


Influence of Bio-stimulants on the Growth, Yield, and Fruit Quality of Peach (Prunus persica L. Batsch) cv. Shan-e-Punjab



Abstract
[bookmark: _GoBack]A field experiment entitled “Influence of Bio-stimulants on the Growth, Yield and Fruit Quality of Peach (Prunus persica L. Batsch) cv. Shan-e-Punjab” was conducted at Orchard 1 in the Department of Fruit Science, Guru Kashi University, Talwandi Sabo, Bathinda, Punjab, during the year 2024-2025. A Randomized Block Design (RBD) with three replications and ten treatments was used in the investigation. The purpose of this research is to investigate the effect of SWE because insufficient data exist on how these specific application methods differently affect vegetative growth, flowering, and fruiting behavior and there is a limited understanding of how pre-harvest seaweed extract applications influence post-harvest fruit quality, shelf-life, and final mineral composition. The study consists of four different concentrations of SWE: 1000 ppm, 1500 ppm, and 2000 ppm was applied at three different stages pink bud stage, petal fall stage and pit hardening stage. The results within this study demonstrated that treatments with SWE greatly enhanced plant development, production, fruit quality, and both the macro and micronutrient concentration of leaves. The concentration (2000 ppm) of seaweed extract had the largest plant volume, fruit production, fruit set, fruit retention, area of leaves, size, along with weight of fruits, fruit firmness, total sugars, maximum total soluble solids, and leaf nutrient parameters.
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Introduction 
Prunus persica L. Batsch is a diploid species (2n=2X=16), a fully self-compatible temperate stone fruit crop. It belongs to Rosaceae family, order Rosales, and is one of the most often consumed summer fruits in temperate regions of the world. Globally, it holds 3rd rank after apple and pear. It has been widely stated that the peach originated in Asia and was domesticated in China before spreading to Europe, Africa and America (Manganaris et.al., 2023). In the sixteenth century, the peach was brought to America by the Spanish and Portuguese, and after that, it was shortly embraced by the Indians and expanded to a variety of settings (Faust and Timon 1995; Scorza and Okie 1990).  
Peach has become one of the most significant deciduous fruiting trees and typically lives for 8-10 years (Patiño, 2002). The leaves have sharp-pointed veins and are 7-12 cm long, shiny and straight, arranged alternately on immature branches and stems. The plant produces attractive pink flowers with 5 petals and 5 sepals that grow at branch nodes either alone or in pairs. during early spring. (Leterme et. al., 2005). The fruit is yellow on the outside and red on the side that has been exposed to sunlight. The picky fruit has a longitudinal ridge from the stem to the fruit, which is ready to harvest from June to September. Peaches have somewhat higher ascorbic acid concentration (11%) than the nectarine. A few economically important peach cultivars include Silver King, Snow Queen, Sun Haven, July Elberta, and Red Haven (Hussain et al., 2021).
Peaches are typically consumed fresh owing to their distinct flavour and high mineral content. A raw medium peach (147 g) contains 50 calorie content, 0.5 g of saturated fat, 0 g of insulin and salt, 15 grams of carbs, 13 grams of sugar, 2 grams of fiber, and 1 gram of protein. Additionally, an average-sized peach has at least 2% of the recommended daily intake of niacin, vitamins E and K, folate, iron, choline, magnesium, potassium, zinc, phosphorus, manganese and copper (Anon., 2015). 
An extensive selection of cosmetics contains peach juice, for instance, moisturizer and milk cream. Peach is a nutrient-dense source of medicinally significant chemicals, particularly vitamins (C and A), polyphenols, carotenoids, and dietary fibre as well as iron and potassium that have been connected to anti-obesity, antioxidant, cardioprotective, anti-inflammatory, anti-cancerous activity, ophthalmic health, and detoxiﬁcation of the body along with anti-diabetes activity. These properties can aid in the prevention of long-term conditions like cancer and cardiovascular problems. (Zhao et al., 2024; Bento et al., 2022).
Shan-e-Punjab is a popular variety of Peach in Punjab because of its great output and excellent fruit quality. Also, it is common in the North-Eastern parts of Haryana in addition to thriving in the subtropical climate of Jammu. This cultivar has robust trees that produce fruits during the initial week of May. The fruit reaches physiological maturity in May-June, when excessive temperatures result in post-harvest losses, easing, particularly shrinkage, and degradation (Manpreet et. al., 2016; Iqbal and Singh, 2018). An accession number 16-33 was introduced from the USA and later termed as Shan-e-Punjab due to its larger-sized fruit and better keeping quality. It ripens around the first fortnight of May and consequently fetches remunerative prices to the fruit growers (Mahajan and Dhillon, 2002).
The phrase "bio stimulant" means a variety of goods, including biogenic stimulants, plant strengtheners, metabolic enhancers, elicitors, beneficial growth regulators, anti-allelopathic preparations, biofertilizers as well as bio stimulants. Plant bio stimulants are derived from various organic sources, containing helpful fungi, rhizobacteria that encourage plant growth, humic compounds, algae extracts, protein hydrolysates, industrial wastes, and microbial fermentation of vegetable or animal sources. Although they are not yet categorized as plant bio-stimulants, other synthetic substances that are not produced from natural biological materials could have beneficial effects. Microbial inoculants, fulvic and humic acids, amino acids, and algal extracts are examples of industrial plant biostimulants. (Rodrigues et. al., 2020).
Du Jardin (2012) identified eight groups of compounds functioning as bio-stimulants: multi-functional organic compounds, humic substances, and advantageous chemical elements, that are inorganic and SWE (red, green, or brown, macroalgae), amino acids, nitrogen-consisting compounds along with chitin, as well as chitosan derivatives and non-transparent.
SWE elements are recognized to have antioxidant properties that might stop ROS from harming cells during both biotic and abiotic stress. Seaweed extracts include betaines, polyamines, brassinosteroids, and plant hormones in addition to the carbohydrates. Increased plant growth, improved the quality of crops and the struggle to both abiotic and biotic challenges due to better nutrient absorption are examples of beneficial plant responses. Field studies make it extremely difficult to determine the precise metabolite and route of interest due to the interaction between agronomic approaches and the environment. Crop development and yield response, therefore, offer a great means of evaluating the effectiveness of their application. (N. Sible et. al., 2021).
Objectives:
· To study the effect of seaweed extract on the growth, yield, and fruit quality of peach.
· To study the effect of seaweed extract on the leaf nutrient content of peach.
Experimental location, treatments and procedures 
The current study was conducted at Orchard 1 of the Department of Fruit Science, Guru Kashi University, Talwandi Sabo, Bathinda (Punjab), which is situated at an elevation of 208 meters just above mean sea level at latitudes 29° 96°N and longitudes 75° 12°E. During the investigation, the average temperature was 40±6°C and the relative humidity was 85±3% under shade net circumstances. 
Treatment combination:
Table 1: Treatment details 
	Treatment 
	Treatment Details

