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ABSTRACT 
 
There is an immense need to replace chemical fertilizers with biofertilizers to address the soil, environment, and health issues. 
Endophytic bacteria act as biocontrol agents and promote plant growth and yield. Present study was designed to evaluate the 
microbial effect of endophytic bacteria on growth, fruit yield and quality of phalsa (Grewia asiatica L.). Three years old healthy, 
disease and insect-pest free plants were selected for the study. Experiment was laid out in randomized complete block design with 
four treatments; control, two bacteria such as Burkholderia phytofirmans strain PsJN, Bacillus sp. strain MN54 and their combination 
(PsJN + MN54) with three replications. The treatments were applied after pruning (January) and flowering (March) as plants need 
nutrition for both vegetative and reproductive growth. Combined application of PsJN + MN54 resulted in greater vegetative and 
reproductive growths of plants i.e. number of shoots/plant (29.6), number of leaves/shoot (15.9), number of fruit clusters/shoot 
(14.0), number of fruits/cluster (14.1), fruit weight (13.7 g) and yield/plant (8.8 kg) than PsJN or MN54 alone and control. Fruit 
biochemical characteristic i.e. TSS (8.78 °Brix), TA (0.53%), ascorbic acid (44.44 mg 100 mL-1), total sugar (12.29%), reducing sugar 
(9.59%) and non-reducing sugar (4.92%) contents were also higher in plants treated with PsJN + MN54. All growth, yield and 
biochemical parameters correlated positively with each other except titratable acidity. Based on performance, the combined 
treatment (PsJN + MN54) can be applied at two stages, after pruning and at flowering, for better growth, yield and quality of phalsa 
crop. 
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INTRODUCTION 
 
Phalsa (Grewia asiatica L.) plant is a small shrub belonging to the 
family Malvaceae. The genus Grewia encompasses more than 
140 species. The wild species G. elastica Royle grows well on the 
lower Himalayan hills. Other important species include G. 
tiliifolia Vahl, G. glabra Blume, G. villosa Willd. and G. microcos L. 
In genus Grewia, only G. asiatica L. bears edible fruit, thus the 
species is of commercial importance (Morton, 1987). Phalsa 
plant is predominantly entomophilous, with yellow flowers in 
cymes clusters. It is native to the Himalayan region spanning 
South Asia, and includes Pakistan, Bangladesh, Sri Lanka, and 
India, as well as Nepal (Khan et al., 2019). It grows well in 
tropical and sub-tropical parts of South Asia, Cambodia, Laos, 
Luzon region of the Philippines, northern and central Thailand, 
and some parts of the United States of America (Yadav, 1999). In 

winter season, the plant becomes defoliated which helps it to 
face heavy frosts by attaining maximum height within a few 
months after pruning (Orwa et al., 2009). 
 
Phalsa is grown on small-scale and considered as a neglected 
fruit crop in Pakistan due to unawareness and inadequate 
management knowledge, multiple harvestings, uneven fruit 
ripening and very short shelf life. For higher yields and better-
quality phalsa production, wide use of chemical fertilizers is 
required that creates environmental problems (Jayswal et al., 
2017). Commercially available chemical fertilizers are more 
expensive than biofertilizers. Chemical fertilizers may contain 
some ingredients toxic to human skin and respiratory system. 
These toxic ingredients may also build up in the soil, causing 
long-term imbalances in soil pH and fertility (Pesakovic et al., 
2013). Plants can uptake these toxic chemicals which can be 
accumulated in the human body upon consumption. Their 
accumulation in the body poses several risks to the human 
health. Chemical fertilizers also have deleterious effects on the 
environment, products and by-products of which are some toxic 
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chemicals or gases like carbon dioxide and methane etc., causing 
air pollution (Savci, 2012). 
 

Organically prepared fertilizers contain microorganisms which 
are helpful in enhancing plant growth and improving fruit 
quality by supplying nutrients to the plants and creating 
opportunity to decrease the environmental problems 
(O’Connell, 1992). Microbes are considered vital as they increase 
nitrogen and phosphorus levels in plants. Bacterial 
microorganisms increase yield and improve quality of plant 
products (Dobereiner, 1997; Dutta and Kundu, 2012). Many 
species of plant beneficial bacteria have been used in cultivation 
of crops and production of quality fruits (Rodriguez and Fraga, 
1999; Sturz and Nowak, 2000; Sudhakar et al., 2000). Beneficial 
interaction of plant and microbes promote plant health and 
development (Berg et al., 2005). Endophytic bacteria colonize 
the internal tissue of the plant showing no external sign of 
infection or negative effect on their host (Strobel et al., 2004; 
Schulz and Boyle, 2006). Nearly 3 million plant species exist on 
the earth and each individual plant is host to one or more 
endophytes (Fig. 1).  
 

