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Abstract | Plant growth-promoting rhizobacteria (PGPR) are beneficial group of microorganisms which
improve plant and soil health by enhancing nutrient availability and protecting plant against stresses. The
current study was carried out to characterization of rhizobacteria associated with Apple Guard (Praecitrullus
Jistulous L.). Morphological, qualitative and quantitative tests were performed to characterize the PGPR
abilities of isolated rhizobacteria. Lab study indicated that isolated bacterial strains have morphologically
different colonies, shapes, and colors. The isolated strain mostly belonging to Coccus, Bacillus, and Spirillum.
Nearly, 63% belonging to Coccus, 23% to Bacillus, and 14% to Spirillum. Only 18% of strains gave the gram
positive staining results and 14% strains showed the hydrogen cyanide (HCN) production abilities by slightly
changing the color on media. While, in the case of enzyme production test, almost 90%, of isolated strains
confirmed the amylase and pectinase production activities and 36% confirms the protease activities. Similarly,
82% and 45% of isolates confirmed the solubilization of zinc (Zn) and phosphorus (P) respectively. Almost,
the entire isolated strains were given positive results for ammonia (NH4), nitrogen fixation, and indole
acetic acid (IAA). Furthermore, for exopolysaccharide (EPS) test, 73% of isolated strains confirmed the EPS
production. The conclusion revealed that almost all isolated bacterial strains exposed the growth-promoting
abilities and may be used as bio-fertilizer to enhance crop production.
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Introduction carrying out 80 to 90% of biological processes in soil
(Nannipieri and Badalucco, 2003). Most of beneficial

Microbial communities are an important or detrimental plant and microorganisms interactions
component involved in the organic matter occurs in close rhizosphere, in other words in a micro-
transformation, nutrient cycling, formation and ecological zone which is direct proximity with bunch
aeration of soil aggregates, carbon sequestration, of roots (Lopez-Raez er al., 2017; Valenzuela-Aragon
xenobiotic bioremediation, plant/pathogen growth ez 4/, 2019). These microorganism, especially bacteria,
promotion and regulation. Similarly, these communities ~ showed aptitude to stimulate plant basic development,
also develop significant tolerance to plants against the improve health, and also restoration of soil fertility,
abiotic stress (Santos e a/., 2016), being responsible for  thus named Plant Growth-Promoting Rhizobacteria
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(PGPR) (Montoya e al., 2020; Padilla ez al., 2020).
Most of times, beneficial interaction of PGPR
improves the growth along development through two
mechanisms; direct or/by indirect (Pathak ez a/., 2020).
The influence of PGPR either direct or indirect
depends on the release of metabolites which
stimulate the growth and development of plant. Thus,
several mechanisms have been postulated to explain
beneficial role of PGPR on the host plant, such as:
the ability to produce phyto-hormones (Yasmi ez
al., 2020; Valenzuela-Ruiz ef al., 2019); enhancing a
symbiotic N, fixation (El-Akhdar and Ghazi, 2019;
Bechtaoui ez al., 2020), solubilizing the inorganic
form of phosphate, mineralization of organic form
of phosphate and likewise many other important
basic nutrients (Razakhani ez 4/, 2019). Similarly,
siderophores  production, enzymes production,
and synthesis of antibiotics (Villarreal-Delgado ez
al., 2018; Bajracharya, 2019). At present, most of
bacterial strains have been reported associated with
genus Bacillus, Pseudomonas, Azotobacter, Enterobacter
and Azospirillum, and this genus also called as PGPR
(Valenzuela-Aragon ez al., 2019; El-Sayed and
Hagab, 2020). Vide number of research works have
conveyed, Bacillus spp strains are more affective as
they are prevailing in soil. These strains are also well
notorious in case of production siderophores and
antimicrobial activities (Villarreal-Delgado er a/,
2018). Bacillus strains, in addition have the ability to
produce biosurfactants, as a specific mechanism that
involved in biological control agent against phyto-
pathogens through quorum sensing phenomenon.
'This strains also have one more important role which
is initiation of resistance in plant system (Villa-
Rodriguez e al., 2019). However, significant number
strains which also consider as PGPR do not show the
positive expected effect in agriculture might be due
to inability to i) colonization in plant tissues, or ii)
bio-synthesize metabolites involved in plant growth
regulation; both due to the plant genotype, soil type,
climatric conditions, other many agricultural practices,
and native microbial communities (Bhatt and
Maheshwari, 2020). Inoculation of soil, seed or plant
seedling with PGPR may have number of positive
and significant impacts on plant growth and its
development, like improvement in seed and seedling
germination, seedling vigor and health, nutrient
availability and acquisition, chlorophyll contents,
nodulation in leguminous crops and ultimately
enhance the crop growth and yield attributes (Lata
and Gond, 2019; Singh ez al., 2019).

