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Introduction 

Farmers have traditionally used inorganic fertilizers and 

pesticides to enhance crop yields, but their overuse has led to 

harmful residues such as nitrates, heavy metals (e.g., cadmium, 

lead) and persistent pesticides in fruits, vegetables and grains     

(1-3). These residues pose serious health and environmental 

risks. As a sustainable alternative, biofertilizers and 

bioenhancers improve soil health and nutrient uptake without 

toxic buildup (1). Furthermore, excessive use of synthetic 

chemicals disturbs the soil's microbial ecosystem, leading to 

groundwater pollution and environmental degradation (4). The 

cultivated modern strawberry (Fragaria × ananassa) is a hybrid 

crop developed in 17th century France from Fragaria chiloensis and 

Fragaria virginiana    (5, 6). Strawberry (Fragaria × ananassa 

Dutch.), a member of the Rosaceae family (2n = 8x = 56), is highly 

valued not only for its taste and market appeal but also for its rich 

nutritional profile. It is an excellent source of vitamin C, potassium 

and dietary fiber, all of which play key roles in supporting immune 

function, cardiovascular health and digestive wellness (7). 

Moreover, strawberries are abundant in phenolic compounds 

including flavonoids, phenolic acids and anthocyanins, known for 

their strong antioxidant and anti-inflammatory properties. These 

bioactive constituents contribute to the prevention of chronic 

diseases such as cancer, diabetes and neurodegenerative disorders, 

making strawberry an ideal crop for functional food production and 

human health promotion. 

 Strawberry cultivation has grown rapidly in India, 

particularly in regions near urban centers where market demand 

and profitability are high (8, 9). Significant expansion has been 

observed in states like Maharashtra (Mahabaleshwar and Pune), 

Himachal Pradesh, Uttarakhand, Jammu & Kashmir and parts of 

Uttar Pradesh and Karnataka, driven by favorable agro-climatic 

conditions and increased consumer awareness. This regional 

growth reflects the crop’s commercial potential and its adaptability 

under diverse production systems, further justifying research on 

sustainable practices to enhance yield and quality. 

 Given the rising demand, it is crucial to address the adverse 

effects of chemical fertilizers and explore sustainable alternatives to 

ensure safe and high-quality production. A significant research gap 

exists in developing eco-friendly approaches to enhance strawberry 

yield without compromising human and environmental health. 

Biofertilizers and bioenhancers are promising alternatives to 

inorganic chemicals (10, 11). Such benefits have also been observed 

in fruit crops like banana, papaya and pomegranate, as well as in 

temperate fruits like apple and pear, where organic inputs 

improved yield, fruit quality and soil health. These findings 
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Abstract  

The present study was conducted in the Department of Horticulture, Chandra Sekhar Azad University of Agriculture and Technology, 

Kanpur, Uttar Pradesh, India. The experiment aimed to assess the impact of various biofertilizers (Azotobacter and phosphorus 

solubilizing bacteria (PSB)) and bioenhancers (Panchagavya, Jeevamrit and Amritpani) on the growth and yield parameters of strawberry 

(Fragaria × ananassa Dutch.) cv. Chandler. The experiment was conducted using a randomized block design, featuring ten treatments, 

each replicated three times. Treatments included combinations of biofertilizers (Azotobacter, PSB) and bioenhancers (Panchagavya, 

Jeevamrit, Amritpani). Among the ten treatments tested, including a control, the treatment T9 (Panchagavya 3 % + PSB 50 g/bed + 
Azotobacter 50 g/bed) showed the best results, significantly enhancing plant height, spread, number of leaves, leaf area, number of 

crowns and runners per plant. This treatment also shortened the time to first flowering, extended the flowering duration, maximum 

number of flowers and fruit per plant and minimum days to fruit set. Fruit traits such as length, diameter, weight, volume and specific 

gravity (g/cc), yield parameters such as yield per plant (g) and yield per plot were also improved under the treatment T9. Thus, the 
combination of biofertilizers and bioenhancers demonstrated significant potential to increase crop growth and yield in fields. We 

concluded that the combined use of Panchagavya, PSB and Azotobacter should be utilized for improving the vegetative growth, flowering 

and fruit yield of strawberry cv. Chandler, especially under an organic farming system. 
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underscore their relevance in sustainable fruit production systems 

(12-14). 

 Bioinoculants such as Azotobacter and PSB are beneficial 

microorganisms that promote nutrient availability and plant 

growth (5, 15). Azotobacter fixes atmospheric nitrogen, while PSB 

solubilizes soil phosphorus, making it accessible to plants (16). As 

well, bioenhancers like Panchagavya, Jeevamrit and Amritpani 

stimulate soil microbial activity and nutrient cycling. Jeevamrit, a 

fermented blend of beneficial microbes, enhances nutrient 

availability and decomposes organic matter (17). Amritpani, made 

from fermented plant materials and Panchagavya, an organic 

growth promoter, improve soil health and plant growth (14, 18). This 

study focuses on evaluating the effects of bioinoculants (Azotobacter 

and PSB) and bioenhancers (Panchagavya, Jeevamrit and Amritpani) 

on the growth and yield of the Chandler variety of strawberry 

(Fragaria × ananassa). By investigating these alternatives, the 

research aims to develop sustainable practices that reduce reliance 

on synthetic inputs while enhancing strawberry production in an 

environmentally friendly manner. This is crucial for advancing 

sustainable agriculture and ensuring safe, high quality food 

production. 

