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ABSTRACT

This experiment was undertaken on one of the private farms in the village of Kani Sard in the Sharbazhir district near
the Sitak area, which is approximately 35 km northeast of the centre of the Sulaymaniyah Governorate - Irag. It was
designed to study the effect of adding biostimulants and non-fertilizers, individually and in combination, on 54
homogeneous fig trees ( Ficus carica L. C.v Al-Waziri), three years old, grown under the plastic house. In addition, the
treatments consisted of control, added organic fertilizer (Bio Health) at three levels (0, 15, 30) gm. tree ! into the soil, and
sprayed with Nano Calcium at three levels (0, 75, 150) mg. L™ on the trees. A randomized complete block design (RCBD)
with three replications was performed in a factorial. Several basic characteristics were assessed, including leaf area,
chlorophyll concentration, leaf dry matter content, fruit size, fruit weight, total soluble solids content, and total acidity
content. The results revealed that treatments, including combining the two greatest concentrations of organic fertilizer and
Nano Calcium, were optimal, confirmed progress leaf area, chlorophyll content, and improved leaf dry matter content.
The quality of the fruits also significantly increased in terms of size, weight, and total soluble solids content (TSS), which
reflected positively on the taste and storage quality, while total acidity decreased, which made the fruits more appealing
for consumption.
Keywords: biostimulants, nanotechnology, quality, quantity, Ficus carica Waziri.
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INTRODUCTION

One of the vital edible deciduous fruits of the Moraceae family is the fig (Ficus carica L.), which originated in South
Asia, with the highest possibility, and then gradually developed into the Mediterranean region, Central Asia, and
Transcaucasia[1,2]. Figs are one of the only five fruit plants mentioned in the Holy Quran [3], and researchers also confirmed
that figs were considered to be among the important edible horticultural fruits in terms of economic, ecological, and industrial
studies and that they are abundant in nutrients vital for human health. According to [4], the total fig production was 1,242,449
tonnes 2022 worldwide. It is of the most significant commercial importance because it is adapted to different edaphon-
climatic conditions [5]. In addition, it is the first plant cultivated by humans and is recently an important fruit that can be
eaten as dry and fresh consumption, and also used raw, dried, canned, or in other preserved forms. Morphologically, figs
comprise both trees and shrubs; the bark is smooth and grey, the common shape of fig is turbinate obovoid, and the colors
are green-yellow, copper, creamy, red, and florid, depending on genotypes and variety. In the last decade, to progress in
sustainable horticultural fruit production, researchers focused on numerous recent tools, including biostimulants and nano-
fertilizers, which can significantly improve fruit quality parameters and make nutrients more available [6,7]. Therefore, the
use of BOMFs Bio-Organic Mineral Fertilizer is becoming increasingly significant in modern agriculture. These fertilizers
aim to make nutrient use efficient for the plant by decreasing the quantity of artificial fertilizer used with cultivation costs.
Subsequently, they increase nutrient use efficiency, which has safe and eco-friendly ecosystems and human health [8].

As mentioned before, one of the tech innovations to achieve a sustainable increase in horticulture food production
is biostimulant, which contains natural-origin compounds or microbes to stimulate plant processes to improve nutrient use
efficiency and tolerance to abiotic and biotic stresses. Nutrient use efficiency could mean better nutrient absorption from the
soil, transportation, storage, and use in plant and root growth, Therefore, Bio Health WSG is a water-soluble, organic
fertilizer that is used as a good biostimulant, It is based on humic acid, seaweed and microorganisms (beneficial bacteria and
fungi), and this combination can generally effect on property of chemo-physical activity of soil and the increased efficiency
rhizosphere to availability more nutrients by improvement of root growth and morphology, physiology and intolerance
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against abiotic stressors [9]. They could have progressed the shelf life of many plant fruits [10] with healthy plant growth
[11]. Furthermore, beneficial bacteria and fungi can have many important impacts, including developing hormonal change
balance within plants, the biosynthesis of volatile organic compounds, and a progressed system of tolerance to abiotic
stresses by induced auxins and secondary metabolites [12, 13]. Nano-fertilizers are another new stage that is applied in very
low doses with a high absorption rate compared to other fertilizers without a negative impact on plant development with
growth, nutritional status, and the ecosystem [14, 15, 16].

