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The current investigation was carried out at a farmer’s field in Sendanga, North 24 Parganas, West Bengal,
India, from January to September of 2020-2021. The latitude and longitude of the location are 22.894 and
88.601. This work was designed with a Completely Randomized Design (CRD), with eight different treatments
and four replications. The findings from the research regarding the effects of several doses and combinations
of biofertilizers on growth parameters as well as quality parameters have been summarized. The experiment
focused on a five-year-old sweet orange cv. Malta plants grafted onto Pummelo (Citrus grandis) rootstock,
with a spacing of 5 m × 5 m. The results of this investigation demonstrated that the treatment involving
(Azotobacter chroococcum100 g + Azospirillum lipoferum 100 g) + (Paenibacillus polymyxa 100 g + VAM
100 g) + (Bacillus megaterium 100 g + Frateuria aurantia 100 g) + 30 kg Vermicompost per plant (T8)
exhibited superior performance compared to inorganic nutrient application (RDF + 30 kg Vermicompost)
concerning growth, yield as well as quality parameters of Malta plants. Considering these aspects, T8
resulted in maximum increases in growth parameters, including plant height, tree spread and the highest
average fruit weight (210.55 g). Furthermore, T8 displayed the most elevated fruit quality parameters, such
as TSS content of 10.75ºBrix and higher levels of reducing sugar as well as ascorbic acid content.
Keywords: Azotobacter, Azospirillum,fruit quality,Citrus sinensis, VAM, yield
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ABSTRACT

Introduction
The sweet orange (Citrus sinensis) is a prominent

member of the citrus family, belonging to the Rutaceae
family and Aurantoidae sub-family (Russo et al., 2021).
Columbus introduced these plants from the Western
Hemisphere in the fifteenth century (Vashisth and
Kadyampakeni, 2020). Primarily, it was introduced in the
China region but has been distributed worldwide (Mahato
et al., 2022). Citrus output reached a record-breaking
146 million tons globally in 2017, making it the leading

fruit (Arah et al., 2016). Malta is a delicious and nutritious
cultivar of sweet orange. Leaf aroma is entirely different
from other members of the citrus group. The peel contains
essential oils for flavor, baking and food products. Sweet
oranges (C. sinensis) contain 0.7 grams of protein, 9.9
grams of carbs, and 0.2 grams of fat per 100 grams,
which provides almost 45 kilocalories of energy. Per 100
millilitres of juice, it provides 39 calories and contains 9.8
grams of total carbs (soluble sugars), 0.5 grams of proteins,
and very little fat (Bellavite and Donzelli, 2020).
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Carotenoids, ascorbic acid and flavanones are other
components of fruits that contribute to their therapeutic
value. It is a good source of citric acid among all fruit
crops. West Bengal is now a major emerging site for this
fruit crop because of its versatile edapho-climatic
adaptability, compatibility of Gangetic soil, prolific bearing
habit, ability to withstand various abiotic and biotic
stresses, and high remunerative even without much care.
It requires extensive spread production to augment the
demand for Malta (table and processing purposes) and
ensure regular cropping and surge production. Fertilizer
plays a role, in providing nutrients to the soil boosting its
immunity, with high levels of nourishment. But the high
cost of chemical fertilizers has reduced profit amounts
for the farmers. Hence, it needs to be ascertained that
organic manure and biofertilizer can take the place of
inorganic fertilizer without disturbing the fruit quality as
well as fruit yield (Navarro and Morte, 2024). So,
biofertilizers constitute a safe and environmentally
friendly alternative to chemicals, seeking to boost soil
qualities and prolong horticulture crop yield. (Nosheen et
al., 2021; Vidhya Devi and Sumathy, 2017; Pathak et al.,
2017). However, the fertility and health of the soil have
been compromised by the ongoing use of strong chemical
pesticides and fertilisers. Expensive inorganic fertilizers
and the wastage of plant nutrients caused by leaching,
volatilization, and denitrification create severe economic
losses to growers. There have been numerous reports of
multi-nutrient deficits and decreased soil productivity as
a result of careless fertiliser usage. Applying crop
residues, organic manures and biofertilizer is thought to
be an inexpensive way to give plants readily available
nutrients that will improve the growth, yield and quality
of different fruit crops (Anand et al., 2022). Nutrition in
sweet oranges plays a vital role in maintaining vegetative
growth, reproductive growth and qualitative fruits
production for extended periods. A key contributing factor
to India’s citrus decline is improper and insufficient
nutrition (Shilewant et al., 2023). Therefore, the goal of
the current study is to assess how the application of
biofertilizers and inorganic nutrients affects the growth,
production and quality of sweet orange cv. Malta.