	T1
	Seaweed Extract@ 1000 ppm at pink bud stage

	T2
	Seaweed Extract@ 1500 ppm at pink bud stage

	T3
	Seaweed Extract @ 2000 ppm at pink bud stage

	T4
	Seaweed Extract @ 1000 ppm at petal fall stage

	T5
	Seaweed Extract @ 1500 ppm at petal fall stage

	T6
	Seaweed Extract @ 2000 ppm at petal fall stage

	T7
	Seaweed Extract @ 1000 ppm at pit hardening stage

	T8
	Seaweed Extract @ 1500 ppm at pit hardening stage 

	T9
	Seaweed Extract @ 2000 ppm at pit hardening stage 

	T10
	Control (Water Spray)



Number of treatments:  10
Replications:  3
Application time:   Pink bud stage, Petal fall stage, Pit hardening stage
Experimental Design:  RBD (Randomized Block Design)
Preparation of spray material and the method of spray
Seaweed extract (SWE) source was ‘Agrogain’ a patented bio stimulant from SEA6 ENERGY PVT. LTD. Seaweed extract (SWE) at concentrations of 1000, 1500, and 2000 parts per million was prepared immediately by dissolving 1 ml, 1.5 ml, and 2 ml, respectively, in 1 L of water. Three phases of development, i.e., bud stage (pink), petal fall stage along with pit hardening phase, were sprayed with Seaweed Extract (SWE) as well as Humic Acid
Seaweed extract (SWE) was sprayed on the appropriate phases utilizing a knapsack sprayer in the morning that had a microfine nozzle to guarantee mist spray. To prevent the dilution of any specific spray solution strength, the initial concentration of the spray was lower than that of the seaweed extract (SWE). The sprayer was washed with a tiny amount of that specific solution before starting the spray at the subsequent increased concentration. 
Data collection:
Growth parameters:
To assess growth, three plants from each treatment were chosen at random and analysed from the foundation towards the shoot tip at the fourth and sixth weeks following spray. The average height of three plants was determined as the average height of plants. The height of the plant was calculated using graduated flag personnel from a plant's base to its summit, once before January's beginning of growth and again at the expansion stopped in December. Two directions were used to measure plant spread: north-south and east-west. This was done once before growth started in January and again after it stopped in December. Earlier and later in the experiment, a measuring tape was used to determine the trunk's circumference at a height of 15 centimeters above the ground. The area of fully grown leaves was measured with the help of the LI-3000 C Portable Area Meter. The average leaf area (cm2) was obtained by dividing the data by the number of leaves.
Fruiting Parameters:
Fruit set (%): From each plant, four consistent, one-meter-long branches were selected from every single direction. The total number of flowers on the branches was recorded when they were in full bloom. The set of fruits on these limbs was measured 20 days following complete development, as well as the percentage of fruit set was computed by applying the formula provided by Westwood (1978).

Fruit retention (%): The percentage of fruit retention was calculated by counting the total number of fruits on the selected branches at the time of harvest.

