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1. Introduction 

Ornamental plants have great aesthetic, 
environmental, health, psychological, economic, 
social, and cultural importance. [1] (Al-Talib, 
2021) .The other name for the Gazania plant (G. 
rigens L) is the treasure flower. It belongs to the 
family Gazania spp., and is characterized by being 
a herb with a beautiful floral shape, as the shape of 
its flowers is interesting. It is a perennial herb, 
with horticultural appeal. It is characterized by 
being an evergreen plant. , which blooms in three 
seasons, is dwarf, can be used as a potted 
ornamental plant, ground cover plant, flower 
border, etc. [2]. Now it has been widely used in 

landscaping in the world [3]. Vegetative growth 
characteristics are an indicator of the efficiency of 
physiological processes in the plant. Increased 
plant height, number of leaves, and other 
vegetative characteristics are linked to the 
efficiency of photosynthesis, which increases the 
carbohydrate content necessary for plant growth 
and development. This, in turn, affects the plant's 
ability to flower and bear fruit, as well as the 
quantitative and qualitative characteristics of the 
crop. Vegetative growth also serves as an indicator 
of the plant's stimulation and its response to 
various treatments[4]. (Taiz, et al., (2018). Plant 
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A B S T R A C T 
 

 

An experiment using pots was conducted during the 2024-2025 growing season in a 
nursery field in Baghdad to study the effect of spraying zinc and ascorbic acid solutions, 
and their interactions, on the growth indicators of gazania plants. The treatment 
included four concentrations (0, 50, 75, and 100 mg.L-1) of zinc and three 
concentrations (0, 100, and 150 mg.L-1) of ascorbic acid, in three replicates using a 
completely randomized design. Zinc had a significant effect on plant growth and 
development, and spraying with ascorbic acid also had a significant and effective effect 
on stimulating plant growth. Spraying gazania plants with zinc and ascorbic acid 
concentrations led to a clear and significant increase in gazania growth indicators. 
Furthermore, the interaction between zinc and ascorbic acid resulted in a significant 
increase in the studied traits. These are plant height, root length, fresh weight of the 
vegetative and root parts, number of leaves, dry weight of the vegetative part, and dry 
weight of the root part. The highest values were obtained when treated with a 
concentration of 100 mg.L-1of zinc and 150 mg.L-1of ascorbic acid 
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physiology and development (6th ed.). Sinauer 
Associates. 

Zinc is a limiting factor for crop production and is 
an essential trace element required by plants in 
small amounts [5]. (Duff, 2007). It is a 
fundamental element that affects many 
physiological and biochemical pathways in plants 
[6]. (Hamza et al., 2022). Plant growth processes, 
such as protein and carbohydrate synthesis and 
photosynthesis, depend on it[7]. (Vasconcellas et 
al., 2011). It participates in the synthesis of auxins 
(indoleacetic acid) and tryptophan and in the 
activation of several metabolic enzymes, such as 
alcohol dehydrogenase and carbonic anhydrase. 
Protein synthesis decreases when zinc is deficient 
[8]. (Verma & Verma, 2010). It is an antioxidant 
against peroxide and oxidative damage and 
regulates free radicals because it enhances the 
plant's antioxidant system and acts as a stabilizer 
and protector of living membranes against 
damage[9]. (Zago and Ottiza, 2001). Zinc spraying 
has a clear effect on the growth indicators of 
broad beans [10]. (Thuluth et al., 2005). Treating 
cowpea plants with zinc resulted in a significant 
increase in vegetative characteristics such as plant 
height, leaf area, dry weight, and number of 
branches[11]. (Kareem and Madeeha, 2009). 

