42.28 ab 45.53 ab 40.92 bc
S4 Normal Fe (150 mg L) 36.88 cd 46.00 a 37.11cd 40.00 bc
S5 Nano Fe (20 mg L") 36.24 cd 39.72 bc 48.19a 41.38b
S6 Nano Fe (40 mg L") 41.62b 39.39 bc 48.86 a 43.29a
Mean of media culture 35.72¢ 40.63 b 42.30a
M S MxS
LSD 5% 2.87 4.39 7.61

Ascorbic acid content (mg 100 mi-1 of fruit juice)

The ascorbic acid concentration of strawberry fruits was
considerably impacted by the growing media treatments,
according to the statistical analysis results for both seasons,
which are shown in Table 5, the M3 medium (River soil + poultry
manure) yielded the highest values which amounted 82.3 and
72.3 mg 100 ml" of fruit juice for first and second season,
respectively, while, the M1 medium (River soil + peat moss) had
the lowest values for both seasons which came to 68.2 mg 100
ml™" of fruit juice for the first season and 54.4 mg 100 ml"" of fruit
juice for the second. Furthermore, only during the first season

did foliar spraying with zinc and iron (both normal and nano forms)
demonstrate a significant impact, the S4 treatment (Normal Fe
150 mg L") produced the greatest ascorbic acid level which
amounted 84.5 mg 100 ml*" of fruit juice, while, the S3 treatment
(Nano Zn 20 mg L") had the lowest value which came to 72.5 mg
100 ml" of fruit juice. The interaction between the two study
parameters also shown a significant impact Particularly with the
M2S4 treatment, which generated the highest ascorbic acid
content which amounted 92.3 mg 100 ml™" of fruit juice, on the
other hand, M1S1 in the first season and M1S4 in the second
season had the lowest levels which amounted 62.0 mg 100 ml"!
of fruit juice.

Table (5): Effect of growth medium and foliar application with normal and nano microelements (Fe and Zn), and their interaction on the ascorbic acid content

(mg 100 mlI*! of fruit juice) in the strawberry fruits cv. Festival.

An - Najah Univ. J. Res. (N. Sc.) Vol. 40 (3), 2026

Media culture M2
M1 . . M3 Mean of
. River soil + peat moss River soil + Ceratophyllum demersum + River soil + poultry manure| microelements

Microelemen Alfalfa
First season
SO Control (distilled water only) 68.2 a 73.0a 84.7b 75.3 ab
S1 Normal Zn (50 mg L-1) 62.0 a 81.6 ab 77.5 ab 73.7 a
S2 Nano Zn (10 mg L-1) 70.5a 86.8 b 85.8b 81.0 bc
S3 Nano Zn (20 mg L-1) 63.7 a 72.5a 81.3ab 725a
S4 Normal Fe(150 mg L-1) 77.3a 92.3¢ 83.9b 84.5¢c
S5 Nano Fe (20 mg L-1) 68.6 a 75.0a 87.6b 771 ab
S6 Nano Fe (40 mg L-1) 67.4 a 84.8 b 75.3a 75.8 ab
Mean of media culture 68.2 a 80.8 b 82.3b

o M S MxS

LSD 5% 3.05 4.66 8.07

Second season
SO Control (distilled water only) 52.8a 56.7 a 65.3b 58.3a
S1 Normal Zn (50 mg L-1) 58.6 a 54.3 a 70.5¢ 61.1 bc
S2 Nano Zn (10 mg L-1) 57.2a 58.5a 74.2c¢c 63.3¢c
S3 Nano Zn (20 mg L-1) 52.5a 61.8 b 68.4 b 60.9 bc
S4 Normal Fe(150 mg L-1) 50.3 a 57.4 a 78.4d 62.0c
S5 Nano Fe (0 mg L-1) 53.0a 54.1a 72.0c 59.7 b
S6 Nano Fe (40 mg L-1) 56.7 a 63.4 a 70.3¢c 63.5¢c
Mean of media culture 54.4 a 58.0 b 71.3¢c

o M S MxS

LSD 5% 2.84 N.S 7.53
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Table (6): Correlation analysis among the studied traits under the effect of different growing media during the first and second seasons.

