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ABSTRACT: The present investigation was carried out during the 2023-2024 season in unheated polyhouse
belong to The Department of Horticulture and Landscape Design, which is part of the College of Agriculture
and Forestry at the University of Mosul, is located in Nineveh Governorate., to study the effect of foliar spray
with iron and zinc on the growth and yield of strawberry plant (Fragaria x ananassa Duch.) cv. Albion. The
experiment was laid out in Randomized Complete Block Design (RCBD) with two factors (iron and zinc) as
foliar spray, four concentrations of Fe (0,10,20, 30 mg Fe L')by using FeEDDHA(6% Fe) and three
concentrations of Zn(0,150,200 mg Zn L")by using ZnEDTA(12% Zn), each alone or with each other, with
the experiment was conducted with three replicates and eight plants per experimental unit.. The plants were
sprayed three times with iron and zinc. Results showed that the that foliar spray of iron at the three
concentrations (10, 20 and 30 mg L") significantly increased all the studied traits (leaves chlorophyll, number
of leaves per plant, leaf area, number of runners, number of fruits, fruit weight, length and width of the fruit
and plant yield), as compared with control, while the concentration of 30 mg L gave the highest means of all
traits, However, the foliar spray of zinc at 150 and 200 mg L concentrations led to a significant increase in
all studied traits compared to the control treatment, but 200 mg Zn L was significantly superior and gave the
highest values in all traits. All the attributes studied were significantly affected by the interaction between iron
and zinc, and the best values of all studied parameters had been executed with the treatment of 30 mg Fe L'
+200 mg Zn L.
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INTRODUCTION

Strawberry plants (Fragaria x ananassa Duch.) produce one of the most popular and consumed fruits
globally, known for their sweet and savory taste and high nutritional value. Strawberries belong to the
Rosaceae family, which includes many economically important fruits such as apples, pears, quinces, peaches
and others. Modern strawberry cultivation began in the 18th century in Europe, where two wild strawberry
species, Fragaria virginiana from North America and Fragaria chiloensis from Chile, were hybridized. This
hybridization resulted in the large, sweet strawberries we know today. Since then, strawberry cultivation has
spread all over the world and has become one of the most important horticultural crops )Al-Khayri and Islam,
2018 .(It contains a wide range of important nutrients, including vitamin C, dietary fiber, antioxidants, and
minerals such as potassium, magnesium and iron. These nutrients make strawberries a healthy fruit that helps
boost immunity, improve heart health, and reduce the risk of many chronic diseases. In addition, strawberries
are used in many food products such as jams, juices, and desserts, increasing their commercial value (Zhao,

2007; Wang et al., 2019)

Fruit plants, including strawberries, are continuously fertilized with various fertilizers to provide
essential nutrients and the plant is prepared due to the significance of these elements in the growth and
development of plants., but the availability of most of the elements added to the soil may decrease, for various
reasons or the loss of a quantity of them by washing, sedimentation and others, this results in significant
wastage of fertilizer, leading to the necessity of reducing the loss of nutrients when administered to the soil.
One effective method to achieve this is through foliar spraying, a technique that is regarded as highly efficient
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and rapid. This approach facilitates nutrient absorption, particularly in cases where soil conditions are
suboptimal, including instances of elevated or low temperatures, or instances of nutrient loss through washing.
Additionally, foliar spraying ensures the uniform distribution of nutrients throughout the plant. (Dang, 2005 ;
Lovatt, 2013).

Iron is one of the essential micronutrients required for plant growth and development, which must
be in an active form (Fe™) with a concentration of 100-500 mg kg" leaf dry weight, and the toxicity of this
element begins when its active amount exceeds 500 mg kg leaf dry weight, while iron deficiency symptoms
appear when its active concentration in leaves is about 50-100 mg kg leaf dry weight depending on the type
and variety of the plant (Havlin et al., 2005), Iron contributes to several tasks within the plant, Ferredoxin is
included in this category and functions as an electron transporter in the process of photosynthesis, as well as
Nitrate Reductase and Nitrogen Fixation enzymes. Furthermore, it is a constituent element in the synthesis
of other enzymes, including catalase and peroxidase, as well as in the synthesis of leghemoglobin-type proteins
that act as an oxygen carrier in fixing atmospheric nitrogen, and iron is included in some important structures
in the plant, where it is considered one of the components of nucleus membrane lipids, chloroplasts and
mitochondria, and helps in the formation of cell membrane proteins and the process of cell division (Barker
and Stratton, 2015; Al-Zhairi et al. 2021),