Treating zinnia plants with zinc sulfate had a 
significant effect on their growth characteristics 
[12]. (Badriet et al., 2026). Ascorbic acid (Vitamin 
C) is an antioxidant that reduces oxidative damage 
within the plant and protects plant cells. It 
protects the photosynthetic system from damage 
caused by reactive oxygen species and oxidative 
stress, and regulates oxidation and reduction 
reactions within the cytoplasm of the plant cell 
[13] (Smirnoff & Wheeler, 2010). It acts as a 
cofactor in plant metabolism, including improving 
plant growth and development by regulating cell 
division, growth, and elongation, and contributes 
to the synthesis and regulation of plant hormones 
(Daniel 2013) [14]. It also acts as a cofactor in the 
synthesis of hydroxyproline-rich glycoproteins 
involved in the formation of the plant cell wall, as 
it participates in the hydroxylation of proline and 
the synthesis of hydroxyproline, which is 
important in the synthesis of structural proteins 
(Smirnoff, 2000) [15]. It protects cell membranes 
by limiting the effects and accumulation of 
reactive oxygen species (ROS), and increases plant 

resistance to environmental stresses such as 
drought, salinity, and heat (Akram et al., 2014) 
[16] 

It also increases the efficiency of photosynthesis 
because it participates in electron transport 
within the photosynthetic system, protects 
chlorophyll from reactive oxygen species, and 
maintains the viability of chloroplasts (Boris, 
2014) [17], and protects the photosynthetic 
system from oxidative damage (Szilvia, 2023) 
[18]. Ascorbic acid (Vitamin C) is found in high 
concentrations in the cytoplasm of plant cells and 
in cellular cytoplasmic organelles such as 
mitochondria, chloroplasts, and peroxisomes. It 
plays a vital role within the cell in regulating 
oxidative balance, due to its ability to reduce free 
radicals and reactive oxygen species (ROS), which 
accumulate under environmental stresses such as 
drought, salinity, and high temperatures. 

Ascorbate also functions within one of the most 
important non-enzymatic defense systems known 
as the ascorbate-glutathione cycle, which removes 
hydrogen peroxide (H₂O₂) and protects proteins 
and cell membranes from oxidation. It also 
participates in photosynthesis and cell growth 
(Wu, P., et al. 2024) [19]. Spraying dill plants with 
ascorbic acid significantly increased vegetative 
growth indicators such as plant height, number of 
leaves, and fresh and dry weight (Hassan, et al., 
2019) [20]. Spraying corn plants with ascorbic 
acid also increased plant height [21] (Al-Bazi, 
2022). Spraying turmeric plants with ascorbic acid 
significantly increased vegetative growth 
indicators such as plant height, number of leaves, 
and fresh and dry weight (Ali, 2025) [22]. 

2. Materials and methods 

An agricultural experiment was conducted in a 
nursery in Baghdad. 

in pots , during the 2024-2025 growing season. 

To find out the role of spraying ascorbic acid and 
zinc and their interactions on the leaves of the 
gazania plant. Each pot contained 5 kg of soil. The 
experiment included 36 experimental units, 
reflecting the use of four different concentrations 
of zinc sulfate and three concentrations of 
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ascorbic acid, with three replicates for each 
treatment. 

I sowed Casania seeds on January 10, 2024, at a 
rate of 5 seeds per pot. The plants were irrigated 
at 50% of the field capacity. Two weeks after 
sowing, the seedlings were thinned to three plants 
per pot. After the fourth leaf appeared, I used a 
hand sprayer to spray the plants with zinc (zinc 
sulfate) solutions at concentrations of 0, 50, 75, 
and 100 mg.L-1, in addition to three 
concentrations of ascorbic acid (0, 100, and 150 
mg.L-1) in the early morning. Plant samples were 
taken from both the foliage and root parts after 
uprooting and cleaning the plant on November 30, 
2024. The plant's height was measured using a 
ruler from the soil surface to its tip. The root 
length was measured using a graduated ruler, and 
the foliage was weighed after being separated 
from the root with a sharp knife. The root was also 
weighed after separation using a sensitive 
balance. The number of leaves per experimental 
unit was counted and recorded. The foliage and 
root parts were then weighed after being 
thoroughly dried in an electric oven until a 
constant weight was reached. According to 

method [23], the data were analyzed at a 
probability level of 0.05% and using the least 
significant difference (LSD) method. 