Recently, several researchers investigated the impact of using different Nano-fertilizers on fruit tree growth and
productivity, improving fruit quality and ensuring crop sustainability [17, 18,19, 20]. Therefore, one of the important
nutrients and crucial roles in the development of growth fig trees (Ficus carica) is calcium ions (Ca?*), which have a major
impact on the improved fruit quality and nutrition both during harvest and storage. It is also important to control
physiological processes in plants, including root hair lengthening, the formation of pollen tubes, and the movement of
stomatal guard cells, cell walls, and membranes, which act as an intracellular messenger within the cell [21,22, 23,24].
Furthermore, in fig orchards, pre-harvest calcium spraying is a potential cultural practice; cross-links between calcium and
pectin help stabilize cell wall structures and prevent enzymes from breaking them down [25, 26, 27, 28]. Eventually, they
found a good positive correlation between the applied rates of the Nano-bio fertilizers and the tree's vegetative growth and
productivity, Thus, the purpose of this study was to examine the effects of applying organic and nano fertilizers on the
quantity, quality, and vegetative development characteristics of fig trees grown in greenhouses.

MATERIALS AND METHODS

The Experiment location: This experiment was carried out in a greenhouse during the period of April 1, 2024, to
December 31, 2024, at one of the private farms located in the village of Kani Sard in the Sharbazhir district near the Sitak
area, which is approximately 35 km northeast of the center of the Sulaymaniyah Governorate — Iraq (latitude: 35°38'25.7"'N,
longitude: 45°35'12.0"E, altitude). The dimensions of the plastic house are fifty-two meters in length, nine meters in width,
and three meters in height. that plastic film polyethylene with 200um thickness was used to cover the house and also to
create the study site: GIS software was utilized as shown in (Figure 2.1).
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Figure 2.1: The experiment site
Plant materials: 54 homogeneous three-year-old fig trees (Ficus circa L. c.v Al-Waziri) were selected and utilized in this
study. which were grown using the cordon method and planted at a distance of 2x3 m. (See Figure 2.2)

Figure 2.2: Illustrated A: A fig tree in the cordon method B: A branch fog tree with immature fig fruits C: Mature fig
fruits

Treatments of Experiment

To learn the effect of organic (Bio Health)WSG is a water-soluble, organic fertilizer It is based on humic acid, seaweed, and

microorganisms (beneficial bacteria and fungi, Calcium Nano particle fertilizer separately and their combinations on quality

and quantity development of fig fruit trees under greenhouse conditions, this study was designed with the treatments as

follows: The first factor (B) is Bio Health organic fertilizer per tree at three levels: B1:is Control (0 g. tree); B2 is (15 g.
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tree); B3 is (30 g. tree™t). The second factor (C) is Calcium nanoparticles at three concentrations, C1: sprayed with distilled
water; C2: (75 mg L1); C3: (150 mg L1).
Agronomic practices and Treatments application

The common agricultural practices inside the greenhouse were performed, such as plowing, weed control, irrigation,
thinning, and pruning to control diseases and insects harmful as necessary by using anti-disease. Soil application and foliar
spraying methods were performed for all treatments, and Bio Health organic fertilizer was added into the soil using three
levels per tree (0, 15, and 30g. tree 1), in addition, Nano Calcium was sprayed with at three levels per tree (0, 75, 150) mg. L-
! a 16-liter backpack sprayer until completely wet. The fertilizer was added in two batches during the growing season with
sprayed in three batches including; the first add (April 16, 2024) and the second (May 16, 2024), And the first spraying after
a week of fruit holding (25-5-2024), the second spray after 15 days of the first one, and the third after 15 days of the second
spraying.

Data Analysis:

A randomized complete block design (R.C.B.D.) with two factors within the factorial experiments and three sectors was
designed and laid out to set up the experiment. The treatments were distributed randomly within each sector at a rate of two
trees for each experimental unit, so that 18 trees were selected as one replicate of plants, which was consequently 54 trees
obtained for the total experimental unit. The data were analyzed, and the averages were compared using Duncan's multiple-
nominal test at a probability level of 5% using the statistical analysis program [29].

The studied traits.
1. Area of a single leaf (cm?):

Five fully grown and wide leaves from the main fruitful branches were taken from each experimental unit, starting from
the third leaf to the sixth leaf from the top of the growths using a computer program according to the method of [30].

