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ABSTRACT 
 

The present investigation entitled “Influence of foliar spraying of Seaweed extract and Humic acid 
on growth, yield and quality of Strawberry (Fragaria × ananasa duch) cv. Winter dawn” was carried 
out in the Department of Horticulture, Sam Higginbottom University of Agriculture Technology & 
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Sciences Prayagraj. This experiment was conducted from November 2022 to March 2023. This 
experiment was conducted to evaluate the best treatment combination of Seaweed Extract and 
Humic acid concentration for producing the best quality strawberry. The experiment was laid out in 
Randomized Design having 9 treatments and replicated 3 times. The T9 (SWE @ 8000ppm + 
Humic acid @ 3.0 g/L) recorded highest values in terms of growth parameters i.e. number of leaves 
(7.83, 15.58, 23.66, 30.08), plant height (7.88, 12.21, 15.25, 18.06), plant spread (13.38 E-W, 
13.41 N-S; 15.4 E-W, 15.43 N-S; 21.55 E-W, 21.01 N-S; 24.44 E-W, 24.45 N-S) at different stages 
of growth i.e 30, 60, 90, and 120 days after planting as compared to T1 (control) and all other 
treatments. Plant treatment T9 also recorded earliest flowering (48.42 days) and earliest fruiting 
(70.42). Fruit weight (30.84g), fruit length (5.84cm) and diameter (4.05cm) were found superior 
followed by T8 (SWE @ 7000ppm + Humic acid @ 3.0 g/L). Higher yield (343.52g) and higher 
number fruits per pant (20.66) were observed in T9 and the lower yield and less number of fruits per 
plant in T1 (control). In Fruit quality characters, higher TSS (11.13ᴼB), lower acidity (0.58%) and 
high amount of ascorbic acid (60.16 mg/100 g) was observed in T9 followed by T8. Higher 
concentrations of seaweed extract and humic acid have been found to have a more significant 
positive impact on the yield quality of strawberries, demonstrating their superiority in enhancing 
crop productivity. 
 

 

Keywords: Strawberry; seaweed extract; humic acid. 
 

1. INTRODUCTION 
 

The strawberry, scientifically known as Fragaria 
ananassa and belonging to the Rosacae family, 
[1] holds a significant position among fruit crops, 
encompassing approximately 20 different 
species. (Jiajun et al.  2006). The Fragaria genus 
comprises 17 additional species, including 
diploid, tetraploid, hexaploid, and octaploid 
variations. The cultivated strawberry is octaploid, 
with a chromosome count of 2n=8x=56 [1]. 
Renowned for its small, firm, pink to red, and 
aromatic fruit, the strawberry is highly perishable 
and finds applications in making jams, juices, 
and other high-quality products, apart from being 
consumed fresh. Strawberry plants propagate 
through runners, which are sent out by the 
mother plant when the root system becomes 
woody, thus enabling the enlargement of the 
plant. For optimal growth and development, 
strawberries require a daytime temperature 
ranging from 22°C to 23°C and a nighttime 
temperature of 7°C to 13°C. Frost and winter 
injuries can significantly reduce berry yield. 
Sandy loam soils with a pH range of 5.5 to 6.5 
are ideal for strawberry cultivation. With its 
aggregate fruit structure, strawberries have 
become one of the most important soft fruits 
globally, second only to grapes. Their wide 
distribution is attributed to their genotypic 
diversity, highly heterozygous nature, and ability 
to adapt to diverse environmental conditions s 
[2]. Strawberry holds a prominent position as one 
of the most significant fruit crops worldwide. In 
recent years, it has gained tremendous 
popularity among Indian growers in the vicinity of 
towns and cities due to its lucrative prices and 