3. Results 

1- Plant Height 

Table (1) shows that treating plants with a 
concentration of 100 (mg.L-1) of zinc led to an 
increase in average height, reaching 11.30 cm, 
compared to the control treatment which reached 
8.87 cm. The same table also indicates that 
ascorbic acid at a concentration of 150 parts per 
million (mg.L-1) had a positive effect on 
increasing the average plant height, reaching 
10.83 cm. These results are consistent with the 
results of (Ali, 2025) in his study on turmeric. 
Regarding the interaction between zinc and 
ascorbic acid, it led to an increase in plant height 
values. Table (1) shows that treatment with a 
concentration of 100 mg.L-1of zinc and a 
concentration of 150 mg.L-1of ascorbic acid gave 
the highest value, reaching 12.47 cm, compared to 
8.50 cm at zero concentration for the study 
factors. 

 

 

 

 

 

 

 

 

 

 

2. Root Length (cm) 

The results shown in Table (2) indicate an 
increase in the average root length when plants 
were treated with zinc concentrations of 75 and 
100 mg.L-1. The increase was 25.57% and 42.63% 

for these concentrations, respectively, compared 
to the control treatment. The results in the same 
table also show an increase in the average root 
length with increasing ascorbic acid 
concentration. The increase was 26.71% for 150 

Tab (1) Effect spray the zinc and Ascorbic acid in plant height Gazania plant  
Effect the 
average Ascorbic 
aci 

  zinc concentrations( mg.L-1) Ascorbic acid( 
mg.L-1) 100 75 50 0 

9.45 10.13 9.75 9.52 8.50 0 
10.08 11.29 10.28 9.85 8.91 100 
10.83 12.47 11.21 10.44 9.21 150 
 11.30 10.41 9.94 8.87 Effect theaavrage  

zinc 

  zinc=0.350 

Ascorbic acid =0.421 
The interaction=0.812 
 

LSD 

(0.05 ) 
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mg.L-1ascorbic acid compared to the control 
treatment. 

Regarding the interaction between the two study 
factors, it was significant in increasing root length. 

The highest increase, 58.56%, was observed with 
the zinc treatment at 100 mg.L-1and the ascorbic 
acid treatment at 150 mg.L-1, while the lowest 
increase was observed with the control treatment.

 

 

 

 

 

 

 

 

 

 

3- shoot wet weight  

 The results in Table (3) indicate a significant 
increase in the average fresh weight of the 
vegetative parts of the gazania plant. The increase 
was 94.51% and 208.12% for zinc concentrations 
of 75 and 100 mg.L-1, respectively, compared to 
the control treatment. The table also shows a 
significant increase in this trait with increasing 
ascorbic acid concentration, with increases of 
13.57% and 38.18% for concentrations of 100 and 

150 mg.L-1, respectively, compared to the control 
treatment. The results were consistent with those 
of Ali (2025) [21] in his study on turmeric. 

The interaction between the two study factors was 
significant in increasing this trait. The highest 
value, 19.33 cm., was observed with the treatment 
of 100 mg.L-1for zinc and 150 mg.L-1for ascorbic 
acid, while the lowest interaction value, 4.11 cm., 
was observed with the control treatment (zero for 
both factors). 

 

 

 

 

 

 

 

 

 

pTab (2) Effect spray the zinc and Ascorbic acid in root length Gazania plant  
Effect the 
average Ascorbic 
acid 

   zinc  concentrations( mg.L-1) Ascorbic acid( 
mg.L-1) 100 75 50 0 

19.84 21.00 20.50 19.42 18.45 0 
22.92 29.20 22.75 20.75 19.00 100 
25.14 31.10 28.32 21.56 19.56 150 
 27.10 23.86 20.58 19.00 Effect the avrage  

zinc 

  zinc=0.75 

Ascorbic acid =0.89 
The interaction=1.58 
 

LSD 

(0.05 ) 
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4- root wet weight 

 The results shown in Table (4) indicate a 
significant increase in the average fresh weight of 
the root portion of a single plant when plants were 
sprayed with zinc and ascorbic acid compared to 
the control treatment. At concentrations of 75 and 
100 mg.L-1of zinc, the average fresh weight was 
1.94 g. and 2.73 g. for the two concentrations, 
respectively, compared to 1.17g for the control 
treatment. Increasing the ascorbic acid 
concentration from 0 to 100 and 150 mg.L-
1resulted in a significant increase in the root fresh 
weight, from 1.38 to 1.82 g. for the 100 mg.L-

1concentration and from 1.38 to 2.18 g. for the 
150 mg.L-1concentration. 