2. Chlorophyll concentration in leaves (mg. g* fresh weight): The relative chlorophyll content was measured by taking (0.25
g) of fully expanded leaves, soaking them in (15 ml of 96% ethanol), for (24 hours) in the shade, and repeating the process
twice for a total of (72 hours). Absorbance readings were taken at (649 nm and 665 nm) using a spectrophotometer.
Chlorophyll A, B, and total chlorophyll were calculated using the equations as mentioned [31]. Chlorophyll a (mg.gm-1 mw)
=(13.70) (A665) — (5.76) (A649); Chlorophyll b (mg.gm-1 mw) = (25.80) (A649) — (7.60) (A665); Total chlorophyll (mg.gm-
1 fresh weight) = chlorophyll a + chlorophyll b

A = wavelength (nm). [The chlorophyll concentration was given as ug Chlo mg. dry weight]

3. The average dry weight of one leaf (g. leaf?):

At the end of August, (five leaves) per unit were collected, washed with plain and distilled water, and then dried using cloth.
The wet leaves were dried in an electric oven at (70°C until a constant weight was achieved. The dry matter percentage was
calculated using the formula by [32] as follows:

Dry matter% % = dry sample weight (g) / fresh sample weight (g) X 100

4. Total soluble solids (TSS) (%): Portable digital refractometer was used to measure the TSS from fruit juice, firstly, distilled
water was utilized to adjust the refractometer, then three drops of the fruit juice were put on the device's sensor, and the TSS
was read as an oBrix [33].

5. Total acidity TA (%): It was calculated on the basis that the dominant acid in the juice is citric acid. 0.5 ml of juice sample
was put into a small conical flask mixed with d drops of phenol naphthalene indicator and then tittered sample with (0.1N)
sodium hydroxide, TA was measured according to the following law [34].

Total acidity%= (citric acid equivalent weight x titer x base volume) / (1000 x juice volume) x 100.

6. Total soluble solids / total acidity: It was calculated by dividing the Total soluble solids (TSS) values by the Total acidity
TA (%) values of the fruits [35].

7. Fruit weight (g. fruit?): two months following the last spraying, ten fruits from each experimental unit were randomly
weighed. They were weighed with a sensitive balance, and the mean fruit weight for each treatment was calculated [36].

8. The average fruit size (cm®): Ten random fig fruits were selected for each experimental unit to measure the size after one
month following the last spray using the volume of the displaced water, and then the average fruit size was extracted for each
treatment [36].

RESULTS and DISCUSSIONS

The effect of Bio Health, Nano Calcium, and their interactions on leaf area (cm?) of fig plant were confirmed as shown in
Table (1) that used (30 g. tree) of Bio Health fertilizer concentration recorded high valve (538.82 cm?) as compared to
control, on the hand the greatest value (507.73 cm?) was achieved by sprayed (150 mg. L) concentration of Nano Calcium
as compared to control as well. Regarding the bilateral interaction between Bio Health fertilizer and nano calcium, the results
also confirmed that the interaction therapy between Bio Health (30 g. tree’?) and Nano Calcium (150 mg. L1), which was
recorded as the highest area per leaf (566.15 cm?), outperformed all other interactions.
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Table 1: Effect of Bio Health, Nano Calcium, and their interactions on leaf area (cm?) of Figv Ficus carica L. Under

plastic house condition

Bio Health g. tree!

Nano Calcium mg. L

Average of Bio Health

0 75 150
0 402.53 f 411.18f 449.34 ¢ 421.02 ¢
15 473.53 d 498.14 c 507.69 ¢ 493.12 b
30 515.45 bc 534.87b 566.15 a 538.82 a
Average Of Nano Calcium 463.84 c 481.39 b 507.73 a

In addition, Table (2) demonstrated the role of sprayed both Bio - Nano Calcium fertilizers with their combinations on the

leaf content of total chlorophyll (mg. g* fresh weight), the researcher also recorded that a significant value was obtained after
using (30 g.tree?) of Bio Health fertilizer and (150 mg. L) of Nano Calcium individually as showed the highest rate of (22.53
mg. gt fresh weight, and 21.13 mg. g* fresh weight) respectively as compared to control. However, the grates rate of total
chlorophyll content was confirmed after sprayed fig samples by the interaction of (30 g. tree?) of Bio Health fertilizer and
(150 mg. L'Y) of Nano Calcium which was (24.68 mg. g fresh weight) as compared to other treatments. The statistical analysis
in Table (3) illustrated the significant impact of Bio Health and Nano Calcium fertilizer with combinations on dry matter of
leaf (g. Leaf ) of fig samples. The highest value was achieved after utilizing different concentrations of (30 g. tree!) Bio
Health and (150 mg. L*) Nano Calcium individually and their combination which were (33.05 g. leaf %, 31.25 g. Leaf - and
37.59 g. Leaf?) respectively. On the other side, the low values (25.81 g. leaf 1, 27.26 g. leaf > and 24.03 g. leaf ) were
achieved after using the control fertilizer which is (O concentration) respectively.

Table 2: Effect of Bio Health, Nano Calcium, and their interactions on Total chlorophyll content of
(mg. g fresh weight*) Fig Ficus carica L. under plastic house conditions

Nano Calcium mg. L

Bio Health g. tree!