Apple gourd (Praecitrullus fistulosus) is a summer
vegetable a rich source of carbohydrates, fiber, thiamine,
riboflavin as well as energy. In view of health point,
Apple gourd regulated the cholesterol level, control the
blood pressure, reduce the chances of heart attack and
reduce the chances of cancer (Tyagi eza/.,2017). PGPR
associated with vegetables play role of key to achieve
sustainability in agro-industry (Gouda ez o/, 2018).
'Thus, application of plant associated PGPR especially
with vegetables and leguminous crops has been gained
success and proven as environment friendly approach
to enhance the crop production through direct or
indirect mechanisms. In literature, number of bacterial
species described which work as PGPR and proved
successful in application in the field of agriculture
which are playing a significant role in improving crop
yield (Backer ez a/., 2018). Objectively, current research
study was conducted to assess cultivable bacterial
communities associated with rhizosphere, rhizoplane,
and endosphere of Apple Gourd, and also to identify
plant growth-promoting traits in these strains for
further study in bio fertilizer production.

Materials and Methods

Study site and sample collection

'This study was conducted at University of Agriculture
Faisalabad sub-campus, Burewala, Pakistan. For
sampling, fully matured at fruiting stage, Apple
Gourd plants samples were collected from vegetable
research area during summer, 2018-19. For sampling
purpose Apple Gourd plants with adhered soil
(thizosphere) were uprooted and save in polythene
bag, and preserved at room temperature. About 1
gram rhizosphere soil was taken from each sample
and further used it for experiment in lab.

Bacteria isolation

Bacterial isolation was carried out by dependent
culture techniques, where 1.0 g of each sample
was placed in a 25mL Erlenmeyer flask consist of
9mL sterile at 121°C with pressure of 15 psi for
duration of 20 minutes in distilled water. Samples
were homogenized in a rotatory shaker at 150 rpm
for duration of 1 hour only. Serial dilutions (1:10)
were prepared until 10 Then, 100 pL of each serial
dilution was pouring on Petri dishes containing LB
agar medium having pH 7. Inoculated Petri plates
were placed in an incubator to accomplish their
incubation at 37°C for 2 days. Bacterial population in
each sample was estimate by Colony Forming Units
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(CFU) technique (Villa-Rodriguez e al., 2016).
Bacterial colonies having different macroscopic and
microscopic (Gram staining) morphology, growth
pattern, were picked and purified according to the
procedure described above.

Metabolic characterization of bacterial strains

Amylase activity: Amylase activity by bacterial strains
was determined by agar plate method enriched with
starch according to Capuccino and Sherman (2002).
Bacteria strains were streaked on agar containing
plates enriched with starch and incubated in incubator
for almost 1-2 days. The ability to produce amylase
by studied strains was confirmed after application of
iodine solution on plates through dropper and plates
were kept for ten minutes in iodine solution and the
discarded he solution from plates. Amylase producing
bacteria were showed clear zone in the plates when
plates enriched with starch and placed in incubator
for ten minutes at 150rpm and temperature 4°C
(Hols ez al., 1994). The diameter of halo zone (cm)
was measured.

Protease activity: Protease production activities of
cultured strains were identified by skim milk agar
medium as described by the method of Smibert and
Krieg (1994). The per litter skim media consist of agar,
casein (digested pancreatic), yeast extract and glucose
15¢g, 5¢g, 3g and 1g respectively, with 1% solution of
skim milk. Isolated bacteria strains were streaked on
milk media containing plates. After two hours the
protease activity of strains was confirmed through
formation of evident growth zone around colonies.

Pectinase activity: This enzymatic activity of strains
were measured using a method proposed two Indians,
Rajuand Divakar (2013). All the bacterial-strains were
culture on VM-ethanol enriched media and growing
culture washed in 0.9% NaCl and their optical density
adjusted at 578nm. About 10 pl suspension of bacteria
was spotted PSAM (pectinase screening agar media)
which amended with 1 gram per litter pectin. These
plated were placed in incubator for 2 days at room
temperature. Plats were rained with 50mM solution
of concentrated Iodine. Pectinase activity of strains
was confirmed evident halo zone formation around
spotted colonies of bacteria after removal of Iodine
solution from plates.