Trait First season
Total sugars Total acidity Sugars/Acidity Anthocyanin Ascorbic acid

Total sugars 1.000 -0.999* +0.998* +0.846 +1.000***
Total acidity -0.999* 1.000 -0.999* -0.865 -0.999*
Sugars/Acidity +0.998* -0.999* 1.000 +0.881 +0.998*
Anthocyanin +0.846 -0.865 +0.881 1.000 +0.847
Ascorbic acid +1.000*** -0.999* +0.998* +0.847 1.000
Total sugars 1.000 -0.991* +0.988* +0.910 +0.997**
Total acidity -0.991* 1.000 -0.996** -0.933 -0.990*
Sugars/Acidity +0.988* -0.996** 1.000 +0.964 +0.985*
Anthocyanin +0.910 -0.933 +0.964* 1.000 +0.910
Ascorbic acid +0.997* -0.990* +0.985* +0.910 1.000

Significance levels: * p < 0.05, ** p < 0.01, *** p < 0.001.

and second seasons.

Table (7): Correlation analysis among the studied traits under the effect of foliar application with normal and nano microelements (Fe and Zn) during the first

Trait | Total sugars I Total acidity | Sugars/Acidity I Anthocyanin I Ascorbic acid
First season
[Total sugars 1.000 -0.848* +0.973** +0.336 +0.442
[Total acidity -0.848* 1.000 -0.906** -0.082 -0.435
Sugars/Acidity +0.973** -0.906** 1.000 +0.261 +0.485
IAnthocyanin +0.336 -0.082 +0.261 1.000 +0.389
IAscorbic acid +0.442 -0.435 +0.485 +0.389 1.000
Second season
[Total sugars 1.000 -0.859* +0.943** +0.559* +0.503*
[Total acidity -0.859* 1.000 -0.945** -0.328 -0.479
Sugars/Acidity +0.943* -0.945** 1.000 +0.441* +0.616*
IAnthocyanin +0.559* -0.328 +0.441* 1.000 +0.612*
IAscorbic acid +0.503* -0.479 +0.616* +0.612* 1.000

Significance levels: * p < 0.05, ** p < 0.01, *** p < 0.001.

Discussion

Fruits produced in the M2 (River soil + 50% M2 River soil +
Ceratophyllum demersum + Alfalfa + 50% Alfalfa) and M3 (River
soil + poultry manure) media had higher sugar concentrations
than the control M1 (River soil + peat moss), indicating that
organic compounds made from plant and poultry manure are an
effective source of vital nutrients. These substances have
enzymatic and hormonal effects that increase the number of
leaves and their area, which improves photosynthesis and the
movement of materials that have been generated to the fruits
[31,32,33].

Along with light levels, which impact the amount of healthy
leaf surface for the formation of photosynthetic compounds and
eventually determine total soluble solids and fruit sweetness,
nutrient availability is a major element impacting taste and flavor
[34]. Because it improves the movement of carbohydrates from
leaves to fruits, potassium in particular is essential for lowering
acidity. According to research by [35,36], strawberries cultivated
in organic media had increased levels of anthocyanin
pigmentation, most likely as a result of the enzymatic and
hormonal effects of decomposed organic matter. Furthermore,
according to [37], higher root zone temperatures brought on by
organic breakdown enhance anthocyanin synthesis.

Similarly, because carbohydrates produced by
photosynthesis promote anthocyanin accumulation [38], it was
observed that availability directly influences anthocyanin
concentration. Additionally, the results support the findings of
[39,40] that organic matter raises the amounts of ascorbic acid
(Vitamin C) in fruits. Organic substances like sugars, proteins,
amino acids, and humic acids are thought to have this impact
because they promote plant development through enzymatic,
hormonal, and nutrient-related processes. Higher chlorophyll
content and leaf area result from increased food availability,
especially nitrogen, which also improves photosynthetic carbon
absorption and the buildup of proteins, carbohydrates, and
enzymes-all of which are necessary for the synthesis of vitamin
C.

Zinc and iron (both normal and nano forms) applied topically
improve fruit quality by increasing photosynthesis and sugar
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production, which raises sugar accumulation in ripening fruits
[41]. Additionally, zinc is involved in cell elongation, membrane
function, and protein synthesis [42]. Furthermore, zinc aids in the
production of auxin (IAA) and dehydrogenase enzymes, both of
which encourage cell elongation [43].