Average of Bio Health

0 75 150
0 15.469 18.02f 18.57¢f 17.35¢
15 18.80ef 19.56de 20.14cd 19.50b
30 20.62¢ 22.28b 24.68a 22.53a
Average Of Nano Calcium 18.29c 19.95b 21.13a

Table 3: Effect of Bio Health, Nano Calcium, and their interactions on dry matter of leaf (gm. Leaf ) of Fig  Ficus
carica L. under plastic house condition

Bio Health g. tree!

Nano Calcium mg. L

Average of Bio Health

0 75 150
0 24.03f 26.34¢ 27.06de 25.81c
15 27.67de 28.60cd 29.09cd 28.45b
30 30.09bc 31.48b 37.59% 33.05a
Average Of Nano Calcium 27.26¢ 28.81b 31.25a

The results of Table (4) also showed the meaningful effect of Bio-organic and Nano Calcium fertilizer and their interactions
on the percentage of total soluble solids (TSS) in fig juice fruits. A significant effect of (30 g. tree '), Bio Health concentration
was recorded (18.33 % °Brix) as compared to the control treatment, which was verified as the lowest percentage (15.04
%°Brix). In addition, A dosage of (150 mg. L*) Nano Calcium significantly proved the highest TSS percentage (17.45 %°Brix)
as Compared to the control which had the lowest percentage (15.97°Brix). The statistical analysis also showed that the binary
interaction between Bio Health and Nano Calcium fertilizer had a significant effect on the TSS ratio of (19.23 %°Brix) after
using (30 g. tree’!) of Bio Health and (150 mg. L) of Nano Calcium. However, the lowest value (13.90 %°Brix) was recorded
after the control interaction (0 g. tree?) Bio Health and (0 mg. L*) Nano Calcium ratio. Total acidity (TA) was assessed from
fig juice after applied Bio and Nano Calcium fertilizers separately and their combination is shown in Table (5), The highest
acidity percentages of (0.31 and 0.27) were confirmed in both Bio Health and Nano Calcium control (0 g. tree?) treatment
respectively as compared to other treatments. On the other hand, treatment, the statistical analysis also showed that the binary
interaction between Bio Health and Nano Calcium fertilizer had a non-significant effect on the TA ratio as (0.174) after using
(30 g. tree’?) of Bio Health and (150 mg. L) of Nano Calcium. The highest acidity (0.35) was recorded in a comparative
treatment. The results in Table (6) observed the significant influence of Bio Health fertilizer on the TSS /TA ratio. The
fertilizer treatment (0 g. tree™?) had the highest ratio (80.309, 72.842) for both Bio Health fertilizer (0 m. tree!) and Nano
Calcium (0 mg. L1). At the same time, low values were obtained from concentrations (30 g. tree?) of Bio Health and (150
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mg. L) of Nano Calcium which had the lowest value (60.159 and 66.03) respectively. In terms of the interaction between
Bio Health fertilizer and Nano Calcium, the results showed that no significant effect was demonstrated from the interaction
between (0 g. tree) Bio Health and (0 mg. L) of Nano Calcium with (0 g. tree!) Bio Health and (75 mg. L™?) of Nano
Calcium which were verified the highest TSS/TA ratio (84.148 and 81.72) respectively as compared to other interaction
treatments.

Table 4: Effect of Bio Health, Nano Calcium, and their Interactions on Total Soluble Solid %
(TSS) of Fig Ficus carica L. under plastic house conditions

Nano Calcium mg. L

Bio Health g. tree! Average of Bio Health

0 75 150
0 13.90g 15.23f 16.00ef 15.04c
15 16.43de 16.80cde 17.13cd 16.79b
30 17.57bc 18.20b 19.23a 18.33a
Average Of Nano Calcium 15.97c 16.74b 17.45a

Table 5: Effect of Bio Health, Nano Calcium, and their Interactions on Total Acidity %
Ficus carica L. under plastic house conditions

Nano Calcium mg. L

Bio Health g. tree! Average of Bio Health

0 75 150
0 0.35a 0.30b 0.27c 0.31a
15 0.25cd 0.24d 0.24d 0.24b
30 0.21e 0.19f 0.174g 0.19¢
Average Of Nano Calcium 0.27a 0.24b 0.228c

Table 6: Effect of Bio Health, Nano Calcium, and their Interactionson TSS % /TA %
ratio of Fig Ficus carica L. under plastic house conditions

Nano Calcium mg. L

Bio Health g. tree!