Chemical fertilizers may cause ground watery pollution, soil 
acidification and mineral depletion. While biofertilizers are eco-
friendly and their timely and optimum applications help to 
increase fruit yield and quality. Microbes fix a reasonable 
amount of nitrogen and phosphorus which help to increase the 
plant vegetative and reproductive growth. There is immense 
need to study the effects of microbes on desirable attributes of 
crop plants, decreased environmental pollution and expenses. 
No literature is available on use of endophytic bacteria for phalsa 
production. Hence, the current research was planned to study 
growth, fruit yield and quality of phalsa by applying endophytic 
bacteria at pruning and flowering time. 
 

MATERIALS AND METHODS 
 

Plant material 
 

Twelve phalsa plants were selected at Postgraduate Agricultural 
Research Station (PARS), Institute of Horticultural Sciences, 
University of Agriculture, Faisalabad, Pakistan. The selected 

plants were of three years age, propagated sexually and planted 
in square system with 1.5 m distance.  
 

Inocula preparation and application 
 

Inocula of the selected strains (Burkholderia Phytofirmans: PsJN 
and Bacillus sp.: MN54) were prepared. Tyrptic Soy Broth (10%) 
was taken in 250 mL Erlenmeyer flasks and placed on orbital 
shaking incubator (100 rpm, 28 ± 1 °C) for 72 hours. Before 
application of inoculum through soil irrigation, visual 
compactness of broth (0.5) was maintained using 
spectrophotometer (600 nm) to have a constant population of 
bacteria {108-109 colony-forming units (CFU) mL-1}. Solution of 
100 mL in ratio of 4:1 (80 mL water + 20 mL bacterial strain) 
was applied to the roots of the experimental plants. The plants 
were uniformly pruned (a regular annual practice) at 0.3 m 
above ground level during the month of January 2018. First 
application of microbes was applied one week after pruning and 
second during March at flowering stage. Recommended 
irrigation, cultural (weeding, cultivation and hoeing) and plant 
protection practices were applied to all the plants irrespective of 
the treatments applied. 
 

Variables measured 
 

Vegetative and reproductive growth 
 

Plant visual health was observed at pruning, time of flowering 
and fruit setting to find the difference among treatments. On May 
2018, when fruit was at ripening stage, vegetative growth was 
recorded on selected shoots from each side of the treated plants 
(East, West, North and South). Sprouted shoots/plant and 
leaves/shoot were recorded for the vegetative growth of phalsa 
plants. For reproductive parameters, data on fruit 
clusters/shoot, number of fruits/cluster and average fruit 
weight were taken. Weight of randomly selected fifteen fruits 
was recorded on a digital weighing balance (Apollo, GX-A) and 
yield (kg) of each experimental plant was calculated by sum of 
all fruit pickings.  
 

Biochemical analysis 
 

Biochemical characters were recorded by extracting juice of 
fruits from each sample with the help of muslin cloth. TSS (°Brix) 

 
Figure 1: Endophytes mechanism to promote plant growth 
modulating functions (Gupta and Chaturvedi, 2019).  

 

Plate 1: Visual assessment of phalsa plants treated with 
endophytic bacteria at three phenological stages (pruning, 
flowering and fruiting). 
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(Digital refractometer ATAGO, RS-5000 Atago, Japan), juice pH 
(Digital pH meter, JANWEY 3510, Barloworld Scientific Limited, 
Dunmow), titratable acidity (TA) (Hortwitz et al., 1960), 
ascorbic acid content (Ahmed et al., 2006) and sugar contents 
(total, reducing and non-reducing sugar) were analyzed from 
the fruit juice samples.  
 