Also, Zinc is one of the essential micronutrients for the plant, which is absorbed by the plant as
Zn"?, and its concentration in plant tissues is 25-150 mg kg' leaf dry weight. It has several functions within
the plant, as it has a role in the formation of a series of essential enzymes, including Carbonic anhydrase,
Malic dehydrogenase, Proteinase, Peptidase and other enzymes, as it acts as a pH regulator in the chloroplast
and stimulates the work of plant growth regulators and has an important role in building chlorophyll. The
substance under consideration is an essential mineral that facilitates normal plant growth and development.
It is a component of many enzymes and proteins, and it is also necessary for the synthesis of tryptophan, a
precursor to indole acetic acid (IAA) that promotes growth by acting as a growth-promoting substance. (Havlin
et al., 2005; Nasiriet et al. 2010 and Yaqoub and Salah El-Din, 2022), Although it does not enter its structure,
it enters into the construction of enzymes responsible for the formation of chlorophyll, and also has a major
role in nitrogen metabolism in the plant, so its deficiency leads to a sharp decrease in the level of RNA and
the content of cells from ribosomes, which causes inhibition of protein formation( Rudani et al., 2018).
Research with Saha et al. (2019) showed that foliar spraying with iron and zinc improved vegetative growth,
flowering, fruiting and fruit quality parameters of strawberry plants cv. Winter Dawn. Bopparaju et al. (2022)
showed that foliar spraying of iron and zinc caused a significant increase in the growth and yield traits of
strawberry plants cv. Winter Dawn. The research by Deshwal et al. (2024) on the outcomes of foliar spraying
with iron and zinc caused improvement in the quality of strawberry fruits cv. Chandler in western Uttar
Pradesh conditions. So, because the availability of Fe and Zn in the soil used in this experiment was very low,
the current study was conducted with the objective of ascertaining the optimal concentrations of Fe and Zn
for enhancing vegetative and fruit growth, yield, and quality attributes of Fragaria x ananassa cv. Albion
cultivated under controlled greenhouse conditions.

MATERIALS AND METHODS

The study was conducted in an unheated playhouse under the jurisdiction of the Department of
Horticulture and Landscape Design, which is affiliated with the College of Agriculture and Forestry at the
University of Mosul in Nineveh Governorate. The playhouse, measuring 54 meters in length and 9 meters in
width, encompasses an area of 486 square meters. m” for the period from 15/9/2023 to 1/9/2024 to study
the effect of foliar spraying with iron and zinc each alone or in compination on the growth and yield of
strawberry plants (Fragaria x ananassa Duch.). The soil of the polyhouse was plowed with two perpendicular
plows, well leveled and divided into three terrace along the length of the polyhouse, where each terrace
represents a replicate, and random 4 soil samples were taken, 0-30 cm deep from different places of the terrace
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and some physical and chemical characteristics were estimated according to the methods mentioned by Page

et al., 1982 and Black,1965 (Table, 1).

Table (1): Some physical and chemical characteristics of the soil.

Parameter Value Unit
Sand 593.7 gm kg'
Silt 249.6 gm kg'
Clay 156.7 gm kg’
Texture Loamy | ...
EC 0.19 dS m’
pH 7.05

Organic matter 12.32 gm kg
Available N 6.61 mg kg’
Available P 2.46 mg kg’
Available K 13.59 mg kg’
Available Fe 0.971 mg kg’
Available Zn 0.280 mg kg’

* The measurements were conducted in the central laboratory of the College of Agriculture and
Forestry, University of Mosul, Iraq.

The experimental was conducted according to Randomised Complete Block Design (RCBD) with
two factors (iron and zinc) as foliar spray, four concentrations of iron (0, 10, 20, 30 mg Fe L") by utilization
Fe-EDDHA(6% Fe) and three concentrations of zinc (0, 150, 200 mg Zn L") by using ZnEDTA (12% Zn),
with three replicates and eight plants per each experimental unit, thus the number of plants used in the study

was 4 x 3 x 3 x 8 = 288 plants.