Average of Bio Health

0 75 150
0 84.148a 81.723a 75.057b 80.309a
15 68.472cd 70.000c 68.411cd 68.961b
30 65.908d 59.938e 54.630f 60.159c
Average Of Nano Calcium 72.842a 70.554b 66.033c

The statistical analysis in Table (7) shows that applied Bio-Nano Calcium fertilizer to fig trees had a substantial influence
on the average weight of the fruits. The Bio Health concentration (30 g. tree!) produced the highest average weight (104.76
g), significantly superior to the other concentrations, while the comparison treatment (0 g. tree™) recorded the lowest average
weight (75.51 g). Whereas, (150 mg. L) Nano Calcium treatment had a significant effect on the average weight (96.55 g)
as compared to the control (84.30 g). Regarding the combination treatments, the highest fruit weight average of (110.13 g)
was obtained between (30 g. tree’?) of Bio Health and (150 mg. L) of Nano Calcium. In contrast, the interaction between (0
g. tree’!) of Bio Health and (0 mg. L) of Nano Calcium, the lowest weight average (66.97 g) was noted.

Finally, Table (8) also confirmed that significant fig fruit size was achieved after using Bio Health and Nano Calcium
fertilizer. Results also documented that the maximum fruit size (115.03 cm3) was achieved in the Added (30 g. tree™?) of Bio
Health fertilizer, whereas the smallest size (88.57 cm?) was achieved in the control treatment (0 g. tree™t). In addition, sprayed
Nano Calcium at a dosage of (150 mg. L) resulted in the highest fruit size of (107.46 cm3), while a concentration of (0 mg.
L") yielded the least size of (95.05 cm?3). Regarding, the combination of Bio Health fertilizer (30 g. tree’?) and Nano Calcium
(150 mg. L) largest fruit size (120.00 cm?3) was verified. In comparison, the lowest fruit size (78.20 cm3) was obtained from
interacted (O g. tree’) of Bio Health and (0 mg. L) of Nano Calcium.

Table 7: Effect of Bio Health, Nano Calcium, and their interactions on the average weight of fruit of Fig (g. fruit™)
Ficus carica under L. plastic house condition

Nano Calcium mg. L

Bio Health g. tree Average of Bio Health

0 75 150
0 66.979 77.62f 81.93e 75.51c
15 85.85de 89.91d 97.58¢c 91.11b
30 100.07bc 104.07b 110.13a 104.76a
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Average Of Nano Calcium 84.30c 90.53b 96.55a

Table 8: Effect of Bio Health, Nano Calcium, and their interactions on the average volume of fruit (cm) of Fig  Ficus
carica L. under plastic house condition

Nano Calcium mg. L

Bio Health g. tree Average of Bio Health

0 75 150
0 78.20f 91.33e 96.17d 88.57c
15 97.10d 98.67d 106.20c 100.65b
30 109.87c 115.23b 120.00a 115.03a
Average Of Nano Calcium 95.05¢c 101.74b 107.46a

The application of Bio Health fertilizer to fig trees resulted in a considerable increase in leaf area, total chlorophyll content
of leaves, and dry leaf weight, as indicated in Tables (1,2,3). This is due to the role of organic fertilizer, which increases the
permeability of cell membranes and nutrient absorption [37], as it activates and divides cells and increases chlorophyll, which
increases the photosynthesis process and the amount of carbohydrates, thereby increasing vegetative growth and positively
affecting crop yield. It resulted in a significant increase in the number of fruits, fruit weight, and the percentage of total
dissolved solids, as shown in Tables (4, 7, 8), as well as a decrease in the percentage of total acidity and the rate of total
dissolved solids to the percentage of total acidity, as shown in Tables (4, 5, 6, 7, and 8), [38,39]. Foliar application of Nano
Calcium resulted in a significant increase in leaf area, total chlorophyll content of leaves, and dry matter weight, as shown in
Tables (1, 2, 3). This is because the chelating and Nano-composites preserve the element in a way that facilitates its absorption
and transfer by the plant. Calcium activates enzymes involved in respiration and electron transport [40]. Spraying the
vegetative group with Nano Calcium, which is one of the microelements that stimulate vegetative growth, plays a vital role
in strengthening plant cell walls, and increasing vegetative growth leads to increased absorption of elements by the plant
[41,42,43,44], which leads to an increase in vegetative growth and thus reflected positively on the quantitative and qualitative
characteristics of the crop and had a significant effect on an increase.

CONCLUSION

Based on the obtained results, we conclude the following: Applying organic fertilizer Bio Health at a concentration of (30
g. tree” 1) showed significant superiority in the studied traits, including leaf area, chlorophyll content in leaves, dry leaf
weight, and total soluble solids (TSS) in fig fruits, weight and size of fruit. As for Nano Calcium, the third level at a
concentration of (150 mg. L™ 1) demonstrated a positive effect in improving leaf characteristics and fruit quality. This led to
enhancements in growth and increased productivity, including higher chlorophyll content, larger leaf area, increased dry leaf
weight, and improved fruit size and weight. The binary interaction between the organic fertilizer and Nano Calcium exhibited
a complementary effect, improving all studied traits.