 

Materials and Methods 

Twelve months old Chandler strawberry runners were planted 

on raised beds measuring 60 cm x 90 cm, elevated by 8-10 cm. 

The plants were spaced 45 cm apart in rows and 20 cm between 

each plant, allowing for 6 plants per plot. The research work was 

conducted at the Department of Horticulture, C S Azad 

University of Agriculture and Technology, Kanpur 208 002, Uttar 

Pradesh, India, during the years 2022-23 and 2023-24. The crop 

was planted in the last week of September each year and 

harvesting was carried out from the end of December to April. As 

environmental conditions during this period can significantly 

influence crop growth and yield parameters, pooled data across 

both years were analyzed to ensure consistency and reliability. 

The study included nine treatment combinations, along with one 

control, all replicated three times in a randomized block design. 

The ten treatment consisting of T1 control (FYM -5 kg/bed), T2 

(Amritpani (20 %) + Azatobactor (50 g/bed)), T3 (Panchagavya (3 

%) + Azatobactor (50 g/bed)), T4 (Jiva amrit (20 %) + Azatobactor 

(50g/bed)), T5 (Amritpani (20 %) + PSB (50 g/bed)), T6 

(Panchagavya       (3 %) + PSB (50 g/bed)), T7 (Jiva amrit (20 %) + 

PSB (50 g/bed)), T8 (Amritpani (20 %) + PSB (50 g/bed)) + 

Azatobactor (50 g/bed), T9 (Panchagavya (3 %) + PSB (50 g/bed) + 

Azatobactor (50 g/bed) and T10 (Jiva amrit (20 %) + PSB (50 g/bed) 

+ Azatobactor (50 g/bed).   

 The data collected on various parameters during both 

experimental years were analyzed and presented separately. 

During the experiment observations were recorded on plant 

height (cm), plant spread (cm), no. of leaves per plant, leaf area 

(cm2), no. of crowns per plant, no. of runners per plant, days 

taken to produce first flower, no. of flower per plant, duration of 

flowering, no. of days to fruit set, no. of fruit set/plant, duration 

of harvesting, fruit length (cm), fruit weight (g), fruit diameter 

(cm), fruit volume (cc), specific gravity (g/cc), yield per plant (g) 

and yield par plot (kg). The no. of flowers/plant and fruits per 

plant was recorded at 5 days intervals throughout the whole 

growing season. During each harvesting event, data on berry 

weight and yield per plant were recorded. Besides, the length 

and width of 10 berries were measured using a vernier calliper.  

 

 

Statistical analysis 

The data recorded for different characteristics during the 

investigation were analysed using statistical methods (19). The 

data obtained were statistically analyzed using Randomized 

Block Design (RBD). The significance of treatment effects was 

tested through the F-test and critical differences (C D) at 5 % 

probability levels were calculated for comparison among 

treatment means. Multivariate relationships among treatments 

and traits were evaluated using Principal Component Analysis 

(PCA) performed with SPSS software (version 25.0). 

 

Results and Discussion  

Growth characters 

The data collected for various growth parameters, proved that 

the application of bioenhancers and bio-fertilizers had a 

significant impact on the vegetative growth of the strawberry 

plant. The vegetative development of strawberry plants was 

notably enhanced when bioenhancers were used in conjunction 

with bio-fertilizers, specifically Azotobacter and PSB, compared 

to the application of bioenhancers alone. According to the data 

presented in Table 1, the plant height and the plant spread (cm) 

were highest with the use of Panchagavya (3 %) + PSB (50 g/bed) + 

Azatobactor (50 g/bed). In the pooled data, it was observed that the 

maximum plant height (17.61 cm) and plant spread (22.05 cm) were 

recorded in plants treated with Panchagavya (3 %) + PSB (50 g/bed) 

+ Azotobacter (50 g/bed) per plot (T9). Whereas the minimum plant 

height (14.06 cm) and plant spread (15.84 cm) were observed in 

untreated plants (T1). The enhancement in both plant height and 

plant spread by the application of Azotobacter and PSB aligns with 

findings reported in strawberries (20, 21),  as well as in papaya (22, 

23). The observed enhancement in vegetative growth parameters 

may be attributed to the augmented chlorophyll content resulting 

from the inoculation of nitrogen-fixing microorganisms (20, 23). 

Besides, the proliferation of plant growth regulators such as indole-

3-acetic acid (IAA), gibberellins (GA) and cytokinins synthesized by 

rhizosphere-associated bacteria like Azotobacter, Azospirillum, 

Bacillus and Pseudomonas could also contribute significantly to 

enhanced vegetative development. These beneficial microbes 

colonize the root zone and facilitate nutrient uptake while 

promoting cell elongation and division, ultimately improving plant 

growth and vigor.  

 Accordingly, the observed improvements in vegetative 

growth can be ascribed to the elevated rates of biological 

nitrogen fixation (22, 24). Furthermore, enhanced root system 

development and the potential synthesis of phytohormones such 

as IAA, GA and cytokinins, along with the direct effects of 

biofertilizers, may have further facilitated the enhancement of plant 

growth parameters. Similar findings related to the promotion of 

vegetative characters were also recorded with the combined 

application of Azotobacter and PSB (each at 6 kg/ha) in strawberry 

(25). Other growth characters in pooled data, it was observed that 

the maximum number of leaves per plant (17.09) and leaf area 

(73.34 cm²) were recorded in plants treated with Panchagavya (3 %) 
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  + PSB (50 g/bed) + Azotobacter (50 g/bed) per plot (T9) (Table 1). 