Materials and Methods
The research was ccarried out at a farmer’s field

located in Sendanga, North 24 Parganas, West Bengal,
Indiaduring 2020-2021. The study involved the five-year-
old plant and was designed as a Completely Randomized
Design (CRD) experiment comprising four replications
and eight distinct treatments. These treatments included:
T1 (Control): Application of recommended inorganic
fertilizer doses (800g N, 400g P2O5, 400g K2O per plant),

T2: Application of Azotobacter chrococcum (200g) +
Azospirillum lipoferum (200g), T3: Application of
Paenibacillus polymyxa (200g) + Vesicular Arbuscular
Mycorrhizae (VAM) (200g), T4: Application of Bacillus
megaterium (200g) + Frateuria aurantia (200g), T5:
Application of a combination of Azotobacter (100g) +
Azospirillum lipoferum (100g) + Paenibacillus
polymyxa(100g) + VAM (100g), T6: Application of a
combination of Paenibacillus polymyxa(100g) + VAM
(100g) + Bacillus megaterium (100g) + Frateuria
aurantia (100g), T7: Application of a combination of
Azotobacter chrococcum (100g) + Azospirillum
lipoferum (100g) + Bacillus megaterium (100g) +
Frateuria aurantia (100g), T8: Application of a
combination of Azotobacter chroococcum (100g) +
Azospirillum lipoferum (100g) + Paenibacillus
polymyxa(100g) + VAM (100g) + Bacillus megaterium
(100g) + Frateuria aurantia (100g).

Additionally, 30 kg of vermicompost was uniformly
applied in all treatments. Notably, the vermicompost
utilized in the experiment contained 1.9% nitrogen (N),
1.25% phosphorus (P2O5), and 1.22% potassium (K2O).
Vermicompost was applied at a rate of 30 kg per plant,
and biofertilizers were applied individually or in various
combinations, except T8, which received 600g of
biofertilizers. This application was carried out twice, first
during the flowering season on 1st March 2020 and
subsequently at the Marble fruit stage on 1stAugust 2020,
under the tree canopy. Their respective treatment groups
thoroughly mixed the biofertilizers with farmyard manure
(FYM) or vermicompost.

Throughout the experiment, measurements were
taken for tree height and tree spread. At harvest, mature
green-stage fruits were collected and their weights were
recorded using a digital balance. Parameters including
TSS, acidity, and total sugars were evaluated in compliance
with the Association of Official Analytical Chemists’
(A.O.A.C., 2005) guidelines. The procedure outlined by
Ranganna 1979 in 2000 was used to quantify the ascorbic
acid content. 

Statistical analysis was performed using the OPSTAT
software, with a standard analysis of variance (ANOVA)
procedure, following the established protocol suggested
by Panse and Sukhatme 1995 .

Results and Discussion
The information shown in Table 1 makes it clear that

the application of vermicompost and biofertilizers
significantlyaffected the plant height of Malta. A
noteworthy maximize enhancement in plant height, 3.39
meters, was observed in T7 treatment, followed closely
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by the T4 treatment, which exhibited a plant height achieve
up to of 3.12 meters. In contrast, the T1 treatment showed
the lowest increase in plant height, only 2.09 meters. The
substantial increase in plant height observed in the T7
treatment can be attributed to the enhanced nutrient
availability resulting from the combined application of
vermicompost and biofertilizers. Conversely, the limited
increase in plant height in the T4 treatment may be
attributed to using a single type of biofertilizer, which may
not have provided enough nutrients for optimal plant
growth. It is worth noting that augmentation in the
vegetative growth as well as other related factors may
be attributed to increased chlorophyll production due to
the inoculation of nitrogen-fixing microorganisms.
Additionally, microorganisms in the rhizosphere that
produce plantgrowth regulators, which are then taken by
the roots, could have contributed to the increased
vegetative growth. Similar findings of increased plant
physical characters with the application of vermicompost
as well as biofertilizers have been summarized in studies
conducted by Marathe et al., 2007 in sweet orange.,
Furthermore,maximumcanopy spread in E-W (2.09 m)
as well as in N-S (2.11 m) were observed from T8

treatment while T4 treatment demonstrated the smallest
canopy spread in E-W(1.22 m) as well as in N-S(1.27
m). The substantial spread observed in the T8 treatment,
in terms of N-S and E-W dimensions, can be attributed
to the augmented vegetative growth, which may have
resulted from the greater availability of nutrients, thus
assisting the plant’s increased photosynthetic
accumulation.