The interaction effect between the two study 
factors was also significant. The optimal 
concentration was 100 mg.L-1for zinc and 150 
mg.L-1for ascorbic acid, at which the highest root 
fresh weight was recorded at 3.52 g compared to 
1.00 g in the control treatment. The lowest root 
fresh weight was observed in the treatment with 
zero concentrations for both factors. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Tab (3) Effect spray the zinc and Ascorbic acid in shoot fresh weight Gazania plant  
Effect the 
average Ascorbic 
acid 

  zinc concentrations(mg.L-1) Ascorbic 
acid(mg.L-1) 100 75 50 0 

8.25 13.76 8.92 6.21 4.11 0 
9.37 15.82 9.58 6.75 5.33 100 
11.40 19.33 12.36 7.46 6.43 150 
 16.30 10.29 6.81 5.29 Effect the avrage  

zinc 

  zinc=0.214 

Ascorbic acid =0.242 
The interaction=0.520 
 

LSD 

(0.05 ) 

Tab (4) Effect spray the zinc and Ascorbic acid in root fresh weight Gazania plant  
Effect the 
average Ascorbic 
acid 

  zinc concentrations(mg.L-1) Ascorbic 
acid(mg.L-1) 100 75 50 0 

1.38 1.87 1.39 1.26 1.00 0 
1.82 2.81 1.92 1.33 1.21 100 
2.18 3.52 2.50 1.40 1.29 150 
 2.73 1.94 1.33 1.17 Effect the avrage  

zinc 

  zinc=0.140 

Ascorbic acid =0.123 
The interaction=0.301 
 

LSD 

(0.05 ) 
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5-number of leaves  

Table (5) shows a significant increase in the 
number of leaves after zinc foliar application at 
concentrations of 75 and 100 mg.L-1, with 
increases of 55.55% and 88.88%, respectively, 
compared to the control treatment. 

 Regarding the effect of ascorbic acid on the 
number of leaves, the same table shows that 
concentrations of 100 and 150 mg.L-1resulted in a 
significant increase of 15.25 and 17.00 leaf.plant., 
respectively, compared to 13.5 leaf.plant in the 
control treatment 

The results also show that zinc foliar application 
at concentrations of 100 and 150 mg.L-1resulted 
in a significant increase of 15.25 and 17.00 
leaf.plant, respectively. The results of the same 
table confirmed that the interaction between zinc 
and ascorbic acid had a significant effect on 
increasing this trait, and the highest value was 
22.00 leaf.plant with treatments of 100 and 150 
(mg.L-1) for zinc and ascorbic acid respectively, 
and the lowest value was 9.00 leaf.plant when no 
spraying was done to the workers. 

 

 

 

 

 

 

 

 

 

 

6- shoot dry weight 

 
A significant increase in the average dry weight of 
the vegetative parts was observed when plants 
were treated with zinc and ascorbic acid, as shown 
in Table (6). Treatment of plants with zinc at all 
concentrations (50, 75, and 100 mg.L-1) led to an 
increase in this characteristic by rates of 0.44, 
0.64, and 0.85g., respectively, compared to 0.27g. 
in the control treatment. Ascorbic acid at 
concentrations of 100 and 150 mg.L-1also 
increased the average dry weight of the vegetative 

parts by rates of 0.525g. and 0.649g. for the two 
concentrations, respectively, compared to 0.465g. 
in the control treatment. The results of the table 
showed the significant effect of the interaction of 
the two study factors on the dry weight of the 
vegetative part, and the highest percentage 
increase was in the treatment of 100 for zinc 
(mg.L-1) and 150 (mg.L-1) for ascorbic acid, 
where it reached 0.99 compared to 0.23 in the 
control treatment, and the lowest value was in the 
treatment of zero for both factors, which reached 
0.23g. 