While the minimum number of leaves per plant (10.95) and leaf area 

(65.18 cm²) were observed in untreated plants (T1). These findings 

are in line with previous study suggesting that more vegetative 

growth by the application of Jeevamrit + Amritpani + Azotobacter 

can be attributed to the synergistic effects of the individual 

components (20). Similar results were also found in aonla (26). The 

increment in leaf number and area may be attributed to enhanced 

nutrient availability and the synthesis of growth regulators by the 

selected biofertilizer strains within the root zone (27). 

 The application of various treatments had a significant 

impact on growth parameters such as the number of crowns 

and runners, both in combined data. The maximum number of 

crowns per plant (4.71) and the number of runners per plant 

(3.67) were recorded in plants treated with Panchagavya (3 %) + 

PSB (50 g/bed) + Azotobacter  (50 g/bed) per plot (T9) (Table 1) 

and the minimum number of crowns per plant (2.76) and the 

minimum number of runners per plant (1.18) were observed in 

untreated plants (T1). The observed increase in the number of crowns 

and runners per plant can be attributed to enhanced vegetative 

growth, resulting in greater accumulation of photosynthates. This, in 

turn, facilitates an increase in the production of runners and crowns. 

These findings corroborate the study conducted, which reported that 

the highest number of runners per plant in strawberries was achieved 

through the application of a nutrient regimen comprising 50 % 

farmyard manure (FYM), 50 % vermicompost, in conjunction with the 

inoculation of Azotobacter and Pseudomonas (28). 

Flowering characters 

The floral characters exhibited significant variation due to the 
different treatments (Table 1). The application of Panchagavya  

(3 %) combined with PSB (50 g/bed) and Azotobacter (50 g/bed) 

resulted in early flowering and an extended flowering duration. 

In pooled data, early flowering was recorded days from planting 

to first flower in plants treated with Panchagavya (3 %) + PSB (50 

g/bed) + Azotobacter (50 g/bed) per plot, with durations of 75.56 

days. While the maximum number of days taken to produce the 

first flower (84.21 days) were recorded in the treatment 

combination of Amritpani (20 %) + PSB (50 g/bed) and Jiva Amrit 

(20 %) + PSB (50 g/bed). The minimum duration required for the 

onset of flowering may be attributed to the judicious application 

of bioenhancers and biofertilizers. The incorporation of organic 

manures likely contributed to soil amendment by supplying 

a balanced amount of nutrients. At the same time, the presence of 

specific bacterial strains may have facilitated their enhanced 

bioavailability to the plants, thereby promoting superior floral 

characteristics. Also, the maximum duration of flowering (59.06 

days) was observed in plants treated with Panchagavya (3 %) + 

PSB (50 g/bed) + Azotobacter (50 g/bed) per plot. The minimum 

duration of flowering (49.46 days) was noted in untreated plants. 

This indicates that the beneficial effects of the biofertilizers and bio 

enhancers significantly enhanced both the onset and duration of 

the flowering period. The findings align with those of early works 

who observed that the earliest flowering occurred with treatments 

of NPK combined with PSB, NPK with Azotobacter and a 

combination of Vermicompost, Azotobacter and PSB (29). Besides 

a similar advancement in flowering for tomatoes, calendula and 

Isabgol, respectively, when using biofertilizers. In the pooled data, 

the highest number of flowers per plant (23.18) was recorded in 

plots where plants were fertilized with Panchagavya (3 %) 
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combined with PSB (50 g/bed) and Azotobacter (50 g/bed) (Table 

1) (30-32). In contrast, the untreated control plants exhibited the 

lowest number of flowers per plant (13.90). This effect may be 

attributed to the application of Azotobacter and PSB, which likely 

promoted inflorescence development and increased leaf 

production in autumn, both of which are positively correlated with 

the number of flowers and fruits in the subsequent spring. As well, 

the increase in the number of flowers may have been due to an 

elevated number of crowns per plant. Similar findings were 

reported in strawberries, suggesting that higher doses of 

Azotobacter and PSB (each at 7 kg/ha) led to an increased number 

of flowers per plant (21). Comparable results were also noted in 

papaya, Banana and in strawberry (33, 34). The minimum number 

of days from flowering to fruit set (66.70 days) were recorded in 

plants fertilized with Panchagavya (3 %) + PSB (50 g/bed) + 

Azotobactor (50 g/bed) per plot, whereas unfertilized plants took 

maximum days (75.21 days) for fruit set in pooled data. These 

differences might be due to genetic factors and environmental 

influences like temperature fluctuations, which can impact the 

time taken for fruits to set (34, 35). 

 The maximum number of fruits per plant (15.71) was also 

observed when the plants were treated with Panchagavya (3 %) + 

PSB (50 g/bed) + Azotobactor (50 g/bed) per plot, followed by Jiva 

amrit (20 %) + PSB (50 g/bed) + Azotobactor (50 g/bed) per plot 

whereas the least number of fruits per plant (9.27) was recorded 

from untreated plants (Table 2). This variation can be linked to 

genetic differences, pollination efficiency and other environmental 

factors that affect fruit set. The results align with those of earlier 

researchers (36, 37) in strawberries, who found that the treatment 

of Bacillus cereus KI-2 during the flowering induction phase 

enhanced overall yield and fruit quantity in Fragaria vesca                  

'Hawaii-4' and garden strawberry 'Hoko-wase'. Nonetheless, they 

observed that the impact of PGPR (plant growth-promoting 

rhizobacteria administration on these parameters was dependent 

upon the variety. Azotobacter promotes accelerated plant growth, 

while PSB enhance root development, both contributing to an 

increased berry set (16). 