The strawberry seedlings, cv. Albion, were selected from the nurseries of the College of Agriculture
and Forestry/University of Mosul had almost homogeneous growth, and then the wounded roots and large
leaves were removed, while keeping two new leaves. Compound fertilizer NPK (20:20:20) at the amount of 5
g plant' were added before planting, on the upper surface of the terrace and mixed it well with the soil, then
irrigated it directly, then covered all the terrace with black polyethylene, making holes at the top of the terrace
at a distance of 25 cm between one hole and another for planting plants. On 15/9/2023, plants were planted
in three lines; the distance between one line and another is 30 cm, and the distance between one plant and
another is 30 cm. The plants were sprayed with iron and zinc three times a season (30, 60 and 90 days after
transplantation).

Experimental Measurements:

1. Leaves total chlorophyll (mg g* fresh weight): according to the method mentioned by Mackinney/Arnon
(Mackinney, 1941 and Arnon 1949) which were described by Saieed (1990).
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2. Number of leaves (leaf plant™): The number of fully developed leaves formed on the plant from the start
of the experiment until the end of the experiment was counted, and the number of leaves taken to estimate
the chlorophyll of the leaves was added.

3. Leaf area (cm’ leaf'): The area of one leaf was estimated according to the method mentioned by Dvornic
(1965) by taking 5 full-width leaves from each experimental unit and separating the petioles from them;
then, five squares were taken from each leaf with an area of 1 cm? each. The leaves and squares were dried
by placing them in perforated paper bags in an electric oven at a temperature of 70 °C for 72 hours, then
the dry leaves were weighed with the squares as well as the squares alone, and then the average area of the
leaves was calculated according to the following equation: -

Area of the 25 cut squares (cm2)x Dry weight of the five leaves (g)

Area of five leaves (cm?) =
( ) Dry weight of the 25 cut squares (g)

The number of leaf area was found by dividing the area of five leaves by five.

4. Number of runners (runners plant”): The number of runners of 8 plants at the end of the experiment was
calculated, and the average number of runners per plant was found by dividing the total number of runners
by eight.

5. Number of fruits (fruit plant™): The number of fruits was recorded from the first fairy to the last fairy for
the eight plants for each experimental unit, then the result was divided by eight to calculate the number
of fruits per plant.

6. Fruit weight (g): The weight of one fruit was calculated by dividing the plant yield(g) by the number of
fruits formed on one plant and for all fairies.

7. Fruit length and width (mm): The length and width of 5 fruits were measured randomly for each
experimental unit in each harvest using Verniar, and the average length and width of one fruit per each
harvest was extracted, then the product was extracted by dividing the sum of the length and width of the
fruit of all harvests by the number of harvests as in the following two equations:

Average length or width of the fruit per harvest = the sum of the length or width of 5 fruits per harvest / 5.

Average length or width of the final fruit (mm) = the sum of the average length or width of the fruits of all
harvests / the number of harvests.

8. Plant yield (g): It was calculated for the eight plants at all harvests for each experimental unit and then
divided by eight to extract the single plant yield.

Statistical analysis: The data were statistically analysed utilising the SAS program by the chosen design (SAS,
2000), acomparison of the means was conducted using Duncan's Multiple Range Test at the 5% level.