Fruit yield (kg/plant): Fruits from each replication were picked at the same time, and each plant’s collected fruits were weighed independently in a weighing balance with a capacity of 100 kg. For every course of treatment, the total weight of fruits collected from the plants was used to calculate the fruit yield in kilograms per plant under various treatments. 
Fruit quality parameters:
When the fruit reached complete maturity at the color break stage, samples were taken for physicochemical analysis. Five fruits were selected for physio-chemical investigation from every perspective of the plant and transported to the lab in polythene bags. Fruit size was determined by its length and width. A digital vernier calliper was used to measure the length and width of ten randomly picked fruits per plant. An electric scale was used to weigh 10 randomly selected ripe fruits in grams, and each treatment's mean weight was determined. The hardness of fruits was measured using a penetrometer. With a knife made of stainless steel, the fruit skin was removed in circular, thin slices about 1 cm in diameter. After setting the penetrometer to zero and piercing the fruit all the way to the knob, the fruit pressure value was recorded in kg/cm2. The Erma-hand Refractometer (0-32 ºBrix range) was used to calculate the TSS. Before calculating TSS, the refractometer had been calibrated with pristine water. Two or three fruit juice drops were applied to the refractometer’s prism to determine total soluble solids. When the temperature was higher or lower than 20⁰C, a temperature correction was also used (AOAC, 1980). Fruits’ total soluble solids were expressed in degrees (ºB).
Titrated acidity (%): The following formula was then used to express it as a percentage of malic acid. (Ranganna, 1995)

Total Sugars: It is mainly determined by using the following formula:

*Factor = 0.05
Ascorbic Acid: The following formula was used to calculate the content of ascorbic acid, which was represented as milligrams per 100 grams of fresh fruit pulp:

*              
Leaf chlorophyll level measurement (mg/g): The following formula was used to determine the total chlorophyll content of the leaves:

Where,
V = volume of the extract made, A = length of the light path in the cell (usually 1cm), 
W = weight of the sample, A645 = absorbance of 645 nm, A663 = absorbance of 663 nm
Sampling and analysis of leaves: Leaf samples were removed from the tree perimeter halfway through the current growing season, as indicated by Kenworthy (1964), between April's final week and the middle of May. Samples underwent cleaning, drying, grinding, and storage utilizing Chapman’s (1964) recommended protocol. As recommended by Jackson (1967), one gram of leaf samples was digested for nitrogen quantification in an intense sulfuric acid by incorporating the digesting mixture, which consists of selenium powder, three parts mercuric oxide, twenty parts copper sulphate, and 480 parts potassium sulphate. Samples of leaves were broken down using a di-acid combination, including nitric acid with perchloric acid in a ratio of 4:1 to estimate Potassium, Phosphorous, Cu, Mg, Ca, Zn, Fe, and Mn (Jackson 1967). The micro-Kjeldahl technique was utilized to calculate the total amount of nitrogen (Jackson, 1973). The Vanado-molybdate phosphoric yellow colouring technique (Jackson, 1973) was used to quantify phosphorus under a Spectrophotometer. The potassium values were assessed using a flame photometer. The Model 400 Perkin-Elmer, an atomic absorption spectrophotometer, was used to measure the overall concentrations of iron, manganese, zinc, calcium, magnesium, and copper. On the basis of dry weight, micronutrients and macronutrients were reported as percentages and ppm, respectively.
Analysis of data: The trial data constituted a statistical assessment using the F-RBD method (Sukhatme et. al., 1957), specifically the ANOVA (analysis of variance) technique. OPSTAT software was used for the analysis of data.
Result and discussion
Plant Height (%), Plant spread (%), and Trunk girth (%)
Plant height increases ranged from 9.49 to 15.30 percent, according to Table 2 data. Treatment T6 (2000 ppm SWE at petal fall stage) showed the greatest increase in plant height (15.30%), which was statistically comparable to treatment T5 (1500 ppm SWE at petal fall stage). Regarding the percentage increase in plant height, treatments T4 (1000 ppm SWE at petal fall stage), T3 (2000 ppm SWE at pink bud phase), T2 (1500 ppm SWE at pink bud phase), T1 (1000 ppm SWE at pink bud stage), T9 (2000 ppm SWE at pink hardening stage), and T8 (1500 ppm SWE at pit hardening stage). The treatment T10 (control) showed the lowest increase in plant height (9.49%). 
The main micronutrients, as well as hormones from plants, especially cytokinins, can actively promote vegetative development, and the percentage rise in height of the plant can be due to side branches and a rise in plant height with foliar sprays (Al-Rawi et al., 2016). These elements have a variety of effects on the vital activity of nutrients found in plants, increasing absorption by the plant itself and the outcome in a favourable increase in fruit trees' vegetative growth. (Archer and Saoir, 2010).	
Treatment T6 (2000 ppm SWE at petal fall stage) showed the greatest increase in plant spread (13.77%), followed by treatments T5 (1500 ppm SWE at petal fall stage) respectively. Treatment T10 (control) showed a minimal amount of plant spread (9.35%). The expansion of plant spread ranged from 9.35 to 13.77 percent across the various seaweed extract treatments.
Different seaweed extract (SWE) treatments had no discernible effect on trunk girth. However, treatment T6 (2000 ppm SWE at petal fall stage) showed the greatest increase in trunk girth (6.62%), followed by T5 (1500 ppm SWE), T4 (1000 ppm SWE) at petal fall stage respectively. Treatment T10 (control) showed the least expansion of the trunk girth (3.48%) (Table 2). The results of this research are also in accordance with those of Al-Hadethi and Mustafa (2015), Al-Hadethi et. al., (2013) in apricot.
Leaf area (cm2) and Leaf chlorophyll content (mg/g fresh weight)
Leaf area (Table 2) ranged from 38.66 cm2 to 47.89 cm2. Different seaweed extract (SWE) treatments had a substantial impact on the leaf surface. Treatment T6 (2000 ppm SWE at petal fall stage) had the largest leaf area (47.89 cm2), which was statistically comparable to the treatments T5 (1500 ppm SWE at petal fall stage), T3 (2000 ppm SWE), and T4 (1000 ppm), respectively. However, treatment T10 (control) displayed the least amount of leaf area (38.66 cm2). The current findings are in accord with those reported previously by Mohamed and El-Sehrawy (2013) and El-Sharony et al., (2015), Hindy Bisinnara and Fagri Kalan mango cultivars. 
Table 2 provides specific information about the quantity of chlorophyll in leaves. Treatment T6 (2000 ppm SWE at petal fall stage) had the maximum amount of chlorophyll in its leaves (5.69 mg/g fresh weight), which remained statistically comparable to treatments T5 (1500 ppm SWE), T4 (1000 ppm SWE) at petal fall phase, T3 (2000 ppm SWE), T2 (1500 ppm SWE) as well as T1 (1000 ppm SWE) at pink bud stage, respectively. Treatment T10 (control) had the least amount of chlorophyll in its leaves (3.04 mg/g).
The presence of betaines in seaweed extract could be the reason for the reduction in chlorophyll breakdown, causing chlorophyll concentration to increase. Glycine betaine slows the loss of photosynthesis by inhibiting chlorophyll from deteriorating under preservation conditions in isolated chloroplasts. Because seaweed extracts (SWE) include betaine, a nitrogen source, they may raise the quantity of chlorophyll in leaves. (Genard et. al., 1991, Blunden et al., 1997). These findings show consistency with those of Al-Hadethi Mustafa (2019), who discovered that applying SWE doses of 6 ml/ L-1 raised the quantity of chlorophyll in leaves. 
Table 2: Impact of SWE on increase in plant height (%), spread (%), trunk girth (%), Leaf area (cm2), and leaf chlorophyll content (mg/g fresh weight) of Peach cv. Shan-e-Punjab 
	Treatments
	Increase in plant Height (%)
	Increase in plant spread (%)
	Increase in Trunk Girth (%)
	Leaf area (cm2)
	Leaf chlorophyll content (mg/g fresh weight)