high profitability. This surge in demand has led to 
a remarkable increase in both the cultivation area 
and production of strawberries [3,4], (Singh et al. 
2006); [5]. In India, the National Bureau for Plant 
Genetic Resources introduced strawberries at 
the Regional Research Station in Shimla. 
Currently, strawberries are grown in Shimla, 
Bilaspur, Kangra, Kullu, Palampur (Himachal 
Pradesh), Dehradun, Nainital, Srinagar, parts of 
West Bengal, and extended to Pune and 
Mahabaleshwar (Maharashtra), Bengaluru, and 
Coorg (Karnataka). They are primarily cultivated 
as a winter crop from October to March. 
Maharashtra is the leading producer of 
strawberries in India, accounting for 
approximately 85 percent of the total production. 
In 2020, global strawberry production reached 
8.9 million tonnes, with China leading at 38 
percent (3.3 million tonnes), followed by the USA 
(1.1 million tonnes) (FAOSTAT, 2023). Ripe 
strawberries consist of approximately 89.5% 
water, 3.7%-8.5% sugar, 0.4% ash, and high 
levels of pectin (0.5%-1.36%), but they do not 
contain starch [6]. These fruits are a rich source 
of vitamins and minerals (Singh et al., 2007), 
providing a fairly good amount of vitamin A (60 
IU/100g of edible portion) and vitamin C (30-
120mg/100g of edible portion) [7]. Ripe 
strawberries attain an attractive red color upon 
maturity, mainly due to the presence                             
of an anthocyanin called pelargonidin 3-
monoglucoside, along with traces of cyanidin [8]. 
The high pectin content, primarily in the form of 
calcium pectate, makes strawberries excellent for 
jelly-making [9]. Additionally, the fruit contains 
total soluble solids (7-12%), total sugars (5.0%), 
and acids (0.90-1.85%) [10]. 



 
 
 
 

Rishitha et al.; Int. J. Plant Soil Sci., vol. 35, no. 15, pp. 181-191, 2023; Article no.IJPSS.101425 
 

 

 
183 

 

In modern agriculture, there is a growing interest 
in using water-soluble fertilizers for multi-nutrient 
foliar feeding [11-13]. This method effectively 
corrects nutrient deficiencies, as the nutrients are 
easily absorbed by plants. Foliar feeding 
minimizes environmental pollution, optimizes 
nutrient utilization, and enhances sugar 
production during times of stress. It also 
improves plant production, yield, and quality, 
particularly in situations where there is limited 
nutrient uptake from the soil and competition for 
carbohydrates among plant organs [14-18]. 
Compared to traditional soil applications, foliar 
application offers rapid nutrient correction and 
better control over plant responses. The use of 
water-soluble fertilizers and humic acid has 
shown promising results in increasing strawberry 
production and quality, making it an important 
technique in modern agriculture [19-22]. Humic 
compounds have been found to enhance soil 
structure [23] and promote the growth of soil 
microbes [24]. They also increase the cation 
exchange capacity of the soil, which is crucial for 
nutrient availability to plants [25] Moreover, these 
compounds indirectly benefit plant roots by 
providing essential macro and micronutrients, 
thereby improving soil fertility [26]. Additionally, 
when plants face water stress, the application of 
foliar sprays containing humic molecules has 
been shown to enhance leaf water retention, 
improve photosynthetic efficiency, and support 
antioxidant metabolism [27]. 
 
Bio stimulants refer to non-fertilizer products that 
have beneficial effects on plant growth and do 
not contain chemicals or synthetic plant growth 
regulators [28]. Macroalgae, also known as 
seaweeds, comprise approximately 10,000 
species and contribute to 10% of global marine 
productivity [29]. In recent years, natural 
seaweeds have been increasingly replacing 
synthetic fertilizers. Various commercial seaweed 
extract products have been studied for their 
effects on fruit crops [30]. Seaweed extracts are 
marketed as liquid fertilizers and bio-stimulants 
due to their content of numerous growth 
regulators, including cytokinins [31], auxins [32], 
gibberellins [33], In addition to being rich in 
growth regulators, seaweed extracts also provide 
a wide range of macro and micronutrients that 
are vital for optimal plant growth and 
development. Seaweeds are primitive non-
flowering plants that lack true roots, stems, and 
leaves. They encompass a wide range of 
species, estimated to be between 25,000 and 
30,000, exhibiting great diversity [34]. Seaweeds 
are classified into three main groups based on 

