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Abstract

The quality of agricultural production and their modulation by biofertilizer application has gradually received attention. However, the
importance of Bacillus strains has not been studied extensively especially in strawberry. The present investigation was carried out to
study the effect of Bacillus strains on growth, yield and quality of strawberry cv. Chandler during the year 2016-17 and 2017-18. The
study indicates that various Bacillus strains significantly influenced growth, yield and quality of fruits. Among different Bacillus strains,
HCAG®61 strain recorded the significantly highest fruit yield per plant (233.69 g). It also recorded the highest value concerning different
growth parameters, viz. plant height (12.56 cm), spread (22.78 cm), and number of leaves per plant (11.31), crown diameter (12.46
mm), fresh weight (43.86 g) and dry weight (12.36 g) of plant with a minimum number of days (79.50 days) to flower in strawberry
plants. Among different yield attributing characters like number of fruits per plant (22.13), fresh weight of fruit (10.56 g), fruit length
(40.31 mm), fruit breadth (28.83) and moisture content in fruit (92.83%), HCA61 strain showed superiority than other Bacillus strains.
Regarding various physico-chemical characters, viz. TSS, acidity, ascorbic acid and anthocyanin content of fruits, Bacillus RCA3
strain exhibited significantly maximum values. The Bacillus strain HCA61 caused improved growth and yield. However, concerning
physico-chemical characteristics of fruits Bacillus RCA3 strain was found best. The results indicated that inoculation with Bacillus

strains could be an eco-friendly and cost-effective technology for improving strawberry growth, yield and quality.
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Introduction

Strawberry (Fragaria * ananassa Duch.), belonging to the family
Rosaceae, is known as one of the most attractive, delicious and
refreshing fruits of the world and occupies an important place
among the orchard plants. In India, the cultivated area under
strawberry is mainly located in Maharashtra, Himachal Pradesh,
Uttar Pradesh, Haryana and the Nilgiri hills, having nearly
2,000 ha area with a production of 5,000 tonnes. In Haryana,
it is around 150 ha, producing 2,010 tonnes (NHB, 2021).
Strawberry crop emerged as a hub, especially near the NCR
region of the capital, due to the availability of its market in
Delhi and its quick considerable income and nutritional values.
The modern strawberry cultivation that warrants high yield and
quality requires extensive use of chemical fertilizers, disrupting
the balance of nature and reducing economic efficiency. This
situation emphasized the need to develop alternate production
systems, that are environment friendly and more judicious to
manage soil health (Sindhu ez al., 2018). Strawberry is a shallow
rooted herbaceous plant, of which 50-90% of the root system is
confined to the upper 15 cm soil (Sakamoto ef al., 2016). Bio
fertilizers, more appropriately called microbial inoculants, are
preparations containing live or latent cells of efficient strains
of microorganisms (Saini et al., 2017). These biofertilizers are
cost-effective environment-friendly inputs that play a crucial role
in reducing the inorganic fertilizer application. Biofertilizers are
important components of integrated nutrient management (INM)
and their use as bioinoculants is most beneficial for establishing

different horticultural species in a rain-fed ecosystem (Mir and
Sharma, 2012). Considering these facts, there is a pressing need to
study the inoculation of strawberry plants with Bacillus promoting
the growth, yield and quality of strawberry.

