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Abstract 

This study was conducted during the 2023–2024 growing season at the experimental field 

associated with the College of Agriculture and Marshes in Dhi Qar Governorate. The primary aim 

was to examine the effects of foliar application of humic acid and nano nitrogen on selected 

vegetative and chemical traits of pomegranate seedlings of the Shahraban variety. Humic acid was 

applied at three levels (0, 2, and 4 ml.L⁻¹), while nano nitrogen was sprayed at concentrations of 

0, 150, and 300 mg.L⁻¹. The experiment followed a factorial design based on a randomized 

complete block design (RCBD) with three replicates, using three seedlings per experimental unit. 

Statistical analysis revealed that treatment with 4 ml.L⁻¹ humic acid resulted in superior stem 

length, recording 72.89 cm, and higher potassium content at 1.802%. The application at 2 ml.L⁻¹ 

significantly enhanced other parameters, including the average diameter of the main stem (7.119 

mm), dry weight of the green mass (38.13 g), dry weight of the root mass (22.66 g), nitrogen 

content (2.312%), protein percentage (14.45%), and phosphorus content (0.230%). Regarding the 

second factor, nano nitrogen, treatment at a concentration of 300 mg.L⁻¹ exhibited notable 

improvements in stem length, phosphorus percentage, and potassium percentage, with values 

recorded as 78.84 cm, 0.269%, and 1.873%, respectively. Likewise, the application of 150 mg.L⁻¹ 

nano nitrogen outperformed in enhancing the main stem diameter (7.513 mm), dry weight of the 

vegetative portion (38.09 g), root dry weight (23.15 g), nitrogen content (2.382%), and protein 

percentage (14.88%). Moreover, analysis indicated significant interactions between the factors 

across most measured traits, with varying degrees of improvement depending on the respective 

treatment concentrations. However, one parameter—unspecified in the text—did not exhibit 

statistically significant differences due to these interactions. potassium, where the interaction 

between the two study factors was not significant for this trait. 

 

Keywords: Foliar nutrition- Humic acid -Nano nitrogen - Shahban pomegranate. 
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Introduction 

  omegranate belongs toP  Pomegranate belongs to the pomegranate family and its scientific name  

is  Punica QranatumL . It is one of the most important deciduous fruit crops that are widespread  

in temperate regions  and  its trees can withstand high temperatures in the summer compared to  

seother deciduous fruit tre    Pagliarulo   et al., 2016  .  (Holland at el,2009   Pomegranate is grown  

commercially in Spain, India, Cyprus, Saudi Arabia and Iraq. Many sources also indicate that  

Central Asia, Iran and Iraq are the original homeland of pomegranate   Stover and  Mercure   ,2007  

and  Matthaiou   ,2014    .)nutritional value due to its good content ofPomegranate has a high   

vitamins, especially vitamins  B2, B1, C.   And a number of pigments, fats, proteins, fibers , sugars  ,

and mineral salts such as potassium, iron, copper, and some organic acids    ( Nikdel  Hassan et al  ,.

2016  :   And others, 2012  (   .The number of fruitful pomegranate trees in Iraq reached 6,495,705  

trees, and the total production was estimated at 241,671 tons, and the average production per tree  

was 37.20 kg  / d attree, as Diyala Governorate ranked first in terms of production, estimate  

132,767  Din and Karbala-tons, or 54.94% of the total production of Iraq, followed by Salah al  

There are many varieties of Governorates )Central Agricultural Statistical Organization 2020(.  

pomegranate in Iraq, including the Shahraban variety , which is grown in Diyala Governorate  .

