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ABSTRACT

Strawberry (Fragaria x ananassa Duch.) is a highly valuable fruit crop known for its flavor, nutritional profile,
and antioxidant properties. This study investigated various biofertilizers and organic formulations impacted on
the fruit quality and post-harvest shelf life of strawberries. Utilizing 12-month-old runners grown in raised
beds, the experiment evaluated 10 treatment combinations alongside a control group, testing Amrit Pani, Jivamrit,
Panchagavya, Azotobacter, and phosphorus-solubilising bacteria (PSB) either alone or combined. The results
demonstrated substantial differences in fruit quality across the treatments. Notably, the combined application
of Jivamrit, PSB, and Azotobacter yielded the best performance, achieving the highest total soluble solids
(12.34 °Brix), juice content (58.79%), and ascorbic acid concentration (57.02 mg/100 g). This specific
combination also minimised titratable acidity (1.04%), maximized the TSS-to-acidity ratio (12.07) and
significantly extended shelf life to 2.78 days (compared to just 1.22 days in the control). While the control
group retained the highest pulp content (51.02%), the Jivamrit + PSB + Azotobacter matrix stands out as a
highly effective and sustainable nutrient management strategy for strawberry production.
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INTRODUCTION

Strawberry is an economically important fruit crop
belonging to the family Rosaceae. It is a rich source
of vitamin C, minerals, phenolics, flavonoids and other
antioxidants, which contribute to its nutritional and
health benefits (Charoenwoodhipong et al., 2025;
Bezerra et al., 2024). Its adaptability to diverse
climatic conditions and the development of varieties
suited to subtropical regions have expanded its
cultivation beyond traditional growing areas
(Verma et al., 2018). Increasing consumer demand for
high-quality fruits has encouraged intensive production
practices involving synthetic fertilizers and pesticides.
However, their excessive use raises concerns regarding
soil health, environmental sustainability and pesticide
residues in fresh fruits (Bhanti & Taneja, 2007;
Handique & Roy, 2020). Therefore, sustainable
nutrient management practices are essential to
maintain fruit quality while reducing dependence on
synthetic inputs.

Azotobacter contributes to biological nitrogen fixation,
whereas phosphorus-solubilising bacteria (PSB)
enhance phosphorus availability and uptake, thereby
supporting plant growth and productivity

(Kumar et al., 2019). Similarly, organic bio-enhancers
such as Amrit Pani, Jivamrita and Panchagavya
promote soil microbial activity, nutrient availability
and plant growth. Their application has also been
associated with improvements in fruit quality
attributes, including total soluble solids (TSS), acidity
and sugar content. However, limited information is
available on the integrated application of these bio-
enhancers and biofertilizers in strawberry, particularly
in cv. Chandler. Therefore, the present investigation
was undertaken to evaluate the effects of biofertilizers
and organic bio-enhancers, applied individually and in
combination, on the fruit quality attributes and shelf
life of strawberry cv. Chandler, with the objective of
identifying suitable combinations for sustainable
strawberry production.

MATERIALS AND METHODS

Twelve-month-old runners of strawberry cv. Chandler
was planted on 8-10 cm raised beds of 60 cm x
90 cm dimension at the spacing of 45 cm x 20 cm,
accommodating six plants in each plot in Department
of Horticulture, Chandra Shekhar Azad University of
Agriculture and Technology, Kanpur, India during
2022 to 2024. The experimental soil was sandy loam,
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slightly alkaline, pH 7.50, organic carbon content
(0.44%), available nitrogen (211.64 kg ha-1), available
phosphorus (12.84 kg ha-1) and available potassium
(153.82 kg ha-1). Ten treatment combinations, along
with one control, were replicated thrice in a
randomised block design. The ten treatment consisting
of T

1
-control (FYM-5 kg/bed), T

2
-Amritpani (20%)