 The data presented in Table 2 clearly indicate that 

treatment T9 resulted in the longest harvesting duration. Across 

both years of experimentation and in the pooled data, the 

maximum harvesting duration (54.47 days) was observed in 

plants treated with T9. Conversely, the untreated control plants 

exhibited the shortest harvesting duration (49.41 days). 

 By applying Azotobacter and PSB, the harvesting period 

was considerably prolonged during the two years of the current 

study. The maximum harvesting duration (54.47 days) was 

recorded in plants treated with T9, while the minimum duration of 

harvesting (49.41 days) was observed in untreated control plants. 

These results coincide with the early findings who found that 75 % 

RDF mixed with Azospirillum at 2 g/plant, PSB at 2 g/plant and a   

25 % potassium topdressing resulted in a prolonged harvesting 

period (38). In a comparable fashion reported an advanced 

harvesting time of almost one month in strawberries, extending 

the harvesting period overall (21, 39). Furthermore, previous study 

discovered that applying vermicompost and Azotobacter 

separately and together considerably extended the harvesting 

period (29). When plants were treated with Azotobacter at (6 kg/

ha) and vermicompost (30 t/ha), the longest harvesting period of 

70.03 days was recorded. 
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Fruit characteristics  

Significant differences were observed for fruit characteristics 

among all treatments (Table 2). In the present investigation, the 

application of Panchagavya, PSB and Azotobacter markedly 

enhanced the fruit size (length and diameter), weight and volume 

of strawberries. The maximum fruit length (3.50 cm), diameter 

(3.67 cm), weight (14.52 g) and volume (17.09 cc) were recorded in 

plants treated with Panchagavya (3 %) + PSB (50 g/bed) + 

Azotobacter (50 g/bed) per plot. In comparison, the control 

treatment, which did not receive any bio-fertilizer treatment, 

exhibited the minimum fruit length (1.96 cm), diameter (2.23 cm), 

weight (9.72 g) and volume (14.44 cc) during the same periods. The 

control treatment consistently exhibited the lowest values, 

underscoring the significant role of biofertilizer application in 

enhancing the fruit characteristics of strawberry. Similar findings 

were reported by earlier researchers, who observed a marked 

increase in fruit length and weight under treatments comprising  

50 % FYM, 50 % vermicompost, Azotobacter and Pseudomonas 

(28). In the present study, the improvements in fruit weight, width 

and length may be attributed to enhanced photosynthetic 

efficiency and nutrient availability facilitated by bioenhancers, 

Azotobacter and PSB. Although dry matter content was not 

directly measured, the consistent improvement in fruit size and 

development across treatments suggests increased assimilate 

accumulation. Thus, it is reasonable to infer that the above factors 

likely played a critical role in promoting dry matter accumulation 

in strawberry fruits. Besides, there is a substantial correlation 

between dry matter percentage and balanced hormonal levels 

and fruit size, weight and volume. Nitrogen-fixing bacteria are 

known to play a part in the accumulation and movement of dry 

matter as well as the promotion of the synthesis of different 

growth regulators (40). These findings coincide with those of in ber 

(Ziziphus mauritiana) (41), in strawberry (8, 42), in papaya (22) and 

in strawberry (12). 

Yield enhancement  

The data represented in Table 2 shows it is evident that both yields 

per plant (g) and yield per plot (kg) were highest with treatment T9 

comprising Panchagavya (3 %), PSB (50 g/bed) and Azotobacter 

(50 g/bed).  The results of the present experiment are similar to 

those reported previously in strawberry (4, 43). In pooled data, the 

maximum yield per plant (225.84 g) and yield per plot (1.36 kg) 

were recorded in plants treated with T9. However, the minimum 

yield per plant (92.94 g) and yield per plot (0.55 kg) were observed 

in untreated plants (T1). The cumulative effects of Azotobacter 

and PSB are supported by the findings of previous studies, which 

reported that the combination of biofertilizers and organic 

manures resulted in the highest fruit yield per plant (44). Similar 

trends were also observed for various yield-attributing traits in 

other studies (13, 29, 36), further reinforcing the positive impact of 

integrated nutrient management on crop performance.  

 A higher number of leaves may have contributed to the 

observed increases in fruit yield and related characteristics 

because they served as effective photosynthetic systems, 

increasing the plant's ability to produce carbohydrates. 

Furthermore, a greater number of flowers probably helped to 

improve fruit yield and its qualities. Using 50 % FYM, 50 % 

vermicompost and Pseudomonas, (28) observed similar results, 

with a maximum yield per plant of 185.08 g and a total yield per 

plot of 4.63 kg. Similar findings for fruit physical characteristics in 

strawberry have reported earlier many researchers (45-47). 