Materials and methods

The experiment was conducted at a Hi-tech greenhouse and in
the Department of Horticulture Postharvest laboratory, CCS
Haryana Agricultural University, Hisar (Haryana), between 2016-
17 and 2017-18. A semi-arid climate with hot and dry summers
and cold winters characterizes the Hisar region. The soil of the
experimental plot was sandy in texture, low in organic carbon,
with soil pH 7.82; the available N, P and K were 95, 10 and 102
kg ha™!. The experiment was laid out in Complete Randomized
Design (CRD) with 11 treatments and four replications. The
recommended dose of P2Os and K>O @ were applied during pot
filling. The various treatments followed for the investigation were
as follows: To=75% RDF + MSA39, T; =75% RDF +SYB101, T,
=75% RDF + SB153, T3 =75% RDF + IMM24, T4=75% RDF +
HMM39, Ts =75% RDF + HCA61, Ts=75% RDF + RCA3, T; =
75% RDF + RCAS, Ts = 75% RDF + HCA76 (Bacillus control),
To = 75% RDF and Tio = 100% RDF. Seventy-five percent of
the recommended fertilizer dose was applied after strawberry
runners were planted in the respective pots, as mentioned in the
treatments. Observations on various growth and yield characters
were recorded by using standard methods. Ten berries from each
treatment were randomly selected to record the data on physico-
chemical characters. Crown diameter and fruit size were recorded
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by measuring length and breadth using the digital Vernier
callipers, whereas fruit weight was taken using top pan digital
balance. Total soluble solids were determined with a Zeiss hand
Brix refractometer (0- 32°B). The method, as suggested by Anon.
(1990), was used to determine the titratable acidity and ascorbic
acid. Anthocyanin content was measured using pH differential
method. The data was subjected to analysis of variance (ANOVA)
using OP STAT statistical computer package (Sheoran, 2004). The
Critical Difference (CD) was used to compare treatment means
at P =0.05 level.

Results and discussion

Effect of Bacillus strains on growth characteristics of
strawberry: Root inoculation of strawberry plants with different
Bacillus strains showed a significant effect on all the growth
parameters, i.e., plant height, number of leaves, plant spread,
appearance of the first flower, fresh weight of plant, dry weight of
plant and number of runners per plant, but growth responses were
strain specific. The 100% RDF produced the highest growth and
yield of fruits but among the Bacillus strains, the plant height
(12.80 cm), plant spread (22.80 cm), leaves per plant (11.31)
and crown diameter (12.46 mm) increased significantly with
the application of strain HCA61 with 75% RDF (Table 1). The
increase in plant height, number of leaves, plant spread and crown
diameter with Bacillus inoculation might be since biofertilizer
promotes root development due to the production of hormones
and solubilization of nutrients, which results in better vegetative
growth (Pii et al., 2015; Sindhu et al., 2010). Earlier, Aslantas
et al. (2007) and Karlidag et al. (2007) also reported increased
growth of apple with application of Bacillus strains. Plant growth-
promoting rhizobacteria increased plant growth by improving soil
physical, chemical and biological properties, which provided
a better environment for nutrient uptake by the plants. The
earliness of flower appearance in plants inoculated with Bacillus
strain HCA61 might be due to the easy uptake of nutrients and
simultaneous transport of growth-promoting substances like
auxins and cytokinins to the axillary buds, breaking apical
dominance. Ultimately, this has resulted in a better sink for faster
mobilization of photosynthates and early transformation of plant
parts from the vegetative to the reproductive phase (Verma and
Rao, 2013). The outcomes of the current experiment align with
Ipek et al. (2014) findings, which indicated a correlation between
floral induction in strawberries and the presence of cytokinin,
polyamines, and bacteria. Specifically, the bacteria, known for
producing auxin, may have contributed to an increase in plant
root growth. Kumari ez al. (2014) stated that application of plant

Table 1. Effect of Bacillus strains on growth characteristics of strawberry

growth promoting rhizobacteria reduced the days taken for
the appearance of first flower in chrysanthemum. The study
indicated a significant increase in fresh and dry weight and
runners of strawberry plants inoculated with Bacillus strain
HCA®61 than the un-inoculated ones (Table 1). The improvement
in fresh and dry weight and runners of plants might be due to
the increased availability of nutrients for growth and production
of phytohormones by the rhizobacteria, which prolonged the
vegetative growth and, therefore, increased photoassimilates.