+ Azatobacter (50 g/bed), T
3
-Panchagavya (3%) +

Azatobacter (50 g/bed), T
4
-Jivamrit (20%) +

Azatobacter (50 g/bed), T
5
-Amritpani (20%) + PSB

(50 g/bed), T
6
-Panchagavya (3%) + PSB (50 g/bed),

T
7
-Jivamrit (20%) + PSB (50 g/bed), T

8
-Amritpani

(20%) + PSB (50 g/bed) + Azatobacter (50 g/bed),
T

9
-Panchagavya (3%) + PSB (50 g/bed) +

Azatobacter (50 g/bed) and T
10

-Jivamrit (20%) + PSB
(50 g/bed) + Azatobacter (50 g/bed). The data
recorded on different parameters during both years of
experimentation, were analysed. Observations were
recorded on plant height (cm), plant spread (cm),
number of leaves per plant, leaf area (cm2), number
of crowns and runners per plant, days taken to produce
first flower, number of flower per fruit, duration of
flowering, number of days to fruit set, number 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 number of flowers and fruits per
plant was counted at five-day intervals during the
whole season. Data on berry weight and yield per plant
were recorded at each picking. The length and width
of ten berries were measured with a vernier calliper.
The biochemical parameters were also estimated using
standard analytical procedures as described by the
association of official analytical chemists (AOAC,
2012).

Statistical analysis

The data recorded during the investigation were
subjected to statistical analysis following the methods
described by Panse & Sukhatme (1985). Analysis of
variance (ANOVA) was performed to test the
significance of treatment effects. The significance of
treatment effects was assessed using the F-test at the
5% level of significance, and differences among
treatment means were tested using duncan’s multiple
range test (DMRT) at pd”0.05. Correlation analysis
was performed using the corrplot package, while
principal component analysis (PCA) was carried out
using the FactoMineR package in R. All statistical
analyses were performed using RStudio software.

RESULTS AND DISCUSSION

Effect on quality parameters

The present experimental findings exhibited significant
variation in TSS due to the application of different bio-
fertilisers and bio stimulants in strawberry (Table 1).
Pooled data showed that the maximum TSS
(12.34 °Brix) was recorded in fruits from plants
treated with T

10
-Jivamrit (20%) + PSB (50 g/bed) +

Azotobacter (50 g/bed), whereas, the minimum TSS
(9.85 °Brix) was observed in untreated plants (T

1
).

The higher TSS under T
10 

may be associated with
improved rhizosphere activity and nutrient availability
resulting from the combined action of Jivamrit, PSB
and Azotobacter. Improved nitrogen and phosphorus
availability could enhance photosynthetic activity and
assimilate production, while better root activity may
facilitate the translocation of carbohydrates to
developing fruits. During ripening, these assimilates
are converted into soluble sugars and other soluble

Treat- TSS Juice Ascorbic acid Titratable Pulp content TSS: Juice pulp Fruit Shelf Sugar
ment (°Brix) (%) (mg/100 g) acidity (%) (%) acid ratio pH life content

T
1

9.85±0.05 e 48.98±0.48 e 49.50±0.64 c 1.21±0.02 a 51.02±0.04 a 8.24±0.19 g 0.96±0.01 e 3.62±0.08 f 1.22±0.01 h 5.21±0.13 d

T
2

9.86±0.22 e 50.76±0.63 e 50.00±0.73 c 1.19±0.03 a 49.24±0.33 b 8.38±0.03 g 1.03±0.01 e 3.69±0.05 ef 1.25±0.03 h 5.31±0.02 cd

T
3

10.24±0.18 d 53.23±1.25 d 49.85±0.98 c 1.17±0.03 ab 46.77±0.03 c 8.86±0.15 f 1.14±0.02 d 3.69±0.06 ef 1.39±0.03 g 5.45±0.03 bc

T
4

10.32±0.13 d 53.37±0.64 d 50.54±0.45 c 1.17±0.00 ab 46.63±0.37 cd 8.94±0.08 f 1.14±0.01 d 3.73±0.08 def 1.54±0.01 f 5.53±0.09 bc

T
5

11.33±0.06 c 54.84±0.11 cd 51.10±0.29 c 1.13±0.02 bc 45.16±0.42 cde 10.17±0.00 e 1.21±0.01 c 3.90±0.04 cde 1.63±0.04 e 5.54±0.02 bc

T
6

11.54±0.04 bc 55.03±1.29 cd 53.86±1.04 b 1.10±0.02 cd 44.97±0.70 de 10.65±0.11 d 1.22±0.02 c 3.96±0.04 cd 1.82±0.04 d 5.54±0.11 bc