Zinc is involved in the metabolism of carbohydrates,
photosynthesis, starch synthesis, proteins, auxin control, and
pollen development as a structural and regulatory element in a
various of enzymes and proteins [44,45]. Additionally, zinc is
necessary for the synthesis of tryptophan, a precursor to auxin
(IAA), a crucial growth regulator that affects the development of
plasma membranes and internode elongation [46,47]. Similar to
this, iron is a necessary component of numerous enzymes that
are involved in a number of physiological activities, including
metabolism, photosynthesis, protein synthesis, and the creation
of chlorophyll [48,49]. In this study, nano-Fe (S6) combined with
M3 medium significantly lowered fruit acidity, likely due to
enhanced chlorophyll synthesis and carbohydrate translocation,
as supported by [50,51].

This results in higher sugar buildup and decreased fruit
acidity. Increased vegetative growth, which boosts photosynthetic
efficiency and biochemical production in the plant, is the reason
for the rise in anthocyanin and vitamin C levels brought on by zinc
and iron application. Both factors promote the growth of roots and
shoots, boosting physiological activity and nutrient absorption
[52]. Nano-fertilizers' small particle size and sophisticated
formulation, which enable quick penetration and distribution within
plant tissues, are probably the reasons for their beneficial effects
on all examined features. Hormonal activity is stimulated, which
encourages the formation of secondary roots and enhances plant
growth and yield overall [53]. Additionally, by interacting with
protein carriers like ionchannels, endocytosis, and aquaporins,
nanofertilizers create new pathways that improve water uptake
and boost growth and productivity [54].

The use of nano-zinc increases growth indices by improving
cell elongation and wall flexibility In a similar vein, nano-iron is
highly effective in piercing cell membranes, where it is essential
for energy transmission, metabolism, photosynthesis, chlorophyll
synthesis, and cell division, all of which increase plant productivity
[55]. According to [56,57], nano-iron also improves the
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effectiveness of the H-ATPase enzyme in guard cell plasma
membranes, increasing stomatal opening by up to five times and
enhancing CO, uptake and photosynthetic efficiency.

The correlation analysis of the chemical traits of the fruits
under the influence of both growing media and foliar spraying with
micronutrients (iron and zinc, in both normal and nano forms)
during the two growing seasons revealed a consistent pattern
reflecting  physiologically expected relationships among
components of nutritional and sensory quality. A very strong
positive correlation was observed between total sugar content
and vitamin C across all treatments, indicating that improved
nutritional value of the fruits is generally accompanied by an
increase in sugar accumulation, a relationship also emphasized
by [58] in cherry fruits. A strong negative correlation was also
detected between total sugars and total acidity, reflecting a
characteristic shift in mature fruits where sugars tend to increase
as acidity decreases, signifying an optimal sensory balance that
enhances palatability-a pattern well-documented in mangoes by
[59]. Additionally, the sugar-to-acid ratio showed a strong positive
correlation with both total sugars and vitamin C, and a negative
correlation with total acidity, thereby validating its reliability as an
effective indicator for estimating maturity and flavor quality,
consistent with the findings of [60]. in citrus fruits. Similar
correlation patterns were evident under the micronutrient spraying
treatments, albeit with varying intensities. Total sugar content
showed a clear positive association with the sugar-to-acid ratio,
highlighting the ratio’s role as a key quality parameter under
different foliar fertilization conditions, as reported in studies on
micronutrient effects by [61,62]. Furthermore, total acidity
demonstrated strong negative correlations with sugars and
anthocyanin content, supporting the premise that a reduction in
acidity is associated with the advancement of fruit ripening and
accumulation of beneficial secondary metabolites-trends
supported by the findings of [63] on sugar and acid dynamics
during ripening. Regarding anthocyanins, a positive correlation
was found with both total sugars and the sugar-to-acid ratio,
indicating that improvements in sensory attributes such as color
occur simultaneously with increases in sugars and nutritional
compounds, particularly under the influence of foliar micronutrient
treatments, corroborating the conclusions drawn by [64,65].

These correlations were more pronounced during the second
season, which could be attributed to seasonal environmental
factors or differences in treatment effectiveness in promoting
pigment accumulation. It is worth noting that, despite the broader
variation and number of treatments under micronutrient spraying
compared to growing media, the direction and consistency of
correlations remained physiologically logical, underscoring the
importance of these elements-whether in nano or normal form-in
influencing fruit chemical quality components.

Conclusions

All qualitative fruit features showed a substantial reaction in
the strawberry seedlings of the "Festival" cultivar. All of the
features under study were most significantly impacted by the
organic medium M2 (River soil + 50% M2 River soil +
Ceratophyllum demersum + Alfalfa + 50% Alfalfa), and M3 (River
soil + poultry manure). The majority of qualitative yield traits were
significantly impacted by foliar spraying with both normal and
nano forms of zinc and iron, especially with treatments S4 (normal
Fe at 150 mg L™") and S6 (nano Fe at 40 mg L™).