	T1
	10.87
	10.23
	4.00
	45.16
	3.80

	T2
	11.19
	10.25
	4.29
	46.29
	3.98

	T3
	11.81
	11.31
	4.54
	47.83
	3.99

	T4
	12.33
	11.61
	5.01
	46.52
	4.08

	T5
	12.96
	12.02
	5.67
	47.83
	4.12

	T6
	15.30
	13.77
	6.62
	47.89
	5.69

	T7
	9.72
	9.99
	3.60
	43.69
	3.51

	T8
	10.16
	11.61
	3.77
	44.16
	3.58

	T9
	10.83
	10.23
	3.99
	43.98
	3.52

	T10
	9.49
	9.35
	3.48
	38.66
	3.04

	CD 5%
	2.31
	NS
	NS
	3.23
	0.80



T1 (1000 ppm SWE at pink bud stage), T2 (1500 ppm SWE at pink bud stage), T3 (2000 ppm SWE at pink bud stage, T4 (1000 ppm SWE at petal fall stage), T5 (1500 ppm SWE at petal fall stage), T6 (2000 ppm SWE at petal fall stage), T7 (1000 ppm SWE at pit hardening stage), T8 (1500 ppm SWE at pit hardening stage), T9 (2000 ppm SWE at pit hardening stage), T10 (Control)
Fruit Set (%), Fruit retention (%), and Fruit yield (kg/plant)
Fruit Set of the peach variety Shan-e-Punjab was significantly impacted by varying seaweed extract (SWE) concentrations and treatment times (Table 3). Treatment T6 (2000 ppm SWE at petal fall stage) possessed the largest fruit set. (87.16%), after which treatment T5 (1500 ppm SWE at petal fall stage). However, treatment T10 (control) showed the lowest fruit set (72.52%). The presence of minerals, vitamins, PGR and polyamines in algal extract might be the cause of the increased fruit set (El Sharony (2015), Abd El-Motty et. al., (2010) 
Treatment T6 (2000 ppm SWE at petal fall stage) possessed the greatest fruit retention percentage rate (63.80%), followed by treatments T5 (1500 ppm SWE at petal fall stage), T4 (1000 ppm SWE at petal fall stage). However, treatment T10 (control), had the lowest fruit retention rate (53.42%) (Table 3)
The cytokinin-like action of the marine algae-based biostimulant may be responsible for its beneficial effects on fruit retention. Plants' cytokinin production pathway is upregulated by cytokinin and elicitor chemicals are found in Ascophyllum nodosum extract (Wally et al., 2013). Additionally, the increased cytokinin levels in plants treated with ANE can improve the sink strength and source capacity, which will lower fruit abscission (Dash et al., 2021). Additionally, Fruit retention was improved by topically applying seaweed extracts at a concentration of 0.1 – 0.4%, according to Mohammad and El-Sehrawy (2013). 
Table 3: Impact of SWE on Fruit set (%), retention (%) and fruit yield (kg/plant) content in Peach cv. Shan-e-Punjab
	Treatments
	Fruit set (%)
	Fruit retention (%)
	Fruit yield (kg/plant)