Experimental design and data analysis  
 
Experiment was designed in Randomized Complete Block 
Design with four treatments i.e. Control, Burkholderia 
Phytofirmans (PsJN), Bacillus sp. (MN54) and their combination 
(PsJN + MN54) and three replications. Data were analyzed 
statistically by Statistix 8.1 software for ANOVA and mean data 
comparison by LSD test at 5% level of significance. Correlation 
among morphological, production and quality attributes was 
also determined by Statistix 8.1 software.  
 
RESULTS 
 
Vegetative and reproductive growth  
 
Visual plant health observed at pruning, time of flowering and 
fruit setting is presented in Plate 1. Better plant health, greater 
flowering and fruit setting was observed under combined 
application of biofertilizers PsJN + MN54, followed by PsJN and 
MN54 treatments. Lower number of flowers and fruits were 
observed in untreated control plants (Plate 1). 
 

Application of biofertilizers significantly improved the plants 
vegetative and reproductive growth (P < 0.05). Combined 
application of PsJN + MN54 produced the highest number of 
shoots per plant (29.6) and the lowest (22.1) was recorded in 
control plants (Fig. 2). Higher number of leaves per shoot (15.9) 
was recorded in plants treated with combined application of 
biofertilizers (PsJN + MN54), followed by PsJN (14) and MN54 
alone (13), while the minimum number of leaves (11) was in 
control treatment (Fig. 2).  
 
The maximum number of fruit clusters/branch (14.1) was 
counted in combined (PsJN + MN54) treatment, followed by 
MN54 (10.77) and PsJN (10.44) (Fig. 3). The maximum number 
of fruits per cluster (14) was recorded in those plants that were 
treated with PsJN + MN54 and the minimum (8) in control 
treatment (Fig. 3).  
 
Biofertilizers significantly increased the fruit weight and yield 
(Fig. 4). Individual fruit weight (13.7 g) was recorded higher in 
combined application of PsJN + MN54 and the minimum (11.5 g) 
in control plants. The maximum yield per plant (8.78 kg) was 
recorded again in PsJN + MN54 treatment. The fruit yield was 
decreased in PsJN (7.4 kg) and MN54 treatment (6.2 kg), while 
the lowest yield (5.27 kg) was observed in control treatment.  
 
Biochemical analysis 
 
Plant biochemical characters were improved significantly (P < 
0.05) by biofertilizers application in phalsa. The treatments PsJN 

 

 
Figure 2: Effect of endophytic bacteria treatments (control, 
Bacillus sp. MN54, Burkholderia Phytofirmans PsJN and 
combined MN54 + PsJN) on; A) number of sprouted shoots per 
plant and B) number of leaves per shoot in phalsa. Treatment 
means (bars) with different letters are statistically significant at 
P ≤ 0.05 (n = 3, S.E. = line on the bar). 
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Figure 3: Effect of endophytic bacteria treatments (control, 
Bacillus sp. MN54, Burkholderia Phytofirmans PsJN and 
combined MN54 + PsJN) on; A) number of fruit clusters per 
branch and B) number of fruits per cluster in phalsa. Treatment 
means (bars) with different letters are statistically significant at 
P ≤ 0.05 (n = 3, S.E. = line on the bar). 
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+ MN54 (8.78 °Brix), MN54 (8.61 °Brix) and PsJN (7.96 °Brix) 
were at par for TSS but significantly different from control (7.03 
°Brix). Juice pH was higher (4.32) in PsJN + MN54 treatment, 
followed by PsJN (4.23) and these two treatments were 
statistically like for the parameter. The maximum TA (0.98%) 
was analyzed in fruits harvested from control plants; however, 
plants treated with PsJN + MN54 resulted in the minimum TA 
(0.53%). Higher ascorbic acid content (44.44 mg 100 mL-1) was 
recorded in combined bacterial strain treatment (PsJN + MN54), 
followed by PsJN (41.81 mg 100 mL-1) and MN54 (38.27 mg 100 
mL-1) (Table 1).  
 
Sugar content in phalsa fruits was also significantly (P < 0.05) 
influenced by biofertilizers application (Table 1). The maximum 
total sugars (12.29%) were recorded in fruits treated with 
biofertilizers, alone or combined. Untreated plants produced the 
minimum (7.58%) reducing sugar content. Non-reducing sugar 
was observed the maximum (4.92%) in combined PsJN + MN54 
treatment and the minimum (3.55%) in untreated control (Table 
1). 
 