This variety is characterized by good productivity and its fruits are flat, large, 4.35 mm thick  ,

Mayahy , 2018(. Paying attention to-pink ) Al-weighing 446 grams, and its peel color is yellow  

feeding seedlings and performing various service and fertilization operations at the beginning of  

their growth gives them good vegetative growth early, which is positively reflected in the total  

duction, as foliar feeding is considered one of the effective and beneficial methods for plantpro 

growth, as it uses small amounts of the nutrient element and secures the plant's need for nutrients  

during critical and sensitive stages that the roots are unable to provide    ( Martin   ,2002  .)Humic 

and has a high ability to control the acidity of the soilcompound humic is a complex organic acid   

against changes that occur as a result of the use of  chemical fertilizers, as discussed by Leonard 

(2008), play a significant role in enhancing plant growth and improving the bioavailability of 

essential nutrients. Their mode of action involves increasing the permeability of cell membranes, 

which facilitates the absorption of water and nutrients, thereby promoting the efficient transport 

of minerals within the plant system. An important property of humic acid, a component often 

associated with such fertilizers, lies in its ability to activate plant enzymes. Specifically, the 

guanine group in humic acid serves as a nitrogen receptor, while oxygen functions as a stimulant 

and a chemical mediator in oxidation-reduction processes, as highlighted by Al-Hamdani (2012). 

The influence of such mechanisms underscores their critical role in agricultural practices.   acid are  

auxins ( on the plant, as it helps regulate plant growth andsimilar to the effects of hormones )   

division , and plays a role in increasing root density and increasing its cellsstimulates cell     (

Canellas et al., 2012(. Nitrogen is considered one of the essential nutrients that plants need in large  

acids and alsoquantities, and its importance lies in the fact that it is the main component of amino   

enters into the composition of some important molecules such as purines and pyrimidines And  

the profins And the cytochromes are essential for the processes of respiration and photosynthesis ,

and since the nitrogen added to the soil in the form of fertilizers undergoes many transformations 

that lead to its loss, such as volatilization in the form of ammonia or fixation within clay minerals 

Therefore, it was It is used as aMawsili, 2019(. -or the opposite of nitrification )Ali, 2012 and Al  

the efficiency ofspray on the green group, and modern technologies have been used to increase   
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fertilizers, which are-fertilizers. Nitrogenation and one of these techniques is the use of nano  

characterized by their high surface area, in addition to reducing pollution and environmental risks  

when using other mineral fertilizersthat occur    ( Singh et al.  2021 ( . 

The study aims to encourage the cultivation and propagation of this variety in Dhi Qar 

in addition to building a strong structure and improving the vegetative growth ofGovernorate,   

Shahraban pomegranate seedlings using humic acid and nano nitrogen spraying and reducing 

environmental pollution resulting from the excessive use of chemical fertilizers by using organic 

and nano fertilizers .  

 

Materials and methods of work :  

1- Conducting the experiment :  

   was conducted in the valley of the College of Agriculture and MarshlandsThis study    -  

2024. The current study was conducted on-University of Thi Qar for the agricultural season 2023  

The, almost uniform in length and size. old pomegranate seedlings of Shahraban variety -year-one 

at the beginning ofone of the orchards of Diyala Governorate from seedlings were brought   

)containing 10 kg( andsized anvils -February. After that, the seedlings were transferred to suitable  

laboratory analysisa ratio of 1:3, the a culture medium consisting of a mixture was used. And with  

Before starting the experiment results were:  As follows .  

 

the agricultural mediumin Table )1( Soil components used :  

The attribute Value Unity 

PH 7.4  

EC 2.26 ds.m -1 

The attribute 

Sand 78  % 

Clay 10  % 

Silent 12  % 

      Weave Loary sand 

Nitrogen 24.77 mg kg -1 

Phosphorus 7.94 mg kg -1 

Potassium 142.01 mg kg -1 

 

2- Study factors :  

Rasha in The questioner humic acid .two factors, the first factor being included The experiment  

  ,three concentrations 0 , 2, 4 ( ml. L -1 At a rate of three sprays, with 20 days between each spray

levelsthree 1/5 and -10/4  -20/3  on the date of    (H1,H2,H3   )spraying nitrogenThe second factor is   

.  fertilizer  -  Nano in three concentrations )0 150 and 300 mg /L - 1 at the following times: 15/3  

5/4 - 25/4 levels: N1three at and  , N2, N3  . 