	T1
	73.61
	54.28
	19.26

	T2
	74.73
	55.50
	20.09

	T3
	75.61
	55.86
	20.26

	T4
	81.49
	58.91
	22.76

	T5
	82.51
	60.34
	25.09

	T6
	87.16
	63.80
	25.82

	T7
	75.61
	56.45
	20.92

	T8
	76.66
	56.80
	21.09

	T9
	79.36
	57.78
	21.92

	T10
	72.52
	53.42
	18.09

	CD 5%
	3.92
	1.90
	2.42



T1 (1000 ppm SWE at pink bud stage), T2 (1500 ppm SWE at pink bud stage), T3 (2000 ppm SWE at pink bud stage, T4 (1000 ppm SWE at petal fall stage), T5 (1500 ppm SWE at petal fall stage), T6 (2000 ppm SWE at petal fall stage), T7 (1000 ppm SWE at pit hardening stage), T8 (1500 ppm SWE at pit hardening stage), T9 (2000 ppm SWE at pit hardening stage), T10 (Control)
Fruit Yield (kg/plant)
The fruit production of the peach variety Shan-e-punjab was significantly impacted by various SWE treatments (Table 3). Treatment T6 (2000 ppm SWE at petal fall stage) had the highest fruit output (25.82 kg/plant), which was statistically comparable to treatments T5 (1500 ppm SWE), T4 (1000 ppm SWE) at petal fall stage, and T9 (2000 ppm SWE at pit hardening stage), respectively. Treatment T10 (control), had the lowest fruit output (18.09 kg/plant). Potential causes include increased fruit set, fruit retention, and decreased dropping of fruits, the noticeably increased fruit output in Seaweed extract-treated plants.
The results of the current study are consistent within Mohamed and El-Sehrawy (2013) and Dash et al., (2021), who discovered that foliar spraying seaweed extract on mango trees at concentrations of 0.2% and 5000 ppm increased fruit yield. El-Sharony (2015) and Faissal et al., (2013) also noted a similar rise Agnieszka et al., (2004). 
Fruit size (cm)
The treatment T6 (2000 ppm SWE at petal fall stage) produced larger fruit (56.15 mm), which is followed by treatment T5 (1500 ppm SWE at petal fall stage), while the treatment T10 (control) had the smallest fruit length (52.12 mm). Fruit diameter reached its maximum value (54.54 mm) in treatment T6 (2000 ppm SWE at petal fall stage), it was comparable numerically to treatment T5 (1500 ppm at petal fall stage). The treatment T10 (control) had the lowest fruit diameter (50.08 mm) (Table 4).
The plant growth regulators (like cytokinin, gibberellins and auxins), betaines, as well as trace amounts of inorganic substances present in the SWE may have contributed to the rise in fruit size by encouraging the cycle of cell division, growth, expansion, nourishment, and maturation (Chouliaras et al., 2009). By making cell walls more flexible, gibberellic acid stimulates cell division, elongation, and growth. The breakdown of starch into sugar comes next. Cell morphology elongates because the cell wall permeability is decreased, and water can enter the cell. (Tripathi et al., 2011). Iron and manganese are available in seaweed extract (SWE), which enhances photosynthesis procedures and chlorophyll production, resulting in a positive influence on growth parameters and ultimately, weight (Khan et al., 2012).
Fruit weight (g) 
Fruit weight data (Table 4) ranged from 78.45 g to 83.23 g. Treatment T6 (2000 ppm SWE at petal fall stage) generated the maximum fruit weight (83.23 g), indicating that it was statistically equivalent to treatments T5 (1500 ppm SWE at petal fall phase), T4 (1000 ppm at petal fall phase), T9 (2000 ppm SWE at pit hardening stage). However, during treatment T10, or control, the lowest fruit weight (78.45 g) was noted. According to Blunden et. al., (1997), SWE has a high concentration of auxins, cytokinins, and betaines. This might have an impact on the division of cells during the initial phase of fruit formation. Additionally, the SWE contains betaine, which increases the amount of chlorophyll in treated plants and slows down its breakdown. It also increases the rate at which CO2 is assimilated, which increases the amount of assimilate supplied to the fruits, increasing their weight and growth (Whapham et al., 1993).
	Treatments
	Fruit Size
	Fruit weight (g)
	Fruit firmness (kg/cm2)

	
	Fruit length (mm)
	Fruit diameter (mm)
	
	