REFERENCES

[1] Mars, M. (2003). Fig (Ficus carica L.) genetic resources and breeding. Acta Horticulture, 605, 19-27.
https://doi.org/10.17660/ActaHortic.2003.605.1

[2.] Mohammed, A. A. (2025). Budding of the cultivated fig onto the seedling and cutting rootstocks produced from the
wild fig (Ficus carica L.). Applied Fruit Science, 67(1), 7.

[3.] Sheikh, A. (2016). Fruits in the Holy Quran: A study. International Journal of Agricultural Studies, 12(3), 45-60.

[4] FAOSTAT. (2024). Food and Agriculture Organization of the United Nations. https://www.fao.org/faostat/en/#home.
Accessed May 3, 2024.

[5.] Hssaini, L., Lamghari, R., Hafidi, A., Bourkhiss, B., Bouklouze, A., & Charof, R. (2020). First report on fatty acids
composition, total phenols content, and antioxidant activity of seed oil of four Moroccan figs (Ficus carica L.) cultivars.
OCL - Oilseeds and Fats, Crops and Lipids, 27(38), 1-9. https://doi.org/10.1051/0cl/2020038

[6.] Colla, G., Nardi, S., Cardarelli, M., Ertani, A., Lucini, L., Canaguier, R., & Rouphael, Y. (2015). Protein hydrolysates
as biostimulants in horticulture. Scientia Horticulture, 196, 28—38. [CrossRef]

[7.] Rouphael, Y., & Colla, G. (2020). Toward a sustainable agriculture through plant biostimulants: From experimental
data to practical applications. Agronomy, 10, 1461.

[8.] Ayenew, B. M., Satheesh, N., Zegeye, Z. B., & Kassie, D. A. (2024). A review of the production of nano fertilizers and
its application in agriculture. Heliyon.

[9.] Vujinovi¢, T., Zanin, L., Venuti, S., Contin, M., Ceccon, P., Tomasi, N., Pinton, R., Cesco, S., & De Nobili, M. (2020).
Biostimulant action of dissolved humic substances from a conventionally and organically managed soil on nitrate
acquisition in maize plants. Frontiers in Plant Science, 10, 1-14. [CrossRef]

[10.] Bhattacharyya, D., Babgohari, M. Z., Rathor, P., & Prithiviraj, B. (2015). Seaweed extracts as biostimulants in
horticulture. Scientia Horticulturae, 196, 39-48. [CrossRef]

[11.] Shahrajabian, M. H., Chaski, C., Polyzos, N., & Petropoulos, S. A. (2021). Biostimulants application: A low input
cropping management tool for sustainable farming of vegetables. Biomolecules, 11(5), 698.

215


https://doi.org/10.17660/ActaHortic.2003.605.1
https://www.fao.org/faostat/en/#home
https://doi.org/10.1051/ocl/2020038

[12.] Ruzzi, M., & Aroca, R. (2015). Plant growth-promoting rhizobacteria act as biostimulants in horticulture. Scientia
Horticulturae, 196, 124-134.

[13.] Fiorentino, N., Ventorino, V., Woo, S. L., Pepe, O., De Rosa, A., Gioia, L., Romano, I., Lombardi, N., Napolitano, M.,
Colla, G, et al. (2018). Trichoderma-based biostimulants modulate rhizosphere microbial populations and improve N
uptake efficiency, yield, and nutritional quality of leafy vegetables. Frontiers in Plant Science, 9, 743.

[14.] Zhang, Y., et al. (2019). Nano-fertilizers: A new frontier for enhancing nutrient use efficiency in sustainable agriculture.
Nature Sustainability.

[15.] Bian, X., et al. (2020). Application of nano-fertilizers in agriculture: A review. Environmental Science and Pollution
Research.

[16.] Arora, A., et al. (2018). Nanotechnology in agriculture: Opportunities and challenges. Environmental Chemistry Letters.

[17.] Hussain, S., et al. (2020). Effect of nano-fertilizers on fruit trees growth and productivity: A review. Agricultural
Sciences.

[18.] Jeevan Kumar, S., et al. (2019). Nano-fertilizers: A sustainable approach for improving crop productivity.
Environmental Sustainability.

[19.] Ali, A, et al. (2021). Nano-technology applications in fruit crop management. Science of the Total Environment.