 

 

 

 

 

 



 

Volume 3, Issue 8, August - 2025   

ISSN (E): 2938-3781 

64 | P a g e  

 

 

( 2) shows the symbols of the factorial coefficients in the experimentTable  :  

 

 

 

 

 

 

 

 

 

 

 

3- designExperimental  :  

The current research conducted a factorial experiment within a randomized complete block design 

  (RCBD   )humic acid sprayed on the leavestwo factors: the first factor was liquid that included   

fertilizerat three concentrations, and the second factor was nano nitrogen .    Also spray on the 

in three concentrationsleaves ,  The treatments were distributed into three replicates and the  

Thus, the number of seedlings became 81 )3*3*3*3( experimental unit included three seedlings.  

Using the statistically.and the results were analyzed   Genstat program , the differences between  

the arithmetic means were compared according to the least significant difference   ( LSD   )test and  

Rawi and Khalaf Allah, 2000(-0.05 )Alat a probability level of   .  

 

4- characteristicsThe studied   :  

 ) Rate of increase in height Plant ) poison( . Plant -1 1-4 

was measured at the beginning of the experiment with a measuringThe height of the seedlings   

for eachthree seedlings tape from the soil surface to the highest peak of the main stem, at a rate of   

experimental unit. The process was repeated at the end of the experiment, and by subtracting the 

was obtainedthe height of the seedlings two values, the rate of increase in   .  

 .Rate of increase in main stem diameter: )mm. Seedling -1 ( - 2 -4 

were measured at the beginning of the experiment and also at the end of the experiment, and the  

using thewas calculated for the amount of increase the two readings difference between   Vernia 

meter for each experimental unit.  

) Average dry weight of the vegetative group ) g. seedling( -1 -3 -4 

green mass of each sample was calculated using a sensitive balance after drying the green mass 

in an electric oven at a temperature of 70% until the weight stabilized .  

: Average dry weight of the root system ) gm. seedling - 1 ( -4-4 

The seedlings were carefully uprooted at the end of the experiment after being well watered the  

day before to preserve the largest possible root mass. The dry weight of the root mass was  

calculated using a sensitive balance after drying the root mass in an electric oven at a temperature  

of 70% until the weight stabilized.  

 

4-5 - the leavespercentage of nitrogen in The  .  

The Kjeldahl method was employed to determine the nitrogen content in the samples, as outlined 

T Treatment Symbols 

1 Comparison treatment H1N1 

2 2 ml humic acid  H2 

3 4 ml humic acid  H3 

4 150 nano nitrogen amalgam N2 

5 Nano nitrogen amalgam 300 N3 

6 2 ml humic acid + 150 mg nano nitrogen  H2N2 

7 2 ml humic acid + 300 nano nitrogen  H2N3 

8 4 ml Humic Acid + 150 mg Nano Nitrogen  H3N2 

9 4 ml Humic Acid + 300 mg Nano Nitrogen  H3N3 
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by Van Dijk et al. (2000). To begin, approximately 0.2 grams of the sample was weighed and 

placed into a flask. Subsequently, 5 milliliters of concentrated sulfuric acid were added to the 

sample, followed by an appropriate quantity of a catalytic mixture composed of potassium sulfate 

and copper sulfate. The digestion process was initiated by heating the contents until complete 

digestion occurred, indicated by the mixture becoming a clear liquid with a pale blue coloration. 

The digested solution was then fully transferred to the distillation flask of the Kjeldahl apparatus. 

This flask contained a concentrated sodium hydroxide solution (40%) and was connected to a 

condensing distillation unit. The distillation process was carried out by heating the flask until 

approximately 25 milliliters of distilled liquid were collected in a recipient flask. The collected 

distillate was subsequently titrated against a standard 0.1 M hydrochloric acid solution. A blank 

solution (control) was also prepared under identical conditions as a reference. The nitrogen content 

in each sample was calculated using the following formula: Nitrogen percentage = \[(Volume of 

hydrochloric acid consumed × Normality × 0.014) / (Weight of sample)] × 100 This procedure 

provided an accurate quantification of nitrogen within the analyzed samples. 4-  6  ofPercentage   

in leavesprotein total  :  

The protein content in the leaves was determined by analyzing their nitrogen levels. The 

protein percentage was calculated using the nitrogen percentage, following this formula: 

Protein percentage in leaves = Nitrogen percentage in leaves × 

4-7 percentage of phosphorus in the leavesThe  :  

The phosphorus content was estimated by ammonium molybdate and ascorbic acid method using 

a spectrophotometer .  