T
7

11.64±0.04 bc 56.01±0.47 bc 53.86±0.67 b 1.09±0.02 cde 43.99±0.96 e 10.84±0.26 cd 1.27±0.01 b 4.04±0.02 c 2.33±0.01 c 5.62±0.05 b

T
8

11.73±0.04 b 56.16±0.20 bc 54.38±0.43 ab 1.06±0.01 de 43.84±0.84 e 11.24±0.22 bc 1.29±0.01 b 4.05±0.09 c 2.33±0.02 c 5.64±0.10 b

T
9

11.85±0.07 b 58.35±0.27 ab 56.08±1.31 ab 1.05±0.01 de 41.65±0.17 f 11.48±0.05 b 1.40±0.00 a 4.38±0.07 b 2.67±0.02 b 6.11±0.06 a

T
10

12.34±0.19 a 58.79±1.01 a 57.02±1.10 a 1.04±0.00 e 41.21±0.49 f 12.07±0.22 a 1.43±0.03 a 4.62±0.12 a 2.78±0.01 a 6.25±0.05 a

Table 1 : Influence of bio-stimulants and bio-fertilizers on quality parameters of strawberry (Fragaria x
Ananassa Dutch) cv. Chandler
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compounds, resulting in greater accumulation of TSS.
Thus, the higher TSS under T

10 
may reflect improved

nutrient acquisition, photosynthetic assimilate
production and source-sink partitioning during fruit
development. Negi et al. (2021) also reported highest
TSS (10.47 °B) with 50% FYM + 50% vermicompost
+ Azotobacter + Pseudomonas, in strawberry.

Significant effects of different treatments were
observed for juice percentage (Table 1). The pooled
data showed the highest juice percentage (58.79%) in
T

10
-Jivamrit (20%) + PSB (50 g/bed) + Azotobacter

(50 g/bed), whereas the minimum (48.98%) was
recorded in untreated plants (T

1
). The higher juice

percentage under T
10

 may be associated with improved
nutrient and water uptake and greater cell division and
expansion during fruit development. The present
findings are supported by Datta et al. (2024), who
reported that combined application of Azotobacter and
PSB with inorganic fertilizers improved juice content
in aonla.

Ascorbic acid content was significantly influenced by
the application of different bio-fertilisers and bio
stimulants (Table 1). The pooled data showed that the
highest ascorbic acid content (57.02 mg/100 g) was
recorded in fruits from plants treated with T

10
-Jivamrit

(20%) + PSB (50 g/bed) + Azotobacter (50 g/bed),
whereas the minimum content (49.50 mg/100 g) was
observed in untreated plants (T

1
). The higher ascorbic

acid accumulation under T
10

 may be associated with
the complementary effects of the microbial inoculants
and Jivamrit on nutrient availability and plant
physiological activity. Sahu & Joseph (2024) also
recorded the highest vitamin C content (58.94 mg/
100 g) under T

11
 (poultry manure 20 t/ha + bio-

capsule 150% of optimum). Tripathi et al. (2015) in
strawberry and Bhadauria & Tripathi (2023a) in
mango reported beneficial influence of integrated
organic and microbial nutrient inputs on fruit ascorbic
acid accumulation. The minimum titratable acidity
(1.04%) was recorded in T

10
-Jivamrit (20%) + PSB

(50 g/bed) + Azotobacter (50 g/bed), whereas the
untreated control (T

1
) exhibited the maximum acidity

(1.21%). Improved nutrient availability and assimilate
production under the combined application of Jivamrit,
PSB and Azotobacter may promote greater
accumulation of carbohydrates, while organic acids
can be progressively utilized as respiratory substrates
during fruit development. Consequently, the relative
proportion of sugars may increase while titratable

acidity declines, contributing to a more favourable
sweetness-acidity balance. The present findings are in
close conformity with the results of Negi et al. (2021)
in strawberry and Bhadauria & Tripathi (2023b) in
mango. Similarly, Patel et al. (2023) reported the
lowest titratable acidity (0.46%) under bio-fertiliser +
organic manure treatment in strawberry, supporting the
beneficial influence of integrated organic and microbial
nutrient management on fruit acidity. The maximum
pulp content (51.02%) was recorded in T