The present results align with the findings of Awasthi et al.
(1998), who related the increased plant growth to the general
role of biofertilizers in stimulating nutrient uptake, especially
nitrogen, which played an important role in the assimilation of
numerous amino acids. Enhanced amounts of amino acids and
proteins contributed to the weight of the plant. The increased
number of runners per plant might be due to increased plant
growth in height, number of leaves and crown diameter, which
accumulated more photosynthates, increasing the number of
runners per plant in strawberry (Tripathi e al., 2016). Similar
results were also reported by Lufti and Murat (2009) and Gupta
and Tripathi (2012).

Moreover, rhizobacteria increased the availability of nutrients to
the plants and their translocation from root to flower through plant
foliage (Singh and Singh, 2009). Applications of biofertilizers
have been reported to play an important role in enhancing plant
growth and yield through a wide variety of mechanisms. Many
PGPR strains have been identified that can produce plant growth
substances such as indole-3-acetic acid, cytokinin and other plant
hormones in the rhizosphere, which are important in promoting
plant growth and yield (Malik and Sindhu, 2011).

Effect of Bacillus strains on yield and yield attributing
characters of strawberry: Various Bacillus strains significantly
influenced the yield and yield-attributing characteristics of
strawberries. It is revealed from Table 2 that maximum yield
was obtained in HCAG61 strain treatment, while minimum in
control (75% RDF). The increased yield of plants inoculated with
Bacillus strain HCA61 might be due to the increased number of
berries per plant, length, width, and weight.

It is revealed from the data that variation on number of berries per
plant was significant. Berry length (40.31 mm), berry diameter
(28.83 mm) and berry weight (10.56 g) were also influenced
significantly by Bacillus strain HCA61 than other treatments.
Erturk et al. (2012) reported that strawberry plants inoculated with
RC 19 (Bacillus simplex) gave the highest number of berries and

Treatments  Plant height  Plant spread Leaves/ Crown Emergence of first Fresh weight of Dry weight of ~ Runners /

(cm) (cm) plant diameter (mm)  flower (days) plant (g) plant (g) plant
To 11.48 21.08 10.20 11.66 86.25 40.58 11.10 5.25
T, 12.56 22.47 11.05 12.24 82.50 42.98 12.10 7.00
T2 11.65 21.32 10.36 11.81 83.75 41.37 11.37 5.63
T3 11.35 20.62 9.99 11.37 87.00 40.29 10.85 5.13
T4 11.30 20.49 9.74 11.22 87.63 39.98 10.66 5.00
Ts 12.80 22.78 11.31 12.46 79.50 43.86 12.36 7.00
Ts 12.22 22.17 10.77 12.06 83.63 42.38 11.83 6.25
T7 11.95 21.95 10.52 11.89 84.00 41.89 11.58 6.00
Ts 11.28 20.34 9.62 10.96 88.63 39.81 10.47 4.63
Ty 11.23 20.25 9.53 10.88 90.00 39.46 10.42 4.50
Tio 13.75 23.14 11.87 12.81 75.63 44.96 12.70 8.50
CD =(0.05%) 0.25 0.28 0.24 0.17 1.89 0.59 0.21 0.24
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Table 2. Effect of Bacillus on yield and yield attributing characters of
strawberry

Treatments Berry Berry dia. Berries/  Fresh Yield/
length (mm) plant  weight of  plant
(mm) berry
To 38.52 27.67 20.25 9.71 196.62
T 39.96 28.69 21.75 10.4 226.85
T2 38.77 27.88 20.75 9.82 203.76
T3 38.34 27.50 19.50 9.52 185.64
Ty 38.16 27.32 19.25 9.41 182.15
Ts 40.31 28.83 22.13 10.56 233.69
T 39.69 28.43 21.75 10.31 224.24
T7 39.21 28.11 21.25 10.10 214.62
Ts 38.07 27.20 19.00 9.31 178.89
Ty 37.93 27.09 18.87 9.27 177.09
Tio 40.72 29.17 22.75 10.87 243.05