pigmentation: brown algae (Phaeophyta), red 
algae (Rhodophyta), and green algae 
(Chlorophyta) [35]. With a high water content of 
80-90%, seaweeds possess carbohydrates that 
make up around 50% of their dry weight, 1-3% 
lipids, and 7-8% minerals. Protein content varies 
but can range from 10% to 47%, often                
containing essential amino acids in significant 
proportions [36]. Seaweeds are known for their 
abundance of polysaccharides, minerals, omega 
3 and 6 polyunsaturated fatty acids (PUFA), 
vitamins, and bioactive substances such as 
polyphenols, which confer properties such            
as anti-hyperlipidemic, antihypertensive, and 
antibacterial effects [37]. 
 

2. MATERIALS AND METHODS 
 
The experiment was conducted between 
November 2022 and March 2023 at the 
Horticulture Research Farm, Department of 
Horticulture at Naini Agricultural Institute, Sam 
Higginbottom University of Agriculture, 
Technology and Sciences (SHUATS). The 
institute is located in Prayagraj (U.P.),                 
situated at latitude 25

0
 39‟ 42” N, longitude 

81
0
67‟56” E, and an altitude of 98 meters above 

sea level. 
 

Chart 1. List of treatments and their details 
used for the study 

 

Treatment 
symbol 

Treatment detail 

T1 Control 

T2 Seaweed extract @1000ppm 
+ Humic acid @3g/L 

T3 Seaweed extract @2000ppm 
+ Humic acid @3g/L 

T4 Seaweed extract @3000ppm 
+ Humic acid @3g/L 

T5 Seaweed extract @4000ppm 
+ Humic acid @3g/L 

T6 Seaweed extract @5000ppm 
+ Humic acid @3g/L 

T7 Seaweed extract @6000ppm 
+ Humic acid @3g/L 

T8 Seaweed extract @7000ppm 
+ Humic acid @3g/L 

T9 Seaweed extract @8000ppm 
+ Humic acid @3g/L 

 
The experiment was carried out by applying a 
combination of seaweed extract and humic acid 
through foliar application on the winter dawn 
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variety of Strawberry. The experiment contained 
was performed in Randomized block             
design comprising 9 treatments replicated 3 
times. The treatments used are as follows in 
Chart 1. 
 

3. RESULTS AND DISCUSSION 
 

3.1 Growth Parameters 
 
In the study, the maximum number of leaves in 
strawberry plants at different time intervals (30, 
60, 90, and 120 days after planting) were 
observed. The plants treated by treatment T9, 
which consisted of Seaweed extract at 8000ppm 
and humic acid at 3g/lt, demonstrated the highest 
number of leaves 7.83, 15.58, 23.66, and 30.08 
respectively. As the treatments progressed from 
lower to higher combinations, the number of 
leaves per plant exhibited a gradual increase. 
These findings align with previous research 
conducted by [38], thus reinforcing the 
consistency of the results. Accordingly, the plant 
height was recorded at various time intervals (30, 
60, 90, and 120 days after planting). The 
treatment T9, which involved spraying Seaweed 
extract at 8000ppm and applying Humic acid at 
3g/lt, resulted in the highest plant heights 
recorded: 7.88, 12.21, 15.25, and 18.06 
respectively. Over time, as the plants grew, the 
treatment T9 consistently displayed taller heights 
compared to the control group. These results 
highlight the positive impact of the Seaweed 
extract and Humic acid treatment on promoting 
plant growth, as observed in previous studies. 
The height of strawberry plants showed a 
significant improvement upon the application of 
SWE, possibly due to the growth regulators like 
cytokinin and nutrients present in it. These 
components may have influenced the cellular 
metabolism of the plants, resulting in enhanced 
growth and vitality. As reported by [39] tomato 
plants treated with red, brown and green species 
of seaweed extract resulted in increased plant 
height and overall increase in biomass. Similar to 
plant height, the plant spread of strawberry 
plants was also measured at various time 
intervals (30, 60, 90, and 120 days after 
planting). The treatment T9, which involved 
applying Seaweed extract at 8000ppm and 
humic acid at 3g/lt, resulted in the maximum 
plant spread in both the East-West and North-
South directions. The observations recorded 
were 13.38, 15.4, 21.55, and 24.44 in the East-
West direction, and 13.41, 15.43, 21.01, and 
24.45 in the North-South direction, respectively, 
at the corresponding time intervals. These 

