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Abstract
     Avocado is a tropical fruit that has been recently introduced and acclimatized to Iraqi environmental conditions. The importance of this research lies in determining the optimal growth and production requirements for the plant in this new environment. Therefore, this study was conducted during the 2022 growing season to evaluate the effect individual and combined foliar spray with humic acid and seaweed extract on Avocado sapling growth and chemical properties. The experiment was factorial RCBD included humic acid at 0, 3, and 5 ml·L-1) and seaweed extract at 0, 2, 4, and 6 ml·L-1, with three replicates. The results showed foliar humic acid at 5 ml/L-1 significantly increased most vegetative growth characteristics, while  a much higher increase resulted where applying seaweed extract at 6 ml/L-1. Overall, the highest increase values over the control were recorded in the interaction treatment 5 ml/L-1 humic acid and 6 ml/L-1 seaweed extract where ​sapling height, stem diameter, number of branches, number of leaves, and leaf area increased by 20%, 9%, 8%, 8%, and 20% over the control respectively. The same combination treatment showed also clear positive effect on leaf content of carbohydrate and macronutrients (NPK and Ca). The foliar spray with humic acid and seaweed extract, particularly in combination treatment, is effective in promoting avocado saplings growth and nutritional status under environmental conditions in Iraq.
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Introduction
     Avocado is a native evergreen fruit tree that is found in Central America and southern Mexico, with more than identified 500 species of it have been, and few of them have commercial value (Yahia, 2012; Afzal et al., 2022). Avocado has become one of the most profitable fruit crops in its nutritional value and demand in the market (Abraham et al., 2018). In organic fruit farming, chemical fertilizers are not allowed, thus other methods to boost plant growth and vigor are necessary.  It was shown that commercial organic fertilizers and       seaweed extract are natural source of nitrogen, phosphorus and potassium which can be widely used as bio-stimulant to enhance plant growth (Tzatzani et al., 2022; Poveda, 2021). Foliar application of these products is water-soluble and can be readily absorbed by the plant leaves and compensate nutrient deficiencies with lower environmental harms (Rishitha et al., 2023; Rajendirar and Awachare, 2019). It was shown that foliar organic acids such as humic acid had higher absorbing and penetration tendency through leaf surface and stomata than synthetic fertilizers (Hasan et al., 2022). 
      Humic acid fertilizer and other natural materials products can promote nutrient uptake and plant development in fruit trees (Abdel-Sattar 2024; Noaema et al., 2020). It's content of nitrogen and oxygen make the product with high ion exchange properties and water retention which help the plants grow higher and have more leaves (Al-Abadi and Al-Hayany, 2021; Bonomelli et al., 2019). An evident study showed that growth characters of tropical passion fruit saplings were enhanced greatly by foliar fertilization with 10 ml L-1 organic extract (Al-Taee et al., 2025). Similarly, mango saplings  sprayed with 150 ml/L that led to the maximum content of N, P, and K in the leaves (ElKheshin, 2016). 
      Algae extracts are also found to be friendly environment of good quality fertilizers which may reduce using chemical products (Al-Ealayawi et al., 2020; Andreotti et al., 2022). Foliar seaweed extract fertilizers are more effective than soil application in enhancing plant growth vegetative growth and vegetation macronutrient levels of the fruit crop (El-Sayed et al., 2023). Seaweed extracts are also effective in enhancing nutritional quality of fruits because they enhance the build-up of essential elements (Carvalho et al., 2019). Since avocado is a crop that can adapt to the climate of Iraq, this research was seek to improve the growth of saplings  by employing organic nutrients that were cost effective and fast absorbing. Such inputs provide a viable way of enhancing initial development in tropical fruit crops in local environments. This study was conducted to evaluate the effect individual and combined foliar spray with humic acid and seaweed extract on Avocado sapling growth and chemical characteristics.