[20.] Zhao, Y., etal. (2022). Nano-fertilizers in agriculture: A new paradigm for boosting crop productivity and quality. Plant
Growth Regulation.

[21.] Raza, A, et al. (2020). The role of calcium in plant growth and development. Frontiers in Plant Science.

[22.] Jiang, Y., et al. (2020). Application of nano-calcium in fruit trees for improving fruit quality and stress resistance.
Environmental and Experimental Botany.

[23.] Shah, M. A, et al. (2019). Calcium and its role in plant physiology and stress tolerance. Biological Trace Element
Research.

[24.] Huang, S., et al. (2021). Nano-calcium fertilizers in improving the quality and yield of fruit crops. Scientia Horticulturae.

[25.] Zhao, J., et al. (2019). Calcium and its role in plant health and development. Plant Cell Reports.

[26.] Kumar, S., et al. (2020). Effect of pre-harvest calcium spraying on fruit quality and storage life in horticultural crops.
Scientia Horticulture.

[27.] Zhou, J., et al. (2020). Nano-calcium fertilization for improving plant health and fruit quality. Environmental and
Experimental Botany.

[28.] Jiang, Y., et al. (2022). Nano-calcium in plant growth and development: A promising approach for horticultural crops.
Plant Physiology and Biochemistry.

[29.] SAS. (2001). Sas/stat users guide for personal computers., Sas Institute Inc. Cary, n.c. USA

[30.] AL-Obaidy, K., M Al-Ishaqi, J., & M NOORI ZAYNAL, A. (2015). Effect of foliar application of Agri humate and
urea in some growth characteristic of three cultivars of olives Olea europaea L..Kirkuk University Journal for
Agricultural Sciences, 6(2), 13-22.

[31.] Lateef, M. A.-A. (2022). Effect of Cal-Boron and Potassium Humate Application, Harvesting Date, and Coating with
Chitosan and Polyethylene on "Royal" Apricot Fruit Quality and Storability. Ph.D. Thesis, University of Mosul, Iraq.

[32.] Al-Sahaf, F. H. (1989). Applied Plant Nutrition. Dar Al-Hikma Press, Ministry of Higher Education and Scientific
Research, University of Baghdad.

[33.] Rashid, M. H. M. (2019). Effect of Spraying with Chelated Calcium and Zinc on Some Vegetative and Fruit
Characteristics and Storage Ability of Two Squill Varieties (Fragaria X ananassa Duch.).

[34.] Nielsen, S. Suzanne (2010). Food analysis, Fourth Edition. Purdue University West Lafayette, IN 47907-2009, USA. P.
585.

[35.] Taha, S. M. (2008). Effect of Spraying with Gibberellic Acid, Glycosyl, and Marine Plant Extracts on Vegetative, Floral
Growth, and Yield of Two Squill Varieties (Fragaria X ananassa Duch.). Ph.D. Thesis, University of Salahaddin, Irag.

[36.] Lateef, M. A. A, Fadhil, N. N., & Mohammed, B. K. (2021, November). Effect of Spraying With Cal-Boron and
Potassium Humate and Maturity Stage on Fruit Quantity, Quality Characteristics of Apricot Prunus Armeniaca L. cv."
Royal". In IOP Conference Series: Earth and Environmental Science (Vol. 910, No. 1, p. 012038). IOP Publishing.

[37.] Karmegam, M.N. and T. Daniel. 2008. Effect of vermicompost and chemical fertilizer on growth and yield of hyacinth
bean lablab purpureus, Sweet Dynamic Soil, Dynamic plant. 2(2): 77-81.

[38.] Tattini, M.; P. Bertoni; A. Landi and M. L. Traversi 1991. Effect of humic acids on growth and biomass partitioning of
container-grown olive plants. Acta Horti.  294: 75 — 80.

[39.] Hussein, S. A., Noori, A. M., Lateef, M. A., & Ismael, C. R. (2021, May). Effect of foliar spray of seaweed (Alga300)
and licorice extracts on growth, yield, and fruit quality of pomegranate trees Punica granatum L. cv. Salimi. In IOP
Conference Series: Earth and Environmental Science (Vol. 761, No. 1, p. 012037). IOP Publishing.

[40.] Barker, V. A. and D.J. Pilbeam (2015). Handbook of Plant Nutrition. CRC Press Taylor & Francis Group. 6000 Broken
Sound Parkway NW, Suite 300 Boca Raton, FL 3348712742.

[41.] Raliya, R., & Tarafdar, J. C. (2013). "Nanotechnology: Scope and applications in plant sciences". Journal of Agricultural
and Food Chemistry.