findings indicate that the higher combination of 
seaweed extract and humic acid T9 positively 
influenced the lateral growth and overall spread 
of the strawberry plants. The observed increase 
in shoot characteristics of the strawberry plants 
could potentially be attributed to the presence of 
macronutrients found in seaweed extracts. 
Macronutrients, such as nitrogen, potassium, and 
phosphorus, play vital roles in plant nutrition, 
supporting growth and development [40]. 
Additionally, the auxin content present in 
seaweed extracts may contribute to cell division 
and enlargement, ultimately leading to enhanced 
shoot growth and an increase in the number of 
leaves [41]. Furthermore, the addition of humic 
acid to the treatment regimen enhances soil 
porosity and improves the growth of the root 
system. This, in turn, aids in nutrient absorption, 
subsequently resulting in increased shoot growth 
[42]. 
 

3.2 Phenological Parameters 
 
The plants treated with treatment T9 (SWE 
@8000ppm + Humic acid @g/lt) showed the 
fastest appearance of the first flower, taking only 
48.42 days. On the other hand, the untreated 
plants took the longest time, with 62 days for the 
first flower to appear. The accelerated flowering 
observed in the plants treated with SWE may be 
attributed to the presence of growth regulators 
such as cytokinin and auxin, which are known to 
promote early flowering in strawberries [43]. 
Seaweed extract contains natural growth 
regulators like cytokinin and indole acetic acid, 
which are thought to enhance flower initiation 
and induce early flowering [44,45], (Battacharyya 
et al. 2015). Similarly, the treated plants with a 
higher concentration of seaweed extract and 
humic acid (T9) exhibited early fruit appearance, 
taking only 70.42 days. In contrast, the untreated 
plants showed delayed fruit appearance, taking 
84.75 days. Seaweed extract has been 
recognized for its ability to stimulate early 
flowering and fruit set in various crops,                  
possibly due to promoting robust plant growth 
during the initial stages of plant development 
[46]. 
 

3.3 Yield Parameters 
 
The yield of the plants was assessed based on 
the number of fruits per plant and the total fruit 
production per plant. The plants treated with a 
higher concentration of seaweed extract and 
humic acid (T9) displayed the maximum number 
of fruits, with 20.06 fruits per plant. In contrast, 
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the untreated plants had the minimum number of 
fruits, with only 11.41 fruits per plant. This study 
reveals that the application of seaweed extract 
and humic acid improves the yield compared to 
untreated and low concentration treated plants. 
Furthermore, the total fruit production per plant 
was measured, and treatment T9 exhibited the 
highest yield, producing 343.52 grams of fruits 
per plant. On the other hand, treatment T1, which 
consisted of untreated plants, recorded the 
lowest total fruit production per plant, with 173.14 
grams. These findings highlight the positive 
impact of seaweed extract and humic acid 
treatments on enhancing the overall fruit yield. 
Seaweed contains essential macro elements 
such as nitrogen (N), phosphorus (P), potassium 
(K), and manganese (Mn) that fulfill the mineral 
requirements of plants for crucial processes like 
photosynthesis, respiration, cell division, and 
elongation. Additionally, seaweed plays a vital 
role in providing micro elements like iron (Fe), 
zinc (Zn), copper (Cu), and manganese (Mn), 
which are necessary for protein synthesis, 
chlorophyll production, the synthesis of the 
hormone IAA (indole-3-acetic acid) responsible 
for elongation, and cell division. These elements 
contribute to an increased amount of processed 
food and its accumulation within the plant, 
supporting overall growth and development           
[47]. 
 