Production of hydrogen cyanide (HCN)
All studied bacterial strains were tested to assay

their ability to produce hydrogen cyanide (HCN) by
fowling the Castric method (Castric, 1975). Thus, 4.5
g/L glycine was added to nutrient broth medium and
strains were consciously streaked on that medium;
then, a 2% solution of sodium carbonate mixed in
0.45% picric-acid, Whatman filter paper (size No.
2) dipped in it and placed the paper on upper lid of
plate. A changing in paper color from orange to red

confirmed the production of HCN by bacterial strains.

Exo-polysaccharide production (EPS)

EPS production by strains was determined through
the method of spot plate using RCV-sucrose media
which was amended with Weavers medium (Amellal
et al., 1998).

The EPS medium consists of KH,PO, (0.2g),
K HPO, (0.8g), MgSO,.7H, O (0.2g), CaSO,.2H,O
(0.1g), FeCl, (2.0g) and traces of Na,MoO,.2H,O.
'This medium amended with Yeast Extract (0.5g) and
Sucrose (2.0g) and maintained the medium pH 7.
Bacterial strains were streaked on sugar media which
was ten times diluted with another TSA (tryptic soy
agar). ESP bacteria strains produce slimy type of
growth on the agar plates. Well growth EPS producing
bacterial strains were further purified by streaking
on plates using TSA medium. Furthermore, theses
purified bacterial strains once again were grown on
the LB (liquid broth) and continuously agitated on
shaker at 30°C for overnight.

ZIN- solubilization

'The Znsolubilization activity of strains was determined
throught Bunt-Rovira Agar medium (Bunt and
Rovira, 1955). All the strains were carefully streaked
on LB medium and kept for overnight for proper
growth. Around 5pl suspension of each separate
bacterial strain with normalized 0.5 optical density
was placed on plates containing Bunt-Rovira Agar.
These inoculated plates were instantly incubated for
a period of 3696 hours at 30°C. Formation of halo
zone around colonies confirmed the ability of strains
to solubilize Zn. The diameter of these halo zones
were measured to quantify Zn solubilization.

Phosphate solubilization (PSB)

This activity was detected in the Pikovskaya Agar
media (Johri ez a/.,1999). All studied bacterial strains
were streaked on Pikovskaya agar medium after all
placed for time of 1 to 5 days in orbital shaker at
37°C. P-solubilizing activity by strains was confirmed
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through clear zone formation around bacterial
colonies.

Nitrogen fixation test

For this trait, a nitrogen free media (Malate medium)
emended with bromothymol blue was prepared (Okon
et al., 1977) in Erlenmeyer flasks (250ml). Bacterial
colonies through sterilized lop from inoculated
culture plates were added into broth contain flasks and
incubated at 10rpm for 1 day at 37°C. The nitrogen
fixers produced a blue halo on the culture plates. The
color halo was measured by calculating the diameter
of color zone.

Ammonia production

'The ammonia production ability of studied bacterial
strains was assessed in peptone containing water.
Peptone water was prepared by adding 10g peptone
in 1 litter distilled water and 7.4 pH of this water
maintained. Fresh culture of bacterial strains incubated
at temperature (37 = 2°C) for duration of 48 to 78
hours in test tubes. After all, every cultural tube was
amended with regent of Nessler (0.5 ml), and color
changing from brown to yellow was recorded which
confirmed positive test in case ammonia of production
(Cappuccino and Sherman, 1992).

Indole compound production

Production of indole compound by bacterial strains
was assured using the spectrophotometric with
modified method given by Bric e74/.,1991.In addition,
concentration of indole production was quantitatively
essayed through method proposed by scientists Loper
and Scoroth, 1986 using tryptophan at 58 pg/ml.
Strains were grown in LB Broth media for 48 to 72
hours at 3000 rpm for 25 minutes at 28+2°C. Then,
2 ml supernatant was amended in 4 ml Salkowski
reagent with orthophosphoric acid almost 3 drops.
Indole production was confirmed by the changing of
pink color of broth and absorbance was taken with
UV/ visible spectrophotometer at 535 nm. Hi- media
with range 10-100 pg/ml used as standard to measure
the indole production by strains using standard curve
method.