CD = (0.05%) 0.18 0.20 0.51 0.18 4.86

yield, which might be due to production of IAA and cytokinin.
Tripathi et al. (2015) also reported that the increase in berry
size and weight might be due to the increased photosynthetic
ability of plants, which in turn might have favoured and
increased the accumulation of dry matter. Berry weight and size
are highly correlated with dry matter content and balanced
level of hormones. Among all the treatments, Bacillus strain
HCAG61 recorded the highest yield (233.69 g/ plant). The lowest
yield (177.09 g/plant) was recorded in control. The results of
the present experiment corroborate the findings of Verma and
Rao (2013), who reported that the increase in berry yield and
its parameters might be due to an increase in the number of
leaves, which worked as an efficient photosynthesis structure and
produced a high amount of carbohydrates in the plant system.
Moreover, the capability of rhizobacteria to produce growth
hormones, enzymes, and antifungal and antibacterial compounds
may have contributed to increased fruit yield in strawberries
(Sharma et al., 2018).

Effect of Bacillus strains on quality parameters of strawberry
fruit: Data presented in Table 3 revealed that different Bacillus
strains had a significant role in the physico-chemical characteristics
of berries. The highest TSS (7.44 %), lowest acidity (0.74%) and
highest anthocyanin content (45.00 mg/ 100 ml) were recorded
in berries inoculated with Bacillus strain RCA3. The increased
TSS in berries might be due to the availability of assimilates
due to increased photosynthesis and nutrient availability in fruit
plants due to the application of plant growth-promoting bacteria

Table 3. Effect of Bacillus strains on quality parameters of strawberry fruit

Treatments TSS  Acidity Ascorbic Anthocyanin Moisture
(°Brix) (%) acid (mg/ content (mg/ content

100mL) 100 mL) (%)
To 6.78 0.1 40.63 42.03 93.94
T 731 078 43.69 44.00 92.95
T, 730 0.80 41.53 42.52 93.63
Ts 6.55  0.84 40.34 41.47 94.07
Ty 6.51  0.83 39.66 40.92 94.13
Ts 737 076 42.86 44.06 92.83
Te 744 074 4222 45.00 93.15
T; 7.09  0.79 40.97 42.83 93.46
Ts 635 085 39.33 40.42 94.30
To 625  0.86 38.69 39.90 94.43
Tio 757 072 45.01 46.75 92.60
CD=(0.05%) 0.11 NS 1.03 1.17 0.15

(Thakur et al., 2015). The decreased acidity in fruit juice might be
due to the metabolic transformation of organic acids into sugars and
the rapid utilization of organic acids in respiration (Esitken et al.,
2010). The ascorbic acid content (43.69 mg/ 100 mL) in strawberry
fruits was highest when the plants were inoculated with Bacillus
subtilis strain SYB101. The respective increase in ascorbic acid
and anthocyanin content might be due to the increased efficiency
of microbial inoculants to fix atmospheric nitrogen and secrete
growth-promoting substances, which accelerated physiological
processes like carbohydrate synthesis (Tripathi et al., 2016).

Correlation coefficient values of growth and yield attributing
character of strawberry: Data presented in Table 4 and 5
revealed the correlation between the growth parameters and the
yield of strawberry. The estimates for the correlation coefficient
for plant height, plant spread, leaf number, crown diameter and
yield in all possible combinations are presented in Table 4. All
the growth and yield attributing characters showed a highly
significant positive correlation with yield. A highly significant
positive association with yield was shown by plant spread (r =
0.998), and other traits, viz. plant height (r = 0.942), leaf number
(r=0.981), and crowns diameter (r =0.985) also showed a highly
positive correlation with yield. Similarly, the yield positively
correlated with yield attributing characters of berries, viz. berries
plant™!, berry weight, length and diameter (Table 5). The berries
plant! (r = 0.942), berry weight (r = 0.998), berry length (r =
0.981) and berry diameter (r = 0.985) were highly positively
correlated with yield and effect was found to be highly significant
for all the parameters.