Principal component analysis  

Traits such as fruit weight (g), plant height (cm), fruit length (cm), 
leaf area (cm2), yield per plant (g), yield per plot (kg), no. of flower 

per fruit, plant spread (cm), specific gravity (g/cc), came under 

cluster I (Fig. 1). However, number of runners per plant, fruit 

weight (g), fruit volume (cc), fruit diameter (cm), no. of leaves per 

plant, duration of harvesting, duration of flowering and no. of 

crowns per plant were categorized under cluster II. Days taken to 

produce first flower, were categorized under cluster III (Fig. 1) and 

no. of days to fruit set, categorized under group IV. The PCA biplot 

indicated that Clusters I and II significantly contributed to PC1, 

which was strongly associated with treatment T9. 

 Length and intensity of colour of a vector in biplot expressed 

how well the qualities are represented and how much they share to 

the principal components. Traits with longer arrows have a greater 

contribution to the variability explained by PC1 or PC2. Traits 

pointing more towards PC1 (x-axis) primarily contribute to PC1 and 

those pointing towards PC2 (y-axis) contribute to PC2. Most of the 

parameters in the biplot are in proximity, it indicates strong positive 

correlations among traits, reflecting shared variability and common 

underlying factors such as environmental conditions or treatments 

 

Fig. 1. PCA showing correlation between different treatments and variables.  
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influencing plant performance collectively. This clustering suggests 

that these traits contribute similarly to the principal components 

(PC1 and PC2), with overlapping effects that can make it challenging 

to isolate the impact of individual parameters. For example, traits 

like plant height (PH) and leaf area (LA) may respond similarly to 

water and nutrient availability, while number of fruits per plant 

(NFPP) and number of crowns per plant (NCPP) might increase 

under optimal fertility. However, this proximity also highlights 

potential redundancy in measurements, where some traits provide 

overlapping information and multicollinearity issues in statistical 

models, requiring dimensionality reduction techniques like PCA.  

Character association for different growth and yield related 

characters of strawberry 

Pearson correlation coefficient analysis was performed to 

evaluate the effects of bioinoculants (Azotobacter and PSB) and 

bioenhancers (Panchagavya, Jeevamrit and Amritpani) on the 

growth and yield of the Chandler variety of strawberry (Fragaria × 

ananassa) (Fig. 2). The study revealed that trait, plant height (cm) 

had a positive and significant relationship with leaf area (cm2), no. 

of flower per fruit, number of fruit set/plant, fruit length (cm), 

specific gravity (g/cc), plant spread (cm2), yield per plot (kg), yield 

per plant (g), no. of leaves per plant, fruit diameter (cm), no. of 

runners per plant, fruit weight (g), no. of crowns per plant, fruit 

volume (cc) and duration of harvesting. The present investigation 

revealed that the number of crowns per plant showed a positive 

and significant association with no. of runners per plant, fruit 

diameter (cm), no. of leaves per plant, no. of flower per fruit, 

duration of harvesting, no. of fruit set/plant, fruit volume (cc), plant 

spread (cm2), yield per plant (kg), yield per plot, specific gravity (g/

cc), leaf area (cm2), fruit weight (g), duration of flowering and fruit 

length (cm),  in contrast same trait exhibit significant and negative 

correlation with no. of days to fruit set and days taken to produce 

first flower. Yield is an important characteristics for any crop hence 

its correlation with other traits is essential, traits such as yield per 

plot (kg), fruit length (cm), fruit weight (g), leaf area (cm2), plant 

spread (cm2), fruit volume (cc), no. of flower per fruit, no. of runners 

per plant, no. of crowns per plant, specific gravity (g/cc), no. of fruit 

set/plant, fruit diameter (cm), no. of leaves per plant, duration of 

harvesting and duration of flowering showed a positive and 

significant association with yield per plant (kg), this indicates that 

Fig. 2. Correlation analysis of bio-fertilizers and bio - enhancer on growth, yield of strawberry. 

PH = plant height (cm), PS = plant spread (cm), NLPP = number of leaves per plant, LA = leaf area (cm²), NCPP = number of crowns per plant, 
NRPP = number of runners per plant, DTPFF = days taken to produce the first flower, NFFF = number of flowers per fruit, DF = duration of 

flowering, NDFS = number of days to fruit set, NFSPP = number of fruit set per plant, DG = duration of harvesting, FL = fruit length (cm), FW = fruit 
weight (g), FD = fruit diameter (cm), FV = fruit volume (cc), SG = specific gravity (g/cc), YPP = yield per plant (g) and YPPL = yield per plot (kg). 
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these traits collectively contribute to yield per plant (kg), signifying 

their importance in yield improvement strategies. However, the 

same trait showed a significant negative correlation with the no. of 

days to fruit set and the days required for first flowering. 

Conclusion  

The findings show that application of biofertilizers and 

bioenhancers simultaneously improves the host plant's utilization 

of soil nutrients, leading to higher strawberry yields and better 

quality. As a result, it can be said that combining biofertilizers with 

bioenhancers is a good way to produce cost-effective, high-quality 

strawberries in a sustainable manner. This approach is particularly 

advantageous for smallholder farmers who operate with limited 

resources and low input capacity.  

 Further research on scaling and optimizing these bioinputs 

across diverse agro-climatic conditions is recommended. 

 

Acknowledgements  

The authors acknowledge the support rendered by Department 

of Fruit Science, College of Horticulture, Chandra Shekhar Azad 

University of Agriculture and Technology, Kanpur for providing 

necessary facilities to carry out the research work. 