Statistical analysis

One way analysis was carried out by ANOVA
(analysis of variance) test to calculate significant
difference among variables. At the same time, statistic
8.1 software was used to compare the results using
Tukey-Kramer test having P value less than 0.05.

Results and Discussion

Bacterial population and morphological diversity

The morphological characterization of isolates
obtained from Apple gourd rhizosphere showed that
most of the bacterial strains were coccus or bacillus.
Similarly, color of strains was varied from pink to
purple. Likewise shape, colonies of isolates also varied
among round, spherical and filamentous irregular
shapes. Out of 22 strains, 4 strains (AGRS4,7, AGRP3
and AGRO3) strains were clearly gave gram positive,
and leftover all were gave the Gram negative rests.
Complete description of morphological characteristic
of isolated strains is given in (Table 1).

Table 1: Morphological analysis of isolated from apple

gourd.
No. ID Source Gram  Observa- Shape
staining tion

1 AGRS1 Rhizosphere Pink Negative Coccus

2 AGRS3 Rhizosphere Pink Negative Coccus
3 AGRS4  Rhizosphere Purple Positive Bacillus
4  AGRS5  Rhizosphere Pink Negative Coccus
5 AGRS6  Rhizosphere Pink Negative Coccus
6  AGRS7  Rhizosphere Purple Positive Bacillus
7  AGRS9  Rhizosphere Pink Negative Coccus
8 AGRS10 Rhizosphere Pink Negative Bacillus
9 AGRS11 Rhizosphere Pink  Negative Coccus
10 AGRP1  Rhizoplane Pink  Negative Coccus
11 AGRP2  Rhizoplane Pink Negative Coccus
12 AGRP3(a) Rhizoplane Pink Negative Spirillum
13 AGRP3(b) Rhizoplane Purple Positive  Spirillum
14 AGRP4  Rhizoplane Pink Negative Spirillum
15 AGRP5 Rhizoplane Pink Negative Coccus
16 AGRO1 Endosphere Pink  Negative Coccus
17 AGRO2 Endosphere Purple Positive Coccus
18 AGRO3 Endosphere Pink  Negative Coccus
19 AGRO4 Endosphere Pink Negative Bacillus
20 AGROS5 Endosphere Pink Negative Coccus
21 AGRO6 Endosphere Pink Negative Coccus
22 AGRO7 Endosphere Pink Negative Bacillus

Enzymes production activities

During amylase production activity test, most of
isolates showed the ability to produce amylase. Out of
22 strains, 20 strains (AGRS1- 11, AGRP1, 2, 3 and
AGROL1 -7) developed clear zone around the bacterial

colonies (Figure 2), which showed positive results
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while only 2 strains (AGRP3, 4) did not confirmed
the positive results (Table 2). While during protease
production activity test, only 8 isolates (AGRS1, 3,
4,9,and AGRO2, 4,5, 7) showed clear zone around
the colonies (Figure 2), which confirmed the positive
test for protease production of isolates. However, rest
strains did not form clear zone around the bacterial
colonies in protease production test (Table 3). In case
of pectinase test, 20 strains (AGRS1-11, AGRP1-5
and AGRO1-7) showed positive results through clear
zone formation around colonies (Figure 3) and only
02 (AGRP 4 and 5) isolates showed negative results
(Table 4).

Figure 1: Amylase production by isolates associated with Apple
Gourd.

Figure 2: Profease production by isolates associated with Apple
Gourd.

Qualitative tests
Out of 22 isolates, only 3 isolated strains (AGRS1, 10,
and AGRO1) showed slightly change in color which

represent positive for HCN production while all
others (AGRS2-9 and 11, AGRP1-7 and AGRO2-
7) no changes of the color in plates which represented
negative results for HCN production (Figure 4, Table
5). While, in case of EPS test, 16 isolated strains
(AGRS1-10, AGRP1, 3 and AGRO1, 4, 5, 6,and 7)
showed positive results while rest strains are negative
strains (Figure 5, Table 6). 10 strains (AGRS7, 9, 10,
AGRP1, 3 and AGRO1-7) showed positive results
while rest strains showed negative results. Similarly,
positive strains developed clear zone around the
colonies while negative did not form zone around
colonies during Zn-solubilizing test (Figure 6, Table
7). out of 22, 18 strains (AGRS1, 4-11, AGRP1,3
and AGRO1-7) showed positive results by formation
of zone around the colonies and rest strains showed
negative results during phosphate solubilizing bacteria
test (Figure 7, Table 8). When Nitrogen fixation test
was carried out surprising results were obtained.
All bacterial strains (AGRS1-11, AGRP1, 3-7 and
AGRO1-7) except strain (AGRP2) showed positive
results in NF test (Table 9). While, in case of NH,
production test, strains (AGRS1-11, AGRP1-7 and
AGRO1-7) confirmed the NH, production activates
of strains except strains (AGRS1-11, AGRP1-7 and
AGRO1-7) showed in Figure 8, Table 10.