216



[42.] Ismail, A. A., & Ghazai, A. S. K. (2012). Response of olive seedlings to the addition of seaweed extract to the soil and
foliar feeding with magnesium and fenugreek seed extract. Iragi Journal of Agricultural Sciences, 43(2): 119-131.

[43.] Mohsen, M. H., & Al-Qadi, R. A. (2019). Effect of humic acid and Calborone on growth and production of Fragaria
x ananassa Duch. Kirkuk University Journal for Agricultural Sciences (KUJAS), 2018 (Special Issue).

[44.] Tahir, A. S. M., Hussain, G. N., & Aziz, D. R. (2019). Effect of arginine and some nutrients on vegetative and fruit
growth of apricot trees (Prunus armeniaca L.). Kirkuk University Journal for Agricultural Sciences (KUJAS),
2018(Special Issue).

Ol i Laliil g gad o (5 63N a gallsll Bi0 Health s sand) sawd) il
Ficus carica L. gl diia Sl cud) i g s s

daalf ska ebU d,‘\hl Jedadlae deaa
G i S ) ¢ Zai) il Tl ¢ il g s S ¢ Asanall ey il mui!
Gyl 1S S el e 1 IS o o i s Aol a?

Ladal)

35 50 (8 Jadh (S 35 M gm 05 il g e Al chm o illy 3 5k ol 3 3 s S By B el ) sl ) 3l csm) B pal a2y
i, S0 A8 ey de g ) hall g SO jemy ol el e 2024-12-31 Y 2024-4-1 o (2024) el ani g0 SIS 31l - Ailadud) dlilas
Bi0) (s paall dleud) A8z s Aol elly g ¢ gaill 368 5 anall Cun (e Asilaia 3 ok 54 Lial ¢ Sl Gl JAI o (3%2) Adlsa e de 5 ) 3all 5
16 A & je ks 4 ye plasiuly -5l a2(150 75 ¢0) by siuse AU o gl L 31 5 40 3 () 148508, a2 (30 <15 <0) Sl siese 83 (Health
A
s DA lada EO o iy 5 ptiady o alel) A8l 2 el () Aalee iy phaall olally Lol a3 288 45 l8al) SlaeaY Al W Jal JL s
0 p52 15 2y 28 5 (2024/5/25) Sial) (10 g saml 2n0 S 5¥) 2 )5 (2024/5/16) 481 5 (2024/4/16) (51 Alaa) i dilis AE5f (42024 sl
GRSV AD 3] 5 (55 andiad s iy S pa (a SD) Gl (8 A 53U dpe ) N dpeadd) Clleall 25 a5 5 AU A8 N (e ps 15 22 A5 S9N AL
) guial) e Uil apanai g Gy il 2] aadieal) apanaill g by e Aled 8 StV Al Alee 30 a3 g Aalall Cie s LS <l jpiall g al 1Y) dndlSa g
553 Cumy g a3 Bin g K1 0oyt Jomay Ui S 315 Uil g cidlaladl g 58 iy ke e 200y Aillal) 1l (yarn (e (R.C.B.D) ALiSH
Jie 3 gaal) aaatall Ky LA aladiuly e giall 45 5lea 5 blall Jalati 398 jah 54 4K 4y jadl) & il ase g3 52l 18 aalsll 5 Sl 8 i) axe
G.\LAAY\ Jalal) GALL)J P\.\;.u.uh %5 Jis) (5 gl
J\_,AM 6 sina e‘)l..ul\ SBY} e‘)w\?mekﬂ)}uﬂlﬁ\ salall 6 sina c‘s.‘ﬂ\ d.\ﬁ_,)_;ﬂ\ LS_PM ‘4.5‘)_93\ AALMJ.JGA\.A: sm\.ua\]\ UAJLA;” L)A‘l-\-\!j‘?.\ﬂde-\
;u\.Sd}\U’ )-\AAJ\S“}LS}AA’A‘ JM\ww)S)é:\wca&]\M@\ o laladll U\ @Lul\ &-I)@.L\ ‘_ASX\M}A;“ Ssinag cdﬂ\w\.ﬂ\‘\_\u\
e;;.\\;_u;wla);.hd&u)ud\ 33 9a <l H LS (35 oD Aalal) alal) (5 gina g g ) oI (5 gina 8l ) g A8 o) dalisa et ) cal G ¢ JiaY)
Jadla SST LN Jaa Lae GUKH s gaall Cunaddl) a8l KA 8 sl 5 aadall e Gila) aSad) Laa ¢ (TSS)ASN A0 Zabial) o) gall (5 gina 5 )50 5
L L

.Ficus carica Waziri ¢l éa gall cha ol 935 glil) oy gaall cillaitall - Aalidal) Lol

217