According to the study's findings, growing strawberries with
organic growing media-particularly medium M2 (River soil + 50%
M2 River soil + Ceratophyllum demersum + Alfalfa + 50% Alfalfa),
and M3 (River soil + poultry manure) is advised because it yielded
the greatest outcomes for the features under investigation.
Additionally, as it produced superior results than the control,
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especially at greater concentrations for both elements and across
the majority of examined attributes, foliar fertilization of strawberry
seedlings with normal zinc and iron is recommended. Growth and
productivity are adversely affected by inadequate plant nutrition.

Disclosure Data

— Ethics approval and consent to participate: The authors
confirm that they respect the publication's ethics and consent
to their work's publication

— Consent for publication: The authors consent to the
publication of this work.

— Author's contribution: AFZA was responsible for creating
the initial research idea and collecting the literature review to
achieve the final idea for this research, as well as performing
statistical analysis after collected data to investigate the effect
of individual factors solely or interaction between them,
moreover comprehensive reading for the final manuscript.
MMM carried out the experiment, data collection, and
interpretation of results; moreover, the initial writing of the
manuscript also compared the findings with the literature and
made the conclusions built into the output of this research.

— Funding: There is no funding for this research.

— Conflicts of interest: The authors declare that there is no
conflict of interest regarding the publication of this article

— Acknowledgements: We would like to express our deep
gratitude and appreciation to the College of Agriculture/
University of Anbar for their significant support and provision
of resources necessary for the completion of this research.
Their valuable contributions were essential in achieving the
objectives of this study.

Open Access

This article is licensed under a Creative Commons Attribution
4.0 International License, which permits use, sharing, adaptation,
distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and
indicate if changes were made. The images or other third party
material in this article are included in the article's Creative
Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article's Creative
Commons licence and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to
obtain permission directly from the copyright holder. To view a
copy of this license, visit https://creativecommons.org/licenses/by-
nc/4.0/.

References

1] Al-Ealayawi, ZA A. Al-Dulaimy FZ. The impact of spraying
Marine Algae Extract, Arginine, and Brassinolide on
vegetative growth traits of Albion Strawberry saplings. I0P
Conference Series: Earth and Environmental Science.
2023; 1262(4): 042061. https://doi:  10.1088/1755-
1315/1262/4/042061.

2] Potter D, Eriksson T, Evans RC, Oh S, Smedmark JEE,
Morgan DR, Kerr M, Robertson KR, Arsenault M, Dickinson
TA, Campbell CS. Phylogeny and classification of Rosaceae,
Plant Systmatics and Evolution. 2007; 266(1-2):5-43.
https://doi:10.1007/s00606-007- 0539-9.

3] FAO, FAOSTAT-Food and Agriculture Organization
Corporate  Statistical Database. FAO Online Database.
http://www.fao.org/faostat/en/#data. 2019.

4] Franco SUS. Agency for International development (USAID).
The Production of Strawberries in Iraq. 2009; P 1-10.

261 | 264
Published: An-Najah National University, Nablus, Palestine


https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://doi/
http://www.fao.org/faostat/en/#data

5] Al-Ealayawi ZA, Al-Dulaimy AFZ. Response of Strawberry
Saplings Cv. Albion to spraying with Seaweed Extract,
Arginine and Brassinolide. IOP Conference Series: Earth and
Environmental Science. 2023; 1262(4): 042065.
https://doi:10.1088/1755-1315/1262/4/042065.

6] Ayesha RN, Fatima M, Ruqayya H, Faheem KM, Qureshi IA,
Hafiz KS, Khan U, Ali M, Kamal A. Influence of different
growth media on the fruit quality and reproductive growth
parameters of strawberry (Fragaria ananassa). Journal of
Medicinal Plants Research. 2011; 5(26): 6224-6232.
https://doi:10.5897/JMPR11.1059.

7] Rashid MHA. Optimisation of growth yield and quality of
Strawberry cultivars through organic farming. Journal of
Environmental Science and Natural Resources. 2018; 11(1-
2):116-123. https://doi:10.3329/jesnr.v11i1-2.43379

8] Thakur M, Shylla B. Influence of different growing media on
plant growth and fruit yield of Strawberry (Fragaria x
Ananassa Duch.) Cv. Chandler grown under protected
conditions. Int. J. Curr. Microbiol. App. Sci. 2018; 7(04): 2724-
2730. https://doi:10.20546/iicmas.2018.704.310.