The maximum fruit set (29.27%) and minimum fruit
drop percentage (78.27%)were found in the T8 treatment,
whereas minimumfruit set and maximumfruit drop
percentage were observed under Control (Table 1).The
minimum days taken from flowering to fruit harvest was
210 days found in the plants receiving treatment T8 and
maximum was recorded under the treatment of T1, having
242 days. The results are due to the biofertilizers’
extended nutrient availability throughout the growth phase,
which may have improved flowering and produced more
flowers. The current results are supported by the
obserations of Athani et al., 2005 in guava. The minimal
number of days needed for the first flower to appear
suggests that all the necessary components for early

Table 1: Impact of inorganic nutrient and biofertilizers on Plant Height, Canopy Spread E-W and N-S (m), Fruit set (%), Fruit
drop, Days from flowering to fruit, Number of fruits/tree, Average fruit weight (g) and Fruit yield (kg tree-1)

Treat- Plant
Canopy Canopy Fruit

Fruit
Days from No. of Average Fruit

ment Height
Spread Spread set

drop
flowering fruits fruit yield

(E-W) (N-S) (%) to fruit tree-1 weight (g) (kg tree-1)
T1 2.09e 1.77bc 1.83ab 23.35h 87.16a 242a 165.07h 181.18h 30.7g

T2 2.89bc 1.89abc 1.91ab 24.17f 84.83b 235b 168.13g 190.08e 31.35g

T3 2.22de 1.41de 1.46cd 24.62e 84.26c 231c 173.85d 185.92g 32.11f

T4 3.12b 1.22e 1.27d 23.89g 83.75d 228d 172.36f 187.18f 32.69e

T5 3.05b 1.95ab 1.98a 25.07d 82.28f 221e 174.21c 195.5c 34.05c

T6 2.43d 1.63cd 1.66bc 27.11b 80.12g 216f 175.12b 202.49b 35.37b

T7 3.39a 2.01ab 2.03a 25.53c 82.75e 232c 173.17e 192.48d 33.48d

T8 2.71c 2.09a 2.11a 29.27a 78.27h 210g 178.62a 210.58a 37.6a

SE(m) 0.016 0.017 0.017 0.018 0.013 1.443 0.02 0.029 0.085
CD 0.047 0.05 0.048 0.052 0.037 4.238 0.058 0.086 0.249

Fig. 1: Some experimental activities. Fig. 2: Flowering Stage (a); Fruit set stage (b).

(a) (b)



flowering are supplied by a balanced biofertilizer
treatment.

The resultsshowed that differences among the no.
of fruits/plant (Table 1) were significantly influenced by
biofertilizers. T8 recorded maximum no. of fruits (178.62
fruits/plant) and was at par with T6 (175.12 fruits/tree).
The minimum (165.07 fruits/tree) was recorded by T1
(Control). A similar result was reported by Ibe et al.,
2011 in citrus. The treatment T8 recorded maximum
average fruit weight (210.58g) and was at par with the
treatment T3 (202.49g). T1 recorded minimum average
fruit weight (181.15 g). According to the results, all of
the treatments considerably raised average yield above
the control group while having varying effects on measures
related to fruit quality. T8 recorded the maximum fruit
yield (37.60 kg/plant) whereas T1 recorded the minimum
(29.88 kg/plant). Applying biofertilizer improved the soil’s
porosity, internal drainage, nutritional content, and water
conservation. This resulted in fewer fruit drops, more
fruits overall, greater fruit weight, and increased orange
yield. Dubey and Yadav 2003 on Khasi mandarin (Citrus
reticulate Blanco) also reported that application of 110
kg pig manure + 750 g N + 650 g P produced maximum
fruit yield/tree (163 kg) and minimum fruit drop (19.73%)
in Khasi mandarin.