Materials and Methods
      The study was conducted in nurseries, which were in the Al-Hussainiya region of Karbala Governorate, in the 2022 agricultural season, between March 1 and October 1, to determine humic acid and seaweed extract impact when used as foliar on Vegetative Growth of sapling Avocado  were cultivated of six months old  in a 5kg of soil pot. The design was a factorial design with two factors, which include three concentrations of  humic acid (0, 3, and 5 ml/L-1) and four concentrations of seaweed extract (0, 2, 4, and 6 ml/L-1). The experimental design of study was Randomized Completely Block Design (R.C.B.D.). Each experimental unit contained two saplings with three replicates of 72 saplings  (3 x 4 x 2 x 3) in total. Foliar spraying was conducted on five perioud in 1st of March, April, May, September, and October, 2022. Parameters of vegetative growth were measured in November, one month after the last application. The traits included plant height (cm), stem diameter (mm), number of branches (branch sapling-1), number of leaves (leaf sapling-1), leaf area (cm2 sapling-1). 
    As for plant content of Chemical Characteristics, Carbohydrates (mg.g-1 DW) was estimated in five randomly selected fully developed leaves from each experimental unit (Duboies et al., 1956). As for leaf content of macro-elements(NPK and Ca) , the nitrogen content in the leaves (%) was determined using the Kjeldahl apparatus and the acid titration method.
   The phosphorus content in the leaves (%) was also determined using the ammonium molybdate and ascorbic acid methods (Olsen and Sommers, 1982) using a UV-visible spectrophotometer at a wavelength of 620 nm. The percentage (%) of potassium and calcium in the digested leaf samples were determined using a flame photometer (Cresser and Parsons, 1979).
Experiment design and data analysis
    The experimental treatments were distributed in a two-factorial experiment (Humic acid and SWE) applied using a completely randomized block design (CRBD) with three replications. The data were analyzed using GenStat 12th (VSN, 2009 ) software where the ANOVA tables were performed, and the means were compared based on the least significant difference (LSD) at probability level of 0.05 (Hoshmand ,2018).
Results
Vegetative growth indicators 
     Regarding the vegetative growth traits, the results showed that the plant growth indicators were positively affected by humic acid and SWE treatments. It was shown (Table 1) humic acid  led to an increase in sapling height and stem diameter  ranging at 5 mg/L-1 36.75 cm and 6.59 mm , compared to the control which 29.58 cm and 6.02 mm.  ​while the 6 ml L-1 SWE treatment yielded in sapling height and stem diameter in 42.92 cm and 7.64 mm , compared to the control of 24.56 cm and 4.52 mm. humic acidat 5 mg/L-1 and SWE treatmentsat 6 mg/L-1 led to an increase in sapling height ranging and stem diameter,  to 51.94 cm and 8.32 mm, compared to the control which  22.23 cm and 4.40 mm.
    The number of branches leaves and The leaf area  also increased significantly compared to the control treatment, especially at the higher concentrations of the individual treatments. The 5 ml L-1 humic acid treatment recorded 7.08 branch sapling-1, 86.48.34 leaf sapling-1 and 1593 cm2  ,compared to the control that gave 5.91 branch sapling-1 76.37 leaf sapling-1and 1312cm2  ​.while the 6 ml L-1 SWE treatment yielded in 7.83 branch sapling-1  96.17 leaf sapling-1 and 1877 cm2  compared to the control that gave 5.29 branch sapling-1 , 66.85 leaf sapling-1and 1130 cm2 .The highest values were observed in the combined treatment, which resulted in 8.96 branch sapling-1, 104.51 leaf sapling-1and 2430 cm2 , compared to the control of only 3.15 branch sapling-1, 62.19 leaf sapling-1and 1104cm2. 