9] Giampieri F, Tulipani S, Alvarez-Suarez, JM, Quiles JL,
Mezzetti B, Battino M. The strawberry: Composition,
nutritional quality, and impact on human health. Nutrition.
2012; 28(1): 9—19. https://doi.org/10.1016/j.nut.2011.08.009.

Desjardins Y. Human health effects of strawberry: A review of
current research. Acta Horticulturae. 2014; 1049: 827-838.
https://doi.org/10.17660/ActaHortic.2014.1049.132.

11] Giampieri F, Alvarez-Suarez JM, Battino M. Strawberry and
human health: Effects beyond antioxidant activity. Journal of
Agricultural and Food Chemistry. 2014; 62(18), 3867—-3876.
https://doi.org/10.1021/jf405455n.

12] Wang SY. Antioxidants and health benefits of strawberries.
Acta Horticulturae. 2014, 1049: 1-6.
https://doi.org/10.17660/ActaHortic.2014.1049.1.

13] Pawel W, Mariusz L. Effect of calcium and boron sprays on
yield and quality of Elsanta strawberry. Journal of Plant
Nutrition. 2003; 26(3): 671-682. https://doi.org/10.1081/PLN-
120018446.

14] Fernandez V, Sotiropoulos T, Brown P. Foliar Fertilization:
Scientific Principles and Field Practices. 1%t ed., International
Fertilizer Industry Association (IFA), Paris, France. 2013; pp.
144.

10

15] Neina D. The role of soil pH in plant nutriton and soil
remediation. Applied and Environmental Soil Science.
2019; 9: 1-9. https://doi.org/10.1155/2019/5793581.

16] Sekhon BS. Nanotechnology in agri-food production: an
overview. Nanotechnology Science and Applications.
2014; 7: 31-53. https://doi.org/10.2147/NSA.S51650.

17] Gauri AA, Kowshik M. Recent developments on
nanotechnology in agriculture: plant mineral nutrition, health,
and interactions with soil microflora. Journal of Agricultural
and Food Chemistry. 2018; 66(33): 8647-8661.
https://doi.org/10.1021/acs.jafc.8b02979.

18] Seyed MZ, Karimi M, Silva JA. The use of nanotechnology to
increase quality and yield of fruit crops. Journal of the Science
of Food and Agriculture. 2020; 100(1): 25-31.
https://doi.org/10.1002/jsfa.9990.

19] Huang S, Wang L, Liu L, Hou Y, Li L. Nanotechnology in
agriculture, livestock, and aquaculture in China: A review.
Agronomy for Sustainable Development. 2015; 35: 369-
400. https://doi.org/10.1007/s13593-015-0290-2.

20] Mahmoud FS, Almutairi KF, Alotaibi M, Shami A, Alhammad

M M Mahmood & Ahmed F. Z. Al-Dulaimy

BA, Battaglia ML. Nano-fertilization as an emerging
fertilization technique: Why can modern agriculture benefit
from its use. Plants. 2021; 10(2): 1-27.
https://doi.org/10.3390/plants10020225.

21] Al-Dulaimy AFZ, Alani MHI, Awad IM, Khudair RIA, Salim HA,
Jasem SM. Response of Gazania plants (Gazania Splendens
L.) to seaweed extract (Tecamin Algae) and nano stimulator
(Proteck CalBor). IOP Conference Series: Earth and
Environmental ~ Science.  2021;  910(1): 012052.
https://doi.org/10.1088/1755-1315/910/1/012052.

22] Maslat MM, Al-Mohammadi OH. Fundamentals of Organic
Agriculture. College of Agriculture, Department of Horticulture
and Landscape Architecture. University of Anbar. Ministry of
Higher Education and Scientific Research, Iraq. 2012; p. 258.

23] Al-Shahat MRT. Animal Fertilizers and Organic Agriculture.
Healthy Food - Clean Environment. Cairo, Dar Al-Fikr Al-Arabi
for Printing and Publishing. 2007; p. 189.

24] Abu Rayyan AM. Organic Agriculture (its specifications and
importance to human health). Department of Horticulture and
Crops. Faculty of Agriculture. University of Jordan. Wael
Publishing House. Amman, Jordan. 2010.