Spectrophotometer at  a wavelength of 620 nm according to the approved method    ( Olsen and  

Sommers  ,1982.)  

 

4-8 Percentage of potassium in the leaves  .  

Potassium was measured according to the method given by    ( Addis and Wodaje). (2017  )A  

Photoeletric Flame Photometer model BWB was used to measure potassium in the sample.  

 

Results and discussion : 

rate of increase in height The seedling 1  . ) cm. seedling -1 ( 

Table 3 highlights the significant impact of applying humic acid on the seedling height of 

pomegranate seedlings (Shahraban variety). The H3 treatment, using a concentration of 4 ml.L⁻¹, 

achieved the highest average height of 72.89 cm, followed by the H2 treatment with 2 ml.L⁻¹, 

which resulted in an average of 66.96 cm. Conversely, the control treatment (H1), with no humic 

acid application, recorded the lowest average height at 62.47 cm. Similarly, the use of nano 

nitrogen fertilizer also showed significant differences in plant height. The N3 treatment, applied 

at a concentration of 300 mg.L⁻¹, recorded the highest value at 78.84 cm, followed by N2 with 

69.79 cm. The control treatment (without nano nitrogen) exhibited the lowest average at 53.68 cm. 

The interaction between the two studied factors demonstrated a pronounced effect as well. The 

combined treatment H3N3 resulted in the highest plant height average at 82.64 cm, while the 

control treatment recorded the lowest average value of 46.22 cm. Table 3 illustrates these findings, 

summarizing the influence of humic acid application, nano nitrogen fertilization, and their 

combined interactions on the increment rate in the height of pomegranate seedlings. 



 

Volume 3, Issue 8, August - 2025   

ISSN (E): 2938-3781 

66 | P a g e  

 

 

 

Nano  

nitrogen 

Humic acid concentrations Nano nitrogen  

rate H1 H2 H3 

N1 46.22 52.38 62.45 53.68 

N2 67.53 68.25 73.58 69.79 

N3 73.65 80.24 82.64 78.84 

Humic acid  

rate 

62.47 66.96 72.89  

LSD 0.05 H=2.057 N= 2.057 HN = 3 .56 

 

 .) Rate of increase in main stem diameter: ) mm( .Seedling -1 - 2 

The data presented in Table 4 indicates that spraying with humic acid significantly influenced the 

stem diameter. The N2 treatment, at a concentration of 2 ml/L, achieved the highest stem diameter 

of 7.119 mm, whereas the control treatment (H1N1) without any additive recorded the lowest 

average of 5.962 mm. Additionally, the application of nano nitrogen fertilizer exhibited a 

significant effect. The N2 treatment with a concentration of 150 mg/L yielded the highest average 

diameter of 7.513 mm, closely followed by the N3 treatment with an average of 7.317 mm. 

Conversely, the control treatment (N1) showed the lowest average diameter of 5.132 mm. 

Moreover, the interaction between humic acid and nano nitrogen fertilizer demonstrated a 

substantial impact. The H2N2 combination, involving 2 ml/L of humic acid and 150 mg/L of nano 

fertilizer, produced the highest stem diameter at 8.366 mm, while the untreated control had the 

lowest value of 4.283 mm. Table 4: Effect of spraying with humic acid, nano nitrogen fertilizer, 

and their interactions on the main stem diameter growth rate in pomegranate seedlings, Shahraban 

variety. 