RESULTS AND Discussion

The data in table (1) showed that the available Fe and Zn (0.971 and 0.280 mg kg'respectively)
is very low as menthiond by Awad and Samir (2008), they indicated that the optimum concentrations of Fe
and Zn in the soil was 2.5-4.0 and 0.5-1.0 mg kg'respectively, this may be attributed to high levels of soil pH
(7.05), Havlin et al. (2005) indicated that the soil pH exceed 5, the availability of Fe and Zn may be expected.
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Results in Tables (2, 3 and 4) showed that foliar spray with iron at all concentrations (10, 20 and 30
mg L) significantly increased all the studied traits (leaves total chlorophyll, number of leaves per plant, leaf
area, number of runners and number of fruits per plant, fruit weight, fruit length and width and plant yield)
as compared with control, Meanwhile the treatment of 30 mg Fe L gave the highest means of all traits which
was significantly superior to the other treatmens. These findings are obtained by Mohamed et al. (2022). This
may be attributed to the role of iron in leaves chlorophyll as evidence has emerged indicating the involvement
of iron as a co-enzyme in the biochemical processes involved in synthesizing chlorophyll. Moreover, the
presence of iron as a co-enzyme has been identified in chlorophyll synthesis, as well as in active components
of cytochromes. (Al-Aa'reji et al.,2010), In addition, the role of iron as an active factor in the structure of
various enzymes, including catalase, peroxidase, oxidase, and cytochrome, has been well-documented. These
enzymes play a crucial role in facilitating the activation performance of numerous physiological processes
within plant cells (Marschner, 1986). In conclusion, iron plays a pivotal role in the process of chlorophyll
synthesis. It facilitates the condensation of glutamate to 5-aminolevulinic acid and the conversion of Mg-
protoporphyrin IX methyl ester to protochlorophyllide. These reactions represent the two primary steps in
the synthesis of chlorophyll (Mukherji and Ghosh, 2005), the subsequent section will address the speed and
products of photosynthesis, which are utilized in various growth processes. Additionally, it will be discussed
how these processes increase the amount of growth hormones IAA and GA3 in the leaves. These hormones
work to increase cell division and expansion, which causes increased vegetative growth of the plant. As
previously mentioned in the works of Jandeh (2003), Sekhon (2014), Tanou et al. (2017), and Al-Asadi and
Al-Khaykani (2019). Furthermore, iron plays a pivotal role in the synthesis of numerous non-heme
compounds, the most significant of which is ferredoxin, which facilitates the transfer of electrons in a
multitude of vital processes within the plant, including photosynthesis. Additionally, iron is implicated in the
synthesis of nitrogenous enzymes (Marschner, 1986 and Phogat et al., 2016), and the increase in vegetative
growth and its activity in the synthesis of nutrients increases the formation of fruits in terms of number and
size. (Kamiab and Zamanibahramabadi, 2016).

Table (2): Effect of foliar spray with iron, zinc and their interaction on leaves' total chlorophyll (mg g"),
Number of leaves (leaf plant’) and leaf area(cm?) of strawberry plants cv. Albion.*

Fe Conc. (mg L")

Zn Conc. (mg

5 0 10 20 30 Means (Zn)
Leaves total chlorophyll (mg g' fresh weight)

0 21.56j | 28.99h 31.07¢ 33.73f 28.84a

150 27.83i | 33.99ef 34.69de 35.50cd 33.00b

200 27971 | 36.25¢ 40.16b 43.24a 3691a

Means (Fe) 25.79d | 33.07c 35.31b 37.49a

Number of leaves (leaf plant™)

0 25.01k | 29.74h 32.74¢ 34.40f 30.47¢
150 26.79j | 34.90f 35.95¢ 36.59d 33.56b
200 27.671 | 37.54c 38.68b 39.81a 35.93a
Means (Fe) 26.49d | 34.06 35.79b 36.93a
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leaf area (cm?)

0 78.00k | 93.6%9h 100.82¢ 106.51f 94.75¢
150 84.09j | 110.32¢ 111.53de 113.13d 104.77b
200 86.82i | 116.74¢ 122.50b 126.47a 113.13a
Means (Fe) 82.97d | 106.91¢ 111.62b 115.37a

* The means of iron and zinc each alone or togather for each parameter that share the same letters are not
significantly different according to Duncan's multiple range test at 0.05.

Table (3): Effect of foliar spray with iron, zinc and their interaction on the number of runners
(runner plant™), Number of fruits (fruit plant®) and Fruit weight (g) of strawberry plants cv.Albion.*

Fe Conc. (mg L")

Zn  Cone. g 10 20 30 Means (Zn)
(mg L7)

Number of Runners (runners plant™)
0 8.36l1 13.791 14.18h 14.71¢ 12.76¢
150 11.81k 15.24f 15.57¢ 16.48d 14.77b
200 12.76j 17.21c 17.79b 18.51a 16.57a

Means (Fe) 10.97d 15.41c 15.85b 16.56a

Number of fruits (fruit plant™)

0 15.16i 15.86hi 16.28h 22.66e 17.49¢
150 17.68¢ 22.98e 23.60e 24.58d 22.21b
200 20.33f 26.18¢ 28.30b 30.90a 26.43a

Means (Fe) 17.72d 21.67¢ 22.73b 26.05a

Fruit weight (g)

0 11.59i 13.81h 15.14¢ 16.68de 14.31c
150 15.64f 16.87d 17.05d 17.72¢ 16.82b
200 16.29¢ 17.99¢ 18.53b 19.56a 18.09a

Means (Fe) 14.51d 16.22¢ 16.91b 17.99a

* The means of iron and zinc each alone or togather for each parameter that share the same letters are not
significantly different according to Duncan's multiple range test at 0.05.