3.4 Fruit Quality Characters 
 
The fruit quality characteristics, including fruit 
weight, fruit length, fruit diameter, TSS (Total 
Soluble Solutes), acidity, and ascorbic acid 
content, were assessed through chemical 
analysis of selected fruits. The fruits harvested 
from plants treated with T9 showed the maximum 
fruit weight (30.84 g), length (5.84 cm), and 
diameter (4.05 cm). In this study, the foliar 
application of seaweed extract significantly 
increased fruit length, breadth, and weight 
compared to the control group. Seaweed extract 
is known to contain cytokinins, auxins, and 
betaines, which may have influenced cell division 
during the early stages of fruit growth. The 
presence of Seaweed extract might have also 
affected the endogenous auxin concentration in 
developing fruits, leading to increased receptacle 
enlargement and consequently larger fruit size. 
These findings are consistent with previous 
studies. Noorie and Keathley [48] reported that 

Seaweed extract applications in Thompson 
seedless grapes resulted in a 13% increase in 
berry size and a 39% increase in berry weight 
compared to the control. Similar results were 
observed by [49] in kiwifruit, [50] in strawberries 
and [51] in pears. These studies demonstrated 
the positive effects of Seaweed extract on 
enhancing fruit size and weight in various              
crops. 
 
The fruits harvested from plants treated with a 
higher concentration of seaweed extract and 
humic acid (T9) exhibited the highest content of 
total soluble solute, measuring 11.13 ºB. In 
contrast, the lowest total soluble solute content of 
6.43 ºB was recorded in fruits from untreated 
plants. These findings align with previous studies 
conducted by [52] in mango, [53] in watermelon, 
[54] in grapes, [55] in Valencia orange, and [56] 
in strawberries. The increase in total soluble 
solids can be attributed to the higher 
carbohydrate content in strawberry plants treated 
with seaweed extract, as suggested by [56]. 
Additionally, the study observed that the 
minimum acidity percentage of 0.58% was 
recorded in fruits from T9, while the maximum 
acidity percentage of 0.91% was recorded in T1 
(untreated plants). The results indicate that the 
acidity value increased in the control group, 
possibly due to a lesser breakdown of 
metabolites in the fruits of untreated plants. 
These findings align with the research of [57] in 
grapes, [55] in Valencia orange, and [57] in 
bananas, which also reported reduced acidity in 
plants treated with seaweed extract. 
Furthermore, the study found that the maximum 
ascorbic acid content of 60.16 mg/100g was 
present in T9, while the minimum content of 
52.13 mg/100g was found in T1 (untreated 
plants). Application of seaweed extract 
significantly increased the ascorbic acid content 
in fruits compared to the control group. These 
results are consistent with the findings of [54], 
who reported higher ascorbic acid contents in 
grapevines treated with a mixture of amino acids 
and Ascophyllum nodosum extract. Similar 
results were also reported by (Saeid Eshghi et al. 
2013) study on strawberries. Overall, these 
findings support the positive impact of                
seaweed extract treatment on the total soluble 
solute content, acidity percentage, and                 
ascorbic acid content of fruits, as observed in 
various plant species across different studies. 
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Table 1. Variability in number of leaves in different treatments 
 

Treatment symbol No of leaves 

(30DAP) (60DAP) (90DAP) (120DAP) 

T1 2.5 5.08 11.08 19.33 
T2 3.58 9.42 16.92 25.08 
T3 4.16 10.25 16.66 24.92 
T4 4.25 10.75 17.75 25.17 
T5 4.16 10.08 17.92 25.42 
T6 3.66 11.58 20.25 24.25 
T7 4.08 8.92 19.08 24.92 
T8 4.67 10.25 21 24 
T9 7.83 15.58 23.66 30.08 