	T1
	53.05
	50.91
	80.31
	6.17

	T2
	53.47
	51.62
	80.43
	6.20

	T3
	53.52
	51.62
	80.83
	6.23

	T4
	54.21
	52.29
	81.53
	6.37

	T5
	55.07
	52.94
	82.26
	6.41

	T6
	56.15
	54.54
	83.23
	6.70

	T7
	53.78
	51.84
	80.86
	6.26

	T8
	53.82
	52.24
	80.93
	6.32

	T9
	54.07
	52.94
	81.23
	6.34

	T10
	52.12
	50.08
	78.45
	6.02

	CD 5%
	1.88
	1.68
	2.32
	0.25


Table 4: Impact of SWE on Fruit size (mm), fruit weight (g) and fruit firmness (kg/cm2) in Peach cv. Shan-e-Punjab

T1 (1000 ppm SWE at pink bud stage), T2 (1500 ppm SWE at pink bud stage), T3 (2000 ppm SWE at pink bud stage, T4 (1000 ppm SWE at petal fall stage), T5 (1500 ppm SWE at petal fall stage), T6 (2000 ppm SWE at petal fall stage), T7 (1000 ppm SWE at pit hardening stage), T8 (1500 ppm SWE at pit hardening stage), T9 (2000 ppm SWE at pit hardening stage), T10 (Control)
Fruit Firmness (kg/cm2)
Fruit firmness is significantly impacted by Seaweed extract applied topically (Table 4).  Treatment T6 (2000 ppm SWE at petal fall stage) had the firmest fruit. (6.70 kg/cm2), followed by treatments T5 (1500 ppm SWE at petal fall phase), T4 (1000 ppm SWE at petal fall stage). Fruit firmness under treatment T10 (control) was the lowest at 6.02 kg/cm2. The results of this study are in accordance with Blaszczyk (2008) and Kamel (2014), who discovered that applying SWE to pear, Valencia orange, and fruit firmness was enhanced by Cox orange apple plants. Additionally, Patel et al., (2020) suggest that applying seaweed extract (SWE) topically to Papaya cv. Red Lady resulted in increased fruit firmness.
Total soluble solids (%) and Titrable acidity (%)
Treatment T6 (2000 ppm SWE at petal fall stage) had the maximum total soluble solids, which was next to treatment T5 (1500 ppm SWE at petal fall phase), T4 (1000 ppm SWE at petal fall stage), T9 (2000 ppm SWE at pit hardening stage), T8 (1500 ppm SWE at pit hardening stage), T7 (1000 ppm SWE at pit hardening stage), T3 (2000 ppm SWE at pink bud stage), T2 (1500 ppm SWE at petal fall stage) and T1 (1000 ppm SWE at pink bud stage) were statistically comparable. Treatment T10 (control) had the lowest total soluble solids (11.68 ºB).
The functions and consequences of phytohormones, vitamins, enzymes, minerals, and elicitor compounds discovered in Ascophyllum nodosum extract may take responsibility for improvement in total soluble solids (TSS), including enhanced absorption of nutrients, increased production of sugar, effective cellular photosynthesis and improved translocation as well as buildup of carbs (Frioni et. al., 2018, Mohamed and El-Sehrawy, 2013). According to Dash et al., (2021), foliar treatment of triacontanol (1–5 ppm) and Ascophyllum nodosum extract at doses of 3000–5000 ppm considerably raised the total soluble solids (TSS) in mango cv. Arka Neelachal Kesari. Additionally, these outcomes align with those of El Sharony (2015) in Fagri Kalan cv. Of mango and Mohamed and El-Sehrawy (2013). 
Treatment T10 (control) had the highest titratable acidity (0.74%), which was statistically comparable to T1 (1000 ppm SWE at pink bud stage), T2 (1500 ppm SWE at pink bud phase), T3 (1000 ppm SWE at pink bud stage), and T9 (2000 ppm SWE at pit hardening stage). Treatment T6 (2000 ppm SWE at petal fall stage) had the lowest titratable acidity (0.56%) (Table 5). The higher pH titratable in untreated peach fruit trees may be due to reduced metabolite degradation in the fruits. The results showed similarity within Chouliaras et al., (2009). The findings of Ahmed et al., (2013) in Valencia orange, and Musawi (2018) in sour orange are closely in line with the decrease in titratable acidity following treatment with SWE.
Table 5: Impact of SWE on TSS (0B), Titrable acidity (%), Ascorbic acid (mg/100g) and Total sugar (%) of Peach cv. Shan-e-Punjab
	Treatments
	Total soluble solids (0B)
	Titrable acidity (%)
	Ascorbic acid (mg/100g)
	Total Sugar (%)

	T1
	12.55
	0.72
	8.14
	11.43

	T2
	12.61
	0.71
	8.25
	11.46

	T3
	12.71
	0.62
	8.36
	11.68

	T4
	12.95
	0.58
	8.66
	11.90

	T5
	13.01
	0.57
	9.04
	12.12

	T6
	13.21
	0.56
	9.19
	12.24

	T7
	12.75
	0.63
	8.49
	11.63

	T8
	12.78
	0.62
	8.54
	11.68

	T9
	12.88
	0.62
	8.57
	11.74

	T10
	11.68
	0.74
	7.39
	11.19

	CD 5%
	0.62
	0.13
	0.58
	0.49



T1 (1000 ppm SWE at pink bud stage), T2 (1500 ppm SWE at pink bud stage), T3 (2000 ppm SWE at pink bud stage, T4 (1000 ppm SWE at petal fall stage), T5 (1500 ppm SWE at petal fall stage), T6 (2000 ppm SWE at petal fall stage), T7 (1000 ppm SWE at pit hardening stage), T8 (1500 ppm SWE at pit hardening stage), T9 (2000 ppm SWE at pit hardening stage), T10 (Control)