The highest TSS (10.75 ºBrix) was recorded in T8
(Table 2) which was at par with T6 (10.24 ºBrix), T5

(10.12 ºBrix) and T7 (9.98 ºBrix). T1 recorded the lowest
TSS (8.30 ºBrix). The maximum total sugar (6.48%),
reducing sugar (3.15%) as well as non-reducing sugar
content (3.33%) were recorded in T8 while the minimums
(4.95%, 2.43% and 2.52%, respectively) were recorded
by T1. Fruits with higher sugar contents have better
nutritional delivery and increased growth hormone
production, which promotes cell division. Srivastava et
al., 2014 reported similar outcomes with papaya. Highest
ascorbic acid content (56.51 mg/100 ml juice) was
observed in T8 and was at par with T6 (54.95mg/100 ml
juice). The minimum (46.33 mg/100 ml juice) was
observed in T1. The right ratio of vermicompost to
biofertilizers delivered nutrients at the right time and in
the right amount, that hastened the chemical properties
of orange. Abdalla et al., 2011 also reported a similar
result in grapefruit.The highest juice percentage (50.27%)
was recorded in T8. T1 recorded the lowest juice
percentage (40.63%). Shamseldin et al., 2010 reported
similar outcomes. In order to decrease nematode survival
in the soil and enhance the quality of Washington Navel
oranges, they investigated microbial bio-fertilization
techniques. Khehra et al., 2016 also reported a similar
result in lemon. The maximum rind percentage (30.14%)
was recorded in T1 and the minimum (26.08%) in T8.
Highest weight of seeds per fruit (4.02 g) was observed
from T1 whereas T8 recorded the minimum (2.58 g).
The highest no. of seeds (17.63 seeds/fruit) was observed
in T1 and lowest (13.47 seeds/fruit) in T8. Vadak et al.,

Table 2. Impact of inorganic nutrient and biofertilizers on Total Sugar, Reducing Sugar, Ascorbic acid, Juice, Rind, Weight of
seeds/fruit, Number of seedsfruit-1, Rind thickness and shelf life of fruit

Treat- Total Reducing Ascorbic Juice Rind Weight of seeds No. of seeds Rind Shelf life TSS
ment sugar (%) sugar (%) acid (%) (%) per fruit(g) per fruit thickness of fruit (0 Brix)
T1 4.95d 2.43d 46.33h 40.63h 30.14a 4.02a 17.63a 4.37a 14.25g 8.63f

T2 5.32d 2.65cd 48.69f 44.59e 29.02b 3.86a 17.07b 4.12a 15.03f 8.98e

T3 5.06d 2.51d 47.25g 41.24g 28.59c 3.38b 16.55c 4.21a 15.65e 8.3g

T4 5.28d 2.72bcd 49.76e 42.82f 27.78d 3.51b 16.15d 4.32a 16.55d 9.81d

T5 6bc 2.89abc 53.24c 47.47c 27.19e 3.11c 14.55e 3.37c 17.5c 10.12bc

T6 6.23ab 2.98ab 54.95b 49.78b 26.45f 2.973c 13.95f 3.28c 18.07b 10.24b

T7 5.8c 2.81bc 52.05d 45.61d 26.08g 3.42b 14.12f 3.68b 16.35d 9.98cd

T8 6.48a 3.15a 56.51a 50.27a 26.18g 2.58d 13.47g 3.17c 18.89a 10.75a

SE(m) 0.016 0.016 0.015 0.017 0.016 0.017 0.015 0.017 0.017 0.03
CD 0.089 0.047 0.047 0.044 0.049 0.046 0.051 0.045 0.049 0.089

Fig. 3: Fruiting Stage (a); Mature stage (b).
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2014 also reported a similar result in sweet orange. The
minimum rind thickness (3.17mm) was recorded by T8.
At the same time, the maximum (4.37 mm) was recorded
by T1. Sharaf et al., 2011 reported similar outcomes with
Washington Navel Orange.

The data indicated that the differences due to the
application of vermicompost as well as biofertilizers on
the shelf life of fruit were non-significant. However,
highest shelf life (18.89 days) was observed from T8
where as the minimum (14.25 days) was recorded by T1
(Table 2). Improvement of shelf life due to the application
of biofertilizers showed maximum shelf life with minimum
respiration rate during storage. Better fruit quality
concerning rind%, rind thickness, no. of seeds/fruit as
well as seed weight/fruit might be because vermicompost
and biofertilizers increased the amount of food materials
in plants, which made it easier for the plants to employ
those resources for fruit development.

It was established that (Azotobacter chroococcum
100 g + Azospirillum sp. 100 g) + (Paenibacillus
polymyxa 100 g + VAM 100 g) + (Bacillus megaterium
100 g + Frateuria aurantia 100 g) + 30 kg Vermicompost
(T8) produced the best results in terms of fruit quality.
Organic farming can produce fruit sustainably while
simultaneously increasing yield and quality. This organic
technique equalled the performance of the control group
(T1), which applied FYM and inorganic fertilizer at
prescribed dosages.
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