 

Authors' contributions 

SS conducted the experiment and wrote the main manuscript 

text. VKT provided substantial guidance and facilitated the 

research by offering necessary laboratory facilities. SS assisted 

with data analysis. VKT provided experimental guidance and 

contributed to the manuscript draft preparation. All authors 

reviewed and approved the manuscript. 

 

Compliance with ethical standards 

Conflict of interest: The authors declare no competing 

interests. 

Ethical issues: None  

 

References 

1. Bhanti M, Taneja A. Contamination of vegetables of different 
seasons with organophosphorus pesticides and related health risk 
assessment in northern India. Chemosphere. 2007;69(1):63-8. 

https://doi.org/10.1016/j.chemosphere.2007.04.071 

2. Singh L, Gurjar PKS, Barholia AK, Haldar A, Shrivastava A. Effect of 
organic manures and inorganic fertilizers on growth and flower 

yield of marigold (Tagetes erecta L.) var. Pusa Narangi Gainda. Plant 

Arch. 2015;15(2):779-83. 

3. Singh PB, Singh V, Nay PK. Pesticide residues and reproductive 
dysfunction in different vertebrates from north India. Food Chem 
Toxicol. 2008;46(8):2533-9. https://doi.org/10.1016/j.fct.2008.04.009 

4. Pathak RK, Singh R. Effect of some external factors on the growth 
and fruiting of strawberry. II. Effect on GA, growth retardants and 
clocking on flowering and yields. Prog Hort. 1971;3(3):53-63. https://

doi.org/10.9734/ijpss/2023/v35i153115 

5. Aasfar A, Bargaz A, Yaakoubi K, Hilali A, Bennis I, Zeroual Y, et al. 
Nitrogen fixing Azotobacter species as potential soil biological 

enhancers for crop nutrition and yield stability. Front Microbiol. 
2021;12:1-19. https://doi.org/10.3389/fmicb.2021.628379 

6. Al-Khayri JM, Islam R. Genetic improvement of strawberry (Fragaria × 

ananassa Duchesne). In: Advances in Plant Breeding Strategies: 
Fruits. Vol. 3; 2018. p. 217-75. https://doi.org/10.1007/978-3-319-91944

-7_6 

7. Sadik H, Ouazzani C, Moustaghfir A, El Ghammarti S, Er-Ramly A, 
Essebbahi I, et al. Comparison of the nutritional properties of 

commercial strawberries, red and black raspberry consumed in 
Morocco. Appl Food Res. 2023;3(2):100362. https://doi.org/10.1016/

j.afres.2023.100362 

8. Verma NK, Ram R, Verma R, Lata R. Effect of integrated nutrient 
management on physico-chemical attributes and B:C ratio of 

strawberry (Fragaria × ananassa Duch.). Ann Plant Soil Res. 2020;22
(3):301-4. 

9. Sharma RR, Patel VB, Krishna H. Relationship between light, fruit 

and leaf mineral content with albinism incidence in strawberry 
(Fragaria × ananassa Duch.). Sci Hortic. 2006;109(1):66-70. https://

doi.org/10.1016/j.scienta.2006.03.009 

10. Singh A, Tripathi VK. Influence of integrated nutrient management 
on flowering, fruiting, yield and quality parameters of papaya 

(Carica papaya L.). Int J Agric Sci. 2020;12(18):10194. https://
doi.org/10.2139/ssrn.4189965 

11. Tripathi VK, Kumar S, Gupta AK. Influence of Azotobacter and 

vermicompost on growth, flowering, yield and quality of strawberry 
cv. Chandler. Ind J Hort. 2015;72(2):201-5. https://

doi.org/10.5958/0974-0112.2015.00039.0 

12. Kumar A, Tripathi VK. Effect of Azotobacter, PSB and vermicompost 
on growth, flowering, yield and quality of strawberry (Fragaria × 

ananassa Duch.) cv. Chandler. Prog Hortic. 2020;52(2):157-61. 

13. Tripathi VK. Influence of integrated nutrient management in ratoon 
crop of tissue cultured banana. Prog Res Int J. 2017;12(Special-

IV):2577-80. 

14. Ram RA. On-farm organic inputs generation for quality vegetable 
production. In: Vegetables for Nutrition and Entrepreneurship. 

Singapore: Springer Nature Singapore; 2023. p.115-40. https://
doi.org/10.1007/978-981-19-9016-8_7 

15. Tripathi VK, Jain A, Dubey V, Kumar A, Pandey H. Effect of different 
levels of Azotobacter, Azospirillum, PSB and black polythene mulch 

on growth, yield and quality of strawberry cv. Chandler. Prog Res Int 

J. 2016;11(Special-VIII):5185-8. https://doi.org/10.13140/
RG.2.2.27940.91527 

16. Shukla A, Dwivedi AK, Tripathi VK, Singh RS, Kumar M, Shukla JK. 

Effect of INM on yield parameters of tissue cultured banana cv. 
Grand Naine under north Indian conditions. Pharm Innov J. 2022;11

(4):1334-6. 

17. Kumari S, Meena L, Raghavendra KJ, Karwal M. Jeevamrit/
Jeevamrutha: Organic concoctions for natural farming. Agric Food E

-News Lett. 2022;4:40-2. 

18. Kumar CS, Singh G. Effect of Panchagavya on growth and yield: a 
review. Int J Curr Microbiol Appl Sci. 2020;9:617-24. 