Ascorbic acid mg/100g) and total sugars (%)
Treatment T6 (2000 ppm SWE at petal fall stage) had the maximum amount of ascorbic acid (9.19 mg/100g), which was statistically comparable to treatments T5 (1500 ppm SWE at petal fall stage), T4 (1000 ppm SWE at petal fall stage), T9 (2000 ppm SWE at pit hardening stage), T8 (1500 ppm SWE at pit hardening stage), T7 (1000 ppm SWE at pit hardening stage), and T2 (2000 ppm SWE at pink bud stage). The control, or therapy T10 had the smallest amount of ascorbic acid concentration (7.39 mg/100g). The results align with those of Abd El-Motty et al., (2010). Additionally, Khan et al., (2012) found foliar treatment with a mixture of vital amino acid compounds, along with Ascophyllum nodosum extract (seaweed), was sprayed to grapevines cv. Perlette at various growth stages, the ascorbic acid content increased considerably. 
Fruits from treatment T6 (2000 ppm SWE at petal fall stage) had the highest sugar overall (12.24%), which was considered equivalent numerically to treatments T5 (1500 ppm SWE at petal fall phase) and T4 (1000 ppm SWE at petal fall stage). However, treatment T10 (control), had the lowest total sugar amount (11.19%) (Table 5). The increased accumulation of photo assimilates in the fruit plant-specific given treatment with SWE could be the reason for the rise in the total sugar content. The current findings regarding total sugars are consistent with those of Dash et. al., (2021), who found that using it on the leaves of the Ascophyllum nodosum extract (5000 ppm) greatly raised the overall amount of sucrose in mangos. Additionally, these results align with those of El-Mohamed (2019) for peaches and, Spinelli et al., (2009) for apples. 
Leaf macro nutrients
Treatment T6 (2000 ppm SWE at petal fall stage) had the considerably greatest amount of leaf N content (4.06%), which was statistically comparable to treatment T5 (1500 ppm SWE at petal fall stage). Treatments T4 (1000 ppm SWE at petal fall stage), T3 (2000 ppm SWE at pink bud phase), T2 (1500 ppm SWE at pink bud phase), T1 (1000 ppm SWE at pink bud stage), T9 (2000 ppm SWE at pit hardening stage), T8 (1500 ppm SWE at pit hardening stage), and T7 (1000 ppm SWE at pit hardening stage) were similar in terms of statistics. However, the controlled group (T10) possessed the least leaf nitrogen (3.50%) (Table 6).
The treatment T6 (2000 ppm SWE at petal fall stage) had the highest leaf P content (0.26%), which was statistically comparable to the treatment T5 (1500 ppm SWE at petal fall stage). Treatment T10 (control) had the lowest leaf P concentration (0.15%). (Table 6).
Treatment T6 (2000 ppm SWE at petal fall stage) had the maximum K content of leaves (2.28%), which was statistically comparable to the treatments T5 (1500 ppm SWE at petal fall stage), T4 (1000 ppm SWE at petal fall stage), T3 (2000 ppm SWE at pink bud stage), T2 (1500 ppm SWE at 1500 ppm), and T1 (1000 ppm SWE at pink bud stage). The control group (T10) contained the least amount (1.63%).
Treatment T6 (2000 ppm SWE at petal fall stage) had the greatest leaf Ca content (2.27%), which was statistically comparable to treatments T5 (1500 ppm SWE at petal fall stage), T4 (1000 ppm SWE at petal fall stage), T3 (2000 ppm SWE at pink bud stage). Treatment T10 (control) had the lowest leaf Ca concentration (1.62%) (Table 6).
Treatment T6 (2000 ppm SWE at petal fall stage) had the greatest leaf Mg content (1.12%), which was statistically comparable to treatments T5 (1500 ppm SWE at petal fall stage), T4 (1000 ppm SWE at petal fall stage), T3 (2000 ppm SWE at pink bud stage). The control group (T10) possessed the lowest leaf magnesium concentration (0.65%) (Table 6). The current research outcomes are similar with Mohamed and El-Sehrawy (2013).
Table 6: Effect of SWE on the leaf macronutrient components of peach cv. Shan-e-Punjab.
	Treatments
	Nitrogen (%)
	Phosphorus (%)
	Potassium (%)
	Calcium (%)
	Magnesium (%)