25] Zuhair AD, Mohammed AHA. Effect of foliar spray of zinc and
liqurice root extract on some vegetative and flowering growth
parameters two strawberry varieties (Fragaria ananassa
Duch.). Mesopotamia Journal of Agriculture. 2010; 28(1): 23-
34.

26] Al-Rawi KNH, Al-Sahaf FHWA.The influence of foliar
application of iron, calcium, boron and the removal of runners
upon productivity of strawberry and fruit content of
phytochemicals. Euphrates Journal of Agriculture Science.
2015; 7(2): 16-29.

27] Al-Mehmedi S, Al-Mehmedi, MFM. Statistics and
Experimental Design (Dar Usama for publishing and
distributing. Amman- Jordan, 2012; P. 376.

28] Joslyn MA. Methods in Food Analysis, Physical, Chemical,
and Instrumental Methods of Analysis. 2" ed. Academic
Press, New York and London. 1970.

29] Ranganna S. Manual analysis of fruit and vegetable products.
Tata mcgraw- Hill Publishing Company Limited, New
Delhi.1977.

30] Abbas MF Mohsen JA. Practical care and storage of fruits and
vegetables. Ministry of Higher Education and Scientific
Research, University of Basra, Dar Al-Hikma Press,
Iraq.1992.

31] Fayed TA, Hussein AM, Rashedy AA, Elaksher MS. Effect of
different types of organic fertilizers on the growth and
productivity of peach cv. "Florida prince". Middle East J.
Agric. Res. 2019; 8(1): 347-355.

32] Shahzad U, ljaz M, Noor N, Shahjahan M, Hassan Z, Kahn
AA, Calica P. Variations in Growing Media and Plant spacing
for the improved production of Strawberry (Fragaria
ananassa cv. Chandler). Philippine Journal of Science. 2018;
147(4): 711-719.

33] Hameed MAM, Lattif MF. The effect of two organic fertilizers
addition on vegetative growth and yield of Strawberry
(Fragaria ananassa Duch) plant variety (Ruby Gem). Journal
Tikrit Univ. For Agri. Sci. 2018; 18 (4): 83-89.

34] Macnaeidhe FS.The effect of nutrition on the flavour of
Strawberries grown under rotection.
Http://lwww.teagase.ie/research/reports/
horticulture/4458/eopr-4458.pdf. 2001.

35] Reganold JP, Andrews PK, Reeve JR, Carpenter-Boggs L,

262 | 264
Effect of Growth Medium and Foliar Application with Normal and ......


https://doi.org/10.1016/j.nut.2011.08.009
https://doi.org/10.17660/ActaHortic.2014.1049.132
https://doi.org/10.1021/jf405455n
https://doi.org/10.17660/ActaHortic.2014.1049.1
https://doi.org/10.1081/PLN-120018446
https://doi.org/10.1081/PLN-120018446
https://doi.org/10.1155/2019/5793581
https://doi.org/10.2147/NSA.S51650
https://doi.org/10.1021/acs.jafc.8b02979
https://doi.org/10.1002/jsfa.9990
https://doi.org/10.1007/s13593-015-0290-2
https://doi.org/10.3390/plants10020225
https://doi.org/10.1088/1755-1315/910/1/012052
http://www.teagase.ie/research/reports/horticulture/4458/eopr-4458.pdf
http://www.teagase.ie/research/reports/horticulture/4458/eopr-4458.pdf

Schadt CW. Fruit and soil quality of organic and normal
strawberry agroecosystems. PLOS ONE. 2010; 5(9):
e12346. https://doi.org/10.1371/journal.pone.0012346.

36] Shehata SA, Gharib AA, EI-Mogy MM, Abdel Gawad KF,
Shalaby EA. Influence of compost, amino and humic acids
on the growth, vyield, and chemical parameters of
strawberries. Journal of Medicinal Plants Research. 2011;
5(11): 2304-2308.

37] Wang SY, Zheng W. Effect of plant growth temperature on
antioxidant capacity in strawberry. Journal of Agricultural and
Food Chemistry. 2001; 49(10): 4977-4982.
https://doi.org/10.1021/jf010587z.

38] Guo JWH; Myeong-Hyeon W. Ultraviolet and environmental
stresses involved in the induction and regulation of
anthocyanin biosynthesis: Areview. Afr. J. Bio.technol. 2008;
7 (25): 4966-4972.