19. Panse VG, Sukhatme PV. Statistical methods for agricultural 
workers. New Delhi: Indian Council of Agricultural Research; 1984. 

p.147-55. 

20. Singh A, Topno SE, Prasad VM. Evaluating the efficacy of different 
bioinoculants and bioenhancers on the vegetative growth and yield 

of strawberry (Fragaria × ananassa) cv. Winter Dawn. Int J Environ 
Clim Change. 2023;13(9):1133-9. https://doi.org/10.9734/ijecc/2023/

v13i92338 

21. Tripathi VK, Kumar N, Shukla HS, Mishra AN. Influence of 
Azotobacter, Azospirillum and PSB on growth, yield and quality of 

strawberry cv. Chandler. In: National Symposium on Conservation 
Horticulture; 2010. p.21-3. 

22. Devi OB, Singh YS. Effect of organic amendments on growth, yield 
and quality of papaya (Carica papaya L.) cv. Vinayak. Environ Ecol. 
2023;41(1):522-31. 

https://doi.org/10.1016/j.chemosphere.2007.04.071
https://doi.org/10.1016/j.fct.2008.04.009
https://doi.org/10.9734/ijpss/2023/v35i153115
https://doi.org/10.9734/ijpss/2023/v35i153115
https://doi.org/10.3389/fmicb.2021.628379
https://doi.org/10.1007/978-3-319-91944-7_6
https://doi.org/10.1007/978-3-319-91944-7_6
https://doi.org/10.1016/j.afres.2023.100362
https://doi.org/10.1016/j.afres.2023.100362
https://doi.org/10.1016/j.scienta.2006.03.009
https://doi.org/10.1016/j.scienta.2006.03.009
https://doi.org/10.2139/ssrn.4189965
https://doi.org/10.2139/ssrn.4189965
https://doi.org/10.5958/0974-0112.2015.00039.0
https://doi.org/10.5958/0974-0112.2015.00039.0
https://doi.org/10.1007/978-981-19-9016-8_7
https://doi.org/10.1007/978-981-19-9016-8_7
https://doi.org/10.13140/RG.2.2.27940.91527
https://doi.org/10.13140/RG.2.2.27940.91527
https://doi.org/10.9734/ijecc/2023/v13i92338
https://doi.org/10.9734/ijecc/2023/v13i92338


SATYARATH & VIVEK  8     

https://plantsciencetoday.online 

23. Singh A, Tripathi VK. Influence of integrated nutrient management 

on growth, yield and quality parameters of papaya (Carica papaya 
L.). J Pharmacogn Phytochem. 2020;9(5):2022-6. https://

doi.org/10.22271/phyto.2020.v9.i5ab.12639 

24. Pathak RK, Singh R. Effect of growth regulators and cloching on the 
anatomy of some strawberry cultivars. Ind J Hort. 1976;33(2):120-6. 

25. Mishra AN, Tripathi VK. Influence of different levels of Azotobacter, 
PSB alone and in combination on vegetative growth, flowering, 

yield and quality of strawberry cv. Chandler. Int J Appl Agric Res. 

2011;6(3):203-10. https://doi.org/10.5958/2249-5258.2016.00009.9 

26. Tripathi VK, Bahadur S, Dubey V, Kumar A. Influence of integrated 
nutrient management on yield and physicochemical parameters of 
aonla cv. NA-7. Prog Res Int J. 2015;10(Special-VI):3493-6. https://

doi.org/10.13140/RG.2.2.34232.37129 

27. Pandey C, Negi YK, Maheshwari DK, Rawat D, Prabha D. Potential of 
native cold-tolerant plant growth-promoting bacilli to enhance 

nutrient use efficiency and yield of Amaranthus hypochondriacus. 

Plant Soil. 2018;428(2):307-20. https://doi.org/10.1007/s11104-018-
3681-y 

28. Negi YK, Sajwan P, Uniyal S, Mishra AC. Enhancement in yield and 
nutritive qualities of strawberry fruits by the application of organic 

manures and biofertilizers. Sci Hortic. 2021;283:1-8. https://

doi.org/10.1016/j.scienta.2021.110038 

29. Tanuja DK. Comparative study of planting time, growth regulator 
and biofertilizer on growth, yield and quality of strawberry cv. 

Chandler. Environ Ecol. 2024;42(2):391-8. https://doi.org/10.60151/
envec/OWXJ8776 

30. Kumar A, Kumar J, Babu R. Effect of inorganic and biofertilizers on 
growth, yield and quality of tomato. Prog Agri. 2007;7(2):151-2. 

31. Singh YP, Dwivedi R, Dwivedi SV. Effect of biofertilizers and graded 
dose of nitrogen on growth and flower yield of calendula (Calendula 
officinalis). Plant Arch. 2008;8(2):957-68. 

32. Tripathi VK, Kumar S, Katiyar PN, Nayyer A. Integrated nutrient 
management in isabgol (Plantago ovata Forsk.). Prog Hortic. 
2013;45(2):302-5. 

33. Singh A, Tripathi VK. Influence of INM on vegetative growth, fruiting, 
yield and soil physical characters in papaya (Carica papaya L.). Int J 
Curr Microbiol Appl Sci. 2020;9(10):3811-22. https://doi.org/10.2139/

ssrn.4189966 

34. Tripathi VK, Tiwari B, Kumar S, Nayyer A, Lal D. Growth, yield and 
quality attributes of tissue cultured banana as affected by bio-

fertilizers. Ann Hortic. 2014;7(1):25-9. 