Nano  

nitrogen 

Humic acid concentrations Nano nitrogen  

rate H1 H2 H3 

N1 4.283 5.207 5.907 5.132 

N2 6.293 8.366 7.879 7.513 

N3 7.309 7.783 6.860 7.317 

Humic acid  

rate 

5.962 7.119 6.882  

LSD 0.05 H=0.501 N=0.501 HN=0.869 

 

1- 1-Average dry weight of the vegetative group ) gm. seedling(   ). 

The data presented in Table 5 highlights the significant impact of humic acid on the dry weight of 

the vegetative group in pomegranate seedlings (Shahraban variety). Among the treatments, the 

application of humic acid at a concentration of 2 ml/L demonstrated the highest efficacy, yielding 

a dry weight of 38.13 g. This was followed by the treatment with a 4 ml/L concentration, which 

recorded a value of 36.05 g, whereas the H1N1 treatment without humic acid application showed 

the lowest value at 27.31 g. Regarding nitrogen, the nano nitrogen treatment (N2) at a 

concentration of 150 mg displayed superior results, also achieving a dry weight of 38.13 g. 

Furthermore, the interaction between humic acid and nano nitrogen revealed a noteworthy 

advantage. The combined H2N2 treatment achieved the highest dry weight value of 45.72 g, 

significantly outperforming the comparison treatment, which recorded the lowest value at 23.51 

g. Table 5: Effect of spraying with humic acid, nano nitrogen, and their interactions on the dry 
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weight rate of the vegetative group in Shahraban variety pomegranate seedlings. 

 

Nano  

nitrogen 

Humic acid concentrations Nano  

nitrogen 

rate 

H1 H2 H3 

N1 23.51 26.31 29.22 26.35 

N2 27.93 45.72 40.62 38.09 

N3 30.48 42.37 38.32 37.06 

Humic 

acid rate 

27.31 38.13 36.05  

LSD 0.05 H= 0.985 N= 0.985 HN= 1.706 

 

2- (1 -Average dry weight of root system ) g. seedling : 

Table 6 demonstrates that the application of humic acid significantly influenced the dry weight of 

the root system in pomegranate seedlings (Shahraban variety). Among the treatments, the 

application of humic acid at a concentration of 2 ml.L⁻¹ resulted in the highest mean dry weight of 

22.66 g, followed by the treatment with a concentration of 4 ml.L⁻¹. In contrast, the control 

treatment (H1) exhibited the lowest mean value, recording 18.58 g. Regarding nano nitrogen, the 

treatment with a concentration of 150 mg.L⁻¹ yielded the highest mean dry weight compared to 

the control treatment, which exhibited the lowest mean value at 17.84 g. Moreover, significant 

interactions were observed between humic acid and nano nitrogen treatments. Specifically, the 

combined treatment (H2N3) recorded the highest mean value at 25.52 g. In comparison, the control 

treatment showed a marked reduction in dry weight, with the lowest recorded value of 15.58 g. 

Table 6. Influence of humic acid, nano nitrogen, and their interactions on the dry weight of the 

root system in pomegranate seedlings (Shahraban variety). 

 

Nano  

nitrogen 

Humic acid concentrations Nano  

nitrogen 

rate 

H1 H2 H3 

N1 15.58 17.71 20.22 17.84 

N2 21.37 24.76 23.32 23.15 

N3 18.67 25.52 23.47 22.55 

Humic 

acid rate 

18.58 22.66 22.55  

LSD 0.05 H =0.858 N=0.858 HN=1.486 

 

5 - The percentage of nitrogen in the leaves.     

I The data presented in Table 7 demonstrates the impact of humic acid application on the studied 

trait. The H2 treatment, with a concentration of 2 ml.L⁻¹, achieved the highest value of 2.312%, 

followed closely by the treatment at 4 ml.L⁻¹, which recorded 2.236%. In contrast, the control 

treatment (H1N1) without any addition showed the lowest average at 1.856%. Regarding the 

second factor, spraying with nano nitrogen proved to be significant as well, with the N2 treatment 

yielding the highest percentage at 2.382%. This was followed by the 300 mg.L⁻¹ treatment, which 



 

Volume 3, Issue 8, August - 2025   

ISSN (E): 2938-3781 

68 | P a g e  

 

 

recorded 2.241%, while the control treatment registered the lowest percentage at 1.791%. 