Table 1. The vegetative growth characters of Avocado saplings responding to folia humic acid, seawater extract individually or combined
	Treatments
	Sapling
Height
Cm
	Stem Diameter (mm)
	Number of Branches (branch. plant -1)
	Number of Leaves (leaf. Plant-1)
	 Leaf Area   (cm².seedling)

	Humic acid
(ml L-1)
	Seaweed Extract  (ml L-1)
	
	
	
	
	

	0
	0
	22.23
	4.40
	5.13
	62.19
	     1104

	
	2
	28.34
	5.95
	5.77
	74.95
	      1220

	
	4
	29.60
	6.55
	5.90
	79.14
	      1384

	
	6
	38.14
	7.20
	6.84
	89.22
	      1540

	Average
	29.58
	6.02
	5.91
	76.37
	      1312

	3
	0
	25.70
	4.48
	5.14
	69.02
	      1138

	
	2
	30.58
	5.88
	6.33
	79.70
	1240

	
	4
	35.05
	6.70
	6.79
	86.62
	1406

	
	6
	38.69
	7.40
	7.70
	94.80
	1689

	Average
	32.51
	6.11
	6.49
	82.53
	1368

	5
	0
	25.76
	4.68
	5.59
	69.34
	1150

	
	2
	33.88
	6.42
	6.56
	83.69
	1271

	
	4
	35.41
	6.97
	7.22
	88.40
	1551

	
	6
	51.94
	8.32
	8.96
	104.51
	2403

	Average
	36.75
	6.59
	7.08
	86.48
	1593

	SWE Average
	0
	24.56
	4.52
	5.29
	66.85
	1130

	
	2
	30.93
	6.08
	6.22
	79.44
	1243

	
	4
	33.35
	6.74
	6.64
	84.72
	1447

	
	6
	42.92
	7.64
	7.83
	96.17
	1877

	LSD
	Humic acid
	2.07
	N.S.
	1.14
	4.01
	408.9

	
	SWE
	2.40
	0.68
	1.85
	4.68
	432.1

	
	Interaction
	4.18
	1.19
	2.03
	8.14
	751.8



Saplings contents of chemical indicators
    In case of leaf content of carbohydrates, table 2 shows that humic acid foliar application had a significantly effect on content of carbohydrate in leaves. The highest value (4.58 mg g-1 dry weight) was recorded at the 5 ml/L concentration, while the control showed the lowest average (4.30 mg g-1 dry weight). Seaweed extract at 6 ml L-1 also had a significant influence, resulting in carbohydrates of 5.48 mg g-1 DW, compared to the control of the lowest value 3.10 mg g-1 DW. The interaction of humic acid 5 ml/L and seaweed extract 6 ml/L was always significant recording the highest content of 5.59 mg g-1 DW), while the untreated control did not give higher than 3.02 mg g-1 DW.
Table 2. The characteristics chemical in Avocado saplings responding to foliar humic acid, seawater extract SWE individually or combined
	Treatments
	Leaf content of The characteristics chemical 

	
	 Carbohydrate (mg g-1 DW)
	Nitrogen (%)
	Phosphorus (%)
	Potassium (%)
	Calcium  (%)

	Humic acid
 ml L-1
	SWE 
ml L-1
	
	
	
	
	