Figure 3: Profease production by isolates associated with Apple
Gourd.

Quantitative test

Production indole acetic-acid and solubilization of
phosphate was estimated by quantitative studies of
isolated strains. All isolated strains (AGRS1-11,
AGRP1-7 and AGRO1-7) showed positive results in
indole acetic acid production test (Figure 9, Table 11).
While only strains AGRS11, AGRP3 and AGRP6
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Table 2: Amylase production activities of isolates from apple gourd.

No.
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ID
AGRS1
AGRS3
AGRS4
AGRS5
AGRS6
AGRS7
AGRS9
AGRS10
AGRS11
AGRP1

Results
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ot
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FH+
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Z+C
3.4
3
3.3
3.1
3.5
3.3
3
32
1.1
2

C
0.3
0.3
0.35
0.3
0.65
0.45
0.35
0.35
0.5
1.65

SI
11.33
10.00
9.43
10.33
5.38
7.33
8.57
9.14
2.20
1.21

SE%
240%
200%
230%
210%
250%
230%
200%
220%
10%

100%

No. ID Results Z+C C SI SE%
11  AGRP2 + 1.8 1.5 120 80%

12 AGRP3 (a) e+ 2.9 0.45 6.44 190%
13 AGRP (b) + 1.8 153 1.18 80%

14  AGRO1 e+ 3.4 0.5 6.80 240%
15 AGRO2 4 3.4 0.35 9.71 240%
16 AGRO3 + 2 0.25 8.00 100%
17 AGRO4 4+ 3.5 0.35 10 250%
18  AGRO5 ++ 3.2 0.6 5.33 220%
19 AGRO6 ++ 3 02 15 200%
20 AGRO7 ++ 3.2 045 7.11 220%

Whereas; Z+C= Zone+Colony diameter; C: Colony diameter; SI: Solubilization intensity; SE: Solubilization efficiency; SE%= Z+C/C SI=
Z-C/C x100.

Table 3: Protease production activities of isolates from Table 5: HCN production activities of isolates from

apple gourd.
No. ID
1 AGRS1
2 AGRS3
3 AGRS4
4 AGRS9
5 AGRO2
6 AGRO4
7 AGRO5
8 AGRO7

Table 4: Pectinase produciion activities of 1solates from

apple gourd.
No. ID

1 AGRS1
2 AGRS3
3 AGRS4
4 AGRS5
5 AGRS6
6 AGRS7
7 AGRS9
8 AGRS10
9 AGRS11
10 AGRP1
11  AGRP2
12 AGRP3 (a)
13 AGRP3 (b)
14 AGRP4
15 AGRP5
16 AGRO1
17  AGRO2
18 AGRO3
19 AGRO4
20 AGRO5
21  AGRO6
22 AGRO7

Results
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z+C C
2.1 0.45
1.55 0.4
1.7 0.45
1.4 0.5
1.6 0.6
1.35 0.4
1.4 0.4
1.05 0.25

Z+C C

2.65
2.93
2.5
2.55
2.85
3
2.95
3

1
1.56
1.55
1.8
1.7
1.6
1.45
2.95
2.7
2.5
2.7
2.9
1.65
2.2

0.4

0.35
0.35
0.35
0.5

0.45
0.3

0.25
0.3

0.35
0.25
0.25
0.4

0.35
0.35
0.1

0.36
0.25
0.35
0.33
0.35
0.35

SI
4.67
3.88
3.78
2.80
2.67
3.38
3.50
4.20

SI
6.63
8.37
7.14
7.29
5.70
6.67
9.83
12.00
3.33
4.46
6.20
7.20
4.25
4.57
4.14
29.50
7.50
10.00
7.71
8.79
4.71
6.29

SE%
110%
55%
70%
40%
60%
35%
40%
5%

SE%
165%
193%
150%
155%
185%
200%
195%
200%
0%
56%
55%
80%
70%
60%
45%
195%
170%
150%
170%
190%
65%
120%

apple gourd.