Furthermore, the interaction between the two factors also had a significant effect. The combined 

H3N2 treatment resulted in the highest percentage of 2.616%, whereas the H1N1 control treatment 

showed the lowest percentage at 1.606%. Table 7 outlines the effects of humic acid and nano 

nitrogen sprays, as well as their interactions, on the nitrogen content in the leaves of Shahraban 

pomegranate seedlings. 

 

Nano  

nitrogen 

Humic acid concentrations Nano  

nitrogen 

rate 

H1 H2 H3 

N1 1.606 1.854 1.912 1.791 

N2 1.917 2.614 2.616 2.382 

N3 2.073 2.468 2.181 2.241 

Humic 

acid rate 

1.865 2.312 2.236  

LSD 0.05 H=0.858 N=0.858 HN =1 .486 

  

6 - in leavestotal protein Percentage of :  

The data in Table 8 demonstrates that the percentage of total protein was significantly influenced 

by spraying humic acid at a concentration of 2 ml/L, achieving the highest percentage of 14.45%. 

This was followed by treatment with a concentration of 4 ml/L, which yielded a percentage of 

14.00%. In contrast, the control treatment recorded a lower protein percentage of 11.66%. The 

results further indicate that spraying with nano nitrogen significantly enhanced this trait, with the 

highest increase observed at a concentration of 150 mg/L, reaching 14.88%. This was followed by 

treatment with 300 mg/L. The control group without fertilizer showed the lowest percentage, at 

11.19%. Additionally, the interaction between the two studied factors exhibited a significant effect. 

The combination treatment with 4 ml/L of humic acid and 150 mg/L of nano nitrogen resulted in 

the highest protein percentage of 16.35%, compared to the control treatment, which recorded the 

lowest percentage of 10.04%. Table 8 outlines the effects of humic acid, nano nitrogen, and their 

interactions on the total protein percentage in the leaves of Shahraban variety pomegranate 

seedlings. 

 

Nano  

nitrogen 

Humic acid concentrations Nano  

nitrogen 

rate 

H1 H2 H3 

N1 10.04 11.58 11.95 11.19 

N2 11.97 16.33 16.35 14.88 

N3 12.95 15.42 13.63 14.00 

Humic 

acid rate 

11.66 14.45 14.00  

LSD 0.05 H=0.711 N= 0.711 HN= 1.231 
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-7 The percentage of phosphorus in the leaves :  

Table 9 illustrates that the application of humic acid significantly influenced the phosphorus 

concentration in pomegranate seedling leaves. The treatment with a 2 ml.L⁻¹ concentration 

demonstrated the highest phosphorus percentage, closely followed by the 4 ml.L⁻¹ concentration, 

with values of 0.230% and 0.299%, respectively, showing no statistical difference between them. 

However, both treatments had a significant difference compared to the control group, which 

reported the lowest percentage of 0.176%. Additionally, the table indicates that spraying with nano 

nitrogen also produced a significant effect. The concentrations of 300 mg.L⁻¹ and 150 mg.L⁻¹ 

recorded the highest averages, with values of 0.269% and 0.202%, respectively. The combined 

interaction of humic acid and nano nitrogen demonstrated notable differences. The H3N3 

treatment emerged as the most effective, achieving the highest phosphorus percentage of 0.306%, 

while the control group recorded the lowest percentage at 0.147%. Table 9 summarizes the effects 

of humic acid, nano nitrogen, and their interactions on phosphorus concentration in the leaves of 

Shahraban variety pomegranate seedlings. 

 

Nano nitrogen Humic acid concentrations Nano nitrogen  

rate H1 H2 H3 

N1 0.147 0.169 0.178 0.165 

N2 0.181 0.222 0.203 0.202 

N3 0.200 0.300 0.306 0.269 

Humic acid  

rate 

0.176 0.230 0.229  

LSD 0.05 H=0.023 N= 0.023 HN= 0.040 

 

8 - The percentage of potassium in the leaves .  