35. Tripathi VK, Mishra AN, Kumar S, Tiwari B. Efficacy of Azotobacter 
and PSB on vegetative growth, flowering, yield and quality of 

strawberry cv. Chandler. Prog Hortic. 2014;46(1):48-53. 

36. Gupta AK, Tripathi VK. Efficacy of Azotobacter and vermicompost 
alone and in combination on vegetative growth, flowering and yield 

of strawberry (Fragaria × ananassa Duch.) cv. Chandler. Prog Hortic. 
2012;44(2):256-61. 

37. Kurokura T, Hiraide S, Shimamura Y, Yamane K. PGPR improves 
yield of strawberry species under less-fertilized conditions. Environ 
Control Biol. 2017;55(3):121-8. https://doi.org/10.2525/ecb.55.121 

38. Kumar S, Kundu M, Rakshit R. Effect of biofertilizer on growth, yield 

and quality of strawberry (Fragaria × ananassa Duch.) cv. 
Camarosa. Environ Pharmacol Life Sci. 2019;8(2):99-107. 

39. Singh A, Singh JN. Effect of biofertilizers and bioregulators on 
growth, yield and nutrient status of strawberry cv. Sweet Charlie. 

Ind J Hort. 2009;66(2):220-4. 

40. Awasthi RP, Godara RK, Kaith NS. Interaction effect of VA-
mycorrhizae and Azotobacter inoculation on peach seedlings. Ind J 

Hort. 1996;53(1):8-13. 

41. Mishra S, Choudhary MR, Yadav BL, Singh SP. Studies on the 
response of integrated nutrient management on growth and yield 

of ber. Ind J Hort. 2011;68(3):318-21. 

42. Singh SR, Zargar MY, Najar GR, Ishaq MI, Hakeem SA. Effect of 
integrated nutrient supply on yield, fertility and quality of 

strawberry under rainfed temperate conditions. J Indian Soc Soil 
Sci. 2012;60(1):79-82. 

43. Awasthi V, Tripathi VK, Yashasvi GN, Anushi. Impact of Azotobacter 
and vermicompost on growth, flowering, yield and quality traits of 
strawberry. Front Crop Improv. 2021;9(Special Issue-III):1046-50. 

44. Verma J, Rao VK. Impact of INM on soil properties, plant growth and 
yield parameters of strawberry cv. Chandler. J Hill Agric. 2013;4
(2):61-7. 

45. Ram RA, Rajput MS, Bhriguvanshi SR. Effect of controlled-release 
fertilizers on growth, yield and fruit quality of guava cv. Sardar in 
Ustochrepts. Ind J Hort. 1999;56(2):104-11. 

46. Vishwakarma G, Shukla AK, Zaman F, Singh A, Shukla SK. 
Assessment of strawberry to integrated nutrient management for 
different yield attributes and quality parameters. Appl Fruit Sci. 

2024;66:833-41. https://doi.org/10.1007/s10341-024-01082-z 

47. Tripathi VK, Kumar S, Kumar K, Kumar S, Dubey V. Influence of 
Azotobacter, Azospirillum and PSB on vegetative growth, flowering, 

yield and quality of strawberry cv. Chandler. Prog Hortic. 2016;48
(1):48-52. 

  

Additional information 

Peer review: Publisher  thanks Sectional Editor and the other anonymous 
reviewers for their contribution to the peer review of this work. 

Reprints & permissions information is available at https://
horizonepublishing.com/journals/index.php/PST/open_access_policy 

Publisher’s Note: Horizon e-Publishing Group remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations. 

Indexing: Plant Science Today, published by Horizon e-Publishing Group, is 
covered by Scopus, Web of Science, BIOSIS Previews, Clarivate Analytics, 
NAAS, UGC Care, etc 
See https://horizonepublishing.com/journals/index.php/PST/
indexing_abstracting 

Copyright: © The Author(s). This is an open-access article distributed under 
the terms of the Creative Commons Attribution License, which permits 
unrestricted use, distribution and reproduction in any medium, provided the 
original author and source are credited (https://creativecommons.org/
licenses/by/4.0/) 

Publisher information:  Plant Science Today is published by HORIZON e-
Publishing Group with support from Empirion Publishers Private Limited, 
Thiruvananthapuram, India. 

https://plantsciencetoday.online
https://doi.org/10.22271/phyto.2020.v9.i5ab.12639
https://doi.org/10.22271/phyto.2020.v9.i5ab.12639
https://doi.org/10.5958/2249-5258.2016.00009.9
https://doi.org/10.13140/RG.2.2.34232.37129
https://doi.org/10.13140/RG.2.2.34232.37129
https://doi.org/10.1007/s11104-018-3681-y
https://doi.org/10.1007/s11104-018-3681-y
https://doi.org/10.1016/j.scienta.2021.110038
https://doi.org/10.1016/j.scienta.2021.110038
https://doi.org/10.60151/envec/OWXJ8776
https://doi.org/10.60151/envec/OWXJ8776
https://doi.org/10.2139/ssrn.4189966
https://doi.org/10.2139/ssrn.4189966
https://doi.org/10.2525/ecb.55.121
https://doi.org/10.1007/s10341-024-01082-z
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