No. ID Results No. ID Results
1  AGRS1 +ve (slightly) 11 AGRP2 -ve

2 AGRS3 -ve 12 AGRP3(a) -ve

3 AGRS4 -ve 13 AGRP3 (b) -ve

4  AGRS5 -ve 14 AGRP4 -ve

5 AGRS6 -ve 15 AGRP5 -ve

6 AGRS7 -ve 16 AGRO1 +ve (slightly)
7 AGRS9 -ve 17 AGRO2  -ve

8  AGRS10 +ve (slightly) 18 AGRO3 -ve

9 AGRS11 -ve 19 AGRO4  -ve

10 AGRP1 -ve 20 AGRO5  -ve

21 AGRO6 -ve 22 AGRO7  -ve

Table 6: £EPS production activities of isolates from apple

gourd.
No. ID Results No. ID Results
1 AGRS1  ++ 9 AGRP1 ++
2 AGRS3  + 10  AGRP3 (a)
3 AGRS4  + 11 AGRP (b) +
4 AGRS5  +++ 12 AGRO1 +
5 AGRS6  +++ 13 AGRO4 44
6 AGRS7  +++ 14  AGRO5 ++
7 AGRS9  ++ 15  AGRO6 +Ht
8 AGRS10 + 16 AGRO7 4+

gave the high absorbance of phosphorus (Table 12)
which strongly confirm the P solubilization activity
of these isolates. Apple Gourd (Praecitrullus fistulosus
L.) is cultivated as a vegetable worldwide and widely
in Asian countries especially in Indo-Pak regions.
But probably, origin is north as well as western areas

of India, where wild types of apple gourd might
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be still found. Apple Gourd is also cultivated as
a vegetable in different Asian countries but more
prominent in India, Pakistan and Afghan locations
(Syed ez al., 2014). PGPR are microorganisms which
can promote plant growth through production
of Amonia, HCN, antibiotics, phyto-hormones,
dominance over dangerous organism, solubilization
and uptake of macro and micro nutrients, aggregate
and colonization, and formation of root microbes
niches (Velmourougane ez a/.,2017). Several research
studies are available that highlight the benefits as
well as the screening method of microbial strains
having plant growth-promoting trait from various
vegetables especially potato, tomato, cucumber, chili,
bitter melon but research studies for isolation and
characterization of PGPR group from Apple Gourd
with rhizosphere soil and their evaluation as bio-
fertilizer are particularly limited.

Table 7: Zn solubilization activities of isolates from

apple gourd.

No. ID Results Z+C C SI SE%
1 AGRS7 ++ 0.56 0.2 2.80 180%
2 AGRS9 +++ 0.4 0.13 3.08 208%
3 AGRS10 4+ 0.63 02 3.15 215%
4 AGRP1 + 0.55 04 138 38%
5 AGRP3 (a) + 0.51 045 113 13%
6 AGRO1 bl bl 0.75 025 3.00 200%
7 AGRO4 ++ 0.7 025 2.80 180%
8 AGRO5 + 0.55 0.35 1.57 57%
9 AGRO6 +44 0.5 0.1 5.00 400%
10 AGRO7 ++ 0.7 0.25 2.80 180%

The rhizospheric bacterial communities were soil
specific and Apple Gourd rhizosphere have all
the right physic-chemical properties which were
basic for the batter growth of growth promoting

Table 8: P solubilization activities of isolates from apple

gourd.
No.
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ID
RS1
RS4
RS5
RS6
RS7
RS9
RS10
RS11
RP1
RP3 (a)
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RO4
RO5
RO6
RO7
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++

++

++

+

a

++

++

+++

z+«C C
1.8 0.2
1.55 0.15
225 04
2.4 0.3
225 04
1.6 0.5
1.9 0.3
1.1 0.5
1.7 0.35
055 0.2
123 04
1.7 0.35
1.46  0.35
1.33  0.35
1.6 0.35
0.9 0.3
215 0.55
1.3 0.35

SI
9.00
10.33
5.63
8.00
5.63
3.20
6.33
2.20
4.86
2.75
3.08
4.86
4.17
3.80
4.57
3.00
3.91
3.71

SE %
80
55
125
140
125
60
90
10
70
175
23
70
46
33
60
200
115
30

Table 9: Nitrogen fixation activities of isolates from
apple gourd.