1
 (control),

whereas the minimum (41.21%) was observed in
T

10
-Jivamrit (20%) + PSB (50 g/bed) + Azotobacter

(50 g/bed). Improved nutrient and water uptake under
T

10
 may have promoted greater fruit expansion and

accumulation of juice and soluble constituents, thereby
reducing the relative proportion of pulp. Conversely,
the higher pulp percentage in the control may reflect
a greater relative contribution of pulp tissues in the
absence of the enhanced fruit development and juice
accumulation observed under T

10
. Thus, pulp

percentage should be interpreted together with juice
percentage and juice:pulp ratio rather than as an
independent indicator of superior fruit quality.

TSS: acid ratio (12.07) was highest in T
10

-Jivamrit
(20%) + PSB (50 g/bed) + Azatobacter (50 g/bed),
indicating better sweetness and flavour balance. This
is possibly due to the optimal balance of nutrients,
leading to enhanced sugar synthesis and lower acid
accumulation. The higher TSS: acid ratio under T

10
,

together with the higher TSS and lower titratable
acidity observed in the same treatment, suggests a
more favourable balance between soluble sugars and
organic acids during fruit development and ripening.
This response may be associated with improved
nutrient availability and assimilate production under
the combined application of Jivamrit, PSB and
Azatobacter. Kaur & Kaur (2017) reported that
poultry manure+Azatobacter+wood ash+phosphorus
solubilising bacteria+mustard oil cake recorded
maximum TSS:acid ratio (11.12) in strawberry.
Similarly, Pesakovic et al. (2023) recorded higher TSS
: acid ratio with biofertilizer application.

T
10

-Jivamrit (20%) + PSB (50 g/bed) + Azatobacter
(50 g/bed) recorded the highest juice pulp ratio (1.43),
whereas the lowest ratio (0.96) was observed in
untreated plants (T

1
). The higher ratio under T

10
,

consistent with its greater juice percentage and lower
pulp proportion, suggests a favourable shift in the
relative distribution of fruit components towards the



juice fraction. Fruit pH was also significantly
influenced by the treatments (Table 1), with the highest
pH (4.62) recorded under T

10
 and the lowest (3.62)

in T
1
. This may be associated with changes in organic-

acid metabolism and fruit maturation under improved
nutritional conditions. Kilic (2023) also reported
highest fruit juice pH (4.01) under Biofarm + Botanica
+ Rizofil. Kumar et al. (2020) also reported a higher
pH (4.23) in Chandler strawberry with biofertilizer
application and indicated that fruit pH can vary with
cultivar, environmental conditions and treatment
effects.

Significant differences were observed among
treatments, with T

10
-Jivamrit (20%) + PSB (50 g/bed)

+ Azatobacter (50 g/bed) recording the longest shelf
life (2.78 days), while the shortest (1.22 days) was
observed in the control (T

1
). The longer shelf life under

T
10

 may be associated with improved fruit nutritional
status and tissue integrity resulting from better nutrient
acquisition and fruit development.

The highest total sugar content (6.25%) was recorded
under T

10
, whereas the lowest (5.21%) occurred in T

1
.

It may be associated with improved nutrient
availability, photosynthetic assimilate production and
carbohydrate partitioning towards developing fruits.
Similarly, Yashasvi et al. (2021) and Nazir et al.
(2015) reported improved total sugar accumulation in
strawberry under integrated nutrient management
involving PSB and vermicompost.

Character association for quality attributes

Pearson’s correlation coefficient analysis was
performed to assess the relationships among
strawberry fruit quality attributes under different
biofertilizer and bio-enhancer treatments using pooled
data (Fig. 1). Total soluble solids (TSS) exhibited
significant positive correlations with TSS-to-acidity
ratio, juice-to-pulp ratio, juice percentage, ascorbic
acid content, shelf life, fruit pH and sugar content.
Conversely, TSS was negatively correlated with
titratable acidity and pulp content. Juice percentage

Fig. 1 : Correlation analysis of quality attributes of strawberry cv. Chandler

(0: TSS, 9: SC), TSS (°Brix), JP: juice percentage, AA: ascorbic acid (mg/100 g), TA: titratable acidity (%),
PC: pulp content (%), TAR: TSS: acidity ratio, JPR: juice pulp ratio, FP: fruit pH, SL: shelf life and