Table 4. Correlation coefficient values betweem growth characters and
yield of strawberry

Trait Plant Plant No. of  Crown Yield
height  spread  leaves diameter

Plant height 1 0.947 0.978 0.946 0.942

Plant spread 1 0.982 0.984 0.998

No. of leaves 1 0.991 0.981

Crown diameter 1 0.985

Yield 1

Table 5. Correlation coefficient values betweem yield attributing berry
traits and yield of strawberry

Trait Berry/ Berry Berry Berry Yield
plant weight length  diameter
Berry/plant 1 0.991 0.979 0.987 0.996
Berry weight 1 0.996 0.997 0.996
Berry length 1 0.996 0.991
Berry diameter 1 0.993
Yield 1

From the results of the present investigation, it can be concluded
that the Bacillus strain HCA61 was the most efficient strain for
improving the growth and yield of ‘Chandler’ strawberry. The
physico-chemical characteristics of fruits were improved with
inoculation of Bacillus strain RCA 3. Hence, these two Bacillus
strains can be recommended for inoculating strawberry to obtain
enhanced growth, yield and quality of strawberry. Thus, beneficial
rhizobacterial strains could be used as bio fertilizers in the
integrated nutrient management (INM) strategy for sustainable
agriculture.

Journal of Applied Horticulture (www.horticultureresearch.net)



Bio-inoculation of strawberry plants with Bacillus strains 281

Acknowledgement

The authors thank the Department of Microbiology, College
of Basic Science and Humanities, CCS Haryana Agricultural
University, for procuring microbial strains for inoculating
strawberry plants.

References

Anonymous, 2021 Annual Report. Natl. Hortic. Board, Dir. Hortic.,
Gov. Haryana. http://nhb.gov.in/Statistics.aspx A.O.A.C. 1990. Off
Methods Anal. Assoc. Off. Anal. Chem.: Off. Methods Anal. AOAC
Wash. D.C., USA.

Aslantas, R., R. Cakmakci and F. Sahin, 2007. Effect of plant growth
promoting rhizobacteria on young apple tree growth and fruit yield
under orchard conditions. Sci. Hortic., 111: 371-377.

Awasthi, R.P., R.K. Godara and N.S. Kaith, 1998. Interaction effect of
VAM and Azotobacter inoculation on micronutrient uptake of peach
seedlings. Indian J. Hortic., 11: 1-5.

Erturk, Y., S. Ercisli and R. Cakmakeci, 2012. Yield and growth response
of strawberry to plant growth promoting rhizobacteria inoculation.
J. Plant Nutr., 35(6): 817-826.

Esitken, A., H.E. Yildiz, S. Ercisli, M.F. Donmez, M. Turan and A.
Gunes, 2010. Effects of plant growth promoting bacteria (PGPB) on
yield, growth and nutrient contents of organically grown strawberry.
Sci. Hortic., 124(1): 62-66.

Gupta, A.K. and V.K. Tripathi, 2012. Efficacy of Azotobacter and
vermicompost alone and in combination on vegetative growth,
flowering and yield of strawberry (Fragaria x ananassa Duch.) cv.
Chandler. Prog. Hortic., 44(2): 256-261.

Ipek, M., L. Pirlak, A. Esitken, M.F. Donmez, M. Turan and F. Sahin,
2014. Plant growth promoting rhizobacteria (PGPR) increase yield,
growth and nutrition of strawberry under high calcareous soil
condition. J. Plant Nutr., 37(3): 990-1001.

Karlidag, H., A. Esitken, M. Turan and F. Sahin, 2007. Effects of root
inoculation of plant growth promoting rhizobacteria (PGPR) on

yield, growth and nutrient element contents of leaves of apple. Sci.
Hortic., 114: 16-20.

Kumari, A., R K. Goyal, S.K. Sehrawat, M. Choudhary and S.S. Sindhu,
2014. Effect of some plant growth promoting rhizobacteria (PGPR)
strains on growth and flowering of chrysanthemum. J. Crop Weed,
12(1): 07-15.