No.
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Table 10: Ammonia production

ID
RS1
RS3
RS4
RS5
RS6
RS7
RS9
RS10
RS11
RP1
RP2

Results
n
"
++

+

++

++

++

++
++

++

No.
12
13
14
15
16
17
18
19
20
21
22

ID
RP3
RP3
RP4
RP5
RO1
RO2
RO3
RO4
RO5
RO6
RO7

(a)
(b)

Results
+++
+

+++

+ 4+ + o+ + o+ o+

of isolates from apple

bacteria like soil pH, moisture percentage, total —gourd.
nitrogen, organic carbon and some other (Singh ¢/  No. ID Results No. ID Results
al., 2017). The dominant PGPR in Apple Gourd |  AGRS1T  +« 12 AGRP3(a) +++
rhizospheric soil were belonging to Bacillus sp. 5  AGRS3  + 13 AGRP3 (b) +++
whiFh conﬁrmed' that the PGPR .of C?c.cus and 4 AGRS4  +44 14 AGRP4 it
facz[luf ari1 efsectwe PGBR gnd thellr pos;tlvzeoiogle 4 AGRSS 444 15 AGRPS as

ave already been recognize (Jamal ez al., ). s AGRSE  +44 16 AGROL s
Similarly, solubilization of phosphate was more

. . 6 AGRS7 2t 17 AGRO2 ++

trequently found in Coccus and Bacillus but lower
. . . . 7 AGRS9 4 18 AGRO3 +++
in Spirillum sp. and was more evident when clear
zone of phosphate solubilization formated around 8  AGRSI0 44+ 19 AGRO4 I
colonies on inoculated plates. Rhizospheric soil ? AGRSIL - +++ 20 AGROs5 A
is rich with genera of P solubilizing bacteria than 10  AGRP1  ++ 21 AGRO6 tH
nonrhizospheric soil (Kumar ez o/, 2012). 11 AGRP2  ++ 22 AGRO7 +Ht
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Table 11: Indole acetic acid production of isolates from

apple gourd.

No. ID
RS1
RS3
RS4
RS5
RS6
RS7
RS9
RS10
RS11
RP1
RP2

O 0 N O Ll A WL N =

==
= O

Table 12: Quantitative screening of isolates from apple

Y (PPm)
3.77
3.95
0.55
2.48
4.96
7.53
0.74
6.52
4.41
5.97
5.15

No.

12
13
14
15
16
17
18
19
20
21
22

gourd for P solubilization test.

ID
RS1
RS3
RS4
RS5
RS6
RS7
RS9
RS10
RS11

No.

O 00 N O Ul AW N =

Figure 4: HHCN production by isolates associated with Apple Gourd.

Y (PPm)
1.29
1.44
2.29
4.20
1.67
13.18
9.12
6.53
18.62
2.36
10.53

No.
12
13
14
15
16
17
18
19
20
21
22

ID
RP3 (a)
RP3 (b)
RP4
RP5
RO1
RO2
RO3
RO4
RO5
RO6
RO7

ID
RP3 (a)
RP3 (b)

RP5
RO1
RO2
RO3
RO4
ROS5
RO6
RO7

Y (PPm)
0.94
7.72
5.05
0.18
51.46
0.83
3.49
3.40
5.88
5.24
5.15

Y (PPm)
46.72
27.84
5.84
6.80
11.33
10.24
17.50
8.71
8.12
1.20
14.09

Figure 6: Zinc solubilization by isolates associated with Apple
Gourd.

Figure 7: Phosphorus solubilization by isolates associated with
Apple Gourd.
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Figure 8: Ammonia production by isolates associated with Apple
Gourd.

Figure 9: Indole acetic acid by isolates associated with Apple Gourd.

Indole Acetic-Acid production is a basic function
of PGPR which recognized as an essential
phytohormones. In addition, it also involved in the
signal regulation of molecule which further involved
in the functioning of plant development (Singh e7 o/,
2017). Production of NH4 and IAA by the PGPR
is varies from one species to another species as well
as from one microbial strains to another microbial
strains which observed by multiple experiments. It
also influenced by the growth stage, availability of
substrate and condition of culture (Kumar ez a/.,2019).