	T1 
	3.67
	0.18
	2.01
	1.86
	0.80

	T2
	3.71
	0.22
	2.12
	1.92
	0.85

	T3
	3.73
	0.25
	2.13
	1.95
	0.88

	T4
	3.75
	0.22
	2.15
	2.01
	0.91

	T5
	3.94
	0.25
	2.19
	2.11
	0.92

	T6
	4.06
	0.26
	2.28
	2.27
	1.12

	T7
	3.55
	0.16
	1.87
	1.80
	0.73

	T8 
	3.58
	0.18
	1.91
	1.86
	0.75

	T9 
	3.61
	0.17
	1.94
	1.85
	0.76

	T10
	3.50
	0.15
	1.63
	1.62
	0.65

	CD 5%
	0.17
	0.04
	0.21
	0.28
	0.06



T1 (1000 ppm SWE at pink bud stage), T2 (1500 ppm SWE at pink bud stage), T3 (2000 ppm SWE at pink bud stage, T4 (1000 ppm SWE at petal fall stage), T5 (1500 ppm SWE at petal fall stage), T6 (2000 ppm SWE at petal fall stage), T7 (1000 ppm SWE at pit hardening stage), T8 (1500 ppm SWE at pit hardening stage), T9 (2000 ppm SWE at pit hardening stage), T10 (Control)


Leaf micro nutrients
Treatment T6 (2000 ppm SWE at petal fall) had the greatest leaf Fe concentration (149.84 ppm), which was statistically comparable to treatment T5 (1500 ppm SWE at petal fall stage). Treatment T10 (control) had the lowest Fe concentration (135.04 ppm) (Table 7).
Treatment T6 (2000 ppm SWE at petal fall stage) also recorded the highest leaf Cu content (9.81 ppm), which was statistically comparable to treatments T5 (1500 ppm SWE at petal fall stage), T4 (1000 ppm SWE at petal fall stage), T9 (2000 ppm SWE at pit hardening stage), T8 (1500 ppm SWE at pit hardening stage), and T7 (1000 ppm SWE at pit hardening stage). Treatment T10 (control) had the lowest leaf Cu concentration (6.97 ppm) (Table 7). 
Treatment T6 (2000 ppm SWE at petal fall stage) had the highest accumulation of leaf Zn content (50.39 ppm), which was statistically comparable to treatments T5 (1500 ppm SWE at petal fall stage), T4 (1000 ppm SWE at petal fall stage), and T9 (2000 ppm SWE at pit hardening stage). Treatment T10 (control) showed the lowest accumulation of leaf zinc content (42.69 ppm).
Treatment T6 (2000 ppm SWE at petal fall stage) had the greatest leaf Mn content (61.70 ppm), which was statistically comparable to treatments T5 (1500 ppm SWE at petal fall stage) and T4 (1000 ppm SWE at petal fall phase). Treatment T10 (control) had the lowest leaf Mn level (27.97 ppm) (Table 7). The increased micronutrient content of peaches sprayed with seaweed extract (SWE) may be caused by the formulation’s higher proportion of micronutrients, which are directly absorbed and supplemented when applied as foliar sprays (Singh, 2003).
The outcomes are consistent with a standard Chouliaras et al., (2009), who discovered that applying SWE topically greatly raised the Fe and Cu content of olive cv. Koroneiki. Turan and Kose (2004) also noted that applying algae extract foliar mist to the vines of grapes increased the amounts of iron, Mn, and copper in the leaves. In a similar vein, Mohamed and El Sehrawy (2013) observed that mango trees’ Zn, Fe, and Mn contents increased when SWE was used at a frequency of 0.1 to 0.4%. El-Mohamed (2019) revealed that peach plants have increased Fe, Zn, and Mn levels. By increasing cell membrane permeability and estrogen-like functions through their participation in several enzymatic reactions, cellular photosynthesis, and cellular respiration, seaweed extract (SWE) may affect Cu absorption (Verkleij, 1992; Chouliaras et al., 2009).
Table 7: Effect of SWE on leaf micro nutrient composition of peach cv. Shan-e-punjab
	Treatments
	Iron (ppm)
	Copper (ppm)
	Zinc (ppm)
	Manganese (ppm)

	T1
	136.90
	8.59
	44.09
	34.01

	T2
	137.93
	8.95
	45.68
	36.30

	T3
	138.21
	9.19
	48.25
	36.68

	T4
	145.18
	9.27
	48.73
	38.24

	T5
	148.51
	9.43
	49.65
	38.31

	T6
	149.84
	9.81
	50.39
	39.56

	T7
	135.22
	7.30
	42.98
	30.93

	T8
	136.26
	7.81
	44.06
	31.29

	T9
	136.67
	8.04
	43.24
	33.68

	T10
	135.04
	6.97
	42.69
	27.97

	CD 5%
	4.44
	0.92
	2.39
	1.63



T1 (1000 ppm SWE at pink bud stage), T2 (1500 ppm SWE at pink bud stage), T3 (2000 ppm SWE at pink bud stage, T4 (1000 ppm SWE at petal fall stage), T5 (1500 ppm SWE at petal fall stage), T6 (2000 ppm SWE at petal fall stage), T7 (1000 ppm SWE at pit hardening stage), T8 (1500 ppm SWE at pit hardening stage), T9 (2000 ppm SWE at pit hardening stage), T10 (Control)
Conclusion
The present research determined that Seaweed extract (SWE) at 2000 ppm showed the most noticeable influence on the majority of the parameters. For a higher production of high-quality fruits, foliar treatment of seaweed extract (SWE) at 2000 ppm throughout the petal fall, pink bud, and pit hardening stages may be advantageous.
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