39] Yavari S, Eshghi S, Tafazoli E, Yavari S. Effects of various
organic substrates and nutrient solution on productivity and
fruit quality of strawberry “Selva” (Fragaria ananassa Duch.).
Journal of Fruit and Ornamental Plant Research. 2008; 16:
167-178.

40] Mahadeen AY. Influence of organic and chemical fertilization
of fruit, yield and quality of plastic house grown Strawberry.
Jordan. S. Agric. Sci.2009; 5 (2): 167-177.

41] Candolfi MC, Koblet W. Yield fruit quality, bud fertility a starch
yield of the wood as a function of leaf removal in Vitis vinifera.
Evidence of compensation and stress recovering. Vitis. 1990;
29: 199 — 221.

42] Cakmak I. Possible roles of Zinc in protecting plant cells from
damage by reactive oxygen species. Tansley Review No.11.
New Phytol. 2000; 146: 185-
205.bhttps://doi.org/10.1046/j.1469- 8137.2000.00630.x.

43] Kazemi M. Influence of foliar application of iron, calcium and
zinc sulfate on vegetative growth and reproductive
characteristics of strawberry cv. ‘Pajaro’. Trakia Journal of
Sciences. 2014; 1: 21-26.

44] Hafeez B, Khanif YM, Saleem M. Role of zinc in plant
nutrition-AReview. American Journal of Experimental
Agriculture. 2013; 3(2): 374-391.

45] Mahmood, MM, Al-Dulaimy AF. Effect of media culture, nano
and normal micronutrients on some flowers and yield traits of
Strawberry. AIP Conference Proceedings. 2022; 2394(1): 1-
13. https://doi.org/10.1063/5.0121341.

46] Jamali G, Enteshari SH, Hosseini SM. Study effect adjustment
drought stress application potassium and zinc in corn. Iranian
Journal of Crop Ecophysiology. 2011; 3(3): 216-222.

47] Jubair NA, Al-Dulaimy, AFZ. Response of date palm cv.
Khastawi to foliar spray with micro-elements, gibberellic acid
and salicylic acid. IOP Conference Series: Earth and
Environmental  Science.  2023; 1158(4):  042063.
https://doi.org/10.1088/1755-1315/1158/4/042063.

48] Suresh G, Murthy IYLN, Sudhakara Babu SN, Varaprasad,
KS. An overview of Zn use and its management in oilseed
crops. Journal of SAT Agricultural Research. 2013; 11: 1—
11. https://doi.org/10.2134/agronj2013.0011.

49] Liu S, Chen K, Schliemann W, Strack D. Isolation and
identification of arctiin and arctigenin in leaves of burdock
(Arctium lappa L.) by polyamide column chromatography in
combination with HPLC-ESI/MS. Phytochemical Analysis.
2005; 16(2): 86—89. https://doi.org/10.1002/pca.816.

50] Mahmood MM, Al-Dulaimy, AF. Response of Strawberry cv.
Festival to culture media and foliar application of nano and

An - Najah Univ. J. Res. (N. Sc.) Vol. 40 (3), 2026

normal micronutrients. IOP Conference Series: Earth and
Environmental Science.  2021; 904(1):  012067.
doi:10.1088/1755-1315/904/1/012067.

51] Al-Dulaimy AFZ, Abbood AA, Alian AT. Effect of spraying with
normal and nano Iron on the growth and flowering of Petunia
plant Petunia hybrid L. IOP Conference Series: Earth and
Environmental Science. 2022; 1060 (1): 012033. doi:
10.1088/1755-1315/1060/1/012033.

52] Suge JK, Omunyin ME, Omami EN. Effect of organic and
inorganic sources of fertilizer on growth, yield and fruit quality
of eggplant (Solanum Melongena L). Archives of Applied
Science Research. 2011; 3(6):470-479.

53] Nejatzadeh-Barandozi F, Darvishzadeh F, Aminkhani A.
Effect of nano silver and silver nitrate on seed yield of
(Ocimum basilicum L.). Organic and Medicinal Chemistry
Letters. 2014; 4(1): 11. https://doi.org/10.1186/s13588-014-
0011-0.

54] White, DWR. Peapod limits developmental plasticity in
Arabidopsis. J. of Global Pharma Technology. 2017;10(2):1-
9.