Production of soluble phosphate and zinc (Shakeel
et al., 2015), and IAA are the basic characteristics
of most of PGPR, and other associated microbial
communities in rhizosphere (Paungfoo-Lonhienne ez
al.,2019). Likewise, another basic which also consider
a key trait of PGPR is NH4 production by specific
strains of rhizospheric bacteria which influence the
growth of plant. Likewise, ammonia production,
siderophore and exo polysaccharide production is
the common characteristics of PGPR which were
also confirmed by the current experiment. Both are
directly involved in the stimulation and biosynthesis
of ani-microbial chemicals through improving the
availability of basic nutrients to bacteria (Paungfoo-
Lonhienne ez al, 2019). Production of HCN in
rhizosphere by the microorganism play evident
role to control the harmful pathogens which is also
common trait of PGPR. The abilities of isolated
strains of Bacillus and others to produce HCN were
found positive which additionally confirmed that
the HCN pruction is specific by strains and triat of
PGP and introduce different kind resistance in the
plant (Kaur and Sharma, 2013; Askar ez all., 2020).
Enzyme production is the one of the most important
and common characteristic of rhizospheric bacteria
and it is concluded that enzymatic activities such
as production of amylase catalase and pectinase by
bacteria induce resistance in plant against different
type of stresses such as chemical, mechanical and
environmental (Kumar ez o/, 2012; Askar ez al,
2020). Protease and amylase producing microbes not
only decompose the organic matter, plant growth
promotion and nutrient mineralization but also acts
as bio control agents, on protein and cellulose cell well
bearing pathogens such as phytopthora and phytham
species (Sathya ez a/., 2017). Nitrogen fixation is most
basic, common and key characteristic of rhizospheric
bacteria. Currently, the nitrogen fixation study showed
that all the strains of Coccus, Bacillus and Spirillum
sp. fixed the nitrogen. Many studies concluded that
the nitrogen fixation ability of PGPR improved the
development and yield attribute in crops (Mogal ez
al., 2020).

PGPR inoculation to crops at primary development
stage increase the production of plant biomass by
increasing the root and shoot growth. Those PGPR
are mostly used in crop having special characteristics
such as make the availability of natural products as well
as work as alternative of chemicals based fertilizers,

having ability ability to fix atmospheric nitrogen,
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primarily this was assume to increase crop production
by adding nitrogen into soil (Hadide ez 4/, 2019).
Plant nutrition is closely associated with the activity
of PGPR; including potassium (K) and zinc (Zn)
solubilizing bacteria. These bacteria are interestingly
used and apply as biofertilizer in many countries that
where in soil are deficient in available potassium and
zinc. Most of soils containing K sources in silicate
form of minerals viz., illite, feldspar, vermiculite,
mica, smectite etc. Total K pools in soil are present in
extremely complex forms having availability increases
through bacterial solublization through release of
acid produced during solublization process and will
become easily plant available K (Rawat ez a/., 2016).

The carried out study proven that isolated bacterial
strains from Rhizosphere, Rhizoplane and roots of
Apple Gourd had morphologically different colonies,
shape, color, elevation and margin. Some strains
were gram positive while some were gram negative.
All bacterial starins had different morphological
characters, so this study revealed that there are no
limits for bacterial morphology and it depends from
the where samples were collected and also depend
upon the environment, where they are surviving.
PGPRs are able to produce IAA that results totally
match with findings of Das research team (Das ez a/.,
2019). Further study shows that all isolated strains
are highly able to produce ammonia and indole
acetic acid which is enough character of plant growth
promotion strongly supported by findings Ahmed
group (Ahmed ez a/., 2020). Plant growth-promoting
rhizobacteria also improve the extent and quality of
plant growth in the Apple Gourd by the process of P
solubilization in area of plant root and soil interaction
area (rhizosphere). Inorganic P is solubilized
differently through organic acids excreting of
microorganisms that dissolve phosphatic component
such as minerals. Similarly, microorganisms by another
way increase the availability P to plants through
the mineralization of organic P in soil. Morever,
through thr process of solubilization of precipitated
phosphate. This all mechanism is considering as the
basic mode of action carried by the plant growth-
promoting rhizobacteria that ultimately enhanced
the availability of basic nutrients to the host plants
(Bhatt ez o/, 2020). In current lab study, all strains
were also characterized and screened to identified the
enzyme production activity like amylase, protease,
pectinase that also involved in the inhibition of un-
control fungal growth, and various kind of stress.

Conclusions and Recommendations

The isolated bacterial strains from apple gourd have
growth promoting abilities and can be used as bio
fertilizer.
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