 

 

 

Tab (5) Effect spray the zinc and Ascorbic acid in number of leaves  Gazania plant  
Effect the 
average Ascorbic 
acid 

  zinc concentrations(mg.L-1) Ascorbic 
acid(mg.L-1) 100 75 50 0 

13.50 17.00 15.00 13.00 9.00 0 
15.25 21.00 16.00 14.00 10.00 100 
17.00 22.00 20.00 15.00 11.00 150 
  17.00 14.00 9.00 Effect the avrage  

zinc 

  zinc=3.30 

Ascorbic acid =2.11 
The interaction=6.28 
 

LSD 

(0.05 ) 
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7- Root Dry Weight  

The results in Table (9) confirmed a significant 
increase in the average root dry weight when 
plants were treated with both zinc and ascorbic 
acid. The increase rates were 214.81% and 
39.56%, respectively, compared to the control 

treatment. Regarding the interaction between zinc 
and ascorbic acid, its effect on increasing this trait 
was significant. The highest values were 0.144g. 
for the zinc treatment (100 mg.L-1) and the 
ascorbic acid treatment (150 mM.L-1), while the 
root dry weight value in the control treatment was 
0.039 g. 

 

 

 

 

 

 

 

 

 

4. Discussion 

There was a noticeable increase in the growth of 
gazania plants after treatment with zinc and 
ascorbic acid. Spraying zinc and ascorbic acid on 
gazania leaves helped increase the rates and 
values of plant height, root length, number of 
leaves, and weight of vegetative parts and roots. 
This may be attributed to the positive effect of zinc 
on metabolic processes and biological activity, and 

its stimulating effect on enzyme activity and 
photosynthetic pigments, which in turn stimulates 
vegetative growth (Mikhail et al., 2004) [24]. Zinc 
participates in the synthesis of indoleacetic acid 
(IAA) and the hormone auxin, so it is essential for 
increasing plant height and fresh and dry weight. 
Zinc also helps the plant roots absorb the 
nutrients nitrogen, phosphorus, and calcium, 
which is why plant and root height increases after 

Tab (6) Effect spray the zinc and Ascorbic acid in shoot dry  weight Gazania plant  
Effect the 
average Ascorbic 
acid 

 zinc concentrations(mg.L-1) Ascorbic 
acid(mg.L-1) 100 75 50 0 

0.465 0.75 0.54 0.35 0.23 0 
0.525 0.80 0.62 0.43 0.25 100 
0.649 0.99 0.75 0.54 0.32 150 
 0.85 0.64 0.44 0.27 Effect the avrage  

zinc 
  zinc=0.09 

Ascorbic acid =0.04 
The interaction=0.13 

LSD 

(0.05 ) 

Tab (7) Effect spray the zinc and Ascorbic acid in root dry weight Gazania plant  
Effect the 
average Ascorbic 
acid 

   zinc  concentrations( mg.L-1) Ascorbic acid( 
mg.L-1) 100 75 50 0 

0.077 0.107 0.095 0.065 0.039 0 
0.094 0.135 0.102 0.085 0.054 100 
0.111 0.144 0.132 0.090 0.077 150 
 0.128 0.109 0.080 0.056 Effect the avrage  

zinc 

   zinc =0.031 

Ascorbic acid =0.025 
The interaction=0.061 

LSD 

(0.05 ) 
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treatment with this element. Nitrogen is an 
essential component of protein, chlorophyll, DNA, 
and cytochromes, while phosphorus plays a 
crucial role in protein synthesis, DNA formation, 
cell membrane structure, and ATP production 
(Jain, 2011) [25]. The stimulation of plant growth 
and the increase in vegetative growth indicators 
may be attributed to the role of ascorbic acid in 
promoting plant growth through its function in 
osmotic balance, regulating water utilization, cell 
division, and plant hormone synthesis. 
Furthermore, as a major antioxidant, it protects 
plant cells from oxidative stress [26] (Author, 
2023). It increases the efficiency of photosynthesis 
by increasing chlorophyll content and leaf area 
[27] (Dolatabadianet., al., 2009). It also activates 
vital processes and improves nutrient absorption 
[28] (Khan et al., 2011). 