Table (4): Effect of foliar spray with iron, zinc, and their interaction on Fruit length (mm), Fruit
width (mm) and Plant yield (g) of strawberry plants cv.Albion.*
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-1
Zn Conc. (mg Fe Conc. (mg L")

LY
0 10 20 30 Means (Zn)

Fruit length (mm)

0 26.05k 29.29; 3247 40.06fg 31.97¢c
150 36.08h 40.72f 41.90e 43.07d 40.44b
200 39.55¢ 46.54¢ 52.89b 57.08a 49.01a

Means (Fe) 33.89d 38.85¢ 42.42b 46.74a

Fruit width (mm)

0 13.70j 19.54i 23.51h 29.31f 21.51c¢
150 27.12¢ 29.51et 30.41de | 31.36cd 29.60b
200 29.07t 32.27c 35.4b1 38.39a 33.78a

Means (Fe) 23.29d 27.11c 29.77b 33.02a

Total yield (g plant™)

0 175.8k 219.1j 246.6i 378.0f 254.9¢
150 276.5h 387.6ef 402.4e 435.6d 375.5b
200 331.4¢ 470.9¢ 524.7b 605.1a 483.0a

Means (Fe) 261.2d 359.2¢ 391.2b 472.9a

* The means of iron and zinc, each alone or together, for each parameter that share the same
letters are not significantly different according to Duncan's multiple range test at 0.05.

The results of the same tables (2,3 and 4) indicate that foliar spray with zinc at both concentrations
(150 and 200 mg L") led to a significant increase in all studied traits compared to the control treatment, while
foliar spray of zinc at 200 mg L' significantly superior and gave the highest values of all traits (leaves total
chlorophyll, number of leaves per plant, leaf area, number of runners and fruits per plant, fruit weight, length
and width of the fruit and plant yield). These results are consistent with what Abdollahi et al. (2010), Al-Esaily
(2011), Lolaei et al. (2012), Deepika et al. (2024) and Ullah et al. (2023) reported when foliar spraying
strawberry plants with zinc. The significant increase in all the above parameters with zinc spray may be
attributed to the role of zinc in activating of some enzymes and increasing the level of endogenous auxins,
which may positively affected cell division and elongation through Zn role in the synthesis of the amino acid
tryptophan as a biosynthesis of auxin IAA(Al-Sahaf,1989 and Chaturvedi et al., 2005), and the significant
effect of zinc on vegetative growth may be due to its physiological role in activating and building IAA and
preventing its oxidation, which plays a stimulating role in the growth and elongation of plant cells
(Anonymous, 2014), in addition to the fact that zinc is a cofactor of many important enzymes in biological
processes, especially photosynthesis, conversion of sugars to starch and synthesis of proteins (Mengel and

Kirkby, 2001).

It is also noted from the results of tables (2,3 and 4) that the double interaction between iron and
zinc had a significant effect on all the studied traits, as the interaction between 30 mg Fe L' and 200 mg Zn
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L' gave the highest means of leaves total chlorophyll, number of leaves per plant, leaf area, number of runners
and fruits per plant, fruit weight, length and width of the fruit and plant yield. Kazemi (2014), Saha et al.
(2019), and Mahmood and Al-Dulaimy (2021) indicated that foliar spray with iron and zinc, each alone or
together, significantly increased the growth and yield of strawberry plants. These results may be due to an
accumulation effect of iron and zinc that used in this study, which led to increasing the leaf chlorophyll
content and their effect on the probable increase of photosynthesis and its protects, which may be using a part
of this protects in improving plant growth and fruiting; Mahmood and Al-Dulaimy (2021).

CONCLUSION

Albion strawberry plant cv. grown in loamy soil at unheated polyhouse at a distance of 30*30 cm
sprayed with four concentrations of iron (0, 10, 20, 30 mg Fe L") by using Fe-EDDHA(6% Fe) and three
concentrations of zinc (0, 150, 200 mg Zn L") by using ZnEDTA (12% Zn). The results exhibited that different
concentrations of iron and zinc have enhanced growth, yield and quality of the fruits of Albion strawberry
plants as compared with control. The results also exhibited that the combined application of 30 mg Fe L' +
200 mg Zn L' yielded the highest means of all studied parameters as it significantly increased vegetative
growth, plants yields and improved fruit quality of strawberry plant cv. Albion.
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