SC: sugar content
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showed significant positive correlations with juice-to-
pulp ratio, TSS-to-acidity ratio, shelf life, sugar
content, ascorbic acid content and fruit pH, but
negative correlations with pulp content and titratable
acidity. Similarly, ascorbic acid content was positively
correlated with shelf life, TSS-to-acidity ratio, fruit
pH, juice-to-pulp ratio and sugar content, while,
showing negative correlations with titratable acidity
and pulp content. Titratable acidity exhibited
significant positive correlation with pulp content but
negative correlations with TSS-to-acidity ratio,
ascorbic acid content, juice-to-pulp ratio, shelf life,
juice percentage, fruit pH and sugar content. Juice-
to-pulp ratio was positively correlated with TSS-to-
acidity ratio, shelf life, sugar content and fruit pH, but
negatively correlated with pulp content. Fruit pH
showed positive correlations with sugar content and
shelf life. Shelf life was also positively correlated with
TSS-to-acidity ratio and sugar content, whereas, sugar
content showed a negative correlation with pulp
content.

Principal component analysis

Principal component analysis (PCA) was performed
using ten fruit quality traits through singular value

decomposition. Of the ten principal components, only
PC1 had an eigen value greater than 1, explaining
94.66% of the total variation, with an eigen value of
3.08 (Table 2).

The PCA biplot (Fig. 2) revealed that
T

9
 (Panchagavya + PSB + Azotobacter) and T

10

(Jivamrit + PSB + Azotobacter) were closely
associated with higher TSS, sugar content, shelf life
and TSS-to-acidity ratio, indicating favourable
responses in these traits. In contrast, treatments
involving individual or fewer inputs, such as T

2
 (Amrit

Pani + Azotobacter) and T
4
 (Jivamrit + Azotobacter),

showed comparatively weaker associations with these
traits. T

5 
and T

6
 also exhibited favourable responses

but were less closely associated with the desirable
quality attributes. The biplot further indicated positive
correlations among total soluble solids, TSS-to-acidity
ratio, sugar content and shelf life, suggesting their
interrelated contribution to fruit quality. Conversely,
titratable acidity and fruit pH showed negative
associations with these traits. The close association of
T

9
 and T

10
 with desirable quality attributes suggests

that integrating organic bio-enhancers with beneficial
microorganisms may improve multiple fruit quality
parameters simultaneously.

Fig. 2 : Principal component analysis of different treatments, on quality attributes of strawberry cv. Chandler

TSS (°Brix), JP: juice percentage, AA: ascorbic acid (mg/100g), TA: titratable acidity (%), PC: pulp content (%),
TAR: TSS-to-acidity ratio, JPR: juice-to-pulp ratio, FP: fruit pH, SL: shelf life, and SC: sugar content

Bio-stimulants and bio-fertilizers enhance the quality of strawberries



CONCLUSION

The findings of this study confirm that bio-fertilizers
and bio-stimulants significantly influence the quality
metrics of strawberry cv. Chandler. Specifically, the
integration of Jivamrit (20%) + PSB (50 g/bed) +
Azotobacter (50 g/bed) optimized the majority of the
analyzed parameters, yielding peak values for total
soluble solids (12.34 °Brix), juice content (58.79%),
ascorbic acid (57.02 mg/100 g), TSS : acid ratio
(12.07), juice : pulp ratio (1.43), fruit pH (4.62), total
sugars (6.25%), and post-harvest shelf life (2.78 days).
Conversely, this group exhibited the lowest titratable
acidity (1.04%) and pulp content (41.21%).
Correlation analysis revealed strong, positive
relationships among these key quality traits, whereas
titratable acidity and pulp content displayed negative
correlations with the majority of the variables.
Principal component analysis (PCA) isolated
treatments T9 and T10 as the most effective, with PC1
accounting for 94.66% of the total variance.
Consequently, combining bio-stimulants with PSB and
Azotobacter—particularly the T

10
 T

10
-Jivamrit (20%)

+ PSB (50 g/bed) + Azatobacter (50 g/bed), holds
strong potential as a sustainable nutrient management
framework to enhance the market quality of Chandler
strawberries.
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