The current study demonstrated the effective role 
of zinc and ascorbic acid when sprayed on gazania 
plants, as both promoted plant growth. The study 
concluded that the application of zinc at a 
concentration of 100 mg.L-1and ascorbic acid at a 
concentration of 150 mg.L-1showed a significant 
effect on the studied growth parameters. 

6. Reference 

[1]. Al-Talib, Laith Hamdi Abdullah, et al. 

(2021). Ornamental Plants. University of 

Mosul, College of Basic Education. Mosul, 

Iraq  

[2]. Goldblatt P, Manning J and Bond P , (2000) 

Cape plants:a conspectus of the Cape flora 

of South Africa Pretoria: (National 

Botanical Institute) 

[3]. Gao1,T T, Zheng1 , S W, Zhou1,X H, Wang1, 

D X and Lu1, 2  X P , (2016)  

Photosynthetic Physiological 

Characteristics of Gazania rigens L. Under 

Drought Stress , 2nd International 

Conference on Agricultural and Biological 

Sciences (ABS 2016) IOP Publishing 

[4]. Taiz, L., Zeiger, E., Møller, I. M., & Murphy, 

A. (2018). Plant physiology and 

development (6th ed.). Sinauer Associates. 

[5]. Duffy, B.(2007).Zinc and Plant Disease. 

In:Mineral Nutrition and Plant Disease ,L.E. 

Datnoff, W.H. elmer and D.M.Huber, Eds., 

155-175. 

[6]. Hamzah, S. M., Usman, K., Rizwan, M., Al 

Jabri, H., & Alsafran, M. (2022). Functions 

and strategies for enhancing zinc 

availability in plants for sustainable 

agriculture. Frontiers in Science, 13. 

1033092. 

[7]. Vasconcelos, A.C.F., Nascimento, C.W.A. 

and Fitho, F.C. (2011). Distribution of zinc 

in maize plants as a function of soil and 

foliar Zn supply. Inter Res .J. Agric. Sci. Soil 

Sci.1(1): 1-5. 

[8]. Verma, S.K. and Verma, M.A(2010).  

Textbook of Plant Physiology,Biochemistry 

and Biotechnology. 10thed. S. Chand and 

Company, LTD., Ram Nagar, New Delhi, 

India.  

[9]. Zago, M.P. and Oteiza, P.I.(2001).The 

antioxidant properties of zinc : 

Interactions with iron and antioxidants. 

Free Rad. Bid. 31:266-274. 

[10]. Thalooth, A.T; Tawfik, M.Mand Magda, 

M.H(2006).A comparative study on the 

effect of foliar application of zinc , 

potassium and magnesium on growth, 

yield and some chemical constituents of 

mungbean plants grown under water 

stress condition. World J.Agric. Sci.; 2:37-

46. 

[11]. Kareem, M. R., & Madeeha, H. H. (2009). 

Effect of foliar sprays with some mineral 

elements on growth and yield of pea 

(Pisum sativum L.). Journal: Diyala Journal 

of Humanities Research, 

Volume:1,N:39.p287-297 

[12]. Badri, Assma N. ,Abduljaleel, Hind Y. , Al-

Janabi, Zahraa Z. , Abbas, Israa R. and 

Ahmed N. Ghaz (2026),Zinnia (Zinnia 

Elegans L.) Response to Foliar Spray of 

Triacontanol and Zinc Sulfate Dijlah 

Journal Of Agricultural Sciences, Vol. 5 No. 

2, Baghdad, Iraq 

[13]. Smirnoff, N., & Wheeler, G. L. (2010). 

Ascorbic acid in plants: biosynthesis and 



Aljalaly, A. A.  
Global Scientific Journal of Biology Part A:  Microbiology and Biotechnology (ISSN: 2524-227X) 11 (2) 2026                                              216 

 

 

function. Critical Reviews in Plant 

Sciences, 19(4), 267–290. 