55] Nair R, Varghese SH, Nair BG, Maekawa T, Yoshida Y,
Kumar DS. Nanoparticulate material delivery to plants. Plant
Science. 2010; 179(3): 154-163.
https://doi.org/10.1016/j.plantsci.2010.04.012

56] Batsmanova LM, Gonchar LM, Taran NY, Okanenko AA.
Using a colloidal solution of metal nanoparticles as a
micronutrient fertilizer for cereals. Proceedings of the
International Conference Nanomaterials: Applications and
Properties. 2013; 2(4): 1-2.
https://doi.org/10.21272/ap.2013.2(4).001.

57] Kim J, Oh Y, Yoon H, Hwang I, Chang Y. Iron nanoparticle-
induced activation of plasma membrane H*-ATPase
promotes stomatal opening in Arabidopsis thaliana.
Environmental Science & Technology. 2015; 49(2): 1113—
1119. https://doi.org/10.1021/es504375t.

58] McCune LM, Kubota C, Stendell-Hollis NR, Thomson CA.
The relationship between the anthocyanin and vitamin C
contents of cherry fruits. Food Chemistry. 2017; 221: 57-64.
https://doi.org/10.1016/j.foodchem.2017.01.110.

59] Islam MK, Khan MZH, Sarkar MAR, Absar N, Sarkar SK.
Changes in acidity, TSS, and sugar content at different
storage periods of the postharvest mango (Mangifera indica
L.) influenced by Bavistin DF. International Journal of Food
Science. 2013; (4):1-8. https://doi.org/10.1155/2013/939385.

60] Lado J, Rodrigo MJ, Zacarias L. Maturity indicators and citrus
fruit quality. Stewart Postharvest Review. 2014; 10(2): 1-6.

61] Ahmed N, Zhang B, Chachar Z, Tu P. Micronutrients and their
effects on horticultural crop quality, productivity and
sustainability. Scientia Horticulturae. 2014; 323: 112512.
https://doi.org/10.1016/j.scienta.2023.112512.

62] Sabahat S, Abbasi J, Ahmad M, Mumtaz S, Khan TN, Tariq
S, Imran M. Role of micronutrients in improving fruit quality
and yield of strawberry cv. Chandler under microclimatic
conditions. Pakistan J. Agric. Res. 2021; 34: 897-904.
https://doi.org/10.17582/JOURNAL.PJAR/2021/34.4.897.904.

63] Ma WF, Li YB, Nai GJ, Liang GP, Ma ZH, Chen BH, Mao J.
Changes and response mechanism of sugar and organic
acids in fruit ripening. Peerd. 2022; 10(4): e13691.
https://doi.org/10.7717/peerj.13691.

64] Massot C, Génard M, Stevens R, Gautier H. Fluctuations in
sugar content are not determinant in explaining vitamin C
variation in tomato fruit. Plant Physiology and Biochemistry.

263 | 264
Published: An-Najah National University, Nablus, Palestine


https://doi.org/10.1371/journal.pone.0012346
https://doi.org/10.1021/jf010587z
https://doi.org/10.1046/j.1469-
https://doi.org/10.1063/5.0121341
https://doi.org/10.1088/1755-1315/1158/4/042063
https://doi.org/10.2134/agronj2013.0011
https://doi.org/10.1002/pca.816
https://doi.org/10.1186/s13588-014-0011-0
https://doi.org/10.1186/s13588-014-0011-0
https://doi.org/10.1016/j.plantsci.2010.04.012
https://doi.org/10.21272/ap.2013.2(4).001
https://doi.org/10.1021/es504375t
https://doi.org/10.1016/j.foodchem.2017.01.110
https://doi.org/10.1155/2013/939385
https://doi.org/10.1016/j.scienta.2023.112512
https://doi.org/10.17582/JOURNAL.PJAR/2021/34.4.897.904
https://doi.org/10.7717/peerj.13691

2010; 48(9):751-7.
https://doi.org/10.1016/j.plaphy.2010.06.001.

65] Dhurhania C, Pratimasari D, Salwa M, Pasmawati S,
Ramadhan M. The Correlation of Anthocyanin Levels,
Vitamin C Levels, and Antioxidant Activity of Purple Cabbage
(Brassica Oleracea L.) Juice at Different Temperatures and
Storage Periods. Indonesian Journal of Global Health
Research. 2022; 4(4): 727-734.
https://doi.org/10.37287/ijghr.v4i4.1267 .

264 | 264
M M Mahmood & Ahmed F. Z. Al-Dulaimy Effect of Growth Medium and Foliar Application with Normal and


https://doi.org/10.1016/j.plaphy.2010.06.001
https://doi.org/10.37287/ijghr.v4i4.1267