The results presented in Table 10 demonstrate that spraying humic acid on the leaves 

significantly influenced potassium percentages, with the H3 treatment at a concentration of 

4 ml.L⁻¹ showing the highest effectiveness, followed by the N3 treatment at 2 ml.L⁻¹. The 

recorded potassium percentages were 1.802% and 1.767%, respectively, compared to the 

control treatment without humic acid, which exhibited the lowest value of 1.647%. The 

highest percentage overall was observed at a concentration of 300 mg.L⁻¹, reaching 1.873%, 

followed by the 150 mg.L⁻¹ concentration at 1.790%. In contrast, the N1 control treatment 

showed a reduced percentage of 1.552%, while the interaction effect on this trait was not 

statistically significant. 

The effect of spraying with humic acid and nano nitrogen and their interactions on the 10(Table )   

percentage Shahraban varietyPotassium in the leaves of pomegranate seedlings,   .  

 

 

  

 

 

 

 

Nano  

nitrogen 

Humic acid concentrations Nano  

nitrogen  

rate 
H1 H2 H3 

N1 1.434 1.548 1.675 1.552 

N2 1.713 1.843 1.814 1.790 

N3 1.795 1.908 1.916 1.873 

Humic acid 

rate 

1.647 1.767 1.802  

LSD 0.05 H=0.083 N=0.083 HN = N.S 
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Discussion :  

The increases observed in Tables 3 and 4 can be attributed to the high nitrogen content in humic 

acid, which enhances carbohydrate storage within the plant by boosting the efficiency of 

photosynthesis and respiration. This process promotes increased cell division and vegetative 

growth, leading to taller and wider stems. Additionally, humic acid acts as a growth stimulant, 

comparable to compounds like auxins and gibberellins, which are known to encourage stem cell 

growth and elongation (Veran et al., 2010). It also plays a vital role in supplying essential nutrients 

to plants, improving the absorption of monovalent ions such as ammonium and potassium. This 

active ion uptake by the roots subsequently supports greater vegetative development, contributing 

to increased stem length and diameter. These findings align with studies conducted by Bhoyar et 

al. (2015) on mango seedlings, Al-Janabi (2017) on fig seedlings, Rajan et al. (2018), Hussein et 

al. (2019) on lemon, and Hakim (2023) on palm trees. The increases documented in Tables 5 and 

6, relating to the dry weight of both the vegetative and root systems, can be attributed to humic 

acid's role in enhancing nutrient availability, as well as its contribution to providing organic 

compounds, amino acids, and facilitating vital biochemical reactions. By improving cell 

membrane permeability, humic acid promotes vegetative growth. Furthermore, an efficient 

photosynthesis process ensures the availability of essential nutrients for root development, 

resulting in stronger vegetative growth and subsequently higher dry weight in the plant's vegetative 

system. The observed increases may also stem from humic acid's direct and indirect influence on 

the availability of key nutrients like nitrogen, phosphorus, and potassium, which significantly 

enhance nutrient absorption (Katkat et al., 2009). These effects are reflected in the overall increase 

in plant biomass, including the dry weight of the root system. Such findings are consistent with 

studies by Judy (2013) on peach seedlings, Abdul Wahab and Al-Mashari (2017) on lemon 

seedlings, Abu Sirah on oranges, as well as Ghani and others.   others )2018( on mango seedlings ...  