[14]. Daniel R. Gallie. (2013). L-Ascorbic Acid: A 

Multifunctional Molecule Supporting Plant 

Growth and Development. Scientifica, 

2013, 795964. 

[15]. Smirnoff, N. (2000). Ascorbic acid: 

Metabolism and functions of a multi-

facetted molecule. Current Opinion in 

Plant Biology, 3(3), 229–235. 

[16]. Akram, N. A., Shafiq, F., & Ashraf, M. 

(2014). Role of L-ascorbate in alleviating 

abiotic stresses in crop plants. Botanical 

Studies, 55, 38 

[17]. Boris N. Ivanov. (2014). Role of ascorbic 

acid in photosynthesis. Biochemistry 

(Moscow), 79(3), 282–289. 

[18]. Szilvia Z. Tóth. (2023). The Functions of 

Chloroplastic Ascorbate in Vascular Plants 

and Algae. International Journal of 

Molecular Sciences, 24(3), 2537 

[19]. Wu, P., et al. (2024). Multiple physiological 

and biochemical functions of ascorbic acid 

in plant growth, development, and abiotic 

stress response. International Journal of 

Molecular Sciences, 25(3), 1832. 

[20]. Hassan, Fatima Ali, Al – Zuhairi, Haidar 

Qassim and Ibrahim, Majid 

Abdulhameed,(2019),Effect of planting 

date and spraying of ascorbic acid in the 

vegetative growth of dill plant(Anethum 

grasveonlens L.), Muthanna journal of 

Agriculture Science VOL.(7), NO.(2) 

[21]. Al-Bazi, Qasim Lafteh Hamada,(2022), 

Effect of Water quality and spraying with 

Ascorbic Acid and Osmosterase on the 

growth and yield of Maize(Zea mays L.) 

College of Agriculture, University of 

Karbala, Republic of Iraq. 

[22]. Ali, Hajar Hussein, 2025, (The effect of 

spraying with the antioxidants ascorbic 

acid and alpha-tocopherol and adding NPK 

compound fertilizer on the growth and 

yield of turmeric (Curcuma longa L.), 

College of Agriculture, University of Diyala, 

Karbala, Republic of Iraq.  

[23]. SAS."Statistical Analysis System,Users 

Guide Statistical Version 9.1th ed ., 

SAS.Institute Inc. Cary N.C.,USA,2012. 

[24]. Michail, T.; Walter,T.; Astrid ,W.; Walter, G.; 

Dieter, G.; Maria, S. J. and  Domingo, 

M.(2004). A survey of foliar mineral 

nutrient concentrations of pinus 

canariensis at field plots in Tenorife . 

Forest Ecology and Management, 189: 49-

55. 

[25]. Jain , V. K. (2011). Fundamentals of Plant 

Physiology. 13 th  ed . , S. Chand and 

Company. LTD. , Ram Nagar, New Delhi , 

India. 

[26]. Author(s). (2023). Physiological and 

biochemical roles of ascorbic acid on 

mitigation of abiotic stresses in plants. 

Plant Physiology and Biochemistry, 202, 

107970 

[27]. Dolatabadian, A., Modarres Sanavy, S. A. 

M., & Sharifi, M. (2009). Alleviation of 

water deficit stress effects by foliar 

application of ascorbic acid on canola. 

Notulae Botanicae Horti Agrobotanici, 

37(2), 181–184. 

[28]. Khan, T. A., Mazid, M., & Mohammad, F. 

(2011). Effect of foliar application of 

ascorbic acid on growth and yield of 

tomato. Journal of Agrobiology, 28(2), 97–

111. 

[29]. Aljalaly, A. A. S., Aljalaly, S. A. S. 

(2025). Vegetative Growth Parameters of 

Clove Plant Dianthus Caryophyllus L and 

Its Response to Salicylic Acid and Yeast 

Extract. Global Scientific Journal of Biology: 

Part B: Molecular Biology and Biochemistry. 

10(2), 200-207. 