Correlation among plant growth, yield and quality 
attributes 
 
Most of the morphological, yield and biochemical parameters 
were significantly positively correlated to each other. However, 
TA had significant negative correlation with ascorbic acid 
content (-0.967), total sugars (-0.953), reducing sugars (-0.982), 
non-reducing sugars (-0.964) and juice pH (-0.990). TSS also had 

non-significant correlation with total sugars (0.859), reducing 
sugars (0.823), non-reducing sugars (0.794), average fruit 
weight (0.752) and juice pH (0.762) (Table 2).  
 
DISCUSSION 
 
Biofertilizers produce vital elements which play roles in 
synthesis of chlorophyll, enzymes, amino acids, proteins and the 
process of photosynthesis, and help in cell division, cell 
elongation and overall enhancement of vegetative growth 
(Pesakovic et al., 2013; Kumar et al., 2015; Amin et al., 2017). 
Microbial activities enhance shoot emergence capacity that 
produce utmost shoots on a single plant (Joshi and Lal, 2012). 
Application of biofertilizers in combination increased number of 
leaves followed by individual treatments in phalsa plant. 
Biofertilizers promoted fruiting shoots with more fruiting 
clusters on a single shoot as compared to untreated plants. 
Verma et al. (2014) found that phalsa plants produced the 
maximum fruit clusters per shoot by the application of 
Azotobacter followed by FYM. Combined PsJN + MN54 
application in the present experiment resulted in higher number 
of fruit clusters per shoot as compared to control which indicates 
that biofertilizers take part in the buildup of metabolites activity. 
Addition of metabolites and active consumption of 
photosynthesis is the main reason that resulted in increased 
number of fruits per cluster. These bacteria synthesize 
phytohormones, promote production of auxins and cytokinins 
and improve vegetative growth of plants (Long et al., 2008). 
 
Fruit physical quality is improved by application of biofertilizers, 
organic manures and micronutrients as suggested by Ram and 
Rajput (2000). Biofertilizers play a key role in improving quality 
characters and production of apple fruits (Karlidag et al., 2007) 
and similarly in the present experiment combined application of 
microbes yielded high TSS followed by individual application of 
these microbes. Microbial activities help to accumulate more 
carbohydrates and sugar formation which results in high soluble 
solid content in the fruits (Fernandez et al., 2012).  
 
Macronutrient supplied by biofertilizers improved vegetative 
characteristics and increased chlorophyll content, which 
enhanced photosynthesis and assimilation of carbon dioxide 
leading to increased pomegranate fruit pH as in the present 
study combined application of microbes resulted in high juice 
pH. Ascorbic acid values were high in biofertilizers treated than 
in untreated plants, as already reported that high acidity is 
caused due to low sunlight exposure and low vegetative growth 
but biofertilizers improve vegetative growth of plants and this is 
the reason that low TA was observed in treated plants and high 
in untreated plants (Dutta and Kundu, 2012). Chemical 
fertilizers application stimulates enzymatic function in the 
physiological process, while biofertilizers application improves 
efficiency of those enzymes which increase ascorbic acid content 
in fruits (Dey et al., 2005). Combined application of microbes 
showed higher ascorbic acid content followed by individual 
applications with the lowest content in control. Sugar contents 
observed were higher in combined application of microbes 
(PsJN + MN54) followed by PsJN and MN54. Biofertilizers 
accelerate enzymatic activity and increase carbohydrates and 
coenzymes levels in fruit sugar attributes, such as total reducing 
and non-reducing sugar (Ram and Rajput, 2000). 

 

 
Figure 4: Effect of endophytic bacteria treatments (control, 
Bacillus sp. MN54, Burkholderia Phytofirmans PsJN and 
combined MN54 + PsJN) on; A) fruit weight and B) yield per 
plant in phalsa. Treatment means (bars) with different letters 
are statistically significant at P ≤ 0.05 (n = 3, S.E. = line on the 
bar). 
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CONCLUSION 
 
It can be concluded from the study that biofertilizers 
have a significant effect on plant vegetative growth, 
which in response increased the fruit production and 
improved fruit quality. The present study is a way 
forward to organic fruit production keeping in view the 
environmental and health issues. However, further 
studies at the enzymatic and carbohydrate breakdown 
levels are warranted to ascertain the role of these 
endophytic bacteria in fruit quality improvement. 
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