	0
	0
	3.02
	1.34
	0.11
	2.00
	2.16

	
	2
	4.08
	1.47
	0.14
	2.21
	2.88

	
	4
	4.71
	1.62
	0.18
	2.38
	3.07

	
	6
	5.39
	1.80
	0.20
	2.46
	3.12

	Average
	4.30
	1.55
	0.15
	2.26
	2.80

	3
	0
	3.23
	1.45
	0.12
	2.13
	2.40

	
	2
	4.37
	1.69
	0.12
	2.44
	2.78

	
	4
	4.81
	1.75
	0.16
	2.48
	2.96

	
	6
	5.44
	1.84
	0.30
	2.50
	3.13

	Average
	4.46
	1.68
	0.17
	2.38
	2.84

	5
	0
	3.04
	1.63
	0.13
	2.38
	2.76

	
	2
	4.53
	1.69
	0.15
	2.43
	2.82

	
	4
	5.15
	1.78
	0.20
	2.60
	3.10

	
	6
	5.59
	1.88
	0.40
	2.63
	3.15

	Average
	4.58
	1.74
	0.69
	2.51
	2.95

	SWE Average
	0
	3.10
	1.47
	0.12
	2.17
	2.44

	
	2
	4.33
	1.62
	0.13
	2.36
	2.83

	
	4
	4.89
	1.72
	0.18
	2.48
	3.04

	
	6
	5.48
	1.84
	0.30
	2.53
	3.13

	LSD
	Humic acid
	0.18
	0.17
	0.08
	0.22
	0.13

	
	SWE
	0.70
	0.20
	0.09
	0.33
	0.50

	
	Interaction
	1.21
	0.35
	0.16
	0.57
	0.86



    Regarding the treatments effect on leaf content of nutrients, it is noted (Table 2) that the leaf content (%) of macro-elements nitrogen, phosphorus and potassium (NPK) and calcium was always higher in plants treated with SWE at 6 ml L-1 with average of 1.84, 0.30, 2.53 and 3.13 or those  sprayed with humic acid 5 ml L-1 with averages of 1.74, 0.69, 2.51 and 2.95 %, respectively, with significant differences from those sprayed at lower levels or the untreated control. ​The results indicate that the highest values of the elements (NPK) and Ca in the leaves were always in the interaction treatment 6 ml L-1 SWE and 5 ml L-1 foliar humic acid, which recorded 1.88%, 0.40%, 2.63 and 3.15 % for NPK and calcium respectively, compared to significantly lower values in individual, interaction and control treatments.
Discussion
    The findings indicate that all aspects of vegetative growth traits, such as plant height, stem diameter, branches number, leaves number, leaf area of the vegetative system are significantly improved after foliar application of humic acid. This is possibly because the humic acid enhances plant growth through an action on cellular structures, including the cell wall, membrane, and cytoplasm (Maidan and Marai, 2019). Organic fertilizers should be applied to foliars to ensure that avocado saplings  receive the nutritional requirements because it enhances the availability and uptake of essential nutrients that aid in vegetative growth (Mariscal et al., 2020). Humic acid also enhances the efficiency of fertilizer, which leads to improved vegetative growth and productivity in fruit trees (Ullah et al., 2018). The findings came in agreement with Bonomelli et al. (2019) on avocado and AL-TAEE et al. (2025) on passion fruit and ElKheshin (2016) on mango saplings.
   Similarly, Humic acid (Disper Humic 85%) at 3% foliar spray on papaya saplings led to a substantial increase in the nitrogen, phosphorus and potassium content of the leaves (Al-Abadi and Al-hayany, 2021). As Ibrahim and Al-Sereh (2019) pointed out, guava saplings  were sprayed with potassium humate on their foliar surfaces at the concentration of 4 ml. The effect of the liter was a high nutrient content of the leaf (NPK) . Humic acid is involved in physiological processes through its transportation of photosynthetic products and its process of increasing activity of enzymes, division, and growth of cells, and a great increase in the nutrient content of leaves (Ali et al., 2021; Fawzy et al., 2007; Harper et al., 2000).  Such findings agree with those of on mango saplings . Extracts of seaweed have not been left behind in horticulture due to their bioactive and growth-promoting compounds. Being a natural biostimulant it has macronutrients (N,P,K) micronutrients, amino acids, betaines, and plant growth regulators such as auxins and cytokinins that are of significant interest in vegetative development (Ismael & Sarhan, 2024). 
SWEs are among the important organic sources used in agricultural production as a fertilizer Saeed and Al-Ecehagy(2023) supplement. They contain major nutrients (N, P, K), as well as micronutrients (Zn, B, Fe), growth-promoting substances, and some amino and organic acids essential for protein synthesis (Hegab et al., 2005). In comparison to similar mineral fertilizers, SWE is an affordable inexpensive source of plant nutrition Cano-Benitez et al. (2024). The marked improvement in seedling growth treated with SWE is often attributed to the extract's content of growth hormones, such as cytokinins and auxins. The extract also contains carbohydrates, proteins, amino acids, and various vitamins.
     The products of seaweed extract application could had associated with organic and amino acid content and mineral structure that increase the of membrane permeability and movement of nutrients in plant tissues. These alterations facilitate cell growth, development, and division which enhance further growth of stems, branching, and the formation of leaves. Furthermore, the expression of photosynthesis by trace elements that are enzyme cofactors enhances the amount of carbohydrates, which promotes vegetative growth (Jehan and Khalaf, 2020). This is in line with the findings of Arioli et al. (2023) and Pay (2023) in the avocado studies. Ibrahim et al. (2015) also explained that mangoes reacted to foliar spying of 10% seaweed extract by enhancing the level of chlorophyll, nitrogen, phosphorus, and potassium in their leaf cover. Such outcomes are accredited to the impact of seaweed extract in escalating the concentration of such components because it contains the necessary nutrients, especially nitrogen, phosphorus, potassium, and as well as the micronutrients, direct absorption of which leads to the enhancement of their nutrient density. These findings agree with Abed El Hamied (2014) and Al-Marsoumi and Al-Hadethi (2020) with regard to mangoes.  Despite the positive effect of the use of seaweed extracts in other crops, the use as research in avocado is not developed considerably. Arioli et al. (2023) established that frequent foliar spraying of seaweed extracts enhanced the growth of Avocado saplings . According to Pay (2023), the use of 1.0% seaweed extract enhanced the height of plants, stem diameter, fresh weight of vegetative system  and dry weight of vegetative system in avocado saplings . Abed El Hamied (2014) indicated that foliar applied SWE to the mango trees enhanced leaf levels of NPK. Likewise,  Al-Marsoumi and Al-Hadethi (2019) confirmed that Disper Humic 85% (2 ml/L-1) and SWE Acadian 4 ml/L resulted in significant increase of NPK in mango leaves. 
Conclusion
     Findings of this research confirmed that foliar application with humic acid and seaweed extract exhibited remarkable enhancement in vegetative growth characteristics as well as major plant nutrients in the treated tropical avocado saplings that have just been introduced in Iraq. This proves their flexibility and their successful settlement in local circumstances. On the basis of these results, additional studies are suggested to facilitate seedling growth and aid in the avocado production growth in the area.
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