Malik, D.K. and S.S. Sindhu, 2011. Phytostimulating effect of IAA-
producing Pseudomonas strains on nodulation and plant growth of
chickpea (Cicer arietinum). Physiol. Mol. Biol. Plants, 17: 25-32.

Mir, Muzaffar and Som Dev Sharma, 2012. Influence of biofertilizers on
plant growth, fruit yield, nutrion and rhizosphere microbial activity
of pomegranate (Punica granatum L.) cv. Kandhari Kabuli. J. Appl.
Hortic., 14 (2): 124-128.

Pii, Y., T. Mimmo, N. Tomasi, R. Terzano, S. Cesco and C. Crecchio,
2015. Microbial interactions in rhizosphere: Beneficial influence of
plant growth promoting rhizobacteria in nutrient acquisition process.
A review. Biol. Fertil. Soils, 51: 403-415.

Lutfi, P. and K. Murat, 2009. Effects of plant growth promoting
rhizobacteria on yield and some fruit properties of strawberry. J.
Plant Nutr., 32(7): 1173-1184.

Saini, Shan., Kuldeep, Yadav., Esha and Ashok Aggarwal, 2017. Effect
of bioinoculants on morphological and biochemical parameters of
Zinnia elegans Jacq. J. Appl. Hortic., 19 (2): 167-172.

Sakamoto, M., M. Uenishi, M. Miyamoto and T. Suzuki, 2016.
Effect of root-zone temperature on the growth and fruit quality of
hydroponically grown strawberry plants. J. Agric. Sci., 8: 122-131.

Sharma, R., S. Sindhu and S.S. Sindhu, 2018. Bioinoculation of mustard
(Brassica juncea L.) with beneficial rhizobacteria: A sustainable
alternative to improve crop growth. Int. J. Curr. Microbiol., 7(5):
1375-1386.

Sheoran, O.P. 2004. Statistical Package Agriculture Reseasrch Workers.
CCS Haryana Agric. Univ., Hisar. http://hau.ernet.in/

Sindhu, S.S., A. Sehrawat, R. Sharma, A. Dahiya and A. Khandelwal,
2018. Belowground microbial cross-talk and rhizosphere biology
p- 695-752. In: Plant-microbe Interact. Agro-Ecol. Perspect,
Vol.1. Fundam. Mech. Methods Funct., D.P. Singh (eds.) Springer,
Singapore.

Sindhu, S.S., N. Verma, S. Dua and D. Chaudhary, 2010. Biofertilizers
application and growth stimulation in horticultural crops. Haryana
J. Hortic. Crops, 39: 48-70.

Singh, A. and J.N. Singh, 2009. Effect of biofertilizers and bioregulators
on growth, yield and nutrient status of strawberry cv. Sweet Charlie.
Indian J. Hortic., 66(2): 220-224.

Thakur, S., K. Mehta and S.R. Sekhar, 2015. Effect of GA3 and plant
growth promoting rhizobacteria (PGPR) on growth, yield and fruit
quality of strawberry, (Fragaria x ananassa Duch) cv. Chandler. Int.
J. Adv. Res., 3(11): 312-317.

Tripathi, V.K., S. Kumar and A.K. Gupta, 2015. Influence of Azotobacter
and vermicompost on growth, flowering, yield and quality of
strawberry cv. Chandler. Indian J. Hortic., 72(2): 201-205.

Tripathi, V.K., S. Kumar, K. Kumar, S. Kumar and V. Dubey, 2016.
Influence of Azotobacter, Azospirillum and PSB on vegetative
growth, flowering, yield and quality of strawberry cv. Chandler.
Prog. Hortic., 48(1): 48-52.

Verma, J. and V.K. Rao, 2013. Impact of INM on soil properties, plant
growth and yield parameters of strawberry cv. Chandler. J. Hill
Agri., 4(2): 61-67.

Received: July, 2022; Revised: August, 2022; Accepted: August, 2022

Journal of Applied Horticulture (www.horticultureresearch.net)