In reference to the chemical properties outlined in Tables 7, 8, 9, and 10, humic acid is enriched 

with essential nutrients such as oxygen, nitrogen, and carbon. These components significantly 

enhance the efficiency of key metabolic processes in plants, including photosynthesis and 

respiration, which result in the production of substantial quantities of materials stored within the 

plant body (Ali et al., 2012). This, in turn, contributes to an increase in the nitrogen content. The 

rise in total protein levels can be attributed to the role of humic acid in promoting plant growth 

through the synthesis of organic and amino acids, with amino acids serving as the fundamental 

building blocks of proteins. Given that nitrogen constitutes a major component of the basic organic 

compounds in plants, including proteins, this explains the observed increase in protein content, 

aligning with findings reported by Genaidy et al. (2015), Al-Moussawi (2019), and Hamied 

(2018). With regard to mango seedlings, the observed increase in phosphorus percentage may be 

linked to humic acid's hormone-like activity, specifically its ability to inhibit the enzyme IAA 

oxidase. This inhibition enhances the activity of the indole-3-acetic acid (IAA) hormone, thereby 

stimulating plant growth. Alternatively, this increase might be attributed to humic acid's role in 

activating vital biochemical processes, thereby upregulating the synthesis of acids and enzymes 

responsible for phosphorus formation within plants. Additionally, humic acid plays a crucial role 

in enzymatic reactions that enhance cell membrane permeability. This improved permeability 

facilitates the transportation of nutrients from external environments into the cytoplasm, thereby 

improving the plant's overall nutritional status. Furthermore, humic acid exerts a stimulatory effect 
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on both vegetative and root systems, enhancing nutrient absorption through roots and leaves, 

which ultimately results in elevated potassium levels. The increase in potassium content could also 

stem from humic acid's composition as a nutrient-rich source directly applied to plant leaves. This 

observation is consistent with findings by Genaidy et al. (2015) on EL-Kheshin olive seedlings, 

Abd El-Hamied (2018) on mango seedlings, Al-Tamimi et al. (2017) on palm trees, and Hassan 

(2023) on olive seedlings. , the increase in vegetative characteristics in Tablesnitrogen nano  As for  

Spray on the papers manufactured nitrogen-Nano No. )3, 4, 5 and 6( is attributed to the role of  The 

interaction density on particle surfaces within the roots and leaves showed a noticeable increase, 

as these enhanced features facilitate the absorption of fertilizers produced using nanotechnology 

(Anonymous, 2010). Nitrogen plays a pivotal role in boosting the activity of meristematic zones 

by promoting auxins and enhancing the availability of essential materials required for 

photosynthesis, such as amino acids, nucleic acids, chlorophyll, and certain enzyme cofactors. This 

process accelerates cell division and elongation, resulting in overall plant growth. Consequently, 

there is a positive impact on the vegetative growth group, which manifests as an increase in 

seedling length and diameter, alongside augmented root size. These enhancements contribute to 

improved nutrient absorption efficiency, further promoting vegetative growth (Lling and 

Silberbush, 2002; Taiz and Zaiger, 2010). Such developments lead to a rise in the dry weight of 

the shoot and root systems, aligning with findings by Haggag (2018) on olive seedlings, Merza 

and Al-Jilihawi (2020) on lemon seedlings, and Honey (2021) on mandarin and grape seedlings. 

Similar results were observed with pear seedlings (2021) and in studies by Nikbakht (2021), who 

noted that nano-nitrogen spray on apple trees yielded comparable outcomes, as well as Lala et al. 

(2023). Nitrogen fabricated using nanotechnology demonstrates high bioavailability, proportional 

to its absorption rate. This nitrogen moves effectively between plant cells via plasma bonds 

approximately 50 nanometers in size, ensuring steady delivery of nutrients over extended periods. 

The sustained nutrient availability promotes active metabolic processes within the plant. This 

absorption efficiency translates to better vegetative growth, as seen in the increased concentrations 

of nitrogen, protein, phosphorus, and potassium in the current study. The higher protein levels can 

likely be attributed to the stimulation of vital physiological processes driven by nanotechnology, 

which enhances the production of acids and enzymes necessary for protein synthesis. Tables 7 

through 10 illustrate these observations. These findings are consistent with the conclusions of 

Davarpanah et al. (2017) on pomegranate, Al-Rumaiydh et al. (2020) on pomegranate seedlings, 

Al-Asali (2021) on two varieties of mandarin seedlings, Rohi Vishekail et al. (2021) on olive trees, 

and Kli (2022) on the Ibrahimi apple variety. 
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