F-Test S S S S 
S.E.(m)(±) 0.35 0.42 0.71 0.32 
CD (5%) 1.05 1.26 2.13 0.96 
CV 14.12 7.14 6.76 2.23 

 
Table 2. Variability in Phenological and Yield characteristics in different treatments 

 

Treatment symbol Phenological character Yield characters 

Days to first 
flowering (Days) 

Days to first 
fruiting (Days) 

No of fruits 
per plant 

total fruit 
production/plant (g) 

T1 62 84.75 11.41 173.14 
T2 58.92 83 11.91 191.52 
T3 59.08 83 12.75 213.41 
T4 59.33 83.33 14.58 230.59 
T5 58.5 80.83 16 247.85 
T6 56.5 78.33 17.42 262.3 
T7 55.58 76.5 18 292.16 
T8 52.08 73.83 19.42 312.29 
T9 48.42 70.42 20.66 343.52 

F-Test S S S S 
S.E.(m)(±) 0.56 0.39 0.18 1.3 
CD(5%) 1.69 1.19 0.54 1.85 
CV 1.72 0.86 1.99 0.89 

 
Table 3. Variability in Fruit Quality Characters in different treatments 

 

Treatment 
symbol 

Fruit Quality Characters 

Fruit 
weight (g) 

Fruit length 
(cm) 

Fruit Diameter 
(cm) 

TSS 
(ᴼbrix) 

Acidity 
(%) 

Ascorbic acid 
(mg/100g) 

T1 11.1 3.03 2.75 6.43 0.91 52.13 
T2 14.42 3.12 3.01 7.17 0.86 53.16 
T3 17.64 3.42 3.15 7.43 0.83 55.33 
T4 19.94 3.8 3.26 8 0.79 55.8 
T5 23.02 4.13 3.45 8.6 0.75 56.13 
T6 24.68 4.28 3.57 9.26 0.7 56.83 
T7 26.28 4.81 3.67 9.63 0.66 57.06 
T8 28.11 5.12 3.89 10.67 0.64 58.06 
T9 30.84 5.84 4.05 11.13 0.58 60.16 
F-Test S S S S S S 
S.E.(m)(±) 0.132 0.03 0.02 0.18 0.01 0.36 
CD(5%) 0.39 0.1 0.07 0.56 0.02 1.08 
CV 1.05 1.44 1.19 3.7 2.2 1.12 

 



 
 
 
 

Rishitha et al.; Int. J. Plant Soil Sci., vol. 35, no. 15, pp. 181-191, 2023; Article no.IJPSS.101425 
 

 

 
187 

 

 
 

Fig. 1. Growth parameters 
 

 
 

Fig. 2. Phenological parameters 
 

 
 

Fig. 3. Yield characters 
 



 
 
 
 

Rishitha et al.; Int. J. Plant Soil Sci., vol. 35, no. 15, pp. 181-191, 2023; Article no.IJPSS.101425 
 

 

 
188 

 

 
 

Fig. 4. Fruit quality characters 

 
4. CONCLUSION 
 
From this experiment it could be concluded that, 
the usage of higher concentrations of seaweed 
extract and humic acid, specifically in treatment 
T9 (SWE @ 8000ppm + Humic acid @ 3.0 g/L), 
has shown remarkable effects on the growth 
parameters and yield quality of strawberries. T9 
exhibited superior results in terms of number of 
leaves, plant height, plant spread, flowering, 
fruiting, fruit weight, fruit length, fruit diameter, 
yield, and number of fruits per plant. Additionally, 
T9 demonstrated higher total soluble solids 
(TSS), lower acidity, and higher ascorbic acid 
content in the fruits. These findings highlight the 
significant positive impact of seaweed extract 
and humic acid on strawberry production, 
indicating their potential to enhance crop 
productivity. 
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